
 

Chevron Environmental Management Company  

 

 

OU-2 Soil Investigation  

Work Plan 
Former Texaco Research Center, Beacon 

Glenham, New York 

Site ID#314004 

NYSDEC ID#3-1330-48/16-0 

EPA ID#091894899 

 

 

 

June 2022 

 

 



OU-2 Soil Investigation Work Plan 

This document is intended only for the use of the individual or entity for which it was prepared and may contain information 

that is privileged, confidential and exempt from disclosure under applicable law. Any dissemination, distribution or copying of 

this document is strictly prohibited. 

www.arcadis.com 
2021.06.08 OU-2 SIWP.docx i 

OU-2 Soil Investigation Work Plan 
Former Texaco Research Center, Beacon 

Glenham, New York 

Site ID#314004 

NYSDEC ID#3-1330-48/16-0 

EPA ID#091894899 

 

June 6, 2022 

 

Prepared By: Prepared For: 

Arcadis of New York, Inc. Chevron Environmental Management Company 

50 Millstone Road, Building 200, Suite 220 1500 Louisiana Street 

East Windsor Houston, Texas 77002 

New Jersey 08520  

Phone: 609.860.0590  

Fax: 609.448.0890 

 

Our Ref: 

30064362 

 

 

 

 
________________________________________ 

Edward Meyer 

Project Manager 

 

 

 

 

 

 



OU-2 Soil Investigation Work Plan 

www.arcadis.com 
2021.06.08 OU-2 SIWP.docx ii 

Contents  
Acronyms and Abbreviations ................................................................................................................................ iv 

Professional Engineer’s Certification.................................................................................................................... v 

1 Introduction ...................................................................................................................................................... 1 

1.1 Site Description and Background .......................................................................................................... 1 

2 Sampling Rationale ......................................................................................................................................... 2 

2.1 Historical Soil Sampling Results ........................................................................................................... 2 

2.2 Proposed Soil Sampling Constituents .................................................................................................. 2 

3 Proposed Soil Sampling ................................................................................................................................. 3 

3.1 Permitting and Site Preparation ............................................................................................................. 3 

3.2 Soil Sampling ........................................................................................................................................... 4 

3.3 Decontamination Procedure ................................................................................................................... 5 

3.4 Waste Management ................................................................................................................................. 5 

4 Data Quality Objectives for Laboratory Analyses ........................................................................................ 6 

4.1 Analytical Methods .................................................................................................................................. 6 

4.2 Quality Assurance and Quality Control ................................................................................................. 7 

4.3 Data Usability Summary Report ............................................................................................................. 7 

5 Schedule and Reporting ................................................................................................................................. 8 

6 References ....................................................................................................................................................... 9 

 

Tables 

Table 1. Analytical Methods Summary .................................................................................................................. 6 

 

Figures 

Figure 1. Site Location Map 

Figure 2. Site Plan 

Figure 3. Soil Sample Exceedance Results – Metals 

Figure 4. Soil Sample Exceedance Results – VOCs and SVOCs 

Figure 5. Proposed Sample Locations 

 



OU-2 Soil Investigation Work Plan 

www.arcadis.com 
2021.06.08 OU-2 SIWP.docx iii 

Appendices 
Appendix A. Historical Analytical Results 

1. Surface Soil 

2. Near-Surface Soil 

3. Subsurface Soil 

Appendix B. Order on Consent 

Appendix C. Health and Safety Plan 

Appendix D. Arcadis Technical Guidance Instruction 

1. TGI – Soil Drilling and Sample Collection 

2. TGI – Soil Description 

3. TGI – Groundwater and Soil Sampling Equipment Decontamination 

Appendix E. Pace Analytical Standard Operating Procedures 

 

 

 



OU-2 Soil Investigation Work Plan 

www.arcadis.com 
2021.06.08 OU-2 SIWP.docx iv 

Acronyms and Abbreviations 
°C  Degrees Celsius 

Arcadis  Arcadis of New York Inc. 

CEMC  Chevron Environmental Management Company 

DER  Division of Environmental Remediation 

DUSR  Data Usability Summary Report 

EDD  Electronic Data Deliverable  

ELAP  Environmental Laboratory Accreditation Program 

ft bgs  feet below ground surface 

IDW  Investigation-Derived Waste 

MS  Matrix Spike 

MSD  Matrix Spike Duplicate 

NYCRR  New York Code of Rules and Regulations 

NYSDEC New York State Department of Environmental Conservation 

NYSDOH New York State Department of Health 

OU  Operable Unit 

PID  Photoionization Detector 

QA/QC  Quality Assurance/Quality Control  

RCRA  Resource Conservation and Recovery Act 

SCO  Soil Cleanup Objective 

SVOC  Semi-volatile Organic Compound 

TGI  Technical Guidance Information 

VOC  Volatile Organic Compound 

WATF  Washington Avenue Tank Farm 

Work Plan Soil Investigation Work Plan 

  



OU-2 Soil Investigation Work Plan 

www.arcadis.com 
2021.06.08 OU-2 SIWP.docx v

Professional Engineer’s Certification 

I, Krista Hankins Mastrocola, certify that I am currently a New York State registered Professional Engineer as 

defined in 6 NYCRR Part 375 and that this Soil Investigation Work Plan was prepared in accordance with all 
applicable statutes and regulations and in substantial conformance with the Division of Environmental 

Remediation (DER) Technical Guidance for Site Investigation and Remediation (DER-10). 

___________________________________________ 

Krista Hankins Mastrocola, PE 

NY PE License #: 092498 
Arcadis Senior Civil Engineer



OU-2 Soil Investigation Work Plan 

www.arcadis.com 
2021.06.08 OU-2 SIWP.docx 1 

1 Introduction 
On behalf of Chevron Environmental Management Company (CEMC), Arcadis of New York Inc. (Arcadis) has 

prepared this Soil Investigation Work Plan (Work Plan) for the former Texaco Research Center Beacon, located in 

the Hamlet of Glenham, New York (NYSDEC Site #314004) (Site; Figure 1). This Work Plan has been developed 

as described in the Remedial Investigation Report Revision 1 submitted to the New York State Department of 

Environmental Conservation (NYSDEC) in June 2020 (Arcadis 2020).  

This Work Plan characterizes soils present at OU-2 to better understand the current concentrations and extent of 

impacts along the uninvestigated county road. Soil investigation results will also assist in the development of 

remediation alternatives for the upcoming Feasibility Study if there are exceedances to the NYSDEC Soil Cleanup 

Objectives (SCOs).  

1.1 Site Description and Background 

The Site is located on approximately 153 acres and is bisected by Fishkill Creek. The Site has been divided into 

nine distinct OUs for investigation purposes. The Main Facility (OU-1A) and the Church Property (OU-1B) are 

both located north of Fishkill Creek. The former Washington Avenue Tank Farm (WATF) (OU-1C) is located south 

of Fishkill Creek and on the eastern edge of the Site. Two Residential Property parcels (OU-1D and OU-3) exist 

along the northern side of Washington Avenue and south of Fishkill Creek. The Dam Property (OU-4) is located 

along Fishkill Creek and includes the former hydroelectric facility buildings and dam. Road Parcel (OU-2) is a road 

located along Washington Avenue south of the creek. Lastly, the Back 93 Acres (OU-1E) comprises the 

remaining site area south of Fishkill Creek, the Tank Farm, and Washington Avenue. Operable units, which are 

displayed on Figure 2. 

The Road Parcel (OU-2) (Figure 2) is a 0.23-acre parcel along and underneath Washington Avenue that is 

maintained by the Town of Fishkill as a public right-of-way. This parcel is located outside the fence line of the 

main property and runs north to south adjacent to OU-1C and the eastern end of OU-4. OU-2 is immediately 

upgradient to the adjacent OU-1C parcel for overland sheet flow during precipitation events as well as upgradient 

from the general groundwater flow pathways on site. Investigations into the Site have identified that groundwater 

and sheet flow move northeast from OU-2 toward OU-1C, eventually reaching Fishkill Creek.  

No site-related activities were conducted on this property historically beyond normal traffic patterns/access. 

Currently no structures or activities exist on OU-2.  
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2 Sampling Rationale 
OU-2 is one of the nine OUs present on site that were established during the 2011 Order on Consent issuance 

(formerly the Site was governed by a 6 New York Code of Rules and Regulations (NYCRR) Part 373 Resource 

Conservation and Recovery Act [RCRA] Permit). Around the same time in 2011, it was discovered that Texaco 

Downstream Properties Inc. (Chevron) owned this portion of Washington Avenue; the portion had not yet been 

dedicated to the Town of Fishkill and therefore was established as OU-2.  

This parcel has historically been known only to have been used as a public road with no private or Texaco 

dedicated operations. As a result, to date, OU-2 has not been investigated; however, OU-2 borders portions of 

OU-1C, the former WATF, and OU-4, the former hydroelectric dam facility/western Fishkill Creek embankment 

access parcel which have detected exceedances of the NYSDEC’s 6 NYCRR Part 375-6.8(a) -and 375-6.8(b) 

SCOs in surface soils (0.0 to 0.17 feet below ground surface [ft bgs]), near-surface soils (0.17 to 2.0 ft bgs), and 

subsurface soils (2.0+ ft bgs). Due to these detection and per the NYSDEC October 2, 2020 Remedial 

Investigation Report comment letter Supplemental Modification 5, CEMC is being required to characterize OU-2 

“to confirm it is not impacted by site contaminants” (NYSDEC 2020).  

2.1 Historical Soil Sampling Results 

Investigations at OU-1C identified metals concentrations greater than the SCOs. Primarily arsenic was detected in 

the surface, near-surface, and some subsurface areas across OU-1C and at the property boundary to OU-2 

(Figure 3). In addition, volatile organic compounds (VOCs; benzene, ethylbenzene, toluene, and xylenes) and 

semi-volatile organic compounds (SVOCs; 2-methylnaphthalene and naphthalene) were detected at 

concentrations greater than SCOs in subsurface soils near the former groundwater remediation wells (SWMW-20, 

SWMW-21, and SWMW-60; Figure 4). Appendix A presents historical results for the surface (A-1), near-surface 

(A-2), and subsurface (A-3) soil sampling locations identified on Figures 3 and 4. The samples presented in 

Appendix A include results for OU-1C and select sampling locations within the proximity of OU-2. Based on the 

historic data, sampling at OU-2 is being conducted to investigate the following exceedances identified at the OU-1 

C property boundary: 

 Benzo(b)fluoranthene greater than the SCO at SWMW-128 (8 to 10 ft bgs), located to the southwest of 

OU-2, and a subsurface exceedance of arsenic was identified in SWSL-69.  

 Arsenic greater than the SCO at OU1CSB03, OU1CSB06, and OU1CSB11 (multiple intervals from 0.0-

2.0 ft bgs). 

2.2 Proposed Soil Sampling Constituents 

Based on the known use of the OU-2 parcel as a public transportation route, constituents suspected to be found 

in OU-2 include metals (vehicle exhaust, vehicle wear particles, etc.), polyaromatic hydrocarbons (asphaltic road 

construction, vehicle lubricants/exhaust, etc.) and chlorides (salt/de-icing activities); however, NYSDEC is asking 

CEMC to investigate impacts related to their historical operations, if any that may have impacted OU-2.  

Arcadis proposes to screen the OU-2 parcel for constituents found on the adjacent OU-1C parcel and suspected 

to be related to historical operations that were conducted there. Historical environmental investigation findings 

described previously in Section 2.1 and other constituents recommended to be assessed at the OU-2 parcel 
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include VOCs, SVOCs, and metals. Additional details related to sampling methodologies are presented in Section 

3. 

3 Proposed Soil Sampling Investigation 
The proposed sampling investigation will identify impacts on or within the shoulder of Washington Avenue. No 

locations are expected to be drilled within the road.  

Three borings will be advanced to a maximum depth of 15 ft bgs to characterize subsurface conditions, including 

but not limited to odors, presence/absence of historical fill, and any other olfactory conditions that may be related 

to historical operations from the adjacent OU-1C parcel. If a confining layer is observed as noted to be present at 

OU-1C, the boring will be terminated as soon as clay is observed or at 10 ft bgs to avoid penetrating this layer 

and linking overburden to bedrock groundwater. Seven additional borings will be advanced to a maximum depth 

of 2.5 ft bgs to evaluate horizontal extents at the north end of the site and beneath the roadway. 

Soil sample collection will be performed at multiple intervals based on the NYSDEC’s soil area definitions. These 

sample locations are depicted on Figure 5. Samples will be collected at the following intervals: 

 0.0 to 0.17 ft (surface soils). 

 0.17 to 0.5 ft (near-surface soils). 

 0.5 to 1.0 ft (near-surface soils) 

 1.0 to 2.0 ft (near-surface soils). 

 2.0 to 2.5 ft (subsurface soils). 

 A 2-foot subsurface interval from the bottom of the boring at the confining layer or at the maximum depth 

(as applicable). 

 A 2-foot subsurface interval from just above the water table only if groundwater is encountered (as 

applicable). 

 A 2-foot interval at the most impacted area determined by olfactory inspection and/or use of the 

photoionization detector (PID) (as applicable). 

 

It should also be noted that the footprint of OU-2 on the included figures is approximate and based on the figure 

presented within the October 31, 2013 Order on Consent (Appendix B). Prior to mobilization, Arcadis will confirm 

that the proposed sample locations lie on Chevron-owned property and will acquire additional access agreements 

with necessary parties as applicable.  

Upon mobilization for utility clearing efforts, the proposed boring locations will again be confirmed in the field with 

a New York State licensed land surveyor in advance of mobilizing a New York State licensed driller. Boring 

locations may require field adjustment based on the findings of the surveying confirmation efforts and proximity to 

identified utilities. Final locations will be surveyed and provided in the Investigation Summary Report. 

3.1 Permitting and Site Preparation 

Soil samples are expected to be collected along Washington Avenue and will include work within the shoulder or 

right-of-way; therefore, a Town of Fishkill Road Opening Permit and Dutchess County Highway Work Permit may 

be obtained to allow closure and intrusion within the right-of-way or shoulder of the road if necessary. Appropriate 

safety measures will be implemented, as established in the Site-Specific Health and Safety Plan and the 
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Community Air Monitoring Plan (Appendix C). Air quality will be monitored via on-site PIDs to confirm that 

downwind receptors are not impacted by sampling activities. The need for a Traffic Control Plan will be discussed 

with Dutchess County, which may include but not be limited to signage, flaggers, and safety cones for any 

activities on or near the roadway.  

To prepare for the sampling event, utility location will be completed to define potential utility lines. Soil sampling 

will be adjusted accordingly. Three lines of evidence will be used to confirm the possible presence of utilities, 

including Ground Penetrating Radar, the New York 811 Call Before You Dig notification, and visual inspection. 

3.2 Soil Sample Collection 

Soil samples will be collected in accordance with Arcadis Technical Guidance Instructions (TGIs) for Soil Drilling 

and Sample Collection (Appendix D-1). Borings will first be cleared of utilities to 8 ft bgs by soft digging methods. 

In order to do this without disturbing proposed samples, a hand auger will be advanced to the proposed sample 

interval and undisturbed sample collected. Soft digging methods (such as air knifing, drum vacuum, etc.) will then 

be used to clear soils down to the next sample interval depth. After 8 ft bgs is reached, either soft digging 

methods will be continued (if access of larger mechanical equipment is limited) or Geoprobe® direct-push drilling 

with dual-tube sampling will be utilized to reach the target depth and sample intervals described above in Section 

3. PID screening of soil samples and geotechnical classification and borehole logging will be completed upon 

removal from the subsurface. 

Samples will be screened and described on soil boring logs as presented in the Arcadis TGI for Soil Description 

(Appendix D-2). These in-field soil descriptions will be used to develop boring logs that will be attached to a final 

report. Soil samples will be collected in laboratory-provided, appropriately certified pre-cleaned jars. When 

transferring samples, care will be taken to only use properly decontaminated equipment. Each sample will be 

given a unique alphanumeric identifier indicating location, depth, matrix, and date of sampling (for example, 

Sample ID: OU2SB##-0.5-1.0-S-YYMMD). 

Soil samples will be placed in a cooler maintained at 4 ± 2 degrees Celsius (°C) with ice and submitted to the 

laboratory. Chain of custody will accompany the samples from the time of collection until the samples are 

delivered to Pace Analytical, a New York State Department of Health (NYSDOH) Environmental Laboratory 

Accreditation Program (ELAP) certified laboratory located in Mount Juliet, Tennessee. Soil samples will be 

labeled using the nomenclature presented above in this Work Plan. Sample labels will be weatherproof and 

contain the following information:  

 Project name and number 

 Sampler name or initials 

 Sample identification 

 Sample date and time (in 24-hour format) 

 Laboratory analysis methods required for a sample jar 

 Preservatives added to sample jar 

 Sample matrix  

 Turnaround time. 

Adhesive sample labels will be placed directly on the sample containers. If the labels do not adhere due to 

moisture, the labels will be secured by placing clear packaging tape over the label. Soil samples will be wrapped 

and packaged sufficiently to prevent cross-contamination and to ensure that containers remain intact during 

shipment. Sufficient ice will be used to ensure that samples are received by the laboratory at optimal temperature 
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(0 to 6°C). Soil samples will be shipped in a cooler provided by the laboratory; the cooler will be taped and 

secured with duct tape and will have the appropriate labeling to be declared as dangerous goods to the shipping 

carrier. 

3.3 Decontamination Procedure 

Decontamination will occur prior to and after each use of a piece of equipment and will be conducted in buckets 

on plastic sheeting. Decontamination will be performed in accordance with the Arcadis guidance documents 

presented in the Arcadis TGI Groundwater and Soil Sampling Equipment Decontamination (Appendix D-3). All 

equipment will be washed in potable water and phosphate-free detergent (Alconox). The sampling equipment will 

then be rinsed by a distilled water rinse. Used rinsate decontamination fluids will be captured in buckets and 

transferred to drums at the on-site drum storage area. Between rinses, equipment will be placed on polyethylene 

sheets or aluminum foil if necessary. Decontaminated equipment will not be placed directly on the ground surface. 

To minimize the time spent on the field and reduce the opportunity for cross-contamination, the sampling team will 

have sufficient clean equipment available to perform a sampling round without excessive delays. Disposable 

equipment intended for one-time use will not be decontaminated but will be packaged for appropriate disposal. 

3.4 Waste Management 

Investigation-derived waste (IDW) generated during sampling activities will be collected either in 55-gallon drums 

directly or staged on polyethylene sheeting and then transferred to a drum at the on-site drum storage area prior 

to off-site disposal. IDW will be characterized and disposed of in a manner meeting the selected disposal facility’s 

RCRA Subtitle C or D permit. Disposable materials utilized for sampling will be disposed of offsite as solid 

municipal waste. All non-IDW wastes will be removed from the Site immediately upon completion of field 

activities. 
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4 Data Quality Objectives for Laboratory Analyses 
Quality objectives for the collected samples and Quality Assurance/Quality Control (QA/QC) sample collection are 

presented in the Generic Quality Assurance Project Plan developed by Parsons in 2015 (Parsons 2015). A 

summary of analytical methods, QA/QC sampling, and the Data Usability Summary Report to be completed are 

described in this section. 

4.1 Analytical Methods 

Soil samples will be submitted to Pace Analytical, an NYSDOH-ELAP certified laboratory for analysis of VOCs by 

Methods SW-846-8260C and -5035; SVOCs by Method SW-846-8270D; and target analyte list metals by 

Methods SW-846-6020A, -6010C, and -7471B. Laboratory standard operating procedures are provided in 

Appendix E. A summary of analytical methods, sample containers, sample preservation, and holding times is 

presented below in Table 1. 

Table 1. Analytical Methods Summary 

Analyte/ 

Analytical Group 

Analytical 

Method 

Sample 

Container 

Volume and 

Type 

Sample 

Preservation 

Preparation 

Holding Time 

Analytical 

Holding Time 

VOCs via Closed-System 

Purge and Trap Extraction 
SW-846-5035 

1 - 40ml Tare 

Weighted VOA 

10ml Methanol N/A 14 days 

VOCs via Gas 

Chromatography/Mass 

Spectrometry 

SW-846-

8260C 

1 - 40ml Tare 

Weighted VOA 

10ml Methanol N/A 14 days 

SVOCs via Gas 

Chromatography/Mass 

Spectrometry  

SW-846-

8270D 

1 – 4oz jar Ice 14 days 40 days from 

extraction 

Metals via Inductively 

Coupled Plasma – Mass 

Spectrometry 

SW-846-

6020A 

1 – 4oz jar None N/A 6 months 

Metals via Inductively 

Coupled Plasma – Atomic 

Emission 

SW-846-

6010C 

1 – 4oz jar None N/A 6 months 

Mercury in Solid/Semisolid 

Waste 

SW-846-

7471B 

1 – 4oz jar Ice N/A 28 days 

Notes:  

ml = millimeters  

oz = ounce  

VOA = volatile organic analysis 
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4.2 Quality Assurance and Quality Control  

Field QA/QC samples will be collected and submitted at the following frequencies: 

 Field duplicate samples will be collected and submitted at a frequency of one for every 20 or fewer field 

samples, for each matrix, and each target analyte.  

 Matrix spike (MS)/matrix spike duplicate (MSD) samples will be collected at a frequency of one MS/MSD 

set for every 20 or fewer field samples.  

 Equipment rinse blanks will be collected and submitted to verify the effectiveness of the decontamination 

procedures on reused, non-disposable equipment. One rinse blank will be collected per day of sampling 

and will be submitted for all analyses collected that day while reusable equipment is being used. The 

laboratory-provided analyte-free water will be poured over/through the decontaminated field equipment 

prior to the collection of environmental samples. 

Appropriate boring intervals will be collected for duplicate and MS/MSD sample collection.  An anticipated 59 

samples will be collected as part of this event, indicating that 3 Field Duplicates, 3 MS/MSD samples, 3 

Equipment Blanks, and 3 Field Blanks will be completed. The final number and identification of QA/QC samples 

listed are tentative and may vary based on the progression of daily field activities. 

4.3 Data Usability Summary Report 

The laboratory will provide a Category B data deliverable package, and Arcadis will perform a third-party data 

validation effort on all sample results packages. After completion of the Tier III evaluation, a data usability 

summary report (DUSR) will be prepared for the soil samples by the data validation group. The DUSR will be 

conducted to evaluate whether the quality control measures implemented during the field and laboratory analytical 

programs as reported are representative and free of error. The DUSR will be used to update the laboratory 

results; summary tables for the investigation summary report and the electronic data deliverable (EDD) will be 

submitted to the NYSDEC EQUIS Database. A copy of the DUSR will be provided in the final summary report. 
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5 Schedule and Reporting 
The OU-2 soil sampling event will be scheduled with an available New York State-licensed driller for 

implementation within 30 days of receipt of the NYSDEC’s approval of this Work Plan and verification of 

applicable permits and access. If subcontractor and/or staffing availability challenges are incurred, notification of 

schedule changes will be communicated with the NYSDEC case manager.  

Submittal of the validated data, text-box figures, boring logs, DUSR, and data packages will be provided to the 

NYSDEC following receipt of sampling results. All analytical data generated as part of this Work Plan will be 

submitted to the NYSDEC in the approved EDD format. Upon request, copies of field notes may be provided. 
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FIGURE

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER TEXACO RESEARCH CENTER BEACON

GLENHAM, NEW YORK
OU-2 SOIL INVESTIGATION WORK PLAN
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METALS

SOURCE:
1. BASEMAP PROVIDED BY PARSONS COMMERCIAL TECHNOLOGY GROUP,

SURVEYED 2007 BY BADEY & WATSON, SURVEY & ENGINEERING, P.C. THE
MERIDIAN AND COORDINATE VALUES HEREON REFER TO THE NEW YORK
STATE COORDINATE SYSTEM, EAST ZONE NAD83, EXPRESSED IN FEET.

2. WELL AND BORING ELEVATIONS ARE REFERENCED TO A SITE VERTICAL
DATUM ESTABLISHED BY TEXACO IN 1957, HEREINAFTER REFERRED TO
AS THE TEXACO DATUM, THIS DATUM IS 1.07' BELOW NAVD 1988.

LEGEND:

NOTES:
1. DEPTH IS MEASURED IN FEET BELOW  GROUND SURFACE.
2. ALL RESULTS SHOWN IN MILLIGRAMS PER KILOGRAM (MG/KG).
3. SCREENING CRITERIA EXCEEDANCES ARE SHOWN IN TEXTBOXES.

FENCE

RAILROAD

WETLAND

STREAM

FORMER SITE FEATURES

FORMER BUILDING

SOIL BORING LOCATIONS

61.6 87.4 33.1 318

34.9 170 110 0.186
81.2 189 119 0.195

324
286

53.7 278 204
70.2 0.189

145 195
124 163
91.3 115 0.334

0.203
0.217

127 0.369
106 0.37

31.8

114

124

54.1 141 32.2 339 0.282
55.3 118 42.5 394 0.291

222
116

91.5 31.7 241 0.421
82.6 132 0.534
73.9 125 0.303

0.212

0.201
209

55.5 184
137 0.344

73.3 93.6 40.3 367 0.19
120 118 70.4 619

30.2

119 0.198
110 0.228

0.255
110 0.251

233
174

79.5 84 36.2 468
30.2 126

51.7 65.4 30.5 203 0.23
137 134 58.5 552
124 66.3 659

14.5

115 36.7 139 0.223
112 40.3 130 0.267
94.8 0.32
125 123 0.191

14.6 94.8

437 0.225
325 0.244
199 0.419
112

6 NYCRR Part 375-6.8(a)
Unrestricted

PARCELS
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FIGURE

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER TEXACO RESEARCH CENTER BEACON

GLENHAM, NEW YORK
OU-2 SOIL INVESTIGATION WORK PLAN
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SOIL SAMPLE EXCEEDANCE RESULTS -
VOCS AND SVOCS

SOURCE:
1. BASEMAP PROVIDED BY PARSONS COMMERCIAL TECHNOLOGY GROUP,

SURVEYED 2007 BY BADEY & WATSON, SURVEY & ENGINEERING, P.C. THE
MERIDIAN AND COORDINATE VALUES HEREON REFER TO THE NEW YORK
STATE COORDINATE SYSTEM, EAST ZONE NAD83, EXPRESSED IN FEET.

2. WELL AND BORING ELEVATIONS ARE REFERENCED TO A SITE VERTICAL
DATUM ESTABLISHED BY TEXACO IN 1957, HEREINAFTER REFERRED TO
AS THE TEXACO DATUM, THIS DATUM IS 1.07' BELOW NAVD 1988.

LEGEND:

NOTES:
1. ALL RESULTS SHOWN IN MILLIGRAMS PER KILOGRAM (MG/KG).
2. SCREENING CRITERIA EXCEEDANCES ARE SHOWN IN TEXTBOXES.

PARCELS

FENCE

RAILROAD

WETLAND

STREAM

FORMER SITE FEATURES

FORMER BUILDING

SOIL BORING LOCATIONS

0.43 J 5.5 38

2 0.67 J
0.62 J

6 NYCRR Part 375-6.8(a)
Unrestricted

0.98 1.7 13
1.6
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FIGURE

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER TEXACO RESEARCH CENTER BEACON

GLENHAM, NEW YORK
OU-2 SOIL INVESTIGATION WORK PLAN
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PROPOSED SAMPLE LOCATIONS

SOURCE:
1. BASEMAP PROVIDED BY PARSONS COMMERCIAL TECHNOLOGY GROUP,

SURVEYED 2007 BY BADEY & WATSON, SURVEY & ENGINEERING, P.C. THE
MERIDIAN AND COORDINATE VALUES HEREON REFER TO THE NEW YORK
STATE COORDINATE SYSTEM, EAST ZONE NAD83, EXPRESSED IN FEET.

2. WELL AND BORING ELEVATIONS ARE REFERENCED TO A SITE VERTICAL
DATUM ESTABLISHED BY TEXACO IN 1957, HEREINAFTER REFERRED TO
AS THE TEXACO DATUM, THIS DATUM IS 1.07' BELOW NAVD 1988.

LEGEND:

NOTES:
1. THE OU-2 FOOTPRINT IDENTIFIED ON THIS FIGURES IS KNOWN TO BE

APPROXIMATE AND BASED ON THE FIGURE PRESENTED IN THE SITE'S
OCTOBER 31, 2013 ORDER OF CONSENT. ARCADIS WILL CONFIRM THE
PROPOSED BORING LOCATIONS IN THE FIELD WITH A NEW YORK
STATE LICENSED LAND SURVEY TO VERIFY THEIR PRESENCE ON
CHEVRON OWNED LAND BEFORE MOBILIZING THE NEW YORK STATE
LICENSED DRILLER.

FENCE

RAILROAD

WETLAND

STREAM

FORMER SITE FEATURES

FORMER BUILDING

SOIL BORING LOCATIONS

PROPOSED SOIL BORING LOCATIONS
(MAXIMUM DEPTH 15 FT)

PROPOSED SOIL BORING LOCATIONS
(MAXIMUM DEPTH 2.5 FT)

PARCELS



 

 

 

 

 

 

 

Appendix A 
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Historical Analytical Results 

  



A-1

OU-1C Soil Data - Land Use (Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID OU1CSB01 OU1CSB02 OU1CSB03 OU1CSB04 OU1CSB05 OU1CSB06 OU1CSB07 OU1CSB08

Sample Delivery Group (SDG) 1802784 1802784 1803527 1802784 1802784 1803527 1802784 1803527

Lab Sample ID 8999369 8999373 9002671 8999377 8999385 9002678 8999389 9002682

Sample Date 5/17/2017 5/17/2017 5/18/2017 5/17/2017 5/17/2017 5/18/2017 5/17/2017 5/18/2017

Field Sample ID OU1CSB01-S-0.00-170517 OU1CSB02-S-0.00-170517 OU1CSB03-S-0.00-170518 OU1CSB04-S-0.00-170517 OU1CSB05-S-0.00-170517 OU1CSB06-S-0.00-170518 OU1CSB07-S-0.00-170517 OU1CSB08-S-0.00-170518

Sample Depth (ft) 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17

Sample Purpose REG REG REG REG REG REG REG REG

Parameter Name

Semivolatile Organic Compounds

 1,2,4,5-Tetrachlorobenzene 95-94-3 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 1,4-Dioxane 123-91-1 0.1 9.8 13 130 250  < 0.13  < 0.12  < 0.13  < 0.14  < 0.12  < 0.17  < 0.14  < 0.12 

 2,3,4,6-Tetrachlorophenol 58-90-2 NA NA NA NA NA  < 0.084  < 0.083  < 0.088  < 0.091  < 0.077  < 0.11  < 0.093  < 0.082 

 2,4,5-Trichlorophenol 95-95-4 NA 100 NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 2,4,6-Trichlorophenol 88-06-2 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 2,4-Dichlorophenol 120-83-2 NA 100 NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 2,4-Dimethylphenol 105-67-9 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 2,4-Dinitrophenol 51-28-5 NA 100 NA NA NA  < 0.38  < 0.37  < 0.4  < 0.41  < 0.35  < 0.5  < 0.42  < 0.37 

 2,4-Dinitrotoluene 121-14-2 NA NA NA NA NA  < 0.084  < 0.083  < 0.088  < 0.091  < 0.077  < 0.11  < 0.093  < 0.082 

 2,6-Dinitrotoluene 606-20-2 NA 1.03 NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 2-Chloronaphthalene 91-58-7 NA NA NA NA NA  < 0.008  < 0.008  < 0.009  < 0.009  < 0.008  < 0.011  < 0.009  < 0.008 

 2-Chlorophenol (o-Chlorophenol) 95-57-8 NA 100 NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 2-Methyl-Naphthalene 91-57-6 NA 0.41 NA NA NA 0.023 0.024 0.03  0.017 J  0.01 J  0.015 J  0.014 J 0.065

 2-Methylphenol (o-Cresol) 95-48-7 0.33 100 100 500 1000  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 2-Nitroaniline (o-Nitroaniline) 88-74-4 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 2-Nitrophenol (o-Nitrophenol) 88-75-5 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 3,3'-Dichlorobenzidine 91-94-1 NA NA NA NA NA  < 0.13  < 0.12  < 0.13  < 0.14  < 0.12  < 0.17  < 0.14  < 0.12 

 3-Nitroaniline 99-09-2 NA NA NA NA NA  < 0.084  < 0.083  < 0.088  < 0.091  < 0.077  < 0.11  < 0.093  < 0.082 

 4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 NA NA NA NA NA  < 0.21  < 0.21  < 0.22  < 0.23  < 0.19  < 0.28  < 0.23  < 0.2 

 4-Bromophenylphenylether 101-55-3 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 4-Chloroaniline 106-47-8 NA 100 NA NA NA  < 0.042  < 0.041  < 0.044  < 0.046  < 0.038  < 0.056  < 0.046  < 0.041 

 4-Chlorophenyl  phenyl ether 7005-72-3 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 4-Methylphenol (p-Cresol) 106-44-5 0.33 34 100 500 1000  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028 0.048  < 0.02 

 4-Nitroaniline 100-01-6 NA NA NA NA NA  < 0.084  < 0.083  < 0.088  < 0.091  < 0.077  < 0.11  < 0.093  < 0.082 

 4-Nitrophenol 100-02-7 NA NA NA NA NA  < 0.21  < 0.21  < 0.22  < 0.23  < 0.19  < 0.28  < 0.23  < 0.2 

 Acenaphthene 83-32-9 20 100 100 500 1000  0.009 J  0.012 J 0.028  0.01 J  0.015 J  0.008 J  0.007 J 0.18

 Acenaphthylene 208-96-8 100 100 100 500 1000 0.044 0.036 0.047 0.05 0.034 0.032 0.026 0.076

 Acetophenone 98-86-2 NA NA NA NA NA  < 0.021  < 0.021  0.023 J  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 Anthracene 120-12-7 100 100 100 500 1000 0.044 0.052 0.075 0.054 0.056 0.034 0.035 0.4

 Atrazine 1912-24-9 NA NA NA NA NA  < 0.042  < 0.041  < 0.044  < 0.046  < 0.038  < 0.056  < 0.046  < 0.041 

 Benzaldehyde 100-52-7 NA NA NA NA NA  < 0.084  0.09 J  0.18 J  0.17 J  < 0.077  < 0.11  0.2 J  < 0.082 

 Benzo(a)anthracene 56-55-3 1 1 1 5.6 11 0.15 0.2 0.19 0.19 0.13 0.12 0.11 0.73

 Benzo(a)pyrene 50-32-8 1 1 1 1 1.1 0.17 0.21 0.21 0.21 0.14 0.14 0.13 0.63

 Benzo(b)fluoranthene 205-99-2 1 1 1 5.6 11 0.26 0.36 0.34 0.32 0.21 0.19 0.21 0.76

 Benzo(g,h,i)perylene 191-24-2 100 100 100 500 1000 0.13 0.16 0.15 0.16 0.089 0.11 0.098 0.37

 Benzo(k)fluoranthene 207-08-9 0.8 1 3.9 56 110 0.089 0.14 0.11 0.13 0.064 0.084 0.072 0.38

 bis(2-Chloroethoxy)methane 111-91-1 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 bis(2-Chloroethyl) ether 111-44-4 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 bis(2-chloroisopropyl) ether 108-60-1 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 bis(2-Ethylhexyl)phthalate 117-81-7 NA 50 NA NA NA  0.12 J  0.096 J  0.2 J 0.27  0.18 J  0.18 J 0.54 0.44

 Butylbenzylphthalate 85-68-7 NA 100 NA NA NA  < 0.084  < 0.083  < 0.088  < 0.091  < 0.077  < 0.11  < 0.093  < 0.082 

 Caprolactam 105-60-2 NA NA NA NA NA  < 0.042  < 0.041  < 0.044  < 0.046  < 0.038  < 0.056  < 0.046  < 0.041 

 Carbazole 86-74-8 NA NA NA NA NA  < 0.021  0.024 J  0.038 J  0.032 J  0.023 J  < 0.028  < 0.023 0.13

 Chrysene 218-01-9 1 1 3.9 56 110 0.21 0.25 0.22 0.25 0.16 0.16 0.14 0.71

 Di-n-butylphthalate 84-74-2 NA 100 NA NA NA  < 0.084  < 0.083  < 0.088  < 0.091  < 0.077  < 0.11  < 0.093  < 0.082 

 Di-n-octylphthalate 117-84-0 NA 100 NA NA NA  < 0.084  < 0.083  < 0.088  < 0.091  < 0.077  < 0.11  < 0.093  < 0.082 

 Dibenz(a,h)anthracene 53-70-3 0.33 0.33 0.33 0.56 1.1 0.042 0.048 0.043 0.044 0.028  0.026 J 0.028 0.093

 Dibenzofuran 132-64-9 7 14 59 350 1000  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023 0.12

 Diethylphthalate 84-66-2 NA 100 NA NA NA  < 0.084  < 0.083  < 0.088  < 0.091  < 0.077  < 0.11  < 0.093  < 0.082 

 Dimethyl phthalate 131-11-3 NA 100 NA NA NA  < 0.084  < 0.083  < 0.088  < 0.091  < 0.077  < 0.11  < 0.093  < 0.082 

 Diphenyl (Biphenyl, Phenyl benzene) 92-52-4 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 Fluoranthene 206-44-0 100 100 100 500 1000 0.31 0.38 0.39 0.43 0.28 0.23 0.24 1.5

 Fluorene 86-73-7 30 100 100 500 1000  0.012 J  0.013 J 0.028  0.014 J  0.019 J  0.009 J  < 0.005 0.18

 Hexachlorobenzene 118-74-1 0.33 0.33 1.2 6 12  < 0.004  < 0.004  < 0.004  < 0.005  < 0.004  < 0.006  < 0.005  < 0.004 

 Hexachlorobutadiene 87-68-3 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 Hexachlorocyclopentadiene 77-47-4 NA NA NA NA NA  < 0.21  < 0.21  < 0.22  < 0.23  < 0.19  < 0.28  < 0.23  < 0.2 

 Hexachloroethane 67-72-1 NA NA NA NA NA  < 0.042  < 0.041  < 0.044  < 0.046  < 0.038  < 0.056  < 0.046  < 0.041 

 Indeno(1,2,3-cd)Pyrene 193-39-5 0.5 0.5 0.5 5.6 11 0.11 0.14 0.14 0.15 0.083 0.086 0.079 0.34

 Isophorone 78-59-1 NA 100 NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 N-Nitrosodi-n-propylamine 621-64-7 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 N-Nitrosodiphenylamine (Diphenylamine) 86-30-6 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 Naphthalene 91-20-3 12 100 100 500 1000  0.021 J 0.035 0.033 0.039  0.014 J  0.018 J  0.019 J 0.12

 Nitrobenzene 98-95-3 NA 3.7 15 69 140  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 p-Chloro-m-cresol 59-50-7 NA NA NA NA NA  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 Pentachlorophenol 87-86-5 0.8 2.4 6.7 6.7 55  < 0.042  < 0.041  < 0.044  < 0.046  < 0.038  < 0.056  < 0.046  < 0.041 

 Phenanthrene 85-01-8 100 100 100 500 1000 0.17 0.2 0.29 0.19 0.21 0.13 0.13 1.5

 Phenol 108-95-2 0.33 100 100 500 1000  < 0.021  < 0.021  < 0.022  < 0.023  < 0.019  < 0.028  < 0.023  < 0.02 

 Pyrene 129-00-0 100 100 100 500 1000 0.31 0.36 0.37 0.41 0.27 0.24 0.23 1.4

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives
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A-1

OU-1C Soil Data - Land Use (Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID OU1CSB01 OU1CSB02 OU1CSB03 OU1CSB04 OU1CSB05 OU1CSB06 OU1CSB07 OU1CSB08

Sample Delivery Group (SDG) 1802784 1802784 1803527 1802784 1802784 1803527 1802784 1803527

Lab Sample ID 8999369 8999373 9002671 8999377 8999385 9002678 8999389 9002682

Sample Date 5/17/2017 5/17/2017 5/18/2017 5/17/2017 5/17/2017 5/18/2017 5/17/2017 5/18/2017

Field Sample ID OU1CSB01-S-0.00-170517 OU1CSB02-S-0.00-170517 OU1CSB03-S-0.00-170518 OU1CSB04-S-0.00-170517 OU1CSB05-S-0.00-170517 OU1CSB06-S-0.00-170518 OU1CSB07-S-0.00-170517 OU1CSB08-S-0.00-170518

Sample Depth (ft) 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17

Sample Purpose REG REG REG REG REG REG REG REG

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives

Polychlorinated Biphenyls

 Aroclor 1016 12674-11-2 NA NA NA NA NA  < 0.0045 -- -- -- -- -- -- --

 Aroclor 1221 11104-28-2 NA NA NA NA NA  < 0.0058 -- -- -- -- -- -- --

 Aroclor 1232 11141-16-5 NA NA NA NA NA  < 0.01 -- -- -- -- -- -- --

 Aroclor 1242 53469-21-9 NA NA NA NA NA  < 0.0042 -- -- -- -- -- -- --

 Aroclor 1248 12672-29-6 NA NA NA NA NA  < 0.0042 -- -- -- -- -- -- --

 Aroclor 1254 11097-69-1 NA NA NA NA NA 0.025 -- -- -- -- -- -- --

 Aroclor 1260 11096-82-5 NA NA NA NA NA  < 0.0062 -- -- -- -- -- -- --

 Aroclor 1262 37324-23-5 NA NA NA NA NA  < 0.0042 -- -- -- -- -- -- --

 Aroclor 1268 11100-14-4 NA NA NA NA NA  < 0.0042 -- -- -- -- -- -- --

Pesticides

 4,4-DDD 72-54-8 0.0033 2.6 13 92 180  0.0014 J -- -- -- -- -- -- --

 4,4-DDE 72-55-9 0.0033 1.8 8.9 62 120  < 0.00041 -- -- -- -- -- -- --

 4,4-DDT 50-29-3 0.0033 1.7 7.9 47 94 0.0042 -- -- -- -- -- -- --

 Aldrin 309-00-2 0.005 0.019 0.097 0.68 1.4  < 0.00021 -- -- -- -- -- -- --

 alpha BHC 319-84-6 0.02 0.097 0.48 3.4 6.8  < 0.00021 -- -- -- -- -- -- --

 alpha Chlordane 5103-71-9 0.094 0.91 4.2 24 47  0.00031 J -- -- -- -- -- -- --

 beta BHC 319-85-7 0.036 0.072 0.36 3 14  < 0.00038 -- -- -- -- -- -- --

 delta BHC 319-86-8 0.04 100 100 500 1000  < 0.00056 -- -- -- -- -- -- --

 DIELDRIN 60-57-1 0.005 0.039 0.2 1.4 2.8  < 0.00041 -- -- -- -- -- -- --

 Endosulfan I 959-98-8 2.4 4.8 24 200 920  < 0.00028 -- -- -- -- -- -- --

 Endosulfan II 33213-65-9 2.4 4.8 24 200 920  < 0.00041 -- -- -- -- -- -- --

 ENDOSULFAN SULFATE 1031-07-8 2.4 4.8 24 200 920  < 0.00087 V -- -- -- -- -- -- --

 ENDRIN 72-20-8 0.014 2.2 11 89 410  < 0.00044 V -- -- -- -- -- -- --

 ENDRIN ALDEHYDE 7421-93-4 NA NA NA NA NA  < 0.00041 -- -- -- -- -- -- --

 ENDRIN KETONE 53494-70-5 NA NA NA NA NA  < 0.00075 -- -- -- -- -- -- --

 gamma BHC (Lindane) 58-89-9 0.1 0.28 1.3 9.2 23  < 0.00021 -- -- -- -- -- -- --

 gamma Chlordane 5103-74-2 NA 0.54 NA NA NA  < 0.00021 -- -- -- -- -- -- --

 HEPTACHLOR 76-44-8 0.042 0.42 2.1 15 29  < 0.00021 -- -- -- -- -- -- --

 HEPTACHLOR EPOXIDE 1024-57-3 NA 0.077 NA NA NA  < 0.00021 -- -- -- -- -- -- --

 METHOXYCHLOR 72-43-5 NA 100 NA NA NA  < 0.0021 -- -- -- -- -- -- --

 TOXAPHENE 8001-35-2 NA NA NA NA NA  < 0.018 -- -- -- -- -- -- --

Metals

 Aluminum 7429-90-5 NA NA NA NA NA  16,800  16,200  19,200  18,800  18,800  21,500  21,100  18,700 

 Antimony 7440-36-0 NA NA NA NA NA 0.464 0.778 1.64  0.343 J 0.471 1.69  0.345 J 0.61

 Arsenic 7440-38-2 13 16 16 16 16 9.91 8.35 232 7.67 52.8 426 10.2 113

 Barium 7440-39-3 350 350 400 400 10000 84.8 219 106 65.3 66.8 84.2 83.4 75.8

 Beryllium 7440-41-7 7.2 14 72 590 2700 0.556 0.628 0.595 0.505 0.585 0.77 2.39 0.863

 Cadmium 7440-43-9 2.5 2.5 4.3 9.3 60  0.112 J 0.53 0.453  0.0943 J  0.117 J  0.227 J  0.193 J 0.243

 Calcium 7440-70-2 NA NA NA NA NA 730  1,840  3,340 483 488  3,180  2,340  2,240 

 Chromium 7440-47-3 30 36 180 1500 6800 34.9 33.7 23.6 26.9 21.4 23.8 89.4 25.2

 Cobalt 7440-48-4 NA 30 NA NA NA 8.07 10 12.1 6.57 9.89 12.7 11.9 13.5

 Copper 7440-50-8 50 270 270 270 10000 33.1 46.8 34.7 21.1 27.7 31 54.1 37.6

 Iron 7439-89-6 NA 2000 NA NA NA  22,900  25,600  31,300  27,300  24,100  33,800  25,800  29,800 

 Lead 7439-92-1 63 400 400 1000 3900 170 645 145 127 54.2 58.4 141 52.5

 Magnesium 7439-95-4 NA NA NA NA NA  4,300  4,310  6,640  4,460  5,040  6,770  5,220  5,890 

 Manganese 7439-96-5 1600 2000 2000 10000 10000 450 489  1,040 228 639 970 984 953

 Nickel 7440-02-0 30 140 310 310 10000 19.4 24 27.5 18.9 22.3 28.6 32.2 31.6

 Potassium 7440-09-7 NA NA NA NA NA  1,460  1,650  1,910  1,460  1,530  1,950  1,910  1,520 

 Selenium 7782-49-2 3.9 36 180 1500 6800  0.478 J  0.909 J 0.794  0.535 J  0.59 J  0.638 J  0.586 J  0.386 J

 Silver 7440-22-4 2 36 180 1500 6800  0.12 J 0.443  0.147 J  0.167 J  0.0721 J  0.0881 J 0.209  0.0707 J

 Sodium 7440-23-5 NA NA NA NA NA  54.3 J  85.2 J  58.2 J  47.7 J  41.1 J  73.3 J  74.7 J  59.2 J

 Thallium 7440-28-0 NA NA NA NA NA  0.147 J  0.149 J  0.171 J  0.167 J  0.188 J  0.156 J  0.19 J  0.115 J

 Vanadium 7440-62-2 NA 100 NA NA NA 30.2 28.7 34.9 41.7 27 33.8 36.6 24.3

 Zinc 7440-66-6 109 2200 10000 10000 10000 110 324 195 82.3 89.5 124 339 222

 Mercury 7439-97-6 0.18 0.81 0.81 2.8 5.7 0.186 1.23 0.164 0.369  0.116 J  0.127 J 0.282  0.118 J

--: Not analyzed for

NA: Standard not Applicable

Underline: Exceeds Residential Restricted SCO

Grey: Exceeds Commercial SCO

Yellow: Exceeds Industrial SCO

Report Units are in mg/kg.

< : Not detected at the laboratory method detection limit.

J : Result detected between the reporting limit and the method detection limit.

Italics: Exceeds Unrestricted SCO

Bold: Exceeds Residential SCO
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A-1

OU-1C Soil Data - Land Use (Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

Semivolatile Organic Compounds

 1,2,4,5-Tetrachlorobenzene 95-94-3 NA NA NA NA NA

 1,4-Dioxane 123-91-1 0.1 9.8 13 130 250

 2,3,4,6-Tetrachlorophenol 58-90-2 NA NA NA NA NA

 2,4,5-Trichlorophenol 95-95-4 NA 100 NA NA NA

 2,4,6-Trichlorophenol 88-06-2 NA NA NA NA NA

 2,4-Dichlorophenol 120-83-2 NA 100 NA NA NA

 2,4-Dimethylphenol 105-67-9 NA NA NA NA NA

 2,4-Dinitrophenol 51-28-5 NA 100 NA NA NA

 2,4-Dinitrotoluene 121-14-2 NA NA NA NA NA

 2,6-Dinitrotoluene 606-20-2 NA 1.03 NA NA NA

 2-Chloronaphthalene 91-58-7 NA NA NA NA NA

 2-Chlorophenol (o-Chlorophenol) 95-57-8 NA 100 NA NA NA

 2-Methyl-Naphthalene 91-57-6 NA 0.41 NA NA NA

 2-Methylphenol (o-Cresol) 95-48-7 0.33 100 100 500 1000

 2-Nitroaniline (o-Nitroaniline) 88-74-4 NA NA NA NA NA

 2-Nitrophenol (o-Nitrophenol) 88-75-5 NA NA NA NA NA

 3,3'-Dichlorobenzidine 91-94-1 NA NA NA NA NA

 3-Nitroaniline 99-09-2 NA NA NA NA NA

 4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 NA NA NA NA NA

 4-Bromophenylphenylether 101-55-3 NA NA NA NA NA

 4-Chloroaniline 106-47-8 NA 100 NA NA NA

 4-Chlorophenyl  phenyl ether 7005-72-3 NA NA NA NA NA

 4-Methylphenol (p-Cresol) 106-44-5 0.33 34 100 500 1000

 4-Nitroaniline 100-01-6 NA NA NA NA NA

 4-Nitrophenol 100-02-7 NA NA NA NA NA

 Acenaphthene 83-32-9 20 100 100 500 1000

 Acenaphthylene 208-96-8 100 100 100 500 1000

 Acetophenone 98-86-2 NA NA NA NA NA

 Anthracene 120-12-7 100 100 100 500 1000

 Atrazine 1912-24-9 NA NA NA NA NA

 Benzaldehyde 100-52-7 NA NA NA NA NA

 Benzo(a)anthracene 56-55-3 1 1 1 5.6 11

 Benzo(a)pyrene 50-32-8 1 1 1 1 1.1

 Benzo(b)fluoranthene 205-99-2 1 1 1 5.6 11

 Benzo(g,h,i)perylene 191-24-2 100 100 100 500 1000

 Benzo(k)fluoranthene 207-08-9 0.8 1 3.9 56 110

 bis(2-Chloroethoxy)methane 111-91-1 NA NA NA NA NA

 bis(2-Chloroethyl) ether 111-44-4 NA NA NA NA NA

 bis(2-chloroisopropyl) ether 108-60-1 NA NA NA NA NA

 bis(2-Ethylhexyl)phthalate 117-81-7 NA 50 NA NA NA

 Butylbenzylphthalate 85-68-7 NA 100 NA NA NA

 Caprolactam 105-60-2 NA NA NA NA NA

 Carbazole 86-74-8 NA NA NA NA NA

 Chrysene 218-01-9 1 1 3.9 56 110

 Di-n-butylphthalate 84-74-2 NA 100 NA NA NA

 Di-n-octylphthalate 117-84-0 NA 100 NA NA NA

 Dibenz(a,h)anthracene 53-70-3 0.33 0.33 0.33 0.56 1.1

 Dibenzofuran 132-64-9 7 14 59 350 1000

 Diethylphthalate 84-66-2 NA 100 NA NA NA

 Dimethyl phthalate 131-11-3 NA 100 NA NA NA

 Diphenyl (Biphenyl, Phenyl benzene) 92-52-4 NA NA NA NA NA

 Fluoranthene 206-44-0 100 100 100 500 1000

 Fluorene 86-73-7 30 100 100 500 1000

 Hexachlorobenzene 118-74-1 0.33 0.33 1.2 6 12

 Hexachlorobutadiene 87-68-3 NA NA NA NA NA

 Hexachlorocyclopentadiene 77-47-4 NA NA NA NA NA

 Hexachloroethane 67-72-1 NA NA NA NA NA

 Indeno(1,2,3-cd)Pyrene 193-39-5 0.5 0.5 0.5 5.6 11

 Isophorone 78-59-1 NA 100 NA NA NA

 N-Nitrosodi-n-propylamine 621-64-7 NA NA NA NA NA

 N-Nitrosodiphenylamine (Diphenylamine) 86-30-6 NA NA NA NA NA

 Naphthalene 91-20-3 12 100 100 500 1000

 Nitrobenzene 98-95-3 NA 3.7 15 69 140

 p-Chloro-m-cresol 59-50-7 NA NA NA NA NA

 Pentachlorophenol 87-86-5 0.8 2.4 6.7 6.7 55

 Phenanthrene 85-01-8 100 100 100 500 1000

 Phenol 108-95-2 0.33 100 100 500 1000

 Pyrene 129-00-0 100 100 100 500 1000

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives

OU1CSB09 OU1CSB10 OU1CSB11 OU1CSB12 OU1CSB13 OU1CSB14 OU1CSB15 OU1CSB16

1802167 1802167 1803527 1802167 1802167 1802784 1802167 1802167

8996697 8996701 9002686 8996705 8996712 8999393 8996716 8996721

5/16/2017 5/16/2017 5/18/2017 5/16/2017 5/16/2017 5/17/2017 5/16/2017 5/15/2017

OU1CSB09-S-0.00-170516 OU1CSB10-S-0.00-170516 OU1CSB11-S-0.00-170518 OU1CSB12-S-0.00-170516 OU1CSB13-S-0.00-170516 OU1CSB14-S-0.00-170517 OU1CSB15-S-0.00-170516 OU1CSB16-S-0.00-170515

0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17

REG REG REG REG REG REG REG REG

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.12  < 0.12  < 0.12  < 0.12  < 0.12  < 0.11  < 0.13  < 0.12 

 < 0.081  < 0.079  < 0.082  < 0.080  < 0.078  < 0.074  < 0.087  < 0.082 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.36  < 0.35  < 0.37  < 0.36  < 0.35  < 0.33  < 0.39  < 0.37 

 < 0.081  < 0.079  < 0.082  < 0.08  < 0.078  < 0.074  < 0.087  < 0.082 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.008  < 0.008  < 0.008  < 0.008  < 0.008  < 0.007  < 0.009  < 0.008 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 0.015 J  0.012 J 0.041 0.021 0.039 0.065 0.041 0.085

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.12  < 0.12  < 0.12  < 0.12  < 0.12  < 0.11  < 0.13  < 0.12 

 < 0.081  < 0.079  < 0.082  < 0.08  < 0.078  < 0.074  < 0.087  < 0.082 

 < 0.2  < 0.2  < 0.2  < 0.2  < 0.19  < 0.18  < 0.22  < 0.2 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.04  < 0.039  < 0.041  < 0.04  < 0.039  < 0.037  < 0.043  < 0.041 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.081  < 0.079  < 0.082  < 0.08  < 0.078  < 0.074  < 0.087  < 0.082 

 < 0.2  < 0.2  < 0.2  < 0.2  < 0.19  < 0.18  < 0.22  < 0.2 

 0.016 J 0.02 0.087 0.032  < 0.004  < 0.004 0.046 0.031

0.033 0.035 0.037 0.052  0.011 J  0.015 J 0.094 0.04

 < 0.020  < 0.020  < 0.02  < 0.020  < 0.019  < 0.018  < 0.022 0.11

0.056 0.073 0.22 0.095  0.014 J  0.018 J 0.17 0.084

 < 0.040  < 0.039  < 0.041  < 0.040  < 0.039  < 0.037  < 0.043  < 0.041 

 < 0.081  < 0.079  < 0.082  < 0.080  < 0.078  < 0.074  < 0.087 0.23

0.18 0.24 0.51 0.38 0.049 0.063 0.57 0.39

0.19 0.26 0.46 0.41 0.051 0.08 0.59 0.42

0.27 0.35 0.59 0.58 0.07 0.11 0.86 0.68

0.14 0.18 0.31 0.32 0.046 0.075 0.47 0.34

0.099 0.13 0.28 0.25 0.033 0.046 0.28 0.22

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 0.2 J 0.2 0.53  0.18 J  < 0.078  < 0.074  < 0.087 0.36

 < 0.081  < 0.079  < 0.082  < 0.08  < 0.078  < 0.074  < 0.087 0.36

 < 0.040  < 0.039  < 0.041  < 0.040  < 0.039  < 0.037  < 0.043  < 0.041 

 0.03 J  0.027 J 0.09 0.063  < 0.019  < 0.018 0.076  < 0.02 

0.21 0.26 0.51 0.45 0.056 0.079 0.57 0.5

 < 0.081  < 0.079  < 0.082  < 0.08  < 0.078  < 0.074  < 0.087  < 0.082 

 < 0.081  < 0.079  < 0.082  < 0.08  < 0.078  < 0.074  < 0.087  < 0.082 

0.032 0.044 0.073 0.079  0.012 J 0.019 0.096 0.078

 < 0.02  < 0.02 0.06  0.021 J  < 0.019  < 0.018  0.036 J  0.033 J

 < 0.081  < 0.079  < 0.082  < 0.08  < 0.078  < 0.074  < 0.087  < 0.082 

 < 0.081  < 0.079  < 0.082  < 0.08  < 0.078  < 0.074  < 0.087  < 0.082 

 < 0.020  < 0.020  < 0.02  < 0.020  < 0.019  < 0.018  < 0.022  < 0.020 

0.41 0.46 0.97 0.8 0.083 0.11 1.1 0.69

 0.015 J 0.02 0.08 0.03  0.005 J  < 0.004 0.048 0.026

 < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.2  < 0.2  < 0.2  < 0.2  < 0.19  < 0.18  < 0.22  < 0.2 

 < 0.04  < 0.039  < 0.041  < 0.04  < 0.039  < 0.037  < 0.043  < 0.041 

0.12 0.16 0.29 0.28 0.039 0.06 0.4 0.3

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

0.024 0.023 0.11 0.03 0.026 0.042 0.06 0.092

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022  < 0.02 

 < 0.04  < 0.039  < 0.041  < 0.04  < 0.039  < 0.037  < 0.043  < 0.041 

0.26 0.28 0.85 0.52 0.047 0.055 0.68 0.35

 < 0.02  < 0.02  < 0.02  < 0.02  < 0.019  < 0.018  < 0.022 0.4

0.38 0.45 0.86 0.75 0.083 0.099 1 0.65
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A-1

OU-1C Soil Data - Land Use (Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives

Polychlorinated Biphenyls

 Aroclor 1016 12674-11-2 NA NA NA NA NA

 Aroclor 1221 11104-28-2 NA NA NA NA NA

 Aroclor 1232 11141-16-5 NA NA NA NA NA

 Aroclor 1242 53469-21-9 NA NA NA NA NA

 Aroclor 1248 12672-29-6 NA NA NA NA NA

 Aroclor 1254 11097-69-1 NA NA NA NA NA

 Aroclor 1260 11096-82-5 NA NA NA NA NA

 Aroclor 1262 37324-23-5 NA NA NA NA NA

 Aroclor 1268 11100-14-4 NA NA NA NA NA

Pesticides

 4,4-DDD 72-54-8 0.0033 2.6 13 92 180

 4,4-DDE 72-55-9 0.0033 1.8 8.9 62 120

 4,4-DDT 50-29-3 0.0033 1.7 7.9 47 94

 Aldrin 309-00-2 0.005 0.019 0.097 0.68 1.4

 alpha BHC 319-84-6 0.02 0.097 0.48 3.4 6.8

 alpha Chlordane 5103-71-9 0.094 0.91 4.2 24 47

 beta BHC 319-85-7 0.036 0.072 0.36 3 14

 delta BHC 319-86-8 0.04 100 100 500 1000

 DIELDRIN 60-57-1 0.005 0.039 0.2 1.4 2.8

 Endosulfan I 959-98-8 2.4 4.8 24 200 920

 Endosulfan II 33213-65-9 2.4 4.8 24 200 920

 ENDOSULFAN SULFATE 1031-07-8 2.4 4.8 24 200 920

 ENDRIN 72-20-8 0.014 2.2 11 89 410

 ENDRIN ALDEHYDE 7421-93-4 NA NA NA NA NA

 ENDRIN KETONE 53494-70-5 NA NA NA NA NA

 gamma BHC (Lindane) 58-89-9 0.1 0.28 1.3 9.2 23

 gamma Chlordane 5103-74-2 NA 0.54 NA NA NA

 HEPTACHLOR 76-44-8 0.042 0.42 2.1 15 29

 HEPTACHLOR EPOXIDE 1024-57-3 NA 0.077 NA NA NA

 METHOXYCHLOR 72-43-5 NA 100 NA NA NA

 TOXAPHENE 8001-35-2 NA NA NA NA NA

Metals

 Aluminum 7429-90-5 NA NA NA NA NA

 Antimony 7440-36-0 NA NA NA NA NA

 Arsenic 7440-38-2 13 16 16 16 16

 Barium 7440-39-3 350 350 400 400 10000

 Beryllium 7440-41-7 7.2 14 72 590 2700

 Cadmium 7440-43-9 2.5 2.5 4.3 9.3 60

 Calcium 7440-70-2 NA NA NA NA NA

 Chromium 7440-47-3 30 36 180 1500 6800

 Cobalt 7440-48-4 NA 30 NA NA NA

 Copper 7440-50-8 50 270 270 270 10000

 Iron 7439-89-6 NA 2000 NA NA NA

 Lead 7439-92-1 63 400 400 1000 3900

 Magnesium 7439-95-4 NA NA NA NA NA

 Manganese 7439-96-5 1600 2000 2000 10000 10000

 Nickel 7440-02-0 30 140 310 310 10000

 Potassium 7440-09-7 NA NA NA NA NA

 Selenium 7782-49-2 3.9 36 180 1500 6800

 Silver 7440-22-4 2 36 180 1500 6800

 Sodium 7440-23-5 NA NA NA NA NA

 Thallium 7440-28-0 NA NA NA NA NA

 Vanadium 7440-62-2 NA 100 NA NA NA

 Zinc 7440-66-6 109 2200 10000 10000 10000

 Mercury 7439-97-6 0.18 0.81 0.81 2.8 5.7

--: Not analyzed for

NA: Standard not Applicable

Underline: Exceeds Residential Restricted SCO

Grey: Exceeds Commercial SCO

Yellow: Exceeds Industrial SCO

Report Units are in mg/kg.

< : Not detected at the laboratory method detection limit.

J : Result detected between the reporting limit and the method detection limit.

Italics: Exceeds Unrestricted SCO

Bold: Exceeds Residential SCO

OU1CSB09 OU1CSB10 OU1CSB11 OU1CSB12 OU1CSB13 OU1CSB14 OU1CSB15 OU1CSB16

1802167 1802167 1803527 1802167 1802167 1802784 1802167 1802167

8996697 8996701 9002686 8996705 8996712 8999393 8996716 8996721

5/16/2017 5/16/2017 5/18/2017 5/16/2017 5/16/2017 5/17/2017 5/16/2017 5/15/2017

OU1CSB09-S-0.00-170516 OU1CSB10-S-0.00-170516 OU1CSB11-S-0.00-170518 OU1CSB12-S-0.00-170516 OU1CSB13-S-0.00-170516 OU1CSB14-S-0.00-170517 OU1CSB15-S-0.00-170516 OU1CSB16-S-0.00-170515

0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17 0-0.17

REG REG REG REG REG REG REG REG

-- -- -- --  < 0.0042 -- -- --

-- -- -- --  < 0.0054 -- -- --

-- -- -- --  < 0.0093 -- -- --

-- -- -- --  < 0.0039 -- -- --

-- -- -- --  < 0.0039 -- -- --

-- -- -- --  < 0.0039 -- -- --

-- -- -- --  < 0.0057 -- -- --

-- -- -- --  < 0.0039 -- -- --

-- -- -- --  < 0.0039 -- -- --

-- -- -- --  0.00082 JP -- -- --

-- -- -- --  0.001 J -- -- --

-- -- -- --  0.00076 J -- -- --

-- -- -- --  < 0.0002 -- -- --

-- -- -- --  < 0.0002 -- -- --

-- -- -- --  < 0.0002 -- -- --

-- -- -- --  < 0.00035 -- -- --

-- -- -- --  < 0.00053 -- -- --

-- -- -- --  < 0.00039 -- -- --

-- -- -- --  < 0.00026 -- -- --

-- -- -- --  < 0.00039 -- -- --

-- -- -- --  < 0.00039 -- -- --

-- -- -- --  < 0.00039 -- -- --

-- -- -- --  < 0.00039 -- -- --

-- -- -- --  < 0.00071 -- -- --

-- -- -- --  < 0.0002 -- -- --

-- -- -- --  < 0.0002 -- -- --

-- -- -- --  < 0.00041 V -- -- --

-- -- -- --  < 0.0002 -- -- --

-- -- -- --  < 0.002 -- -- --

-- -- -- --  < 0.016 -- -- --

 19,000  9,250  16,300  14,600  15,400  16,100  19,200  12,100 

0.605  0.271 J 1.08  0.138 J 0.36 0.639  0.281 J 0.462

20.4 64.4 148 37.7 106 116 39.2 51.7

58.9 42.9 74.2 50.5 59.5 68.1 89.2 56.6

1.18 0.474 2.05 0.97 1.28 1.09 0.699 0.455

 0.233 J  0.134 J 0.214  0.209 J 0.296 0.207 0.282 1.09

739  30,900  41,900  2,690  6,430  3,760  3,220  15,400 

26.8 12.3 45.9 16.1 22.5 26.8 42.1 18.8

10.7 6.39 13 10.3 12.1 11.9 11.2 9.15

42.5 30.7 73.3 22.9 42.8 51.7 38.5 39.7

 29,900  15,900  29,700  28,300  29,100  25,500  30,900  24,300 

91.5 37.7 93.6 55.3 49.6 65.4 115 57

 6,110  23,000  7,250  6,050  8,870  7,460  7,110  13,100 

431 500  1,130 679 794 658 731 575

31.7 14.7 40.3 17.9 27.7 30.5 36.7 22.1

 1,300 938  1,360  1,130  1,160  1,430  1,400  1,230 

 0.372 J  0.168 J  0.318 J  0.270 J  0.222 J  0.23 J  0.416 J  0.708 J

 0.144 J  0.0335 J  0.12 J  0.0631 J  0.0452 J  0.0627 J  0.129 J  0.0799 J

 54.6 J  63.8 J 231  47.7 J  60.6 J  51.2 J  55.9 J  66.7 J

 0.112 J  0.0650 J  0.105 J  0.0839 J  0.0946 J  0.119 J  0.144 J  0.0867 J

34.9 13 21.7 21.3 18.9 18.2 94.1 20.1

241 85.2 367 119 233 203 139 437

0.421 0.201 0.19 0.198  0.100 J 0.23 0.223 0.225
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID OU1CSB01 OU1CSB01 OU1CSB01 OU1CSB02 OU1CSB02 OU1CSB02 OU1CSB03 OU1CSB03 OU1CSB03 OU1CSB03

Sample Delivery Group (SDG) 1802784 1802784 1802784 1802784 1802784 1802784 1803527 1803527 1803527 1803527

Lab Sample ID 8999370 8999371 8999372 8999374 8999375 8999376 9002672 9002673 9002677 9002676

Sample Date 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/18/2017 5/18/2017 5/18/2017 5/18/2017

Field Sample ID OU1CSB01-S-0.17-170517 OU1CSB01-S-0.50-170517 OU1CSB01-S-1.00-170517 OU1CSB02-S-0.17-170517 OU1CSB02-S-0.50-170517 OU1CSB02-S-1.00-170517 OU1CSB03-S-0.17-170518 OU1CSB03-S-0.50-170518 OU1CSB03-S-1.00-170518 OU1CSB03-SD-1.00-170518

Sample Depth (ft) 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 1-2

Sample Purpose REG REG REG REG REG REG REG REG REG FD

Parameter Name

Volatile Organic Compounds

 1,1 Dichloroethene 75-35-4 0.33 100 100 500 1000  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 1,1,1-Trichloroethane 71-55-6 0.68 100 100 500 1000  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 1,1,2,2-Tetrachloroethane 79-34-5 NA 35 NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 1,1,2-Trichloroethane 79-00-5 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 1,1,2-Trichlorotrifluoroethane (Freon 113) 76-13-1 NA 100 NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002 

 1,1-Dichloroethane 75-34-3 0.27 19 26 240 480  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 1,2,3-Trichlorobenzene 87-61-6 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009 --  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 

 1,2,4-Trichlorobenzene 120-82-1 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009 --  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 

 1,2-Dibromo-3-chloropropane (DBCP) 96-12-8 NA NA NA NA NA  < 0.002  < 0.002  < 0.002 --  < 0.002  < 0.002  < 0.002  < 0.003 --  < 0.002 

 1,2-Dibromoethane 106-93-4 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 1,2-Dichlorobenzene (o-Dichlorobenzene) 95-50-1 1.1 100 100 500 1000  < 0.001  < 0.001  < 0.0009 --  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 

 1,2-Dichloroethane 107-06-2 0.02 2.3 3.1 30 60  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  0.001 J  < 0.001  < 0.001  < 0.001  < 0.001 

 1,2-Dichloropropane 78-87-5 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 1,3-Dichlorobenzene 541-73-1 2.4 17 49 280 560  < 0.001  < 0.001  < 0.0009 --  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 

 1,4-Dichlorobenzene 106-46-7 1.8 9.8 13 130 250  < 0.001  < 0.001  < 0.0009 --  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 

 2-Butanone (Methyl ethyl ketone) 78-93-3 0.12 100 100 500 1000  0.01 J  0.005 J  0.005 J  0.007 J  0.005 J  < 0.004  0.01 J  0.01 J  0.008 J  0.01 J

 2-Hexanone 591-78-6 NA NA NA NA NA  < 0.004  < 0.003  < 0.003  < 0.004  < 0.003  < 0.003  < 0.003  < 0.004  < 0.003  < 0.004 

 4-Methyl-2-pentanone 108-10-1 NA NA NA NA NA  < 0.004  < 0.003  < 0.003  < 0.004  < 0.003  < 0.003  < 0.003  < 0.004  < 0.003  < 0.004 

 Acetone 67-64-1 0.05 100 100 500 1000 0.2 0.082 0.063 0.13 0.085 0.047 0.14 0.12 0.089 0.1

 Benzene 71-43-2 0.06 2.9 4.8 44 89  < 0.0006  < 0.0005  < 0.0005  < 0.0006  < 0.0005  < 0.0005  < 0.0006  < 0.0007  < 0.0006  < 0.0006 

 Bromochloromethane 74-97-5 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Bromodichloromethane 75-27-4 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Bromoform 75-25-2 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Bromomethane (Methyl bromide) 74-83-9 NA NA NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002 

 Carbon disulfide 75-15-0 NA 100 NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Carbon Tetrachloride 56-23-5 0.76 1.4 2.4 22 44  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Chlorobenzene 108-90-7 1.1 100 100 500 1000  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Chloroethane 75-00-3 NA NA NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002 

 Chloroform 67-66-3 0.37 10 49 350 700  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Chloromethane (Methyl chloride) 74-87-3 NA NA NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002 

 cis-1,2-Dichloroethene 156-59-2 0.25 59 100 500 1000  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 cis-1,3-Dichloropropene 10061-01-5 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Cyclohexane 110-82-7 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Dibromochloromethane 124-48-1 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Dichlorodifluoromethane (Freon 12) 75-71-8 NA NA NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002 

 Diisopropyl ether 108-20-3 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Ethyl-t-butylether 637-92-3 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Ethylbenzene 100-41-4 1 30 41 390 780  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Isopropylbenzene 98-82-8 NA 100 NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 m,p-Xylenes XYLENES-MP NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Methyl acetate 79-20-9 NA NA NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002 

 Methyl-t-butyl ether 1634-04-4 0.93 62 100 500 1000  < 0.0006  < 0.0005  < 0.0005  < 0.0006  < 0.0005  < 0.0005  < 0.0006  < 0.0007  < 0.0006  < 0.0006 

 Methylcyclohexane 108-87-2 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Methylene chloride (Dichloromethane) 75-09-2 0.05 51 100 500 1000  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002 

 o-Xylene 95-47-6 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Styrene 100-42-5 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 tert-Amyl methyl ether 994-05-8 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Tertiary Butyl Alcohol 75-65-0 NA NA NA NA NA  < 0.024  < 0.019  < 0.018  < 0.023  < 0.021  < 0.02  < 0.022  < 0.029  < 0.022  < 0.025 

 Tetrachloroethene 127-18-4 1.3 5.5 19 150 300  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Toluene 108-88-3 0.7 100 100 500 1000  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 trans-1,2-Dichloroethene 156-60-5 0.19 100 100 500 1000  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 trans-1,3-Dichloropropene 10061-02-6 NA NA NA NA NA  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Trichloroethene (Trichloroethylene) 79-01-6 0.47 10 21 200 400  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Trichlorofluoromethane (Freon 11) 75-69-4 NA NA NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002 

 Vinyl chloride (Chloroethene) 75-01-4 0.02 0.21 0.9 13 27  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 Xylene (total) 1330-20-7 0.26 100 100 500 1000  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

Semivolatile Organic Compounds

 1,2,4,5-Tetrachlorobenzene 95-94-3 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 1,4-Dioxane 123-91-1 0.1 9.8 13 130 250  < 0.13  < 0.11  < 0.11  < 0.12  < 0.11  < 0.11  < 0.12  < 0.14  < 0.12  < 0.13 

 2,3,4,6-Tetrachlorophenol 58-90-2 NA NA NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 2,4,5-Trichlorophenol 95-95-4 NA 100 NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 2,4,6-Trichlorophenol 88-06-2 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 2,4-Dichlorophenol 120-83-2 NA 100 NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 2,4-Dimethylphenol 105-67-9 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID OU1CSB01 OU1CSB01 OU1CSB01 OU1CSB02 OU1CSB02 OU1CSB02 OU1CSB03 OU1CSB03 OU1CSB03 OU1CSB03

Sample Delivery Group (SDG) 1802784 1802784 1802784 1802784 1802784 1802784 1803527 1803527 1803527 1803527

Lab Sample ID 8999370 8999371 8999372 8999374 8999375 8999376 9002672 9002673 9002677 9002676

Sample Date 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/18/2017 5/18/2017 5/18/2017 5/18/2017

Field Sample ID OU1CSB01-S-0.17-170517 OU1CSB01-S-0.50-170517 OU1CSB01-S-1.00-170517 OU1CSB02-S-0.17-170517 OU1CSB02-S-0.50-170517 OU1CSB02-S-1.00-170517 OU1CSB03-S-0.17-170518 OU1CSB03-S-0.50-170518 OU1CSB03-S-1.00-170518 OU1CSB03-SD-1.00-170518

Sample Depth (ft) 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 1-2

Sample Purpose REG REG REG REG REG REG REG REG REG FD

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 2,4-Dinitrophenol 51-28-5 NA 100 NA NA NA  < 0.38  < 0.34  < 0.34  < 0.35  < 0.34  < 0.34  < 0.36  < 0.42  < 0.37  < 0.4 

 2,4-Dinitrotoluene 121-14-2 NA NA NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 2,6-Dinitrotoluene 606-20-2 NA 1.03 NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 2-Chloronaphthalene 91-58-7 NA NA NA NA NA  < 0.008  < 0.008  < 0.008  < 0.008  < 0.008  < 0.008  < 0.008  < 0.009  < 0.008  < 0.009 

 2-Chlorophenol (o-Chlorophenol) 95-57-8 NA 100 NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 2-Methyl-Naphthalene 91-57-6 NA 0.41 NA NA NA  0.019 J  < 0.004  < 0.004 0.043  0.006 J  < 0.004  0.015 J  0.007 J  < 0.004  < 0.004 

 2-Methylphenol (o-Cresol) 95-48-7 0.33 100 100 500 1000  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 2-Nitroaniline (o-Nitroaniline) 88-74-4 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 2-Nitrophenol (o-Nitrophenol) 88-75-5 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 3,3'-Dichlorobenzidine 91-94-1 NA NA NA NA NA  < 0.13  < 0.11  < 0.11  < 0.12  < 0.11  < 0.11  < 0.12  < 0.14  < 0.12  < 0.13 

 3-Nitroaniline 99-09-2 NA NA NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 NA NA NA NA NA  < 0.21  < 0.19  < 0.19  < 0.2  < 0.19  < 0.19  < 0.2  < 0.24  < 0.2  < 0.22 

 4-Bromophenylphenylether 101-55-3 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 4-Chloroaniline 106-47-8 NA 100 NA NA NA  < 0.042  < 0.038  < 0.038  < 0.039  < 0.038  < 0.038  < 0.04  < 0.047  < 0.041  < 0.044 

 4-Chlorophenyl  phenyl ether 7005-72-3 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 4-Methylphenol (p-Cresol) 106-44-5 0.33 34 100 500 1000  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 4-Nitroaniline 100-01-6 NA NA NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 4-Nitrophenol 100-02-7 NA NA NA NA NA  < 0.21  < 0.19  < 0.19  < 0.2  < 0.19  < 0.19  < 0.2  < 0.24  < 0.2  < 0.22 

 Acenaphthene 83-32-9 20 100 100 500 1000  0.012 J  < 0.004  < 0.004 0.021  0.005 J  < 0.004  0.007 J  < 0.005  < 0.004  < 0.004 

 Acenaphthylene 208-96-8 100 100 100 500 1000 0.037  0.008 J  < 0.004 0.028  0.013 J  0.005 J 0.033  0.013 J  < 0.004  < 0.004 

 Acetophenone 98-86-2 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 Anthracene 120-12-7 100 100 100 500 1000 0.041  0.007 J  < 0.004 0.062  0.018 J  0.006 J 0.027  0.011 J  < 0.004  0.005 J

 Atrazine 1912-24-9 NA NA NA NA NA  < 0.042  < 0.038  < 0.038  < 0.039  < 0.038  < 0.038  < 0.04  < 0.047  < 0.041  < 0.044 

 Benzaldehyde 100-52-7 NA NA NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 Benzo(a)anthracene 56-55-3 1 1 1 5.6 11 0.14 0.025  < 0.004 0.46 0.06  0.019 J 0.087 0.046  0.012 J  0.013 J

 Benzo(a)pyrene 50-32-8 1 1 1 1 1.1 0.14 0.029  0.004 J 0.58 0.061 0.02 0.1 0.051  0.013 J  0.016 J

 Benzo(b)fluoranthene 205-99-2 1 1 1 5.6 11 0.2 0.039  0.005 J 0.85 0.1 0.029 0.17 0.078 0.023 0.024

 Benzo(g,h,i)perylene 191-24-2 100 100 100 500 1000 0.099 0.021  < 0.004 0.34 0.047  0.016 J 0.082 0.04  0.01 J  0.013 J

 Benzo(k)fluoranthene 207-08-9 0.8 1 3.9 56 110 0.08 0.02  < 0.004 0.28 0.04  0.012 J 0.05 0.031  0.007 J  0.008 J

 bis(2-Chloroethoxy)methane 111-91-1 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 bis(2-Chloroethyl) ether 111-44-4 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 bis(2-chloroisopropyl) ether 108-60-1 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 bis(2-Ethylhexyl)phthalate 117-81-7 NA 50 NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  0.1 J  < 0.094  < 0.082  < 0.088 

 Butylbenzylphthalate 85-68-7 NA 100 NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 Caprolactam 105-60-2 NA NA NA NA NA  < 0.042  < 0.038  < 0.038  < 0.039  < 0.038  < 0.038  < 0.04  0.07 J  < 0.041  < 0.044 

 Carbazole 86-74-8 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  0.033 J  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 Chrysene 218-01-9 1 1 3.9 56 110 0.16 0.03  < 0.004 0.51 0.072  0.019 J 0.11 0.064  0.019 J  0.022 J

 Di-n-butylphthalate 84-74-2 NA 100 NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 Di-n-octylphthalate 117-84-0 NA 100 NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 Dibenz(a,h)anthracene 53-70-3 0.33 0.33 0.33 0.56 1.1 0.032  0.008 J  < 0.004 0.12  0.014 J  0.006 J 0.023  0.008 J  < 0.004  < 0.004 

 Dibenzofuran 132-64-9 7 14 59 350 1000  < 0.021  < 0.019  < 0.019  0.021 J  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 Diethylphthalate 84-66-2 NA 100 NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 Dimethyl phthalate 131-11-3 NA 100 NA NA NA  < 0.084  < 0.076  < 0.076  < 0.079  < 0.076  < 0.076  < 0.08  < 0.094  < 0.082  < 0.088 

 Diphenyl (Biphenyl, Phenyl benzene) 92-52-4 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 Fluoranthene 206-44-0 100 100 100 500 1000 0.25 0.041  < 0.004 0.57 0.11 0.033 0.16 0.097 0.028 0.029

 Fluorene 86-73-7 30 100 100 500 1000  0.014 J  < 0.004  < 0.004  0.016 J  0.005 J  < 0.004  0.008 J  < 0.005  < 0.004  < 0.004 

 Hexachlorobenzene 118-74-1 0.33 0.33 1.2 6 12  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.005  < 0.004  < 0.004 

 Hexachlorobutadiene 87-68-3 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 Hexachlorocyclopentadiene 77-47-4 NA NA NA NA NA  < 0.21  < 0.19  < 0.19  < 0.2  < 0.19  < 0.19  < 0.2  < 0.24  < 0.2  < 0.22 

 Hexachloroethane 67-72-1 NA NA NA NA NA  < 0.042  < 0.038  < 0.038  < 0.039  < 0.038  < 0.038  < 0.04  < 0.047  < 0.041  < 0.044 

 Indeno(1,2,3-cd)Pyrene 193-39-5 0.5 0.5 0.5 5.6 11 0.086 0.02  < 0.004 0.34 0.043  0.014 J 0.068 0.031  0.01 J  0.01 J

 Isophorone 78-59-1 NA 100 NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 N-Nitrosodi-n-propylamine 621-64-7 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 N-Nitrosodiphenylamine (Diphenylamine) 86-30-6 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 Naphthalene 91-20-3 12 100 100 500 1000  0.017 J  < 0.004  < 0.004 0.12  0.012 J  < 0.004  0.018 J  0.011 J 0.025  < 0.004 

 Nitrobenzene 98-95-3 NA 3.7 15 69 140  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 p-Chloro-m-cresol 59-50-7 NA NA NA NA NA  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 Pentachlorophenol 87-86-5 0.8 2.4 6.7 6.7 55  < 0.042  < 0.038  < 0.038  < 0.039  < 0.038  < 0.038  < 0.04  < 0.047  < 0.041  < 0.044 

 Phenanthrene 85-01-8 100 100 100 500 1000 0.16 0.023  < 0.004 0.24 0.068 0.022 0.099 0.066 0.021  0.022 J

 Phenol 108-95-2 0.33 100 100 500 1000  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.019  < 0.02  < 0.024  < 0.02  < 0.022 

 Pyrene 129-00-0 100 100 100 500 1000 0.27 0.042  < 0.004 0.55 0.1 0.031 0.18 0.11 0.028 0.032

Polychlorinated Biphenyls

 Aroclor 1016 12674-11-2 NA NA NA NA NA  < 0.0045  < 0.0041  < 0.0041 -- -- -- -- -- -- --

 Aroclor 1221 11104-28-2 NA NA NA NA NA  < 0.0058  < 0.0053  < 0.0052 -- -- -- -- -- -- --
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID OU1CSB01 OU1CSB01 OU1CSB01 OU1CSB02 OU1CSB02 OU1CSB02 OU1CSB03 OU1CSB03 OU1CSB03 OU1CSB03

Sample Delivery Group (SDG) 1802784 1802784 1802784 1802784 1802784 1802784 1803527 1803527 1803527 1803527

Lab Sample ID 8999370 8999371 8999372 8999374 8999375 8999376 9002672 9002673 9002677 9002676

Sample Date 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/18/2017 5/18/2017 5/18/2017 5/18/2017

Field Sample ID OU1CSB01-S-0.17-170517 OU1CSB01-S-0.50-170517 OU1CSB01-S-1.00-170517 OU1CSB02-S-0.17-170517 OU1CSB02-S-0.50-170517 OU1CSB02-S-1.00-170517 OU1CSB03-S-0.17-170518 OU1CSB03-S-0.50-170518 OU1CSB03-S-1.00-170518 OU1CSB03-SD-1.00-170518

Sample Depth (ft) 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 1-2

Sample Purpose REG REG REG REG REG REG REG REG REG FD

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 Aroclor 1232 11141-16-5 NA NA NA NA NA  < 0.01  < 0.0092  < 0.0091 -- -- -- -- -- -- --

 Aroclor 1242 53469-21-9 NA NA NA NA NA  < 0.0042  < 0.0038  < 0.0038 -- -- -- -- -- -- --

 Aroclor 1248 12672-29-6 NA NA NA NA NA  < 0.0042  < 0.0038  < 0.0038 -- -- -- -- -- -- --

 Aroclor 1254 11097-69-1 NA NA NA NA NA  0.012 J  < 0.0038  < 0.0038 -- -- -- -- -- -- --

 Aroclor 1260 11096-82-5 NA NA NA NA NA  < 0.0062  < 0.0056  < 0.0056 -- -- -- -- -- -- --

 Aroclor 1262 37324-23-5 NA NA NA NA NA  < 0.0042  < 0.0038  < 0.0038 -- -- -- -- -- -- --

 Aroclor 1268 11100-14-4 NA NA NA NA NA  < 0.0042  < 0.0038  < 0.0038 -- -- -- -- -- -- --

Pesticides

 4,4-DDD 72-54-8 0.0033 2.6 13 92 180  < 0.00041  < 0.00038  < 0.00038 -- -- -- -- -- -- --

 4,4-DDE 72-55-9 0.0033 1.8 8.9 62 120  0.0013 J  < 0.00038  < 0.00038 -- -- -- -- -- -- --

 4,4-DDT 50-29-3 0.0033 1.7 7.9 47 94 0.0035  < 0.0004  < 0.0004 -- -- -- -- -- -- --

 Aldrin 309-00-2 0.005 0.019 0.097 0.68 1.4  < 0.00021  < 0.00019  < 0.0002 -- -- -- -- -- -- --

 alpha BHC 319-84-6 0.02 0.097 0.48 3.4 6.8  < 0.00021  < 0.00019  < 0.0002 -- -- -- -- -- -- --

 alpha Chlordane 5103-71-9 0.094 0.91 4.2 24 47  < 0.00021  < 0.00019  < 0.0002 -- -- -- -- -- -- --

 beta BHC 319-85-7 0.036 0.072 0.36 3 14  < 0.00038  < 0.00034  < 0.00034 -- -- -- -- -- -- --

 delta BHC 319-86-8 0.04 100 100 500 1000  < 0.00057  < 0.00051  < 0.00052 -- -- -- -- -- -- --

 DIELDRIN 60-57-1 0.005 0.039 0.2 1.4 2.8  < 0.00041  < 0.00038  < 0.00038 -- -- -- -- -- -- --

 Endosulfan I 959-98-8 2.4 4.8 24 200 920  < 0.00028  < 0.00025  < 0.00025 -- -- -- -- -- -- --

 Endosulfan II 33213-65-9 2.4 4.8 24 200 920  < 0.00041  < 0.00038  < 0.00038 -- -- -- -- -- -- --

 ENDOSULFAN SULFATE 1031-07-8 2.4 4.8 24 200 920  < 0.00041  < 0.00038  < 0.00038 -- -- -- -- -- -- --

 ENDRIN 72-20-8 0.014 2.2 11 89 410  0.0017 J  < 0.00038  < 0.00038 -- -- -- -- -- -- --

 ENDRIN ALDEHYDE 7421-93-4 NA NA NA NA NA  < 0.00041  < 0.00038  < 0.00038 -- -- -- -- -- -- --

 ENDRIN KETONE 53494-70-5 NA NA NA NA NA  < 0.00075  < 0.00069  < 0.00069 -- -- -- -- -- -- --

 gamma BHC (Lindane) 58-89-9 0.1 0.28 1.3 9.2 23  < 0.00021  < 0.00019  < 0.0002 -- -- -- -- -- -- --

 gamma Chlordane 5103-74-2 NA 0.54 NA NA NA  < 0.00021  < 0.00019  < 0.0002 -- -- -- -- -- -- --

 HEPTACHLOR 76-44-8 0.042 0.42 2.1 15 29  < 0.00021  < 0.00019  < 0.0002 -- -- -- -- -- -- --

 HEPTACHLOR EPOXIDE 1024-57-3 NA 0.077 NA NA NA  < 0.00021  < 0.00019  < 0.0002 -- -- -- -- -- -- --

 METHOXYCHLOR 72-43-5 NA 100 NA NA NA  < 0.0021  < 0.0019  < 0.002 -- -- -- -- -- -- --

 TOXAPHENE 8001-35-2 NA NA NA NA NA  < 0.018  < 0.016  < 0.016 -- -- -- -- -- -- --

Metals

 Aluminum 7429-90-5 NA NA NA NA NA  19,900  21,000  23,400  15,400  17,000  20,100  18,000  20,200  23,500  27,400 

 Antimony 7440-36-0 NA NA NA NA NA  0.3 J  0.106 J  0.2 J 0.964 0.427  0.142 J 1.46 1.21  0.921 J 0.878

 Arsenic 7440-38-2 13 16 16 16 16 10.2 5.85 7.54 7.45 10.8 5.5 315 439 281 317

 Barium 7440-39-3 350 350 400 400 10000 97.4 82.8 79.2 167 112 59.7 86.4 105 123 106

 Beryllium 7440-41-7 7.2 14 72 590 2700 0.63 0.608 0.667 0.529 0.659 0.508 0.559 0.602 0.717 0.746

 Cadmium 7440-43-9 2.5 2.5 4.3 9.3 60  0.162 J  0.0926 J  0.0614 J 0.431 0.306  0.11 J 0.308  0.212 J  0.186 J  0.105 J

 Calcium 7440-70-2 NA NA NA NA NA 513 413 323  1,310  1,600 885  2,480  2,340  1,540  1,860 

 Chromium 7440-47-3 30 36 180 1500 6800 37.6 26.2 20.4 25.5 26.9 17.5 21.4 20.4 20.1 22.4

 Cobalt 7440-48-4 NA 30 NA NA NA 10.8 9.64 12.1 9.23 11 8.31 11.4 10.7 12.1 11

 Copper 7440-50-8 50 270 270 270 10000 81.2 24.4 24.1 45.5 53.7 21 31.6 30.6 20.5 25.1

 Iron 7439-89-6 NA 2000 NA NA NA  27,700  25,000  29,200  23,300  28,800  26,600  31,200  27,100  31,200  31,900 

 Lead 7439-92-1 63 400 400 1000 3900 189 60.7 35.3 531 278 70.2 124 91.3 55.2 38.3

 Magnesium 7439-95-4 NA NA NA NA NA  5,340  4,990  5,670  4,800  7,550  6,270  6,470  5,630  7,140  6,180 

 Manganese 7439-96-5 1600 2000 2000 10000 10000 664 462 533 487 524 525 918 748  1,520 745

 Nickel 7440-02-0 30 140 310 310 10000 24.1 21.1 25.1 22.1 25 20.8 26.8 22.5 25.8 25.3

 Potassium 7440-09-7 NA NA NA NA NA  1,510  1,430  1,860  1,410  1,330  1,520  1,710  1,440  1,180  1,440 

 Selenium 7782-49-2 3.9 36 180 1500 6800  0.549 J  0.336 J  0.321 J  0.823 J  0.758 J  0.241 J  0.671 J  0.593 J  0.418 J  0.49 J

 Silver 7440-22-4 2 36 180 1500 6800  0.128 J  0.0642 J  0.0456 J 0.382 0.372  0.1 J  0.0988 J  0.151 J  0.0889 J  0.115 J

 Sodium 7440-23-5 NA NA NA NA NA  55.9 J  46.4 J  45.4 J  70.4 J  76.3 J  44.1 J  54.4 J  62.4 J  47.9 J  57.4 J

 Thallium 7440-28-0 NA NA NA NA NA  0.166 J  0.145 J  0.141 J  0.159 J  0.141 J  0.094 J  0.15 J  0.197 J  0.161 J  0.188 J

 Vanadium 7440-62-2 NA 100 NA NA NA 33.7 24.1 26.5 24.2 20 21.7 31.7 27.6 25.1 30.9

 Zinc 7440-66-6 109 2200 10000 10000 10000 119 71 69.4 286 204 89.2 163 115 86.4 87.7

 Mercury 7439-97-6 0.18 0.81 0.81 2.8 5.7 0.195  0.0903 J  0.0492 J 1.47 1.07 0.189 0.18 0.334 0.203 0.217

--: Not analyzed for

NA: Standard not Applicable

Underline: Exceeds Residential Restricted SCO

Grey: Exceeds Commercial SCO

Yellow: Exceeds Industrial SCO

Report Units are in mg/kg.

< : Not detected at the laboratory method detection limit.

J : Result detected between the reporting limit and the method detection limit.

Italics: Exceeds Unrestricted SCO

Bold: Exceeds Residential SCO
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

Volatile Organic Compounds

 1,1 Dichloroethene 75-35-4 0.33 100 100 500 1000

 1,1,1-Trichloroethane 71-55-6 0.68 100 100 500 1000

 1,1,2,2-Tetrachloroethane 79-34-5 NA 35 NA NA NA

 1,1,2-Trichloroethane 79-00-5 NA NA NA NA NA

 1,1,2-Trichlorotrifluoroethane (Freon 113) 76-13-1 NA 100 NA NA NA

 1,1-Dichloroethane 75-34-3 0.27 19 26 240 480

 1,2,3-Trichlorobenzene 87-61-6 NA NA NA NA NA

 1,2,4-Trichlorobenzene 120-82-1 NA NA NA NA NA

 1,2-Dibromo-3-chloropropane (DBCP) 96-12-8 NA NA NA NA NA

 1,2-Dibromoethane 106-93-4 NA NA NA NA NA

 1,2-Dichlorobenzene (o-Dichlorobenzene) 95-50-1 1.1 100 100 500 1000

 1,2-Dichloroethane 107-06-2 0.02 2.3 3.1 30 60

 1,2-Dichloropropane 78-87-5 NA NA NA NA NA

 1,3-Dichlorobenzene 541-73-1 2.4 17 49 280 560

 1,4-Dichlorobenzene 106-46-7 1.8 9.8 13 130 250

 2-Butanone (Methyl ethyl ketone) 78-93-3 0.12 100 100 500 1000

 2-Hexanone 591-78-6 NA NA NA NA NA

 4-Methyl-2-pentanone 108-10-1 NA NA NA NA NA

 Acetone 67-64-1 0.05 100 100 500 1000

 Benzene 71-43-2 0.06 2.9 4.8 44 89

 Bromochloromethane 74-97-5 NA NA NA NA NA

 Bromodichloromethane 75-27-4 NA NA NA NA NA

 Bromoform 75-25-2 NA NA NA NA NA

 Bromomethane (Methyl bromide) 74-83-9 NA NA NA NA NA

 Carbon disulfide 75-15-0 NA 100 NA NA NA

 Carbon Tetrachloride 56-23-5 0.76 1.4 2.4 22 44

 Chlorobenzene 108-90-7 1.1 100 100 500 1000

 Chloroethane 75-00-3 NA NA NA NA NA

 Chloroform 67-66-3 0.37 10 49 350 700

 Chloromethane (Methyl chloride) 74-87-3 NA NA NA NA NA

 cis-1,2-Dichloroethene 156-59-2 0.25 59 100 500 1000

 cis-1,3-Dichloropropene 10061-01-5 NA NA NA NA NA

 Cyclohexane 110-82-7 NA NA NA NA NA

 Dibromochloromethane 124-48-1 NA NA NA NA NA

 Dichlorodifluoromethane (Freon 12) 75-71-8 NA NA NA NA NA

 Diisopropyl ether 108-20-3 NA NA NA NA NA

 Ethyl-t-butylether 637-92-3 NA NA NA NA NA

 Ethylbenzene 100-41-4 1 30 41 390 780

 Isopropylbenzene 98-82-8 NA 100 NA NA NA

 m,p-Xylenes XYLENES-MP NA NA NA NA NA

 Methyl acetate 79-20-9 NA NA NA NA NA

 Methyl-t-butyl ether 1634-04-4 0.93 62 100 500 1000

 Methylcyclohexane 108-87-2 NA NA NA NA NA

 Methylene chloride (Dichloromethane) 75-09-2 0.05 51 100 500 1000

 o-Xylene 95-47-6 NA NA NA NA NA

 Styrene 100-42-5 NA NA NA NA NA

 tert-Amyl methyl ether 994-05-8 NA NA NA NA NA

 Tertiary Butyl Alcohol 75-65-0 NA NA NA NA NA

 Tetrachloroethene 127-18-4 1.3 5.5 19 150 300

 Toluene 108-88-3 0.7 100 100 500 1000

 trans-1,2-Dichloroethene 156-60-5 0.19 100 100 500 1000

 trans-1,3-Dichloropropene 10061-02-6 NA NA NA NA NA

 Trichloroethene (Trichloroethylene) 79-01-6 0.47 10 21 200 400

 Trichlorofluoromethane (Freon 11) 75-69-4 NA NA NA NA NA

 Vinyl chloride (Chloroethene) 75-01-4 0.02 0.21 0.9 13 27

 Xylene (total) 1330-20-7 0.26 100 100 500 1000

Semivolatile Organic Compounds

 1,2,4,5-Tetrachlorobenzene 95-94-3 NA NA NA NA NA

 1,4-Dioxane 123-91-1 0.1 9.8 13 130 250

 2,3,4,6-Tetrachlorophenol 58-90-2 NA NA NA NA NA

 2,4,5-Trichlorophenol 95-95-4 NA 100 NA NA NA

 2,4,6-Trichlorophenol 88-06-2 NA NA NA NA NA

 2,4-Dichlorophenol 120-83-2 NA 100 NA NA NA

 2,4-Dimethylphenol 105-67-9 NA NA NA NA NA

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

OU1CSB04 OU1CSB04 OU1CSB04 OU1CSB04 OU1CSB05 OU1CSB05 OU1CSB05 OU1CSB06 OU1CSB06 OU1CSB06

1802784 1802784 1802784 1802784 1802784 1802784 1802784 1803527 1803527 1803527

8999378 8999379 8999383 8999384 8999386 8999387 8999388 9002679 9002680 9002681

5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/18/2017 5/18/2017 5/18/2017

OU1CSB04-S-0.17-170517 OU1CSB04-S-0.50-170517 OU1CSB04-S-1.00-170517 OU1CSB04-SD-1.00-170517 OU1CSB05-S-0.17-170517 OU1CSB05-S-0.50-170517 OU1CSB05-S-1.00-170517 OU1CSB06-S-0.17-170518 OU1CSB06-S-0.50-170518 OU1CSB06-S-1.00-170518

0.17-0.5 0.5-1 1-2 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2

REG REG REG FD REG REG REG REG REG REG

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

--  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

--  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

--  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

--  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

--  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

--  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 0.008 J  0.005 J  0.005 J  < 0.004  0.007 J  0.006 J  0.005 J 0.011  < 0.004  0.006 J

 < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003 

 < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003 

0.13 0.087 0.081 0.087 0.12 0.11 0.079 0.13 0.1 0.074

 < 0.0006  < 0.0006  < 0.0005  < 0.0006  < 0.0005  < 0.0006  < 0.0005  < 0.0005  < 0.0005  < 0.0005 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.0006  < 0.0006  < 0.0005  < 0.0006  < 0.0005  < 0.0006  < 0.0005  < 0.0005  < 0.0005  < 0.0005 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.022  < 0.023  < 0.022  < 0.022  < 0.02  < 0.023  < 0.019  < 0.019  < 0.02  < 0.018 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.0009 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.12  < 0.13  < 0.12  < 0.13  < 0.12  < 0.12  < 0.11  < 0.12  < 0.12  < 0.11 

 < 0.082  < 0.09  < 0.079  < 0.09  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 2,4-Dinitrophenol 51-28-5 NA 100 NA NA NA

 2,4-Dinitrotoluene 121-14-2 NA NA NA NA NA

 2,6-Dinitrotoluene 606-20-2 NA 1.03 NA NA NA

 2-Chloronaphthalene 91-58-7 NA NA NA NA NA

 2-Chlorophenol (o-Chlorophenol) 95-57-8 NA 100 NA NA NA

 2-Methyl-Naphthalene 91-57-6 NA 0.41 NA NA NA

 2-Methylphenol (o-Cresol) 95-48-7 0.33 100 100 500 1000

 2-Nitroaniline (o-Nitroaniline) 88-74-4 NA NA NA NA NA

 2-Nitrophenol (o-Nitrophenol) 88-75-5 NA NA NA NA NA

 3,3'-Dichlorobenzidine 91-94-1 NA NA NA NA NA

 3-Nitroaniline 99-09-2 NA NA NA NA NA

 4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 NA NA NA NA NA

 4-Bromophenylphenylether 101-55-3 NA NA NA NA NA

 4-Chloroaniline 106-47-8 NA 100 NA NA NA

 4-Chlorophenyl  phenyl ether 7005-72-3 NA NA NA NA NA

 4-Methylphenol (p-Cresol) 106-44-5 0.33 34 100 500 1000

 4-Nitroaniline 100-01-6 NA NA NA NA NA

 4-Nitrophenol 100-02-7 NA NA NA NA NA

 Acenaphthene 83-32-9 20 100 100 500 1000

 Acenaphthylene 208-96-8 100 100 100 500 1000

 Acetophenone 98-86-2 NA NA NA NA NA

 Anthracene 120-12-7 100 100 100 500 1000

 Atrazine 1912-24-9 NA NA NA NA NA

 Benzaldehyde 100-52-7 NA NA NA NA NA

 Benzo(a)anthracene 56-55-3 1 1 1 5.6 11

 Benzo(a)pyrene 50-32-8 1 1 1 1 1.1

 Benzo(b)fluoranthene 205-99-2 1 1 1 5.6 11

 Benzo(g,h,i)perylene 191-24-2 100 100 100 500 1000

 Benzo(k)fluoranthene 207-08-9 0.8 1 3.9 56 110

 bis(2-Chloroethoxy)methane 111-91-1 NA NA NA NA NA

 bis(2-Chloroethyl) ether 111-44-4 NA NA NA NA NA

 bis(2-chloroisopropyl) ether 108-60-1 NA NA NA NA NA

 bis(2-Ethylhexyl)phthalate 117-81-7 NA 50 NA NA NA

 Butylbenzylphthalate 85-68-7 NA 100 NA NA NA

 Caprolactam 105-60-2 NA NA NA NA NA

 Carbazole 86-74-8 NA NA NA NA NA

 Chrysene 218-01-9 1 1 3.9 56 110

 Di-n-butylphthalate 84-74-2 NA 100 NA NA NA

 Di-n-octylphthalate 117-84-0 NA 100 NA NA NA

 Dibenz(a,h)anthracene 53-70-3 0.33 0.33 0.33 0.56 1.1

 Dibenzofuran 132-64-9 7 14 59 350 1000

 Diethylphthalate 84-66-2 NA 100 NA NA NA

 Dimethyl phthalate 131-11-3 NA 100 NA NA NA

 Diphenyl (Biphenyl, Phenyl benzene) 92-52-4 NA NA NA NA NA

 Fluoranthene 206-44-0 100 100 100 500 1000

 Fluorene 86-73-7 30 100 100 500 1000

 Hexachlorobenzene 118-74-1 0.33 0.33 1.2 6 12

 Hexachlorobutadiene 87-68-3 NA NA NA NA NA

 Hexachlorocyclopentadiene 77-47-4 NA NA NA NA NA

 Hexachloroethane 67-72-1 NA NA NA NA NA

 Indeno(1,2,3-cd)Pyrene 193-39-5 0.5 0.5 0.5 5.6 11

 Isophorone 78-59-1 NA 100 NA NA NA

 N-Nitrosodi-n-propylamine 621-64-7 NA NA NA NA NA

 N-Nitrosodiphenylamine (Diphenylamine) 86-30-6 NA NA NA NA NA

 Naphthalene 91-20-3 12 100 100 500 1000

 Nitrobenzene 98-95-3 NA 3.7 15 69 140

 p-Chloro-m-cresol 59-50-7 NA NA NA NA NA

 Pentachlorophenol 87-86-5 0.8 2.4 6.7 6.7 55

 Phenanthrene 85-01-8 100 100 100 500 1000

 Phenol 108-95-2 0.33 100 100 500 1000

 Pyrene 129-00-0 100 100 100 500 1000

Polychlorinated Biphenyls

 Aroclor 1016 12674-11-2 NA NA NA NA NA

 Aroclor 1221 11104-28-2 NA NA NA NA NA

OU1CSB04 OU1CSB04 OU1CSB04 OU1CSB04 OU1CSB05 OU1CSB05 OU1CSB05 OU1CSB06 OU1CSB06 OU1CSB06

1802784 1802784 1802784 1802784 1802784 1802784 1802784 1803527 1803527 1803527

8999378 8999379 8999383 8999384 8999386 8999387 8999388 9002679 9002680 9002681

5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/18/2017 5/18/2017 5/18/2017

OU1CSB04-S-0.17-170517 OU1CSB04-S-0.50-170517 OU1CSB04-S-1.00-170517 OU1CSB04-SD-1.00-170517 OU1CSB05-S-0.17-170517 OU1CSB05-S-0.50-170517 OU1CSB05-S-1.00-170517 OU1CSB06-S-0.17-170518 OU1CSB06-S-0.50-170518 OU1CSB06-S-1.00-170518

0.17-0.5 0.5-1 1-2 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2

REG REG REG FD REG REG REG REG REG REG

 < 0.37  < 0.4  < 0.36  < 0.4  < 0.35  < 0.35  < 0.34  < 0.35  < 0.36  < 0.34 

 < 0.082  < 0.09  < 0.079  < 0.09  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.008  < 0.009  < 0.008  < 0.009  < 0.008  < 0.008  < 0.008  < 0.008  < 0.008  < 0.008 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 0.008 J  < 0.004  < 0.004  < 0.004  0.01 J  0.006 J 0.065  0.01 J  < 0.004  < 0.004 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.12  < 0.13  < 0.12  < 0.13  < 0.12  < 0.12  < 0.11  < 0.12  < 0.12  < 0.11 

 < 0.082  < 0.09  < 0.079  < 0.09  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

 < 0.21  < 0.22  < 0.2  < 0.22  < 0.19  < 0.19  < 0.19  < 0.19  < 0.2  < 0.19 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.041  < 0.045  < 0.039  < 0.045  < 0.038  < 0.038  < 0.038  < 0.039  < 0.039  < 0.038 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.082  < 0.09  < 0.079  < 0.09  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

 < 0.21  < 0.22  < 0.2  < 0.22  < 0.19  < 0.19  < 0.19  < 0.19  < 0.2  < 0.19 

 0.006 J  < 0.004  < 0.004  < 0.004  0.017 J  0.005 J 0.094  0.006 J  < 0.004  < 0.004 

0.034  0.006 J  < 0.004  < 0.004 0.031 0.021 0.047 0.029  0.008 J  < 0.004 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

0.029  0.005 J  < 0.004  < 0.004 0.047 0.024 0.18 0.023  0.005 J  < 0.004 

 < 0.041  < 0.045  < 0.039  < 0.045  < 0.038  < 0.038  < 0.038  < 0.039  < 0.039  < 0.038 

 < 0.082  < 0.09  < 0.079  0.17 J  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

0.15 0.023  0.016 J  0.007 J 0.13 0.078 0.32 0.069  0.017 J  0.004 J

0.16  0.021 J  0.018 J  0.008 J 0.14 0.083 0.27 0.077  0.016 J  0.005 J

0.21 0.034 0.023  0.01 J 0.2 0.12 0.36 0.1 0.026  0.007 J

0.12  0.019 J  0.015 J  0.007 J 0.089 0.053 0.13 0.063  0.014 J  0.005 J

0.087  0.013 J  0.01 J  < 0.004 0.067 0.039 0.15 0.045  0.007 J  < 0.004 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.082  < 0.09  < 0.079  < 0.09  0.12 J  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

 < 0.082  < 0.09  < 0.079  < 0.09  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

 < 0.041  < 0.045  < 0.039  < 0.045  < 0.038  < 0.038  < 0.038  < 0.039  < 0.039  < 0.038 

 0.021 J  < 0.022  < 0.02  < 0.022  0.022 J  < 0.019 0.092  < 0.019  < 0.02  < 0.019 

0.17 0.024  0.019 J  0.01 J 0.14 0.09 0.31 0.099 0.024  0.007 J

 < 0.082  < 0.09  < 0.079  < 0.09  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

 < 0.082  < 0.09  < 0.079  < 0.09  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

0.032  < 0.004  < 0.004  < 0.004 0.028  0.019 J 0.048  0.015 J  0.005 J  < 0.004 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019 0.11  < 0.019  < 0.02  < 0.019 

 < 0.082  < 0.09  < 0.079  < 0.09  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

 < 0.082  < 0.09  < 0.079  < 0.09  < 0.077  < 0.077  < 0.075  < 0.077  < 0.079  < 0.076 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

0.31 0.041 0.031  0.011 J 0.29 0.16 0.73 0.13 0.029  0.009 J

 0.005 J  < 0.004  < 0.004  < 0.004  0.017 J  0.008 J 0.1  0.006 J  < 0.004  < 0.004 

 < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.21  < 0.22  < 0.2  < 0.22  < 0.19  < 0.19  < 0.19  < 0.19  < 0.2  < 0.19 

 < 0.041  < 0.045  < 0.039  < 0.045  < 0.038  < 0.038  < 0.038  < 0.039  < 0.039  < 0.038 

0.11  0.018 J  0.012 J  0.006 J 0.08 0.045 0.14 0.049  0.011 J  0.004 J

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 0.021 J  0.005 J  < 0.004  < 0.004 0.021  0.009 J 0.14  0.011 J  < 0.004  < 0.004 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

 < 0.041  < 0.045  < 0.039  < 0.045  < 0.038  < 0.038  < 0.038  < 0.039  < 0.039  < 0.038 

0.12  0.014 J  0.009 J  0.006 J 0.21 0.089 0.94 0.084  0.019 J  0.005 J

 < 0.021  < 0.022  < 0.02  < 0.022  < 0.019  < 0.019  < 0.019  < 0.019  < 0.02  < 0.019 

0.3 0.04 0.03  0.014 J 0.28 0.15 0.62 0.15 0.036  0.009 J

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 Aroclor 1232 11141-16-5 NA NA NA NA NA

 Aroclor 1242 53469-21-9 NA NA NA NA NA

 Aroclor 1248 12672-29-6 NA NA NA NA NA

 Aroclor 1254 11097-69-1 NA NA NA NA NA

 Aroclor 1260 11096-82-5 NA NA NA NA NA

 Aroclor 1262 37324-23-5 NA NA NA NA NA

 Aroclor 1268 11100-14-4 NA NA NA NA NA

Pesticides

 4,4-DDD 72-54-8 0.0033 2.6 13 92 180

 4,4-DDE 72-55-9 0.0033 1.8 8.9 62 120

 4,4-DDT 50-29-3 0.0033 1.7 7.9 47 94

 Aldrin 309-00-2 0.005 0.019 0.097 0.68 1.4

 alpha BHC 319-84-6 0.02 0.097 0.48 3.4 6.8

 alpha Chlordane 5103-71-9 0.094 0.91 4.2 24 47

 beta BHC 319-85-7 0.036 0.072 0.36 3 14

 delta BHC 319-86-8 0.04 100 100 500 1000

 DIELDRIN 60-57-1 0.005 0.039 0.2 1.4 2.8

 Endosulfan I 959-98-8 2.4 4.8 24 200 920

 Endosulfan II 33213-65-9 2.4 4.8 24 200 920

 ENDOSULFAN SULFATE 1031-07-8 2.4 4.8 24 200 920

 ENDRIN 72-20-8 0.014 2.2 11 89 410

 ENDRIN ALDEHYDE 7421-93-4 NA NA NA NA NA

 ENDRIN KETONE 53494-70-5 NA NA NA NA NA

 gamma BHC (Lindane) 58-89-9 0.1 0.28 1.3 9.2 23

 gamma Chlordane 5103-74-2 NA 0.54 NA NA NA

 HEPTACHLOR 76-44-8 0.042 0.42 2.1 15 29

 HEPTACHLOR EPOXIDE 1024-57-3 NA 0.077 NA NA NA

 METHOXYCHLOR 72-43-5 NA 100 NA NA NA

 TOXAPHENE 8001-35-2 NA NA NA NA NA

Metals

 Aluminum 7429-90-5 NA NA NA NA NA

 Antimony 7440-36-0 NA NA NA NA NA

 Arsenic 7440-38-2 13 16 16 16 16

 Barium 7440-39-3 350 350 400 400 10000

 Beryllium 7440-41-7 7.2 14 72 590 2700

 Cadmium 7440-43-9 2.5 2.5 4.3 9.3 60

 Calcium 7440-70-2 NA NA NA NA NA

 Chromium 7440-47-3 30 36 180 1500 6800

 Cobalt 7440-48-4 NA 30 NA NA NA

 Copper 7440-50-8 50 270 270 270 10000

 Iron 7439-89-6 NA 2000 NA NA NA

 Lead 7439-92-1 63 400 400 1000 3900

 Magnesium 7439-95-4 NA NA NA NA NA

 Manganese 7439-96-5 1600 2000 2000 10000 10000

 Nickel 7440-02-0 30 140 310 310 10000

 Potassium 7440-09-7 NA NA NA NA NA

 Selenium 7782-49-2 3.9 36 180 1500 6800

 Silver 7440-22-4 2 36 180 1500 6800

 Sodium 7440-23-5 NA NA NA NA NA

 Thallium 7440-28-0 NA NA NA NA NA

 Vanadium 7440-62-2 NA 100 NA NA NA

 Zinc 7440-66-6 109 2200 10000 10000 10000

 Mercury 7439-97-6 0.18 0.81 0.81 2.8 5.7

--: Not analyzed for

NA: Standard not Applicable

Underline: Exceeds Residential Restricted SCO

Grey: Exceeds Commercial SCO

Yellow: Exceeds Industrial SCO

Report Units are in mg/kg.

< : Not detected at the laboratory method detection limit.

J : Result detected between the reporting limit and the method detection limit.

Italics: Exceeds Unrestricted SCO

Bold: Exceeds Residential SCO

OU1CSB04 OU1CSB04 OU1CSB04 OU1CSB04 OU1CSB05 OU1CSB05 OU1CSB05 OU1CSB06 OU1CSB06 OU1CSB06

1802784 1802784 1802784 1802784 1802784 1802784 1802784 1803527 1803527 1803527

8999378 8999379 8999383 8999384 8999386 8999387 8999388 9002679 9002680 9002681

5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/17/2017 5/18/2017 5/18/2017 5/18/2017

OU1CSB04-S-0.17-170517 OU1CSB04-S-0.50-170517 OU1CSB04-S-1.00-170517 OU1CSB04-SD-1.00-170517 OU1CSB05-S-0.17-170517 OU1CSB05-S-0.50-170517 OU1CSB05-S-1.00-170517 OU1CSB06-S-0.17-170518 OU1CSB06-S-0.50-170518 OU1CSB06-S-1.00-170518

0.17-0.5 0.5-1 1-2 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2

REG REG REG FD REG REG REG REG REG REG

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

 18,400  27,100  24,700  26,600  21,700  22,300  18,700 c  23,800  20,500 

0.455  < 0.123  < 0.089  0.15 J 0.418  0.258 J 0.398 1.36 1.69  0.265 J

8.48 5.36 4.89 6.84 38.6 21 45.4 506 423 50.1

79 64.3 59.6 62.4 69 59.7 52.2 54 82.9 64.6

0.539 0.658 0.653 0.79 0.69 0.643 0.569 0.546 0.702 0.605

 0.112 J  0.0632 J  0.0725 J  0.118 J  0.156 J  0.115 J  0.112 J  0.113 J  0.103 J  0.0825 J

262 274 211 226 292 218 381  1,030 732 359

22 21.7 19.2 22.1 25.4 24.5 20.2 17.5 22.6 18.4

8.41 8.4 9.56 12.7 11.8 12.5 10.4 10.3 10.6 10.4

20.7 18.8 17.5 24.9 26.3 23.9 23.9 20.7 20.6 20.8

 36,600  28,500  31,000  36,600  29,800  27,100  22,100  30,000  29,700  29,600 

106 39.5 21.7 31.9 68.2 48.2 30.7 42.7 30.5 13.6

 4,570  5,270  6,420  8,270  6,020  8,630  4,960  7,420  5,840  5,570 

339 280 629  1,030 719  1,220 685 943 822 697

18.1 19.1 22.2 31.8 25.9 24.4 23.9 23.4 21.7 21.5

 1,280  1,680  1,320  1,710  1,520  1,040  1,390  1,360  1,590  1,390 

 0.507 J  0.383 J  0.276 J  0.311 J  0.637 J  0.491 J  0.472 J  0.388 J  0.603 J  0.321 J

 0.0767 J  0.0702 J  0.0375 J  0.0301 J  0.0894 J  0.0612 J  0.069 J  0.0445 J  0.0527 J  0.0258 J

 40.4 J  47.8 J  37.6 J  47.2 J  41.8 J  38.9 J  40 J  46.9 J  50.3 J  44.3 J

 0.149 J  0.212 J  0.134 J  0.128 J 0.212  0.141 J  0.129 J  0.129 J  0.186 J  0.146 J

28.6 29.4 24.3 27.2 28.6 22 23.3 25.9 29.9 24.8

90.2 87.5 76.1 99.5 102 89.5 114 82.3 82.3 71.6

0.37  0.0853 J  0.0412 J  0.0527 J  0.104 J  0.106 J  0.0645 J 0.149  0.0976 J  0.043 J
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

Volatile Organic Compounds

 1,1 Dichloroethene 75-35-4 0.33 100 100 500 1000

 1,1,1-Trichloroethane 71-55-6 0.68 100 100 500 1000

 1,1,2,2-Tetrachloroethane 79-34-5 NA 35 NA NA NA

 1,1,2-Trichloroethane 79-00-5 NA NA NA NA NA

 1,1,2-Trichlorotrifluoroethane (Freon 113) 76-13-1 NA 100 NA NA NA

 1,1-Dichloroethane 75-34-3 0.27 19 26 240 480

 1,2,3-Trichlorobenzene 87-61-6 NA NA NA NA NA

 1,2,4-Trichlorobenzene 120-82-1 NA NA NA NA NA

 1,2-Dibromo-3-chloropropane (DBCP) 96-12-8 NA NA NA NA NA

 1,2-Dibromoethane 106-93-4 NA NA NA NA NA

 1,2-Dichlorobenzene (o-Dichlorobenzene) 95-50-1 1.1 100 100 500 1000

 1,2-Dichloroethane 107-06-2 0.02 2.3 3.1 30 60

 1,2-Dichloropropane 78-87-5 NA NA NA NA NA

 1,3-Dichlorobenzene 541-73-1 2.4 17 49 280 560

 1,4-Dichlorobenzene 106-46-7 1.8 9.8 13 130 250

 2-Butanone (Methyl ethyl ketone) 78-93-3 0.12 100 100 500 1000

 2-Hexanone 591-78-6 NA NA NA NA NA

 4-Methyl-2-pentanone 108-10-1 NA NA NA NA NA

 Acetone 67-64-1 0.05 100 100 500 1000

 Benzene 71-43-2 0.06 2.9 4.8 44 89

 Bromochloromethane 74-97-5 NA NA NA NA NA

 Bromodichloromethane 75-27-4 NA NA NA NA NA

 Bromoform 75-25-2 NA NA NA NA NA

 Bromomethane (Methyl bromide) 74-83-9 NA NA NA NA NA

 Carbon disulfide 75-15-0 NA 100 NA NA NA

 Carbon Tetrachloride 56-23-5 0.76 1.4 2.4 22 44

 Chlorobenzene 108-90-7 1.1 100 100 500 1000

 Chloroethane 75-00-3 NA NA NA NA NA

 Chloroform 67-66-3 0.37 10 49 350 700

 Chloromethane (Methyl chloride) 74-87-3 NA NA NA NA NA

 cis-1,2-Dichloroethene 156-59-2 0.25 59 100 500 1000

 cis-1,3-Dichloropropene 10061-01-5 NA NA NA NA NA

 Cyclohexane 110-82-7 NA NA NA NA NA

 Dibromochloromethane 124-48-1 NA NA NA NA NA

 Dichlorodifluoromethane (Freon 12) 75-71-8 NA NA NA NA NA

 Diisopropyl ether 108-20-3 NA NA NA NA NA

 Ethyl-t-butylether 637-92-3 NA NA NA NA NA

 Ethylbenzene 100-41-4 1 30 41 390 780

 Isopropylbenzene 98-82-8 NA 100 NA NA NA

 m,p-Xylenes XYLENES-MP NA NA NA NA NA

 Methyl acetate 79-20-9 NA NA NA NA NA

 Methyl-t-butyl ether 1634-04-4 0.93 62 100 500 1000

 Methylcyclohexane 108-87-2 NA NA NA NA NA

 Methylene chloride (Dichloromethane) 75-09-2 0.05 51 100 500 1000

 o-Xylene 95-47-6 NA NA NA NA NA

 Styrene 100-42-5 NA NA NA NA NA

 tert-Amyl methyl ether 994-05-8 NA NA NA NA NA

 Tertiary Butyl Alcohol 75-65-0 NA NA NA NA NA

 Tetrachloroethene 127-18-4 1.3 5.5 19 150 300

 Toluene 108-88-3 0.7 100 100 500 1000

 trans-1,2-Dichloroethene 156-60-5 0.19 100 100 500 1000

 trans-1,3-Dichloropropene 10061-02-6 NA NA NA NA NA

 Trichloroethene (Trichloroethylene) 79-01-6 0.47 10 21 200 400

 Trichlorofluoromethane (Freon 11) 75-69-4 NA NA NA NA NA

 Vinyl chloride (Chloroethene) 75-01-4 0.02 0.21 0.9 13 27

 Xylene (total) 1330-20-7 0.26 100 100 500 1000

Semivolatile Organic Compounds

 1,2,4,5-Tetrachlorobenzene 95-94-3 NA NA NA NA NA

 1,4-Dioxane 123-91-1 0.1 9.8 13 130 250

 2,3,4,6-Tetrachlorophenol 58-90-2 NA NA NA NA NA

 2,4,5-Trichlorophenol 95-95-4 NA 100 NA NA NA

 2,4,6-Trichlorophenol 88-06-2 NA NA NA NA NA

 2,4-Dichlorophenol 120-83-2 NA 100 NA NA NA

 2,4-Dimethylphenol 105-67-9 NA NA NA NA NA

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

OU1CSB07 OU1CSB07 OU1CSB07 OU1CSB08 OU1CSB08 OU1CSB08 OU1CSB09 OU1CSB09 OU1CSB09 OU1CSB10

1802784 1802784 1802784 1803527 1803527 1803527 1802167 1802167 1802167 1802167

8999390 8999391 8999392 9002683 9002684 9002685 8996698 8996699 8996700 8996702

5/17/2017 5/17/2017 5/17/2017 5/18/2017 5/18/2017 5/18/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017

OU1CSB07-S-0.17-170517 OU1CSB07-S-0.50-170517 OU1CSB07-S-1.00-170517 OU1CSB08-S-0.17-170518 OU1CSB08-S-0.50-170518 OU1CSB08-S-1.00-170518 OU1CSB09-S-0.17-170516 OU1CSB09-S-0.50-170516 OU1CSB09-S-1.00-170516 OU1CSB10-S-0.17-170516

0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5

REG REG REG REG REG REG REG REG REG REG

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

--  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 --

--  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 --

--  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002  < 0.002 --  < 0.002 --

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

--  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 --

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

--  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 --

--  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 --  < 0.001 --

 0.011 J  0.005 J  0.007 J  0.013 J 0.011  0.006 J  < 0.004  < 0.004  < 0.004  0.006 J

 < 0.003  < 0.003  < 0.003  < 0.004  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003 

 < 0.003  < 0.003  < 0.003  < 0.004  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003 

0.29 0.17 0.17 0.17 0.1 0.074 0.064 0.054 0.032 0.1

 < 0.0006  < 0.0005  < 0.0006  < 0.0006  < 0.0005  < 0.0005  < 0.0005  < 0.0005  < 0.0005  < 0.0005 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  0.001 J  0.002 J  < 0.001  < 0.001  < 0.001  < 0.001  0.002 J

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  0.001 J

 < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.0006  < 0.0005  < 0.0006  < 0.0006  < 0.0005  < 0.0005  < 0.0005  < 0.0005  < 0.0005  < 0.0005 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.023  < 0.018  < 0.022  < 0.025  < 0.02  < 0.02  < 0.019  < 0.021  < 0.019  < 0.021 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  0.002 J

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.002  < 0.002  < 0.002  < 0.003  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001  0.001 J

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.12  < 0.11  < 0.13  < 0.12  < 0.13  < 0.12  < 0.12  < 0.12  < 0.11  < 0.11 

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078  < 0.081  < 0.077  < 0.072 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 2,4-Dinitrophenol 51-28-5 NA 100 NA NA NA

 2,4-Dinitrotoluene 121-14-2 NA NA NA NA NA

 2,6-Dinitrotoluene 606-20-2 NA 1.03 NA NA NA

 2-Chloronaphthalene 91-58-7 NA NA NA NA NA

 2-Chlorophenol (o-Chlorophenol) 95-57-8 NA 100 NA NA NA

 2-Methyl-Naphthalene 91-57-6 NA 0.41 NA NA NA

 2-Methylphenol (o-Cresol) 95-48-7 0.33 100 100 500 1000

 2-Nitroaniline (o-Nitroaniline) 88-74-4 NA NA NA NA NA

 2-Nitrophenol (o-Nitrophenol) 88-75-5 NA NA NA NA NA

 3,3'-Dichlorobenzidine 91-94-1 NA NA NA NA NA

 3-Nitroaniline 99-09-2 NA NA NA NA NA

 4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 NA NA NA NA NA

 4-Bromophenylphenylether 101-55-3 NA NA NA NA NA

 4-Chloroaniline 106-47-8 NA 100 NA NA NA

 4-Chlorophenyl  phenyl ether 7005-72-3 NA NA NA NA NA

 4-Methylphenol (p-Cresol) 106-44-5 0.33 34 100 500 1000

 4-Nitroaniline 100-01-6 NA NA NA NA NA

 4-Nitrophenol 100-02-7 NA NA NA NA NA

 Acenaphthene 83-32-9 20 100 100 500 1000

 Acenaphthylene 208-96-8 100 100 100 500 1000

 Acetophenone 98-86-2 NA NA NA NA NA

 Anthracene 120-12-7 100 100 100 500 1000

 Atrazine 1912-24-9 NA NA NA NA NA

 Benzaldehyde 100-52-7 NA NA NA NA NA

 Benzo(a)anthracene 56-55-3 1 1 1 5.6 11

 Benzo(a)pyrene 50-32-8 1 1 1 1 1.1

 Benzo(b)fluoranthene 205-99-2 1 1 1 5.6 11

 Benzo(g,h,i)perylene 191-24-2 100 100 100 500 1000

 Benzo(k)fluoranthene 207-08-9 0.8 1 3.9 56 110

 bis(2-Chloroethoxy)methane 111-91-1 NA NA NA NA NA

 bis(2-Chloroethyl) ether 111-44-4 NA NA NA NA NA

 bis(2-chloroisopropyl) ether 108-60-1 NA NA NA NA NA

 bis(2-Ethylhexyl)phthalate 117-81-7 NA 50 NA NA NA

 Butylbenzylphthalate 85-68-7 NA 100 NA NA NA

 Caprolactam 105-60-2 NA NA NA NA NA

 Carbazole 86-74-8 NA NA NA NA NA

 Chrysene 218-01-9 1 1 3.9 56 110

 Di-n-butylphthalate 84-74-2 NA 100 NA NA NA

 Di-n-octylphthalate 117-84-0 NA 100 NA NA NA

 Dibenz(a,h)anthracene 53-70-3 0.33 0.33 0.33 0.56 1.1

 Dibenzofuran 132-64-9 7 14 59 350 1000

 Diethylphthalate 84-66-2 NA 100 NA NA NA

 Dimethyl phthalate 131-11-3 NA 100 NA NA NA

 Diphenyl (Biphenyl, Phenyl benzene) 92-52-4 NA NA NA NA NA

 Fluoranthene 206-44-0 100 100 100 500 1000

 Fluorene 86-73-7 30 100 100 500 1000

 Hexachlorobenzene 118-74-1 0.33 0.33 1.2 6 12

 Hexachlorobutadiene 87-68-3 NA NA NA NA NA

 Hexachlorocyclopentadiene 77-47-4 NA NA NA NA NA

 Hexachloroethane 67-72-1 NA NA NA NA NA

 Indeno(1,2,3-cd)Pyrene 193-39-5 0.5 0.5 0.5 5.6 11

 Isophorone 78-59-1 NA 100 NA NA NA

 N-Nitrosodi-n-propylamine 621-64-7 NA NA NA NA NA

 N-Nitrosodiphenylamine (Diphenylamine) 86-30-6 NA NA NA NA NA

 Naphthalene 91-20-3 12 100 100 500 1000

 Nitrobenzene 98-95-3 NA 3.7 15 69 140

 p-Chloro-m-cresol 59-50-7 NA NA NA NA NA

 Pentachlorophenol 87-86-5 0.8 2.4 6.7 6.7 55

 Phenanthrene 85-01-8 100 100 100 500 1000

 Phenol 108-95-2 0.33 100 100 500 1000

 Pyrene 129-00-0 100 100 100 500 1000

Polychlorinated Biphenyls

 Aroclor 1016 12674-11-2 NA NA NA NA NA

 Aroclor 1221 11104-28-2 NA NA NA NA NA

OU1CSB07 OU1CSB07 OU1CSB07 OU1CSB08 OU1CSB08 OU1CSB08 OU1CSB09 OU1CSB09 OU1CSB09 OU1CSB10

1802784 1802784 1802784 1803527 1803527 1803527 1802167 1802167 1802167 1802167

8999390 8999391 8999392 9002683 9002684 9002685 8996698 8996699 8996700 8996702

5/17/2017 5/17/2017 5/17/2017 5/18/2017 5/18/2017 5/18/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017

OU1CSB07-S-0.17-170517 OU1CSB07-S-0.50-170517 OU1CSB07-S-1.00-170517 OU1CSB08-S-0.17-170518 OU1CSB08-S-0.50-170518 OU1CSB08-S-1.00-170518 OU1CSB09-S-0.17-170516 OU1CSB09-S-0.50-170516 OU1CSB09-S-1.00-170516 OU1CSB10-S-0.17-170516

0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5

REG REG REG REG REG REG REG REG REG REG

 < 0.37  < 0.33  < 0.4  < 0.35  < 0.38  < 0.35  < 0.35  < 0.36  < 0.34  < 0.32 

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078  < 0.081  < 0.077  < 0.072 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.008  < 0.007  < 0.009  < 0.008  < 0.008  < 0.008  < 0.008  < 0.008  < 0.008  < 0.007 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 0.011 J  < 0.004  < 0.004 0.024  0.014 J  < 0.004 0.03 0.021  0.019 J  < 0.004 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.12  < 0.11  < 0.13  < 0.12  < 0.13  < 0.12  < 0.12  < 0.12  < 0.11  < 0.11 

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078  < 0.081  < 0.077  < 0.072 

 < 0.21  < 0.19  < 0.22  < 0.19  < 0.21  < 0.19  < 0.19  < 0.2  < 0.19  < 0.18 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.042  < 0.037  < 0.044  < 0.039  < 0.042  < 0.038  < 0.039  < 0.04  < 0.038  < 0.036 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 0.038 J 0.041  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078  < 0.081  < 0.077  < 0.072 

 < 0.21  < 0.19  < 0.22  < 0.19  < 0.21  < 0.19  < 0.19  < 0.2  < 0.19  < 0.18 

 0.011 J  < 0.004  < 0.004 0.071 0.054  < 0.004 0.032 0.024 0.065  0.007 J

0.026  0.008 J  0.006 J 0.056 0.04  < 0.004 0.067 0.049 0.02  0.006 J

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.020  < 0.019  < 0.018 

0.038  0.009 J  0.007 J 0.22 0.18  < 0.004 0.088 0.11 0.12 0.022

 < 0.042  < 0.037  < 0.044  < 0.039  < 0.042  < 0.038  < 0.039  < 0.040  < 0.038  < 0.036 

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078 0.55  < 0.077  < 0.072 

0.12 0.029  0.015 J 0.52 0.5  0.014 J 0.27 0.29 0.21 0.088

0.11 0.026  0.016 J 0.45 0.43  0.013 J 0.29 0.26 0.19 0.099

0.17 0.04  0.023 J 0.53 0.52  0.016 J 0.38 0.31 0.23 0.12

0.083 0.02  < 0.004 0.26 0.25  0.008 J 0.21 0.18 0.12 0.078

0.065  0.016 J  0.008 J 0.25 0.25  0.007 J 0.16 0.16 0.11 0.065

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

0.39  < 0.074  < 0.089 0.45 0.22  < 0.077 0.23  < 0.081  < 0.077  0.14 J

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078  < 0.081  < 0.077  < 0.072 

 < 0.042  < 0.037  < 0.044  < 0.039  < 0.042  0.09 J  < 0.039  < 0.040  < 0.038  < 0.036 

 < 0.021  < 0.019  < 0.022 0.075 0.055  < 0.019 0.075 0.046 0.053  < 0.018 

0.13 0.033  0.018 J 0.5 0.47  0.013 J 0.33 0.3 0.2 0.093

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078  < 0.081  < 0.077  < 0.072 

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078  < 0.081  < 0.077  < 0.072 

0.027  < 0.004  < 0.004 0.065 0.061  < 0.004 0.048 0.05 0.027 0.02

 < 0.021  < 0.019  < 0.022 0.048  0.031 J  < 0.019 0.046  0.027 J  0.038 J  < 0.018 

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078  < 0.081  < 0.077  < 0.072 

 < 0.083  < 0.074  < 0.089  < 0.078  < 0.084  < 0.077  < 0.078  < 0.081  < 0.077  < 0.072 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.020  < 0.019  < 0.018 

0.24 0.055 0.029 1 0.91 0.024 0.7 0.57 0.5 0.15

 0.011 J  < 0.004  < 0.004 0.069 0.049  < 0.004 0.039 0.037 0.052  0.006 J

 < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.21  < 0.19  < 0.22  < 0.19  < 0.21  < 0.19  < 0.19  < 0.2  < 0.19  < 0.18 

 < 0.042  < 0.037  < 0.044  < 0.039  < 0.042  < 0.038  < 0.039  < 0.04  < 0.038  < 0.036 

0.066  0.015 J  < 0.004 0.25 0.24  0.008 J 0.19 0.15 0.11 0.07

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 0.015 J  0.006 J  < 0.004 0.071 0.14  < 0.004 0.076 0.046 0.032  0.004 J

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.042  < 0.037  < 0.044  < 0.039  < 0.042  < 0.038  < 0.039  < 0.04  < 0.038  < 0.036 

0.15 0.031  0.02 J 0.8 0.66  0.017 J 0.62 0.48 0.56 0.074

 < 0.021  < 0.019  < 0.022  < 0.019  < 0.021  < 0.019  < 0.019  0.029 J  < 0.019  < 0.018 

0.23 0.051 0.028 0.96 0.87 0.025 0.69 0.61 0.5 0.15

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 Aroclor 1232 11141-16-5 NA NA NA NA NA

 Aroclor 1242 53469-21-9 NA NA NA NA NA

 Aroclor 1248 12672-29-6 NA NA NA NA NA

 Aroclor 1254 11097-69-1 NA NA NA NA NA

 Aroclor 1260 11096-82-5 NA NA NA NA NA

 Aroclor 1262 37324-23-5 NA NA NA NA NA

 Aroclor 1268 11100-14-4 NA NA NA NA NA

Pesticides

 4,4-DDD 72-54-8 0.0033 2.6 13 92 180

 4,4-DDE 72-55-9 0.0033 1.8 8.9 62 120

 4,4-DDT 50-29-3 0.0033 1.7 7.9 47 94

 Aldrin 309-00-2 0.005 0.019 0.097 0.68 1.4

 alpha BHC 319-84-6 0.02 0.097 0.48 3.4 6.8

 alpha Chlordane 5103-71-9 0.094 0.91 4.2 24 47

 beta BHC 319-85-7 0.036 0.072 0.36 3 14

 delta BHC 319-86-8 0.04 100 100 500 1000

 DIELDRIN 60-57-1 0.005 0.039 0.2 1.4 2.8

 Endosulfan I 959-98-8 2.4 4.8 24 200 920

 Endosulfan II 33213-65-9 2.4 4.8 24 200 920

 ENDOSULFAN SULFATE 1031-07-8 2.4 4.8 24 200 920

 ENDRIN 72-20-8 0.014 2.2 11 89 410

 ENDRIN ALDEHYDE 7421-93-4 NA NA NA NA NA

 ENDRIN KETONE 53494-70-5 NA NA NA NA NA

 gamma BHC (Lindane) 58-89-9 0.1 0.28 1.3 9.2 23

 gamma Chlordane 5103-74-2 NA 0.54 NA NA NA

 HEPTACHLOR 76-44-8 0.042 0.42 2.1 15 29

 HEPTACHLOR EPOXIDE 1024-57-3 NA 0.077 NA NA NA

 METHOXYCHLOR 72-43-5 NA 100 NA NA NA

 TOXAPHENE 8001-35-2 NA NA NA NA NA

Metals

 Aluminum 7429-90-5 NA NA NA NA NA

 Antimony 7440-36-0 NA NA NA NA NA

 Arsenic 7440-38-2 13 16 16 16 16

 Barium 7440-39-3 350 350 400 400 10000

 Beryllium 7440-41-7 7.2 14 72 590 2700

 Cadmium 7440-43-9 2.5 2.5 4.3 9.3 60

 Calcium 7440-70-2 NA NA NA NA NA

 Chromium 7440-47-3 30 36 180 1500 6800

 Cobalt 7440-48-4 NA 30 NA NA NA

 Copper 7440-50-8 50 270 270 270 10000

 Iron 7439-89-6 NA 2000 NA NA NA

 Lead 7439-92-1 63 400 400 1000 3900

 Magnesium 7439-95-4 NA NA NA NA NA

 Manganese 7439-96-5 1600 2000 2000 10000 10000

 Nickel 7440-02-0 30 140 310 310 10000

 Potassium 7440-09-7 NA NA NA NA NA

 Selenium 7782-49-2 3.9 36 180 1500 6800

 Silver 7440-22-4 2 36 180 1500 6800

 Sodium 7440-23-5 NA NA NA NA NA

 Thallium 7440-28-0 NA NA NA NA NA

 Vanadium 7440-62-2 NA 100 NA NA NA

 Zinc 7440-66-6 109 2200 10000 10000 10000

 Mercury 7439-97-6 0.18 0.81 0.81 2.8 5.7

--: Not analyzed for

NA: Standard not Applicable

Underline: Exceeds Residential Restricted SCO

Grey: Exceeds Commercial SCO

Yellow: Exceeds Industrial SCO

Report Units are in mg/kg.

< : Not detected at the laboratory method detection limit.

J : Result detected between the reporting limit and the method detection limit.

Italics: Exceeds Unrestricted SCO

Bold: Exceeds Residential SCO

OU1CSB07 OU1CSB07 OU1CSB07 OU1CSB08 OU1CSB08 OU1CSB08 OU1CSB09 OU1CSB09 OU1CSB09 OU1CSB10

1802784 1802784 1802784 1803527 1803527 1803527 1802167 1802167 1802167 1802167

8999390 8999391 8999392 9002683 9002684 9002685 8996698 8996699 8996700 8996702

5/17/2017 5/17/2017 5/17/2017 5/18/2017 5/18/2017 5/18/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017

OU1CSB07-S-0.17-170517 OU1CSB07-S-0.50-170517 OU1CSB07-S-1.00-170517 OU1CSB08-S-0.17-170518 OU1CSB08-S-0.50-170518 OU1CSB08-S-1.00-170518 OU1CSB09-S-0.17-170516 OU1CSB09-S-0.50-170516 OU1CSB09-S-1.00-170516 OU1CSB10-S-0.17-170516

0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5

REG REG REG REG REG REG REG REG REG REG

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

 19,500  20,700  10,300  16,400  16,300  19,600  21,700  22,300  18,000  12,000 

 0.282 J  0.159 J  < 0.0928 0.551 0.564 0.503 0.475  0.234 J  0.153 J 0.377

8.95 6.12 3.3 136 176 270 20.9 24.2 9.03 61.3

64.2 81.3 30.7 59.9 59.4 72.9 63.4 96.8 61.1 60.1

1.27 0.702 0.321 0.57 0.525 0.531 0.865 0.781 0.56 0.513

 0.182 J  0.141 J  0.0828 J  0.157 J  0.108 J  0.0632 J 0.202  0.182 J  0.0907 J 0.299

969 373 306  2,800  3,710 998 769 663 513  18,700 

58.2 41.6 14.6 20.2 21.9 16.6 22.7 19 17.8 16.3

11.9 9.19 5.67 10 11.8 9.93 10.5 9.32 8.84 9.6

55.3 18.7 13 26.6 31.4 16.7 24.5 17.6 13.5 27.6

 25,100  23,100  13,700  28,500  30,300  25,500  32,200  25,100  24,900  24,900 

118 46.6 13.6 39.4 32 17 82.6 73.9 26.4 29.2

 5,000  5,520  3,100  6,870  6,940  6,130  6,400  4,670  4,680  9,240 

646 832 365 716 796 772 502 630 559  1,140 

42.5 20.8 12.7 24.5 26.3 20.8 23.3 19.9 35.5 22.6

 1,470  1,300 748  1,310  1,340  1,140  1,000 948 807  1,130 

 0.412 J  0.331 J  0.156 J  0.265 J  0.233 J  0.259 J  0.513 J  0.568 J  0.313 J  0.153 J

 0.128 J  0.0406 J  < 0.0223  0.0445 J  0.0461 J  0.0586 J  0.0539 J  0.0779 J  0.0487 J  0.0356 J

 53.2 J  40.6 J  23.5 J  48 J  51.3 J  42.9 J  72.5 J  45.7 J  36.6 J  55.8 J

 0.15 J  0.108 J  0.0535 J  0.0939 J  0.105 J  0.133 J  0.148 J  0.154 J  0.119 J  0.101 J

31.9 25.5 12.2 19.8 25.1 21.4 37.3 28.4 23.9 19.8

394 85.3 43.8 116 91 73.8 132 125 80.1 209

0.291  0.0796 J  0.0914 J 0.123  0.0915 J  0.038 J 0.534 0.303 0.212 0.12
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

Volatile Organic Compounds

 1,1 Dichloroethene 75-35-4 0.33 100 100 500 1000

 1,1,1-Trichloroethane 71-55-6 0.68 100 100 500 1000

 1,1,2,2-Tetrachloroethane 79-34-5 NA 35 NA NA NA

 1,1,2-Trichloroethane 79-00-5 NA NA NA NA NA

 1,1,2-Trichlorotrifluoroethane (Freon 113) 76-13-1 NA 100 NA NA NA

 1,1-Dichloroethane 75-34-3 0.27 19 26 240 480

 1,2,3-Trichlorobenzene 87-61-6 NA NA NA NA NA

 1,2,4-Trichlorobenzene 120-82-1 NA NA NA NA NA

 1,2-Dibromo-3-chloropropane (DBCP) 96-12-8 NA NA NA NA NA

 1,2-Dibromoethane 106-93-4 NA NA NA NA NA

 1,2-Dichlorobenzene (o-Dichlorobenzene) 95-50-1 1.1 100 100 500 1000

 1,2-Dichloroethane 107-06-2 0.02 2.3 3.1 30 60

 1,2-Dichloropropane 78-87-5 NA NA NA NA NA

 1,3-Dichlorobenzene 541-73-1 2.4 17 49 280 560

 1,4-Dichlorobenzene 106-46-7 1.8 9.8 13 130 250

 2-Butanone (Methyl ethyl ketone) 78-93-3 0.12 100 100 500 1000

 2-Hexanone 591-78-6 NA NA NA NA NA

 4-Methyl-2-pentanone 108-10-1 NA NA NA NA NA

 Acetone 67-64-1 0.05 100 100 500 1000

 Benzene 71-43-2 0.06 2.9 4.8 44 89

 Bromochloromethane 74-97-5 NA NA NA NA NA

 Bromodichloromethane 75-27-4 NA NA NA NA NA

 Bromoform 75-25-2 NA NA NA NA NA

 Bromomethane (Methyl bromide) 74-83-9 NA NA NA NA NA

 Carbon disulfide 75-15-0 NA 100 NA NA NA

 Carbon Tetrachloride 56-23-5 0.76 1.4 2.4 22 44

 Chlorobenzene 108-90-7 1.1 100 100 500 1000

 Chloroethane 75-00-3 NA NA NA NA NA

 Chloroform 67-66-3 0.37 10 49 350 700

 Chloromethane (Methyl chloride) 74-87-3 NA NA NA NA NA

 cis-1,2-Dichloroethene 156-59-2 0.25 59 100 500 1000

 cis-1,3-Dichloropropene 10061-01-5 NA NA NA NA NA

 Cyclohexane 110-82-7 NA NA NA NA NA

 Dibromochloromethane 124-48-1 NA NA NA NA NA

 Dichlorodifluoromethane (Freon 12) 75-71-8 NA NA NA NA NA

 Diisopropyl ether 108-20-3 NA NA NA NA NA

 Ethyl-t-butylether 637-92-3 NA NA NA NA NA

 Ethylbenzene 100-41-4 1 30 41 390 780

 Isopropylbenzene 98-82-8 NA 100 NA NA NA

 m,p-Xylenes XYLENES-MP NA NA NA NA NA

 Methyl acetate 79-20-9 NA NA NA NA NA

 Methyl-t-butyl ether 1634-04-4 0.93 62 100 500 1000

 Methylcyclohexane 108-87-2 NA NA NA NA NA

 Methylene chloride (Dichloromethane) 75-09-2 0.05 51 100 500 1000

 o-Xylene 95-47-6 NA NA NA NA NA

 Styrene 100-42-5 NA NA NA NA NA

 tert-Amyl methyl ether 994-05-8 NA NA NA NA NA

 Tertiary Butyl Alcohol 75-65-0 NA NA NA NA NA

 Tetrachloroethene 127-18-4 1.3 5.5 19 150 300

 Toluene 108-88-3 0.7 100 100 500 1000

 trans-1,2-Dichloroethene 156-60-5 0.19 100 100 500 1000

 trans-1,3-Dichloropropene 10061-02-6 NA NA NA NA NA

 Trichloroethene (Trichloroethylene) 79-01-6 0.47 10 21 200 400

 Trichlorofluoromethane (Freon 11) 75-69-4 NA NA NA NA NA

 Vinyl chloride (Chloroethene) 75-01-4 0.02 0.21 0.9 13 27

 Xylene (total) 1330-20-7 0.26 100 100 500 1000

Semivolatile Organic Compounds

 1,2,4,5-Tetrachlorobenzene 95-94-3 NA NA NA NA NA

 1,4-Dioxane 123-91-1 0.1 9.8 13 130 250

 2,3,4,6-Tetrachlorophenol 58-90-2 NA NA NA NA NA

 2,4,5-Trichlorophenol 95-95-4 NA 100 NA NA NA

 2,4,6-Trichlorophenol 88-06-2 NA NA NA NA NA

 2,4-Dichlorophenol 120-83-2 NA 100 NA NA NA

 2,4-Dimethylphenol 105-67-9 NA NA NA NA NA

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

OU1CSB10 OU1CSB10 OU1CSB11 OU1CSB11 OU1CSB11 OU1CSB12 OU1CSB12 OU1CSB12 OU1CSB13 OU1CSB13

1802167 1802167 1803527 1803527 1803527 1802167 1802167 1802167 1802167 1802167

8996703 8996704 9002687 9002688 9002689 8996706 8996707 8996708 8996713 8996714

5/16/2017 5/16/2017 5/18/2017 5/18/2017 5/18/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017

OU1CSB10-S-0.50-170516 OU1CSB10-S-1.00-170516 OU1CSB11-S-0.17-170518 OU1CSB11-S-0.50-170518 OU1CSB11-S-1.00-170518 OU1CSB12-S-0.17-170516 OU1CSB12-S-0.50-170516 OU1CSB12-S-1.00-170516 OU1CSB13-S-0.17-170516 OU1CSB13-S-0.50-170516

0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1

REG REG REG REG REG REG REG REG REG REG

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.003  < 0.002  < 0.002  < 0.002  < 0.13  < 0.002  < 0.098  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

-- --  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009 --  < 0.0009 

-- --  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009 --  < 0.0009 

-- --  < 0.002  < 0.002  < 0.13  < 0.002  < 0.098  < 0.002 --  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

-- --  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009 --  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

-- --  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009 --  < 0.0009 

-- --  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009 --  < 0.0009 

 0.008 J  < 0.004  < 0.004  0.007 J  < 0.26  0.009 J  < 0.2  < 0.003  0.006 J  0.007 J

 < 0.004  < 0.003  < 0.003  < 0.003  < 0.19  < 0.003  < 0.15  < 0.003  < 0.003  < 0.003 

 < 0.004  < 0.003  < 0.003  < 0.003  < 0.19  < 0.003  < 0.15  < 0.003  < 0.003  < 0.003 

0.13 0.075 0.043 0.058  < 0.45 0.1  < 0.34 0.022 0.079 0.082

 < 0.0007  0.004 J  < 0.0005  < 0.0006  < 0.032  0.001 J  < 0.025  < 0.0004  0.0009 J  < 0.0005 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.003  < 0.002  < 0.002  < 0.002  < 0.13  < 0.002  < 0.098  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.003  < 0.002  < 0.002  < 0.002  < 0.13  < 0.002  < 0.098  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.003  < 0.002  < 0.002  < 0.002  < 0.13  < 0.002  < 0.098  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.003  < 0.002  < 0.002  < 0.002  < 0.13  < 0.002  < 0.098  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  0.003 J  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  0.001 J  < 0.0009 

 < 0.003  < 0.002  < 0.002  < 0.002  < 0.13  < 0.002  < 0.098  < 0.002  < 0.002  < 0.002 

 < 0.0007  < 0.0005  < 0.0005  < 0.0006  < 0.032  < 0.0005  < 0.025  < 0.0004  < 0.0006  < 0.0005 

 < 0.001  < 0.0009  < 0.001  < 0.001 0.35  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.003  < 0.002  < 0.002  < 0.002  < 0.13  < 0.002  < 0.098  < 0.002  < 0.002  < 0.002 

 < 0.001  0.001 J  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.027  < 0.019  < 0.021  < 0.022  < 1.3  < 0.02  < 0.98  < 0.017  < 0.022  < 0.019 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001 0.012  < 0.001  < 0.001  < 0.064  0.001 J  < 0.049  < 0.0009  0.003 J  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.003  < 0.002  < 0.002  < 0.002  < 0.13  < 0.002  < 0.098  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  < 0.001  < 0.0009 

 < 0.001  0.004 J  < 0.001  < 0.001  < 0.064  < 0.001  < 0.049  < 0.0009  0.001 J  < 0.0009 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.11  < 0.11  < 0.12  < 0.12  < 0.13  < 0.11  < 0.12  < 0.11  < 0.11  < 0.11 

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 2,4-Dinitrophenol 51-28-5 NA 100 NA NA NA

 2,4-Dinitrotoluene 121-14-2 NA NA NA NA NA

 2,6-Dinitrotoluene 606-20-2 NA 1.03 NA NA NA

 2-Chloronaphthalene 91-58-7 NA NA NA NA NA

 2-Chlorophenol (o-Chlorophenol) 95-57-8 NA 100 NA NA NA

 2-Methyl-Naphthalene 91-57-6 NA 0.41 NA NA NA

 2-Methylphenol (o-Cresol) 95-48-7 0.33 100 100 500 1000

 2-Nitroaniline (o-Nitroaniline) 88-74-4 NA NA NA NA NA

 2-Nitrophenol (o-Nitrophenol) 88-75-5 NA NA NA NA NA

 3,3'-Dichlorobenzidine 91-94-1 NA NA NA NA NA

 3-Nitroaniline 99-09-2 NA NA NA NA NA

 4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 NA NA NA NA NA

 4-Bromophenylphenylether 101-55-3 NA NA NA NA NA

 4-Chloroaniline 106-47-8 NA 100 NA NA NA

 4-Chlorophenyl  phenyl ether 7005-72-3 NA NA NA NA NA

 4-Methylphenol (p-Cresol) 106-44-5 0.33 34 100 500 1000

 4-Nitroaniline 100-01-6 NA NA NA NA NA

 4-Nitrophenol 100-02-7 NA NA NA NA NA

 Acenaphthene 83-32-9 20 100 100 500 1000

 Acenaphthylene 208-96-8 100 100 100 500 1000

 Acetophenone 98-86-2 NA NA NA NA NA

 Anthracene 120-12-7 100 100 100 500 1000

 Atrazine 1912-24-9 NA NA NA NA NA

 Benzaldehyde 100-52-7 NA NA NA NA NA

 Benzo(a)anthracene 56-55-3 1 1 1 5.6 11

 Benzo(a)pyrene 50-32-8 1 1 1 1 1.1

 Benzo(b)fluoranthene 205-99-2 1 1 1 5.6 11

 Benzo(g,h,i)perylene 191-24-2 100 100 100 500 1000

 Benzo(k)fluoranthene 207-08-9 0.8 1 3.9 56 110

 bis(2-Chloroethoxy)methane 111-91-1 NA NA NA NA NA

 bis(2-Chloroethyl) ether 111-44-4 NA NA NA NA NA

 bis(2-chloroisopropyl) ether 108-60-1 NA NA NA NA NA

 bis(2-Ethylhexyl)phthalate 117-81-7 NA 50 NA NA NA

 Butylbenzylphthalate 85-68-7 NA 100 NA NA NA

 Caprolactam 105-60-2 NA NA NA NA NA

 Carbazole 86-74-8 NA NA NA NA NA

 Chrysene 218-01-9 1 1 3.9 56 110

 Di-n-butylphthalate 84-74-2 NA 100 NA NA NA

 Di-n-octylphthalate 117-84-0 NA 100 NA NA NA

 Dibenz(a,h)anthracene 53-70-3 0.33 0.33 0.33 0.56 1.1

 Dibenzofuran 132-64-9 7 14 59 350 1000

 Diethylphthalate 84-66-2 NA 100 NA NA NA

 Dimethyl phthalate 131-11-3 NA 100 NA NA NA

 Diphenyl (Biphenyl, Phenyl benzene) 92-52-4 NA NA NA NA NA

 Fluoranthene 206-44-0 100 100 100 500 1000

 Fluorene 86-73-7 30 100 100 500 1000

 Hexachlorobenzene 118-74-1 0.33 0.33 1.2 6 12

 Hexachlorobutadiene 87-68-3 NA NA NA NA NA

 Hexachlorocyclopentadiene 77-47-4 NA NA NA NA NA

 Hexachloroethane 67-72-1 NA NA NA NA NA

 Indeno(1,2,3-cd)Pyrene 193-39-5 0.5 0.5 0.5 5.6 11

 Isophorone 78-59-1 NA 100 NA NA NA

 N-Nitrosodi-n-propylamine 621-64-7 NA NA NA NA NA

 N-Nitrosodiphenylamine (Diphenylamine) 86-30-6 NA NA NA NA NA

 Naphthalene 91-20-3 12 100 100 500 1000

 Nitrobenzene 98-95-3 NA 3.7 15 69 140

 p-Chloro-m-cresol 59-50-7 NA NA NA NA NA

 Pentachlorophenol 87-86-5 0.8 2.4 6.7 6.7 55

 Phenanthrene 85-01-8 100 100 100 500 1000

 Phenol 108-95-2 0.33 100 100 500 1000

 Pyrene 129-00-0 100 100 100 500 1000

Polychlorinated Biphenyls

 Aroclor 1016 12674-11-2 NA NA NA NA NA

 Aroclor 1221 11104-28-2 NA NA NA NA NA

OU1CSB10 OU1CSB10 OU1CSB11 OU1CSB11 OU1CSB11 OU1CSB12 OU1CSB12 OU1CSB12 OU1CSB13 OU1CSB13

1802167 1802167 1803527 1803527 1803527 1802167 1802167 1802167 1802167 1802167

8996703 8996704 9002687 9002688 9002689 8996706 8996707 8996708 8996713 8996714

5/16/2017 5/16/2017 5/18/2017 5/18/2017 5/18/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017

OU1CSB10-S-0.50-170516 OU1CSB10-S-1.00-170516 OU1CSB11-S-0.17-170518 OU1CSB11-S-0.50-170518 OU1CSB11-S-1.00-170518 OU1CSB12-S-0.17-170516 OU1CSB12-S-0.50-170516 OU1CSB12-S-1.00-170516 OU1CSB13-S-0.17-170516 OU1CSB13-S-0.50-170516

0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1

REG REG REG REG REG REG REG REG REG REG

 < 0.33  < 0.33  < 0.36  < 0.36  < 0.4  < 0.34  < 0.35  < 0.33  < 0.34  < 0.34 

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.007  < 0.007  < 0.008  < 0.008  < 0.009  < 0.007  < 0.008  < 0.007  < 0.007  < 0.008 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 0.008 J  0.006 J  0.008 J  < 0.004  < 0.004 0.048  0.015 J  0.007 J 0.029 0.026

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.11  < 0.11  < 0.12  < 0.12  < 0.13  < 0.11  < 0.12  < 0.11  < 0.11  < 0.11 

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

 < 0.19  < 0.18  < 0.2  < 0.2  < 0.22  < 0.19  < 0.19  < 0.18  < 0.19  < 0.19 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.037  < 0.037  < 0.04  < 0.04  < 0.044  < 0.037  < 0.038  < 0.036  < 0.037  < 0.038 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

 < 0.19  < 0.18  < 0.2  < 0.2  < 0.22  < 0.19  < 0.19  < 0.18  < 0.19  < 0.19 

0.024  0.006 J 0.034  < 0.004 0.032 0.081 0.021  0.007 J  0.01 J  0.004 J

 0.014 J 0.022  0.01 J  < 0.004  < 0.004 0.11 0.053 0.022 0.021  0.017 J

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

0.049 0.031 0.059  0.004 J 0.036 0.24 0.091 0.026 0.036  0.018 J

 < 0.037  < 0.037  < 0.04  < 0.04  < 0.044  < 0.037  < 0.038  < 0.036  < 0.037  < 0.038 

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

0.2 0.13 0.15  0.011 J  0.008 J 0.54 0.37 0.095 0.16 0.055

0.23 0.14 0.13  0.014 J  0.006 J 0.51 0.36 0.1 0.16 0.052

0.33 0.18 0.17  0.019 J  0.01 J 0.64 0.5 0.13 0.21 0.076

0.2 0.11 0.088  0.014 J  0.006 J 0.37 0.29 0.073 0.12 0.043

0.13 0.088 0.078  0.009 J  0.004 J 0.3 0.22 0.055 0.095 0.035

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

2.3  0.18 J 0.27  < 0.081  < 0.088  < 0.075  < 0.077 0.33 0.22  < 0.075 

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

 < 0.037  < 0.037  < 0.04  < 0.04  < 0.044  < 0.037  < 0.038  < 0.036  < 0.037  < 0.038 

 0.024 J  < 0.018  0.03 J  < 0.02  < 0.022 0.13 0.055  < 0.018  < 0.019  < 0.019 

0.23 0.15 0.14  0.015 J  0.013 J 0.51 0.39 0.11 0.16 0.059

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

0.044 0.023  0.019 J  0.004 J  < 0.004 0.091 0.067  0.015 J 0.03  0.014 J

 < 0.019  < 0.018  < 0.02  < 0.02 0.057 0.078  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

 < 0.074  < 0.073  < 0.081  < 0.081  < 0.088  < 0.075  < 0.077  < 0.073  < 0.075  < 0.075 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

0.32 0.25 0.29  0.017 J  0.017 J 1.2 0.64 0.18 0.25 0.083

 0.018 J  0.008 J 0.023  < 0.004 0.14 0.1 0.022  0.007 J  0.009 J  0.005 J

 < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.19  < 0.18  < 0.2  < 0.2  < 0.22  < 0.19  < 0.19  < 0.18  < 0.19  < 0.19 

 < 0.037  < 0.037  < 0.04  < 0.04  < 0.044  < 0.037  < 0.038  < 0.036  < 0.037  < 0.038 

0.17 0.092 0.079  0.012 J  0.006 J 0.34 0.25 0.063 0.11 0.037

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 0.013 J  0.012 J  0.018 J  < 0.004 0.03 0.12 0.02  0.009 J 0.022 0.03

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

 < 0.037  < 0.037  < 0.04  < 0.04  < 0.044  < 0.037  < 0.038  < 0.036  < 0.037  < 0.038 

0.2 0.12 0.25  0.009 J 0.23 1.1 0.38 0.1 0.14 0.053

 < 0.019  < 0.018  < 0.02  < 0.02  < 0.022  < 0.019  < 0.019  < 0.018  < 0.019  < 0.019 

0.32 0.25 0.25 0.021 0.029 1.1 0.64 0.18 0.25 0.087

-- -- -- -- -- -- -- --  < 0.004  < 0.004 

-- -- -- -- -- -- -- --  < 0.0051  < 0.0051 
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 Aroclor 1232 11141-16-5 NA NA NA NA NA

 Aroclor 1242 53469-21-9 NA NA NA NA NA

 Aroclor 1248 12672-29-6 NA NA NA NA NA

 Aroclor 1254 11097-69-1 NA NA NA NA NA

 Aroclor 1260 11096-82-5 NA NA NA NA NA

 Aroclor 1262 37324-23-5 NA NA NA NA NA

 Aroclor 1268 11100-14-4 NA NA NA NA NA

Pesticides

 4,4-DDD 72-54-8 0.0033 2.6 13 92 180

 4,4-DDE 72-55-9 0.0033 1.8 8.9 62 120

 4,4-DDT 50-29-3 0.0033 1.7 7.9 47 94

 Aldrin 309-00-2 0.005 0.019 0.097 0.68 1.4

 alpha BHC 319-84-6 0.02 0.097 0.48 3.4 6.8

 alpha Chlordane 5103-71-9 0.094 0.91 4.2 24 47

 beta BHC 319-85-7 0.036 0.072 0.36 3 14

 delta BHC 319-86-8 0.04 100 100 500 1000

 DIELDRIN 60-57-1 0.005 0.039 0.2 1.4 2.8

 Endosulfan I 959-98-8 2.4 4.8 24 200 920

 Endosulfan II 33213-65-9 2.4 4.8 24 200 920

 ENDOSULFAN SULFATE 1031-07-8 2.4 4.8 24 200 920

 ENDRIN 72-20-8 0.014 2.2 11 89 410

 ENDRIN ALDEHYDE 7421-93-4 NA NA NA NA NA

 ENDRIN KETONE 53494-70-5 NA NA NA NA NA

 gamma BHC (Lindane) 58-89-9 0.1 0.28 1.3 9.2 23

 gamma Chlordane 5103-74-2 NA 0.54 NA NA NA

 HEPTACHLOR 76-44-8 0.042 0.42 2.1 15 29

 HEPTACHLOR EPOXIDE 1024-57-3 NA 0.077 NA NA NA

 METHOXYCHLOR 72-43-5 NA 100 NA NA NA

 TOXAPHENE 8001-35-2 NA NA NA NA NA

Metals

 Aluminum 7429-90-5 NA NA NA NA NA

 Antimony 7440-36-0 NA NA NA NA NA

 Arsenic 7440-38-2 13 16 16 16 16

 Barium 7440-39-3 350 350 400 400 10000

 Beryllium 7440-41-7 7.2 14 72 590 2700

 Cadmium 7440-43-9 2.5 2.5 4.3 9.3 60

 Calcium 7440-70-2 NA NA NA NA NA

 Chromium 7440-47-3 30 36 180 1500 6800

 Cobalt 7440-48-4 NA 30 NA NA NA

 Copper 7440-50-8 50 270 270 270 10000

 Iron 7439-89-6 NA 2000 NA NA NA

 Lead 7439-92-1 63 400 400 1000 3900

 Magnesium 7439-95-4 NA NA NA NA NA

 Manganese 7439-96-5 1600 2000 2000 10000 10000

 Nickel 7440-02-0 30 140 310 310 10000

 Potassium 7440-09-7 NA NA NA NA NA

 Selenium 7782-49-2 3.9 36 180 1500 6800

 Silver 7440-22-4 2 36 180 1500 6800

 Sodium 7440-23-5 NA NA NA NA NA

 Thallium 7440-28-0 NA NA NA NA NA

 Vanadium 7440-62-2 NA 100 NA NA NA

 Zinc 7440-66-6 109 2200 10000 10000 10000

 Mercury 7439-97-6 0.18 0.81 0.81 2.8 5.7

--: Not analyzed for

NA: Standard not Applicable

Underline: Exceeds Residential Restricted SCO

Grey: Exceeds Commercial SCO

Yellow: Exceeds Industrial SCO

Report Units are in mg/kg.

< : Not detected at the laboratory method detection limit.

J : Result detected between the reporting limit and the method detection limit.

Italics: Exceeds Unrestricted SCO

Bold: Exceeds Residential SCO

OU1CSB10 OU1CSB10 OU1CSB11 OU1CSB11 OU1CSB11 OU1CSB12 OU1CSB12 OU1CSB12 OU1CSB13 OU1CSB13

1802167 1802167 1803527 1803527 1803527 1802167 1802167 1802167 1802167 1802167

8996703 8996704 9002687 9002688 9002689 8996706 8996707 8996708 8996713 8996714

5/16/2017 5/16/2017 5/18/2017 5/18/2017 5/18/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017

OU1CSB10-S-0.50-170516 OU1CSB10-S-1.00-170516 OU1CSB11-S-0.17-170518 OU1CSB11-S-0.50-170518 OU1CSB11-S-1.00-170518 OU1CSB12-S-0.17-170516 OU1CSB12-S-0.50-170516 OU1CSB12-S-1.00-170516 OU1CSB13-S-0.17-170516 OU1CSB13-S-0.50-170516

0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1

REG REG REG REG REG REG REG REG REG REG

-- -- -- -- -- -- -- --  < 0.0089  < 0.009 

-- -- -- -- -- -- -- --  < 0.0037  < 0.0037 

-- -- -- -- -- -- -- --  < 0.0037  < 0.0037 

-- -- -- -- -- -- -- -- 0.064  < 0.0037 

-- -- -- -- -- -- -- --  < 0.0055  < 0.0055 

-- -- -- -- -- -- -- --  < 0.0037  < 0.0037 

-- -- -- -- -- -- -- --  < 0.0037  < 0.0037 

-- -- -- -- -- -- -- --  < 0.0013  0.0012 J

-- -- -- -- -- -- -- --  0.00082 J  0.00073 J

-- -- -- -- -- -- -- --  0.0014 J  0.0012 J

-- -- -- -- -- -- -- --  < 0.00019  < 0.00019 

-- -- -- -- -- -- -- --  < 0.00019  < 0.00019 

-- -- -- -- -- -- -- --  < 0.00019  < 0.00019 

-- -- -- -- -- -- -- --  < 0.00033  < 0.00034 

-- -- -- -- -- -- -- --  < 0.0005  < 0.00051 

-- -- -- -- -- -- -- --  < 0.00037  < 0.00037 

-- -- -- -- -- -- -- --  < 0.00025  < 0.00025 

-- -- -- -- -- -- -- --  < 0.00037  < 0.00037 

-- -- -- -- -- -- -- --  < 0.00042 V  < 0.00037 

-- -- -- -- -- -- -- --  < 0.00037  < 0.00037 

-- -- -- -- -- -- -- --  < 0.00037  0.00045 J

-- -- -- -- -- -- -- --  < 0.00067  < 0.00068 

-- -- -- -- -- -- -- --  < 0.00019  < 0.00019 

-- -- -- -- -- -- -- --  < 0.00019  < 0.00019 

-- -- -- -- -- -- -- --  < 0.00019  < 0.00019 

-- -- -- -- -- -- -- --  < 0.00019  < 0.00019 

-- -- -- -- -- -- -- --  < 0.0019  < 0.0019 

-- -- -- -- -- -- -- --  < 0.016  < 0.016 

 11,700  17,300  16,600  13,500  18,100  14,600  15,200  17,000  16,200  15,000 

 0.167 J  0.404 J 0.861  0.216 J  0.2 J 0.453  0.216 J  0.328 J 0.512 0.929

53.8 165 150 36.6 12.2 55.5 58.3 178 238 294

49.4 59.3 83.6 68.3 62.3 54.9 58 63.8 67.2 65.5

0.517 0.578 2.75 0.482 0.496 0.818 0.81 1.18 0.758 0.54

 0.149 J 0.308 0.202  0.175 J  0.141 J 0.229 0.294 0.208 0.337 0.335

 10,600  2,400  10,100  7,280  1,930  8,480  3,610  2,850  9,560  1,890 

21.9 23.8 51.8 17.4 19.9 16.3 17 18.5 20.4 18.9

11.7 10.3 19.5 11.2 14.2 9.47 10.2 11.8 11 15.2

55.5 28.7 120 26.5 30.9 26.2 27.6 29.4 39.3 79.5

 26,500  31,900  29,000  26,700  33,700  26,200  26,500  33,900  27,200  35,300 

25.6 59.7 118 23.8 17.6 54.3 45.3 59.6 58.4 84

 8,250  6,860  10,400  8,400  7,730  9,530  8,300  6,910  10,300  5,090 

573 840 662  1,140 753 772 603  837 E  815 E  797 E

26.4 26 70.4 24.1 30.2 19.1 22.8 26.3 25.7 36.2

 1,280  1,060  1,410  1,340  2,000  1,150  1,340  1,140  1,200  1,010 

 0.159 J  0.226 J  0.373 J  0.131 J  < 0.112  0.216 J  0.217 J  0.219 J  0.229 J 30.9

 0.0310 J  0.0543 J  0.131 J  0.028 J  < 0.0303  0.0651 J  0.0521 J  0.0520 J  0.0535 J 0.695

90.4  44.0 J 237 254 341  61.8 J  62.3 J  63.3 J  56.8 J  47.2 J

 0.0942 J  0.0892 J  0.082 J  0.0709 J  0.117 J  0.0774 J  0.0840 J  0.105 J  0.0970 J 2.97

28.1 21.1 21.9 16 19.5 20.2 20 24.1 22.3 20.3

184 137 619 70.3 81.1 110 96.8 110 174 468

0.173 0.344 0.164  0.0394 J  0.0261 J 0.228 0.255 0.251 0.163 0.116
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

Volatile Organic Compounds

 1,1 Dichloroethene 75-35-4 0.33 100 100 500 1000

 1,1,1-Trichloroethane 71-55-6 0.68 100 100 500 1000

 1,1,2,2-Tetrachloroethane 79-34-5 NA 35 NA NA NA

 1,1,2-Trichloroethane 79-00-5 NA NA NA NA NA

 1,1,2-Trichlorotrifluoroethane (Freon 113) 76-13-1 NA 100 NA NA NA

 1,1-Dichloroethane 75-34-3 0.27 19 26 240 480

 1,2,3-Trichlorobenzene 87-61-6 NA NA NA NA NA

 1,2,4-Trichlorobenzene 120-82-1 NA NA NA NA NA

 1,2-Dibromo-3-chloropropane (DBCP) 96-12-8 NA NA NA NA NA

 1,2-Dibromoethane 106-93-4 NA NA NA NA NA

 1,2-Dichlorobenzene (o-Dichlorobenzene) 95-50-1 1.1 100 100 500 1000

 1,2-Dichloroethane 107-06-2 0.02 2.3 3.1 30 60

 1,2-Dichloropropane 78-87-5 NA NA NA NA NA

 1,3-Dichlorobenzene 541-73-1 2.4 17 49 280 560

 1,4-Dichlorobenzene 106-46-7 1.8 9.8 13 130 250

 2-Butanone (Methyl ethyl ketone) 78-93-3 0.12 100 100 500 1000

 2-Hexanone 591-78-6 NA NA NA NA NA

 4-Methyl-2-pentanone 108-10-1 NA NA NA NA NA

 Acetone 67-64-1 0.05 100 100 500 1000

 Benzene 71-43-2 0.06 2.9 4.8 44 89

 Bromochloromethane 74-97-5 NA NA NA NA NA

 Bromodichloromethane 75-27-4 NA NA NA NA NA

 Bromoform 75-25-2 NA NA NA NA NA

 Bromomethane (Methyl bromide) 74-83-9 NA NA NA NA NA

 Carbon disulfide 75-15-0 NA 100 NA NA NA

 Carbon Tetrachloride 56-23-5 0.76 1.4 2.4 22 44

 Chlorobenzene 108-90-7 1.1 100 100 500 1000

 Chloroethane 75-00-3 NA NA NA NA NA

 Chloroform 67-66-3 0.37 10 49 350 700

 Chloromethane (Methyl chloride) 74-87-3 NA NA NA NA NA

 cis-1,2-Dichloroethene 156-59-2 0.25 59 100 500 1000

 cis-1,3-Dichloropropene 10061-01-5 NA NA NA NA NA

 Cyclohexane 110-82-7 NA NA NA NA NA

 Dibromochloromethane 124-48-1 NA NA NA NA NA

 Dichlorodifluoromethane (Freon 12) 75-71-8 NA NA NA NA NA

 Diisopropyl ether 108-20-3 NA NA NA NA NA

 Ethyl-t-butylether 637-92-3 NA NA NA NA NA

 Ethylbenzene 100-41-4 1 30 41 390 780

 Isopropylbenzene 98-82-8 NA 100 NA NA NA

 m,p-Xylenes XYLENES-MP NA NA NA NA NA

 Methyl acetate 79-20-9 NA NA NA NA NA

 Methyl-t-butyl ether 1634-04-4 0.93 62 100 500 1000

 Methylcyclohexane 108-87-2 NA NA NA NA NA

 Methylene chloride (Dichloromethane) 75-09-2 0.05 51 100 500 1000

 o-Xylene 95-47-6 NA NA NA NA NA

 Styrene 100-42-5 NA NA NA NA NA

 tert-Amyl methyl ether 994-05-8 NA NA NA NA NA

 Tertiary Butyl Alcohol 75-65-0 NA NA NA NA NA

 Tetrachloroethene 127-18-4 1.3 5.5 19 150 300

 Toluene 108-88-3 0.7 100 100 500 1000

 trans-1,2-Dichloroethene 156-60-5 0.19 100 100 500 1000

 trans-1,3-Dichloropropene 10061-02-6 NA NA NA NA NA

 Trichloroethene (Trichloroethylene) 79-01-6 0.47 10 21 200 400

 Trichlorofluoromethane (Freon 11) 75-69-4 NA NA NA NA NA

 Vinyl chloride (Chloroethene) 75-01-4 0.02 0.21 0.9 13 27

 Xylene (total) 1330-20-7 0.26 100 100 500 1000

Semivolatile Organic Compounds

 1,2,4,5-Tetrachlorobenzene 95-94-3 NA NA NA NA NA

 1,4-Dioxane 123-91-1 0.1 9.8 13 130 250

 2,3,4,6-Tetrachlorophenol 58-90-2 NA NA NA NA NA

 2,4,5-Trichlorophenol 95-95-4 NA 100 NA NA NA

 2,4,6-Trichlorophenol 88-06-2 NA NA NA NA NA

 2,4-Dichlorophenol 120-83-2 NA 100 NA NA NA

 2,4-Dimethylphenol 105-67-9 NA NA NA NA NA

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

OU1CSB13 OU1CSB14 OU1CSB14 OU1CSB14 OU1CSB15 OU1CSB15 OU1CSB15 OU1CSB15 OU1CSB16 OU1CSB16 OU1CSB16

1802167 1802784 1802784 1802784 1802167 1802167 1802167 1802167 1802167 1802167 1802167

8996715 8999394 8999395 8999396 8996717 8996718 8996720 8996719 8996722 8996723 8996724

5/16/2017 5/17/2017 5/17/2017 5/17/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017 5/15/2017 5/15/2017 5/15/2017

OU1CSB13-S-1.00-170516 OU1CSB14-S-0.17-170517 OU1CSB14-S-0.50-170517 OU1CSB14-S-1.00-170517 OU1CSB15-S-0.17-170516 OU1CSB15-S-0.50-170516 OU1CSB15-S-1.00-170516 OU1CSB15-SD-1.00-170516 OU1CSB16-S-0.17-170515 OU1CSB16-S-0.50-170515 OU1CSB16-S-1.00-170515

1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 1-2 0.17-0.5 0.5-1 1-2

REG REG REG REG REG REG REG FD REG REG REG

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001 -- --  < 0.001  < 0.001  < 0.001 --  < 0.001 --  < 0.001  < 0.0009 

 < 0.001 -- --  < 0.001  < 0.001  < 0.001 --  < 0.001 --  < 0.001  < 0.0009 

 < 0.002 -- --  < 0.002  < 0.002  < 0.002 --  < 0.002 --  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001 -- --  < 0.001  < 0.001  < 0.001 --  < 0.001 --  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001 -- --  < 0.001  < 0.001  < 0.001 --  < 0.001 --  < 0.001  < 0.0009 

 < 0.001 -- --  < 0.001  < 0.001  < 0.001 --  < 0.001 --  < 0.001  < 0.0009 

 < 0.004 0.012 0.011 0.019  0.006 J  0.004 J  < 0.004  < 0.004  0.005 J  < 0.004  < 0.004 

 < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003 

 < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003  < 0.003 

0.039 0.12 0.098 0.13 0.1 0.052 0.056 0.065 0.14 0.045 0.04

 < 0.0005  0.002 J  0.002 J  0.0005 J  < 0.0005  < 0.0005  < 0.0005  < 0.0006  0.003 J  < 0.0005  < 0.0005 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  0.001 J  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  0.001 J

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  0.003 J  0.004 J  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  0.002 J  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.0005  < 0.0005  < 0.0005  < 0.0005  < 0.0005  < 0.0005  < 0.0005  < 0.0006  < 0.0005  < 0.0005  < 0.0005 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  0.001 J  0.001 J  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  0.001 J  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.019  < 0.019  < 0.02  < 0.02  < 0.02  < 0.02  < 0.018  < 0.022  < 0.021  < 0.02  < 0.018 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001 0.006 0.006  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001 0.007  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002  < 0.002 

 < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  < 0.001  < 0.001  < 0.0009 

 < 0.001  0.004 J 0.005  < 0.001  < 0.001  < 0.001  < 0.0009  < 0.001  0.004 J  < 0.001  < 0.0009 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.11  < 0.11  < 0.12  < 0.11  < 0.12  < 0.12  < 0.11  < 0.11  < 0.12  < 0.12  < 0.11 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  < 0.080  < 0.077  < 0.074 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

17/25



A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 2,4-Dinitrophenol 51-28-5 NA 100 NA NA NA

 2,4-Dinitrotoluene 121-14-2 NA NA NA NA NA

 2,6-Dinitrotoluene 606-20-2 NA 1.03 NA NA NA

 2-Chloronaphthalene 91-58-7 NA NA NA NA NA

 2-Chlorophenol (o-Chlorophenol) 95-57-8 NA 100 NA NA NA

 2-Methyl-Naphthalene 91-57-6 NA 0.41 NA NA NA

 2-Methylphenol (o-Cresol) 95-48-7 0.33 100 100 500 1000

 2-Nitroaniline (o-Nitroaniline) 88-74-4 NA NA NA NA NA

 2-Nitrophenol (o-Nitrophenol) 88-75-5 NA NA NA NA NA

 3,3'-Dichlorobenzidine 91-94-1 NA NA NA NA NA

 3-Nitroaniline 99-09-2 NA NA NA NA NA

 4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 NA NA NA NA NA

 4-Bromophenylphenylether 101-55-3 NA NA NA NA NA

 4-Chloroaniline 106-47-8 NA 100 NA NA NA

 4-Chlorophenyl  phenyl ether 7005-72-3 NA NA NA NA NA

 4-Methylphenol (p-Cresol) 106-44-5 0.33 34 100 500 1000

 4-Nitroaniline 100-01-6 NA NA NA NA NA

 4-Nitrophenol 100-02-7 NA NA NA NA NA

 Acenaphthene 83-32-9 20 100 100 500 1000

 Acenaphthylene 208-96-8 100 100 100 500 1000

 Acetophenone 98-86-2 NA NA NA NA NA

 Anthracene 120-12-7 100 100 100 500 1000

 Atrazine 1912-24-9 NA NA NA NA NA

 Benzaldehyde 100-52-7 NA NA NA NA NA

 Benzo(a)anthracene 56-55-3 1 1 1 5.6 11

 Benzo(a)pyrene 50-32-8 1 1 1 1 1.1

 Benzo(b)fluoranthene 205-99-2 1 1 1 5.6 11

 Benzo(g,h,i)perylene 191-24-2 100 100 100 500 1000

 Benzo(k)fluoranthene 207-08-9 0.8 1 3.9 56 110

 bis(2-Chloroethoxy)methane 111-91-1 NA NA NA NA NA

 bis(2-Chloroethyl) ether 111-44-4 NA NA NA NA NA

 bis(2-chloroisopropyl) ether 108-60-1 NA NA NA NA NA

 bis(2-Ethylhexyl)phthalate 117-81-7 NA 50 NA NA NA

 Butylbenzylphthalate 85-68-7 NA 100 NA NA NA

 Caprolactam 105-60-2 NA NA NA NA NA

 Carbazole 86-74-8 NA NA NA NA NA

 Chrysene 218-01-9 1 1 3.9 56 110

 Di-n-butylphthalate 84-74-2 NA 100 NA NA NA

 Di-n-octylphthalate 117-84-0 NA 100 NA NA NA

 Dibenz(a,h)anthracene 53-70-3 0.33 0.33 0.33 0.56 1.1

 Dibenzofuran 132-64-9 7 14 59 350 1000

 Diethylphthalate 84-66-2 NA 100 NA NA NA

 Dimethyl phthalate 131-11-3 NA 100 NA NA NA

 Diphenyl (Biphenyl, Phenyl benzene) 92-52-4 NA NA NA NA NA

 Fluoranthene 206-44-0 100 100 100 500 1000

 Fluorene 86-73-7 30 100 100 500 1000

 Hexachlorobenzene 118-74-1 0.33 0.33 1.2 6 12

 Hexachlorobutadiene 87-68-3 NA NA NA NA NA

 Hexachlorocyclopentadiene 77-47-4 NA NA NA NA NA

 Hexachloroethane 67-72-1 NA NA NA NA NA

 Indeno(1,2,3-cd)Pyrene 193-39-5 0.5 0.5 0.5 5.6 11

 Isophorone 78-59-1 NA 100 NA NA NA

 N-Nitrosodi-n-propylamine 621-64-7 NA NA NA NA NA

 N-Nitrosodiphenylamine (Diphenylamine) 86-30-6 NA NA NA NA NA

 Naphthalene 91-20-3 12 100 100 500 1000

 Nitrobenzene 98-95-3 NA 3.7 15 69 140

 p-Chloro-m-cresol 59-50-7 NA NA NA NA NA

 Pentachlorophenol 87-86-5 0.8 2.4 6.7 6.7 55

 Phenanthrene 85-01-8 100 100 100 500 1000

 Phenol 108-95-2 0.33 100 100 500 1000

 Pyrene 129-00-0 100 100 100 500 1000

Polychlorinated Biphenyls

 Aroclor 1016 12674-11-2 NA NA NA NA NA

 Aroclor 1221 11104-28-2 NA NA NA NA NA

OU1CSB13 OU1CSB14 OU1CSB14 OU1CSB14 OU1CSB15 OU1CSB15 OU1CSB15 OU1CSB15 OU1CSB16 OU1CSB16 OU1CSB16

1802167 1802784 1802784 1802784 1802167 1802167 1802167 1802167 1802167 1802167 1802167

8996715 8999394 8999395 8999396 8996717 8996718 8996720 8996719 8996722 8996723 8996724

5/16/2017 5/17/2017 5/17/2017 5/17/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017 5/15/2017 5/15/2017 5/15/2017

OU1CSB13-S-1.00-170516 OU1CSB14-S-0.17-170517 OU1CSB14-S-0.50-170517 OU1CSB14-S-1.00-170517 OU1CSB15-S-0.17-170516 OU1CSB15-S-0.50-170516 OU1CSB15-S-1.00-170516 OU1CSB15-SD-1.00-170516 OU1CSB16-S-0.17-170515 OU1CSB16-S-0.50-170515 OU1CSB16-S-1.00-170515

1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 1-2 0.17-0.5 0.5-1 1-2

REG REG REG REG REG REG REG FD REG REG REG

 < 0.34  < 0.33  < 0.35  < 0.33  < 0.36  < 0.36  < 0.33  < 0.34  < 0.36  < 0.35  < 0.33 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  < 0.08  < 0.077  < 0.074 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.008  < 0.007  < 0.008  < 0.007  < 0.008  < 0.008  < 0.007  < 0.008  < 0.008  < 0.008  < 0.007 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

0.15 0.11 0.23  0.008 J 0.032 0.021  0.009 J 0.024 0.053 0.062 0.076

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.11  < 0.11  < 0.12  < 0.11  < 0.12  < 0.12  < 0.11  < 0.11  < 0.12  < 0.12  < 0.11 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  < 0.08  < 0.077  < 0.074 

 < 0.19  < 0.19  < 0.19  < 0.18  < 0.2  < 0.2  < 0.18  < 0.19  < 0.2  < 0.19  < 0.18 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.038  < 0.037  < 0.039  < 0.036  < 0.04  < 0.04  < 0.037  < 0.038  < 0.04  < 0.039  < 0.037 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  < 0.08  < 0.077  < 0.074 

 < 0.19  < 0.19  < 0.19  < 0.18  < 0.2  < 0.2  < 0.18  < 0.19  < 0.2  < 0.19  < 0.18 

 0.008 J  < 0.004  < 0.004  < 0.004 0.028  0.013 J  0.006 J 0.052 0.025  0.015 J  0.011 J

 0.015 J 0.02 0.068  < 0.004 0.04 0.023  0.014 J 0.12 0.027 0.045 0.02

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.020  < 0.020  < 0.018  < 0.019  < 0.020  < 0.019  < 0.018 

0.02 0.024 0.091  < 0.004 0.084 0.046 0.019 0.18 0.057 0.059 0.035

 < 0.038  < 0.037  < 0.039  < 0.036  < 0.040  < 0.040  < 0.037  < 0.038  < 0.040  < 0.039  < 0.037 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  < 0.080  < 0.077  < 0.074 

0.049 0.095 0.27  0.008 J 0.32 0.28 0.074 0.47 0.27 0.27 0.12

0.048 0.12 0.3  0.009 J 0.33 0.31 0.081 0.45 0.27 0.27 0.12

0.075 0.18 0.39  0.014 J 0.46 0.39 0.11 0.59 0.4 0.37 0.17

0.043 0.12 0.24  0.01 J 0.27 0.23 0.08 0.33 0.21 0.18 0.1

0.027 0.054 0.16  0.005 J 0.22 0.19 0.052 0.31 0.17 0.15 0.079

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  0.1 J  < 0.077  < 0.074 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  0.13 J  < 0.077  < 0.074 

 < 0.038  < 0.037  < 0.039  < 0.036  < 0.040  < 0.040  < 0.037  < 0.038  < 0.040  < 0.039  < 0.037 

 < 0.019  < 0.019 0.047  < 0.018 0.059  0.028 J  < 0.018 0.056 0.044  0.022 J  < 0.018 

0.066 0.1 0.31  0.01 J 0.38 0.29 0.081 0.48 0.32 0.34 0.15

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  < 0.08  < 0.077  < 0.074 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  < 0.08  < 0.077  < 0.074 

 0.009 J 0.031 0.065  < 0.004 0.063 0.05 0.027 0.072 0.052 0.048 0.023

 < 0.019  < 0.019  0.035 J  < 0.018  0.021 J  < 0.02  < 0.018  0.034 J  0.02 J  0.023 J  < 0.018 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  < 0.08  < 0.077  < 0.074 

 < 0.075  < 0.074  < 0.077  < 0.073  < 0.079  < 0.079  < 0.073  < 0.077  < 0.08  < 0.077  < 0.074 

 0.019 J  < 0.019  0.033 J  < 0.018  < 0.020  < 0.020  < 0.018  < 0.019  < 0.020  < 0.019  < 0.018 

0.094 0.14 0.54  0.011 J 0.61 0.4 0.12 0.95 0.51 0.47 0.21

 0.007 J  < 0.004 0.028  < 0.004 0.027  0.011 J  0.005 J 0.057  0.02 J  0.014 J  0.012 J

 < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004  < 0.004 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.19  < 0.19  < 0.19  < 0.18  < 0.2  < 0.2  < 0.18  < 0.19  < 0.2  < 0.19  < 0.18 

 < 0.038  < 0.037  < 0.039  < 0.036  < 0.04  < 0.04  < 0.037  < 0.038  < 0.04  < 0.039  < 0.037 

0.039 0.094 0.21  0.009 J 0.23 0.19 0.06 0.29 0.19 0.18 0.087

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

0.08 0.076 0.17  0.007 J 0.054 0.021  0.009 J 0.03 0.064 0.066 0.06

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

 < 0.038  < 0.037  < 0.039  < 0.036  < 0.04  < 0.04  < 0.037  < 0.038  < 0.04  < 0.039  < 0.037 

0.08 0.071 0.34  0.006 J 0.36 0.15 0.064 0.62 0.24 0.23 0.13

 < 0.019  < 0.019  < 0.019  < 0.018  < 0.02  < 0.02  < 0.018  < 0.019  < 0.02  < 0.019  < 0.018 

0.089 0.13 0.46  0.011 J 0.56 0.4 0.12 0.85 0.47 0.45 0.2

 < 0.004 -- -- -- -- -- -- -- -- -- --

 < 0.0052 -- -- -- -- -- -- -- -- -- --
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A-2

OU-1C Soil Data - Land Use (Near Surface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted 

Use Soil 

Cleanup 

Objectives

 Aroclor 1232 11141-16-5 NA NA NA NA NA

 Aroclor 1242 53469-21-9 NA NA NA NA NA

 Aroclor 1248 12672-29-6 NA NA NA NA NA

 Aroclor 1254 11097-69-1 NA NA NA NA NA

 Aroclor 1260 11096-82-5 NA NA NA NA NA

 Aroclor 1262 37324-23-5 NA NA NA NA NA

 Aroclor 1268 11100-14-4 NA NA NA NA NA

Pesticides

 4,4-DDD 72-54-8 0.0033 2.6 13 92 180

 4,4-DDE 72-55-9 0.0033 1.8 8.9 62 120

 4,4-DDT 50-29-3 0.0033 1.7 7.9 47 94

 Aldrin 309-00-2 0.005 0.019 0.097 0.68 1.4

 alpha BHC 319-84-6 0.02 0.097 0.48 3.4 6.8

 alpha Chlordane 5103-71-9 0.094 0.91 4.2 24 47

 beta BHC 319-85-7 0.036 0.072 0.36 3 14

 delta BHC 319-86-8 0.04 100 100 500 1000

 DIELDRIN 60-57-1 0.005 0.039 0.2 1.4 2.8

 Endosulfan I 959-98-8 2.4 4.8 24 200 920

 Endosulfan II 33213-65-9 2.4 4.8 24 200 920

 ENDOSULFAN SULFATE 1031-07-8 2.4 4.8 24 200 920

 ENDRIN 72-20-8 0.014 2.2 11 89 410

 ENDRIN ALDEHYDE 7421-93-4 NA NA NA NA NA

 ENDRIN KETONE 53494-70-5 NA NA NA NA NA

 gamma BHC (Lindane) 58-89-9 0.1 0.28 1.3 9.2 23

 gamma Chlordane 5103-74-2 NA 0.54 NA NA NA

 HEPTACHLOR 76-44-8 0.042 0.42 2.1 15 29

 HEPTACHLOR EPOXIDE 1024-57-3 NA 0.077 NA NA NA

 METHOXYCHLOR 72-43-5 NA 100 NA NA NA

 TOXAPHENE 8001-35-2 NA NA NA NA NA

Metals

 Aluminum 7429-90-5 NA NA NA NA NA

 Antimony 7440-36-0 NA NA NA NA NA

 Arsenic 7440-38-2 13 16 16 16 16

 Barium 7440-39-3 350 350 400 400 10000

 Beryllium 7440-41-7 7.2 14 72 590 2700

 Cadmium 7440-43-9 2.5 2.5 4.3 9.3 60

 Calcium 7440-70-2 NA NA NA NA NA

 Chromium 7440-47-3 30 36 180 1500 6800

 Cobalt 7440-48-4 NA 30 NA NA NA

 Copper 7440-50-8 50 270 270 270 10000

 Iron 7439-89-6 NA 2000 NA NA NA

 Lead 7439-92-1 63 400 400 1000 3900

 Magnesium 7439-95-4 NA NA NA NA NA

 Manganese 7439-96-5 1600 2000 2000 10000 10000

 Nickel 7440-02-0 30 140 310 310 10000

 Potassium 7440-09-7 NA NA NA NA NA

 Selenium 7782-49-2 3.9 36 180 1500 6800

 Silver 7440-22-4 2 36 180 1500 6800

 Sodium 7440-23-5 NA NA NA NA NA

 Thallium 7440-28-0 NA NA NA NA NA

 Vanadium 7440-62-2 NA 100 NA NA NA

 Zinc 7440-66-6 109 2200 10000 10000 10000

 Mercury 7439-97-6 0.18 0.81 0.81 2.8 5.7

--: Not analyzed for

NA: Standard not Applicable

Underline: Exceeds Residential Restricted SCO

Grey: Exceeds Commercial SCO

Yellow: Exceeds Industrial SCO

Report Units are in mg/kg.

< : Not detected at the laboratory method detection limit.

J : Result detected between the reporting limit and the method detection limit.

Italics: Exceeds Unrestricted SCO

Bold: Exceeds Residential SCO

OU1CSB13 OU1CSB14 OU1CSB14 OU1CSB14 OU1CSB15 OU1CSB15 OU1CSB15 OU1CSB15 OU1CSB16 OU1CSB16 OU1CSB16

1802167 1802784 1802784 1802784 1802167 1802167 1802167 1802167 1802167 1802167 1802167

8996715 8999394 8999395 8999396 8996717 8996718 8996720 8996719 8996722 8996723 8996724

5/16/2017 5/17/2017 5/17/2017 5/17/2017 5/16/2017 5/16/2017 5/16/2017 5/16/2017 5/15/2017 5/15/2017 5/15/2017

OU1CSB13-S-1.00-170516 OU1CSB14-S-0.17-170517 OU1CSB14-S-0.50-170517 OU1CSB14-S-1.00-170517 OU1CSB15-S-0.17-170516 OU1CSB15-S-0.50-170516 OU1CSB15-S-1.00-170516 OU1CSB15-SD-1.00-170516 OU1CSB16-S-0.17-170515 OU1CSB16-S-0.50-170515 OU1CSB16-S-1.00-170515

1-2 0.17-0.5 0.5-1 1-2 0.17-0.5 0.5-1 1-2 1-2 0.17-0.5 0.5-1 1-2

REG REG REG REG REG REG REG FD REG REG REG

 < 0.009 -- -- -- -- -- -- -- -- -- --

 < 0.0037 -- -- -- -- -- -- -- -- -- --

 < 0.0037 -- -- -- -- -- -- -- -- -- --

 < 0.0037 -- -- -- -- -- -- -- -- -- --

 < 0.0055 -- -- -- -- -- -- -- -- -- --

 < 0.0037 -- -- -- -- -- -- -- -- -- --

 < 0.0037 -- -- -- -- -- -- -- -- -- --

 < 0.0023 -- -- -- -- -- -- -- -- -- --

 < 0.00037 -- -- -- -- -- -- -- -- -- --

 0.00048 JP -- -- -- -- -- -- -- -- -- --

 < 0.00019 -- -- -- -- -- -- -- -- -- --

 < 0.00019 -- -- -- -- -- -- -- -- -- --

 < 0.00019 -- -- -- -- -- -- -- -- -- --

 < 0.00033 -- -- -- -- -- -- -- -- -- --

 < 0.0005 -- -- -- -- -- -- -- -- -- --

 < 0.00037 -- -- -- -- -- -- -- -- -- --

 < 0.00025 -- -- -- -- -- -- -- -- -- --

 < 0.00037 -- -- -- -- -- -- -- -- -- --

 < 0.00037 -- -- -- -- -- -- -- -- -- --

 < 0.00037 -- -- -- -- -- -- -- -- -- --

 0.00055 J -- -- -- -- -- -- -- -- -- --

 < 0.00067 -- -- -- -- -- -- -- -- -- --

 < 0.00019 -- -- -- -- -- -- -- -- -- --

 < 0.00019 -- -- -- -- -- -- -- -- -- --

 < 0.00019 -- -- -- -- -- -- -- -- -- --

 < 0.00019 -- -- -- -- -- -- -- -- -- --

 < 0.0019 -- -- -- -- -- -- -- -- -- --

 < 0.016 -- -- -- -- -- -- -- -- -- --

 18,900  14,600  15,800  15,300  19,200  17,800  18,100  13,500  13,900  14,200  15,300 

 0.338 J 0.633 0.792  0.162 J  0.203 J  0.195 J  0.198 J  0.209 J  0.313 J  0.342 J  0.225 J

137 109 184 14.5 35.3 32.6 19.8 14.6 48.3 98 48.8

71.8 70.7 167 46.7 79.8 79.7 97.7 64.1 70.1 62.5 52.4

0.628 4.33 4.09 0.573 0.64 0.668 0.924 0.749 0.541 0.482 0.446

 0.184 J 0.222 0.37  0.135 J 0.334 0.233 0.166 0.188 0.936 0.641 0.2

 1,460  17,400  11,800 593  2,100  3,050  10,000  2,820  11,800  3,670  9,630 

22.1 43.5 189 15 40.2 38.9 25.5 19.4 19.8 17.4 15.5

12.2 13.5 18.7 9.36 11.7 10.5 9.21 7.92 10.7 11 10.8

37.6 137 124 26.2 37 30.9 26 22.1 43.8 41.3 31.4

 31,600  26,100  26,100  25,500  30,300  26,200  26,200  24,400  25,500  23,500  27,400 

34.6 134 665 21.9 112 94.8 125 94.8 43.6 59.2 28

 6,250  9,460  6,940  6,310  6,230  6,140  8,740  5,110  12,200  6,610  10,400 

 888 E 937  2,730 876 872 803 648 515 837 586 707

30.2 58.5 66.3 24.5 40.3 27.3 20.6 13.8 26.4 21.6 23.6

 1,220  1,200  1,330  1,200  1,150  1,300  1,730 836  1,970  1,670  1,620 

 0.354 J  0.386 J  0.442 J  0.199 J  0.387 J  0.343 J  0.269 J  0.187 J  0.475 J  0.675 J  0.203 J

 0.0524 J  0.101 J  0.202 J  < 0.0243  0.100 J  0.107 J  0.0553 J  0.0368 J  0.0575 J  0.0699 J  0.0282 J

 54.2 J 101 115  37.7 J  49.9 J  58.1 J 108  56.2 J  67.7 J  64.0 J 70.7

 0.0915 J  0.0928 J  0.18 J  0.0712 J  0.134 J  0.151 J  0.127 J  0.0741 J  0.103 J  0.103 J  0.101 J

23.2 16.4 20.4 14.2 94 63.2 55.5 43.3 23.3 17.9 18.4

126 552 659 75.9 130 108 123 90.7 325 199 112

 0.0932 J 0.135 0.15  0.0527 J 0.267 0.32 0.191 0.172 0.244 0.419  0.0979 J
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A-3

OU-1C Soil Data - Land Use (Subsurface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID SWMW-127 SWMW-128 SWMW-129 SWMW-20 SWMW-20 SWMW-21 SWMW-21 SWMW-38

Sample Delivery Group (SDG) 1136872 1136872 1136872 1017651 1017651 1017651 1017651 1017651

Lab Sample ID 5626665 5626666 5626667 4936316 4936315 4936310 4936311 4936306

Sample Date 3/16/2009 3/17/2009 3/17/2009 12/7/2006 12/7/2006 12/6/2006 12/6/2006 12/6/2006

Field Sample ID SWMW-127(8-10)(3-16-09) SWMW-128(8-10)(3-17-09) SWMW-129(2-4)(3-17-09) SWMW-20(10-12) SWMW-20(4-6) SWMW-21(2-4) SWMW-21(8-10) TFSB-3/SWMW-38(6-10)

Sample Depth (ft) 8-10 8-10 2-4 10-12 4-6 2-4 8-10 6-10

Sample Purpose REG REG REG REG REG REG REG REG

Parameter Name

Volatile Organic Compounds

 1,1 Dichloroethene 75-35-4 0.33 100 100 500 1000  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 1,1,1-Trichloroethane 71-55-6 0.68 100 100 500 1000  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 1,1,2,2-Tetrachloroethane 79-34-5 NA 35 NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 1,1,2-Trichloroethane 79-00-5 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 1,1,2-Trichlorotrifluoroethane (Freon 113) 76-13-1 NA 100 NA NA NA -- -- -- -- -- -- -- --

 1,1-Dichloroethane 75-34-3 0.27 19 26 240 480  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 1,2,3-Trichlorobenzene 87-61-6 NA NA NA NA NA -- -- -- -- -- -- -- --

 1,2,4-Trichlorobenzene 120-82-1 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 1,2-Dibromo-3-chloropropane (DBCP) 96-12-8 NA NA NA NA NA -- -- -- -- -- -- -- --

 1,2-Dibromoethane 106-93-4 NA NA NA NA NA -- -- -- -- -- -- -- --

 1,2-Dichlorobenzene (o-Dichlorobenzene) 95-50-1 1.1 100 100 500 1000  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 1,2-Dichloroethane 107-06-2 0.02 2.3 3.1 30 60  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 1,2-Dichloropropane 78-87-5 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 1,3-Dichlorobenzene 541-73-1 2.4 17 49 280 560  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 1,4-Dichlorobenzene 106-46-7 1.8 9.8 13 130 250  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 2-Butanone (Methyl ethyl ketone) 78-93-3 0.12 100 100 500 1000  < 0.004  < 0.004  < 0.004  < 0.005  < 1.1  < 0.62  < 0.025  < 0.025 

 2-Hexanone 591-78-6 NA NA NA NA NA  < 0.003  < 0.003  < 0.003  < 0.004  < 0.84  < 0.47  < 0.019  < 0.018 

 4-Methyl-2-pentanone 108-10-1 NA NA NA NA NA  < 0.003  < 0.003  < 0.003  < 0.004  < 0.84  < 0.47  < 0.019  < 0.018 

 Acetone 67-64-1 0.05 100 100 500 1000  < 0.008 0.088  < 0.008  < 0.009  < 2 5.7  0.11 J  0.12 J

 Benzene 71-43-2 0.06 2.9 4.8 44 89  < 0.0005  < 0.0006  < 0.0005  < 0.0006  0.43 J 0.98  0.01 J  < 0.003 

 Bromochloromethane 74-97-5 NA NA NA NA NA -- -- -- -- -- -- -- --

 Bromodichloromethane 75-27-4 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Bromoform 75-25-2 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Bromomethane (Methyl bromide) 74-83-9 NA NA NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.56  < 0.31  < 0.013  < 0.012 

 Carbon disulfide 75-15-0 NA 100 NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Carbon Tetrachloride 56-23-5 0.76 1.4 2.4 22 44  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Chlorobenzene 108-90-7 1.1 100 100 500 1000  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Chloroethane 75-00-3 NA NA NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.56  < 0.31  < 0.013  < 0.012 

 Chloroform 67-66-3 0.37 10 49 350 700  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Chloromethane (Methyl chloride) 74-87-3 NA NA NA NA NA  < 0.002  < 0.002  < 0.002  < 0.002  < 0.56  < 0.31  < 0.013  < 0.012 

 cis-1,2-Dichloroethene 156-59-2 0.25 59 100 500 1000  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 cis-1,3-Dichloropropene 10061-01-5 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Cyclohexane 110-82-7 NA NA NA NA NA -- -- -- -- -- -- -- --

 Dibromochloromethane 124-48-1 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Dichlorodifluoromethane (Freon 12) 75-71-8 NA NA NA NA NA -- -- -- -- -- -- -- --

 Diisopropyl ether 108-20-3 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Ethyl-t-butylether 637-92-3 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Ethylbenzene 100-41-4 1 30 41 390 780  < 0.001  < 0.001  < 0.001  < 0.001 5.5 63 0.48  0.026 J

 Isopropylbenzene 98-82-8 NA 100 NA NA NA -- -- -- -- -- -- -- --

 m,p-Xylenes XYLENES-MP NA NA NA NA NA -- -- -- -- -- -- -- --

 Methyl acetate 79-20-9 NA NA NA NA NA -- -- -- -- -- -- -- --

 Methyl-t-butyl ether 1634-04-4 0.93 62 100 500 1000  < 0.0005  < 0.0006  < 0.0005  0.002 J  < 0.14  < 0.078  < 0.003  < 0.003 

 Methylcyclohexane 108-87-2 NA NA NA NA NA -- -- -- -- -- -- -- --

 Methylene chloride (Dichloromethane) 75-09-2 0.05 51 100 500 1000  0.005 J  0.005 J 0.01  < 0.002  < 0.56  < 0.31  < 0.013  0.013 J

 o-Xylene 95-47-6 NA NA NA NA NA -- -- -- -- -- -- -- --

 Styrene 100-42-5 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 tert-Amyl methyl ether 994-05-8 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Tertiary Butyl Alcohol 75-65-0 NA NA NA NA NA  < 0.022  < 0.022  < 0.021  < 0.025  < 5.6  < 3.1  < 0.13  < 0.12 

 Tetrachloroethene 127-18-4 1.3 5.5 19 150 300  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Toluene 108-88-3 0.7 100 100 500 1000  < 0.001  < 0.001  < 0.001  < 0.001  0.36 J 1.7  0.014 J  0.007 J

 trans-1,2-Dichloroethene 156-60-5 0.19 100 100 500 1000  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 trans-1,3-Dichloropropene 10061-02-6 NA NA NA NA NA  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Trichloroethene (Trichloroethylene) 79-01-6 0.47 10 21 200 400  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Trichlorofluoromethane (Freon 11) 75-69-4 NA NA NA NA NA -- -- -- -- -- -- -- --

 Vinyl chloride (Chloroethene) 75-01-4 0.02 0.21 0.9 13 27  < 0.001  < 0.001  < 0.001  < 0.001  < 0.28  < 0.16  < 0.006  < 0.006 

 Xylene (total) 1330-20-7 0.26 100 100 500 1000  < 0.001  < 0.001  < 0.001  < 0.001 38 230 1.6 0.035

Semivolatile Organic Compounds

 1,2,4,5-Tetrachlorobenzene 95-94-3 NA NA NA NA NA -- -- -- -- -- -- -- --

 1,4-Dioxane 123-91-1 0.1 9.8 13 130 250 -- -- -- -- -- -- -- --

 2,3,4,6-Tetrachlorophenol 58-90-2 NA NA NA NA NA -- -- -- -- -- -- -- --

 2,4,5-Trichlorophenol 95-95-4 NA 100 NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 2,4,6-Trichlorophenol 88-06-2 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 2,4-Dichlorophenol 120-83-2 NA 100 NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 2,4-Dimethylphenol 105-67-9 NA NA NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives
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A-3

OU-1C Soil Data - Land Use (Subsurface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID SWMW-127 SWMW-128 SWMW-129 SWMW-20 SWMW-20 SWMW-21 SWMW-21 SWMW-38

Sample Delivery Group (SDG) 1136872 1136872 1136872 1017651 1017651 1017651 1017651 1017651

Lab Sample ID 5626665 5626666 5626667 4936316 4936315 4936310 4936311 4936306

Sample Date 3/16/2009 3/17/2009 3/17/2009 12/7/2006 12/7/2006 12/6/2006 12/6/2006 12/6/2006

Field Sample ID SWMW-127(8-10)(3-16-09) SWMW-128(8-10)(3-17-09) SWMW-129(2-4)(3-17-09) SWMW-20(10-12) SWMW-20(4-6) SWMW-21(2-4) SWMW-21(8-10) TFSB-3/SWMW-38(6-10)

Sample Depth (ft) 8-10 8-10 2-4 10-12 4-6 2-4 8-10 6-10

Sample Purpose REG REG REG REG REG REG REG REG

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives

 2,4-Dinitrophenol 51-28-5 NA 100 NA NA NA  < 0.73  < 0.77  < 7.6  < 0.83  < 7.5  < 0.84  < 0.84  < 0.81 

 2,4-Dinitrotoluene 121-14-2 NA NA NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 2,6-Dinitrotoluene 606-20-2 NA 1.03 NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 2-Chloronaphthalene 91-58-7 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 2-Chlorophenol (o-Chlorophenol) 95-57-8 NA 100 NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 2-Methyl-Naphthalene 91-57-6 NA 0.41 NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042 4.6 26 1.2  < 0.041 

 2-Methylphenol (o-Cresol) 95-48-7 0.33 100 100 500 1000  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 2-Nitroaniline (o-Nitroaniline) 88-74-4 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 2-Nitrophenol (o-Nitrophenol) 88-75-5 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 3,3'-Dichlorobenzidine 91-94-1 NA NA NA NA NA  < 0.11  < 0.12  < 1.1  < 0.13  < 1.1  < 0.13  < 0.13  < 0.12 

 3-Nitroaniline 99-09-2 NA NA NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 NA NA NA NA NA  < 0.18  < 0.19  < 1.9  < 0.21  < 1.9  < 0.21  < 0.21  < 0.2 

 4-Bromophenylphenylether 101-55-3 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 4-Chloroaniline 106-47-8 NA 100 NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 4-Chlorophenyl  phenyl ether 7005-72-3 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 4-Methylphenol (p-Cresol) 106-44-5 0.33 34 100 500 1000  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 4-Nitroaniline 100-01-6 NA NA NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 4-Nitrophenol 100-02-7 NA NA NA NA NA  < 0.18  < 0.19  < 1.9  < 0.21  < 1.9  < 0.21  < 0.21  < 0.2 

 Acenaphthene 83-32-9 20 100 100 500 1000  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37 0.44  < 0.042  < 0.041 

 Acenaphthylene 208-96-8 100 100 100 500 1000  0.052 J 0.25  < 0.38  < 0.042  < 0.37 0.26  < 0.042  0.11 J

 Acetophenone 98-86-2 NA NA NA NA NA -- -- -- -- -- -- -- --

 Anthracene 120-12-7 100 100 100 500 1000  < 0.036  0.19 J  < 0.38  < 0.042  0.49 J 0.25  < 0.042  0.066 J

 Atrazine 1912-24-9 NA NA NA NA NA -- -- -- -- -- -- -- --

 Benzaldehyde 100-52-7 NA NA NA NA NA -- -- -- -- -- -- -- --

 Benzo(a)anthracene 56-55-3 1 1 1 5.6 11  0.16 J 0.92  < 0.38  < 0.042  < 0.37  0.053 J  < 0.042  < 0.041 

 Benzo(a)pyrene 50-32-8 1 1 1 1 1.1  0.15 J 0.68  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 Benzo(b)fluoranthene 205-99-2 1 1 1 5.6 11 0.29 1.2  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 Benzo(g,h,i)perylene 191-24-2 100 100 100 500 1000  0.095 J 0.4  0.98 J  < 0.042  0.71 J  < 0.042  < 0.042  < 0.041 

 Benzo(k)fluoranthene 207-08-9 0.8 1 3.9 56 110  0.098 J 0.51  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 bis(2-Chloroethoxy)methane 111-91-1 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 bis(2-Chloroethyl) ether 111-44-4 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 bis(2-chloroisopropyl) ether 108-60-1 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 bis(2-Ethylhexyl)phthalate 117-81-7 NA 50 NA NA NA  0.32 J 1.4  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  0.089 J

 Butylbenzylphthalate 85-68-7 NA 100 NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 Caprolactam 105-60-2 NA NA NA NA NA -- -- -- -- -- -- -- --

 Carbazole 86-74-8 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 Chrysene 218-01-9 1 1 3.9 56 110 0.22 0.83  0.52 J  < 0.042  0.6 J  0.088 J  < 0.042  < 0.041 

 Di-n-butylphthalate 84-74-2 NA 100 NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 Di-n-octylphthalate 117-84-0 NA 100 NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 Dibenz(a,h)anthracene 53-70-3 0.33 0.33 0.33 0.56 1.1  < 0.036  0.11 J  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 Dibenzofuran 132-64-9 7 14 59 350 1000  < 0.036  < 0.039  < 0.38  < 0.042  0.38 J 0.79  0.048 J  0.16 J

 Diethylphthalate 84-66-2 NA 100 NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 Dimethyl phthalate 131-11-3 NA 100 NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 Diphenyl (Biphenyl, Phenyl benzene) 92-52-4 NA NA NA NA NA -- -- -- -- -- -- -- --

 Fluoranthene 206-44-0 100 100 100 500 1000 0.31 1.5  < 0.38  < 0.042  0.44 J  0.088 J  < 0.042  0.078 J

 Fluorene 86-73-7 30 100 100 500 1000  < 0.036  < 0.039  < 0.38  < 0.042  0.77 J 1  0.053 J 0.38

 Hexachlorobenzene 118-74-1 0.33 0.33 1.2 6 12  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 Hexachlorobutadiene 87-68-3 NA NA NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 Hexachlorocyclopentadiene 77-47-4 NA NA NA NA NA  < 0.18  < 0.19  < 1.9  < 0.21  < 1.9  < 0.21  < 0.21  < 0.2 

 Hexachloroethane 67-72-1 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 Indeno(1,2,3-cd)Pyrene 193-39-5 0.5 0.5 0.5 5.6 11  0.079 J 0.4  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 Isophorone 78-59-1 NA 100 NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 N-Nitrosodi-n-propylamine 621-64-7 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 N-Nitrosodiphenylamine (Diphenylamine) 86-30-6 NA NA NA NA NA  < 0.036  < 0.039  < 0.38  < 0.042 3.3 2.5  0.12 J 1

 Naphthalene 91-20-3 12 100 100 500 1000  < 0.036  < 0.039  < 0.38  < 0.042  1.8 J 13 0.56  < 0.041 

 Nitrobenzene 98-95-3 NA 3.7 15 69 140  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 p-Chloro-m-cresol 59-50-7 NA NA NA NA NA  < 0.073  < 0.077  < 0.76  < 0.083  < 0.75  < 0.084  < 0.084  < 0.081 

 Pentachlorophenol 87-86-5 0.8 2.4 6.7 6.7 55  < 0.18  < 0.19  < 1.9  < 0.21  < 1.9  < 0.21  < 0.21  < 0.2 

 Phenanthrene 85-01-8 100 100 100 500 1000  0.062 J 0.33  < 0.38  < 0.042  1.7 J 2.5  0.13 J 0.6

 Phenol 108-95-2 0.33 100 100 500 1000  < 0.036  < 0.039  < 0.38  < 0.042  < 0.37  < 0.042  < 0.042  < 0.041 

 Pyrene 129-00-0 100 100 100 500 1000 0.31 1.5  0.66 J  < 0.042 3.5  0.21 J  < 0.042  0.071 J

Polychlorinated Biphenyls

 Aroclor 1016 12674-11-2 NA NA NA NA NA -- -- -- -- -- -- -- --

 Aroclor 1221 11104-28-2 NA NA NA NA NA -- -- -- -- -- -- -- --
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A-3

OU-1C Soil Data - Land Use (Subsurface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID SWMW-127 SWMW-128 SWMW-129 SWMW-20 SWMW-20 SWMW-21 SWMW-21 SWMW-38

Sample Delivery Group (SDG) 1136872 1136872 1136872 1017651 1017651 1017651 1017651 1017651

Lab Sample ID 5626665 5626666 5626667 4936316 4936315 4936310 4936311 4936306

Sample Date 3/16/2009 3/17/2009 3/17/2009 12/7/2006 12/7/2006 12/6/2006 12/6/2006 12/6/2006

Field Sample ID SWMW-127(8-10)(3-16-09) SWMW-128(8-10)(3-17-09) SWMW-129(2-4)(3-17-09) SWMW-20(10-12) SWMW-20(4-6) SWMW-21(2-4) SWMW-21(8-10) TFSB-3/SWMW-38(6-10)

Sample Depth (ft) 8-10 8-10 2-4 10-12 4-6 2-4 8-10 6-10

Sample Purpose REG REG REG REG REG REG REG REG

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives

 Aroclor 1232 11141-16-5 NA NA NA NA NA -- -- -- -- -- -- -- --

 Aroclor 1242 53469-21-9 NA NA NA NA NA -- -- -- -- -- -- -- --

 Aroclor 1248 12672-29-6 NA NA NA NA NA -- -- -- -- -- -- -- --

 Aroclor 1254 11097-69-1 NA NA NA NA NA -- -- -- -- -- -- -- --

 Aroclor 1260 11096-82-5 NA NA NA NA NA -- -- -- -- -- -- -- --

 Aroclor 1262 37324-23-5 NA NA NA NA NA -- -- -- -- -- -- -- --

 Aroclor 1268 11100-14-4 NA NA NA NA NA -- -- -- -- -- -- -- --

Pesticides

 4,4-DDD 72-54-8 0.0033 2.6 13 92 180 -- -- -- -- -- -- -- --

 4,4-DDE 72-55-9 0.0033 1.8 8.9 62 120 -- -- -- -- -- -- -- --

 4,4-DDT 50-29-3 0.0033 1.7 7.9 47 94 -- -- -- -- -- -- -- --

 Aldrin 309-00-2 0.005 0.019 0.097 0.68 1.4 -- -- -- -- -- -- -- --

 alpha BHC 319-84-6 0.02 0.097 0.48 3.4 6.8 -- -- -- -- -- -- -- --

 alpha Chlordane 5103-71-9 0.094 0.91 4.2 24 47 -- -- -- -- -- -- -- --

 beta BHC 319-85-7 0.036 0.072 0.36 3 14 -- -- -- -- -- -- -- --

 delta BHC 319-86-8 0.04 100 100 500 1000 -- -- -- -- -- -- -- --

 DIELDRIN 60-57-1 0.005 0.039 0.2 1.4 2.8 -- -- -- -- -- -- -- --

 Endosulfan I 959-98-8 2.4 4.8 24 200 920 -- -- -- -- -- -- -- --

 Endosulfan II 33213-65-9 2.4 4.8 24 200 920 -- -- -- -- -- -- -- --

 ENDOSULFAN SULFATE 1031-07-8 2.4 4.8 24 200 920 -- -- -- -- -- -- -- --

 ENDRIN 72-20-8 0.014 2.2 11 89 410 -- -- -- -- -- -- -- --

 ENDRIN ALDEHYDE 7421-93-4 NA NA NA NA NA -- -- -- -- -- -- -- --

 ENDRIN KETONE 53494-70-5 NA NA NA NA NA -- -- -- -- -- -- -- --

 gamma BHC (Lindane) 58-89-9 0.1 0.28 1.3 9.2 23 -- -- -- -- -- -- -- --

 gamma Chlordane 5103-74-2 NA 0.54 NA NA NA -- -- -- -- -- -- -- --

 HEPTACHLOR 76-44-8 0.042 0.42 2.1 15 29 -- -- -- -- -- -- -- --

 HEPTACHLOR EPOXIDE 1024-57-3 NA 0.077 NA NA NA -- -- -- -- -- -- -- --

 METHOXYCHLOR 72-43-5 NA 100 NA NA NA -- -- -- -- -- -- -- --

 TOXAPHENE 8001-35-2 NA NA NA NA NA -- -- -- -- -- -- -- --

Metals

 Aluminum 7429-90-5 NA NA NA NA NA  15,100  16,800  18,300  15,800  17,400  20,300  16,400  15,000 

 Antimony 7440-36-0 NA NA NA NA NA  < 1.08  < 1.15  < 1.10  < 1.12  < 0.973  < 1.10  < 1.13  < 1.07 

 Arsenic 7440-38-2 13 16 16 16 16 12.1 8.13 7.08 7.76 48.8 10.4 9.51 10.2

 Barium 7440-39-3 350 350 400 400 10000 48.3 52.6 68.6 59.4 71.6 69.3 62.3 61.4

 Beryllium 7440-41-7 7.2 14 72 590 2700  0.432 J  0.528 J 0.67  0.564 J 2.53 0.672  0.527 J  0.552 J

 Cadmium 7440-43-9 2.5 2.5 4.3 9.3 60  < 0.151  < 0.161  < 0.154  < 0.0804  < 0.0701  < 0.0794  < 0.0816  < 0.0770 

 Calcium 7440-70-2 NA NA NA NA NA 912 958  3,690  2,200  2,570 738  2,860  3,170 

 Chromium 7440-47-3 30 36 180 1500 6800 14.7 15 18.1 16.4 47.4 18.6 17.2 16.4

 Cobalt 7440-48-4 NA 30 NA NA NA 9.47 12.6 9.37 12.3 11.6 11.7 12.1 11.2

 Copper 7440-50-8 50 270 270 270 10000 28.5 32.4 17.1 29.1 61.6 23.1 25.4 28.4

 Iron 7439-89-6 NA 2000 NA NA NA  31,400  34,300  28,000  29,700  30,800  29,700  31,000  27,500 

 Lead 7439-92-1 63 400 400 1000 3900 25.8 20.4 19.3 13.6 87.4 20.4 13.2 22

 Magnesium 7439-95-4 NA NA NA NA NA  7,060  7,110  4,840  6,270  5,920  5,510  7,090  7,450 

 Manganese 7439-96-5 1600 2000 2000 10000 10000 898  2,040 536 853 743 526 686 794

 Nickel 7440-02-0 30 140 310 310 10000 24 27.5 20.8 24.3 33.1 22.2 24.5 24.3

 Potassium 7440-09-7 NA NA NA NA NA  1,300  1,400  1,180  2,080  1,090  1,520  1,770  2,130 

 Selenium 7782-49-2 3.9 36 180 1500 6800  1.41 J  < 1.13  < 1.08  < 1.21  < 1.06  < 1.20  < 1.23  < 1.16 

 Silver 7440-22-4 2 36 180 1500 6800  < 0.184  0.196 J  0.239 J  < 0.210  < 0.183  < 0.208  < 0.213  < 0.201 

 Sodium 7440-23-5 NA NA NA NA NA  60.1 J  59.0 J  72.8 J 238  89.1 J  < 42.5  59.6 J 160

 Thallium 7440-28-0 NA NA NA NA NA  < 1.37  < 7.29  < 1.40  < 1.65  < 1.43  < 1.62  < 1.67  < 1.57 

 Vanadium 7440-62-2 NA 100 NA NA NA 17 19.2 22.8 16.9 18.8 23.8 16.7 16.7

 Zinc 7440-66-6 109 2200 10000 10000 10000 70.3 70.7 66.4 66.3 318 68.9 65.9 67.6

 Mercury 7439-97-6 0.18 0.81 0.81 2.8 5.7  0.0163 J  0.0278 J  0.0374 J  0.0229 J  0.0557 J  0.0314 J  < 0.0128  0.0227 J

J : Result detected between the reporting limit and the method detection limit.

--: Not analyzed for

NA: Standard not Applicable

Grey: Exceeds Commercial SCO

Yellow: Exceeds Industrial SCO

Report Units are in mg/kg.

< : Not detected at the laboratory method detection limit.

Italics: Exceeds Unrestricted SCO

Bold: Exceeds Residential SCO

Underline: Exceeds Residential Restricted SCO
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A-3

OU-1C Soil Data - Land Use (Subsurface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

Volatile Organic Compounds

 1,1 Dichloroethene 75-35-4 0.33 100 100 500 1000

 1,1,1-Trichloroethane 71-55-6 0.68 100 100 500 1000

 1,1,2,2-Tetrachloroethane 79-34-5 NA 35 NA NA NA

 1,1,2-Trichloroethane 79-00-5 NA NA NA NA NA

 1,1,2-Trichlorotrifluoroethane (Freon 113) 76-13-1 NA 100 NA NA NA

 1,1-Dichloroethane 75-34-3 0.27 19 26 240 480

 1,2,3-Trichlorobenzene 87-61-6 NA NA NA NA NA

 1,2,4-Trichlorobenzene 120-82-1 NA NA NA NA NA

 1,2-Dibromo-3-chloropropane (DBCP) 96-12-8 NA NA NA NA NA

 1,2-Dibromoethane 106-93-4 NA NA NA NA NA

 1,2-Dichlorobenzene (o-Dichlorobenzene) 95-50-1 1.1 100 100 500 1000

 1,2-Dichloroethane 107-06-2 0.02 2.3 3.1 30 60

 1,2-Dichloropropane 78-87-5 NA NA NA NA NA

 1,3-Dichlorobenzene 541-73-1 2.4 17 49 280 560

 1,4-Dichlorobenzene 106-46-7 1.8 9.8 13 130 250

 2-Butanone (Methyl ethyl ketone) 78-93-3 0.12 100 100 500 1000

 2-Hexanone 591-78-6 NA NA NA NA NA

 4-Methyl-2-pentanone 108-10-1 NA NA NA NA NA

 Acetone 67-64-1 0.05 100 100 500 1000

 Benzene 71-43-2 0.06 2.9 4.8 44 89

 Bromochloromethane 74-97-5 NA NA NA NA NA

 Bromodichloromethane 75-27-4 NA NA NA NA NA

 Bromoform 75-25-2 NA NA NA NA NA

 Bromomethane (Methyl bromide) 74-83-9 NA NA NA NA NA

 Carbon disulfide 75-15-0 NA 100 NA NA NA

 Carbon Tetrachloride 56-23-5 0.76 1.4 2.4 22 44

 Chlorobenzene 108-90-7 1.1 100 100 500 1000

 Chloroethane 75-00-3 NA NA NA NA NA

 Chloroform 67-66-3 0.37 10 49 350 700

 Chloromethane (Methyl chloride) 74-87-3 NA NA NA NA NA

 cis-1,2-Dichloroethene 156-59-2 0.25 59 100 500 1000

 cis-1,3-Dichloropropene 10061-01-5 NA NA NA NA NA

 Cyclohexane 110-82-7 NA NA NA NA NA

 Dibromochloromethane 124-48-1 NA NA NA NA NA

 Dichlorodifluoromethane (Freon 12) 75-71-8 NA NA NA NA NA

 Diisopropyl ether 108-20-3 NA NA NA NA NA

 Ethyl-t-butylether 637-92-3 NA NA NA NA NA

 Ethylbenzene 100-41-4 1 30 41 390 780

 Isopropylbenzene 98-82-8 NA 100 NA NA NA

 m,p-Xylenes XYLENES-MP NA NA NA NA NA

 Methyl acetate 79-20-9 NA NA NA NA NA

 Methyl-t-butyl ether 1634-04-4 0.93 62 100 500 1000

 Methylcyclohexane 108-87-2 NA NA NA NA NA

 Methylene chloride (Dichloromethane) 75-09-2 0.05 51 100 500 1000

 o-Xylene 95-47-6 NA NA NA NA NA

 Styrene 100-42-5 NA NA NA NA NA

 tert-Amyl methyl ether 994-05-8 NA NA NA NA NA

 Tertiary Butyl Alcohol 75-65-0 NA NA NA NA NA

 Tetrachloroethene 127-18-4 1.3 5.5 19 150 300

 Toluene 108-88-3 0.7 100 100 500 1000

 trans-1,2-Dichloroethene 156-60-5 0.19 100 100 500 1000

 trans-1,3-Dichloropropene 10061-02-6 NA NA NA NA NA

 Trichloroethene (Trichloroethylene) 79-01-6 0.47 10 21 200 400

 Trichlorofluoromethane (Freon 11) 75-69-4 NA NA NA NA NA

 Vinyl chloride (Chloroethene) 75-01-4 0.02 0.21 0.9 13 27

 Xylene (total) 1330-20-7 0.26 100 100 500 1000

Semivolatile Organic Compounds

 1,2,4,5-Tetrachlorobenzene 95-94-3 NA NA NA NA NA

 1,4-Dioxane 123-91-1 0.1 9.8 13 130 250

 2,3,4,6-Tetrachlorophenol 58-90-2 NA NA NA NA NA

 2,4,5-Trichlorophenol 95-95-4 NA 100 NA NA NA

 2,4,6-Trichlorophenol 88-06-2 NA NA NA NA NA

 2,4-Dichlorophenol 120-83-2 NA 100 NA NA NA

 2,4-Dimethylphenol 105-67-9 NA NA NA NA NA

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives

SWMW-60 SWMW-60 SWMW-61 SWMW-72 SWMW-72 SWSL-69

1017651 1017651 1017651 1017651 1017651 1012602

4936309 4936308 4936307 4936314 4936313 4906245

12/6/2006 12/6/2006 12/6/2006 12/7/2006 12/7/2006 10/31/2006

SWMW-60(10-12) SWMW-60(4-6) SWMW-61(6-10) SWMW-72(10-12) SWMW-72(2-4) SWSL-69(2-5)

10-12 4-6 6-10 10-12 2-4 2-5

REG REG REG REG REG REG

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

-- -- -- -- -- --

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

-- -- -- -- -- --

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

-- -- -- -- -- --

-- -- -- -- -- --

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.58  < 0.57  < 0.024  < 0.005  0.005 J  < 0.004 

 < 0.44  < 0.43  < 0.018  < 0.004  < 0.003  < 0.003 

 < 0.44  < 0.43  < 0.018  < 0.004  < 0.003  < 0.003 

 < 1  < 1 0.26  < 0.009 0.038  < 0.008 

 < 0.073  < 0.072  < 0.003  < 0.0007  < 0.0006  0.002 J

-- -- -- -- -- --

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.29  < 0.29  < 0.012  < 0.003  < 0.002  < 0.002 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.29  < 0.29  < 0.012  < 0.003  < 0.002  < 0.002 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.29  < 0.29  < 0.012  < 0.003  < 0.002  < 0.002 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

-- -- -- -- -- --

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

-- -- -- -- -- --

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 0.34 J 2 0.084  < 0.001  < 0.001  < 0.001 

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

 < 0.073  < 0.072  < 0.003  < 0.0007  < 0.0006  < 0.0006 

-- -- -- -- -- --

 < 0.29  < 0.29  0.014 J  0.007 J  0.003 J  < 0.007 

-- -- -- -- -- --

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 2.9  < 2.9  < 0.12  < 0.026  < 0.023  < 0.022 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  0.008 J  < 0.001  < 0.001 0.008

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

-- -- -- -- -- --

 < 0.15  < 0.14  < 0.006  < 0.001  < 0.001  < 0.001 

 0.62 J  0.67 J 0.21  < 0.001  < 0.001  0.002 J

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 
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A-3

OU-1C Soil Data - Land Use (Subsurface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives

 2,4-Dinitrophenol 51-28-5 NA 100 NA NA NA

 2,4-Dinitrotoluene 121-14-2 NA NA NA NA NA

 2,6-Dinitrotoluene 606-20-2 NA 1.03 NA NA NA

 2-Chloronaphthalene 91-58-7 NA NA NA NA NA

 2-Chlorophenol (o-Chlorophenol) 95-57-8 NA 100 NA NA NA

 2-Methyl-Naphthalene 91-57-6 NA 0.41 NA NA NA

 2-Methylphenol (o-Cresol) 95-48-7 0.33 100 100 500 1000

 2-Nitroaniline (o-Nitroaniline) 88-74-4 NA NA NA NA NA

 2-Nitrophenol (o-Nitrophenol) 88-75-5 NA NA NA NA NA

 3,3'-Dichlorobenzidine 91-94-1 NA NA NA NA NA

 3-Nitroaniline 99-09-2 NA NA NA NA NA

 4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 NA NA NA NA NA

 4-Bromophenylphenylether 101-55-3 NA NA NA NA NA

 4-Chloroaniline 106-47-8 NA 100 NA NA NA

 4-Chlorophenyl  phenyl ether 7005-72-3 NA NA NA NA NA

 4-Methylphenol (p-Cresol) 106-44-5 0.33 34 100 500 1000

 4-Nitroaniline 100-01-6 NA NA NA NA NA

 4-Nitrophenol 100-02-7 NA NA NA NA NA

 Acenaphthene 83-32-9 20 100 100 500 1000

 Acenaphthylene 208-96-8 100 100 100 500 1000

 Acetophenone 98-86-2 NA NA NA NA NA

 Anthracene 120-12-7 100 100 100 500 1000

 Atrazine 1912-24-9 NA NA NA NA NA

 Benzaldehyde 100-52-7 NA NA NA NA NA

 Benzo(a)anthracene 56-55-3 1 1 1 5.6 11

 Benzo(a)pyrene 50-32-8 1 1 1 1 1.1

 Benzo(b)fluoranthene 205-99-2 1 1 1 5.6 11

 Benzo(g,h,i)perylene 191-24-2 100 100 100 500 1000

 Benzo(k)fluoranthene 207-08-9 0.8 1 3.9 56 110

 bis(2-Chloroethoxy)methane 111-91-1 NA NA NA NA NA

 bis(2-Chloroethyl) ether 111-44-4 NA NA NA NA NA

 bis(2-chloroisopropyl) ether 108-60-1 NA NA NA NA NA

 bis(2-Ethylhexyl)phthalate 117-81-7 NA 50 NA NA NA

 Butylbenzylphthalate 85-68-7 NA 100 NA NA NA

 Caprolactam 105-60-2 NA NA NA NA NA

 Carbazole 86-74-8 NA NA NA NA NA

 Chrysene 218-01-9 1 1 3.9 56 110

 Di-n-butylphthalate 84-74-2 NA 100 NA NA NA

 Di-n-octylphthalate 117-84-0 NA 100 NA NA NA

 Dibenz(a,h)anthracene 53-70-3 0.33 0.33 0.33 0.56 1.1

 Dibenzofuran 132-64-9 7 14 59 350 1000

 Diethylphthalate 84-66-2 NA 100 NA NA NA

 Dimethyl phthalate 131-11-3 NA 100 NA NA NA

 Diphenyl (Biphenyl, Phenyl benzene) 92-52-4 NA NA NA NA NA

 Fluoranthene 206-44-0 100 100 100 500 1000

 Fluorene 86-73-7 30 100 100 500 1000

 Hexachlorobenzene 118-74-1 0.33 0.33 1.2 6 12

 Hexachlorobutadiene 87-68-3 NA NA NA NA NA

 Hexachlorocyclopentadiene 77-47-4 NA NA NA NA NA

 Hexachloroethane 67-72-1 NA NA NA NA NA

 Indeno(1,2,3-cd)Pyrene 193-39-5 0.5 0.5 0.5 5.6 11

 Isophorone 78-59-1 NA 100 NA NA NA

 N-Nitrosodi-n-propylamine 621-64-7 NA NA NA NA NA

 N-Nitrosodiphenylamine (Diphenylamine) 86-30-6 NA NA NA NA NA

 Naphthalene 91-20-3 12 100 100 500 1000

 Nitrobenzene 98-95-3 NA 3.7 15 69 140

 p-Chloro-m-cresol 59-50-7 NA NA NA NA NA

 Pentachlorophenol 87-86-5 0.8 2.4 6.7 6.7 55

 Phenanthrene 85-01-8 100 100 100 500 1000

 Phenol 108-95-2 0.33 100 100 500 1000

 Pyrene 129-00-0 100 100 100 500 1000

Polychlorinated Biphenyls

 Aroclor 1016 12674-11-2 NA NA NA NA NA

 Aroclor 1221 11104-28-2 NA NA NA NA NA

SWMW-60 SWMW-60 SWMW-61 SWMW-72 SWMW-72 SWSL-69

1017651 1017651 1017651 1017651 1017651 1012602

4936309 4936308 4936307 4936314 4936313 4906245

12/6/2006 12/6/2006 12/6/2006 12/7/2006 12/7/2006 10/31/2006

SWMW-60(10-12) SWMW-60(4-6) SWMW-61(6-10) SWMW-72(10-12) SWMW-72(2-4) SWSL-69(2-5)

10-12 4-6 6-10 10-12 2-4 2-5

REG REG REG REG REG REG

 < 0.77  < 0.77  < 0.79  < 0.88  < 0.76  < 0.75 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 0.077 J 2.9 0.39  < 0.044  < 0.038  0.095 J

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.12  < 0.12  < 0.12  < 0.13  < 0.11  < 0.11 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.19  < 0.19  < 0.2  < 0.22  < 0.19  < 0.19 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.19  < 0.19  < 0.2  < 0.22  < 0.19  < 0.19 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  0.097 J

 < 0.038  0.089 J  0.11 J  < 0.044  < 0.038  0.1 J

-- -- -- -- -- --

 < 0.038  0.061 J  0.058 J  < 0.044  < 0.038 0.26

-- -- -- -- -- --

-- -- -- -- -- --

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038 0.69

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038 0.59

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038 0.82

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038 0.33

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038 0.43

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.077  0.3 J  0.2 J  < 0.088  < 0.076  < 0.075 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

-- -- -- -- -- --

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  0.082 J

 < 0.038  < 0.038  0.053 J  < 0.044  < 0.038 0.76

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  0.11 J

 < 0.038  0.18 J 0.3  < 0.044  < 0.038  0.069 J

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

-- -- -- -- -- --

 < 0.038  0.042 J  0.051 J  < 0.044  < 0.038 1.2

 < 0.038 0.37 0.43  < 0.044  < 0.038  0.081 J

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.19  < 0.19  < 0.2  < 0.22  < 0.19  < 0.19 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038 0.33

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038 0.92 1.1  < 0.044  < 0.038  < 0.038 

 < 0.038 0.58  < 0.04  < 0.044  < 0.038  0.081 J

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.077  < 0.077  < 0.079  < 0.088  < 0.076  < 0.075 

 < 0.19  < 0.19  < 0.2  < 0.22  < 0.19  < 0.19 

 < 0.038 0.46 0.73  < 0.044  < 0.038 0.93

 < 0.038  < 0.038  < 0.04  < 0.044  < 0.038  < 0.038 

 < 0.038  0.11 J  0.11 J  < 0.044  < 0.038 1.4

-- -- -- -- -- --

-- -- -- -- -- --
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A-3

OU-1C Soil Data - Land Use (Subsurface)

Chevron Environmental Management Company

Former Texaco Reasearch Center

Beacon (Glenham), NY

Location ID

Sample Delivery Group (SDG)

Lab Sample ID

Sample Date

Field Sample ID

Sample Depth (ft)

Sample Purpose

Parameter Name

375-6.8(b) & 

CP-51 

Residential

375-6.8(b) & 

CP-51 

Residential-

Restricted

375-6.8(b) & 

CP-51 

Commercial

375-6.8(b) & 

CP-51 

Industrial

Parameter Code

Unrestricted Use 

Soil Cleanup 

Objectives

 Aroclor 1232 11141-16-5 NA NA NA NA NA

 Aroclor 1242 53469-21-9 NA NA NA NA NA

 Aroclor 1248 12672-29-6 NA NA NA NA NA

 Aroclor 1254 11097-69-1 NA NA NA NA NA

 Aroclor 1260 11096-82-5 NA NA NA NA NA

 Aroclor 1262 37324-23-5 NA NA NA NA NA

 Aroclor 1268 11100-14-4 NA NA NA NA NA

Pesticides

 4,4-DDD 72-54-8 0.0033 2.6 13 92 180

 4,4-DDE 72-55-9 0.0033 1.8 8.9 62 120

 4,4-DDT 50-29-3 0.0033 1.7 7.9 47 94

 Aldrin 309-00-2 0.005 0.019 0.097 0.68 1.4

 alpha BHC 319-84-6 0.02 0.097 0.48 3.4 6.8

 alpha Chlordane 5103-71-9 0.094 0.91 4.2 24 47

 beta BHC 319-85-7 0.036 0.072 0.36 3 14

 delta BHC 319-86-8 0.04 100 100 500 1000

 DIELDRIN 60-57-1 0.005 0.039 0.2 1.4 2.8

 Endosulfan I 959-98-8 2.4 4.8 24 200 920

 Endosulfan II 33213-65-9 2.4 4.8 24 200 920

 ENDOSULFAN SULFATE 1031-07-8 2.4 4.8 24 200 920

 ENDRIN 72-20-8 0.014 2.2 11 89 410

 ENDRIN ALDEHYDE 7421-93-4 NA NA NA NA NA

 ENDRIN KETONE 53494-70-5 NA NA NA NA NA

 gamma BHC (Lindane) 58-89-9 0.1 0.28 1.3 9.2 23

 gamma Chlordane 5103-74-2 NA 0.54 NA NA NA

 HEPTACHLOR 76-44-8 0.042 0.42 2.1 15 29

 HEPTACHLOR EPOXIDE 1024-57-3 NA 0.077 NA NA NA

 METHOXYCHLOR 72-43-5 NA 100 NA NA NA

 TOXAPHENE 8001-35-2 NA NA NA NA NA

Metals

 Aluminum 7429-90-5 NA NA NA NA NA

 Antimony 7440-36-0 NA NA NA NA NA

 Arsenic 7440-38-2 13 16 16 16 16

 Barium 7440-39-3 350 350 400 400 10000

 Beryllium 7440-41-7 7.2 14 72 590 2700

 Cadmium 7440-43-9 2.5 2.5 4.3 9.3 60

 Calcium 7440-70-2 NA NA NA NA NA

 Chromium 7440-47-3 30 36 180 1500 6800

 Cobalt 7440-48-4 NA 30 NA NA NA

 Copper 7440-50-8 50 270 270 270 10000

 Iron 7439-89-6 NA 2000 NA NA NA

 Lead 7439-92-1 63 400 400 1000 3900

 Magnesium 7439-95-4 NA NA NA NA NA

 Manganese 7439-96-5 1600 2000 2000 10000 10000

 Nickel 7440-02-0 30 140 310 310 10000

 Potassium 7440-09-7 NA NA NA NA NA

 Selenium 7782-49-2 3.9 36 180 1500 6800

 Silver 7440-22-4 2 36 180 1500 6800

 Sodium 7440-23-5 NA NA NA NA NA

 Thallium 7440-28-0 NA NA NA NA NA

 Vanadium 7440-62-2 NA 100 NA NA NA

 Zinc 7440-66-6 109 2200 10000 10000 10000

 Mercury 7439-97-6 0.18 0.81 0.81 2.8 5.7

J : Result detected between the reporting limit and the method detection limit.

--: Not analyzed for

NA: Standard not Applicable

Grey: Exceeds Commercial SCO

Yellow: Exceeds Industrial SCO

Report Units are in mg/kg.

< : Not detected at the laboratory method detection limit.

Italics: Exceeds Unrestricted SCO

Bold: Exceeds Residential SCO

Underline: Exceeds Residential Restricted SCO

SWMW-60 SWMW-60 SWMW-61 SWMW-72 SWMW-72 SWSL-69

1017651 1017651 1017651 1017651 1017651 1012602

4936309 4936308 4936307 4936314 4936313 4906245

12/6/2006 12/6/2006 12/6/2006 12/7/2006 12/7/2006 10/31/2006

SWMW-60(10-12) SWMW-60(4-6) SWMW-61(6-10) SWMW-72(10-12) SWMW-72(2-4) SWSL-69(2-5)

10-12 4-6 6-10 10-12 2-4 2-5

REG REG REG REG REG REG

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

-- -- -- -- -- --

 14,200  14,800  13,100  17,400  18,400  12,200 

 < 1.01  < 1.00  < 1.06  < 1.16  < 0.989  < 1.02 

5.25 12 18 6.52 5.53 16.2

46.1 44.1 37.5 59.4 46.6 71.9

0.634  0.470 J  0.542 J 0.688  0.544 J  0.552 J

 0.0761 J  < 0.0720  < 0.0765  < 0.0831  < 0.0712  < 0.0734 

 22,100  1,160  7,790  2,170 275  3,780 

16.3 14.3 15.2 18.6 16.4 20

9.88 10.5 9.97 13.4 13.2 9.99

23.2 26.6 26.3 33.8 27.7 104

 25,800  28,500  25,700  32,800  31,000  21,700 

11.8 20.3 18.1 13.1 13.9 81.9

 11,000  6,840  9,080  7,000  6,510  4,540 

562  1,330 558 730 802 487

20.9 24.1 21.3 27.7 24.8 19

 2,050  1,370  1,450  2,210  1,370  1,060 

 < 1.10  < 1.08  < 1.15  < 1.25  < 1.07  1.60 J

 < 0.190  < 0.188  < 0.200  < 0.217  < 0.186  < 0.192 

153  < 38.6  117 J 354 122 137

 < 1.49  < 1.47  < 1.57  < 1.70  < 1.46  < 1.50 

16.2 15.1 16.7 18.2 18.5 18

61.9 65.8 67.7 69.8 65.6 96.6

 < 0.0120  0.0197 J  0.0209 J  0.0192 J  0.0143 J 0.162
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Order on Consent  



NEW YORK STATE DEPARTMENT OF 
ENVIRONMENT L CONSERVATION 

In the Matter of the 
Development and ~mplementation 
of a Remedial Prooram for an 
Inactive Hazardou~ Waste Disposal 
Site under Article _17, Titles 9 and 13, and, 
Article 71 of the E vironmental Conservation Law 

By 

Chevron U.S.A. In . ("Respondent"). 

WHEREAS, 

ORDER ON CONSENT 

Index# 03-1112-08-12 

Site# 3 14004 

I. A. The New York State Department of Environmental Conservation ("Department") 
is responsible for idactive hazardous waste disposal site remedial programs pursuant to Article 
27, Title 13 of the Environmental Conservation Law ("ECL") and Part 375 of Title 6 of the 
Official Compilatio 1 of Codes, Rules and Regulations ("6 NYCRR") and may issue orders 
consistent with the uthority granted to the Commissioner by such statute. 

B. The epartment is also responsible fo r the Resource Conservation and Recovery 
/\ct Program (RCR a/k/a the " Industrial Hazardous Waste Management Program") pursuant to 
Art icle 27, Title 9 o ' the ECL and 6 NYCRR Parts 370 - 373. 

C. The epartment is responsible fo r carrying out the policy of the State of New 
York to conserve, i1 prove and protect its natural resources and environment and control water, 
land and air poll u(ion consistent with the authority granted to the Department and the 
Commissioner by Article I, T itle 3 of the ECL. 

D. This b rder is issued pursuant to the Department's authority under, inter alia, ECL 
Arti cle 27, Titles 9 )nd 13, ECL Article 71-2727 and ECL 3-030 I. 

2. Respondent Chevron U.S.A. Inc. is a business corporation authorized to do business in 
the State of New 'fork. Respondent presently owns and previous ly operated a research and 
testing facility on Old Glenham Road, Town of Fishkill , Dutchess County, New York, and is the 
permittee on the RCRA permit for this faci lity (hereinafter the ·'Site"). J\. map depicting the 
genera l boundaries of the Site and the tax parcels is at1ached hereto as Exhibit/\. 
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3. Respondent has performed corrective action activities at the Site including numerous 
investigations to d termine the nature and extent of chemicals present in the soil, vapor and 
groundwater; remo al and/or closure of potential sources; installation, operation, maintenance, 
and monitoring o groundwater extraction and remediation systems; routine groundwater 
monitoring and rep 111ing, al I as per Department approved work plans. 

4. The southe n portion of the Site is listed as a class 4 site with a site number of 356002 in 
the RegisflJ' of !nae ive Hazardous Waste Disposal Sites in New York State. 

5. Respondent is currently listed as permittee fo r a 6 NYCRR Part 373 permit that governs 
corrective action, closure, and post-closure activ ities on portions of the Site (RCRA Permit No. 
3-1330-00048/ 16-0) (the "RCRA Permit") and is also the holder of EPA identification numbers 
NYD09 I 894899 w~ich covers the entire approx imately 150 acre site and NYR00004853 with 
the fo llowing fac~· ity name: Texaco Research & Development, Wash ington Ave, Sereda 
Property, Glenham, NY 12527-9999, for the generation, transportation and disposal of hazardous 
waste and a third EPA Hazardous Waste Identification Number NY ROOOO 132 1 (the "EPA 
Hazardous Waste eneration Identification Number"). 

6. Respondent is currently the holder of a Major Oil Storage Faci lity License ("MOSF") 
number 3-2780 for port ion of the Site upon which petroleum bulk storage tanks were situated. 

7. In connecti n with Respondent's operation and use of the Site, there were petroleum 
spills, which were epo11ed to the Department and assigned Spil l Numbers wh ich are listed on 
the Department's S . ill Incident Database. 

8. The purpos of this Order includes the following: 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 
(h) 
(i) 

Ten ination of the RCRA permit and incorporation of al l requirements thereunder 
into his Order. 
Iden ify the area subject to the RCRA requirements, including corrective actions, 
closl re activ ities and post closure care. 
Eval ate the existing investigation and remediation activities completed to date on 
the ite to determine whether areas within the Site boundaries requ ire additional 
inve tigation and/or remediation. 
Iden ify appropriate Operable Units and the process to in the future remove 
Ope ble Units from the Order. 
Com lete the RCRA requirements for Corrective Action, Closure and Post 
Clos ire Care fo r the facil ity. 
~efore the appropriate boundaries of the class 4 listed Inactive Hazardous Waste 
Site. 
Clos~ the MOSF License. 
Inve tigate and remediate any and all petroleum spills associated with the Site. 
Ensu e that al I of Respondent's obligations pursuant to any State law, rule, 
regu ation, permit, program or otherwise regarding the environment or the past 
oper tion of the Site, including, but not limited to (i) those enumerated in this 
Orde ·; (ii) those presently existing, but not detailed herein; and (ii i) any future 
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obl i ations identified and wh ich the Department and Respondent agree should be 
inco porated herein, are governed by this Order. 

9. Respondent consents to the issuance of this Order without (i) an admission or finding of 
liability, fault, wro gdoing, or violation of any law, regu lation, permit, order, requirement, or 
standard of care of ny kind whatsoever; (ii) an acknowledgment that there has been a release or 
threatened release r disposal of hazardous waste, hazardous substances or petroleum at or from 
the Site; and/or (iii an acknowledgment that a release or threatened re lease of hazardous waste, 
hazardous substanc ' s or petroleum at or from the Site constitutes a significant threat to the public 
health or environm nt. 

I 0. Solely with regard to the matters set forth below, Respondent hereby wa ives any right to 
a hearing as may b provided by law, consent to the issuance and entry of th is Order, and agrees 
to be bound by its terms. Respondent consents to and agrees not to contest the authority or 
jurisdiction of the epartment to issue or enforce this Order in accordance with its terms, and 
agrees not to contes the val id ity of this Order or its terms. 

NOW, havir g considered this matter and being duly advised, IT IS ORDERED THAT: 

J. Effect of Or 

T he RCRA ermit is hereby superseded and term inated by this Order. Activities taken by 
Respondent t the Site wi ll be subject to the terms and provisions of this Order and wi ll 
be taken pu uant to one or more Department approved work plans to be developed under 
and in accor ance with the terms of this Order. However, any regulatory fees that would 
be due unde the RCRA Permit up to June l, 2013 will remain due and payable as if the 
RCRA Pern it continued to exist for this s ite. 

A. the Department' s approval of the investigation, remed iation, and post-
reme iation monitoring plan of the MOSF at the site, the MOSF license shall be 
term nated and the MOSF sha ll be deemed closed by the Department. 

B. Resp ndent and the Department shall cooperatively commence the process to 
term nate the EPA Hazardous Waste Identification Numbers NYROOOO 1321 and 
NY 00004853 issued to Respondent. 

C. Any and all petroleum spills associated with the Site wi ll be investigated and 
iated in accordance with this Order. 

D. T he lass 4 Inactive Hazardous Waste Site shal l be subject to the terms and 

E. refer sha ll not in any way regulate or affect the State Pollution Discharge 
Elim nation Permit ("SPDES") or Dam permit issued for th is Site. 
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F. All rior agreements, Orders on Consent or the like between Respondent and the 
Dep rtment concern ing the Site are terminated and a ll obligations pursuant to 
such agreements sha ll be governed by the terms and prov isions of this Order. 

A. Res ondent has set forth in paragraph (B) be low (and the Department has 
appr ved) four ( 4) Operable Un its for the Site. An overall site plan identifying 
the perable Un its is attached as Exhibit B. The Department recognizes the 
expe ted fu ture use for some of these Operable Units are not known at this time 
and espondent shal I identify proposed categories of general usage fo r such 
Opetable Unit within 120 days after the Department has accepted the Remedial 
Acti n Work Plan fo r final remediation of each Operable Unit. If in the future 
an perable Unit's intended use sha ll change, Respondent shall complete all 
inve tigation and remed iation activities as determined by the Department, in order 
to c mplete remediation of each Operable Un it fo r the new proposed use. 
Res ondent shall a lso have the right, in its sole discretion, to propose fo r the 
Dep rtment' s approva l additiona l Operable Units o r division of the Operable 
Unit set forth in paragraph (B) below into additional discrete Operable Units. 
The Department may propose additiona l Operable Units o r division of existing 
Ope ble Units. Upon the Department' s approval of any future proposed 
Ope a ble Units, Respondent shall submit appropriate workplans, in accordance 
with approved schedules for completion of the investigation and remed iation 
requ red fo r such newly approved Operable Unit. 

B. The epartment hereby approves the following Operable Units: 

( I) Operable Unit - I ("OU- I") - the "Remainder of the Chevron Properti es." A site 
plan is attached as Exhib it " B." OU- I is the Chevron parcel known as Lot I (Tax 
Pare I 839339), Lot 2 (Tax Parcel 908283) (inc luding land on Lots 1 and 2 
loca d unde rneath the Fishkill Creek), the Church Street parcels (Tax Parcels 
730 27 and 686282), the former rai l siding lot (Tax Parcel 879250) and the 
appr ximate ly 90 acre parcel (which includes the Class four Inactive Hazardous 
Was e site) (Tax Parce l 835088); 

(2) Oper ble Un it - 2 ("OU-2") - the "Washington Avenue Road Dedication Parcel." 
A si plan depicting OU-2 is attached as Exh ibit "C." OU-2 is an approximately 
I 0, I , 3 square foot (0.233 acre) area of the existing Washington Avenue wh ich 
had ot been prev ious ly ded icated to the Town of Fishk ill (the "Town"). This 
prop rty is located outs ide the fenced portion of Respondent's property and the 
Tow has operated and maintained this portion of the road for decades as though 
it ha been previously accepted for ded ication; 

(3) Ope ble Un it - 3 ("OU-3" ) - the "0.67 Acre Vacant Parcel." A s ite plan of OU-3 
is at ached as Exhibit "D." OU-3 is the approximate 0.67 acre vacant parcel 
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iden ified as (no number) Washington Avenue and identified on the Dutchess 
Colli ty Tax Map as Parcel ID No. 795253; and 

(4) Ope ble Unit - 4 ("OU-4") - the "Hydro Electric Facility & Dam - Lot 3." A 
site Ian depicting OU - 4 is attached as Exhibit "E." OU - 4 is identified as "Lot 
3" o the Subdivis ion Map filed in the Dutchess County Clerk's Office as Filed 
Map No. 12406 on August 21 , 2012. This Operable Unit includes the Hydro
Elec ric Facility, Dam, land underneath the Fishkill Creek and the Buildings 
com only referred to as Buildings 2, 3, 4, 5 and 6, all located on a 4.033 acre 
pare I identified on the Dutchess County Tax Map as parcel 812290 with access 
from Washington Avenue and via an easement to Old Glenham Road. 

A. Wor - Plans 

All activiti s for the Operable Units, the MOSF and any petroleum spil ls shall be 
conducted pursuan to one or more Department-approved work plans ("Work Plan" or "Work 
Plans"), which mus be developed in accordance with DER- I 0, and this Order and all activities 
shall be consistent ~1 ith the National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP), 40 C.F.R. art 300, as required under CERCLA, 42 U.S.C. § 9600 et seq. The Work 
Plan(s) under this rder shall address both on-Site and any off-Site conditions associated with 
historic on-Site a tivities which may exist and shall be developed and implemented in 
accordance with 6 NYCRR § 375-1.6(a). All Department-approved Work Plans shall be 
incorporated into a d become enforceable parts of this Order. Upon approval of a Work Plan by 
the Department, R · spondent shall implement such Work Plan in accordance with the schedule 
contained therein. othing in th is Subparagraph shall mandate that any particular Work Plan be 
submitted. Each W rk Plan submitted shall use one of the following captions on the cover page: 

I. Supplemental Site Characterization ("SC") Work Plan: a Work Plan 
whose objective is 10 identify the presence of any hazardous waste disposal at the Site, and/or to 
delineate the bound ries of operable units where hazardous wastes may be present; 

2. Supplemental Remedial In vestigation/Feasibility Study ("RJ/FS") or 
RCRA Faci lity Inv stigation/Corrective Measures Study ("RFl/CMS") Work Plan: a Work Plan 
whose objective is to perform a Remedial Investigation and a Feasibil ity Study or a RCRA 
Facil ity lnvestigati , n and Corrective Measures Study, in order to recommend additional 
remedial action or c rrcctive action; 

3. Interim Remedial or Corrective Measure ("IRM" or "lCM") Work Plan: a 
Work Plan whose o ~ective is to provide for an interim remedial or corrective measure. 

4. C itizen Participation ("CP") Plan: a Work Plan whose objective is to 
provide a process fi r the affected and interested public to become informed about site issues and 
to effectively partic pate in the decision making process for s ite remedial, corrective, or closure 
actions. 
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5. Supplemental Remedial Design/Remedial Action ("RD/RA") or 
Corrective Measur Implementation ("CMl") Work Plan: a Work Plan whose objective is to 
prov ide fo r the evelopment and implementation of fina l plans and specifications for 
implementing the r medial alternatives set forth in a ROD or Statement of Basis. 

6. Site Management Plan ("SMP") or Closure/Post-Closure Plan ("PCP"): a 
Work Plan whose objective is to identify and implement the institutional and engineering 
controls required fo ·the Site or to develop and implement final plans to close a hazardous waste 
faci lity, as wel l as

1
ny .necessary monitoring and/or operation and maintenance of remedial or 

corrective measure . An Interim Site Management Plan is a Work Plan with this objective that 
pertains to an Open: ble Unit or portion thereof. 

B. Sub ission/ lm lementation of Work Plans 

I. (a) Within sixty (60) days of the Department' s determ ination that 
supplemental inves igation and/or remediation is requi red for an operable unit, Respondent will 
submit one or mor Work Plans identified in Paragraph Ill.A pertaining to such operable unit. 
Such Work Plans 1 my be documents previously developed pursuant to the RCRA Permit, or 
mod ifications there f, captioned pursuant to Paragraph HJ.A. 

(b) The Department may req uest that Respondent submit additional or 
supplemental Wor , Plans for the Site. Within thirty (30) days after the Department' s written 
request, Responden shall adv ise the Department in writing whether the req uested additional or 
supplemental Work Plan will be submitted and implemented . If Respondent elects to submit and 
implement such W rk Plan, Respondent shall submit the requested Work Plan within sixty (60) 
days after such elec ion. 

(c) Respondent may opt to propose one or more additional or 
supplemental Work Plans at any time, wh ich the Department shall rev iew fo r appropriateness 
and techn ical suffic ency. 

(cl) Any request made by the Department under Subparagraph 
lll.B.1.(b) shall be 1bject to dispute resolution pursuant to Paragraph XJ. 

2. A Professional Engineer must stamp and sign al l Work Plans, except as 
otherwise authorize by DER-I 0-1.5. 

3. During all field activities cond ucted under th is Order, Respondent shall 
have on-Site a rep esentative who is qualified to supervise the activities undertaken. Such 
representative may be an employee or a consullant reta ined by Respondent to perform such 
supervision as provi ed at 6 NYCRR Part 3 75-1.6(a)(3). 

C. Mo ificat ions to Work Plans 
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The Depa1tment sl all notify Respondent in wntmg if the Department determines that any 
e lements of a Dep rtrnent-approved Work Plan needs to be modified in order to ach ieve the 
objectives of the ork Plan as set forth in Subparagraph III.A or to ensure that the remedial 
objectives otherwi e protects human health and the env ironment. Upon receipt of such 
notification, Respo1 dent sha ll either provide written notification as provided at 6 NYCRR 375-
1.6(d)(3) as to whet ier it wi ll modify the Work Plan, or invoke d ispute resolution. 

D. Sub1 ission of Final Re orts and Periodic Review Re orts 

I. In accordance with the schedu le contained in a Work Plan, Respondent 
shall submit a fina l report as prov ided at 6 NYCRR 375- l.6(b) and a final engineering report as 
provided at 6 NYC R 375-l .6(c) . 

2. Any fina l report o r final engineering repo1t that inc ludes construction 
activ ities shall incl 1de "as bu i It" drav,1ings showing any changes made to the remedial action 
design, or the JRM/ CM. 

3. In the event that the final engineering report fo r the Site requires Site 
Management or Po t-Closure care, inc luding those which may be subject to an Env ironmental 
Easement, as furthe descri bed in Section XI , hereof, Respondent shall subm it a Periodic Review 
Report by the 18-n onth anniversary of the start of Site Management. Such Periodic Review 
Repo11 shall be si ned by a Professional Engineer o r by such other qualified environmental 
professional as the epartment may find acceptable and sha ll contain a certification as provided 
at 6 NYCRR 375- .8(h)(3). Respondent shall submit subsequent Period ic Review Reports in 
accordance with ti e sched ule specified by the Department. Respondent may petition the 
Department for a determination that the institutional and/or engineering controls may be 
terminated . Such p · tition must be supported by a statement by a Professional Engineer that such 
controls are no Ion · er necessary for the protection of public health and the environment. The 
Department sha ll n t unreasonably withhold its approval o f such petition. 

4. ith in sixty (60) days after the Department' s approval of a final report, 
Respondent shall 1bmit such final report, as well as a ll data gathered and drawings and 
submitta ls made p 1rsuant to such Work Plan, in an e lectronic fo rmat acceptable to the 
Department. If an document cannot be converted into electronic fo rmat, Respondent shall 
submit such docum nt in an a lternative formal acceptable to the Department. 

E. Revi w of Submittals 

I. The Department shall make a good faith effort to review and respond in 
writing to each sub iitta l Respondent makes pursuant to this Order with in sixty (60) days. The 
Department' s resp nse shall include, as prov ided at 6 NYCRR 375-1.6(d), an approval, 
modification reques , or disapproval of the submittal, in whole or in part. 

2. Upon the Department's written approval of a Work Plan, such Department 
approved Work Pia sha ll be deemed to be incorporated into and made a part of this Order and 
shall be imp lemente in accordance with the schedule contained therein . 
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3. If the Department mod ifies o r requests modifications to a submittal, it 
shall specify the re sons fo r such modification(s). Within thirty (30) days after the date of the 
Department 's writt n no tice that Respondent' s submittal has been d isapproved, Respondent shall 
notify the Departm nt of its e lection as provided at 6 NYCRR 375- I.6(d)(3). If Respondent 
elects to modify 0 1 accept the Department's mod ifications to the submittal, Respondent sha ll, 
within sixty (60) d ys after such e lection, make a revised submittal that incorporates all of the 
Department' s mod fications to the first submittal. In the event that Respondent' s revised 
submittal is d isapp ·oved, the De partment shall set forth its reasons for such d isapproval in 
v.rrit ing and Respor dent sha ll be in violation of this Order unless it invokes dispute resolution 
pursuant to Paragr ph Xll and its position prevai ls . Fai lure to make an e lection o r fa ilure to 
comply with the ele t ion is a violation of this O rder. 

4. If the De partment disapproves a submittal, it sha ll specify the reasons for 
its d isapproval. Wi hin thirty (30) days after the date of the Department ' s written notice that 
Respondent ' s subr itta l has been di sapproved, Respondent sha ll notify the Department of its 
election as provide at 6 NYCRR 375-1.6(d)(4) . If Respondent e lects to modi fy the submittal, 
Respondent sha ll, .v ithin sixty (60) days after such e lection, make a rev ised submittal that 
addresses a ll of the Department 's stated reasons for d isapproving the first sub1n ittal. In the event 
that Respondent ' s r vised submittal is d isapproved, the Department sha ll set forth its reasons for 
such disapprova l in writ ing and Respondent shall be in vio lation of this Order unless it invokes 
dispute resolution p irsuant to Paragraph XII and its position prevails. Fa ilure to make an e lection 
or fa ilure to comp I with the e lection is a vio lation of this Order. 

F. 

Within 90 ( inety) days of the effective date of thi s O rder, Respondent wi ll subm it a 
C itizen Participatio Plan ("CP Plan") in accordance with the C itizen Partic ipation Hand book fo r 
Remedial Program fo r the Department's approval. Respondent sha ll cooperate with the 
Department and pr vide reasonable assistance, consistent with the CP Plan, in soliciting publ ic 
comment on the o rk Plans and Reports identified for public comment in the CP Plan, and 
additional Work Pl · ns and/or Reports as the Department may require. 

G. Re le se and Covenant Not to Sue 

I. Upon the Department 's issuance of a Certificate of Completion as 
provided at 6 NYC R 375-1.9 and 3 75-2.9, Respondent sha ll obtain the benefits conferred by 
such prov is ions an I such prov isions shall inure to the benefit o f subsequent owners of any 
Operable Unit prov· ed they remain in compliance with the Site Management Plan(s). 

2. Respondent may request an assignable re lease and covenant not to sue 
letter for an O U fi r which Respondent has subm itted an interim Fina l Engineering Report 
("FER"), in a form ·imilar to Exhibit G. The Department may issue such a re lease and covenant 
not to sue for that U, subject to the Department' s approval of a fi na l engineeri ng report for the 
entire Site. Even if the Department issues a release and covenant not to sue for an OU, 

-8-



Respondent must s II submit an FER and Final SMP fo r the entire site, when the investigation 
and remediation act vities have been completed for the entire site. 

IV. Penalties 

A. ResR[ ndent' s failu re lo comply with any term of th is Order constitutes a violation 
of this Order and th ECL. 

B. ResRondent shall not suffer any penalty or be subject to any proceeding or action 
in the event it cann t comply with any requirement of this Order as a result of any event arising 
from causes beyo 1 d the reasonable control of Respondent, of any entity controlled by 
Respondent, and o Respondent's contractors, that delays or prevents the performance of any 
obligation under th s Order despite Respondent's best efforts to fu lfi ll the obl igation ("Force 
Majeure Event"). he requ irement that Respondent exercises best efforts to fulfill the obligation 
includes using best fforts to anticipate the potential Force Majeure Event, best efforts to address 
any such event as it is occurring, and best efforts following the Force M~jeure Event to minimize 
delay to the greates · extent possible. "Force Majeure" does not include Respondent's economic 
inability to comply with any obl igation, the fai lure of Respondent to make complete and timely 
application for any ·equired approval or permit, and non-attainment of the goals, standards, and 
requirements of thi Order. 

2. Respondent shall notify the Department in writing within fifteen (15) days 
after it obtains knO\ ledge of any Force Majeure Event. Respondent shall include in such notice 
the measures taken and to be taken to prevent or minimize any delays and shall request an 
appropriate extensi n or modification of this Order. Fai lure to give such notice within such 
fifteen ( 15) Day pe iod constitutes a waiver of any claim that a delay is not subject to penalties. 
Respondent shall b · deemed to know of any circumstance wh ich it, any entity controlled by it, or 
its contractors knev. or should have known. 

3. Respondent shal l have the burden of proving by a preponderance of the 
evidence that (i) th delay or anticipated delay has been or wi ll be caused by a Force Majeure 
Event; (ii) the dura ion of the delay or the extension sought warranted under the circumstances; 
(i ii) best efforts ,. ere exercised to avoid and mitigate the effects of the delay; and (iv) 
Respondent complied with the requ irements of Subparagraph Y.B.2 regarding timely 
noti ftcation. 

4. If the Department agrees that the delay or anticipated delay is attributable 
to a Force Majeure Event, the time for performance of the obl igations that are affected by the 
Force Majeure Eve t shall be extended for such lime as is reasonably necessary to complete 
those obl igations. 

A. Resp ndent hereby consents, upon reasonable notice under the circumstances 
presented, to entry 1pon the Site (or areas in the vicinity of the Site which may be under the 
control of Respond nt) by any duly designated officer or employee of the Department or any 
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State agency havin jurisdiction with respect to matters addressed pursuant to this Order, and by 
any agent, consult nt, contractor, or other person so authorized by the Commissioner, all of 
vvhom shall ab ide ' the health and safety rules in effect for the Site, for inspecting, sampling, 
copying records r lated to the contamination at the Site, testing, and any other activities 
necessary to ensure Respondent' compliance with this Order. Upon request, Respondent shall (i) 
provide the Depart1 ent with suitable work space at the Site, including access to a telephone, to 
the extent availabl , and (ii) permit the Department full access to all non-privileged records 
relating to matters ddressed by this Order. Raw data is not considered privileged and that 
portion of any privi eged document containing raw data must be provided to the Department. In 
the event Respond nt is unable to obtain any authorization from third-party property owners 
necessary to perfor its obl igations under this Order, the Department may, consistent with its 
legal authority, assi t in obtaining such authorizations. 

B. The Department shall have the right to take its own samples and scientific 
measurements and he Department and Respondent shall each have the right to obtain spl it 
samples, duplicate amples, or both, of all substances and materials sampled. The Department 
shall make the r suits of any such sampling and scientific measurements avai lable to 
Respondent. 

VI. Pa tate Costs 

A. With n sixty (60) Days after receipt of an itemized invoice from the Department, 
Respondent shal l p y to the Department a sum of money which shall represent reimbursement 
for State Costs incu red after Jan uary I, 2012, as provided in 6 NYCRR 375-1.5(b)(3). 

B. With n sixty (60) Days after receipt of an item ized invoice from the Department, 
Respondent shall p· y to the Department a sum of money which shall represent reimbursement 
for State Costs, oth r than those identi fied in Subparagraph V .A. fo r work performed at or in 
connection with the Site through and including the Termination Date, as provided in 6 NYCRR 
375-1.5(b)(3). 

C. Pers nal service costs shal l be documented as provided by 6 NYCRR 375-
l .5(b)(3(i i). The D partment shall not be requ ired to provide any other documentation of costs, 
provided however, that the Department's records shall be ava ilable consistent vvith, and in 
accordance with, A icle 6 of the Public Officers Law. 

D. Such invoice sha ll be sent to Respondent at the following address: 

E. Each such payment shall be made payable to the Department of Environmental 
Conservatio and shall be sent to: 

Bureau of Program Management 
Division of Environmental Remediation 
New York State Department of Environmental Conservation 
625 Broadway 
Albany, New York 12233-7010 
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F. Eacl party shall provide written noti fication to the other within ninety (90) Days 
of any change in th foregoing addresses. 

G. Res ndent may contest invoiced costs as provided at 6 NYCRR 375-l .5(b)(3)(v) 
and (vi). 

A. Notl ing contained in this Order shall be construed as barring, diminishing, 
adj udicating, or in , ny way affecting any of the Department's rights or authorities, including, but 
not limited to, th right to require performance of fu rther investigations and/or response 
action(s), to recov r natural resource damages, and/or to exercise any summary abatement 
powers with respec to any person, including Respondent. 

B. Exe pt as otherwise provided in this Order, Respondent specifica lly reserve all 
rights and defense under applicable law respecting any Departmental assertion of remedial 
liability and/or nat 1ral resource damages against Respondent, and further reserves all rights 
respecting the enfo cement of th is Order, including the rights to notice, to be heard, to appeal, 
and to any other d e process. The existence of th is Order or Respondent' compliance with it 
shall not be constn ed as an admission of liabi lity, fault, wrongdoing, or breach of standard of 
care by Respondent and shall not give rise to any presumption of law or finding of fact, or create 
any rights, or gran any cause of action, which shall inure to the benefit of any third party. 
Further, Responde t reserve such rights as it may have to seek and obtain contribution, 
indemnification, an /or any other form of recovery from its insurers and from other potentially 
responsible parties r their insurers for past or future response and/or cleanup costs or such other 
costs or damages ar sing from the contamination at the Site as may be provided by law, including 
but not limited to ights of contribution under section I I 3(f)(3)(B) of CERCLA, 42 U.S.C. § 
96 13(f)(3)(B). 

VIII. lndemnifica ion 

Respondent shall indemnify and hold the Department, the State of New York, the Trustee 
of the State's natur I resources, and their represen tatives and employees harmless for all claims, 
suits. actions, dam ges and costs resulting from the acts and/or omissions of Respondent, 
intentional , neglige t, or otherwise, of every nature and description, arising out of or resu lting 
from the complianc' or attempted compliance with the provisions of this Order by Respondent or 
its employees, serve nts, agents, successors or assigns. 

IX. Communica ions 

A. All ' 1ritten communications required by this Order shall be transmitted by United 
States Posta l Servi e, by electronic transmission includ ing email or facsimi le, by private courier 
serv ice, or hand del vered as follows: 

I. Communication from Respondent shall be sent to: 
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Attn Paul Patel, P.E. 
NY Department of Environmenta l Conservation 
Di vi ·ion of Environmental Remediation 
625 roadway, Albany, New York 12233-7014 
a e l<a)!nv.dec.stale.nv .us 

: One (I) hard copy of plans is required, as well as one (I) electronic copy. 

with electronic cop'es to: 

sent to: 

Attn Benjamin Conlon, Esq. 
NY Department of Environmental Conservation 
Offi e of General Counsel 
625 roadway, Albany, New York 12233-1500 
bx~c ils;ln(a igw .d~c.statc.n.y . us 

Davi A. Crosby, P.E. 
NY Department of Environmental Conservation 
Di vi ion of Environmental Remediation 
625 roadway, Albany, New York 12233-7014 
clacr sbv(cl)o w .dee.stale .nv. us 

Kris Anders (electronic copy only) 
New York State Department of Health 
Bure u of Environmenta l Exposure Investigation 
Emp re State Plaza 
Corr ing Tower Room 1787 
Albe: 1y, NY 12237 

MYJhea Ith .stalc.n v. us, 

2. Communication to be made from the Department to Respondent shall be 

Mar R. Hendrickson 
Che ron Environmental Management Company 
Supe ·fund & Specialty Portfolios Business Unit 
4800 Fournace Place, Room E534C 
Bell ire, Texas 7740 I 
111he1 dricksonf{V.chcvron.com 

J. St phen Carow 
Seni r Counsel, Environmental & Safety Law Group 
Che ron Law Department 
Che ron Corporation 
P.O. ox 4368, Houston, TX 77002 
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Tel. 13.372.9231 Fax7 13.372.917 1 
e-111 i I: -;tcvc.carowra·c11evron.com 

With copies to: 

Nici olas M. Ward-Wi llis, Esq. 
Kea1 e & Beane, P.C. 
445 -lam ilton Avenue 
15111 :-1oor 
Whi e Plains, NY I 060 I 
Nwa ii-\\ ii li:..<t/J kbl~m .com 

Che ron 
PO ox 509 
Bea on, NY 12508 
Attn Monica Heavey 
kh-::t i:11chevron.com 

B. The Department and Respondent reserve the right to designate additional or 
different addressee for communication upon written notice to the other. 

C. Eael party shall notify the other within ninety (90) days after any change in the 
addresses in this Pa agraph IX. 

X. Public Noli 

A. With n th irty (30) Days after the effective date of this Order, Respondent shall 
provide notice as r-·quired by 6 NYCRR 375-1.5(a). Within sixty (60) Days of such fi ling, 
Respondent shal l rov ide the Department with a copy of such instrument certified by the 
recording officer to ea true and faithful copy. 

B. If R spondent proposes to transfer by sale or lease the whole or any part of 
Respondent's intcre t in the Site, or becomes aware of such transfer, Respondent shall, not fewer 
than fo rty-five (45) ays before the date of transfer, or withi n forty-five (45) days after becoming 
aware of such conv yance, notify the Department in writing of the identi ty of the transferee and 
of the nature and p oposed or actual date of the conveyance, and shall notify the transferee in 
writing (with a co y to the Department) of the applicabi lity of this Order. However, such 
obl igation shall not xtend to a conveyance by means of a corporate reorganization or merger or 
the granting of any rights under any mortgage. deed, trust, assignment, judgment, lien, pledge, 
security agreement. lease, or any other right accruing to a person not affiliated with Respondent 
to secure the repayn ent of money or the performance of a duty or obi igation. 

XI. Environmen al Easement 

A. If a epartment-approved final report for the Site, or Operable Unit thereof, relies 
upon one or more institutiona l and/or engineering controls, Respondent shall submit to the 
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Department fo r ap roval an Environmental Easement to run with the land in favor of the State 
which complies wit 1 the requirements of ECL Article 71 , Title 36, and 6 NYC RR 375- l.8(h)(2). 
Upon acceptance o Environmental Easement by the State, Respondent shall comply with the 
requirements of 6 YCRR 375-1.8(h)(2). 

8. If ti e Department-approved Rl/FS or RFI/CMS Report for an operable unit 
provides for no tion other than implementation of one or more institutional controls, 
Respondent shall ause an environmental easement to be recorded under the provisions of 
Subparagraph XI .A If Respondent does not cause such environmental easement to be recorded 
in accordance with 6 NYCRR 375-1.8(h)(2), Respondent wi ll not be entitled to the benefits 
conferred by 6 NY RR 375-1.9 and 375-2.9. 

XII. Dis ute Res lution 

In the even disputes arise under this Order, Respondent may, within th irty (30) Days 
after Respondent k ew or should have known of the facts wh ich arc the basis of the dispute, 
initiate dispute re lution in accordance with the provisions of 6 NYCRR 375-l.S(b)(2). 

othing contained n this Order sha ll be construed to authorize Respondent to invoke dispute 
resolution with res cct to any remedy selected by the Depa11mcnt or any element of such 
remedy, nor to im air any right of Respondent to seek judicial review of the Department's 
selection of any rc1 edy. 

XIH. Termination of Order 

This Order ill terminate upon the Department's written determination that Respondent 
has completed all p ascs of the Remedial and Closure Program (including Site Management), in 
which event the ten ination shall be effective on the Fifth Day after the date of the Department's 
approval of the fina report relating to the fina l phase of the Remedial and Closure Program. 

XIV. Standard Pr visions 

Respondent will fu ·ther comply with the standard provisions which are attached and which 
consti tute materia l and integral terms of this Order and are hereby incorporated into this 
document. 
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DATED: Alb n~'1New York 
OCT 3 .1 , 20 13 

Commissioner Joseph Martens 
New York State Department of Environmental 
Conservation 

By: 

Director 
Division of Environmental Remediation 
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CONSENT BY RESPONDENT Chevron U.S.A. Inc. 

Respondent hereby consents to the issuing and entering of this Order without fu rther 
notice, waive their ·ight to a hearing herein, and agree to be bound by the terms, conditions and 
provisions containe in this Order. 

J\CKNOWLEDG 

----!-------' ss: 
- -t--t-'.::>¥-t----) 

that s/he rcsid s 

By(Signature): ~~ 
Print Name: Z31"2/..4;J J JcE~l-)" 

Title: R~ ?i<bP~/ dff/c.6.e._ 

Date: ec(o'$t=.,e Z ~ 2-i:J / 3 

in the year before me personally came 
own, who. being by me du ly sworn. did depose and say 

that s/he is the---+------- --"""- -~---r-------------' the 
limited liabi lity co1 pany described in and wh1 d the above instrument; and that s/he 
signed his/her name thereto by authority of the membe s d lim ited liabil ity company. 

Notary Public 
Signature and Offic of individual taking acknowledgment 

-16-



CALIFORNIA AL -PURPOSE ACKNOWLEDGMENT CIVIL CODE § 1189 

who proved to me on the basis of satisfactory 
evidence to be the person(S'.) whose name~) is/<;lre 
subscribed to the within instrument and acknowledged 
to me that he/spl'e/th,ey executed the same in 
hislh.6rttheir authorized capacity(ieS) , and that by 
his/Mr/thqfr signature(s') on the instrument the 
person(i), or the entity upon behalf of which the 
person(gj acted, executed the instrument. 

I certify under PENAL TY OF PERJURY under the 
laws of the State of California that the foregoing 
paragraph is true and correct. 

WITNESS my hand and official seal. 



STANDARD PROVISIONS 

P:wment . Any penal~ assessed pursuant to the terms and conditions of this Order shall be paid by submitting a 
certified or cashier's heck or money order, payable to the Department of Environmental Conservation, to: 
Department of Envir 1mental Conservation, Office of General Counsel, Attn: Benjamin Conlon Esq., 625 
Broadway, 14th Floor, Albany, New York 12233-5550. Unpaid penalties imposed by this Order shall bear interest 
at the rate of 9 percen per annum for each day the penalty, or any portion thereof, remains unpaid. Payments 
received shall first be a . plied to accrued interest charges and then to the unpaid balance of the penalty. 

Duration. This Order hall take effect when it is signed by the Commissioner of Environmental Conservation, or 
his designee, and shall xpirc when Respondent has fully complied with the requirements of this Order. 

Access. F'or the purpo e of monitoring or determining compliance with this Order, employees and agents of the 
Department shall be pr vided access to any facility , site, or records owned, operated, controlled or maintained by 
Respondent, in order t inspect and/or perform such tests as the Department may deem appropriate, to copy such 
records, or to perform a iy other lawful duty or responsibility. 

Force Ma jcurc. If Re pondenl cannot comply with a deadline or requirement of this Order, because of an act of 
God, war, strike, riot, c tastrophe, or other condition which was not caused by the negligence or willful misconduct 
of Respondent and wl ich could not have been avoided by the Respondent through the exercise of due care, 
Respondent shall apply in writing to the Department within a reasonable time alter obtaining knowledge of such fact 
and request an extensio or modification of the deadline or requirement. 

Motlifications. o ch nge in this Order shall be made or become effective except as specifically set forth by 
written order of the ommissioner, being made either upon written application of Respondent, or upon the 
Cormnissioner's own fi dings after notice and opportunity to be heard has been given to Respondent. Respondent 
shall have the burden o proving entitlement to any modification requested pursuant to this Standard Provision or the 
"Force Majeure" provis on, supra. Respondent's requests for modification shall not be unreasonably denied by the 
Department, which ma) impose such additional conditions upon Respondent as the Department deems appropriate. 
Notwithstanding the fo egoing, if Respondent seeks to modify an approved Work Plan, a written request shall be 
made to the Departmen 

Permit Exemption. T 1e Department may exempt Respondent from the requirement to obtain any state or local 
permit or other authori' ation for activities conducted pursuant lo this Order as provided at 6 NYCRR 375- l .12(b), 
(c), and (cl). 

Other Rights. Nothin contained in this Order shall be construed as barring, diminishing, adj udicating or in any 
way affecting ( I) any I gal, administrative or equitable rights or claims, actions, suits, causes of action or demands 
whatsoever that the De artment may have against anyone other than Respondent; (2) any right of the Department to 
enforce administrative! or at law or in equity, the terms, provisions and conditions of this Order; (3) any right of the 
Department to bring an future action, either administrative or judicial, for natural resource damages, or for any 
other violations of the CL, the rules and regulations promulgated thereunder, or conditions contained in orders or 
permits, if any, issued y the Department to Respondent; (4) the summary abatement powers of the Department, 
either at common law o as granted pursuant to statute or regulation. 

Entire Agreement. Th s Order shall constitute the entire agreement of the Department and Respondent with respect 
to settlement of those vi lations specifically referenced herein. 

Headings. The paragra h headings set forth in this Order are included for convenience of reference only and shall 
be disregarded in the co struction and interpretation of any provisions of this Order. 

Signature of Order. his Order may be executed for the convenience of the parties hereto, individually or in 
combination, in one or 11ore counterparts, each of which shall be deemed to have the status of an executed original 
and all of which shall to ether constitute one and the same. 

-17-



Binding Effect. The rovisions, terms, and conditions of this Order shall be deemed to bind Respondent and 
Respondent's heirs, leg I representatives, receivers, trustees in bankruptcy, successors and assigns. 

Service. If either Res1 ndent is represented by an attorney with respect to the execution of this Order, service of a 
duly executed copy of his Order upon Respondent 's counsel by ordinary mail shall be deemed good and sufficient 
service. 

Multiole Respondents I. Ir more than one Respondent is a signatory to this Order, use of the term 
"Respondent" in these Standard Provisions shall be deemed to refer to each Respondent identified in the Order 
unless the Order clear! identifies one of the Respondents. 

2. If there arc multiple parties signing this Order, unless the Order clearly identifies 
one or the Respondent the term "Respondent" shall be read in the plural, the obligations of each such party under 
this Order are joint an several, and the insolvency or or failure by any Respondent to implement any obligations 
under this Order shall n t affect the obligations of the remaining Respondcnt(s) under this Order. 
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EXHIBIT A - GE ERAL SITE MAP 
Exhibit B - Overall site plan showing al l 4 OU's 
Exh ibit C - OU I 
Exhibit D - OU2 
Exhibit E - OU3 
Exhibit F - OU4 
Exhibit G - Form elease letter 

-19-



C'"h'YJL-n US"' loc 
~)~ 

cr..,~. VSA~ 

&:!.~! 

6055-16-839.139, 6055-16-908283 

" 



A ' e ! c 

3 

0 
1 0 _r 1 

,.. 

-- -... - .. - - ' --\( -
\ - -- ,-... __ ,, -,_J \ 

--~ \~ -

F 

IL.~ 
-1F-:-'Jt: 
0 

... 

0 

1 c 

"T. 
- -1· (, 

f~ ; L I ·-..... ---= ~ -~ ~'' : I--+--''} 
\ ~- : Ca.A5~• ... ACTM I : ....... '~ ~ 
\ '~ J O\\A$lESl!E - , ; 

\\: I : 
- - - '- ------ - I ; 

------ ~~~~:~:~:~:· ~L.~~~~:;~~~ 
' 

OU·I I \ 
I L-,- ~ 

I 

0 

' H 

I-<> 

2 

1-c 

~-I --r-- - I 1- c 
I - ___...--t - : 
I I I I 

~~~~~~~~~~~~~~~::~--~:::::"""''"":~~;,;;;~~~~~'~ ' 

I , 

•I - - - -- '\_ _ I I I 4 

\H~~=-=r~+---l""""-'f-...,---1~r-'r--1r-~--+~-

I<>-

5 

~U/ 
io-

6 

,Q. 

A I 

-" ru - ,.~IUCDl\-cllt\,., ~· QIQ•·••r\llCUO\"*~UM. 
11!.a~ 11/l'l/JIU ti.Jf • ~r....0.Al 

· ¥~ 

B I 
-"-

"\, 

c I 
--" 0 

~ .. 

I 
--"-

\ ,, 
\ \ 

I 
_Q_ 

--- ....... 

F 

~-
µ 

lEGfNO 

OPCRASLC: UNIT 1 (OU.I) S.C£ F'IGURC IA 

OPERA.slE I.NT 2 (CU.2J UE r!Gl.JRE 18 

OPEA>at \.NT l (Ol>il) UC nciURt tC 

OPER.l8t...E UNfT • t°""'4J Rt f"IQUA[ tO 

B!'X.ftOARYOF HVSOCC QASS • l\ACTl\"E 
HAZARDOUS V'iASTt SfTt 

• l""' "" ......... 00..' l •itttJtl>l .11 . ~ ~ 

- ~-
" .. 10/J/1! -· 7otJ/11 n fJ,< 

crs 10/J/1! 

en... 1-;-°'''n 
, PARSONS ' 5 

~c-...~- 1 
~-'4"'~J212 1- 0 1000 

EXHIBIT B 1-o 
OVERALL SITE PLAN 

rOR"1CR fUACO ROOO RC:ti C:CHTCR 
ICACO.., Jrf(W YORK 

ro~tR l(XJ.CO RCStAllCH C(Hl(R 
BEACON. NEW YORK I 6 

OPERABU: UNITS 
LOCATION MAP 

1'00 100 • :oo .oo 1- 1 ., 50 1 
1~ ~ c... :u\• •ATn 

I 
0 

SC<..C 1·-200· 

c I _o 

FIGURE 1 

H 

,~A 



A 
0 

' a 

-2!!st-

0 
1 c 

t -, ,.-::; 

0 
__!_ 0 <f 

! E 0 

' r 0 
I c 0 

! H 

loLI~~~~~Ll_I 
2 

,_, 

2 
- -~~ ~;//!'~;,: 

, -, , -"'":,:-----..I-
, ... - J \. ,, ... - ' ; - ' , 

l - , 
10 ---- - c 

1c:c;;;i .......... ~-=-=<-=--~:,1. OU-1 I - ..... \. ------- ------ ------ -----:--- _L~~::-~::--r_, ____ , __ _ 
/_ f 

3 3 

- I lo- , 
--=>=,__L_....,,_, .......-'- ~ : 

,_o 

'' 
' I ! I I I I I• . \ 

~-I 

~~l JI 
lo- ~ 

6 

L l.Q A ~ 
JU -."~ ..::cw\O•"\ .. I ~ OG.Jl~Jl•JVQjl(J\• ... ,......,,_ 
f\Dl!llilllll/IV71llJll l"" l\Ol"l9 .. ~Al 

8 l 

~ 

... - --' ~-- -------
\ \ ' 

c ~ 0 "I ! r ~ 

"""4'•1 ( A . - ~ 

_ ..... _ 
-· ~ 

i .. 10/J 12 -· M 1-~ 
[.A 10/J/11 

CJ1I 10/J/11 

CJ1I IO/J(l1 

[ ~§.9..N_! Ji 5 

~i-~~J212 1- 01000 

EXHIBIT C 
OU-1 

rORM(R 1£XACO Rt ASCARCH ct:tn[R 
8£.ACON, N[W YORK 

FORMER TEXACO RESEARCH CENTER 

- 'I 

BEACON, NEW YORK I 6 
OPERABLE UNIT l 

LOCATION MAP ... - I- I - •SO I ~ 1~--nc.. n •t• •"'"" 
~ 1· ·200" 

f'ICURE 1A i·A 
c A H 



3 

A 

I 
I 

.. .,j ____ ________ ....... --~.q 

/ 
/ 

I 
i 

/ 
I 
I 

fi ,, 
I 

I 
\ 
·~; 
·-, 

'\ 

c 

··' 

0 

' 

I 
I 
I 
I 
I 
\ r 
I f 
11 
\ I 

0 

----

.- . .-·· \ 

\ \ 
I I 
11 
11 
/I 
JI 
ti 
ti \ 

6 

t 1-

A 

___, 

nn 

~ 

l.::-' '==-' 
L
I 

ru """"""\(>O'Oo 11.oCOf\• .. .'f\,., ~ 1110tJ1->fi1VOJIU\u 11t"f._..,,_, 
"6fiit,'-~•J 1.$0 ~ .....no .. --.Al 

B 

,. 

"\ '\., 
"·~ 

\ 
"\ 

~· ,] 

".\ \. 
"' \\ 
"\ 
\ 

\ 

\ 

\\ 
\' 
\\ ti 

I/ 

\ .. 

' 

c 

\ 
\ 
\ 

\ 
" \ 

~ 
~ 

~ 

L 

\!~ 1, 

"\·--1. 

· ......... ._ __ -,, 
I 
I 

"\ I 

"\.,--::· ~. : I 
I 

\' I 
\ I 
\ I 

I 
0 " 

I 
I 

I 

E 

OU-2 

I I 
I . 
I . ) ! 

1-- j 
I 
I i 
I i I 
I i 

£ 

I 

i 
i 
I 

0 

' 

I 

" 

G 

_,..,,- ..... 

---- ----

.., lt 0 ~ .. 

!.Ck.( - I - • 40· 

G 

H 

2 

3 

.......,U I A 

II 10/l /ll 

u. IC/l/11 -· CJ1I IC/l/11 

CJ1I -;c,,/11 

( e.!fl§.9..N.,!_J 5 

~-~~J2l2 , .. (11000 

EXHIBIT 0 
OU-2 

r ORMtR TEXACO ltt.AStARCH C£NT£R 
BtACON, NtW YORK 

foRMER TEXACO RESEARCH CENTCR 
BEACON, NEW YORK 

OP£RA8L£ UNIT 2 
LOCATION MAP ,T., 

~~___!!!_ti:!; .. ....,u, 
FIGURE 18 l

0

A 

H 



I: --A ~ - 8 --·'l - C- ? 0 E I F' G 1 H 

(.. I : o..: ! 
" . I . fl ; : ~ ! 

. I I . 
i \ : I . . I . 
i \ : I . . I - . 
·, ' ' lo ' 

•• j ' - I I . ---- ..,,., : . ,.. I 
I ! _/ ,,,.,,,,.,,.. : 
. . - I \ ! - ~ ' 
\ i '1 

2 

3 

/ 
i 
I 

i 
I 
I 

-1 
~ I:. 

\) 

j _:;---~,;-=.:·· · .J \ 
: /. : 

I .· . .-

' I 
I 
I 

f 
/ 
l 
i 
\ 
\ 
\ 
\ 
;-----·---

\ 
I 

i 

\ 
\ 
\ 
\ 
\ 

f, ·-----
\; 

'\ 
'"'-· \ .. 

'". 
~ 

\ 

..... _ 

5 

-~:, 

~ 
6 

f\J . ..., ,~ lf.IQ)oll,••111'\ .. I ~ CllUa-JltJVWIU\oo~U:rlC 

"-0 fl',.'(. 14/Mrl)Clt Ill "" "4if0 .... --.0, Al 

... 
~ ... , 

· . .. 

-~\_ 
'-':-. 

8 

\ 

OU-3 

' ---·!_ 
.. \ 

c 0 

I 
i 

\ 
I 
i 
i 
I 
i 

-.. 

'-··-··-··-··--·- ------------ ---------------. 
-----

)1 

E 

q= 

,~n-

f 

11 n 

'"'1 n c ..., ea .... 
SCA..£ 1·-.ao· 

G 

- oi 

2 

3 

~Ul li 

" 10/l/12 
- <> 

w 10/l/ll 

CfS IC/l/11 -- 7o11111 era 

r PARSONS ·,5 
··~---

~.~;.:.1212 1- 01000 

EXHIBIT E 
OU-3 

rORMUI Tt:XACO RtAStARCH C.£NT(R 
BCACON, NCW 'l''ORJ< 

roR;;'ER TE XACO RESEARCH CENTER 
StACON, N( W YORK 

O?tRASLE UNIT 3 
LOCATION MAP 

I 

"' 

,-., 
<, ,.._.,..,.,Crio n o• 

flGURE 1 C l~A 

H 



I 
5 

&::'-,y ,y 
=""'"" • 
# 

.~ 

A 

, . 
r I 

\._ 

B 

..-··..,.,,.-·· 
----

I 

\ 
c 

'· \ 
·~ \ 

\ 

\ 

\ 

,, .. 
\ 
\ 
\ 

\ 
\ 

,. 
I
\ . __ ,. 

'( 

\ 
\ 
i 

F 

--------- .::.-~:.:::=-.:_:~::.:::.:.-.:=.:-:.=:.~'::"...~':":,· 
' , 

- - -~-... 

\( 
\\ 
\\ 
\\ , .. 

\ 1\ 
I 1\ 
I I 

I I\ 
'1' l/ 1~ 

1 1 11 
I 1 1 

I I 11 
I 11 

I , ,, 
I '1 

\\ /' 
\\ •f 

\ .,~,, 

\ \ \ \ 

\ 
\' I 
I ! ---- ----- --/ ~'----

/ 
I 

I 
I 

G 

---
-~~·::::~ ... ~~~~:.~! 

I -' 

-----

H 

- Cj 

2 

~ 
'"""''I "' 

- oi 
.IR ,~/J/11 
ti< 70/J/11 
Ci1 • , ,O/J/11 

;;a- I 10/l/ll 

LP~f1£NEl5 
~-~~Jlll 1- 01000 

EXHIBIT f" 
OU-4 

fORU(R T(XACO RCAStARCH CUU(R 
BCACOH, KCW YOR.K 

FoR;;'ER TEXACO RESEARCH CENTER 
SEACON, UEW YORK 



New York Sta e Department of Environmental Conservation 
Office of Gener I Counsel, 14th Floor 
625 Broadway. Alba y. New York, 12233-1500 
Fax: (518) 402-9018 or (518) 402-9019 
Website: www.dec. . ov 

EXHIBIT "G" 

Form Assignable Release and Covenant Not To Sue 

Addressee 

Joe Martens 
Commissioner 

Unless oth rwisc specified in this letter, all terms used in this letter shall have the 
mean ing assigned them under the terms of the Consent Order (Index No. 03- 111 2-08-12, the 
.. Order'') entered i to between the New York State Department of Environmental Conservation 
(the "Department" and Chevron U.S.A. Inc. ("Respondent"). 

The Depart ent is pleased to report that the Department has approved the Interim Final 
Engineering Repor for OU_ , covering the remedial. corrective, and closure measures taken at 
address in the Cou ty of Dutchess, having the Dutchess County Tax Map Identifier number 
__ , as more part cu larly described on Appendix "A" attached hereto (the "Property"). 

The Depart ent, therefore, effective the date of this notification hereby releases, 
covenants not to su , and shall forbear from asserting or bringing any claim, action, proceeding, 
or suit against Res ondcnt and Respondent's sublessces and Respondent' s successors and 
assigns (inclusive fa ll who hereinafter receive an interest in any part of the Property) and their 
respective secured ·reditors, for the further Investigation and Remediation of the Property based 
upon the Re lease o threatened Release of any contamination at the property, provided that (a) 
timely payments o the amounts spec ified in Paragraph VI of the Order continue to be or have 
been made to the partment, (b) appropriate notices and environmental easements (if requ ired) 
have been recorde I in accordance with Paragraphs X and XI of the Order, (c) the groundwater 
underlying said pre 11 iscs shall not be used without treatment rendering it sa fe for drinking unless 
permission is obtai cd from NYSDEC or other entity which replaces NYSDEC, (d) the 
Respondent and/or cspondent's lessees, sublessecs. successors, or assigns cont inue to or 
promptly impleme t the Department-approved Site Management Plan (SMP) or Post-Closure 
Plan (PCP), if any, nd (c) the Respondent timely and appropriately completes the remaining 
investigation and r mediation of the site and includes this OU in the Final SMP and Final 
Engineering Repor for the ent ire site 

Nonetheless, the D partment hereby reserves all of its rights concerning, and such release, 
covenant not to sue and forbearance shall not extend to natural resource damages nor to any 
further investigatio or Remediation the Department deems necessary: 

due to envir nmental conditions related to the Property that were unknown to the 
Department at the time of its approval of the Interim Final Engineering Report which 
demonstrat that Property's conditions arc not sufficiently protecti ve of human hea lth 
and the cnv ronment for the contemplated use for the Property; 



due to relia le information received, in whole or in part, after the Department's approval 
of the Inter m Final Engineering Report, which demonstrates that the activities carried 
out in acco dance with any remedia l or correc~ive measures are not sufficiently protective 
of human h 'alth and the environment for the contemplated use of the Property; 

due to Res ondent's fai lure to implement the Order to.the.DepCJf;Lment's satisfaction; 
provided, h wcver, that any such reservation of rights by the Department and any such 
determinati n by the Department not to extend the relt:ase, covenant not to sue, and 
forbearanc , as set forth in Subparagraph 111.G.2 of tne' Order, shall be upon notice to 
Responden and shall be condit ioned upon the Departinent's granting to Respondent 30 
days to inv stigate and cure any failure to implement the Order that is alleged by the 
Departmen , but this notice and opportunity to cure shal l not be available to the 
Responden in the event of fraud ; or 

due to frau committed, or mistake made, by Respondent in demonstrating that the OU 
specific cle mup levels identified in, or to be identified in accordance with, the Interim 
Final Engi eering Report were reached. 

Additiona\1 1• the Department hereby reserves all of its respective rights concerning, and 
any such re lease, c venant not to sue, and forbearance shal l not extend to: 

Responden if Respondent causes a, or suffers the, Release or threat of Release, at the 
Property of any hazardous substance (as that term is defined at 42 USC 960 I [ 14]) or 
petroleum ( 1s that term is defined in Navigation Law § 172[ 15]), other than existing 
contam inati n, or if Respondent causes a, or suffers the use of the Property to change 
from the co temp lated use to one requiting a lower level of residual contamination before 
that use ca be im plemented with su fficicnt protection of human health and the 
environme ; nor to 

any of Res ndent 's lessees, sub lessees, successors, or assigns who causes a, or suffers 
the, Releas or threat of Release at the Property of any hazardous substance (as that term 
is de fined a 42 USC 960 1 [ 14]) or petroleum (as that term is defined in Nav igation Law 
§ 172( 15)), ther than existing contamination, or anyone who causes a, or suffers the use 
of the Prop rty to, change from the contemplated use to one requiring a lower level of 
residual co lamination before that use can be implemented with suffic ient protection of 
human heal h and the environment; or who is otherwise a party responsible under law for 
the remedia ion of the ex isting contamination independent of any obligation that party 
may have r spccting same established resulting so lely from the Order's execution. 

Notwithsta ding the above, however, with respect to any claim or cause of action 
asserted by the De artment, the one seeking the benefit of this release, covenant not to sue, and 
forbearance shall b ar the burden of proving that the claim or cause of action, or any part 
thereof, is attributa le so lely to ex isting contamination. 

Not-withsta ding any other provision in this release, covenant not to sue, and 
fo rbearance, 

if with resp ct lo the Property there exists or may exist a claim of any kind or nature on 
the part oft e New York State Environmental Protection and Spi ll Compensation Fund 
against any arty, nothing in this release shall be construed, or deemed, to prec lude the 



State of New ork from recovering such claim. 

• except as pro ided in Subparagraph III.G of the Order and in this letter, noth ing 
contained in t 1e Order or in this letter shall be construed as barring, diminishing, 
adjudicating, r in any way affecting any of the Department's rights (including, but not 
limited to, no exemplified by, the right to recover natural resources damages) with 
respect to an party, including Respondent. 

nothing cont · ned in this letter shall prejudice any rights of the Department to take any 
investigatory ction or remediation or corrective measures it may deem necessary if 
Respondent fr ils to comply with the Order or if contamination other than existing 
contaminatio1 is encountered at the Site. 

nothing cont ned in this letter shall be construed to prohibit the Commissioner or his 
duly authoriz d representative from exercising any summary abatement powers. 

nothing cont ned in this letter shall be construed to affect the Department's right to 
tenninate the rder at any time during its implementation if Respondent fails to comply 
substantia lly ith the Order' s tenns and conditions. 

In conclusion the Department is pleased to be part of this effort to return the Property to 
productive use of be efit to the entire community. 

cc: 

NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL 
CONSERVATION 
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Site Specific Health and Safety Plan 
Revision 16

Project Name:

Project Number:

Client Name:

Date:

HASP Expires

Revision:

Approvals:

HASP Developer:

Project Manager:

HASP Reviewer:

Former Texaco Research Center (Chevron Facility No. 314004)                                                                                                                                       
45 Old Glenham Road                                                                                     
Glenham, New York 12527

30064362

Chevron Environmental Management Company

5/2/2022

5/1/2023

5

Jackson Domenech

Edward Meyer

Nicholas Monico

X



x Reviewed the HASP including a discussion of  hazard identification and controls.

x

x If permit to work is required, frontline management has reviewed the permit(s) with field staff.

x Reviewed proactive H&S engagement expectations/injury prevention actions.

x Reviewed Stop Work Authority.

x

x For Inexperienced Workers, a mentor has been assigned for the new task being performed.

For short service employees (SSEs), PTANS* and temporary agency employees* :

x

Mentor/Resource #

Signed:

* Upon hiring/contracting for the first time. 

Arcadis Culture of Caring

Project Manager

Reviewed the incident reporting process and expectations including when WorkCare should be 
contacted by staff (WorkCare incident intervention for all minor, non-emergency injuries) and 
that the WorkCare phone number is programmed into field team cell phone.

Edward Meyer 315-254-8520
Name Phone Number

If conducting activities deemed by Arcadis to be "High Risk", frontline management has 
reviewed applicable H&S standards (Job Safety Analysis [JSA] when authorized by H&S) for 
these activities with field staff.

Provided coaching and mentoring on Arcadis H&S expectations during project work. Reviewed 
in detail specific hazards and controls and provided a resource who can be contacted if 
individual has questions regarding planned or unplanned work tasks.

Arcadis is committed to a Culture of Caring that ensures each Arcadis employee, part time as 
needed employee (PTAN), temporary agency employee under Arcadis day to day control,  
Inexperienced Workers and contractor (cumulatively referred to here as "field staff") goes home at 
the end of the day free from injury or illness.   I certify that the following has been performed with all 
Arcadis field staff on this project either in person or by Skype:



Site Address:

Emergency Phone Numbers:

Emergency (fire, police, ambulance)
Emergency (facility specific, if applicable):

Primary Client Contact:

WorkCare (non-life-threatening injury/illness):
Project H&S:
Project Manager:
Alternate Contact:
Chevron OE/HES Manager: Josh Gravenmier
Corporate H&S Specialist:
Corporate H&S Director:

Hospital Name and Address:

Hospital Phone Number:

Workcare Facility

Workcare Phone Number:

Supplemental Client Contact Information:

Other Important Phone Numbers:

1-800-222-1222
1-800-424-8802

Poison Control Center
Nat. Response Ctr. (spills in reportable quantities)

505-288-7814 (m)

U.S. Coast Guard (spills to water) 1-800-424-8802
Excel Urgent Care of Fishkill, NY 1-845-765-2240

Chevron Public Affairs - Jaclyn Kruzich 801-539-7183 (o)
Chevron HES Team Lead - Steve Annala 575-586-7638 (o)

925-360-2312 (m)

Lauren Baumgartner

410-200-3752

Vassar Brothers Medical Center

45 Reade Place, Poughkeepsie, NY 12601

(845) 454-8500

Andrew McDonald

Chevron Alternative Contact 1 - Clint Verett

Emergency Information

Brian McCann
1-888-449-7787

45 Old Glenham Road, Glenham, NY 12527

911

207-693-8016 (m)

845-831-1110
845-831-2322Local Fire Department

Local Police

845-561-5698Local Ambulance

Edward Meyer

Zach Mongan

Rob Speer

707-338-4441(m)

832-854-5669 (o)

614-787-3681 (m)

713-301-7274 (m)

315-254-8520 (m)

Vassar Brothers Medical Center

45 Reade Place, Poughkeepsie, NY 12601

(845) 454-8500



Signatures

Date

I have read, understand and agree to abide by the requirements presented in this health and safety 
plan.  I understand that I have the absolute right to stop work if I recognize an unsafe condition affecting 
my work until corrected.  

Printed Name Signature

You have an absolute right to STOP WORK if unsafe conditions exist!

Add additional sheets if necessary



Signatures

Date

I have read, understand and agree to abide by the requirements presented in this health and safety 
plan.  I understand that I have the absolute right to stop work if I recognize an unsafe condition affecting 
my work until corrected.  

Printed Name Signature

You have an absolute right to STOP WORK if unsafe conditions exist!

Add additional sheets if necessary



Signatures

Date

I have read, understand and agree to abide by the requirements presented in this health and safety 
plan.  I understand that I have the absolute right to stop work if I recognize an unsafe condition affecting 
my work until corrected.  

Printed Name Signature

You have an absolute right to STOP WORK if unsafe conditions exist!

Add additional sheets if necessary



Signatures

Date

I have read, understand and agree to abide by the requirements presented in this health and safety 
plan.  I understand that I have the absolute right to stop work if I recognize an unsafe condition affecting 
my work until corrected.  

Printed Name Signature

You have an absolute right to STOP WORK if unsafe conditions exist!

Add additional sheets if necessary



Incident Reporting Protocol Within Arcadis



Hospital Name: Excel Urgent Care of Fishkill, NY
Hospital Address: 992 Main St, Fishkill, NY 12524
Hospital Phone Number: +1(845)-765-2240
Site Address: 45 Old Glenham Road, Fishkill, NY 12524

Route to the Hospital



Site Map Showing Assembly Areas

Muster points to be discussed during Tilgate Safety Meeting Daily



Site Type

Surrounding Land Use and Topography 

Simultaneous Operations (SimOps)

Site Background 

From 1811 until 1930, the Site was the location of textile mills.  The mills were powered by water wheels and 
steam engines.  Blacksmith and carpentry shops operated in support of the mills. Between 1931 until its 
closure in 2003, the Site operated as the Texaco Research Center by Texaco, Inc. The facility has been 
used as an on-shore, non-production, non-transportation laboratory complex engaged in research, 
development, and technical services related to petroleum products and energy.  Petroleum, coal products, 
and solvents have been used at the Main Facility in connection with research operations. Releases have 
occured at the tank farm and may have occured from the drum storage areas or the various ASTs and USTs 
across the site. Current COCs include Petroleum Products such as BTEX and PAHs (benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene) as well as chlorinated solvents 
(chlorobenzene, dichlorobenzenes, TCE, 1,1,1-TCA) and breakdown products (chloroethane, 1,1-DCE, cis-
1,2-DCE, vinyl chloride)

The facility is located on approximately 153 acres of land which is bisected by a creek (Fishkill Creek) and is 
divided into distinct OUs. The site is generally hilly with sheer cliffs near the west end of the river, and large 
stepped areas on site. The portion of the site north of washington avenue but south of fishkill creek is 
general flat and partially wooded. Groundwater at the Site occurs in the shallow overburden and in the 
bedrock. Groundwater is present in the fill, as well as the native deposits but is not found across the entirety 
of the facility. Overburden and bedrock groundwater flow is generally toward Fishkill Creek from either side 
of the creek. In most areas of the facility where overburden groundwater is present, there is no confining 
layer and bedrock and overburden groundwater are connected.

The project site is an inactive facility which historically had the following attributes:

Commercial
Buildings
Remote Area
Undeveloped

Planned Arcadis site work will not be in proximity to SimOps work activities performed by non Arcadis 
employees or subcontractors.  Arcadis will initiate stop work and evaluate the work activities through the 
JSA process if during the course of work a SimOps activity is identified that could reasonably affect health 
and safety of Arcadis employees and subcontractors. 

Texaco Inc. operated a research center located in Glenham, New York between 1931 until its closure in 
2003.  The site is located on approximately 153 acres of land and includes four (4) distinct areas:  The 
former Recreation Area (Operable Unit (OU) No. 1E) consists of 93.66 acres of land and includes 
undeveloped land located south of Washington Avenue.  The Main Facility (OU-1A) consists of 35.9 acres of 
land and includes all of the developed areas located north of Fishkill Creek.  The Washington Avenue Tank 
Farm (WATF; OU-1C) consists of 5.11 acres of land and is located south of Fishkill Creek and north of 
Washington Avenue.  The former Church Property (OU-1B) is an undeveloped parcel located to the 
northwest of the Main Facility.

The site also consists of four (4) other land parcels or Operable Units: OU-2 is a 0.23 acre parcel along and 
underneath Washington Avenue that has not been dedicated to the Town of Fishkill.  This parcel is located 
outside of the fence line of the main property and is maintained by the Town of Fishkill. OU-1D and OU-3 
are 2.06 acre and 0.67 acre vacant parcels, respectively, on Washington Avenue.  OU-4 is described as the 
“Hydroelectric Facility & Dam”.  The operable unit includes the hydroelectric buildings and the dam itself with 
access on the north side via an easement to Old Glenham Road, and on the south side via an easement to 
Washington Avenue.  



Project Tasks

The following tasks are identified for this project:

1
2
3
4
5
6
7

8
9

10
11
12

13

14

15

16

17
18

19
20

Supplemental requirements associated with the above task(s):

X Required Checklists/Work Forms Required Permits

x Required H&S Standards

Sampling - Well sampling using bailers
Monitor well - Well sounding, water level or product measurements using probes, tapes or downhole water parameter measurements

Use of Chainsaw for Tree Cutting

Driving - Motor vehicles
Mobilization - Loading and unloading vehicles

Waste - Containment of IDW in large  containment devices greater than 119 gallons capacity 

Oversight - Oversight of contractors performing building or fence inspections, landscaping, drilling 
activities, repairs to SWPPP BMPs

Waste - Containment of IDW in small containment devices greater than 10 gallons but less than or equal to 119 gallons capacity

Sampling - Well sampling using pumps requiring pump installation/removal

Decontamination - Small or hand-held objects using manual methods
Drilling - Using mechanical methods, installation of Monitoring wells, soil borings

Safe Work Permit (Client Issued)

Health & Safety Plans_ARC HSFS010

Stop Work Authority_ARC HSGE009

Building Heating/ Night Work
Drilling - Using manual methods, hand clearing prior to implementations of mechanical methods, shallow 
soil boring

Survey - Land surveying

Monitoring - Air monitoring using hand held or stationary equipment - non-radiation

Inspections and audits - Buildings

Survey - Geophysical

Non-Permited Confined Space Entry

Client H&S information is attached.

Site access agreements and/or a discussion of proper procedures for accessing off-site non-client owned 
private property must be provided to the field team. 

The Arcadis Utility Clearance Checklist must be used for utility clearance activities.

Tailgate Safety Briefing Form 

Heavy and Mechanized Equipment_ARC HSCS006

SSEs (employees who are employed with Arcadis for less than 1 year or are Inexperienced Workers)  
have the potential to work on this project.  If SSEs are utilized, the project team working in conjunction 
with the SSE's administrative supervisor will ensure requirements of ARC HSGE019 "Short Service 
Employees" are completed. SSE's will be identified on the project Tailgate Safety Meeting Form.

Vehicle Inspection Checklist

Utility and Structures Checklist

Short Service Employees (SSEs)

Utility Location Procedures_ARC HSFS019

Heat Stress Prevention_ARC HSIH013

Confined Space Entry_ARC HSFS003

Hearing Conservation_ARC HSIH008

Hazard Identification, Risk Assessment and Risk Control_ARC HSMS002

Incident Reporting and Investigation_ARC HSMS010

Utilities - Clearance



Roles and Responsibilities

Name

1 No

2 No

3 No

4 Site Safety Officer (SSO) - VI Work No

5 Sr. Field Support Staff No

6 Sr. Field Support Staff No

7 Sr. Field Support Staff No

8 Sr. Field Support Staff No

9 Yes

10

Training

SSO

SSO

SSO

SSO

SSO/SS

SSO

SSO

Client specific:

PMCoW Excavation

PMCoW LOTO

Other:

The Arcadis Fundamental H&S Principles

Jr. Field Support Staff

Jackson Domenech

Matthew Watson

Santander Carolina

Edward Brandt

Alvin Samuel

Hazwoper 40-Hour

Edward Meyer

Aaron Svitana

Role
Short Service 

Employee 

Site Technical Supervisor (VI Work)

H&S Program Orientation (non-certificate)

Fire Extinguisher (non-certificate)

Confined Space Awareness 

Defensive Driving -  Smith On-Line First Aid/CPR

Defensive Driving -  Smith On-Line First Aid/CPR

Hazwoper 8-Hour  Supervisor 

Project Manager (PM)

OE/HES Manager

Kirk Vargas 

Chris Davern

Fire Extinguisher (non-certificate) DOT HazMat #1 

Heat Stress None

Silica General Awareness None

Diving  BBP (Bloodborne Pathogens)

All Arcadis employees are required to 
have the following training to be on site:

Selected Arcadis employees are required to have the following 
additional training:

Names or Numbers from above

Chevron 101 None

Other:

Staff working on any of the task(s) listed above must utilize the six Arcadis Fundamental H&S Principles to 
ensure work is conducted safely.  These principles include: 1) Use of TRACK, 2) H&S Planning, 3) Stop 
Work  Authority, 4) "If Not Me Then Who", 5) Stewardship, and 6) Incident Reporting.  Every project team 
member plays an important role in project health and safety.  This is more than just having a HASP, training, 
or PPE.  Proactive staff engagement with these principles is critical to a safe work environment.

None

Hazwoper 8-Hour Annual Refresher 

PMCoW Basics

PMCoW Drilling

PMCoW Confined Space Entry

HOP Training

None

None

None

None

None



General Task Hazard Assessment and Risk Control (HARC) 

General:

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

HIGH

MEDIUM

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

HIGH

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #4

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

HIGH

LOW

Comments: 

Hazard #5

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Mitigated Risk: JSAs   

Use Smith System "5-Keys" when driving. See Driving JSA for details.

Hazards Applicable to All Project Tasks

The 12 hazard category HARC ratings are not available in this General THA.  The mitigated and unmitigated 
ratings for the hazards presented are based on the Risk Assessment Matrix below.  Modify hazards and 
ratings as necessary to meet project needs.

Driving - Driver - Injury, death or property damage  due to driver distraction, fatigue, etc.

III V, AO

Overall Unmitigated Risk: Smith System (on line)   

Mitigated Risk: Driver awareness and use of stop work authority

Driving - On road - Injury or vehicle damage from motor vehicle accident or incident 

III V, W, U, AO

Overall Unmitigated Risk: Smith System (on line)   

Use route planning. Keep eyes moving while driving. See Driving JSA.

Biological -  skin/eye irritation or damage from poisonous plants

III N, AE

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Mitigated Risk: PPE (see HASP  "PPE" section)   

Use skin pre-treatment lotions when available.

Biological - bites or stings from exposure to insects or arachnids

III N

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Mitigated Risk: PPE (see HASP  "PPE" section)   

Do body check daily. Permethrin Treated clothing and other insecticide body spray

Biological -  cuts, scrapes, skin/eye puncture from exposure to physically damaging plants

III N, AE

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Mitigated Risk: PPE (see HASP  "PPE" section)   

Cut resistant gloves, eye protection

A B C D

0 

Almost 

Impossible

1 

Possible but 

Unlikely

2 

Likely to 

Happen

3

Almost Certain 

to Happen

1-Slight or No Health Effect 0-Low 1-Low 2-Low 3-Low

2-Minor Health Effect 0-Low 2-Low 4-Medium 6-Medium

3-Major Health Effect 0-Low 3-Low 6-Medium 9-High

0-Low 4-Medium 8-High 12-High

Slight or No Damage

Minor Damage

Local  Damage

Major Damage4-Fatalities  

Risk Assessment Matrix

Consequences Ratings

Likelihood Ratings

People Property



General Task HARC (continued)

Hazard #6

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #7

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #8

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #9

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #10

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #11

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #12

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Motion - Musculoskeletal - Injury from lifting, twisting , stooping, or awkward body positions

Use job rotation or rest breaks. Stay hydrated and eat regularly.

Environmental - Thermal stress - Injury or illness from heat or cold

III M

Overall Unmitigated Risk: Field H&S Handbook (see ref. above)  

Mitigated Risk: JSAs   

Use proper lifting techniques.  Use job rotation when applicable. See FHSHB for details.

Motion - Musculoskeletal - Injury from repeated work activity or body motion

III AF

Overall Unmitigated Risk: Engineering Controls (specify in comments)  

Mitigated Risk: Admin. Controls  (specify in comments) 

Use proper lifting techniques.  Use job rotation when applicable. See FHSHB for details.

Sound - Noise - Injury or illness due to noise exposure

III L

Overall Unmitigated Risk: Engineering Controls (specify in comments)  

Mitigated Risk: PPE (see HASP  "PPE" section)   

Job Briefing/Site Awareness   

Mitigated Risk: PPE (see HASP  "PPE" section)   

Increase distance from source if possible. Maintain equipment. Ear plugs.

Gravity - Falls - Injury due to  slips and trips

III F

Overall Unmitigated Risk: Site Awareness   

Mitigated Risk: Housekeeping   

Environmental - Inclement weather -Injury or equipment damage from inclement weather

III I

Overall Unmitigated Risk: Weather Monitoring  

Mitigated Risk: Cont./Emerg. Planning   

Use 30/30 rule for lightning.  See FHSHB for details.

Admin. Controls  (specify in comments) Mitigated Risk:

Engineering Controls (specify in comments)  Overall Unmitigated Risk:

III AF

Use snake chaps to protect against poisonous snakes.Eye protection, cut-resistant gloves

Use footwear appropriate for site conditions, plan routes and do not hurry while walking.

Biological - skin or eye injury from exposure to mammal, reptile, amphibian, fish, bird or invertebrate bites

III N

Overall Unmitigated Risk:



Task Specific HARC

Task 1:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical L Driving - Electrical L

Environmental L Gravity L Mechanical L Motion M

Personal Safety L Pressure L Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

LOW

LOW

Comments: 

Mitigated Risk: JSAs   

Sampling - Well sampling using pumps requiring pump installation/removal

III F

Motion - Struck by - Bodily injury from impact with moving object

Mitigated Risk:

III S

Cones, Barriers,

Site Awareness   

Engineering Controls (specify in comments)  

Overall Unmitigated Risk:

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk:

III C,  F,  G,  K,  S, AG

Mitigated Risk:

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

JSAs   

Chemical- liquids - injury or illness from skin absorption

PPE (see HASP  "PPE" section)   

Chemical - liquids, skin or eye irritation/damage/allergy



Task Specific HARC (continued)

Task 2:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical M Driving - Electrical -

Environmental M Gravity M Mechanical - Motion M

Personal Safety L Pressure L Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: JSAs   

Cones, Barriers, TSP

Chemical- liquids - injury or illness from skin absorption

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: JSAs   

Chemical - liquids - injury or illness from vapor inhalation 

III C,  F,  G,  K,  S, AG

III S

Overall Unmitigated Risk: Site Awareness   

Mitigated Risk: Engineering Controls (specify in comments)  

Sampling - Well sampling using bailers

III F

Motion - Struck by - Bodily injury from impact with moving object



Task Specific HARC (continued)

Task 3:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical L Driving - Electrical -

Environmental L Gravity M Mechanical - Motion L

Personal Safety - Pressure L Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #4

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Chemical - liquids, skin or eye irritation/damage/allergy

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: JSAs   

Work gloves should be worn when bolting/unbolting monitor well lids

Chemical- liquids - injury or illness from skin absorption

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: JSAs   

Monitor well - Well sounding, water level or product measurements using probes, tapes or downhole water parameter measurements

III F

Cones, Barriers, TSP

Motion - Cuts and scrapes - Injury from moving object impacting  skin or eye

III S

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: Select

Motion - Struck by - Bodily injury from impact with moving object

III S

Overall Unmitigated Risk: Site Awareness   

Mitigated Risk: Engineering Controls (specify in comments)  



Task Specific HARC (continued)

Task 4:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical L Driving - Electrical H

Environmental L Gravity L Mechanical M Motion M

Personal Safety L Pressure L Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #4

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

HIGH

MEDIUM

Comments: Follow proper Lockout Tagout Operational procedures per PMCoW training

Eye protective glasses

Electrical - Process failure - Injury or death from improper lockout/tagout

III AB

Overall Unmitigated Risk: Lockout/Tagout  

Mitigated Risk: Permits    

Masks

Chemical - solids/particulates, skin or eye irritation/damage/allergy

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: Job Briefing/Site Awareness   

Cones, Barriers

Chemical - solids/particulates, injury or illness from inhalation 

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: Job Briefing/Site Awareness   

Motion - Struck by - Bodily injury from impact with moving object

III S

Overall Unmitigated Risk: Site Awareness   

Mitigated Risk: Engineering Controls (specify in comments)  

Utilities - Clearance

III AN



Task Specific HARC (continued)

Task 5:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical M Driving - Electrical -

Environmental L Gravity L Mechanical - Motion L

Personal Safety L Pressure L Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: Nitrile Gloves, eye protection

Nitrile Gloves

Chemical - liquids, skin or eye irritation/damage/allergy

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: JSAs   

Mitigated Risk: PPE (see HASP  "PPE" section)   

Chemical- liquids - injury or illness from skin absorption

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: JSAs   

Mitigated Risk: PPE (see HASP  "PPE" section)   

Decontamination - Small or hand-held objects using manual methods

III G



Task Specific HARC (continued)

Task 6:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical L Driving - Electrical M

Environmental L Gravity M Mechanical M Motion H

Personal Safety L Pressure L Radiation - Sound M

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #4

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW
Comments: 

Hazard #5

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #6

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

HIGH

MEDIUM

Comments: 

Drilling - Using mechanical methods, installation of Monitoring wells, soil borings

IV E

Motion - Cuts and scrapes - Injury from moving object impacting  skin or eye

III S

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: Field H&S Handbook (see ref. above)  

Motion - Struck by - Bodily injury from impact with moving object

III S

Overall Unmitigated Risk: Field H&S Handbook (see ref. above)  

Mitigated Risk: Site Awareness   

Maintain proper distance from roatating machinery and tie-up hair

Use Eye protection glasses or goggles

Mechanical - Pinch point - Injury by pinching of body part in mechanical process

III S   IV, E, F, G, O

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: Inspections    

Overall Unmitigated Risk: Engineering Controls (specify in comments)  

Mitigated Risk: Housekeeping   

Use cut resistant gloves, use safety keys and auto-shutoff wire

Mechanical - Crushing - Injury by crushing body part in mechanical process

III S   IV, E, F, G, O

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: Machine Guarding  

Always complete the utillity checklist with three lines of evidence, hand clear initial 5ft

follow lifting weight:person ratio guidelines outlined in JSAs

Environmental - Utilities - Injury or property damage from utility strike/damage

III AN

Overall Unmitigated Risk: Inspections    

Mitigated Risk: Permits    

Motion - Musculoskeletal - Injury from lifting, twisting , stooping, or awkward body positions

III AF



Task Specific HARC (continued)

Task 7:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical L Driving - Electrical -

Environmental - Gravity M Mechanical H Motion M

Personal Safety M Pressure - Radiation - Sound -

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

HIGH

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

HIGH

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #4

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #5

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #6

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

Not Ranked

Not Ranked

Comments: 

Mitigated Risk: PPE (see HASP  "PPE" section)   

Mechanical - Pinch point - Injury by pinching of body part in mechanical process

III S   IV, E, F, G, O

Overall Unmitigated Risk: Machine Guarding  

Use a tip guard if necessary to protect against rotational kick-back by preventing the saw's 

tip from making contact with other obstructions

Mitigated Risk: PPE (see HASP  "PPE" section)   

Mechanical - Crushing - Injury by crushing body part in mechanical process

III S   IV, E, F, G, O

Overall Unmitigated Risk: Site Awareness   

Always stand to one side of the limb you are to cut, do not straddle it. Never cut above 

shoulder height

Mitigated Risk: Admin. Controls  (specify in comments) 

Personal Safety - Fatigue - Injury or illness caused while working when fatigued

III R

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Do not operate a chain saw if feeling fatigued or are taking prescription medication or non-

prescription drugs that cause drowsiness or may otherwise impair the ability to function. 

Mitigated Risk: PPE (see HASP  "PPE" section)   

Gravity - Struck by  - Injury from falling object

III AC,   IV A

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Hard hats

Mitigated Risk: PPE (see HASP  "PPE" section)   

Motion - Cuts and scrapes - Injury from moving object impacting  skin or eye

III S

Overall Unmitigated Risk: JSAs   

Cut resistant gloves and impact resistant glasses

Mitigated Risk: Select

None

None

Overall Unmitigated Risk: Select

Use of Chainsaw for Tree Cutting

III F



Task Specific HARC (continued)

Task 8:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological - Chemical - Driving H Electrical -

Environmental - Gravity - Mechanical - Motion -

Personal Safety L Pressure - Radiation - Sound -

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Driving - Motor vehicles

III V

Follow safe keys for driving, follow site specified speed limits

Personal Safety - Fatigue - Injury or illness caused while working when fatigued

III R

Overall Unmitigated Risk: Field H&S Handbook (see ref. above)  

Mitigated Risk: Job Rotation  

Follow TRACK, evaluate Human Performance conditions prior to start work

Motion - Struck by - Bodily injury from impact with moving object

III S

Overall Unmitigated Risk: Site Awareness   

Mitigated Risk: JSAs   



Task Specific HARC (continued)

Task 9:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological - Chemical L Driving - Electrical L

Environmental L Gravity M Mechanical L Motion M

Personal Safety L Pressure L Radiation L Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Mobilization - Loading and unloading vehicles

III F

Cones, High Visibility gear, hard hats

Gravity - Struck by  - Injury from falling object

III AC,   IV A

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Mitigated Risk: H&S Standards   

Hard hats, correct loading and unloading practices

Motion - Struck by - Bodily injury from impact with moving object

III S

Overall Unmitigated Risk: Engineering Controls (specify in comments)  

Mitigated Risk: Site Awareness   



Task Specific HARC (continued)

Task 10:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical L Driving L Electrical L

Environmental L Gravity L Mechanical L Motion L

Personal Safety L Pressure L Radiation L Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Oversight - Oversight of contractors performing building or fence inspections, landscaping, drilling activities, repairs to SWPPP BMPs

II M

Avoid pinch points, be aware of site conditions 

Mechanical - Crushing - Injury by crushing body part in mechanical process

III S   IV, E, F, G, O

Overall Unmitigated Risk: Site Awareness   

Mitigated Risk: Work Plan  

Avoid unstable areas where potential for building failure is high

Mechanical - Pinch point - Injury by pinching of body part in mechanical process

III S   IV, E, F, G, O

Overall Unmitigated Risk: Site Awareness   

Mitigated Risk: Work Plan  



Task Specific HARC (continued)

Task 11:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical M Driving - Electrical -

Environmental M Gravity H Mechanical L Motion M

Personal Safety L Pressure L Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #4

Use nitrile and cut resistant gloves

Chemical - liquids, skin or eye irritation/damage/allergy

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: JSAs   

Waste - Containment of IDW in large  containment devices greater than 119 gallons capacity 

III AG

Chemical- liquids - injury or illness from skin absorption

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: JSAs   

Use eye protective glasses or goggles

Gravity - Struck by  - Injury from falling object

III AC,   IV A

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Mitigated Risk: H&S Standards   

Use proper drum movement equipment, use multiple handlers for heavy equipment



Task Specific HARC (continued)

Task 12:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical M Driving - Electrical -

Environmental M Gravity M Mechanical L Motion M

Personal Safety L Pressure L Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Chemical- liquids - injury or illness from skin absorption

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: JSAs   

Waste - Containment of IDW in small containment devices greater than 10 gallons but less than or equal to 119 gallons capacity

III AG

Nitrile Gloves

Chemical - liquids, skin or eye irritation/damage/allergy

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: JSAs   

Eye protective glasses or goggles

Gravity - Struck by  - Injury from falling object

III AC,   IV A

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Mitigated Risk: H&S Standards   

Use proper drum movement equipment, use multiple handlers for heavy equipment



Task Specific HARC (continued)

Task 13:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological M Chemical - Driving - Electrical -

Environmental M Gravity M Mechanical - Motion M

Personal Safety L Pressure - Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #4

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #5

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Motion - Struck by - Bodily injury from impact with moving object

III S

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Mitigated Risk: Engineering Controls (specify in comments)  

Survey - Land surveying

III F

Cones, Barriers

Biological -  skin/eye irritation or damage from poisonous plants

III N, AE

Overall Unmitigated Risk: JSAs   

Mitigated Risk: PPE (see HASP  "PPE" section)   

Use gloves when near plant growth

Gravity - Falls - Injury due to  slips and trips

III F

Overall Unmitigated Risk: JSAs   

Mitigated Risk: Site Awareness   

Walk site prior to carrying materials

Environmental - Thermal stress - Injury or illness from heat or cold

III M

Overall Unmitigated Risk: JSAs   

Mitigated Risk: PPE (see HASP  "PPE" section)   

Maintain liquids, use warm or cool clothing as appropriate

Gravity - Struck by  - Injury from falling object

III AC,   IV A

Overall Unmitigated Risk: Job Briefing/Site Awareness   

Mitigated Risk: PPE (see HASP  "PPE" section)   

UAV operation, take-off and landing. Eye protection and  hard hats



Task Specific HARC (continued)

Task 14:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical M Driving - Electrical L

Environmental L Gravity L Mechanical L Motion L

Personal Safety L Pressure - Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Chemical - solids/particulates, injury or illness from inhalation 

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: JSAs   

Mitigated Risk: Specialized Equipment  (specify in comments)  

Monitoring - Air monitoring using hand held or stationary equipment - non-radiation

V I

Work upwind, use gas meter consistently



Task Specific HARC (continued)

Task 15:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical L Driving L Electrical L

Environmental L Gravity M Mechanical L Motion L

Personal Safety L Pressure L Radiation L Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Gravity - Falls - Injury due to  slips and trips

III F

Overall Unmitigated Risk: JSAs   

Mitigated Risk: Site Awareness   

Inspections and audits - Buildings

III F

Evaluate site conditions with site walks prior to movement with any equipment



Task Specific HARC (continued)

Task 16:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological M Chemical - Driving - Electrical L

Environmental M Gravity L Mechanical - Motion M

Personal Safety L Pressure - Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Survey - Geophysical

III F

Motion - Musculoskeletal - Injury from lifting, twisting , stooping, or awkward body positions

III AF

Overall Unmitigated Risk: JSAs   

Mitigated Risk: Admin. Controls  (specify in comments) 

Gravity - Falls - Injury due to  slips and trips

III F

Overall Unmitigated Risk: JSAs   

Mitigated Risk: Housekeeping   

Ensure pathways are clear before carrying equipment

Ergonomic Lifting discussion

Mechanical - Pinch point - Injury by pinching of body part in mechanical process

III S   IV, E, F, G, O

Overall Unmitigated Risk: Machine Guarding  

Mitigated Risk: Operator Competency per Standard   

Use built in safety mechanisms and ensure operator training



Task Specific HARC (continued)

Task 17:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical L Driving - Electrical L

Environmental L Gravity M Mechanical - Motion M

Personal Safety L Pressure - Radiation - Sound -

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Gravity - Falls - Injury due to  slips and trips

III F

Overall Unmitigated Risk: JSAs   

Mitigated Risk: Inspections    

Non-Permited Confined Space Entry

0

Ensure walking paths are free of debris or other materials that may lead to trips

Motion - Musculoskeletal - Injury from lifting, twisting , stooping, or awkward body positions

III AF

Overall Unmitigated Risk: JSAs   

Mitigated Risk: Admin. Controls  (specify in comments) 

Assess site conditions, crawl space hight for overhead hazards



Task Specific HARC (continued)

Task 18:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological - Chemical - Driving - Electrical M

Environmental M Gravity M Mechanical - Motion -

Personal Safety L Pressure - Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Environmental - Lighting - Injury or property damage working in poorly lit areas

III O

Overall Unmitigated Risk: Engineering Controls (specify in comments)  

Mitigated Risk: JSAs   

Building Heating/ Night Work

NA

Supplemental lighting

Gravity - Falls - Injury due to  slips and trips

III F

Overall Unmitigated Risk: JSAs   

Mitigated Risk: Housekeeping   

Ensure walking paths are free of debris or other materials that may lead to trips

Electrical - Housekeeping - Injury or property damage due to frayed wiring, improperly mounted wiring, missing 
or damaged warning labels, etc.

III AB, AG

Overall Unmitigated Risk: JSAs   

Mitigated Risk: Inspections    

Confirm all eqlectrical components are installed correctly, and manage wire placement to 
mitigate S/T/F.



Task Specific HARC (continued)

Task 19:

HARC Unmitigated Hazard Types (H-High, M-Medium, L-Low):  FHSHB Ref:

Biological L Chemical L Driving - Electrical M

Environmental M Gravity L Mechanical - Motion M

Personal Safety L Pressure L Radiation - Sound L

Hazard #1

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #2

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

HIGH

MEDIUM

Comments: 

Hazard #3

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #4

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #5

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Hazard #6

Suggested FHSHB Ref: To mitigate this hazard, use TRACK and the following: 

MEDIUM

LOW

Comments: 

Chemical- solids/particulates - injury or illness from skin absorption

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: JSAs   

Mitigated Risk: PPE (see HASP  "PPE" section)   

Drilling - Using manual methods, hand clearing prior to implementations of mechanical methods, shallow soil boring

III F

Nitrile and cut resistant gloves

Environmental - Utilities - Injury or property damage from utility strike/damage

III AN

Overall Unmitigated Risk: Permits    

Mitigated Risk: Inspections    

Locate Utilities via third party and One Call

Chemical - solids/particulates, skin or eye irritation/damage/allergy

III C,  F,  G,  K,  S, AG

Overall Unmitigated Risk: JSAs   

Mitigated Risk: PPE (see HASP  "PPE" section)   

eye protective glasses or goggles

Motion - Struck by - Bodily injury from impact with moving object

III S

Overall Unmitigated Risk: Engineering Controls (specify in comments)  

Mitigated Risk: Job Briefing/Site Awareness   

Traffic Control/Exclusion Zone

Motion - Cuts and scrapes - Injury from moving object impacting  skin or eye

III S

Overall Unmitigated Risk: PPE (see HASP  "PPE" section)   

Mitigated Risk: JSAs   

impact protective glasses and cut resistant gloves

Motion - Musculoskeletal - Injury from lifting, twisting , stooping, or awkward body positions

III AF

Overall Unmitigated Risk: Engineering Controls (specify in comments)  

Mitigated Risk: Housekeeping   

Ensure proper lifting procedures 



Hazard Communication (HAZCOM)/Global Harmonization System (GHS)

HAZCOM/GHS for this project is managed by the client or general contractor

List the chemicals anticipated to be used by Arcadis on this project per HAZCOM/GHS requirements.

(Modify quantities as needed)

Preservatives Qty Decontamination Qty Calibration Qty.

Not applicable Not applicable Not applicable

X Hydrochloric acid <500 ml X Alconox ≤ 5 lbs X Isobutylene/air 1 cyl

X Nitric acid <500 ml Liquinox ≤ 1 gal Methane/air 1 cyl

Sulfuric acid <500 ml Acetone ≤ 1 gal Pentane/air 1 cyl

Sodium hydroxide <500 ml Methanol ≤ 1 gal Hydrogen/air 1 cyl

Zinc acetate <500 ml Hexane ≤ 1 gal Propane/air 1 cyl

Ascorbic acid <500 ml Isopropyl alcohol ≤ 4 gal Hydrogen sulfide/air 1 cyl

Acetic acid <500 ml Nitric acid ≤ 1 L Carbon monoxide/air 1 cyl

Isopropyl alcohol < 4 gal. X Other: X pH standards (4,7,10) ≤ 1 gal

Formalin (<10%) < 4 gal. X Hand Sanitizer X Conductivity standards ≤ 1 gal

Methanol <500 ml X Disinfecting Wipes Other:

Sodium bisulfate <500 ml

Fuels Qty. Kits Qty.

X Not applicable X
Gasoline ≤ 5 gal 1 kit
Diesel ≤ 5 gal 1 kit
Kerosene ≤ 5 gal 1 kit
Propane 1 cyl
Other:

Remediation Qty. Other: Qty. Qty.

Not applicable Not applicable

X Spray paint ≤ 6 cans
WD-40 ≤ 1 can
Pipe cement ≤ 1 can
Pipe primer ≤ 1 can
Mineral spirits ≤ 1 gal

Not applicable
Hach (specify):
DTECH (specify):

MOT eligible soils
MOT eligible water

DOT(1):

SDSs for this project are attached to this HASP.

Contractor SDSs will be submitted to Arcadis in advance of work and will be filed with Arcadis SDSs as 
indicated above.

This project will not be utilizing materials subject to the HAZCOM Standard in bulk storage.  In this HASP, 
bulk storage means any material stored on the project site in a bulk packaging >119 gallons (> 450 L) liquid 
capacity or a palletized quantity of a material in packagings ≤119 gallons (≤450 L) liquid capacity.

MOT eligible solids
MOT eligible liquids

(1) Attach applicable Materials of Trade (MOT) generic shipping determination. SDS not generally applicable 
to this category.

Other:



Air Monitoring

Constituents of Interest:

Time Weighted Averages (TWAs) are ACGIH 8-Hr Threshold Limit Values (TLVs) unless noted.

TWA - Time Weighted Average (ACGIH TLV unless noted) LEL/UEL - Lower /Upper Explosive Limit

STEL - Short Term Exposure Limit RGD - Relative Gas Density

IDLH - Immediately Dangerous to Life and Health VP - Vapor Pressure

Notes: 

Asbestos monitoring must be addressed through a HASP supplement or permit. Particulate monitoring action levels in 
this HASP do not take asbestos into account when computing action levels.

As noted, one or more of the above constituents is an OSHA regulated substance.  If exposure is expected to be above 
the TWA or STEL, contact a CIH or CSP for assistance unless otherwise permitted by a substance specific plan 
template identified in this section.

NA VP (mmHg):

25 ppm

TCE

TWA 0.1 f/cc, MONITORING NOTICE See Notes LEL/UEL (%): NA/NA

STEL NA VD (Air = 1):

IDLH 1000 ppm,  NIOSH VP (mmHg): 9

IDLH

STEL NA RGD (Air = 1): NA

LEL/UEL (%): 1.3/9.6

STEL 5 ppm,  ceiling,  OSHA VD (Air = 1): 2.21

IDLH NA VP (mmHg): 2508

NA

IDLH 1000 ppm,  NIOSH VP (mmHg):

There are no atmospheric chemical, radiological, or particulate hazards on this project requiring air monitoring. 

Benzene

TWA 1.2/7.8

TWA 10 ppm LEL/UEL (%):

3

STEL

500 ppm,  NIOSH

 f/cc

8/10.5

10 ppm

Asbestos Anticipated Breathing Zone Concentration <=

Chlorobenzene

TWA

NA

Air monitoring is the responsibility of the client or subcontractor.

1000 ppm,  NIOSH VP (mmHg): 180-265

cis 1,2-Dichloroethene

TWA 200 ppm LEL/UEL (%): 5.6/12.8

NA

IDLH

VP (mmHg):

STEL

IDLH

0.5 ppm, OSHA Reg. See Notes

2.5 ppm

NA

58

Vinyl chloride

VD (Air = 1):

NA VD (Air = 1):

NA

75

LEL/UEL (%):

VD (Air = 1):

TWA 1 ppm, OSHA Reg. See Notes LEL/UEL (%): 3.6/33.0

STEL



Required Monitoring Instruments,  Action Levels and Monitoring Frequency

Breathing zone air monitoring using the above instruments will be performed at the following frequency:

LEL/O2 Meter

>

<

>

Levels sustained > 5 minutes, monitor continuously and review engineering controls 
and PPE.  Proceed with caution.

Continue working

Levels sustained > 5 minutes, monitor continuously and review engineering controls 
and PPE.  Proceed with caution.

Stop work and contact SSO

Particulate/Aerosol monitoring is required. 

The monitoring instrument(s) used must be capable of data logging if continuous monitoring is required.  Staff using 
these instruments must be trained in data logging procedures for the actual instrument(s) used. Data logging results 
must be backed up daily. 

1.3 2.5-

Photoionization Detector Select Lamp: 10.6 eV

Computed action levels have been manually adjusted.Computed action levels (PID units) (1):

Gray fields below are not automated.  Make necessary selections from drop down menus.

Stop work and contact SSO

>23.5% O2

Continuously

Standard 4 Gas Monitoring  (LEL,O2,H2S,CO)  with a multigas meter is required

Continue work

Continually monitor, review engineering controls, proceed with caution  

Stop work, evacuate, contact SSO

Normal, continue work

O2 deficient, stop work, evacuate, contact SSO

O2 enriched, stop work, evacuate, contact SSO

0-5% LEL

>5-10% LEL

>10% LEL

19.5%-23.5% O2

<19.5% O2

Computed action levels have been manually adjusted.Action levels are in mg/m3 and excludes asbestos (see notes above)

< Continue working1.3

Monitoring Required

1.5 - 3

1.5

3

2.5
(1) Computed action levels are for PIDs which have not been programmed to correct TLVs for specific constituents or mixtures.



X

X

x

* Ceiling or STEL value

x

Indicator tube/chip monitoring frequency: 

≤TWA
>TWA

0.0125 mg/m3

5000 ppm

Compound(s): mercury vapor testing via handheald monitor

Indicator:     

Carbon monoxide

Chlorine

Hydrogen cyanide

Hydrogen sulfide

Nitrogen dioxide

0.25* ppm

0.025 mg/m3

12.5 ppm

2500 ppm

12.5 ppm

0.05 ppm

Phosphine

Sulfur dioxide

0.5 ppm

0.1 ppm

Continuously during intrusive work or in confined spaces

Compound specific monitoring using colorimetric indicator tubes/chips is required

Continue work
Stop work, review engineering controls and PPE, contact SSO

All air-monitoring instruments must be calibration checked daily, if used, per manufacturer's instructions. Calibration 
checks, including calibration gases used, must be documented. 

Ammonia

Carbon dioxide

0.025 ppm

0.125 ppm

25 ppm

Tube Monitor

2.35 ppm (skin)

0.1 ppm

4.7 ppm* (skin) 

Comments

Use a multigas meter equipped with a 
sensor(s) capable of detecting checked 
gases identified to the right.  For mercury 
vapor, a Jerome mercury vapor meter or 
equivalent device must be used. Review 
engineering controls and perform 
continuous monitoring with data logging at 
concentrations >1/2 TLV. Stop work action 
levels are based on Level D protection. 

Mercury vapor

1 ppm

0.2 ppm

0.05 ppm

1/2 TLV Stop Work Action Level

Checked gases require monitoring:

25 ppm



Air Monitoring

Task or Area of Concern: 

Constituents of Interest:

Time Weighted Averages (TWAs) are ACGIH 8 Hr Threshold Limit Values (TLVs) unless noted.

TWA - Time Weighted Average (ACGIH TLV unless noted) LEL/UEL - Lower/Upper Explosive Limit
STEL - Short Term Exposure Limit RGD - Relative Gas Density
IDLH - Immediately Dangerous to Life and Health VP - Vapor Pressure

LEL/O2 Meter

X

X

x

* Ceiling or STEL value

Manganese Anticipated Breathing Zone Concentration <= 3  mg/m3

TWA 0.02 mg/m3,  respirable LEL/UEL (%): NA/NA

STEL 3 mg/m3,  NIOSH VD (Air = 1): NA

IDLH 500 mg/m3,  NIOSH VP (mmHg): NA

STEL NA VD (Air = 1): NA

IDLH 100 mg/m3 VP (mmHg): NA

Lead Anticipated Breathing Zone Concentration <= 3  mg/m3

TWA 0.05 mg/m3, OSHA Reg. See Notes LEL/UEL (%): NA/NA

STEL 0.1 mg/m3,  NIOSH VD (Air = 1): NA

IDLH 10 mg/m3,  NIOSH VP (mmHg): 0.0012

Mercury (elemental and inorg.) Anticipated Breathing Zone Concentration <= 3  mg/m3

TWA 0.025 mg/m3,  skin LEL/UEL (%): NA/NA

Notes: 

Soil Vapor Sampling and Confined Space Work

0.125 ppm
Mercury vapor 0.0125 mg/m3 0.025 mg/m3

One or more constituents above is listed with a skin notation.  Avoid conditions where dusts, mists, or aerosols are 
created. Avoid skin contact with impacted media.  

One or more constituents listed above is a particulate hazard.  Use wetting as the primary control to eliminate dust 
hazards.  

As noted, one or more of the above constituents is an OSHA regulated substance.  If exposure is expected to be 
above the TWA, contact a CIH or CSP for assistance unless otherwise permitted by a substance specific plan 
template identified in this section.

Sulfur dioxide

Standard 4 Gas Monitoring  (LEL,O2,H2S,CO)  with a multigas meter is required

0-5% LEL Continue work
>5-10% LEL Continually monitor, review engineering controls, proceed with caution  
>10% LEL Stop work, evacuate, contact SSO

19.5%-23.5% O2 Normal, continue work
<19.5% O2 O2 deficient, stop work, evacuate, contact SSO
>23.5% O2 O2 enriched, stop work, evacuate, contact SSO

Checked gases require monitoring:
1/2 TLV Stop Work Action Level Comments

0.05 ppm
0.25 ppm

All air-monitoring instruments must be calibration checked daily, if used, per manufacturer's instructions. Calibration 
checks, including calibration gases used, must be documented. 

Ammonia 12.5 ppm

4.7 ppm* (skin) 
Hydrogen sulfide 0.5 ppm 1 ppm
Nitrogen dioxide 0.1 ppm 0.2 ppm

Monitoring Required

25 ppm Use a multigas meter equipped with a 
sensor(s) capable of detecting checked 
gases identified to the right.  For mercury 
vapor, a Jerome mercury vapor meter or 
equivalent device must be used. Review 
engineering controls and perform 
continuous monitoring with data logging at 
concentrations >1/2 TLV. Stop work action 
levels are based on Level D protection. 

Carbon dioxide 2500 ppm 5000 ppm
Carbon monoxide 12.5 ppm 25 ppm
Chlorine 0.05 ppm 0.1 ppm
Hydrogen cyanide 2.35 ppm (skin)

Phosphine 0.025 ppm



Personal Protective Equipment (PPE)

Minimum PPE required to be worn by all staff on project: Specify Type:

X Hard hat Snake chaps/guards Coveralls:

X Safety glasses Briar chaps Apron:
Safety goggles Chainsaw chaps Chem. resistant gloves:
Face shield Sturdy boot Gloves other:
Hearing protection X Steel or comp. toe boot Chemical boot:

Rain suit Metatarsal boot Boot other:

X Other: X Long Sleeve Shirt X Traffic vest, shirt or coat: Class II

Cloth Face Covering Life vest:

Task specific PPE:
Comments:

Medical Surveillance 

Hazardous Materials Shipping and Transportation 

Traffic Safety  and Traffic Safety Plans (TSPs) 

See JSA or Permit for the task being performed for required PPE.  If work is not conducted under a JSA or 
Permit, refer to the governing document for PPE requirements. At a minimum, the following checked PPE is 
required for all tasks during field work (outside of field office trailers and vehicles) not covered by a JSA or 
Permit on this project:

Hearing Protection, Nitrile Gloves, Work Gloves, Face Shield

See Control of Ticks and Poisonous Plants section for important PPE  information. 

Task specific PPE - worn when applicable hazards are present as described in the corresponding JSA

Field staff must review Arcadis Field and Embedded Staff COVID-19 Guidance document in appendices to 
completing work.

The scope of work on this project will not expose Arcadis workers or subcontractors to vehicular traffic.  A 
traffic safety plan will not be required.

A shipping determination package has been prepared, reviewed and provided to Arcadis field staff for this 
project.  

All Arcadis employees and subcontractors performing field work will be required to be current in 
HAZWOPER medical surveillance.

Client drug and/or alcohol testing will be required for all workers on this project.  The project or task manager 
will instruct project participants on testing protocols.



Arcadis Commercial Motor Vehicles (CMVs)

Site Control

Decontamination

Sanitation

Safety Briefings

Behavior Based Safety (BBS) Program 

TIP required at the following frequency on this project:

Near Miss reporting goals for this project:

Other (specify):

1 per task

1 NM per event

Portable restroom facilities and potable water will be provided by the Arcadis project team.  Unless alternate 
requirements are stipulated in a plan supplement (i.e. Heat Injury and Illness Prevention Plan), permit or 
JSA,  temporary restroom facilities will be provided with one toilet for every 20  project workers and bottled or 
non-plumbed potable water will be  provided to project workers at 1 gallon/worker/day.

Site control requirements are addressed in the applicable task JSA for this project. JSAs requiring site 
control are attached to this HASP.

Decontamination protocols are addressed in the applicable task JSA(s) for this project.  The applicable JSAs 
are attached to this HASP.

Safety briefings will occur twice each day.  One safety briefing will occur at the beginning of the day and the 
second briefing will generally occur after the lunch break. All safety briefings will be documented on a 
Tailgate Safety Meeting form or logbook. All project workers, including Arcadis subcontractors, will 
participate in the safety briefings if they are scheduled to be working at the time when the briefing is offered. 
Site visitors and project workers not on duty during the morning safety briefing will receive the safety briefing 
upon their arrival onto the project site for the day.

CMVs operated by Arcadis employees on public roadways will not be utilized on this project.  Arcadis 
defines a CMV as any single vehicle with a gross vehicle weight rating (GVWR) ≥10,001 pounds or a truck 
and trailer combination with a combined GVWR ≥10,001 pounds (GVWR of truck + GVWR of trailer = 
≥10,001 pounds).  

The CPM or APM is responsible for reviewing and establishing BBS goals for the project.  These goals are 
summarized below.



Safety Equipment and Supplies

X First aid kit X Insect repellent: 20%-40%
Bloodborne pathogens kit X Sunscreen

X Fire extinguisher Air horn

X Eyewash (ANSI compliant) X Traffic cones

X Eyewash (bottle) 2-way radios

X Drinking water Heat stress monitor
Other: X Poisonous plant pre/post exposure lotion/soap

Control of Ticks and Poisonous Plants

International Travel

Spill Control and Containment

International travel is not required for this project.

Safety equipment/supply requirements are addressed in the JSA or Permit for the task being performed.  If 
work is not performed under a JSA or Permit, the following safety equipment is required to be present on site 
in good condition (Check all that apply):

Work on this project has a high tick exposure hazard.  Use of permethrin (apply to clothing at least 4 hours 
prior to work) is required with DEET (20%-40%) protection on skin.  Wear light colored clothing to help 
identify presence of ticks on staff.  Keep shirt tails inside pants. Use of Tyvek or similar light colored outer 
pant/suit with legs taped to ankles.  In high hazard areas, use of a Tyvek suit with ankles and wrists taped is 
required. Perform tick checks upon conclusion of work for day.

Work on this project has a medium poisonous plant exposure hazard.  Workers known to have a sensitivity 
to poisonous plants should use a pre-exposure lotion on exposed skin as an Arcadis expectation.  First aid 
kits must be equipped with post-exposure soap.  Inspect work area for presence of hazard prior to initiating 
work at the location.  Wear disposable gloves during work and while removing outer footwear. Use of 
clothing with long sleeves to protect forearms is an Arcadis expectation. 

Spill control and containment protocols, including required equipment and supplies, are located in a JSA 
prepared by Arcadis.  Implementation of the JSA requirements are the responsiblity of Arcadis. 



Zero  Gas Source: Instrument Type: PAGE ____ of ____

Lot Number/Expiration Date: Serial Number:

Calibration Gas Source: Instrument Type:

Lot Number/Expiration Date: Serial Number:

Concentration:

Zero Cal. OK Calibration Gas Comments Calibration w/in Alarms Set User

(Y/N) Reading 2% (Y/N)? (Yes/No)? Initials

PID Calibration Log

Instrument Number Date Time



Calibration Gas Source: Instrument Type:
Lot Number/Expiration Date: Serial Number:
Concentration: Instrument Type: PAGE ____ of ____
Other: Serial Number:
Other:

Alarms OK? Oxygen Zero Cal. OK? Span Calibration OK? User

(Y/N) Reading  (Y/N) Reading  (Y/N) Initials

LEL/O2 Calibration Log

Instrument Number Date Time



Zero  Gas Source: Instrument Type: PAGE ____ of ____

Lot Number/Expiration Date: Serial Number:

Calibration Gas Source: Instrument Type:

Lot Number/Expiration Date: Serial Number:

Concentration:

Zero Cal. OK Calibration Gas Comments Calibration w/in Alarms Set User

(Y/N) Reading 2% (Y/N)? (Yes/No)? Initials

PID Calibration Log

Instrument Number Date Time



PID Model: Monitor  Frequency:

LEL/O2 Model:

CIT Model:

Dust Mon. Model:

Date Time  PID O2 LEL CIT Dusts Location

(units) (%) (% LEL) (ppm) (mg/m
3
)

CIT = Colorimetric Indicator Tube ppm = Part per million
LEL = Lower Explosive Limit % = Percent

mg/m3 = Milligram per cubic meter PID = Photoionization Detector
O2 = Oxygen

Air Monitoring Documentation Form

Air Monitoring Results



Project:

Project Number:

Form Completion Date: Form Expiration Date:

Pre-Field Work

Required: One Call or "811"  notified 48-72 hours in advance of work? #:

Ticket Expiration Date

Utility companies notified during the One Call process See attached ticket

 List any other utilities requiring notification:

None

Private Locator Contacted Yes No

Client provided utility maps or "as built" drawings showing utilities? Yes No

Field Work - This must be completed on site, by staff who have a minimum of one year of field experience

        in identifying utilities. Review check list with PM or designee prior to beginning intrusive work.

One Call/"811" (Reliable as a line of evidence when working in public right of way or easement)
Paint Pin flags/stakes Other None

Client Provided Maps/Drawings              OR

Client Clearance Name(s)/Affiliation(s)

Interview(s): Name(s)/Affiliation(s)

Did person(s) interviewed indicate depths of any utilities in the subsurface?
Yes, depths provided: Did not know or refused to answer

Site Inspection (Complete Page 2 & Photo Document Marked Utilities & Utility Structures)

Public Records / Maps / Asbuilts

Private  Locator: (Name and Company)

Ground Penetrating Radar (GPR)

Radiofrequency (RFLoc)

Electromagnetic (EM)
Metal Detector

Termination Depth ______ft. bgs
Potholing / Vacuum Extraction 
Air-Knife or Hydro-Knife
Probing
Hand Auguring

Other:

Marine Locator: (Name and Company)

Former Texaco Research Center (Chevron Facility No. 314004)                                                                                                                                       45 Old Glenham Road                                                                                     Glenham, New York 12527

Additional Comments:

Tips for Successful Utility Location:

1. Don't forget to look up 

2. Be on site with Private Utility Locators

3. Ask Private Locators to "confirm" other's markings 

4. Select alternate/backup locations during clearance process

5. Mark out all known utilities. Leave nothing to question

6. No hammering - no pickaxes - no digging bars - no shortcutting

7. No excessive turning or downward force of hand augers/shovels

8. Utilities may run in or directly under asphalt/concrete 

Soft Dig Methods

3 Reliable Lines of Evidence Required Prior to Starting any Subsurface Intrusive Work

Utility Markings Present:

Maps/Drawings requested but not provided

List Soil Boring / Well IDs or Excavation Locations applicable to this clearance checklist:      

THIS FORM MUST BE COMPLETED IN ENTIRETY PRIOR TO BEGINNING ANY INTRUSIVE WORK

30064362

(15 business days post form completion date)

(Review State Requirements)

Plan private utility clearance subcontractor assignments, areas, required clearance equipment, depth of 
clearance needed, types of utilities. When possible re-clear 811 markings to confirm utility locations.



During the site inspection look for the following: ("YES" requires additional investigation and the utility 

must be marked properly prior to beginning subsurface intrusive work):

Site Inspection Utility Color Codes

a) Natural gas line present (evidence of a gas meter)? Yellow Yes No
i) Feeder Lines to buildings or homes? Yes No

b) Evidence of electric lines: Red
i) Conduits to ground from electric meter or along wall? Yes No
iii) Conduits from power poles running into ground? Yes No
ii) Light poles, electric devices with no overhead lines? Yes No
iii) Overhead electric lines present? (See Section l) Yes No

c) Evidence of sewer drains: Green
i) Restrooms or kitchen on site? Yes No
ii) Sewer cleanouts present? Yes No
iii) Combined sewer/storm lines or multiple sewer lines? Yes No

d) Evidence of water lines: Blue
i) Water meter on site or multiple water lines? Yes No
ii) Fire hydrants in vicinity of work? Yes No
iii) Irrigation systems? (Sprinkler heads, valve boxes, controls in building) Yes No

e) Evidence of storm drains: Green
i) Open curbside or slotted grate storm drains Yes No
ii) Gutter down spouts going into ground Yes No

f) Evidence of telecommunication lines: Orange
i) Fiber optic warning signs in areas? Yes No
iv) Aboveground cable boxes or housings or wires in work area? Yes No

g) Underground storage tanks:
i) Tank pit present, tank vent present? Yes No
ii) Product lines running to dispensers/buildings? Yes No

h) Do utilities enter or exit existing structures/buildings?
If Yes, confirm the utility markings outside of structure/building match up. Yes No

i) Proposed excavation marked in white? White Yes No
j) Unclassed utilities / anomalies marked in pink? Pink Yes No
k) Overhead Utilities/Communication Lines - Look Up:

i) Overhead electrical conduit, pipe chases, cable trays, product lines? Yes No
ii) Overhead fire sprinkler system? Yes No

l) Overhead Power lines in or near the work area:

i) < 50 kV within 10 ft. of work area? Yes No
ii) >50 - 200 kV within 15 ft. of work area? Yes No
iii) >200-350 kV within 20 ft. of work area? Yes No
iv) >350-500 kV within 25 ft. of work area? Yes No
v) >500-750 kV within 35 ft. or work area? Yes No
vi) >750-1000 kV within 45 ft. of work area? Yes No

m) Other:
i) Evidence of linear asphalt or concrete repair? Yes No
ii) Evidence of linear ground subsidence or change in vegetation? Yes No
iii) Unmarked manholes or valve covers in work area? Yes No
iv) Warning signs ("Call Before you Dig", etc.) on or adjacent to site? Yes No
v) Utility color markings not illustrated in this checklist? Purple Yes No

n) Has the Utilities & Structures Checklist been reviewed by the PM or Designee Yes No
PM or Designee Name:

Name and Signature of person completing the checklist:
Date:

Present

Do not perform mechanized intrusive work within 30 inches of a utility marking without receiving pre-approval 

by Corporate H&S .



Project Name:

Project Number:

Date:

Task Description:

1) Arcadis Silica Competent Person:

2) What material will the team be working with on this project?

3) 

The following controls will be utilized to mitigate exposure to silica dust hazards:

4) 

4a) Respiratory Protection:

Outdoors:
≤4 HRS >4HRS

None None

30064362

Mixing/pouring grout for drilling or monitoring well installation

The Arcadis competent person may require 10 APF respiratory protection based on data and observations 
available.

The above individual will ensure requirements stipulated in this plan are implemented and has the authority to 
take corrective measures and/or revise this plan  to ensure employee, contractor and/or public exposure to 

silica dust remains below the respirable inhalation time weighted average action level of 25 µg/m3 over an 8-

hour period.

Indoors or Enclosed Area: None None
≤4 HRS >4HRS

4/29/2022

N/A

The controls to be utilized include:

Reasonable care will be taken to control visible dusts and wetting will be the preferred method to control dusts. 
If wetting cannot be utilized, the Arcadis competent person will design and implement engineering and 
administrative controls to mitigate the dust hazard prior to directing use of respiratory protection.  

Arcadis regulated activity

Based on the activity entered above, the following OSHA/Arcadis activity category is:

Mixing/pouring

The following work activity will be performed on this project which have a potential for silica dust exposure:

Grout

Silica Exposure Control Plan

Former Texaco Research Center (Chevron Facility No. 314004)                                                                                                                                       45 Old Glenham Road                                                                                     Glenham, New York 12527



Additional Housekeeping Requirements:

5) Air Monitoring Requirements for Activities with an Assigned Respirator APF Listed in Section 4a.

X Real-time air monitoring for silica is not required for this project.

Aerosol monitor selected for use on this project:
Frequency of air sample collection for laboratory analysis:
Air samples will be submitted to the following laboratory:

6) Medical Surveillance

7) Additional Instructions

Signatures:

Preparer Name Printed Date

Preparer Signature

Real-time air monitoring will be conducted during work activities where employees or contractors are 
exposed to or have the reasonable probability to be exposed to silica dust hazards. Silica air monitoring will 
include use of an aerosol monitor equipped with a Dorr-Oliver cyclone kit for respirable dust evaluation. 
Although not permitted to be the sole method of determining employee exposure, real-time air monitoring for 
silica will be performed in the employee breathing zone (personal air monitoring) and also performed at the 
perimeter of the work area (exclusion zone boundary). The results will be documented and submitted to 
Corporate H&S upon completion of the project. Air samples for laboratory analysis will also be required 
unless excepted from collection by a CIH. 

This silica exposure control plan was prepared to document that the tasks currently scoped that may expose 
workers to RSC present no airborne hazard requiring monitoring and a silica competent person on site. If the 
scope changes from these current tasks, this plan must be re-evaluated to assess new hazards, and may need 
to specify a Silica Competent Person associated with the project be on site

Employees performing work activities where exposure to silica dust is known to be or has a reasonable 
probability to be above the OSHA 8-Hr TWA action level of 25 µg/m3 will participate in silica medical 
surveillance in conjunction with their annual HAZWOPER physical. New entrants into the silica medical 
surveillance program at times when the HAZWOPER physical is not due will coordinate the required 
surveillance with WorkCare and then maintain the surveillance with their HAZWOPER physical going forward.

Arcadis prohibits dry sweeping or dry brushing where such activity could contribute to employee exposure to 
respirable crystalline silica unless wet sweeping, HEPA-filtered vacuuming or other methods that minimize the 
likelihood of exposure are not feasible.  

Arcadis prohibits use of compressed air to clean clothing or surfaces where such activity could contribute to 
employee exposure to respirable crystalline silica unless: 
The compressed air is used in conjunction with a ventilation system that effectively captures the dust cloud 
created by the compressed air; or 
No alternative method is feasible (requires concurrence with a CIH).

Jackson Domenech    4/29/2022

JDomenech
Stamp



Arcadis Chevron Account Heat Illness Prevention Plan (HIPP) 

HASP Supplement

Notes:

a. This HASP Supplement is required to be used in California, Oregon, and Washington states. The 
Arcadis Health and Safety Standards ARC HSIH013 Heat Stress Prevention, and ARC HSGE008 
Injury and Illness Prevention Program (IIPP) must accompany this HASP Supplement. To completely 
address the regulatory requirements for work in CA and WA states these standards are required to be 
used in association with the project-specific HASP and this supplement.

4/29/2022

b. This plan has been modified by the Chevron OE team to act as a bridge between the Chevron Heat 
guidance and Arcadis policies (current January 2022)

The purpose of this document is to serve as a planning tool and implementation guide to assist the project 
team, onsite personnel, and the Site Safety Officer (SSO) or other designated responsible party to comply 
with the following requirements: 

- Cal/OSHA Title 8 CCR 3395 Heat Illness Prevention Standard 
- Oregon Heat Illness Prevention Rule 437-002-0155 & 437-004-1130

- Washington State Outdoor Heat Exposure Regulations 296-62-09510 thru 09560.

- Chevron Environmtenal Management and Real Estate Company H&S guidance

Arcadis provides Heat Related Illness Online Training which is required in states with Heat Stress 
regulations.

Project sites in other states and provinces are expected to use this HASP Supplement as a Best 
Management Practice to prevent heat related illness injuries.

This HIPP provides guidance to prevent or reduce the risk of work-related heat illness. This HASP 
Supplement provides site specific instructions for actions to be completed at the project site. 

The scope of this HIPP applies to Arcadis projects which include, but are not limited to:
- outdoor operations such as contractor oversight, construction, refining, oil and gas extraction, asbestos 
removal, and hazardous waste site activities
- interior work, particularly tasks which require employees to wear PPE which can increase the risk for 
heat stress for the wearer. 

BeaconProject Site Name

The following designated individuals have authority and responsibility for implementing the provisions of 
this program at the project work site indicated above.

Edward Meyer
Kirk Vargas
Kirk Vargas

Authority and Implementation

Purpose and Scope Date Completed

Project Manager

Field Team Lead / Site Supervisor

Site Safety Officer

Rev 8  13 June 2019



Arcadis Chevron Account Heat Illness Prevention Plan (HIPP) 

HASP Supplement

Procedures for Provisions for Potable Water

Notes:

Notes:

b. Electrolyte replacement drinks or “Sports Drinks” should be used to replace essential minerals lost 
during sweating. 

The Site Supervisor (Field Lead or SSO) or designee will be responsible for implementing the following 
when conditions at the site are anticipated to exceed 80 degrees (°) Fahrenheit (F) / 26.6° Celsius (C)

1. Proper hydration is critical to preventing heat related illness and injury. Project sites will maintain an 
adequate supply of suitably cool, fresh and pure potable water and electrolyte replenishment on 
site/readily accessible to allow each employee to consume one cup (8 ounces) of water every 10 to 15 
minutes, with a ratio of 3 cups of water to 1 cup of electrolyte drink.

a. Fresh and pure water is defined as being "odor free and suitably cool". Where suitably cool means 
water being cooler than the ambient temperature but not so cold as to cause discomfort or prevent 
drinking.

Acclimation of Personnel for Heat Stress Prevention

The degree to which personnel have been able to physiologically adjust or acclimatize to working under 
hot conditions affects ability to safely do work. Acclimated individuals generally have lower heart rates and 
body temperatures than unacclimated individuals, and sweat sooner and more profusely. This enables 
them to maintain lower skin and body temperatures at a given level of environmental heat and work loads 
than unacclimated workers. 

Acclimation can occur after a few days of exposure to the hot work environment. OSHA/NIOSH suggests 
an acclimatization period of 2-3 days for fit personnel. On the 1st day personnel should spend 50% of the 
day exposed to / working in the hot environment and increasing the amount of work 10-20% based on 
personnel response to the hot environment and work load. 

2. During the Tailgate Safety Meeting and site briefings identify and communicate the type and location of 
the water source. The water source must provide suitably cool, fresh, and pure water in sufficient quantity 
for all employees at the site. Water shall be provided free of charge or expenses will be reimbursed for 
employees. If the source is potable plumbed water do not complete Item 6 of this Section.

3. Communicate to staff whether all water for the day will be provided at the start of the shift (e.g., 2 
gallons / 8 L per employee for an 8-hour shift), or how and when water will be replenished. 

a. A sufficient quantity of water must always be present and readily accessible to allow every 
employee to consume at least 1 quart (1L) of water per hour. It is suggested to have a minimum of 
three hours supply of water per employee on hand.

4. Water supplies must be positioned as close as reasonable possible to site workers. Placing water only 
in shaded areas or by toilet facilities is not sufficient, particularly at large work sites or at multi-story 
construction sites. Drinking water sources need to be close enough to workers to allow for routine 
consumption per the rate noted above.

Rev 8  13 June 2019



Arcadis Chevron Account Heat Illness Prevention Plan (HIPP) 

HASP Supplement

Notes:

X Potable plumbed source

X Bottled water in chilled cooler

Drinking water dispenser & cups

Check which applies. Must check at least one box, or provide additional detail.

Ice will be purchased at the start of each day. 

Ice will be provided by an onsite source or vendor service. Ice to be potable

Alternative potable ice source:

Food safe cleaning product for water cooler.

Sufficient amount of drinking water cups for each employee per dispenser.

Other items needed:

Notes:

Access to Shade

The Site Supervisors (Field Lead or SSO) are responsible for implementing the following for how shade 
will be coordinated and provided when temperatures exceed 80° F / 26° C. 

Employees must have enough shaded space so they can sit in a normal posture fully in the shade with 
enough space to allow for sitting without being in physical contact with each other. Employees who desire 
access to shade must not be deprived of it due to lack of space. 

Location:

Location:

1. Access to shade must be allowed at all times. Before the start of work, the location of the shade areas, 
the importance of taking shade breaks, recognizing the signs and symptoms of heat illness, the schedule 
of shade breaks, and the location of shade break locations (if not portable) will be addressed during each 
Tailgate Safety Meeting and site briefing.  

a. Where required by regulation, shade breaks will be taken at a minimum rate of 10 minutes of shade 
for every two hour work period. As temperature increases shade breaks will increase in frequency. 
See the Heat Index table below for Heat Index specific Action Levels defining shade break frequency 
and duration.

2. The amount of shaded area must be able to accommodate all employees taking a recovery or rest 
break including employees on meal breaks. The shaded area(s) don't need to provide shade to 
accommodate all employees on a site or working a shift at the same time. An example includes rotating 
routine breaks among employees. Also, additional portable shade structures can be erected on an “as-
needed” basis. 

Location: Trailer
Location: Trailer

Potable Water Source & Location

a. If the site temperature exceeds 90° F / 32° C the frequency of the cooler inspection will increase to 
verify water remains cool and the water supply is maintained. 

5. Inspect the coolers / water dispensers for cleanliness and replenishment of water and cooling ice 
routinely based on temperatures and staff size. Cooling ice will be stored in clean coolers if added directly 
to water dispensers. 

6. Oversee the daily inspection and maintenance of coolers to ensure they are kept clean and in good 
condition.

Rev 8  13 June 2019



Arcadis Chevron Account Heat Illness Prevention Plan (HIPP) 

HASP Supplement

Unsafe / unfeasible conditions:

Alternative Cooling Measures Implemented:

Check which applies. Must check at least one box, or provide additional detail.

Other:

3. Employees who take a preventative cool-down rest:
(1) shall be monitored and asked if they are experiencing symptoms of heat related illness
(2) shall be encouraged to remain in the shade
(3) shall not be ordered back to work until signs or symptoms of heat illness have abated, but in no event 
less than 5 minutes in addition to the time needed to access the shade.

If an employee exhibits signs or symptoms of heat illness while taking a preventative cool-down rest the 
SSO will provide appropriate support (e.g. additional hydration and/or call to WorkCare) or emergency 
response support as needed based on symptoms.

4. Shade structures will be relocated to follow the crew for moving tasks. Shade structures will be placed 
within 50 feet of the work area, if practical. Shade structures must be no further than a short walk away 
(e.g. 2-3 minutes) from the work area. This consideration becomes more critical as the temperature rises 
above 80° F (26 C).

5. In situations where it is not safe or feasible to provide shade, the SSO will document in this HASP 
Supplement the unsafe or unfeasible conditions, and include the steps taken to provide alternative cooling 
measures equivalent to shade.

Provide vehicles with working air conditioner to all employees for rest breaks / recovery breaks / meal 
breaks.

Provide temporary or mobile shade structure(s) that are either ventilated or open to air movement  
(Secure against wind.)

X

X

X

Provide a building / permanent structure(s) in close proximity to the work area with a cooling 
environment via mechanical ventilation or open to air movement which will be used for shade.  (Job 
trailer, pavilion, manufacturing building, etc.)

Rev 8  13 June 2019



Arcadis Chevron Account Heat Illness Prevention Plan (HIPP) 

HASP Supplement

Notes:

Notes:

https://www.cdc.gov/niosh/topics/heatstress/heatapp.html

Monitoring of Weather and Heat Index Table
1. The SSO or designee must check the extended weather forecast in advance of the upcoming work on 
a weekly basis.  Work schedules will be adjusted in advance, taking into consideration whether high 
temperatures or a heat wave is expected. 

Accepted weather forecasting resources include webpages "NOAA.gov" or "weather.com" or see the 
NIOSH Heat Tool (formerly the OSHA Heat Tool app).

2. Before work starts for the day or shift, the SSO will review the forecasted temperature and humidity for 
the (exterior) work site and compare conditions against the National Weather Service Heat Index (below) 
to evaluate the risk level for heat illness. Determination will be made of whether or not workers will be 
exposed to a combination of temperature and humidity characterized as "Caution", “Extreme Caution”, 
"Danger" or “Extreme Danger” for heat illnesses. 

3. Where state regulations indicate a thermometer or similar on-site monitoring device will be used at the 
job site to monitor for sudden increases in temperature. The SSO will be responsible for obtaining a 
thermometer/weather station prior to the start of work and make it readily visible / accessible where it can 
easily be monitored throughout the course of the day. 

a. It is important to know the temperature at which these warnings occur. When working outdoors see 
the Heat Index Table in this supplement for Action Level specific instructions for hazard controls.

a. If the temperature is > 80°F (26 C) shade structures will be opened and made available to workers. 
If temperature is > 95° F (35 C) additional preventive measures will be implemented. 
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Notes:

a. The Heat Index table was developed with an expectation of partial shade & light wind conditions 
present. Work conducted in direct / full sunlight (e.g. no partial shade) and no wind adds up to 15° F 
(8° C) to the Heat Index evaluation.
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EXTREME DANGER > 115° F (> 46.1° C). 
If working at this temperature or greater Stop Work until conditions change or hazards are effectively 
controlled by implementing the items listed above. 
At this range of temperatures it is critical to implement personnel vital sign monitoring for determining 
the appropriate frequency and duration of Work / Rest cycles.
- Alert workers of extreme heat hazards
- Conduct physiological monitoring (pulse and temperature)
- Reschedule non-essential activity
- Stop all strenuous work unless active cooling, all work in shade, task/person specific baselines are 
established, and active medical monitoring has been implemented.
- 30 minute max work time with 1) 1-hr between intervals and must return to baseline + NTE 10% 
during recovery, and 2) 4 work intervals maximum per day

Heat Index Action Levels - Below are recommended additional controls. Each level of additional controls is additive 

as the temperature increases.

Monitoring of Weather and Heat Index Table Continued

EXTREME CAUTION 91° - 103° F (32° - 39.4° C)
- Implement all the previous. 
- Drinking water and electrolyte replenishment drinks must be provided along with access to shade or 
shade alternatives. 
- Conduct site brief of Heat Illness signs and symptoms must be discussed along with the site specific 
heat plan at the daily tailgate meeting and again as needed. 
- Acclimatize workers to a job by gradually introducing them to tasks
- Set up buddy system/instruct supervisors to watch workers for signs of heat-related illness
- Scheduled breaks (15 minutes for every 45 minutes)
- If temperature exceeds 95 degrees:
- - Refer to the Arcadis Heat Stress Prevention Standard (ARC HSIH013), Section 5.4.1 High Heat 
Procedures for complete list of required additional actions
- - 10 minute breaks must be taken in shade every 2 hours (Normal), or more dependant on the level 
of effort and PPE worn. See Suggested break frequency below.

DANGER 104 ° - 115 ° F (39.4° - 46.1° C)
- Implement all the previous. 
- Alert workers of high-risk conditions
- Mandatory breaks established by knowledgeable person at the worksite who is well-informed about 
heat-related illness and able to determine appropriate work/rest schedules (recomennded 30 minute 
breaks for every 30 minutes of work)
- Site supervison must verify controls are in place and effective at least daily. 
- Watch/communicate with workers at all times and minimum verbal assessment hourly
- Add one or more of the following: cooled work areas, modified work schedule, limit physical exertion, 
heavy duty PPE, and personnel physiological monitoring.
- Use “Heavy Duty PPE” phase-change cooling vests, gel pack or ice-pack cooling vests. 
- Consider engineering controls such as forced ventilation. 

CAUTION 80° - 90° F (26° - 32° C)
- All Arcadis personnel shall be trained on Heat Illness and Injury Prevention. 
- Drinking water at or between 50 or 60 degrees must be provided (1 Liter per worker per hour).  
- All workers must have access to shade (or shade alternatives if necessary). 
- Ensure local medical services are listed on PTW and/or JSA documentation. 
- Staff must have sunscreen.
- Consider scheduled breaks (10 minutes for every 2 hours) 
- Lightweight clothing should be worn
- Move work tasks to the coolest part of the work shift; consider earlier start times, split shifts, or 
evening and night shifts
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Work / Rest Cycle Duration and Frequency Process

Notes:

Suggested Frequency and Duration of Work / Rest Cycles 
Applying Physiological Monitoring of Acclimatized Personnel

Notes:

Adjusted Temp. (1)
> 90° F

32° C 
87.5-90° F

30.8-32.2° C 
82.5-87.5° F

28.1-30.8° C
77.5-82.5° F

25.3-28.1° C
After ea.120 mins. of work

After ea. 45 mins. of work

After ea. 60 mins. of work

After ea. 90 mins. of work

Permeable PPE (2) Impermeable PPE (3)

After ea. 15 mins. of work

After ea. 30 mins. of work

After ea. 60 mins. of work

After ea. 90 mins. of work

After ea.150 mins. of work After ea. 120 mins. of work

a. Adjusted air temp (ta adj) calculation: ta adj F = ta F + (13 x % sunshine). 
- Measure the air temperature (ta) with a thermometer (shielded from radiant heat). 
- Estimate the percent sunshine by judging what percent time the sun is not covered by clouds
that are thick enough to produce a shadow (100 percent sunshine = no cloud cover and a sharp, 
distinct shadow; 0 percent sunshine = no shadows.).

b. Permeable PPE consists of cotton clothing with long sleeves and pants or breathable coveralls.

(3) - Add 1.8 °F for Tyvek coveralls; 
- add 5.4 °F for heavy clothing; 
- add 19.8 °F for impermeable/semi-impermeable PPE (Level A/B suits) 

a. Warning signs include: 
- When a person’s sustained (e.g., several minutes) heart rate exceeds 180 beats per minute (bpm) 
minus their age (e.g., 180 - age = X) for individuals with normal cardiac performance per their 
physician; 
- a body core temperature exceeds 101.3°F / 38.5°C for acclimatized workers or 100°F / 38°C for 
unacclimated workers; 
- a recovery heart rate at 1 minute after a peak work effort is greater than 120 bpm; 
- or there are symptoms of sudden and severe fatigue, nausea, dizziness, or lightheadedness.

Prioritize workers completing strenuous tasks. Prioritization should also apply to work conducted indoors, 
for strenuous tasks, and/or if additional PPE is worn (such as Level C respiratory protection or chemical-
protective clothing [CPC]). 

- If impermeable clothing is worn (e.g., not standard cotton/synthetic work clothes), it is a best practice to 
begin monitoring workers when temps are > 70°F in the work area.
- If impermeable clothing, Level C, or CPC is not worn, follow the Heat Index table instructions and 
evaluate personnel monitoring as part of the high heat measures. 
- All workers, regardless if they are wearing permeable or impermeable clothing, should be monitored 
when conditions warrant (e.g., when temperatures exceed 80°F / 26.6°C).  

Details provided below for appropriate work/rest cycle development with the default rest cycle being a 15-
minute interval for every hour when temperatures exceed 90°F.

72.5-77.5° F

22.5-25.3° C
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Body Temperature Monitoring

Procedures for High Heat Conditions and Heat Waves

Use an oral, inner ear, or an infrared type thermometer to measure the body temperature at the end of the 
work period. If using an oral thermometer record temperature before drinking liquids.
 - If oral temperature exceeds 99.6°F (37.6°C), shorten the next work cycle by one-third
without changing the rest period.
- If oral temperature still exceeds 99.6°F (37.6°C) at the beginning of the next rest
period, shorten the following work cycle by one-third.
- Do not permit a worker to wear a semi-permeable or impermeable garment when
his/her oral temperature exceeds 100.6 °F (38.1 °C).

These procedures are additional preventative measures to be implemented when the temperature is > 
91° F (32° C). The SSO or designee is responsible for ensuring effective observation and monitoring of 
employees during periods of high heat by implementing one or more of the following procedures:

1. SSO or designee will supervise 20 or fewer employees. 

2. The “Buddy System” is mandatory. Buddies will conduct routine checks for early signs of Heat Illness. 
Buddies will set and verify routine consumption of water & sports drinks in a 3:1 ratio.

3. Maintain regular communication between Project Manager or SSO / designee and field staff (e.g. via 
mobile phone, radio or another effective means) for observation of early signs of heat illness.

4. Designate one or more employees as authorized to contact emergency medical services and 
communicating that if no designate is identified and the SSO is unavailable that any employee can call for 
emergency medical assistance.

When conducting heart rate monitoring:
1. First record a resting heart rate to establish the individuals daily baseline heart rate. 
2. Count the radial pulse (located on the inside of the wrist below the thumb) during a 30 second interval 
before the start of work to establish a baseline heart rate. 
3. During rest cycles count the heart rate as early as possible at the beginning of the rest cycle and again 
3-5 minutes later. 

The heart rate should fall and soon approach the individual's baseline heart rate.
 - If the heart rate exceeds 110 beats per minute at the beginning of the rest period,
shorten the next work cycle by one-third and keep the rest period the same.
 - If the heart rate still exceeds 110 beats per minute at the next rest period, shorten the
following work cycle by one-third.

Heart Rate Monitoring
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"Heat Wave" Procedures

5. Modify work schedule to avoid hottest parts of the day (e.g. start work earlier in the AM, stop work for 
the hottest hours of the day, conduct work during the evening).

Additionally, tailgate Safety Meetings will include a review the high heat procedures, encourage 
employees to drink plenty of water, and remind employees of the importance to take a preventative or 
recovery cool-down rest when necessary.

Employees will be observed for alertness and signs and symptoms of heat illness at regular intervals to 
be documented in the field book or field log.

The “Buddy System” must be implemented. Particular attention needs to be paid to new employees or 
employees who have yet to acclimate to high heat conditions. Additionally, frequent communication will be 
maintained with employees working by themselves (via cell phone or two-way radio), to evaluate early 
warning signs and symptoms of heat illness.

When the SSO is not available, an alternate responsible person must be assigned to look for signs and 
symptoms of heat illness. Such a designated observer will be trained and know what steps to take if heat 
illness occurs.

A “Heat Wave” as defined by NOAA, is a period of abnormally and uncomfortably hot and unusually 
humid weather.”
A "Heat Wave" as defined for the purposes of this Standard is when temperatures are sustained above 
80° F / 26° C.

Typically, a heat wave lasts 2 or more days. During a heat wave or if site conditions indicate the potential 
for “Extreme Caution”, "Danger", or “Extreme Danger” per the Heat Index Table the following steps will be 
taken:

All employees will maintain frequent communication with the SSO or designee, who will be monitoring 
workers for possible symptoms of heat illness. In the event of large project sites where the SSO may be 
unable to be near the workers (to directly observe or communicate with them), then communication via a 
cell phone or radio may be used for this purpose provided reception in the area is reliable.

Work schedules will be modified to protect workers from heat illnesses. The SSO or designee in 
coordination with the project team, will use their Stop Work Authority and evaluate the following actions 
and document the action in the daily field log  

If schedule modifications are not possible, the Heat Illness Prevention Plan will be reviewed before work 
resumes.  At a minimum, procedures for heat illness prevention, the provisions of the high heat 
procedures, the weather forecast and emergency response protocols will be reviewed. 

Employees will be provided with additional water and rest breaks and will be observed more frequently.  
During work activities and rest breaks, employees will be observed for signs and symptoms of heat 
illness. 

1. Modify work hours to exclude the hottest parts of the day.

2. Reschedule work or specific tasks that require strenuous exertion or Stop Work.
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Procedure for Emergency Response

5. When an employee reports symptoms, or displaying symptoms of possible heat illness, steps will be 
taken immediately to keep the affected employee cool and comfortable. Evaluate whether 1st aid is to be 
administered or emergency services are to be contacted  or the employee is to be taken to an emergency 
facility for care. 

4. All SSOs and supervisors will carry cell phones or other means of communication to ensure that 
emergency medical services can be called. Routine checks will be made to ensure the devices are 
allowed on site, have adequate reception across the site, and are functional prior to each shift.

3. Prior to the morning Tailgate Safety Meeting, an evaluation of whether or not a language barrier is 
present at the site for understanding the necessary preventative measures and emergency notifications 
procedures can be completed. Necessary steps will be taken (such as assigning the responsibility to call 
emergency medical services to the SSO or an English speaking worker) to ensure that emergency 
medical services can be immediately called in the event of an emergency.

2. Prior to work, efforts will be made to ensure that a qualified, appropriately trained and equipped 
personnel are consistently available to render first aid.

1. Prior to assigning staff to a particular work site, during the Tailgate H&S Safety Meeting all site workers 
will review the HASP along with the identified Hospital precise directions (such as streets or road names, 
distinguishing features, and distances to major roads), to avoid a delay of emergency medical services.

The SSO or designee is responsible for implementing the following procedures for emergency 
response. These procedures include, but are not limited to, the following:

Emergency procedures include recognizing the symptoms of heat related illness. A critical step also 
involves ensuring that effective communication is established either through voice, direct observation, or 
electronic means such as via mobile phones or 2-way radios. 

In an emergency situation it is critical that employees understand the process and contact information for 
requesting emergency medical support. The reception coverage for the site must be evaluated and 
understood to ensure adequate communication is in place across the project site. During a heat wave or 
hot temperatures, workers will be reminded and encouraged to immediately report to the SSO any signs 
or symptoms of the onset of heat stress they are experiencing.
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Procedure for Handling a Sick Employee

A worker determined to be suffering an advanced stage of heat related illness will not be allowed to leave 
the site except under medical care, or as directed by a medical professional.

4. If an employee displays signs or symptoms of advanced stage heat related illness (loss of 
consciousness, incoherent speech, convulsions, red and hot face), and the work site is located more than 
20 minutes away from a hospital, call emergency service providers, communicate the signs and 
symptoms of the victim, and request an Air Ambulance if necessary.

Signs of Heat Stress: Excessive fatigue, heavy sweating, headaches, abdominal and/or upper thigh 
cramps, mild dizziness, elevated pulse.

Signs of Heat Exhaustion: Cool, moist, pale or flushed skin, nausea or vomiting, disorientation or 
confusion.

Signs of Heat Stroke: Hot, red skin which can feel dry to the touch, or moist from overexertion, changes 
in consciousness, rapid or weak pulse, shallow rapid breathing.

The SSO or designee is responsible for implementing the following procedures for evaluating and 
providing care for a sick employee:

1. When an employee displays signs or symptoms consistent with the heat related illness, the SSO or 
designee will check the sick employee and determine whether resting in the shade and drinking cool 
water will suffice or if emergency service providers will need to be called. 

If determined to be a non-emergency (e.g. heat cramps or heat stress) the SSO will contact WorkCare 

Injury Assistance Hotline 1-888-449-7787 for 1st aid medical assistance. In the event of the injury being 
an emergency, or potentially life threatening (e.g. Heat Exhaustion or Heat Stroke) contact emergency 
support services.

2. When an employee displays possible signs or symptoms of heat illness and no trained first aid worker 
or supervisor is available at the site, emergency service providers will be called.

3. Emergency service providers will be called immediately if an employee displays signs or symptoms of 
advanced stage heat related illness like Heat Exhaustion or Heat Stroke (loss of consciousness, 
incoherent speech, convulsions, red and hot face) or does not get better after drinking cool water in 
intervals of 8 ounces every 15 minutes and resting in the shade. 

While the ambulance is in route, assign a person to care for the injured, first aid will be administered (cool 
the worker by placing them in the shade, remove excess layers of clothing, place ice pack in the armpits 
and inner thigh area and fan the person).
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Revisions, notes, amendments, and clarifications specific to this plan will be detailed in the space below:
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DIRECTIONS TO OCCUPATIONAL HEALTH CLINIC (FOR NON 

– EMERGENCY, WORKCARE SCENARIOS)  

Post Prominently at Job-Site with copy of Near Loss/Loss Reporting Procedure found in Appendix B 

Section 5! 

 Clinic Name: St. Francis Hospital: Silver Lester S MD. 

Address: 100 Port Washington Blvd., Roslyn, NY 11576 

Clinic Phone Number: 516-562-6000 

Hours of Operation: 24 Hours 

 Head west on Old Glenham Rd toward Red Schoolhouse Road.  Go 0.2 Miles.  

 Turn left to stay on Old Glenham Rd.  Go 0.3 Miles. 

 Turn left onto NY-52/Fishkill Avenue.  Go 1.0 Miles. 

 Turn right onto Delavan Avenue.  Go 0.1 Miles. 

 Turn right onto Hastings Drive.  Go 0.2 Miles. 

 Continue Straight., Destination will be on the right.  Go 200 feet. 

SUMMARY 

Driving Distance: 1.8 miles 

Trip Duration: 5 minutes 

Driving Time: 5 minutes 
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1 INTRODUCTION 

This Appendix to the Health and Safety Plan (HASP) describes Chevron-specific policies, procedures, 

and/or recommendations that must be followed in addition to requirements detailed in the HASP. When 

Arcadis U.S., Inc. (Arcadis) and Chevron Environmental Management and Real Estate Company 

(Chevron) policies or procedures overlap, personnel are expected to adhere to the most stringent version. 

This appendix does not provide specific recommendations when policies conflict or overlap; therefore, 

personnel are expected to be familiar with policy variations in order to make informed decisions regarding 

compliance with company and client policies and procedures. 

The HASP and this appendix must be in a location at the site that is readily available to personnel. All 

project personnel will review and sign the HASP prior to starting work. Outdated copies or sections of the 

HASP must be discarded. 

1.1 Chevron Compliance Reporting Process and Hotline  

Chevron has established a Compliance Reporting Hotline. This is a risk-free and anonymous way to 

report a violation of federal, state, or local laws and/or company policies, by Chevron or a contractor, 

including but not limited to: 

 Health, safety, and environmental (not reporting incidents); 

 Discrimination/harassment/retaliation; 

 Conflicts of interest; 

 Theft, bribes, and kickbacks; and 

 Fraudulent transactions 

When appropriate (when appropriate action is not taken by Arcadis and/or Chevron management), 

Chevron contractors may use the reporting hotline. The Chevron hotline poster is provided at the end of 

this appendix. 

COMPLIANCE REPORTING HOTLINE: 800.284.3084

1.2 Subcontractors 

A copy of this HASP must be provided to all subcontractors prior to the start of work so that the 

subcontractor is informed of the potential hazards at the site. This HASP presents the minimum H&S 

requirements for the work completed by Arcadis and its subcontractors. Each subcontractor, in 

coordination with Arcadis H&S personnel, is expected to perform work in accordance with its own HASP, 

policies, and procedures unique to the subcontractor’s work to ensure that hazards associated with the 

performance of the work activities are properly controlled. Copies of any required safety documentation 

for a subcontractor's work activities will be provided to Arcadis for review prior to the start of on-site 

activities. Subcontractors may have access to and manage their training certifications in the Staff Training 

Management System (STMS), further described in Section 3, below.  
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If the subcontractor’s procedures/requirements conflict with requirements specified in this HASP, the 

more stringent guidance will be adopted after discussion and agreement between the subcontractor and 

Arcadis project H&S personnel. Hazards not listed in this HASP but known to the subcontractor or known 

to be associated with the subcontractor's services, must be identified and addressed to the Arcadis PM or 

task manager and Site Health & Safety Officer (SHSO) prior to beginning work operations. If multiple 

contractors or subcontractors (who are directly contracted to Chevron) are working on site at the same 

location, a Communication Plan will be prepared to ensure safe work. 

The PM, Task Manager, and SHSO (or authorized representative) have the authority to stop the 

subcontractor’s operations and to remove the subcontractor or subcontractor’s employee(s) from the site 

for failure to comply with established H&S procedures or for operating in an unsafe manner. 

2 GENERAL PRINCIPLES 

2.1 Stop Work Authority  

Every Arcadis employee, Arcadis subcontractor, and Chevron employee at a Chevron work site is 

empowered, expected, and responsible for stopping the work of another coworker if the working 

conditions or behaviors are considered unsafe. No repercussions will result from this action. 

If anyone is discouraged from exercising Stop Work Authority or is penalized for doing so, they should 

report this action to Arcadis’ PIC. If corrective measures are not satisfactorily implemented in a timely 

manner, they should report this action to the Chevron PM or Chevron's Health and Environmental Safety 

Manager. 

2.2 Tenets of Operational Excellence  

The Tenets of Operational Excellence (OE Tenets) are an extension of Chevron’s values and principles 

that apply to all Arcadis employees, Arcadis subcontractors, and Chevron employees at Chevron work 

sites. Any deviation from “always” in the OE Tenets requires a Management of Change (MOC), including 

a risk assessment involving appropriate subject matter experts. An MOC Form and the MOC Tracking 

Log is included in the HASP. The following OE Tenets are intended to protect people, the environment, 

and equipment: 

1. Always operate within design or environmental limits. 

2. Always operate in a safe and controlled condition. 

3. Always confirm that safety devices are in place and functioning. 

4. Always follow safe work practices and procedures. 

5. Always meet or exceed customer’s requirements. 

6. Always maintain integrity of dedicated systems. 

7. Always comply with all applicable rules and regulations. 

8. Always address abnormal conditions. 

9. Always follow written procedures for high risk of unusual situations. 

10. Always involve the right people in decisions that affect procedures and equipment. 
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Every Arcadis employee, Arcadis subcontractor, and Chevron employee at a Chevron work site must take 

action if a tenet is violated. Well-designed and effectively implemented processes are necessary to 

deliver operational excellence (OE). The OE processes can be viewed in their entirety on the Arcadis 

Chevron Team SharePoint site. 

2.3 Reporting Boundary  

The Operational Excellence Reporting Boundary services to help determine which contractor activities, 

work hours, transportation miles, and events should be monitored and considered for reporting to 

Chevron. During the Pre-Project Health and Environmental Safety Planning Meeting (Section 1.4 of the 

HASP), the project team should discuss and agree upon the site-specific reporting boundary. The chart 

provided below is a simple illustration of the decision process to be used in evaluating OE reporting 

boundaries for safety reporting. 

2.4 Drug, Alcohol, and Search Policy  

Employees will comply with Chevron’s Drug, Alcohol, and Search Policy (Exhibit-Safety Regulations, 

Contract No. 99014516). Subcontractors, by acceptance of Arcadis Subcontractor Agreement Form and 

the Schedule “D” Flowdown provisions, must also comply with this policy. According to the policy: 

 CONTRACTOR (Arcadis) shall have the right to perform controlled substance and alcohol tests 

based on a reasonable belief by CONTRACTOR or COMPANY (Chevron) that an individual is using 

alcohol or drugs on the basis of specific physical, behavioral, or performance indicators. 

 CONTRACTOR shall have the right to remove any employee from performing work if the individual 

exhibits unusual job behavior or unacceptable job performance and it is believed by CONTRACTOR 
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or COMPANY that he/she may be using controlled substances or presently under the influence of 

alcohol. 

Stop work immediately if an employee or subcontractor’s employee is suspected of being under the 

influence. Contact the employee’s supervisor and arrange for transportation of the employee from the 

site.  

3 TRAINING 

3.1 Staff Training Management System 

Training records are maintained in a Staff Training Management System (STMS) database.  Computer-

based training modules on SWPs are located in STMS.  Individuals working on Chevron projects are 

expected to view courses relative to their scope of work and pass an exam associated with each module.   

https://solutions.arcadis-us.com/stms/index.cfm

3.2 Site-Specific Training Requirements 

Project teams will need to review the Arcadis Training Matrix (available on The Source), the Chevron 

Training Compliance Matrix (available on the Chevron Team Website), and the corresponding Arcadis 

H&S standard (available on The Source) to prepare a site-specific list of required training. All training 

dates and certificates of completion should be stored on the Staff Training Management System 

database.   

3.2.1 Arcadis Employees 

Arcadis employees are to adhere to company training requirements, as specified in the most current 

Environmental Division H&S Training and Related Requirements Matrix, located on Arcadis’ Learning 

Center Resources Intranet Site: https://arcadiso365.sharepoint.com/:x:/r/sites/naintranet/en-

us/humanresources/_layouts/15/Doc.aspx?sourcedoc=%7BF9F69A8E-D1BA-47CE-B51C-

90270F25519E%7D&file=HS%20Training%20Matrix%20-

%20Corp%20Admin%20Groups.xlsx&action=default&mobileredirect=true&DefaultItemOpen=1

The level of training for Arcadis employees is relative to the project scope.   

3.2.1.1 Chevron-specific Training Requirements for Arcadis Employees 

In addition to Arcadis-required training, subcontractor employees WORKING on Chevron project sites 

must be briefed and have awareness of the following: 

 Smith System® Forward and Backing Motion (online) – for anyone driving a motor vehicle within 

Chevron reporting boundaries. 

 Commentary Drive Training (every 3 years) – for anyone driving a motor vehicle within Chevron 

reporting boundaries > 1000 miles per year. 
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 Chevron 101 Classroom – required for all Arcadis employees. Workers that have not had Chevron 

101 Classroom are to be designated as Short Service Employees (SSE) BY ARCADIS (not Chevron).   

 Managing Safe Work OE Process Safe Work Practice Training based on Scope of Work – computer-

based training on STMS for workers subject to a SWP (e.g. at a minimum Hazard Analysis including 

Human Performance and Permit to Work; other SWPs as applicable to scope of work)  

 Heat Stress Training – required by law if site is in California or Washington.   

 Portable Gas Detection 

 Delegation of Authority - (DOA; includes Chevron manifest awareness, Resource Conservation and 

Recovery Act Hazardous Waste training, and Department of Transportation [DOT] No. 1 training) – 

required for Arcadis employees that sign waste manifests on behalf of Chevron. 

3.2.2 Arcadis Subcontractors 

Arcadis Subcontractors are expected to complete the same training courses or courses equivalent to the 

Arcadis training requirements. When applicable, Subcontractors that operate heavy equipment are to 

provide training documents or a Letter of Competency from his/her employer prior to commencing work. 

3.3 Short-Service Employee Programs   

Employees who are new to are potentially at a greater risk for incidents since, in general, they are not as 

aware of work-related hazards and are more susceptible to incidents that could result in personal injury, 

injury to others, environmental impact, or property damage. Therefore, Arcadis U.S. (Arcadis) has 

developed an SSE Health and Safety Policy (HSGE019, dated October 2017), which outlines the 

mentoring and coaching requirements to ensure the health, safety, and security of SSEs. Chevron 

Environmental Management and Real Estate Company (CEMREC) has also established minimum 

expectations regarding managing SSEs as part of the Contractor Health Environment and Safety 

Management (CHESM) OE Process (most recent version available on the Arcadis Chevron Team Site). 

An Arcadis Chevron Account Team SSE Policy (Policy) has been developed and is aligned with both the 

Arcadis and the Chevron SSE requirements and expectations. 

The Arcadis and the Chevron SSE Policies both require mentoring for unfamiliar tasks.  A summary of 

both policies is provided below: 

3.3.1 Arcadis SSE Policy  

The Arcadis Policy HSGE019 is referenced herein but must be read and followed in full in addition to this 

Policy. It includes the following six (6) mandatory core elements to help introduce the Arcadis Health & 

Safety Culture to the SSE while fostering a strong relationship with their supervisor and project 

management. 

The minimum requirements below apply to all employees with less than 1 year of employment at Arcadis. 

 New Hire Orientation Call 

 New Hire Health & Safety Program Orientation 
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 New Hire / Short Service Employee Task Improvement Process (TIP) 

 New Hire Health & Safety Culture Assessment 

 Culture of Caring Review 

 SSE Mentoring 

The Arcadis Policy HSGE019 can be found on the Health and Safety Documents page located below:  

https://arcadiso365.sharepoint.com/sites/naintranet/en-

us/PoliciesIntegrity/HS/Documents/Short%20Service%20Employee%20HS%20Standard.pdf

3.3.2 Chevron Team SSE Program 

SSEs will have an assigned field mentor to assist them in adjusting to the project requirements and 

procedures. SSEs will be identified in the field by wearing an orange hardhat. The following procedures 

apply to SSEs: 

 Employees or subcontractor’s employees with less than 6 months experience in their trade/craft will 

be designated as an SSE for 6 months. 

Additionally, the following apply: 

 All SSEs must be approved by the Chevron PM by submitting the SSE Form. The SSE Form is 

provided on the Arcadis-Chevron Client Team Intranet Site. 

 A two- to four-person crew may have only one SSE on site. 

 A crew of five or more may have no more than 20 percent of the crew staffed with SSEs on site. 

The following situations do not fall under the requirement for SSE: 

 A change in employer or company name does not necessitate SSE designation.  

 Being new to a site does not necessitate a Contractor’s inclusion in an SSE program. 

The following exclusions apply: 

 Contractors who only perform work activities classified as low-consequence potential are not required 

to participate in a compliant SSE program. 

Individual Contractors who are promoted (within the same trade), regardless of location, are not required 

to participate in an SSE program.  

The Arcadis Chevron team SSE Policy and documents can be found at the below sharepoint site: 

Arcadis Chevron SSE Policy
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4 PLANNING  

4.1 Pre-Project Health and Environmental Safety Planning Meetings 

Prior to preparing a HASP, the project team will conduct a pre-project health and environmental safety 

planning meeting. During this meeting, the project team will review: 

 Scope of the work to be completed 

 Site hazards 

 Plan to evaluate and mitigate hazards 

 Applicable Arcadis standards, best practices, or safe work processes 

 Required Job Safety Analysis (JSA) and identification of JSA writers 

Prior to conducting work in the field, a Project Safety Plan Pre-Meeting should be held with Arcadis staff, 

Subcontractors, and client(s) involved in the project scope.  
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4.2 Hazard Identification 

4.2.1 Chevron Hazard Identification Tool 

The Chevron Hazard Identification Tool is designed as an additional hazard recognition tool for the 

control of 10 types of hazardous energy on the job. The objectives in using this tool are: 

 Provide a method to identify energy sources in an environment. 

 Enable the identification of potential hazards associated with energy sources. 

 Enhance hazard assessment skills through the integration of this tool.  
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4.3 Planning Phase Hazard Analysis 

High level work scope hazards shall be identified or reviewed during the work planning phase (PPHA) to 

evaluate potential hazards and their control or mitigation. A PPHA is completed during the planning phase 

of work, based on process and operational documentation and knowledge. The PPHA template can be 

found on the Chevon-Arcadis Client Team Intranet Site. A PPHA is required for the following activities 

due to a high hazard potential: 

 Simultaneous Operations activities 

 One activity requiring two or more Specialized Permits (e.g. hot work in a confined space, hot work 

during dive operations, etc.) 

 Bypassing critical protections 

 Commercial diving activities 

 Confined space entries with special hazardous characteristics 

 Work on energized electrical equipment or over 50 volts 

 Excavation activities requiring protective systems (e.g. shoring, bracing, sloping, etc.) 

 Hot work in a Hazardous (Classified) Area 

 Hot work inside a tank or vessel 

 Hot tapping 

 Activities requiring Positive Physical Isolation (PPI) 

 Complicated, complex, heavy, blind and/or personnel lifts using man riding baskets 

 Activities requiring continuous portable gas testing/monitoring 

 Any activities involving explosives (e.g., perforating, etc.) 

4.4 Health and Safety Standards and Forms 

This section references the Arcadis Standards and Chevron Standards that are available to project 

teams.  Forms that accompany the Standards are also listed below.  The Standards are stand-alone 

documents and are not to be included in their entirety in this HASP. 

Table 4-1 Applicable Health and Safety Standards 

Arcadis H&S Standard 
Associated Required Forms and 

Checklists 

Aerial Work Platform 
- Equipment Operator Permit 
- Aerial Work Platform Inspection 

Checklist 
- Written Rescue Plan 

Asbestos H&S Standard N/A 
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Arcadis H&S Standard 
Associated Required Forms and 

Checklists 

Benzene H&S Standard N/A 

Bloodborne Pathogens H&S Standard N/A 

Cadmium H&S Standard N/A 

Cold Stress H&S Standard 
-  

Confined Space Entry H&S Standard 
- Confined Space Entry Evaluation Form 
- Confined Space Entry Checklist 
- Confined Space Entry Permit 
- Written Rescue Plan 

Documentation and Document Control H&S Standard N/A 

Electrical Safety H&S Standard 
- Energized Electrical Work Permit 

Emergency Response and Fire Safety H&S Standard N/A 

Excavation and Trenching H&S Standard 
- Daily/Periodic Excavation Inspection 

Checklist 
- Competent Person Evaluation Form for 

Excavation and Trenching 

Fall Protection H&S Standard 
- Elevated Work Permit 

First Aid H&S Standard N/A 

HARC H&S Standard N/A 

HASP H&S Standard N/A 

Hazard Communication H&S Standard N/A 

HAZWOPER H&S Standard N/A 

Health and Safety Management System H&S Standard N/A 

Hearing Conservation H&S Standard N/A 

Heat Stress Prevention H&S Standard N/A 

Heavy Equipment H&S Standard 
- Heavy Equipment Operator Permit 
- Heavy Equipment Inspection Checklist 

Hoisting and Rigging H&S Standard 
- Lift Plan 
- Crane/Lifting Inspection List 

Hot Work H&S Standard 
- Hot Work Permit 

Hydrogen Sulfide H&S Standard N/A 

Incident Reporting and Investigation H&S Standard N/A 

Industrial Hygiene H&S Standard N/A 

Injury and Illness Prevention H&S Standard N/A 

Ladder Safety H&S Standard N/A 

Lead H&S Standard N/A 

LOTO H&S Standard 
- LOTO Permit To Work 
- LOTO Inspection Checklist 

Medical Surveillance H&S Standard N/A 

Motor Vehicle Safety H&S Standard 
- Note: Arcadis Weekly Inspection 

Checklist is not required, provided the 
daily pre-trip inspection form is used.
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Arcadis H&S Standard 
Associated Required Forms and 

Checklists 

OSHA Inspections H&S Standard N/A 

Personal Protective Equipment H&S Standard N/A 

Powered Industrial Truck (Forklift) H&S Standard 
- Powered Industrial Truck Inspection 

Checklist 

Radiation Sealed Source H&S Standard 
- Instrument Inspection Log 

Railroad Workplace H&S Standard N/A 

Respiratory Protection H&S Standard N/A 

Respirable Crystalline Silica H&S Standard N/A 

Roadway Work Zone Safety, Traffic Control and Employee Safety on 
Private Roadways and Parking Areas (note: a gas station is 
considered a private roadway) 

- STAR Plan 
- Note: a STAR Plan is not required, 

provided a Chevron-compliant TCP is 
prepared.

Roadway Work Zone Safety, Traffic Control and Employee Safety on 
Public Roadway (Requires approval by Arcadis employee with 
Engineering Judgment – May be found in Arcadis Transportation 
Safety section 

- DOT TCP 
- Note: Project team will also need to 

comply with local permitting authority 
requirements. 

Root Cause Analysis H&S Standard N/A 

Scaffold H&S Standard N/A 

Stop Work H&S Standard N/A 

Tailgate Meetings H&S Standard 
N/A 
Note: Arcadis General PTW cannot be 
used in replace of the Chevron General 
PTW.

Utility Clearance H&S Standard N/A 

Water Operations Float Plan 

Workstation Setup H&S Standard N/A 

Chevron Standards 

Chevron Ground Disturbance Standard (required for all ground 
intrusive work for Chevron sites) 

- Chevron Line Locating Technologies 
Selection Tool 

- Excavation or Drilling Permit 
- Excavation and Trenching Inspection 

Checklist 
- Daily Equipment Inspection Form 

Chevron Permit to Work Standard 
-  Chevron General PTW and applicable 
Specialized Permits or Plans based on 
work activity 

Chevron Manual Handling Standard 
N/A 

Chevron Hazard Analysis Standard 
-  Applicable JSAs and PPHA 

Chevron Bypassing Critical Devices Standard 
- Bypass register 

Chevron Portable Gas Detection Standard 
N/A 

Chevron Commercial Diving Standard 
- Chevron Commercial Diving Permit 
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Arcadis H&S Standard 
Associated Required Forms and 

Checklists 

Chevron Confined Space Standard 
- Chevron Confined Space Entry Permit 

Chevron Electrical Safe Work Standard 
- Chevron Energized Electrical Permit 

Chevron Hot Work Standard 
- Chevron Hot Work Permit 

Chevron Isolation of Hazardous Energy Standard 
- Chevron Isolation of Hazardous Energy 

Permit 

Chevron Lifting and Rigging Standard 
- Chevron Critical Lift Plan 

Chevron Simultaneous Operations Standard 
- Simultaneous Operations Plan 

Chevron Vacuum Truck Standard 
- Chevron Vacuum Truck Essentials 

Checklist (Dry and/or liquid material) 

Chevron Working at Heights Standard 
- Chevron Fall Rescue Plan 
- Chevron Working at Height Review 

Checklist 

Notes:
LOTO = lock out/tag out 
N/A = Not Applicable 
MBUAW = Marketing Business Unit Americas West 
STAR = Site Traffic Awareness and Response 
TCP = Traffic Control Plan 

4.5 Field Health and Safety Handbook 

Arcadis’ Field Health and Safety Handbook (FHSHB) contains information about topic-specific H&S 

requirements for the field. The FHSHB contains relevant general topics and is used as part of the overall 

HASP process. To aid in the consistency of the HASP process, the FHSHB will be used as an 

informational source in conjunction with this HASP.  

4.6 Emergency Drills  

Emergency drills are to be conducted and documented at every project site or applicable portfolio of sites 

at least annually. Any learning opportunities that arise from the drills should be shared with the Chevron 

Team. A form used to document emergency drill events is available on the Chevron Team Site. 

5 FIELD EXECUTION 

5.1 Tailgate Safety Meetings 

Tailgate safety meetings must be conducted daily.  There MUST be a safety meeting that takes place 

before work begins and, adhering to Chevron’s JSA policy, a lookback discussion must take place at the 

end of the work day.  Based on project scope, a mid-day safety meeting may be required.   
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5.2 Permit to Work 

Chevron uses a PTW process to ensure that daily work activities have been evaluated for potential 

hazards and that all identified hazards have been effectively mitigated. The appropriate Chevron permit(s) 

must be utilized based on the scope of work. Permits will be completed by an authorized (signed) PTW 

Requester and verified by an authorized (field signed or remote) PTW Approver. The PTW Requester 

may function in the dual role as the PTW Approver; however, the same person cannot be listed as both 

the Requester and Approver on a PTW. Only designated, qualified personnel may serve as a PTW 

Requester/Approver. 

At sites that are actively operated by Chevron personnel, Chevron serves as the permitting authority. In 

such instances, Arcadis personnel must complete all necessary Chevron-provided paperwork and 

permit(s) in addition to the General PTW.  

Specialized Permits are required to be accepted by the Chevron PM prior to conducting the activity and 

include the following tasks: 

 Commercial diving 

 Confined space entry 

 Environmental drilling 

 Energized electrical work 

 Excavation 

 Hot work 

 Isolation of hazardous energy 

Teams should always strive for the most effective method of hazard control.  The following illustration 

presents the most effective to least effective methods, PPE being the least protective.  When PPE 

controls fail, workers are exposed or injured.   
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5.3 Job Safety Analysis 

During pre-job health and safety planning, a JSA must be completed for each safety critical task. A 

Arcadis-Chevron Team JSA template must be utilized to develop all JSAs.  The JSA also lists the type of 

PPE required for completion of the project. JSAs must be reviewed in the field by the following personnel 

performing the work:  

 A Responsible Person(s) to acknowledge that potential hazards are identified and controlled prior to 

beginning work. 

 All individuals working under the JSA, including those who join the work group after the initial review, 

to acknowledge that the identified hazards and controls have been communicated and that they are 

understood. 

 A Verifier who also serves as the Person Managing the Control of Work (PMCoW) (i.e., person that is 

in charge at the project site, subcontractor or Arcadis site lead). 

JSAs must be “field modified” based on current site conditions prior to starting work and following any 

changes to the original scope of work or following significant changes at the job site (such a change in job 

supervisor, weather conditions, or a new work crew) to include up-to-the-minute evaluation of site 

hazards. Scope applicable JSAs are reviewed daily. 

JSAs must be site specific and communicated in a language appropriate for the work team. During in-field 

JSA review, the use of Stop Work Authority by anyone present at the job site must be discussed.  
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5.3.1 Job Safety Analysis Library  

Arcadis maintains a library of ‘seed’ JSAs that can be downloaded and modified to be site specific. Site-

specific JSAs are then stored in the project file and managed locally. This library is available on the 

Arcadis Chevron Team Site. 

5.3.2 Personal Protective Equipment Determination 

Chevron’s minimum level of PPE is required for all active project sites to protect eyes, head, hands, arms, 

feet, legs, and body.  During the Project Planning phase, a PPE Hazard Assessment must be completed, 

documented and retained in project files. The results of this PPE Hazard Assessment can be transferred 

to the applicable PPE section of the Arcadis-Chevron JSAs that can capture additional task-specific PPE 

required beyond the minimum expectations described below.  Minimum PPE requirements include: 

 Gloves – Appropriate for the task; high visibility preferred.  

 Long shirt and pants. 

 Clothing with hoods or drawstrings shall not be worn around rotating equipment or machinery. If 

hoods are worn the potential peripheral vision hazards shall be addressed in the project site’s JSAs. 

 Rain gear hoods and hoods on jackets or sweatshirts to protect against inclement weather can be 

worn over the hard hat as long as they do not compress the suspension of the hat which will 

compromise the protection of the hard hat or around rotating equipment or machinery. 

 If a hood or winter liner is worn under the hard hat then it shall comply with Section 5.5.2 of ANSI 

Z89.1-1971: "winter liners should be made of fabric, plastic, or other suitable material. Colored 

materials shall be fast-dyed. The outer surface may be water resistant. There shall be no metal parts 

in winter liners for use with Class B helmets. " 

 High-visibility vest or appropriate high-visibility clothing. 

 Hard hat 

 Safety glasses, wraparound or with side shields labeled with ANSI Z87.1 rating, or a certification card 

for lenses and frames. 

 Safety footwear meeting ASTM F2413-05 standard with chemical- or oil-resistant soles. 

5.3.3 Jewelry, Hair, and Loose Clothing  

Jewelry, hair, and loose clothing can easily get caught in moving machinery, which may result in serious 

bodily injury or death. Always remove all jewelry before beginning work and make certain that clothing 

and hair cannot become entangled in moving equipment.  

Jewelry should not be worn if it could compromise the integrity of hand protection by tearing or puncturing 

protective gloves. 
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5.3.4 Flame-Resistant Clothing 

Flame-resistant (FR) clothing may be required at some Chevron project sites.  These typically include 

refineries, oil fields, bulk terminals, etc.  Generally, clothing with a minimum Hazard Risk Category of 2 

are to be selected.   

FR clothing is made of natural materials (cotton) that has been treated with a product that makes it fire 

resistant.  Follow manufacturer’s instructions on washing and drying the material, as well as how long it is 

anticipated to maintain fire resistant properties.  By it’s nature, FR clothing is poorly ventilated and will 

increase sweating and retention of heat.  Crews should anticipate negative consequences when wearing 

FR clothing and increase the frequency of breaks, rest in shaded areas and water intake.   

The insect repellant DEET should not be applied to FR clothing as it will reduce or eliminate flame 

resistance in the garment.  Permethrin has been proven to not have a negative effect on FR clothing.   

5.4 Preventing Serious Injuries and Fatalities 

5.4.1 Field Health and Safety Handbook 

In addition to existing permitting procedures and safe work practices, Chevron’s field guide, Preventing 

Serious Injury and Fatalities, provides a quick reference allowing the user to identify and control 

significant potential hazards associated with each task at a project site. 

Field guide applications include: 

 Review of significant potential hazards and associated prevention before the start of a high-risk 

activity 

 Reference during all phases of hazard assessment (planning, permitting, implementation, and 

closeout) 

 Integration on the local level regarding fatality and serious injury prevention 

 Tool for building awareness among all staff at meetings, field visits, shift changes, and other 

applicable opportunities 

 Augment the Managing Safe Work field engagement and Contractor Health, Environment and Safety 

Management activities 

 Near-miss and incident investigations 

 Operational Excellence audit or self-audit toll for high-risk observations 

The Preventing Serious Injury and Fatalities field guide will be provided to all field staff, task managers, 

and PMs; and reviewed by all staff before commencing field activities and as applicable during field 

activities. A copy of the field guide must be present at the site along with this HASP. 
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5.4.2 Save Your Life Actions 

Save Your Life Actions (SYLAs) are Safeguards designed to prevent fatalities when performing work 

associated with Managing Safe Work (MSW) Standards.  They are important when performing activities 

that have an elevated risk.  These include:  

 Commercial Diving  

 Confined Space Entry 

 Electrical Safe Work 

        - De-energized electrical work 

        - Energized / Live electrical work 

 Excavation 

 Hot work 

 Isolation of hazardous energy 

 Lifting and rigging 

 Working at heights 

Reference guides are available for the above-referenced activities.  These guides provide critical actions 

that workers must consider when performing the work.  Safe Your Life Actions should be provided to 

workers early in the planning-phase and/or immediately prior to mobilizing to project sites.   

5.4.3 Start Work Checks 

Start Work Checks (SWCs) are verification tools designed to help workers confirm Save Your Life Actions 

are completed immediately prior to the start of work.  These checklists are to be utilized by the work crew 

immediately prior to performing the work activities identified in Section 5.4.2.  The checklists must be 

Verified by the Person Managing Control of Work before work may commence.   

5.5 General Requirements 

5.5.1 Photographs  

Some Chevron locations require special permission to take photographs.  These are typically office 

building, refineries, and bulk terminals.   

5.5.2 Visitors  

All visitors to Arcadis work areas must check in with the SHSO. Visitors will be cautioned to avoid skin 

contact with surfaces, soil, groundwater, or other materials that may impacted or be suspected to be 

impacted by constituents of concern (COCs). 

Visitors requesting to observe work at the site must wear appropriate PPE prior to entry to the work area 

and must have the appropriate training and medical clearances to do so. If respiratory protective devices 
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are necessary, visitors who wish to enter the work area must have been respirator trained and fit tested 

for a respirator within the past 12 months. 

5.5.3 Contact Lenses  

According to the National Institute for Occupational Safety and Health, wearing contact lenses does not 

require enhanced eye and face protection. For chemical vapor, liquid, or caustic dust hazards, the 

minimum protection consists of well-fitting non-vented or indirectly vented goggles or full-facepiece 

respirators. Close-fitting safety glasses with side protection provide limited chemical protection but do not 

prevent chemicals from bypassing the protection. Workers should wear face shields over other eye 

protection when needed for additional face protection, but they should not wear face shields instead of 

goggles or safety glasses regardless of contact lens wear. Arcadis personnel and subcontractors are 

permitted to wear contact lens at this site when performing routine tasks identified in the HASP. 

5.5.4 Use of Ground Fault Circuit Interrupter Line Cord  

Ground fault circuit interrupter (GFCI) line protection must be used when operating portable corded 

equipment. GFCI protection may be built-in or included in a GFCI line cord or “whip cord” at the power-

providing end of the setup. It is important to place the GFCI as close to the power source as possible. 

5.5.5 Fixed Open-Blade Knives 

The use of fixed open-blade knives (FOBKs) are prohibited without written approval from the Program 

Manager. Whenever possible, use an alternative cutting tool that is suitable for the job. 

Always perform a thorough JSA to define the proper cutting tool for the task. If an FOBK is specified for 

use, submit an FOBK Exception Permit to your Program Manager for approval. If you are working on a 

MBUAW site, the FOBK Exception Permit must be signed or verbally approved by the MBU PM and 

approved by the Area Manager before beginning the task. 

5.6 Tick Management Plan 

A Tick Management Plan (TMP) has been developed to address tick-related risks while working in the 

field at affected sites. This plan serves to set clear Chevron expectations and to present the requirements 

for personnel working at Chevron and Arcadis sites located in tick prone areas and performing activities 

where tick encounters are likely (e.g. tall vegetation, grubbing/clearing, wooded areas, dormant 

undisturbed sites, etc.). This document is structured to focus on tick awareness and prevention of tick 
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bites, outlining expected site requirements in an order which follows the hierarchy of hazard controls. For 

completeness, procedures on proper tick removal and incident reporting are also presented.  

5.7 Ground Disturbance 

Ground disturbance includes any activity that breaks the surface of the ground (including pavement, 

concrete, asphalt, etc.). Examples of ground disturbance include drilling, hand augering, soil sampling, 

post or stake driving, ground rod installation, silt fence installation, excavations, trenching, etc. Ground 

disturbance is broken into Drilling and Excavation categories and there is a corresponding Drilling 

Specialized Permit or Excavation Specialized Permit to complete, both include a Ground Disturbance 

Safety Precaution Checklist. Chevron no longer requires the Ground Disturbance Checklist. Instead, 

there is a Line Strike Prevention Guidance and Line Locating Technologies Selection Tool.  

If any public or private utility, whether active or inactive, or other buried material resembling a 

utility, conduit, artifact, or anomaly of potential significance (pea gravel, painted gravel, string, 

etc.), Stop Work must be initiated. Notification must be made to the Arcadis Project Manager 

immediately. 

Utilities identified within 5 feet, vertically or horizontally, from a proposed excavation must be positively 

verified so it can be adequately protected.  This may include exposing it using soft digging methods

5.7.1 Borehole Clearance 

When applicable, crews must hand clear subsurface utilities to a depth of 5 feet below the ground 

surface.  The diameter of the clearing borehole must be at least 110% of the diameter of the auger.  

5.8 Traffic Control  

Personnel working on and around retail and terminal sites must be aware of workplace hazards related to 

traffic control. Personnel must also understand the various levels of workspace protection and PPE 

requirements. 

 A Traffic Control Plan (TCP) may be required at the site.  This plan includes the designation of 

pedestrian and motor vehicle areas at the site. The SHSO may modify the TCP, as needed, to address 

potential changes in site conditions. A detailed TCP, including a site map depicting traffic control 

measures, is included with the JMP in the HASP. 

All personnel working at the site must wear Class 2 or higher high-visibility vests. The class identification 

is located on the garment tag. Class 3 vests are required for any night-time work or for work where traffic 

flows at more than 50 miles per hour. If drums, cones, or tubular markers are used to channelize 

pedestrians, the devices will be located so that there are no gaps between the bases in order to create a 

continuous bottom. The cap height of each individual drum, cone, or tubular marker will be no less than 

36 inches to be detectable to people who use walking canes. Type 2 or Type 3 barricades are acceptable 

for use on Chevron project sites. 
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When establishing work zones in parking lots or other areas with the potential for vehicle traffic, 

use high-visibility traffic cones (with one or more flags) or delineators with a height of 48 inches. 

5.8.1 Requirement for Two-Person Crew  

If there are questions regarding the number of personnel required to work safely at the site, a two-person 

crew must be dispatched for the first site visit. Subsequent review with these employees will determine if 

the site remains a two-person job. A two-person crew (minimum) is required if the location requires traffic 

to be redirected into another lane, a public traffic lane is temporarily closed, work is completed along the 

shoulder of a heavily trafficked roadway, or it is deemed otherwise necessary for the safety of the field 

crew. Consider using the buddy system for work in areas where hybrid or electric vehicles are popular 

because they can’t be heard at slow speeds. 

5.8.2 Level 1  

Use of Level 1 protection may be acceptable for routine tasks of very short duration (less than 10 minutes 

in one area) where a worker can stay aware of traffic in the vicinity, such as during initial well gauging or 

surveying.  
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Maintain a maximum distance of 4 feet between cones and always leave an exit point from the work 

zone. If possible, use a vehicle with flashers activated to provide visual warning and protection from 

traffic. Use the buddy system or a watchperson when conditions warrant. 

5.8.3 Level 2  

If tasks of any duration are such that the worker cannot remain aware of traffic, elevate traffic control to 

Level 2. Level 2 traffic control is also necessary when working more than 10 minutes in one location, 

where Level 3 control is not warranted.  

Level 2 requires using barrier tape on delineators with flags, field vehicles with flashing yellow lights or 

vehicle hazard lights, and/or other lane control devices. Barricades may also be used in conjunction with 

tape to improve warning because of the noise they make if overturned. Use the buddy system in areas 

where workers cannot give undivided attention to traffic when exposed to traffic hazards. Use Level 2 

when temporarily securing an area for activities such as groundwater sampling, hand digging, or 

temporarily isolating an area for storage or moving equipment/supplies. 

5.8.4 Level 3 

High task loads that distract attention from vehicle traffic (including noise), work that is performed in low 

light conditions, or when there is a closure of access from public right-of-way to a work site (e.g., station 

entrance is closed) warrants Level 3 traffic control.  

Use plastic security fencing and/or Type 2 or Type 3 barricades. A flashing yellow light on the vehicle may 

be used for additional visibility. Be cognizant of blocking the pump island or any other facility concerns. 

Use Level 3 traffic control when heavy equipment or power tools are used in areas near electrically 

energized or rotating equipment. Use Level 3 protection for workers or the public near slow-moving traffic 

or with high traffic volume, in driveways, around tripping hazards, and to control third-party foot traffic. If 

there is no third-party traffic potential, Level 3 is NOT required. 

5.8.5 Level 4 

Level 4 traffic control is warranted when work is being performed in a public right-of-way. Level 4 often 

requires oversight by a licensed traffic controller. Traffic control requirements may vary depending upon 

the authority having jurisdiction over the roadway (city, county, state, or federal). 

5.9 Manual Handling  

Manual handling of materials should only be conducted when all other alternatives (e.g. mechanical 

equipment, no action) have been evaluated and are inappropriate. Chevron has developed a Manual 

Handling Standard with a purpose to improve the identification, assessment, mitigation, or elimination of 

the risks associated with materials handling.  

The amount of weight an individual can safely lift will depend on the individuals’ physical condition, 

fatigue, perceived stress, layout of the work area, and worksite conditions. Individuals in good physical 

condition must not exceed the following limits: 
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1. For non-ideal lifting circumstances (bent over or when reaching out beyond elbow length from the 

front of the body), the maximum weight to be lifted and carried shall not exceed 25 lbs. For weights 

over 25 lbs, seek use of mechanical devices. 

2. For ideal lifting circumstances, the maximum weight to be lifted or carried by one person in good 

physical condition using two hands and standing erect with item held close to the body shall not 

exceed 50lbs.

When performing a team manual lift with individuals in good physical condition the maximum weight 
to be lifted and carried shall not exceed 100 lbs. In cases where manual handling is required for 
items over 100 lbs, employees must reassess all 9 steps of the Manual Handling Hazard 
Analyses, including updating any JSAs, before proceeding with a team lift of 2 or more 
persons. 

Max. Weight Table 

Type of Lift Number of Persons Max. Weight

Non-ideal 1 25 lbs (11kg)

Ideal 1 50 lbs (22kg)

Ideal Team 2 or more 100 lbs (45kg) 

*Information in Max. Weight Table is derived from NIOSH.  

Individuals in good physical condition must not exceed the following limits: 

1. Carts and other assisting devices shall be used when moving items, especially for those items that 

are not ideal, bulky, have poor handles, shift from side to side, uneven loads, and place high stress 

and force on the hands.  

2. Where manual carrying cannot be eliminated by using a handling/assisting device alone, refer to 

Table – Carrying Limits for carrying limits: 

Carrying Limits 

Position # of Persons Hand Contact Max. Weight Max. Travel Distance

Front of Body 1 2  50 lbs (22kg) 10 yds/m

Front of Body 1 2 40 lbs (18 kg) 20 yds/m

Front or Side of Body 1 2 or top handle 30 lbs (13kg) 30 yds/m 

*Information in Carrying Limits Table is derived from Chevron’s Safety in Design Standard.  
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6 BEHAVIOR-BASED SAFETY PROGRAM AND TASK 

IMPROVEMENT PROCESS 

Arcadis has a Behavior-Based Safety (BBS) Program (Risk Management Program) that focuses on 

proactively identifying and mitigating hazards, re-enforcing positive worker behaviors, and systematically 

identifying and correcting behaviors that may negatively impact worker safety.   

One of the proactive tools in Arcadis’ Risk Management Program is the TIP. As part of any project, no 

matter how simple or complex, TIPs should be conducted when practical and when able to integrate into 

normal business activities. TIPs are used as a hazard recognition tool for safety critical tasks, new or 

never performed tasks, and tasks that are performed routinely so as to avoid complacency. Chevron also 

uses BBS Observations. TIPs should be performed at a frequency of 1/400 hours for low risk work and 

1/200 hours for high risk work (e.g. work requiring a Specialized Permit or Plan). Specific Business Units 

within Chevron may have varying observation metrics.    

Similarly, near losses are opportunities to learn from events that could result in an injury or some other 

type of loss under different circumstances.   

6.1    4-Sight Database  

Arcadis uses a BBS system database known as 4-Sight to track TIP observations, near misses, and 

incident investigations. 

6.2    Impact Database  

Chevron only uses the Impact Database to track near misses and incidents. However, Arcadis employees 

will document near misses and incidents in both 4-Sight and Impact. Impact database reporting forms are 

available on the Chevron One Team Site. 

7 MOTOR VEHICLES 

Chevron has a Motor Vehicle Safety (MVS) Process that mainly affects motor carriers and vehicle 

operators under Chevron Reporting Boundaries. Traveling to and from project sites, to lunch or to 

purchase supplies, and other project-related travel are NOT under Chevron Reporting Boundaries. 

However, travel on site and travel between sites is under Chevron Reporting Boundaries and may affect 

Arcadis employees. This is particularly important at large facilities. Chevron’s MVS Process is located on 

the Chevron One Team Site. 

7.1 Training 

To comply with Chevron’s MVS process, Arcadis requires forward motion and backing online training. In 

addition, Arcadis staff who may drive within the Chevron Reporting Boundary are required to take 
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Commentary Driver training every 3 years. Commentary Driver training also includes off-tracking and 

spotter training. Commentary Drive Trainers are listed on the Arcadis Chevron Team Site. 

7.2 Prior to Driving 

7.2.1 Securing Cargo 

Cargo must be secured in vehicles. Debris must be kept off of floors. Items should not be stored in back 

seats or behind seats because they could be projectiles if harsh braking or a crash occurs. Secure all 

items in the bed of the vehicle or in the back of an SUV (use vehicle-specific netting or straps).  

7.2.2 Pre-Trip Vehicle Inspection 

Prior to mobilizing to a site, a pre-trip inspection of the vehicle must be completed.  

7.3 Forward Motion 

Several operation strategies apply when driving at low speeds or prior to operating a vehicle: 

 always maintain a minimum 3-foot cushion between vehicles and objects, and travel at low speeds 

 always conduct a 360-degree walk around (Get Out And Look [GOAL]) prior to operating a vehicle. 

 When passenger vehicles are in motion, all occupants must be seated in designated areas of the 

vehicle and must wear safety belts. Personnel may not occupy the bed of trucks or trailers while the 

vehicle is in motion.  

 Cell phone use while driving is prohibited when working on all Arcadis and Chevron projects. This 

includes driving on site, as well as driving to and from the site. Hands-free devices are also 

prohibited. 

7.4 Backward Motion 

7.4.1 Use of Spotters 

Spotters must be used when backing a vehicle. If more than one Arcadis employee is present at the site, 

request a spotter before moving a vehicle. A spotter is REQUIRED for forward or backward movement if 

the vehicle must get within 3 feet of a stationary object. Prior to moving a vehicle, communicate a plan 

with the spotter. The spotter must: 

 Be familiar with how to properly spot a vehicle and/or receive spotter training. 

 Stay a safe distance from the vehicle while acting as spotter.  

 STOP the vehicle if a new spotting location is necessary.  

 Stay in constant visual or verbal communication with the driver.  

 Avoid standing on uneven terrain. 
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 Do not walk while spotting.  

 Use common hand signals. Communicate these signals with the driver before moving the vehicle. 

 Be able to focus on spotting. 

The driver must: 

 Ensure that the spotter is a safe distance from vehicle. 

 STOP the vehicle if the spotter is no longer visible. 

 STOP and TRACK with the spotter if terrain is unfavorable.  

 Understand the hand signals to be used by the spotter.  

 Proceed at very slow rate of speed. 

 Be aware of surroundings at all times. 

7.5 Parking 

When parking, every attempt must be made so that the first movement is forward when leaving the 

parking space. Vehicles should be parked in a designated safe and legal location with parking brakes set. 

When not parked in a designated parking space (e.g. near a groundwater monitoring well), vehicles 

should not be parked within 3 feet of a stationary object. In addition: 

 When a driver leaves a vehicle, the engine shall be turned off, the transmission placed in park (placed 

in first gear or reverse for manual transmission), the parking brake set, the keys removed from the 

ignition and doors closed. Exception to this is for operational needs/power take off (e.g., vacuum 

trucks, drill rigs, or other similar vehicles). Vehicles that fall into this exception category must have the 

parking brake set and wheels chocked. 

Vehicle idling is not permitting at Chevron project sites.  In the event the motor vehicle serves as the best 

location to keep personnel and/or equipment warm or cool, a variance request must be submitted and 

approved by the Chevron Project Manager (See Section below).  

7.5.1 Wheel Chocks 

Wheel chocks are required for all heavy vehicles with a GVW of 10,000 lbs or greater, utility trucks with 

dual wheels, and all disconnected trailers. Wheel chocks must be engineered and cannot be field 

fabricated.   

7.6 Discouraged Vehicles

All-terrain vehicles, snow mobiles, and motorcycles are all strongly discouraged and requires a variance 

(as described below) to use on a project site. 
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7.7 Motor Vehicle Safety Variance Process  

Chevron has established an MVS Variance Process in the event that suppliers cannot adhere to all of the 

process. Use of this process is unlikely; however, in the event it becomes necessary, Arcadis must define 

the current circumstances on an MVS Variance Request Form and submit it to the Chevron MVS Advisor 

and the Chevron Area Manager/Team Leader within 20 business days. Arcadis must detail what will be 

done to ensure an acceptable level of risk. The most current MVS Variance Form is provided on the 

Chevron One Team Site. 

8 PERSONAL EXPOSURE MONITORING AND 

RESPIRATORY PROTECTION 

Personal exposure monitoring and area monitoring (for confined space and/or hot work) will be 

documented on the Real-Time Exposure Monitoring Data Collection Log or on a Confined Space Entry 

Specialized Permit or Hot Work Specialized Permit, respectively. The above-referenced monitoring 

activities are synonymous in Chevron’s Portable Gas Detection Standard; therefore, “gas detection” and 

“exposure monitoring” may be used interchangeably. All monitoring equipment will be maintained and 

calibrated in accordance with manufacturer’s recommendations.  

8.1 Training 

Individuals performing real-time air monitoring must be trained, by an Authorized Trainer, on the 

instrument they will utilize at the project site.  Arcadis provides “Portable Gas Detection” training as a 

classroom course.  Contact Greg Mason or Aaron Svitana for details.   

8.2 Hydrogen Sulfide  

Teams may be required to provide individual hydrogen sulfide monitors for all field staff.  Typically, these 

locations include but are not limited to: oil fields, refineries, bulk terminals.  Chevron requires the 

individual monitors be placed within 12 inches of the nose.  Chevron discourages the practice of placing 

monitors on hard hats.  Hydrogen sulfide is very slightly heavier than air and may settle in low areas if 

wind is minimal or absent.  Personal Hydrogen Sulfide monitors are typically set to alarm at 10ppm.  

Arcadis policy allows for an 8-hour time weighted average of Hydrogen Sulfide at 1ppm and a short-term 

exposure limit at 5 ppm.  Instruments may require alarm point modification or additional meters may be 

utilized to measure the breathing zone, leaving the individual monitors set at 10ppm to follow regulatory 

actions levels and Chevron protocol.  Regardless of the chosen methodology, Arcadis employees are not 

to be exposed above an 8-hour time-weighted average of 1ppm or for more than 15 minutes at 5ppm.   
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9 INCIDENT INVESTIGATION AND REPORTING PROCESS 

(II&R) AND INCIDENT CARE MANAGEMENT (ICM) 

This Process outlines Arcadis’ expectations for the investigation and reporting of incidents that may occur 

on Chevron projects and/or with Chevron’s Reporting Boundaries. The objective of this process is to 

assure that incidents are properly reported and investigated and that lessons learned are shared to 

reduce the potential for future incidents in a manner consistent with Arcadis and Chevron  expectations. 

This process provides instruction to Arcadis’ Chevron-Team members regarding: 

 What types of incidents must be reported; 

 Who to notify; 

 Expectations for injury case management; 

 Notification timing; and 

 How to investigate and report incidents. 

This process supplements the guidance and expectations outlined in Arcadis’ Incident Reporting and 

Investigation H&S Standard (ARC HSMS010), Arcadis’ Employee Field Health & Safety Handbook 

Section F on Incident Investigation and Chevron’s Incident Investigation and Reporting (II&R) Process 

Document. 

9.1 IMPACT Incident Reporting and Investigation Forms  

All incidents and near misses must be documented in Chevron’s IMPACT database within 24 hours. 

Arcadis does not have direct access to IMPACT; therefore, Arcadis must fill out an IMPACT Incident 

Report Offline Template and provide to the Chevron PM with sufficient time to enter into IMPACT. The 

most current version of Chevron’s Offline IMPACT Template can be found on the Team Site. 

The final Root Cause Analysis (RCA) investigation data must be entered into IMPACT and an 

investigation report generated within 15 days for all Level 1 events and 45 days for Level 2 & 3a/b events 

of the incident with the first day beginning on the first work day after the incident. The incident 

investigation must be documented on an IMPACT Investigation Report Offline Template and provided to 

the Chevron PM with sufficient time to enter into IMPACT. This applies to all RCAs regardless of the 

classification (Level 1, 2, 3a/b). If delays are expected, for example, due to waiting on laboratory analysis 

or other reasons, then the investigation team leader should inform the management sponsor of the need 

for the delay. The management sponsor will notify and obtain General Manager approval for extending 

the RCA due date. Below is a suggested schedule for meeting the investigation due date: 

 Schedule the Investigation/RCA meeting within the first days after the incident. 

 Submit a draft IMPACT Investigation Report to the Chevron PM within three days after the incident. 

 Between Day 4 to 14 incorporate comments and submit the draft final Investigation Report. 

Please note that rigor of investigation will depending on the severity of the incident or potential for 

undesirable consequences. The investigation shall include a RCA which must be facilitated by a 
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competent and trained RCA Facilitator. An Arcadis trained facilitator may facilitate a Level 1 incident (if 

approved by the Chevron PM). For Level 2 or 3 incidents, the investigation facilitator must be a Chevron 

employee. In these situations, a trained Arcadis facilitator must be included on the investigation team. 

Contact Program Managers or the PIC for the name of trained RCA facilitators within Arcadis. 

9.2 Near Loss and Loss Reporting and Incident Care Management 

Incident Care Management (ICM) is incorporated in the Near Loss/Loss Reporting plan referenced above 

and depicted in the attached process diagram.  Chevron has specific requirements for ICM that include: 

a) 24/7 Injury Consultation Services, b) pre-identified occupational medical facilities, c) actions for injuries 

and d) injured status updates.  These requirements are for both Arcadis staff and subcontractor staff.  

Arcadis has contracted with WorkCare to provide these services for both Arcadis and subcontractors 

working on Chevron projects.   

Following the process and roles and responsibilities outlined in our Near Loss/Loss Reporting process will 

meet Chevron’s requirements. Details of this process relative to Arcadis managed Chevron project sites 

can be found on the Arcadis SharePoint Site. 

The reporting process and project team expectations are shown in the Near Loss/Loss Reporting Plan 

and Roles and Responsibilities matrix at the end of this section.  This Reporting Plan is required to be 

completed prior to implementing field work and updated if key contacts listed change.  It is expected that 

all project team members (including subcontractors) understand this project-specific plan and their roles 

and responsibilities associated with the plan. This plan will be prominently displayed at the job site and 

reviewed regularly with the team. 
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Loss/Near Loss Reporting Plan – Former Texaco Research Center (Chevron Facility No. 314004). 45 Old Glenham Rd., Glenham, 
NY 12527 

Incident 

Event

 Stabilize Scene 

and Administer 1
st

Aid (as necessary) 
H&S: Aaron Svitana 

925-360-2313 (m)

PIC: Kelli Jo Preston

303-501-6388 (m)

Notify Arcadis – 

Chevron LT

Edward Meyer

609-366-9021 (o) 

b
a

ck
u

p

SS/SHSO

Assist Injured Person 

to Contact WorkCare 

and Provide Milestone 

Updates

888-449-7787 

Notify 

Arcadis US – Corporate 

(see Incident Reporting 

and Investigation HS 

Arcadis

• SS/SHSO
• PM
• H&S 

Coordinator
• Involved 

staff

Assist and 

participate in 

client reporting/ 

investigation 

process

A
S

A
P Jackson Domenech

631-617-8322

 Kirk Vargas

516-243-3691

Notify Arcadis PM

Lauren Bamgartner

614-787-3681

Notify Chevron PM

Rob Speer

832-854-5648 (o)

Clint Verret

832-854-5669 (o)

b
a

ck
u

p

PrgM: Allison Greenly

925-296-7836 (o)

ASAP

Follow WorkCare and 

Arcadis reporting 

procedures and provide 

Milestone Updates (see 

proceeding WorkCare and 

Arcadis Reporting Flow 

Charts)

SS/SHSO Meet 

Emergency Personnel 

and accompany/follow 

IP to medical facility

(skip to WorkCare if 

emergency response 

not required)

Notify Arcadis 

Site 

o
r

Call 911

(or insert on-

site/ local 

emergency 

response 

provider) 

STOP 

WORK

If 
Required

A
S

A
P

Notes/Abbreviations

ASAP: for field notifications, up to and including 

Arcadis PM, as soon as practical being sure that 

injured party is stabilized and attended to; client 

notifications should be as soon as practical. If primary 

contact is not directly reached, proceed to backup 

within (15) minutes.

SS: Site Supervisor

SHSO: Site Health & Safety Officer

PM: Project Manager

PrgM: Program Manager

H&S: Arcadis Chevron H&S coordinator

LT: Leadership Team

PIC: Principle in Charge

Milestone Updates: E.g.,  when departing for medical 

facility, arrival at medical facility and at conclusion of 

medical professional consultation. 
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Reporting Plan Roles and Responsibilities: 

Role Responsibility

Site Worker (all including 

SS, SHSO, PM, etc.)

• Recognize hazards/unsafe conditions  

• Use Stop Work Authority 

• Report near losses (NL)/incidents/injuries immediately to SS or SHSO 

Site Supervisor (SS) and 

Site Health & Safety Officer 

(SSHO)

• Review and understand this procedure 

• Verify and validate site worker(s) review and understand this procedure 

• Assure appropriate Stop Work Authority has been utilized and secure incident site/equipment/site workers 

• Respond to reports of NL/incidents/injuries and initiate reporting and care management actions 

• Verify that emergency medical services (e.g. 911) has been notified, as necessary 

• Assist injured person (IP) to contact WorkCare 

• Gather appropriate initial facts regarding event and contact Arcadis PM or backups as soon as possible (must have live conversation) 

• Accompany IP to medical facilities and report milestone updates to Arcadis PM and Arcadis Chevron Leadership Team (LT). E.g. mile 

stone updates include when departing for medical facility, arrival at medical facility and at conclusion of medical professional 

consultation.   

• Coordinate gathering of facts, timelines and information to support Arcadis and Chevron incident investigation and reporting process 

(IIR) 

• Test this procedure by conducting credible mock person-down drill at least annually 

Arcadis PM or backup
• Report facts regarding the event ASAP (i.e. within 1-2 hours and absolutely no later than end of shift) to Chevron PM or backup (must 

have live conversation), then Arcadis Chevron LT and Arcadis Corporate H&S 

• To the extent practical, given event circumstances, Arcadis Chevron LT notification should be done by Arcadis PM (for consistent 

transfer of facts) but may be delegated (preferably SS or SHSO) 

• Assist SS/SHSO in gathering of facts, timelines and information to support Arcadis and Chevron incident investigation and reporting 

process 

• Act as primary point of contact with Chevron PM throughout this process 

• Verify that project team has conducted mock person-down drills at least annually 

Arcadis Chevron H&S 

Coordinator

• Coordinate with Arcadis PM, SS and SHSO to verify that appropriate facts, timelines and information are gathered to support Arcadis 

and Chevron incident investigation and reporting process 

• Participate in Arcadis and Chevron incident reporting process and review documentation 

• Assist Arcadis PM as point of contact with Chevron PM and Chevron H&S management 

• Coordinate with WorkCare and Corporate H&S to ensure appropriate care management 
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9.3 IMPACT Incident Reporting and Investigation Forms  

All incidents and near misses must be documented in Chevron’s IMPACT database within 24 hours. Arcadis does not have direct access 

to IMPACT; therefore, Arcadis must fill out an IMPACT Incident Report Offline Template and provide to the Chevron PM with sufficient 

time to enter into IMPACT. The most current version of Chevron’s Offline IMPACT Template can be found on the Team Site. 

The final Root Cause Analysis (RCA) investigation data must be entered into IMPACT and an investigation report generated within 15 

days for all Level 1 events and 45 days for Level 2 & 3a/b events of the incident with the first day beginning on the first work day after the 

incident. The incident investigation must be documented on an IMPACT Investigation Report Offline Template and provided to the 

Chevron PM with sufficient time to enter into IMPACT. This applies to all RCAs regardless of the classification (Level 1, 2, 3a/b). If delays 

are expected, for example, due to waiting on laboratory analysis or other reasons, then the investigation team leader should inform the 

management sponsor of the need for the delay. The management sponsor will notify and obtain General Manager approval for extending 

the RCA due date. Below is a suggested schedule for meeting the investigation due date: 

 Schedule the Investigation/RCA meeting within the first days after the incident. 

 Submit a draft IMPACT Investigation Report to the Chevron PM within three days after the incident. 

 Between Day 4 to 14 incorporate comments and submit the draft final Investigation Report. 

Please note that rigor of investigation will depending on the severity of the incident or potential for undesirable consequences. The 

investigation shall include a RCA which must be facilitated by a competent and trained RCA Facilitator. An Arcadis trained facilitator may 

facilitate a Level 1 incident (if approved by the Chevron PM). For Level 2 or 3 incidents, the investigation facilitator must be a Chevron 

employee. In these situations, a trained Arcadis facilitator must be included on the investigation team. Contact Program Managers or the 

PIC for the name of trained RCA facilitators within Arcadis. 

9.4 Incident Care Management 

Incident Care Management (ICM) is incorporated in the Near Loss/Loss Reporting plan referenced above and depicted in the attached 

process diagram.  Chevron has specific requirements for ICM that include: a) 24/7 Injury Consultation Services, b) pre-identified 

occupational medical facilities, c) actions for injuries and d) injured status updates.  These requirements are for both Arcadis staff and 

subcontractor staff.  Arcadis has contracted with WorkCare to provide these services for both Arcadis and subcontractors working on 

Chevron projects.  Following the process and roles and responsibilities outlined in our Near Loss/Loss Reporting process will meet 

Chevron’s requirements. Details of this process relative to Arcadis managed Chevron project sites can be found on the Arcadis 

SharePoint Site: 
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https://thesource.arcadissource.com/clients/Chevron/HASP/Selection%20of%20Occupational%20Medical%20Clinic%20(WorkCare%20Cli

nic)/Arcadis%20CVX%20ICM%20LI_NLI%20Reporting.pdf
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Appendix 1A 
New York State Department of Health 

Generic Community Air Monitoring Plan 
 
Overview 
 

A Community Air Monitoring Plan (CAMP) requires real-time monitoring for volatile organic 
compounds (VOCs) and particulates (i.e., dust) at the downwind perimeter of each designated work area 
when certain activities are in progress at contaminated sites. The CAMP is not intended for use in 
establishing action levels for worker respiratory protection. Rather, its intent is to provide a measure of 
protection for the downwind community (i.e., off-site receptors including residences and businesses and 
on-site workers not directly involved with the subject work activities) from potential airborne 
contaminant releases as a direct result of investigative and remedial work activities. The action levels 
specified herein require increased monitoring, corrective actions to abate emissions, and/or work 
shutdown. Additionally, the CAMP helps to confirm that work activities did not spread contamination 
off-site through the air. 
 

The generic CAMP presented below will be sufficient to cover many, if not most, sites. Specific 
requirements should be reviewed for each situation in consultation with NYSDOH to ensure proper 
applicability. In some cases, a separate site-specific CAMP or supplement may be required. Depending 
upon the nature of contamination, chemical- specific monitoring with appropriately-sensitive methods 
may be required. Depending upon the proximity of potentially exposed individuals, more stringent 
monitoring or response levels than those presented below may be required. Special requirements will be 
necessary for work within 20 feet of potentially exposed individuals or structures and for indoor work 
with co-located residences or facilities. These requirements should be determined in consultation with 
NYSDOH.  
 

Reliance on the CAMP should not preclude simple, common-sense measures to keep VOCs, dust, 
and odors at a minimum around the work areas. 
 
Community Air Monitoring Plan 
 

Depending upon the nature of known or potential contaminants at each site, real-time air 
monitoring for VOCs and/or particulate levels at the perimeter of the exclusion zone or work area will 
be necessary. Most sites will involve VOC and particulate monitoring; sites known to be contaminated 
with heavy metals alone may only require particulate monitoring. If radiological contamination is a 
concern, additional monitoring requirements may be necessary per consultation with appropriate 
DEC/NYSDOH staff.  
 

Continuous monitoring will be required for all ground intrusive activities and during the 
demolition of contaminated or potentially contaminated structures. Ground intrusive activities 
include, but are not limited to, soil/waste excavation and handling, test pitting or trenching, and the 
installation of soil borings or monitoring wells. 

 
Periodic monitoring for VOCs will be required during non-intrusive activities such as the 
collection of soil and sediment samples or the collection of groundwater samples from existing 
monitoring wells. APeriodic@ monitoring during sample collection might reasonably consist of 
taking a reading upon arrival at a sample location, monitoring while opening a well cap or 
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overturning soil, monitoring during well baling/purging, and taking a reading prior to leaving a 
sample location. In some instances, depending upon the proximity of potentially exposed 
individuals, continuous monitoring may be required during sampling activities. Examples of such 
situations include groundwater sampling at wells on the curb of a busy urban street, in the midst of 
a public park, or adjacent to a school or residence. 

 
VOC Monitoring, Response Levels, and Actions 
 

Volatile organic compounds (VOCs) must be monitored at the downwind perimeter of the 
immediate work area (i.e., the exclusion zone) on a continuous basis or as otherwise specified. Upwind 
concentrations should be measured at the start of each workday and periodically thereafter to establish 
background conditions, particularly if wind direction changes. The monitoring work should be 
performed using equipment appropriate to measure the types of contaminants known or suspected to be 
present. The equipment should be calibrated at least daily for the contaminant(s) of concern or for an 
appropriate surrogate. The equipment should be capable of calculating 15-minute running average 
concentrations, which will be compared to the levels specified below. 
 

1. If the ambient air concentration of total organic vapors at the downwind perimeter of the work 
area or exclusion zone exceeds 5 parts per million (ppm) above background for the 15-minute average, 
work activities must be temporarily halted and monitoring continued. If the total organic vapor level 
readily decreases (per instantaneous readings) below 5 ppm over background, work activities can 
resume with continued monitoring. 
 

2. If total organic vapor levels at the downwind perimeter of the work area or exclusion zone 
persist at levels in excess of 5 ppm over background but less than 25 ppm, work activities must be 
halted, the source of vapors identified, corrective actions taken to abate emissions, and monitoring 
continued. After these steps, work activities can resume provided that the total organic vapor level 200 
feet downwind of the exclusion zone or half the distance to the nearest potential receptor or 
residential/commercial structure, whichever is less - but in no case less than 20 feet, is below 5 ppm over 
background for the 15-minute average. 
 

3. If the organic vapor level is above 25 ppm at the perimeter of the work area, activities must be 
shutdown. 
 

4. All 15-minute readings must be recorded and be available for State (DEC and NYSDOH) 
personnel to review. Instantaneous readings, if any, used for decision purposes should also be recorded.  
 
Particulate Monitoring, Response Levels, and Actions 
 

Particulate concentrations should be monitored continuously at the upwind and downwind 
perimeters of the exclusion zone at temporary particulate monitoring stations. The particulate 
monitoring should be performed using real-time monitoring equipment capable of measuring particulate 
matter less than 10 micrometers in size (PM-10) and capable of integrating over a period of 15 minutes 
(or less) for comparison to the airborne particulate action level. The equipment must be equipped with 
an audible alarm to indicate exceedance of the action level. In addition, fugitive dust migration should 
be visually assessed during all work activities. 

 
 



  
 Final DER-10  Page 206 of 226 
 Technical Guidance for Site Investigation and Remediation May 2010 

1. If the downwind PM-10 particulate level is 100 micrograms per cubic meter (mcg/m3) greater 
than background (upwind perimeter) for the 15-minute period or if airborne dust is observed leaving the 
work area, then dust suppression techniques must be employed. Work may continue with dust 
suppression techniques provided that downwind PM-10 particulate levels do not exceed 150 mcg/m3 
above the upwind level and provided that no visible dust is migrating from the work area. 
 

2. If, after implementation of dust suppression techniques, downwind PM-10 particulate levels 
are greater than 150 mcg/m3 above the upwind level, work must be stopped and a re-evaluation of 
activities initiated. Work can resume provided that dust suppression measures and other controls are 
successful in reducing the downwind PM-10 particulate concentration to within 150 mcg/m3 of the 
upwind level and in preventing visible dust migration. 
 

3. All readings must be recorded and be available for State (DEC and NYSDOH) and County 
Health personnel to review. 
 
December 2009 
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 INTRODUCTION  

This document describes general and/or specific procedures, methods, actions, steps, and considerations 

to be used and observed by Arcadis staff when performing work, tasks, or actions under the scope and 

relevancy of this document. This document may describe expectations, requirements, guidance, 

recommendations, and/or instructions pertinent to the service, work task, or activity it covers.  

It is the responsibility of the Arcadis Certified Project Manager (CPM) to provide this document to the 

persons conducting services that fall under the scope and purpose of this procedure, instruction, and/or 

guidance.  The Arcadis CPM will also ensure that the persons conducting the work falling under this 

document are appropriately trained and familiar with its content.  The persons conducting the work under 

this document are required to meet the minimum competency requirements outlined herein, and inquire to 

the CPM regarding any questions, misunderstanding, or discrepancy related to the work under this 

document. 

This document is not considered to be all inclusive nor does it apply to any and all projects.  It is the 

CPM’s responsibility to determine the proper scope and personnel required for each project.  There may 

be project- and/or client- and/or state-specific requirements that may be more or less stringent than what 

is described herein.  The CPM is responsible for informing Arcadis and/or Subcontractor personnel of 

omissions and/or deviations from this document that may be required for the project.  In turn, project staff 

are required to inform the CPM if or when there is a deviation or omission from work performed as 

compared to what is described herein.  

In following this document to execute the scope of work for a project, it may be necessary for staff to 

make professional judgment decisions to meet the project’s scope of work based upon site conditions, 

staffing expertise, state-specific requirements, health and safety concerns, etc.  Staff are required to 

consult with the CPM when or if a deviation or omission from this document is required that has not 

already been previously approved by the CPM.  Upon approval by the CPM, the staff can perform the 

deviation or omission as confirmed by the CPM. 

 SCOPE AND APPLICATION  

This Technical Guidance Instruction (TGI) describes general drilling procedures and the methods to be 

used to field screen and collect soil samples for laboratory analysis in unconsolidated sediments.  For soil 

description procedures, please refer to the TGI - Soil Description.  For monitoring well installation in 

granular aquifers, please refer to the TGI - Monitoring Well Installation.  

Overburden (unconsolidated sediments) drilling is commonly performed using the hollow-stem auger 

drilling method.  Other drilling methods suitable for overburden drilling, which are sometimes necessary 

due to site-specific geologic conditions, include: drive-and-wash, spun casing, rotasonic, dual-rotary 

(Barber Rig), and fluid/mud rotary with core barrel or roller bit.  Direct-push techniques (e.g., Geoprobe or 

cone penetrometer) and hand tools may also be used.  Drilling within consolidated materials such as 

fractured bedrock is commonly performed using water-rotary (coring or tri-cone roller bit), air rotary or 

rotasonic methods.  For guidance when drilling in consolidated materials (i.e., bedrock), please refer to 

the TGI – Bedrock Core Collection and Description.   
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The drilling method to be used at a given site will be selected based on site-specific consideration of 

anticipated drilling depths, site or regional geologic knowledge, types of sampling to be conducted, 

required sample quality and volume, and cost. 

Field screening of soil samples is commonly performed using a photoionization detector (PID) and/or a 

flame ionization detector (FID).  These instruments are used to measure relative concentrations of volatile 

organic compounds (VOCs) for the selection of samples for further laboratory or field analysis.  Field 

screening for dense non-aqueous phase liquids (DNAPL) may be performed using hydrophobic dye (Oil 

Red O or Sudan IV), which is pertinent at chlorinated solvent sites. 

Collection of soil samples for laboratory analysis may be performed using a variety of techniques 

including grab samples and composite or homogenized samples.  Samples may require homogenization 

across a given depth interval, or several discrete grabs (usually five) may be combined into a composite 

sample.  Samples for VOC analysis will not be homogenized or composited and are collected as discrete 

grab samples. 

No oils or grease will be used on equipment introduced into the boring (e.g., drill rod, casing, or sampling 

tools). 

 PERSONNEL QUALIFICATIONS 

Arcadis field personnel will have completed or are in the process of completing site-specific training as 

well as having current health and safety training as required by Arcadis, client, or state/federal 

regulations, such as 40-hour HAZWOPER training and/or OSHA HAZWOPER site supervisor training. 

Arcadis personnel will also have current training as identified in the site-specific Health and Safety Plan 

(HASP) which may include first aid, cardiopulmonary resuscitation (CPR), Blood Borne Pathogens (BBP) 

as needed. The HASP will also identify any access control requirements. 

Prior to mobilizing to the field, Arcadis field personnel will review and be thoroughly familiar with relevant 

site-specific documents including but not limited to the task-specific work plan or field implementation plan 

(FIP), Quality Assurance Project Plan (QAPP), HASP, historical information, and other relevant site 

documents. 

Arcadis field personnel will be knowledgeable in the relevant processes, procedures, and TGIs and 

possess the demonstrated required skills and experience necessary to successfully complete the desired 

field work. Personnel responsible for overseeing drilling operations will have at least 16 hours of prior 

training overseeing drilling activities with an experienced geologist, environmental scientist, or engineer 

with at least 2 years of prior experience. 

Arcadis personnel directing, supervising, or leading soil sampling activities will have a minimum of 1 year 

of previous environmental soil sampling experience.  Field employees with less than 6 months of 

experience will be accompanied by a supervisor (as described above) to ensure that proper sample 

collection techniques are employed. 

Additionally, the Arcadis field team will review and be thoroughly familiar with documentation provided by 

equipment manufacturers and become familiar with the operation of (i.e., hands-on experience) all 

equipment that will be used in the field prior to mobilization. 
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 EQUIPMENT LIST 

The following materials will be available, as required, during soil boring drilling, field screening, and 

sampling activities: 

• Site-specific HASP and health and safety documents identified in the HASP 

• Field Implementation Plan (FIP)/work plan that includes site map with proposed boring locations, field 

sampling plan (with corresponding depths, sample analyses, sample volume required, and sample 

holding time), and previous boring logs (as available) 

• Appropriate personal protective equipment (PPE), as specified in the HASP 

• Traffic cones, delineators, and caution tape as appropriate for securing the work area as specified in 

the Traffic Safety Plan (TSP) 

• Photoionization detector (PID), flame ionization detector (FID) or other air monitoring equipment, as 

needed, in accordance with the HASP 

• Drilling equipment required by ASTM D1586, when performing split-spoon sampling 

• Disposable plastic liners, when drilling with direct-push equipment 

• Appropriate soil sampling equipment (e.g., stainless steel spatulas/spoons/bowls, knife) 

• Stainless steel hand auger and stainless-steel spade if using manual methods 

• Indelible ink pens 

• Engineer’s ruler or survey rod 

• Sealable plastic bags (e.g., Ziploc®) 

• Air-tight sample containers and 8-oz. glass Mason jars or driller’s jars 

• Aluminum foil 

• Plastic sheeting (e.g., Weatherall Visqueen)  

• Decontamination equipment (buckets, distilled or deionized water, cleansers appropriate for removing 

expected chemicals of concern, paper towels) 

• Appropriate sample blanks (trip blank supplied by the laboratory), as specified in the FSP 

• Soil sample containers and labels (supplied by the laboratory) appropriate for the analytical method(s) 

with preservative, as needed (parameter-specific) 

• Appropriate transport containers (coolers) with ice and appropriate labeling, packing, and shipping 

materials; 

• Appropriate soil boring log (Attachment 1) 

• Chain-of-custody forms 

• Field notebook. 
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• Digital camera (or smart phone with camera) 

• Drums or other containers appropriate for soil and decontamination water, as specified by the site 

investigation-derived waste (IDW) management plan, and appropriate drum labels 

 CAUTIONS 

Prior to beginning field work, underground utilities in the vicinity of the drilling areas will be delineated by 

the drilling contractor or an independent underground utility locator service.  See appropriate guidance for 

proper utility clearance protocol.  Work will be performed in accordance with the Arcadis Utility Location 

and Clearance Health and Safety Standard and the Utilities and Structures Checklist will be completed 

before beginning any intrusive work. 

Prior to beginning field work, the project technical team will ensure that all field logistics (e.g., access 

issues, health and safety issues, communication network, schedules, etc.) and task objectives are clearly 

understood by all team members. An internal call with the project technical team to review the FIP/work 

plan scope and objectives is strongly recommended prior to mobilization to ensure that the field work will 

be effectively and efficiently executed. 

Some regulatory agencies have specific requirements regarding borehole abandonment and grout 

mixtures.  Determine whether the oversight agency has any such requirements prior to finalizing the 

drilling plan. 

If DNAPL is known or expected to exist at the site, refer to the project specific documents (e.g., DNAPL 

Contingency Plan) for additional details regarding drilling to reduce the potential for inadvertent DNAPL 

remobilization. 

Similarly, if light non-aqueous phase liquid (LNAPL) is known or expected to be present as “perched” 

layers above the water table, refer to the DNAPL Contingency Plan.  Follow the general provisions and 

concepts in the DNAPL contingency plan during drilling above the water table at known or expected 

LNAPL sites. 

Avoid using drilling fluids or materials that could impact groundwater or soil quality, or could be 

incompatible with the subsurface conditions. 

Water used for drilling, decontamination of drilling/sampling equipment, or grouting boreholes upon 

completion will be of a quality acceptable for project objectives.  Testing of water supply will be 

considered. 

Specifications of materials used for backfilling the borehole will be obtained, reviewed and approved to 

meet project quality objectives.  Bentonite is not recommended where DNAPL is likely to be present or in 

groundwater with high salinity.  In these situations, neat cement grout is preferred. 

Store and/or stage empty and full sample containers and coolers out of direct sunlight.  Be careful not to 

over-tighten lids with Teflon® liners or septa.  Over-tightening can impair the integrity of the seal and can 

cause the glass to shatter and create a risk for hand injuries. 

NOTE: Field logs and some forms are considered to be legal documents.  All field logs and forms will 

therefore be filled out in indelible ink.  Do not use permanent marker or felt-tipped pens for labels on 
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sample container or sample coolers.  Permanent markers could introduce volatile constituents into the 

samples. 

NOTE: An Arcadis employee that is appropriately trained at the correct level of internal hazardous 

materials/DOT (Department of Transportation) shipping must complete an Arcadis shipping determination 

to address applicable DOT and IATA (International Air Transport Association) shipping requirements.  

Review the applicable Arcadis procedures and guidance instructions for sample packaging and labeling.  

Prior to using air transportation, confirm air shipment is acceptable under DOT and IATA regulations. 

 HEALTH AND SAFETY CONSIDERATIONS 

The HASP will be followed, as appropriate, to ensure the safety of field personnel. 

Appropriate personal protective equipment (PPE) will be worn at all times in line with the task and the 

site-specific HASP.   

Review all site-specific and procedural hazards as they are provided in the HASP, and review Job Safety 

Analysis (JSA) documents in the field each day prior to beginning work.   

Working outside at sites with suspected contamination may expose field personnel to hazardous 

materials such as contaminated groundwater or non-aqueous phase liquid (NAPL) (e.g., oil). Other 

potential hazards include biological hazards (e.g., stinging insects, ticks in long grass/weeds, etc.), and 

potentially the use of sharp cutting tools (scissors, knife). Only use non-toxic peppermint oil spray for 

stinging insect nests. Review client-specific health and safety requirements, which may preclude the use 

of fixed/folding-blade knives and use appropriate hand protection. 

If thunder or lighting is present, discontinue drilling and sampling until 30 minutes have passed after the 

last occurrence of thunder or lighting. 

 PROCEDURE 

The procedures for drilling and the methods to be used to field screen and collect soil samples for 

laboratory analysis are presented below: 

DRILLING PROCEDURES 

Hollow-Stem Auger, Drive-and-Wash, Spun Casing, Fluid/Mud Rotary, Rotasonic, and Dual-Rotary 

Drilling Methods 

1. Find/identify boring location, establish work zone, and set up sampling equipment decontamination 

area. 

2. Advance boring to designated depth:   

a. Collect soil samples at appropriate interval as specified in the FIP/work plan (or 

equivalent) 

b. Collect, document, and store samples for laboratory analysis as specified in the FIP/work 

plan (or equivalent) 
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c. Decontaminate equipment between samples in accordance with the FIP/work plan (or 

equivalent)   

d. A common sampling method that produces high-quality soil samples with relatively little 

soil disturbance is described in ASTM D1586 – Standard Test Method for Standard 

Penetration Test (SPT) and Split-Barrel Sampling of Soils (ASTM D1586).   

i. Split-spoon samples are obtained during drilling using hollow-stem auger, drive-

and-wash, spun casing, and fluid/mud rotary 

e. Rotasonic drilling produces soil cores that, for the most part, are relatively undisturbed, 

but note that when drilling in consolidated or finer-grained sediment the vibratory action 

during core barrel advancement may create secondary fractures or breaks   

f. Dual-rotary removes cuttings by compressed air or water/mud and allow only a general 

assessment of geology 

3. Describe each soil sample as outlined in the appropriate project records (refer to the description 

procedures outlined in the TGI - Soil Description)   

a. Record descriptions on the soil boring log (Attachment 1) and/or field notebook.   

b. When possible photo document the samples (e.g., soil cores, split-spoons)   

c. During soil boring advancement, document all drilling events in field notebook, including 

blow counts (i.e., the number of blows from a soil sampling drive weight [140 pounds] 

required to drive the split-barrel sampler in 6-inch increments) and work stoppages 

d. Blow counts will not be available if rotasonic, dual-rotary, or direct-push methods are 

used; however, if standard penetration testing is required during rotasonic drilling, an 

automatic drop hammer may be used in conjunction with the method to switch from core 

barrel advancement to standard penetration testing 

4. The drilling contractor will be responsible for obtaining accurate and representative samples, 

informing the supervising Arcadis geologist of changes in drilling pressure, and keeping a separate 

general log of soils encountered, including blow counts   

a. The term “samples” means soil materials from particular depth intervals, whether or not 

portions of these materials are submitted for laboratory analyses 

b. Records will also be kept of occurrences of premature refusal due to boulders or 

construction materials that may have been used as fill 

c. Where a boring cannot be advanced to the desired depth, the boring will be abandoned, 

and an additional boring will be advanced at an adjacent location to obtain the required 

sample 

d. Where it is desirable to avoid leaving vertical connections between depth intervals (e.g., if 

DNAPL or perched LNAPL are known or expected to exist at the site), the borehole will 

be sealed using cement and/or bentonite (see Section 5 above) 



TGI – Soil Drilling and Sample Collection 

Rev #: 0 | Rev Date: October 11, 2018 

 

Downloaded and printed copies from the Approved Procedure Library are uncontrolled documents.  
 

arcadis.com 9 

e. Multiple refusals may lead to a decision by the supervising geologist to abandon that 

sampling location 

Direct-Push Method 

The direct-push drilling method may also be used to complete soil borings.  Examples of this technique 

include Geoprobe®, Diedrich Environmental Soil Probe (ESP) System, or AMS PowerProbe.  

Environmental probe systems typically use a hydraulically operated percussion hammer.   

Depending on the equipment used, the hammer delivers 140- to 350-foot pounds of energy with each 

blow.  The hammer provides the force needed to penetrate very stiff to medium dense soil formations.  

The hammer simultaneously advances an outer steel casing that contains a dual tube liner for sampling 

soil (dual tube sampling system).   

The outside diameter (OD) of the outer casing ranges from 2.25 to 6 inches and the OD of the inner 

sampling tube diameter ranges from 1.4 to 4.5 inches.  The outer casing isolates overlying soil and 

permits the unit to continue to probe at depth. The dual tube sampling system provides a borehole that 

may be tremie-grouted from the bottom up.  Alternatively, a single rod system may be used that does not 

provide a cased boring and which does not allow for tremie-grouting from the bottom up.   

The known or expected site conditions (e.g., presence of NAPL) will be evaluated when selecting the type 

of direct-push sampling system to be employed.   

Direct-push drilling can generally achieve target depths 100 feet or less and the achievable depth is 

based on the site geology. 

1. Find/identify boring location, establish work zone, and set up sampling equipment decontamination 

area 

2. Advance soil boring to designated depth.   

a. Collect soil samples at appropriate interval as specified in in the FIP/work plan (or 

equivalent)  

b. Collect, document, and store samples for laboratory analysis as specified in in the 

FIP/work plan (or equivalent)   

c. Decontaminate equipment between samples in accordance with in the FIP/work plan (or 

equivalent)  

d. Samples will be collected using dedicated, disposable, plastic liners  

3. Describe samples in accordance with the procedures outlined in Step 3 under Hollow-Stem Auger, 

Drive-and-Wash, Spun Casing, Fluid/Mud Rotary, Rotasonic, and Dual-Rotary Drilling Methods 

above (refer to the description procedures outlined in the TGI - Soil Description) 

Manual Methods 

Manual methods may also be used to complete shallow soil borings.  Examples of this technique include 

using a spade, spoon, scoop, hand auger, or slide hammer.  Manual methods are typically used to collect 

surface soil samples (0 to 6 inches) or to complete soil borings/collect soil samples from a depth of 5 feet 

or less. 



TGI – Soil Drilling and Sample Collection 

Rev #: 0 | Rev Date: October 11, 2018 

 

Downloaded and printed copies from the Approved Procedure Library are uncontrolled documents.  
 

arcadis.com 10 

1. Find/identify boring location, establish work zone, and set up sampling equipment decontamination 

area 

2. Clear the ground surface of brush, root mat, grass, leaves, or other debris 

3. Use a spade, spoon, scoop, hand auger, or slide hammer to collect a sample of the required depth 

interval 

4. Use an engineer’s ruler or survey rod to verify that the sample is collected to the correct depth and 

record the top and bottom depths from the ground surface 

5. To collect samples below the surface interval, remove the surface interval first; then collect the 

deeper interval   

a. To prevent the hole from collapsing, it may be necessary to remove a wider section from 

the surface or use cut polyvinyl chloride (PVC) pipe to maintain the opening 

b. Collect soil samples at appropriate interval as specified in the FIP/work plan (or 

equivalent)     

c. Collect, document, and store samples for laboratory analysis as specified in the FIP/work 

plan (or equivalent)   

d. Decontaminate equipment between samples in accordance with the FIP/work plan (or 

equivalent)     

6. Describe samples in accordance with the procedures outlined in Step 3 under Hollow-Stem Auger, 

Drive-and-Wash, Spun Casing, Fluid/Mud Rotary, Rotasonic, and Dual-Rotary Drilling Methods 

above (refer to the description procedures outlined in the TGI - Soil Description) 

FIELD SCREENING PROCEDURES 

PID and FID Screening 

Soils are typically field screened with a PID or FID for a relative measure of the total VOCs at sites where 

VOCs are known or suspected to exist.  The PID employs a UV lamp to measure VOCs and the ionization 

energy (IE) of the site constituents need to be considered when selecting the type of lamp (e.g., 10.6 eV, 

11.7 eV) that will be used.  In general, any compound with an IE lower than that of the lamp photons can 

be measured.  The FID has a wide linear range and responds to almost all VOCs.  Field screening is 

performed using one (or both) of the following two methods: 

1. Upon opening the sampler, the soil is split open and the PID or FID probe is placed in the opening 

and covered with a gloved hand.  Such readings will be obtained at several locations along the length 

of the sample. 

2. A portion of the collected soil is placed in a jar, which is covered with aluminum foil, sealed, and 

allowed to warm to room temperature.  After warming, the cover is removed, the foil is pierced with 

the PID or FID probe, and a reading is obtained. 

Initial PID readings will be recorded on the soil boring log (Attachment 1) and/or in the field notebook.  

The soil sample will be separated from the slough material (if any) by using disposable gloves and a pre-

cleaned stainless-steel spoon.   
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For the second method, a representative portion of the sample will be placed in a pre-cleaned air-tight 8-

ounce container (as quickly as possible to avoid loss of VOCs), filling the container half full to allow for the 

accumulation of vapors above the soil.  An aluminum foil seal will be placed between the glass and metal 

cap and the cap will be screwed on tightly.  Unless the screening will be performed immediately after the 

sample is placed in the container, the sample containers will be stored in a cooler chilled to approximately 

4ºC until screening can be performed. 

The headspace of the 8-ounce container will be measured using a PID or FID as follows: 

1. Samples will be taken to a warm work space and allowed to equilibrate to room temperature for at 

least one hour. 

2. Prior to measuring the soil vapor headspace concentration, the 8-ounce container will be shaken. 

3. The headspace of the sample will then be measured directly from the 8-ounce container by piercing 

the aluminum foil seal with the probe of the PID or FID and measuring the relative concentration of 

VOCs in the headspace of the soil sample.  The initial (peak) reading must be recorded. 

The PID or FID must be calibrated according to the manufacturer's specifications at a minimum frequency 

of once per day prior to collecting PID or FID readings.  The PID will be calibrated to a benzene-related 

compound (isobutylene) while the FID will be calibrated to methane.   

The time, date, and calibration procedure must be clearly documented in the field notebook and/or the 

calibration log book.   

If at any time the PID or FID results appear erratic or inconsistent with field observations, then the 

instrument will be recalibrated.   

If calibration is difficult to achieve, then the PID’s lamp will be checked for dirt or moisture and cleaned, or 

technical assistance will be required.  Maintenance and calibration records will be kept as part of the field 

quality assurance program. 

NAPL Screening 

To screen for the potential presence of non-aqueous phase liquid (NAPL) in soil, drilling procedures must 

allow for high-quality porous media samples to be taken.  Split-spoon samplers or direct-push samplers 

will be collected continuously ahead of the auger, drill casing/rods, or probe rods.   

Upon opening each split-spoon sampler or direct-push plastic liner sleeve, the soil will immediately be 

evaluated for the presence of visible NAPL.  If NAPL is immediately visible in the sample, its depth will be 

noted.  

Additionally, the soil will be screened for the presence of organic vapors using a PID or FID.  During 

screening, the soil will be split open using a clean spatula or knife and the PID or FID probe will be placed 

in the opening and covered with a gloved hand (Method 1 above).  Such readings will be obtained along 

the entire length of the sample. Alternatively, Method 2 for PID/FID screening (outlined above) may also 

be performed.  If the PID or FID examination reveals the presence of organic vapors above 100 parts per 

million (ppm), the sample will undergo further detailed evaluation for visible NAPL.   
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The assessment for NAPL will include the following tests/observations: 

• Evaluation for Visible NAPL Sheen or Free-Phase NAPL in Soil Sampler 

o NAPL sheen will be a colorful iridescent appearance on the soil sample 

o NAPL may also appear as droplets or continuous accumulations of liquid with a color typically 

ranging from yellow to brown to black, depending on the type of NAPL 

o Creosote DNAPL (associated with wood-treating sites) and coal tar DNAPL (associated with 

manufactured gas plant [MGP] sites) are typically black and have a characteristic, pungent odor 

o Pure chlorinated solvents may be colorless in the absence of hydrophobic dye.  Solvents mixed 

with oils may appear brown 

o Particular care will be taken to fully describe any sheens observed, staining, discoloration, 

droplets (blebs), or NAPL saturation 

• Soil-Water Pan Test  

o A portion of the selected soil interval with the highest PID or FID reading above 100 ppm will be 

placed in a disposable polyethylene dish along with a small volume of potable or distilled water   

o The dish will be gently tilted back and forth to mix the soil and water, and the surface of the water 

will be viewed in natural light to observe the development of a sheen, if any   

o A small quantity of Oil Red O or Sudan IV hydrophobic dye powder will be added, and the soil 

and dye will be manually mixed for approximately 30 to 60 seconds and smeared in the dish to 

create a paste-like consistency 

o A positive test result will be indicated by a sheen on the surface of the water and/or a bright red 

color imparted to the soil following mixing with dye 

• Soil-Water Shake Test 

o A small quantity of soil (up to 15 cc) will be placed in a clear, colorless, jar containing an equal 

volume of potable or distilled water (40-mL vials are well suited to this purpose, but not required)   

o After the soil settles into the water, the surface of the water will be evaluated for a visible sheen 

under natural light 

o The jar will be closed and gently shaken for approximately 10 to 20 seconds 

o Again, the surface of the water will be evaluated for a visible sheen or a temporary layer of foam 

o A small quantity (approximately 0.5 to 1 cc) of Oil Red O or Sudan IV powder will be placed in the 

jar 

o The sheen layer, if present, will be evaluated for a reaction to the dye (change to bright red color) 

o The jar will be closed and gently shaken for approximately 10 to 20 seconds 

o The contents in the closed jar will be examined under natural light for visible bright red dyed liquid 

inside the jar 
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o A positive test result will be indicated by the presence of a visible sheen or foam on the surface of 

water, a reaction between the dye and the sheen layer upon first addition of the dye powder, a 

bright red coating on the inside of the vial (particularly above the water line), or red-dyed droplets 

within the soil 

NOTE: If NAPL is obviously present upon opening the soil sampler or evaluating the soil sample within 

the split-spoon sampler or direct-push liner sleeve, it is not necessary to perform a soil-water pan test or 

soil-water shake test.  In addition, it is not necessary to perform both a soil-water pan test and a soil-water 

shake test; either test method is acceptable.  The pan test may be preferred in some circumstances 

because the presence of a sheen may be easier to see on a wider surface. 

NOTE: When using hydrophobic dye in the tests above, color will be assessed outdoors under natural 

light during the period between sunrise and sunset, regardless of the degree of cloud cover.  The 

hydrophobic dye Safety Data Sheets (SDS) will be incorporated into the HASP and reviewed prior to use 

and the dyes will be carefully handled and disposed in accordance with regulations. 

SOIL SAMPLE COLLECTION FOR LABORATORY PROCEDURES 

If not specifically identified in the FIP, soil samples will be selected for laboratory analysis based on: 

1. Their position in relation to identified source areas 

2. The visual presence of source residues (e.g., NAPL) 

3. The relative levels of total VOCs based on field screening measurements 

4. The judgment of the field coordinator 

Samples designated for laboratory analysis will be placed in the appropriate containers.   

Sample containers for VOC analysis will be filled first immediately following soil core retrieval to reduce 

loss of VOCs.   

If samples will be collected for other analytical parameters, a sufficient amount of the remaining soil will 

then be homogenized as described below and sample containers will be filled for other parameters. 

VOC samples will be collected as discrete samples using a small diameter core sampler (e.g., En Core® 

Sampler, Terra Core™ Sampler).   

The En Core® Sampler is a disposable volumetric sampling device that collects, stores and delivers soil 

samples without in-field chemical preservation.  The En Core® Sampler requires the use of a reusable T-

handle.   

The Terra Core™ Sampler is a one-time use transfer tool, designed to collect soil samples and transfer 

them to the appropriate containers for in-field chemical preservation (e.g., methanol).   

The small diameter core sampler will be used according to the manufacturer's instructions (e.g., En 

Novative Technologies).  Some regulatory agencies have specific requirements regarding VOC sample 

collection.  Determine whether the oversight agency has specific requirements prior to commencing 

sampling and collect samples at appropriate interval as specified in the FIP/work plan (or equivalent). 

Samples may require homogenization across a given depth interval, or several discrete grabs (usually 

five) may be combined into a composite sample.   
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NOTE: Samples for VOC analysis will NOT be homogenized or composited and will be collected as 

discrete samples as described above.   

The procedure for mixing samples is provided below. 

1. Mix the materials in a stainless steel (or appropriate non-reactive material) bowl using a stainless-

steel spoon (or disposable equivalents) 

a. When dealing with large sample quantities, use disposable plastic sheeting and a shovel 

or trowel 

b. NOTE: When preparing samples for metals analyses, do not use disposable aluminum 

(or metal tools or trays other than stainless steel), as it may influence the analytical 

results 

2. Flatten the pile by pressing the top without further mixing 

3. Divide the circular pile by into equal quarters by dividing out two diameters at right angles 

4. Mix each quarter individually using appropriate non-reactive bowls, spoons and/or sheeting 

5. Mix two quarters (as described above) to form halves, then mix the two halves to form a composite or 

homogenized sample 

6. Place composite or homogenized sample into specified containers 

7. Remaining material will be disposed of in accordance with project requirements and applicable 

regulations 

8. Sample containers will be labeled with sample identification number, date, and time of collection and 

placed on ice in a cooler (target 4° Celsius)   

9. Samples selected for laboratory analysis will be documented (chain-of-custody forms), handled, 

packed, and shipped in accordance with the procedures outlined in the FIP/work plan (or equivalent). 

 WASTE MANAGEMENT 

Investigative-Derived Waste (IDW) generated during drilling activities, including soil and excess drilling 

fluids (if used), decontamination liquids, and disposable materials (plastic sheeting, PPE, etc.) will be 

stored on site in appropriately labeled containers (disposable materials will be contained separately) and 

disposed of properly. Containers must be labeled at the time of collection and will include date, 

location(s), site name, city, state, and description of matrix contained (e.g., soil, PPE).  Waste will be 

managed in accordance with the TGI – Investigation-Derived Waste Handling and Storage, the 

procedures identified in the FIP or QAPP as well as state-, federal- or client-specific requirements. Be 

certain that waste containers are properly labeled and documented in the field log book. 

 DATA RECORDING AND MANAGEMENT 

Management of the original documents from the field will be completed in accordance with the site-

specific QAPP. 
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In general, drilling activities will be documented on appropriate field/log forms as well as in a proper field 

notebook.  All field data will be recorded in indelible ink.  Field forms, logs/notes (including daily field and 

calibration logs), digital records, and chain-of-custody records will be maintained by the field team lead.  

Initial field logs and chain-of-custody records will be transmitted to the Arcadis Certified Project Manager 

(CPM) and Technical Lead at the end of each day unless otherwise directed by the CPM.  The field team 

leader retains copies of the field documentation.   

Additionally, all documents (and photographs) will be scanned and electronically filed in the appropriate 

project directory for easy access.  Pertinent information will include personnel present on site, times of 

arrival and departure, significant weather conditions, timing of drilling activities, soil descriptions, soil 

boring information, and quantities of materials used.   

In addition, the locations of soil borings will be documented photographically and in a site sketch.  If 

appropriate, a measuring wheel or engineer’s tape will be used to determine approximate distances 

between important site features. 

Records generated as a result of this TGI will be controlled and maintained in the project record files in 

accordance with project requirements. 

 QUALITY ASSURANCE 

Quality assurance procedures shall be conducted in accordance with the Arcadis Quality Management 

System or the site-specific QAPP.   

All drilling equipment and associated tools (including augers, drill rods, sampling equipment, wrenches, 

and any other equipment or tools) that may have come in contact with soil will be cleaned in accordance 

with the procedures outlined in the appropriate TGI. 

Field-derived quality assurance blanks will be collected as specified in the FIP/work plan and/or site-

specific QAPP, depending on the project quality objectives.  Typically, field rinse blanks (equipment 

blanks) will be collected when non-dedicated equipment (e.g., split-spoon sampler, stainless steel spoon) 

is used during soil sampling.  Field rinse blanks will be used to confirm that decontamination procedures 

are sufficient and samples are representative of site conditions.  Trip blanks for VOCs, which aid in the 

detection of contaminants from other media, sources, or the container itself, will be kept with the coolers 

and the sample containers throughout the sampling activities and during transport to the laboratory. 

Operate all monitoring instrumentation in accordance with manufacturer’s instructions and calibration 

procedures.  Calibrate instruments at the beginning of each day and verify the calibration at the end of 

each day.  Record all calibration activities in the field notebook. 

 REFERENCES 

ASTM D1586 - Standard Test Method for Standard Penetration Test (SPT) and Split-Barrel Sampling of 

Soils.  ASTM International.  West Conshohocken, Pennsylvania. 



TGI – Soil Drilling and Sample Collection 

Rev #: 0 | Rev Date: October 11, 2018 

 

Downloaded and printed copies from the Approved Procedure Library are uncontrolled documents.  
 

arcadis.com 16 

 ATTACHMENTS 

Attachment 1. Soil Boring Log Form 
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ATTACHMENT 1 

Soil Boring Log Form



SOIL BORING LOG

Boring/Well Project Page of

Site

Location Drilling Started

Total Depth Drilled Feet Hole Diameter inches Drilling Completed

Type of Sample or Length and Diameter

Coring Device of Coring Device Sampling Interval feet

Drilling Method Drilling Fluid Used

Drilling

Contractor Driller

Prepared

By Helper

MUD SAND GRAVEL

Core 

Recovery 

(feet)

PID 

Reading 

(ppm)

Sample 

Depth 

(ft bgs)
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Udden-Wentworth Description: principal components, (angularity, plasticity, dilatency); minor 

components, (angularity, plasticity, dilatency); sorting, moisture content, consistency/density, color, 

additional comments



SOIL BORING LOG (CONT'D)

Boring/Well Prepared By Page of

MUD SAND GRAVEL

Core 

Recovery 

(feet)

PID 

Reading 

(ppm)

Sample 

Depth 

(ft bgs)

c
la

y
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Udden-Wentworth Description: principal components, (angularity, plasticity, dilatency); minor 

components, (angularity, plasticity, dilatency); sorting, moisture content, consistency/density, color, addtl. 

Comments
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1 INTRODUCTION 

This document describes general and/or specific procedures, methods, actions, steps, and considerations 

to be used and observed by Arcadis staff when performing work, tasks, or actions under the scope and 

relevancy of this document. This document may describe expectations, requirements, guidance, 

recommendations, and/or instructions pertinent to the service, work task, or activity it covers.  

It is the responsibility of the Arcadis Certified Project Manager (CPM) to provide this document to the 

persons conducting services that fall under the scope and purpose of this procedure, instruction, and/or 

guidance.  The Arcadis CPM will also ensure that the persons conducting the work falling under this 

document are appropriately trained and familiar with its content.  The persons conducting the work under 

this document are required to meet the minimum competency requirements outlined herein, and inquire to 

the CPM regarding any questions, misunderstanding, or discrepancy related to the work under this 

document. 

This document is not considered to be all inclusive nor does it apply to any and all projects.  It is the 

CPM’s responsibility to determine the proper scope and personnel required for each project.  There may 

be project- and/or client- and/or state-specific requirements that may be more or less stringent than what 

is described herein.  The CPM is responsible for informing Arcadis and/or Subcontractor personnel of 

omissions and/or deviations from this document that may be required for the project.  In turn, project staff 

are required to inform the CPM if or when there is a deviation or omission from work performed as 

compared to what is described herein.  

In following this document to execute the scope of work for a project, it may be necessary for staff to 

make professional judgment decisions to meet the project’s scope of work based upon site conditions, 

staffing expertise, state-specific requirements, health and safety concerns, etc.  Staff are required to 

consult with the CPM when or if a deviation or omission from this document is required that has not 

already been previously approved by the CPM.  Upon approval by the CPM, the staff can perform the 

deviation or omission as confirmed by the CPM. 

2  SCOPE AND APPLICATION  

Decontamination is performed on sampling equipment prior to sample collection to ensure that the 

sampling equipment that contacts a sample, or monitoring equipment that is brought into contact with 

environmental media to be sampled, is free from analytes of interest and/or constituents that could 

interfere with laboratory analysis for analytes of interest. Sampling equipment must be appropriately 

cleaned prior to use for sampling or coming into contact with environmental media to be sampled, and 

following completion of the sampling event prior to shipment or storage. The effectiveness of the 

decontamination procedure should be verified by collecting and analyzing equipment blank samples. 

The sampling equipment cleaning procedures described herein includes pre-field, in the field, and post-

field cleaning of sampling equipment which may be conducted at an established equipment 

decontamination area (EDA) on site, as appropriate and necessary. Sampling equipment that may require 

decontamination at a given site includes: soil sampling tools; groundwater, sediment, and surface-water 

sampling devices; water testing instruments; down-hole instruments; and other activity-specific sampling 

equipment. Non-disposable equipment will be cleaned before collecting each sample, between each 
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sample collected, and prior to placing sampling equipment in protective cases, or containers for transport.  

Cleaning procedures for sampling equipment should be monitored by collecting equipment blank samples 

as required in project work plans, field sampling plans, quality assurance project plans (QAPP), or other 

pertinent project documents. Dedicated and/or single-use (i.e., not to be re-used) sampling equipment will 

not require decontamination. 

3 PERSONNEL QUALIFICATIONS 

Arcadis field sampling personnel will have completed or are in the process of completing site-specific 

training as well as having current health and safety training as required by Arcadis, client, or regulations, 

such as 40-hour HAZWOPER training and/or OSHA HAZWOPER site supervisor training.  Arcadis 

personnel will also have current training as specified in the Health and Safety Plan (HASP) which may 

include first aid, cardiopulmonary resuscitation (CPR), Blood Borne Pathogens (BBP) as needed. In 

addition, Arcadis field sampling personnel will be knowledgeable in the relevant processes, procedures, 

and Technical Guidance Instructions (TGIs) and possess the demonstrated required skills and experience 

necessary to successfully complete the desired field work.  The project health and safety plan (HASP) 

and other documents will identify other training requirements or access control requirements. 

4 EQUIPMENT LIST 

The equipment required for equipment decontamination is presented below: 

 Health and safety equipment, including appropriate PPE, as required in the site Health and Safety 

Plan (HASP) 

 Deionized water that meets that analytical criteria for deionized water with no detectable 

constituents above the reporting limits for the methods to be used and analytes being analyzed 

for.  Deionized water is used for inorganics, and organic-free water for VOCs, SVOCs, pesticides, 

etc. 

 Non-phosphate detergent such as Alconox or, if sampling for phosphorus or phosphorus-

containing compounds, Liquinox (or equivalent). NOTE: Liquinox has shown to provide false 

positives for 1,4-Dioxane and should not be used at sites where that may be a constituent of 

concern (COC). 

 Tap water 

 Rinsate collection plastic containers 

 DOT-approved waste shipping container(s), as specified in the work plan, field sampling plan, or 

regulatory requirements if decontamination waste is to be shipped for disposal 

 Brushes 

 Large heavy-duty garbage bags 

 Spray bottles 
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 (Optional) – Isopropyl alcohol (free of ketones) or methanol.  These can be wipes or diluted with 

water (usually 1part isopropyl/methanol to 10 parts water) if a spray is needed.   

 Airtight, sealable plastic baggies, such as Ziploc-type 

 Plastic sheeting 

5 CAUTIONS 

Rinse equipment thoroughly and allow the equipment to dry before re-use or storage to prevent 

introducing solvent into sample medium.  If manual drying of equipment is required, use clean lint-free 

material to wipe the equipment dry.  Ensure all rinsate materials do not adversely affect sample collection 

efficiency or analytical results. 

Store decontaminated equipment in a clean, dry environment. Do not store near combustion engine 

exhausts.  Properly containerize equipment to ensure cross-contamination doesn’t happen from other 

uncontaminated surfaces or equipment. 

If equipment is damaged to the extent that decontamination is uncertain due to cracks, gouges, crevices, 

or dents, the equipment should not be used and should be discarded or submitted for repair prior to use 

for sample collection. 

A proper shipping determination regarding hazardous materials will be performed by a DOT-trained 

individual for cleaning materials shipped by Arcadis. 

Caution should be exercised to avoid contact with the pump casing and water in the container while the 

pump is running (do not use metal drums or garbage cans) to avoid electric shock. 

6 HEALTH AND SAFETY CONSIDERATIONS 

Review the safety data sheets (SDS) for the cleaning agents and materials used in decontamination. If 

solvent is used during decontamination, use appropriate PPE and work in a well-ventilated area and 

stand upwind while applying solvent to equipment. Apply solvent in a manner that minimizes potential for 

exposure to workers and bystanders. Follow health and safety procedures outlined in the HASP. 

7 PROCEDURE 

A designated area will be established to clean sampling equipment in the field prior to and following 

sample collection. Equipment cleaning areas will be set up within or adjacent to the specific work area, 

but not at a location that expose equipment to contamination (i.e. exposed to combustion engine 

exhaust). Detergent solutions will be prepared in clean containers for use in equipment decontamination. 

Decontaminated equipment should be handled by workers wearing clean gloves, properly changed to 

prevent cross-contamination. 

Cleaning Sampling Equipment 

1. Wash the equipment/pump with potable water. 
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2. Wash with detergent solution (Alconox, Liquinox or equivalent) to remove all visible particulate 

matter and any residual oils or grease. NOTE: Liquinox has shown to provide false positives for 1,4-

Dioxane and should not be used at sites where that may be a constituent of concern (COC). 

3. If equipment is very dirty, precleaning gross debris with a brush and tap water may be necessary. 

4. If non-aqueous phase liquids are present, the use of isopropyl alcohol (free of ketones) or methanol 

is recommended. Cloth wipes or diluted solution can be used to remove the non-aqueous phase 

liquids that are hard to remove with detergent solution in step 2. Consult with project manager if 

non-aqueous phase liquids are present onsite and design an appropriate decontamination 

procedure that includes step 4.   

5. Rinse with deionized water. 

Decontaminating Submersible Pumps 

Submersible pumps may be used during well development, groundwater sampling, or other investigative 

activities. The pumps must be cleaned and flushed before and between uses. This cleaning process will 

consist of an external detergent solution wash and tap water rinse, a flush of detergent solution through 

the pump, followed by a flush of potable water through the pump. Flushing will be accomplished by using 

an appropriate container filled with detergent solution and another container filled with potable water. The 

pump should be flushed with deionized water as the last step prior to use. The pump will run long enough 

to effectively flush the pump housing and hose (unless new, disposable hose is used). Disconnect the 

pump from the power source before handling. The pump and hose should be placed on or in clean 

polyethylene sheeting to avoid contact with the ground surface. 

8 WASTE MANAGEMENT 

Equipment decontamination rinsate will be managed in conjunction with all other waste produced during 

the field sampling effort.  Waste management procedures are outlined in the work plan or Waste 

Management Plan (WMP).   

9 DATA RECORDING AND MANAGEMENT 

Equipment cleaning and decontamination will be noted in the field notebook for project documentation. 

Information will include the type of equipment cleaned, the decontamination location, specific procedures 

utilized, solvents and/or cleaning agents used, source of water, and deviations or omissions from this 

TGI.  

Unusual field conditions should be noted if there is potential to impact the efficacy of the decontamination 

or subsequent sample collection. 

An inventory of the solvents brought on site and used and removed from the site will be maintained in the 

project documentation. Records will be maintained for solvents used in decontamination, including lot 

number and expiration date. 

Containers with decontamination fluids will be labeled. 
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10  QUALITY ASSURANCE 

Equipment blanks should be collected to verify that the decontamination procedures are effective in 

minimizing potential for cross contamination. The equipment blank is prepared by pouring deionized 

water (or organic-free water, for organic analyses) over the clean and dry tools and collecting the water 

into appropriate sample containers. Equipment blanks should be analyzed for the same set of parameters 

that are performed on the field samples collected with the equipment that was cleaned as specified in the 

sampling and analysis plan. Equipment blanks are collected per equipment set, which represents all of 

the tools needed to collect a specific sample. 

11 REFERENCES 

USEPA Region 9 - Field Sampling Guidance #1230, Sampling Equipment Decontamination. 

USEPA Region 1 - Low Stress (low flow) Purging and Sampling Procedure for the Collection of 

Groundwater Samples from Monitoring Wells. 
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 INTRODUCTION 
This document describes general and/or specific procedures, methods, actions, steps, and considerations 
to be used and observed by Arcadis staff when performing work, tasks, or actions under the scope and 
relevancy of this document. This document may describe expectations, requirements, guidance, 
recommendations, and/or instructions pertinent to the service, work task, or activity it covers.  

It is the responsibility of the Arcadis Certified Project Manager (CPM) to provide this document to the 
persons conducting services that fall under the scope and purpose of this procedure, instruction, and/or 
guidance.  The Arcadis CPM will also ensure that the persons conducting the work falling under this 
document are appropriately trained and familiar with its content.  The persons conducting the work under 
this document are required to meet the minimum competency requirements outlined herein, and inquire to 
the CPM regarding any questions, misunderstanding, or discrepancy related to the work under this 
document. 

This document is not considered to be all inclusive nor does it apply to all projects. It is the CPM’s 
responsibility to determine the proper scope and personnel required for each project.  There may be 
project- and/or client- and/or state-specific requirements that may be more or less stringent than what is 
described herein.  The CPM is responsible for informing Arcadis and/or Subcontractor personnel of 
omissions and/or deviations from this document that may be required for the project.  In turn, project staff 
are required to inform the CPM if or when there is a deviation or omission from work performed as 
compared to what is described herein.  

In following this document to execute the scope of work for a project, it may be necessary for staff to 
make professional judgment decisions to meet the project’s scope of work based upon site conditions, 
staffing expertise, regulation-specific requirements, health and safety concerns, etc.  Staff are required to 
consult with the CPM when or if a deviation or omission from this document is required that has not 
already been previously approved by the CPM.  Upon approval by the CPM, the staff can perform the 
deviation or omission as confirmed by the CPM. 

 SCOPE AND APPLICATION  
This Arcadis Technical Guidance Instruction (TGI) describes proper soil description procedures. This TGI 
should be followed for unconsolidated material unless there is an established client-required specific 
procedure or regulatory-required specific procedure. In cases where there is a required specific 
procedure, it should be followed and should be referenced and/or provided as an appendix to reports that 
include soil classifications and/or boring logs. When following a required non-Arcadis procedure, 
additional information required by this TGI should be included in field notes with client approval. 

This TGI has been developed to emphasize field observation and documentation of details required to: 

• make hydrostratigraphic interpretations guided by depositional environment/geologic settings;  

• provide information needed to understand the distribution of constituents of concern; properly design 
wells, piezometers, and/or additional field investigations; and develop appropriate remedial strategies. 

This TGI incorporates elements from various standard systems such as ASTM D2488-06, Unified Soil 
Classification System, Burmister and Wentworth. However, none of these standard systems focus 
specifically on contaminant hydrogeology and remedial design. Therefore, although each of these 
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systems contain valuable guidance and information related to correct descriptions, strict application of 
these systems can omit information critical to our clients and the projects that we perform. 

This TGI does not address details of health and safety; drilling method selection; boring log preparation; 
sample collection; or laboratory analysis. Refer to other Arcadis procedure, guidance, and instructional 
documents, the project work plans including the quality assurance project plan, sampling plan, and health 
and safety plan (HASP), as appropriate. 

 PERSONNEL QUALIFICATIONS 
Soil descriptions should only be performed by Arcadis personnel or authorized sub-contractors with a 
degree in geology or a geology-related discipline. Field personnel will complete training on the Arcadis 
soil description TGI in the office and/or in the field under the guidance of an experienced field geologist 
with at least 2 years of prior experience applying the Arcadis soil description method.  

 EQUIPMENT LIST 
The following equipment should be taken to the field to facilitate soil descriptions:  

• field book, field forms or PDA to record soil descriptions; 

• field book for supplemental notes; 

• this TGI for Soil Descriptions and any project-specific procedure, guidance, and/or instructional 
documents (if required); 

• field card showing Wentworth scale; 

• Munsell® soil color chart; 

• tape measure divided into tenths of a foot; 

• stainless steel knife or spatula;  

• hand lens; 

• water squirt bottle; 

• jar with lid;  

• personal protective equipment (PPE), as required by the HASP; and  

• digital camera 

 CAUTIONS 
Drilling and drilling-related hazards including subsurface utilities are discussed in other procedure 
documents and site-specific HASPs and are not discussed herein.  

Soil samples may contain hazardous substances that can result in exposure to persons describing soils. 
Routes for exposure may include dermal contact, inhalation and ingestion. Refer to the project specific 
HASP for guidance in these situations. 
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 HEALTH AND SAFETY CONSIDERATIONS 
Field activities associated with soil sampling and description will be performed in accordance with a site-
specific HASP, a copy of which will be present on site during such activities. Know what hazardous 
substances may be present in the soil and understand their hazards. Always avoid the temptation to 
touch soils with bare hands, detect odors by placing soils close to your nose, or tasting soils. 

 PROCEDURE 
1. Select the appropriate sampling method to obtain representative samples in accordance with the 

selected sub-surface exploration method, e.g. split-spoon or Shelby sample for hollow-stem drilling, 
acetate sleeves for direct push, bagged core for sonic drilling, etc. 

2. Proceed with field activities in required sequence. Although completion of soil descriptions is often not 
the first activity after opening sampler, identification of stratigraphic changes is often necessary to 
select appropriate intervals for field screening and/or selection of laboratory samples. 

3. Set up boring log field sheet.  

• Drillers in both the US and Canada generally work in feet due to equipment specifications. Use 
the Arcadis standard boring log form (Attachment A).  

• The preferred boring log includes a graphic log of the principal soil component to support quick 
visual evaluation of grain size. The purpose of the graphic log is to quickly assess relative soil 
permeability. Note, for poorly sorted soils (e.g. glacial till), the principal component may not 
correlate to permeability of the sample.  In this case, the geologist should use best judgement to 
graph overall soil type consistent with relative soil permeability. For example, for a dense 
sand/silt/clay till, the graphic log would reflect the silt/clay, rather than sand.   

• Record depths along the left-hand side at a standard scale to aid in the use of this tool. See an 
example completed boring log (Attachment B).  

4. Examine each soil core (this is different than examining each sample selected for laboratory 
analysis), and record the following for each stratum:  

• depth interval;  

• principal component with descriptors, as appropriate;  

• amount and identification of minor component(s) with descriptors as appropriate;  

• moisture;  

• consistency/density; 

• color; and 

• additional description or comments (recorded as notes). 

5. At the end of the boring, record the amount of drilling fluid used (if applicable) and the total depth 
logged.  

The above is described more fully below. 
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DEPTH 

To measure and record the depth below ground surface (bgs) of top and bottom of each stratum, the 
following information should be recorded.  

1. Measured depth to the top and bottom of sampled interval. Use starting depth of sample based upon 
measured tool length information and the length of sample interval. 

2. Length of sample recovered, not including slough (material that has fallen into hole from previous 
interval), expressed as fraction with length of recovered sample as numerator over length of sampled 
interval as denominator (e.g. 14/24 for 14 inches recovered from 24-inch sampling interval that had 2 
inches of slough discarded). 

3. Thickness of each stratum measured sequentially from the top of recovery to the bottom of recovery. 

4. Any observations of sample condition or drilling activity that would help identify whether there was 
loss from the top of the sampling interval, loss from the bottom of the sampling interval, or 
compression of the sampling interval. Examples: 14/24, gravel in nose of spoon; or 10/18 bottom 6 
inches of spoon empty. 

DETERMINATION OF COMPONENTS 

Obtain a representative sample of soil from a single stratum. If multiple strata are present in a single 
sample interval, each stratum should be described separately. More specifically, if the sample is from a 2-
foot long split-spoon where strata of coarse sand, fine sand and clay are present, then the resultant 
description should be of the three individual strata unless a combined description can clearly describe the 
interbedded nature of the three strata. Example: Fine Sand with interbedded lenses of Silt and Clay, 
ranging between 1 and 3 inches thick. 

Identify principal component and express volume estimates for minor components on logs using the 
following standard modifiers. 

Modifier Percent of Total 
Sample (by volume) 

and 
some 
little 
trace 

36 - 50 
21 - 35 
10 - 20 

<10 

 
Determination of components is based on using the Udden-Wentworth particle size classification (see 
below) and measurement of the average grain size diameter. Each size grade or class differs from the 
next larger grade or class by a constant ratio of ½. Due to visual limitations, the finer classifications of 
Wentworth’s scale cannot be distinguished in the field and the subgroups are not included. Visual 
determinations in the field should be made carefully by comparing the sample to the Soil Description Field 
Guide (Attachment C) that shows Udden-Wentworth scale or by measuring with a ruler. Use of field 
sieves is encouraged to assist in estimating percentage of coarse grain sizes. Settling test or wash 
method (Appendix X4 of ASTM D2488) is encouraged for determining presence and estimating 
percentage of clay and silt. Note that “gravel” is not an Udden-Wentworth size class. 
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Udden-Wenworth Scale 
Modified Arcadis, 2008 

Size Class Millimeters Inches Standard Sieve # 

Boulder 256 – 4096 10.08+  

Large cobble 128 - 256 5.04 -10.08  

Small cobble 64 - 128 2.52 – 5.04  

Very large pebble 32 – 64 0.16 - 2.52  

Large pebble 16 – 32 0.63 – 1.26  

Medium pebble 8 – 16 0.31 – 0.63  

Small pebble 4 – 8 0.16 – 0.31 No. 5 + 

Granule 2 – 4 0.08 – 0.16 No.5 – No.10 

Very coarse sand 1 -2 0.04 – 0.08 No.10 – No.18 

Coarse sand ½ - 1 0.02 – 0.04 No.18 - No.35 

Medium sand ¼ - ½ 0.01 – 0.02 No.35 - No.60 

Fine sand 1/8 -¼ 0.005 – 0.1 No.60 - No.120 

Very fine sand 1/16 – 1/8 0.002 – 0.005 No. 120 – No. 230 

Silt (subgroups 
not included) 

1/256 – 1/16 0.0002 – 0.002 Not applicable 
(analyze by 
pipette or 

hydrometer) 
Clay (subgroups 

not included 
1/2048 – 1/256 .00002 – 0.0002 

 

Identify components as follows. Remove particles greater than very large pebbles (64-mm diameter) from 
the soil sample. Record the volume estimate of the greater than very large pebbles. Examine the sample 
fraction of very large pebbles and smaller particles and estimate the volume percentage of the pebbles, 
granules, sand, silt and clay. Use the jar method, visual method, and/or wash method (Appendix X4 of 
ASTM D2488) to estimate the volume percentages of each category.  

Determination of actual dry weight of each Udden-Wentworth fraction requires laboratory grain-size 
analysis using sieve sizes corresponding to Udden-Wentworth fractions and is highly recommended to 
determine grain-size distributions for each hydrostratigraphic unit.  

Lab or field sieve analysis is advisable to characterize the variability and facies trends within each 
hydrostratigraphic unit. Field sieve-analysis can be performed on selected samples to estimate dry weight 
fraction of each category using ASTM D2488 Standard Practice for Classification of Soils for Engineering 
Purposes as guidance, but replace required sieve sizes with the following Udden-Wentworth set: U.S. 
Standard sieve mesh sizes 6; 12; 20; 40; 70; 140; and 270 to retain pebbles; granules; very coarse sand; 
coarse sand; medium sand; fine sand; and very fine sand, respectively. 
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PRINCIPAL COMPONENT 

The principal component is the size fraction or range of size fractions containing the majority of the 
volume. Examples: the principal component in a sample that contained 55% pebbles would be “Pebbles”; 
or the principal component in a sample that was 20% fine sand, 30% medium sand and 25% coarse sand 
would be “Sand, fine to coarse” or for a sample that was 40% silt and 45% clay the principal component 
would be “Clay and Silt”.  Shade the boxes on the graphic log (Attachment A) up to and including the 
box with the principal component.  The purpose of the graphical log is to provide a relative estimate of 
permeability.  As noted above, for poorly sorted soils such as glacial till, the principal component may not 
correlate to permeability of the sample. In this case, the geologist should use best judgement to graph 
overall soil type consistent with relative soil permeability. 

Include appropriate descriptors with the principal component. These descriptors vary for different particle 
sizes as follows. 

Angularity – Describe the angularity for very coarse sand and larger particles in accordance with the table 
below (ASTM D-2488-06). Figures showing examples of angularity are available in ASTM D-2488-06 and 
the Arcadis Soil Description Field Guide. 

 

Description Criteria 

Angular 
 

Sub-angular 
 

Sub-rounded 
 

Rounded 

Particles have sharp edges and relatively 
plane sides with unpolished surfaces. 
 
Particles are similar to angular description 
but have rounded edges. 
 
Particles have nearly plane sides but 
have well-rounded corners and edges. 
 
Particles have smoothly curved sides and 
no edges. 

 
Plasticity – Describe the plasticity for silt and clay based on observations made during the following test 
method (ASTM D-2488-06).  

• As in the dilatancy test below, select enough material to mold into a ball about ½ inch (12 mm) in 
diameter. Mold the material, adding water if necessary, until it has a soft, but not sticky, consistency. 

• Shape the test specimen into an elongated pat and roll by hand on a smooth surface or between the 
palms into a thread about 1/8 inch (3 mm) in diameter. If the sample is too wet to roll easily, it should 
be spread into a thin layer and allowed to lose some water by evaporation.  Fold the sample threads 
and reroll repeatedly until the thread crumbles at a diameter of about 1/8 inch. The thread will crumble 
when the soil is near the plastic limit. 
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Description Criteria 

Non-plastic 

Low 

 

 

Medium 

 

 

 

High 

A 1/8-inch (3 mm) thread cannot be rolled 
at any water content. 

The thread can barely be rolled, and the 
lump cannot be formed when drier than 
the plastic limit. 

The thread is easy to roll and not much 
time is required to reach the plastic limit. 
The thread cannot be rerolled after 
reaching the plastic limit. The lump 
crumbles when drier than the plastic limit. 

It takes considerable time rolling and 
kneading to reach the plastic limit. The 
thread can be rolled several times after 
reaching the plastic limit. The lump can 
be formed without crumbling when drier 
than the plastic limit. 

 
Dilatancy – Describe the dilatancy for silt and silt-sand mixtures using the following field test method 
(ASTM D-2488-06).  

• From the specimen select enough material to mold into a ball about ½ inch (12 mm) in diameter. Mold 
the material adding water if necessary, until it has a soft, but not sticky, consistency.  

• Smooth the ball in the palm of one hand with a small spatula. 

• Shake horizontally, striking the side of the hand vigorously with the other hand several times. 

• Note the reaction of water appearing on the surface of the soil. 

• Squeeze the sample by closing the hand or pinching the soil between the fingers, and not the reaction 
as none, slow, or rapid in accordance with the table below. The reaction is the speed with which water 
appears while shaking and disappears while squeezing. 

Description Criteria 

None 
 
Slow 
 
 
 
Rapid 
 
 

No visible change in the specimen. 
 
Water appears slowly on the surface of 
the specimen during shaking and does 
not disappear or disappears slowly upon 
squeezing. 
 
Water appears quickly on the surface of 
the specimen during shaking and 
disappears quickly upon squeezing. 
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Note that silt and silt-sand mixtures will be non-plastic and display dilatancy.  Clay mixtures will have 
some degree of plasticity but do not typically react to dilatancy testing.  Therefore, the tests outlined 
above can be used to differentiate between silt dominated and clay dominated soils. 

MINOR COMPONENT(S) 

The minor component(s) are the size fraction(s) containing less than 50% volume. Example: the identified 
components are estimated to be 60% medium sand to granules, 25% silt and clay; 15 % pebbles – there 
are two identified minor components: silt and clay; and pebbles.  

Include a standard modifier to indicate percentage of minor components (see Table on Page 6) and the 
same descriptors that would be used for a principal component. Plasticity should be provided as a 
descriptor for clay and clay mixtures. Dilatancy should be provided for silt and silt mixtures. Angularity 
should be provided as a descriptor for pebbles and coarse sand. For the example above, the minor 
constituents with modifiers could be: some silt and clay, low plasticity; little medium to large pebbles, sub-
round. 

SORTING  

Sorting is the opposite of grading, which is a commonly used term in the USCS or ASTM methods to 
describe the uniformity of the particle size distribution in a sample. Well-sorted samples are poorly graded 
and poorly sorted samples are well graded. Arcadis prefers the use of sorting for particle size distributions 
and grading to describe particle size distribution trends in the vertical profile of a sample or 
hydrostratigraphic unit because of the relationship between sorting and the energy of the depositional 
process. For soils with sand-sized or larger particles, sorting should be determined as follows: 

Well sorted – the range of particle sizes is limited (e.g. the sample is comprised of predominantly one or 
two grain sizes). 

Poorly sorted – a wide range of particle sizes are present. 

You can also use sieve analysis to estimate sorting from a sedimentological perspective; sorting is the 
statistical equivalent of standard deviation. Smaller standard deviations correspond to higher degree of 
sorting (see Remediation Hydraulics, 2008). 

MOISTURE 

Moisture content should be described for every sample since increases or decreases in water content is 
critical information. Moisture should be described in accordance with the table below (percentages should 
not be used unless determined in the laboratory). 

 

Description Criteria 

Dry 
 
Moist 
 
Wet 
(Saturated) 

Absence of moisture, dry to touch, 
dusty. 
Damp but no visible water.  
 
Visible free water, soil is usually 
below the water table. 
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CONSISTENCY or DENSITY 

This can be determined by standard penetration test (SPT) blow counts (ASTM D-1586) or field tests in 
accordance with the tables below. When drilling with hollow-stem augers and split-spoon sampling, the 
SPT blow counts and N-value is used to estimate density. The N-value is the blows per foot for the 6” to 
18” interval. Example: for 24-inch spoon, recorded blows per 6-inch interval are: 4/6/9/22. Since the 
second interval is 6” to12”, the third interval is 12” to 18”, the N value is 6+9, or 15. Fifty blow counts for 
less than 6 inches is considered refusal. In recent years, more common drilling methods include rotary-
sonic or direct push. When blow counts are not available, density is determined using a thumb test.  Note 
however, the thumb test only applies to fine-grained soils.   

Fine-grained soil – Consistency 

Description Criteria 

Very soft 
 
Soft 
 
Medium stiff 
 
Very stiff 
 
Hard 

N-value < 2 or easily penetrated 
several inches by thumb. 
N-value 2-4 or easily penetrated one 
inch by thumb. 
N-value 9-15 or indented about ¼ 
inch by thumb with great effort. 
N-value 16-30 or readily indented by 
thumb nail. 
N-value > than 30 or indented by 
thumbnail with difficulty 

 
Coarse-grained soil – Density 

Description Criteria 

Very loose 
Loose 
Medium dense 
Dense  
Very dense  

N-value 1- 4 
N-value 5-10 
N-value 11-30 
N-value 31- 50 
N-value >50 

 
COLOR 

Color should be described using simple basic terminology and modifiers based on the Munsell system. 
Munsell alpha-numeric codes are required for all samples. If the sample contains layers or patches of 
varying colors this should be noted and all representative colors should be described. The colors should 
be described for moist samples. If the sample is dry it should be wetted prior to comparing the sample to 
the Munsell chart. 

ADDITIONAL COMMENTS (NOTES) 

Additional comments should be made where observed and should be presented as notes with reference 
to a specific depth interval(s) to which they apply. Some of the significant information that may be 
observed includes the following. 
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• Odor - You should not make an effort to smell samples by placing near your nose since this can result 
in unnecessary exposure to hazardous materials. However, odors should be noted if they are 
detected during the normal sampling procedures. Odors should be based upon descriptors such as 
those used in NIOSH “Pocket Guide to Chemical Hazards”, e.g. “pungent” or “sweet” and should not 
indicate specific chemicals such as “phenol-like” odor or “BTEX” odor.   

• Structure 

• Bedding planes (laminated, banded, geologic contacts). 

• Presence of roots, root holes, organic material, man-made materials, minerals, etc. 

• Mineralogy 

• Cementation 

• NAPL presence/characteristics, including sheen (based on client-specific guidance). 

• Reaction with HCl - typically only used for special soil conditions, such as caliche environments. 

• Origin, if known (Lacustrine; Fill; etc.). 

 

EXAMPLE DESCRIPTIONS 

 

51.4 to 54.0’ CLAY, some silt, medium to high plasticity; trace small to large pebbles, sub-round to sub-
angular up to 2” diameter; moist, stiff, dark grayish brown (10 YR 4/2) NOTE: Lacustrine; laminated 0.1 to 
0.2” thick, laminations brownish yellow (10 YR 4/3).   
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32.5 to 38.0’ SAND, medium to very coarse, sub-round to sub-angular; little granule and pebble, trace silt; 
poorly sorted, wet, grayish brown (10 YR 5/2).  

Unlike the first example where a density of cohesive soils could be estimated, this rotary-sonic sand and 
pebble sample was disturbed during drilling (due to vibrations in a loose sand and pebble matrix) so no 
density description could be provided. Neither sample had noticeable odor so odor comments were not 
included.  

The standard generic description order is presented below. 

• Depth 

• Principal Components 

o Angularity for very coarse sand and larger particles 

o Plasticity for silt and clay  

o Dilatancy for silt and silt-sand mixtures 

• Minor Components 

• Sorting 

• Moisture 

• Consistency or Density 

• Color 

• Additional Comments 

 WASTE MANAGEMENT 
Project-specific requirements should be identified and followed. The following procedures, or similar 
waste management procedures are generally required. 

Water generated during cleaning procedures will be collected and contained onsite in appropriate 
containers for future analysis and appropriate disposal. PPE (such as gloves, disposable clothing, and 
other disposable equipment) resulting from personnel cleaning procedures and soil sampling/handling 
activities will be placed in plastic bags. These bags will be transferred into appropriately labeled 55-gallon 
drums or a covered roll-off box for appropriate disposal. 

Soil materials will be placed in sealed 55-gallon steel drums or covered roll-off boxes and stored in a 
secured area. Once full, the material will be analyzed to determine the appropriate disposal method. 

 DATA RECORDING AND MANAGEMENT 
Upon collection of soil samples, the soil sample should be logged on a standard boring log and/or in the 
field log book depending on Data Quality Objectives (DQOs) for the task/project. The preferred standard 
boring log is presented below and is included as Attachment A. 
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The general scheme for soil logging entries is presented above; however, depending on task/project 
DQOs, specific logging entries that are not applicable to task/project goals may be omitted at the project 
manager’s discretion. In any case, use of a consistent logging procedure is required.  

Completed logs and/or logbook will be maintained in the task/project field records file. Digital photographs 
of typical soil types observed at the site and any unusual features should be obtained whenever possible. 
All photographs should include a ruler or common object for scale. Photo location, depth and orientation 
must be recorded in the daily log or log book and a label showing this information in the photo is useful. 

 QUALITY ASSURANCE 
Soil descriptions should be completed only by appropriately trained personnel. Descriptions should be 
reviewed by an experienced field geologist for content, format and consistency. Edited boring logs should 
be reviewed by the original author to assure that content has not changed. 

 REFERENCES 
Arcadis Soil Description Field Guide, 2008. 

Munsell® Color Chart – available from Forestry Suppliers, Inc.- Item 77341 “Munsell® Color Soil Color 
Charts. 

Field Gauge Card that Shows Udden-Wentworth scale – available from Forestry Suppliers, Inc. – Item 
77332 “Sand Grain Sizing Folder.” 

ASTM D-1586, Test Method for Penetration Test and Split-Barrel Sampling of Soils. 

ASTM D-2488-00, Standard Practice for Description and Identification of Soils (Visual-Manual Procedure) 

United States Bureau of Reclamation. Engineering Geology Field Manual. United States Department of 
Interior, Bureau of Reclamation. http://www.usbr.gov/pmts/geology/fieldmap.htm. 

Petrology of Sedimentary Rocks, Robert L. Folk, 1980, p. 1-48.  

NIOSH Pocket Guide to Chemical Hazards. 

Remediation Hydraulics, Fred C. Payne, Joseph A. Quinnan, and Scott T. Potter, 2008, p 59-63. 

 

 



 

 

 
 
 
 
ATTACHMENT A 
Arcadis Standard Soil Boring Log Form 
 

 

 

 
  



SOIL BORING LOG

Boring/Well Project Page of

Site

Location Drilling Started

Total Depth Drilled Feet Hole Diameter inches Drilling Completed

Type of Sample or Length and Diameter

Coring Device of Coring Device Sampling Interval feet

Drilling Method Drilling Fluid Used

Drilling

Contractor Driller

Prepared

By Helper

MUD SAND GRAVEL

Core 

Recovery 

(feet)

PID 

Reading 

(ppm)

Sample 

Depth 

(ft bgs)
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Udden-Wentworth Description: principal components, (angularity, plasticity, dilatency); minor 

components, (angularity, plasticity, dilatency); sorting, moisture content, consistency/density, color, 

additional comments



SOIL BORING LOG (CONT'D)

Boring/Well Prepared By Page of

MUD SAND GRAVEL

Core 

Recovery 

(feet)

PID 

Reading 

(ppm)

Sample 

Depth 

(ft bgs)
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Udden-Wentworth Description: principal components, (angularity, plasticity, dilatency); minor 

components, (angularity, plasticity, dilatency); sorting, moisture content, consistency/density, color, addtl. 

Comments



 

 

 
 
 
 
ATTACHMENT B 
Example of Completed Arcadis Soil Boring Log  
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Depth Interval
Principal Components with Descriptors

Minor Components with Descriptors
Sorting

Field Moisture Condition
Density/Consistency
Color using Munsell

Geologic Origin (if known)
Other descriptions as NOTES:

- Odor
- Stratigraphy

- Structure
- Sphericity

- Cementation
- Reaction to acid

Modifier

and

some

little

trace

Fraction

Boulder

Large Cobble

Small Cobble

Very Large Pebble

Large Pebble

Medium Pebble

Small Pebble

Granule

Very Coarse Sand

Coarse Sand

Medium Sand

Fine Sand

Very Fine Sand

Silt and Clay.
See SOP for
description
of fines

Sieve Size

No. 5+

No. 10 - 5

No. 18 - 10

No. 35 -18

No. 60 - 35

No. 120 - 60

No. 230 - 120

Not
Applicable

Grain Size

256 - 4096 mm

128 - 256 mm

64 - 128 mm

32 - 64 mm

16 - 32 mm

8 - 16 mm

4 - 8 mm

2 - 4 mm

1 - 2 mm

0.5 - 1 mm

0.25 - 0.5 mm

0.125 - 0.25 mm

0.0625 - 0.125 mm

<0.0625 mm

Approximate Scale

Larger than volleyball

Softball to volleyball

Pool ball to softball

Pinball to pool ball

Dime size to pinball

Pencil eraser to dime size

Pea size to pencil eraser

Rock salt to pea size

See field gauge card

See field gauge card

See field gauge card

See field gauge card

See field gauge card

Analyze by pipette or
hydrometer

Percent of Total
Sample (by volume)

36 - 50

21 - 35

10 - 20

  <10

CriteriaDescription CriteriaDescription

PARTICLE PERCENT COMPOSITION ESTIMATION
1% 10% 20% 30% 40% 50%

SOIL DESCRIPTION FIELD GUIDE  (JUNE 30, 2017; REV. 2.0)

FINE-GRAINED SOILS FOR COARSE-GRAINED SOILS

UDDEN-WENTWORTH SCALE

     Descriptor - Plasticity

A 1/8-inch (3mm) thread cannot be rolled
at any moisture content.

Thread can barely be rolled, and lump
cannot be formed when drier than plastic
limit.

Takes considerable time and rolling to
reach plastic limit. Thread cannot be
rolled after reaching plastic limit. Lump
crumbles when drier than plastic limit.

Thread is easy to roll and quickly reaches
plastic limit. Thread can be rerolled
several times after reaching plastic limit.
Lump can be formed without crumbling
when drier than plastic limit.

             Descriptor - Dilatancy

No visible change when shaken or
squeezed.

Water appears slowly on the surface of
soil during shaking and does not
disappear or disappears slowly when
squeezed.

Water appears quickly on surface of soil
during shaking and disappears quickly
when squeezed.

    Moisture

Absence of moisture, dry to touch, dusty.

Damp but no visible water.

Visible free water; soil is usually below
the water table. (Saturated)

Consistency

N-value < 2 or easily penetrated several
inches by thumb.

N-value 2-4 or easily penetrated 1 inch
by thumb.

N-value 5-8 or indented about 1/2 inch by
thumb with great effort.

N-value 9-15 or indented about 1/4 inch
by thumb with great effort.

N-value 16-30 or readily indented by
thumb nail.

N-value > than 30 or indented by
thumbnail with difficulty.

Descriptor - Angularity

Particles have sharp edges and relatively
planar sides withunpolished surfaces.

Particles are similar to angular but have
rounded edges.

Particles have nearly planar sides but have
well-roundedcorners and edges.

Particles have smoothly curved sides and
no edges.

Sorting
   Cu= d60/d10

Near uniform grain-size distribution
Cu= 1 to 3.

Wide range of grain size Cu= 4 to 6.

Density

N-value 1 - 4

N-value 5 - 10

N-value 11 - 30

N-value 31 - 50

N-value >50

Cementation

Crumbles or breaks with handling or little
finger pressure.

Crumbles or breaks with considerable
finger pressure.

Will not crumble with finger pressure.

Reaction with Dilute HCl Solution (10%)

No visible reaction.

Some reaction, with bubbles forming
slowly.

Violent reaction, with bubbles forming
immediately.

Minor Components with Descriptors

Very soft

Soft

Medium stiff

Stiff

Very stiff

Hard

Dry

Moist

Wet

No Dilatancy

Slow

Rapid

Nonplastic

Low

Medium

High

Angular

Subangular

Subround

Round

Well Sorted

Poorly Sorted

Very loose

Loose

Medium Dense

Dense

Very dense

Weak
Cementation

Moderate
Cementation

Strong
Cementation

No Reaction

Weak
Reaction

Strong
Reaction

Color using Munsell

Geologic Origin (if known)

Other

Minor Components with Descriptors

Color using Munsell

Geologic Origin (if known)

Other

DESCRIPTION ORDER

    Moisture

Absence of moisture, dry to touch, dusty.

Damp but no visible water.

Visible free water; soil is usually below
the water table. (Saturated)

Dry

Moist

Wet

10-15 feet CLAY, medium to high plasticity; trace silt; trace 
small to very large pebbles, subround to subangular up to 
2" diameter; moist, stiff, dark grayish brown
(10YR 4/2). NOTE: Lacustrine; laminated 0.1 to 0.2" thick, 
laminations brownish yellow (10YR 4/3).

EXAMPLE OF SOIL DESCRIPTION AND PHOTO

EXAMPLE OF SOIL DESCRIPTION AND PHOTO

MINOR COMPONENTS
% MODIFIERS

0 inch 1 inch 2 inches

0 centimeter 5 centimeters

GRAPH FOR DETERMINING SIZE OF PARTICLES
Fine

Granule

Silt

Very Coarse Sands

Coarse Sand

Medium Sands

Very Fine Sands

Small Pebble

THIS BAR REPRESENTS 1 INCH
ON THE ORIGINAL DRAWING.

USE TO VERIFY FIGURE
REPRODUCTION SCALE

10 -15 feet SAND, medium to very coarse; little 
granules to medium pebbles, subround to subangular; 
trace silt; poorly sorted, wet, grayish brown (10YR5/2).
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0 inch

1 inch

2 inches

3 inches

4 inches

5 inches

6 inches

1/
10

in

0 mm

10 mm

20 mm

30 mm

40 mm

50 mm

60 mm

70 mm

80 mm

90 mm

100 mm

110 mm

120 mm

130 mm

140 mm

150 mm

160 mm

170 mm

180 mm

190 mm

200 mm

210 mm

220 mm

230 mm

7 inches

8 inches

9 inches

10 inches

240 mm

250 mm

Parting

Seam

Layer

Stratum

Pocket

Varved Clay

Occasional

Frequent

Homogeneous

Laminated

Stratified

Lensed

Blocky

Fissured

Slickensided

VARIATIONS IN SOIL STRATIGRAPHY SOIL STRUCTURE DESCRIPTIONS
Thickness of Configuration DescriptionTermTerm

SOIL DESCRIPTION FIELD GUIDE  (JUNE 30, 2017; REV. 2.0)
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Low
Sphericity

High
Sphericity

ANGULARITY CHARTGRAPH FOR DETERMINING SIZE OF PARTICLES

SORTING

Diameter of Particle (mm)

Depth of Withdrawal (cm)

Time of Withdrawal
Temperature (Celsius)

20
21
22
23
24
25
26
27
28
29
30

SETTLING TABLE (SILT/CLAY)

PARTICLE PERCENT COMPOSITION ESTIMATION

1% 3% 7%

2% 6% 10%

15% 25% 40%

20% 30% 50%

<0.625 <0.031 <0.016 <0.008 <0.004 <0.002 <0.0005

10 10 10 10 5 5 3

hr:min:sec

00:00:29 00:01:55

Clay

Silt

Sand

Gravel

Cobbles

Boulders

Udden-Wentworth Scale
Inch mm

large

small

very coarse

coarse

medium

fine

very fine

very coarse

coarse

medium

fine

very fine

coarse

medium

fine

very fine

coarse

medium

fine

10.0

1.0

0.1

0.01

0.001

0.0001

50

100

200

5

10

20

0.5

1

2

0.05

0.2

0.005

0.01

300

500

0.001

THIS BAR REPRESENTS 1 INCH
ON THE ORIGINAL DRAWING.

USE TO VERIFY FIGURE
REPRODUCTION SCALE

00:00:28
00:00:27
00:00:27
00:00:26
00:00:25
00:00:25
00:00:24
00:00:24
00:00:23
00:00:23

00:01:52
00:01:50
00:01:47
00:01:45
00:01:42
00:01:40
00:01:38
00:01:35
00:01:33
00:01:31

00:07:40
00:07:29
00:07:18
00:07:08
00:06:58
00:06:48
00:06:39
00:06:31
00:06:22
00:06:13
00:06:06

00:30:40
00:29:58
00:29:13
00:28:34
00:27:52
00:27:14
00:26:38
00:26:02
00:25:28
00:24:53
00:24:22

00:61:19
00:59:50
00:58:22
00:57:05
00:55:41
00:54:25
00:53:12
00:52:02
00:50:52
00:49:42
00:48:42

04:05:00
04:00:00
03:54:00
03:48:00
03:43:00
03:38:00
03:33:00
03:28:00
03:24:00
03:10:00
03:05:00

37:21:00

33:56:00

31:00:00

hr:min:sec hr:min:sec hr:min:sec hr:min:sec hr:min:sec hr:min:sec

Same color and appearance throughout.

Alternating layers < 1/4 inch thick.

Alternating layers > 1/4 inch thick.

Inclusions of small pockets of different materials, such as
lenses of sand scattered through a mass of clay; note
thickness.

Cohesive soil can be broken down into small angular lumps,
which resist further breakdown.

Breaks along definite planes of fracture with little resistance
to fracturing.

Fracture planes appear to be polished or glossy, sometimes
striated.

> 1 foot thick.

< 1 foot thick.

Alternating seams or layers of sand, silt, and clay (laminated).

Small erratic deposit, usually less than 1 foot in size.

> 12-inch thickness.

1/2 - to 12-inch thickness.

1/16 - to 1/2-inch thickness.

0 - to 1/16-inch thickness.
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STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0100 Volatile Organic Compounds by GC/MS 

(EPA 8260B, 8260C, 624, 624.1, and SM6200 B)
ISSUER: Pace National – Mt. Juliet, Tennessee
© 2019 Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

1.0 SCOPE AND APPLICATION

STATE NOTE: For samples analyzed in conjunction with the Ohio Voluntary Action Program 
(VAP) please utilize ENV-SOP-MTJL-0099.

CLIENT NOTE: For clients, whose environment laboratory quality program is administered by 
Environmental Standards Inc. (ESI), see controlled document QUA-30 VOA.
\\FAP\NovDiskH\QAQC\Controlled Docs

1.1 This standard operating procedure is used to determine volatile organic compounds in a 
variety of matrices. This SOP is designed for EPA methods 8260B, 8260C, 8260D,
624.1, Standard Method 6200B, GRO, or similar volatile GC/MS analyses.  This 
procedure is applicable to nearly all kinds of samples, regardless of water content, 
including ground water, aqueous sludge, caustic liquors, acid liquors, waste solvents, oily 
wastes, mousses, tars, fibrous wastes, polymeric emulsions, filter cakes, spent carbons, 
spent catalysts, soils and sediments. The compounds that can be determined using this 
SOP are listed in Attachment III, which contains a list of the typical primary and 
secondary ions used in determining these compounds.

1.2 Reporting Limits (RLs) are listed in the Attachment II.  Compounds routinely analyzed by 
this method and their typical reporting limits are included in the following table (subject to 
change).

1.3 An MDL study must be completed at least annually or more frequently if major 
instrumentation changes occur.  Method Detection Limits (MDLs) are performed based 
on ENV-SOP-MTJL-0016.  Updated MDL records are filed and stored in a central 
location within the department.

1.3.1 Limit of Detection (LOD) and Limit of Quantitation (LOQ) studies are completed 
at the frequency required by the TNI standard per the procedure identified in 
ENV-SOP-MTJL-0016, Method Detection Limits (MDL), Limits of Detection 
(LOD) and Limits of Quantitation (LOQ).  Should the procedure be utilized for 
DOD support; then the frequency of these studies must meet the requirements of 
the current DOD QSM.

1.3.2 Lower Limit of Quantitation (LOQ) – For analyses performed per the 
requirements of Method 8000D, the LLOQ is established at concentrations where 
both quantitative and qualitative requirements can consistently be met (see
Sections 2.3 and 10.15).

1.4 Specific instructions for employees of the Pace Analytical National Center for Testing & 
Innovation (Pace National) Sacramento, California laboratory are included in this 
document as “SAC Notes”.

2.0 METHOD SUMMARY AND DEFINITIONS

2.1 Volatile organic compounds (VOCs) are determined from a 5mL sample withdrawn from 
a sealed 40mL vial.  For water samples analyzed for low levels of analytes using Method 
5030 (ENV-SOP-MTJL-0131), the entire vial is placed into the instrument autosampler.  
The autosampler purges 5mL of sample and adds 1μL of surrogate standards and 
internal standards.  An inert gas is bubbled through a sparger needle inserted into the 
sample. The purged volatile components then travel via a transfer line to a sorbent trap. 
When purging is complete, the trap is rapidly heated.  The trap is backflushed with a 
helium carrier gas, to transport the desorbed sample components into a gas 
chromatographic (GC) column.   The GC column separates and carries the components 

ENV-SOP-MTJL-0100, Rev 03
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STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0100 Volatile Organic Compounds by GC/MS 

(EPA 8260B, 8260C, 624, 624.1, and SM6200 B)
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to a mass spectrometer (MS) or a specific detector, depending on the determinative 
method selected.

METHOD NOTE: For Method 624.1, different sample sizes in the range of 5–25mL are 
allowed in order to meet differing sensitivity requirements. Calibration
and QC samples must have the same volume as field samples.

2.2 For other samples, Method 5035 (ENV-SOP-MTJL-0129), volatile organic compounds 
are determined from a 5g sample combined with 5mL reagent water.

2.3 Lower Limit of Quantitation (LLOQ) – For analyses performed according to the 
requirements of Method 8000D, the lowest concentration at which the laboratory has 
demonstrated target analytes can be reliably measured and reported with a certain 
degree of confidence, which must be greater than or equal to the lowest point in the 
calibration curve.

2.4 See the current Quality Assurance Manual for definitions associated with terms found in 
this document.

3.0 HEALTH AND SAFETY

3.1 The toxicity or carcinogenicity of each reagent used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and 
exposure to these compounds should be as low as reasonably achievable. A reference 
file of safety data sheets (SDSs) are made available on Pace National’s intranet to all 
personnel. Use hazardous reagents in a fume hood whenever possible and if eye or skin 
contact occurs, flush with large volumes of water. Always wear safety glasses or a shield 
for eye protection, protective clothing and observe proper mixing protocols. 

3.2 Glycol ethers are suspected carcinogens.  All solvent handling should be performed in a 
hood while using proper protective equipment to minimize exposure to liquid and vapor.  
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or 
apron, and protective gloves.

4.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE

4.1 All samples must have been collected using a sampling plan that addresses the 
considerations of this method.

4.2 Volatile analysis for water and methanol preserved soil samples must be completed 
within 14 days from the time of sample collection.  Water samples that are not chemically 
preserved must be analyzed within seven (7) days.  It is also a Pace National 
requirement that water samples with 2-Chloroethyl vinyl ether (2-CEVE), as a compound 
of interest, be collected unpreserved and analyzed within 7 days of collection.  It has 
been shown that the acid preservative reacts with the 2-CEVE, which could result in false 
negative reporting of 2-CEVE in samples.   Unpreserved soil samples must be analyzed 
within 48 hours from the time of collection, added to preservative or otherwise frozen at 
<-7!C.  High-level soil samples collected in EncoreTM or equivalent type sampling devices 
must be placed in vials of methanol according to Method 5035 (ENV-SOP-MTJL-0129).  

STATE NOTE: The State of South Carolina requires that all soil samples must be 
collected and analyzed using Method 5035.  Samples must be preserved 
within 48 hours from the time of collection, if collected in EncoreTM type 
sampling devices.  The holding time for soil samples preserved with 
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methanol or sodium bisulfate is 14 days from the time of collection.  Non-
Preserved South Carolina VOC’s require 7-day holding time.

4.3 Aqueous samples must be collected in at least duplicate in 40mL vials with minimal or no 
headspace to minimize the loss of highly volatile analytes. Sample kits can be configured 
to request additional vials per client request. Typically the pH is adjusted to <2 with HCl, 
but the preservation requirements may vary by EPA program and may be specified in a 
regulation or project planning document that requires compliance monitoring for a given 
contaminant. An example of this is some samples from Missouri or Kansas may be 
preserved with tri-sodium phosphate and will have a resulting pH>12.

4.4 Soil samples may be collected by one of the following: 1) A 4oz. soil jar filled with soil 
with zero headspace, 2) Two 5g samples preserved in the field with 5mL NaHS04 to a 
pH<2 and one 5g sample preserved in the field with methanol (for high level analysis or 
data generated on AgilentTM 5977A or 5977B instruments [with an extractor ion or high 
efficiency source] may be reported to low-level MDL/RL values due to the enhanced
sensitivity associated with these instruments) or 3) A 5g or 25g sample collected in an 
Encore or equivalent type sampling device and frozen in the laboratory within 48 hours 
from the time of collection.  

For all soil samples, a 4oz. soil jar should also be collected to determine percent solids
and for screening purposes. All samples and extracts must be shipped and stored at 
<6°C.

STATE NOTE:  Soil and Water samples received from the states of Missouri or Kansas 
may be preserved with tri-sodium phosphate and will have a resulting 
pH>12.

STATE NOTE: For Alaska samples, when using a water miscible solvent (e.g. methanol) 
to extract soil volatile organic compounds (VOC), the adjustment of 
solvent volume for soil moisture content must be performed.  Significant 
soil moisture can add to a pronounced dilution when performing 
methanol extractions.  The potential under reporting of volatile 
concentrations is more pronounced as the percent moisture content 
increases. See section 9.9 for the calculation.

4.5 Method 624.1 Considerations

4.5.1 If acrolein is to be determined, analyze the sample within three (3) days. To 
extend the holding time to 14 days, acidify a separate sample to pH 4–5 with 
HCl.

4.5.2 Experimental evidence indicates that some aromatic compounds, notably 
benzene, toluene, and ethyl benzene are susceptible to rapid biological 
degradation under certain environmental conditions.  Refrigeration alone may not 
be adequate to preserve these compounds in wastewaters for more than seven 
days. To extend the holding time for aromatic compounds to 14 days, acidify the 
sample to approximately pH 2.

4.5.3 If halocarbons are to be determined, use an acidified sample.

4.5.4 Ethers are prone to hydrolysis at pH 2 when a heated purge is used. Aqueous 
samples should not be acid preserved if ethers are of interest or if the alcohols 
they would form upon hydrolysis are of interest and the ethers are anticipated to 
present.
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4.5.5 2-Chloroethyl vinyl ether is subject to hydrolysis at low pH; therefore, determine
2-Chloroethyl vinyl ether from the un-acidified sample.

5.0 INTERFERENCES

5.1 Major sources of contamination are volatile materials in the laboratory and impurities in 
the inert purging gas and in the sorbent trap. The use of non-polytetrafluoroethylene 
(PTFE) thread sealants, plastic tubing, or flow controllers with rubber components must 
be avoided since such materials out-gas organic compounds which will be concentrated 
in the trap during the purge operation.

5.2 Analyses of reagent blanks provide information about the presence of contaminants.  
When potential interfering peaks are noted in blanks, the analyst should change the 
purge gas source and regenerate the molecular sieve purge gas filter.  Subtracting blank 
values from sample results is not permitted.

5.3 Interfering contamination may occur when a sample containing low concentrations of 
volatile organic compounds is analyzed immediately after a sample containing high 
concentrations of volatile organic compounds. After analysis of a sample containing high 
concentrations, one or more instrument blanks may be analyzed to check for cross 
contamination. Alternatively, when analysis of a blank is not possible prior to the next 
sample, such as when an unattended autosampler is employed, the analyst should 
review the results for at least the next sample after the high-concentration sample. If 
analytes in the high-concentration sample are not present in the subsequent field sample, 
then the lack of carryover has been demonstrated.

5.3.1 This interference may be prevented by rinsing the purging apparatus and sample 
syringes with portions of organic-free reagent water between samples.

5.3.2 For samples containing large amounts of water soluble materials, suspended 
solids, high boiling compounds or high concentrations of compounds being 
determined, it may be necessary to wash the purging device with a soap solution, 
rinse it with organic-free reagent water, and then dry the purging device in an 
oven at 105°C.

5.3.3 In extreme situations, the whole purge and trap device may require dismantling 
and cleaning.

5.3.4 Screening of the samples prior to purge and trap GC/MS analysis is highly 
recommended to prevent contamination of the system.  This is especially true for 
soil and waste samples.  Screening may be accomplished by using a portable 
PID or equivalent.

5.4 Choice of quantitative ions and qualifier ions: Some compounds may co-elute, so the 
selection of quantitation ions and qualifier ions must be made carefully so these ions are 
specific to each of the compounds that co-elute. Qualifier ions that are most commonly 
used are listed in Attachment III and are recommended from the published 8260 
methods. 

5.5 Special precautions must be taken to avoid contamination when analyzing for methylene 
chloride.  The analytical and sample storage area must be isolated from all atmospheric 
sources of methylene chloride.  Otherwise, random background levels will result.  Since 
methylene chloride will permeate through PTFE tubing, all gas chromatography carrier 
gas lines and purge gas plumbing must be constructed from stainless steel or copper 
tubing.  Laboratory clothing worn by the analyst must be clean since clothing previously 
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exposed to methylene chloride fumes during liquid/liquid extraction procedures can 
contribute to sample contamination.

5.6 Samples can be contaminated by diffusion of volatile organics (particularly methylene 
chloride and fluorocarbons) through the septum seal into the sample during shipment and 
storage.  A trip blank prepared from organic-free reagent water and carried through the 
sampling and handling protocol can serve as a check on such contamination.  A storage 
blank must be analyzed every two weeks to check for cross contamination of samples 
while samples are stored in the volatiles laboratory walk-in cooler.  The storage blanks 
are purchased from a vendor and must matrix match the contents of the cold room or 
refrigerator and is placed in the cooler for a period of two weeks. Every two weeks, the 
applicable storage blanks are analyzed to verify that no contamination of client samples 
has taken place due to contamination in the storage unit.  

5.7 This procedure can be used to quantitate most volatile organic compounds that have 
boiling points below 200°C and that are insoluble or slightly soluble in water.  Volatile 
water-soluble compounds can be included in this analytical technique.  However, for the 
more soluble compounds, quantitation limits are approximately 50 times higher due to 
poor purging efficiency. Such compounds include low-molecular-weight halogenated 
hydrocarbons, aromatics, ketones, nitriles, acetates, acrylates, ethers, and sulfides.

5.8 Soil samples that contain carbonate minerals (either from natural sources or applied as 
an amendment) may effervesce upon contact with the acidic preservative solution in the 
low concentration sample vial.  If a large amount of effervescent gas is generated, the 
sample may lose a significant amount of volatile analytes.  If a sample effervesces, an 
unpreserved sample will be collected to eliminate volatiles loss whenever possible.  The 
holding time for unpreserved VOC samples is seven days, rather than 14 days.

5.9 An analyst may re-analyze any sample if instrumentation or human error is suspected.  
This includes all QC samples, which can only be re-analyzed twice.  If failure continues, 
instrument maintenance must be performed and/or the instrument must be re-calibrated.

6.0 EQUIPMENT AND SUPPLIES

The operation, cleaning, and scheduled maintenance procedures, as prescribed by the 
equipment manufacturer, are followed as provided in the Operator’s Manuals. Documentation of 
maintenance or system modifications is recorded in a maintenance logbook which accompanies 
each analytical system.

6.1 Instrumentation:  All instrumentation meets or exceeds EPA method requirements.  There 
are a total of 36 instruments; GCs include models 6890, 7890, Intuvo or equivalent and 
MSs include 5973, 5975, 5977b, HES (High efficiency source) or equivalent. Specific 
information for each instrument is included in the associated maintenance logbook. 

Sample introduction system: Archon Autosampler, EST Centurion, OI 4760, Encon P & T,
EST Evolution, OI 4660 or equivalent

6.2 Glassware: volumetric glassware equipped with penny head ground glass stopper. The 
volumetric flasks are cleaned by rinsing with methanol and laboratory reagent water. The 
volumetric flasks can be dried in a low temperature oven at less than 120°C and are 
never cleaned with a brush or strong alkali solution.

6.3 The carrier gas used for volatiles analysis is Helium-5.0 grade.

6.4 Syringes used for preparing the calibration curve and preparing samples and sample 
dilutions are Hamilton brand (or equivalent).  Syringe sizes used are 0.50μL, 10μL, 25μL, 
50μL, 100μL, 250μL, 500μL, 1mL, and 5mL.
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6.5 Glass Sample (VOA) and Standard Vials

6.5.1 40mL VOA vials with a Teflon∀/silicone septa and polypropylene open-top cap.

6.5.2 8mL vials with Teflon∀/silicone/Teflon∀ septa and polypropylene open-top cap.  
(Used to store unused standards)

6.5.3 2mL amber vial with Teflon∀/silicone/Teflon∀ septa (used to store unused 
standards)

6.6 Miscellaneous

6.6.1 Stainless Steel Spatula or wooden tongue depressor

6.6.2 Teflon∀-coated stir bars, 8mm x 16mm

6.6.3 Glass beads –VWR™ #EM1.04015.0500, or equivalent

6.7 Oven:  Fisher IsoTemp Forced-Air Oven with capabilities of 100!C, or equivalent

6.8 Analytical Balance, capable of weighing to 0.01g, or equivalent

7.0 REAGENTS AND STANDARDS

7.1 All reagents and standards must be recorded in the appropriate preparation log and 
assigned a unique number.  See ENV-SOP-MTJL-0041, Standards Logger – Tree 
Operation.  Additional information regarding reagent preparation can be found in the 
Standards Logger (Tree) digital archive system.  All spiking solutions and surrogate 
standard solutions should be replaced at least every six months or sooner if a problem is 
detected unless otherwise noted. Working standards for most compounds should be 
replaced after four weeks unless the integrity of the standard is suspected to of being 
compromised prior to that time. Working standards for gases should be replaced after one 
week unless the acceptability of the standard can be documented.

7.2 Nanopure water or equivalent: Nanopure water is used in all blanks to ensure it contains 
less than the method detection limit (MDL) of all compounds of interest.  If volatile 
compounds are detected in the blank above MDL all samples associated with this blank 
must be flagged (see Section 11.5).

NOTE: For all DoD samples the laboratory water is used in all blanks to assure that it 
contains less than 1/2 LOQ of all compounds of interest. The blank must be assessed to 
ensure that the water does not show any detection of any VOC compounds. If volatile 
compounds are detected in the blank above 1/2 LOQ, then those samples must be 
flagged.

7.3 Methanol, CH3OH – purge-and-trap grade, demonstrated to be free of analytes.  Store 
apart from other solvents.

7.4 Sodium Bisulfate, Na2S2O3 - QEC Level 3 Certified, or equivalent 

7.5 STOCK SOLUTIONS – Primary and Secondary Sources

# Stock calibration solutions must be purchased as certified solutions. 
# Certificates must be kept on file.  
# All Stock standards must be stored < 6°C or as recommended by the standard 

manufacturer. 
# All non-gas stock standards must be replaced after six months, or sooner, if 

check standards indicate a problem.  
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# Both gas and liquid standards must be monitored closely by comparison to the 
initial calibration curve and by comparison to a second source ICV, or Secondary 
Source Verification Standard (SSCV).  

# Gas intermediate/secondary standards must be replaced weekly, or sooner, if 
comparison to check standards indicates a problem.

# Non-gas intermediate/secondary standards must be replaced after six months, or 
sooner, if comparison to check standards indicates a problem.

7.5.1 Primary Source - Primary source standards are used to prepare the initial 5-point 
calibration curve (additional levels may be used as needed), the continuing 
calibration verification (CCV) standard, LCS and matrix spikes.  The CCV is 
analyzed to verify the initial calibration and is prepared using the primary source 
standard used to produce the calibration curve.  See Section 8.2.6 through 8.2.8
for the instrument preparation of the calibration standards.  When primary 
standards are consumed, new standards must meet the same QC criteria as the 
consumed standards.  Stock standards must be stored below -10°C and have a 
six-month holding time once opened.  The expiration date of the diluted 
standards must not exceed the expiration date of the stock standards from which 
they are prepared.  Once diluted, the standard must be replaced weekly. The 
standard list of target LCS compounds are those compounds listed in Attachment 
VIII. The LCS must be prepared in the appropriate matrix (organic-free reagent 
water, or purified solid) depending upon the matrix within the analytical batch; 
and contain all of the method target analytes. A subset of the method target 
analytes could be used based on the project specific requirements.”

STATE NOTE: South Carolina DHEC and the USACE require that all target 
analytes are present and evaluated in the LCS

Calibration Mix
The calibration mix is prepared in methanol in a 25mL volumetric flask by adding:

Manufacturer Product Cat. #

Amount 
added 
(mL)

Final Conc. 
(ppm)

Phenomenex Custom 8260  Calibration Mix AL0-130113 1 100
Phenomenex Custom Ketones Mix AL0-130115 1 500
Phenomenex Acrolein AL0-130159 1 500
Phenomenex Custom 8260 Additions Mix AL0-130114 2 100
Phenomenex Vinyl Acetate AL0-130117 1 500
Phenomenex 2-Chloroethyl vinyl ether AL0-130116 1 500

7.5.1.1 The calibration standard mix is prepared by making a 1:1 ratio of the gas 
standard (Agilent, ULTRAgoldTM Custom Standard CUS-27747 or equivalent at
100μg/mL) and the calibration mix standard.

7.5.1.2 For soil autosamplers (5mL), a dilution of 10x is required for the ICV mix.  The 
solution is stored in 3mL aliquots in zero headspace vials.  The storage 
temperature is below <6° C.
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AP9/Oxygenates Calibration Mix
The AP9/Oxygenate ICV solution is prepared in methanol in a 25mL volumetric flask 
by adding:

Manufacturer Product Cat. #
Amount

added (mL)
Final Conc. 

(ppm)
NSI Ethyl Acetate 681 0.125 50
NSI Custom AP9 Standard Q-6603-O 3.125 5

Absolute Isopropanol 70941 0.625 25

7.5.2 Secondary Source - Secondary source standards must be used to prepare the 
secondary source verification standard (SSCV) or initial calibration verification 
(ICV).These standards are purchased from a different vendor or the primary vendor 
can supply different lot numbers, if a separate vendor is not available. The 
standard is at a concentration near the mid-level calibration standard. Stock 
standards must be stored at or below <6°C and have a six month holding time 
once opened, except the ICV gases which have 1 week holding time. Once diluted, 
the standard must be replaced weekly.

SSCV

Prepare the SSCV mix in methanol in a 25mL volumetric flask as follows. A 
separate source or separate lot number is used for standard verification. The 
standard list of target LCS compounds are those compounds listed in Attachment 
VIII.

Manufacturer Product Cat. #
Amount 

added (mL)
Final Conc. 

(ppm)
NSI 8260 Custom Mix 2 Q-4147 1 500

Restek Acrolein 30645 2.5 500
SPEX 

CertiPrep AZ fuel additive 4 comps. VO-ESCTN9 2 100

Ultra Custom Standard CUS-18354 1 100

7.5.2.1 The working second source (SSCV) or Initial Calibration Verification 
(ICV) is prepared by making a 1:1 ratio of the gas standard (Phenova, 
VOA Gas Calibration Mix AL0-130108 or equivalent at 200μg/mL) and 
the second source standard.

7.5.2.2 For soil autosamplers (5mL), a dilution of 10x is required.  The solution is 
stored in 3mL aliquots in zero headspace vials.  The storage temperature 
is at or below -10° C.

AP9/Oxygenates SSCV
The AP9/Oxygenates SSCV is prepared in methanol in a 25mL 
volumetric flask by adding:
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7.6 Surrogate standard stock solutions must be purchased as certified solutions.  Certificates 
must be kept on file.  Stock standards must be stored at or below <6°C and have a six 
month holding time, once opened.  Surrogate spiking solutions are purchased from 
Phenova, Part# AL0-130491, or equivalent, at 20,000ug/mL, which contains both internal 
standards and surrogate compounds.  This solution is then diluted by 100X to obtain a 
200ug/mL working solution.  

7.6.1 The following are Pace National designated volatiles’ analysis surrogates:

# Toluene-d8
# 4-Bromofluorobenzene
# 1,2-Dichloroethane-d4

7.7 Internal standard stock solutions must be purchased as certified solutions.  Certificates 
must be kept on file.  Stock standards must be stored at or below <6° C and have a six 
month holding time, once opened. [Internal standard and surrogate standard – Phenova, 
Part# AL0-130491, or equivalent] 

7.7.1 The following are Pace National designated volatiles’ analysis internal standards:

# 1,4-Dichlorobenzene-d4
# Fluorobenzene
# Chlorobenzene-d5

SAC NOTE: Internal Standard/Surrogate Mix – o2si 8260 Internal Surrogate 
Solution Catalog No.: 121722-08-20PAK. This mix is diluted 
250x to produce a 50 μg/mL internal standard and surrogate mix. 
During analysis, 5μL of this solution is added to 5mL of sample, 
resulting in a concentration of 50 μg/L. The internal standards 
and surrogates are the same as listed in 7.6.1 and 7.7.1 with the 
addition of Tert-butyl Alcohol-d10 as an internal standard.

7.8 4-Bromofluorobenzene (BFB) standard - The BFB in the custom internal standard mix is 
used to verify mass spectrometer tuning.  Since internal standards and surrogates are 
added to all samples and standards, BFB is included as part of our initial calibration and 
calibration verification standards.  Certificates of analysis must be kept on file.  Stock 
standards must be stored at or below <6°C and have a six month holding time, once 
opened.  

7.9 Matrix spike (MS) standard - Stock standards must be stored at or below <6°C and have 
a six month holding time, once opened.  Once diluted, the standard must be replaced 
weekly.

7.9.1 The matrix spike standard is prepared from the stock standard in Section 7.5.  

Manufacturer Product Cat. #

Amount 
added 
(mL)

Final 
Conc. 
(ppm)

NSI Custom AP9 
Standard Q-6603-O 3.125 5

NSI Ethyl Acetate 681 .125 50
Absolute Isopropanol 70941 .625 25
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7.9.2 The spike should be at a mid-level of the calibration range.  Some contracts may 
require a site-specific concentration.

7.9.3 Standard spiking practice requires the use of ALL TARGET ANALYTES as 
specified in Attachment VIII and must be evaluated against the current control 
limits presented in the LIMS.  

All compounds in the spike solution must be evaluated for acceptable recovery.  
In the absence of established control limits, default recovery limits are 70 - 130%.

8.0 PROCEDURE

Analysis Summary:  Volatile compounds are introduced into the gas chromatograph by 
purge and trap, via the Archon autosampler, as described on Section 2. Soils require 
method 5035 for sample preparation, See ENV-SOP-MTJL-0129.

8.1 Chromatographic conditions: All changes in analytical conditions are listed in the 
Maintenance Log.

8.1.1 Typical conditions for each instrument and column are listed below:

Inlet off
Detector 200oC
Oven Equib. Time: 0.50 minutes
Oven Max 240oC
Init Temp 45oC hold 1.0 minute
Ramp 20oC/min to 240 hold 1.0 minute

8.1.2 Typical conditions for each autosampler are listed below:

Heating sample 1 minute at 40oC
Purge 11 minutes at 40oC
Desorb 1 minutes at 250oC
Bake 2 minutes at 260oC

8.1.3 Typical condition for each MS detector are listed below:

Electron energy – 70 volts (nominal)
Mass range – 35 to 300 amu
Scan time – 1.2 sec/scan
Manifold vacuum – 3 x 10-6 torr

8.2 Initial calibration

8.2.1 TUNING - Each GC/MS system must be hardware-tuned (1μL < 50ng) with BFB 
to meet the criteria listed below.  The mass-spectrometer must meet acceptable 
BFB sensitivity criteria before analysis can begin.  The instrument must be tuned 
every 12 hours for 624.1, 8260B, 8260C, and 6200B. BFB tuning for method 
8260D is prior to each calibration.

BFB Key Ions and Ion Abundance Criteria for 8260B, 8260C, 8260D, 624.1
Mass Ion Abundance Criteria

95 50 - 200% of mass 174
96 5 - 9% of mass 95

173 < 2% of mass 174
174 50 - 200% of mass 95
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BFB Key Ions and Ion Abundance Criteria for 8260B, 8260C, 8260D, 624.1
175 5 - 9% of mass 174
176 95 - 105% of mass 174
177 5 - 10% of mass 176

BFB Key Ions and Ion Abundance Criteria for 6200
Mass Ion Abundance Criteria

50 15.0-40.0% of mass 95
75 30.0-60.0% of mass 95
95 base peak, 100% relative abundance
96 5.0-9.0% of mass 95

173 < 2.0% of mass 174
174 > 50.0% of mass 95
175 5.0-9.0% of mass 174
176 > 95.0%, but less than 101% of mass 174
177 5.0-9.0% of mass 176

EPA 624.1 NOTE: The 12-hour tune clock begins after analysis of the BFB, the 
LCS, and the BLANK and ends 12 hours later. BFB, the 
LCS, and BLANK are outside of the 12-hour tune clock. The 
MS and MSD are treated as samples are analyzed within the 
12-hour clock.

8.2.2 Calibration Curve – General Criteria 

# A minimum of 5-point calibration is performed using the primary 
standards listed in Section 7.5.1.  Additional levels may be included to 
better meet project or client requirements.  Regardless of the specific 
number, the calibration levels analyzed should correspond to a range of 
concentrations expected to be found in samples, without exceeding the 
working range of the GC/MS system.

# A calibration point must be analyzed at or below the reporting limit.  The 
concentration of the lowest calibration standard analyzed should be at 
least 3-5 times the MDL. The instrument response must be 
distinguishable from the instrument background noise.  The signal to 
noise ratio is the magnitude of the signal strength detected by the mass 
spectrometer relative to the magnitude of the background noise of the 
instrument.  Instrument conditions must be optimized before the analysis 
of a calibration curve to minimize background effects.  

STATE NOTE: The reporting level standard must be refit after 
calibration is complete.  This standard is required by the 
state of North Carolina and is used to verify the low end 
of the calibration curve.

STATE NOTE: When analyzing samples from Minnesota, the reporting 
limit must be verified with each calibration or at least 
monthly.  Verification can be performed by re-
quantitation of the low calibration standards using the 
newly updated calibration curve or by analyzing a 
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separate reporting level standard following calibration 
curve update.  This standard must recover +40% of the 
expected concentration.  If the criterion is not met, a 
higher level standard may be re-quantitated or analyzed; 
however the reporting limit must be amended to reflect 
the increased concentration of the standard utilized.  
Analytes known to be poor performers are dealt with on 
a case-by-case basis. 

# The highest standard must not exceed the linear range of the detector.  
The concentration of the highest standard must produce a response, 
which does not cause the MS detector to become saturated.  The 
highest concentration used in the calibration curve must allow the 
analyte to meet the calibration requirements outlined in Sections 8.2.6 
through 8.2.8.  

# When using Method 5035, ENV-SOP-MTJL-0129, the calibration curve 
must be prepared in the same solutions used to preserve the field 
samples. 

# EPA 8260C NOTE:  The method of linear regression analysis has the 
potential for a significant bias to the lower portion of a calibration curve, 
while the relative percent difference and quadratic methods of calibration 
do not have this potential bias. When calculating the calibration curves 
using the linear regression model, a minimum quantitation check on the 
viability of the lowest calibration point should be performed by re-fitting 
the response from the low concentration calibration standard back into 
the curve. It is not necessary to reanalyze a low concentration standard;
rather the data system can recalculate the concentrations as if it were an 
unknown sample. The recalculated concentration of the low calibration 
point should be within ±30% of the standard's true concentration.

# EPA 8260D NOTE:  The method of linear regression analysis has the 
potential for a significant bias to the lower portion of a calibration curve, 
while the relative percent difference and quadratic methods of calibration 
do not have this potential bias. A minimum quantitation check on the 
viability of all calibration points should be performed by re-fitting the 
response from each calibration standard back into the curve. The 
recalculated concentration of the reporting level point should be within 
±50% of the standard's true concentration. All other recalculated 
concentration calibration points should be within ±30% of the standard’s 
true concentration. If a failure occurs in the low point and it is equivalent 
to the LLOQ, the analyte should be reported as estimated near that 
concentration or the LLOQ should be reestablished at a higher 
concentration. 

STATE NOTE: South Carolina does not allow the use of quadratic 
regression for compounds that have previously 
demonstrated linearity.

# The method reference spectra must be updated from the mid-point of 
each calibration. 
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8.2.3 Calibration Levels for single analytes

8.2.3.1 Soil Samples - Soil samples are analyzed with a heated purge in the soil 
chamber of the Archon, or equivalent autosampler.  The calibration curve 
is generated by injecting the following volumes of Calibration Mix (See 
Section 7.5.1) into 5mL of reagent water. Surrogate standard is prepared 
by diluting the surrogate by1:10 using (NSI lab solutions, 8260 Surrogate 
Mix Q-4392 or equivalent at1000μg/mL).

8260 Calibration Curve - GC/MS Soil (into 5mL water)
Intermediate 

solution 
volume (μL)

Concentration of 
standard (ppb)

Surrogate 
Added 
(μL)

Concentration 
of Surrogate 

(ppb)
0.025 0.25 (LOD Point) 0 n/a
0.05 0.5 0 n/a
0.1 1 1 1
0.2 2 2 2
0.5 5 3 3
2.5 25 4 4
7.5 75 5 5
10 100 6 6
20 200 7 7

8260 Calibration Curve - GC/MS Soil (into 50mL water) for 
use with Agilent 5977A or 5977B Only

Intermediate 
solution 

volume (μL)

Concentration of 
standard (ppb)

Surrogate 
Added 
(μL)

Concentration 
of Surrogate 

(ppb)
0.25 0.25 (LOD Point) 0 n/a
0.5 0.5 0 n/a
1 1 1 1
2 2 2 2
5 5 3 3
25 25 4 4
75 75 5 5

100 100 6 6
200 200 7 7

AP9/Oxygenates Calibration Curve -
GC/MS Soil (into 5mL of water)

Intermediate solution volume (μL) Concentration of standard (ppb)
1 1.0
5 5

10 10
15 15
20 20
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AP9/Oxygenates Calibration Curve -
GC/MS Soil (into 50mL of water)

Intermediate solution volume (μL) Concentration of standard (ppb)
10 1.0
50 5
10 10

150 15
200 20

Note 1: When analyzing soil samples by the low-concentration method 
(Section 8.7.1), the calibration standards must be heated to 
40°C + 1°C prior to purging.

Note 2: Injections should be performed from the lowest to the highest 
standards with a cleanup injected after the highest standard and 
followed by the secondary source standard to verify the initial 
calibration curve.

8.2.3.2 Water Samples - Water samples are run with a heated purge using the 
Archon, or equivalent autosampler.  The calibration curve is generated 
by injecting the following volumes of Calibration Mix (See Section 7.5.1.) 
into 50mL of water. Surrogate standard is added to the curve points, 
(Phenova, Custom IS-SURR Mix AL0-130574 or equivalent 
at1000μg/mL).

8260 Calibration Curve - GC/MS Water (into 50mL water)

Intermediate 
solution 

volume (μL)

Concentration of 
standard (ppb)

Surrogate 
Added 
(μL)

Concentration 
of Surrogate 

(ppb)

0.25 0.25 (LOD Point) 0 n/a
0.5 0.5 0 n/a
1 1 1 1
2 2 2 2
5 5 3 3
25 25 4 4
75 75 5 5

100 100 6 6
200 200 7 7

AP9/Oxygenates Calibration Curve -
GC/MS Water (into 50mL of water)

Intermediate solution volume (μL) Concentration of standard (ppb)
10 1.0
50 5
10 10

150 15
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AP9/Oxygenates Calibration Curve -
GC/MS Water (into 50mL of water)

Intermediate solution volume (μL) Concentration of standard (ppb)
200 20

SAC NOTE: See Controlled Document DAV-03 VOA ICAL Reference 
for calibration table.

8.2.4 Internal Standards and Surrogates – Soil/Water

The autosampler adds 1μL of the IS/surrogate mix to each sample.  The addition 
of 1μL of the surrogate spiking/internal standard solution is equivalent of 16μg/L 
of each surrogate/internal standard. Internal standard and surrogate standard are 
contained within the same spiking mix.  Internal Standards are listed Section 
7.7.1 and Surrogates are listed in Section 7.6.1.

SAC NOTE: During analysis, 5μL of this solution is added to 5mL of sample, 
resulting in a concentration of 50 μg/L

Tabulation of the Internal Standards

Tabulate the area response of the characteristic ions (see Attachment III) against 
each compound's concentration and each internal standard concentration.  Then 
calculate the response factor (RF) for the quantifying ion of each compound 
relative to the appropriate internal standard according to the calculation provided 
in Section 9.1.  The internal standards used should permit most of the 
compounds of interest in a chromatogram to have retention times of 0.80 to 1.20, 
relative to one of the internal standards.  The average RF must be calculated and 
recorded for each compound.

8.2.5 System Performance Check Compounds (SPCCs) – Soil/Water

A system performance check must be made before the calibration curve can be 
used. The minimum relative response factor for volatile SPCCs are as follows:

Chloromethane 0.10
1,1-Dichlorethane 0.10
Bromoform 0.10
Chlorobenzene 0.30
1,1,2,2-Tetrachloroethane 0.30

These compounds are typically used to check compound instability and to check 
for degradation caused by contaminated lines or active sites in the system.  
Examples of these occurrences are:
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Compound Effect on stability
Chloromethane This compound is the most likely compound to be lost if 

the purge flow is too fast.

Bromoform

This compound is one of the compounds most likely to 
be purged very poorly if the purge flow is too slow.  Cold 
spots and/or active sites in the transfer lines may 
adversely affect response.  Response of the quantitation 
ion (m/z 173) is directly affected by the tuning of BFB at 
ions m/z 174/176.  Increasing the m/z 174/176 ratio 
relative to m/z 95 may improve bromoform response.

1,1,2,2-
Tetrachlorethane and 
1,1-Dichloroethane

Contaminated transfer lines degrade these compounds 
in purge-and-trap systems.  Active sites in trapping 
materials also can cause problems.

Adjust the purge gas (Helium or Argon) flow rate to 25-40mL/min on the purge-
and-trap device.  Optimize the flow rate to provide the best response for 
chloromethane and bromoform.  Excessive flow rate reduces chloromethane 
response, whereas insufficient flow reduces bromoform response.

8.2.6 EPA 8260B:  Response Factors (RF’s) & Calibration Check Compounds (CCC’s) -
Soil/Water

Using the RF’s for the initial calibration curve from Section 8.2.2, calculate and 
record the percent relative standard deviation (%RSD) for all compounds.  
Calculate the percent RSD as in Section 9.2.  Linearity can be assumed if the 
RSD criteria is met, thus allowing quantitation calculations to be performed using 
RF.

8.2.6.1 CCC Criteria - The %RSD for each individual CCC must be less than 
30%.  The CCCs are:

1,1-Dichloroethene Toluene
Chloroform Ethylbenzene

1,2-Dichloropropane Vinyl chloride

8.2.6.2 Target Analytes and other Non-CCC’s - The RSD must meet the 
following criteria -

<15% RSD for all 8260B Target Analytes
<20% RSD for all 8260C/D Target Analytes
<35% RSD for all 624.1 Target Analytes
<20% RSD for all KSGRO Samples
<15% RSD for n-Hexane 
<20% RSD for 6200 Analytes
<15% appendix 9 Analytes
<10% RSD for all 601/602 Target Analytes

Compounds not meeting the RSD requirement may be considered for 
linear regression as stated in 8.2.7.3
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8.2.6.3 Linear Regression - Criteria

When any compound does not meet the calibration criteria for RF, the 
most appropriate curve fitting model is used.  If linear regression is used, 
it must be noted on the data (preferably on the CCV RF report), next to 
the affected compound. It must also meet correlation coefficient (r)
criteria of 0.995 or better.  SM 6200 requires a linear regression 
correlation coefficient of >0.994.

Linear regression is achieved by plotting the instrument response versus 
the concentration of the standards.  The resulting regression line must 
not be forced through the origin and the origin must not be included as a 
calibration point.

STATE NOTE:  For all Wisconsin sample analyses, analysts must 
evaluate the %RSD of calibrations to ensure that they do not have 
unacceptable curvature. The %RSD limit criteria, as found in the specific 
methods listed above, applies to calibrations using average RF 
calibrations. For linear and quadratic curve fits, a limit of 40% RSD is 
used for normal target analytes and 50% RSD is utilized for known poor 
performing compounds. 

The most appropriate curve fitting model from among the following 
choices must be utilized (given in the order of preference): Average
Response Factor

# Linear – No Weighting
# Linear – 1/x Weighting
# Linear – 1/x2 Weighting
# Quadratic

STATE NOTE: South Carolina does not allow the use of quadratic regression for 
compounds that have previously demonstrated linearity.8.2.6.4

Calibration Corrective Action

When the RSD exceeds 15% or linear regression criteria could not be 
met, plot and inspect the calibration data for abnormal chromatographic 
responses. The inspection may indicate analytical problems, including 
errors in standard preparation, the presence of active sites in the 
chromatographic system, analytes that exhibit poor chromatographic 
behavior, etc.

If calibration criteria are not met, then one of the following options must 
be applied to the GC/MS initial calibration: 

8.2.6.4.1 Adjust the instrument and/or perform instrument maintenance 
and re-analyze the calibration standards until the RSD of the 
calibration meets criteria.  

8.2.6.4.2 Narrow the calibration range until the response is linear.  If the 
low standard is below the estimated quantitation limit (i.e., for 
the poor purgers in a commercially available prepared 
standard mix), then this standard may be dropped.  Re-
calculate the RSD without the low standard to determine if the 
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RSD meets the QC limit.   If the lowest standard is dropped, 
the reporting limit could require a change.  Check with the 
supervisor to determine if a point can be removed and not 
affect reporting limits requirements.

Compounds that are very soluble in water generally are poor 
purgers.  The ketones, vinyl acetate, acrolein, and acrylonitrilie 
fall into this category. 

8.2.7 EPA 8260C:  Response Factors (RF’s)

8.2.7.1 Calibration Curve Criteria - Calculate the mean response factor and the 
relative standard deviation (RSD) of the response factors for each target 
analyte using the following equations. The RSD should be less than or 
equal to 20% for each target analyte. It is also recommended that a 
minimum response factor for the most common target analytes as noted 
in Attachment VII, be demonstrated for each individual calibration level 
as a means to ensure that these compounds are behaving as expected. 
In addition, meeting the minimum response factor criteria for the lowest 
calibration standard is critical in establishing and demonstrating the 
desired sensitivity. Due to the large number of compounds that may be 
analyzed by this method, some compounds will fail to meet these criteria. 
For these occasions, it is acknowledged that the failing compounds may 
not be critical to the specific project and therefore they may be used as 
qualified data or estimated values for screening purposes.

8.2.7.2 When the RSD exceeds 20% or linear regression criteria could not be 
met, plot and inspect the calibration data for abnormal chromatographic 
responses. The inspection may indicate analytical problems, including 
errors in standard preparation, the presence of active sites in the 
chromatographic system, analytes that exhibit poor chromatographic 
behavior, etc.

NOTE: To maximize batches calibration RSDs are held to the strictest 
method reported, the RSD used for all methods is 15%.

8.2.8 EPA 8260D: Response Factors (RF’s)

8.2.8.1 Calibration Curve Criteria – Calculate the mean RF and the relative 
standard deviation (RSD) of the RFs for each target analyte. The RSD 
should be <20% for each target analyte. Attachment IX contains 
minimum RFs that may be used as guidance in determining whether the 
system is behaving properly and as a check to see if calibration 
standards are prepared correctly. It is neither expected nor required that 
all analytes meet these minimum RFs in the guidance table, however
target analytes must not have an RF <0.01. Due to the large number of 
compounds that may be analyzed by this method, some compounds will 
fail to meet these criteria. For these occasions, it is acknowledged that 
the failing compounds may not be critical to the specific project and 
therefore they may be used as qualified data or estimated values for 
screening purposes.
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8.2.8.2 When the RSD exceeds 20% or linear regression criteria could not be 
met, plot and inspect the calibration data for abnormal chromatographic 
responses as the inspection can be a useful diagnostic tool. 

NOTE: To maximize batches calibration RSDs are held to the strictest 
method reported, the RSD used for all methods is 15%

8.2.9 EPA 624.1

Calculate the mean (average) and relative standard deviation (RSD) of the
response factors. If the RSD is less than 35%, the RF can be assumed to be 
invariant and the average RF can be used for calculations.  Alternatively, the 
results can be used to fit a linear or quadratic regression of response ratios vs. 
concentration ratios.  If used the regression must be weighted inversely 
proportional to concentration.  The coefficient of determination (R2) of the
weighted regression must be greater than 0.920 (this value roughly corresponds 
to the RSD limit of 35%). Alternatively, the relative standard error may be used 
as an acceptance criterion. As with the RSD, the RSE must be less than 35%. If 
an RSE less than 35% cannot be achieved for a quadratic regression, system 
performance is unacceptable, and the system must be adjusted and re-
calibrated.

NOTE: Using capillary columns and current instrumentation, it is quite likely that 
a laboratory can calibrate the target analytes in this method and achieve 
a linearity metric (either RSD or RSE) well below 35%.  Therefore, 
laboratories are permitted to use more stringent acceptance criteria for
calibration than described here (e.g., to harmonize their application of 
this method with those from other sources).

STATE NOTE: South Carolina does not allow the use of quadratic regression for 
compounds that have previously demonstrated linearity.

8.3 Calibration Verification

8.3.1 Calibration Verification for EPA Methods 8260B, 624.1 and SM 6200B:

8.3.1.1 SSCV’s

After a successful calibration, a Second Source Calibration Verification 
(SSCV) or Initial Calibration Verification (ICV) must be analyzed to verify 
the calibration.  This standard must be made from a second source, 
preferable from a different vendor than the calibration standards.  The 
second source calibration standard must perform within following criteria:

CCC and SPCC compounds + 30%
Other compounds (non-poor performers) + 40%
Poor Performers (8.3.2) in-house LCS limits

8.3.1.2 CCC’s 

The curve must be verified daily by a calibration standard known as the 
Continuing Calibration Verification standard (CCV) and is analyzed every 
12 hours. This standard is prepared at or near the mid-point of the 
calibration curve.  A maximum of 20% criteria would be expected for 
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CCC analytes (Listed in Section 8.2.7.1) and n-Hexane when requested 
as a target analyte.  

Compounds on average response factor use % difference,

% Difference = (RFv -Rfave) / Rfave x 100%     

Compounds on regression fit model use percent drift,

% Drift = (Calculated conc - Theoretic conc) / Theoretic conc x 100% 

Criteria for both is <20%.

8.3.1.3 SPCC’s

The SPCC’s must have a minimum response factor as stated in Section 
8.2.6.  If these criteria are exceeded, then corrective action is required. 

8.3.1.4 All Target Analytes and Non-CCC’s

When analyzing 8260B and 624.1 concurrently, calibration verifications 
are evaluated using both the 8260B criteria (sections. 8.3.1.2 through 
8.3.1.3 and the 624.1 criteria (Attachment VI).  For analytes not on the 
624.1 list, all target analytes (except for the poor performers (8.3.3) must 
meet a maximum of 40% drift from the calibration curve.  The analyst 
evaluates all analytes carefully and the experience of the analyst weighs 
heavily when determining the usability of the data.

Poor performers are allowed a maximum of 50% drift from the calibration 
curve.  See section 8.3.3 for a listing of poor performing analytes.   

STATE NOTE: For South Carolina 624.1 samples, the target analytes 
reported must agree with the compound list found in the 
EPA 624.1 published method.

8.3.2 Calibration Verification for EPA Method 8260C/D:

8.3.2.1 SSCV’s

After a successful calibration, a Second Source Calibration Verification 
(SSCV) or Initial Calibration Verification (ICV) must be analyzed to verify 
the calibration.  This standard must be made from a second source, 
preferable from a different vendor than the calibration standards.  The 
second source calibration standard must perform within following criteria:

All compounds + 30%

Poor Performers (8.3.3) in-house LCS limits

8.3.2.2 Target Analytes 

The curve must be verified initially by a calibration standard known as 
the Continuing Calibration Verification standard (CCV) and is analyzed 
every 12 hours).  . This standard is prepared at or near the mid-point of 
the calibration curve.  A maximum of 20% criteria would be expected for 
all target analytes and n-Hexane when requested as a target analyte. 
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If the percent difference (average RSD) or percent drift (linear regression 
models) for a compound is less than or equal to 20%, then the initial 
calibration for that compound is assumed to be valid. Due to the large 
numbers of compounds that may be analyzed by this method, some 
compounds will fail to meet the criteria. If the criterion is not met (i.e., 
greater than 20% difference or drift) for more than 20% of the 
compounds included in the initial calibration, then corrective action must 
be taken prior to the analysis of samples. In cases where compounds 
fail, they may still be reported as non-detects if it can be demonstrated 
that there was adequate sensitivity to detect the compound at the 
applicable quantitation limit. For situations when the failed compound is 
present, a reporting level verification is analyzed. Reference QUA-12 
CCV Criteria for 8260C and 8270D for assessing reporting level 
verification. 

All compounds must have a minimum response factor. If these criteria
are exceeded, then corrective action is required. The minimum response 
factors are generated in house based off of historical data. 

8.3.3 Poor Performers:

The poor performers are as follows:

Propene 2-Chloroethylvinyl Ether
Dichlorodifluoromethane Acrolein
Carbon Disulfide Vinyl acetate
Bromomethane trans-1, 4-dichloro-2-butene
Chloroethane Alcohols (Ethanol, TBA, TAA, ETBA,  Butanol)
1,3-Butadiene Iodomethane
1,2-Dibromo-3-chloropropane Naphthalene
1- Methylnaphthalene 2-Butanone
2- Methylnaphthalene 2-Hexanone
Acetone 4-Methyl-2-pentanone
Pentachloroethane Cyclohexanone
Tert-butyl Formate Methyl cyclohexane

8.3.4 Laboratory Control Standard (LCS):  A laboratory control sample (LCS) should 
be included with each analytical batch. The LCS consists of an aliquot of a clean 
(control) matrix similar to the sample matrix and of the same weight or volume. 
The LCS is spiked with the same analytes at the same concentrations as the 
matrix spike, when appropriate. When the results of the matrix spike analysis 
indicate a potential problem due to the sample matrix itself, the LCS results are 
used to verify that the laboratory can perform the analysis in a clean matrix. Also 
note the LCS for water sample matrices is typically prepared in organic-free 
reagent water similar to the continuing calibration verification standard. In these 
situations, a single analysis can be used for both the LCS and continuing 
calibration verification.

# QC Limits are found in the LIMS for LCS and MS/MSD.   
# If the stated criteria are exceeded, then corrective action is required.    
# See Section 11.6.1, on marginal exceedances. 
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STATE NOTE:  All South Carolina DHEC compliance testing, the LCS
responses must be within 70 – 130% for Method 8260 and within 
the limits given in Attachment VI for Method 624.1.  High failures 
are acceptable for 8260 or 624.1, as long as the sample results 
are below detection level. Qualifiers cannot be used therefore
low failures require a batch re-analysis.  See Section 10 for QC 
evaluation.  For samples analyzed from South Carolina that are 
not utilized for compliance purposes, in house established 
acceptance limits are utilized to demonstrate controlled 
analyses.

STATE NOTE: For EPA Region IV only (AL, FL, GA, KY, MS, NC, SC, TN), when 
running Acrolein and Acrylonitrile by V624.1, the QC criteria from 
EPA Method 603 should be used for control demonstration.  The 
LCS criteria from EPA Method 603 include Acrolein recovery within 
88-118% and Acrylonitrile recovery within 71-135%.

8.3.5 Internal Standard Evaluation

8.3.5.1 When a calibration is performed at the beginning of an analytical run: 

The internal standard areas must be evaluated against the mid-point of 
the curve.  Samples are analyzed within a 12-hour window; the internal 
standards of those samples are evaluated against mid-point of the curve. 
Then a CCV is analyzed, this is compared to the mid-point of the initial 
calibration curve.  Addition samples are analyzed within a 12-hour 
window; the internal standards of those samples are evaluated against 
the previous acceptable CCV.

8.3.5.2 When an analytical run is started using a passing ICV (which is 
compared against the initial calibration mid-point to verify the calibration 
curve):  Samples are analyzed within a 12-hour window, the internal 
standards of those samples are evaluated against the daily CCV. Then a 
CCV is analyzed, this is compared to the mid-point of the curve.  
Additional samples are analyzed within a 12-hour window; the internal 
standards of those samples are evaluated against the previous 
acceptable CCV.

8.4 Gas chromatographic analysis:

8.4.1 Typical sequence order for loading the autosampler with calibration:

Sample/QC Type Use
Cleanup Blank Verify system is contamination free
BFB Tune Tuning criteria

Calibration standard(s) Initial volatiles calibration and 5-point for 
GRO (if analyzed)

Second Source Calibration 
Verification (SSCV) or Initial 
Calibration Verification(ICV)

Verify initial calibration with second source.

Laboratory Control Sample Laboratory blank, spiked with known 
amount(s) of analyte of interest

Matrix Spike/Matrix Spike Dup. Sample spiked with known amount(s) of 
analytes of interest
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Sample/QC Type Use

Method blank

Ensure that carry over has not occurred 
from the calibration standard and that the 
analytical system does not show 
contamination above the established 
detection limits

12-hour window Client samples
Continuing Calibration 
Verification (CCV)

Single-point calibration verification
standard, if needed.

12-hour window Client samples

8.4.2 Typical sequence order for loading the autosampler with calibration verification 
only:

Sample/QC Type Use
Cleanup Blank Verify system is contamination free
BFB Tune Tuning criteria
Initial Calibration Verification 
(ICV) Verify initial calibration.

Laboratory Control Sample Laboratory blank, spiked with known 
amount(s) of analyte of interest

Matrix Spike/Matrix Spike Dup. Sample spiked with known amount(s) of 
analytes of interest

Method blank

Ensure that carry over has not occurred 
from the calibration standard and that the 
analytical system does not show 
contamination above the established 
detection limits

12-hour window Client samples
Continuing Calibration 
Verification (CCV)

Single-point calibration verification 
standard, if needed.

12-hour window Client samples

8.5 GC/MS Analysis -- Water Samples

8.5.1 Screening the sample prior to purge-and-trap analysis provides guidance on 
whether sample dilution is necessary and prevents contamination of the purge-
and-trap system by screening of 5mL of sample using an HNU or equivalent 
portable PID.  See ENV-SOP-MTJL-0102, Volatile Organic Compounds 
Screening using the RAE Systems Photoionization Gas Detector Model MiniRAE 
3000.

8.5.2 All samples and standard solutions must be allowed to warm to ambient 
temperature before analysis.

8.5.3 Set up the GC/MS system as outlined in Section 8.1.

8.5.4 BFB tuning criteria and GC/MS calibration criteria must be met (Section 8.2.1) 
before analyzing samples.

8.5.5 Load the unopened VOA vial onto the autosampler for analysis.
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After the sample has been analyzed on the instrument, check the pH of the 
sample using the remaining sample in the VOA vial. Use universal pH paper and 
record the sample pH to the nearest whole pH unit.  Samples not passing the pH 
requirements are flagged with a “G1” qualifier. All samples that report 2-CEVE as 
a target analyte and have a pH < 2 are qualified with a “G2”.

STATE NOTE: For West Virginia compliance samples, check for residual 
chlorine after sample analysis.  Samples containing residual 
chlorine must be flagged as such.

8.5.6 Sample Dilution -- When necessary, samples can be diluted before purging.  This 
can be performed in a clean 50mL volumetric flask. The sample is measured 
through the use of an appropriate microliter syringes and added to the flask 
which is then filled with reagent water to the meniscus.

8.5.7 Compositing samples prior to GC/MS analysis – Site or project-specific 
requirements may require compositing of samples, which is performed according 
to the instructions below.  Compositing of samples is only performed at the 
request of the client.

8.5.7.1 All vials for the sample are combined in an appropriate sized volumetric 
flask that will allow for the least amount of headspace. (If 4 vials are to 
be composited then a 200mL volumetric flask will be used to combine 
the samples.).  Practice special precautions to maintain zero headspace 
in the syringe.  

8.5.7.2 The samples must be cooled to 4°C or less during composition to 
minimize the loss of volatiles.  Sample vials may be placed in a tray of 
ice to prevent volatile loss during this process.

8.5.7.3 Invert the volumetric flask three (3) times. Pour the volume out of the 
volumetric flask into the original 40mL VOA vial containers. The sample 
is now ready to be analyzed.

NOTE: Samples are not routinely composited; however, if site-specific 
requirements state procedures for compositing samples, the 
laboratory makes every effort to comply with those 
requirements.

8.5.8 Surrogate/Internal Standards – The autosampler adds 1μL of the IS/surrogate 
mix to each sample.  The addition of 1μL of the surrogate spiking/internal 
standard solution is equivalent to 16μg/L of each surrogate standard. Internal 
standard and surrogate standard are contained within the same spiking mix.  

SAC NOTE: During analysis, 5μL of this solution is added to 5mL of sample, 
resulting in a concentration of 50 μg/L of each surrogate and 
internal standard.

8.5.9 Refer to ENV-SOP-MTJL-0131, Purge and Trap for Aqueous Samples and ENV-
SOP-MTJL-0129, Closed-System Purge-and-Trap and Extraction for Volatile 
Organics in Soil and Waste Samples for additional information on sample 
introduction. 

8.5.10 If the initial analysis of a sample or a dilution of the sample has a concentration of 
analytes that exceeds the initial calibration range, the sample must be re-
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analyzed at a higher dilution.  All dilutions must keep the response of the major 
constituents (previously saturated peaks) in the upper half of the linear range of 
the curve.  Secondary ion quantitation is allowed only when there are sample 
interferences with the routinely quantitated primary ion.  When a sample is 
analyzed that has saturated the detector, the samples following must be 
analyzed for contamination.  If any sample shows contamination, they must be 
re-analyzed.

8.6 GC/MS Analysis - Water-miscible liquids

8.6.1 Water-miscible liquids are analyzed as water samples after first diluting them at 
least 25-fold with laboratory water.

8.6.2 Initial and serial dilutions can be prepared by pipetting a known amount of the 
sample to a 50mL volumetric flask and diluting to volume with organic-free 
reagent water.  Transfer immediately to a clean/baked 40mL vial using a 5mL 
syringe.

8.6.3 Alternatively, prepare dilutions directly in a clean 40mL vial filled with organic-free 
reagent water by adding at least 0.5μL, but not more than 25mLs of liquid 
sample.  The sample is ready for addition of internal and surrogate standards.  
Proceed with Section 8.5.8.

8.7 GC/MS Analysis - Sediment/soil and waste samples

These samples may contain percent quantities of purgeable organics that will contaminate 
the purge-and-trap system, and require extensive cleanup and instrument downtime.  The 
screening of samples is highly recommended. Screening data should be used in 
conjunction with site-specific DQOs, if known, to determine whether to use the low-
concentration method (0.005 - 1mg/Kg) or the high-concentration method (>1mg/Kg).

8.7.1 Low-concentration method -- This is designed for samples containing individual 
purgeable compounds of <1mg/Kg.  It is limited to sediment/soil samples and 
waste that is of a similar consistency (granular and porous).  The low-
concentration method is based on purging a heated sediment/soil sample mixed 
with organic-free reagent water containing the surrogate and internal standards.  
All QC samples and standards are to be analyzed under the same conditions as 
the samples, using 5g of glass beads or equivalent blank matrix.

STATE NOTE:  This option cannot be used for South Carolina samples.  Please 
refer to ENV-SOP-MTJL-0129 that addresses Method 5035 for 
sample preparation.

8.7.1.1 Use a 5g sample if the expected concentration is <0.1mg/Kg, or a 1g 
sample for expected concentrations between 0.1 and 1mg/Kg.

8.7.1.2 The GC/MS system must be set up as in Sections 8.1 and 8.2.  This 
must be done prior to the preparation of the sample to avoid loss of 
volatiles from standards and samples.  Both the initial and daily 
calibration standards (Sections 8.2 and 8.3) must be heated to 40°C 
purge temperature.  Refer to Method 5035 (ENV-SOP-MTJL-0129) for 
additional instructions for 8260B soil analysis.

8.7.1.3 The sample consists of the entire contents of the sample container.  Do 
not discard any supernatant liquids.  Mix the contents (using slow but 
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precise movement to limit the loss of volatiles) of the sample container 
with a narrow metal spatula.  Weigh the amount determined in Section 
8.7.1.1 into a tared purge device.  Note and record the actual weight to 
the nearest 0.1 g.

8.7.1.4 Add nanopure water to the purging vial, which contains the weighed 
amount of sample, and place the vial in the purge-and-trap system.

NOTE: Prior to the placement of the vial, the procedures in Sections 
8.7.1.4 must be performed rapidly and without interruption to 
avoid loss of volatile organics.  These steps must be performed 
in a laboratory free of solvent fumes.

8.7.2 High-concentration method -- The method is based on extracting the 
sediment/soil with methanol.  A waste sample is either extracted or diluted, 
depending on its solubility in methanol.  Wastes (i.e., petroleum and coke 
wastes) that are soluble in methanol are diluted.  An aliquot of the extract is 
added to organic-free reagent water containing surrogate and internal standards.  
This may be purged at higher temperatures than ambient temperature as long as 
all calibration standards, field samples, and associated QC samples are purged 
at the same temperature and the laboratory demonstrates acceptable method 
performance.  All samples with an expected concentration of >1.0 mg/Kg must be 
analyzed by this method.  

STATE NOTE:  This method is not suitable for samples from South Carolina, 
North Carolina or Indiana.  South Carolina does not recognize 
the practices in sections 8.7.2.1 or 8.7.2.2.  5035 must be used 
for all high-level soil samples, see ENV-SOP-MTJL-0129.

8.7.2.1 The sample (for volatile organics) consists of the entire contents of the 
sample container.  Do not discard any supernatant liquids.  Mix the 
contents (using slow but precise movement to limit the loss of volatiles) 
of the sample container with a narrow metal spatula.  For sediment/soil 
and solid wastes that are insoluble in methanol, weigh 5g (wet weight) of 
sample into a tared 40mL vial.  Use a top-loading balance.  Note and 
record the actual weight to 0.1g.  For waste that is soluble in methanol, 
tetraglyme, or PEG, weigh 5g (wet weight) into a 40mL vial.

8.7.2.2 Add 5mL Methanol and vortex.  See ENV-SOP-MTJL-0129.

NOTE: Sections 8.7.2.1 and 8.7.2.2 must be performed rapidly and 
without interruption to avoid loss of volatile organics.  These 
steps must be performed in a laboratory free from solvent fumes. 

8.7.2.3 The GC/MS system must be set up as in Sections 8.1.  

8.7.2.4 If a screening procedure was followed, use the estimated concentration 
to determine the appropriate volume.  If the sample was submitted as a 
high-concentration sample, start with 200μL.  

8.7.2.5 In a clean/baked vial filled with reagent water, inject the corresponding 
aliquot of methanol extract.  Immediately cap and place in the 
autosampler. The autosampler adds 1μL of the IS/surrogate mix to all of 
the samples. 
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8.7.2.6 Proceed with the analysis as outlined in Sections 8.5.9-8.5.10.  Analyze 
all blanks on the same instrument as that used for the samples.  

8.7.2.7 For a matrix spike in the high-concentration of sediment/soil samples, 
Add a 200μL aliquot of this extract to 5mL of organic-free reagent water 
for purging (as per Section 8.7.2.6) in a clean/baked 40mL VOA vial and 
add 20μL spiking solution, 1μL internal and surrogate standard solution 
(IS/Surr solution added by autosampler).

8.7.2.8 Data generated from soil samples prepared in methanol on AgilentTM

5977A or 5977B instruments (with an extractor ion or high efficiency 
source) may be reported to low-level MDL/RL values due to the 
enhanced sensitivity associated with these instruments.

8.8 Qualitative Identification

The qualitative identification of compounds determined by this method is based on 
retention time, and on comparison of the sample mass spectrum, after background 
correction, with characteristic ions in a reference mass spectrum.  The reference mass 
spectrum must be generated by the laboratory using the conditions of this method.  All 
hits must be visually compared to the reference spectrum for confirmation.  The 
characteristic ions from the reference mass spectrum are defined to be the three ions of 
greatest relative intensity, or any ions over 30% relative intensity if less than three such 
ions occur in the reference spectrum.  Compounds are identified as present when the 
criteria below are met.

8.8.1 The intensities of the characteristic ions of a compound maximize in the same 
scan or within one scan of each other.  Selection of a peak by a data system 
target compound search routine where the search is based on the presence of a 
target chromatographic peak containing ions specific for the target compound at 
a compound-specific retention time is accepted as meeting this criterion.

8.8.2 The RRT of the sample component is within + 0.06 RRT units of the RRT of the 
standard component. 

8.8.3 The relative intensities of the characteristic ions agree within 30% of the relative 
intensities of these ions in the reference spectrum.  (Example:  For an ion with an 
abundance of 50% in the reference spectrum the corresponding abundance in a 
sample spectrum can range between 20% and 80%.)

8.8.4 Structural isomers that produce very similar mass spectra are identified as 
individual isomers if they have sufficiently different GC retention times.  Sufficient 
GC resolution is achieved if the height of the valley between two isomer peaks is 
less than 25% of the sum of the two peak heights.  Otherwise, structural isomers 
are identified as isomeric pairs.

8.8.5 Identification is hampered when sample components are not resolved 
chromatographically and produce mass spectra containing ions contributed by 
more than one analyte.  When gas chromatographic peaks obviously represent 
more than one sample component (i.e., a broadened peak with shoulder(s) or a 
valley between two or more maxima), appropriate selection of analyte spectra 
and background spectra are important.  Examination of extracted ion current 
profiles of appropriate ions can aid in the selection of spectra, and in qualitative 
identification of compounds.  When analytes co-elute (i.e., only one 
chromatographic peak is apparent), the identification criteria can be met, but 

ENV-SOP-MTJL-0100, Rev 03



30 of 86

STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0100 Volatile Organic Compounds by GC/MS 

(EPA 8260B, 8260C, 624, 624.1, and SM6200 B)
ISSUER: Pace National – Mt. Juliet, Tennessee
© 2019 Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

each analyte spectrum contains extraneous ions contributed by the co-eluting 
compound.
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8.8.6 TIC's - Tentatively Identified Compounds

Periodically, clients may request additional identification of compounds that are 
not normally calibrated.  This identification is limited to the compounds in the 
current mass spectral library employed by Pace National.

For samples containing components not associated with the calibration 
standards, a library search may be made for the purpose of tentative 
identification.  The necessity to perform this type of identification is determined by 
the type of analyses being conducted.  At the client request, when serving the 
role of QA (or referee) laboratory, tentatively identified compounds (TICs) must 
always be reported.  Guidelines for making tentative identification are:

(1) Relative intensities of major ions in the reference spectrum (ions >10% of 
the most abundant ion) should be present in the sample spectrum.

(2) The relative intensities of the major ions should agree within 15% to be 
consistent with target compound list identification.  (Example:  For an ion
with an abundance of 50% in the standard spectrum the corresponding 
sample ion abundance must be between 20 and 80%).

(3) Molecular ions present in the reference spectrum should be present in 
the sample spectrum.

(4) Ions present in the sample spectrum but not in the reference spectrum 
should be reviewed for possible background contamination or presence 
of co-eluting compounds.

(5) Ions present in the reference spectrum but not in the sample spectrum 
must be reviewed for possible subtraction from the sample spectrum 
because of background contamination or co-eluting peaks.  Data system 
library reduction programs can sometimes create these discrepancies.

Computer generated library search routines must not use normalization routines 
that would misrepresent the library or unknown spectra when compared to each 
other.  Only after visual comparison of sample with the nearest library searches 
does the mass spectral interpretation specialist assign a tentative identification.

8.8.6.1 Routinely, Pace National employs a minimum Q value of 85% for 
tentative identifications and a minimum concentration of 10ppb. Peaks 
below a Q value of 85% but above 10ppb may be reported as 
“Unknown”. Any identified peaks below 10ppb are removed as these 
could result from baseline noise or other interferences, not necessarily 
attributable to the field sample or reliably quantifiable using GCMS 
technology. Additionally, any peaks that are attributable to instrument 
contamination (e.g., siloxanes) are also removed.

8.8.6.2 If multiple TICs, with same exact name, exist for a sample, the LIMS will 
only display the TIC with the highest quality match per sample.  

8.8.6.3 TIC names assigned as “Unknown” may initially have the same name as 
another “Unknown” until parsed and displayed in LIMS where it is given a 
hyphen and incremental number which then becomes a unique TIC (e.g.,
Unknown-1).
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8.8.6.4 When reporting “Total TIC” for any client sample, only concentrations per 
above requirements will be used to sum the Total TIC concentration.

8.9 Quantitative Analysis

8.9.1 When a compound has been identified, the quantitation of that compound is 
based on the integrated abundance from the EICP of the primary characteristic 
ion. Quantitation is accomplished using the internal standard technique, as 
described in Section 9.  The internal standard used must be the one nearest the 
retention time of that of a given analyte.

8.9.2 Sediment/soil samples are reported on a dry weight basis, while sludge and 
wastes are reported on a wet weight basis.  The percent dry weight of the sample 
(see Section 9.7) must be reported along with the data in either instance.  At 
Pace National, the dry weight conversion calculations for sample reporting are 
performed by the LIMS system.  [Dry weight only when requested].  The LIMS 
Final Client Report represents the reporting basis as either wet weight or dry 
weight, depending upon the calculation used.

9.0 DATA ANALYSIS AND CALCULATIONS

9.1 Concentration of Target Analytes in Water and Water-Miscible Waste

)V)(RF.ave)(A(
)D)(I)(A(

)L/ug(ionConcentrat
sis

sx∃

where:
Ax = Area (or height) of the peak for the analyte in the sample.
Ais = Area (or height) of the peak for the internal standard.
Is = Mass (amount) of the internal standard in the concentrated sample extract 

(ng).  This is not just the mass injected into the instrument, but the total mass 
of internal standard in the concentrated extract.

D = Dilution factor, if the sample or extract was diluted prior to analysis.  If no 
dilution was made, D = 1.  The dilution factor is always dimensionless.

ave.RF = Mean response factor from the initial calibration.
Vs = Volume of the aqueous sample extracted or purged (mL).  If units of liters are 

used for this term, multiply the results by 1000.

9.2 Concentration of Target Analytes in Sediment/Soil, Sludge, and Waste

9.2.1 High-concentration procedure

)W)(V)(RF.ave)(A(
)V)(I)(A(

)L/ug(ionConcentrat
siis

tsx∃

where:    
Ax, Is, Ais, ave.RF are the same as in water and water-miscible waste above.
Vt = Volume of total extract (%L) (use 10,000%L or a factor of this when 

dilutions are made).
Vi = Volume of extract added (%L) for purging.
Ws = Weight of sample extracted or purged (g).  The wet weight or dry weight 

may be used, depending upon the specific applications of the data.
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9.2.2 Low-concentration procedure

)W)(V)(RF.ave)(A(
)V)(I)(A(

)L/ug(ionConcentrat
siis

tsx∃

where:
A, Is, Ais, RF are the same as in water and water-miscible waste above.
Vt = Volume of total extract (%L) (use 10,000%L or a factor of this when 

dilutions are made).
Vi = Volume of extract added (%L) for purging.
Ws = Weight of sample extracted or purged (g).  The wet weight or dry weight 

may be used, depending upon the specific applications of the data.

9.2.3 Soil Weight determination with Methanol (samples received with MeOH).

.MeOHWeightightTareVialWe)MeOH,soil,vial(eightVialTotalWSoilWeight &&∃

9.3 In order to report results for volatiles analysis of samples prepared in methanol containing 
significant moisture (>10%) content on an "as received" basis, the calculated 
concentration needs to be corrected using the total solvent/water mixture volume 
represented as Vt. This total solvent/water volume is calculated as follows:

9.4 Percent Error (%Error)

100
'

% ∋
&

i

ii

x
xx=Error

where:
x’i = Measured amount of analyte at the calibration level i, in mass or concentration 

units
xi = True amount of analyte at calibration level i, in mass or concentration units

9.5 Relative Standard Error (%RSE) – As an alternative to using the average response factor 
when using Method 624.1, the quality of the calibration may be evaluated using the 
Relative Standard Error (RSE).  The acceptance criterion for the RSE is the same as the 
acceptance criterion for Relative Standard Deviation (RSD), in the method. RSE is 
calculated as:

%��� = 100 ×  
∑ ��′� − ����

�
�

����
(� − �)

where:
x’i = Calculated concentration at level i
xi = Actual concentration of the calibration level i
n = number of calibration points
p = Number of terms in the fitting equation (average = 1; linear = 2; quadratic = 3)
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9.6 See the current Quality Assurance Manual for other equations associated with common 
calculations.

10.0 QUALITY CONTROL AND METHOD PERFORMANCE

10.1 All analysts must meet the qualifications specified in ENV-SOP-MTJL-0015, Technical 
Training and Personnel Qualifications before approval to perform this method.  Analysts 
must complete an initial demonstration of proficiency before being approved to perform 
this method.  Continuing proficiency must be demonstrated using proficiency testing, 
laboratory control sample analysis and/or MDL studies.  Method performance is 
assessed per analyst.  Updated method performance records are filed and stored in a 
central location within the department.

STATE NOTE:  IDOCs for South Carolinae DHEC compliance need to meet 70-130% for 
all compounds except the poor purgers.  Poor purgers need to recover at 
60-140%.  For samples analyzed from South Carolina that are not 
utilized for compliance purposes, in house established acceptance limits 
are utilized to demonstrate controlled analyses.

METHOD NOTE: IDOCs for SM 6200B should have an average recovery of 80-120% for 
each target analyte and the RSD of the replicates should be <20%.

10.1.1 Method 624.1 Requirements

10.1.1.1 Establish MDLs for the analytes of interest using the MDL procedure at 
40 CFR part 136, appendix B. The laboratory’s MDLs must be equal to
or lower than those listed in Table 1 for those analytes which list MDL 
values, or lower than one-third the regulatory compliance limit, 
whichever is greater. For MDLs not listed in Table 1, the laboratory 
must determine the MDLs using the MDL procedure at 40 CFR part 
136, appendix B under the same conditions used to determine the 
MDLs for the analytes listed in Table 1. All procedures used in the 
analysis must be included in the DOC.

624.1 Purgeable Analytes MDL (ug/L)
Limit for s 

(%)
Range for 

X (%)
Acrolein 30 50-150
Acrylonitrile 30 50-150
Benzene 4.4 33 75-125
Bromodichloromethane 2.2
Bromoform 4.7
Bromomethane 90 D-242
Carbon tetrachloride 2.8 26 65-125
Chlorobenzene 6.0 29 82-137
Chloroethane 47 42-202
2-Chloroethylvinyl ether 130 D-252
Chloroform 1.6 32 68-121
Chloromethane 472 D-230
Dibromochloromethane 3.1 30 69-133
1,2-Dichlorobenzene 31 59-174
1,3-Dichlorobenzene 24 75-144
1,4-Dichlorobenzene 31 59-174
1,1-Dichloroethane 4.7 24 71-143
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624.1 Purgeable Analytes MDL (ug/L)
Limit for s 

(%)
Range for 

X (%)
1,2-Dichloroethane 2.8 29 72-137
1,1-Dichloroethene 2.8 40 19-212
trans-1,2-Dichloroethene 1.6 27 68-143
1,2-Dichloropropane 6.0 69 19-181
cis-1,3-Dichloropropene 5.0 79 5-195
trans-1,3-Dichloropropene 52 38-162
Ethylbenzene 7.2 34 75-134
Methylene chloride 2.8 192 D-205
1,1,2,2-Tetrachloroethane 6.9 36 68-136
Tetrachloroethene 4.1 23 65-133
Toluene 6.0 22 75-134
1,1,1-Trichloroethane 3.8 21 69-151
1,1,2-Trichloroethane 5.0 27 75-136
Trichloroethene 1.9 29 75-138
Trichlorofluoromethane 50 45-158
Vinyl chloride 100 D-218

10.1.1.2 Prepare and analyze four LCSs by adding an appropriate volume of 
the second source standard (Section 7.5.2.1) to each of four aliquots of 
reagent water.

10.1.1.3 Calculate the average percent recovery (X) and the standard deviation 
of the percent recovery (s) for each analyte using the four results.

10.1.1.4 For each analyte, compare s and X with the corresponding acceptance 
criteria for precision and recovery in Section 10.1.1.1. For analytes not 
listed, DOC QC acceptance criteria must be developed by the 
laboratory. Alternatively, acceptance criteria for analytes not listed 
may be based on laboratory control charts. If s and X for all analytes of 
interest meet the acceptance criteria, system performance is 
acceptable and analysis of blanks and samples may begin. If any 
individual s exceeds the precision limit or any individual X falls outside 
the range for recovery, system performance is unacceptable for that 
analyte.

NOTE: The large number of analytes present, a substantial probability 
that one or more will fail at least one of the acceptance criteria 
when many or all analytes are determined simultaneously.  
Therefore, the analyst is permitted to conduct a ‘‘re-test’’ as 
described here.  

When one or more of the analytes tested fail at least one of the 
acceptance criteria, repeat the test for only the analytes that 
failed. If results for these analytes pass, system performance is 
acceptable and analysis of samples and blanks may proceed. If 
one or more of the analytes again fail, system performance is 
unacceptable for the analytes that failed the acceptance criteria.
Correct the problem and repeat the test. To maintain the validity 
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of the test and re-test, system maintenance and/or adjustment is 
not permitted between this pair of tests.

10.2 Batches

10.2.1 Extraction Batches:

Extraction batches are defined as sets of 1 - 20 samples.  Extraction batches 
must include the following: 1 method blank, 1 Laboratory Control Sample (LCS)), 
1 Matrix Spike/Spike Duplicate (MS/MSD) pair (if sufficient sample is available).  
Exceptions are made for waste dilution samples where the minimum batch QC 
must include a blank, and an LCS.

Additional instructions on Batch QC including required frequency and corrective 
actions can be found in Section 11 while acceptance criteria are found in the 
LIMS.

STATE NOTE: For samples from FL, AZ, MN and MA, 1 Laboratory Control 
Sample/Laboratory Control Sample Duplicate pair (LCS/LCSD) 
is required per batch.

10.2.2 Analytical Batches (sequences):

Analytical batches analysis must include the following: 1 Initial Calibration 
Verification (ICV) and BFB tune at the beginning of run, and/or 1 Continuing 
Calibration Verification (CCV) and BFB tune every 12 hours. 

10.3 Perform BFB tune every 12 hours for 624.1, 8260B, 8260C, and 6200B. BFB tuning for 
method 8260D is prior to calibration curve.  Tuning acceptance criteria are presented in 
Section 8.2.1. Once the data is acquired, the following options are available for acquiring 
the spectra for reference to meet the BFB tuning requirements. It is recommended that 
each initial tune verification utilize the “Autofind” function and be set up to look at three 
scans (the apex &+1 scan) and average the three scans then perform background 
subtraction. If Autofind is not utilized, select the mass spectrum at the peak apex for 
evaluation, or use an average mass spectrum across the entire BFB peak. Background 
subtraction is conducted using a single scan prior to the elution of BFB but no more than 
20 scans prior. No part of the BFB peak or any other discrete peak should be subtracted.
If a tune cannot be achieved that meets the criteria in Section 8.2.1 retune the mass 
spectrometer and run a new calibration or maintenance may be necessary. 

10.3.1 Method 624.1 Requirements

10.3.1.1 Verify calibration after the criteria for BFB are met and prior to analysis 
of a blank or sample. After verification, analyze a blank to demonstrate 
freedom from contamination and carry-over at the MDL. Tests for 
BFB, the CCV, and the blank are outside of the 12-hour shift, and the 
12-hour shift includes samples and matrix spikes and matrix spike 
duplicates. The total time for analysis of BFB, the CCV, the blank, and 
the 12-hour shift must not exceed 14 hours.

10.4 Run a minimum of a 5-point initial calibration curve (3-point can be used if 624/6200B are 
being run independently of 8260B), using the primary source standards each time major 
instrument maintenance occurs, or if the CCV does not meet acceptance criteria.  
Acceptance criteria for initial calibration are presented in Section 8.2.  Calibration is 
verified by analyzing Second Source Calibration Verification (SSCV) standard; 
acceptance criteria for the SSCV are presented in Section 8.3.1.
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10.4.1 Method 624.1

If the RSD is less than 35%, the RF can be assumed to be invariant and the 
average RF can be used for calculations.  Alternatively, the results can be used 
to fit a linear or quadratic regression of response ratios vs. concentration ratios.  
If used, the regression must be weighted inversely proportional to concentration.  
The coefficient of determination (R2) of the weighted regression must be greater 
than 0.920 (this value roughly corresponds to the RSD limit of 35%). 
Alternatively, the relative standard error may be used as an acceptance criterion. 
As with the RSD, the RSE must be less than 35%. If an RSE less than 35% 
cannot be achieved for a quadratic regression, system performance is
unacceptable, and the system must be adjusted and re-calibrated.

STATE NOTE: South Carolina does not allow the use of quadratic regression for 
compounds that have previously demonstrated linearity.

10.5 Run a mid-point Continuing Calibration Verification (CCV) using the primary source 
standards every 12 hours before sample analysis and every 12 hours during an analytical 
sequence for 8260B, 8260C, 8260D, 624.1 and 6200B.  See sections 8.3.1 – 8.3.6 for 
acceptance criteria.  

10.6 Retention Time Evaluation

10.6.1 Internal standard retention time - The retention times of the internal standards in 
the calibration verification standard must be evaluated immediately after or
during data acquisition. If the retention time for any internal standard changes by 
more than 10 seconds from that in the mid-point standard level of the most 
recent initial calibration sequence, then the chromatographic system must be 
inspected for malfunctions and corrections must be made, as required. When 
corrections are made, reanalysis of samples analyzed while the system was 
malfunctioning is required.

10.6.2 Evaluation of retention times - The relative retention time (RRT) of each target 
analyte in each calibration standard should agree within 0.06 RRT units. Late-
eluting target analytes usually have much better agreement.

10.7 Instrument maintenance must be performed routinely to optimize instrument performance 
and improve chromatography. Commonly performed maintenance includes baking traps 
and columns, polishing detector windows, changing injection port liners, changing pump 
oil, etc.  A new calibration curve must be analyzed following any major maintenance 
performed on the analytical system. 

10.8 METHOD BLANK - The analyst must confirm that this blank was analyzed at the required 
frequency of 1 per batch of 20 samples.  The method blank must not exhibit any 
contamination of any analyte above the method detection limit for any of the method 
target analytes.  

10.8.1 If more than one instrument blank or method blanks are analyzed, evaluate and 
assess the blank and field samples under the same conditions for possible mid-
level standard carryover using the subsequent blank after the mid-level standard 
on a per analyte basis.

10.8.2 Method 624.1 – If any analyte of interest is found in the blank at a concentration 
greater than the MDL for the analyte, at a concentration greater than one-third 
the regulatory compliance limit, or at a concentration greater than one-tenth the 
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concentration in a sample analyzed during the 12-hour shift, whichever is 
greater; analysis of samples must be halted and samples affected by the blank 
must be re-analyzed. If, however, continued re-testing results in repeated blank 
contamination, the laboratory must document and report the failures (e.g., as 
qualifiers on results), unless the failures are not required to be reported as 
determined by the regulatory/control authority. Results associated with blank 
contamination for an analyte regulated in a discharge cannot be used to 
demonstrate regulatory compliance.

10.9 LABORATORY CONTROL SAMPLES - Assess that the LCS was prepared at the 
required frequency of 1 per batch of 20. If the same injection is used for the LCS and the 
CCV, ensure that no more than 20 samples are analyzed in conjunction. Routine LCS 
Control limits are presented in the LIMS.  

STATE NOTE: For all samples analyzed from South Carolina, the LCS/LCSD RPD must 
be <20%, recoveries must be 70-130% in a soil matrix, and recoveries 
must be within the following limits in a water matrix:

Benzene 70 – 130%
Bromodichloromethane 70 – 130%
Bromoform 70 – 130%
Bromomethane 70 – 130%
Carbon tetrachloride 70 – 130%
Chlorobenzene 70 – 130%
Chloroethane 70 – 130%
2-Chloroethyl vinyl ether 70 – 130%
Chloroform 70 – 130%
Chloromethane 70 – 130%
Dibromochloromethane 70 – 130%
Dichlorodifluoromethane 70 – 130%
1,2-Dichlorobenzene 70 – 130%
1,3-Dichlorobenzene 70 – 130%
1,4-Dichlorobenzene 70 – 130%
1,1-Dichloroethane 70 – 130%
1,2-Dichloroethane 70 – 130%
1,1-Dichloroethene 70 – 130%
Trans-1,2-Dichloroethene 70 – 130%
1,2-Dichloropropane 70 – 130%
Cis-1,3-Dichloropropene 70 – 130%
Trans-1,3-Dichloropropene 70 – 130%
Ethyl benzene 70 – 130%
Methylene chloride 70 – 130%
Methyl tert-butyl ether 70 – 130%
1,1,2,2-Tetrachloroethane 70 – 130%
Tetrachloroethene 70 – 130%
Toluene 70 – 130%
1,1,1-Trichloroethane 70 – 130%
1,1,2-Trichloroethane 70 – 130%
Trichloroethene 71 – 130%
Trichlorofluoromethane 70 – 130%
Vinyl chloride 70 – 130%
Xylenes, total 70 – 130%
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10.9.1 Method 624.1 Requirements

10.9.1.1 Compare the percent recovery (Q) for each analyte with its 
corresponding QC acceptance criterion in the following table.  For 
analytes of interest not listed in the following table, use QC acceptance 
criteria developed for the LCS.  If the recoveries for all analytes of 
interest fall within their respective QC acceptance criteria, analysis of 
blanks and field samples may proceed.  If any individual Q falls outside 
the range, proceed according to Section 8.3.5.1.4.

624.1 Purgeable Analytes Range for Q (%)
Acrolein 60-140
Acrylonitrile 60-140
Benzene 65-135
Bromodichloromethane 65-135
Bromoform 70-130
Bromomethane 15-185
Carbon tetrachloride 70-130
Chlorobenzene 65-135
Chloroethane 40-160
2-Chloroethylvinyl ether D-225
Chloroform 70-135
Chloromethane D-205
Dibromochloromethane 70-135
1,2-Dichlorobenzene 65-135
1,3-Dichlorobenzene 70-130
1,4-Dichlorobenzene 65-135
1,1-Dichloroethane 70-130
1,2-Dichloroethane 70-130
1,1-Dichloroethene 50-150
trans-1,2-Dichloroethene 70-130
1,2-Dichloropropane 35-165
cis-1,3-Dichloropropene 25-175
trans-1,3-Dichloropropene 50-150
Ethylbenzene 60-140
Methylene chloride 60-140
1,1,2,2-Tetrachloroethane 60-140
Tetrachloroethene 70-130
Toluene 70-130
1,1,1-Trichloroethane 70-130
1,1,2-Trichloroethane 70-130
Trichloroethene 65-135
Trichlorofluoromethane 50-150
Vinyl chloride 5-195

10.9.1.2 Repeat the test only for those analytes that failed to meet the acceptance 
criteria (Q).  If these analytes now pass, system performance is 
acceptable and analysis of blanks and samples may proceed.  Repeated 
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failure, however, will confirm a general problem with the measurement 
system.  If this occurs, repeat the test using a fresh LCS or an LCS 
prepared with a fresh QC check sample concentrate, or perform and 
document system repair.  Subsequent to repair, repeat the calibration 
verification/LCS test.  If the acceptance criteria for Q cannot be met, re-
calibrate the instrument.  To maintain the validity of the test and re-test, 
system maintenance and/or adjustment is not permitted between the pair 
of tests

10.10 MATRIX SPIKE/MATRIX SPIKE DUPLICATE ASSESSMENT: Assess that matrix 
spike/matrix spike duplicates were analyzed at required frequency of 1 per batch of 20 if 
volume allows.  

# The analyst also verifies that the samples were spiked at the appropriate level.  

# The order of preference for spiking levels is as follows:

1) If the target analyte concentrations are known, spike to increase the 
background concentration by a factor of approximately two; 

2) If an action level exists, spike at this level

3) If neither of the first two conditions applies, spike at a level that 
corresponds between the low and mid-level calibration standards.

4) All RPD results must be within the indicated control limits found in the 
LIMS.   

Acceptance criteria are that all %Recovery and/or RPD results must be within the 
indicated control limits on the appropriate MS control charts.  See the LIMS for 
LCS/LCSD & MS/MSD limits and QC acceptance.  

STATE NOTE: For all water samples analyzed from South Carolina, the MS/MSD 
recoveries must be within the most stringent limits comparing in-house 
derived recovery limits to those given in Table 3 of Method 608.  The 
following are the current water limits:

Benzene 58.6 - 133%
Bromodichloromethane 69.2 – 127%
Bromoform 66.3 – 140%
Bromomethane 16.6 – 183%
Carbon tetrachloride 70 – 139%
Chlorobenzene 70.1 – 130%
Chloroethane 33.3 – 155%
2-Chloroethyl vinyl ether 5 – 149%
Chloroform 66.1 – 133%
Chloromethane 40.7 – 139%
Dibromochloromethane 69.2 – 127%
Dichlorodifluoromethane 42.2 – 146%
1,2-Dichlorobenzene 77.4 – 127%
1,3-Dichlorobenzene 67.9 – 136%
1,4-Dichlorobenzene 74.4 – 123%
1,1-Dichloroethane 64 – 134%
1,2-Dichloroethane 60.7 – 132%
1,1,-Dichloroethene 48.8 – 144%
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Trans-1,2-Dichloroethene 61 – 132%
1,2-Dichloropropane 69.7 – 132%
Cis-1,3-Dichloropropene 71.1 – 129%
Trans-1,3-Dichloropropene 66.3 – 136%
Ethyl benzene 62.7 – 136%
Methylene chloride 61.5 – 125%
Methyl tert-butyl ether 61.4 – 136%
1,1,2,2-Tetrachloroethane 64.9 – 145%
Tetrachloroethene 64 – 141%
Toluene 67.8 – 124%
1,1,1-Trichloroethane 58.7 – 134%
1,1,2-Trichloroethane 74.1 – 130%
Trichloroethene 71 – 148%
Trichlorofluoromethane 39.9 – 165%
Vinyl chloride 44.3 – 143%
Xylenes, total 65.6 – 133%

10.10.1 Method 624.1 Requirements

10.10.1.1 Spike at least 5% of the samples in duplicate from each discharge
being monitored to assess accuracy (recovery and precision). If 
direction cannot be obtained from the data user, the laboratory must 
spike at least one sample in duplicate per extraction batch of up to 
20 samples with the analytes in the table in Section 10.10.1.3. 
Spiked sample results should be reported only to the data user 
whose sample was spiked, or as requested or required by a 
regulatory/control authority, or in a permit.

10.10.1.2 If the concentration of a specific analyte will be checked against a 
regulatory concentration limit, the concentration of the spike should
be at that limit; otherwise, the concentration of the spike should be 
one to five times higher than the background concentration, at or 
near the mid-point of the calibration range, or at the concentration in 
the LCS whichever concentration would be larger.

10.10.1.3 Compare the percent recoveries (P1 and P2) and the RPD for each 
analyte in the MS/MSD aliquots with the corresponding QC
acceptance criteria in the following table. A laboratory may develop 
and apply QC acceptance criteria more restrictive than the presented 
criteria if desired.

624.1 Purgeable Analytes
Range for P1, 

P2 (%) Limit for RPD
Acrolein 40-160 60
Acrylonitrile 40-160 60
Benzene 37-151 61
Bromodichloromethane 35-155 56
Bromoform 45-169 42
Bromomethane D-206 61
Carbon tetrachloride 70-140 41
Chlorobenzene 37-160 53
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624.1 Purgeable Analytes
Range for P1, 

P2 (%) Limit for RPD
Chloroethane 14-230 78
2-Chloroethylvinyl ether D-305 71
Chloroform 51-138 54
Chloromethane D-273 60
Dibromochloromethane 53-149 50
1,2-Dichlorobenzene 18-190 57
1,3-Dichlorobenzene 59-156 43
1,4-Dichlorobenzene 18-190 57
1,1-Dichloroethane 59-155 40
1,2-Dichloroethane 49-155 49
1,1-Dichloroethene D-234 32
trans-1,2-Dichloroethene 54-156 45
1,2-Dichloropropane D-210 55
cis-1,3-Dichloropropene D-227 58
trans-1,3-Dichloropropene 17-183 86
Ethylbenzene 37-162 63
Methylene chloride D-221 28
1,1,2,2-Tetrachloroethane 46-157 61
Tetrachloroethene 64-148 39
Toluene 47-150 41
1,1,1-Trichloroethane 52-162 36
1,1,2-Trichloroethane 52-150 45
Trichloroethene 70-157 48
Trichlorofluoromethane 17-181 84
Vinyl chloride D-251 66

10.10.1.4 If any individual P falls outside the designated range for recovery in 
either aliquot, or the RPD limit is exceeded, the result for the analyte 
in the unspiked sample is suspect.

10.10.1.5 If in-house QC limits are developed, at least 80% of the analytes 
tested in the MS/MSD must have in-house QC acceptance criteria 
that are tighter than those in Section 10.10.1.3 and the remaining
analytes (those other than the analytes included in the 80%) must 
meet the acceptance criteria in Section 10.10.1.3. If an in-house QC 
limit for the RPD is greater than the limit in Section 10.10.1.3, then 
the limit in the table must be used. Similarly, if an in-house lower 
limit for recovery is below the lower limit in Section 10.10.1.3, then 
the lower limit in the table must be used, and if an in-house upper 
limit for recovery is above the upper limit in Section 10.10.1.3, then 
the upper limit in the table must be used.

10.11 SURROGATE EVALUATION: Check the surrogate calculations for correctness for all 
samples, blanks, ICV/CCV/SSCV, LCS/LCSD, MS and MSD. Acceptance criteria can be 
found in the LIMS:  The surrogate recoveries for all QC samples must be within 
established control limits.

10.11.1 Method 624.1 – Spike the surrogates into all samples, blanks, LCSs, and 
MS/MSDs.  Compare surrogate recoveries against limits must be developed by 
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the laboratory. In-house QC acceptance criteria must be updated at least every 
two years. If any recovery fails its criteria, attempt to find and correct the cause 
of the failure.

10.12 INTERNAL STANDARD AREA COUNT: When a calibration is performed at the 
beginning of an analytical run, the internal standard areas must be evaluated against the 
mid-point of the curve.  Internal standard responses must be -50% to 200% to be 
acceptable.  Samples are analyzed within a 12-hour window; the internal standards of 
those samples are evaluated against mid-point of the curve. Then a CCV is analyzed, 
this is compared to the mid-point of the initial calibration curve.  Addition samples are 
analyzed within a 12-hour window; the internal standards of those samples are evaluated 
against the previous acceptable CCV.  When an analytical run is started using a passing 
ICV (which is compared against the initial calibration mid-point to verify the calibration 
curve):  Samples are analyzed within a 12-hour window, the internal standards of those 
samples are evaluated against the daily CCV. Then a CCV is analyzed, this is compared 
to the mid-point of the curve.  Additional samples are analyzed within a 12-hour window; 
the internal standards of those samples are evaluated against the previous acceptable 
CCV.

CLIENT NOTE: For Marathon, the internal standard area counts for all calibration 
standards, QC samples, and samples for quantitation must not change 
by a factor of greater than (-50% to +130%) as per section 8.3.5 

10.12.1 Method 624.1 – The responses of each internal standard in each sample, blank, 
and MS/MSD must be within 50% to 200% (1/2 to 2×) of its respective response 
in the mid-point calibration standard.  If, as a group, all internal standards are not 
within this range, perform and document system repair, repeat the calibration 
verification/LCS test, and re-analyze the affected samples.  If a single internal 
standard is not within the 50% to 200% range, use an alternative internal 
standard for quantitation of the analyte referenced to the affected internal 
standard.  It may be necessary to use the data system to calculate a new 
response factor from calibration data for the alternative internal standard/analyte 
pair.  If an internal standard fails the 50–200% criteria and no analytes are 
detected in the sample, ignore the failure or report it if required by the 
regulatory/control authority.

10.13 SECOND SOURCE:  The second source calibration verification or initial calibration 
verification standard must be analyzed following each new initial calibration to verify the 
validity of the calibration standards.  The recovery of the analytes in the SSCV (ICV) must 
be within 30% of the expected concentration for CCC and SPCC compounds and within 
40% for non-CCC/SPCC compounds.  Poor performers listed in section 8.3.4 must 
recover within in-house calculated LCS recovery acceptance limits.  

STATE NOTE:  For all samples analyzed from South Carolina, the SSCV must recover 
±30% for all target analytes.

STATE NOTE:  For all samples analyzed from Minnesota, the reporting limit must be 
verified at least monthly.  The reporting limit verification (RLV) must 
recovery within +40% of the expected concentration.  If these criteria are
not met, the RLV may be re-analyzed once, instrument maintenance can 
be performed or a higher concentration standard can be analyzed.  If a 
higher concentration standard is utilized, the reporting limit must be 
raised to the higher level verified.
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10.13.1 Method 624.1 Calibration verification/LCS—The working calibration curve or RF 
must be verified immediately after calibration and at the beginning of each 12-
hour shift by the measurement of an LCS.  The LCS must be from a source 
different from the source used for calibration, but may be the same as the sample 
prepared for the DOC.

10.14 The laboratory participates in semi-annual proficiency testing that meets and/or exceeds 
the requirements of the Quality Control Sample as listed in the published Standard 
Method SM 6200B-2011, Volatile Organic Compounds, and SM 6020-2011, Quality 
Assurance/Quality Control.

10.15 For sample analyzed per the requirements of Method 8000D, the LLOQ (see Section 
1.8.2) must be verified at least annually, and whenever significant changes are made to 
the preparation and/or analytical procedure, to demonstrate quantitation capability at 
lower analyte concentration levels.

10.15.1 The LLOQ verification (to be performed after the initial calibration) is prepared by 
spiking a clean control material with the analyte(s) of interest at 0.5-2 times the
LLOQ concentration level(s).

10.15.2 The LLOQ check is carried through the same preparation and analytical 
procedures as environmental samples and other QC samples.

10.15.3 It is recommended to analyze the LLOQ verification on every instrument where 
data is reported; however, at a minimum, the lab must rotate the verification 
among similar analytical instruments such that all are included within three (3)
years.

10.15.4 Recovery of target analytes in the LLOQ verification must be within established 
in-house limits or within other such project-specific acceptance limits to
demonstrate acceptable method performance at the LLOQ. Until the laboratory 
has sufficient data to determine acceptance limits, the LCS criteria ± 20% (i.e., 
lower limit minus 20% and upper limit plus 20%) may be used for the LLOQ 
acceptance criteria.

11.0 DATA VALIDATION AND CORRECTIVE ACTION

11.1 SITE-SPECIFIC requirements and STATE SPECIFIC criteria must be reviewed and 
used, if known, for data review.  

11.2 All data must undergo a primary review by the analyst.  The analyst must check the 
performance of the initial calibration, mid-point check standard, and continuing 
calibrations to ensure that they meet the criteria of the method.  The analyst must review 
any sample that has quantifiable compounds and make sure that they have been 
confirmed.  The analyst must also verify that reported results are derived from 
quantitation between the MDL and the highest standard of the initial calibration curve.  All 
calculations must be checked (any dilutions, %solids, etc.).  Data must be checked for 
the presence or absence of appropriate flags. Comments must be noted when data is 
flagged.

11.3 Tune Check - A successful BFB tune must be achieved prior to initial calibration or daily 
calibration verification.  If a tune does not meet the acceptance criteria detailed above, 
then re-inject the tuning solution.  If the failure persists, instrument maintenance or 
detector adjustment is required.  The instrument is equipped with detector adjustments in 
routines called “Autotunes” that can make minor adjustments to m/z ratios and detector 
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setting and can align the analytical system to return the system to peak performance.  If 
after performing the Autotune routine, the injected tuning standard still fails, the system 
may require injector and/or detector cleaning, column cutting or replacement, injection 
liner cleaning or replacement, or other maintenance as specified by the manufacturer.

11.4 INITIAL AND CONTINUING CALIBRATION VERIFICATION STANDARD:  An Initial 
Calibration Verification (ICV) standard is analyzed before sample analysis can begin and
a continuing calibration verification (CCV) standard was analyzed every 12 hours and 
meets the criteria in Section 8.0. If these criteria are exceeded and analysis of a second 
consecutive (immediate) calibration verification fails to produce results within acceptance 
criteria, corrective actions shall be performed. The laboratory shall demonstrate 
acceptable performance after the final round of corrective action with two consecutive 
calibration verifications, or a new initial instrument calibration shall be performed.

Method 8000D:  To determine calibration function acceptability, refit the initial calibration 
data back to the calibration model and calculate %Error (see Section 9.5).  Percent error 
between the calculated and expected amounts of an analyte must be <30% for all 
standards.  For some data uses, <50% may be acceptable for the lowest calibration 
point.

11.5 METHOD BLANK: Blank contamination above the report limit – All samples containing 
detectable amounts above the reporting limit must be re-analyzed or qualified. Samples
with no detectable amounts above the reporting limit do not require re-analysis, but the 
samples must be qualified with blank contamination and it must be mentioned in the case 
narrative in the data package.
General guidelines for qualifying sample results with regard to method blank quality are 
as follows:

• If the method blank concentration is less than the MDL and sample results are 
greater than the RL, then no qualification is required.

• No qualification is necessary when an analyte is detected in the method blank but 
not in the associated samples.

• If the concentration in a sample is more than ten times the concentration in the 
method blank, then no qualification is required.

• If the method blank concentration is greater than the MDL but less than the RL and 
sample results are greater than the MDL, then qualify associated sample results to 
indicate that analyte was detected in the method blank.

• If the method blank concentration is greater than the RL, further corrective action 
and qualification is required.  An analyst should consult their supervisor for further 
instruction.

Instrument blanks may be injected at any time in the sequence to verify absence of 
contamination.  The source of contamination must be investigated and reduced or 
eliminated.  Any time contamination is noted in the method blank, the situation and 
impact on the data should be discussed in the case narrative.

11.5.1 Method 8000D: When samples that are extracted together are analyzed on 
separate instruments or in separate analytical shifts, the method blank 
associated with those samples (e.g., extracted with the samples) must be 
analyzed on at least one of those instruments. A solvent blank must be analyzed 
on all other instruments on which the set of samples was analyzed to 
demonstrate the instrument is not contributing contaminants to the samples.  At 
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least one method blank or instrument blank must be analyzed on every 
instrument after calibration standard(s) and prior to the analysis of any samples.

When sample extracts are subjected to cleanup procedures, the associated 
method blank must also be subjected to the same cleanup procedures.

Results of the method blank should be less than the LLOQ for the analyte or less 
than the level of acceptable blank contamination specified in the approved QAPP 
or other appropriate systematic planning document.  Blanks are generally 
considered to be acceptable if target analyte concentrations are less than one-
half the LLOQ or are less than project-specific requirements.

When new reagents or chemicals are received, the lab should monitor the blanks 
associated with samples for any signs of contamination. It is not necessary to 
test every new batch of reagents or chemicals prior to sample preparation if the 
source shows no prior problems. However, if reagents are changed during a 
preparation batch, separate blanks need to be prepared for each set of reagents.

11.6 LABORATORY CONTROL SAMPLES - If the recovery does not meet criteria, see 
section 11.6 for marginal failures.  If it is still out of control limits, then all field and QC 
samples in the batch must be re-analyzed.  

Qualifiers must be applied to any LCS compound that does not meet these criteria and 
are considered out of control. The percent difference for all method target analytes must 
be within QC RPD limits.  If not, re-analyze the duplicate(s) or prepare a new calibration 
curve, as necessary.  

STATE NOTE:  SOUTH CAROLINA DHEC Compliance LCS: responses must be within 
70 – 130% for Method 8260 and within the limits given in Attachment VI 
for Method 624.  Qualifiers cannot be used. (If an LCS standard is above 
the acceptable QC criteria and all samples being reported are below the 
reporting limit, the data is acceptable based on a high bias with 
undetectable levels in the field samples. Any positive samples require 
reanalysis.) Failures require a batch re-analysis.  For samples analyzed 
from South Carolina that are not utilized for compliance purposes, in 
house established acceptance limits are utilized to demonstrate 
controlled analyses.

11.7 LCS/LCSD & MS/MSD CRITERIA

11.7.1 Quality control criteria must be checked for the LCS and LCSD.

LCS samples that do not pass the acceptable QC criteria must be re-analyzed.  
LCS failures can meet marginal exceedance criteria below.  Normal compound list 
for 8260/624.1 contains typical 90 analytes; therefore only five analyte can be 
considered as marginal exceedances. If the failure persists, re-prepare and re-
analyze the entire sample batch.

When a large number of analytes exist in the LCS, it is statistically possible for a few 
analytes to be outside of control limits.  Upper and lower marginal exceedance (ME) 
limits are established by +/- four times the standard deviation. The number of 
marginal exceedance is based on the number of analytes in the LCS.  

Number of allowable marginal exceedances:

>90 analytes, 5 analytes allowed in the ME limit
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71 – 90 analytes, 4 analytes allowed in the ME limit
51 – 70 analytes, 3 analytes allowed in the ME limit
31 – 50 analytes, 2 analytes allowed in the ME limit
11 – 30 analytes, 1 analyte allowed in the ME limit
< 11 analytes, no analyte allowed in the ME limit

Marginal exceedances must be random events.  

STATE NOTE: For South Carolina DHEC compliance samples, marginal 
exceedances do not apply.  All outliers in QC require corrective 
action when possible and the data must be flagged when 
necessary.

11.7.2 Method 8000D:  If, as in compliance monitoring, the concentration of a specific
analyte in the sample is being checked against a regulatory concentration limit or
action level, the spike should be at or below the limit, or 1 - 5 times the 
background concentration (if historical data are available), whichever 
concentration is higher.  If historical data are not available, a background sample 
of the same matrix from the site may be submitted for matrix spiking purposes to 
ensure that high concentrations of target analytes and/or interferences will not 
prevent calculation of recoveries.  If the background sample concentration is very 
low or non-detect, a spike of greater than five (5) times the background 
concentration is still acceptable.  To assess data precision with duplicate 
analyses, it is preferable to use a low concentration field sample to prepare a 
MS/MSD for organic analyses.  This spiking procedure will be performed when 
project-specific instructions are received from the client.

If the concentration of a specific analyte in a sample is not being checked against 
a limit specific to that analyte, then the analyst may spike the matrix spike or 
MS/MSD sample(s) at the same concentration as the reference sample at 20 
times the estimated LLOQ in the matrix of interest, or at a concentration near the 
middle of the calibration range. It is suggested that a background sample of the 
same matrix from the site be submitted as a sample for matrix spiking purposes.  

NOTE: Preparing the spiking solution from the same source as the calibration
standards helps minimize additional variability due to differences between
sources.  Typically, spiking concentrations are near the middle of the calibration 
range.

To develop precision and bias data for the spiked compounds, the analyst has 
two choices: analyze the original sample, and an MS/MSD pair; or analyze the 
original sample, a duplicate sample, and one spiked sample. If samples are not 
expected to contain the target analytes of concern, then the laboratory may use a 
MS/MSD pair. If samples are expected to contain the target analytes of concern, 
then the laboratory may use one matrix spike and a duplicate analysis of an 
unspiked field sample as an alternative to the MS/MSD pair.

The laboratory should use 70 - 130% as interim acceptance criteria for 
recoveries of spiked analytes, until in-house LCS limits are developed. Where in-
house limits have been developed for matrix spike percent recoveries, the LCS 
results should be similar to or tighter than those limits, as the LCS is prepared in 
a clean matrix.

11.8 MATRIX SPIKE ASSESSMENT: If acceptance criteria are not met, perform the following 
corrective actions as appropriate.  
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# If both LCS and MS/MSD recoveries are unacceptable, then the entire batch of 
field and QC samples must be re-analyzed. 

# If the MS/MSD is unacceptable, but the LCS is acceptable, then a potential matrix 
effect has been identified.  Reported data must be flagged.  Reasonable attempts 
must be made to address matrix interference.

# If analyst error appears to be the root cause of the failure (i.e., no spiked) reanalysis 
of the MS/MSD and parent is required if volume permits.

Acceptance criteria are that all RPD results must be within the current control limits found 
in the LIMS.  If these conditions are not met, perform the following corrective actions as 
appropriate.

# Re-analyze the sample to verify a matrix effect only if analyst error appears to be 
the root cause.

# If the duplicate precision is still unacceptable, and LCS precision is acceptable, 
then a potential matrix effect has been identified.  

STATE NOTE: South Carolina DHEC compliance analyses require that all target 
compounds meet the established MS/MSD criteria.  No qualifiers 
can be applied, except in the circumstance where matrix 
interference is apparent.

PROJECT SPECIFIC CRITERIA (Non-South Carolina Samples):  Acceptance criteria are 
that all %Recovery and/or RPD results meet project-established goals.  

11.9 SURROGATE EVALUATION: If the surrogate recoveries are outside limits for Blank, 
ICV/CCV/SSCV, and LCS/LCSD, re-analysis must be performed for verification. If 
recoveries are still outside control limits, corrective action is necessary. All samples 
associated with batch or sequence needs to be re-analyzed.  The surrogate recoveries 
for all field samples must be within established control limits. If more than two surrogate 
recoveries are outside limits, re-analysis must be performed for verification. If recoveries 
are still outside control limits, corrective action is necessary which includes qualifying 
data with J1 (outside upper limit) or J2 (outside lower limit). When surrogates fail, data is 
qualified with J1 (outside upper limit) or J2 (outside lower limit).

11.10 INTERNAL STANDARD AREA COUNT: If the area response for any of the internal 
standards changes by a factor of two (-50% to +100%) as per section 8.3.5, the mass 
spectrometer must be inspected for malfunctions and corrections must be made, as 
appropriate. In the event the internal standard area counts fail these criteria, the following 
corrective actions should be considered.

• Check to be sure there are no errors in the internal standards preparation or 
addition. Also check instrument performance.

• If any internal standard criteria fails high (> +100%), sample must be re-analyzed 
with possible dilution. If recoveries are still outside control limits, corrective action 
is necessary which includes qualifying compounds with associated internal 
standard with J9 (IS high, data is likely to show low bias).

• If more than two internal standard criteria fails low « -50%), sample must be re-
analyzed. If recoveries are still outside control limits, corrective action is 
necessary which includes qualifying compounds with associated internal 
standard with J8 (IS low, data is likely to show high bias).
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• If one or two internal standard criteria fails low « -50%), corrective action is 
necessary which includes qualifying compounds with associated internal 
standard with J8 (IS low, data is likely to show high bias).

11.11 CALIBRATION RANGE: The analyst must verify all reported results are derived from 
analytical results that are below the highest standard of the initial calibration curve and 
above the low standard.  Values reported below the low standard are to be reported as 
estimated values (J values).  For samples that exceed the calibration curve, dilute and 
analyze an appropriate sample aliquot.  

11.12 SECOND SOURCE (SSCV) or Initial Calibration Verification (ICV):  If the SSCV does not 
meet acceptance criteria, if can be reanalyzed once.  If the failure persists, a new initial 
calibration curve must be prepared and analyzed.  

11.13 Data that does not meet acceptable QC criteria may be acceptable for use in certain 
circumstances.

11.13.1 If a method blank contains an amount of target analyte, but all samples are non-
detected or the samples contain analyte at a level that is greater than 10 times 
the level present in the blank, the data is reported with the appropriate “B” flag.

11.13.1.1 When comparing analyte contamination in the blank to possible analyte 
contamination in the field sample, utilize the sample concentration 
without applying the multiplier value unless the same multiplier has 
been applied to the quantitation of the target analytes in the blank.

11.13.2 If the sample surrogate is above the acceptable QC range, but the samples are 
non-detected for all target analytes, flag the sample with a J1 and report.  If the 
surrogate is below the acceptable QC range, re-analyze the sample if the 
surrogate still fails, re-extract and re-analyze or flag data.

11.13.3 Matrix spike failures must be flagged with "J5" (high) or "J6" (low), when QC 
limits are exceeded.  If there is an RPD failure, the data is flagged with a “J3”.

11.14 Quantitation and manual integration of all QC samples and client samples must follow the 
procedures outlined in ENV-SOP-MTJL-0024, Manual Integration Procedure.  “Before” 
and “After” quantitation reports must be printed in order to verify that any manual 
integration is performed properly and consistently.

11.15 Data must be checked to ascertain if it conforms to accepted practices.  All sample 
analytical results used for final data reporting must be between the low standard and the 
high calibration standard.  Values falling above the high standard must be diluted and re-
analyzed. 

11.15.1 Site specific DQO’s may require values below the reporting limit but above the 
method detection limit be reported as “UJ” or estimated value.  The reporting limit 
is the concentration of the lowest standard used in the calibration.

11.15.2 All tentatively identified compounds (TICs) are reported with a “J” qualifier for 
estimated value and an “N” for presumptive evidence of material.  

11.16 For samples analyzed per the requirements of Method 8000D, reported concentrations of 
target analytes between the MDL and the LLOQ must be qualified as estimated.

12.0 POLLUTION PREVENTION AND WASTE MANAGEMENT
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12.1 The EPA requires that laboratory waste management practice to be conducted consistent 
with all applicable federal and state laws and regulations.  Excess reagents, samples and 
method process wastes must be characterized and disposed of in an acceptable manner.  
See ENV-SOP-MTJL-0051, Waste Management Plan.  

12.2 See ENV-SOP-MTJL-0046, Environmental Sustainability & Pollution Prevention.

13.0 METHOD MODIFICATIONS/CLARIFICATIONS

13.1 Adjustments to the concentrations of standards/spiking solutions, standards providers, 
and quality control are subject to change to better meet client/project/regulatory needs or 
to improve laboratory method performance.

13.2 Modifications to this method are noted in the body of the text as state notes.  Compliance 
analyses performed in conjunction with specific state requirements must be performed as 
noted within the specific state(s) note listed.

13.3 Heated purge may be used for all samples regardless of matrix or method.
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Laboratory Accreditation Conference

14.8 Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), SW-
846 Method 8260C, Revision 3, August 2006.

14.9 Volatile Organic Compounds by the Purge and Trap Capillary-Column Gas 
Chromatographic/Mass Spectrometric Method, SM 6200B-2011.

14.10 Purgeables by GC/MS, EPA Method 624.1, Federal Register, Volume 82, Number 165, 
August 28, 2017.

14.11 40 Code of Federal Regulations §136.6(b)(4)(j).

14.12 Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry, SW-846 
Method 8260D, Revision 4, June 2018.
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Attachment I:  Revision History

Current Version (Pace National):

Date Description of Revisions
9/19/2019 Update in response to SC DHEC 8/29/2019 technical review letter.  Revised Section 

8.2.6.3 as well as added State Notes to Sections 8.2.2, 8.2.6.3, 8.2.9, 10.4.1, and 10.13.

Superseded Versions (ESC Lab Sciences SOP#330363):

Version Date Description of Revisions
0 8/23/94 Origination
1 7/25/95
2 9/12/97
3 8/4/98
4 2/11/00
5 8/21/00
6 4/1/01
7 10/16/01
8 8/19/02
9 7/23/03
10 10/30/03
11 1/26/04
12 6/28/04
13 12/11/04
14 3/23/05
15 12/19/07

16 1/30/09

Technical and Quality Review and update. Updated Table 1; Clarified 
holding times; Updated Note in Section 7; Updated section 7.4.1 & 7.4.2; 
Updated section 7.6, 7.8.4, 8.1.2, 8.2.3, 8.2.3.2, 8.2.4.1, 8.2.6.2 & 12.0; 

Added state note (MN) section 8.2.2, added final bullet item, added state 
note (OH); Added section 8.2.6.4; section 9.11 (state note), section 11.1 
(state note), section 11.7.1 (state note), section 11.13, & 13.1; Ohio VAP 

approved 1/30/09 

17 3/12/12

Technical and Quality Review and update.  Added Attachment VIII and 
sections 2.15 through 2.17, 8.2.7, 8.3.2, 9.10, 10.8 through 10.13, 13.2 
14.5, 14.6, state note in section 1.0, and client note in section 11.11; 

Revised Attachments II through IV, VII and sections 1.3, 3.1, 4.1, 4.2, 4.3, 
7.1, 7.5.1, 7.5.2, 7.9.3, 8.2.2, 8.2.3, 8.2.6, 8.3.1, 8.3.3, 8.3.4, 8.7.2, 9.1, 
9.2, 9.6 through 9.8, 10.2, 10.3, 10.5, and 12.1; Removed section 9.3.   

18 12/11/13

Technical and Quality Review and update.  Added state notes in sections 
1.0, 10.1, 10.3 and sections 10.14 and 14.7; Revised state notes in 

sections 1.0, 4.2 and sections 5.5, 6.1, 6.4, 7.1, 7.2, 7.5.1, 7.5.2, 7.6, 7.7, 
8.2.4, 8.2.7.3, 8.3.1.4, 8.3.2.2, 8.5.1 and 10.5;  Revised Attachments II, IV, 
VIII; Removed state notes pertaining to Ohio VAP throughout and sections 

8.2.3.3 and 11.14.1.   

19 2/13/15
Technical and Quality Review and update.  Revised all state notes 

regarding South Carolina sample analyses; Revised sections 7.5.1, 7.5.2 
and 8.3.3;  Revised Attachments VIII.   
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Version Date Description of Revisions

20 9/2/2015

Header and signature block re-formatting.  Technical and Quality Review 
and update.  Added Section 9.11 and Attachment IX.  Revised Sections 

10.2.1, 10.6, 10.6.1, 10.6.2, 10.9, 10.10, 10.11, and 11.7.  Deleted 
Sections 10.6.3 and 10.6.4.  Revised footnote in Attachment II.  Replaced 

Attachment VIII.

21 10/29/2015 Technical and quality review and update.  Revised Sections 8.3.4, 10.8, 
and 11.4.  Added State Note in Sections 8.2.1 and 10.3.

22 11/17/2015 Technical and quality review and update.  Revised Sections 1.3.1, 7.1, 
8.3.4, 8.5.9, 10.9, 11.5, and 12.2.

23 10/19/2016

Technical and quality review and update.  Header and signature block re-
formatting.  Revised Sections 1.0, 2.3, 2.4, 4.2, 4.3, 5.3.4, 5.5, 6.1, 6.6.4, 

6.8, 7.2, 7.5.1.1, 7.5.2.1, 8.2.3.1, 8.2.4.1, 8.2.7.3, 8.2.8.2, 8.5.5, 8.5.6, 
8.5.7.1, 8.5.7.3, 8.6.3, 8.7.2.4, 8.7.2.6, 8.7.2.7, 9.1, 9.2, 9.3, 9.5, 10.2.2, 

10.9, 10.10, 11.3, 11.13, 14.1, 14.4, 14.5, 14.6, 14.8, 14.9, Attachment V, 
Attachment VIII, and Attachment IX Table 2.  Added Sections 1.3.2, 9.4, 

10.15, 10.15.1, 10.15.2, 10.15.3, 10.15.4, 11.4.1, 11.6.2, 11.15, 13.3, 14.2, 
and 14.3.  Deleted Sections 2.4 through 2.17, 8.5.7.4, 8.5.7.5, 9.1, 9.2, 

9.5, 9.6, 9.7, and 9.8.

24 11/28/2017

Technical and quality review and update.  Changed ESC logo.  Revised 
Sections 1.0, 3.1, 4.3, 7.5, 7.5.1, 7.5.1.1, 7.5.1.2, 7.5.2, 7.5.2.1, 7.5.2.2, 
8.2.3.1, 8.2.3.2, 8.2.4.1, 8.3.1.1, 8.3.1.2, 8.3.2.1, 8.3.2.2, 8.3.3, 8.4.1, 

8.4.2, 10.2.1, 10.5, 10.9, 10.10, 10.12, 11.5, and Attachment IX Table 5.  
Added Sections 8.7.2.8 and 10.8.1.

25 1/2/2018

Technical and quality review and update.  Added Method 624.1 to title.  
Revised Sections 2.1, 8.1.3, and 8.2.2.  Added Section 4.4 and all 

subsections, 7.5.2.3, 8.2.9, 8.3.4, 8.3.5.1 and all subsections, 8.8.6.1, 
8.8.6.2, 8.8.6.3, 8.8.6.4, 9.5, 10.1.1 and all subsections, 10.3.1 and all 
subsections, 10.4.1, 10.7.1, 10.8.2, 10.9.1 and all subsections, 10.10.1 

and all subsections, 10.11.1, 10.12.1, 10.13.1, 14.10, and 14.11.

Superseded Versions (Pace National):

Date Description of Revisions

2/9/2019

Technical and quality review and update.  Deleted header, footer and signature block. 
Revised sections 1.0, 1.1, 1.3, 1.3.1, 2.1, 2.2, 3.1, 4.2, 4.4.1, 4.4.5, 5.3, 5.3.4, 5.5, 6.1, 
6.2, 6.5, 6.6, 6.6.1, 6.6.4, 6.8, 7.1, 7.5, 7.5.1, 7.5.1.1, 7.5.1.2, 7.5.2, 7.5.2.1, 7.6, 7.6.1, 
7.7, 7.7.1, 7.8, 7.9, 8.0, 8.1.3, 8.2.1, 8.2.2, 8.2.3.2, 8.2.5, 8.2.7.2, 8.2.9, 8.3.1, 8.3.1.4, 
8.3.2, 8.3.2.2, 8.3.5, 8.5.1, 8.5.7.3, 8.5.8, 8.5.9, 8.6, 8.6.1, 8.7.1, 8.7.1.2, 8.7.2, 8.7.2.2, 

8.7.2.5, 8.7.2.6, 8.8.6, 8.8.6.1, 8.9.2, 10.1, 10.1.1.2, 10.2, 10.3, 10.3.1.3, 10.5, 10.9, 
10.10, 10.12, 10.13, 10.15.3, 11.4, 11.5, 11.6.1, 11.6.2, 11.7, 11.8, 11.9, 11.11, 11.13, 

12.1, 12.2, 14.1, 14.2, 14.3, 14.5 and 14.11.  Section 4.3 was split into 4.3 and 4.4, both 
sections were revised and remaining sections were renumbered as necessary.  Added 

sections 5.4, 6.5.3, 8.2.9, 8.2.9.1, 8.2.9.2, 11.3 and 14.12 and renumbered as necessary. 
Deleted sections 5.10, 6.6.2, 7.5.2.3, 8.3.4, 8.3.5.1, 8.3.5.1.1, 8.3.5.1.2, 10.3.1.1, 10.3.1.2 

and 10.7.1 and renumbered as necessary.  Revised Attachments I, II and VI. Added 
Attachment VIII and renumbered remaining attachments. Revised Attachment IX(X) 

sections 4.11, 4.18, 4.19
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Date Description of Revisions

829/2019

Revised in response to ORELAP audit findings.  Added corporate header and footer.  
Revised Sections 1.0, 1.1, 6.2, 7.2, 7.5.1.1, 7.5.1.2, 7.5.2.1, 7.6, 7.7.1, 7.9.3, 8.2.3.2, 

8.2.4, 8.2.5, 8.5.8, 8.7.1.4, and 10.11.  Added Section 1.4.  Deleted Section 8.2.4 and all 
subsections.  Re-numbered sections as appropriate.
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Attachment II:  8260/624.1/6200B Reporting Limits and Common Analyte List

Compound
Water Low Soil High Soil

RL Units RL* Units RL Units
Acetone 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Acrolein 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Acrylonitrile 0.010 mg/L 0.010 mg/Kg 0.5 mg/Kg
Benzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Bromobenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Bromodichloromethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Bromoform 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Bromomethane 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
1,3-Butadiene 0.0025 mg/L 0.0025 mg/Kg 0.125 mg/Kg
n-Butylbenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
sec-Butylbenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
tert-Butylbenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Carbon tetrachloride 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Chlorobenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Chlorodibromomethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Chloroethane 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
2-Chloroethyl vinyl ether 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Chloroform 0.002 mg/L 0.002 mg/Kg 0.10 mg/Kg
Chloromethane 0.0025 mg/L 0.001 mg/Kg 0.05 mg/Kg
2-Chlorotoluene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
4-Chlorotoluene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,2-Dibromo-3-Chloropropane 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
1,2-Dibromoethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Dibromomethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,2-Dichlorobenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,3-Dichlorobenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,4-Dichlorobenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Dichlorodifluoromethane 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
1,1-Dichloroethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,2-Dichloroethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,1-Dichloroethene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
cis-1,2-Dichloroethene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
trans-1,2-Dichloroethene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,2-Dichloropropane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,1-Dichloropropene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,3-Dichloropropane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
cis-1,3-Dichloropropene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
trans-1,3-Dichloropropene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
2,2-Dichloropropane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Dicyclopentadiene 0.001 Mg/L 0.001 mg/Kg 0.05 mg/Kg
Di-isopropyl ether 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
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Compound
Water Low Soil High Soil

RL Units RL* Units RL Units
4-Ethyltoluene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Ethylbenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Hexachlorobutadiene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Hexane 0.010 mg/L 0.010 mg/Kg 0.50 mg/Kg
Isopropylbenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
p-Isopropyltoluene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Propene 0.0025 mg/L 0.0025 mg/Kg 0.125 mg/Kg
2,2,4-Trimethyl Pentane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
2-Butanone (MEK) 0.010 mg/L 0.010 mg/Kg 0.50 mg/Kg
Methylene Chloride 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
4-Methyl-2-pentanone (MIBK) 0.010 mg/L 0.010 mg/Kg 0.50 mg/Kg
Methyl tert-butyl ether 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Naphthalene 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
n-Propylbenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Styrene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,1,1,2-Tetrachloroethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,1,2,2-Tetrachloroethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Tetrachloroethene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Toluene 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
1,2,3-Trichlorobenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,2,4-Trichlorobenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,1,1-Trichloroethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,1,2-Trichloroethane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Trichloroethene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Trichlorofluoromethane 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
1,2,3-Trichloropropane 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,2,4-Trimethylbenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
1,3,5-Trimethylbenzene 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Vinyl chloride 0.001 mg/L 0.001 mg/Kg 0.05 mg/Kg
Xylenes, Total 0.003 mg/L 0.003 mg/Kg 0.15 mg/Kg
Additional Compounds
Acetonitrile 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Allyl Chloride 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
Chloroprene 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Trans-1,4-Dichloro-2-butene 0.0025 mg/L 0.0025 mg/Kg 0.125 mg/Kg
Isobutanol 0.100 mg/L 0.100 mg/Kg 5.0 mg/Kg
1,4-Dioxane+ 0.100 mg/L 0.100 mg/Kg 5.0 mg/Kg
Methacrylonitrile 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Methyl Methacrylate 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
Ethyl methacrylate 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
Propionitrile 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Pentachloroethane 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
Carbon Disulfide 0.001 mg/L 0.001 mg/Kg 0.050 mg/Kg
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Compound
Water Low Soil High Soil

RL Units RL* Units RL Units
Cyclohexanone 0.010 mg/L 0.010 mg/Kg 0.50 mg/Kg
2-Hexanone 0.010 mg/L 0.010 mg/Kg 0.50 mg/Kg
Iodomethane 0.010 mg/L 0.010 mg/Kg 0.50 mg/Kg
Isobutanol 0.001 mg/L 0.001 mg/Kg 0.050 mg/Kg
Propionitrile 0.001 mg/L 0.001 mg/Kg 0.050 mg/Kg
Vinyl Acetate 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Tetrahydrofuran 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
Bromoethane 0.001 mg/L 0.001 mg/Kg 0.050 mg/Kg
2-Butanol 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Ethanol 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Tert-Butyl Alcohol 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Di-isopropyl ether 0.001 mg/L 0.001 mg/Kg 0.050 mg/Kg
Ethyl tert-butyl ether 0.001 mg/L 0.001 mg/Kg 0.050 mg/Kg
Methyl-tert-butyl ether 0.001 mg/L 0.001 mg/Kg 0.050 mg/Kg
Tert-Butyl alcohol 0.050 mg/L 0.050 mg/Kg 2.5 mg/Kg
Tert-Amyl Methyl Ether 0.001 mg/L 0.001 mg/Kg 0.050 mg/Kg
Tert-Butyl Formate 0.020 mg/L 0.020 mg/Kg 1.0 mg/Kg
Tert Butyl Ethyl Alcohol 0.100 mg/L 0.100 mg/Kg 5.0 mg/Kg
Tert Amyl Alcohol 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
Dichlorofluoromethane 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg
2-Propanol 0.005 mg/L 0.005 mg/Kg 0.25 mg/Kg

RLs are based on a 5mL purge volume
Low Soil - Using a 5g soil sample to 5mL water – See Method 5035 (ENV-SOP-MTJL-0129) Section 8.2.4.1
High Soil – Using 200uL extract from 5g soil sample to 5mL methanol; see Method 5035 (ENV-SOP-MTJL-0129) 

Sect. 8.3.1.2
+ 1-4,Dioxane has a RL of .002 when run using the SIM mode.  
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Attachment III: Characteristic Masses (m/z) for Purgeable Organic Compounds as printed from 
SW-846 Method 8260B Table 5

Compound Primary Characteristic 
Ion

Secondary Characteristic
Ion(s)

Acetone 58 43
Acetonitrile 41 40, 39

Acrolein 56 55, 58
Acrylonitrile 53 52, 51
Allyl alcohol 57 58, 39
Allyl chloride 76 41, 39, 78

Benzene 78 -
Benzyl chloride 91 126, 65, 128
Bromoacetone 136 43, 138, 93, 95
Bromobenzene 156 77, 158

Bromochloromethane 128 49, 130
Bromodichloromethane 83 85, 127

Bromoform 173 175, 254
Bromomethane 94 96
1,3-Butadiene

iso-Butanol
39
74

54
43

n-Butanol 56 41
2-Butanone 72 43

n-Butylbenzene 91 92, 134
sec-Butylbenzene 105 134
tert-Butylbenzene 119 91, 134
Carbon disulfide 76 78

Carbon tetrachloride 117 119
Chloral hydrate 82 44, 84, 86, 111

Chloroacetonitrile 48 75
Chlorobenzene 112 77, 114
1-Chlorobutane 56 49

Chlorodibromomethane 129 208, 206
Chloroethane 64 (49*) 66 (51*)

2-Chloroethanol 49 44, 43, 51, 80
Bis(2-chloroethyl) sulfide 109 111, 158, 160
2-Chloroethyl vinyl ether 63 65, 106

Chloroform 83 85
Chloromethane 50 (49*) 52 (51*)

Chloroprene 53 88, 90, 51
3-Chloropropionitrile 54 49, 89, 91

2-Chlorotoluene 91 126
4-Chlorotoluene

Dicyclopentadiene
91
66

126
132

1,2-Dibromo-3-chloropropane 75 155, 157
Dibromochloromethane 129 127

1,2-Dibromoethane 107 109, 188
Dibromomethane 93 95, 174

1,2-Dichlorobenzene 146 111, 148
1,2-Dichlorobenzene-d4 152 115, 150

1,3-Dichlorobenzene 146 111, 148
1,4-Dichlorobenzene 146 111, 148
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Compound Primary Characteristic 
Ion

Secondary Characteristic
Ion(s)

cis-1,4-Dichloro-2-butene 75 53, 77, 124, 89
trans-1,4-Dichloro-2-butene 53 88, 75

Dichlorodifluoromethane 85 87
1,1-Dichloroethane 63 65, 83
1,2-Dichloroethane 62 98
1,1-Dichloroethene 96 61, 63

cis-1,2-Dichloroethene 96 61, 98
trans-1,2-Dichloroethene 96 61, 98

1,2-Dichloropropane 63 112
1,3-Dichloropropane 76 78
2,2-Dichloropropane 77 97

1,3-Dichloro-2-propanol 79 43, 81, 49
1,1-Dichloropropene 75 110, 77

cis-1,3-Dichloropropene 75 77, 39
trans-1,3-Dichloropropene 75 77, 39

1,2,3,4-Diepoxybutane 55 57, 56
Diethyl ether 74 45, 59
1,4-Dioxane 88 58, 43, 57

Epichlorohydrin 57 49, 62, 51
Ethanol 31 45, 27, 46

Ethyl acetate 88 43, 45, 61
Ethylbenzene 91 106
Ethylene oxide 44 43, 42

Ethyl methacrylate
4-Ethyltoluene

69
105

41, 99, 86, 114
120

Hexachlorobutadiene 225 223, 227
Hexachloroethane 201 166, 199, 203

Hexane 57 86, 56
2-Hexanone 43 58, 57, 100

2-Hydroxypropionitrile 44 43, 42, 53
Iodomethane 142 127, 141

Isobutyl alcohol 43 41, 42, 74
Isopropylbenzene 105 120
p-Isopropyltoluene 119 134, 91

Malononitrile 66 39, 65, 38
Methacrylonitrile 41 67, 39, 52, 66
Methyl acrylate 55 85

Methyl-t-butyl ether 73 57
Methylene chloride 84 86, 49
Methyl ethyl ketone 72 43

Methyl iodide 142 127, 141
Methyl methacrylate 69 41, 100, 39

4-Methyl-2-pentanone 100 43, 58, 85
Naphthalene 128 -
Nitrobenzene 123 51, 77

2-Nitropropane 46 -
2-Picoline 93 66, 92, 78

Pentachloroethane 167 130, 132, 165, 169
Propargyl alcohol 55 39, 38, 53

Propene 41 39, 42
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Compound Primary Characteristic 
Ion

Secondary Characteristic
Ion(s)

Propiolactone 42 43, 44
Propionitrile (ethyl cyanide) 54 52, 55, 40

n-Propylamine 59 41, 39
n-Propylbenzene 91 120

Pyridine 79 52
Styrene 104 78

1,2,3-Trichlorobenzene 180 182, 145
1,2,4-Trichlorobenzene 180 182, 145

1,1,1,2-Tetrachloroethane 131 133, 119
1,1,2,2-Tetrachloroethane

       Tert-butyl formate                    
83
59

131, 85
57, 41

Tetrachloroethene 164 129, 131, 166
Toluene 92 91

1,1,1-Trichloroethane 97 99, 61
1,1,2-Trichloroethane 83 97, 85

Trichloroethene 95 97, 130, 132
Trichlorofluoromethane 151 101, 153
1,2,3-Trichloropropane 75 77
1,2,4-Trimethylbenzene 105 120
1,3,5-Trimethylbenzene 105 120

Vinyl acetate 43 86
Vinyl chloride 62 64

o-Xylene 106 91
m-Xylene 106 91
p-Xylene 106 91

Internal Standards/Surrogates:
1,4-Difluorobenzene 114 63

1,4-Dichlorobenzene-d4 152 115, 150
1,1,2-Trichloroethane-d3 100
4-Bromofluorobenzene 95 174, 176

Chloroform-d1 84
Dibromofluoromethane 113
4-Bromofluorobenzene 95 174, 176

Chloroform-d1 84
Dibromofluoromethane 113

Dichloroethane-d4 102
Toluene-d8 98

Pentafluorobenzene 168
Fluorobenzene 96 77

* Characteristic ion for an ion trap mass spectrometer (to be used when ion-molecule reactions
are observed).
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Attachment IV:  Potential Compounds to be Analyzed by this Procedure

Acetone Dicyclopentadiene
Acetonitrile 1,4-Dioxane

Acrolein Epichlorohydrin
Acrylonitrile Ethanol
Allyl alcohol Ethylbenzene
Allyl chloride Ethylene oxide

Benzene Ethyl methacrylate
Benzyl chloride n-Hexane
Bromoacetone 2-Hexanone

Bromochloromethane (I.S.) 2-Hydroxypropionitrile
Bromodichloromethane Iodomethane

4-Bromofluorobenzene (Surr.) Isobutylalcohol
Bromoform Malononitrile

Bromomethane Methacrylonitrile
2-Butanone Methylene chloride

Carbon disulfide Methyl iodide
Carbon tetrachloride Methyl methacrylate

Chloral hydrate 4-methyl-2-pentanone
Chlorobenzene Pentachloroethane

Chlorobenzene d-5 (I.S.) 2-Picoline
Chlorodibromomethane Propargyl alcohol

2-Propanol Propene
Chloroethane B-propiolactone

2-Chloroethanol Propionitrile
bis-(2-Chloroethyl) sulfide n-Propylamine
2-Chloroethyl vinyl ether Pyridine

Chlorofrom Styrene
Chloromethane 1,1,1,2-Tetrachloroethane

Chloroprene 1,1,2,2-Tetrachloroethane
3-Chloropropionitrile Tetrachloroethene

1,2- Dibromo-3-chloropropane Toluene
1,2-Dibromoethane 1,3-Butadiene
Dibromomethane 1,1,1-Trichloroethane

1,4-Dichloro-2-butene 1,1,2-Trichloroethane
dichlorodifluoromethane Trichloroethene

1,1-Dichloroethane Trichlorofluoromethane
1,2-Dichloroethane 1,2,3-Trichloropropane

1,2-Dichloroethane d-4 (surr.) Vinyl acetate
1,1-Dichloroethene Vinyl chloride

Trans-1,2-dichloroethene Xylene (total)
Cis-1,2-dichloroethene 1,2,3,4-Diepoxybutane

1,2-dichloropropane 4-Ethyltoluene
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Attachment V:  The SIM Mode:

An alternate way of running compounds to achieve lower detection limits is by way of the Single Ion 
Monitoring (SIM) method. The SIM method allows the Mass spec to dwell on certain ions rather than 
scanning the full range of masses from 35 to 300. This process allows for much lower detection limit of 
desired compounds. This method is only for the detection of known compounds while a TIC cannot be 
performed while running the SIM method. Currently 1,4-Dioxane is the only compound that is analyzed 
using the SIM method in the volatiles laboratory. 
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Attachment VI:  EPA 624.1 CCC Criteria:
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Attachment VII:  EPA 8260C Minimum Relative Response Factor Criteria for Initial and Continuing 
Calibration Verification:

Volatile Compound
Minimum 
Response 

Factor 
(RF)

Volatile Compound
Minimum 
Response 
Factor (RF)

Dichlorodifluoromethane 0.100 1,2-Dichloropropane 0.100
Chloromethane 0.100 Bromodichloromethane 0.200
Vinyl chloride 0.100 cis-1,3-Dichloropropene 0.200
Bromomethane 0.100 trans-1,3-Dichloropropene 0.100
Chloroethane 0.100 4-Methyl-2-pentanone 0.100
Trichlorofluoromethane 0.100 Toluene 0.400
1,1-Dichloroethene 0.100 1,1,2-Trichloroethane 0.100
1,1,2-Trichloro-1,2,2-trifluoroethane 0.100 Tetrachloroethene 0.200
Acetone 0.100 2-Hexanone 0.100
Carbon disulfide 0.100 Dibromochloromethane 0.100
Methyl Acetate 0.100 1,2-Dibromoethane 0.100
Methylene chloride 0.100 Chlorobenzene 0.500
trans-1,2-Dichloroethene 0.100 Ethylbenzene 0.100
cis-1,2-Dichloroethene 0.100 meta-/para-Xylene 0.100
Methyl tert-Butyl Ether 0.100 ortho-Xylene 0.300
1,1-Dichloroethane 0.200 Styrene 0.300
2-Butanone 0.100 Bromoform 0.100
Chloroform 0.200 Isopropylbenzene 0.100
1,1,1-Trichloroethane 0.100 1,1,2,2-Tetrachloroethane 0.300
Cyclohexane 0.100 1,3-Dichlorobenzene 0.600
Carbon tetrachloride 0.100 1,4-Dichlorobenzene 0.500
Benzene 0.500 1,2-Dichlorobenzene 0.400
1,2-Dichloroethane 0.100 1,2-Dibromo-3-chloropropane 0.050
Trichloroethene 0.200 1,2,4-Triichlorobenzene 0.200
Methylcyclohexane 0.100
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Attachment VIII:  EPA 8260D (Table 4) Guidance Response Factors Criteria From EPA Contract 
Laboratory Program (Min RF):
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Attachment IX:  Laboratory Control Standard and Matrix Spike 
Typically Spiked Compounds

STANDARD ANALYTE LIST

1,1,1,2-TETRACHLOROETHANE CHLORODIBROMOMETHANE

1,1,1-TRICHLOROETHANE CHLOROETHANE

1,1,2,2-TETRACHLOROETHANE CHLOROFORM

1,1,2-TRICHLOROETHANE CHLOROMETHANE

1,1,2-TRICHLOROTRIFLUOROETHANE CIS-1,2-DICHLOROETHENE

1,1-DICHLOROETHANE CIS-1,3-DICHLOROPROPENE

1,1-DICHLOROETHENE DIBROMOMETHANE

1,1-DICHLOROPROPENE DICHLORODIFLUOROMETHANE

1,2,3-TRICHLOROBENZENE DICHLOROFLUOROMETHANE

1,2,3-TRICHLOROPROPANE DICYCLOPENTADIENE

1,2,3-TRIMETHYLBENZENE DI-ISOPROPYL ETHER

1,2,4-TRICHLOROBENZENE ETHYL ETHER

1,2,4-TRIMETHYLBENZENE ETHYLBENZENE

1,2-DIBROMO-3-CHLOROPROPANE HEXACHLORO-1,3-BUTADIENE

1,2-DIBROMOETHANE IODOMETHANE

1,2-DICHLOROBENZENE ISOPROPYLBENZENE

1,2-DICHLOROETHANE M&P-XYLENE

1,2-DICHLOROPROPANE METHYL TERT-BUTYL ETHER

1,3,5-TRIMETHYLBENZENE METHYLENE CHLORIDE

1,3-BUTADIENE NAPHTHALENE

1,3-DICHLOROBENZENE N-BUTYLBENZENE

1,3-DICHLOROPROPANE N-HEXANE

1,4-DICHLOROBENZENE N-PROPYLBENZENE

1-METHYLNAPHTHALENE O-XYLENE

2,2,4-TRIMETHYLPENTANE P-ISOPROPYLTOLUENE

2,2-DICHLOROPROPANE PROPENE

2-BUTANONE (MEK) SEC-BUTYLBENZENE

2-CHLOROETHYL VINYL ETHER STYRENE

2-CHLOROTOLUENE TERT-BUTYLBENZENE

2-HEXANONE TETRACHLOROETHENE

2-METHYLNAPHTHALENE TETRAHYDROFURAN

4-CHLOROTOLUENE TOLUENE

4-ETHYLTOLUENE TPH (GC/MS) LOW FRACTION

4-METHYL-2-PENTANONE (MIBK) TRANS-1,2-DICHLOROETHENE

ACETONE TRANS-1,3-DICHLOROPROPENE

ACROLEIN* TRANS-1,4-DICHLORO-2-BUTENE
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STANDARD ANALYTE LIST

ACRYLONITRILE* TRICHLOROETHENE

BENZENE TRICHLOROFLUOROMETHANE

BROMOBENZENE VINYL ACETATE

BROMOCHLOROMETHANE VINYL CHLORIDE

BROMODICHLOROMETHANE XYLENES, TOTAL

BROMOFORM SURROGATE LIMITS

BROMOMETHANE 4-BROMOFLUOROBENZENE

CARBON DISULFIDE A,A,A-TRIFLUOROTOLUENE

CARBON TETRACHLORIDE DIBROMOFLUOROMETHANE

CHLOROBENZENE TOLUENE-D8
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Attachment X:  DoD Requirements   

1.0 Equipment/Instrument Maintenance

Instrument maintenance must be performed routinely to optimize instrument performance and improve 
chromatography.  Commonly performed maintenance includes baking traps and columns, changing 
injection port liners, changing pump oil, etc.  A new calibration curve must be analyzed following any 
major maintenance performed on the analytical system.

2.0 Computer Hardware and Software

Software name and version: HP Chemstation G1701CA Version C.00.00 or equivalent

3.0 Troubleshooting

Table 1. GCMS Troubleshooting Guide
Problem Cause Treatment

Peaks broaden and 
tail

Poor column installation 
causing dead volume in the 
injector

Reinstall column in injector. Check seal at 
ferrule.  Check insertion depth.  Ensure a 
good column cut.

Solvent flashing in hot injector Reduce injection speed on hot injectors and 
if possible reduce injector temperature

Injector not being purged 
properly after splitless 
injection

For splitless injection, the vent flow should be 
70 ml/min, and the injector should be 
switched to the split mode 0.5_1.5 min after 
injection.

Tailing sample peaks 
for active 
components

Active sites in the injector 
insert or liner

Change or clean the injector insert

Active sites or degraded 
phase in column

Remove the front 15 cm of the column and 
reinstall.  If retention times are changing or 
cutting the column does not help, replace the 
column.

Injector not hot enough for 
higher boiling compounds

Increase the injector temperature and lower 
the injection speed.  Check that the graphite 
ferrule is free of cracks and the septum 
support is tight.

Low response and 
tailing of high boiling 
point compounds

Injector is not hot enough to 
vaporize high boilers

Increase injector temperature

Interface/ion source not 
getting to adequate 
temperature

Change the manifold heater

Leading sample 
peaks

Column overload due to 
excess amount of component 
injected

Dilute the sample or do split injection

Degradation of stationary 
phase

Change the column

Carrier gas velocity too low Increase carrier gas flow rate
Poor 
chromatographic 
resolution

Column temperature or 
program not optimized

Modify method by changing temperature 
ramp
segment slopes
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Table 1. GCMS Troubleshooting Guide
Problem Cause Treatment

Carrier gas flow rate not 
optimized

Decrease carrier gas linear velocity

Stationary phase has 
degraded

Replace the column

Peak splitting, 
especially low boilers

Sample is flashing in the 
injector simulating two 
injections

Lower injector temperature

Retention times shift 
in chromatogram

Unstable carrier gas flow 
controller/regulator

Check pneumatics for leaks. Replace flow 
controller/ regulator if necessary.

Column contamination or 
degradation

Condition or replace column

Leaks at septum or column to 
injector connection

Replace septum regularly and check that the 
septum nut and the capillary column nut are 
tight

Cannot reach 
operating vacuum

Analyzer contaminated by 
diffusion pump oil

Shut down and clean mass spec

Major air leak around column 
fitting into interface

Replace column ferrule and reseat 
compression fitting

No tune peaks Cal gas valve not open Open cal gas valve
PFTBA solenoid valve stuck 
open. All PFTBA has
evaporated.

Have solenoid replaced. Put fresh PFTBA in 
the cal gas vial.

Analysis sensitivity 
has decreased

Background has increased Check column bleed, septum bleed, pump 
oil, and ion source contamination

Detector needs replacement Replace detector
Defective syringe Try a new or proven syringe
“Blown” septum or other 
massive leaks at the inlet or 
with carrier gas flow.  Poor 
peak shapes usually result 
from bad leaks.

Find and fix leaks and adjust gas flow. 

Purge flow or split ratio too 
high

Adjust gas flow rates

4.0 Other Requirements

4.1 All hardcopy laboratory notebooks must be reviewed by the Supervisor, or their designee, 
on a monthly basis.  

4.2 If not self-explanatory (e.g., a typo or transposed number), corrections to technical and 
quality records shall also include a justification for the change.

4.3 A storage blank must be stored with all volatile organic samples, regardless of suspected 
concentration levels.

4.4 A person performing a manual integration must sign and date each manually integrated 
chromatogram and record the rationale for performing manual integration.  Electronic 
signatures are acceptable.
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4.5 The results of calibration and verification of support equipment must be within the 
specifications required of the application for which this equipment is used or the 
equipment must be removed from service until repaired.  Calibration and verification 
records, including those of established correction factors, must be maintained.  In the 
absence of method-specific requirements, the minimum requirements are as follows:

Table 2. Support Equipment Checks
Performance Check Frequency Acceptance Criteria

Balance calibration check [Using 
two standard weights that 
bracket the expected mass] 

Daily prior to use Top-loading balance: ±2% or 
±0.02g, whichever is greater 
Analytical balance: ±0.1% or ±0.5 
mg, whichever is greater 

Verification of standard mass 
[Using weights traceable to the 
International System of Units (SI) 
through a NMI 

Every 5 years Certificate of Calibration from 
ISO/IEC 17025 accredited 
calibration laboratory 

Monitoring of refrigerator/freezer 
temperatures 

Daily (i.e. 7 days per week) [use 
MIN/MAX thermometers or data 
loggers equipped with notification 
of out of control event capabilities 
if personnel not available to 
record daily] 

Refrigerators: 0˚C to 6˚C 
Freezers: ≤-10˚C 

Thermometer verification check 
[Using a thermometer traceable 
to the SI through an NMI] 
[Performed at two temperatures 
that bracket the target 
temperature(s). Assume linearity 
between the two bracketing 
temperatures.] [If only a single 
temperature is used, at the 
temperature of use] 

Liquid in glass: Before first use 
and annually 

Electronic: Before first use and 
quarterly 

Apply correction factors or 
replace thermometer 

Volumetric labware Class B: By lot before first use 

Class A and B: Upon evidence of 
deterioration 

Bias: Mean within ±2% of 
nominal volume 
Precision: RSD ≤1% of nominal 
volume (based on 10 replicate 
measurements) 

Non-volumetric labware 
[Applicable only when used for 
measuring initial sample volume 
and final extract/ digestates 
volume] 

By lot before first use or upon 
evidence of deterioration 

Bias: Mean within ±3% of 
nominal volume 
Precision: RSD ≤3% of nominal 
volume (based on 10 replicate 
measurements) 

Mechanical volumetric pipette Quarterly Bias: Mean within ±2% of 
nominal volume
Precision: RSD ≤1% of nominal 
volume (based on minimum of 3 
replicate measurements)
[Note: for variable volume 
pipettes, the nominal volume is 
the volume of use]

ENV-SOP-MTJL-0100, Rev 03



70 of 86

STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0100 Volatile Organic Compounds by GC/MS 

(EPA 8260B, 8260C, 624, 624.1, and SM6200 B)
ISSUER: Pace National – Mt. Juliet, Tennessee
© 2019 Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

Table 2. Support Equipment Checks
Performance Check Frequency Acceptance Criteria

Glass microliter syringe Upon receipt and upon evidence 
of deterioration

General Certificate of Bias & 
Precision upon receipt
Replace if deterioration is evident

Drying oven temperature check Daily prior to and after use Within ±5% of set temperature
Water purification system Daily prior to use See method blank criteria given 

in Section 4.20 of this addendum

4.6 The expiration date of the prepared standard shall not exceed the expiration date of the 
primary standard.  All containers must bear a preparation date.

4.7 To avoid preparing non-representative samples, the laboratory shall not “target” within a 
relatively small mass range (e.g., 1.00 ± 0.01g) because such targeting will produce non-
representative subsamples if the sample has high heterogeneity.  The laboratory shall not 
manipulate the sample material so the sample aliquot weighs exactly 1.00g ± 0.01g, as 
an example. 

4.8 In the absence of project-specific requirements, the minimum standard data qualifiers to 
be used are:

U Analyte was not detected and is reported as less than the LOD or as defined by 
the customer. The LOD has been adjusted for any dilution or concentration of the 
sample.

J The reported result is an estimated value (e.g., matrix interference was observed 
or the analyte was detected at a concentration outside the quantitation range).

B Blank contamination. The recorded result is associated with a contaminated 
blank. 

N Non-target analyte. The analyte is a tentatively identified compound using mass 
spectrometry or any non-customer requested compounds that are tentatively 
identified. 

Q One or more quality control criteria failed (e.g., LCS recovery, surrogate spike 
recovery, or CCV recovery).

Additional data qualifiers may be used, or different letters or symbols to denote the 
qualifiers listed above, as long as they are appropriately defined and their use is 
consistent with project-specific requirements (e.g., QSM 5.0, the contract, and project-
planning documents).

4.9 If the time of the sample collection is not provided, assume the most conservative time of 
day.  For the purpose of batch processing, the start and stop dates and times of the batch 
preparation shall be recorded.

4.10 Each preparation method listed on the scope of accreditation must have quarterly 
LOD/LOQ verifications.  However, not all possible combinations of preparation and 
cleanup techniques are required to have LOD/LOQ verifications.  If LOD/LOQ 
verifications are not performed on all combinations, the laboratory must base the 
LOD/LOQ verifications on the worst case basis (preparation method with all applicable 
cleanup steps).
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4.11 After each MDL determination, the laboratory must establish the LOD by spiking a quality 
system matrix at a concentration of at least two (2) times but no greater than four times 
the MDL.  This spike concentration establishes the LOD and the concentration at which 
the LOD shall be verified.  It is specific to each suite of analyte, matrix, and method 
(including sample preparation).  The following requirements apply to the initial LOD 
establishment and to the LOD verifications:

# The apparent signal to noise (S/N) ratio at the LOD must be at least three and the 
results must meet all method requirements for analyte identification (e.g., ion 
abundance, second column confirmation, or pattern recognition).  For data systems 
that do not provide a measure of noise, the signal produced by the verification 
sample must produce a result that is at least three standard deviations greater than 
the mean method blank concentration.  This is initially estimated based on a 
minimum of four method blank analyses and later established with a minimum of 20 
method blank results.

# If the LOD verification fails, then the laboratory must repeat the MDL determination 
and LOD verification or perform and pass two consecutive LOD verifications at a 
higher spike concentration and set the LOD at the higher concentration.

# The laboratory shall maintain documentation for all MDL determinations and LOD 
verifications.

# The DL and LOD must be reported for all analyte-matrix-methods suites, unless it is 
not applicable to the test or specifically excluded by project requirements.

4.12 The LOD shall be verified quarterly.  In situations where methods are setup and used on 
an infrequent basis, the laboratory may choose to perform LOD verifications on a one per 
batch basis.  All verification data will be in compliance, reported, and available for review.

4.13 For DoD, at a minimum, the LOQ shall be verified quarterly.  In situations where methods 
are setup and used on an infrequent basis, the laboratory may choose to perform LOQ 
verifications on a one per batch basis.

4.14 All initial instrument calibrations must be verified with a standard obtained from a second 
manufacturer prior to analyzing any samples.  The use of a standard from a second lot 
obtained from the same manufacturer (independently prepared from different source 
materials) is acceptable for use as a second source standard.  The concentration of the 
second source standard shall be at or near the midpoint of the calibration range.  The 
acceptance criteria for the initial calibration verification must be at least as stringent as 
those for the continuing calibration verification.

4.15 Exclusion of calibration points without documented scientifically valid technical 
justification is not permitted.

4.16 The concentration of the CCV standard shall be greater than the low calibration standard 
and less than or equal to the midpoint of the calibration range.

4.17 All CCVs analyzed must be evaluated and reported.  If a CCV fails, reanalysis or 
corrective actions must be taken.

# If a CCV fails, the laboratory can immediately analyze two additional consecutive 
CCVs (immediately is defined as starting a consecutive pair within one hour; no 
samples can be run between the failed CCV and the two additional CCVs).  This 
approach allows for spurious failures of analytes to be reported without reanalysis of 
samples.  Any corrective actions that change the dynamics of the system (e.g., clip 
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column, clean injection port, run blanks) requires that all samples since the last 
acceptable CCV be reanalyzed.

# Both of these CCVs must meet acceptance criteria in order for the samples to be 
reported without reanalysis.

# If either of these two CCVs fail or if the laboratory cannot immediately analyze two 
CCVs, the associated samples cannot be reported and must be reanalyzed.

# Corrective action(s) and recalibration must occur if the above scenario fails. All 
affected samples since the last acceptable CCV must be reanalyzed.

# Flagging of data for a failed CCV is only appropriate when the affected samples 
cannot be reanalyzed. The laboratory must notify the client prior to reporting data 
associated with a failed CCV.

4.18 The results of all MS/MSDs must be evaluated using the same acceptance criteria used 
for the DoD LCS limits (see Tables 3 and 4) or project limits, if specified.  If the specific 
analyte(s) are not available in the Tables 3 and 4, the laboratory shall use their LCS in-
house limits (see the LIMS) as a means of evaluating MS/MSDs.  The MS and MSD must 
be spiked with all reported analytes.

4.19 Surrogate spike results shall be compared with DoD LCS limits (see Tables 3 and 4) or 
acceptance criteria specified by the client.  If these criteria are not available, the 
laboratory shall compare the results with its in-house statistically established LCS criteria 
(see the LIMS).

4.20 The method blank shall be considered to be contaminated if:

# The concentration of any target analyte (chemical of concern) in the blank exceeds 
1/2 the LOQ and is greater than 1/10th the amount measured in any associated 
sample, or 1/0th the regulatory limit, whichever is greater;

# The concentration of any common laboratory contaminant in the blank exceeds the 
LOQ;

# If a method blank is contaminated as described above, then the laboratory shall 
reprocess affected samples in a subsequent preparation batch, except when sample 
results are below the LOD.  If insufficient sample volume remains for reprocessing, 
the results shall be reported with appropriate data qualifiers.

4.21 Sporadic Marginal Exceedances are not allowed for target analytes (chemicals of 
concern as identified by a project) without project-specific approval.  Target analytes are 
considered those few analytes that are critical for the success of a project (such as risk 
drivers) where sporadic marginal exceedances cannot be allowed.  Laboratories should 
consult with clients whenever long lists of analytes are requested for analysis to 
determine if marginal exceedances will not be allowed.

4.22 DoD considers the same analyte exceeding the LCS control limit two (2) out of three (3) 
consecutive LCS to be indicative of non-random behavior, which requires corrective 
action and reanalysis of the LCS.
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Table 3. LCS Control Limits – Method 8260 Solid Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
630-20-6 1,1,1,2-Tetrachloroethane 11115 101.1 7.8 78 125
71-55-6 1,1,1-Trichloroethane 12156 101.6 9.4 73 130
79-34-5 1,1,2,2-Tetrachloroethane 11670 97 8.9 70 124
79-00-5 1,1,2-Trichloroethane 11772 99.7 7.2 78 121

76-13-1 1,1,2-Trifluoro-1,2,2-
trichloroethane [Freon-113] 9760 100.8 11.7 66 136

75-34-3 1,1-Dichloroethane 11856 100.4 8.1 76 125
75-35-4 1,1-Dichloroethene 12352 100.3 10.1 70 131

563-58-6 1,1-Dichloropropene 10793 100.5 8.3 76 125
87-61-6 1,2,3-Trichlorobenzene 10572 97.8 10.6 66 130
96-18-4 1,2,3-Trichloropropane 10925 99.1 8.8 73 125

526-73-8 1,2,3-Trimethylbenzene 1948 99.8 6 82 118
120-82-1 1,2,4-Trichlorobenzene 10980 98 10.4 67 129
95-63-6 1,2,4-Trimethylbenzene 11085 98.7 7.9 75 123
96-12-8 1,2-Dibromo-3-chloropropane 11380 96.6 11.7 61 132

106-93-4 1,2-Dibromoethane 11408 100.1 7.3 78 122
95-50-1 1,2-Dichlorobenzene 11785 99.1 7.2 78 121

107-06-2 1,2-Dichloroethane 12328 100.5 9.2 73 128
17060-07-0 1,2-Dichloroethane-d4 5951 103.1 10.8 71 136
540-59-0 1,2-Dichloroethene 7748 99.9 7.3 78 122
78-87-5 1,2-Dichloropropane 12145 99.5 7.8 76 123

354-23-4 1,2-Dichlorotrifluoroethane 
[Freon 123a] 1269 97.8 11.3 64 132

108-70-3 1,3,5-Trichlorobenzene 4723 99.4 9.6 71 128
108-67-8 1,3,5-Trimethylbenzene 11080 98.4 8.4 73 124
541-73-1 1,3-Dichlorobenzene 11619 98.9 7.4 77 121
142-28-9 1,3-Dichloropropane 10713 99.1 7.3 77 121
542-75-6 1,3-Dichloropropene 3714 101.6 8.1 77 126
106-46-7 1,4-Dichlorobenzene 11848 97.5 7.6 75 120
105-05-5 1,4-Diethylbenzene 1896 96.6 5.9 79 114
123-91-1 1,4-Dioxane 7698 96.4 13.7 55 138
544-10-5 1-Chlorohexane 2543 100.4 9.8 71 130
594-20-7 2,2-Dichloropropane 10703 99.7 11.1 67 133
78-93-3 2-Butanone [MEK] 11514 99.6 16.3 51 148

126-99-8 2-Chloro-1,3-butadiene 6667 99 11.3 65 133
110-75-8 2-Chloroethyl vinyl ether 6957 96.1 17.6 43 149
95-49-8 2-Chlorotoluene 10838 98.5 7.9 75 122

591-78-6 2-Hexanone 11004 99.1 15.4 53 145
79-46-9 2-Nitropropane 4969 98.3 17.1 47 150
67-63-0 2-Propanol [Isopropyl alcohol] 1696 99.8 13.4 60 140

460-00-4 4-Bromofluorobenzene 6267 98.9 6.8 79 119
106-43-4 4-Chlorotoluene 10785 98.3 8.6 72 124
108-10-1 4-Methyl-2-pentanone [MIBK] 11364 99.6 11.6 65 135
67-64-1 Acetone 11089 99.6 21.4 36 164
75-05-8 Acetonitrile 5697 98.5 14.8 54 143

107-02-8 Acrolein [Propenal] 7528 101.1 18 47 155
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Table 3. LCS Control Limits – Method 8260 Solid Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
107-13-1 Acrylonitrile 8293 99.7 11.4 65 134
107-05-1 Allyl chloride 6908 101.1 11.2 68 135
71-43-2 Benzene 12853 99.2 7.4 77 121

100-44-7 Benzyl chloride 2743 92.1 9.4 64 120
108-86-1 Bromobenzene 10974 99.3 7.3 78 121
74-97-5 Bromochloromethane 11023 101.4 7.8 78 125
75-27-4 Bromodichloromethane 11850 101 8.5 75 127
75-25-2 Bromoform 11890 99.1 10.8 67 132
74-83-9 Bromomethane 11416 98.3 15 53 143
75-15-0 Carbon disulfide 11132 97.9 11.5 63 132
56-23-5 Carbon tetrachloride 12090 102.3 10.7 70 135

108-90-7 Chlorobenzene 12382 99.7 6.9 79 120
124-48-1 Chlorodibromomethane 11852 100.2 8.7 74 126
75-00-3 Chloroethane 11444 98.8 13.3 59 139
67-66-3 Chloroform 12344 100.3 7.6 78 123
74-87-3 Chloromethane 11876 93.3 14.3 50 136

156-59-2 cis-1,2-Dichloroethene 11645 99.9 7.6 77 123
10061-01-5 cis-1,3-Dichloropropene 11805 99.8 8.7 74 126
1476-11-5 cis-1,4-Dichloro-2-butene 977 106 12.4 69 143
110-82-7 Cyclohexane 8827 98.9 10.6 67 131
108-94-1 Cyclohexanone 3764 93.2 20.9 30 156
1868-53-7 Dibromofluoromethane 2142 98.1 6.8 78 119
74-95-3 Dibromomethane 10913 101.1 7.9 78 125

75-71-8 Dichlorodifluoromethane 
[Freon-12] 11467 88.9 20.1 29 149

75-05-8 Acetonitrile 5697 98.5 14.8 54 143
107-02-8 Acrolein [Propenal] 7528 101.1 18 47 155
107-13-1 Acrylonitrile 8293 99.7 11.4 65 134
107-05-1 Allyl chloride 6908 101.1 11.2 68 135
71-43-2 Benzene 12853 99.2 7.4 77 121

100-44-7 Benzyl chloride 2743 92.1 9.4 64 120
108-86-1 Bromobenzene 10974 99.3 7.3 78 121
74-97-5 Bromochloromethane 11023 101.4 7.8 78 125
75-27-4 Bromodichloromethane 11850 101 8.5 75 127
75-25-2 Bromoform 11890 99.1 10.8 67 132
74-83-9 Bromomethane 11416 98.3 15 53 143
75-15-0 Carbon disulfide 11132 97.9 11.5 63 132
56-23-5 Carbon tetrachloride 12090 102.3 10.7 70 135

108-90-7 Chlorobenzene 12382 99.7 6.9 79 120
124-48-1 Chlorodibromomethane 11852 100.2 8.7 74 126
75-00-3 Chloroethane 11444 98.8 13.3 59 139
67-66-3 Chloroform 12344 100.3 7.6 78 123
74-87-3 Chloromethane 11876 93.3 14.3 50 136

156-59-2 cis-1,2-Dichloroethene 11645 99.9 7.6 77 123
10061-01-5 cis-1,3-Dichloropropene 11805 99.8 8.7 74 126
1476-11-5 cis-1,4-Dichloro-2-butene 977 106 12.4 69 143
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Table 3. LCS Control Limits – Method 8260 Solid Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
110-82-7 Cyclohexane 8827 98.9 10.6 67 131
108-94-1 Cyclohexanone 3764 93.2 20.9 30 156
1868-53-7 Dibromofluoromethane 2142 98.1 6.8 78 119
74-95-3 Dibromomethane 10913 101.1 7.9 78 125

75-71-8 Dichlorodifluoromethane 
[Freon-12] 11467 88.9 20.1 29 149

75-43-4 Dichlorofluoromethane 717 100.8 18 47 155
60-29-7 Diethyl ether 6283 99.6 9.6 71 129

108-20-3 Diisopropyl ether 8542 98.3 9.7 69 127
64-17-5 Ethanol 3958 102.2 18.9 45 159

141-78-6 Ethyl acetate 4516 95.4 14.5 52 139
97-63-2 Ethyl methacrylate 7075 98.9 9.9 69 129

637-92-3 Ethyl tert-butyl ether 7514 98.9 9.1 72 126
100-41-4 Ethylbenzene 12427 99.1 7.7 76 122
462-06-6 Fluorobenzene 689 97.3 5.4 81 114
142-82-5 Heptane 5420 93.4 14.9 49 138
87-68-3 Hexachlorobutadiene 10264 98.1 12.4 61 135
67-72-1 Hexachloroethane 3265 102.5 10.1 72 133

110-54-3 Hexane 7116 93.6 16.1 45 142
74-88-4 Iodomethane 9457 100.9 10.1 71 131
78-83-1 Isobutyl alcohol 6162 97.5 12.6 60 135

108-21-4 Isopropyl acetate [Acetic acid] 2885 94.2 12.2 58 131
98-82-8 Isopropylbenzene 11596 100.8 11.1 68 134

179601-23-1 m/p-Xylene [3/4-Xylene] 10612 100.4 7.7 77 124
126-98-7 Methacrylonitrile 6736 99.2 11.1 66 132
79-20-9 Methyl acetate 8320 98.7 15.2 53 144
80-62-6 Methyl methacrylate 7050 98.4 11.9 63 134

1634-04-4 Methyl tert-butyl ether [MTBE] 11253 98.9 8.7 73 125
108-87-2 Methylcyclohexane 8565 99.4 11.2 66 133
75-09-2 Methylene chloride 12024 98.9 9.7 70 128

123-86-4 n-Butyl acetate 2981 95.1 11 62 128
71-36-3 n-Butyl alcohol 4800 92.9 12.6 55 131

104-51-8 n-Butylbenzene 10921 98.7 9.7 70 128
103-65-1 n-Propylbenzene 10947 98.9 8.8 73 125
91-20-3 Naphthalene 10602 95.6 11.2 62 129
95-47-6 o-Xylene 11940 100 7.7 77 123

99-87-6 p-Isopropyltoluene [p-
Cymene] 10953 100.3 9 73 127

76-01-7 Pentachloroethane 5957 102 11.1 69 135
107-12-0 Propionitrile [Ethyl cyanide] 6734 101 11.1 68 134
135-98-8 sec-Butylbenzene 10960 99 8.8 73 126
100-42-5 Styrene 11809 100.2 8 76 124

994-05-8 tert-Amyl methyl ether 
[TAME] 7153 99.8 8.9 73 126

75-65-0 tert-Butyl alcohol 7492 100.5 10.7 68 133
98-06-6 tert-Butylbenzene 10974 98.8 8.6 73 125
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Table 3. LCS Control Limits – Method 8260 Solid Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
127-18-4 Tetrachloroethene 12091 100.5 9.2 73 128
109-99-9 Tetrahydrofuran 8039 98 12.4 61 135
108-88-3 Toluene 12499 99.3 7.3 77 121
2037-26-5 Toluene-d8 6232 100.7 5.2 85 116
156-60-5 trans-1,2-Dichloroethene 11849 99.2 8.6 74 125

10061-02-6 trans-1,3-Dichloropropene 11805 100.9 9.8 71 130
110-57-6 trans-1,4-Dichloro-2-butene 8307 98.6 12.3 62 136
79-01-6 Trichloroethene 12440 100.2 7.6 77 123

75-69-4 Trichlorofluoromethane 
[Freon-11 ] 11530 101 13.1 62 140

108-05-4 Vinyl acetate 7260 100.3 16.9 50 151
75-01-4 Vinyl chloride 12129 95.6 13.2 56 135

1330-20-7 Xylenes [total] 8623 100.7 7.7 78 124
104-51-8 n-Butylbenzene 10921 98.7 9.7 70 128
103-65-1 n-Propylbenzene 10947 98.9 8.8 73 125
91-20-3 Naphthalene 10602 95.6 11.2 62 129
95-47-6 o-Xylene 11940 100 7.7 77 123

99-87-6 p-Isopropyltoluene [p-
Cymene] 10953 100.3 9 73 127

76-01-7 Pentachloroethane 5957 102 11.1 69 135
107-12-0 Propionitrile [Ethyl cyanide] 6734 101 11.1 68 134
135-98-8 sec-Butylbenzene 10960 99 8.8 73 126
100-42-5 Styrene 11809 100.2 8 76 124

994-05-8 tert-Amyl methyl ether 
[TAME] 7153 99.8 8.9 73 126

75-65-0 tert-Butyl alcohol 7492 100.5 10.7 68 133
98-06-6 tert-Butylbenzene 10974 98.8 8.6 73 125

127-18-4 Tetrachloroethene 12091 100.5 9.2 73 128
109-99-9 Tetrahydrofuran 8039 98 12.4 61 135
108-88-3 Toluene 12499 99.3 7.3 77 121
2037-26-5 Toluene-d8 6232 100.7 5.2 85 116
156-60-5 trans-1,2-Dichloroethene 11849 99.2 8.6 74 125

10061-02-6 trans-1,3-Dichloropropene 11805 100.9 9.8 71 130
110-57-6 trans-1,4-Dichloro-2-butene 8307 98.6 12.3 62 136
79-01-6 Trichloroethene 12440 100.2 7.6 77 123

75-69-4 Trichlorofluoromethane 
[Freon-11 ] 11530 101 13.1 62 140

108-05-4 Vinyl acetate 7260 100.3 16.9 50 151
75-01-4 Vinyl chloride 12129 95.6 13.2 56 135

1330-20-7 Xylenes [total] 8623 100.7 7.7 78 124
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Table 4. LCS Control Limits – Method 8260 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
630-20-6 1,1,1,2-Tetrachloroethane 24511 101.1 7.6 78 124
71-55-6 1,1,1-Trichloroethane 28223 102.7 9.6 74 131
79-34-5 1,1,2,2-Tetrachloroethane 27450 96.4 8.3 71 121
79-00-5 1,1,2-Trichloroethane 27338 99.5 6.5 80 119

76-13-1 1,1,2-Trifluoro-1,2,2-
trichloroethane [Freon-113] 21122 103 11.1 70 136

75-34-3 1,1-Dichloroethane 28154 101.3 8 77 125
75-35-4 1,1-Dichloroethene 29436 101 10 71 131

563-58-6 1,1-Dichloropropene 23631 102 7.8 79 125
87-61-6 1,2,3-Trichlorobenzene 24271 98.7 10.1 69 129
96-18-4 1,2,3-Trichloropropane 24525 97.5 8 73 122

526-73-8 1,2,3-Trimethylbenzene 2965 100.9 6.2 82 120
120-82-1 1,2,4-Trichlorobenzene 25290 99.8 10.1 69 130
95-63-6 1,2,4-Trimethylbenzene 27917 99.6 8 76 124
96-12-8 1,2-Dibromo-3-chloropropane 24955 94.9 11.1 62 128

106-93-4 1,2-Dibromoethane 29096 99 7.2 77 121
95-50-1 1,2-Dichlorobenzene 27583 99.4 6.5 80 119

107-06-2 1,2-Dichloroethane 32965 100.3 9.2 73 128
17060-07-0 1,2-Dichloroethane-d4 8673 99.5 6.1 81 118
540-59-0 1,2-Dichloroethene 18667 100.2 7.1 79 121
78-87-5 1,2-Dichloropropane 27787 100.1 7.2 78 122

354-23-4 1,2-Dichlorotrifluoroethane 
[Freon 123a] 3144 103.1 10.9 70 136

108-70-3 1,3,5-Trichlorobenzene 10037 102.1 9.2 75 130
108-67-8 1,3,5-Trimethylbenzene 27820 99.5 8.1 75 124
106-99-0 1,3-Butadiene 1202 100.6 19.2 43 158
541-73-1 1,3-Dichlorobenzene 26951 99.7 6.5 80 119
142-28-9 1,3-Dichloropropane 23811 99.1 6.5 80 119
542-75-6 1,3-Dichloropropene 9784 99.9 7.6 77 123
106-46-7 1,4-Dichlorobenzene 27715 98.3 6.5 79 118
105-05-5 1,4-Diethylbenzene 1980 98.4 6.4 79 118
123-91-1 1,4-Dioxane 17866 99 13.4 59 139
544-10-5 1-Chlorohexane 5790 99.6 8 76 124

540-84-1 2,2,4-Trimethylpentane 
[Isooctane] 5432 95.2 12.3 58 132

594-20-7 2,2-Dichloropropane 23775 99.7 13.2 60 139
75-85-4 2-Butanol 4332 92.7 9.1 66 120
78-93-3 2-Butanone [MEK] 26659 99.6 14.6 56 143

126-99-8 2-Chloro-1,3-butadiene 15673 100 11.7 65 135
110-75-8 2-Chloroethyl vinyl ether 18225 94.7 14.7 51 139
95-49-8 2-Chlorotoluene 23750 100 7.2 79 122

591-78-6 2-Hexanone 25368 97.9 13.5 57 139
91-57-6 2-Methylnaphthalene 3754 79.4 20.9 17 142
79-46-9 2-Nitropropane 10213 92.6 14.5 49 136
67-63-0 2-Propanol [Isopropyl alcohol] 2034 98.8 14.4 56 142

624-95-3 3,3-Dimethyl-1-butanol 6491 90.9 13.9 49 133
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Table 4. LCS Control Limits – Method 8260 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
460-00-4 4-Bromofluorobenzene 9971 99.7 4.9 85 114
106-43-4 4-Chlorotoluene 23616 99.9 7.4 78 122
108-10-1 4-Methyl-2-pentanone [MIBK] 25796 98.5 10.6 67 130
67-64-1 Acetone 25006 99.5 20.1 39 160
75-05-8 Acetonitrile 13308 95.8 15.2 50 142

106-99-0 1,3-Butadiene 1202 100.6 19.2 43 158
541-73-1 1,3-Dichlorobenzene 26951 99.7 6.5 80 119
142-28-9 1,3-Dichloropropane 23811 99.1 6.5 80 119
542-75-6 1,3-Dichloropropene 9784 99.9 7.6 77 123
106-46-7 1,4-Dichlorobenzene 27715 98.3 6.5 79 118
105-05-5 1,4-Diethylbenzene 1980 98.4 6.4 79 118
123-91-1 1,4-Dioxane 17866 99 13.4 59 139
544-10-5 1-Chlorohexane 5790 99.6 8 76 124

540-84-1 2,2,4-Trimethylpentane 
[Isooctane] 5432 95.2 12.3 58 132

594-20-7 2,2-Dichloropropane 23775 99.7 13.2 60 139
75-85-4 2-Butanol 4332 92.7 9.1 66 120
78-93-3 2-Butanone [MEK] 26659 99.6 14.6 56 143

126-99-8 2-Chloro-1,3-butadiene 15673 100 11.7 65 135
110-75-8 2-Chloroethyl vinyl ether 18225 94.7 14.7 51 139
95-49-8 2-Chlorotoluene 23750 100 7.2 79 122

591-78-6 2-Hexanone 25368 97.9 13.5 57 139
91-57-6 2-Methylnaphthalene 3754 79.4 20.9 17 142
79-46-9 2-Nitropropane 10213 92.6 14.5 49 136
67-63-0 2-Propanol [Isopropyl alcohol] 2034 98.8 14.4 56 142

624-95-3 3,3-Dimethyl-1-butanol 6491 90.9 13.9 49 133
460-00-4 4-Bromofluorobenzene 9971 99.7 4.9 85 114
106-43-4 4-Chlorotoluene 23616 99.9 7.4 78 122
108-10-1 4-Methyl-2-pentanone [MIBK] 25796 98.5 10.6 67 130
67-64-1 Acetone 25006 99.5 20.1 39 160
75-05-8 Acetonitrile 13308 95.8 15.2 50 142

107-02-8 Acrolein [Propenal] 16380 96.8 19.3 39 155
107-13-1 Acrylonitrile 20173 99 11.9 63 135
107-05-1 Allyl chloride 15758 99 10.4 68 130
71-43-2 Benzene 34376 99.4 6.9 79 120

100-44-7 Benzyl chloride 10675 90.1 15.9 42 138
108-86-1 Bromobenzene 23762 99.7 6.7 80 120
74-97-5 Bromochloromethane 24356 100.8 7.5 78 123
75-27-4 Bromodichloromethane 26888 101.8 7.8 79 125
75-25-2 Bromoform 27675 97.8 10.8 66 130
74-83-9 Bromomethane 26717 97 14.7 53 141
75-15-0 Carbon disulfide 25719 98.8 11.5 64 133
56-23-5 Carbon tetrachloride 28870 103.8 10.7 72 136

108-90-7 Chlorobenzene 29802 100 6.1 82 118
124-48-1 Chlorodibromomethane 27424 100 8.5 74 126
75-45-6 Chlorodifluoromethane 7197 84.4 14.9 40 129
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Table 4. LCS Control Limits – Method 8260 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
75-00-3 Chloroethane 27069 99 13 60 138
67-66-3 Chloroform 29373 101.1 7.5 79 124
74-87-3 Chloromethane 27697 94.5 15 50 139

156-59-2 cis-1,2-Dichloroethene 27935 100.1 7.5 78 123
10061-01-5 cis-1,3-Dichloropropene 27197 99.5 8 75 124
1476-11-5 cis-1,4-Dichloro-2-butene 1524 101.5 14.9 57 146
110-82-7 Cyclohexane 20438 100.4 10 71 130
1868-53-7 Dibromofluoromethane 5702 99.1 6.5 80 119
74-95-3 Dibromomethane 24473 101.1 7.3 79 123

75-71-8 Dichlorodifluoromethane 
[Freon-12] 25410 92 20.1 32 152

107-02-8 Acrolein [Propenal] 16380 96.8 19.3 39 155
107-13-1 Acrylonitrile 20173 99 11.9 63 135
107-05-1 Allyl chloride 15758 99 10.4 68 130
71-43-2 Benzene 34376 99.4 6.9 79 120

100-44-7 Benzyl chloride 10675 90.1 15.9 42 138
108-86-1 Bromobenzene 23762 99.7 6.7 80 120
74-97-5 Bromochloromethane 24356 100.8 7.5 78 123
75-27-4 Bromodichloromethane 26888 101.8 7.8 79 125
75-25-2 Bromoform 27675 97.8 10.8 66 130
74-83-9 Bromomethane 26717 97 14.7 53 141
75-15-0 Carbon disulfide 25719 98.8 11.5 64 133
56-23-5 Carbon tetrachloride 28870 103.8 10.7 72 136

108-90-7 Chlorobenzene 29802 100 6.1 82 118
124-48-1 Chlorodibromomethane 27424 100 8.5 74 126
75-45-6 Chlorodifluoromethane 7197 84.4 14.9 40 129
75-00-3 Chloroethane 27069 99 13 60 138
67-66-3 Chloroform 29373 101.1 7.5 79 124
74-87-3 Chloromethane 27697 94.5 15 50 139

156-59-2 cis-1,2-Dichloroethene 27935 100.1 7.5 78 123
10061-01-5 cis-1,3-Dichloropropene 27197 99.5 8 75 124
1476-11-5 cis-1,4-Dichloro-2-butene 1524 101.5 14.9 57 146
110-82-7 Cyclohexane 20438 100.4 10 71 130
1868-53-7 Dibromofluoromethane 5702 99.1 6.5 80 119
74-95-3 Dibromomethane 24473 101.1 7.3 79 123

75-71-8 Dichlorodifluoromethane 
[Freon-12] 25410 92 20.1 32 152

75-43-4 Dichlorofluoromethane 1504 101.5 9.8 72 131
60-29-7 Diethyl ether 17189 98.6 10.2 68 129

108-20-3 Diisopropyl ether 22989 97.5 10.3 67 128
64-17-5 Ethanol 9543 99.2 17.1 48 151

141-78-6 Ethyl acetate 9208 96.8 13.9 55 138
97-63-2 Ethyl methacrylate 16674 98.7 9 72 126

637-92-3 Ethyl tert-butyl ether 19841 98.3 9.4 70 127
100-41-4 Ethylbenzene 33325 99.8 7 79 121
462-06-6 Fluorobenzene 1373 97.9 6.1 80 116

ENV-SOP-MTJL-0100, Rev 03



80 of 86

STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0100 Volatile Organic Compounds by GC/MS 

(EPA 8260B, 8260C, 624, 624.1, and SM6200 B)
ISSUER: Pace National – Mt. Juliet, Tennessee
© 2019 Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

Table 4. LCS Control Limits – Method 8260 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
142-82-5 Heptane 11878 94.4 15 49 140
87-68-3 Hexachlorobutadiene 23535 100.1 11.3 66 134
67-72-1 Hexachloroethane 8718 102.9 10.3 72 134

110-54-3 Hexane 15545 95.5 15.9 48 143
74-88-4 Iodomethane 20229 100 10.4 69 131
78-83-1 Isobutyl alcohol 14123 97.7 11.7 63 133

108-21-4 Isopropyl acetate [Acetic acid] 7216 97.8 11.6 63 133
98-82-8 Isopropylbenzene 28636 101.5 9.9 72 131

179601-23-1 m/p-Xylene [3/4-Xylene] 28168 100.5 6.9 80 121
126-98-7 Methacrylonitrile 15982 97.9 11.6 63 133
79-20-9 Methyl acetate 19698 96 13.2 56 136
80-62-6 Methyl methacrylate 16524 97.7 10.2 67 128

1634-04-4 Methyl tert-butyl ether [MTBE] 29660 97.3 8.8 71 124
108-87-2 Methylcyclohexane 20025 101.8 10.1 72 132
75-09-2 Methylene chloride 27659 99.4 8.3 74 124

123-86-4 n-Butyl acetate 7247 96.8 9.4 69 125
75-43-4 Dichlorofluoromethane 1504 101.5 9.8 72 131
60-29-7 Diethyl ether 17189 98.6 10.2 68 129

108-20-3 Diisopropyl ether 22989 97.5 10.3 67 128
64-17-5 Ethanol 9543 99.2 17.1 48 151

141-78-6 Ethyl acetate 9208 96.8 13.9 55 138
97-63-2 Ethyl methacrylate 16674 98.7 9 72 126

637-92-3 Ethyl tert-butyl ether 19841 98.3 9.4 70 127
100-41-4 Ethylbenzene 33325 99.8 7 79 121
462-06-6 Fluorobenzene 1373 97.9 6.1 80 116
142-82-5 Heptane 11878 94.4 15 49 140
87-68-3 Hexachlorobutadiene 23535 100.1 11.3 66 134
67-72-1 Hexachloroethane 8718 102.9 10.3 72 134

110-54-3 Hexane 15545 95.5 15.9 48 143
74-88-4 Iodomethane 20229 100 10.4 69 131
78-83-1 Isobutyl alcohol 14123 97.7 11.7 63 133

108-21-4 Isopropyl acetate [Acetic acid] 7216 97.8 11.6 63 133
98-82-8 Isopropylbenzene 28636 101.5 9.9 72 131

179601-23-1 m/p-Xylene [3/4-Xylene] 28168 100.5 6.9 80 121
126-98-7 Methacrylonitrile 15982 97.9 11.6 63 133
79-20-9 Methyl acetate 19698 96 13.2 56 136
80-62-6 Methyl methacrylate 16524 97.7 10.2 67 128

1634-04-4 Methyl tert-butyl ether [MTBE] 29660 97.3 8.8 71 124
108-87-2 Methylcyclohexane 20025 101.8 10.1 72 132
75-09-2 Methylene chloride 27659 99.4 8.3 74 124

123-86-4 n-Butyl acetate 7247 96.8 9.4 69 125
71-36-3 n-Butyl alcohol 10122 95.1 12 59 131

104-51-8 n-Butylbenzene 24088 101.1 8.8 75 128
109-60-4 n-Propyl acetate 602 100.8 8.3 76 126
103-65-1 n-Propylbenzene 24419 101 8.5 76 126
91-20-3 Naphthalene 27847 94.6 11.3 61 128
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Table 4. LCS Control Limits – Method 8260 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
95-47-6 o-Xylene 31776 100 7.2 78 122

99-87-6 p-Isopropyltoluene [p-
Cymene] 24335 102 8.5 77 127

76-01-7 Pentachloroethane 11688 101.1 10.7 69 133
109-66-0 Pentane 3915 74.8 19.7 16 134
107-12-0 Propionitrile [Ethyl cyanide] 15701 99.9 12 64 136
135-98-8 sec-Butylbenzene 24191 101.1 8.1 77 126
100-42-5 Styrene 26985 100.5 7.6 78 123

994-05-8 tert-Amyl methyl ether 
[TAME] 19726 98.1 10.1 68 128

75-65-0 tert-Butyl alcohol 21112 98.6 10.1 68 129
762-75-4 tert-Butyl formate 6651 98.1 11.1 65 132
98-06-6 tert-Butylbenzene 23919 101 7.7 78 124

127-18-4 Tetrachloroethene 29017 101.3 9.3 74 129
109-99-9 Tetrahydrofuran 18021 95 12.8 57 133
108-88-3 Toluene 33510 100.1 6.8 80 121
2037-26-5 Toluene-d8 9809 100.4 3.8 89 112
156-60-5 trans-1,2-Dichloroethene 27663 99.5 8.2 75 124

10061-02-6 trans-1,3-Dichloropropene 27134 100 8.9 73 127
110-57-6 trans-1,4-Dichloro-2-butene 19320 91.5 16.1 43 140
79-01-6 Trichloroethene 30150 101.1 7.3 79 123
75-69-4 Trichlorofluoromethane 26108 103 12.8 65 141
71-36-3 n-Butyl alcohol 10122 95.1 12 59 131

104-51-8 n-Butylbenzene 24088 101.1 8.8 75 128
109-60-4 n-Propyl acetate 602 100.8 8.3 76 126
103-65-1 n-Propylbenzene 24419 101 8.5 76 126
91-20-3 Naphthalene 27847 94.6 11.3 61 128
95-47-6 o-Xylene 31776 100 7.2 78 122

99-87-6 p-Isopropyltoluene [p-
Cymene] 24335 102 8.5 77 127

76-01-7 Pentachloroethane 11688 101.1 10.7 69 133
109-66-0 Pentane 3915 74.8 19.7 16 134
107-12-0 Propionitrile [Ethyl cyanide] 15701 99.9 12 64 136
135-98-8 sec-Butylbenzene 24191 101.1 8.1 77 126
100-42-5 Styrene 26985 100.5 7.6 78 123

994-05-8 tert-Amyl methyl ether 
[TAME] 19726 98.1 10.1 68 128

75-65-0 tert-Butyl alcohol 21112 98.6 10.1 68 129
762-75-4 tert-Butyl formate 6651 98.1 11.1 65 132
98-06-6 tert-Butylbenzene 23919 101 7.7 78 124

127-18-4 Tetrachloroethene 29017 101.3 9.3 74 129
109-99-9 Tetrahydrofuran 18021 95 12.8 57 133
108-88-3 Toluene 33510 100.1 6.8 80 121
2037-26-5 Toluene-d8 9809 100.4 3.8 89 112
156-60-5 trans-1,2-Dichloroethene 27663 99.5 8.2 75 124

10061-02-6 trans-1,3-Dichloropropene 27134 100 8.9 73 127
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Table 4. LCS Control Limits – Method 8260 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
110-57-6 trans-1,4-Dichloro-2-butene 19320 91.5 16.1 43 140
79-01-6 Trichloroethene 30150 101.1 7.3 79 123

75-69-4 Trichlorofluoromethane 
[Freon-11] 26108 103 12.8 65 141

108-05-4 Vinyl acetate 18941 100.2 15.3 54 146
75-01-4 Vinyl chloride 29472 97.4 13.2 58 137

1330-20-7 Xylenes [total] 23426 100.1 7 79 121
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STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0129 Closed System Purge-and-Trap and Extraction for Volatile 

Organics in Soil and Waste Samples (EPA Method 5035A)
ISSUER: Pace National – Mt. Juliet, Tennessee

© 2019 Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released, or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

1.0 SCOPE AND APPLICATION

STATE NOTE: For samples analyzed in conjunction with the Ohio Voluntary Action Program 
(VAP) please utilize ENV-SOP-MTJL-0128.

1.1 There are various techniques by which volatile organic compounds (VOC) may be 
introduced into the GC or GC/MS analytical system. Purge-and-trap, by Method 5030B 
(aqueous samples) and 5035A (solid and waste samples) are the most commonly used 
techniques for VOC analytes.  

1.2 This procedure describes a closed-system purge-and-trap process for the analysis of low 
concentrations of volatile organic compounds (VOCs) in soils/sediments and solid waste. 
Guidance is also provided for sample preparation of soils, solid waste, aqueous and non-
aqueous liquids with high concentrations of volatile organics. 

1.3 This procedure contains provisions for the analysis of both low and high VOC concentration 
samples.  

1.3.1 This method differs from the previously utilized EPA soil method (EPA Method 
5030B), in that this procedure utilizes a hermetic sealed sample vial that is never 
compromised from the time of sample collection to VOC analysis. Since the 
sample is never exposed to the atmosphere after sampling, or during subsequent 
transportation, handling and analysis, the loss of VOCs is negligible.  As a result, 
the resulting data obtained using this procedure would be expected to be more 
representative of the actual soil analyte contamination at time of sampling than 
that obtained using the original low soil method 

1.3.2 The applicable concentration range of the low soil method is dependent on the 
determinative method, matrix, and compounds of interest. However, it generally 
falls in the 0.1 to 200!g/kg range.

1.3.3 The high concentration procedure utilized within EPA 5035A is similar to the 
high-level dilution process as originally contained in EPA 5030B, except in the 
5035A version, the samples are placed directly into pre-measured methanol vials 
in the field. 

1.3.4 The concentration range for high concentration analysis of soil and waste 
samples is in the 1 to 20mg/kg range. However, this is highly dependent on 
matrix interferences.

1.4 Method 5035A can be used for most volatile organic compounds that have boiling points
below 200°C and are insoluble or slightly soluble in water. Volatile, water-soluble 
compounds can be included in this analytical technique; however, quantitation limits (by 
GC or GC/MS) can be as much as 50 times higher due to poor purging efficiency. This 
method is also limited to compounds that elute as sharp peaks from a GC column packed 
with graphitized carbon lightly coated with a carbowax or a coated capillary column. 
Compounds that meet these requirements include low molecular weight halogenated 
hydrocarbons, aromatics, ketones, nitriles, acetates, acrylates, ethers, and sulfides.
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1.5 Method 5035A, used in conjunction with Method 8015 (GC/FID), is used for the analysis 
of the aliphatic hydrocarbon fraction in the light ends of total petroleum hydrocarbons, 
e.g., gasoline. For the aromatic fraction (BTEX), use Method 5035A with Method 8021 
(GC/PID) or Method 8260 (GC/MS). A total determinative analysis of gasoline fractions is 
obtained using Method 5035A sample preparation on a system that is capable of 
analyzing Method 8021B (PID) in series with Method 8015B (FID) or by Method 8260 
(GCMS).  

1.6 Samples should be screened, prior to application of this method, to avoid contamination 
of the analytical system by samples that fall beyond the working range of the low 
concentration method. The procedure is identified in ENV-SOP-MTJL-0102, Volatile 
Organic Compounds Screening Using the RAE Systems Photoionization Gas Detector 
Model MiniRAE 3000. 

1.7 An MDL study for each determinative method that utilizes this preparative process must 
be completed at least annually or more frequently if major instrumentation changes 
occur.  Method Detection Limits (MDLs) are performed based on ENV-SOP-MTJL-0016.  
Updated MDL records are filed and stored in a central location within the department.

1.7.1 Limit of Detection (LOD) and Limit of Quantitation (LOQ) studies are completed 
at the frequency required by the TNI standard per the procedure identified in the 
ENV-SOP-MTJL-0016, Method Detection Limits (MDL), Limits of Detection 
(LOD) and Limits of Quantitation (LOQ). Should the procedure be utilized for 
DOD support; then the frequency of these studies must meet the requirements of 
the current DOD QSM.

1.8 This method is restricted to use by or under the supervision of trained analysts. Each 
analyst must demonstrate the ability to generate acceptable results with this method.

2.0 METHOD SUMMARY AND DEFINITIONS

2.1 Low Concentration Method: Volatile organic compounds (VOCs) are determined from a 
5g soil sample placed into a specially prepared 40mL provided by the laboratory. This 
must be minimally performed in duplicate to accommodate for re-analysis if necessary.  
After the soil sample is placed in the vial, the vial is sealed at the collection site and 
shipped to a laboratory. The entire uncompromised vial is then placed directly into the 
instrument autosampler. Immediately prior to analysis, the autosampler adds reagent 
water, surrogate standards and internal standards to the sample without breaking the 
hermetic seal on the sample vial. The vial contents are then mechanically agitated by 
rapidly rotating the enclosed magnetic stir bar. The resulting slurry is preheated to 40°C 
then purged by bubbling an inert gas through a needle inserted through the top of the 
vial. The purged volatile components then travel via a transfer line to a trap. When 
purging is complete, the trap is swiftly heated and back flushed with a carrier gas to 
transfer the desorbed sample components onto a gas chromatographic (GC) column.  
The GC analytical system separates and transports the sample components to the 
instrument detector used in the determinative method.

ENV-SOP-MTJL-0129, Rev 02
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Low Concentration Alternate Method: A 5g soil sample can also be taken in the field 
using an Encore, or equivalent, sampling device and capped immediately following 
sampling with the caps provided with the samplers. Each sample must be collected in 
duplicate to allow for re-analysis, if necessary. The sample is then returned to the foil 
pouch, also provided with the sampler, and returned to the laboratory within 48 hours of 
collection. Upon receipt in the laboratory, the samples are prepped with the proper 
preservative, i.e. sodium bisulfate, or frozen until required for analysis. During the 
preparation for analysis, a tared 40mL vial containing 5mL of preservative and a 
magnetic stir bar is prepared for each sampler. The sample collected is then ejected from 
the sampler into the preservative solution. This process must be performed quickly to 
prevent the loss of volatile components in the sample.

STATE NOTE:  Soil and Water samples received from the states of Missouri or Kansas 
must be preserved with tri-sodium phosphate and have a resulting pH > 
11.

2.2 High Concentration Method: In the field, an additional 5g portion of the sample is placed 
in a 40mL vial containing a water miscible solvent, i.e. methanol, to dissolve the volatile 
organic constituents. The contents of this vial are used when the concentration of 
analytes in the sample is beyond the upper calibration range in the low concentration 
method. An aliquot of the solvent is removed in the laboratory and dispersed into the 
appropriate volume of reagent water in a 40mL vial. The resulting sample dilution is then 
analyzed using the same analytical process as the low concentration method.

2.2.1 Data generated from soil samples prepared in methanol on Agilent™ 5977A or 
5977B instruments (with an extractor ion or high efficiency source) may be 
reported to low-level MDL/RL values due to the enhanced sensitivity associated 
with these instruments.

2.3 See the current Quality Assurance Manual for definitions associated with terms found in 
this document.

3.0 HEALTH AND SAFETY

The toxicity or carcinogenicity of each reagent used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to 
these compounds should be as low as reasonably achievable. A reference file of safety data 
sheets (SDSs) is made available on Pace National’s intranet to all personnel. Use hazardous 
reagents in a fume hood whenever possible and if eye or skin contact occurs, flush with large 
volumes of water. Always wear safety glasses or a shield for eye protection, protective clothing 
and observe proper mixing protocols. 

4.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE

4.1 All samples must have been collected using a sampling plan that addresses the 
considerations of this method.

4.2 Sample Collection – sampling kits specifically designed to sample and preserve soils for 
volatile organic analytes are compiled by the laboratory using pre-weighed and pre-
preserved vials that are purchased from an approved provider.   

ENV-SOP-MTJL-0129, Rev 02
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4.2.1 Sample Collection Kit – sampling kits for VOC soil samples contain at a 
minimum, one 2oz. jar for bulk sample collection, 2-40mL pre-weighed vials 
containing a magnetic stir bar, and a 5mL aliquot of preservative solution. The 
preservative solution in these vials is 20% sodium bisulfate solution in reagent 
water. Also included in the kit is a 40mL vial containing 5mL purge and trap 
grade methanol. The kit also contains a core sampler. Terra Core samplers are 
routinely used but equivalent samplers may be utilized depending on project 
specific needs. Samples are collected by field personnel and resealed then 
transported to the laboratory chilled at ≤6°C (not frozen).

4.2.2 Alternate kits can be provided with core samplers and a 2oz. jar for sample 
collection. Samples are collected by field personnel and resealed then 
transported to the laboratory chilled at ≤6°C (not frozen). Upon receipt, samples 
are frozen extending the holding time to 14 days. 

NOTE:  Unprepared bulk samples coming into the laboratory are prepped as two 
low concentration samples and one high concentration sample if 
sufficient sample has been provided unless the samples are not 
requesting full list analysis, then only one high concentration sample is 
prepared for GC/MS analysis. Any additional sample is not prepped.  

NOTE: Terra Core or equivalent soil core samplers are designed for single use 
and are not to be used for more than one sampling point to avoid cross 
contamination. 

NOTE:  Low concentration samples that are NOT preserved with sodium 
bisulfate must be analyzed within 48 hours of collection or frozen.

NOTE:  Samples selected for the matrix spike and matrix spike duplicate 
samples must be sampled using at a minimum 4-40mL vials containing 
sodium bisulfate preservative.  

NOTE:  If preserved vials are not available in the field, each soil sampler is 
capped and placed in a labeled foil bag. These samples must arrive at 
the laboratory within 48 hours where the sample is ejected from the 
sampler into a pre-weighed (to 0.01g) vial containing the appropriate 
preservative then placed in cold storage at ≤6°C (not frozen). 

4.3 Sample Storage 

4.3.1 Store all sample containers at ≤6°C (not frozen) until analysis. Use the sample 
storage area in the VOC lab to ensure that they are isolated from potential 
solvent vapors routinely present in some areas of the laboratory.

4.3.2 All samples must be analyzed within the appropriate holding time per method
(see determinative methods).  Low concentration samples without preservatives 
must be analyzed within 48 hours of collection or frozen and then must be 
analyzed within the appropriate holding time per method (see determinative 
methods).  
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5.0 INTERFERENCES

5.1 Samples can be contaminated by diffusion of volatile organics (particularly methylene 
chloride and fluorocarbons) through the septum seal of the sample vial during shipment 
and storage. A trip blank, prepared from organic-free reagent water and carried through 
sampling and handling protocol, serves as a check on such contamination.

5.2 Soil samples that contain carbonate/bicarbonate minerals (either from natural sources or 
applied as an amendment) can effervesce upon contact with the acidic preservative 
solution in the low concentration sample vial. If a large amount of effervescent gas is 
generated, the sample may lose a significant amount of volatile analyte.  

NOTE:  Samples that effervesce must be collected unpreserved in 5mL of reagent grade 
water and frozen within 48 hours of collection.

6.0 EQUIPMENT AND SUPPLIES

6.1 Sampling Kits

6.1.1 40mL clear or amber vials available from Quality Environmental Containers 
(QEC), or equivalent, containing 5mL of a 20% sodium bisulfate solution, catalog 
number 3112-40NahST (clear) and 3122-40NahST (amber)

6.1.2 40mL clear or amber vials available from QEC, or equivalent, containing 5mL of 
purge and trap grade methanol, catalog number 3112-40CH3T (clear) and 3122-
40CH3T (amber)

6.1.3 Pre-cleaned 2 or 4oz. soil jar purchased from an acceptable supplier

6.1.4 Terra Core samplers, QEC catalog number 0535-0003, or equivalent

6.1.5 Alternate sampling kits may be available depending on specific regulatory or 
client needs  

6.2 For specific analytical equipment used for the analysis of samples prepared using this 
procedure, see the SOP for the specific determinative method.

6.3 Top-loading balance – accuracy of 0.01g required

6.4 Stainless Steel Spatula or Disposable wood

7.0 REAGENTS AND STANDARDS

7.1 All reagents and standards must be recorded in the appropriate preparation log and 
assigned a unique number. See ENV-SOP-MTJL-0041, Standards Logger – Tree 
Operation. Additional information regarding reagent preparation can be found in the 
Standards Logger (Tree) digital archive system. All spiking solutions and surrogate 
standard solutions should be replaced at least every six (6) months or sooner if a 
problem is detected unless otherwise noted.  

7.2 Organic-free reagent water - Nanopure or equivalent

7.3 Methanol, CH3OH – Purge and Trap grade or equivalent. The methanol must be stored 
separately from other solvents.

7.4 Sodium Bisulfate, Na2S2O3 - QEC Level 3 Certified or equivalent

ENV-SOP-MTJL-0129, Rev 02
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8.0 PROCEDURE

8.1 Sample vials returned from the field are assessed during sample log-in and are then 
logged and stored according to established laboratory procedures.

8.1.1 Frozen samples: Samples are removed from the Encore-type sampling device 
and placed in tared 40mL vials with 5mL water and a magnetic stir bar. The 
samples are then re-weighed to determine the exact weight of the sample 
submitted and placed on the autosampler for processing.

8.1.2 Samples preserved in pre-weighed vials with sodium bisulfate preservation:  
Sample vials are weighed to determine the exact weight of the sample collected 
and placed on the autosampler for processing.

STATE NOTE:  For samples taken in association with Minnesota regulatory requirements, 
a 25g portion of the sample is placed into a 60mL vial with 25mL of 
methanol by the field sampler. If the weight of the soil exceeds 35g, the 
sample must be discarded and communicated with the project manager. 
The project manager will then give further instructions on how to proceed.  
If the weight of the soil is >26g, but <35g, additional methanol is added 
until the total volume of methanol in mL equals the weight of the soil in 
grams.

8.2 Samples being analyzed are removed from storage and placed directly on the autosampler 
in the appropriate vial location according to the instrument sequence established by the 
analyst.

8.3 To prepare a water method blank, LCS for analysis, fill a 40mL VOA vial to the top with 
no headspace. To prepare a soil method blank, LCS for analysis, place 5.0g of blank 
matrix (e.g., Ottawa sand, glass beads) and 5mL of reagent water into a 40mL vial.

8.3.1 For the LCS samples, spike the appropriate volume of matrix spike working 
standard solution into the prepared vial prior to placement on the autosampler.  
For specific information regarding spiking solutions, including analytes used, 
concentration of the spiking solution, providers, etc., please see the specific 
determinative method for the analysis required.     

8.4 For waters, place the sample in the autosampler without disturbing the hermetic seal on 
the sample vial. The autosampler is programmed to pull approximately 5mL of the 
sample and transfer the sample along with the internal standards, and the surrogate 
compounds to the sparge tube. For soils, place the sample in the autosampler without 
disturbing the hermetic seal on the sample vial. The autosampler is programmed to add 
approximately 5mL of organic-free reagent water, the internal standards, and the 
surrogate compounds. Other volumes of organic-free reagent water may be used. 
However, it is imperative that all samples, blanks, and calibration standards use exactly 
the same final volume.

NOTE: Soil samples that have data generated on Agilent 5977A or 5977B instruments 
[with an extractor ion or high efficiency source] may be reported to low-level MDL/RL 
values due to enhanced sensitivity associated with these instruments and follow the 
same procedure in Section 8.4.
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8.4.1 For specific information regarding the solution used for the addition of surrogates 
and internal standards, including analytes used, concentration of the solution, 
providers, etc., please see the specific determinative method for the analysis 
required.   

8.5 Purge the sample at the pre-determined flow rate for the target analyte group with helium 
or another inert gas for approximately 11 minutes while the sample is being agitated. The 
purged analytes are allowed to flow out of the vial through a glass-lined heated transfer 
line to a trap packed with suitable sorbent materials. 

8.6 After the purge, the system switches to desorb mode. The trap is rapidly heated to the 
programmed desorption temperature in the absence of carrier gas or purge flow. Then, 
the purge and trap device simultaneously, 1) Starts the flow of desorption gas at about 10 
mL/minute for about two minutes (1.5 min is normally adequate for analytes in Method 
8015); 2) Begins the temperature program of the gas chromatograph; and 3) starts data 
acquisition system.

8.7 After sample desorption is complete, the trap is reconditioned for the next sample by 
baking the trap while backflushing. Bakeout times and temperatures are dependent on 
the determinative method and trap packing materials. After the bakeout is completed, the 
trap is cooled, and the next sample can be analyzed.

8.8 It is highly recommended that all samples be screened prior to analysis. Samples may 
contain percent quantities of purgeable organics that contaminate the analytical system 
requiring extensive cleanup and instrument downtime. See ENV-SOP-MTJL-0102 for 
VOC Screening Procedures.

9.0 DATA ANALYSIS AND CALCULATIONS

See the appropriate determinative SOP.

10.0 QUALITY CONTROL AND METHOD PERFORMANCE

10.1 All analysts must meet the qualifications specified in ENV-SOP-MTJL-0015, Technical 
Training and Personnel Qualifications before approval to perform this method. Analysts 
must complete an initial demonstration of proficiency before being approved to perform 
this method. Continuing proficiency must be demonstrated using proficiency testing, 
laboratory control sample analysis and/or MDL studies. Method performance is assessed 
per analyst. Updated method performance records are filed and stored in a central 
location within the department.

10.2 Use the designated Run log to record batch order and standards/reagents used during 
analysis. See ENV-SOP-MTJL-0014, Data Handling and Reporting.

10.3 Batches are defined as sets of 1 - 20 samples.  Batch analysis must include the following: 
1 method blank, 1 Laboratory Control Sample (LCS), 1 Matrix Spike/Spike Duplicate 
(MS/MSD) pair. Additional instrument/method quality control samples may be necessary 
as required by each determinative method or specific regulatory agency.

10.4 See the specific determinative SOP for further information on method validation 
requirements.

11.0 DATA VALIDATION AND CORRECTIVE ACTION

11.1 Second analyst review must be performed according to ENV-SOP-MTJL-0014, Data 
Handling and Reporting.

ENV-SOP-MTJL-0129, Rev 02



10 of 13

STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0129 Closed System Purge-and-Trap and Extraction for Volatile 

Organics in Soil and Waste Samples (EPA Method 5035A)
ISSUER: Pace National – Mt. Juliet, Tennessee

© 2019 Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released, or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

11.2 Samples not analyzed within the standard holding time periods must be flagged with “Q” 
for sample held beyond holding time. The LIMS Final Client Report is paginated and 
includes a definition page of all qualifiers used.

11.3 See ENV-SOP-MTJL-0018, Corrective and Preventive Action.

11.4 See the specific determinative SOP for further information on corrective actions.

12.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

12.1 The EPA requires that laboratory waste management practices be conducted consistent 
with all applicable federal and state laws and regulations. Excess reagents, samples and 
method process wastes must be characterized and disposed of in an acceptable manner. 
See Pace National Waste Management Plan.  

12.2 See ENV-SOP-MTJL-0046, Environmental Sustainability & Pollution Prevention.

13.0 METHOD MODIFICATIONS/CLARIFICATIONS

13.1 The high concentration procedure identified in this method utilizes a 5-gram field sample 
preserved in 5mL of purge and trap grade methanol. This process has been 
demonstrated by the laboratory to be acceptable and provides for ease of use for our 
clients. The Terra Core samplers can be used for sampling the methanolic portion of the 
sampling kit as well as the low concentration vials. As written, the EPA method utilizes a 
4-gram field sample in 10mL methanol. This is problematic for field samplers where 
balance use may not be routine, or a balance is not available.

13.2 Modifications to this method are noted in the body of the text as state notes. Compliance 
analyses performed in conjunction with specific state requirements must be performed as 
noted within the specific state(s) note listed.

14.0 REFERENCES

14.1 Closed-System Purge-and-Trap and Extraction for Volatile Organics in Soil and Waste 
Samples, SW-846 Method 5035A, Revision 1, July 2002.

14.2 Sample Preparation for Volatile Organic Compounds, SW-846 Method 5000, Revision 0, 
December 1996.
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Attachment I:  Revision History

Current Version (Pace National):

Date Description of Revisions
1/8/2020 Technical and quality review. Added header and footer.

Superseded Versions (ESC Lab Sciences SOP #330751):

Version Date Description of Revisions
0 7/7/98 Origination
1 8/28/00
2 3/21/01
3 1/16/02
4 1/6/04
5 7/8/04
6 7/17/07 Technical and Quality Review and update.

7 2/17/09
Technical and Quality Review and update.  Clarification of holding times; 

clarification of low concentration preparation; inclusion of state notes; 
clarification of waste management.

8 8/31/11 Technical and Quality Review and update.  Added state notes in sections 
1.0 and 8.1.2; Revised section 1.5, 3.1, 4.1, 7.1, and 12.1.  

1/9/13 Reviewed with no changes per JD Gentry/D. Marlin

9 4/10/14 Technical and Quality Review and update.  Added sections 1.7.1, 2.10 
and 2.11; Revised state note in section 4.2.2 and section 7.1.  

10 10/29/2015
Technical and Quality Review and update.  Header and signature block 

re-formatting.  Revised Sections 1.0 State Note, 1.7.1, 4.2.2 3rd Note, 7.1, 
8.3, 8.3.1, 11.3, and 12.2.

11 10/17/2016
Technical and quality review and update.  Header and signature bar re-

formatting.  Revised Sections 2.1, 2.3, 4.3.2, 8.3, 8.4, 8.5, 14.1, and 14.2.  
Deleted Sections 2.3 through 2.11.

12 10/23/2017
Technical and quality review and update.  Changed ESC logo.  Revised 

Sections 1.3.2, 1.6, 2.1, 3.0, 4.2.2, 6.4, 7.2, 7.3, 8.1.2, 9.0, 10.3, and 
Attachment II.  Added Section 2.2.1.

Superseded Versions (Pace National):

Date Description of Revisions

12/13/2018

Technical and quality review and update.  Replaced logo.  Deleted header, footer and 
signature bar. Revised sections 1.0, 1.6, 1.7, 1.7.1, 3.0, 4.2.1, 4.2.2, 4.3.1, 6.1.1, 6.1.2, 
6.1.4, 6.1.5, 6.3, 6.4, 7.1, 7.2, 8.3, 8.3.1, 8.4, 8.8, 10.1, 10.2, 11.1, 11.3, 12.1, 12.2 and 

13.1.  Revised Attachment I.
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Attachment II:  QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS OF

HIGH CONCENTRATION SOILS/SEDIMENTS

Approximate Volume of

Concentration Range Methanol Extract a

100 – 1,000μg/kg 200μL

500 - 20,000μg/kg 50μL

10,000 - 100,000μg/kg 10μL

25,000 - 500,000μg/kg 50μL of 1/100 dilution b

Calculate appropriate dilution factor for concentrations exceeding those in this table.

a Volume of methanol extract added to a typical 5mL purge. Other volumes may be utilized to 
better satisfy analytical or project requirements. 

b  Dilution performed using secondary dilution of high concentration methanol extract. Dilute a 10μl 
into 1000μl then remove a 50μL aliquot of this extract.  

Note:  The volume of methanol extract must be minimized for optimum autosampler performance.  
Volumes of methanol in excess of 200μL have been known to cause interferences with early 
eluting analytes.
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Attachment III:  Client and project specific modifications

A. Haley and Aldrich of Ohio, Project: Buckeye Pipeline tier 1 sampling event – Samples taken using 
25gram Encore samplers.

A1.1 Encore samplers are shipped from the field meeting all the temperature preservation 
criteria required in accordance with EPA 5035.

A1.1.1 Chemical preservation of sample materials contained within samplers must occur 
within 48 hours of sampling. 

A1.1.2 Upon receipt by the laboratory, soil samples are quickly ejected from the 
samplers and weighed for a total sample weight per client instructions.

A1.1.3 Duplicate 5 gram portions are rapidly removed from the soil sample and placed in 
two separate labeled 40mL amber sample vials containing 0.2 grams of Sodium 
Bisulfate for every gram of sample and 5mL reagent water.

A1.1.4 In a third labeled vial, 8 grams of the remaining sample are placed in 10mL high 
purity methanol for use as high-level dilutions, if necessary.

A1.1.5 Additional sample materials are disposed of per laboratory requirements.

A1.1.6 Vials containing the prepared/preserved samples are chilled to 4° ∀ 2°C and 
have a holding time of 14 days.

A1.1.7 Samples are analyzed per the appropriate determinative method.
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STATE NOTE: For samples analyzed in conjunction with the Ohio Voluntary Action Program 
(VAP) please utilize ENV-SOP-MTJL-0211.

1.0 SCOPE AND APPLICATION

1.1 This cold vapor atomic absorption procedure is for determining the concentration of 
mercury in solids, sediments and sludge. The routine laboratory reporting limit is 
0.02mg/kg; however reporting limits are subject to change to better meet 
client/project/regulatory needs or to improve laboratory method performance.

1.2 An MDL study must be completed at least annually or more frequently if major 
instrumentation changes occur. Method Detection Limits (MDLs) are performed based on 
ENV-SOP-MTJL-0016. Updated MDL records are filed and stored in a central location 
within the department.

1.2.1 Limit of Detection (LOD) and Limit of Quantitation (LOQ) studies are completed 
at the frequency required by the TNI standard per the procedure identified in the
ENV-SOP-MTJL-0016, Method Detection Limits (MDL), Limits of Detection 
(LOD) and Limits of Quantitation (LOQ). Should the procedure be utilized for 
DoD support; then the frequency of these studies must meet the requirements of 
the current DoD QSM (see Attachment II).

1.3 Linear Dynamic Range (LDR) and Inter-element correction factor (IEC) studies must be
analyzed annually for each analytical instrument or when there are major changes/repairs 
to the instrument. 

2.0 METHOD SUMMARY AND DEFINITIONS

2.1 The goals of the mercury system are to convert all Hg species to Hg++ ions and break 
down all organic molecules in each sample. Organic molecules must be broken down to 
prevent their interference with mercury sample analysis. By adding an appropriate 
sequence of reagents to each sample and heating in a hot block for 30 minutes, all 
organic molecules are broken down and all Hg species are completely oxidized to Hg++

ions, used for cold vapor atomic absorption analysis.

2.2 A soil sample digestate with mercury in the divalent form enters the system and is mixed 
with a reducing agent (SnCl2) to form elemental mercury vapor. 

2.3 The dry vapor then enters the optical cell that has been optimized for fast response time and 
sensitivity.  A mercury light source emits a stable source of light at 253.7nm wavelength. The 
intensity of the light source passing through the mercury cold vapor cell is measured using a 
solid-state detector with a wide dynamic range. To measure the mercury concentration, the 
resulting sample absorbance signal is compared to the absorbance of the pure carrier gas 
flowing through the optical path under identical conditions.

2.4 Instrument Detection Limit (IDL) - The smallest signal above background noise that an 
instrument can reliably detect.

2.5 Linear Dynamic Range (LDR) – The concentration range where absorbance and 
concentration remain directly proportional to each other. A wide linear dynamic range 
permits the analysis of a wide range of sample concentrations (optical densities) and 
reduces sample preparation (dilution) requirements.
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2.6 Post Spike (PS) – A standard prepared from a previously analyzed spiked sample 
digestate that yielded reduced recovery for the target analyte due to a suspected matrix 
interferent.  

2.7 See the current Quality Assurance Manual for other definitions associated with terms 
found in this document.

3.0 HEALTH AND SAFETY

3.1 The toxicity or carcinogenicity of each chemical material used in the laboratory has not 
been fully established. Each chemical should be regarded as a potential health hazard 
and exposure to these compounds should be as low as reasonably achievable.

3.2 The laboratory maintains documentation of hazard assessments and OSHA regulations 
regarding the safe handling of the chemicals specified in each method. Safety data 
sheets (SDS) for all hazardous chemicals are available to all personnel. Employees must 
abide by the environmental, health, and safety (EHS) policies and procedures specified in 
this SOP and in the Pace National Chemical Hygiene / Safety Manual.

3.3 Personal protective equipment (PPE) such as safety glasses and/or side shields, gloves, 
a laboratory coat, and shoes that are not cloth, canvas, and/or perforated must be worn 
in designated areas and while handling samples and chemical materials to protect 
against physical contact with samples that contain potentially hazardous chemicals and 
exposure to chemical materials used in the procedure. When handling glass, needles, 
knives, or any material with a potential sharp edge, employees must use cut-resistant 
gloves. 

3.4 Concentrated corrosives present additional hazards and are damaging to skin and mucus 
membranes. Use these acids, bases, or oxidizers in a fume hood whenever possible with 
the appropriate PPE designed for handing these materials. If eye or skin contact occurs, 
flush with large volumes of water. When working with acids, always add acid to water to 
prevent violent reactions. Any processes that emit large volumes of solvents 
(evaporation/concentration processes) must be in a hood or apparatus that prevents
employee exposure. Fume hoods must be used for both the automated and manual 
preparation of mercury samples. Mercury vapor is toxic: precaution must be taken to 
avoid inhalation. 

3.5 Spill kits are located in each laboratory department. Employees are to familiarize 
themselves with the location and contents of each spill kit in their area.

3.6 Universal precautions should be observed when performing any tests or procedures. 
Hard surfaces, instrument surfaces may be contaminated and should be handled 
according to good laboratory practices. 

3.7 Contact your supervisor or local EHS coordinator with questions or concerns regarding 
safety protocol or safe handling procedures for this procedure. Any accidents involving 
personnel or sample supplies are to be reported immediately to either the Manager 
and/or to the Safety Officer.

4.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE

4.1 All samples must have been collected using a sampling plan that addresses the 
considerations of this method.

4.2 Soil samples are stored at 4°± 2°C.
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4.3 Holding times for field samples are 28 days from sample collection to preparation.  

4.4 All glassware must be washed with a laboratory detergent (e.g., Alconox), tap water 
rinsed, nitric acid rinsed and then rinsed with DI water. See ENV-SOP-MTJL-0057, 
Glassware Cleaning.

4.5 Samples can be collected in either plastic or glass containers.  

4.6 Samples submitted for analysis that do not meet the requirements contained within this 
section must be addressed before performing the logging process within the laboratory.  
In some cases, exceeding the appropriate preservation and storage criteria can cause 
significant bias in the resulting data. Clients may need to resubmit samples where the 
conditions during shipment cause uncertainty regarding sample integrity. If samples do 
not meet the requirements for preservation, sampling, shipment and storage and the 
client approves the completion of the analytical process, sample results can be qualified 
per the ENV-SOP-MTJL-0014, Data Handling and Reporting.

5.0 INTERFERENCES

5.1 Potassium permanganate is added to eliminate possible interference from sulfide.  The 
KMnO4 oxidizes the sulfides.

5.2 It has been reported that copper could cause interference though the laboratory has not 
detected this effect.

5.3 Chlorides can also cause interferences; so additional potassium permanganate is added 
to oxidize chloride to free chlorine. Free chlorine absorbs radiation at 254nm, so an 
excess of hydroxylamine sulfate is added to remove free chlorine.

5.4 Some volatile organic materials that absorb at 253.7nm could cause interference. If 
interference is a problem during a sample run, a preliminary run without reagents 
determine if this type of interference is present.

5.5 Linear Dynamic Range (LDR) study is performed by analyzing a solution of each element
at maximal concentration unless the result falls outside 10% RPD. The highest calibration
standard for each analyte cannot be greater than the LDR for that analyte.

6.0 EQUIPMENT AND SUPPLIES

6.1 Perkin Elmer FIMS400 Mercury Analyzer, Leeman Hydra II or equivalent

6.2 Polypropylene culture test tubes, 15mL and 50mL capacity

6.3 10mL graduated glass disposable serological pipettes (Pyrex or equivalent)

6.4 Class A 100mL volumetric flasks (Pyrex or equivalent)

6.5 Class A volumetric pipettes, 1mL and 5mL

6.6 8 cup capacity standards rack

6.7 98 cup capacity sample rack

6.8 50mL disposable polypropylene sample containers

6.9 Mettler analytical balance or equivalent

6.10 Bulk Liquid Compressed Argon gas, pre-purified, used as instrument carrier gas
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6.11 Precision Hot Block (Brand name - MOD Blocks or equivalent)

6.12 Computer software used: (AA WINLAB, version 2.50 or equivalent)

6.13 Sample introduction system (auto sampler) - (Model, instrument #1 & #3 is a Perkin 
Elmer AS91, and for instrument #2 a Perkin Elmer AS90, or equivalent)

6.14 Peristaltic pump, to pump reagents and samples through the detector

6.15 Computer used is a COMPAQ or equivalent

6.16 Adjustable-volume pipetter (Eppendorf, or equivalent)

7.0 REAGENTS AND STANDARDS

7.1 All reagents and standards must be recorded in the appropriate preparation log and 
assigned a unique number. See ENV-SOP-MTJL-0041, Standards Logger – Tree 
Operation.  Additional information regarding reagent preparation can be found in the 
Standards Logger (Tree) digital archive system. All spiking solutions and surrogate 
standard solutions should be replaced at least every six (6) months or sooner if a 
problem is detected, unless otherwise noted.  

7.2 Laboratory reagent water - Water must be free of mercury or anything that may interfere 
with the mercury analysis.

7.3 Stock standards expiration date is one year from the date received or the expiration date 
assigned by the manufacturer whichever is sooner.

7.4 Concentrated hydrochloric acid (HCl) – Concentrated, trace metal grade (OMNI TRACE, 
catalog number HX0607-2 or equivalent) NOTE: manufacturer shelf life/expiration date 

7.5 Concentrated nitric acid (HNO3) – Concentrated, trace metal grade (VWR™ EM-Nx0407-
2 or equivalent) NOTE: manufacturer shelf life/expiration date

7.6 5% Potassium Permanganate (KMnO4) solution – JT Baker® 3227-01 or equivalent.  
Weigh 100 ± 0.01g of potassium permanganate per 2L reagent water. 

7.7 Sodium Chloride-Hydroxylamine Sulfate – prepared by placing 240 ± 0.01g of 
Hydroxylamine sulfate, JT Baker® N646-07, or equivalent, and 240 ± 0.01gof sodium 
chloride (EM Science SX0420-1 or equivalent) into 2L reagent water. 

7.8 1.1% Stannous Chloride – JT Baker® 3980-11 or equivalent. Weigh 22.0 ± 0.01g SnCl2
and 60mL conc. HCl (3%) in a 2L volumetric flask and dilute to 2L with DI water.  See 
section 13.2. Made fresh DAILY. The reagents used to make this are recorded separately 
on the Prep sheets.

7.9 10% Stannous Chloride – JT Baker® 3980-11 or equivalent. Weigh 100.0g SnCl2 and 
100mL concentration HCL (3%) in a 1L volumetric flask and dilute to 1L with DI water. 
See section 13.2. Made fresh DAILY. The reagents used to make this are recorded
separately on the Prep sheets.

7.10 Aqua Regia – Prepare immediately before use, by carefully adding three volumes of 
concentrated HCl to one volume of concentrated HNO3. The reagents used to make this 
are recorded separately on the Prep sheets.

7.11 Primary Stock Mercury Solution: 1000ppm, Ultra Scientific, catalog number ICP-080, 
Inorganic Ventures, catalog number AAHG1-5 or equivalent. This primary stock solution 
is used for calibration standards, continuing calibration verification (CCV), Low Level 
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Calibration Verification (ICVLL/CCVLL)), Matrix Spike (MS), Matrix Spike Duplicate 
(MSD), (see section 13.4).

7.12 Secondary Source Stock Mercury Solution:  Must be a stock solution equivalent to the 
Primary stock solution but MUST be from a different vendor. This stock solution is used 
for initial calibration verification (ICV), Laboratory control sample (LCS), and Laboratory 
control sample duplicate (LCSD) (see section 13.4).

7.13 1PPM Intermediary Standards: Make up this concentration from both sources: the 
Primary 1000PPM source and the Secondary 1000PPM source. For the 1PPM Primary 
intermediate solution, spike 0.05mL of the 1000PPM stock solution into 50mL Class A 
volumetric flask with approximately 10mL of DI water and 5mL of concentrated nitric acid 
and bring up to volume with DI water. For the 1PPM Secondary Intermediate solution, 
spike 0.05mLof the 1000PPM secondary stock solution into 50mL Class A volumetric 
flask with approximately 10mL of DI water and 5mL of concentrated nitric acid and bring 
up to volume with DI water. These intermediate standards are prepared fresh weekly. 
The 1PPM secondary stock solution is used for the ICV, LCS, LCSD. See section 13.4.

8.0 PROCEDURE

8.1 Digestion

8.1.1 For the calibration curve and instrument QC (ICVs and CCVs), using a 
continuously adjustable-volume pipetter, add 5mL of DI water to the digestion 
tubes and spike each level with the appropriate amount of intermediate standard, 
and continue prepping per method. Typical spiking levels are as follows; however 
see Section 13.4 for more information:     

Waters:

! 0.0ppb - No spike
! 0.2ppb - 6μL of 1PPM Primary Intermediate
! 0.4ppb - 12μL of 1PPM Primary Intermediate
! 1.0ppb - 30μL of 1PPM Primary Intermediate
! 2.0ppb - 60μL of 1PPM Primary Intermediate
! 5.0ppb - 150μL of 1PPM Primary Intermediate
! 10.0ppb - 300μL of 1PPM Primary Intermediate
! ICV-5.0ppb - 150μL of 1PPM Secondary Intermediate
! CCV-5.0ppb - 150μL of 1PPM Primary Intermediate
! ICVLL/CCVLL-0.2ppb - 6μL of 1PPM Primary Intermediate

Soils:

! 0.0ppb - No spike
! 0.2ppb - 10μL of 1PPM Primary Intermediate
! 0.4ppb - 20μL of 1PPM  Primary Intermediate
! 1.0ppb - 50μL of 1PPM Primary Intermediate
! 2.0ppb - 100μL of 1PPM  Primary Intermediate
! 5.0ppb - 250μL of 1PPM  Primary Intermediate
! 10.0ppb - 500μL of 1PPM Primary Intermediate
! ICV-5.0ppb - 250μL of 1PPM Secondary Intermediate
! CCV-5.0ppb - 250μL of 1PPM  Primary Intermediate
! ICVLL/CCVLL-0.2ppb - 10μL of 1PPM Primary Intermediate
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8.1.2 For the method blank, weigh out 0.3 + 0.05g of Chemware Teflon™ chips into 
the digestion tube. Using an adjustable volume pipetter, add 2.5mL of DI water to 
the digestion tube. Aliquots of this blank will serve as the method blank, the ICB, 
and the CCB during analysis.  

8.1.3 For the LCS/LCSD, weigh out 0.3g of Chemware Teflon™ chips into the 
digestion tube, spike 150μL of 1PPM Secondary Intermediate standard into the 
digestive tube, then using adjustable volume pipetter add 2.5mL of DI water to 
the digestion tube. This weight may vary, depending on the concentration of the 
Hg standard from one lot number to the next.

8.1.4 For the samples, weigh out 0.3 + 0.05g of each field sample and record the 
weight. Prior to weighing, mix the sample to ensure that it is adequately
homogenized. If there are large solid artifacts such as stones and concrete, 
these can be broken up with a mortar and pestle before the sample is weighed. 
Note the final weight in the prep log. With the adjustable volume pipetter, add 
2.5mL of DI water into each of the digestive tubes. See section 13.5.

8.1.5 For the MS/MSD, weigh out 0.3 + 0.05g of a specified client sample, or a 
randomly selected client sample if none are specified, into the digestive tube. 
Spike 150μL of 1PPM Primary Intermediate standard into the digestive tube then 
using adjustable volume pipetter, add 2.5mL of DI water to the digestive tube. 

8.1.6 Add 2.5mL of Aqua Regia to all samples, standards and QC samples and cap 
tightly.

8.1.7 Heat for two minutes in a hot block at 95 + 3°C.

8.1.8 Cool for a minimum of five minutes. Add 25mL of DI water, swirl to mix, then add 
7.5mL of 5% potassium permanganate solution. Swirl to mix. Allow purple color 
to persist for at least fifteen minutes. If the purple color persists move to step 
8.1.9. If the purple color does not persist, remove the sample from the batch and 
re-prep at a dilution.

8.1.9 Heat in a hot block for at least thirty minutes at 95 + 3°C. Record the time-in and 
temperature-in of the hot block on the Hg bench sheet.

8.1.10 After thirty minutes of digestion, take the sample out of the hot block and allow 
them to cool for a minimum of ten minutes. Record the time-out and temperature-
out of the hot block. If any sample is colorless, it must be re-digested since the 
sample may have been lost due to insufficient amount of potassium 
permanganate added prior to digestion, or due to the matrix of the sample. If the 
temperature-out is outside the 95 + 3°C range, the samples must be re-digested.

8.1.11 After cooling, add 3mL of sodium chloride-hydroxylamine sulfate to reduce the 
excess potassium permanganate. Swirl until purple color is gone. If the purple 
color persists, extra hydroxylamine sulfate crystals can be added. Allow sample 
to cool further, approximately 10-15 minutes, or to room temperature, and then 
adjust the volume to 50mL with DI water, as needed, using the graduations on 
the digestion vessel that are certified volumetrically by the manufacturer. The 
samples are ready for analysis.

8.1.12 Stannous Chloride-HCl (SnCl2) mix is not added during the digestion process, but 
is added during analysis through the instrument peristaltic pump. It is mixed with 
each sample, QC sample and all standards during the analysis.

ENV-SOP-MTJL-0213, Rev 08



9 of 28

STANDARD OPERATING PROCEDURE
TITLE: Mercury in Solid waste (Cold-Vapor Technique) by EPA Methods 7471A & 7471B
ISSUER: Pace National – Mt. Juliet, Tennessee

© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

8.2 Mercury Calibration and Analysis

8.2.1 Daily maintenance- For FIMS100 instruments change tubing, change membrane, 
and flush system daily. For Leeman Hydra II AA instrument the system is flushed 
daily.

8.2.2 Allow the detector to warm up at least thirty minutes before analyzing samples.

8.2.3 Turn on the auto sampler and pump. Clamp pump tubing down. Make sure the 
argon gas is turned on and that argon gas flow is present. Ensure that the SnCl2
and DI water are flowing. If the pump is not running correctly, re-adjust the tubing 
on the pump. 

8.2.4 Turn on the Flow Injection Automated System (FIAS) Mercury unit and prime the 
instrument with regents for thirty minutes.

8.2.5 Enter in the computer, the sample run (standards, QC samples and then the 
samples).

8.2.6 After all the information for the sample run has been entered in the computer, 
and the instrument has been primed, load the digested calibration standards, QC 
samples, and then the samples into the auto sampler rack. The peristaltic pump 
mixes the SnCl2-HCl solution into the field samples and transfers the standards 
and samples into the analyzer. Begin the analytical sequence.

8.3 Method performance criteria and corrective action procedures are found in Sections 10 & 
11 of this procedure.

9.0 DATA ANALYSIS AND CALCULATIONS

See the current Quality Assurance Manual for equations associated with common calculations.

10.0 QUALITY CONTROL AND METHOD PERFORMANCE

10.1 All analysts must meet the qualifications specified in ENV-SOP-MTJL-0015, Technical 
Training and Personnel Qualifications before approval to perform this method. Analysts must 
complete an initial demonstration of proficiency before being approved to perform this 
method. Continuing proficiency must be demonstrated using proficiency testing, laboratory 
control sample analysis and/or MDL studies. Method performance is assessed per analyst.  
Updated method performance records are filed and stored in a central location within the 
department.

10.2 Use the designated Run log to record batch order and standards/reagents used during 
analysis. See ENV-SOP-MTJL-0014, Data Handling and Reporting.

10.3 Preparation batches are defined as sets of 1 – 20 samples. Preparation batch analysis
must include the following: 1 method blank, 1 Laboratory Control Sample (LCS), 1 
Laboratory Control Sample Duplicate (LCSD), 1 Matrix Spike/Spike Duplicate (MS/MSD) 
pair. All batch information must be maintained in the preparation documentation assigned 
to the department.

10.4 Analytical batches require all the samples contained within the previous preparation 
batches and additional instrument operating requirements. Analytical batches include:  1 
Initial Calibration Verification (ICV) sample, 1 Low Level Calibration Verification 
(ICVLL/CCVLL) sample, 1 Initial Calibration Blank (ICB, 1 Continuing Calibration 
Verification (CCV) sample following every 10th sample and at the conclusion of the 
sequence, 1 Continuing Calibration Blank following each CCV.
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10.5 Initial Calibration - The curve is prepared daily and must consist of at least five standards 
and a blank. The calibration is acceptable when the correlation coefficient is > 0.998. 
The concentrations of the curve analyzed are as follows, 0.0, 0.2, 0.4, 1.0, 2.0, 5.0, and 
10.0ppb. See section 13.4. The calibration curve must contain a standard at or below the 
reporting limit.  The blank is included as a point in the calibration curve to account for any 
background interferences that may be present in the digestion solutions.  Do not force the 
curve regression fit through zero.

10.6 Initial Calibration Verification (ICV)/Low Level Calibration Verification (ICVLL/CCVLL) -
After the passing standardization is achieved, analyze the calibration verification standard 
(ICV). The ICV recovery must be within +10% of the true value. Following the ICB, a Low 
Level calibration verification (ICVLL) is analyzed when required, recovery must be within 
+30% of the true value. CCVLL is only ran at the end of the analysis if required.   

10.7 Continuing Calibration Verification (CCV) - After every ten samples and at the end of the 
analysis, analyze the mid-range CCV. The mid-range CCV must be within +10% of the 
true value.

10.8 Method Blank/Initial & Continuing Calibration Blank (ICB/CCB) - One method blank must 
be analyzed for every twenty samples. The ICB is analyzed following every Initial 
Calibration Verification (ICV) standard and the CCB is analyzed following each CCV and 
at the conclusion of the sequence. Mercury should not be detected in the blank >
Reporting Limit (RL).  

NOTE: West Virginia requires all blank results to be less than the MDL. If the 
concentration of the target analyte is above the MDL, then corrective action and 
reanalysis is required, or the data must be qualified as including a potential high 
bias.

10.9 Laboratory Control Sample/ Laboratory Control Sample Duplicate (LCS/LCSD) – An 
LCS/LCSD must be performed with each batch of twenty field samples.  The LCS/LCSD 
recoveries must be ±20%. The RPD of the LCS/LCSD must be <20%.

10.10 Matrix Spike/Matrix Spike Duplicate (MS/MSD) - An MS & MSD must be analyzed with 
every batch of samples. The MS/MSD are prepared by spiking two separate aliquots of a 
field sample with a known amount of standard. The MS and MSD are prepped and 
analyzed in the same manner as the samples. Recovery must be within ±25% of the true 
value for accuracy and the relative percent difference (RPD) must be <20%.

10.11 Post Spike - If the MS/MSD recovery fails, or if an MS/MSD is not analyzed, due to 
insufficient sample, a post spike must be analyzed when the sample concentration is less 
than x25 the MDL. If the sample concentration is less than the MDL, spike the sample at 
x20 the MDL. The criteria for the post spike must be within ±20% of the true value. If the 
MS/MSD recovery passes, a post spike need not be analyzed.

10.12 Dilutions - Any sample, with a concentration over the high standard in the curve, must be 
diluted within the range of the calibration. This dilution must be at the lowest dilution 
possible, to keep reporting limits as low as possible.

10.13 Digestion Temperature - The hot block’s temperature is monitored using a temperature 
blank containing a thermometer that is calibrated against a NIST traceable reference 
thermometer. The temperature blank is moved to a different position in the hot block each 
time samples are digested. The daily temperature blank is documented each day in the 
appropriate logbook.
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10.14 Sample Analysis - During the analysis of the samples, the instrument supplies triplicate 
readings. The responses must have a %RSD of <20% for all results >RL. The instrument 
automatically reports the mean of triplicate scans using a simple average calculation: 
A+B+C/3 = reported concentration for the sample.

Do not report data below the determined analyte reporting limit concentration or below an 
adjusted detection limit reflecting smaller sample aliquots used in processing or additional 
dilutions required by the analysis.

Sample data should be reported in units of mg/Kg for soil samples on a dry weight basis. 
For soil samples report the data generated directly from the instrument with allowance for 
any sample dilution.  

When reporting, round the data values to the tenth place and report analyte
concentrations up to two significant figures. Extract concentrations for solids data are 
rounded in a similar manner before calculations in Section 9.2 are performed.

10.15 Instrument Detection Limit (IDL) - The instrument detection limit is calculated by
performing ten sequential replicate measurements of a method blank. The standard 
deviation of these measurements is calculated and the IDL is equal to three times the 
standard deviation of the measurements. The IDL assures with 99% certainty that a value 
is above the instrument noise level. This IDL study is done on a quarterly basis.

NOTE: An IDL is a statistical determination without analytes present and an MDL is 
determined with low levels of analytes present.

10.16 Linear Dynamic Range (LDR) Studies – Linear dynamic ranges are established for each 
instrument to allow for quantitation above the highest level of calibration without 
qualification. ICP instruments are known to remain linear at high levels, but each upper 
limit of linearity is based on the target analyte being measured and the routine instrument 
operating conditions. To perform a linear dynamic range study, the instrument must be 
calibrated normally as used with client field samples. The LDR is determined by the
analysis of a minimum of three, but preferably five, different increasing concentrations of 
standards containing each target analyte across a range. One concentration should be 
near the expected upper linear range for each analyte. The highest concentration, where 
the instrument calibration remains linear, is determined when the observed concentration 
of the increasing standards is no more than 10% below the expected concentration of the 
analyte. If more than a 10% deviation exists, the instrument is proven to no longer be 
linear at that value for that analyte. The upper linear range is therefore the next lower 
concentration of standards used in the determination. Samples quantitated above that 
upper determined LDR require dilution to quantitate within the proven linear range of the 
instrument. LDR studies must be verified annually or when major instrumentation change 
occurs.

10.17 For corrective actions, see section 11.0.

11.0 DATA VALIDATION AND CORRECTIVE ACTION

11.1 All sample data must undergo a QC review.

11.1.1 The reviewer must verify that all reportable results are derived from data that are 
within the calibration range.

11.1.2 Analysts signs and dates the appropriate raw data, printouts and bench sheets.

11.1.3 All calculations must be checked.
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11.1.4 Data must be checked to confirm that all required QC checks have been 
analyzed and that they are within acceptable limits.

11.1.5 Data must be checked for the presence or absence of appropriate flags.  
Comments must be noted when data is flagged.

11.1.6 See ENV-SOP-MTJL-0014, Data Handling and Reporting.

11.2 Initial Calibration – Since calibration curves are prepared and digested with field samples, 
any curve that is prepared and analyzed that does not meet the acceptance criteria must 
be re-prepared, along with all the relevant field samples and QC that are prepared in 
conjunction with the calibration curve.

11.3 ICV – If the first run of the mid-range ICV does not pass the ± 10% criteria and/or the Low 
Level does not pass the +30% criteria, rinse and rerun the standard once. If this fails, 
corrective action must be taken. The corrective action includes re-calibration and re-
analysis, using the same ICV/LL standard. If acceptance criteria are still not met, re-
check the standard curve and ICV/LL preparation and/or perform instrument 
maintenance. If still does not pass, refer to manufacturer’s instruction manual, or call a 
service representative.  Since the standards are digested in conjunction with the field 
sample, if failures result from the standards, all samples within the preparation batch 
must be re-digested. 

11.4 CCV – If the first run of the CCV or the Low Level does not pass and analysis of a second 
consecutive (immediate) calibration verification fails to produce results within acceptance 
criteria, corrective actions shall be performed. The laboratory shall demonstrate acceptable 
performance after the final round of corrective action with two consecutive calibration 
verifications, or a new initial instrument calibration shall be performed.

11.5 Blanks (Method/ICB/CCB) - If the Method Blank, ICB, or CCB fails the acceptance criteria, 
stop the run and re-analyze once. If the contamination still occurs, corrective actions can 
include instrument maintenance, reviewing data for errors and review of the calibration 
curve.  If the contamination still occurs after maintenance has been performed the batch 
must be re-distilled. A passing method blank must be analyzed before any samples are 
analyzed.

State Note: For West Virginia samples, if the blank is less than the lower level of 
quantitation or less than 10% of the lowest sample concentration for the analyte, 
whichever is greater, then the method blank would be considered acceptable. If the 
method blank cannot be considered acceptable, the method blank should be re-run once 
and if still unacceptable then all samples after the last acceptable method blank must be 
reprepped and reanalyzed along with the other appropriate batch QC samples.

State Note: For Wisconsin samples, the method blank must not contain analytes more 
negative than the MDL value. If target analytes are more negative than the MDL, the 
instrument must be recalibrated or a new LOD study performed.

General guidelines for qualifying sample results with regard to method blank quality are 
as follows:

! If the method blank concentration is less than the MDL and sample results are 
greater than the RL, then no qualification is required.

! No qualification is necessary when an analyte is detected in the method blank but 
not in the associated samples.

! If the concentration in a sample is more than ten times the concentration in the 
method blank, then no qualification is required.
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! If the method blank concentration is greater than the MDL but less than the RL and 
sample results are greater than the MDL, then qualify associated sample results to 
indicate that analyte was detected in the method blank.

If the method blank concentration is greater than the RL, further corrective action and 
qualification is required. An analyst should consult their supervisor for further instruction.

11.6 LCS/LCSD – If the LCS fails the criteria, stop the run and re-analyze one more time. If 
the LCS still fails, re-calibrate the instrument. After recalibration, if the LCS fails again, all 
samples within the prep batch must be re-digested. If an LCSD is performed, it must also 
meet the LCS acceptance criteria provided by the manufacturer. If a LCS/LCSD are 
outside the control limits (>20%), results are flagged with a “J3” (the associated batch QC 
was outside the established quality control range for precision), re-digestion may be 
necessary. Consult your supervisor.

11.7 MS/MSD – If the MS/MSD fails the criteria, stop the sequence and re-analyze once. If the 
MS/MSD failure persists, run a post spike. The post spike must pass within the 
acceptance criteria listed in section 10.12. If the post fails and the LCS was within 
method limits, then the recovery problem with the MS/MSD is judged to matrix-related. If 
the LCS is within method control limits, this demonstrates the laboratory performance 
was in control in a clean matrix. Re-digestion may still be necessary however, if the 
supervisor or the client requests a re-digestion. If re-digestion is not performed, the 
failures must be flagged with a “J5” (the sample matrix interfered with the ability to make 
any accurate determination; spike value is high), or “J6” (the sample matrix interfered 
with the ability to make any accurate determination; spike value is low). If there is a RPD 
failure, a re-prep is be used to confirm results, when possible.

11.8 Sample Duplicate - If a duplicate is analyzed and the duplicate RPD is outside the control 
limits (>20%), results are flagged with a “J3” (the associated batch QC was outside the 
established quality control range for precision), re-digestion may be necessary. Consult 
your supervisor.

11.9 Post Spike – If the MS/MSD recoveries pass the acceptance criteria, a post spike is not 
required. If performed and the post spike does not meet the acceptance criteria, re-
analyze once. If the failure persists, re-analyze both the parent sample and the spike. If 
failure still occurs, dilute the parent sample and re-spike and re-analyze.  If the re-
analysis passes, the confirmation of a matrix effect is confirmed and must be noted on 
the final client report.

11.10 Verify that all triplicate responses are represented by a %RSD of <20%. Any result 
exhibiting a % RSD above 20% requires an initial dilution of 2X and subsequent dilutions 
as necessary. Apply a “J3” (the associated batch QC was outside the established quality 
control range for precision) qualifier to the sample to notify the end user of the 
interference and necessity for the dilution.

11.11 Digestion Temperature - If the temperature-out is outside 95 + 3°C range after the thirty 
minutes of digestion, re-digest the entire batch.

11.12 Digestate - If any sample is colorless after digestion, the sample must be re-digested 
since the sample may have been lost due to insufficient amount of potassium 
permanganate added prior to the digestion or due to the matrix of the sample.

11.13 Sample Concentrations - The analyst must verify all reported results are derived from the 
analytical results that are both above the MDL and below the high standard used in the 
curve.
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Sample concentrations that have been analyzed using the extracts in its most 
concentrated form, and are <RL, report the result as <RL.

For sample results that are above the MDL, but below, the reporting limit, these results 
must be flagged as estimated values (J flag).

11.14 CCVLL - The %R for the CCVLL must be within 30% of the expected concentration. If the 
recovery does not meet this criterion, re-analyze once. If the failure persists, the 
instrument should be checked, the reagents and standards should be checked, and the 
instrument must be re-calibrated.  If no obvious cause is identified for the failure, re-
prepare and re-analyze the workgroup

NOTE: The CCVLL is only analyzed if required.

STATE NOTE:  If the sample is analyzed in conjunction with the Ohio VAP, corrective 
action for failing QC (i.e. blank, spike, etc.) must be performed prior to 
flagging data, if sufficient sample volume was submitted by the client.  
Corrective action can include re-analysis, if instrument malfunction is 
suspected, or re-preparation and re-analysis, if the failure is suspected 
as either extraction or sample related.  

12.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

12.1 The EPA requires that laboratory waste management practices be conducted consistent 
with all applicable federal and state laws and regulations. Excess reagents, samples and 
method process wastes must be characterized and disposed of in an acceptable manner. 
See ENV-SOP-MTJL-0051, Waste Management Plan.  

12.2 See ENV-SOP-MTJL-0046, Environmental Sustainability & Pollution Prevention.

13.0 METHOD MODIFICATIONS/CLARIFICATIONS

13.1 HCl is used in the SnCl2 mixture per the instrument manufacturer’s instruction manual 
that specifies HCl in the SnCl2 instead of sulfuric acid.

13.2 The stannous chloride solution concentration has been modified in this procedure to 
reflect the instrument manufacturer’s recommendation (Mercury Hydride Analysis Flow 
Injection (pg. 2/13).

13.3 Modifications to this method are noted in the body of the text as state notes. Compliance 
analyses performed in conjunction with specific state requirements must be performed as 
noted within the specific state(s) listed.

13.4 Adjustments to the concentrations of standards/spiking solutions, standards providers, 
and quality control are subject to change to better meet client/project/regulatory needs or 
to improve laboratory method performance.

13.5 The sample amount utilized by this procedure has been modified from the method due to 
the capacity of the digestion containers.  Digestion solutions have been reduced 
proportionally with this reduction in sample used to remain as consistent as possible with 
method requirements.

14.0 REFERENCES

14.1 Mercury in Solid or Semisolid Waste (Manual Cold-Vapor Technique), SW-846 Method 
7471A, Revision 1, September 1994.

14.2 Perkin Elmer FIMS 400 Instruction Manual.
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14.3 Mercury in Solid or Semisolid Waste (Manual Cold-Vapor Technique), SW-846 Method 
7471B, Revision 2, February 2007.

14.4 Flame Atomic Absorption Spectrophotometry, SW-846 Method 7000B, Revision 2, 
February 2007.

14.5 Atomic Absorption Methods, SW-846 Method 7000A, Revision1, July 1992.
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Attachment I:  Revision History

Current Version (Pace National):

Date Description of Revisions
7/2/2020 Technical review and update..Replaced Health and Safety Section 3.0.

Superseded Versions (ESC Lab Sciences SOP #340384B):

Version Date Description of Revisions
0 7/30/04 Origination
1 12/5/05
2 11/3/06
3 1/23/09
4 1/29/09
5 9/20/10
6 5/4/12
7 10/15/13
8 8/17/2015

9 9/9/2015 Header and signature block formatting.  Technical and quality review 
and update.  Revised Sections 1.2.1 and 8.1.5.  Added Attachment II.

10 10/20/2015 Technical review and update.  Added Section 8.2.1.

11 10/14/2016

Technical and quality review and update.  Header and signature block 
re-formatting.  Revised Sections 2.4, 2.5, 2.6, 2.7, 2.8, 7.1, 7.8, 7.9, 

7.10, 7.11, 7.12, 7.13, 8.1.3, 8.1.11, 9.0, 10.16, 11.4, 11.5, 11.14, 14.1, 
14.2, 14.3, 14.4, 14.5, and Attachment II Table 2.  Deleted Sections 

2.4, 2.6, 2.8 through 2.16, 2.19 through 2.26, 9.1 through 9.6, 10.5, and 
10.16.

12 11/30/2017 Update in response to A2LA audit finding CAR2872.  Changed ESC 
logo.  Updated Section 3.1 and Attachment II Table 4.

13 7/27/18 Update in response to WI audit.  Changed logo.  Added state note to 
11.5
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Superseded Versions (Pace National):

Date Description of Revisions
7/9/19 Revised Section 7.13 and added header and footer
6/3/19 Revised Sections 10.6 and 11.14

4/25/2019 Technical and quality review and update. Revised section 8.1.1.

1/25/2019

Technical and quality review and update. Deleted header, footer and signature bar. 
Revised opening State Note. Revised sections 1.2, 1.2.1, 3.3, 4.4, 4.6, 6.1, 6.2, 6.3, 
6.4, 6.5, 6.10, 6.11, 6.13, 6.14, 6.15, 7.1, 7.2, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 7.11, 8.1.1, 

8.1.2, 8.1.3, 8.1.5, 8.1.8, 8.1.11, 8.2, 8.2.1, 10.1, 10.2, 10.3, 10.4, 10.11, 11.1.2, 
11.1.6, 12.1 and 12.2.  Split section 10.4 into 10.4 and 10.5 and renumbered as 

necessary.  Deleted sections 2.6, 10.10, 11.9 and renumbered as necessary.  Added 
section 11.10.  Revised Attachment I. Revised Attachment II sections 4.10, 4.17 and

4.19 and correcting numbering in section 4.0.

2/4/2020 Annual review and update for West Virginia audit response.  Revised Sections 8.1.3, 
8.1.5, and 10.8.

4/8/2020 Further update for West Virginia audit response.  Revised Section 11.5.

6/4/2020 Update in response to internal CAR3888.  Added section 1.3, 5.5, and 10.16 and 
renumbered, as necessary.
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Attachment II:  DoD Requirements

1.0 Equipment/Instrument Maintenance

Instrument maintenance must be performed routinely to optimize instrument performance and improve 
chromatography. Commonly performed maintenance includes lamp replacement, optical cell and UV 
window cleaning, mirror cleaning, tubing replacement, etc. A new calibration curve must be analyzed 
following any major maintenance performed on the analytical system.

2.0 Computer Hardware and Software

Software name and version: AA WINLAB, version 2.50 or equivalent

3.0 Troubleshooting

Table 1. Mercury Troubleshooting Guide
Problem Cause Treatment

Hydra II
No or Low Signal for 
Standards

Stannous Chloride Check tubing.  Replace stannous chloride 
solution.

Carrier Gas Check liquid/gas separator to ensure proper 
gas flow.  Check exhaust of the CVAAS 
module by placing tubing into container of 
water and observe bubbling.

Leak in the sample vapor 
path

Check all tubing and connections.  Ensure 
that the absorption cell windows are in place.

Blockage in the sample vapor 
path

Submerge the CVAAS exhaust line in water 
to confirm that the carrier gas is flowing 
throughout the system.

No or Low Signal for 
Samples

Incomplete Digestion Samples high in organic content may require 
additional oxidant or heating during the 
digestion to complete oxidation.

Sample Interferences Samples with high iodide (or other 
interferent) content will cause low signal.  
Dilute sample.

Poor Precision Signal has not reached 
plateau

Increase the uptake time or gas flow

Integration Longer integration times should result in 
better precision.

Low light intensity The signal value displayed on the 
Method/Instrument Control should be 
250000 or greater.  If low, make sure cells 
are properly held in clamps and clean optics 
if necessary.

Lamp does not light Instrument not powered Check electrical connections.  Ensure 
instrument is powered up.

Instrument status is idle Restart instrument by completely powering 
down.  If problem persists, schedule outside 
maintenance.

Lamp status is off Change status to on in instrument menu bar.
Lamp assembly is not fully 
inserted into control board

Power down the instrument before touching
the lamp.  Release lamp contacts then re-
insert lamp.

Defective lamp Replace lamp.
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Table 1. Mercury Troubleshooting Guide
Problem Cause Treatment

FIMS
Poor Sensitivity Reagents Prepare fresh solutions.  Install new tubes 

and manifold.
Gas/Liquid Separator Adjust the flow.  Install a new dry membrane.  

Clean the gas/liquid separator.
Carrier Gas Flow Optimize the carrier gas flow.
Leaks, Blockages, 
Contamination

Ensure the carrier and reductant tubes are in 
the correct containers.  Replace worn pump 
tubes.  Clean the fluid system.  Clean the 
manifold.

FIMS-Cell Clean the cell or windows.  Reduce the 
extraction rate of the fumes from the exhaust 
outlet of the cell.

All replicates 
following the first 
reading give low 
absorbance readings

Fill Step in FIAS program too 
short

Increase the time for the Fill step on the 
FIAS page of the method editor

First replicate of a 
series gives low 
absorbance reading

Prefill step in FIAS program 
too short

Increase the time for the prefill step on the 
FIAS page of the method editor or shorten 
the tube between the sample container and 
the FIAS valve.

Double peak in peak 
display

Concentration of samples too 
high

Dilute the samples

Air trapped in the fluid system Check all tubing connections.  Tighten by 
hand.  Replace damaged connectors

Carrier or reductant flows are 
incorrect

Ensure the carrier and reductant tubes are in 
the correct containers.  Set the flows 
correctly.

No acid in sample solutions 
or acid too weak

Add acid to the samples

Baseline shift in Peak 
Profile

Air trapped in the fluid system Check all tubing connections.  Tighten by 
hand.  Replace damaged connectors

Pump heads stop 
rotating

Pressure on the pump tube 
magazines is too high

Reduce the pressure with the pressure 
adjustment screws

4.0 Other Requirements

4.1 All hardcopy laboratory notebooks must be reviewed by the Supervisor, or their designee, 
on a monthly basis.  

4.2 If not self-explanatory (e.g., a typo or transposed number), corrections to technical and 
quality records shall also include a justification for the change.

4.3 A person performing a manual integration must sign and date each manually integrated 
chromatogram and record the rationale for performing manual integration.  Electronic 
signatures are acceptable.

4.4 The results of calibration and verification of support equipment must be within the 
specifications required of the application for which this equipment is used or the 
equipment must be removed from service until repaired. Calibration and verification 
records, including those of established correction factors, must be maintained.  In the 
absence of method-specific requirements, the minimum requirements are as follows:
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Table 2. Support Equipment Checks
Performance Check Frequency Acceptance Criteria

Balance calibration check [Using 
two standard weights that 
bracket the expected mass] 

Daily prior to use Top-loading balance: ±2% or 
±0.02g, whichever is greater 
Analytical balance: ±0.1% or 
±0.5 mg, whichever is greater 

Verification of standard mass 
[Using weights traceable to the 
International System of Units 
(SI) through a NMI 

Every 5 years Certificate of Calibration from 
ISO/IEC 17025 accredited 
calibration laboratory 

Monitoring of refrigerator/freezer 
temperatures 

Daily (i.e. 7 days per week) [use 
MIN/MAX thermometers or data 
loggers equipped with 
notification of out of control 
event capabilities if personnel 
not available to record daily] 

Refrigerators: 0˚C to 6˚C 
Freezers: ≤-10˚C 

Thermometer verification check 
[Using a thermometer traceable 
to the SI through an NMI] 
[Performed at two temperatures 
that bracket the target 
temperature(s). Assume linearity 
between the two bracketing 
temperatures.] [If only a single 
temperature is used, at the 
temperature of use] 

Liquid in glass: Before first use 
and annually 

Electronic: Before first use and 
quarterly 

Apply correction factors or 
replace thermometer 

Volumetric labware Class B: By lot before first use 

Class A and B: Upon evidence 
of deterioration 

Bias: Mean within ±2% of 
nominal volume 
Precision: RSD ≤1% of nominal 
volume (based on 10 replicate 
measurements) 

Non-volumetric labware 
[Applicable only when used for 
measuring initial sample volume 
and final extract/ digestates 
volume] 

By lot before first use or upon 
evidence of deterioration 

Bias: Mean within ±3% of 
nominal volume 
Precision: RSD ≤3% of nominal 
volume (based on 10 replicate 
measurements) 

Mechanical volumetric pipette Quarterly Bias: Mean within ±2% of 
nominal volume
Precision: RSD ≤1% of nominal 
volume (based on minimum of 3 
replicate measurements)
[Note: for variable volume 
pipettes, the nominal volume is 
the volume of use]

Glass microliter syringe Upon receipt and upon evidence 
of deterioration

General Certificate of Bias & 
Precision upon receipt
Replace if deterioration is 
evident

Drying oven temperature check Daily prior to and after use Within ±5% of set temperature
Water purification system Daily prior to use See method blank criteria given 

in Section 4.20 of this 
addendum
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4.5 The expiration date of the prepared standard shall not exceed the expiration date of the 
primary standard.  All containers must bear a preparation date.

4.6 To avoid preparing non-representative samples, the laboratory shall not “target” within a 
relatively small mass range (e.g., 1.00 ± 0.01g) because such targeting will produce non-
representative subsamples if the sample has high heterogeneity. The laboratory shall not 
manipulate the sample material so the sample aliquot weighs exactly 1.00g ± 0.01g, as 
an example. 

4.7 In the absence of project-specific requirements, the minimum standard data qualifiers to 
be used are:

U Analyte was not detected and is reported as less than the LOD or as defined by 
the customer. The LOD has been adjusted for any dilution or concentration of the 
sample.

J The reported result is an estimated value (e.g., matrix interference was observed 
or the analyte was detected at a concentration outside the quantitation range).

B Blank contamination. The recorded result is associated with a contaminated 
blank. 

N Non-target analyte. The analyte is a tentatively identified compound using mass 
spectrometry or any non-customer requested compounds that are tentatively 
identified. 

Q One or more quality control criteria failed (e.g., LCS recovery, surrogate spike 
recovery, or CCV recovery).

Additional data qualifiers may be used, or different letters or symbols to denote the 
qualifiers listed above, as long as they are appropriately defined and their use is 
consistent with project-specific requirements (e.g., QSM 5.0, the contract, and project-
planning documents).

4.8 If the time of the sample collection is not provided, assume the most conservative time of 
day.  For the purpose of batch processing, the start and stop dates and times of the batch 
preparation shall be recorded.

4.9 Each preparation method listed on the scope of accreditation must have quarterly 
LOD/LOQ verifications. However, not all possible combinations of preparation and 
cleanup techniques are required to have LOD/LOQ verifications. If LOD/LOQ verifications 
are not performed on all combinations, the laboratory must base the LOD/LOQ 
verifications on the worst case basis (preparation method with all applicable cleanup 
steps).

4.10 After each MDL determination, the laboratory must establish the LOD by spiking a quality 
system matrix at a concentration of at least two (2) times but no greater than four times 
the MDL. This spike concentration establishes the LOD and the concentration at which 
the LOD shall be verified. It is specific to each suite of analyte, matrix, and method 
(including sample preparation). The following requirements apply to the initial LOD 
establishment and to the LOD verifications:

! The apparent signal to noise (S/N) ratio at the LOD must be at least three and the 
results must meet all method requirements for analyte identification (e.g., ion 
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abundance, second column confirmation, or pattern recognition).  For data systems 
that do not provide a measure of noise, the signal produced by the verification 
sample must produce a result that is at least three standard deviations greater than 
the mean method blank concentration. This is initially estimated based on a minimum 
of four method blank analyses and later established with a minimum of 20 method 
blank results.

! If the LOD verification fails, then the laboratory must repeat the MDL determination 
and LOD verification or perform and pass two consecutive LOD verifications at a 
higher spike concentration and set the LOD at the higher concentration.

! The laboratory shall maintain documentation for all MDL determinations and LOD 
verifications.

! The DL and LOD must be reported for all analyte-matrix-methods suites, unless it is 
not applicable to the test or specifically excluded by project requirements.

4.11 The LOD shall be verified quarterly.  In situations where methods are setup and used on 
an infrequent basis, the laboratory may choose to perform LOD verifications on a one per 
batch basis.  All verification data will be in compliance, reported, and available for review.

4.12 For DoD, at a minimum, the LOQ shall be verified quarterly. In situations where methods 
are setup and used on an infrequent basis, the laboratory may choose to perform LOQ 
verifications on a one per batch basis.

4.13 All initial instrument calibrations must be verified with a standard obtained from a second 
manufacturer prior to analyzing any samples. The use of a standard from a second lot 
obtained from the same manufacturer (independently prepared from different source 
materials) is acceptable for use as a second source standard. The concentration of the 
second source standard shall be at or near the midpoint of the calibration range.  The 
acceptance criteria for the initial calibration verification must be at least as stringent as 
those for the continuing calibration verification.

4.14 Exclusion of calibration points without documented scientifically valid technical 
justification is not permitted.

4.15 The concentration of the CCV standard shall be greater than the low calibration standard
and less than or equal to the midpoint of the calibration range.

4.16 All CCVs analyzed must be evaluated and reported. If a CCV fails, reanalysis or 
corrective actions must be taken.

! If a CCV fails, the laboratory can immediately analyze two additional consecutive 
CCVs (immediately is defined as starting a consecutive pair within one hour; no 
samples can be run between the failed CCV and the two additional CCVs). This 
approach allows for spurious failures of analytes to be reported without reanalysis of 
samples. Any corrective actions that change the dynamics of the system (e.g., clip 
column, clean injection port, run blanks) requires that all samples since the last 
acceptable CCV be reanalyzed.

! Both of these CCVs must meet acceptance criteria in order for the samples to be 
reported without reanalysis.

! If either of these two CCVs fail or if the laboratory cannot immediately analyze two 
CCVs, the associated samples cannot be reported and must be reanalyzed.
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! Corrective action(s) and recalibration must occur if the above scenario fails. All 
affected samples since the last acceptable CCV must be reanalyzed.

! Flagging of data for a failed CCV is only appropriate when the affected samples 
cannot be reanalyzed. The laboratory must notify the client prior to reporting data 
associated with a failed CCV.

4.17 The results of all MS/MSDs must be evaluated using the same acceptance criteria used 
for the DoD LCS limits (see Table 3) or project limits, if specified. If the specific analyte(s) 
are not available in the Table 3, the laboratory shall use their LCS in-house limits (see the 
LIMS) as a means of evaluating MS/MSDs. The MS and MSD must be spiked with all 
reported analytes.

4.18 Surrogate spike results shall be compared with DoD LCS limits (see Table 3) or 
acceptance criteria specified by the client. If these criteria are not available, the 
laboratory shall compare the results with its in-house statistically established LCS criteria 
(see the LIMS).

4.19 The method blank shall be considered to be contaminated if:

! The concentration of any target analyte (chemical of concern) in the blank exceeds 
1/2 the LOQ and is greater than 1/10th the amount measured in any associated 
sample, or 1/0th the regulatory limit, whichever is greater;

! The concentration of any common laboratory contaminant in the blank exceeds the 
LOQ;

! If a method blank is contaminated as described above, then the laboratory shall 
reprocess affected samples in a subsequent preparation batch, except when sample 
results are below the LOD. If insufficient sample volume remains for reprocessing, 
the results shall be reported with appropriate data qualifiers.

4.20 Sporadic Marginal Exceedances are not allowed for target analytes (chemicals of 
concern as identified by a project) without project-specific approval. Target analytes are 
considered those few analytes that are critical for the success of a project (such as risk 
drivers) where sporadic marginal exceedances cannot be allowed. Laboratories should 
consult with clients whenever long lists of analytes are requested for analysis to 
determine if marginal exceedances will not be allowed.

4.21 DoD considers the same analyte exceeding the LCS control limit two (2) out of three (3) 
consecutive LCS to be indicative of non-random behavior, which requires corrective 
action and reanalysis of the LCS.

Table 3. LCS Control Limits – Method 7470 – 7471 Series Solid Matrix

CAS ID Analyte N Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
7439-97-6 Mercury 6471 102 7.5 80 124
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STANDARD OPERATING PROCEDURE
TITLE: Determination Metals and Trace Elements in Various Matrices by ICP-AES (EPA 

Methods 6010B, 6010C, 6010D [ICP-OES], and 200.7) Including Hardness (EPA 
Methods 200.7 and 6010B/C/D and SM 2340B)

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

1.0 SCOPE AND APPLICATION

STATE NOTE:  For samples analyzed in conjunction with the Ohio Voluntary Action Program 
(VAP) please utilize ENV-SOP-MTJL-0214.

1.1 Inductively coupled plasma-atomic emission spectrometry (ICP-AES) determines trace 
elements, including metals and some non-metals in solution. This procedure follows the 
guidelines established in EPA method 200.7 and SW-846 Method 6010B, 6010C, and
6010D for drinking water, waste water, ground water, TCLP, SPLP, and STLC leachates, 
soils, sludge, sediments, solid wastes, oils, and other digestates after appropriate 
preparatory procedure is performed.

This procedure is also applicable to reporting calculated values for Calcium, Magnesium, 
and Total Hardness from values determined using EPA methods 200.7 or 6010B/C/D
from groundwater, wastewater and drinking waters. Reporting limits for Hardness are 
derived from the annual MDL studies for Calcium and Magnesium of the appropriate 
determinative EPA method. The routine reporting limits for each category of hardness are 
listed in Table 1.2b.

1.2 This method is applicable for the analytes listed in Table 1.2a and b. Detection limits, 
sensitivity, and the optimum and linear concentration ranges of the elements can vary 
with the wavelength, spectrometer, matrix, and instrument operating conditions. Table 1.2 
also lists the Reporting Limits (RLs), used routinely by Pace Analytical National Center 
for Testing & Innovation (Pace National).

Table 1.2a:  Environmental Analytes and Reporting Limits (Subject to change, see section 13.1)

Analyte

Aqueous Sediment
Ground 
Water/ 

Wastewater
6010B/C/D/200

.7

Drinking 
Water 
200.7*

RL Units
Solids 

6010B/C/
D

RL Units

Aluminum �� � 00.200 mg/L � 2.00 mg/Kg
Antimony � � 0.010 mg/L � 1.00 mg/Kg
Arsenic � � 00.010 mg/L � 1.00 mg/Kg
Barium � � 0.005 mg/L � 0.50 mg/Kg

Beryllium � � 0.002 mg/L � 0.20 mg/Kg
Boron � � 0.050 mg/L � 5.0 mg/Kg

Cadmium � � 0.002 mg/L � 0.20 mg/Kg
Calcium � � 1.000 mg/L � 100 mg/Kg

Chromium � � 0.010 mg/L � 1.00 mg/Kg
Cobalt � � 0.010 mg/L � 1.00 mg/Kg
Copper � � 0.010 mg/L � 1.00 mg/Kg

Iron � � 0.100 mg/L � 10.0 mg/Kg
Lead � � 0.005 mg/L � 0.50 mg/Kg

Lithium � 0.015 mg/L � 1.50 mg/Kg
Magnesium � � 1.000 mg/L � 100 mg/Kg
Manganese � � 0.010 mg/L � 1.00 mg/Kg
Molybdenum � � 0.005 mg/L � 0.50 mg/Kg

Nickel � � 0.010 mg/L � 1.00 mg/Kg

ENV-SOP-MTJL-0215, Rev 08
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TITLE: Determination Metals and Trace Elements in Various Matrices by ICP-AES (EPA 

Methods 6010B, 6010C, 6010D [ICP-OES], and 200.7) Including Hardness (EPA 
Methods 200.7 and 6010B/C/D and SM 2340B)
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Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.
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Analyte

Aqueous Sediment
Ground 
Water/ 

Wastewater
6010B/C/D/200

.7

Drinking 
Water 
200.7*

RL Units
Solids 

6010B/C/
D

RL Units

Potassium �� � 1.000 mg/L � 100 mg/Kg
Selenium � � 0.010 mg/L � 1.00 mg/Kg

Silicon � � 0.050 mg/L � 5.00 mg/Kg
Silver � � 0.005 mg/L � 5.00 mg/Kg
Sulfur � � 1.0 mg/L � mg/Kg

Sodium � � 1.000 mg/L � 100 mg/Kg
Strontium � � 0.010 mg/L � 1.00 mg/Kg
Thallium � � 0.010 mg/L � 1.00 mg/Kg

Tin � � 0.050 mg/L � 5.00 mg/Kg
Titanium � � 0.050 mg/L � 5.00 mg/Kg

Vanadium � � 0.010 mg/L � 1.00 mg/Kg
Zinc � � 0.050 mg/L � 5.00 mg/Kg

*May not meet required Drinking Water Maximum Contamination Levels (MCLs) using this methodology.

Table 1.2b:  Hardness Categories and Reporting Limits

(Subject to change, see section 13.1)

Hardness: RL (mg/L)
Calcium Hardness 1.25

Magnesium Hardness 0.41
Total Hardness 1.6

1.3 For the determination of total recoverable analytes in aqueous and solid samples, an acid 
digestion process is required. Environmental samples for analysis by Method 6010B,
6010C, or 6010D including, TCLP or EP leachates, soils, sludge, sediments, and other 
solid wastes require an acid digestion prior to analysis. Samples are digested by SW-846 
methods 3005 (Acid Digestion of Waters for Total Recoverable Metals), 3010 (Acid 
Digestion of Aqueous Samples), 3015 (Microwave Digestion of Aqueous Samples), 3050 
(Acid Digestion of Sediments, Sludge, Soil, and Oils) and 3051 (Microwave Assisted 
Digestion of Sediments, Sludge, Soil, and Oils). Digestion methods are found in ENV-
SOP-MTJL-0217 and ENV-SOP-MTJL-0219.  

1.4 The Clean Water Act has approved EPA Method 200.7 for demonstrating compliance on 
discharge monitoring for NPDES (National Pollution Discharge Elimination System) 
permits. 40 CFR136.3 has Guidelines for Establishing Test Procedures for Analysis of 
Pollutants. The National Primary Drinking Water Regulations for inorganic chemical 
sampling and analytical requirements can be found in 40 CFR141.23. Updates to these 
regulations can be found in the current Code of the Federal Register.

1.5 To determine dissolved analytes in aqueous samples, a 0.45μm filtration method is 
employed then the filtered samples are acidified. To reduce potential interferences, 
dissolved solids must be <0.2% (w/v).  

ENV-SOP-MTJL-0215, Rev 08
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1.6 Analysis without acid digestion can be used for drinking water samples if the samples 
have been properly preserved with acid and have turbidity of <1 NTU at the time of 
analysis. These samples must be acidified to match the acid matrix of the calibration 
standards and analyzed directly. This total recoverable determination procedure is 
referred to as "direct analysis". Silver concentration cannot be determined from direct 
analysis when chloride ions are present as a silver chloride precipitate may be formed.  
The sample must be acid digested to form a soluble silver chloride complex. Some 
primary drinking water metal contaminants may require sample concentration to meet 
regulatory drinking water reporting limits criteria14.2.

Method 6010D – Samples that are not digested necessitate the use of either an internal 
standard or should be matrix-matched with the standards. If using the former option, the 
instrument software should be programmed to correct for the intensity differences of the 
internal standard between samples and standards. NOTE: All samples analyzed by 
Method 6010 are typically digested.

1.7 When determining boron and silicon in aqueous samples, only plastic, PTFE (Teflon™) 
sample containers and laboratory glassware must be used. For accurate determination of 
boron in solid samples, only quartz or PTFE tubes must be used during acid digestion with 
immediate transfer of an aliquot of the final volume of digestate to a plastic centrifuge 
tube14.2. 

1.8 For the determination of titanium, white plastic and white printed containers must be 
avoided as titanium dioxide is used as a white pigment.

1.9 The total recoverable sample digestion procedure dissolves and maintains in solution 
only minimal concentrations of barium in the presence of free sulfate. For the analysis of 
barium in samples having varying and unknown concentrations of sulfate, analysis must 
be completed as soon as possible following sample preparation14.2.

1.10 Detection limits and linear ranges for the elements vary with the wavelength selected, the 
spectrometer, and the matrix. Table 1.11 provides a list of routinely used wavelengths 
and the type of spectrometer view used.  

Method 6010D – IDLs are necessarily instrument-specific. Therefore, if needed, an IDL 
must be determined through a separate experimental study for each instrument. IDLs 
should be established, at a minimum, on an annual basis for each matrix and for each 
preparatory/determinative method combination used.

TABLE 1.10:  WAVELENGTHS
(exact wavelengths vary slightly depending on the instrument)

Analyte Wavelength
(nm) Type of View

Aluminum 308.215 Radial
Antimony 206.836 Axial
Arsenic 188.979 Axial
Barium 233.527 Axial
Beryllium 313.107 Radial
Boron 249.772 Radial
Cadmium 214.440 Axial
Calcium 317.933 Radial

ENV-SOP-MTJL-0215, Rev 08
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Analyte Wavelength
(nm) Type of View

373.690
Chromium 205.560 Axial
Cobalt 228.616 Axial
Copper 324.752 Radial

Iron 259.940
271.441 Radial

Lead 220.353 Axial
Lithium 670.784 Radial
Magnesium 279.077 Radial
Manganese 257.610 Axial
Molybdenum 202.031 Axial
Nickel 232.003 Axial
Potassium 766.490 Radial
Phosphorus 177.495 Axial
Selenium 196.026 Axial
Silicon 251.611 Axial
Silver 328.068 Axial

Sodium 589.592
818.326 Radial

Strontium 407.771 Radial
Sulfur 181.972 Axial
Thallium 190.801 Axial
Tin 189.927 Axial
Titanium 334.940 Radial
Vanadium 292.402 Radial
Zinc 213.857 Axial

1.11 Users of the data generated using this method must state the data-quality objectives 
(DQOs) prior to analysis. 

1.12 Any deviations from this SOP must be documented. Deviations are reflected in a case 
narrative and the method is reported as modified. Per customer requirement, the 
procedure and QC criteria described in this SOP can be changed/modified. Authorization 
from the Operations Manager and Project Manager is required for each modification and 
Regulatory Affairs approval must also be secured for any deviation.

1.13 An MDL study must be completed at least annually or more frequently if major 
instrumentation changes occur. Method Detection Limits (MDLs) are performed based on 
ENV-SOP-MTJL-0016. Updated MDL records are filed and stored in a central location 
within the department.

ENV-SOP-MTJL-0215, Rev 08
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1.13.1 Limit of Detection (LOD) and Limit of Quantitation (LOQ) studies are completed 
at the frequency required by the TNI standard per the procedure identified in the 
ENV-SOP-MTJL-0016, Method Detection Limits (MDL), Limits of Detection 
(LOD), and Limits of Quantitation (LOQ). Should the procedure be utilized for 
DoD support; then the frequency of these studies must meet the requirements of 
the current DoD QSM.

1.14 Linear Dynamic Range (LDR) and Inter-element correction factor (IEC) studies must be 
analyzed semi-annually for each analytical instrument or when there are major 
changes/repairs to the instrument14.5, 14.1. Instrument Detection Limit studies must be 
analyzed at least quarterly for each analytical instrument14.5.

2.0 METHOD SUMMARY AND DEFINITIONS

2.1 The analysis described in this method involves multi-elemental determinations by ICP-AES 
using sequential or simultaneous instruments. The instrument measures characteristic 
atomic-line emission spectra by optical spectrometry. Samples are aspirated into the 
nebulizer and the resulting aerosol is transported to the plasma torch. The emission spectra 
are dispersed by a grating spectrometer separating the light emitted into the distinct 
wavelengths generated by each element in the sample. A photosensitive device monitors 
the intensities of each wavelength line in the spectra.  The intensity of light on the 
photosensitive device produces a signal that is measured and processed by a computer 
system. Due to the many possible wavelengths of light generated by each element and 
possible overlapping of high intensity peaks, a background correction technique is required 
for trace element determination. Background intensities must be measured adjacent to the 
analyte spectra lines during analysis. The position selected for background intensity 
measurement can be selected on either or both sides of the analyte wavelength line and 
must be determined by the complexity of the spectrum adjacent to the analyte line. The 
position used for background correction must be as free from spectral interference as 
possible and must reflect the same change in background intensity as occurs at the analyte 
wavelength. Background correction is not required in cases of line broadening where the 
background correction measurement would actually degrade the analytical result. The 
possibility of additional interferences should also be recognized and appropriate corrections 
made. 

2.2 Dissolved Analyte - The concentration of analyte in an aqueous sample that has been 
passed through a 0.45μm membrane filter assembly prior to sample acidification and 
digestion.

2.3 Total (Total Recoverable) Analyte – The concentration of analyte determined either by 
‘‘direct analysis’’ of an unfiltered acid preserved drinking water sample with turbidity of <1 
NTU or by analysis of the solution extract of a solid sample or an unfiltered aqueous 
sample following digestion by refluxing with hot dilute mineral acid(s) as specified in the 
method

2.4 Instrument Detection Limit (IDL) - The concentration equivalent to the analyte signal 
which is equal to three times the standard deviation of a series of 10 replicate 
measurements of the calibration blank signal at the same wavelength. The IDL assures 
with 99% certainty that a value is above the instrument noise level.  
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Note:  An IDL is a statistical determination without analytes present used to assess 
background correction protocols and an MDL is determined with low levels of 
analytes present to determine instrument sensitivity for each analyte.

2.5 Linear Dynamic Range (LDR) - The range over which the instrument response to analyte 
concentration remains linear.

2.6 Plasma Solution - A solution that is used to determine the optimum torch height relative 
to the radio frequency (RF) coil for viewing the spectrum.

2.7 Interference Check Sample (ICS) – A series of five solutions (ICSA, ICSAB, ICSA2, LA, & 
CE) to verify that inter-element interferences are correctly compensated. The ICS checks
provide an adequate on-going test of inter-element correction (IEC) factors. These 
standards are referred to the Spectra Interference Check (SIC) in EPA Method 200.7

2.7.1 ICSA – A solution containing only the interfering analytes at high concentrations. 

2.7.2 ICSAB – A solution containing interferents plus other method analytes at the 
level of concern, which corresponds to the project specific action limits. 

2.7.3 ICSA2 – A solution containing interfering analytes not contained in the ICSA.

2.7.4 LA – A solution containing Lanthinum at a high concentration.

2.7.5 CE – A solution containing Cerium at a high concentration.

2.8 Water Sample - For the purpose of this method, a sample taken from one of the following 
sources:  drinking water, surface water, ground water, storm water, industrial or domestic 
wastewater.

2.9 Preparation Batch - For method 6010B/C/D/ EPA  200.7 (WW only): A group of samples 
(not to exceed twenty) of a similar matrix, which have been digested at the same time 
using the same digestion process and have all necessary QC associated with them. For 
method 200.7 (DW only): A group of samples (not to exceed ten) of similar matrix, which 
have been digested at the same time using the same digestion process and have all 
necessary associated QC.

2.10 Analytical batch - A group of samples that are analyzed in the same sequence with all 
appropriate preparation and analytical QC.

2.11 Inter-element correction (IEC) coefficient - analyte concentration equivalent arising from a 
given interferent’s concentration.

2.12 Serial Dilution - a dilution and reanalysis of a field sample that is performed once per 
batch of samples. One sample is diluted 5X and reanalyzed.

2.13 Post Spike – A second aliquot of a field sample that is spiked with known concentrations 
of target analytes and analyzed to assess recovery of the spike. A post spike must be 
analyzed when the MS and/or MSD fail due to a suspected matrix effect. One sample is 
spiked after digestion and analyzed per batch.

2.14 Lower Limit of Quantitation (LLOQ) - A term associated with analysis per the 
requirements of Method 6010D; the lowest point of quantitation which, in most cases, is 
the lowest concentration in the calibration curve.  
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2.15 See the current Quality Assurance Manual for other definitions associated with terms found 
in this document.

3.0 HEALTH AND SAFETY

3.1 The toxicity or carcinogenicity of each chemical material used in the laboratory has not 
been fully established. Each chemical should be regarded as a potential health hazard and 
exposure to these compounds should be as low as reasonably achievable.

3.2 The laboratory maintains documentation of hazard assessments and OSHA regulations 
regarding the safe handling of the chemicals specified in each method. Safety data sheets 
(SDS) for all hazardous chemicals are available to all personnel. Employees must abide by 
the environmental, health, and safety (EHS) policies and procedures specified in this SOP 
and in the Pace National Chemical Hygiene / Safety Manual.

3.3 Personal protective equipment (PPE) such as safety glasses and/or side shields, gloves, a 
laboratory coat, and shoes that are not cloth, canvas, and/or perforated must be worn in 
designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure 
to chemical materials used in the procedure. When handling glass, needles, knives, or any 
material with a potential sharp edge, employees must use cut-resistant gloves. 

3.4 Concentrated corrosives present additional hazards and are damaging to skin and mucus 
membranes. Use these acids, bases, or oxidizers in a fume hood whenever possible with 
the appropriate PPE designed for handing these materials. If eye or skin contact occurs, 
flush with large volumes of water. When working with acids, always add acid to water to 
prevent violent reactions. Any processes that emit large volumes of solvents 
(evaporation/concentration processes) must be in a hood or apparatus that prevents 
employee exposure. 

3.5 Spill kits are located in each laboratory department. Employees are to familiarize 
themselves with the location and contents of each spill kit in their area.

3.6 Universal precautions should be observed when performing any tests or procedures. Hard 
surfaces, instrument surfaces may be contaminated and should be handled according to 
good laboratory practices. 

3.7 Contact your supervisor or local EHS coordinator with questions or concerns regarding 
safety protocol or safe handling procedures for this procedure. Any accidents involving 
personnel or sample supplies are to be reported immediately to either the Manager and/or 
to the Safety Officer.

4.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE

4.1 All samples must have been collected using a sampling plan that addresses the 
considerations of this method.

4.2 Samples submitted for analysis that do not meet the requirements contained within this 
section must be addressed before performing the logging process within the laboratory.  
In some cases, exceeding the appropriate preservation and storage criteria can cause 
significant bias in the resulting data. Clients may need to resubmit samples where the 
conditions during shipment cause uncertainty regarding sample integrity. If samples do 
not meet the requirements for preservation, sampling, shipment and storage and the 
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client approves the completion of the analytical process, sample results can be qualified 
per the ENV-SOP-MTJL-0014, Data Handling and Reporting.

4.3 Prior to the collection of an aqueous sample, consideration must be given to the type of 
data required, (i.e., dissolved or total recoverable), so that appropriate preservation and 
pre-treatment steps can be taken. The pH of all aqueous samples must be assessed 
immediately prior to sample digestion or "direct analysis" to ensure the sample has been 
properly preserved.  If the field sample is properly preserved, the sample can be held up 
to 6 months prior to analysis.  

4.4 For the determination of dissolved elements, the sample must be filtered through a 
0.45μm pore diameter membrane filter to remove the suspended elements or particles.  
This filtration must take place at the time of collection or as soon thereafter as practically 
possible. Glass or plastic filtering apparatus are recommended to avoid possible 
contamination. Only plastic apparatus must be used when the determinations of boron 
and silica are critical. Use a portion of the filtered sample to rinse the filter flask, discard 
this portion and collect the required volume of filtrate. Acidify the filtrate with (1:1) nitric 
acid: water immediately following filtration to pH <2.

4.5 For the determination of total recoverable elements in aqueous samples, samples must 
not be filtered, but acidified with (1:1) nitric acid: water to pH <2. Preservation may be 
done at the time of collection; however, to avoid the hazards of strong acid use in the 
field, possible transport restrictions, or possible contamination, it is recommended that 
the samples be returned to the laboratory within two weeks of collection and acid 
preserved upon receipt in the laboratory. Following acidification, the sample must be 
mixed and equilibrated for 24 hours. The pH is verified at <2 prior to withdrawing an 
aliquot for acid digestion or "direct analysis". If, for reasons such as high alkalinity, the 
sample pH is verified to be >2, more acid must be added and the sample equilibrated for 
another sixteen hours until verified to be pH <2.

4.6 Solid samples require no preservation prior to analysis. Solid samples can be held up to 
six months from the time of sample collection until preparation and analysis.

4.7 For aqueous samples, a field blank must be prepared and analyzed as required by the 
data user. Use the same container and preservative as is used in field sample collection. 
The sample holding time is six (6) months from the date and time of collection until 
analysis. Samples are preserved to pH <2 with nitric acid.

5.0 INTERFERENCES

5.1 Spectral interferences are caused by background emission from continuous or 
recombination phenomena, stray light from the line emission of high concentration 
elements, overlap of a spectral line from another element, or unresolved overlap of 
molecular band spectra.

5.1.1 Subtracting the background emission determined by measurement(s) adjacent to 
the analyte wavelength peak can usually compensate for background emission 
and stray light. The location(s) selected for the measurement of background 
intensity is determined by the complexity of the spectrum adjacent to the 
wavelength peak. The location(s) used for routine measurement must be free of 
off-line spectral interference (inter-element or molecular) or adequately corrected 
to reflect the same change in background intensity as occurs at the wavelength 
peak. Changes in background correction must be saved in the instrument 
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method. Background correction can be established by scanning the following 
three solutions: 1) blank (same as calibration blank); 2) solution, containing 
analytes at significant concentration to raise a signal above background signal 
(CCV solution may be used) at mid-range of the curve; 3) solution(s) containing 
most common interfering elements at high concentration and other interferents 
as well (ICSAB solution may be used).

5.1.2 Spectral overlaps can be compensated for by equations that correct for inter-
element contributions, which involve measuring the interfering elements. When 
operative and uncorrected, these interferences produce false-positive 
determinations and are reported as analyte concentrations. Users may apply 
inter-element correction factors determined on their instruments within tested 
concentration ranges to compensate (offline or online) for the effects of 
interfering elements. Consult the method for specific identified interferences.

5.1.3 When inter-element corrections are applied, there is a need to verify their 
accuracy by analyzing spectral interference check solutions. The IEC’s are 
established by analyzing a solution of the interfering element at a high
concentration within the LDR limit, measuring the analyte concentration 
equivalents arising from the interfering element, calculating the interference 
factor as analyte reading in mg/L, then dividing by the interfering element 
concentration. The IEC’s are changed in the stored ICP instrument method.  
Inter-element corrections vary for the same emission line among instruments 
because of differences in resolution, as determined by the grating plus the 
entrance and exit slit widths, and by the order of dispersion. Inter-element 
corrections also vary depending upon the choice of background correction points.  
Selecting a background correction point where an interfering emission line may 
appear should be avoided.  Inter-element corrections that constitute a major 
portion of an emission signal may not yield accurate data. Users must not forget 
that some samples might contain uncommon elements that could contribute 
spectral interferences.

5.1.4 Interference effects must be evaluated for each individual instrument. For each 
instrument, intensities vary not only with optical resolution but also with operating 
conditions (such as power, viewing height and argon flow rate). To determine the 
appropriate location for offline background correction, the user must scan the 
area on either side of the peak adjacent to the wavelength and record the 
apparent emission intensity from all other method analytes. The location selected 
for background correction must be either free from offline inter-element spectral 
interference or a computer routine must be used for their automatic correction on 
all determinations. 

5.2 Physical interferences are effects associated with the sample nebulization and transport 
processes. Changes in viscosity and surface tension can cause significant inaccuracies, 
especially in samples containing high dissolved solids or high acid concentrations. If 
physical interferences are present, they must be reduced by such means as using a high-
solids nebulizer, diluting the sample, using a peristaltic pump, or using an appropriate 
internal standard element. Another problem that can occur with high dissolved solids is salt 
buildup at the tip of the nebulizer, which affects aerosol flow rate and causes instrumental 
drift. This can be controlled using a high-solids nebulizer, wetting the argon prior to 
nebulization, using a tip washer, or diluting the sample. Also, it has been reported that 
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better control of the argon flow rates, especially for the nebulizer, improves instrument 
stability and precision. This is accomplished with the use of mass flow controllers.

5.3 Chemical interferences include molecular-compound formation, ionization effects, and 
solute-vaporization effects. Normally, these effects are not significant with the ICP-AES 
technique. If observed, they can be minimized by careful selection of operating conditions 
(such as incident power and observation height), by buffering of the sample, by matrix 
matching and by standards addition procedures. Chemical interferences are highly 
dependent on matrix type. 

5.4 Memory interferences result when analytes in a previous sample contribute to the signals 
measured in a new sample. Memory effects can result from sample deposition on the 
uptake tubing to the nebulizer and from the buildup of sample material in the plasma 
torch and spray chamber. The site where these effects occur is dependent on the 
element and can be minimized by flushing the system with a rinse blank between 
samples. The possibility of memory interferences must be recognized within an analytical 
run and suitable rinse times must be used to reduce them.

5.5 Linear Dynamic Range (LDR) study is performed by analyzing a solution of each element 
at maximal concentration unless the result falls outside 10% RPD. The highest calibration 
standard for each analyte cannot be greater than the LDR for that analyte. If an 
interferent is found greater than the LDR and an IEC factor is established between the 
interferent and analyte of interest, the sample must be diluted for proper correction of 
inter-element interferences. Instrument methods with different calibration standard 
concentrations require separate LDR studies.

5.6 Background correction is performed as needed and LDR and IEC studies are completed 
as required by each published analytical method and whenever significant changes to 
instrumentation are made. Background, or blank matrix, subtraction is not performed for 
environmental samples.

6.0 EQUIPMENT AND SUPPLIES

6.1 Inductively coupled plasma emission spectrometer:

6.1.1 Perkin Elmer Model 5300 or Thermo Model 7000 series ICP, or equivalent, with 
background correction and computer control

6.1.2 Cetac Autosampler or ESI autosampler

6.1.3 Argon gas supply - High purity grade (99.99%). When analyses are conducted 
frequently, liquid argon is more economical and requires less frequent 
replacement of tanks than compressed argon in conventional cylinders.

6.2 Narrow-mouth storage bottles, FEP (fluorinated ethylene propylene) with screw closure, 
125mL to 1L capacities

6.3 One-piece stem FEP wash bottle with screw closure, 125mL capacity

6.4 Adjustable pipettes (Eppendorf or equivalent), ranges from 2μL to 5000μL

6.5 Class A volumetric flasks for standards preparations

6.6 Polypropylene (PP) conical tubes
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6.7 Peristaltic pump

7.0 REAGENTS AND STANDARDS

7.1 All reagents and standards must be recorded in the appropriate preparation log and 
assigned a unique number. See ENV-SOP-MTJL-0041, Standard Logger – Tree Operation.  
Additional information regarding reagent preparation can be found in the Standards Logger 
(Tree) digital archive system. All spiking solutions and surrogate standard solutions should 
be replaced at least every six (6) months or sooner if a problem is detected unless otherwise 
noted.  

7.2 Hydrochloric acid, concentrated (sp. gr. 1.19) - HCl

7.2.1 Hydrochloric acid (1+1) - Add 500mL concentrated HCl to 400mL reagent water 
and dilute to 1L with reagent water.

7.3 Nitric acid, concentrated (sp. gr. 1.41) - HNO3

7.3.1 Nitric acid (1+1) - Add 500mL concentrated HNO3 to 400mL reagent water and 
dilute to 1L with reagent water.

7.4 Laboratory Reagent water

7.5 ICP Standard List

Calibration Stock Std Cat # Working Standard Preparation

RL Standard #1 HP7013-500 50mL of Stock LL Std, 10% rinse to 
volume 1000mL

0.5ppm Standard #2

HP6928-1L

125mL of 2.0ppm Std, 10% rinse to 
volume 500mL 

1ppm Standard #3 250mL of 2.0ppm, 10% rinse to 
volume 500mL 

2ppm Standard #4 Direct pour

10ppm Standard #5 HP6409-500 Direct pour

250ppm Standard #6
HP4526-1L

500mL of 500ppm Std, 10% rinse to 
volume 1000mL

500ppm Standard #7 Direct pour

La Standard #8 VHG-PLAN-100 10mL of Stock La Std, 10% rinse to 
volume 1000mL

Standards Stock Std Cat # Working Standard Preparation

ICV ESC-8 5mL of Stock ICV Std, 10% rinse to 
volume 500mL

CCV HP6929-1L 50mL of Stock CCV Std, 10% rinse to 
volume 1000mL

ICVLL
HP7013-500

50mL of Stock LL Std, 10% rinse to 
volume 1000mL

CCVLL 50mL of Stock LL Std, 10% rinse to 
volume 1000mL
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Standards Stock Std Cat # Working Standard Preparation

ICSA ICL500-6 50mL of Stock A Std, 10% rinse to 
volume 500mL

ICSAB ICL500-6,HP2739-500 50mL of Stock A Std, 5ml of Stock AB 
Std, 10% rinse to volume 500mL

CE HP100010-1 5mL of Stock Ce Std, 10% rinse to 
volume 500mL

ICSA2 varies 5 mL of Stock Std, 10% rinse to 
volume 500mL

LA VHG-PLAN-100 10mL of Stock La Std, 10% rinse to 
volume 1000mL.

IEC / LDR As HP10003 10mL of Stock As Std, 10% rinse to 
volume 1000mL

IEC / LDR Co HP100013 10mL of Stock As Std, 10% rinse to 
volume 1000mL

IEC / LDR Cr HP100012 10mL of Stock As Std, 10% rinse to 
volume 1000mL

IEC / LDR Cu HP100014 10mL of Stock As Std, 10% rinse to 
volume 1000mL

IEC / LDR Mn HP100032 10mL of Stock As Std, 10% rinse to 
volume 1000mL

IEC / LDR Si HP100050 10mL of Stock As Std, 10% rinse to 
volume 1000mL

Internal Std HP10M67-1,HP10M24-1 1mL of Stock Y, 3mL of Stock In, 10% 
rinse to volume 1000mL

10% Blank and Rinse A200C-212 Fill container to 90% with DI water, 
add HNO3 to volume

7.6 Blanks - Three types of blanks are required for ICP-AES analysis

7.6.1 The calibration blank is used to establish the baseline for the instrument prior to the 
analysis of the analytical curve. The calibration blank is prepared by acidifying 
reagent water to the same acid concentration as used for the standards (10% 
HNO3).  

NOTE: The calibration blank must be stored in a FEP bottle to minimize leaching 
from other container materials that can cause an elevation in the target 
analytes leached causing an inherent bias in the calibration and 
quantitation of field samples when baselines are established prior to 
calibration of the ICP-AES.  

7.6.1.1 Following calibration, the Initial Calibration Blank (ICB) is analyzed prior 
to field sample analyses. A Continuing Calibration Blank (CCB) is 
analyzed following the CCV after every ten samples and at the end of the 
analytical sequence to verify on-going acceptable instrument conditions.

7.6.2 The method blank is used to assess possible contamination from the sample 
preparation procedure. The method blank must contain all the reagents in the 
same volumes as used in sample preparation. The method blank must be 
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prepared in the same manner as the samples including sample digestion, when 
applicable.

7.6.3 The rinse blank is prepared by acidifying reagent water to the same concentrations 
as the acids as used in the calibration blank (10% HNO3). This solution is stored in 
a convenient manner. The rinse blank is used for equipment “wash out” to flush the 
sample delivery system and eliminate memory effects (carryover) from previous 
samples or standards.  

7.7 Mixed Calibration Standard Solutions are used to make the following calibration 
solutions. All standards are prepared in Class A volumetric flasks using adjustable 
pipettes. The final acid concentration is matrix matched to digested field sample 
concentrations. See section 7.5 above for preparation of these standards.   

Concentration of Target Analytes in Calibration Standards in mg/L
Analyte STD 1 STD 2 STD 3 STD 4 STD 5 STD 6 STD 7 STD 8
Silver 0.005 0.5 1.0 2.0
Aluminum 0.2 10 250 500
Arsenic 0.01 0.5 1.0 2.0
Boron 0.2 1.0 2.0
Barium 0.005 0.5 1.0 2.0 10
Beryllium 0.002 0.5 1.0 2.0
Calcium 1.0 1.0 2.0 10 250 500
Cadmium 0.002 0.5 1.0 2.0
Cerium 10
Cobalt 0.01 0.5 1.0 2.0
Chromium 0.01 0.5 1.0 2.0
Copper 0.01 0.5 1.0 2.0
Iron 0.10 0.5 1.0 2.0 10 100 200
Potassium 1.0 2.0 10 50 100
Phosphorus 0.1 0.5 1.0 2.0
Lanthanum 10
Lithium 0.015 0.5 1.0
Magnesium 1.0 10 250 500
Manganese 0.01 0.5 1.0 2.0
Molybdenum 0.005 0.5 1.0 2.0
Sodium 1.0 1.0 2.0 10 250 500
Nickel 0.01 0.5 1.0 2.0
Lead 0.005 0.5 1.0 2.0
Antimony 0.01 0.5 1.0 2.0
Selenium 0.01 0.5 1.0 2.0
Silicon 0.2 0.5 1.0 2.0 10
Strontium 0.01 0.5 1.0 2.0
Sulfur 1.0 1.0 2.0 10 50 100
Tin 0.05 0.5 1.0 2.0
Thallium 0.01 0.5 1.0 2.0
Vanadium 0.02 0.5 1.0 2.0
Zinc 0.05 0.5 1.0 2.0
Titanium 0.05 0.5 1.0 2.0
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7.8 Initial Calibration Verification (ICV) – The ICV is an analytical standard solution from a 
second source different from the calibration and CCV standards. The ICV is prepared at 
a mid-range concentration within the linear working range of the instrument. The ICV 
must have the same acid matrix as the Calibration Standards. See Section 7.5 above for 
the preparation of this standard.

All analytes are present in the mid-level ICV solution at the following concentrations (mg/L):   

Analyte Concentration Analyte Concentration
Silver 1.0 Manganese 1.0
Aluminum 10.0 Molybdenum 1.0
Arsenic 1.0 Sodium 10.0
Boron 1.0 Nickel 1.0
Barium 1.0 Lead 1.0
Beryllium 1.0 Antimony 1.0
Calcium 10.0 Selenium 1.0
Cadmium 1.0 Silicon 1.0
Cobalt 1.0 Strontium 0.4
Chromium 1.0 Tin 1.0
Copper 1.0 Thallium 1.0
Iron 10.0 Vanadium 1.0
Potassium 10.0 Zinc 1.0
Lithium 1.0 Titanium 1.0
Magnesium 10.0 Sulfur 10.0
Phosphorus 1.0

7.9 Continuing Calibration Verification (CCV) – The CCV is the mid-range calibration 
standard prepared from the same source as the initial calibration curve. The CCV is used 
to verify the regression of the initial calibration of the instrument and must be repeated 
following every ten samples and at the conclusion of the sequence. EPA Method 200.7 
refers to this standard as the Instrument Performance Check (IPC) standard. See Section 
7.5 above for the preparation of this standard.

All analytes are present in the mid-level CCV solution at the following concentrations (mg/L):   

Analyte Concentration Analyte Concentration
Silver 0.5 Manganese 1.0
Aluminum 10.0 Molybdenum 0.25
Arsenic 1.0 Sodium 50.0
Boron 1.0 Nickel 1.0
Barium 0.50 Lead 0.50
Beryllium 0.20 Antimony 0.5
Calcium 50.0 Selenium 1.0
Cadmium 0.50 Silicon 2.0
Cobalt 1.0 Strontium 1.0
Chromium 1.0 Tin 0.5
Copper 1.0 Thallium 1.0
Iron 10.0 Vanadium 1.0
Potassium 50.0 Zinc 1.0
Lithium 1.0 Titanium 1.0
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Analyte Concentration Analyte Concentration
Magnesium 10.0 Sulfur 5.0
Phosphorus 1.0

7.10 Low Level Initial/Continuing Calibration Verification for EPA 6010C (ICVLL/CCVLL) –The 
ICVLL/CCVLL is prepared at a low concentration within the linear working range of the 
instrument and defines the lowest level of quantitation/reporting. The ICVLL/CCVLL must 
have the same acid matrix as the calibration standards. See Section 7.5 above for the 
preparation of this standard.

The concentration of the low-level ICVLL/CCVLL solution is listed in the table below:

Analyte Concentration
(mg/L) Analyte Concentration

(mg/L)
Silver 0.005 Manganese 0.01
Aluminum 0.2 Molybdenum 0.005
Arsenic 0.01 Sodium 1
Boron 0.2 Nickel 0.01
Barium 0.005 Lead 0.005
Beryllium 0.002 Antimony 0.01
Calcium 1 Selenium 0.01
Cadmium 0.002 Silicon 0.2
Cobalt 0.01 Strontium 0.01
Chromium 0.01 Tin 0.05
Copper 0.01 Thallium 0.01
Iron 0.10 Vanadium 0.02
Potassium 1 Zinc 0.05
Lithium 0.015 Titanium 0.05
Magnesium 1 Sulfur 1.00
Phosphorus 0.1

7.11 Interference Check Solutions (ICSA, ICSAB, ICSA2, LA, CE) – The ICS checks are 
prepared to contain known concentrations of interfering elements that provides a test of 
the correction factors. The ICSA, ICSA2, LA, and CE solutions contains the interfering 
elements at a high concentration and the ICSAB contains both the interfering analytes at 
a high concentration and the analytes of interest at 0.5 to 1.0mg/L. EPA Method 200.7 
and 6010D refers to this standard as the Spectral Interference Check (SIC) standard.
See Section 7.5 above for the preparation of these standards.

7.11.1 The ICSA solution contains 5000mg/L of each Al, Ca, Mg and 2000mg/L Fe.

7.11.2 The ICSAB solution contains all the components at the same concentrations of 
the ICSA and other target analytes of interest spiked. In the working ICSAB 
solution, silver, boron, cadmium, nickel, lead, silica, and zinc are present at 
1.0mg/L. All other analytes (arsenic, barium, beryllium, cobalt, chromium, copper, 
manganese, molybdenum, antimony, selenium, tin, thallium, vanadium and 
titanium) are present at 0.5mg/L.

7.11.3 The ICSA2 solution contains interfering elements that are not in the ICSA.  In the 
working ICSA2 solution, all analytes are present at 10mg/L.
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7.11.4 The LA solution contains 10mg/L of La.

7.11.5 The CE solution contains 10mg/L of Ce.

7.12 The IEC / LDR solutions are prepared to contain known concentrations of interfering 
elements that are used to adjust the IECs and are used for daily LDRs for 6010D.  The 
interfering elements are present at 10mg/L.

7.13 Internal Standards – The internal standard response is used to measure the relative 
responses of other method analytes in each sample. Yttrium and Indium are used as 
internal standards. See Section 7.5 above for the preparation of this standard.

7.14 For the preparation of Laboratory Control Samples (LCSs) and Matrix Spikes (MSs) see the 
applicable sample preparation SOPs.

8.0 PROCEDURE

8.1 Sample Analysis

8.1.1 Initializing the Instrument:  Prior to daily calibration of the instrument, inspect the 
sample introduction system including the nebulizer, torch, injector tube for salt 
deposits, dirt, and debris that would restrict solution flow and affect instrument 
performance.  

8.1.1.1 Replace the uptake tubing daily.  

8.1.1.2 If any of the sample introduction parts appear soiled, first remove the 
part from the instrument by following the maintenance procedure in the 
instrument manual. Once removed, attempt to clean the part with a dilute 
solution of 5% nitric acid. Cleaning may be performed using a cotton 
swab or by submersing the part in the acid solution for no longer than 
five (5) minutes. If cleaning is successful, dry the part using compressed 
air or argon and replace it in the instrument. If cleaning does not 
adequately remove the residue, the part must be replaced with a new 
one in accordance with the manufacturer’s directions. Replacement parts 
are kept in the cabinet in the instrument lab.

8.1.2 Instrument Stability: The instrument must be allowed to become thermally 
stable before calibration and analyses. This usually requires at least 30 minutes 
of operation.

8.1.3 Instrument Calibration: For initial and daily operation, calibrate the instrument 
according to the instrument manufacturer's recommended procedures using 
mixed calibration standard solutions and the calibration blank. A peristaltic pump 
is used to introduce all solutions, samples, and the internal standard to the 
nebulizer. To allow adequate time for equilibrium to be reached in the plasma, 
aspirate all solutions for at least 30 seconds after the solution reaches the 
plasma before obtaining the sample analyte response.  

8.1.3.1 Use the average value from three replicate analyte responses per 
sample to be correlated to the overall analyte concentration in the 
solution being sampled. Flush the system with the rinse blank for a 
minimum of 60 seconds between each standard.  
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8.1.3.2 The calibration regression is generated using first order linear regression 
of a calibration blank and three calibration standards where each 
element is present. The blank is included as a point in the calibration 
curve to determine the baseline correction needed for the instrument to 
effectively quantitate target analyte concentrations.  

8.1.3.3 Calibration acceptance criteria are described in section 10.4.

8.1.4 Internal Standard:  All standards/samples/QC etc. contain yttrium and indium as 
the internal standards. The instrument adds the internal standards automatically.  
The instrument injects a constant volume into each solution being analyzed (i.e. 
standard, blank, field sample, LCS/LCSD/MS/MSD/DUP) and monitors the 
intensity at the sample level. An internal standard is the chosen alternative to the 
method of standard additions (MSA). If signal variation results from the sample 
introduction system (samples of different viscosity, matrix constitution), all the 
elements are corrected in the same way by an internal standard. If variation 
results from a variation of the energy transfer, the internal standard most 
accurately corrects elements of similar energy. Internal standard acceptance 
criteria are described in section 10.14.  

8.1.5 Calibration Accuracy: Verify the acceptable initial calibration of the instrument 
using a standard source that is either an independent lot or entirely different 
manufacturer to ensure calibration accuracy. After calibrating and rinsing the 
instrument, analyze the ICV and, if analyzing samples using EPA 6010C, analyze 
the ICVLL standards. These standards are prepared as directed in section 7.7 
and 7.9.  Acceptance criteria are described in section 10.5.

8.1.6 On-going Calibration Stability: Verify the acceptable on-going instrument 
calibration by analyzing appropriate check standards during the sequence. 
Instrument calibration acceptability is demonstrated after every 10 samples using 
the CCV and CCB and at the end of the analytical run using the CCV, CCVLL (if 
analyzing EPA 6010C samples), and CCB that must meet the criteria described in 
sections 10.6 & 10.14.

8.1.7 Accurate Background Corrections: The interference check standards (ICSA,
ICSAB, ICSA2, LA, and CE) are used to verify the inter-element and background 
correction factors at the beginning of an analytical run. The ICSA and ICSAB are 
verified during every 8-hour work shift. The interference check standards must 
meet the criteria found in section 10.10.

8.1.8 An Initial Calibration Blank (Section 7.5.1) is analyzed before sample analysis is 
initiated to verify the cleanliness of the analytical system. Acceptance criteria are 
described in section 10.14. 

8.1.9 Field Sample Analysis: After completion of the above calibration requirements, 
samples must be analyzed in the same operational manner used in the 
calibration routine with the rinse blank also being used between all sample 
solutions, method blanks, Laboratory Control Standards, matrix spike, matrix 
spike duplicates, and check solutions.

8.1.10 Dilutions: If a sample analyte concentration is quantitated within 90% or greater of 
the upper limit of the analyte’s determined Linear Dynamic Range (LDR), see 
section 10.4.2 for further guidance.
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9.0 DATA ANALYSIS AND CALCULATIONS

9.1 Sample data should be reported in units of mg/L for aqueous samples and mg/kg dry 
weight corrected for solid samples.

9.2 For dissolved aqueous analytes, report the data generated directly from the instrument 
with compensation for sample dilution. Never report analyte concentrations below the 
MDL and if reporting between the MDL and the routine RL, results should be qualified 
with the appropriate indicator for estimated target analyte concentrations.

9.3 For total recoverable aqueous analytes, multiply solution analyte concentrations by the 
dilution factor 0.5 when a 100mL aliquot is used to produce the 50mL final digestate 
volume, and report data. If a different aliquot volume other than 100mL is used for 
sample preparation, adjust the dilution factor accordingly. Account for any additional 
dilution of the prepared sample digestate required to complete the determination of any 
analytes exceeding 90% or greater of the LDR upper limit. Never report analyte 
concentrations below the MDL and if reporting between the MDL and the routine RL, 
results should be qualified with the appropriate indicator for estimated target analyte 
concentration. Routine reporting limits are adjusted for any dilution required by the 
sample analysis.

9.4 Results are reported to Three significant figures by the laboratory LIMS. Analyte 
concentrations for solids data should be rounded in a similar manner following dry weight 
corrections.

9.5 For total recoverable analytes in solid samples, calculate the target analyte concentration 
using the equation below and do not report analyte data below the estimated solids RL or 
an adjusted RL based on additional dilutions required to complete the analysis:

C x V x D
Sample Conc. (mg/Kg) = --------------

dry-weight basis             W

where: C = Concentration in extract (mg/L)
V = Volume of extract (L, 100mL = 0. 1L)
D = Dilution factor (undiluted = 1)
W = Weight in Kg of sample aliquot extracted (g x 0.001 = Kg)

9.6 Soil samples are routinely reported on a dry weight basis. Soil samples must be 
processed using the ENV-SOP-MTJL-0065, Total Solids. After a dry weight for each 
sample has been obtained, the calculations are performed automatically by the laboratory 
LIMS as follows:

DW
% solids (S) =  ------ x 100

WW

where: DW = Sample weight (g) dried 
WW = Sample weight (g) before drying

9.7 Hardness calculations:

Total Hardness, mg equivalent CaC03/L = 2.497 [Ca, mg/L] + 4.118 [Mg, mg/L]
Calcium Hardness = 2.497 [Ca, mg/L]

Magnesium Hardness = 4.118 [Mg, mg/L]
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9.8 To calculate the silica concentration from silicon analysis:

Silica (mg/L) = 2.14*[Silicon, mg/L]

9.9 Formula needed to calculate dilution of stock standards of known concentration to a 
known final volume, using the basic chemistry formula, C1*V1=C2*V2:

Vstock = Vstd * Cstd / Cstock

where:  Vstock = volume of stock standard required (mL)
Vstd = final volume of diluted standard required (mL)
Cstock = concentration of stock standard required (μg/mL or μg/L)
Cstd = final concentration of diluted standard required (μg/mL or μg/L)

NOTE:  Be sure to maintain consistent units for both concentration and volume during the 
use of the calculation and keep in mind that (1μg/mL = 1mg/L=1000μg/L, 
1L=1000mL=1000000μL, and 1mL=1000μL)

9.10 Percent Relative Intensity (%RI) for internal standard assessment (ISTD):

%RI = Intensity of ISTDsample / Intensity of ISTDCalBlk * 100%

9.11 Relative Standard Error (RSE – expressed as a percentage)
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where:
x’i = Measured amount of analyte at the calibration level i, in mass or concentration 

units
xi = True amount of analyte at calibration level i, in mass or concentration units
p = Number of terms in the fitting equation (average – 1, linear = 2, quadratic = 3)

9.12 See the current Quality Assurance Manual for other equations associated with common 
calculations.

10.0 QUALITY CONTROL AND METHOD PERFORMANCE

10.1 All analysts must meet the qualifications specified in ENV-SOP-MTJL-0015, Technical 
Training and Personnel Qualifications, before approval to perform this method. Analysts 
must complete an initial demonstration of proficiency before being approved to perform 
this method. Continuing proficiency must be demonstrated using proficiency testing, 
laboratory control sample analysis and/or MDL studies. Method performance is assessed 
per analyst. Updated method performance records are filed and stored in a central 
location within the department.

10.1.1 Prior to using Method 6010D for quantitation of samples, an initial demonstration 
of performance packet must be completed. This packet must document:

+ The selection criteria for background correction points
+ Analytical dynamic ranges including the applicable equations and upper 

limits of ranges
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+ IDLs and Method LLOQs
+ The determination and verification of interelement correction equations or 

other routines for correcting spectral interferences. These data must be 
generated using the same instrument, operating conditions, and 
calibration routine to be used for sample analysis. The data must be kept 
on file and available for review by the data user or auditor.

10.2 Use Prep Data to record batch order and standards/reagents used during analysis. See 
ENV-SOP-MTJL-0014, Data Handling and Reporting.

10.3 Batch Analyses

10.3.1 Environmental Preparation Batches: Preparation batches are defined as sets of 
1-20 samples as defined in Chapter 1 of SW-846 and in section 9.3.1 of EPA 
200.7. Preparation batch analysis must include the following: 1 Method Blank, 1 
Laboratory Control Sample (LCS), 1 Laboratory Control Sample Duplicate 
(LCSD), 1 Serial Dilution, 1 Sample Post Digestion Spike, 1 Matrix Spike/Spike 
Duplicate (MS/MSD) pair. All batch information is maintained in Prep Data 
computer program.

10.3.2 Analytical Batches:  Analytical batches are defined as a sequence of samples 
analyzed concurrently using the same calibrated instrument. Analytical batches 
include the QC samples produced in the Preparation Batches, in addition to: 1 
Serial Dilution, 1 Sample Post Digestion Spike, 1 Initial Calibration Verification 
(ICV) following initial calibration, 1 Initial Calibration Verification-Low Level 
(ICVLL) following initial calibration (when analyzing EPA 6010C, 6010D and 
DOD only) 1 Initial Calibration Blank following the ICVLL, 1 Continuing 
Calibration Verification (CCV) following each 10 samples and at the conclusion of 
the sequence, 1 Continuing Calibration Verification-Low Level (CCVLL) at the 
conclusion of the sequence (when analyzing EPA 6010C only), 1 Continuing 
Calibration Blank (CCB) following each CCV, 1 Interference Check Sample A 
(ICSA), 1 Interference Check Sample AB (ICSAB), Interference Check Sample 2, 
1 Lanthinum Interference Check Sample, and 1 Cerium Interference Check 
Sample following each initial calibration. A (ICSA) and 1 Interference Check 
Sample AB (ICSAB) at the end of the sequence or at least twice per each eight 
(8) hour shift. All batch information is maintained in Prep Data computer program.  

10.4 Supporting Analytical Studies

10.4.1 Instrument Detection Limits (IDL) Studies - IDLs in μg/L can be determined as 
the mean of the calibration blank results plus three times the standard deviation 
of 10 replicate analyses of the solution. Use zero for the mean if the mean is 
determined to be a negative value.

IDLs must be verified quarterly14.13 or when major instrumentation change occurs.

10.4.2 Linear Dynamic Range (LDR) Studies – Linear dynamic ranges are established 
for each instrument to allow for quantitation above the highest level of calibration 
without qualification.  ICP instruments are known to remain linear at high levels, 
but each upper limit of linearity is based on the target analyte being measured 
and the routine instrument operating conditions.

To perform a linear dynamic range study, the instrument must be calibrated 
normally as used with client field samples. The LDR is determined by the 
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analysis of a minimum of three, but preferably five, different increasing 
concentrations of standards containing each target analyte across a range. One 
concentration should be near the expected upper linear range for each analyte.  
The highest concentration, where the instrument calibration remains linear, is 
determined when the observed concentration of the increasing standards is no 
more than 10% below the expected concentration of the analyte. If more than a 
10% deviation exists, the instrument is proven to no longer be linear at that value
for that analyte. The upper linear range is therefore the next lower concentration
of standards used in the determination. Samples quantitated above that upper 
determined LDR require dilution to quantitate within the proven linear range of 
the instrument.

LDR studies must be verified semi-annually14.1 or when major instrumentation 
change occurs.

Method 6010D - LDR standards must be ran daily within ten percent of true 
value, or dilute all samples above the high standard in the curve.

STATE NOTE: For work performed in support of the NC Department of Natural 
Resources (15A NCAC 02H.0805(a)(7)(l)) for target analytes 
quantitated by ICP or ICPMS, a series of at least three standards 
must be analyzed along with each group of samples. The 
concentrations of these standards must bracket the 
concentration of the analytes in the field samples analyzed.  
Samples with target analyte concentrations above the highest 
level of calibration must be diluted to quantitate analytes within 
the calibration range. The use of the dynamic linear range 
studies to validate analyte/instrument calibration linearity must 
not be used for NC sample analysis.

10.4.3 Method Detection Limits – See also ENV-SOP-MTJL-0016, Method Detection 
Limits (MDL), Limits of Detection (LOD) and Limits of Quantitation (LOQ).

MDL studies are required annually or when instrumentation change occurs.  
Method detection limit studies are performed on blank matrices most closely 
matching field sample matrices.  

10.4.4 Inter-element Correction Factors – All inter-element spectral correction factors 
must be verified and updated every six months or when major instrumentation 
change occurs.14.1,14.5,.

Criteria for determining an inter-element spectral interference is an apparent 
positive or negative concentration of an analyte that is outside the 3-sigma control 
limits of the calibration blank for the analyte. See Attachment II for a listing of 
potential interfering analytes and their contributions from SW-846 method EPA 
6010B. Testing is performed using 100mg/L single element solutions; however, for
analytes such as iron that may be found at high concentration, a more appropriate 
test would be to use a concentration near the upper analytical range limit.  

Suggested analytes that are known to commonly interfere include: Ag, Al, As, B, 
Ba, Be, Ca, Cd, Ce, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Se, Si, 
Sn, Sr, Ti, Tl, V, and Zn.    

ENV-SOP-MTJL-0215, Rev 08



24 of 50

STANDARD OPERATING PROCEDURE
TITLE: Determination Metals and Trace Elements in Various Matrices by ICP-AES (EPA 

Methods 6010B, 6010C, 6010D [ICP-OES], and 200.7) Including Hardness (EPA 
Methods 200.7 and 6010B/C/D and SM 2340B)

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

10.4.5 Proficiency Testing (PT) – See also ENV-SOP-MTJL-0022, Proficiency Testing 
Program. Proficiency testing is performed in the metals department in support of 
both environmental and industrial hygiene analyses. Environmental PTs are 
performed semi-annually for Water Supply (Safe Drinking Water Act), Water 
Pollution (Clean Water Act), and soils (RCRA) testing.  

10.5 Initial Calibration - Run a calibration curve on a daily basis that employs a minimum of a 
calibration blank and three standards for each target analyte. If the correlation coefficient 
does not meet the acceptance criteria, see the corrective action guidance listed in 
Section 11.1.

NOTE:  For EPA Methods 200.7 & 6010B/D, the linear regression correlation coefficient 
for the each analyte in the calibration curve lines must be >0.995.

NOTE:  For Method 6010D - If a multipoint calibration is used the low standard must be 
at or below the LLOQ. 

NOTE: For EPA Method 6010C, the regression correlation coefficient must be >0.998.

10.6 Initial Calibration Verification (ICV/ICVLL) - Verify the accuracy of the initial instrument 
standardization by analyzing appropriate check standards following calibration. The 
routine mid-level ICV must be prepared from a source that is independent of the stock 
standard used for the preparation of the initial calibration curve. For EPA Method 6010C, 
a low-level ICV (ICVLL) is also performed as required; however the low level ICV is not 
required to be from a second source. It may be made from the same stock standard as 
the calibration standards as long as the initial calibration is verified by a second source in 
the mid-level ICV.     

10.6.1 EPA Method 6010B/D - The routine ICV standard recovery results must be 
±10% of the true value for EPA method 6010B/D. The RSD must be <5% for the 
triplicate passes of the spectrometer. If the RSD exceeds 5% and/or the recovery 
exceeds 10%, locate and correct the cause of the problem and do not proceed 
until this criterion is met. Corrective actions for failures can be found in section 
11.2.

10.6.2 EPA Method 200.7 - The routine ICV standard recovery results must be ± 5% of 
the true value for EPA method 200.7. The RSD must be within 3% for the four 
replicate passes of the spectrometer. If the RSD exceeds 3% and/or the recovery 
exceeds 5%, locate and correct the cause of the problem and do not proceed until 
this criterion is met. Corrective actions for failures can be found in section 11.2.

10.6.3 EPA Method 6010C - The routine ICV standard recovery results must be ±10% 
of the true value for EPA methods 6010C. The RSD must be <5% for the 
triplicate passes of the spectrometer. The ICVLL standard recovery results 
should be within 70-130%.  If the recovery does not meet the criteria for either 
level of ICV and/or the %RSD is exceeded, locate and correct the cause of the 
problem and do not proceed until this criterion is met. Corrective actions for 
failures can be found in section 11.2.

10.6.4 EPA Method 6010D Low-level Readback or Verification - For a multi-point 
calibration, the low level standard should quantitate to within 80-120% of the true 
value. For a single point calibration, a standard from the same source as the 
calibration standard and at the LLOQ is analyzed and should recover within 80-
120% of the true value.
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10.6.5 EPA Method 6010D Mid-level Readback or Verification - For a multi-point 
calibration, the midlevel standard should quantitate to within 90-110% of the true 
value. For a single point calibration, a standard from the same source as the 
calibration standard and at the midpoint of the linear range is analyzed and 
should recover within 90-110% of the true value.

10.7 Continuing Calibration Verification (CCV/CCVLL) - Verify the on-going instrument 
standardization by analyzing appropriate check standards during the sequence.  
Verification is achieved by analyzing both a CCV standard and a CCB (instrument blank).    
Continuing calibration verification standards can be created from either primary or 
secondary source standards from those used in instrument calibration. Continuing 
instrument calibration acceptability is demonstrated after every 10 samples and at the 
end of the analytical run using the CCV that must meet the following criteria per the 
method being analyzed:  

10.7.1 For SW-846 Method 6010B/D – Continuing calibration verification (CCV) 
analyzed after every 10 samples and at the conclusion of the sequence must 
have a recovery within ±10%. The RSD must be within 5% for the triplicate 
passes of the spectrometer.  The CCVLL recovery should be within ±50%.

10.7.2 For EPA Method 200.7 - Continuing calibration verification (CCV) analyzed after 
every 10 samples and at the conclusion of the sequence must have a recovery 
within ±10%. The RSD must be within 3% for the triplicate passes of the 
spectrometer.  

10.7.3 For SW-846 Method 6010C - Continuing calibration verification (CCV) analyzed 
after every 10 samples and at the conclusion of the sequence must have a 
recovery within ±10%. The RSD must be within 5% for the triplicate passes of the 
spectrometer. The CCVLL recovery should be within ±30%. ICVLL are analyzed 
at the beginning of the analytical run and CCVLL are analyzed at the end of the 
analytical run for 6010C.

10.8 Method/Calibration/Rinse Blanks

10.8.1 Method Blank

10.8.1.1 A method blank is generated for each analytical batch during sample 
preparation to determine if any contamination is introduced during 
sample processing.  A method blank is routinely a volume of reagent 
water that is carried through the entire digestion and analysis 
procedure with the samples.  

10.8.1.2 The method blank must not contain analytes >MDL or, in the case of 
common laboratory contaminants, the concentrations should not exceed 
the RL. Common laboratory contaminants include: Calcium, Potassium, 
Magnesium, Zinc, Iron and Sodium. If target analytes are present in the 
method blank, corrective action must be taken. See section 11.5 for 
corrective actions.

NOTE:  Per DoD QSM, version 5.0, Section 1.7.4.1, DoD/DOE require 
that method blanks be evaluated to ½ RL (LOQ) for target 
analytes and RL (LOQ) for common laboratory contaminants.  
If contaminants are present in the blank above this level, 

ENV-SOP-MTJL-0215, Rev 08



26 of 50

STANDARD OPERATING PROCEDURE
TITLE: Determination Metals and Trace Elements in Various Matrices by ICP-AES (EPA 

Methods 6010B, 6010C, 6010D [ICP-OES], and 200.7) Including Hardness (EPA 
Methods 200.7 and 6010B/C/D and SM 2340B)

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

samples must be re-prepared and re-analyzed or reported with 
appropriate qualification.

NOTE:  Method 6010D – The method blank is considered to be 
acceptable if target analyte concentrations are less than ½ the 
LLOQ or are less than project-specific requirements.

State Note: For Wisconsin samples, the method blank must not 
contain analytes more negative than the MDL value. If target analytes 
are more negative than the MDL, the instrument must be recalibrated 
or a new LOD study performed.

State Note: For West Virginia samples analyzed by Method 6010D, 
blanks are generally considered to be acceptable if target analyte 
concentrations are less than ½ the lower limit of quantitation (LLOQ) or 
are less than project-specific requirements. Blanks may contain 
analyte concentrations greater than acceptance limits if the associated 
samples in the batch are unaffected (i.e., targets are not present in 
samples or sample concentrations are ≥10X the blank). Other criteria 
may be used depending on the needs of the project. 
For West Virginia samples analyzed by Method 200.7, blank values 
that exceed the MDL indicate laboratory or reagent contamination 
should be suspected.

10.8.2 Calibration Blank

10.8.2.1 An initial calibration blank is generated for each analytical sequence 
using acidified reagent water. The CALBLK analyzed prior to the initial 
calibration standards is used to establish a baseline for the instrument 
prior to calibration. Great care is required during this analysis to ensure 
that the baseline is correctly established prior to the calibration of the 
instrument and the analysis of field samples. Inaccurate baselines 
established with contaminated calibration blanks degrade precision 
and accuracy of the analyses performed by creating biases in target 
analyte calibration.

If the initial calibration blank is grossly negative for a target analyte, then 
the quantitation of that target analyte in the calibration standards will be 
biased high due to over compensation by the instrument. This will lead to 
low recovery issues with the CCV, ICV, field samples, and batch QC 
samples. If target analytes are present in the CALBLK leading the 
instrument to make an over correction of the baseline for these targets, 
then the calibration curve will be biased high yielding a low bias for those 
target analytes in the CCV, ICV, field samples, and batch QC. 

10.8.2.2 Continuing calibration blank (ICB/CCB) is also analyzed following each 
initial and continuing calibration verification standard within an instrument 
sequence to verify instrument stability and system cleanliness. This does 
not baseline correct the instrument for possible contaminants in the 
background and must be evaluated to ensure that background 
corrections are appropriate and consistently applied throughout the 
sequence.
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The ICB must not contain analytes > ½ RL, for CCB must not contain 
analytes >RL for all 6010 methods or, in the case of common laboratory 
contaminants, the concentrations should not exceed the RL. Common 
laboratory contaminants include: Calcium, Potassium, Magnesium, Zinc, 
Iron and Sodium.

NOTE: West Virginia requires all blank results to be less than the MDL.  
If the concentration of the target analyte is above the MDL, then 
corrective action and reanalysis is required, or the data must be 
qualified as including a potential high bias.

10.8.3 Rinse Blank

10.8.3.1 A rinse blank is utilized by the ICP to cleanse the system following the 
intake of each digestate analyzed. No data is obtained during this rinse 
and no applicable controls are required for this type of blank. This is 
merely cleansing the lines throughout the analytical system.

10.9 Matrix Spike/Matrix Spike Duplicate (MS/MSD) - A matrix/matrix spike duplicate must be 
prepared for each matrix for each batch of 10 samples for method 200.7 or 20 samples 
for method 6010B/C/D, where sufficient sample volume was submitted by the client.   
Matrix spike and matrix spike duplicate are prepared from a sample aliquot spiked with 
the known concentration of analytes.  

The matrix spike recoveries must meet the criteria in the table below unless the analyte 
concentration in the sample is at least four (4) times greater than the spike concentration.

Method
Acceptance Criteria

Water Soil

6010B, C, and D 75 – 125% 75 – 125%

200.7 70-130% NA

Assess that the matrix spike duplicate precision (%RPD) results meet project-established 
goals acceptance criteria. If no project goals are specified, then results for the RPD must 
be less than 20%.

10.10 Laboratory Control Sample/Laboratory Control Sample Duplicate (LCS/LCSD) - An
LCS/LCSD pair must be digested and analyzed with each batch of 20 samples.  

10.10.1 For SW-846 Method 6010B, 6010C, and 6010D – The LCS recovery must be 
80-120%. The RPD must be less than 20%. When using a certified solid 
reference material for paint chip analysis, the manufacturer’s established limits 
are used for control limits

10.10.2 For EPA Method 200.7 – The LCS recovery must be 85-115%. The RPD must 
be less than 20%. 

10.11 Interference Check Standards (ICSA/ICSAB/ICSA2/LA/CE) – The ICSA2, LA and CE must 
be analyzed at the beginning of each analytical run.  The ICSA and ICSAB must be 
analyzed at the beginning and ending of each sequence or twice within each eight (8) hour 
shift, whichever is more frequent. The recovery of the ICSA and ICSAB elements must be 
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80-120%. If the results are unsatisfactory, see section 11.10 for further guidance. Do not 
proceed until this criterion is met.

NOTE:  The unspiked elements in the ICSA, ICSA2, LA, and CE are not evaluated by the 
data capture software. The instrument analyst evaluates whether the unspiked 
elements are ±LLOQ for the ICSA, ICSA2, LA, and CE.

10.11.1 For Method 6010D two types of SIC checks are used. Individual element SIC 
checks are performed when the instrument is initially setup, and periodically (at 
least once every six (6) months) thereafter. The mixed element SIC solution is 
used daily to check that the instrument is free from interference from elements 
typically observed in high concentration and to check that and interference
corrections applied are still valid.

10.11.1.1 Single element interference checks - At a minimum, single element 
SIC checks must be performed for the following elements: Aluminum 
500mg/L; Boron 50mg/L, Barium, 50mg/L, Calcium 500mg/L; Copper 
20mg/L; Iron 200mg/L; Magnesium 500mg/L; Manganese 10mg/L; 
Molybdenum 20mg/L; Sodium 1000mg/L; Nickel 20mg/L; Selenium 
20mg/L; Silicon 100mg/L; Tin 20mg/L; Vanadium 20mg/L; Zinc 
10mg/L.

The absolute value of the concentration observed for any unspiked 
analyte in the single element SIC checks must be ±LLOQ. The 
concentration of the SIC checks are suggested, but become the 
highest concentration allowed in a sample analysis, and cannot be 
higher than the highest established linear range. Samples with 
concentrations of elements higher than the SIC check must be 
diluted until the concentration is less than the SIC check solution.
Note that reanalysis of a diluted sample is required even if the high 
concentration element is not required to be reported for the specific 
sample, since the function of the SIC check is to evaluate spectral 
interferences on other elements.

The single element SIC checks are performed when the instrument 
is setup and periodically (at least once every six months) thereafter.

10.11.1.2 Mixed element interference check - The mixed element SIC solution 
(see section 7.10.3.2) is analyzed at least once per day, immediately 
after the initial calibration. The concentration measured for any target 
analytes must be less than ±LLOQ. If this criterion is not met then 
sample analysis may not proceed until the problem is corrected, or 
alternatively the LLOQ may be raised to the concentration observed 
in the SIC solution. The only exceptions are those elements that 
have been demonstrated to be contaminants in the SIC solutions 
(see Section 7.10.3.1). These may be present up to the 
concentration documented plus the LLOQ.

10.12 Serial Dilution (SD) - If the analyte concentration is sufficiently high (minimally 10X the IDL), 
an analysis of a 1:4 dilution must agree within 10% of the original determination. If not, see 
section 11.11 for further guidance.
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For Method 6010D - If the analyte concentration is within the linear range of the instrument 
and sufficiently high (minimally, a factor of 25 times greater than the LLOQ), an analysis of a 
1:5 dilution should agree to within ±20% of the original determination.

10.13 Post digestion Spike (PS) - An analyte spike added to a portion of a prepared sample, or 
its dilution and must be recovered to within 75% to 125% of the known value. The spike 
addition should produce a minimum level of 10 times and a maximum of 100 times the 
IDL.  If the spike is not recovered within the specified limits, see section 11.11 for further 
guidance.

For Methods 6010C and 6010D – The Post Digestion Spike must recover within ±20% 
of the known value.

10.14 Internal Standard (ISTD) – Verify the internal standard responses. The intensity of the 
internal standard response in a sample is monitored and compared to the intensity of the 
response for that internal standard in the calibration blank. The Percent Relative Intensity 
(%RI) in the sample must fall within 60-140% of the response in the calibration blank. If 
the %RI of the response in the sample falls outside of these limits, see sections 9.15 & 
11.9 for further guidance.

10.15 Sample Dilution - If a sample analyte concentration is quantitated within 90% or greater 
of the upper limit of the analyte Linear Dynamic Range (LDR), the sample must be diluted 
with acidified reagent water and re-analyzed. 

10.16 Lower Limit of Quantitation (LLOQ) – When analyzing samples according to Method 
6010D, the LLOQ is initially verified by the analysis of at least seven (7) replicate 
samples, spiked at the LLOQ and processed through all preparation and analysis steps 
of the method. The mean recovery and relative standard deviation of these samples 
provide an initial statement of precision and accuracy at the LLOQ. In most cases the 
mean recovery should be +/- 35% of the true value and RSD should be < 20%. In-house 
limits may be calculated when sufficient data points exist. Monitoring recovery of LLOQ 
over time is useful for assessing precision and bias.

10.16.1 Ongoing LLOQ verification, at a minimum, is on a quarterly basis to validate 
quantitation capability at low analyte concentration levels. This verification may
be accomplished either with clean control material (e.g., reagent water, method 
blanks, Ottawa sand, diatomaceous earth, etc.) or a representative sample 
matrix (free of target compounds). Optimally, the LLOQ should be less than the 
desired regulatory action levels based on the stated project-specific 
requirements.

11.0 DATA VALIDATION AND CORRECTIVE ACTION

11.1 All data must undergo a primary review by the analyst. The analyst must check the 
performance of the initial calibration, mid-point check standard and continuing 
calibrations to ensure that they meet the criteria of the method. The analyst should review 
any sample that has quantifiable compounds and make sure that they have been 
confirmed, if needed. The analyst must also verify that reported results are derived from 
quantitation between the RL and the highest standard of the initial calibration curve. All 
calculations must be checked (any dilutions, %solids, etc.). Data must be checked for the 
presence or absence of appropriate flags. Comments should be noted when data is 
flagged.
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11.2 All data must then undergo a second analyst review. This review must be performed 
according to ENV-SOP-MTJL-0014, Data Handling and Reporting and ENV-SOP-MTJL-
0038, Data Review.

11.3 Initial Calibration – After analyzing the calibration standards, the curve is reviewed to 
ensure the acceptance criteria described in section 10.5 are met. If analytes do not meet 
this requirement, corrective action must be taken.  Corrective actions may include re-
calibrating the instrument, replacing the tubing on the peristaltic pump, examining blanks 
and standards for degradation/contamination, or performing instrument maintenance.  If 
the internal standard responses in the calibration standards do not meet the criteria in 
section 10.14, re-calibrate the instrument.

11.4 Initial Calibration Verification (ICV) – If the criteria described in section 10.6 are not met 
for a target analyte, re-analyze the ICV/ICVLL. If this fails a second time, corrective action 
must be taken. Re-calibrate and re-analyze the ICV/ICVLL using the same standard. If 
acceptance criteria are still not met, re-check standard curve and ICV/ICVLL preparation 
and/or perform routine instrument maintenance. If still not acceptable, refer to 
manufacturer's instruction or call service representative.

11.5 Continuing Calibration Verification (CCV) – The continuing calibration verification 
standard must agree with the criteria in section 10.7 or the CCV must be re-analyzed. If 
the recovery fails a second time, corrective action must be taken. The corrective action 
may require re-calibrate the instrument and re-analyze the last 10 samples, using the 
same CCV standard. If acceptance criteria are still not met, re-check the standard curve 
and CCV preparation and/or perform instrument maintenance. If the CCV still does not 
pass, refer to the manufacturer's instruction or call a service representative.

11.6 Blanks – Evaluate the blanks. The analyst must confirm that both the method blanks and 
the continuing calibration blanks were analyzed at the required frequency. Other items to 
check are as follows:

11.6.1 The instrument blank or continuing calibration blank (ICB/CCB) must meet the 
criteria in section 10.8. Corrective actions for method blank contamination include 
re-prepping the entire batch of samples, or if the site-specific requirements can 
be met, an elevated detection limit may be used, or the sample data qualified 
with a “B” qualifier and footnoted.

State Note: For West Virginia samples analyzed by Method 6010D, if the 
method blank fails to meet the necessary acceptance criteria, it should be re-
analyzed once. If still unacceptable, then all samples associated with the method 
blank must be re-prepared and re-analyzed, along with all other appropriate 
analysis batch QC samples. If the method blank results do not meet the 
acceptance criteria and reanalysis is not practical, then the laboratory should 
report the sample results along with the method blank results and provide a 
discussion of the potential impact of the contamination on the sample results. 
However, if an analyte of interest is found in a sample in the batch near its 
concentration confirmed in the blank, the presence and/or concentration of that 
analyte should be considered suspect and may require qualification
For West Virginia samples analyzed by Method 200.7, when blank values 
constitute 10% or more of the analyte level determined for a sample or is 2.2 
times the analyte MDL whichever is greater, fresh aliquots of the samples must 
be prepared and analyzed again for the affected analytes after the source of 
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contamination has been corrected and acceptable LRB values have been 
obtained.

NOTE:  Method 6010D - If the method blank fails to meet the necessary 
acceptance criteria, it should be reanalyzed once. If still unacceptable, 
then all samples associated with the method blank must be re-prepared 
and re-analyzed along with all other appropriate analysis batch QC 
samples. If the method blank results do not meet the acceptance criteria 
and reanalysis is not practical, then the laboratory should report the 
sample results along with the method blank results and provide a 
discussion of the potential impact of the contamination on the sample 
results. However, if an analyte of interest is found in a sample in the 
batch near its concentration confirmed in the blank, the presence and/or 
concentration of that analyte should be considered suspect and may 
require qualification.

11.7 Laboratory Control Sample (LCS)/Laboratory Control Sample Duplicate (LCSD) – Assess 
that LCS pairs were prepared at the required frequency. If all target analyte recoveries 
are not within the criteria described in section 10.10, rinse the instrument and re-analyze.  
If the LCS/LCSD fails for a second time, re-prepared all samples prepared in conjunction 
with the failing LCS. The affected samples must be re-digested and re-analyzed along 
with a new LCS. If there is insufficient volume submitted to re-prepare the field samples, 
notify the project manager to contact the client for further instruction. Reporting with a
qualifier may be performed if acceptable to the client. 

11.8 Matrix Spike (MS)/Matrix Spike Duplicate (MSD) – Assess that MS pairs were prepared 
at the required frequency. If all target analyte recoveries are not within the criteria 
described in section 10.9, review the post digestion spike results for similar failures. 
Review the data to see if similar results are also present in the LCS/LCSD. If the 
LCS/LCSD are acceptable, the MS/MSD failures can be attributed to matrix interferences 
and the data can be qualified with a J4 and reported. If similar results are seen in the 
LCS, then re-prepared all samples prepared in conjunction with the failing MS/MSD. In 
this case, the affected samples must be re-digested and re-analyzed along with a new 
MS/MSD pair. If there is insufficient volume submitted to re-prepare the field samples, 
notify the project manager to contact the client for further instruction. Reporting with a 
qualifier may be performed if acceptable to the client. If insufficient field sample remains 
for re-analysis, report results with a J3 and an L3.

NOTE: If the sample concentration for an analyte is greater than four times (4x) the spike 
concentration, a “V” qualifier is used. The “V” qualifier indicates that the high 
concentration of analyte in the sample interfered with the ability to make an 
accurate spike recovery determination.

11.9 ISTD – The intensity of the Yttrium internal standard response in each sample is 
monitored and compared to the intensity of the response for that internal standard in the 
calibration blank. The Percent Relative Intensity (%RI) in each sample must meet the 
criteria in section 10.14. If the %RI of the response in the sample falls outside of these 
limits, the laboratory must immediately re-analyze the calibration blank and monitor the 
internal standard intensities.  If the %RI for that calibration blank is within the limits, the 
laboratory must re-analyze the original sample at a two-fold dilution due to a possible 
interference from the matrix on the ISTD. If the %RI for the re-analyzed calibration blank 
is outside the limits, the analysis must be terminated, the problem corrected, the 
instrument recalibrated, the new calibration verified, and the samples reanalyzed. 
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11.10 Interference Check Standards (ICSA/ICSAB/ICSA2/LA/CE) - Evaluate the ICSA, ICSAB, 
ICSA2, LA, and CE. The analyst must verify that the ICS checks have been analyzed at 
the required frequency. If the criteria in section 10.11 are not met, check the background 
correction protocols currently in place for appropriateness. If these are the initial ICS 
checks run after daily calibration, re-analyze the CALBLANK and re-calibrate the 
instrument. If the ICSA and/or ICSAB did not agree at the end of an 8-hour shift, re-
analyze the ICSA and ICSAB. If failure persists, perform instrument maintenance as 
needed, recalibrate and re-analyze any samples in the previous run that may have been 
affected.

11.11 Serial Dilution/Post-digestion Spike – The analyst must verify that the SD and PS have 
been analyzed at the required frequency. If either of these tests fails to meet the required 
criteria in sections 10.12 & 10.13, the possibility of a matrix interferent should be 
suspected. An O1 qualifier is used when either sample type fails due to matrix 
interferences.

11.11.1 Serial Dilution - An analysis of a 1:4 dilution must agree within 10% of the original 
determination. If not, a chemical or physical interference effect is suspected.  

11.11.2 Post-digestion Spike - The spike addition should produce a minimum level of 10 
times and a maximum of 100 times the instrumental detection limit. If the spike is 
not recovered within the specified limits, a matrix effect is suspected.

CAUTION: If spectral overlap is suspected, use of computerized compensation, 
an alternate wavelength, or comparison with an alternate method is 
recommended.

11.12 Data that does not meet acceptable QC criteria may be acceptable for use in certain 
circumstances.

11.12.1 If a method blank contains an amount of target analyte, but all samples are non-
detected, the data may be reported with a “B3” flag.  If a method blank contains an 
amount of target analyte, but the samples contain analyte at a level that is 10 times 
the level present in the method blanks, the data may be reported with a “B” flag.  

11.12.2 If the MS/MSD fails (recovery less than 30% or greater than 150% and/or RPD 
greater than 30%) in an initial analysis and again upon re-analysis, the data is 
released with an appropriate qualifier as the failure is accepted as matrix related.

11.12.3 If a calibration verification standard is above the acceptable QC criteria and all 
samples being bracketed are below the reporting limit, the data is acceptable 
based on a high calibration bias with undetectable levels in the field samples.  
Any positive samples require re-analysis.

11.12.4 If the target analyte spiked in the quality control samples (LCS, LCSD, MS, MSD) 
exhibits high recovery and the target analytes in the field samples are below the 
reporting limit, the data may be released with a J+ qualifier indicating the high 
bias with no impact on the field sample analysis due to the bias present.  

11.12.5 If the target analyte spiked into the QC pair (LCS/LCSD, MS/MSD) exhibit 
acceptable recoveries, but high calculated RPD values for precision, and the 
target analytes in the field sample are flagged with a J3 for the precision beyond 
acceptable quality control limits.

11.12.6 Sample results can be qualified and possible bias is narrated per the ENV-SOP-
MTJL-0014, Data Handling and Reporting.
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11.12.7 Samples with multiple elements above the LDR must be diluted to verify 
interferences are not present

STATE NOTE:  Drinking water samples analyzed using this procedure for 
compliance cannot be qualified.  

12.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

12.1 The EPA requires that a laboratory waste management practice be conducted consistent 
with all applicable federal and state laws and regulations. Excess reagents, samples and 
method process wastes must be characterized and disposed of in an acceptable manner.  
See ENV-SOP-MTJL-0051, Waste Management Plan.  

12.2 See ENV-SOP-MTJL-0046, Environmental Sustainability & Pollution Prevention.

13.0 METHOD MODIFICATIONS/CLARIFICATIONS

13.1 Adjustments to the concentrations of standards/spiking solutions, standards providers, 
and quality control are subject to change to better meet client/project/regulatory needs or 
to improve laboratory method performance.

13.2 Modifications to this method are noted in the body of the text as state notes. Compliance 
analyses performed in conjunction with specific state requirements must be performed as 
noted within the specific state(s) note listed.

13.3 Superscripts are provided where necessary to indicate the reference in Section 14.0 
where the requirement/information can be found. Subscripts noted identify the most 
frequent/restrictive cases, but requirements may also be included at different 
frequencies/conditions in other references noted in section 14.0.

13.4 In the May 2012 Methods Update Rule, the EPA revised the previous interpretation of 
EPA 200.7 to include the use of axial torch orientation in the published method. Either 
axial or radial orientation is acceptable.

14.0 REFERENCES

14.1 Inductively Coupled Plasma-Atomic Emission Spectrometry, SW-846 Method 6010B, 
Revision 2, December 1996.

14.2 Determination of Metals and Trace Elements in Water and Wastes by Inductively
Coupled Plasma-Atomic Emission Spectrometry, EPA Method 200.7, Revision 4.4, May 
1994.

14.3 Identification of Test Procedures, 40 CFR §136.3.

14.4 Inorganic Chemical Sampling and Analytical Requirements, 40 CFR §141.23.

14.5 Inductively Coupled Plasma-Atomic Emission Spectrometry, SW-846 Method 6010C, 
Revision 3, February, 2007.

14.6 Hardness by Calculation, Standard Methods 2340B, 20th Edition.

14.7 Hardness by Calculation, Standard Methods 2340B, 2011.

14.8 Hardness by Calculation, Standard Methods 2340B, 1997.

14.9 Inorganic Analytes, SW-846 Chapter 3, Revision 4, February, 2007.
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Attachment I:  Revision History

Current Version (Pace National):

Date Description of Revisions

8/13/2020
Technical and quality review and update. Revised header. Revised sections 2.7, 7.5, 
7.11, 8.1.7, 10.3.2, 10.11, 11.8 and 11.10. Added sections 2.7.3, 2.7.4, 2.7.5, 7.11.3, 

7.11.4, 7.11.5 and 7.12 and renumbered as necessary.  Revised all subsections of 3.0.

Superseded Versions (ESC Lab Sciences SOP#340386):

Version Date Description of Revisions
0 5/1/95 Origination
1 7/25/95
2 3/11/97
3 8/18/99
4 2/11/00
5 8/21/00
6 3/28/01
7 12/14/01
8 4/11/03
9 1/26/04
10 8/2/04
11 10/15/05 Corrected CCV criteria for EPA 200.7

12 10/29/08
Technical and Quality Review and update.  Corrected acceptance criteria in 
Section 10.6. Updated format and re-organized sections 8.0, 10.0 and 11.0 

based on new format.
13 1/23/09 Technical and Quality Review and update.

14 2/2/09 Technical and Quality Review and update.  Clarification of holding times, 
Inclusion of cross-references.  Inclusion of section 13.1 and section 7.1.

15 4/15/11

Technical and Quality Review and update.  Added state notes where 
applicable; Added Tables 1.2b & 1.2c; Revised Table 1.2a and Sections 1.1, 
1.3, 1.6, 1.11, 2.18, 2.22, 5.6, 7.1, 7.6.2, 7.9, 8.1.3, 8.1.5, through 8.1.10, 9.1, 
9.7 through 9.12, 10.3, 10.0 & 11.0, 12.1; Added Sections 2.13.1, 2.14.1, 2.31 

through 2.35, 3.1.1, 4.1, 4.7, 7.17, 13.2, 13.3, 14.5 through 14.10.  
16 6/27/14 Complete Rewrite and update.  

17 12/7/2015

Technical and quality review and update.  Header and signature block re-
formatting.  Revised Sections 1.13.1, 2.13.1, 2.23, 5.1.3, 6.1.1, 6.1.2, 7.1, 7.6, 
7.7, 7.8, 7.9, 7.10.1, 7.10.2, 7.11, 7.12, 7.13, 7.14, 7.16, 8.1.3, 8.1.5, 8.1.11, 

9.4, 10.2, 10.3.1, 10.3.2, 10.4.2, 10.4.4, 10.9, 10.10, 10.14, 11.12.6, and 
12.2. Revised Tables 1.2a, and 1.10,  Deleted Sections 2.22 and 7.12.  

Added Attachment III.
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Version Date Description of Revisions

18 10/28/2016

Technical and quality review and update.  Update per South Carolina DHEC 
correspondence of 6/24/16.  Header and signature block re-formatting.  

Revised SOP title.  Revised Sections 1.1, Table 1.2a, 1.3, 1.6, 1.10, 2.12, 
2.15, 5.6, 7.5.2, 7.10.1, 9.1, 10.2, 10.3.1, 10.4.2, 10.4.3, 10.4.5, 10.5, 10.6.1, 
10.6.2, 10.7.1, 10.8.1.2, 10.8.2.2, 10.10.1, 10.16, and Attachment III Table 2.  
Deleted Table 1.2b.  Deleted Sections 2.2, 2.12, 2.13, 2.14, 2.15, 2.17, 2.20, 

through 2.33, 3.5, 4.8, 7.14, 7.16, 8.1.3, 9.7 through 9.10, 9.13, 10.4.5.1, 
10.4.5.2, 10.4.5.3, 10.10.3, 13.5, 14.7, 14.8, 14.9, and 14.10.  Added 

Sections 2.14, 7.10.3 and all subsections, 9.11, 9.12, 10.1.1, 10.6.4, 10.6.5, 
10.8.1.2, 10.9.1 and all subsections, 10.11.1 and all subsections, and 11.6.1.

19 11/30/2017
Update in response to A2LA audit finding CAR2872.  Changed ESC logo.  

Updated Sections 1.5, 3.1, 7.9, 10.11, 14.1, 14.2, 14.3, 14.4, 14.5, 14.6, 14.7, 
14.8, 14.9, and Attachment III Table 5.

20 7/27/18

Update in response to WI and AZ audit findings.  Changed logo and 
references to “ESC” to “Pace National”. Revised Section 7.14, 10.4.4, and 

10.7.3. Added State Note to Sections 10.8.1.2 and 10.11. Also added 6010C 
note to Section 10.13

21 9/10/18 Update in response AZ audit finding CAR3296.  Revised Post-Spike 
acceptance criteria to ±20% in Section 10.9.1.2

Superseded Versions (Pace National):

Date Description of Revisions

1/27/2019

Technical and quality review and update. Deleted header, footer and signature. Revised 
sections 1.0, 1.3, 1.5, 1.6, 1.7, 1.13, 1.13.1, 2.8.1(2.7.1), 2.8.2(2.7.1), 4.2, 4.4, 4.7, 6.2, 
6.3, 6.4, 6.5, 6.6, 7.1, 7.2, 7.3, 7.4, 7.5.1, 7.5.3, 7.6, 7.7, 7.8, 7.9, 7.10, 7.10.1, 7.10.2, 
7.13, 9.5, 9.6, 9.9, 10.1, 10.2, 10.3, 10.4, 10.4.3, 10.4.5, 10.5, 10.6.3, 10.6.4, 10.6.5, 
10.7.3, 10.8, 10.8.1, 10.8.1.2, 10.8.2, 10.8.3, 10.10.1, 10.11, 10.11.1.2, 10.12, 10.13, 
10.16, 11.1, 11.2, 11.12.6, 12.1, 12.2, 14.2, 14.6, 14.7 and 14.8.  Revised Table 1.10. 
Added section 7.5 and renumbered as necessary.  Deleted sections 7.10.3, 7.10.3.1, 

7.10.3.2, 7.11, 7.12, 7.14, 10.9.1, 10.9.1.1 and 10.9.1.2. Revised Attachment I. Revised 
Attachment II sections 4.10, 4.17 and 4.18.

5/7/2019
Technical and quality review and update. Revised sections 1.1, 1.2, 2.14, 8.1.1.2, 10.3.2, 
10.9, 10.11, 10.11.1, 10.11.1.1, 10.11.1.2, 11.8, 11.12.6 and 12.1. Correctly numbered 

section 7.6.1.1.

6/19/2019 Added corporate header and footer.  Revised based on LA DW Auditor’s comments.  
Revised Sections 8.1.6, 10.3.2, and Attachment I.

10/16/2019 Revised section 1.2 and 10.7.1. Added section 11.12.7.
2/4/2020 West Virginia audit response.  Revised Section 10.8.2.2.

4/8/2020 Revision in response to West Virginia audit deficiency. Revised Sections 10.8.1.2 and 
11.6.1.
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Attachment II:  Potential ICP interferences arising from analytes present in field samples at 
concentrations of 100mg/L

NOTE: Using the above table, if analyzing for Lead in a sample containing 1000mg/L Aluminum, the lead 
results could demonstrate a high bias of 0.17mg/L.  (If the sample contained 10000mg/L of Al, the bias in 
lead could be 1.7mg/L), if background corrections are not accurately applied by the instrument.
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Attachment III:  DoD Requirements

1.0 Equipment/Instrument Maintenance

Instrument maintenance must be performed routinely to optimize instrument performance and improve 
chromatography. Commonly performed maintenance includes changing pump tubing, replacing the torch, 
cleaning the nebulizer, etc.  A new calibration curve must be analyzed following any major maintenance 
performed on the analytical system.

2.0 Computer Hardware and Software

QTegra, Version 2.4

3.0 Troubleshooting

Table 1. GC Troubleshooting Guide
Problem Cause Treatment
Poor Precision Nebulizer Pressure Pressure should be about 0.15 mPa for 

aqueous solutions.  If pressure is substantially 
higher, clean the nebulizer orifice or replace it 
entirely.

Pooling in Spray Chamber Usually caused by an oily film in the spray 
chamber.  Aspirate 0.1% HF solution for about 
20 seconds or 0.01% Triton X-100 solution.

Center Tube Replace the tube.
Capillary Tubing Air bubble migration through tubing should be 

smooth and consistent.  Replace kinked/ 
pinched tubing.

Peristaltic Pump Adjust platen pressure.  Check for leaks.  
Replace damaged pump.

Poor Accuracy Pump Rate Ensure the flush pump rate is the same as the 
analysis pump rate.

Flush Time Ensure proper time set for adequate rinse 
(typically 30 seconds).

Poor Detection Limits Dirty Window or Mirror Clean or replace dirty components.

4.0 Other Requirements

4.1 All hardcopy laboratory notebooks must be reviewed by the Supervisor, or their designee, on a 
monthly basis.  

4.2 If not self-explanatory (e.g., a typo or transposed number), corrections to technical and quality 
records shall also include a justification for the change.

4.3 A person performing a manual integration must sign and date each manually integrated 
chromatogram and record the rationale for performing manual integration.  Electronic signatures are 
acceptable.

4.4 The results of calibration and verification of support equipment must be within the specifications 
required of the application for which this equipment is used or the equipment must be removed from 
service until repaired.  Calibration and verification records, including those of established correction 
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factors, must be maintained.  In the absence of method-specific requirements, the minimum 
requirements are as follows:

Table 2. Support Equipment Checks
Performance Check Frequency Acceptance Criteria
Balance calibration check [Using 
two standard weights that bracket 
the expected mass] 

Daily prior to use Top-loading balance: ±2% or 
±0.02g, whichever is greater 
Analytical balance: ±0.1% or ±0.5 
mg, whichever is greater 

Verification of standard mass 
[Using weights traceable to the 
International System of Units (SI) 
through a NMI 

Every 5 years Certificate of Calibration from 
ISO/IEC 17025 accredited 
calibration laboratory 

Monitoring of refrigerator/freezer 
temperatures 

Daily (i.e. 7 days per week) [use 
MIN/MAX thermometers or data 
loggers equipped with notification 
of out of control event capabilities 
if personnel not available to record
daily] 

Refrigerators: 0˚C to 6˚C 
Freezers: ≤-10˚C 

Thermometer verification check 
[Using a thermometer traceable to
the SI through an NMI] [Performed
at two temperatures that bracket 
the target temperature(s). Assume
linearity between the two 
bracketing temperatures.] [If only a
single temperature is used, at the 
temperature of use] 

Liquid in glass: Before first use 
and annually 

Electronic: Before first use and 
quarterly 

Apply correction factors or replace
thermometer 

Volumetric labware Class B: By lot before first use 

Class A and B: Upon evidence of 
deterioration 

Bias: Mean within ±2% of nominal 
volume 
Precision: RSD ≤1% of nominal 
volume (based on 10 replicate 
measurements) 

Non-volumetric labware 
[Applicable only when used for 
measuring initial sample volume 
and final extract/ digestates 
volume] 

By lot before first use or upon 
evidence of deterioration 

Bias: Mean within ±3% of nominal 
volume 
Precision: RSD ≤3% of nominal 
volume (based on 10 replicate 
measurements) 

Mechanical volumetric pipette Quarterly Bias: Mean within ±2% of nominal 
volume
Precision: RSD ≤1% of nominal 
volume (based on minimum of 3 
replicate measurements)
[Note: for variable volume 
pipettes, the nominal volume is the
volume of use]

Glass microliter syringe Upon receipt and upon evidence 
of deterioration

General Certificate of Bias & 
Precision upon receipt
Replace if deterioration is evident

Drying oven temperature check Daily prior to and after use Within ±5% of set temperature
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Table 2. Support Equipment Checks
Performance Check Frequency Acceptance Criteria
Water purification system Daily prior to use See method blank criteria given in

Section 4.20 of this addendum

4.5 The expiration date of the prepared standard shall not exceed the expiration date of the primary 
standard. All containers must bear a preparation date.

4.6 To avoid preparing non-representative samples, the laboratory shall not “target” within a relatively 
small mass range (e.g., 1.00 ± 0.01g) because such targeting will produce non-representative 
subsamples if the sample has high heterogeneity. The laboratory shall not manipulate the sample 
material so the sample aliquot weighs exactly 1.00g ± 0.01g, as an example. 

4.7 In the absence of project-specific requirements, the minimum standard data qualifiers to be used 
are:

U Analyte was not detected and is reported as less than the LOD or as defined by the 
customer. The LOD has been adjusted for any dilution or concentration of the sample.

J The reported result is an estimated value (e.g., matrix interference was observed or the 
analyte was detected at a concentration outside the quantitation range).

B Blank contamination. The recorded result is associated with a contaminated blank. 

N Non-target analyte. The analyte is a tentatively identified compound using mass 
spectrometry or any non-customer requested compounds that are tentatively identified. 

Q One or more quality control criteria failed (e.g., LCS recovery, surrogate spike recovery, or 
CCV recovery).

Additional data qualifiers may be used, or different letters or symbols to denote the qualifiers listed 
above, as long as they are appropriately defined and their use is consistent with project-specific 
requirements (e.g., QSM 5.0, the contract, and project-planning documents).

4.8 If the time of the sample collection is not provided, assume the most conservative time of day. For 
the purpose of batch processing, the start and stop dates and times of the batch preparation shall 
be recorded.

4.9 Each preparation method listed on the scope of accreditation must have quarterly LOD/LOQ 
verifications. However, not all possible combinations of preparation and cleanup techniques are 
required to have LOD/LOQ verifications. If LOD/LOQ verifications are not performed on all 
combinations, the laboratory must base the LOD/LOQ verifications on the worst case basis 
(preparation method with all applicable cleanup steps).

4.10 After each MDL determination, the laboratory must establish the LOD by spiking a quality system 
matrix at a concentration of at least 2 times but no greater than four times the MDL.  This spike 
concentration establishes the LOD and the concentration at which the LOD shall be verified.  It is 
specific to each suite of analyte, matrix, and method (including sample preparation). The following 
requirements apply to the initial LOD establishment and to the LOD verifications:

+ The apparent signal to noise (S/N) ratio at the LOD must be at least three and the results 
must meet all method requirements for analyte identification (e.g., ion abundance, second 
column confirmation, or pattern recognition). For data systems that do not provide a 
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measure of noise, the signal produced by the verification sample must produce a result that 
is at least three standard deviations greater than the mean method blank concentration.  
This is initially estimated based on a minimum of four method blank analyses and later 
established with a minimum of 20 method blank results.

+ If the LOD verification fails, then the laboratory must repeat the MDL determination and LOD 
verification or perform and pass two consecutive LOD verifications at a higher spike 
concentration and set the LOD at the higher concentration.

+ The laboratory shall maintain documentation for all MDL determinations and LOD 
verifications.

+ The DL and LOD must be reported for all analyte-matrix-methods suites, unless it is not 
applicable to the test or specifically excluded by project requirements.

4.11 The LOD shall be verified quarterly. In situations where methods are setup and used on an 
infrequent basis, the laboratory may choose to perform LOD verifications on a one per batch basis.  
All verification data will be in compliance, reported, and available for review.

4.12 For DoD, at a minimum, the LOQ shall be verified quarterly. In situations where methods are setup 
and used on an infrequent basis, the laboratory may choose to perform LOQ verifications on a one 
per batch basis.

4.13 All initial instrument calibrations must be verified with a standard obtained from a second 
manufacturer prior to analyzing any samples. The use of a standard from a second lot obtained 
from the same manufacturer (independently prepared from different source materials) is acceptable 
for use as a second source standard. The concentration of the second source standard shall be at 
or near the midpoint of the calibration range. The acceptance criteria for the initial calibration 
verification must be at least as stringent as those for the continuing calibration verification.

4.14 Exclusion of calibration points without documented scientifically valid technical justification is not 
permitted.

4.15 The concentration of the CCV standard shall be greater than the low calibration standard and less 
than or equal to the midpoint of the calibration range.

4.16 All CCVs analyzed must be evaluated and reported.  If a CCV fails, reanalysis or corrective actions 
must be taken.

+ If a CCV fails, the laboratory can immediately analyze two additional consecutive CCVs 
(immediately is defined as starting a consecutive pair within one hour; no samples can be 
run between the failed CCV and the two additional CCVs).  This approach allows for 
spurious failures of analytes to be reported without reanalysis of samples.  Any corrective 
actions that change the dynamics of the system (e.g., clip column, clean injection port, run 
blanks) requires that all samples since the last acceptable CCV be reanalyzed.

+ Both of these CCVs must meet acceptance criteria in order for the samples to be reported 
without reanalysis.

+ If either of these two CCVs fail or if the laboratory cannot immediately analyze two CCVs, 
the associated samples cannot be reported and must be reanalyzed.

+ Corrective action(s) and recalibration must occur if the above scenario fails. All affected 
samples since the last acceptable CCV must be reanalyzed.
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+ Flagging of data for a failed CCV is only appropriate when the affected samples cannot be 
reanalyzed. The laboratory must notify the client prior to reporting data associated with a 
failed CCV.

4.17 The results of all MS/MSDs must be evaluated using the same acceptance criteria used for the DoD 
LCS limits (see Addendum Tables 3 and 4) or project limits, if specified.  If the specific analyte(s) 
are not available in the Addendum Tables 3 and 4, the laboratory shall use their LCS in-house limits 
(see the LIMS) as a means of evaluating MS/MSDs.  The MS and MSD must be spiked with all 
reported analytes.

4.18 Surrogate spike results shall be compared with DoD LCS limits (see Addendum Tables 3 and 4) or 
acceptance criteria specified by the client.  If these criteria are not available, the laboratory shall 
compare the results with its in-house statistically established LCS criteria (see the LIMS).

4.19 The method blank shall be considered to be contaminated if:

+ The concentration of any target analyte (chemical of concern) in the blank exceeds 1/2 the 
LOQ and is greater than 1/10th the amount measured in any associated sample, or 1/0th the 
regulatory limit, whichever is greater;

+ The concentration of any common laboratory contaminant in the blank exceeds the LOQ;

+ If a method blank is contaminated as described above, then the laboratory shall reprocess 
affected samples in a subsequent preparation batch, except when sample results are below 
the LOD.  If insufficient sample volume remains for reprocessing, the results shall be 
reported with appropriate data qualifiers.

4.20 Sporadic Marginal Exceedances are not allowed for target analytes (chemicals of concern as 
identified by a project) without project-specific approval.  Target analytes are considered those few 
analytes that are critical for the success of a project (such as risk drivers) where sporadic marginal 
exceedances cannot be allowed.  Laboratories should consult with clients whenever long lists of 
analytes are requested for analysis to determine if marginal exceedances will not be allowed.

4.21 DoD considers the same analyte exceeding the LCS control limit two (2) out of three (3) 
consecutive LCS to be indicative of non-random behavior, which requires corrective action and 
reanalysis of the LCS.

ENV-SOP-MTJL-0215, Rev 08



42 of 50

STANDARD OPERATING PROCEDURE
TITLE: Determination Metals and Trace Elements in Various Matrices by ICP-AES (EPA 

Methods 6010B, 6010C, 6010D [ICP-OES], and 200.7) Including Hardness (EPA 
Methods 200.7 and 6010B/C/D and SM 2340B)

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

Table 3. LCS Control Limits – Method 6010 Solid Matrix

CAS ID Analyte N Records Mean
Standard 
Deviation

Lower 
Control 
Limit

Upper 
Control 
Limit

7429-90-5 Aluminum 6258 96.7 7.5 74 119
7440-36-0 Antimony 5997 96.4 5.7 79 114
7440-38-2 Arsenic 9530 96.2 4.9 82 111
7440-39-3 Barium 9236 98.3 5 83 113
7440-41-7 Beryllium 6799 97.8 5.1 83 113
7440-42-8 Boron 2312 93 7.1 72 114
7440-43-9 Cadmium 9466 97.5 5.3 82 113
7440-70-2 Calcium 6347 98.1 5.8 81 116
7440-47-3 Chromium 9598 98.9 4.6 85 113
7440-48-4 Cobalt 6725 98.7 4.5 85 112
7440-50-8 Copper 7839 99.1 6 81 117
7439-89-6 Iron 5746 99.7 6.1 81 118
7439-92-1 Lead 10160 96.8 5.1 81 112
7439-93-2 Lithium 551 98.8 4.5 85 112
7439-95-4 Magnesium 6283 96.1 6.1 78 115
7439-96-5 Manganese 6732 99.1 4.9 84 114
7439-98-7 Molybdenum 4424 98.7 5.7 82 116
7440-02-0 Nickel 7412 98.1 4.9 83 113
7723-14-0 Phosphorus 189 103.1 3.8 92 114
7440-09-7 Potassium 6574 98.3 5.8 81 116
7782-49-2 Selenium 8862 94.5 5.6 78 111
7440-22-4 Silver 9105 97.3 5 82 112
7440-23-5 Sodium 5825 100.1 5.8 83 118
7440-24-6 Strontium 2573 98.5 5 83 114
7440-28-0 Thallium 6416 96.8 4.6 83 111
7440-31-5 Tin 2780 100.1 6.6 80 120
7440-32-6 Titanium 2107 98.2 5.2 83 114
7440-61-1 Uranium 109 97.4 5.2 82 113
7440-62-2 Vanadium 6934 98.3 5.4 82 114
7440-66-6 Zinc 7882 97.4 5 82 113
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STANDARD OPERATING PROCEDURE
TITLE: Determination Metals and Trace Elements in Various Matrices by ICP-AES (EPA 

Methods 6010B, 6010C, 6010D [ICP-OES], and 200.7) Including Hardness (EPA 
Methods 200.7 and 6010B/C/D and SM 2340B)

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

Table 4. LCS Control Limits – Method 6010 Water Matrix

CAS ID Analyte N Records Mean
Standard 
Deviation

Lower 
Control 
Limit

Upper 
Control 
Limit

7429-90-5 Aluminum 11532 100 4.8 86 115
7440-36-0 Antimony 10737 100.2 4.2 88 113
7440-38-2 Arsenic 14123 99.9 4.3 87 113
7440-39-3 Barium 14476 100.3 4.1 88 113
7440-41-7 Beryllium 11552 100.4 4 89 112
7440-69-9 Bismuth 147 95.8 3.2 86 105
7440-42-8 Boron 3871 98.8 4.8 85 113
7440-43-9 Cadmium 13922 100.8 4.1 88 113
7440-70-2 Calcium 11382 100 4.2 87 113
7440-47-3 Chromium 15027 101.1 3.9 90 113
7440-48-4 Cobalt 11824 101.2 4.2 89 114
7440-50-8 Copper 12910 100.2 4.6 86 114
7439-89-6 Iron 13797 100.7 4.7 87 115
7439-92-1 Lead 14391 99.3 4.4 86 113
7439-93-2 Lithium 938 100.7 5.3 85 117
7439-95-4 Magnesium 11423 98.8 4.8 85 113
7439-96-5 Manganese 12767 101.9 4.1 90 114
7439-98-7 Molybdenum 8251 101.1 4 89 113
7440-02-0 Nickel 12699 100.5 4.1 88 113
7440-05-3 Palladium 492 99.8 4 88 112
7723-14-0 Phosphorus 203 100.5 4.2 88 113
7440-09-7 Potassium 11006 99.9 4.7 86 114
7782-49-2 Selenium 13264 98.5 5.2 83 114
7440-21-3 Silicon 1525 100.6 6.1 82 119
7440-22-4 Silver 13770 99.1 5.1 84 115
7440-23-5 Sodium 10893 100.9 4.7 87 115
7440-24-6 Strontium 3782 101.3 3.8 90 113
7704-34-9 Sulfur 145 100.7 3.9 89 112
7440-28-0 Thallium 10063 99.5 4.7 85 114
7440-31-5 Tin 4502 101.3 4.4 88 115
7440-32-6 Titanium 5625 101.1 3.4 91 111
7440-61-1 Uranium 223 101.3 5.8 84 119
7440-62-2 Vanadium 12032 100.2 3.6 90 111
7440-66-6 Zinc 13549 100.6 4.6 87 115

ENV-SOP-MTJL-0215, Rev 08



44
 o

f 5
0

ST
A

N
D

A
R

D
 O

PE
R

A
TI

N
G

 P
R

O
C

ED
U

R
E

TI
TL

E:
EN

V-
SO

P-
M

TJ
L-

02
15

D
et

er
m

in
at

io
n 

M
et

al
s 

an
d 

Tr
ac

e 
El

em
en

ts
 in

 V
ar

io
us

 M
at

ric
es

 b
y 

IC
P-

AE
S 

(E
PA

 M
et

ho
ds

 6
01

0B
, 6

01
0C

, 
60

10
D

 [I
C

P-
O

ES
], 

an
d 

20
0.

7)
 In

cl
ud

in
g 

H
ar

dn
es

s 
(E

PA
 M

et
ho

ds
 2

00
.7

 a
nd

 6
01

0B
/C

/D
 a

nd
 S

M
 2

34
0B

)
IS

SU
ER

:
Pa

ce
 N

at
io

na
l –

M
t. 

Ju
lie

t, 
Te

nn
es

se
e

©
 2

01
9 

Pa
ce

 A
na

ly
tic

al
 S

er
vi

ce
s,

 L
LC

.

An
y 

pr
in

te
d 

co
py

 o
f t

hi
s 

SO
P 

an
d 

al
l c

op
ie

s 
of

 th
is

 S
O

P 
ou

ts
id

e 
of

 P
ac

e 
ar

e 
un

co
nt

ro
lle

d 
co

pi
es

.
U

nc
on

tro
lle

d 
co

pi
es

 a
re

 n
ot

 tr
ac

ke
d 

or
 re

pl
ac

ed
 w

he
n 

ne
w

 v
er

si
on

s 
ar

e 
re

le
as

ed
 o

r t
he

 S
O

P 
is

 m
ad

e 
ob

so
le

te
.

U
se

rs
 o

f t
he

 S
O

P 
sh

ou
ld

 v
er

ify
 th

e 
co

py
 in

 p
os

se
ss

io
n 

is
 th

e 
cu

rre
nt

 v
er

si
on

 o
f t

he
 S

O
P 

be
fo

re
 u

se
.

Ta
bl

e 
5.

 Q
ua

lit
y 

C
on

tro
l R

eq
ui

re
m

en
ts

 –
In

or
ga

ni
c 

A
na

ly
si

s 
by

 In
du

ct
iv

el
y 

C
ou

pl
ed

 P
la

sm
a 

A
to

m
ic

 E
m

is
si

on
 S

pe
ct

ro
m

et
ry

 (I
C

P/
AE

S)
 

Q
C

 C
he

ck
M

in
im

um
 

Fr
eq

ue
nc

y
A

cc
ep

ta
nc

e 
C

rit
er

ia
C

or
re

ct
iv

e 
A

ct
io

n
Fl

ag
gi

ng
 C

rit
er

ia
C

om
m

en
ts

Li
ne

ar
 

D
yn

am
ic

 
R

an
ge

 (L
D

R
) 

or
 h

ig
h-

le
ve

l 
ch

ec
k 

st
an

da
rd

At
 in

iti
al

 s
et

 u
p 

an
d 

ch
ec

ke
d 

ev
er

y 
6 

m
on

th
s 

w
ith

 a
 h

ig
h 

st
an

da
rd

 a
t t

he
 

up
pe

r l
im

it 
of

 th
e 

ra
ng

e.

W
ith

in
 ±

 1
0%

 o
f t

ru
e 

va
lu

e.
D

ilu
te

 s
am

pl
es

 w
ith

in
 th

e 
ca

lib
ra

tio
n 

ra
ng

e,
 o

r r
e-

es
ta

bl
is

h/
 v

er
ify

 th
e 

LD
R

.

Fl
ag

gi
ng

 is
 n

ot
 

ap
pr

op
ria

te
.

D
at

a 
ca

nn
ot

 b
e 

re
po

rte
d 

ab
ov

e 
th

e 
hi

gh
 c

al
ib

ra
tio

n 
ra

ng
e 

w
ith

ou
t a

n 
es

ta
bl

is
he

d/
pa

ss
in

g 
hi

gh
-

le
ve

l c
he

ck
 s

ta
nd

ar
d.

In
iti

al
 

C
al

ib
ra

tio
n 

(IC
AL

) f
or

 a
ll 

an
al

yt
es

D
ai

ly
 IC

AL
 p

rio
r 

to
 s

am
pl

e 
an

al
ys

is
.

If 
m

or
e 

th
an

 o
ne

 
ca

lib
ra

tio
n 

st
an

da
rd

 
is

 u
se

d,
 r2

 ≥
 0

.9
9.

C
or

re
ct

 p
ro

bl
em

, t
he

n 
re

pe
at

 
IC

AL
.

Fl
ag

gi
ng

 is
 n

ot
 

ap
pr

op
ria

te
.

M
in

im
um

 o
ne

 h
ig

h 
st

an
da

rd
 a

nd
 a

 c
al

ib
ra

tio
n 

bl
an

k.
 

N
o 

sa
m

pl
es

 s
ha

ll 
be

 
an

al
yz

ed
 u

nt
il 

IC
AL

 h
as

 
pa

ss
ed

.
In

iti
al

 
C

al
ib

ra
tio

n 
Ve

rif
ic

at
io

n 
(IC

V)

O
nc

e 
af

te
r e

ac
h 

IC
AL

, a
na

ly
si

s 
of

 
a 

se
co

nd
so

ur
ce

 
st

an
da

rd
 p

rio
r t

o 
sa

m
pl

e 
an

al
ys

is
.

Al
l r

ep
or

te
d 

an
al

yt
es

 
w

ith
in

 ±
 1

0%
 o

f t
ru

e 
va

lu
e.

C
or

re
ct

 p
ro

bl
em

. R
er

un
 IC

V.
 If

 
th

at
 fa

ils
, r

ep
ea

t I
C

AL
.

Fl
ag

gi
ng

 is
 n

ot
 

ap
pr

op
ria

te
.

N
o 

sa
m

pl
es

 s
ha

ll 
be

 
an

al
yz

ed
 u

nt
il 

ca
lib

ra
tio

n 
ha

s 
be

en
 v

er
ifi

ed
 w

ith
 a

 
se

co
nd

so
ur

ce
.

EN
V-

SO
P-

M
TJ

L-
02

15
,R

ev
08



45
 o

f 5
0

ST
A

N
D

A
R

D
 O

PE
R

A
TI

N
G

 P
R

O
C

ED
U

R
E

TI
TL

E:
EN

V-
SO

P-
M

TJ
L-

02
15

D
et

er
m

in
at

io
n 

M
et

al
s 

an
d 

Tr
ac

e 
El

em
en

ts
 in

 V
ar

io
us

 M
at

ric
es

 b
y 

IC
P-

AE
S 

(E
PA

 M
et

ho
ds

 6
01

0B
, 6

01
0C

, 
60

10
D

 [I
C

P-
O

ES
], 

an
d 

20
0.

7)
 In

cl
ud

in
g 

H
ar

dn
es

s 
(E

PA
 M

et
ho

ds
 2

00
.7

 a
nd

 6
01

0B
/C

/D
 a

nd
 S

M
 2

34
0B

)
IS

SU
ER

:
Pa

ce
 N

at
io

na
l –

M
t. 

Ju
lie

t, 
Te

nn
es

se
e

©
 2

01
9 

Pa
ce

 A
na

ly
tic

al
 S

er
vi

ce
s,

 L
LC

.

An
y 

pr
in

te
d 

co
py

 o
f t

hi
s 

SO
P 

an
d 

al
l c

op
ie

s 
of

 th
is

 S
O

P 
ou

ts
id

e 
of

 P
ac

e 
ar

e 
un

co
nt

ro
lle

d 
co

pi
es

.
U

nc
on

tro
lle

d 
co

pi
es

 a
re

 n
ot

 tr
ac

ke
d 

or
 re

pl
ac

ed
 w

he
n 

ne
w

 v
er

si
on

s 
ar

e 
re

le
as

ed
 o

r t
he

 S
O

P 
is

 m
ad

e 
ob

so
le

te
.

U
se

rs
 o

f t
he

 S
O

P 
sh

ou
ld

 v
er

ify
 th

e 
co

py
 in

 p
os

se
ss

io
n 

is
 th

e 
cu

rre
nt

 v
er

si
on

 o
f t

he
 S

O
P 

be
fo

re
 u

se
.

Ta
bl

e 
5.

 Q
ua

lit
y 

C
on

tro
l R

eq
ui

re
m

en
ts

 –
In

or
ga

ni
c 

A
na

ly
si

s 
by

 In
du

ct
iv

el
y 

C
ou

pl
ed

 P
la

sm
a 

A
to

m
ic

 E
m

is
si

on
 S

pe
ct

ro
m

et
ry

 (I
C

P/
AE

S)
 

Q
C

 C
he

ck
M

in
im

um
 

Fr
eq

ue
nc

y
A

cc
ep

ta
nc

e 
C

rit
er

ia
C

or
re

ct
iv

e 
A

ct
io

n
Fl

ag
gi

ng
 C

rit
er

ia
C

om
m

en
ts

C
on

tin
ui

ng
 

C
al

ib
ra

tio
n 

Ve
rif

ic
at

io
n 

(C
C

V)

Af
te

r e
ve

ry
 1

0 
fie

ld
 s

am
pl

es
, 

an
d 

at
 th

e 
en

d 
of

 
th

e 
an

al
ys

is
 

se
qu

en
ce

.

Al
l r

ep
or

te
d 

an
al

yt
es

 
w

ith
in

 ±
 1

0%
 o

f t
he

 
tru

e 
va

lu
e.

Im
m

ed
ia

te
ly

 a
na

ly
ze

 tw
o 

ad
di

tio
na

l c
on

se
cu

tiv
e 

C
C

Vs
. 

If 
bo

th
 p

as
s,

 s
am

pl
es

 m
ay

 b
e 

re
po

rte
d 

w
ith

ou
t r

ea
na

ly
si

s.
 If

 
ei

th
er

 fa
ils

or
 if

 tw
o 

co
ns

ec
ut

iv
e 

C
C

Vs
 c

an
no

t b
e 

ru
n,

 p
er

fo
rm

co
rre

ct
iv

e 
ac

tio
n(

s)
 a

nd
 re

pe
at

 C
C

V 
an

d
al

l a
ss

oc
ia

te
d

sa
m

pl
es

 s
in

ce
 

th
e 

la
st

 s
uc

ce
ss

fu
lC

C
V.

Al
te

rn
at

el
y,

 re
ca

lib
ra

te
 if

 
ne

ce
ss

ar
y;

 th
en

 re
an

al
yz

e 
al

l 
as

so
ci

at
ed

 s
am

pl
es

 s
in

ce
 th

e 
la

st
 a

cc
ep

ta
bl

e 
C

C
V

If 
re

an
al

ys
is

 c
an

no
t b

e 
pe

rfo
rm

ed
, d

at
a 

m
us

t 
be

 q
ua

lif
ie

d 
an

d 
ex

pl
ai

ne
d 

in
 th

e 
ca

se
 

na
rra

tiv
e.

 A
pp

ly
 Q

-fl
ag

 
to

 a
ll 

re
su

lts
 fo

r t
he

 
sp

ec
ifi

c 
an

al
yt

e(
s)

 in
 

al
l s

am
pl

es
 s

in
ce

 th
e 

la
st

 a
cc

ep
ta

bl
e 

ca
lib

ra
tio

n 
ve

rif
ic

at
io

n.

R
es

ul
ts

 m
ay

 n
ot

 b
e 

re
po

rte
d 

w
ith

ou
t a

 v
al

id
 

C
C

V.
 F

la
gg

in
g 

is
 o

nl
y 

ap
pr

op
ria

te
 in

 c
as

es
 

w
he

re
 th

e 
sa

m
pl

es
 

ca
nn

ot
 b

e 
re

an
al

yz
ed

.

EN
V-

SO
P-

M
TJ

L-
02

15
,R

ev
08



46
 o

f 5
0

ST
A

N
D

A
R

D
 O

PE
R

A
TI

N
G

 P
R

O
C

ED
U

R
E

TI
TL

E:
EN

V-
SO

P-
M

TJ
L-

02
15

D
et

er
m

in
at

io
n 

M
et

al
s 

an
d 

Tr
ac

e 
El

em
en

ts
 in

 V
ar

io
us

 M
at

ric
es

 b
y 

IC
P-

AE
S 

(E
PA

 M
et

ho
ds

 6
01

0B
, 6

01
0C

, 
60

10
D

 [I
C

P-
O

ES
], 

an
d 

20
0.

7)
 In

cl
ud

in
g 

H
ar

dn
es

s 
(E

PA
 M

et
ho

ds
 2

00
.7

 a
nd

 6
01

0B
/C

/D
 a

nd
 S

M
 2

34
0B

)
IS

SU
ER

:
Pa

ce
 N

at
io

na
l –

M
t. 

Ju
lie

t, 
Te

nn
es

se
e

©
 2

01
9 

Pa
ce

 A
na

ly
tic

al
 S

er
vi

ce
s,

 L
LC

.

An
y 

pr
in

te
d 

co
py

 o
f t

hi
s 

SO
P 

an
d 

al
l c

op
ie

s 
of

 th
is

 S
O

P 
ou

ts
id

e 
of

 P
ac

e 
ar

e 
un

co
nt

ro
lle

d 
co

pi
es

.
U

nc
on

tro
lle

d 
co

pi
es

 a
re

 n
ot

 tr
ac

ke
d 

or
 re

pl
ac

ed
 w

he
n 

ne
w

 v
er

si
on

s 
ar

e 
re

le
as

ed
 o

r t
he

 S
O

P 
is

 m
ad

e 
ob

so
le

te
.

U
se

rs
 o

f t
he

 S
O

P 
sh

ou
ld

 v
er

ify
 th

e 
co

py
 in

 p
os

se
ss

io
n 

is
 th

e 
cu

rre
nt

 v
er

si
on

 o
f t

he
 S

O
P 

be
fo

re
 u

se
.

Ta
bl

e 
5.

 Q
ua

lit
y 

C
on

tro
l R

eq
ui

re
m

en
ts

 –
In

or
ga

ni
c 

A
na

ly
si

s 
by

 In
du

ct
iv

el
y 

C
ou

pl
ed

 P
la

sm
a 

A
to

m
ic

 E
m

is
si

on
 S

pe
ct

ro
m

et
ry

 (I
C

P/
AE

S)
 

Q
C

 C
he

ck
M

in
im

um
 

Fr
eq

ue
nc

y
A

cc
ep

ta
nc

e 
C

rit
er

ia
C

or
re

ct
iv

e 
A

ct
io

n
Fl

ag
gi

ng
 C

rit
er

ia
C

om
m

en
ts

Lo
w

-L
ev

el
 

C
al

ib
ra

tio
n 

C
he

ck
 

St
an

da
rd

 
(L

LC
C

V)

D
ai

ly
Al

l r
ep

or
te

d 
an

al
yt

es
 

w
ith

in
 ±

 2
0%

 o
f t

ru
e 

va
lu

e.

C
or

re
ct

 p
ro

bl
em

 a
nd

 re
pe

at
 

IC
AL

.
Fl

ag
gi

ng
 is

 n
ot

 
ap

pr
op

ria
te

.
N

o 
sa

m
pl

es
 s

ha
ll 

be
 

an
al

yz
ed

 w
ith

ou
t a

 v
al

id
 

lo
w

-le
ve

l c
al

ib
ra

tio
n 

ch
ec

k 
st

an
da

rd
 (L

LC
C

V)
. 

Lo
w

-le
ve

l c
al

ib
ra

tio
n 

ch
ec

k 
st

an
da

rd
 s

ho
ul

d 
be

 
le

ss
 th

an
 o

r e
qu

al
 to

 th
e 

LO
Q

.
If 

th
e 

co
nc

en
tra

tio
n 

of
 th

e
lo

w
es

t c
al

ib
ra

tio
n

st
an

da
rd

 is
 le

ss
 th

an
 o

r
eq

ua
l t

o 
th

e 
LO

Q
, t

he
lo

w
es

t s
ta

nd
ar

d 
m

ay
 b

e
re

-q
ua

nt
ifi

ed
 a

ga
in

st
 th

e
ca

lib
ra

tio
n 

cu
rv

e 
as

 a
LL

C
C

V.
 O

th
er

w
is

e,
 a

se
pa

ra
te

 s
ta

nd
ar

d 
m

us
t

be
 a

na
ly

ze
d 

as
 L

LC
C

V
pr

io
r t

o 
th

e 
an

al
ys

is
 o

f
an

y 
sa

m
pl

es
.

EN
V-

SO
P-

M
TJ

L-
02

15
,R

ev
08



47
 o

f 5
0

ST
A

N
D

A
R

D
 O

PE
R

A
TI

N
G

 P
R

O
C

ED
U

R
E

TI
TL

E:
EN

V-
SO

P-
M

TJ
L-

02
15

D
et

er
m

in
at

io
n 

M
et

al
s 

an
d 

Tr
ac

e 
El

em
en

ts
 in

 V
ar

io
us

 M
at

ric
es

 b
y 

IC
P-

AE
S 

(E
PA

 M
et

ho
ds

 6
01

0B
, 6

01
0C

, 
60

10
D

 [I
C

P-
O

ES
], 

an
d 

20
0.

7)
 In

cl
ud

in
g 

H
ar

dn
es

s 
(E

PA
 M

et
ho

ds
 2

00
.7

 a
nd

 6
01

0B
/C

/D
 a

nd
 S

M
 2

34
0B

)
IS

SU
ER

:
Pa

ce
 N

at
io

na
l –

M
t. 

Ju
lie

t, 
Te

nn
es

se
e

©
 2

01
9 

Pa
ce

 A
na

ly
tic

al
 S

er
vi

ce
s,

 L
LC

.

An
y 

pr
in

te
d 

co
py

 o
f t

hi
s 

SO
P 

an
d 

al
l c

op
ie

s 
of

 th
is

 S
O

P 
ou

ts
id

e 
of

 P
ac

e 
ar

e 
un

co
nt

ro
lle

d 
co

pi
es

.
U

nc
on

tro
lle

d 
co

pi
es

 a
re

 n
ot

 tr
ac

ke
d 

or
 re

pl
ac

ed
 w

he
n 

ne
w

 v
er

si
on

s 
ar

e 
re

le
as

ed
 o

r t
he

 S
O

P 
is

 m
ad

e 
ob

so
le

te
.

U
se

rs
 o

f t
he

 S
O

P 
sh

ou
ld

 v
er

ify
 th

e 
co

py
 in

 p
os

se
ss

io
n 

is
 th

e 
cu

rre
nt

 v
er

si
on

 o
f t

he
 S

O
P 

be
fo

re
 u

se
.

Ta
bl

e 
5.

 Q
ua

lit
y 

C
on

tro
l R

eq
ui

re
m

en
ts

 –
In

or
ga

ni
c 

A
na

ly
si

s 
by

 In
du

ct
iv

el
y 

C
ou

pl
ed

 P
la

sm
a 

A
to

m
ic

 E
m

is
si

on
 S

pe
ct

ro
m

et
ry

 (I
C

P/
AE

S)
 

Q
C

 C
he

ck
M

in
im

um
 

Fr
eq

ue
nc

y
A

cc
ep

ta
nc

e 
C

rit
er

ia
C

or
re

ct
iv

e 
A

ct
io

n
Fl

ag
gi

ng
 C

rit
er

ia
C

om
m

en
ts

M
et

ho
d 

Bl
an

k 
(M

B)
O

ne
 p

er
 

pr
ep

ar
at

or
y 

ba
tc

h.

Th
e 

ab
so

lu
te

 v
al

ue
s 

of
 a

ll
an

al
yt

es
 m

us
t 

be
 <

 ½
LO

Q
 o

r <
 

1/
10

th
th

e 
am

ou
nt

 
m

ea
su

re
d 

in
 a

ny
 

sa
m

pl
e 

or
 1

/1
0 

th
e 

re
gu

la
to

ry
 li

m
it,

 
w

hi
ch

ev
er

 is
 g

re
at

er
.

C
or

re
ct

 p
ro

bl
em

. 
If 

re
qu

ire
d,

 re
pr

ep
 a

nd
 

re
an

al
yz

e 
M

B
an

d 
al

lQ
C

 a
nd

 
fie

ld
sa

m
pl

es
pr

oc
es

se
d 

w
ith

 
th

e 
co

nt
am

in
at

ed
 b

la
nk

.

If 
re

an
al

ys
is

 c
an

no
t b

e 
pe

rfo
rm

ed
, d

at
a 

m
us

t 
be

 q
ua

lif
ie

d 
an

d 
ex

pl
ai

ne
d 

in
 th

e 
ca

se
 

na
rra

tiv
e.

 
Ap

pl
y 

B-
fla

g 
to

 a
ll 

re
su

lts
 fo

r t
he

 s
pe

ci
fic

 
an

al
yt

e(
s)

 in
 a

ll 
sa

m
pl

es
 in

 th
e 

as
so

ci
at

ed
 

pr
ep

ar
at

or
y 

ba
tc

h.

R
es

ul
ts

 m
ay

 n
ot

 b
e 

re
po

rte
d 

w
ith

ou
t a

 v
al

id
 

m
et

ho
d 

bl
an

k.
 

N
on

-d
et

ec
ts

 a
ss

oc
ia

te
d

w
ith

 p
os

iti
ve

 b
la

nk
in

fra
ct

io
ns

 m
ay

 b
e

re
po

rte
d.

Sa
m

pl
e 

re
su

lts
 >

10
X 

th
e

LO
Q

 a
ss

oc
ia

te
d 

w
ith

ne
ga

tiv
e 

bl
an

ks
 m

ay
 b

e
re

po
rte

d.
Fl

ag
gi

ng
 is

 o
nl

y 
ap

pr
op

ria
te

 in
 c

as
es

 
w

he
re

 th
e 

sa
m

pl
es

 
ca

nn
ot

 b
e 

re
an

al
yz

ed
.

In
iti

al
 a

nd
 

C
on

tin
ui

ng
 

C
al

ib
ra

tio
n 

Bl
an

k 
(IC

B/
C

C
B)

Im
m

ed
ia

te
ly

 a
fte

r 
th

e 
IC

V
an

d 
im

m
ed

ia
te

ly
 a

fte
r

ev
er

y 
C

C
V.

Th
e 

ab
so

lu
te

 v
al

ue
s 

of
 a

ll
an

al
yt

es
 m

us
t 

be
 <

 ½
LO

Q
 o

r <
 

1/
10

th
 th

e
am

ou
nt

 
m

ea
su

re
d 

in
 a

ny
sa

m
pl

e.

IC
B:

 C
or

re
ct

 p
ro

bl
em

an
d 

re
pe

at
 IC

V/
IC

B
an

al
ys

is
. I

f t
ha

t 
fa

ils
,r

er
un

 IC
AL

.
Al

l s
am

pl
es

 fo
llo

w
in

g 
th

e
la

st
 

ac
ce

pt
ab

le
C

al
ib

ra
tio

n 
Bl

an
k 

m
us

tb
e 

re
an

al
yz

ed
.

C
C

Bs
 m

ay
 n

ot
 b

e 
re

an
al

yz
ed

w
ith

ou
t r

ea
na

ly
si

s
of

 th
e

as
so

ci
at

ed
 s

am
pl

es
 a

nd
C

C
V(

s)
.

Fl
ag

gi
ng

 is
 n

ot
 

ap
pr

op
ria

te
.

R
es

ul
ts

 m
ay

no
t b

e 
re

po
rte

d 
w

ith
ou

t a
 v

al
id

 
ca

lib
ra

tio
n 

bl
an

k.
 

N
on

-d
et

ec
ts

 a
ss

oc
ia

te
d

w
ith

 p
os

iti
ve

 b
la

nk
in

fra
ct

io
ns

 m
ay

 b
e

re
po

rte
d.

Sa
m

pl
e 

re
su

lts
 >

10
X 

th
e

LO
Q

 a
ss

oc
ia

te
d 

w
ith

ne
ga

tiv
e 

bl
an

ks
 m

ay
 b

e
re

po
rte

d.
Fo

r C
C

B,
 fa

ilu
re

s 
du

e 
to

 
ca

rry
ov

er
 m

ay
 n

ot
 re

qu
ire

 
an

 IC
AL

.

EN
V-

SO
P-

M
TJ

L-
02

15
,R

ev
08



48
 o

f 5
0

ST
A

N
D

A
R

D
 O

PE
R

A
TI

N
G

 P
R

O
C

ED
U

R
E

TI
TL

E:
EN

V-
SO

P-
M

TJ
L-

02
15

D
et

er
m

in
at

io
n 

M
et

al
s 

an
d 

Tr
ac

e 
El

em
en

ts
 in

 V
ar

io
us

 M
at

ric
es

 b
y 

IC
P-

AE
S 

(E
PA

 M
et

ho
ds

 6
01

0B
, 6

01
0C

, 
60

10
D

 [I
C

P-
O

ES
], 

an
d 

20
0.

7)
 In

cl
ud

in
g 

H
ar

dn
es

s 
(E

PA
 M

et
ho

ds
 2

00
.7

 a
nd

 6
01

0B
/C

/D
 a

nd
 S

M
 2

34
0B

)
IS

SU
ER

:
Pa

ce
 N

at
io

na
l –

M
t. 

Ju
lie

t, 
Te

nn
es

se
e

©
 2

01
9 

Pa
ce

 A
na

ly
tic

al
 S

er
vi

ce
s,

 L
LC

.

An
y 

pr
in

te
d 

co
py

 o
f t

hi
s 

SO
P 

an
d 

al
l c

op
ie

s 
of

 th
is

 S
O

P 
ou

ts
id

e 
of

 P
ac

e 
ar

e 
un

co
nt

ro
lle

d 
co

pi
es

.
U

nc
on

tro
lle

d 
co

pi
es

 a
re

 n
ot

 tr
ac

ke
d 

or
 re

pl
ac

ed
 w

he
n 

ne
w

 v
er

si
on

s 
ar

e 
re

le
as

ed
 o

r t
he

 S
O

P 
is

 m
ad

e 
ob

so
le

te
.

U
se

rs
 o

f t
he

 S
O

P 
sh

ou
ld

 v
er

ify
 th

e 
co

py
 in

 p
os

se
ss

io
n 

is
 th

e 
cu

rre
nt

 v
er

si
on

 o
f t

he
 S

O
P 

be
fo

re
 u

se
.

Ta
bl

e 
5.

 Q
ua

lit
y 

C
on

tro
l R

eq
ui

re
m

en
ts

 –
In

or
ga

ni
c 

A
na

ly
si

s 
by

 In
du

ct
iv

el
y 

C
ou

pl
ed

 P
la

sm
a 

A
to

m
ic

 E
m

is
si

on
 S

pe
ct

ro
m

et
ry

 (I
C

P/
AE

S)
 

Q
C

 C
he

ck
M

in
im

um
 

Fr
eq

ue
nc

y
A

cc
ep

ta
nc

e 
C

rit
er

ia
C

or
re

ct
iv

e 
A

ct
io

n
Fl

ag
gi

ng
 C

rit
er

ia
C

om
m

en
ts

In
te

rfe
re

nc
e 

C
he

ck
 

So
lu

tio
ns

 
(IC

S)
 (a

ls
o 

ca
lle

d 
Sp

ec
tra

l 
In

te
rfe

re
nc

e 
C

he
ck

s)

Af
te

r I
C

AL
 a

nd
 

pr
io

r t
o 

sa
m

pl
e 

an
al

ys
is

.

IC
S-

A:
 A

bs
ol

ut
e 

va
lu

e 
of

 
co

nc
en

tra
tio

n 
fo

r a
ll 

no
n-

sp
ik

ed
 p

ro
je

ct
 

an
al

yt
es

 <
1/

2 
LO

Q
(u

nl
es

s 
th

ey
 a

re
 a

 
ve

rif
ie

d 
tra

ce
 im

pu
rit

y 
fro

m
 o

ne
 o

f t
he

 
sp

ik
ed

 a
na

ly
te

s)
; 

IC
S-

AB
: W

ith
in

 ±
 

20
%

 o
f t

ru
e 

va
lu

e.

Te
rm

in
at

e 
an

al
ys

is
; l

oc
at

e 
an

d 
co

rre
ct

 p
ro

bl
em

; r
ea

na
ly

ze
 

IC
S,

 re
an

al
yz

e 
al

l s
am

pl
es

.

If 
co

rre
ct

iv
e 

ac
tio

n 
fa

ils
, a

pp
ly

 Q
-fl

ag
 to

 a
ll 

re
su

lts
 fo

r s
pe

ci
fic

 
an

al
yt

e(
s)

 in
 a

ll 
sa

m
pl

es
 a

ss
oc

ia
te

d 
w

ith
 th

e 
fa

ile
d 

IC
S.

Al
l a

na
ly

te
s 

m
us

t b
e 

w
ith

in
 th

e 
LD

R
. I

C
S-

AB
 is

 
no

t n
ee

de
d 

if 
in

st
ru

m
en

t 
ca

n 
re

ad
 n

eg
at

iv
e 

re
sp

on
se

s.

La
bo

ra
to

ry
 

C
on

tro
l 

Sa
m

pl
e 

(L
C

S)

O
ne

 p
er

 
pr

ep
ar

at
or

y 
ba

tc
h.

A 
la

bo
ra

to
ry

 m
us

t 
us

e 
Ta

bl
e 

3 
an

d 
4 

lim
its

 fo
r b

at
ch

 
co

nt
ro

l i
f p

ro
je

ct
 li

m
its

 
ar

e 
no

t s
pe

ci
fie

d.
 

If 
th

e 
an

al
yt

e(
s)

 a
re

 
no

t l
is

te
d,

 u
se

 in
-

ho
us

e 
LC

S 
lim

its
 if

 
pr

oj
ec

t l
im

its
 a

re
 n

ot
 

sp
ec

ifi
ed

.

C
or

re
ct

 p
ro

bl
em

, t
he

n 
re

pr
ep

 
an

d 
re

an
al

yz
e 

th
e 

LC
S 

an
d 

al
l 

sa
m

pl
es

 in
 th

e 
as

so
ci

at
ed

 
pr

ep
ar

at
or

y 
ba

tc
h 

fo
r f

ai
le

d 
an

al
yt

es
, i

f s
uf

fic
ie

nt
 s

am
pl

e 
m

at
er

ia
l i

s 
av

ai
la

bl
e.

If 
re

an
al

ys
is

 c
an

no
t b

e 
pe

rfo
rm

ed
, d

at
a 

m
us

t 
be

 q
ua

lif
ie

d 
an

d 
ex

pl
ai

ne
d 

in
 th

e 
ca

se
 

na
rra

tiv
e.

 
Ap

pl
y 

Q
-fl

ag
 to

 
sp

ec
ifi

c 
an

al
yt

e(
s)

 in
 

al
l s

am
pl

es
 in

 th
e 

as
so

ci
at

ed
 

pr
ep

ar
at

or
y 

ba
tc

h.

M
us

t c
on

ta
in

 a
ll 

re
po

rte
d 

an
al

yt
es

. R
es

ul
ts

 m
ay

 n
ot

 
be

 re
po

rte
d 

w
ith

ou
t a

 
va

lid
 L

C
S.

 
Fl

ag
gi

ng
 is

 o
nl

y 
ap

pr
op

ria
te

 in
 c

as
es

 
w

he
re

 th
e 

sa
m

pl
es

 
ca

nn
ot

 b
e 

re
an

al
yz

ed
.

M
at

rix
 S

pi
ke

 
(M

S)
O

ne
 p

er
 

pr
ep

ar
at

or
y 

ba
tc

h.

A 
la

bo
ra

to
ry

m
us

t 
us

e 
Ta

bl
e 

3 
an

d 
4 

lim
its

 fo
r b

at
ch

 
co

nt
ro

l i
f p

ro
je

ct
 li

m
its

 
ar

e 
no

t s
pe

ci
fie

d.
 

If 
th

e 
an

al
yt

e(
s)

 a
re

 
no

t l
is

te
d,

 u
se

 in
-

ho
us

e 
LC

S 
lim

its
 if

 
pr

oj
ec

t l
im

its
 a

re
 n

ot
 

sp
ec

ifi
ed

.

Ex
am

in
e 

th
e 

pr
oj

ec
t-s

pe
ci

fic
 

re
qu

ire
m

en
ts

. C
on

ta
ct

 th
e 

cl
ie

nt
 a

s 
to

 a
dd

iti
on

al
 

m
ea

su
re

s 
to

 b
e 

ta
ke

n.

Fo
r t

he
 s

pe
ci

fic
 

an
al

yt
e(

s)
 in

 th
e 

pa
re

nt
 s

am
pl

e,
 a

pp
ly

 J
 

fla
g 

if 
ac

ce
pt

an
ce

 
cr

ite
ria

 a
re

 n
ot

 m
et

 
an

d 
ex

pl
ai

n 
in

 th
e 

ca
se

 n
ar

ra
tiv

e.

Fo
r m

at
rix

 e
va

lu
at

io
n 

on
ly

. I
f M

S 
re

su
lts

 a
re

 
ou

ts
id

e 
th

e 
lim

its
, t

he
 

da
ta

 s
ha

ll 
be

 e
va

lu
at

ed
 to

 
th

e 
so

ur
ce

(s
) o

f 
di

ffe
re

nc
e 

(i.
e.

, m
at

rix
 

ef
fe

ct
 o

r a
na

ly
tic

al
 e

rro
r).

EN
V-

SO
P-

M
TJ

L-
02

15
,R

ev
08



49
 o

f 5
0

ST
A

N
D

A
R

D
 O

PE
R

A
TI

N
G

 P
R

O
C

ED
U

R
E

TI
TL

E:
EN

V-
SO

P-
M

TJ
L-

02
15

D
et

er
m

in
at

io
n 

M
et

al
s 

an
d 

Tr
ac

e 
El

em
en

ts
 in

 V
ar

io
us

 M
at

ric
es

 b
y 

IC
P-

AE
S 

(E
PA

 M
et

ho
ds

 6
01

0B
, 6

01
0C

, 
60

10
D

 [I
C

P-
O

ES
], 

an
d 

20
0.

7)
 In

cl
ud

in
g 

H
ar

dn
es

s 
(E

PA
 M

et
ho

ds
 2

00
.7

 a
nd

 6
01

0B
/C

/D
 a

nd
 S

M
 2

34
0B

)
IS

SU
ER

:
Pa

ce
 N

at
io

na
l –

M
t. 

Ju
lie

t, 
Te

nn
es

se
e

©
 2

01
9 

Pa
ce

 A
na

ly
tic

al
 S

er
vi

ce
s,

 L
LC

.

An
y 

pr
in

te
d 

co
py

 o
f t

hi
s 

SO
P 

an
d 

al
l c

op
ie

s 
of

 th
is

 S
O

P 
ou

ts
id

e 
of

 P
ac

e 
ar

e 
un

co
nt

ro
lle

d 
co

pi
es

.
U

nc
on

tro
lle

d 
co

pi
es

 a
re

 n
ot

 tr
ac

ke
d 

or
 re

pl
ac

ed
 w

he
n 

ne
w

 v
er

si
on

s 
ar

e 
re

le
as

ed
 o

r t
he

 S
O

P 
is

 m
ad

e 
ob

so
le

te
.

U
se

rs
 o

f t
he

 S
O

P 
sh

ou
ld

 v
er

ify
 th

e 
co

py
 in

 p
os

se
ss

io
n 

is
 th

e 
cu

rre
nt

 v
er

si
on

 o
f t

he
 S

O
P 

be
fo

re
 u

se
.

Ta
bl

e 
5.

 Q
ua

lit
y 

C
on

tro
l R

eq
ui

re
m

en
ts

 –
In

or
ga

ni
c 

A
na

ly
si

s 
by

 In
du

ct
iv

el
y 

C
ou

pl
ed

 P
la

sm
a 

A
to

m
ic

 E
m

is
si

on
 S

pe
ct

ro
m

et
ry

 (I
C

P/
AE

S)
 

Q
C

 C
he

ck
M

in
im

um
 

Fr
eq

ue
nc

y
A

cc
ep

ta
nc

e 
C

rit
er

ia
C

or
re

ct
iv

e 
A

ct
io

n
Fl

ag
gi

ng
 C

rit
er

ia
C

om
m

en
ts

M
at

rix
 S

pi
ke

 
D

up
lic

at
e 

(M
SD

) o
r 

M
at

rix
 

D
up

lic
at

e 
(M

D
)

O
ne

 p
er

 
pr

ep
ar

at
or

y 
ba

tc
h.

A 
la

bo
ra

to
ry

 m
us

t 
us

e 
Ta

bl
e 

3 
an

d 
4 

lim
its

 fo
r b

at
ch

 
co

nt
ro

l i
f p

ro
je

ct
 li

m
its

 
ar

e 
no

t s
pe

ci
fie

d.
 

If 
th

e 
an

al
yt

e(
s)

 a
re

 
no

t l
is

te
d,

 u
se

 in
-

ho
us

e 
LC

S 
lim

its
 if

 
pr

oj
ec

t l
im

its
 a

re
 n

ot
 

sp
ec

ifi
ed

. 
M

SD
 o

r M
D

: R
PD

 o
f 

al
l a

na
ly

te
s 

≤ 
20

%
 

(b
et

w
ee

n 
M

S 
an

d 
M

SD
 o

r s
am

pl
e 

an
d 

M
D

).

Ex
am

in
e 

th
e 

pr
oj

ec
t-s

pe
ci

fic
 

re
qu

ire
m

en
ts

. C
on

ta
ct

 th
e 

cl
ie

nt
 a

s 
to

 a
dd

iti
on

al
 

m
ea

su
re

s 
to

 b
e 

ta
ke

n.

Fo
r t

he
 s

pe
ci

fic
 

an
al

yt
e(

s)
 in

 th
e 

pa
re

nt
 s

am
pl

e,
 a

pp
ly

 J
 

fla
g 

if 
ac

ce
pt

an
ce

 
cr

ite
ria

 a
re

 n
ot

 m
et

 
an

d 
ex

pl
ai

n 
in

 th
e 

ca
se

 n
ar

ra
tiv

e.

Th
e 

da
ta

 s
ha

ll 
be

 
ev

al
ua

te
d 

to
 d

et
er

m
in

e 
th

e 
so

ur
ce

 o
f d

iff
er

en
ce

.
Fo

r S
am

pl
e/

M
D

: R
PD

cr
ite

ria
 o

nl
y 

ap
pl

y 
to

an
al

yt
es

 w
ho

se
co

nc
en

tra
tio

n 
in

 th
e

sa
m

pl
e 

is
 g

re
at

er
 th

an
 o

r
eq

ua
l t

o 
th

e 
LO

Q
.

D
ilu

tio
n 

Te
st

O
ne

 p
er

 
pr

ep
ar

at
or

y 
ba

tc
h 

if 
M

S 
or

 M
SD

 
fa

ils
.

Fi
ve

-fo
ld

 d
ilu

tio
n 

m
us

t a
gr

ee
 w

ith
in

 ±
 

10
%

 o
f t

he
 o

rig
in

al
 

m
ea

su
re

m
en

t.

N
o 

sp
ec

ifi
c 

C
A,

 u
nl

es
s 

re
qu

ire
d 

by
 th

e 
pr

oj
ec

t.
Fo

r t
he

 s
pe

ci
fic

 
an

al
yt

e(
s)

 in
 th

e 
pa

re
nt

 s
am

pl
e,

 a
pp

ly
 J

 
fla

g 
if 

ac
ce

pt
an

ce
 

cr
ite

ria
 a

re
 n

ot
 m

et
 

an
d 

ex
pl

ai
n 

in
 th

e 
ca

se
 n

ar
ra

tiv
e.

O
nl

y 
ap

pl
ic

ab
le

 fo
r 

sa
m

pl
es

 w
ith

 
co

nc
en

tra
tio

ns
 >

 5
0 

x 
LO

Q
 (p

rio
r t

o 
di

lu
tio

n)
. 

U
se

 a
lo

ng
 w

ith
 M

S/
M

SD
 

an
d 

PD
S 

da
ta

 to
 c

on
fir

m
 

m
at

rix
 e

ffe
ct

s.
Po

st
-

D
ig

es
tio

n 
Sp

ik
e 

(P
D

S)
 

Ad
di

tio
n 

(IC
P 

on
ly

)

Pe
rfo

rm
 if

 
M

S/
M

SD
 fa

ils
. 

O
ne

 p
er

 
pr

ep
ar

at
or

y 
ba

tc
h 

(u
si

ng
 th

e 
sa

m
e 

sa
m

pl
e 

as
 u

se
d 

fo
r t

he
 M

S/
M

SD
 if

 
po

ss
ib

le
).

R
ec

ov
er

y 
w

ith
in

 8
0-

12
0%

.
N

o 
sp

ec
ifi

c 
C

A,
 u

nl
es

s 
re

qu
ire

d 
by

 th
e 

pr
oj

ec
t.

Fo
r t

he
 s

pe
ci

fic
 

an
al

yt
e(

s)
 in

 th
e 

pa
re

nt
 s

am
pl

e,
 a

pp
ly

 J
 

fla
g 

if 
ac

ce
pt

an
ce

 
cr

ite
ria

 a
re

 n
ot

 m
et

 
an

d 
ex

pl
ai

n 
in

 th
e 

ca
se

 n
ar

ra
tiv

e.

C
rit

er
ia

 a
pp

lie
s 

fo
r 

sa
m

pl
es

 w
ith

 
co

nc
en

tra
tio

ns
 <

50
 X

 
LO

Q
 p

rio
r t

o 
di

lu
tio

n.

EN
V-

SO
P-

M
TJ

L-
02

15
,R

ev
08



50
 o

f 5
0

ST
A

N
D

A
R

D
 O

PE
R

A
TI

N
G

 P
R

O
C

ED
U

R
E

TI
TL

E:
EN

V-
SO

P-
M

TJ
L-

02
15

D
et

er
m

in
at

io
n 

M
et

al
s 

an
d 

Tr
ac

e 
El

em
en

ts
 in

 V
ar

io
us

 M
at

ric
es

 b
y 

IC
P-

AE
S 

(E
PA

 M
et

ho
ds

 6
01

0B
, 6

01
0C

, 
60

10
D

 [I
C

P-
O

ES
], 

an
d 

20
0.

7)
 In

cl
ud

in
g 

H
ar

dn
es

s 
(E

PA
 M

et
ho

ds
 2

00
.7

 a
nd

 6
01

0B
/C

/D
 a

nd
 S

M
 2

34
0B

)
IS

SU
ER

:
Pa

ce
 N

at
io

na
l –

M
t. 

Ju
lie

t, 
Te

nn
es

se
e

©
 2

01
9 

Pa
ce

 A
na

ly
tic

al
 S

er
vi

ce
s,

 L
LC

.

An
y 

pr
in

te
d 

co
py

 o
f t

hi
s 

SO
P 

an
d 

al
l c

op
ie

s 
of

 th
is

 S
O

P 
ou

ts
id

e 
of

 P
ac

e 
ar

e 
un

co
nt

ro
lle

d 
co

pi
es

.
U

nc
on

tro
lle

d 
co

pi
es

 a
re

 n
ot

 tr
ac

ke
d 

or
 re

pl
ac

ed
 w

he
n 

ne
w

 v
er

si
on

s 
ar

e 
re

le
as

ed
 o

r t
he

 S
O

P 
is

 m
ad

e 
ob

so
le

te
.

U
se

rs
 o

f t
he

 S
O

P 
sh

ou
ld

 v
er

ify
 th

e 
co

py
 in

 p
os

se
ss

io
n 

is
 th

e 
cu

rre
nt

 v
er

si
on

 o
f t

he
 S

O
P 

be
fo

re
 u

se
.

Ta
bl

e 
5.

 Q
ua

lit
y 

C
on

tro
l R

eq
ui

re
m

en
ts

 –
In

or
ga

ni
c 

A
na

ly
si

s 
by

 In
du

ct
iv

el
y 

C
ou

pl
ed

 P
la

sm
a 

A
to

m
ic

 E
m

is
si

on
 S

pe
ct

ro
m

et
ry

 (I
C

P/
AE

S)
 

Q
C

 C
he

ck
M

in
im

um
 

Fr
eq

ue
nc

y
A

cc
ep

ta
nc

e 
C

rit
er

ia
C

or
re

ct
iv

e 
A

ct
io

n
Fl

ag
gi

ng
 C

rit
er

ia
C

om
m

en
ts

M
et

ho
d 

of
 

St
an

da
rd

 
Ad

di
tio

ns
 

(M
SA

)

W
he

n 
di

lu
tio

n 
te

st
 o

r p
os

t 
di

ge
st

io
n 

sp
ik

e 
fa

ils
 a

nd
 if

 
re

qu
ire

d 
by

 
pr

oj
ec

t.

N
A

N
A

N
A

D
oc

um
en

t u
se

 o
f M

SA
 in

 
th

e 
ca

se
 n

ar
ra

tiv
e.

EN
V-

SO
P-

M
TJ

L-
02

15
,R

ev
08



1 of 41

Document�Information�

Document�Number:� Revision:�

Document�Title:��

Department(s):�

��Date�Information�

Effective�Date:

Notes�

Document�Notes:�

All Dates and Times are listed in: 

ENV-SOP-MTJL-0221 08

Metals by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) (EPA Methods
6020, 6020A, 6020B & 200.8)

Metals

28 Aug 2020

Central Time Zone

ENV-SOP-MTJL-0221, Rev 08



Signature Manifest

Document Number: ENV-SOP-MTJL-0221 Revision: 08
Title: Metals by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) (EPA Methods 6020, 6020A, 6020B 
& 200.8)

All dates and times are in Central Time Zone.

ENV-SOP-MTJL-0221

QM Approval

Name/Signature Title Date Meaning/Reason

Regina Stone (006490) Quality Analyst 3 26 Aug 2020, 02:18:03 PM Approved

Management Approval

Name/Signature Title Date Meaning/Reason

Jeremiah Gupton (006426) Manager 26 Aug 2020, 10:12:11 AM Approved
James Burns (006456) Manager - EHS 26 Aug 2020, 01:20:38 PM Approved

2 of 41

ENV-SOP-MTJL-0221, Rev 08



3 of 41
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1.0 SCOPE AND APPLICATION

STATE NOTE: For samples analyzed in conjunction with the Ohio Voluntary Action Program 
(VAP) please utilize ENV-SOP-MTJL-0220.

1.1 This procedure is applicable to drinking water (DW), ground water (GW), wastewater (WW), 
waste and soil sample digestates are analyzed for trace metals utilizing an Agilent 7700x 
ICP-MS, and Agilent 7900 ICP-MS.

1.2 Pace National maintains approval for the analysis of up to 29 elements by the EPA 
Methods 200.8, 6020A and 6020 for water and soil matrices in standard mode.  All target 
analytes are analyzed either in Helium mode (Collision Cell) or No gas mode on the 
Agilent instruments depending on the sample matrix type. The following Table (1.2) 
contains a list of the analytes that are currently analyzed along with routine reporting 
limits per matrix.  See also section 13.3.

Table 1.2 Analytes and Reporting Limits**

Analyte Aqueous Samples Solid Samples
DW RL GW RL WW RL Units SS RL Units

Aluminum 0.100 0.100 0.100 mg/L 10.0 mg/Kg
Antimony 0.001 0.002 0.002 mg/L 0.100 mg/Kg
Arsenic 0.001 0.002 0.001 mg/L 0.100 mg/Kg
Barium 0.002 0.005 0.005 mg/L 0.200 mg/Kg
Beryllium 0.001 0.002 0.001 mg/L 0.100 mg/Kg
Boron 0.020 0.020 0.020 mg/L 2.00 mg/Kg
Cadmium 0.001 0.001 0.001 mg/L 0.100 mg/Kg
Calcium 1.00 1.00 1.00 mg/L 100. mg/Kg
Chromium 0.001 0.002 0.001 mg/L 0.100 mg/Kg
Cobalt 0.001 0.002 0.002 mg/L 0.100 mg/Kg
Copper 0.002 0.005 0.001 mg/L 0.200 mg/Kg
Iron 0.100 0.100 0.100 mg/L 10.0 mg/Kg
Lead 0.001 0.002 0.001 mg/L 0.100 mg/Kg
Magnesium 1.00 1.00 1.00 mg/L 100. mg/Kg
Manganese 0.002 0.005 0.005 mg/L 0.200 mg/Kg
Molybdenum 0.002 0.005 0.005 mg/L 0.200 mg/Kg
Nickel 0.001 0.002 0.001 mg/L 0.100 mg/Kg
Potassium 1.00 1.00 1.00 mg/L 100. mg/Kg
Selenium 0.001 0.002 0.002 mg/L 0.100 mg/Kg
Silver 0.001 0.002 0.001 mg/L 0.200 mg/Kg
Sodium 1.00 1.00 1.00 mg/L 100. mg/Kg
Strontium 0.010 0.010 0.010 mg/L 1.00 mg/Kg
Thallium 0.001 0.002 0.001 mg/L 0.100 mg/Kg
Thorium 0.010 0.010 0.010 mg/L 1.00 mg/Kg
Tin 0.001 0.002 0.002 mg/L 0.100 mg/Kg
Titanium 0.010 0.010 0.010 mg/L 1.00 mg/Kg
Uranium 0.001 0.001 0.001 mg/L 1.00 mg/Kg
Vanadium 0.002 0.005 0.005 mg/L 0.200 mg/Kg
Zinc 0.010 0.025 0.010 mg/L 1.00 mg/Kg

**See section 13.1 & 13.3.

ENV-SOP-MTJL-0221, Rev 08



4 of 41

STANDARD OPERATING PROCEDURE
TITLE: Metals by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) (EPA Methods 

6020, 6020A, 6020B & 200.8)
ISSUER: Pace National – Mt. Juliet, Tennessee

© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

1.3 An MDL study must be completed at least annually or more frequently if major 
instrumentation changes occur. Method Detection Limits (MDLs) are performed based on 
ENV-SOP-MTJL-0016. Updated MDL records are filed and stored in a central location 
within the department.

1.3.1 Limit of Detection (LOD) and Limit of Quantitation (LOQ) studies are completed 
at the frequency required by the TNI standard per the procedure identified in the 
ENV-SOP-MTJL-0016, Method Detection Limits (MDL), Limits of Detection 
(LOD) and Limits of Quantitation (LOQ). Should the procedure be utilized for 
DoD support; then the frequency of these studies must meet the requirements of 
the current DoD QSM (see Attachment III).

1.4 Instrument Detection Limit studies must be analyzed at least quarterly for each analytical 
instrument.14.2, 14.4  Linear dynamic ranges must be established for each analyte from a 
minimum of three different concentration standard across the range of expected use for 
each instrument.  These ranges should be rechecked for accuracy every six (6)
months.14.4  

1.5 Analysis without acid digestion can be used for drinking water samples if the samples 
have been properly preserved with acid and have turbidity of <1 NTU at the time of 
analysis. These samples must be acidified to match the acid matrix of the calibration 
standards and analyzed directly. This total recoverable determination procedure is 
referred to as "direct analysis". Silver concentration cannot be determined from direct 
analysis when chloride ions are present as a silver chloride precipitate may be formed.  
The sample must be acid digested to form a soluble silver chloride complex. Some 
primary drinking water metal contaminants may require sample concentration to meet 
regulatory drinking water reporting limits criteria.

2.0 METHOD SUMMARY AND DEFINITIONS

2.1 The ICP-MS uses inductively coupled plasma as the source of metal cations for the 
quadrupole mass spectrometer detector. This results in an instrument capable of 
detecting a wide variety of metals. This method measures ions produced by a radio 
frequency inductively coupled plasma. Analytes originating in a liquid are nebulized and 
the resulting aerosol transported by argon gas into the plasma torch. The ions produced 
are introduced in the plasma gas, by means of an interface, into a mass spectrometer. 
The ions produced are sorted according to their mass-to-charge ratios and are quantified 
with a channel electron multiplier.

2.2 The detection limits for ICP-MS are comparable to those of graphite furnace atomic 
absorption spectroscopy (GFAAS). Although ICP-MS data is actually acquired 
sequentially, ICP-MS has the capability of determining all the metals of interest in the 
time it would take GFAAS methods to determine one analyte. Internal standards are used 
to compensate for changes in instrumental sensitivity and mass transport phenomena.

2.3 Tuning Solution – A solution that is used to determine acceptable instrument 
performance prior to calibration and sample analyses.

2.4 Linear Dynamic Range (LDR) - The range over which the instrument response to analyte 
concentration is linear.

2.5 Serial Dilution (SD) – When the concentration of an element of interest is at least x25 the 
MDL, the sample must be diluted by a minimum of x5 dilution. One serial dilution must be 
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prepared and analyzed per batch of samples, except for drinking water samples by EPA 
Method 200.8.

2.6 Post Spike (PS) – A second aliquot of a field sample that is spiked with known concentrations 
of target analytes and analyzed to assess recovery of the spike. A post spike must be 
analyzed when the MS and/or MSD fail due to a suspected matrix effect. One sample is 
spiked after digestion and analyzed per batch. Post spikes are not performed for drinking 
water samples EPA Method 200.8.

2.7 Interference Check Sample (ICS) – A series of two solutions (ICSA & ICSAB) to verify 
that inter-element interferences are correctly compensated.  The ICSA and ICSAB 
provide an adequate on-going test of inter-element correction (IEC) factors. 

2.8 Lower Limit of Quantitation (LLOQ) - A term associated with analysis per the 
requirements of Method 6010D.  The lowest point of quantitation, which in most cases is 
the lowest concentration in the calibration curve.

2.9 See the current Quality Assurance Manual for other definitions associated with terms 
found in this document.

3.0 HEALTH AND SAFETY

3.1 The toxicity or carcinogenicity of each chemical material used in the laboratory has not 
been fully established. Each chemical should be regarded as a potential health hazard 
and exposure to these compounds should be as low as reasonably achievable.

3.2 The laboratory maintains documentation of hazard assessments and OSHA regulations 
regarding the safe handling of the chemicals specified in each method. Safety data 
sheets (SDS) for all hazardous chemicals are available to all personnel. Employees must 
abide by the environmental, health, and safety (EHS) policies and procedures specified in 
this SOP and in the Pace National Chemical Hygiene / Safety Manual.

3.3 Personal protective equipment (PPE) such as safety glasses and/or side shields, gloves, 
a laboratory coat, and shoes that are not cloth, canvas, and/or perforated must be worn 
in designated areas and while handling samples and chemical materials to protect 
against physical contact with samples that contain potentially hazardous chemicals and 
exposure to chemical materials used in the procedure. When handling glass, needles, 
knives, or any material with a potential sharp edge, employees must use cut-resistant 
gloves. 

3.4 Concentrated corrosives present additional hazards and are damaging to skin and mucus 
membranes. Use these acids, bases, or oxidizers in a fume hood whenever possible with 
the appropriate PPE designed for handing these materials. If eye or skin contact occurs, 
flush with large volumes of water. When working with acids, always add acid to water to 
prevent violent reactions. Any processes that emit large volumes of solvents 
(evaporation/concentration processes) must be in a hood or apparatus that prevents 
employee exposure. 

3.5 Spill kits are located in each laboratory department. Employees are to familiarize 
themselves with the location and contents of each spill kit in their area.

3.6 Universal precautions should be observed when performing any tests or procedures. 
Hard surfaces, instrument surfaces may be contaminated and should be handled 
according to good laboratory practices. 
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3.7 Contact your supervisor or local EHS coordinator with questions or concerns regarding 
safety protocol or safe handling procedures for this procedure. Any accidents involving 
personnel or sample supplies are to be reported immediately to either the Manager 
and/or to the Safety Officer.

4.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE

4.1 All samples must have been collected using a sampling plan that addresses the 
considerations of this method.

4.2 Prior to collection of an aqueous sample, consideration should be given to the type of 
data required (i.e., dissolved or total recoverable), so that appropriate preservation and 
pretreatment steps can be taken. The pH of all aqueous samples must be tested 
immediately prior to taking an aliquot for processing or "direct analysis" to ensure the 
sample has been properly preserved. 

4.3 For the determination of dissolved elements, the sample must be filtered through a 0.45-
um pore diameter membrane filter at the time of collection or as soon thereafter as 
practically possible. Use a portion of the sample to rinse the filter flask, discard this 
portion and collect the required volume of filtrate. Acidify the filtrate with nitric acid
immediately following filtration to pH<2. The sample is now ready for digestion.  

The hold time begins from the time of collection and ends with analysis within 180 days of 
collection.  

4.4 For the determination of total recoverable elements in aqueous samples, samples are not 
filtered, but acidified with (1+1) nitric acid to pH < 2 (approximately, 3mL of (1+1) acid per 
liter of sample is sufficient for most ambient and drinking water samples). Preservation 
may be done at the time of collection; however, to avoid the hazards of strong acids in 
the field, transport restrictions, and possible contamination, it is recommended that the 
sample be returned to the laboratory within two weeks of collection and acid preserved 
upon receipt in the laboratory. Following acidification, the sample should be mixed, held 
for 24 hours, and then verified to be pH < 2 just prior to withdrawing an aliquot for 
processing or "direct analysis". If for some reason, such as high alkalinity, the sample pH 
is verified to be > 2, a T2 qualifier is applied in Prep Data.  If the sample is reactive with 
Nitric acid, the volume of sample is reduced to 5mL for digestion. .

The holding times for total recoverable elements begins from the time of collection and 
ends with analysis within 180 days of collection.  

4.5 Solid samples require no preservation prior to preparation/analysis unless mercury or 
hexavalent chromium analyses will be performed from the same container.  If so, then 
storage at 4° ± 2°C is required14.5.  The holding times for total recoverable elements 
begins from the time of collection and ends with analysis within 180 days of collection.  

4.6 For aqueous samples, a field blank should be prepared and analyzed as required by the 
data user. Use the same container and acid as used in sample collection.

4.7 Samples submitted for analysis that do not meet the requirements contained within this 
section must be addressed before performing the logging process within the laboratory.  
In some cases, exceeding the appropriate preservation and storage criteria can cause 
significant bias in the resulting data.  Clients may need to resubmit samples where the 
conditions during shipment cause uncertainty regarding sample integrity.  If samples do 
not meet the requirements for preservation, sampling, shipment and storage and the 
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client approves the completion of the analytical process, sample results can be qualified 
per the ENV-SOP-MTJL-0014, Data Handling and Reporting.

5.0 INTERFERENCES

5.1 Several interference sources may cause inaccuracies in the determination of trace 
elements by ICP-MS. These are:

5.1.1 Isobaric elemental interferences - Are caused by isotopes of different elements which 
form singly or doubly charged ions of the same nominal mass-to-charge ratio and 
which cannot be resolved by the mass spectrometer in use. All elements determined 
by this method have, at a minimum, one isotope free of isobaric elemental 
interference. Of the analytical isotopes recommended for use with this method, only 
molybdenum-98 (ruthenium) and selenium-82 (krypton) have isobaric elemental 
interferences. If alternative analytical isotopes having higher natural abundance are 
selected in order to achieve greater sensitivity, an isobaric interference may occur. All 
data obtained under such conditions must be corrected by measuring the signal from 
another isotope of the interfering element and subtracting the appropriate signal ratio 
from the isotope of interest. A record of this correction process must be included with 
the report and data. It should be noted that such corrections would only be as 
accurate as the accuracy of the isotope ratio used in the elemental equation for data 
calculations.  Relevant isotope ratios should be established prior to the application of 
any corrections.

5.1.2 Abundance sensitivity - A property defining the degree to which the wings of a 
mass peak contribute to adjacent masses. The abundance sensitivity is affected 
by ion energy and quadrupole operating pressure. Wing overlap interferences 
may result when a small ion peak is being measured adjacent to a large one. The 
potential for these interferences must be recognized and the spectrometer 
resolution adjusted to minimize them.

5.1.3 Isobaric polyatomic ion interferences - Caused by ions consisting of more than 
one atom which have the same nominal mass-to-charge ratio as the isotope of 
interest, and which cannot be resolved by the mass spectrometer in use. These 
ions are commonly formed in the plasma or interface system from support gases 
or sample components. Most of the common interferences have been identified 
with the method elements affected. Such interferences must be recognized, and 
when they cannot be avoided by the selection of alternative analytical isotopes, 
appropriate corrections must be made to the data. Equations for the correction of 
data must be established at the time of the analytical sequence as the polyatomic 
ion interferences are highly dependent on the sample matrix and chosen 
instrument conditions. In particular, the common 82Kr interference that affects 
the determination of both arsenic and selenium can be greatly reduced with the 
use of high purity krypton free argon. 

5.1.4 Physical interferences - Are associated with the physical processes that govern 
the transport of sample into the plasma, sample conversion processes in the 
plasma, and the transmission of ions through the plasma-mass spectrometer 
interface. These interferences may result in differences between instrument 
responses for the sample and the calibration standards. Physical interferences 
may occur in the transfer of solution to the nebulizer (e.g., viscosity effects), at 
the point of aerosol formation and transport to the plasma (e.g., surface tension), 
or during excitation and ionization processes within the plasma itself. High levels 
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of dissolved solids in the sample may contribute deposits of material on the 
extraction and/or skimmer cones reducing the effective diameter of the orifices 
and therefore ion transmission. Dissolved solids levels not exceeding 0.2% (w/v) 
have been recommended to reduce such effects. Internal standardization may be 
effectively used to compensate for many physical interference effects. Ideally 
internal standards ideally should have similar analytical behavior to the elements 
being determined.

5.1.5 Memory interferences - Result when isotopes of elements in a previous sample 
contribute to the signals measured in a new sample. Memory effects can result 
from sample deposition on the sampler and skimmer cones and from the buildup 
of sample material in the plasma torch and spray chamber. The site where these 
effects occur is dependent on the element and can be minimized by flushing the 
system with a rinse blank between samples. The possibility of memory 
interferences must be recognized within an analytical sequence and suitable 
rinse times should be used to reduce them. The rinse times necessary for a 
particular element must be estimated prior to analysis. This may be achieved by 
aspirating a standard containing elements corresponding to ten times the upper 
end of the linear range for a normal sample analysis period, followed by analysis 
of the rinse blank at designated intervals. The length of time required to reduce 
analyte signals to within a factor of ten of the method detection limit must be 
noted. Memory interferences may also be assessed within an analytical 
sequence by using a minimum of three replicate integrations for data acquisition. 
If the integrated signal values drop consecutively, the analyst must be alerted to 
the possibility of a memory effect, and should examine the analyte concentration 
in the previous sample to identify if this was high. If memory interference is 
suspected, the sample should be reanalyzed after a long rinse period. 

5.2 Instrument Interferences: The primary interferences in ICPMS are molecular ions such as 
oxides, doubly-charged ions, and isobaric interferences. For the few target isotopes that 
isobaric interferences affect (Se), a correction is entered into the parameter set to 
compensate for each one. The interference check SRM solution, IC6020 is used to 
assess the effects of a variety of molecular interferences. This solution should pass for all 
components to be reported. In addition, the data for samples with requested target 
analytes above the MDL should be examined for evidence of interfering molecular ions or 
doubly-charged ions. A list of the peaks that need to be monitored follows here. 

Target Analyte Common Interference Monitor Correction Based On
111Cd+ 95Mo16O+ 95Mo+ 95Mo+

114Cd 95Mo16o+, 50Sn 118Sn NA
65Cu+ 25Mg40Ar+ 25Mg+ NA
65Cu+ 32S33S+ 32S+ NA
60Ni+ 44Ca16O+ 44Ca+ NA
75As+ 40Ar35Cl+ 77Se+ See 11.5.

40Ar37Cl+ 77Se+ 82Se+ See 11.5.
77,78,82Se+ 82Kr+, 1H81Br+ 83Kr+, 79Br+ 83Kr+

98Mo+ 98Ru+ 101Ru+ 101Ru+

115In+ 115Sn+ 118Sn+ 118Sn+

66Zn+ 50Ti+16O+ 50Ti+ 50Ti+
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NA - Not Applicable

NOTE:  40 Ar 37 Cl + is not the target analyte monitored; rather any ion or combination 
thereof possessing a mass of 77amu is monitored.

5.3 Representative Correction Equations

V51 -0.0108*Cl37
As75 -3.127*[Arcl77-(.873*Se82)]
Se82, 77, 78 -0.978*Kr83
Mo98 -0.110588*Ru101
Cd111 -1.073*[Mo0108-(.712*Pb106)]
In115 -0.014032*Sn118
Ba137 -0.000903*La139 - 0.002825*Ce140
Cd114 -0.026826*Sn118
Sn119 -0.013447*Te125
Sn120 -0.013447*Te125
Sb123 -0.127189*Te125
Pb208 +1*Pb206+1*Pb207
Cd114 -0.027250*Sn118
Fe54 -0.028226*Cr52

6.0 EQUIPMENT AND SUPPLIES

6.1 The inductively coupled plasma mass spectrometer used is an Agilent 7700x ICP-MS, or
Agilent 7900 ICP-MS.

6.2 Each ICP-MS is coupled to a Cetac ASX-500 series Autosampler or Agilent SPS 4 series 
Autosampler. A modified pumped rinse station was added to maintain fresh rinse solution 
at a constant level that ensures a clean Autosampler probe.

6.3 The pump tubing used is as follows:

Agilent Tubing:
Sample white-white1.02mm ID 
Internal standard orange-blue 0.25mm ID 
Drain yellow-blue 1.52mm ID

6.4 Samples and Standards are aspirated from polypropylene centrifuge tubes arranged in 
the Autosampler.

6.5 Argon gas supply: High purity grade (99.99%).

6.6 Adjustable pipettes (Eppendorf or equivalent).

6.7 Class A volumetric flasks.

6.8 Ultra high purity Helium gas supply for Agilent collision cell.

7.0 REAGENTS AND STANDARDS

7.1 All reagents and standards must be recorded in the appropriate preparation log and 
assigned a unique number.  See ENV-SOP-MTJL-0041, Standards Logger – Tree 
Operation.  Additional information regarding reagent preparation can be found in the 
Standards Logger (Tree) digital archive system.  All spiking solutions and surrogate 
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standard solutions should be replaced at least every six (6) months or sooner if a problem 
is detected unless otherwise noted.  

7.2 Be careful not to contaminate solutions with metals or minerals during preparation and 
use. Be sure to mix all solutions thoroughly after they are prepared. Store standard 
solutions in Teflon™ bottles if possible (polyethylene is acceptable for standards 
containing analytes at high concentration. Label all bottles containing solutions giving the 
following information: name of solution (as given below), analytes, concentrations, 
instructions for use (if any), date prepared, expiration date and initials of preparer. Record 
the details of preparation in the LIMS.

7.3 Laboratory Reagent water

7.4 ICP/MS Standard List

Calibration Stock Std Cat # Working Standard Preparation

1ppb Standard #1

EE: HP6604-500 soln. A
EE: HP6604-500 soln. B

0.5mL of the 100ppb Cal Std #5 
poured up to 50mL with 2.5% Rinse

2ppb Standard #2 1mL of the 100ppb Cal Std #5 poured 
up to 50mL with 2.5% Rinse

10ppb Standard #3 50uL of Cal Std A and  Cal Std B 
poured up to 50mL with 2.5% Rinse

50ppb Standard #4 0.25mL of Cal Std A and  Cal Std B 
poured up to 50mL with 2.5% Rinse

100ppb Standard #5 0.5mL of Cal Std A and  Cal Std B 
poured up to 50mL with 2.5% Rinse

200ppb Standard #6 1mL of Cal Std A and  Cal Std B 
poured up to 50mL with 2.5% Rinse

1ppm Standard #7 5mL of Cal Std A and  Cal Std B 
poured up to 50mL with 2.5% Rinse

ICV PlasmaCal: S180223039 0.5ml of ICV Std poured up to 50mL 
with 2.5% Rinse

CCV EE: HP6604-500 soln. A
EE: HP6604-500 soln. B

0.5mL of Cal Std A and  Cal Std B 
poured up to 50mL with 2.5% Rinse

ICVLL Inorganic Ventures: ESC-12 0.5mL of LL Std A and  LL Std B 
poured up to 50mL with 2.5% Rinse

CCVLL Inorganic Ventures: ESC-12 0.5mL of LL Std A and  LL Std B 
poured up to 50mL with 2.5% Rinse

ICSA Inorganic Ventures: 6020ICS-0A 5mL of ICSA Std poured up to 50mL 
with 2.5% Rinse

ICSAB
Inorganic Ventures: 6020ICS-0A

Inorganic Ventures: ESC-1 
Inorganic Ventures: ESC-2

5mL of ICSA Std, 0.5mL of ICSAB 
Std A and 0.5mL of ICSAB Std B 
poured up to 50mL with 2.5% Rinse

Agilent Tune Agilent Tech:  #5188-6564 0.5mL of Agilent Tune Std poured up 
to 50mL with 2.5% Rinse

EPA Tune EE: HP2047-A-250 5mL of EPA Tune Std poured up to 
50mL with 2.5% Rinse
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Calibration Stock Std Cat # Working Standard Preparation

Internal Standard

VGH Labs: VHG-PTEH-500 2.5mL of Tellurium poured up to 
1000mL with 2.5% Rinse

EE: HP10006-1 0.5 mL of Bismuth poured up to 
1000mL with 2.5% Rinse

VHG Labs: VHG-SPCN-100 0.5 mL of Scandium poured up to 
1000mL with 2.5% Rinse

EE: 10M44-2 500uL of Rhodium poured up to 
1000mL with 2.5% Rinse

EE: HP10M20-3 500uL of Germanium poured up to 
1000mL with 2.5% Rinse

Triton X 50μL of Triton X

2.5% Blank and Rinse Fisher:UN2031/ VWR: UN1789
Fill rinse container with 3.9L of DI 
water.  Add 80mL of HNO3 and 
20mL of HCL

7.5 Mixed Calibration Standard Solutions are used to make the following calibration 
solutions.  All standards are prepared in Class A volumetric flasks using adjustable 
pipettes.  The final acid concentration is matrix matched to digested field sample
concentrations. See section 7.4 above for preparation of these standards.

7.6 Initial Calibration Verification (ICV) – The ICV is an analytical standard solution from a 
second source different from the calibration and CCV standards.  The ICV is prepared at 
a mid-range concentration within the linear working range of the instrument.   The ICV 
must have the same acid matrix as the Calibration Standards. See Section 7.4 above for 
the preparation of this standard.

7.7 Continuing Calibration Verification (CCV) – The CCV is the mid-range calibration 
standard prepared from the same source as the initial calibration curve.  The CCV is 
used to verify the regression of the initial calibration of the instrument and must be 
repeated following every ten samples and at the conclusion of the sequence. See Section 
7.4 above for the preparation of this standard.

7.8 Low Level Initial/Continuing Calibration Verification (ICVLL/CCVLL) – The ICVLL/CCVLL 
is prepared at a low concentration within the linear working range of the instrument and 
defines the lowest level of quantitation/reporting.   The ICVLL/CCVLL must have the 
same acid matrix as the calibration standards. See Section 7.4 above for the preparation 
of this standard.

7.9 For the preparation of Laboratory Control Samples (LCSs) and Matrix Spikes (MSs) see 
the applicable sample preparation SOPs.

8.0 PROCEDURE

8.1 Sample Preparation

8.1.1 Digestion. All wastewater and drinking water samples and spikes that require a 
digestion follow ENV-SOP-MTJL-0208, Digestion of Metals and Trace Elements 
in Drinking Water and Wastes for ICP-AES and ICPMS by Microwave and Hot 
Block Digestion.  All RCRA samples must be digested using one of the following 
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SOPs: ENV-SOP-MTJL-0217 for 3050B/3051 and ENV-SOP-MTJL-0219 for 
3005A, 3010A and 3015.

8.1.2 Internal Standards. The internal standard solution (100ppb each Sc, Te, Ge, Rh, and 
Bi) and sample solution are mixed in a mixing block prior to nebulization. The ratio of 
sample to internal standard is 4:1.

8.2 Sample Analysis – Instructions vary slightly depending on the specific instrument being 
used for analysis.  Consult the instrument operating guides for each instrument for the 
exact directions for each instrument.

8.2.1 Pre-Start Checks: Turn on the computer and load the software. Initiate 
appropriate operating configuration of the instrument’s computer according to the 
instrument manufacturer’s instructions. Check the following:

8.2.2 Vacuum pump oil - Examine the sight glasses of the vacuum pump. Oil should be 
no darker than a light brown color. If it is, change the oil in the pump according to 
the directions in the manufacturer’s guide. 

8.2.3 Peristaltic pump tubing - Change the sample and internal standard tubing, spray 
chamber drain tubing and the rinse station tubing as needed. Allow at least 1 
hour for break-in period.

8.2.4 Wash solution level - The wash solution supply is maintained in a 4-liter carboy.  (See 
7.3).  Ensure that there is sufficient volume present for the analytical sequence.

8.2.5 Nebulizer waste and rinse waste flow into one waste container.

8.2.6 Ar/O pressure - The argon supply pressure should be set at about 100psi. If the 
supply argon pressure falls below about 45psi, a safety interlock automatically 
shuts off the torch.

8.2.7 Liquid Ar level - Liquid argon is maintained in a bulk supply tank.  This tank is 
refilled on a regular basis before the argon supply is exhausted and bleeding of 
the argon lines is not necessary.

8.2.8 Torch alignment – Torch alignment is done automatically during performance 
check.  

8.2.9 Interface cones - Remove and inspect the outside of the sampling and skimmer 
cones around the orifice. Install a new set of cones if needed or clean the 
existing cones using the following procedure:

Carefully polish each cone with silver polish and cotton swabs dampened with 
deionized water. Rinse cones with deionized water and blow-dry with house air 
supply, being careful not to damage the cones. After the cones are fully dry, 
replace them in the instrument. Allow for conditioning of the cones with a solution 
containing all analytes needed. 

The orifice should be circular and about 1mm in diameter. Examine the orifice 
periodically with a magnifier to determine if there are irregularities that may impair 
instrument performance. DO NOT use a cone with a significantly damaged tip.

8.2.10 Chiller temperature, pressure and water level - The temperature should be 
regulated at 15 ± 1ºC. Check the current temperature on the chiller to ensure it is 
within this range. Check the inlet cooling water pressure that must be between 55 

ENV-SOP-MTJL-0221, Rev 08



13 of 41

STANDARD OPERATING PROCEDURE
TITLE: Metals by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) (EPA Methods 

6020, 6020A, 6020B & 200.8)
ISSUER: Pace National – Mt. Juliet, Tennessee

© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

and 60psi. Check to ensure that chiller water level is full. If it is not, fill with
Polyclear 30.  

8.2.11 Nebulizer - Check the nebulizer to be sure it is clean, the capillary is not clogged 
and it produces a smooth mist. 

8.3 Lighting Torch and Warm-Up:  After all pre-start checks pass inspection, perform the 
following steps:

8.3.1 Torch Ignition - Click on the Plasma icon to open the Instrument window, and 
then click on the plasma on button to light the plasma. This takes a little over a 
minute to complete. (See instrument software guide.)

8.3.2 Warm-up:  Instrument is allowed to warm-up 30 minutes.  Instrument has a timer 
to let you know when it is ready to move on to the next step. 

8.3.3 Start-up Configuration - Once the analysis tubing is placed in the Agilent tune 
solution the Start-up configuration can be started. The instrument will then go 
through Torch Alignment, Axis/Resolution, EM settings, Plasma Correction, 
Standard Lenses tune, and Performance report.

8.4 Running Samples:  After Warm-Up is complete, perform the following steps to collect a 
dataset.

8.4.1 Tune - Open Tune tab. Switch ISIS valve to tune. Monitor signal to ensure 
sample is reaching the detector. When the instrument achieves proper counts, 
stop the monitor and select the “semi auto tune: tab (The instrument performs 
five replicates of tuning solution.).  The measured mass must be as follows:  

Agilent:

8.4.2 Create New Dataset – Open template from the drive. Apply the proper run name 
for the day (MMDDYYICPMS#).

8.4.3 Enter Sample ID's: Open the routine analysis workspace previously saved. Enter 
the sample ID’s in the sample template previously created. Enter any necessary 
dilution factors in the column provided along with both beginning and ending 

Agilent monitored masses (No Gas) Requirement
7 CPS RSD<5%
89 CPS RSD<5%

205 CPS RSD<5%
156/140 CPS Ratio<1.5%
70/140 CPS Ratio<3.0%

Agilent monitored masses (He) Requirement
59 CPS RSD<5%
89 CPS RSD<5%

51/59 CPS Ratio<3%
75 CPS ~5 or less
78 CPS ~5 or less
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volumes. Place all calibration standards, calibration check solutions, samples 
and QC in the Autosampler according to the template.

8.4.4 For initial and daily operation, calibrate the instrument according to the 
instrument manufacturer's recommended procedures using mixed calibration 
standard solutions and the calibration blank (see section 7.5).  The concentration 
of the lowest standard must be at or below the reporting limit.  A peristaltic pump 
must be used to introduce all solutions, samples, and internal standard to the 
nebulizer (Agilent 7900 uses ISIS-3 pump).  To allow adequate time for 
equilibrium to be reached in the plasma, aspirate all solutions for at least 30 
seconds after the solution reaches the plasma before accumulating data.  Use 
the average value from three replicate integration periods of the signal to be 
correlated to the analyte concentration.  Flush the system with the rinse blank for 
a minimum of 60 seconds between each standard. The calibration line is 
generated by first order linear regression from a calibration blank and six
calibration standards where each element is present in at least three 
concentration levels. Calibration acceptance criteria are described in section 
10.5. For ICV/CCV/CCB/ICB/ICS requirements, frequency, see section 10.0.

NOTE:  For Marathon sample analysis, simple linear curve fitting as identified in 
the instrument regression choices will be utilized when possible.  

8.4.5 Begin Analyzing Samples:   For Agilent instruments, in the mass hunter software 
select “sample list” and then choose the “unknown samples” tab.  Once here, 
select “Start editing mode” and begin to add samples + instrument QC in the 
order desired for analysis.  Assign appropriate vial location numbers as well as 
dilution factors to each sample in the table.  Once completed, select “End editing 
mode” and analysis will begin.

The instrument performs sample analysis by executing 20 mass sweeps per 
replicate. Three replicates are utilized for an average result which must fall 
within a 20% RSD for the replicate values.   If any sample or QC is found to have 
a concentration of >5x the RL and >20% RSD it must be evaluated for 
interference.  If a matrix interferent is determined to be the cause, dilute the 
sample by 5x and re-analyze.  Perform further dilutions if necessary.   

8.4.6 Monitor Initial QC. Check the calibration blank Summary Report for signs of 
contamination and the rest of the calibration and initial QC Summary Reports for 
signs of problems.  

NOTE: If analysis will not be complete until after hours, set to shutoff automatically 
when analysis is complete (Enable automatic shutoff in Instrument window. 
This can be done while the instrument is analyzing samples).

8.4.7 Instrument Shutdown - When batch is complete, MassHunter will auto export all 
data to the dataset and shut off plasma if selected.  Otherwise, select turn off 
plasma to stop a run immediately.  Turn off the computer monitor if it will not be 
used further that day.

9.0 DATA ANALYSIS AND CALCULATIONS

9.1 Sample data should be reported in units of mg/L for aqueous samples and mg/Kg dry 
weight for solid samples.  The mean of three “reads” from the spectrometer is used to 
derive sample concentrations.
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9.2 For dissolved aqueous analytes, report the data generated directly from the instrument 
with compensation for sample dilution.  Do not report analyte concentrations below the 
MDL.

9.3 For total recoverable aqueous analytes, multiply solution analyte concentrations by the 
dilution factor 0.5 when a 100mL aliquot is used to produce the 50mL final digestate 
volume, and report data.  If a different aliquot volume other than 100mL is used for 
sample preparation, adjust the dilution factor accordingly.  Account for any additional 
dilution of the prepared sample digestate required to complete the determination of any 
analytes exceeding 90% or greater of the LDR upper limit.  Do not report data below the 
determined analyte MDL concentration or below an adjusted detection limit reflecting 
smaller sample aliquots used in processing or additional dilutions required by the 
analysis.

9.4 For analytes with RLs < 0.01mg/L, round the data values to the thousandth place and 
report analyte concentrations up to three significant figures.  For analytes with RLs >/-
0.01mg/L round the data values to the hundredth place and report analyte concentrations 
up to three significant figures.  Analyte concentrations for solids data should be rounded 
in a similar manner before dry weight corrections in Section 9.5 are performed.

9.5 For total recoverable analytes in solid samples, round the solution analyte concentrations 
(mg/L) as instructed in Section 9.4.  Report the data up to three significant figures as 
mg/Kg dry-weight basis unless specified otherwise by the program or data user. 
Calculate the concentration using the equation below:

C x V x D
Sample Conc. (mg/Kg) = --------------
dry-weight basis W

where: C = Concentration in extract (mg/L)
V = Volume of extract (L, 100mL = 0. 1L)
D = Dilution factor (undiluted = 1)
W = Weight   in Kg of sample aliquot extracted (g x 0.001 = Kg)

9.6 Soil samples are reported on a dry weight basis.  Soil samples must be processed using 
the ENV-SOP-MTJL-0178, Total Solids and/or Percent Moisture.  After a dry weight for 
each sample has been obtained, the calculations are performed as follows:

                                          DW
     % solids (S) =  ------ x 100

   WW

where: DW = Sample weight (g) dried 
WW = Sample weight (g) before drying

At Pace National, dry weight reporting conversions are performed by the LIMS data 
system.

9.7 Relative Standard Error (RSE – expressed as a percentage)
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where:
x’i = Measured amount of analyte at the calibration level i, in mass or concentration 

units
xi = True amount of analyte at calibration level i, in mass or concentration units
p = Number of terms in the fitting equation (average – 1, linear = 2, quadratic = 3)

9.8 See the current Quality Assurance Manual for equations associated with common 
calculations.

10.0 QUALITY CONTROL AND METHOD PERFORMANCE

10.1 All analysts must meet the qualifications specified in ENV-SOP-MTJL-0015, Technical 
Training and Personnel Qualifications before approval to perform this method.  Analysts 
must complete an initial demonstration of proficiency before being approved to perform 
this method.  Continuing proficiency must be demonstrated using proficiency testing, 
laboratory control sample analysis and/or MDL studies.  Method performance is 
assessed per analyst.  Updated method performance records are filed and stored in a 
central location within the department.

10.2 Use the designated run log to record batch order and standards/reagents used during 
analysis.  See ENV-SOP-MTJL-0014, Data Handling and Reporting.

10.3 Batches are defined as sets of 1 - 20 samples for EPA 6020/6020A/6020B and 1 - 10 
samples for EPA 200.8.  Preparation batch analysis must include the following: 1 method 
blank, 1 Laboratory Control Sample (LCS), 1 Laboratory Control Sample Duplicate 
(LCSD), 1 Matrix Spike/Spike Duplicate (MS/MSD) pair.  All batch information must be
maintained in the preparation documentation assigned to the department.

Note: EPA 200.8 Wastewater samples may be batched in sets of 1-20.  If >10 samples 
are prepared for EPA 200.8 Wastewater, they must include two sets of MS/MSD.

10.4 Supporting Analytical Studies

10.4.1 Instrument Detection Limits (IDL) Studies - IDLs in μg/L can be determined as 
the mean of the calibration blank results plus three times the standard deviation 
of seven (7) replicate analyses of the solution. Use zero for the mean if the mean 
is determined to be a negative value.

IDLs must be verified quarterly or when major instrumentation change occurs.

10.4.1.1 Method 6020B - IDLs in μg/L can be estimated as the mean of the 
blank result plus three times the standard deviation of 10 replicate 
analyses of the reagent blank solution.  Use zero for the mean if the 
mean is negative.  Each measurement should be performed as 
though it were a separate analytical sample (i.e., each measurement 
must be followed by a rinse and/or any other procedure normally 
performed between the analysis of separate samples).  IDLs should 
be determined at least once using new equipment, after major 
instrument maintenance such as changing the detector, and/or at a 
frequency designated by the project.  An instrument log book should 
be kept with the dates and information pertaining to each IDL 
performed.

10.4.2 Linear Dynamic Range (LDR) Studies – Linear dynamic ranges are established 
for each instrument to allow for quantitation above the highest level of calibration 
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without qualification.  ICPMS instruments are known to remain linear at high 
levels, but each upper limit of linearity is based on the target analyte being 
measured and the routine instrument operating conditions.

To perform a linear dynamic range study, the instrument must be calibrated 
normally as used with client field samples.  The LDR is determined by the 
analysis of a minimum of three, but preferably five, different increasing 
concentrations of standards containing each target analyte across a range.  One 
concentration should be near the expected upper linear range for each analyte.  
The highest concentration, where the instrument calibration remains linear, is 
determined when the observed concentration of the increasing standards is no 
more than 10% below the expected concentration of the analyte.  If more than a 
10% deviation exists, the instrument is proven to no longer be linear at that value 
for that analyte.  The upper linear range is therefore the next lower concentration 
of standards used in the determination.  Samples quantitated above that upper 
determined LDR require dilution to quantitate within the proven linear range of 
the instrument.

LDR studies must be determined initially then verified semi-annually or when 
major instrumentation change occurs.

10.4.3 Method Detection Limits – See also ENV-SOP-MTJL-0016, Method Detection 
Limits (MDL), Limits of Detection (LOD) and Limits of Quantitation (LOQ).

MDL studies are required annually or when instrumentation change occurs, such 
as one in the torch, nebulizer, injector, or plasma conditions.  Method detection 
limit studies are performed on blank matrices most closely matching field sample 
matrices.

10.4.4 Proficiency Testing (PT) – See also ENV-SOP-MTJL-0022, Proficiency Testing 
Program.  Proficiency testing is performed in the metals department for ICPMS in 
support of environmental analyses.  Environmental PTs are performed semi-
annually for Water Supply (Safe Drinking Water Act), Water Pollution (Clean 
Water Act), and soils (RCRA) testing.  

10.5 Instrument Tune –The amu of each measured mass must be as follows:  

All ICP-MS Low limit High limit
Mg 24 23.9 24.1
Mg 25 24.9 25.1
Mg 26 25.9 26.1
In 115 114.9 115.1
Pb 206 205.9 206.1
Pb 207 206.9 207.1
Pb 208 207.9 208.1
Be 9 8.9 9.1

Co 59 58.9 59.1

10.5.1 EPA 200.8 - EPA Method 200.8 requires a minimum of five (5) replicates of the 
tuning solution yielding a relative standard deviation of <5% of the absolute 
signal14.3.  EPA tune check should be less than 0.75amu at 5% peak height
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10.5.2 SW-846 6020 & 6020A - EPA Methods 6020 and 6020A require a minimum of four 
(4) replicates of the tuning solution yielding a relative standard deviation of <5% of 
the absolute signal14.2, 14.4. EPA tune check should be less than 0.9amu at 10% 
peak height.

10.6 Initial Calibration - Run a calibration curve on a daily basis that employs a minimum of a 
calibration blank and six standards where each element is present in at least three of the 
standard levels.  The concentration of the lowest standard must be at or below the 
reporting limit.  Corrective actions for failures can be found in section 11.4.

10.6.1 EPA 200.8 & 6020/6020B - The correlation coefficient for the each analyte in the 
calibration curve lines must be 0.995 or better for EPA Methods 200.8 and 
602014.2, 14.3.  

NOTE:  For Method 6010D - If a multipoint calibration is used the low standard 
must be at or below the LLOQ. 

10.6.2 SW-846 6020A - The correlation coefficient for each analyte in the calibration 
curve must be 0.998 for EPA 6020A14.4.  

NOTE: For Wisconsin, the unspiked ICSA elements are evaluated to LOQ.

10.7 Method Blank – A method blank is analyzed per each batch of field samples.  The results 
obtained for the method blank must be less than the method detection limit (<1/2 RL for 
DOD), and not less than 2X the negative RL for all analytes.  Corrective actions for 
failures can be found in section 11.5.

STATE NOTE: For blanks associated with samples originating from West Virginia and 
analyzed by Method 200.8, blank results should be below the LLOQ for the target 
analytes being tested; otherwise, corrective action should be taken.
For blanks associated with samples originating from West Virginia and analyzed 
by Method 6020B, Blanks are generally considered to be acceptable if target 
analyte concentrations are less than the LLOQ or are less than project-specific 
requirements.

10.7.1 Method 6020B – The method blank is considered to be acceptable if target 
analyte concentrations are less than ½ the LLOQ or are less than project-specific 
requirements.  

10.8 Initial Calibration Verification (ICV/ICVLL) - Verify the initial instrument standardization by 
analyzing appropriate check standards following calibration.    

10.8.1 EPA Methods 6020 & 200.8 - The mid-level ICV standard recovery results must 
be ±10% of the true value for EPA methods 6020 and 200.8.  

Note: For Marathon 200.8 samples the ICV standard recovery results must be 
±5% of the true value.

10.8.2 EPA Method 6020A - The mid-level ICV standard recovery results must be 
±10% of the true value for EPA methods 6020A.  The low-level ICV standard 
recovery results should be within 70-130%.

10.8.3 EPA Method 6020B Low-level Readback or Verification - For a multi-point 
calibration, the low level standard should quantitate to within 80-120% of the true 
value.  For a single point calibration, a standard from the same source as the 
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calibration standard and at the LLOQ is analyzed and should recover within 80-
120% of the true value.

10.8.4 Method 6010D Mid-level Readback or Verification - For a multi-point calibration, 
the midlevel standard should quantitate to within 90-110% of the true value.  For 
a single point calibration, a standard from the same source as the calibration 
standard and at the midpoint of the linear range is analyzed and should recover 
within 90-110% of the true value.

10.8.5 Corrective actions for failures can be found in section 11.6.

10.9 Laboratory Control Sample (LCS)/Laboratory Control Sample Duplicate (LCSD) – An 
LCS/LCSD is analyzed with each batch of samples.  The acceptance range for water 
samples is +15% of the target concentration for 200.8 and +20% for 6020.  If an 
LCS/LCSD pair is analyzed, the RPD of each analyte must be <20%.

10.9.1 For EPA Method 200.8 – The acceptance range for water samples is +15% of 
the target concentration.  The RPD for each analyte in the pair must be <20%.

10.9.2 For SW-846 Method 6020/6020A/6020B – The acceptance range for water 
samples is +20% of the target concentration.  The RPD for each analyte in the 
pair must be <20%.

10.10 Matrix Spike (MS)/Matrix Spike Duplicate (MSD) – An MS/MSD pair is analyzed with 
each batch of samples.  Acceptance ranges for accuracy of the MS and MSD are +30%
of the target analyte concentration.  The RPD of the pair must be <20%. 

10.10.1 For EPA Method 200.8 – The acceptance range for water samples is +30% of 
the target concentration.  The RPD for each analyte in the pair must be <20%.

10.10.2 For SW-846 Method 6020/6020A/6020B – The acceptance range for water 
samples is +25% of the target concentration.  The RPD for each analyte in the 
pair must be <20%.

10.11 Continuing Calibration Verification (CCV) –Verify the on-going instrument standardization 
by analyzing appropriate check standards during the sequence.  Instrument calibration 
acceptability is demonstrated after every 10 samples and at the end of the analytical run 
using the CCV that must meet the following criteria: 

10.11.1 For SW-846 Method 6020/6020B and EPA Method 200.8 – Continuing 
Calibration Verification (CCV) recovery must be within +10% of the target 
concentration.  Instrument calibration verification is achieved by analyzing both a 
CCV standard and a CCB (inst. blank).  

10.11.2 For SW-846 Method 6020A - Instrument calibration verification for method 
6020A is achieved by analyzing both a mid-level CCV standard, a low-level CCV 
standard, and a CCB (instrument blank). The mid-level Continuing Calibration 
Verification (CCV) recovery must be within +10% of the target analyte 
concentration. The low-level Continuing Calibration Verification (LLCCV) 
recovery should be within 70-130%.

10.12 Initial/Continuing Calibration Blank (ICB/CCB) – An ICB/CCB is analyzed following each 
ICV/CCV.  The results of each ICB/CCB must be <RL for each analyte being reported or
<1/2 RL for DOD. 
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NOTE:  Calibration blanks analyzed in conjunction with DoD QSM analyses for 
compliance must be assessed at the established LOD.  If the concentration of 
target analytes is above the LOD, then re-analysis is required or the data must 
be qualified as contained a possible high bias (see Attachment III).

NOTE:  Method 6020B - If a multi-level calibration is used, an ICB is analyzed 
immediately after the calibration (or after the ICV) and must not contain target 
analytes above half the LLOQ.  If a single point calibration is used, the calibration 
is forced through the ICB, but a second ICB is analyzed as a check and must not 
contain target analytes above half the LLOQ.  If the ICB consistently has target 
analyte concentrations greater than half the LLOQ, the LLOQ should be re-
evaluated.

Note: West Virginia requires all Calibration Blank results to be <MDL.  If the 
concentration of target analytes is above the MDL, then re-analysis is required or 
the data must be qualified as contained a possible high bias

10.13 Interference Check Standard (ICSA/ICSAB) – Analyzed at the beginning of the analytical 
sequence or at least once every 12 hours, acceptance criteria is 80-120%.

10.13.1 Method 6020B - Results for the unspiked elements in the SIC solution should be 
less than two (2) times the LLOQ.  Note that it may not be possible to obtain SIC 
spiking solutions that are completely free of the unspiked elements.  If the 
presence and concentration of an unspiked element can be confirmed via vendor 
documentation and/or determination of multiple isotopes of the element in the 
correct ratios, the concentration actually present may be subtracted from the 
determined value prior to comparing to the LLOQ limits.

Note: The unspiked elements in the ICSA are not evaluated by the data 
capture software.  The instrument analyst evaluates if the unspiked 
elements are <2 times the LLOQ for the ICSA

10.14 Post Digestion Spike – One post digestion spike must be analyzed for each batch of 
samples analyzed per the definition of a batch found in section 10.3.  The recovery for 
the target analyte should be ±25% of true value.

10.14.1 For SW-846 Method 6020A - The recovery for the target analyte should be 
±20% of true value.

10.14.2 For SW-846 Method 6020 & 6020B - The recovery for the target analyte should 
be ±25% of true value.

10.14.3 For EPA Method 200.8 – Post digestion spikes are not required by the published 
method.

10.15 Serial Dilution - One serial dilution must be analyzed for each batch of samples analyzed 
per the definition of a batch found in section 10.3.  

10.15.1 For SW-846 Method 6020 & 6020A - The serial dilution should recover with 
<10% difference from the parent sample.

10.15.2 For SW-846 Method 6020 - The recovery for the target analyte should be ±25% 
of true value.

10.15.3 For EPA Method 200.8 – Serial Dilutions are not required by the published 
method.
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10.15.4 Method 6020B – If the analyte concentration is within the linear range of the 
instrument and sufficiently high (minimally, a factor of 25 times greater than the 
LLOQ), an analysis of a 1:5 dilution should agree to within ±20% of the original 
determination.  If not, then a chemical or physical interference effect must be 
suspected.  The matrix spike is often a good choice of sample for the dilution 
test, since reasonable concentrations of most analytes are present.  Elements 
that fail the dilution test are reported as estimated values.

10.16 Internal Standards

10.16.1 For Methods 6020A and 6020B - Internal Standard intensities in the samples 
must be between 70-130% of the original calibration solution.  If the internal 
standard intensity is not within the 70-130% range, dilute the sample 5X and re-
analyze.  Repeat the procedure until the sample internal standard intensities fall 
within the 70-130% window.

10.16.2 For Methods 200.8 and 6020 - All internal standard responses for samples must 
be within 60-120% of the original response of the calibration blank.  If the internal 
standard intensity is not within the 60-120% range, dilute the sample 5X and re-
analyze.  Repeat the procedure until the sample internal standard intensities fall 
within the 60-120% window.

10.16.3 The intensity levels of the internal standards for the calibration blank and the 
interference check standards must agree within 20% of the intensity level of the 
internal standard of the original calibration solution.  If they do not, terminate the 
analysis, correct the problem, re-calibrate the instrument, verify the new 
calibration and re-analyze the affected samples.

10.17 Replicate Criteria - The instrument performs sample analysis by executing 100 mass
sweeps per replicate. Three replicates are utilized for an average result. The RSD for the 
replicates must be reviewed to ensure consistency of the scans and to ensure that the 
sample digestate was accurately sampled. High RSD values can result from low target 
analyte concentrations and from insufficient uptake of the digestate during the 
autosampler cycle. If a matrix interferent is determined to be the cause, dilute the sample 
by 5x and re-analyze. Perform further dilutions, as necessary.   

10.18 Reporting Limit Verification (RLV) – The reporting limit verification when analyzed must 
recover within +50% of the target concentration for the standard.  

STATE NOTE:  For all samples analyzed from Minnesota, the reporting limit must be 
verified at least monthly, with each new initial calibration, or when there 
has been significant change to the instrument (column replacement, 
cleaning source, etc.) whichever is more frequent.  The reporting limit 
verification can be performed by either re-injecting the low standard or by 
re-processing the low standard that was analyzed in the calibration 
curve.  The reporting limit verification (RLV) must recovery within +40%
of the expected concentration.  If this criterion is not met, the RLV may 
be re-analyzed once, instrument maintenance can be performed, a 
higher concentration standard can be injected, or a new calibration curve 
must be generated.  If a higher concentration standard is utilized, the 
reporting limit must be raised to the higher level verified.

10.19 Any sample analyte responses that are beyond 90% of the linear dynamic range of the 
instrument must be diluted and re-analyzed.
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10.20 Lower Limit of Quantitation (LLOQ) – When analyzing samples according to Method 
6020B, the LLOQ is initially verified by the analysis of at least seven (7) replicate 
samples, spiked at the LLOQ and processed through all preparation and analysis steps 
of the method.  The mean recovery and relative standard deviation of these samples 
provide an initial statement of precision and accuracy at the LLOQ.  In most cases the 
mean recovery should be +/- 35% of the true value and RSD should be <20%.  In-house 
limits may be calculated when sufficient data points exist.  Monitoring recovery of LLOQ 
over time is useful for assessing precision and bias.

10.20.1 Ongoing LLOQ verification, at a minimum, is on a quarterly basis to validate 
quantitation capability at low analyte concentration levels. This verification may 
be accomplished either with clean control material (e.g., reagent water, method 
blanks, Ottawa sand, diatomaceous earth, etc.) or a representative sample 
matrix (free of target compounds).  Optimally, the LLOQ should be less than the 
desired regulatory action levels based on the stated project-specific 
requirements.

10.21 If these criteria are not met, corrective actions are found in section 11.0.

11.0 DATA VALIDATION AND CORRECTIVE ACTION

11.1 All data must undergo a primary review by the analyst. The analyst must check the 
performance of the initial calibration, interference checks, mid-point check standard, 
continuing calibrations, and blanks to ensure that they meet the criteria of the method.  
The analyst should review any sample that has quantifiable compounds and make sure 
that they have been confirmed. The analyst must also verify that reported results are 
derived from quantitation between the MDL and 90% of the LDR. All calculations must be 
checked (any dilutions, %solids, etc.). Data must be checked for the presence or 
absence of appropriate flags. Comments should be noted when data is flagged. Check 
for carryover (see Section 11.2.8 of this SOP).

11.2 All data must undergo a second analyst review. The analyst checking the data must 
check the performance of the initial calibration, interference checks, mid-point check 
standard, continuing calibrations, and blanks to ensure that they meet the criteria of the 
method.  

11.2.1 The analyst should look at any sample that has quantifiable compounds and 
check the RSD of triplicate spectrometer reads.

11.2.2 Blanks must meet SOP requirements.

11.2.3 Quality control criteria should be checked for the LCS, LCSD, MS, and MSD. 

11.2.4 Data must be checked for the presence or absence of appropriate flags.  
Comments should be noted when data is flagged.

11.2.5 See ENV-SOP-MTJL-0014, Data Handling and Reporting.

11.2.6 See ENV-SOP-MTJL-0018, Corrective and Preventive Action. 

STATE NOTE:  For work performed in support of the NC Department of Environment and 
Natural Resources (15A NCAC 02H .0805 (a) (7) (I)). For target 
analytes quantitated by ICP or ICPMS, a series of at least three 
standards must be analyzed along with each group of samples.  The 
concentrations of these standards must bracket the concentration of the 

ENV-SOP-MTJL-0221, Rev 08



23 of 41

STANDARD OPERATING PROCEDURE
TITLE: Metals by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) (EPA Methods 

6020, 6020A, 6020B & 200.8)
ISSUER: Pace National – Mt. Juliet, Tennessee

© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

analytes in the field samples analyzed.  Samples with target analyte 
concentrations above the highest level of calibration must be diluted to 
quantitate analytes within the calibration range.  The use of the dynamic 
linear range studies to validate analyte/instrument calibration linearity 
must not be used for NC sample analysis.

11.2.7 Assess carryover in each analysis by evaluating each run for large 
concentrations (i.e., exceeding the calibration range) of target analytes.  If a large 
concentration detection is identified, then carfully scrutinize sequential analyses 
for any detected concentrations of this analyte (i.e., potential carryover).  When 
carryover is suspected, a confirmation analysis is required.

11.3 Instrument Tune – The tuning criteria must be met before calibration/verification and any 
field samples are analyzed.  If the tuning criteria fail, re-analyze the tuning sequence 
once.  If the failure persists, prepare a fresh tuning solution, perform instrument 
adjustments as needed, and re-analyze the solution.  If the tuning solution continues to 
fail, see the department supervisor for assistance.

11.4 Initial Calibration – If the acceptance criteria in section 10.5 are not met, locate and 
correct the cause and re-analyze the standards until the requirement is met. Corrections 
can include: re-preparation of the standards, instrument maintenance, manufacturer 
service, etc. Consult the department supervisor, if needed.  

11.5 Method Blank –In most cases where the method blank contains target analyte, the entire 
sample batch requires re-prep and re-analysis.

STATE NOTE: For West Virginia samples analyzed by Method 200.8, When blank
values constitute 10% or more of the analyte level determined for a sample or is 
2.2 times the analyte MDL whichever is greater, fresh aliquots of the samples 
must be prepared and analyzed again for the affected analytes after the source 
of contamination has been corrected and acceptable LRB values have been 
obtained.
For West Virginia samples analyzed by Method 6020B, if the method blank fails 
to meet the necessary acceptance criteria, it should be reanalyzed once. If still 
unacceptable, then all samples associated with the method blank must be re-
prepared and re-analyzed, along with all other appropriate analysis batch QC 
samples. If the method blank results do not meet the acceptance criteria and 
reanalysis is not practical, then the laboratory should report the sample results 
along with the method blank results, and provide a discussion of the potential 
impact of the contamination on the sample results. However, if an analyte of 
interest is found in a sample in the batch near its concentration confirmed in the 
blank, the presence and/or concentration of that analyte should be considered 
suspect and may require qualification.

STATE NOTE: For Wisconsin samples, the method blank must not contain analytes 
more negative than the MDL value.  If target analytes are more negative than the 
MDL, the instrument must be recalibrated or a new LOD study performed.

General guidelines for qualifying sample results with regard to method blank quality are 
as follows:

+ If the method blank concentration is less than the MDL and sample results are 
greater than the RL, then no qualification is required.
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+ No qualification is necessary when an analyte is detected in the method blank 
but not in the associated samples.

+ If the concentration in a sample is more than ten times the concentration in the 
method blank, then no qualification is required.

+ If the method blank concentration is greater than the MDL but less than the RL 
and sample results are greater than the MDL, then qualify associated sample 
results to indicate that analyte was detected in the method blank.

+ If the method blank concentration is greater than the RL, further corrective action 
and qualification is required.  An analyst should consult their supervisor for 
further instruction.

11.6 Initial Calibration Verification (ICV) – If any analyte is outside of stated criteria, re-analyze 
the ICV once. If the ICV is still beyond acceptance ranges, corrective action must be 
taken. Recalibrate the instrument and re-analyze the ICV.

11.7 Laboratory Control Sample (LCS)/Laboratory Control Sample Duplicate (LCSD) –
Failures are indicative of analytical problems.  If failures occur, halt analysis, and begin 
corrective action. Rejected LCS and/or LCSD result in a re-prep and re-analysis of the 
entire batch.

11.8 Matrix Spike (MS)/Matrix Spike Duplicate (MSD) – Any analyte outside of stated criteria 
are flagged with J5 or J6.

11.9 Continuing Calibration Verification (CCV) – If a calibration verification standard is not 
within the acceptable QC criteria and analysis of a second consecutive (immediate)
calibration verification fails to produce results within acceptance criteria, corrective 
actions shall be performed. The laboratory shall demonstrate acceptable performance 
after the final round of corrective action with two consecutive calibration verifications, or a 
new initial instrument calibration shall be performed. For Method 200.8 if target in the 
CCV is outside 15% then the bracketed samples must be re-analyzed after correction 
action has been done.   

11.10 Initial/Continuing Calibration Blank (ICB/CCB) – If an instrument blank contains an 
amount of target analyte, but all samples are non-detected, the data may be reported 
with a “B4” flag.  If an instrument blank contains an amount of target analyte, but the 
samples contain analyte at a level that is 10 times the level present in the instrument 
blank, the data may be reported with a “B5” flag.  

11.11 Interference Check Standard (ICSA/ICSAB) – Failures in the ICSA/ICSAB require 
reanalysis.  If the failure persists, review the data for possible interferences, review the 
background corrections, recalibrate if necessary and reanalyze all samples associated 
with the initial failure.   

11.12 Serial Dilution - If the post spike result is acceptable, no action is taken. If both the post 
spike and the serial dilution are out, the results are flagged with O1.

11.13 Internal Standards

11.13.1 If the intensity of any internal standard in a sample is outside of the acceptance 
criteria, a significant matrix effect must be suspected.  Ensure that the instrument 
has not drifted by observing the internal standard intensities in the nearest clean 
matrix (i.e. calibration blank, method blank, etc.).  If the low internal standard 
intensities are also seen in the nearest blank, terminate the analysis, correct the 
problem, recalibrate, verify the new calibration and re-analyze the affected 
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samples.  If drift has not occurred, matrix effects need to be removed by dilution 
of the affected sample.  The sample must be diluted fivefold (1+4) and re-
analyzed with the addition of appropriate amounts of internal standards.  If the 
first dilution does not eliminate the problem, this procedure must be repeated 
until the internal standard intensities in the acceptance criteria.  Reported results 
must be corrected for all dilutions.

11.13.2 Changes in internal standard intensity should not be more than 10% from one sample 
to the next unless the change is an attenuation that appears to be due to matrix.

11.13.2.1 Samples containing a significant amount of dissolved solids depress 
the instrument sensitivity. Although the constituents of a sample also 
play a role, generally the higher the dissolved solids the more the 
signal is depressed. Samples containing 0.5% solids attenuate the 
signal by about half. This effect should be approximately the same for 
internal standards as well. It is normal to observe a sudden decrease 
in the internal standard intensity for samples known to contain or are 
suspected of containing significant dissolved solids.

11.13.2.2 Generally, sudden increases in internal standard intensity are 
observed only after the signal was attenuated by a matrix effect. 
Should other increases in internal standard intensity be observed, it is 
likely because the samples are contaminated with the internal 
standards. This can be recognized because the intensities of the
different internal standards do not move proportionately.

11.13.2.3 The internal standard intensities must be checked to see that the 
above criteria are met. If these criteria are not met, the samples must 
be reanalyzed. If the reason a sample does not meet these criteria 
appears to be excessive attenuation due to the matrix, the sample 
must be diluted and reanalyze. 

11.14 Reporting Limit Verification (RLV) – When required, the reporting limit verification must 
be analyzed.  If the acceptance criteria are not met, the RLV may be re-analyzed once, 
instrument maintenance can be performed, a higher concentration standard can be 
injected, or a new calibration curve must be generated.  If a higher concentration 
standard is utilized, the reporting limit must be raised to the higher level verified.

METHOD NOTE: For EPA Method 6020A analyses, an RLV must be performed 
periodically.  This RLV must be carried through the entire preparation 
and analytical procedure.  Recoveries must be within +30% of the 
expected true value for each analyte being reported using that method.

STATE NOTE: Drinking water samples analyzed using this procedure for compliance 
cannot be qualified.  

12.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

12.1 The EPA requires that laboratory waste management practice to be conducted consistent 
with all applicable federal and state laws and regulations. Excess reagents, samples and 
method process wastes must be characterized and disposed of in an acceptable manner.  
See ENV-SOP-MTJL-0051, Waste Management Plan.  

12.2 See ENV-SOP-MTJL-0046, Environmental Sustainability & Pollution Prevention.
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13.0 METHOD MODIFICATIONS/CLARIFICATIONS

13.1 Not all analytes listed as analyzed in this procedure are approved within the published 
EPA methods; however sufficient information is present within the laboratory to 
demonstrate acceptable performance of these analytes using this procedure.

13.2 Modifications to this method are noted in the body of the text as state notes. Compliance 
analyses performed in conjunction with specific state requirements must be performed as 
noted within the specific state(s) note listed.

13.3 Adjustments to the concentrations of standards/spiking solutions, standards providers, 
and quality control are subject to change to better meet client/project/regulatory needs or 
to improve laboratory method performance.

13.4 If a modification to the procedure is required to analyze a sample beyond those specified in 
the procedure as state notes, it must be properly documented. Any modification to the 
method is listed in the test report’s case narrative, and the method is reported as modified.

13.5 Superscripts are provided where necessary to indicate the reference in Section 14.0 
where the requirement/information can be found.  Subscripts noted identify the most 
frequent/restrictive cases, but requirements may also be included at different 
frequencies/conditions in other references noted in section 14.0. 

14.0 REFERENCES

14.1 Agilent ICP/MS User’s Guides.

14.2 Inductively Coupled Plasma – Mass Spectrometry, SW-846 Method 6020, Revision 0, 
September 1994.

14.3 Inductively Coupled Plasma – Mass Spectrometry, SW-846 Method 6020A, Revision 1, 
February 2007.

14.4 Inductively Coupled Plasma – Mass Spectrometry, SW-846 Method 6020B, Revision 2, 
July 2014.

14.5 Determination of Trace Elements in Waters and Wastes by Inductively Coupled Plasma –
Mass Spectrometry, EPA Method 200.8, Supplement I, Revision 5.4, May 1994.

14.6 Determination of Trace Elements in Waters and Wastes by Inductively Coupled Plasma –
Mass Spectrometry, EPA Method 200.8, Revision 5.5, October 1999, EPA-821-R-99-017.

14.7 Chapter 3:  Inorganic Analytes, SW-846, Revision 4, February 2007.

14.8 Identification of Test Procedures, 40 CFR Part 136.3.

14.9 Inorganic Chemical Sampling and Analytical Requirements, 40 CFR Part 141.23.

14.10 Department of Defense (DOD) Quality Systems Manual (QSM) for Environmental 
Laboratories, Version 5.0, July 2013.
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Attachment I:  Revision History

Current Version (Pace National):

Date Description of Revisions
8/25/2020 Technical and quality review and update. Updated header.  Revised section 1.4 as well 

as all subsections of 3.0.

Superseded Versions (ESC Lab Sciences SOP#340390):

Version Date Description of Revisions
0 1/18/00 Origination
1 8/22/00
2 9/10/01
3 12/6/01
4 4/11/03
5 2/9/04
6 4/16/04
7 8/3/04

8 10/15/05
Added batch criteria for 6020 & 200.8 to prep. blank.  Deleted definition for 
QC std. #1 and QC Std. #4.  Added criteria for sample duplicate, post spike 

and serial dilution.
9 11/15/06

10 10/29/08 Technical and Quality Review and update. Clarified QC corrective actions and 
standardized waste management language.

11 2/11/09
Technical and Quality Review and update. Clarified QC corrective actions and 

standardized waste management language.  Added state notes. Ohio VAP 
approved 2/11/09.

12 7/13/11

Technical and Quality Review and update.  Revised sections 1.2, 2.6, 2.8, 
2.10, 2.11, 2.12, 2.13, 2.16, 2.18, 2.20, 2.22, 5.2, 5.3, 7.1, 7.4, 7.5.7, 8.4.1.2, 
8.4.8, 9.7 through 9.10, 11.1 through 11.16, and 12.1; Added sections 2.23 

through 2.28, 7.10, 10.4 through 10.19, 13.3 through 13.4 and 14.5; Changed 
all instrument references from ELAN 6100 to ELAN 9000 per instrument 

update. 

13 5/10/12
Technical and Quality Review and update.  Revised sections 1.2, 5.2, 5.3, 

7.5.8, 7.5.9, and 11.11; Added sections 1.3.1, 2.29, 2.30, 4.7, 6.6, and 8.2.9: 
Removed sections 2.26.1, 2.26.2 and state note following section 11.16.  

14 11/11/14

Technical and Quality Review and update.  Revised sections 1.1, 1.2, 2.5, 
2.6, 2.6.1, 2.8.1, 4.5, 5.3, 6.1, 6.2, 6.3, 7.1, 7.3, 7.4, 7.5, 8.2,8.3.1, 8.3.6, 

8.4.2, 8.4.8, 8.4.9, 10.3, 11.11, 11.16, 13.1 and 14.1 ; Added sections 1.4, 
5.2.1, 5.2.2, 6.9, 10.4, 13.5 and 14.5 through 14.8: Removed section 2.17.  
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Version Date Description of Revisions

15 2/4/2016

Technical and quality review and update.  Header and signature block re-
formatting.  Revised Sections 1.0, 1.1, 1.2, 1.3.1, 2.8, 3.3, 4.7, 5.2, 6.1, 6.2, 

6.3, 7.1, 7.3, 7.4, 7.5, 7.5.1, 7.5.2, 7.5.3, 7.5.4, 7.5.6, 7.5.7, 7.5.8, 7.5.9, 
7.5.10, 7.7, 8.1.1, 8.1.2, 8.2.2, 8.2.3, 8.2.4, 8.2.6, 8.2.8, 8.2.9, 8.2.10, 8.3.1, 

8.3.2, 8.3.3, 8.4, 8.4.2 through 8.4.7, 9.6, 9.7, 10.3, 10.7, 10.9, 10.9.2, 
10.10.2, 10.12, 10.16, 11.2.7, 11.5, 11.13.1, 11.13.2.2, 11.14, 12.2, and 

Attachment II.  Deleted Sections 2.3 through 2.14, 2.17 through 2.19, 2.22 
through 2.24, 2.26 through 2.29, 5.2.1, 5.2.2, 6.6, 7.10, 8.2.3, 8.2.9, 8.2.11, 
8.3.4 through 8.3.7, 8.4.1, 8.4.1.1, 8.4.1.2, 8.4.4 through 8.4.6, 9.8 through 

9.11, 10.14, 11.11, 11.12, Attachment II, 

16 10/27/2016

Technical and Quality review and update.  Header and signature block re-
formatting.  Also, update per SC DHEC correspondence of 6/24/16.  Revised 
Sections 6.2, 7.3, 7.4, 7.5.2, 7.5.3, 7.5.9, 7.6, 7.7, 8.1.1, 10.3, 10.4.2, 10.4.3, 

10.5, 10.5.1, 10.5.2, 10.6.1, 10.6.2, 10.7, 10.8.3, 10.9.1, 10.9.2, 10.10.1, 
10.10.2, 10.11.1, 10.12, 10.14.2, 10.16, 11.5, 11.9, 11.13.1, 14.1, 14.2, 
14.5,14.6, 14.7, 14.8, 14.9, 14.10, and Attachment II Table 2.  Added 

Sections 2.8, 7.5.9.1, 7.5.9.1.1, 7.5.9.1.2, 7.10, 9.7, 10.4.1.1, 10.7.1, 10.8.4, 
10.13.1, 10.15.4, 10.20, 10.20.1, 14.3, and 14.4.

17 4/10/2017 Technical and quality review and update.  Revised Sections 3.1, 4.4, 7.3, 7.4, 
7.5.1, 7.5.3, 7.5.9, 7.7, 8.4.5, 10.3, 10.12, and 10.13.1.

18 11/30/2017
Update in response to A2LA audit finding CAR2872.  Updated Section 10.6.2 

and Attachment II Table 5.  Update in response to ESI audit finding 
CAR2851.  Revised Sections 11.2.1 and added Section 11.2.8.

19 7/27/18 Update in response to WI audit.  Updated logo.  Added State note to section 
11.5

Superseded Version (Pace National):

Date Description of Revisions
3/10/2019 Technical and quality review and update. Revised sections 1.4, 2.5, 2.8, 5.1.5, 7.2, 7.4, 

8.2.3, 8.3.1, 8.3.2, 8.3.3, 8.4.1, 8.4.2, 8.4.4, 8.4.5, 10.13, 10.13.1, 10.20, 14.8 and 14.9.

1/26/2019

Technical and quality review and update. Deleted header, footer and signature bar. 
Revised sections 1.0, 1.3, 1.3.1, 4.7, 7.1, 8.1.1, 8.4.5, 9.6, 10.1, 10.2, 10.3, 10.4, 10.4.1, 

10.4.2, 10.4.3, 10.4.4, 10.5.1, 10.5.2, 10.6.1, 10.8.2, 10.8.3, 10.11.2, 10.12, 10.13, 
10.16, 10.17, 10.20, 11.2.6, 11.2.7, 12.1 and 12.2.  Revised Table 1.2.  Deleted sections 
7.3, 7.4, 7.5, 7.5.1, 7.5.2, 7.5.3, 7.5.4, 7.5.5, 7.5.6, 7.5.7, 7.5.8, 7.5.9, 7.5.9.1, 7.5.9.1.1, 
7.5.9.1.2, 7.5.10, 7.6, 7.7, 7.8, 7.9, 7.10, 11.2.2, 11.13.1 and renumbered as necessary.  
Added sections 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 10.16.1, 10.16.2, 10.16.3 and 11.13.1.  

Deleted Note below section 11.5.  Revised Attachment I. Revised Attachment II sections 
4.10, 4.17, 4.19 and corrected numbering in section 4.0

6/19/2019 Added corporate header and footer information.  Revised based on LA DW Auditor 
comments.  Revised Sections 5.1.5, 11.9, and Attachment 1.  Added Section 1.5.

6/20/2019 Revised holding time statement in Sections 4.3, 4.4, and 4.5 based on LA DW Auditor’s 
comments.

7/9/2019 Added note in section 10.8.1
4/8/2020 Revision in response to West Virginia audit deficiency.  Revised Sections 10.7 and 11.5.
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Attachment III:  DoD Requirements

1.0 Equipment/Instrument Maintenance

Instrument maintenance must be performed routinely to optimize instrument performance and improve 
chromatography.  Commonly performed maintenance includes changing tubing, changing cones, 
changing nebulizer tips, changing oil, etc.  A new calibration curve must be analyzed following any major 
maintenance performed on the analytical system.

2.0 Computer Hardware and Software

MassHunter 4.1, Version C.01.01, Agilent Technologies, Inc., 2014.

3.0 Troubleshooting

Table 1. ICP-MS Troubleshooting Guide
Problem Cause Treatment

Low Sensitivity Peristaltic Pump Issues Adjust pumping rate
Nebulizer Clogged Clean or replace nebulizer
Leaks Check tube connector and sample lines for 

leaks
Cone Changes Ensure that the diameters and shapes of the 

holes in cones have not changed.
Torch Ensure the torch is positioned correctly
Mass Axis Ensure the mass axis is adjusted correctly
Lens Make sure the signal changes when the lens 

voltage is varied.
Gas Purity If the sensitivity is acceptable in the no gas 

mode and is too low in He or H2 mode, the 
problem may be caused by the purity level of 
the cell gas

Plasma Does Not 
Ignite

Spray Chamber Ensure that samples do not collect in the 
spray chamber

Air Ensure that air is not mixed from connection 
points.

4.0 Other Requirements

4.1 All hardcopy laboratory notebooks must be reviewed by the Supervisor, or their designee, 
on a monthly basis.  

4.2 If not self-explanatory (e.g., a typo or transposed number), corrections to technical and 
quality records shall also include a justification for the change.

4.3 A person performing a manual integration must sign and date each manually integrated 
chromatogram and record the rationale for performing manual integration.  Electronic 
signatures are acceptable.

4.4 The results of calibration and verification of support equipment must be within the 
specifications required of the application for which this equipment is used or the 
equipment must be removed from service until repaired.  Calibration and verification 
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records, including those of established correction factors, must be maintained.  In the 
absence of method-specific requirements, the minimum requirements are as follows:

Table 2. Support Equipment Checks
Performance Check Frequency Acceptance Criteria

Balance calibration check [Using 
two standard weights that 
bracket the expected mass] 

Daily prior to use Top-loading balance: ±2% or 
±0.02g, whichever is greater 
Analytical balance: ±0.1% or 
±0.5 mg, whichever is greater 

Verification of standard mass 
[Using weights traceable to the 
International System of Units 
(SI) through a NMI 

Every 5 years Certificate of Calibration from 
ISO/IEC 17025 accredited 
calibration laboratory 

Monitoring of refrigerator/freezer 
temperatures 

Daily (i.e. 7 days per week) [use 
MIN/MAX thermometers or data 
loggers equipped with 
notification of out of control 
event capabilities if personnel 
not available to record daily] 

Refrigerators: 0˚C to 6˚C 
Freezers: ≤-10˚C 

Thermometer verification check 
[Using a thermometer traceable 
to the SI through an NMI] 
[Performed at two temperatures 
that bracket the target 
temperature(s). Assume linearity 
between the two bracketing 
temperatures.] [If only a single 
temperature is used, at the 
temperature of use] 

Liquid in glass: Before first use 
and annually 

Electronic: Before first use and 
quarterly 

Apply correction factors or 
replace thermometer 

Volumetric labware Class B: By lot before first use 

Class A and B: Upon evidence 
of deterioration 

Bias: Mean within ±2% of 
nominal volume 
Precision: RSD ≤1% of nominal 
volume (based on 10 replicate 
measurements) 

Non-volumetric labware 
[Applicable only when used for 
measuring initial sample volume 
and final extract/ digestates 
volume] 

By lot before first use or upon 
evidence of deterioration 

Bias: Mean within ±3% of 
nominal volume 
Precision: RSD ≤3% of nominal 
volume (based on 10 replicate 
measurements) 

Mechanical volumetric pipette Quarterly Bias: Mean within ±2% of 
nominal volume
Precision: RSD ≤1% of nominal 
volume (based on minimum of 3 
replicate measurements)
[Note: for variable volume 
pipettes, the nominal volume is 
the volume of use]

Glass microliter syringe Upon receipt and upon evidence 
of deterioration

General Certificate of Bias & 
Precision upon receipt
Replace if deterioration is 
evident
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Table 2. Support Equipment Checks
Performance Check Frequency Acceptance Criteria

Drying oven temperature check Daily prior to and after use Within ±5% of set temperature
Water purification system Daily prior to use See method blank criteria given 

in Section 4.20 of this 
addendum

4.5 The expiration date of the prepared standard shall not exceed the expiration date of the 
primary standard.  All containers must bear a preparation date.

4.6 To avoid preparing non-representative samples, the laboratory shall not “target” within a 
relatively small mass range (e.g., 1.00 ± 0.01g) because such targeting will produce non-
representative subsamples if the sample has high heterogeneity.  The laboratory shall not 
manipulate the sample material so the sample aliquot weighs exactly 1.00g ± 0.01g, as 
an example. 

4.7 In the absence of project-specific requirements, the minimum standard data qualifiers to 
be used are:

U Analyte was not detected and is reported as less than the LOD or as defined by 
the customer. The LOD has been adjusted for any dilution or concentration of the 
sample.

J The reported result is an estimated value (e.g., matrix interference was observed 
or the analyte was detected at a concentration outside the quantitation range).

B Blank contamination. The recorded result is associated with a contaminated 
blank. 

N Non-target analyte. The analyte is a tentatively identified compound using mass 
spectrometry or any non-customer requested compounds that are tentatively 
identified. 

Q One or more quality control criteria failed (e.g., LCS recovery, surrogate spike 
recovery, or CCV recovery).

Additional data qualifiers may be used, or different letters or symbols to denote the qualifiers 
listed above, as long as they are appropriately defined and their use is consistent with project-
specific requirements (e.g., QSM 5.0, the contract, and project-planning documents).

4.8 If the time of the sample collection is not provided, assume the most conservative time of 
day.  For the purpose of batch processing, the start and stop dates and times of the batch 
preparation shall be recorded.

4.9 Each preparation method listed on the scope of accreditation must have quarterly 
LOD/LOQ verifications.  However, not all possible combinations of preparation and 
cleanup techniques are required to have LOD/LOQ verifications.  If LOD/LOQ 
verifications are not performed on all combinations, the laboratory must base the 
LOD/LOQ verifications on the worst case basis (preparation method with all applicable 
cleanup steps).

4.10 After each MDL determination, the laboratory must establish the LOD by spiking a quality 
system matrix at a concentration of at least two (2) times but no greater than four times 
the MDL.  This spike concentration establishes the LOD and the concentration at which 
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the LOD shall be verified.  It is specific to each suite of analyte, matrix, and method 
(including sample preparation).  The following requirements apply to the initial LOD 
establishment and to the LOD verifications:

+ The apparent signal to noise (S/N) ratio at the LOD must be at least three and the 
results must meet all method requirements for analyte identification (e.g., ion 
abundance, second column confirmation, or pattern recognition).  For data systems 
that do not provide a measure of noise, the signal produced by the verification 
sample must produce a result that is at least three standard deviations greater than 
the mean method blank concentration.  This is initially estimated based on a 
minimum of four method blank analyses and later established with a minimum of 20 
method blank results.

+ If the LOD verification fails, then the laboratory must repeat the MDL determination 
and LOD verification or perform and pass two consecutive LOD verifications at a 
higher spike concentration and set the LOD at the higher concentration.

+ The laboratory shall maintain documentation for all MDL determinations and LOD 
verifications.

+ The DL and LOD must be reported for all analyte-matrix-methods suites, unless it is 
not applicable to the test or specifically excluded by project requirements.

4.11 The LOD shall be verified quarterly.  In situations where methods are setup and used on 
an infrequent basis, the laboratory may choose to perform LOD verifications on a one per 
batch basis.  All verification data will be in compliance, reported, and available for review.

4.12 For DoD, at a minimum, the LOQ shall be verified quarterly.  In situations where methods 
are setup and used on an infrequent basis, the laboratory may choose to perform LOQ 
verifications on a one per batch basis.

4.13 All initial instrument calibrations must be verified with a standard obtained from a second 
manufacturer prior to analyzing any samples.  The use of a standard from a second lot 
obtained from the same manufacturer (independently prepared from different source 
materials) is acceptable for use as a second source standard.  The concentration of the 
second source standard shall be at or near the midpoint of the calibration range.  The 
acceptance criteria for the initial calibration verification must be at least as stringent as 
those for the continuing calibration verification.

4.14 Exclusion of calibration points without documented scientifically valid technical 
justification is not permitted.

4.15 The concentration of the CCV standard shall be greater than the low calibration standard 
and less than or equal to the midpoint of the calibration range.

4.16 All CCVs analyzed must be evaluated and reported.  If a CCV fails, reanalysis or 
corrective actions must be taken.

+ If a CCV fails, the laboratory can immediately analyze two additional consecutive 
CCVs (immediately is defined as starting a consecutive pair within one hour; no 
samples can be run between the failed CCV and the two additional CCVs).  This 
approach allows for spurious failures of analytes to be reported without reanalysis of 
samples.  Any corrective actions that change the dynamics of the system (e.g., clip 
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column, clean injection port, run blanks) requires that all samples since the last 
acceptable CCV be reanalyzed.

+ Both of these CCVs must meet acceptance criteria in order for the samples to be 
reported without reanalysis.

+ If either of these two CCVs fail or if the laboratory cannot immediately analyze two 
CCVs, the associated samples cannot be reported and must be reanalyzed.

+ Corrective action(s) and recalibration must occur if the above scenario fails. All 
affected samples since the last acceptable CCV must be reanalyzed.

+ Flagging of data for a failed CCV is only appropriate when the affected samples 
cannot be reanalyzed. The laboratory must notify the client prior to reporting data 
associated with a failed CCV.

4.17 The results of all MS/MSDs must be evaluated using the same acceptance criteria used 
for the DoD LCS limits (see Tables 3 and 4) or project limits, if specified.  If the specific 
analyte(s) are not available in the Tables 3 and 4, the laboratory shall use their LCS in-
house limits (see the LIMS) as a means of evaluating MS/MSDs.  The MS and MSD must 
be spiked with all reported analytes.

4.18 Surrogate spike results shall be compared with DoD LCS limits (see Tables 3 and 4) or 
acceptance criteria specified by the client.  If these criteria are not available, the 
laboratory shall compare the results with its in-house statistically established LCS criteria 
(see the LIMS).

4.19 The method blank shall be considered to be contaminated if:

+ The concentration of any target analyte (chemical of concern) in the blank exceeds 
1/2 the LOQ and is greater than 1/10th the amount measured in any associated 
sample, or 1/0th the regulatory limit, whichever is greater;

+ The concentration of any common laboratory contaminant in the blank exceeds the 
LOQ;

+ If a method blank is contaminated as described above, then the laboratory shall 
reprocess affected samples in a subsequent preparation batch, except when sample 
results are below the LOD.  If insufficient sample volume remains for reprocessing, 
the results shall be reported with appropriate data qualifiers.

4.20 Sporadic Marginal Exceedances are not allowed for target analytes (chemicals of 
concern as identified by a project) without project-specific approval.  Target analytes are 
considered those few analytes that are critical for the success of a project (such as risk 
drivers) where sporadic marginal exceedances cannot be allowed.  Laboratories should 
consult with clients whenever long lists of analytes are requested for analysis to 
determine if marginal exceedances will not be allowed.

4.21 DoD considers the same analyte exceeding the LCS control limit two (2) out of three (3) 
consecutive LCS to be indicative of non-random behavior, which requires corrective 
action and reanalysis of the LCS.
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Table 3. LCS Control Limits – Method 6020 Solid Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
7429-90-5 Aluminum 919 101 7.7 78 124
7440-36-0 Antimony 1911 98.2 8.7 72 124
7440-38-2 Arsenic 3686 99.8 6 82 118
7440-39-3 Barium 2598 100.6 5 86 116
7440-41-7 Beryllium 2457 100.3 6.6 80 120
7440-42-8 Boron 581 101.1 9 74 128
7440-43-9 Cadmium 2893 99.6 5.4 84 116
7440-70-2 Calcium 835 102.2 5.4 86 118
7440-47-3 Chromium 2420 100.8 6 83 119
7440-48-4 Cobalt 2005 99.7 5.1 84 115
7440-50-8 Copper 2548 101.3 5.8 84 119
7439-89-6 Iron 1131 102.7 7.1 81 124
7439-92-1 Lead 3228 101 5.7 84 118
7439-93-2 Lithium 162 97.8 7.5 75 120
7439-95-4 Magnesium 868 101.6 7.1 80 123
7439-96-5 Manganese 1830 100.3 5.1 85 116
7439-97-6 Mercury 226 99.9 8.8 74 126
7439-98-7 Molybdenum 1188 98.1 5.1 83 114
7440-02-0 Nickel 2617 101.4 5.8 84 119
7440-09-7 Potassium 803 102.3 5.7 85 119
7782-49-2 Selenium 3104 99.2 6.6 80 119
7440-22-4 Silver 2488 100.1 5.9 83 118
7440-23-5 Sodium 818 102.2 7.7 79 125
7440-24-6 Strontium 676 101.7 8.9 75 129
7440-28-0 Thallium 2589 100.1 5.9 83 118
7440-29-1 Thorium 341 98.4 5.7 81 116
7440-31-5 Tin 886 101.3 6.6 82 121
7440-32-6 Titanium 512 100.2 5.7 83 117
7440-61-1 Uranium 833 101.1 6.1 83 120
7440-62-2 Vanadium 1677 99.1 5.7 82 116
7440-66-6 Zinc 2352 100.1 6.2 82 119
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Table 4. LCS Control Limits – Method 6020 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
7429-90-5 Aluminum 3145 100.6 5.4 84 117
7440-36-0 Antimony 5172 100.9 5.3 85 117
7440-38-2 Arsenic 6404 100.1 5.3 84 116
7440-39-3 Barium 4452 99.9 4.8 86 114
7440-41-7 Beryllium 4297 102 6.3 83 121
7440-42-8 Boron 1460 101.5 9.6 73 130
7440-43-9 Cadmium 5699 100.8 4.7 87 115
7440-70-2 Calcium 2085 102.3 5.2 87 118
7440-47-3 Chromium 5569 100.6 5.1 85 116
7440-48-4 Cobalt 3885 100.7 4.7 86 115
7440-50-8 Copper 5092 101.4 5.4 85 118
7439-89-6 Iron 3135 102.4 5.2 87 118
7439-92-1 Lead 6868 101.7 4.5 88 115
7439-93-2 Lithium 461 102.3 8 78 126
7439-95-4 Magnesium 2399 100.4 5.9 83 118
7439-96-5 Manganese 4330 101.1 4.7 87 115
7439-97-6 Mercury 328 97.2 9 70 124
7439-98-7 Molybdenum 2908 99.3 5.4 83 115
7440-02-0 Nickel 5095 100.8 5.3 85 117
7440-09-7 Potassium 2154 101.2 4.7 87 115
7782-49-2 Selenium 5797 100.1 6.7 80 120
7440-22-4 Silver 4956 100.8 5.1 85 116
7440-23-5 Sodium 2313 100.7 5.3 85 117
7440-24-6 Strontium 1170 99.9 5.9 82 118
7440-28-0 Thallium 5352 99.3 5.6 82 116
7440-29-1 Thorium 313 103.7 5.7 87 121
7440-31-5 Tin 1509 100.6 4.8 86 115
7440-32-6 Titanium 1538 98.6 5.3 83 115
7440-33-7 Tungsten 130 103.5 6.2 85 122
7440-61-1 Uranium 1860 103.3 5.4 87 120
7440-62-2 Vanadium 3375 100.5 5 86 115
7440-66-6 Zinc 4253 101 6 83 119
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STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0081 Semivolatile Organics by GCMS using Capillary Column (EPA 

Methods 8270C, 8270D, 625, 625.1 and SM6410 B) Including Provisions for Analysis in 
SIM Mode

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

1.0 SCOPE AND APPLICATION

STATE NOTE:  For samples analyzed in conjunction with the Ohio Voluntary Action Program 
(VAP) please utilize SOP #330345OH.

1.1 This method is used to determine the concentration of semi-volatile organic compounds 
in extracts prepared from many types of solid waste matrices, soils, and water samples.  
The lists of compounds that are routinely determined by this method are listed in 
Attachment II.  This table represents a default list to be used in the absence of a 
project-specific list, which would take precedence. See section 13.4.  

1.2 This method is used to quantitate most neutral, acidic and/or basic organic compounds 
that are soluble in methylene chloride and capable of being eluted, without derivatization, 
from a gas chromatographic fused-silica column coated with a slightly polar methyl 
silicone phase. Such compounds include polynuclear aromatic hydrocarbons, chlorinated 
hydrocarbons and pesticides, phthalate esters, organophosphate esters, nitrosamines, 
haloethers, aldehydes, ethers, ketones, anilines, pyridines, quinolines, aromatic nitro 
compounds, and phenols, including nitrophenols.  

1.3 In general, this method is not appropriate for the quantitation of multi-component analytes 
(i.e. Toxaphene, Chlordane, Aroclors, etc.) because of the limited sensitivity for those 
analytes; however when those analytes are identified using another analytical technique, 
this procedure is appropriate for confirmation pending sufficient analyte concentration is 
present in the extract.

1.4 Detection limits, sensitivity and optimum ranges of organic compounds vary with sample 
matrices, extraction technique, detector parameters, and model of GC/MS.  

1.5 Qualifier ions are method specified and can be found in Attachment IV.

1.6 Use of this method is restricted to analysts who are knowledgeable in the interpretation of 
Mass Spectrometry and use of GC/MS systems. 

1.7 The use of selected ion monitoring (SIM) is acceptable for applications requiring limits 
below the normal range of electron impact mass spectrometry. However, SIM may 
provide a lesser degree of confidence in the compound identification unless multiple ions
are monitored for each compound.  

1.8 An MDL study must be completed at least annually or more frequently if major 
instrumentation changes occur. Method Detection Limits (MDLs) are performed based on 
ESC SOP #030206.  Updated MDL records are filed and stored on ESC’s intranet.

1.8.1 Limit of Detection (LOD) and Limit of Quantitation (LOQ) studies are completed 
at the frequency required by the TNI standard per the procedure identified in the 
ESC SOP #030206, Method Detection Limits (MDL), Limits of Detection (LOD)
and Limits of Quantitation (LOQ). Should the procedure be utilized for DOD 
support; then the frequency of these studies must meet the requirements of the 
current DOD QSM (see Attachment IX).

1.8.2 Lower Limit of Quantitation (LOQ) – For analyses performed per the 
requirements of Method 8000D, the LLOQ is established at concentrations where 
both quantitative and qualitative requirements can consistently be met (see
Sections 2.10 and 10.4).
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2.0 METHOD SUMMARY AND DEFINITIONS

2.1 Field samples are prepared for analysis by gas chromatography/mass spectrometry 
(GC/MS) using the appropriate sample extraction technique. See ESC SOPs 
330702/330702A/330702B/330705/330707/330708/330709/330754 for extraction and 
extract concentration methods. A measured volume or weight of sample is extracted 
using the appropriate extraction technique.  Liquid samples are extracted at neutral pH 
with methylene chloride using a separatory funnel (SOP #330702) per EPA method 
3510C. Reduced volume (RV) extraction using EPA method 3510C that requires a 
smaller volume (usually 100mL) of field sample is also available for use where applicable.  
Large volume injection (LVI) extraction using EPA method 3511 that requires a smaller 
volume (usually 40mL) of field sample is also available for use where applicable.  See 
section 13.5 of this procedure and ESC SOP #330702B.  Soil analysis using the same 
technology can also be performed with extraction as noted in ESC SOP #330707 and no 
concentration performed on the extract. This process is termed throughout this SOP as 
non-concentrated soil. Solid samples can also be extracted traditionally using methylene 
chloride-acetone (1:1) and a sonication process (SOP #330705) or with methylene 
chloride using the microwave process (SOP #330707), where permitted.  These extracts 
are denoted in this procedure using the terminology “concentrated soil” extracts.

2.2 The semi-volatile compounds are introduced into the GC/MS by directly injecting a 
volume of the sample extract into a gas chromatograph oven (GC) equipped with a 
narrow-bore fused-silica capillary column. The oven, containing the capillary column, is 
temperature and pressure programmed to separate the analytes by molecular 
composition. The capillary column transfers the eluting analytes to the detector (MS) 
connected to a computer that then collects and stores the information for each injection.

2.3 Identification of target analytes is accomplished by comparing the mass spectra of each 
peak with the reference spectra of authentic standards.  

2.4 Quantitation of the analytes of interest is accomplished by comparing the response of a 
major (quantitation) ion, present in the target analyte, relative to an internal standard in 
each extract, in conjunction with the response factor generated from a calibration curve. 

2.5 Proper quantitation ions for each compound must be selected so that no interferences 
are present from adjoining (or co-eluting) analytes with common ions. Proper GC 
conditions must be used to resolve compounds with similar mass spectra.  Background 
subtraction of mass spectra may be necessary when matrix interference is present.

2.6 Qualitative - The identification of compounds based on retention time and comparison of 
the sample mass spectra, after background correction, with characteristic ions in the 
reference mass spectra. The reference mass spectra must be generated by the 
laboratory using the same analytical conditions used for the analysis of field samples. 
The characteristic ions from the reference mass spectra are defined as the three ions of 
greatest relative intensity or any ions over 30% relative intensity if less than three such 
ions occur in the reference spectra. 

2.7 Quantitative – Following qualitative identification, the quantitation of the identified 
compound is based on the integrated abundance of the primary characteristic ion from 
the Extracted Ion Current Profile (EICP).

2.8 Relative Retention Time (RRT) – The process of normalizing the response (peak area) of 
the target compound to the response of the internal standard.
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2.9 Isotope dilution calibration - Isotope dilution calibration is essentially a special case of 
internal standard calibration. In isotope dilution, the internal standards are stable 
isotopically-labeled analogs of the target analytes and they are added to the sample prior 
to any sample handling steps, including sample extraction. Because the spiked 
compounds differ from the target compounds only in the presence of the stable isotopes, 
the physical and chemical behavior of each labeled compound is virtually the same as its 
unlabeled "native" analog. Thus, any losses of the target compound that may occur 
during any of the sample preparation, extraction, cleanup, or determinative steps will be 
mirrored by a similar loss of the labeled standard.

2.10 Lower Limit of Quantitation (LLOQ) – For analyses performed according to the 
requirements of Method 8000D, the lowest concentration at which the laboratory has 
demonstrated target analytes can be reliably measured and reported with a certain 
degree of confidence, which must be greater than or equal to the lowest point in the 
calibration curve.  

2.11 Large Volume Injection (LVI): any injection volume >5μL. Technique is dependent upon 
type of GC inlet used and sensitivity of detection.

2.12 Minimum Level (ML): A term used in Method 625.1 which refers to either the sample
concentration equivalent to the lowest calibration point in a method or a multiple of the 
MDL, whichever is higher. Minimum levels may be obtained in several ways: They may 
be published in a method; they may be based on the lowest acceptable calibration point 
used by a laboratory; or they may be calculated by multiplying the MDL in a method, or 
the MDL determined by a laboratory, by a factor of 3. For the purposes of NPDES 
compliance monitoring, EPA considers the following terms to be synonymous: 
‘‘quantitation limit,’’ ‘‘reporting limit,’’ and ‘‘minimum level.’’

2.13 See the current Quality Assurance Manual for other definitions associated with terms 
found in this document.

3.0 HEALTH AND SAFETY

3.1 The toxicity or carcinogenicity of each chemical material used in the laboratory has not 
been fully established. Each chemical should be regarded as a potential health hazard 
and exposure to these compounds should be as low as reasonably achievable.

3.2 The laboratory maintains documentation of hazard assessments and OSHA regulations 
regarding the safe handling of the chemicals specified in each method. Safety data 
sheets (SDS) for all hazardous chemicals are available to all personnel. Employees must 
abide by the environmental, health, and safety (EHS) policies and procedures specified in 
this SOP and in the Pace National Chemical Hygiene / Safety Manual.

3.3 Personal protective equipment (PPE) such as safety glasses and/or side shields, gloves, 
a laboratory coat, and shoes that are not cloth, canvas, and/or perforated must be worn 
in designated areas and while handling samples and chemical materials to protect 
against physical contact with samples that contain potentially hazardous chemicals and 
exposure to chemical materials used in the procedure. When handling glass, needles, 
knives, or any material with a potential sharp edge, employees must use cut-resistant 
gloves. 

3.4 Concentrated corrosives present additional hazards and are damaging to skin and mucus 
membranes. Use these acids, bases, or oxidizers in a fume hood whenever possible with 
the appropriate PPE designed for handing these materials. If eye or skin contact occurs, 
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flush with large volumes of water. When working with acids, always add acid to water to 
prevent violent reactions. Any processes that emit large volumes of solvents 
(evaporation/concentration processes) must be in a hood or apparatus that prevents 
employee exposure. 

3.5 Spill kits are located in each laboratory department. Employees are to familiarize 
themselves with the location and contents of each spill kit in their area.

3.6 Universal precautions should be observed when performing any tests or procedures. 
Hard surfaces, instrument surfaces may be contaminated and should be handled 
according to good laboratory practices. 

3.7 Contact your supervisor or local EHS coordinator with questions or concerns regarding 
safety protocol or safe handling procedures for this procedure. Any accidents involving 
personnel or sample supplies are to be reported immediately to either the Manager 
and/or to the Safety Officer.

4.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE

4.1 All samples must have been collected using a sampling plan that addresses the 
considerations of this method.

4.2 Requirements for sample extraction are detailed in SOP numbers 330702, 330702A, 
330702B, 330705, 330707, 330708, 330709, and 330754.

4.3 The sample holding time for solid samples is 14 days to extraction and, for aqueous 
samples, the holding time is 7 days. Holding time begins when (date and time) the 
samples are collected and ends either 14 or 7 days following sampling, at the time 
sampled.  

4.4 The holding time for each extract is 40 days from sample preparation to analysis.  

4.5 The container for aqueous samples and liquid sludge being extracted using the traditional 
1L EPA 3510 method are 1L amber glass bottles. For the reduced volume extraction 
process using the EPA 3510 method, 100mL amber glass bottles are utilized. The 
containers for aqueous samples being extracted using EPA Method 3511 are 40mL 
amber glass bottles. Add 0.008% Na2S2O3 per liter, if residual chlorine is expected or 
present.  

4.6 Collect solid sample materials in 4 oz. jars or larger, depending on the weight and density 
of the sampled materials.

4.7 All samples and extracts must be shipped and stored at <6!C (not frozen).  

4.8 Samples submitted for analysis that do not meet the requirements contained within this 
section must be addressed before performing the logging process within the laboratory.  
In some cases, exceeding the appropriate preservation and storage criteria can cause 
significant bias in the resulting data. Clients may need to resubmit samples where the 
conditions during shipment cause uncertainty regarding sample integrity. If samples do 
not meet the requirements for preservation, sampling, shipment and storage and the 
client approves the completion of the analytical process, sample results can be qualified 
and possible bias is narrated per the ESC SOP #030201, Data Handling and Reporting.
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5.0 INTERFERENCES

5.1 Raw GC/MS data from all method blanks, samples, and spikes is evaluated for 
interferences. Determine if the source of interference is in the preparation and/or cleanup 
of samples and take corrective action to eliminate the problem.

5.2 Contamination by carryover can occur whenever high-concentration and low-
concentration samples are sequentially analyzed. To reduce carryover, the sample 
syringe is rinsed between sample injections. Whenever an unusually concentrated 
sample is encountered, it should be followed by analysis of solvent to check for cross-
contamination. Clean/replace injector liner or clip column, check with solvent blanks, and 
repeat samples if necessary.   

5.3 Choice of quantitative ions and qualifier ions:  Some compounds may co-elute, so the 
selection of quantitation ions and qualifier ions must be made carefully so these ions are 
specific to each of the compounds that co-elute. Qualifier ions that are most commonly 
used are listed in Attachment IV and are recommended from the published 8270 
methods. There is no method stated ions for the following:  Pyridine, 1-
Methylnaphthalene, Biphenyl, Carbazole.  Aniline and Bis (2-Chloroethyl)ether
quantitation ions may vary due to chromatographic conditions causing co-elution of the 
shared primary ion. Targets have strongly-responding, analyte-specific secondary ions 
suitable for quantitative use.  Refer to Attachment IV for ESC ions.

5.4 Problematic Compounds:  

5.4.1 Benzidine may be subject to oxidative losses during solvent concentration and 
exhibits poor chromatographic behavior.

5.4.2 Hexachlorocyclopentadiene is subject to thermal decomposition in the GC inlet, 
as well as photochemical decomposition.

5.4.3 N-nitrosodimethylamine may be difficult to separate from the solvent using the 
chromatographic conditions listed in this method.

5.4.4 N-nitrosodiphenylamine decomposes in the GC inlet and can’t be separated from 
diphenylamine.

5.4.5 Pentachlorophenol, 2,4-Dinitrophenol, 4-Nitrophenol, Benzoic Acid, 4,6-Dinitro-2-
methylphenol, 4-Chloro-3-methylphenol, 2-Nitroaniline, 3-Nitroaniline, 4-
Chloroaniline, and Benzyl Alcohol are subject to erratic chromatographic 
behavior, especially when there is high boiling material contamination of the GC 
system.

5.4.6 Pyridine may perform poorly at the GC injection port temperatures listed in this 
method.  The amount of degradation may be reduced by lowering the injection 
port temperature.  Modification of the injection port temperature may adversely 
affect the performance of other target analytes.

5.4.7 Benzenethiol, or thiophenol, can be found in refinery wastes at caustic pH 
values. Benzenethiol is unstable in water/soils of neutral or acidic pH values.  
Benzenethiol rapidly degrades in organic solvents used to prepare the instrument 
calibration standards. Benzenethiol is part of Appendix VIII and the 1985 Skinner 
List, but was never included in Appendix IX to 40 CFR 264, due to its instability in 
the environment
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6.0 EQUIPMENT AND SUPPLIES

6.1 Gas chromatograph/mass spectrometer system.

6.1.1 Gas chromatograph (HP 6890/7890 or equivalent)- An analytical system 
complete with a temperature- programmable gas chromatograph suitable for 
split-less injection and all required accessories, including, auto sampler, syringes, 
analytical columns, and gases. The capillary column is directly coupled with the 
source.

6.1.2 Column 1 - 30m x 0.25mm ID with a 0.25μm film thickness silicon-coated fused 
silica capillary column (Phenomonex ZB-5MS or equivalent).

6.1.3 Column 2 – J&W 30m x 0.25mm x 0.5um film DB5MS or an equivalent is used.  
Ultrapure (99.999%) Helium gas is used for a mobile phase.

6.1.4 Syringes: Agilent (or equivalent) syringes sizes 10μL, 25μL, 50μL, 100μL and 
1.0mL.

6.2 Mass spectrometer (HP-5973/5975 or equivalent) capable of scanning from 35 to 550 
amu every 1 second, using 70 volts (nominal) electron energy in the electron impact 
ionization mode. The mass spectrum for decafluorotriphenylphosphine (DFTPP) must 
meet the applicable criteria in method 8270C, 8270D or 525 when 50ng of DFTPP 
GC/MS tuning standard is injected. 

6.3 GC/MS interface - The interface is capillary-direct into the mass spectrometer source.

6.4 Data system (HP Chemstation with Enviroquant) - A computer system is interfaced to the 
mass spectrometer. The system allows the continuous acquisition and storage of 
machine-readable media of all mass spectra obtained throughout the duration of the 
chromatographic program. The computer has software that can search any GC/MS data 
file for ions of a specific mass and that can plot such ion abundances versus time or scan 
number. This type of plot is defined as Extracted Ion Current Profile (EICP). The most 
recent version of the EPA/NIST Mass Spectral Library is also available

6.5 Volumetric flasks, Class A - Appropriate sizes with ground-glass stoppers.

6.6 Balance - Analytical, capable of weighing 0.0001g

7.0 REAGENTS AND STANDARDS

7.1 All reagents and standards must be recorded in the appropriate preparation log and 
assigned a unique number. See SOP #030230, Standard Logger – Tree Operation.  
Additional information regarding reagent preparation can be found in the Standards Logger 
(Tree) digital archive system. All spiking solutions and surrogate standard solutions should 
be replaced at least every 6 months or sooner if a problem is detected unless otherwise 
noted.  

7.2 Reagent grade inorganic chemicals are used in all tests. Unless otherwise indicated, it is 
intended that all reagents shall conform to the specifications of the committee on 
Analytical Reagents of the American Chemical Society, where such specifications are 
available. Other grades may be used, provided it is ascertained that the reagent is of 
sufficiently high purity to permit its use without lessening the accuracy of the 
determination.
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7.3 Organic-free reagent water - all references to water in this method refer to organic-free 
reagent water (ASTM II or equivalent).

7.4 Burdick & Jackson Omni Solv Dichloromethane Dx0831-1 (or equivalent).

7.5 Stock standard solutions - Standard solutions are purchased as certified solutions. 
Commercially–prepared stock standards are used at concentrations that are certified by 
the manufacturer or by an independent source.   

7.6 Stock standard solutions

7.6.1 Restek 8270 MegaMix – 31850, or equivalent, at 1000ppm

7.6.2 Agilent ULTRAgold Custom Standard – CUS-28559, at 1000ppm

7.6.3 NSI Lab Solutions Custom BNA Mix – Q6330, or equivalent, at 2000ppm

7.6.4 Restek Custom a-Terpineol/Quinoline Standard – 572011, or equivalent, at 
2000ppm

7.6.5 Restek 8270 Benzidines Mix #2 – 31852, or equivalent, at 1000ppm

7.6.6 Restek Benzoic Acid Mix – 31879, or equivalent, at 2000ppm

7.6.7 NSI Lab Solutions 8270 BNA Mix – C-701, or equivalent, at 1000ppm

7.6.8 Phenova Custom 8270 Appendix IX Mix – ALO-130094, or equivalent, at 
1000ppm

7.6.9 Phenova Benzidines Standard – ALO-101244, or equivalent, at 2000ppm

7.6.10 Phenova Benzoic Acid Mix – ALO-101246, or equivalent, at 2000ppm

7.6.11 Phenova Custom Appendix IX Mix 2 – ALO-130203, or equivalent, at 2000ppm

7.6.12 Phenova Methapyrilene – ALO-130204, or equivalent, at 2000ppm

7.6.13 Phenova Hexachlorophene – ALO-130233, or equivalent, at 4000ppm

7.6.14 Phenova Custom Appendix IX Mix 1 – ALO-130202, or equivalent, at 2000ppm

7.6.15 Phenova 8270 OP Pesticides Mix – ALO-101256, or equivalent, at 2000ppm

7.6.16 Phenova 1,4-Dioxane – ALO-101313, or equivalent, at 2000ppm

7.6.17 Restek 1,4-Dioxane – 31853, or equivalent, at 2000ppm

7.6.18 Phenova Benezenethiol – ALO-130085, or equivalent, at 1000ppm

7.6.19 Phenova Sulfolane Mix – ALO-130201, or equivalent, at 800ppm

7.6.20 Restek Sulfolane Standard – 36413, or equivalent, at 800ppm

7.6.21 Restek Custom BNA Subgroup Standard #1 – 574999, or equivalent, at 200ppm

7.6.22 Agilent ULTRAgold Custom Standard – CUS-23897, or equivalent, at 1000ppm

7.6.23 Agilent ULTRAgold Custom Standard – CUS-23952, or equivalent, at 1000ppm
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7.6.24 Restek TX TPH Calibration Mix – 569373, or equivalent, at 10000ppm

7.7 Transfer the stock standard solutions into bottles with PTFE-lined screw caps. Store, 
protected from light, at –10°C or less or as recommended by the standard manufacturer.  
Stock standards should be checked frequently for signs of degradation or evaporation, 
especially just prior to preparing calibration standards from them. Stock standards are 
assigned a 6 month expiration date from the day that a sealed ampoule is opened.  
Standards are discarded if signs of degradation are apparent when compared to a 
second source standard.

STANDARD NAME

TOTAL
VOLUME 

(mL) RECIPE
BNA INTERNAL 
STANDARD 10 Open Ampule - No dilution required, Custom BNA Internal 

Standard, NSI Lab Solutions, Cat. No. Q-6343-O
1,4-DIOXANE-D8 IS @ 
50ppm 10 250uL 1,4-Dioxane-d8 Standard, Restek, 30614

9.75mL Methylene Chloride

NDMA-D6 IS @ 50ppm 10 500uL 521 Surrogate Std., Restek, Cat. No. 33910
9.5mL Methylene Chloride

TUNE @ 50ppm 10 500uL GC/MS tuning std, Accu Standard, Cat. No. M-625-TS-20X
9.5mL Methylene Chloride

TUNE @ 10ppm 10 100 uL GC/MS tuning std, Accu Standard, Cat. No. M-625-TS-20X
9.9 mL Methylene Chloride

8270 PRIMARY INT @ 
200ppm 10

2mL 8270 MegaMix, Restek, Cat. No. 31850
2mL ULTRAgold Custom Standard, Agilent, Cat. No. CUS-28559
6mL Methylene Chloride 

8270 TCL INT @ 200ppm 10

1mL Custom BNA Mix, NSI Lab Solutions, Cat. No. Q6330
1mL Custom a-Terpineol/Quinoline Standard, Restek, Cat. No. 
572011
1mL 8270 Benzidines Mix #2, Restek, Cat. No. 31852
1mL Benzoic Acid Mix, Restek, Cat. No. 31879
6mL Methylene Chloride

8270 SVMS SSCV @ 
10ppm 1

10uL 8270 BNA Mix, NSI Lab Solutions, Cat. No. C-701
10uL ULTRAgold Custom Standard, Agilent, CUS-28559
980uL Methylene Chloride

8270 TCL SSCV @ 
200ppm 10

2mL Custom 8270 Appendix IX Mix, Phenova, Cat. No. ALO-
130094
1mL Benzidies Standard, Phenova, ALO-101244
1mL Benzoic Acid Mix, Phenova, ALO-101246
1mL Custom Appendix IX Mix 2, Phenova, Cat. No. ALO-130203
5mL Methylene Chloride

8270 TCL SSCV @ 
10ppm 1 100uL 8270 TCL SSCV @ 200ppm, 

900uL Methylene Chloride

SVAM INT @ 200ppm 10

1mL Custom Appendix IX Mix 2, Phenova, ALO-130203
1mL Methapyrilene, Phenova, Cat. No. ALO-130204
1mL Hexachlorophene, Phenova, Cat. No. ALO-130233
7mL Methylene Chloride

SVAP INT @ 200ppm 10 1mL Custom Appendix IX Mix 1, Phenova, Cat. No. ALO-130202
9mL Methylene Chloride
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SVOP INT @ 200ppm 10 1mL 8270 OP Pesticides Mix, Phenova, Cat. No. ALO-101256
9mL Methylene Chloride

NDMA/1,4-DIOXANE INT 
@ 20ppm 10

100uL 1,4-Dioxane, Phenova, Cat. No. ALO-101313
1mL 8270 Primary Int. @ 200ppm, 
8.9mL Methylene Chloride

NDMA/1,4-DIOXANE INT 
@ 2ppm 5 500ul NDMA/1,4-Dioxane Int @ 20

4.5mL Methylene Chloride
1,4-DIOXANE SSCV @ 
200ppm 10 1mL 1,4-Dioxane, Restek, Cat. No. 31853

9mL Methylene Chloride
1,4-DIOXANE SSCV @ 
10ppm 10 500uL 1,4-Dioxane SSCV @ 200pm

9.5mL Methylene Chloride

NDMA SSCV @ 10ppm 10 100uL 8270 BNA Mix, NSI Lab Solutions, Cat. No. C-701
9.9mL Methylene Chloride

BENZENETHIOL CAL INT 
@ 100ppm 10

1mL Benzenethiol, Phenova, Cat. No. ALO-130085
1mL Ultragold Custom Standard, Agilent, CUS-28559
8mL Methylene Chloride

BENZENETHIOL SSCV 
@ 100ppm 10 1mL Benzenethiol, Phenova, Cat. No. ALO-130085

9mL Methylene Chloride

SULFOLANE CAL INT @ 
50ppm 10

625uL Sulfolane Mix, Phenova, Cat. No. ALO-130201
500uL Ultragold Custom Standard, Agilent, CUS-28559
8.875mL Methylene Chloride

SULFOLANE SSCV @ 
50ppm 10 625uL Sulfolane, Restek, Cat. No. 36413

9.375mL Methylene Chloride

7.8 Internal standards solutions- the internal standards are naphthalene-d8, acenaphthene-
d10, phenanthrene-d10, chrysene-d12, perylene-d12 and 1-4 dichlorobenzene-d4.  
Purchase from NSI (Cat # Q-6343-O) as certified stock solution at 800μg/mL. Alternative 
internal standard concentrations may be used for LVI work. Internal standard 
intermediates at 16μg/mL and 4μg/mL are prepared for spiking, RV/LVI 8270PAHand 
RV/LVI 8270SIM analyses, respectively.

7.8.1 For all concentrated soil and 8270 full run water reduced volume extracts, use 
the 8000μg/mL internal standard solution.  Each sample extract undergoing 
analysis is spiked with 5μL of internal standard intermediate solution, resulting in 
a concentration of 8μg/mL of each internal standard.

7.8.2 For non-concentrated soil, reduced volume water and 3511 water analyses, 
including PAH and DROMO, use the 16μg/mL ISTD intermediate. For non-
concentrated soil, reduced volume and EPA 3511 water extracts being analyzed
by the SIM process, use the 4μg/mL ISTD intermediate. Each sample extract 
undergoing analysis is spiked with 10μL of the appropriate internal standard 
intermediate solution, resulting in a concentration of 160μg/L and 40μg/L, 
respectively, for each internal standard.

7.9 Using a volumetric syringe, measure each of the solutions listed in Section 7.9 and place 
into a 10mL volumetric flask.

7.10 Preparation of Working Standards

Standards must be stored at ≤6!C. The expiration date of any working standard will be 6 
months unless the manufacturer’s stock expires prior to that date or if the standard starts 
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showing signs of degradation. See section 7.11.1 through 7.11.6 for preparation 
instructions. Concentrations of standards used are subject to change depending on 
instrument condition, client needs and sample preparation method of the variety of 
analysis being performed. A minimum of five calibration levels is required for Method 
8270C and 8270D, while a minimum of 3 calibration levels is required for Method 625.

7.10.1 8270C/D Calibration standards for concentrated soil and 1L concentrated water 
extractions:  A minimum of five calibration standards is prepared at different 
concentrations. At least one of the calibration standards must correspond to a 
sample concentration at or below the laboratory’s reporting limit (RL). The 
remaining standards correspond to the working range of the GC/MS system.  
Each standard contains each analyte for detection. Working standards are made 
directly from the intermediate stock standard described in section 7.10 give 
solutions at concentrations of 0.2μg/mL up to 50μg/mL. Surrogates are included 
at the same concentrations. Internal standards are spiked at a constant 
concentration per extraction method for quantitation purposes.

SVOC mix 
(200ppm) μL

ISTD mix
uL Final volume Final conc. 

ppm Level
1 10 1.0mL 0.2 1
5 10 1.0mL 1 2
10 10 1.0mL 2 3
25 10 1.0mL 5 4
50 10 1.0mL 10 5
75 10 1.0mL 15 6

100 10 1.0mL 20 7
150 10 1.0mL 30 8
200 10 1.0mL 40 9
250 10 1.0mL 50 10

A minimum of 5 points are used to construct the calibration curve.

7.10.2 Calibration standards for 8270C/D reduced volume and EPA 3511 (soil and 
water) extracted samples:  A minimum of five calibration standards is prepared at 
different concentrations. At least one of the calibration standards must 
correspond to a sample concentration at or below the laboratory-reporting limit
(RL). The remaining standards correspond to the working range of the GC/MS 
system. Each standard contains each analyte for detection. Working standards 
are made directly from the intermediates described in section 7.9 to give 
solutions at concentrations of 0.01μg/mL up to 1μg/mL. Surrogates are included 
at the same concentrations. Internal standards are spiked at a constant of 
160μg/L for quantitation purposes.

SVOC mix 
(2ppm) μL

ISTD mix
uL Final volume Final conc. 

ppb Level
5 10 1.0mL 10 1
25 10 1.0mL 50 2
50 10 1.0mL 100 3

100 10 1.0mL 200 4
200 10 1.0mL 400 5
300 10 1.0mL 600 6
400 10 1.0mL 800 7
500 10 1.0mL 1000 8
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7.10.3 For SIM analyses concentrated soil and 1L water extractions, calibration 
standards are diluted from the intermediate standard solution (section 7.9.1) to 
give a calibration at the following concentrations: 20, 50, 100, 500, 1000, 2000, 
4000, 10,000μg/L. A minimum of five calibration standards is prepared at 
different concentrations. At least one of the calibration standards must 
correspond to a sample concentration at or below the laboratory-reporting limit
(RL).  The calibration levels may change based on the working range of the 
GC/MS system. Surrogates are included at the same concentrations. The 
internal standards are at a constant 8μg/mL.

SIM Standard 
Concentration (ug/L)

Amount Added (uL)
5μg/mL Int. Final Volume (mL)

20 2.0 1.0
50 5.0 1.0
100 10.0 1.0
500 50.0 1.0
1000 100.0 1.0
2000 200.0 1.0
4000 400.0 1.0

10000 1000.0 1.0

7.10.4 For SIM analyses using reduced volume, non-concentrated soil, or EPA 3511 
extracts, calibration standards are diluted from the intermediate standard solution 
(section 7.9.3) to give a calibration at the following concentrations: 1, 5, 10, 20, 40, 
80, 200μg/L. A minimum of five calibration standards is prepared at different 
concentrations. At least one of the calibration standards must correspond to a 
sample concentration at or below the laboratory-reporting limit (RL). The calibration 
levels may change based on the working range of the GC/MS system. Surrogates 
are included at the same concentrations. The internal standards are at a constant 
40μg/L.

SIM RV 3511 Standard 
Concentration (ug/L)

Amount Added (uL)
200μg/L Int. Final Volume (mL)

1 5 1.0
5 25 1.0

10 50 1.0
20 100 1.0
40 200 1.0
80 400 1.0
200 1000 1.0

7.10.5 For Missouri DRO analysis by 3511 and non-concentrated soil, prepare the working 
calibration curve as reflected in the following table.

DROMO mix (200ppb) μL Final Volume Final conc. (ppb)
25 1.0 mL 5
50 1.0 mL 10

100 1.0 mL 20
200 1.0 mL 40
400 1.0 mL 80
600 1.0 mL 120
800 1.0 mL 160
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8.0 PROCEDURE

STATE NOTE:  For samples analyzed in conjunction with the Ohio VAP program, the criteria 
found and itemized in this procedure for EPA method 8270C must be utilized.  
Alternative GCMS tuning criteria from that specified in EPA 8270C is acceptable 
as permitted in Section 7 of the published method. 

8.1 GC Conditions:  The GC conditions are listed in each instrument maintenance log and 
are updated as necessary.

8.1.1 Due to the tuning and calibration requirements outlined in this method, a liner 
change is necessary prior to beginning an analytical sequence. Any additional 
maintenance performed on the instrumentation will be documented as performed 
in the specific instrument maintenance log. (i.e., column clip/change, septa 
change, inlet cleaning, detector cleaning/maintenance, etc.) 

8.2 Mass Spectrometer Tuning Criteria:  The GC/MS is hardware-tuned using a 50ng (or 
less) injection of DFTPP.  Analyses must not begin until the tuning criteria are met.  It is 
recommended that each initial tune verification utilize the “Autofind” function and be set 
up to look at three scans (the apex & +1 scan) and average the three scans then perform 
background subtraction.  If Autofind is not utilized, select the mass spectrum at the peak 
apex for evaluation, or use an average mass spectrum across the entire DFTPP peak.
Background subtraction is required prior to the start of the peak but no more than 20 
scans prior.  Background correction cannot include any parts of the target peak.  The 
scans must be averaged and background corrected.  

The mass spectrometer must be tuned every 12 hours if samples, standards, etc. are to 
be analyzed for Methods 8270C, 8270D, and 625.1.  ESC uses 8270D evaluation criteria 
per method allowances.

TABLE 8.2
Method 8270D

DFTPP Key Ions And Ion Abundance Criteria(a, b)

---------------------------------------------------------------------------
Mass Ion Abundance Criteria

---------------------------------------------------------------------------

51 10-80% of mass 198
68 <2% of mass 69
70 <2% of mass 69
127 10-80% of mass 198
197 <2% of mass 198
198 Base peak, or >50% of mass 442
199 5-9% of mass 198
275 10-60% of mass 198
365 >1% of mass 198 
441 Present, but <24% of mass 442
442 Base peak, or >50% of mass 198 
443 15-24% of mass 442

---------------------------------------------------------------------------
(a) Data taken from Table 3 in SW-846 Method 8270D.  

ENV-SOP-MTJL-0081, Rev 02



15 of 95

STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0081 Semivolatile Organics by GCMS using Capillary Column (EPA 

Methods 8270C, 8270D, 625, 625.1 and SM6410 B) Including Provisions for Analysis in 
SIM Mode

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

(b) Alternate tuning criteria may be used (e.g., CLP, Method 525, or 
manufacturers' instructions), providing that method performance is 
not adversely affected.

STATE NOTE: All South Carolina samples require a tune every 12 hours, regardless 
of which method is being utilized.  

The GC/MS tuning standard solution must also be used to assess GC column performance 
and injection port inertness.  Degradation of DDT to DDE and DDD is used to assess 
breakdown occurring in the injection port.  The calculation for the determination of the
breakdown occurring is found in section 9.1 and must include both DDD and DDE.  
Breakdown must not exceed 20%. Benzidine and pentachlorophenol total ion 
chromatogramsl are used to assess tailing occurring within the analytical system and both 
analytes should be present at their normal responses with no obvious peak tailing.  To 
determine the tailing factor for benzidine and pentachlorophenol, use the calculation found 
in section 9.2.  For EPA Methods 625 and 8270C, benzidine must have a tailing ratio of <3
and pentachlorophenol must have a tailing ratio of <5.  For EPA Method 8270D and 625.1, 
benzidine and pentachlorophenol must have a tailing ratio of <2.  The Missouri diesel 
method does not require tailing or degradation checks prior to or during analysis.  

8.3 The use of selected ion monitoring (SIM) is acceptable for applications requiring 
quantitation limits below the normal range of electron impact mass spectrometry.
However, SIM may provide a lesser degree of confidence in the compound identification
since less mass spectral information is available. Using the primary ion for quantitation
and the secondary ions for confirmation set up the collection groups based on their
retention times. The selected ions are nominal ions and most compounds have small
mass defect, usually less than 0.2 amu, in their spectra. These mass defects should be 
used in the acquisition table. The dwell time may be automatically calculated by the
laboratory’s GC/MS software or manually calculated using the following formula. The total
scan time should be less than 1,000 msec and produce at least 5 to 10 scans per
chromatographic peak. The start and stop times for the SIM groups are determined from
the full scan analysis using the formula below: Additional guidance for performing SIM 
analyses, in particular for PAHs and phenol target analyte compounds, can be found in 
the most recent CLP semivolatile organic methods statement of work (SOW). See the 
SIM sections from the following CLP SOW for further details: EPA CLP Organics SOW. 
(Reference 14)
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SIM Groups for PAHs and including pentachlorophenol and hexachlorobenzene

SIM 
Group 1 2 3 4 5 6 7 8

RT start Solvent 
delay

Before 2-
Methyl 

naphthalene

Before 
Acenaph-
thalene

Before 
Fluorene

Before 
Fluor-

anthene

Before 
Benzo (a)-
anthracene

Before 
Benzo (b)-

fluoranthene

Before 
Dibenz (a,h-
)anthracene

Ions 82, 128, 
129, 136, 

137

127, 141, 
142, 162, 
171, 172

139, 151, 
152, 153, 
154, 162, 
164, 168

94, 165, 
166, 176, 
178, 179, 
188, 264, 
266, 268, 
282, 284, 

286

200, 202, 
203, 244, 

245

226, 228, 
229, 240, 

241

252, 253, 
260, 264

138, 139, 
276, 277, 
278, 279

Dwell 40 35 25 30 40 50 75 50

8.4 Calibration

8.4.1 Initial Calibration

EPA Method 8270C:  The working standards prepared in section 7.10 are 
injected and average response factors are calculated.  The calibration curve is 
typically constructed of six to nine standards, however, this may change 
depending on instrument conditions and/or client needs (see Section 13.4).  See 
section 8.3.2 for information regarding use and deletion of calibration points.

The calibration check compounds (CCCs) listed in Section 8.3.1a must have an 
average percent relative standard deviation (%RSD) of less than or equal to 
30%. Any target analyte that has a %RSD >15% for the RF must be calculated 
by linear or quadratic regression instead of RF.  If the RSD of any target analyte 
is <15%, the average response factor may be used for quantitation. When any 
compound does not meet the calibration criteria for RF, the analyst MUST use 
linear regression or quadratic curve fit. The calibration curve cannot be forced 
through zero and does not include a method blank.  It must also meet a 
correlation coefficient of 0.995 or better. If a quadratic curve fit is used, a 
minimum of 6 calibration standards must be utilized to obtain a working 
calibration curve.  

The system performance check compounds (SPCCs) in Table 8.3.1b must have 
an average RF of >0.05.  When these criteria are met, samples can be analyzed. 

Table 8.3.1a:  Calibration Check Compounds (CCC)

Base/Neutral Fraction Acid Fraction
Acenaphthene 4-Chloro-3-methylphenol

1,4-Dichlorobenzene 2,4-Dichlorophenol
Hexachlorobutadiene 2-Nitrophenol

n-Nitrosodiphenylamine Phenol
Di-n-octyl phthalate Pentachlorophenol

Fluoranthene 2,4,6-Trichlorophenol
Benzo(a)pyrene
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Table 8.3.1b:  System Performance Check Compounds (SPCC)

Compound Minimum Average 
Response Factor

n-Nitroso-di-n-propylamine >0.05
Hexachlorocyclopentadiene >0.05

2,4-Dinitrophenol >0.05
4-Nitrophenol >0.05

EPA Method 8270D:  The working standards prepared in section 7.10 are 
injected and average response factors are calculated. The calibration curve is 
typically constructed of six to nine standards, however, this may change 
depending on instrument conditions and/or client needs (see section 13.4). At 
least five standards are required for Response Factor and linear regression 
calibration. If a quadratic curve fit is used, a minimum of 6 calibration standards 
must be utilized to obtain a working calibration curve. See section 8.3.2 for 
information regarding use and deletion of calibration points.

Target analytes must have an average RSD of <20%. Any target analyte that has 
a %RSD >20% for the RF must be calculated by linear or quadratic regression 
instead of RF. If the RSD of any target analyte is <20%, the average response 
factor may be used for quantitation. When any compound does not meet the 
calibration criteria for RF, the analyst MUST use linear regression or, if permitted, 
quadratic curve fit. The calibration curve cannot be forced through zero.  It must 
also meet a correlation coefficient of 0.995 or better.  

In addition to the minimum %RSD criteria, it is recommended that a minimum 
response factor for the most common target analytes be demonstrated for each 
individual calibration level to ensure that these compounds are performing as 
expected.  See Table 8.3.1c. Meeting the minimum response factor criteria for 
the lowest calibration standard is critical in establishing and demonstrating the 
desired sensitivity. 

Table 8.3.1c:  Recommended Minimum Response Factors for 
Each Calibration Level (Initial and Continuing Calibration)

Compound
Minimum 
Response 
Factor

Benaldehyde 0.010
Phenol 0.800

Bis(2-chloroethyl)ether 0.700
2-Chlorophenol 0.800
2-Methylphenol 0.700

2,2-Oxybis-(1-chloropropane) 0.010
Acetophenone 0.010
4-Methylphenol 0.600

n-Nitroso-di-n-propylamine 0.500
Hexachloroethane 0.300

Nitrobenzene 0.200
Isophorone 0.400

Compound
Minimum 
Response 
Factor

2-Nitrophenol 0.100
2,4-Dimethylphenol 0.200

Bis(2-chloroethoxy)methane 0.300
2,4-Dichlorophenol 0.200

Naphthalene 0.700
4-Chloroaniline 0.010

Hexachlorobutadiene 0.010
Caprolactam 0.010

4-Chloro-3-methylphenol 0.200
2-Methylnaphthalene 0.400

Hexachlorocyclopentadiene 0.050
2,4,6-Trichlorophenol 0.200
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Compound
Minimum 
Response 
Factor

2,4,5-Trichlorophenol 0.200
1,1-Biphenyl 0.010

2-Chloronaphthalene 0.800
2-Nitroaniline 0.010

Dimethyl phthalate 0.010
2,6-Dinitrotoluene 0.200
Acenaphthylene 0.900

3-Nitroaniline 0.010
Acenaphthene 0.900

2,4-Dinitrophenol 0.010
4-Nitrophenol 0.010
Dibenzofuran 0.800

2,4-Dinitrotoluene 0.200
Diethyl phthalate 0.010

1,2,4,5-Tetrachlorobenzene 0.010
4-Chlorophenyl-phenyl ether 0.400

Fluorene 0.900
4-Nitroaniline 0.010

4,6-Dinitro-2-methylphenol 0.010
4-Bromophenyl-phenyl ether 0.100

n-Nitrosodiphenylamine 0.010
Hexachlorobenzene 0.100

Compound
Minimum 
Response 
Factor

Atrazine 0.010
Pentachlorophenol 0.050

Phenanthrene 0.700
Anthracene 0.700
Carbazole 0.010

Di-n-butyl phthalate 0.010
Fluoranthene 0.600

Pyrene 0.600
Butyl Benzyl phthalate 0.010
3,3-Dichlorobenzidine 0.010
Benzo(a)anthracene 0.800

Chrysene 0.700
Bis (2-ethylhexyl)phthalate 0.010

Di-n-octyl phthalate 0.010
Benzo(b)fluoranthene 0.700
Benzo(k)fluoranthene 0.700

Benzo(a)pyrene 0.700
Indeno(1,23-c,d)pyrene 0.500
Dibenz(a,h)anthracene 0.400
Benzo(g,h,i)perylene 0.500

2,3,4,6-Tetrachlorophenol 0.010

EPA 8270C GC/MS SIM:  When analyzing samples using SW-846 8270C SIM, 
all target compounds must be treated as CCCs and must have an average RSD 
of <30%.  

EPA 8270D GC/MS SIM:  If analyzing samples by EPA 8270D SIM, follow the 
initial calibration criteria for the specified referenced method as found in section 
8.3.1 (EPA Method 8270D).

EPA Method 625:  The working standards prepared in section 7.10 are injected and 
average response factors are calculated.  A minimum of 3 points calibration is 
required for method 625. The %RSD is calculated for the standards analyzed and 
must be <35% for all compounds in order to assume linearity.  

EPA Method 625.1: One of the calibration standards should be at a concentration 
at or below the reporting limit. The resulting calibration must meet all applicable
acceptance criteria in Section 10, based on the RSD, RSE, or r2. The 
concentrations of the other calibration standards should correspond to the expected 
range of concentrations found in real samples or should define the working range of 
the GC/MS system for full-scan and/ or SIM operation, as appropriate. A minimum 
of six concentration levels is required for a second order, non-linear (i.e., quadratic) 
calibration.

Calculate the mean (average) and relative standard deviation (RSD) of the
responses factors. If the RSD is less than 35%, the RF can be assumed to be 
invariant and the average RF can be used for calculations. Alternatively, the results 
can be used to fit a linear or quadratic regression of response ratios, As/Ais, vs. 
concentration ratios Cs/Cis. If used, the regression must be weighted inversely 
proportional to concentration. The coefficient of determination (r2) of the weighted 
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regression must be greater than 0.920 (this value roughly corresponds to the RSD 
limit of 35%). Alternatively, the relative standard error (RSE) may be used as an 
acceptance criterion. As with the RSD, the RSE must be less than 35%. If an RSE 
less than 35% cannot be achieved for a quadratic regression, system performance 
is unacceptable and the system must be adjusted and re-calibrated.

All Published Methods:  Reference spectra must be updated upon analysis of 
each new calibration curve.

Linear Regression Weighting: As an alternative to calculating mean response 
factors and applying the RSD test, use the GC/MS data system software or other 
available software to generate a linear or second order regression calibration 
curve, by plotting A/A(is) vs. Q(x) using the equations found in section 9.4. Either 
equal weighting factors or 1/x regressions may be used.

STATE NOTE:  For all Minnesota sample analyses, the RL level standard is re-
injected and quantitated against the newly updated calibration 
curve or the applicable standards are reprocessed (re-quantitated) 
using the completed calibration curve and is evaluated for the 
+40% deviation criterion with the exception of the listed poor 
performers in this procedure.  

STATE NOTE:  For all Wisconsin sample analyses, analysts must evaluate the 
%RSD of calibrations to ensure that they do not have 
unacceptable curvature. The %RSD limit criteria, as found in the 
specific methods listed above, applies to calibrations using 
average RF calibrations. For linear and quadratic curve fits, a 
limit of 40% RSD is used for normal target analytes and 50%
RSD is utilized for known poor performing compounds. 

STATE NOTE:  When analyzing samples in conjunction with the Ohio VAP or 
South Carolina DHEC programs, the calibration model must be 
RSD or linear. Quadratic curve modeling is not permitted unless 
historical performance of analytes exhibited a nonlinear 
response (i.e., Benzoic Acid and problematic phenols).  
Quadratic models cannot be used to extend the calibration range 
or bypass instrument maintenance.

8.4.2 CALIBRATION POINTS – Usage and Deletion

When the appropriate number of calibration standards is used, all points must be 
considered in the average response factor calculation or linear regression 
calculation. The deletion of the highest point is acceptable when necessary, with 
the analyst noting that the high end of the calibration has been lowered. The 
deletion of the lowest calibration point is acceptable, when necessary, provided 
that the analyst notes the deletion on the injection log and raises the reporting 
limit, if necessary, for that compound.  

8.4.3 EPA Method 8270D:  LINEAR REGRESSION USE – The method of linear 
regression calibration has the potential for a significant bias to the lower portion 
of the calibration model.  This bias is not normally seen in relative percent 
difference methods. When utilizing linear regression fits, a minimum quantitation 
check on the viability of the lowest calibration point should be performed by re-
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fitting the response from the lowest concentration standard back into the 
completed calibration curve. It is not necessary to re-analyze a low concentration 
standard, but using the analytical system software, the low standard can be re-
quantitated as if it were a field sample. The recalculated concentrations of the 
analytes utilizing the linear regression curve fit must be within +30% 50%of the 
true standard concentration. 

STATE NOTE:  For the analysis of South Carolina samples, all target analytes, 
including Hexachlorophene, is required to utilize linear 
regression.  Quadratic curve fit is not allowed. To achieve this, 
the calibration curve may be modified by the removal of the 
lowest two levels and will utilize calibration levels of 60, 80, 100, 
120, and 140 for quantitation of this analyte in South Carolina 
samples.  The reporting limit (RL) for South Carolina will 
routinely be 100ppb for water samples.

8.4.4 Quadratic Regression:  Quadratic regression may be used for the following 
compounds:  Pentachlorophenol, 4-Nitrophenol, 2,3,4,6-Tetrachlorophenol, 4,6-
Dinitro-2-methylphenol, 2,4-Dinitrophenol.  Plots must have a minimum of 6 
points and a correlation coefficient of 0.995 or better.

STATE NOTE: Quadratic curve modeling is not permitted for samples 
originating in South Carolina or for samples reported for the 
Ohio VAP unless historical performance of analytes exhibited a 
nonlinear response (e.g., Benzoic Acid). 

8.4.5 Second Source Calibration Verification – the initial calibration for each target 
analyte must be checked with a standard from a source that is different from 
those used for initial calibration.  

8.4.6 Daily Tuning and Continuing Calibration

As with the initial calibration, the system must be tuned with 50ng of DFTPP or 
less to meet the acceptance criteria found in section 8.1.  Following successful 
tuning, the midpoint level standard (CCV) is analyzed.  Calibration verification for 
each method, as listed below, must be met prior to the analysis of field samples
and every 12 hours for 8270C/D and every 24 hours for EPA 625 (see the 
method note in Section 8.2 for Method 625.1 requirements).  

EPA Method 8270C:  The percent difference of the CCCs (see Table 8.3.1a & 
b) in the mid-level standard must be <20% and the SPCCs must have an RF 
>0.05.  The retention time of the internal standards must be within +30 
seconds from the mid-point standard level of the last initial calibration curve 
and the area response must be within –50% to +100%.  Once these criteria are 
met, samples can be analyzed.  

EPA Method 625.1:  The RF or calibration curve must be verified immediately 
after calibration and at the beginning of each 12-hour shift, by analysis of a 
standard at or near the concentration of the mid-point calibration standard.
The standard(s) must be obtained from a second manufacturer or a 
manufacturer’s batch prepared independently from the batch used for 
calibration. Include the surrogates in this solution.  It is necessary to verify 
calibration for the analytes of interest only.
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Compare the recoveries for the analytes of interest against the acceptance 
criteria for recovery (Q) in Attachment VII and the recoveries for surrogates 
against the acceptance criteria in Attachment VIII. If recovery of the analytes
of interest and surrogates meet acceptance criteria, system performance is 
acceptable and analysis of samples may continue. If any individual recovery is 
outside its limit, system performance is unacceptable for that analyte.

EPA Methods 8270C and 625 (analyzed concurrently):  The CCV must be 
evaluated for CCC and SPCCs as per EPA Method 8270C requirements.  All 
non-CCC and other target analytes must meet the criteria established in 
Method 625 for all analytes (+20%).  For analytes not contained in the Method 
625 analyte list, the analyst evaluates the CCV and the experience of the 
analyst weighs heavily in determining the usability of the data.

STATE NOTE:  For all Wisconsin sample analyses, non-CCC compounds for 
8270C requires a +50% criteria for the CCV.  

EPA 8270C GC/MS SIM:  When analyzing samples using SW-846 EPA 8270C 
SIM, all compounds in the CCV must be treated as CCCs and must meet the 
minimum requirements of <20% difference.  

EPA 8270D GC/MS SIM:  If analyzing samples by EPA 8270D SIM, follow the 
initial calibration criteria for the specified referenced method as found in section 
8.3.6 (EPA Method 8270D below).

EPA Method 8270D:  Each of the most common target analytes in the CCV 
must meet the minimum response factors in Table 8.3.1c.  When using the 
average RF, the percent difference for each target compound in the CCV must 
be <20%.  When using regression fit calibration, the percent drift of the CCV 
must be <20%.  The retention time of the internal standards must be within +30 
seconds from the mid-point standard level of the last initial calibration curve and 
the area response must be within –50% to +100%.    

8.4.7 For corrective action regarding tuning and calibration, see sections 11.1 and 11.2.

8.5 Method Blank Analysis – A method blank should be analyzed prior to any field sample 
analysis to verify that the analytical system is free from contaminants.  If the method 
blank indicates that contamination may be present in the analytical system, it may be 
necessary to analyze a solvent blank to demonstrate the source of the contamination is 
not carryover from standards or lingering field sample artifacts.

8.6 GC/MS analysis of field samples and preparation QC.

8.6.1 It is highly recommended that the extracts be screened on a GC/FID or GC/PID 
using the same type of capillary column used in the GC/MS system. This will 
minimize contamination of the GC/MS system from unexpectedly high 
concentrations of organic compounds.

8.6.2 Allow the extracts to warm to room temperature. Just prior to analysis, add 10μL 
of the internal standard solution to the 1mL concentrated extract or 5μL of the 
internal standard solution to the 0.5mL extract obtained from sample preparation.

8.6.3 If the response for any quantitation ion exceeds highest level of the initial 
calibration range, the extract must be diluted and re-analyzed. Additional internal 
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standard must be added to the diluted extract to maintain the same concentration 
as in the calibration standards (0.04, 0.16 or 8ng/uL, unless a more sensitive 
GC/MS system is being used).  For example, if performing a 1:10 dilution on a 
concentrated extract, take 100uL of the extract and dilute to a volume of 1mL 
with the appropriate solvent.  Add 9uL of the appropriate internal standard 
solution to the diluted extract and inject on the analytical system.  It can be 
assumed that 1uL of internal standard was contained in the 100uL extract used 
for the initial dilution.  

8.6.4 Internal standard area counts and retention times must be monitored in all samples, 
spikes and method blanks to monitor system performance, check for drifting, ensure 
effective autosampler performance, etc.  If the area of the Extracted Ion Current 
Profile (EICP) changes by a factor of 2 (-50% to +100%) from the areas in the daily 
CCV, corrective action is required.  The RRT of the internal standard in the extract 
must be within + 0.06RRT units of the RRT of the daily CCV.

STATE NOTE:  With each new calibration curve, a reporting limit verification 
(RLV) standard must be analyzed for samples analyzed from 
Minnesota.  This standard consists of either re-injecting the low 
calibration standard(s) or re-processing the low standard(s) 
utilized in the construction of the calibration curve.  The RLV 
must recover within +40% of the expected concentration.  See 
section 11.10 for additional information.  

8.7 Qualitative Identification

8.7.1 The qualitative identification of compounds determined by this method is based 
on retention time and on comparison of the sample mass spectrum, after 
background correction, with characteristic ions in a reference mass spectrum. 
The reference mass spectrum must be generated by the laboratory using the 
conditions of this method. The characteristic ions from the reference mass 
spectrum are defined as the three ions of greatest relative intensity, or any ions 
over 30% relative intensity if less than three such ions occur in the reference 
spectrum.  Retention time windows for internal standards and target compounds 
integrations are updated with each calibration curve and after any instrument 
maintenance occurs that causes a shift that may affect ChemStation integrations.  

8.7.1.1 The intensities of the characteristic ions of a compound must maximize 
in the same scan or within one scan of each other.  Selection of a peak 
by a data system target compound search routine where the search is 
based on the presence of a target chromatographic peak containing ions 
specific for the target compound at a compound-specific retention time 
will be accepted as meeting this criterion.

8.7.1.2 The RRT of the sample component is within + 0.06RRT units of the RRT 
of the standard component.

8.7.1.3 The relative intensities of the characteristic ions agree within 30% of the 
relative intensities of these ions in the reference spectrum.

(EXAMPLE: For an ion with an abundance of 50% in the reference 
spectrum, the corresponding abundance in a sample spectrum can 
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range between 20% and 80%).  Analyst experience is vital in this 
determination when interferences are present.

8.7.1.4 Structural isomers that produce very similar mass spectra should be 
identified as individual isomers if they have sufficiently different GC 
retention times. Sufficient GC resolution is achieved if the height of the 
valley between the two isomers is <50% of the average of the two peak 
heights (for Method 8270D) and <25% of the sum of the two peak 
heights (for Methods 8270C & 625).  Otherwise, structural isomers are 
identified as isomeric pairs.

8.7.1.5 Identification is hampered when sample components are not resolved 
chromatographically and produce mass spectra containing ions 
contributed by more than one analyte. When gas chromatographic peaks 
obviously represent more than one sample component (i.e., a broadened 
peak with shoulder(s) or a valley between two or more maxima), 
appropriate selection of analyte spectra and background spectra is 
important.

8.7.1.6 Examination of extracted ion current profiles of appropriate ions can aid 
in the selection of spectra, and in qualitative identification of compounds. 
When analytes co-elute (i.e., only one chromatographic peak is 
apparent), the identification criteria can be met, but each analyte 
spectrum will contain extraneous ions contributed by the co-eluting 
compound.

8.7.1.7 Absolute retention times are used for compound identification in all GC 
methods that do not employ internal standard calibration.  Retention time 
windows are established to compensate for minor shifts in absolute 
retention times as a result of sample loadings and normal 
chromatographic variability.  The width of the retention time window 
should be carefully established to minimize the occurrence of both false 
positive and false negative results. Tight retention time windows may 
result in false negatives and/or may cause unnecessary reanalysis of 
samples when surrogates or spiked compounds are erroneously not 
identified. Overly wide retention time windows may result in false positive 
results that may not be confirmed.

8.7.1.7.1 Before establishing retention time windows, make sure that the 
chromatographic system is operating reliably and that the 
system conditions are optimized for the target analytes and 
surrogates in the sample matrix to be analyzed.  Make three 
injections of all standard mixtures over the course of a 72-hour
period.  Serial injections or injections over a period of less than 
72 hours may result in retention time windows that are too 
tight.

8.7.1.7.2 Record the retention time (in minutes) for each single 
component analyte and surrogate to three decimal places.
Calculate the mean and standard deviation of the three
absolute retention times for each single component analyte 
and surrogate. For multi-component analytes, choose three to 
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five major peaks (see the determinative methods for more 
details) and calculate the mean and standard deviation of 
those peaks.

8.7.1.7.3 If the standard deviation of the retention times for a target 
compound is 0.000 (i.e., no difference between the absolute 
retention times), then either collect data from additional 
injections of standards or use a default standard deviation of 
0.01 minutes.

8.7.1.7.4 The width of the retention time window for each analyte, 
surrogate, and major constituent in multi-component analytes 
is defined as ± 3 times the standard deviation of the mean 
absolute retention time established during the 72-hour period 
or 0.03 minutes, whichever is greater.

8.7.1.7.5 Establish the center of the retention time window for each 
analyte and surrogate by using the absolute retention time for 
each analyte and surrogate from the calibration verification 
standard at the beginning of the analytical shift.  For samples 
run during the same shift as an initial calibration, use the 
retention time of the mid-point standard of the initial calibration.

8.7.1.7.6 Calculate absolute retention time windows for each analyte and 
surrogate on each chromatographic column and instrument.  New 
retention time windows must be established when a new GC 
column is installed or if a GC column has been shortened during 
maintenance.

8.8 TICs – Tentatively Identified Compounds

Periodically, clients may request the tentative identification of compounds present in the 
field sample that are not normal target compounds and are not normally calibrated.  This 
identification is limited to the compounds in the current NBS (National Bureau of 
Standards) mass spectral library employed by ESC.

Library Search Identification – For samples containing components not associated with 
the calibration standards, a library search may be made for the purpose of a tentative 
identification. Data system library searches must not use normalization routines that 
would misrepresent the library or unknown spectra when making comparisons.  For 
example, the RCRA permit or waste delisting requirements may require the reporting of 
non-target analytes. The analyst may only assign tentative identifications after visual 
comparison of sample spectra with the nearest library searches. 

Guidelines for tentative identification are:

∀ Relative intensities of major ions in the reference spectrum (ions >10% of the most 
abundant ion) should be present in the sample spectrum.

∀ The relative intensities of the major ions should agree within +20%.  (EXAMPLE: For 
an ion with an abundance of 50% in the standard spectrum, the corresponding 
sample ion abundance must be between 30% and 70%).

∀ Molecular ions present in the reference spectrum should be present in the sample 
spectrum.
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∀ Ions present in the sample spectrum but not in the reference spectrum should be 
reviewed for possible background contamination or presence of co-eluting 
compounds.

∀ Ions present in the reference spectrum but not in the sample spectrum should be 
reviewed for possible subtraction from the sample spectrum because of background 
contamination or co-eluting peaks. Data system library reduction programs can 
sometimes create these discrepancies.

Routinely, ESC employs a minimum Q value of 80 for tentative identifications and a 
minimum concentration of 10ppb.  Peaks below a Q value of 80 but above 10ppb are 
reported as “Unknown”.  Any identified peaks below 10ppb are removed as these could 
result from baseline noise or other interferences, not necessarily attributable to the field 
sample or reliably quantifiable using GCMS technology.  Additionally, any peaks that are 
attributable to instrument contamination (I.e., siloxanes) are also removed.

8.9 Quantitative analysis

8.9.1 Once a compound has been identified, the quantitation of that compound will be 
based on the integrated abundance of the primary characteristic ion from the 
EICP.

8.9.1.1 It is recommended to use the integrations produced by the software if the 
integration is correct because the software will produce more consistent 
integrations of peaks in chromatograms.  Manual integrations may be 
necessary in some cases and must be performed in conjunction with 
ESC SOP #030215, Manual Integration.

DOD samples must include a reason for each integration performed on 
the manual integration documentation.

8.9.2 If the RSD of a compound's response factor meets method requirements, then 
the concentration in the extract may be determined using the average response 
factor (average RF) from initial calibration data. 

8.9.3 Where applicable, the concentration of any tentatively identified compounds in 
the sample should be estimated. The same formula as is used to calculate target 
analyte concentrations is used with the following modifications: The areas Ax and 
Ais must be from the total ion chromatograms and the RF for the compound is 
assumed at 1.  See section 9.7 for calculation.

8.9.4 The resulting concentration must be reported indicating that the value is an 
estimate. Use the nearest internal standard free of interferences for estimated 
concentration calculations.

8.9.5 Quantitation of multi-component compounds (e.g., Toxaphene, Aroclors, etc.) is 
beyond the scope of Method 8270. Normally, quantitation is performed using a 
GC/ECD, by Methods 8081or 8082.  However, Method 8270 may be used to 
confirm the identification of these compounds, when the concentrations are at 
least 10ng/μL in the concentrated sample extract.

8.9.6 Peak Resolution:  Structural isomers that produce very similar spectra must be 
quantitated as individual isomers if they have sufficiently different GC retention 
times.  Sufficient GC resolution is achieved if the height of the valley between the 
two isomers is <50% of the average of the two peak heights (for Method 8270D) 
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and <25% of the sum of the two peak heights (for Methods 8270C & 625).  
Otherwise, structural isomers should be identified as isomeric pairs. 

STATE NOTE:  Minnesota MPCA requires that peak resolution of all co-eluters, 
analyzed using Method 8270C, must be resolved as close to 
75% as possible, but not <70%. Resolution must be adequate at 
lower levels and not worsen as concentration increases.  

8.9.7 Indeno(1,2,3-cd)pyrene and dibenz(a,h)anthracene share a similar structure and 
physical properties. Under routine analytical production conditions it is very
difficult to achieve resolved chromatographic separation. The mass-spectra of 
these compounds exhibit base peaks separated by 2 AMUs (276 and 278 
respectively) and these unique ions are used for quantitation of the respective 
compounds as defined by Method 8270. It has been found that the major base 
ion, 276, for indeno(1,2,3-cd)pyrene includes a significant contribution from
dibenz(a,h)anthracene when the targets are present together at equal
concentrations; however, indeno(1,2,3-cd)pyrene presence does not contribute 
significant ion 278 abundance to dibenz(a,h)anthracene quantitation at equal 
concentrations. For these reasons when dibenz(a,h)anthracene is found to be 
present at similar or lesser concentrations than indeno(l,2,3-cd)pyrene, the 
results are normalized by the calibration conditions and considered to be non-
impacted.  Alternatively, when dibenz(a,h)anthracene is found to be present at
relatively greater concentrations than indeno(l ,2,3-cd)pyrene, the indeno(1,2,3-
cd)pyrene results are considered to be elevated and may be confirmed by a 
secondary acquisition and analysis utilizing a technique for chromatographic 
separation of the targets. Concentrations shall be considered similar up to a 
factor of two.

9.0 DATA ANALYSIS AND CALCULATIONS

9.1 GC/MS Tune:  DDT Breakdown Determination during Tuning:

9.2 GC/MS Tune:  Benzidine and Pentachlorophenol Tailing Factor
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where:  BC is the width of the back ½ of the peak at 10% of the peak height
AB is the width of the front ½ of the peak at 10% of the peak height.

9.3 Internal Calibration Equations (Response Factors):
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where:
As = Peak area (or height) of the analyte or surrogate.
Ais = Peak area (or height) of the internal standard.
Cs = Concentration of the analyte or surrogate, in μg/L.
Cis = Concentration of the internal standard, in μg/L.
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where:
RSD = Relative standard deviation.
RF = Mean of 5 initial RFs for a compound.
SD = Standard deviation of average RFs for a compound.

∀ Concentration of an analyte in an extract using RF (on column):
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where:
Xs = Calculated raw concentration of analyte (in ppb)

∀ Quantitation Report Multiplier”
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where:
Ma = Quantitation Report Multiplier for Aqueous Samples
Ms = Quantitation Report Multiplier for Solid Samples
Vt = Total volume of concentrated extract (in mL)
D = Dilution factor.  If no dilution, D=1.  Always dimensionless
Vs = Volume of aqueous sample extracted (in mL)
Ws = Weight sample extracted (in grams)
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∀ Sample concentration by volume (ug/L) for aqueous samples:
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∗

∀ Sample concentration by weight (ug/kg) for solid samples and non-aqueous liquids:
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where:
%S = Percent solids expressed as a decimal

9.4 Relative Retention Time (RRT):

StandardInternalofRT
  AnalyteTargetofRT  =RRT

9.5 Percent Error (%Error)
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'
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∋

i

ii

x
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where:
x’i = Measured amount of analyte at the calibration level i, in mass or concentration 

units
xi = True amount of analyte at calibration level i, in mass or concentration units

9.6 Relative Standard Error (%RSE) – As an alternative to using the average response factor 
when using Method 625.1, the quality of the calibration may be evaluated using the 
Relative Standard Error (RSE).  The acceptance criterion for the RSE is the same as the 
acceptance criterion for Relative Standard Deviation (RSD), in the method. RSE is
calculated as:

%��� = 100 × 
∑ ��′� − ����

�
�

����
(� − �)

where:
x’i = Calculated concentration at level i
xi = Actual concentration of the calibration level i
n = Number of calibration points
p = Number of terms in the fitting equation (average = 1; linear = 2; quadratic = 3)

9.7 See the current Quality Assurance Manual for other equations associated with common 
calculations.

10.0 QUALITY CONTROL AND METHOD PERFORMANCE

10.1 All analysts must meet the qualifications specified in SOP #030205, Technical Training 
and Personnel Qualifications before approval to perform this method.  Analysts must 
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complete an initial demonstration of proficiency before being approved to perform this 
method.  Continuing proficiency must be demonstrated using proficiency testing, 
laboratory control sample analysis and/or MDL studies.  Method performance is 
assessed per analyst.  Updated method performance records are filed and stored in a 
central location within the department.

10.1.1 Method 625.1 Demonstration of Capability (DOC) Requirements

10.1.1.1 For the DOC, a QC check sample (LCS) concentrate containing each 
analyte of interest is prepared in a water miscible solvent.  The QC
check sample concentrate must be prepared independently from those 
used for calibration, but may be from the same source as the second-
source standard used for calibration verification. The concentrate 
should produce concentrations of the analytes of interest in water at 
the midpoint of the calibration range, and may be at the same 
concentration as the LCS.

10.1.1.2 Prepare four QC check samples by adding an appropriate volume of 
the concentrate and of the surrogate(s) to each of four aliquots of 
reagent water and mix well. The volume of reagent water must be the 
same as the volume that will be used for the sample, blank, and 
MS/MSD.

10.1.1.3 Extract and analyze the four LCSs samples.

10.1.1.4 Calculate the average percent recovery (X�) and the standard deviation 
(s) of the percent recovery for each analyte using the four results.

10.1.1.5 For each analyte, compare s and X� with the acceptance criteria for 
precision and recovery presented in Attachment VII. For analytes that 
are not listed, QC acceptance criteria must be developed by the 
laboratory.

If s and X� for all analytes of interest meet the acceptance criteria, 
system performance is acceptable and analysis of blanks and samples 
can begin.  If any individual s exceeds the precision limit or any 
individual X� falls outside the range for recovery, system performance is 
unacceptable for that analyte.  

10.1.1.6 When one or more of the analytes tested fail at least one of the 
acceptance criteria, repeat the test for only the analytes that failed.  If 
results for these analytes pass, system performance is acceptable and 
analysis of samples and blanks may proceed.  If one or more of the 
analytes again fail, system performance is unacceptable for the 
analytes that failed the acceptance criteria.  Correct the problem and 
repeat the test.

10.2 Use the designated Run log to record batch order and standards/reagents used during 
analysis.  See SOP #030201, Data Handling and Reporting.

10.3 Batches:

Batches are defined as sets of 1 - 20 samples.  Batch analysis must include the following: 
1 method blank, 1 Laboratory Control Sample (LCS), 1 Laboratory Control Sample 
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Duplicate (LCSD), 1 Matrix Spike/Spike Duplicate (MS/MSD) (if client has supplied 
sufficient sample volume).  All batch information must be maintained in the preparation 
documentation assigned to the department.

10.4 For sample analyzed per the requirements of Method 8000D, the LLOQ (see Section 
1.8.2) must be verified at least annually, and whenever significant changes are made to 
the preparation and/or analytical procedure, to demonstrate quantitation capability at 
lower analyte concentration levels

10.4.1 The LLOQ verification (to be performed after the initial calibration) is prepared by 
spiking a clean control material with the analyte(s) of interest at 0.5-2 times the
LLOQ concentration level(s).

10.4.2 The LLOQ check is carried through the same preparation and analytical 
procedures as environmental samples and other QC samples.

10.4.3 It is recommended to analyze the LLOQ verification on every instrument where 
data is reported; however, at a minimum, the lab must rotate the verification 
among similar analytical instruments such that all are included within 3 years.

10.4.4 Recovery of target analytes in the LLOQ verification must be within established 
in-house limits or within other such project-specific acceptance limits to
demonstrate acceptable method performance at the LLOQ. Until the laboratory 
has sufficient data to determine acceptance limits, the LCS criteria ± 20% (i.e., 
lower limit minus 20% and upper limit plus 20%) may be used for the LLOQ 
acceptance criteria.

10.5 For acceptance criteria for calibration standards, QC samples and field samples and 
corrective actions, see section 11.0.

11.0 DATA VALIDATION AND CORRECTIVE ACTION

11.1 A successful DFTPP tune must be achieved prior to initial calibration or daily calibration
verification.  If a tune does not meet the acceptance criteria in section 8.2, then re-inject 
the tuning solution.  If the failure persists, instrument maintenance or detector adjustment 
is required.  The instrument is equipped with detector adjustments in routines called 
“Autotunes” that can make minor adjustments to m/z ratios and detector setting and can 
align the analytical system to return the system to peak performance.  If after performing 
the Autotune routine, the injected tuning standard still fails, the system may require 
injector and/or detector cleaning, column cutting or replacement, injection liner cleaning 
or replacement, or other maintenance as specified by the manufacturer.Following 
successful tuning of the DFTPP solution, the DDT degradation and 
Benzidine/Pentachlorophenol tailing must be assessed using the total ion chromatograms 
for each.  If either fail to meet the required acceptance criteria, instrument maintenance is 
required.  The DDT degradation is most likely an inlet or column condition and corrective 
action entails clipping 6-12” from the injector end of the column, changing the injection 
port liner, possibly changing the gold inlet seal and re-injecting the tuning solution.  The 
tailing issue is most likely caused by the same type of inlet issues and the same 
corrective action steps should occur when the tailing criteria is not met.  Tailing may also 
be caused by incorrect column positioning in the inlet and the correct position of the 
column should be verified prior to performing more involved corrective action processes.  
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A successful instrument tune, including degradation and tailing acceptability, must be 
achieved prior to the analysis of calibration standards and sample extracts.

11.2 Initial or Continuing Calibration:

Method 8270C, SM 6410B & Method 625.1:  If the calibration curve or daily calibration 
verification fails to meet the applicable method verification criteria for RSD, the analyst 
MUST use linear regression or quadratic curve fit.  Quadratic models cannot be used to 
extend the calibration range or bypass instrument maintenance.  If the method criteria are
still not met when using the alternate curve fits, samples may not be quantitated using the 
calibration curve and a new calibration curve must be analyzed.  Instrument maintenance 
and/or new standard preparation may also be required prior to the analysis of the new 
calibration curve.  Following maintenance, the new calibration curve can be generated.  
The system may require injector and/or detector cleaning, column cutting or replacement, 
injection liner cleaning or replacement, or other maintenance as specified by the 
manufacturer.  Additional actions that can be taken to address failures in calibration are 
included in section 8.3.  

Method 8270D:  Due to the large number of compounds that may be analyzed by this 
method, some compounds in the initial and/or daily calibration verification will fail to meet the 
initial and continuing calibration acceptance criteria.  For these instances, failing compounds 
may not be critical to specific project needs and therefore may be utilized as qualified data or 
estimated values for screening purposes.  If more than 10% of the compounds in the initial or 
continuing calibration exceed the 20% RSD limit and/or do not meet the minimum correlation 
coefficient (0.995) for alternate curve fits, then the chromatographic system is considered too 
reactive for analysis.  Instrument maintenance must be performed and the calibration process 
must be repeated.  The system may require injector and/or detector cleaning, column cutting 
or replacement, injection liner cleaning or replacement, or other maintenance as specified by 
the manufacturer.  Additional actions that can be taken to address failures in calibration are 
included in section 8.3.  

TNI: If the ICV or CCV results obtained are outside the established acceptance criteria and 
analysis of a second consecutive (immediate) calibration verification fails to produce results 
within acceptance criteria, corrective actions shall be performed.  The laboratory shall 
demonstrate acceptable performance after the final round of corrective action with two 
consecutive calibration verifications, or a new initial instrument calibration shall be performed.

Method 8000D:  To determine calibration function acceptability, refit the initial calibration 
data back to the calibration model and calculate %Error (see Section 9.5).  Percent error 
between the calculated and expected amounts of an analyte must be <30% for all standards.  
(<50% is acceptable for the lowest calibration point.)

Method 625.1: The RF or calibration curve must be verified immediately after calibration and 
at the beginning of each 12-hour shift, by analysis of a standard at or near the concentration 
of the mid-point calibration standard. The standard(s) must be obtained from a second 
manufacturer or a manufacturer’s batch prepared independently from the batch used for 
calibration.

When one or more analytes fail acceptance criteria, analyze a second aliquot of the 
calibration verification standard and compare ONLY those analytes that failed the first test 
with their respective acceptance criteria. If these analytes now pass, system performance is 
acceptable and analysis of samples may continue. A repeat failure of any analyte that failed 
the first test, however, will confirm a general problem with the measurement system. If this 
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occurs, repair the system and repeat the test, or prepare a fresh calibration standard and 
repeat the test. If calibration cannot be verified after maintenance or injection of the fresh
calibration standard, re-calibrate the instrument.

11.3 The method blank must be extracted and analyzed with each set of samples at a 
frequency of at least 5% and must be free of the analytes of interest at the method 
detection limit.  If the method blank contains target analytes at a detectable 
concentration, it may be necessary to analyze a solvent blank to demonstrate the source 
of the contamination is not carryover from standards or lingering field sample artifacts.  
Following verification that the analytical system is free from interferences, the method 
blank can be re-analyzed once.  A passing method blank must be analyzed before any 
samples are analyzed; otherwise corrective action is required.  Corrective action can take 
the form of checking the original calculations to ensure accuracy or instrument 
maintenance (i.e. column clipping or changing, inlet liner cleaning/replacement, etc.) or 
re-calibration.  The surrogate recoveries in the method blank must meet the established 
control criteria (see the LIMS).  If not, the recovery demonstrates an analytical system 
that is in an out-of-control mode and the batch must be re-extracted/re-analysis unless 
directed otherwise by the client. 

General guidelines for qualifying sample results with regard to method blank quality are 
as follows:

• If the method blank concentration is less than the MDL and sample results are 
greater than the RL, then no qualification is required.

• No qualification is necessary when an analyte is detected in the method blank 
but not in the associated samples.

• If the concentration in a sample is more than ten times the concentration in the 
method blank, then no qualification is required.

• If the method blank concentration is greater than the MDL but less than the RL 
and sample results are greater than the MDL, then qualify associated sample 
results to indicate that analyte was detected in the method blank.

• If the method blank concentration is greater than the RL, further corrective action 
and qualification is required.  An analyst should consult their supervisor for 
further instruction.

11.4 Second Source Calibration Verification

Method 8270D:  The value determined from the second source calibration verification 
(SSCV) should be within +30% drift of the expected concentration.  Alternative recovery 
limits may be appropriate based on analyte performance and project specific 
requirements.  Quantitative analysis cannot proceed for analytes that fail the SSCV, 
except for screening purposes only.

Method 8270C/SM6410B:  The value determined from the second source calibration 
verification (SSCV) must be <50% drift for non-CCC compounds; <20% drift for CCC 
compounds and meet the minimum response factor criteria for SPCC compounds as in 
the initial calibration construction.  Historical performance weighs heavily in the 
acceptability of those analytes that are known to perform poorly.  Corrective action can 
take the form of checking the original calculations to ensure accuracy, re-analysis of the 
SSCV to verify initial results, instrument maintenance (i.e. column clipping or changing, 
inlet liner cleaning/replacement, etc.) or re-calibration.  
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STATE NOTE: If the samples are analyzed in conjunction with South Carolina DHEC, 
alternate recovery limits can only be used if they are more stringent than 
method criteria.

Method 625.1: Method 625.1 utilizes CCV limits for evaluation.

11.5 Surrogates:  If the surrogate recoveries in the samples do not fall within the appropriate 
acceptance criteria presented in the LIMS, ensure that there were no errors in 
calculations, internal standard, or instrument performance.  If the recovery of any one 
surrogate is critically low (, then the sample must be re-extracted unless otherwise 
directed by the client or a clear, documented matrix interference is exhibited.  If two of 
three acid and two of three base/neutral surrogates are within acceptance criteria, then 
the sample may be reported. If surrogate recoveries present a high bias, and samples 
are BDL, then data is not impacted and may be reported.   If re-extraction is required and
there is no more sample available or it has exceeded holding times, the data must be 
flagged with a “J1" (surrogate high) or a “J2” (surrogate low).  See SOP #030201, Data 
Handling and Reporting, for more information on qualifying out of control data.

STATE NOTE:  If the sample is from North Carolina, two of the three acid and two of the 
three base/neutral surrogates must pass.  If two of the three acid or 
base/neutral surrogates fail, the sample must be re-extracted.  For all 
other samples, one of the three surrogates must pass from both the acid 
and base/neutral sides.  If any surrogates have less than a 10% or 
greater than 200% recovery, and matrix interferences are not confirmed 
as the cause of the failure, the sample must be re-extracted.

STATE NOTE:  If field samples are analyzed in conjunction with the Ohio VAP program, 
surrogate outliers in batch QC samples, including the method blank, 
LCS/LCSD, MS/MSD require re-extraction of the entire batch, if sufficient 
volume has been submitted by the client and an obvious matrix 
interferent is not present.

STATE NOTE:  If the sample is analyzed in conjunction with the Ohio VAP, corrective 
action for failing QC (i.e. method blank, surrogate, MS/MSD, LCS/LCSD, 
ISTD, etc.) must be performed prior to flagging data, if sufficient sample 
volume was submitted by the client.  Corrective action can include re-
analysis, if instrument malfunction is suspected, or re-preparation and re-
analysis, if the failure is suspected as either extraction or sample related.  

11.6 Internal Standard:  The internal standard area counts must be monitored for all ICVs.  
ISTDs must recover within –50% to +100% of the area counts from the internal standard 
area counts of the midpoint standard of the most recent initial calibration sequence.  If 
any internal standard response is beyond the acceptable recovery, corrective action is 
required.  Corrective action can take the form of checking the original calculations to 
ensure accuracy, re-analysis of the ICV to verify initial results, instrument maintenance 
(i.e. column clipping or changing, inlet liner cleaning/replacement, etc.) or re-calibration.  

The internal standard responses and retention times in the check calibration standard 
must be evaluated immediately after or during data acquisition.  If the retention time for 
any internal standard changes by more than 30 seconds from the last calibration 
verification, the chromatographic system must be inspected for malfunctions and 
corrections must be made, as required.  When corrections are made, re-analysis of the 
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CCV or a complete re-calibration is necessary, depending on the impact of the correction 
on the analytical system. 

Internal standards must be monitored for each sample.  ISTDs in samples must meet the 
–50% to +100% criteria when compared to the ISTDs in the daily CCV or mid-level of the 
calibration curve, on 12h shifts when full calibration is performed.  Possible corrective 
actions include:  re-analysis, if instrument malfunction is suspected, or re-preparation and 
re-analysis, if the failure is suspected as either extraction or sample related. If the sample 
has an obvious matrix interferent and the internal standard recovery is greater than 
+100%, the sample can be diluted (if acceptable reporting limits can be achieved) to 
minimize the interference or the sample must be re-extracted and re-analyzed to confirm 
the original results.  ISTD failures <50% of daily ICV may be reported if all corresponding 
analytes are BDL as the high quantitation bias created by the reduced internal standard 
recovery has not adversely impacted the reported analyte results. 

11.7 LCS/LCSD and MS/MSD:  The laboratory control sample, laboratory control sample 
duplicate, matrix spike and matrix spike duplicate recoveries must be evaluated against 
the acceptance criteria given in the LIMS.  The LCS/LCSD and MS/MSD are spiked with 
the same list of compounds for which the instrument is calibrated.  Due to the large 
number of compounds analyzed using these methods, it is statistically likely that 
accuracy and precision failures will occur. 

LCS or LCSD samples that do not pass the acceptable QC criteria must be re-analyzed.  
LCS/LCSD failures must meet the marginal exceedance criteria below.  The normal 
compound list for 8270/625 typically contains 90 analytes; therefore only 5 analytes can be 
considered as marginally exceeding the acceptance criteria.  If more than 5 failures occur 
or if the failures demonstrate a pattern that is causing the outliers, the entire sample 
batch with associated QC must be re-extracted and re-analyzed.  Marginal exceedances
must be random events.  

Upper and lower marginal exceedance (ME) limits are established by +/- four times the 
standard deviation of historical accuracy data and the number of marginal exceedances
allowed is based on the number of analytes spiked in the LCS.  

Number of allowable marginal exceedances:

90 analytes, 5 analytes allowed in the ME limit
71 – 90 analytes, 4 analytes allowed in the ME limit.
51 – 70 analytes, 3 analytes allowed in the ME limit.
31 – 50 analytes, 2 analytes allowed in the ME limit.
11 – 30 analytes, 1 analyte allowed in the ME limit.
< 11 analytes, no analyte allowed in the ME limit.

If the MS/MSD fails to meet recovery limits listed in the LIMS, the data on the unspiked 
field sample for that compound must be flagged with a “J5” (high recovery) or a “J6”  (low 
recovery).  If the MS/MSD fail to pass precision limits (%RSD), the data on the unspiked 
field sample for that compound must be flagged with a “J3” qualifier.

STATE NOTE:  For South Carolina or Ohio VAP samples, marginal exceedances do not 
apply.  All outliers in QC require corrective action when possible and the 
data must be flagged when necessary.
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STATE NOTE:  For all samples from South Carolina, the LCS/LCSD recovery must be 
evaluated within 70-130% and the MS/MSD recoveries must be within in-
house derived recovery limits; however, if the limits given in Method 625 
Table 6 are more stringent, then those limits must be used.  The 
following are the current limits:

Parameter LCS/LCSD MS/MSD
1,2,4-TRICHLOROBENZENE 70 - 130% 44 – 104%
2,4,6-TRICHLOROPHENOL 70 - 130% 37 - 132%
2,4-DICHLOROPHENOL 70 - 130% 39 - 117%
2,4-DIMETHYLPHENOL 70 - 119% 32 - 119%
2,4-DINITROPHENOL 70 - 130% 10 - 141%
2,4-DINITROTOLUENE 70 - 130% 45.4 - 139%
2,6-DINITROTOLUENE 70 - 130% 50 - 134%
2-CHLORONAPHTHALENE 70 - 118% 60 - 118%
2-CHLOROPHENOL 70 - 130% 23 - 111%
2-NITROPHENOL 70 - 130% 29 - 135%
3,3-DICHLOROBENZIDINE 70 - 130% 10 - 143%
4,6-DINITRO-2-METHYLPHENOL 70 - 130% 10 - 143%
4-BROMOPHENYL-PHENYLETHER 70 - 127% 53 - 127%
4-CHLORO-3-METHYLPHENOL 70 - 130% 38.4 - 123%
4-CHLOROPHENYL-PHENYLETHER 70 - 130% 49.8 -127%
4-NITROPHENOL 70 - 130% 10 - 52.8%
ACENAPHTHENE 70 - 130% 47 - 141%
ACENAPHTHYLENE 70 - 130% 40 - 132%
ANTHRACENE 70 - 130% 44.5 - 130%
BENZO(A)ANTHRACENE 70 - 130% 46.4 - 130%
BENZO(A)PYRENE 70 - 130% 34.6 - 129%
BENZO(B)FLUORANTHENE 70 - 130% 36.3 - 137%
BENZO(G,H,I)PERYLENE 70 - 130% 10 - 140%
BENZO(K)FLUORANTHENE 70 - 130% 30.3 - 136%
BENZYLBUTYL PHTHALATE 70 - 130% 44.8 - 152%
BIS(2-CHLORETHOXY)METHANE 70 - 130% 39.2 - 128%
BIS(2-CHLOROETHYL)ETHER 70 - 130% 14.8 - 131%
BIS(2-CHLOROISOPROPYL)ETHER 70 - 130% 36 - 117%
BIS(2-ETHYLHEXYL)PHTHALATE 70 - 130% 12.6 - 153%
CHRYSENE 70 - 130% 40 - 133%
DIBENZ(A,H)ANTHRACENE 70 - 130% 10 - 143%
DIETHYL PHTHALATE 70 - 114% 50.4 - 114%
DIMETHYL PHTHALATE 70 - 112% 9.1 - 112%
DI-N-BUTYL PHTHALATE 70 - 118% 53.3 - 118%
DI-N-OCTYL PHTHALATE 70 - 130% 13.3 - 146%
FLUORANTHENE 70 - 130% 42.9 - 137%
FLUORENE 70 - 121% 59 - 121%
HEXACHLORO-1,3-BUTADIENE 70 - 116% 28.9 - 116%
HEXACHLOROBENZENE 70 - 130% 47 - 121%
HEXACHLOROCYCLOPENTADIENE 70 - 130% 10 - 128%
HEXACHLOROETHANE 70 - 113% 40 - 109%
INDENO(1,2,3-CD)PYRENE 70 - 130% 10 - 141%
ISOPHORONE 70 - 130% 31.9 - 118%
NAPHTHALENE 70 - 130% 29 - 115%
NITROBENZENE 70 - 130% 35 - 118%
N-NITROSODI-N-PROPYLAMINE 70 - 130% 35.4 - 129%
PENTACHLOROPHENOL 70 - 130% 14 - 128%
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Parameter LCS/LCSD MS/MSD
PHENANTHRENE 70 - 130% 54 - 120%
PHENOL 70 - 112% 10 - 55.7%
PYRENE 70 - 115% 52 - 115%

Method 625.1: For LCS analyses, repeat the test only for those analytes that failed to 
meet the acceptance criteria (PS). If these analytes now pass, system performance is 
acceptable and analysis of blanks and samples may proceed.  Repeated failure, 
however, will confirm a general problem with the measurement system. If this occurs, 
repeat the test using a fresh LCS or an LCS prepared with a fresh QC check sample 
concentrate, or perform and document system repair. Subsequent to analysis of the LCS 
prepared with a fresh sample concentrate, or to system repair, repeat the LCS test. If 
failure of the LCS indicates a systemic problem with samples in the batch, re-extract and 
re-analyze the samples in the batch.

The large number of analytes tested in performance tests in this method present a 
substantial probability that one or more will fail acceptance criteria when many analytes 
are tested simultaneously, and a retest is allowed if this situation should occur.  If, 
however, continued re-testing results in further repeated failures, the laboratory must 
document and report the failures (e.g., as qualifiers on results), unless the failures are not 
required to be reported as determined by the regulatory/control authority.  Results 
associated with a QC failure for an analyte regulated in a discharge cannot be used to 
demonstrate regulatory compliance.  QC failures do not relieve a discharger or permittee 
of reporting timely results.

NOTE: To maintain the validity of the test and re-test, system maintenance and/or
adjustment is not permitted between the pair of tests.

For MS/MSD analyses, compare the percent recoveries (P1 and P2) and the RPD for 
each analyte in the MS/MSD aliquots with the corresponding QC acceptance criteria in 
Attachment VII. A laboratory may develop and apply QC acceptance criteria more 
restrictive than the criteria in Attachment VII, if desired.

If any individual P falls outside the designated range for recovery in either aliquot, or the 
RPD limit is exceeded, the result for the analyte in the unspiked sample is suspect. The 
large number of analytes tested in performance tests in this method present a substantial 
probability that one or more will fail acceptance criteria when many analytes are tested 
simultaneously, and a retest is allowed if this situation should occur.  If, however, 
continued re-testing results in further repeated failures, the laboratory must document 
and report the failures (e.g., as qualifiers on results), unless the failures are not required 
to be reported as determined by the regulatory/control authority.  Results associated with 
a QC failure for an analyte regulated in a discharge cannot be used to demonstrate 
regulatory compliance.  QC failures do not relieve a discharger or permittee of reporting 
timely results.

11.8 Calibration Range:  For any compound found in a sample at a level above the highest 
standard, the extract must be diluted and re-analyzed to allow quantitation within the 
range of instrument calibration.  Whenever an extract dilution is made, the appropriate 
amount of internal standard must be added to bring the ISTD concentrations back to the 
concentrations consistent with the calibration standards.
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STATE NOTE:  For all samples analyzed from Minnesota, the reporting limit must be 
verified at least monthly, with each new initial calibration, or when there 
has been significant change to the instrument (column replacement, 
cleaning source, etc.) whichever is more frequent.  The reporting limit 
verification can be performed by either re-injecting the low standard or by 
re-processing the low standard that was analyzed in the calibration 
curve.  The reporting limit verification (RLV) must recovery within +40% 
of the expected concentration.  If this criterion is not met, the RLV may 
be re-analyzed once, instrument maintenance can be performed, a 
higher concentration standard can be injected, or a new calibration curve 
must be generated.  If a higher concentration standard is utilized, the 
reporting limit must be raised to the higher level verified.

11.9 All data must undergo a primary review by the analyst.  The analyst must check the 
performance of the initial calibration, check standard, and continuing calibrations to ensure 
that they meet the criteria of the method.  The analyst must review any sample that has 
quantifiable compounds and make sure that they have been confirmed, if necessary.  The 
analyst must also verify that reported results are derived from quantitation between the RL 
and the highest standard of the initial calibration curve.  All calculations must be checked 
(any dilutions, %solids, etc.).  Data must be checked for the presence or absence of 
appropriate flags. Comments must be noted when data is flagged.

11.10 All data must undergo a second analyst review.  The analyst checking the data must 
check the performance of the initial calibration, mid-point check standard, and continuing 
calibrations to ensure that they meet the criteria of the method.  

11.10.1 The analyst should must review any sample that has quantifiable compounds 
and make sure that they have been confirmed.

11.10.2 All surrogate recoveries must be checked to ensure that they are within QC 
acceptance criteria or that corrective action has occurred.  

11.10.3 Blanks must be free of all interfering peaks.

11.10.4 Quality control criteria must be checked for the LCS, LCSD, MS, and MSD. 

11.10.5 Data must be checked to determine the need for appropriate flags.  Comments 
are noted when results are flagged.  

11.10.7 All manual integrations must be verified through checking the before/after shot 
of the sample, method blank, and/or QC (LCS/LCSD/MS/MSD).

11.10.8 See SOP #030201, Data Handling and Reporting and SOP #030227, Data 
Review.

12.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

12.1 The EPA requires that laboratory waste management practice to be conducted consistent 
with all applicable federal and state laws and regulations.  Excess reagents, samples and 
method process wastes must be characterized and disposed of in an acceptable manner.  
See ESC Waste Management Plan.  

12.2 See SOP #030302, Environmental Sustainability & Pollution Prevention.

13.0 METHOD MODIFICATIONS/CLARIFICATIONS
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13.1 The Missouri Department of Natural Resources requires that DRO be analyzed by 
GC/MS.  Tuning and frequency requirements are the same as 8270C, omitting DDT, 
pentachlorophenol, and benzidine assessments.  Extract samples the same as 8270PAH 
using the appropriate extraction method.  Only base/neutral surrogates are needed.  
GC/MS mass range should be 35-550amu.  Prepare a five-point calibration curve with 1:1 
unleaded gasoline and #2 diesel fuel at 10,000 μg/mL each in methylene chloride.  
Calibration standards range from 200 to 10,000ug/mL for concentrated soil or 1L water 
extractions and calibration levels for EPA 3511 extracted water samples and non-
concentrated Soil range from 5-200ppm from a 200ppm intermediate.  Retention time 
windows are set using C10, C21, and C35.  For DRO, set RT 0.1 minutes after C10 to 0.1 
minutes after C21.  For ORO, set RT 0.1 minutes after C21 to 0.1 minutes after C35.  Verify 
RT windows daily (24 hours) by running component standard.  Quantitate using baseline-
to baseline, not valley–to-valley.  The total ion chromatogram must be used to quantitate.  
DRO is quantitated using external standard method.  The response factor determined for 
DRO (C10-C21) must be used for C21-C35.  Subtract area for any internal standard and 
surrogates.  %RSD <20.  Run a CCV every 12 hours near mid-point of calibration, %D 
<20.  Run a method blank, LCS and MS/MSD every extraction batch.  May re-process 
files to quantitate PAH analytes, if needed.  Quantitation of DRO must be performed 
using the external standard process.

13.4 The reduction of the size of the field sample used in this procedure is performed in 
accordance with section 7.1 of the published EPA 3510C/625method.  The reduction in 
volume extracted along with increased sensitivity at detection and/or analysis of the 
resulting extract using large volume injection (>5uL) on each GCMS allows for low 
detection limits typical of those obtained using a 1L extraction.  Complete method 
validation is performed for each method prior to utilizing the reduced volume extraction.  
This validation is maintained by the Regulatory Affairs Department and is regularly 
verified using LCS/LCSD, MDL studies and DOCs.

13.5 Low level NDMA and 1,4-Dioxane by SIM scan/isotope dilution.  Tuning and 
frequency requirements are the same as 8270C.  Extract samples the same as 8270BNA 
using the appropriate extraction method.  250ng of N-nitrosodimethylamine-d6 or 
1,4Dioxane-d8 is added to each sample per every 0.5mL of final extract volume prior to 
extraction resulting in a true value of 500ppb in extract.  Only base/neutral surrogates 
monitoring is necessary.  GC/MS is set to scan for masses 42, 43, 46, 48, 54, 74, 80, 82, 
115, 128, 150 and 152 for NDMA-d6 or masses 57, 58, 62, 64, and 88 for 1,4-Dioxane-d8
in SIM mode.  Calibrate at least 5 points using 8270BNA mega mix or 1,4-Dioxane ICAL 
standard.  500ng of N-nitrosodimethylamine-d6 is added per every 1mL of calibration 
standard to each level of the calibration resulting in a true value of 500ppb   Calibration 
standards range from 5ppb to 10,000ppb for 3510RV extracted water samples.  
Quantitate using Chemstation auto-integration software unless a significant discrepancy 
is noted in which case manually adjust integrations to best represent the calibration.  
Select ion monitoring should be used for acquisition and quantitation.  NDMA and 1,4-
Dioxane are quantitated using the isotope dilution method as described in 8000C.  The 
%RSD determined for NDMA RFs must be <15% in order to use the average of 
response factors for quantitation, otherwise linear regression is to be used.  Run a 
DFTPP tune and CCV every 12 hours near mid-point of calibration, %Diff must be <20% 
for the calibration to be deemed in control and sample analysis to proceed.  Run a 
method blank, LCS and LCSD with every extraction batch.  MS/MSDs will be processed 
with batches when requested by the client as matrix spiking and duplication does not 
yield reliable precision data when analyzed by the isotope dilution method.  Quantitation 
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of low level NDMA and 1,4-Dioxane should be performed using the isotope dilution 
process.
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Attachment I:  Revision History

Current Version (Pace National):

Date Description of Revisions
10/8/2020 Technical and quality review and revision. Removed date from header. Replaced 

section 3.0, Health and Safety.

Superseded Versions (ESC Lab Sciences SOP #330345):

Version Date Description of Revisions
0 4/27/95 Origination
1 7/13/95
2 8/22/96
3 8/20/99
4 4/18/00
5 8/21/00
6 12/20/00
7 9/3/01
8 7/30/02
9 7/9/03

10 3/25/04
11 8/7/06 Technical and Quality Review and update.

12 2/11/09
Addition of 8270D requirements; Addition of State Notes; Update of 

standards information; Technical and Quality Review and update.  Ohio VAP 
approval 2/11/09.

13 11/23/10

Technical and Quality Review and update.  Revised sections 2.1, 2.10, 4.2 
through 4.6, 7.1, 7.6, 7.8, 7.10.2, 7.12, 7.13, 8.3, 8.6, 9.3, 9.4, 9.5, 9.10 

through 9.13, 11.3, 11.6, 12.1; Added sections 2.27 through 2.30, 4.7, 7.14, 
state note following section 11.9, 11.10, and 13.4; Removed section 1.2.   

14 2/24/12

Technical and Quality Review and update.  Revised sections 2.1, 4.2, 4.5, 
5.3, 6.1.4, 6.2, 7.8, 7.9, 7.10, 7.13, 8.2, 8.3, 8.5, 8.6, 8.8, 11.2, 11.10, 13.1 
and Attachment IV; Added state note to section 1.0; Added sections 1.8.1, 

2.31, 2.32, and 13.5.   

15 6/12/12
Technical and Quality Review and update.  Revised sections 2.1, 7.9, 7.10, 
8.3.2, 9.9, 9.14, 11.2, 11.3, 11.4, and 11.11; Added sections 2.19, 2.34, 4.8, 

11.9 through 11.10, and 11.11.4 through 11.11.7.  

16 3/26/13

Technical and Quality Review and update.  Revised title, Attachment IV and 
sections 2.1, 7.8, 7.9, 7.10, 8.0 (state note), 8.3, 11.6, and 13.1; Added 
sections 7.13, 14.6 and state notes in sections 1.0 and 11.4; Removed 

sections 7.10.5 and 8.5.3.  

17 6/10/14

Technical and Quality Review and update.  Revised Attachments II, IVc 
through IVk, and V along with sections 5.3, 8.3.1, 8.3.6; 11.7; Added 

sections 5.4.7, 7.5.10 through 7.5.13, 7.7, 8.3.4; Removed sections 6.1.4 
and 11.11.2.  

18 8/14/14 Technical and Quality Review and update.  Added sections 2.35, 7.5.14, and 
13.6.  
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Version Date Description of Revisions

19 11/17/2015

Technical and quality review and update.  Header and signature block re-
formatting.  Revised Sections 1.5, 1.8.1, 5.3, 7.9.1, 7.11.1, 8.1.1, 8.4.1, 

8.4.4, 8.4.6, 8.7.1, 8.8, 8.9.1.1, 11.3, 11.5, 11.7, 11.11.4, 11.11.5, and 13.5.  
Added Section 8.6.1.7, 8.6.1.7.1 through 8.6.1.7.6, and Attachment VI.  

Deleted Attachment Iva, Attachment IVb, Attachment IVc, Attachment IVd, 
Attachment IVe, Attachment IVf, Attachment IVg, Attachment IVh, 

Attachment IVi, Attachment IVj, and Attachment IVk.

20 4/1/2016

Technical and quality review and update.  Revised Sections 1.8.1, 2.8, 2.9, 
2.10, 4.8, 7.1, 9.4, 9.5, 11.2, 11.4, 11.11.7, 12.2, and 13.6.  Deleted Sections 

2.11 through 2.35 and 9.6 through 9.13.  Added Sections 7.5.16, 7.5.17, 
7.5.18, and 8.9.7.

21 10/24/16

Technical and quality review and update to satisfy the requirements of SC 
DHEC (see correspondence dated 6/24/16)  Header and signature block re-
formatting.  Revised Sections 11.2, 11.3, 11.4, 11.7, 14.1, 14.2, 14.3, 14.4, 
14.6, 14.7, 14.8, and Attachment VII Table 2.  Added Sections 1.8.2, 2.10, 

9.5, 10.4 and all subsections, and 11.11.7.1.

22 6/19/2017 Technical and quality review and update.  Revised Sections 1.8, 3.1, 7.5.14, 
7.8, 7.11.1, 8.4.1, 8.8, 9.3, 10.3, 11.7, and Attachment III.

23 7/10/2017 Technical and quality review and update.  Revised Sections 2.1, 2.11, 2.12, 
7.9.2, 7.10.2, 7.10.3, 7.10.4, 7.11.4, 7.11.5, 9.3, 13.1, 13.5

24 10/6/2017 Technical and quality review and update.  Revised Sections 7.9.2, 11.5, and 
Attachment IV.  Added Table 8 in Attachment VII.

25 11/29/2017 Update in response to A2LA audit finding CAR2872.  Revised Attachment 
IV.

26 3/22/2018

Technical and quality review and update.  Added 625.1 requirements.  
Revised SOP Title and Sections 1.8.1, 2.11, 8.2, 8.4.1, 8.4.6, 9.7, 10.6, 11.1, 
11.2, 11.3, 11.4, 11.5, 11.6, and 11.7.  Added Sections 2.12, 9.6, 10.1.1 and 

all subsections, 10.5 and all subsections, 14.9, Attachment VII, and 
Attachment VIII.

Revised Versions (Pace National):

Date Description of Revisions

9/19/2019

Technical and quality review and revision.  Additional update in response to SC DHEC 
8/29/2019 technical review letter.  Replaced existing header and footer with corporate 

header and footer.  Revised Sections 4.7, 7.61 through 7.6.24, 7.7, 7.8 and all 
subsections, 7.9, 7.10 and all subsections, 8.2, 8.4.1, 8.4.3, 8.4.6, 10.5, 11.1, 11.2, 11.3, 
11.4, 11.5, 11.6, and 11.7.  Deleted all subsections of 10.5 as well as Sections 11.10.2, 
11.10.7, 11.10.9, 11.10.10, 11.10.11, 11.11 and all subsections, 13.2, 13.3, 13.4, and 

re-numbered as appropriate.
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Attachment II:  8270/625 Common Calibration List & Reporting Limits (may be updated without notice)*

AAnalyte Water 
mg/L

Soil 
mg/Kg

Acenaphthene 0.001 0.033
Acenaphthylene 0.001 0.033
Acetophenone 0.01 0.33
Anthracene 0.001 0.033
Atrazine 0.01 0.33
Benzaldehyde 0.01 0.33
Benzidine 0.05 0.33
Benzo(a)anthracene 0.001 0.033
Benzo(b)fluoranthene 0.001 0.033
Benzo(k)fluoranthene 0.001 0.033
Benzo(g,h,i)perylene 0.001 0.033
Benzo(a)pyrene 0.001 0.033
Bis(2-chlorethoxy)methane 0.01 0.33
Bis(2-chloroethyl)ether 0.01 0.33
Bis(2-chloroisopropyl)ether 0.01 0.33
4-Bromophenyl-phenylether 0.01 0.33
Caprolactam 0.01 0.33
2-Chloronaphthalene 0.01 0.33
4-Chlorophenyl-phenylether 0.01 0.33
Chrysene 0.001 0.033
Dibenz(a,h)anthracene 0.001 0.033
3,3-Dichlorobenzidine 0.01 0.33
2,4-Dinitrotoluene 0.01 0.33
2,6-Dinitrotoluene 0.01 0.33
Fluoranthene 0.001 0.033
Fluorene 0.001 0.033
Hexachlorobenzene 0.01 0.33
Hexachloro-1,3-butadiene 0.01 0.33
Hexachlorocyclopentadiene 0.01 0.33
Hexachloroethane 0.01 0.33
Indeno(1,2,3-cd)pyrene 0.001 0.033
Isophorone 0.01 0.33
Naphthalene 0.001 0.033
Nitrobenzene 0.01 0.33
n-Nitrosodimethylamine 0.01 0.33
n-Nitrosodiphenylamine 0.01 0.33
n-Nitrosodi-n-propylamine 0.01 0.33

Analyte Water 
mg/L

Soil 
mg/Kg

Phenanthrene 0.001 0.033
Benzylbutyl phthalate 0.003 0.033
Bis(2-ethylhexyl)phthalate 0.003 0.033
Di-n-butyl phthalate 0.003 0.033
Diethyl phthalate 0.003 0.033
Dimethyl phthalate 0.003 0.033
Di-n-octyl phthalate 0.003 0.033
Pyrene 0.001 0.033
1,2,4-Trichlorobenzene 0.01 0.33
4-Chloro-3-methylphenol 0.01 0.33
2-Chlorophenol 0.01 0.33
2,4-Dichlorophenol 0.01 0.33
2,4-Dimethylphenol 0.01 0.33
4,6-Dinitro-2-methylphenol 0.01 0.33
2,4-Dinitrophenol 0.01 0.33
2-Methylphenol 0.01 0.33
4-Methylphenol 0.01 0.33
2-Nitrophenol 0.01 0.33
4-Nitrophenol 0.01 0.33
Pentachlorophenol 0.01 0.33
Phenol 0.01 0.33
2,4,6-Trichlorophenol 0.01 0.33
1-Methylnapthalene 0.001 0.033
2-Methylnapthalene 0.001 0.033
4-Chloroaniline 0.01 0.33
2-Nitroaniline 0.01 0.33
3-Nitroaniline 0.01 0.33
4-Nitroaniline 0.01 0.33
1,2,3,4-Tetrachlorobenzene 0.05 1.65
1,2,3,5-Tetrachlorobenzene 0.05 1.65
1,2,4,5-Tetrachlorobenzene 0.05 1.65
1,2,4,5-Tetrachlorobenzene 0.05 1.65
1,2-diphenylhydrazine 0.01 0.33
1,3-Dinitrobenzene 0.05 1.65
1,4-Naphthoquinone 0.05 1.65
1-Chloronaphthalene 0.05 1.65
1-Naphthylamine 0.05 1.65
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AAnalyte Water 
mg/L

Soil 
mg/Kg

2,3,4,6-Tetrachlorophenol 0.05 1.65
2,3-Dichloroaniline 0.01 0.33
2,6-Dichlorophenol 0.05 1.65
2-Acetylaminofluorene 0.05 1.65
2-Naphthylamine 0.05 1.65
2-Picoline 0.05 1.65
3,3'-Dimethylbenzidine 0.05 1.65
3-Methylcholanthrene 0.05 1.65
4-Aminobiphenyl 0.05 1.65
4-Nitroquinoline-1-oxide 0.05 1.65
5-Nitro-o-toluidine 0.05 1.65
7,12-Dimethylbenz(a)anthracene 0.05 1.65
7H-Dibenzo (c,g) carbazole 0.05 1.65
a,a-Dimethylphenethylamine 0.05 1.65
Acetophenone 0.01 0.33
Alpha-terpineol 0.01 0.33
Aniline 0.01 0.33
Aramite 0.05 1.65
Benzal Chloride 0.05 1.65
Benzo (j) fluoranthene 0.05 1.65
Benzotrichloride 0.05 1.65
Benzyl Chloride 0.05 1.65
Chlorobenzilate 0.05 1.65
Diallate (cis) 0.05 1.65
Diallate (trans) 0.05 1.65
Dibenz (a,e) pyrene 0.05 1.65
Dibenz (a,h) acridine 0.05 0.33
Dibenz (a,h) pyrene 0.05 1.65
Dibenz (a,i) pyrene 0.05 1.65
Dimethoate 0.05 1.65
Dinoseb 0.05 1.65
Diphenylamine 0.05 1.65
Disulfoton 0.05 1.65
Ethyl methanesulfonate 0.05 1.65
Famphur 0.05 1.65
Hexachlorophene 0.05 1.65
Hexachloropropene 0.05 1.65
Isodrin 0.05 1.65

Analyte Water 
mg/L

Soil 
mg/Kg

Isosafrole (cis) 0.05 1.65
Isosafrole (trans) 0.05 1.65
Kepone 0.05 1.65
Methapyriline 0.05 1.65
Methyl methanesulfonate 0.05 1.65
Methyl parathion 0.05 1.65
N-Nitrosodiethylamine 0.05 1.65
n-nitrosodi-n-butylamine 0.01 0.33
N-Nitrosodi-n-butylamine 0.05 1.65
N-Nitrosomethylethylamine 0.05 1.65
N-Nitrosomorpholine 0.05 1.65
N-Nitrosopiperidine 0.05 1.65
N-Nitrosopyrrolidine 0.05 1.65
o,o,o-Triethylphoshorothioate 0.05 1.65
o-cresol 0.01 0.33
o-Toluidine 0.05 1.65
Parathion 0.05 1.65
p-cresol 0.01 0.33
p-Dimethylaminoazobenzene 0.05 1.65
Pentachlorobenzene 0.05 1.65
Pentachloroethane 0.05 1.65
Pentachloronitrobenzene 0.05 1.65
Phenacetin 0.05 1.65
Phorate 0.05 1.65
p-Phenyleneamine 0.05 1.65
Pronamide 0.05 1.65
Safrole 0.05 1.65
Sulfotepp 0.05 1.65
sym-Trinitrobenzene 0.05 1.65
Thionazin 0.05 1.65
2-nitrodiphenylamine 0.01 0.33
n-decane 0.01 0.33
n-octadecane 0.01 0.33
Pentachlorphenol (SIM) 0.001 -
Sulfolane 0.0002 0.33
Mirex 0.02 NA
Dicofol 0.02 NA
Quinoline 0.05 0.33
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AAnalyte Water 
mg/L

Soil 
mg/Kg

Indene NA 0.33
Benzenethiol 0.02 3.3
*Alternate reporting levels may be possible 
using different technologies (i.e. SIM, LVI, etc.).  
Please contact the laboratory for additional 
information.
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Attachment III – Appropriate Extraction Methods by Analyte (printed from SW-846 Method 8270C)
ANALYTE: 3510* 3520 3540/3541 3550* 3580* CAS #(a)

Acenaphthene X X X X X 83-32-9
Acenaphthylene X X X X X 208-96-8
Acetophenone X ND ND ND X 98-86-2
2-Acetylaminofluorene X ND ND ND X 53-96-3
1-Acetyl-2-thiourea LR ND ND ND LR 591-08-2
Aldrin X X X X X 309-00-2
2-Aminoanthraquinone X ND ND ND X 117-79-3
Aminoazobenzene X ND ND ND X 60-09-3
4-Aminobiphenyl X ND ND ND X 92-67-1
3-Amino-9-ethylcarbazole X X ND ND ND 132-32-1
Anilazine X ND ND ND X 101-05-3
Aniline X X ND X X 62-53-3
Ortho-anisidine X ND ND ND X 90-04-0
Anthracene X X X X X 120-12-7
Aramite HS (43) ND ND ND X 140-57-8
Aroclor 1016 X X X X X 12674-11-2
Aroclor 1221 X X X X X 11104-28-2
Aroclor 1232 X X X X X 11141-16-5
Aroclor 1242 X X X X X 53469-21-9
Aroclor 1248 X X X X X 12672-29-6
Aroclor 1254 X X X X X 11097-69-1
Aroclor 1260 X X X X X 11096-82-5
Azinphos-methyl HS (62) ND ND ND X 86-50-0
Barban LR ND ND ND LR 101-27-9
Benzidine CP CP CP CP CP 92-87-5
Benzoic Acid X X ND X X 65-85-0
Benz(a)anthracene X X X X X 56-55-3
Benzo(b)fluoranthene X X X X X 205-99-2
Benzo(k)fluoranthene X X X X X 207-08-9
Benzo(g,h,i)perylene X X X X X 191-24-2
Benzo(a)pyrene X X X X X 50-32-8
Para-benzoquinone OE ND ND ND X 106-51-4
Benzyl Alcohol X X ND X X 100-51-6
Alpha-BHC X X X X X 319-84-6
Beta-BHC X X X X X 319-85-7
Delta-BHC X X X X X 319-86-8
Gamma-BHC X X X X 58-89-9
Lindane X X X X X 58-89-9
Bis(2-chloroethoxy)methane X X X X X 111-91-1
Bis(2-chloroethyl) Ether X X X X X 111-44-4
Bis(2-chloroisopropyl) Ether X X X X X 108-60-1
Bis(2-ethylhexyl) Phthalate X X X X X 117-81-7
4-Bromophenyl Phenyl Ether X X X X X 101-55-3
Bromoxynil X ND ND ND X 1689-84-5
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ANALYTE: 3510* 3520 3540/3541 3550* 3580* CAS #(a)
Butyl Benzyl Phthalate X X X X X 85-68-7
Captafol HS (55) ND ND ND X 6/1/2425
Captan HS (40) ND ND ND X 133-06-2
Carbaryl X ND ND ND X 63-25-2
Carbofuran X ND ND ND X 1563-66-2
Carbophenothion X ND ND ND X 786-19-6
Chlordane X X X X X 57-74-9
Chlorfenvinphos X ND ND ND X 470-90-6
4-Chloroaniline X ND ND ND X 106-47-8
Chlorobenzilate X ND ND ND X 510-15-6
5-Chloro-2-methylaniline X ND ND ND X 95-79-4
4-Chloro-3-methylphenol X X X X X 59-50-7
hydrochloride X ND ND ND X 6959-48-4
1-Chloronaphthalene X X X X X 90-13-1
2-Chloronaphthalene X X X X X 91-58-7
2-Chlorophenol X X X X X 95-57-8
4-Chloro-1,2-phenylenendiamine X X ND ND ND 95-83-0
4-Chloro-1,3-phenylenendiamine X X ND ND ND 5131-60-2
4-Chlorophenyl Phenyl Ether X X X X X 7005-72-3
Chrysene X X X X X 218-01-9
Coumaphos X ND ND ND X 56-72-4
Para-cresidine X ND ND ND X 120-71-8
Crotoxyphos X ND ND ND X 7700-17-6
2-Cyclohexyl-4,6-dinitrophenol X ND ND ND LR 131-89-5
4,’'-DDD X X X X X 72-54-8
4,’'-DDE X X X X X 72-55-9
4,’'-DDT X X X X X 50-29-3
Demeton-O HS (68) ND ND ND X 298-03-3
Demeton-S X ND ND ND X 126-75-0
Diallate (cis or trans) X ND ND ND X 2303-16-4
2,4-Diaminotoluene DC, OE(42) ND ND ND ND X 95-80-7
Dibenz(a,j)acridine X ND ND ND X 224-42-0
Dibenz(a,h)anthracene X X X X X 53-70-3
Dibenzofuran X X ND X X 132-64-9
Dibenzo(a,e)pyrene ND ND ND ND X 192-65-4
1,2-Dibromo-3-chloropropane X X ND ND ND 96-12-8
Di-n-butyl Phthalate X X X X X 84-74-2
Dichlone OE ND ND ND X 117-80-6
1,2-Dichlorobenzene X X X X X 95-50-1
1,3-Dichlorobenzene X X X X X 541-73-1
1,4-Dichlorobenzene X X X X X 106-46-7
3,3’'-Dichlorobenzidine X X X X X 91-94-1
2,4-Dichlorophenol X X X X X 120-83-2
2,6-Dichlorophenol X ND ND ND X 87-65-0
Dichlorovos X ND ND ND X 62-73-7
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ANALYTE: 3510* 3520 3540/3541 3550* 3580* CAS #(a)
Dicrotophos X ND ND ND X 141-66-2
Dieldrin X X X X X 60-57-1
Diethyl Phthalate X X X X X 84-66-2
Diethylstilbestrol AW,OS(67) ND ND ND X 56-53-1
Diethyl Sulfate LR ND ND ND LR 64-67-5
Dihydrosaffrole ND ND ND ND ND 56312-13-1
Dimethoate HE,HS ND ND ND X 60-51-5
3,’'-Dimethoxybenzidine X ND ND ND LR 119-90-4
Dimethylaminoazobenzene X ND ND ND X 60-11-7
7,12-Dimethylbenz(a)-anthracene CP(45) ND ND ND CP 57-97-6
3,’'-Dimethylbenzidine X ND ND ND X 119-93-7
α,α-Dimethylphenethylamine ND ND ND ND X 122-09-8
2,4-Dimethylphenol X X X X X 105-67-9
Dimethyl Phthalate X X X X X 131-11-3
1,2-Dinitrobenzene X ND ND ND X 528-29-0
1,3-Dinitrobenzene X ND ND ND X 99-65-0
1,4-Dinitrobenzene HE(14) ND ND ND X 100-25-4
4,6-Dinitro-2-methylphenol X X X X X 534-52-1
2,4-Dinitrophenol X X X X X 51-28-5
2,4-Dinitrotoluene X X X X X 121-14-2
2,6-Dinitrotoluene X X X X X 606-20-2
Dinocap CP,HS(28) ND ND ND CP 39300-45-3
Dinoseb X ND ND ND X 88-85-7
Dioxathion ND ND ND ND ND 78-34-2
Diphenylamine X X X X X 122-39-4
5,5-Diphenylhydantoin X ND ND ND X 57-41-0
1,2-Diphenylhydrazine X X X X X 122-66-7
Di-n-octyl Phthalate X X X X X 117-84-0
Disulfoton X ND ND ND X 298-04-4
Endosulfan I X X X X X 959-98-8
Endosulfan II X X X X X 33212-65-9
Endosulfan Sulfate X X X X X 1031-07-8
Endrin X X X X X 72-20-8
Endrin Aldehyde X X X X X 7421-93-4
Endrin Ketone X X ND X X 53494-70-5
EPN X ND ND ND X 2104-64-5
Ethion X ND ND ND X 563-12-2
Ethyl Carbamate DC(28) ND ND ND X 51-79-6
Ethyl Methanesulfonate X ND ND ND X 62-50-0
Famphur X ND ND ND X 52-85-7
Fensulfothion X ND ND ND X 115-90-2
Fenthion X ND ND ND X 55-38-9
Fluchloralin X ND ND ND X 33245-39-5
Fluoranthene X X X X X 206-44-0
Fluorene X X X X X 86-73-7
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ANALYTE: 3510* 3520 3540/3541 3550* 3580* CAS #(a)
2-Fluorobiphenyl (Surr) X X X X X 321-60-8
2-Fluorophenol (Surr) X X X X X 367-12-4
Heptachlor X X X X X 76-44-8
Heptachlor Epoxide X X X X X 1024-57-3
Hexachlorobenzene X X X X X 118-74-1
Hexachlorobutadiene X X X X X 87-68-3
Hexachlorocyclopentadiene X X X X X 77-47-4
Hexachloroethane X X X X X 67-72-1
Hexachlorophene AW,CP(62) ND ND ND CP 70-30-4
Hexachloropropene X ND ND ND X 1888-71-7
Hexamethylphosphoramide X ND ND ND X 680-31-9
Hydroquinone ND ND ND ND X 123-31-9
Indeno(1,2,3-cd)pyrene X X X X X 193-39-5
Isodrin X ND ND ND X 465-73-6
Isophorone X X X X X 78-59-1
Isosafrole DC(46) ND ND ND ND X 120-58-1
Kepone X ND ND ND X 143-50-0
Leptophos X ND ND ND X 21609-90-5
Malathion HS(5) ND ND ND X 121-75-5
Maleic Anhydride HE ND ND ND X 108-31-6
Mestranol X ND ND ND X 72-33-3
Methapyrilene X ND ND ND X 91-80-5
Methoxychlor X ND ND ND X 72-43-5
3-Methylcholanthrene X ND ND ND X 56-49-5
4,’'-Methylenebis (2-chloroaniline) OE,OS(0) ND ND ND LR 101-14-4
4,’'-Methylenebis-(N-n-
dimethylaniline) X X ND ND ND 101-61-1

Methyl methanesulfonate X ND ND ND X 66-27-3
2-Methylnaphthalene X X ND X X 91-57-6
Methyl Parathion X ND ND ND X 298-00-0
2-Methylphenol X ND ND ND X 95-48-7
3-Methylphenol X ND ND ND X 108-39-4
4-Methylphenol X ND ND ND X 106-44-5
2-Methylpyridine X X ND ND ND 109-06-8
Mevinphos X ND ND ND X 7786-34-7
Mexacarbate HE,HS(68) ND ND ND X 315-18-4
Mirex X ND ND ND X 2385-85-5
Monocrotophos HE ND ND ND X 6923-22-4
Naled X ND ND ND X 300-76-5
Naphthalene X X X X X 91-20-3
1,4-Naphthoquinone X ND ND ND X 130-15-4
1-Naphthylamine OS(44) ND ND ND X 134-32-7
2-Naphthylamine X ND ND ND X 91-59-8
Nicotine DE(67) ND ND ND X 54-11-5
5-Nitroacenaphthene X ND ND ND X 602-87-9

ENV-SOP-MTJL-0081, Rev 02



49 of 95

STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0081 Semivolatile Organics by GCMS using Capillary Column (EPA 

Methods 8270C, 8270D, 625, 625.1 and SM6410 B) Including Provisions for Analysis in 
SIM Mode

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

ANALYTE: 3510* 3520 3540/3541 3550* 3580* CAS #(a)
2-Nitroaniline X X ND X X 88-74-4
3-Nitroaniline X X ND X X 99-09-2
4-Nitroaniline X X ND X X 100-01-6
5-Nitro-o-anisidine X ND ND ND X 99-59-2
Nitrobenzene X X X X X 98-95-3
4-Nitrobiphenyl X ND ND ND X 92-93-3
Nitrofen X ND ND ND X 1836-75-5
2-Nitrophenol X X X X X 88-75-5
4-Nitrophenol X X X X X 100-02-7
5-Nitro-o-toluidine X ND ND ND X 99-55-8
Nitroquinoline-1-oxide X ND ND ND X 56-57-5
N-nitrosodi-n-butylamine X ND ND ND X 924-16-3
N-nitrosodiethylamine X ND ND ND X 55-18-5
N-nitrosodimethylamine X X X X X 62-75-9
N-nitrosomethylethylamine X ND ND ND X 10595-95-6
N-nitrosodiphenylamine X X X X X 86-30-6
N-nitrosodi-n-propylamine X X X X X 621-64-7
N-nitrosomorpholine ND ND ND ND X 59-89-2
N-nitrosopiperidine X ND ND ND X 100-75-4
N-nitrosopyrrolidine X ND ND ND X 930-55-2
Octamethyl Pyrophosphoramide LR ND ND ND LR 152-16-9
Parathion X ND ND ND X 56-38-2
Pentachlorobenzene X ND ND ND X 608-93-5
Pentachloronitrobenzene X ND ND ND X 82-68-8
Pentachlorophenol X X X X X 87-86-5
Phenacetin X ND ND ND X 62-44-2
Phenanthrene X X X X X 85-01-8
Phenobarbital X ND ND ND X 50-06-6
Phenol DC(28) X X X X 108-95-2
1,4-Phenylenediamine X ND ND ND X 106-50-3
Phorate X ND ND ND X 298-02-2
Phosalone HS(65) ND ND ND X 2310-17-0
Phosmet HS(15) ND ND ND X 732-11-6
Phosphamidon HE(63) ND ND ND X 13171-21-6
Phthalic Anhydride CP,HE(1) ND ND ND CP 85-44-9
2-Picoline X X ND ND ND 109-06-8
Piperonyl Sulfoxide X ND ND ND X 120-62-7
Pronamide X ND ND ND X 23950-58-5
Pyrene X X X X X 129-00-0
Pyridine ND ND ND ND ND 110-86-1
Resorcinol DC, OE(10) ND ND ND X 94-59-7
Safrole X ND ND ND X 60-41-3
Sulfallate X ND ND ND X 95-06-7
Terbufos X ND ND ND X 13071-79-9
Terphenyl d(l4)(surr) X X ND X X 1718-51-0
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ANALYTE: 3510* 3520 3540/3541 3550* 3580* CAS #(a)
1,2,4,5-Tetrachlorobenzene X ND ND ND X 95-94-3
2,3,4,6-Tetrachlorophenol X ND ND ND X 58-90-2
Tetrachlorvinphos X ND ND ND X 961-11-5
Tetraethyl Dithiopyrophosphate X X ND ND ND 3689-24-5
Tetraethyl Pyrophosphate X ND ND ND X 107-49-3
Thionazine X ND ND ND X 297-97-2
Thiophenol X ND ND ND X 108-98-5
Benzenethiol X ND ND ND X 108-98-5
Toluene Diisocyanate HE(6) ND ND ND X 584-84-9
Ortho-toluidine X ND ND ND X 95-53-4
Toxaphene X X X X X 8001-35-2
1,2,4-Trichlorobenzene X X X X X 120-82-1
2,4,5-Trichlorophenol X X ND X X 95-95-4
2,4,6-Trichlorophenol X X X X X 88-06-2
Trifluralin X ND ND ND X 1582-09-8
2,4,5-Trimethylaniline X ND ND ND X 137-17-7
Trimethyl Phosphate HE(60) ND ND ND X 512-56-1
1,3,5-Trinitrobenzene X ND ND ND X 99-35-4
Tris(2,3-dibromopropyl) phosphate X ND ND ND LR 126-72-7
O,O,O-Triethyl Phosphorothioate X ND ND ND X 126-68-1

KEY TO ANALYTE LIST ESC extraction technique Chemical Abstract Service Registry Number
(b) See Sec. 1.2 for other acceptable preparation methods.
(IS) This compound may be used as an internal standard.
(surr) This compound may be used as a surrogate.
(AW) Adsorption to walls of glassware during extraction and storage.
(CP) Non-reproducible chromatographic performance.
(DC) Unfavorable distribution coefficient (number in parenthesis is percent recovery).
(HE) Hydrolysis during extraction accelerated by acidic or basic conditions (number in parenthesis is percent recovery).
(HS) Hydrolysis during storage (number in parenthesis is percent stability).
(LR) Low response.
(ND) Not determined.
(OE) Oxidation during extraction accelerated by basic conditions (number in parenthesis is percent recovery).
(OS) Oxidation during storage (number in parenthesis is percent stability).
(X) Greater than 70 percent recovery by this technique.

ENV-SOP-MTJL-0081, Rev 02



51 of 95

STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0081 Semivolatile Organics by GCMS using Capillary Column (EPA 

Methods 8270C, 8270D, 625, 625.1 and SM6410 B) Including Provisions for Analysis in 
SIM Mode

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

Attachment IV:  Characteristic Masses (m/z) for Extractable Organic Compounds
(Reprinted from SW-846 Method 8270C /Dec. 1996)

Compound Primary Characteristic Ion Secondary Characteristic Ion(s)
Pyridine 79 52,78,51
N-Nitrosodimethylamine 42 74,44
2-Picoline 93 66,92
Aniline 93 66,65
Phenol 94 65,66
Benzaldehyde 105 106,77,51
Bis(2-chloroethyl) ether 93 63,95
2-Chlorophenol 128 64,130
1,3-Dichlorobenzene 146 148,111
1,4-Dichlorobenzene-d4 (ISTD) 152 150,115
1,4-Dichlorobenzene 146 148,111
Benzyl alcohol 108 79,77
1,2-Dichlorobenzene 146 148,111
N-Nitrosomethylethylamine 88 42,43,56
Bis(2-chloroisopropyl) ether 45 77,121
Methyl methanesulfonate 80 79,65,95
N-Nitrosodi-n-propylamine 70 42,101,130
Hexachloroethane 117 201,199
Nitrobenzene 77 123,65
Isophorone 82 95,138
N-Nitrosodiethylamine 102 42,57,44,56
2-Nitrophenol 139 109,65
2,4-Dimethylphenol 122 107,121
Bis(2-chloroethoxy)methane 93 95,123
Benzoic acid 122 105,77
2,4-Dichlorophenol 162 164,98
Ethyl methanesulfonate 79 109,97,45,65
1,2,4-Trichlorobenzene 180 182,145
Naphthalene-d8 (ISTD) 136 68
Naphthalene 128 129,127
Hexachlorobutadiene 225 223,227
Caprolactam 113 55,56,42
4-Chloro-3-methylphenol 107 144,142
2-Methylnaphthalene 142 141
1-Methylnaphthalene 142 141
2-Methylphenol 107 108,77,79,90
Hexachloropropene 213 211,215,117,106,141
Hexachlorocyclopentadiene 237 235,272
N-Nitrosopyrrolidine 100 41,42,68,69
Acetophenone 105 71,51,120
4-Methylphenol 107 108,77,79,90
2,4,6-Trichlorophenol 196 198,200
2,4,5-Trichlorophenol 196 198,200
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Compound Primary Characteristic Ion Secondary Characteristic Ion(s)
o-Toluidine 106 107,77,51,79
3-Methylphenol 107 108,77,79,90
2-Chloronaphthalene 162 127,164
N-Nitrosopiperidine 114 42,55,56,41
1-Chloronaphthalene 162 127,164
2-Nitroaniline 65 92,138
Dimethyl phthalate 163 194,164
Acenaphthylene 152 151,153
2,6-Dinitrotoluene 165 63,89
3-Nitroaniline 138 108,92
Acenaphthene-d10 (ISTD) 164 162,160
Acenaphthene 154 153,152
2,4-Dinitrophenol 184 63,154
2,6-Dinitrophenol 162 164,126,98,63
4-Chloroaniline 127 129,65,92
Isosafrole 162 131,104,77,51
Dibenzofuran 168 139
2,4-Dinitrotoluene 165 63,89
4-Nitrophenol 139 109,65
2-Naphthylamine 143 115,116
1,4-Naphthoquinone 158 104,102,76,50,130
Diethyl phthalate 149 177,150
Fluorene 166 165,167
N-Nitrosodi-n-butylamine 84 57,41,116,158
4-Chlorophenyl phenyl ether 204 206,141
Atrazine 200 215,58
4,6-Dinitro-2-methylphenol 198 51,105
N-Nitrosodiphenylamine 169 168,167
Safrole 162 104,77,103,135
Diphenylamine 169 168,167
1,2,4,5-Tetrachlorobenzene 216 214,179,108,143,218
1-Naphthylamine 143 115,89,63
4-Bromophenyl phenyl ether 248 250,141
2,4,5-Trichlorophenol 196 198,97,132,99
Hexachlorobenzene 284 142,249
Pentachlorophenol 266 264,268
5-Nitro-o-toluidine 152 77,79,106,94
Thionazine 107 96,97,143,79,68
4-Nitroaniline 138 65,108,92,80,39
Phenanthrene-d10 (ISTD) 188 94,80
Phenanthrene 178 179,176
Anthracene 178 176,179
Carbazole 167 166,168,139
1,3-Dinitrobenzene 168 76,50,75,92,122
Diallate (cis or trans) 86 234,43,70
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Compound Primary Characteristic Ion Secondary Characteristic Ion(s)
Pentachlorobenzene 250 252,108,248,215,254
Pentachloronitrobenzene 237 142,214,249,295,265
4-Nitroquinoline-1-oxide 174 101,128,75,116
Di-n-butyl phthalate 149 150,104
2,3,4,6-Tetrachlorophenol 232 131,230,166,234,168
Demeton-O 88 89,60,61,115,171
Fluoranthene 202 101,203
1,3,5-Trinitrobenzene 75 74,213,120,91,63
Benzidine 184 92,185
Pyrene 202 200,203
Phorate 75 121,97,93,260
Demeton-S 88 60,81,89,114,115
Phenacetin 108 180,179,109,137,80
Dimethoate 87 93,125,143,229
4-Aminobiphenyl 169 168,170,115
Dimethylphenylamine 58 91,65,134,42
Pronamide 173 175,145,109,147
Dinoseb 211 163,147,117,240
Disulfoton 88 97,89,142,186
Butyl benzyl phthalate 149 91,206
Methyl parathion 109 125,263,79,93
Dimethylaminoazobenzene 225 120,77,105,148,42
Benz(a)anthracene 228 229,226
Chrysene-d12 (ISTD) 240 120,236
3,3'-Dichlorobenzidine 252 254,126
Chrysene 228 226,229
Kepone 272 274,237,178,143,270
Parathion 109 97,291,139,155
Bis(2-ethylhexyl) phthalate 149 167,279
3,3'-Dimethylbenzidine 212 106,196,180
Methapyrilene 97 50,191,71
Isodrin 193 66,195,263,265,147
Di-n-octyl phthalate 149 167,43
Aramite 185 191,319,334,197,321
Benzo(b)fluoranthene 252 253,125
Benzo(k)fluoranthene 252 253,125
Famphur 218 125,93,109,217
Benzo(a)pyrene 252 253,125
Perylene-d12 (ISTD) 264 260,265
7,12-Dimethylbenz(a)anthracene 256 241,239,120
2-Acetylaminofluorene 181 180,223,152
3-Methylcholanthrene 268 252,253,126,134,113
Dibenz(a,j)acridine 279 280,277,250
Indeno(1,2,3-cd)pyrene 276 138,227
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Compound Primary Characteristic Ion Secondary Characteristic Ion(s)
Dibenz(a,h)anthracene 278 139,279
Benzo(g,h,i)perylene 276 138,277
Hexachlorophene 196 198,209,211,406,408
1,2-Diphenylhydrazine/Azobenzene 77 105,182
Mirex 272 274, 237,270
Kelthane (Dicofol) 251 139.111.253
Indene 115 116,117
Quinoline 129 128,130,102
Benzenethiol 110 109,66
Diphenyl Disulfide 218 109,65
Surrogates
2-Fluorobiphenyl (surr) 172 171
2-Fluorophenol (surr) 112 64
Nitrobenzene-d5 (surr) 82 128,54
Phenol-d6 (surr) 99 42,71
Terphenyl-d14 (surr) 244 122,212
2,4,6-Tribromophenol (surr) 330 332,141
2-Methylnaphthalene-d10 (surr) 152 150, 122, 151
Fluoranthene-d10 (surr) 212 208, 313, 210
PAH by SIM
Naphthalene 128 129
2-Methylnaphthalene 142 141
1-Methylnaphthalene 142 141
2-Chloronaphthalene 162 127
Acenaphthylene 152 153, 151
Acenaphthene 153 154, 152, 151
Dibenzofuran 168 139
Fluorene 166 165
Phenanthrene 178 179
Anthracene 178 179, 176
Fluoranthene 202 203, 200
Pyrene 202 203, 200
Benzo(a)anthracene 228 226
Chrysene 228 226, 229
Benzo(b)fluoranthene 252 253
Benzo(k)fluoranthene 252 253
Benzo(a)pyrene 252 253
Indeno(1,2,3-cd)pyrene 276 277, 138
Dibenz(a,h)anthracene 278 279, 139, 138
Benzo(g,h,i)perylene 276 138
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Attachment V - QC Acceptance Criteria for Method 625

Compound Test conc. 
(μg/L)

Limit for s 
(μg/L)

Range for x 
(μg/L)

Range p, p(s) 
(%)

Acenaphthene 100 27.6 60.1-132.3 47-145
Acenaphthylene 100 40.2 53.5-126.0 33-145
Aldrin 100 39 7.2-152.2 D-166
Anthracene 100 32 43.4-118.0 27-133
Benz(a)anthracene 100 27.6 41.8-133.0 33-143
Benzo(b)fluoranthene 100 38.8 42.0-140.4 24-159
Benzo(k)fluoranthene 100 32.3 25.2-145.7 11-162
Benzo(a)pyrene 100 39 31.7-148.0 17-163
Benzo(g,h,i)perylene 100 58.9 D-195.0 D-219
Benzyl butyl phthalate 100 23.4 D-139.9 D-152
beta-BHC 100 31.5 41.5-130.6 24-149
delta-BHC 100 21.6 D-100.0 D-110
Bis(2-chloroethyl) ether 100 55 42.9-126.0 12-158
Bis(2-chloroethoxy)methane 100 34.5 49.2-164.7 33-184
Bis(2-chloroisopropyl) ether 100 46.3 62.8-138.6 36-166
Bis(2-ethylhexyl) phthalate 100 41.1 28.9-136.8 8-158
4-Bromophenyl phenyl ether 100 23 64.9-114.4 53-127
2-Chloronaphthalene 100 13 64.5-113.5 60-118
4-Chlorophenyl phenyl ether 100 33.4 38.4-144.7 25-158
Chrysene 100 48.3 44.1-139.9 17-168
4,4'-DDD 100 31 D-134.5 D-145
4,4'-DDE 100 32 19.2-119.7 4-136
4,4'-DDT 100 61.6 D-170.6 D-203
Dibenzo(a,h)anthracene 100 70 D-199.7 D-227
Di-n-butyl phthalate 100 16.7 8.4-111.0 1-118
1,2-Dichlorobenzene 100 30.9 48.6-112.0 32-129
1,3-Dichlorobenzene 100 41.7 16.7-153.9 D-172
1,4-Dichlorobenzene 100 32.1 37.3-105.7 20-124
3,3'-Dichlorobenzidine 100 71.4 8.2-212.5 D-262
Dieldrin 100 30.7 44.3-119.3 29-136
Diethyl phthalate 100 26.5 D-100.0 D-114
Dimethyl phthalate 100 23.2 D-100.0 D-112
2,4-Dinitrotoluene 100 21.8 47.5-126.9 39-139
2,6-Dinitrotoluene 100 29.6 68.1-136.7 50-158
Di-n-octyl phthalate 100 31.4 18.6-131.8 4-146
Endosulfan sulfate 100 16.7 D-103.5 D-107
Endrin aldehyde 100 32.5 D-188.8 D-209
Fluoranthene 100 32.8 42.9-121.3 26-137
Fluorene 100 20.7 71.6-108.4 59-121
Heptachlor 100 37.2 D-172.2 D-192
Heptachlor epoxide 100 54.7 70.9-109.4 26.155
Hexachlorobenzene 100 24.9 7.8-141.5 D-152
Hexachlorobutadiene 100 26.3 37.8-102.2 24-116
Hexachloroethane 100 24.5 55.2-100.0 40-113
Indeno(1,2,3-cd)pyrene 100 44.6 D-150.9 D-171
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Compound Test conc. 
(μg/L)

Limit for s 
(μg/L)

Range for x 
(μg/L)

Range p, p(s) 
(%)

Isophorone 100 63.3 46.6-180.2 21-196
Naphthalene 100 30.1 35.6-119.6 21-133
Nitrobenzene 100 39.3 54.3-157.6 35-180
N-Nitrosodi-n-propylamine 100 55.4 13.6-197.9 D-230
Aroclor 1260 100 54.2 19.3-121.0 D-164
Phenanthrene 100 20.6 65.2-108.7 54-120
Pyrene 100 25.2 69.6-100.0 52-115
1,2,4-Trichlorobenzene 100 28.1 57.3-129.2 44-142
4-Chloro-3-methylphenol 100 37.2 40.8-127.9 22-147
2-Chlorophenol 100 28.7 36.2-120.4 23-134
2,4-Chlorophenol 100 26.4 52.5-121.7 39-135
2,4-Dimethylphenol 100 26.1 41.8-109.0 32-119
2,4-Dinitrophenol 100 49.8 D-172.9 D-191
2-Methyl-4,6-dinitrophenol 100 93.2 53.0-100.0 D-181
2-Nitrophenol 100 35.2 45.0-166.7 29-182
4-Nitrophenol 100 47.2 13.0-106.5 D-132
Pentachlorophenol 100 48.9 38.1-151.8 14-176
Phenol 100 22.6 16.6-100.0 5-112
2,4,6-Trichlorophenol 100 31.7 52.4-129.2 37-144
(s) = Standard deviation of four recovery measurements, in μg/L
(x) = Average recovery for four recovery measurements, in μg/L
(p, p(s)) = Measured percent recovery
(D) = Detected; result must be greater than zero
(a) = Criteria from 40 CFR Part 136 for Method 625, using a packed GC column. These criteria are based 
directly on the method performance data. Where necessary, the limits for recovery have been broadened to 
assure applicability of the limits to concentrations below those used to develop method performance data.
These values are for guidance only. Appropriate derivation of acceptance criteria for capillary columns should 
result in much narrower ranges. See Method 8000 for information on developing and updating acceptance 
criteria for method performance.
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Attachment VI - BNA Poor Performing Compounds

The following compounds are considered to 
be poor performing compounds.  

Pyridine
Aniline

Benzoic Acid
n-Nitrosodimethylamine

Hexachlorocyclopentadiene
4-Chloroaniline
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline

2,4-Dinitro-2-methylphenol
Pentachlorophenol

Carbazole
Benzidine
Atrazine

Acetophenone
Caprolactam

Benzaldehyde
1,2,4,5-Tetrachlorobenzene

Hexachlorophene
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Attachment VII – Method 625.1 Criteria

Analyte
Range 

for Q (%)
Limit for 

s (%)
Range 

for �� (%)
Range for 
P1, P2 (%)

Limit for 
RPD (%)

Acenaphthene* 70-130 29 60-132 47-145 48
Acenaphthylene* 60-130 45 54-126 33-145 74
Anthracene* 58-130 40 43-120 27-133 66
Benzidine*
Benzo(a)anthracene* 42-133 32 42-133 33-143 53
Benzo(a)pyrene* 32-148 43 32-148 17-163 72
Benzo(b)fluoranthene* 42-140 43 42-140 24-159 71
Benzo(k)fluoranthene* 25-146 38 25-146 11-162 63
Benzo(ghi)perylene* 13-195 61 D-195 D-219 97
Benzyl butyl phthalate* 43-140 36 D-140 D-152 60
bis(2-Chloroethoxy)methane 52-164 32 49-165 33-184 54
bis(2-Ethylhexyl)phthalate* 43-137 50 29-137 8-158 82
bis(2-Chloroisopropyl) ether (2,2’-
Oxybis[1-chloropropane])* 63-139 46 63-139 36-166 76

4-Bromophenyl phenyl ether* 70-130 26 65-120 53-127 43
2-Chloronaphthalene* 70-130 15 65-120 60-120 24
4-Chlorophenyl phenyl ether* 57-145 36 38-145 25-158 61
Chrysene* 44-140 53 44-140 17-168 87
Dibenz(a,h)anthracene* 13-200 75 D-200 D-227 126
Di-n-butylphthalate* 52-130 28 8-120 1-120 47
3,3’-Dichlorobenzidine* 18-213 65 8-213 D-262 108
Diethyl phthalate* 47-130 60 D-120 D-120 100
Dimethyl phthalate* 50-130 110 D-120 D-120 183
2,4-Dinitrotoluene* 53-130 25 48-127 39-139 42
2,6-Dinitrotoluene* 68-137 29 68-137 50-158 48
Di-n-octylphthalate* 21-132 42 19-132 4-146 69
Fluoranthene* 47-130 40 43-121 26-137 66
Fluorene* 70-130 23 70-120 59-121 38
Hexachlorobenzene* 38-142 33 8-142 D-152 55
Hexachlorobutadiene* 68-130 38 38-120 24-120 62
Hexachloroethane* 55-130 32 55-120 40-120 52
Indeno(1,2,3-cd)pyrene* 13-151 60 D-151 D-171 99
Isophorone* 52-180 56 47-180 21-196 93
Naphthalene* 70-130 39 36-120 21-133 65
Nitrobenzene* 54-158 37 54-158 35-180 62
N-Nitrosodi-n-propylamine* 59-170 52 14-198 D-230
Phenanthrene* 67-130 24 65-120 54-120 39
Pyrene* 70-130 30 70-120 52-120 49
1,2,4-Trichlorobenzene* 61-130 30 57-130 44-142 50
4-Chloro-3-methylphenol 68-130 44 41-128 22-147 73
2-Chlorophenol 55-130 37 36-120 23-134 61
2,4-Dichlorophenol 64-130 30 53-122 39-155 50
2,4-Dimethylphenol 58-130 35 42-120 32-120 58
2,4-Dinitrophenol 39-173 79 D-173 D-191 132
2-Methyl-4,6-dinitrophenol 56-130 122 53-130 D-181 203
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Analyte
Range 

for Q (%)
Limit for 

s (%)
Range 

for �� (%)
Range for 
P1, P2 (%)

Limit for 
RPD (%)

2-Nitrophenol 61-163 33 45-167 29-182 55
4-Nitrophenol 35-130 79 13-129 D-132 131
Pentachlorophenol 42-152 52 38-152 14-176 86
Phenol 48-130 39 17-120 5-120 64
2,4,6-Trichlorophenol 69-130 35 52-129 37-144 58
4-Chloro-3-methylphenol 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2-Methyl-4,6-dinitrophenol 
2-Nitrophenol 
4-Nitrophenol 
Acetophenone 
2-Acetylaminofluorene 
1-Acetyl-2-thiourea 
Alachlor 
Aldrin 7-152 39 7-152 D-166 81
Ametryn 
2-Aminoanthraquinone 
Aminoazobenzene 
4-Aminobiphenyl 
3-Amino-9-ethylcarbazole 
Anilazine 
Aniline 
o-Anisidine 
Aramite 
Atraton 
Atrazine 
Azinphos-methyl 
Barban 
Benzanthrone 
Benzenethiol 
Benzoic acid 
2,3-Benzofluorene 
p-Benzoquinone 
Benzyl alcohol 
alpha-BHC
beta-BHC 42-131 37 42-131 24-149 61
gamma-BHC (Lindane) 
delta-BHC D-130 77 D-120 D-120 129
Biphenyl 
Bromacil 
2-Bromochlorobenzene 
3-Bromochlorobenzene 
Bromoxynil 
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Analyte
Range 

for Q (%)
Limit for 

s (%)
Range 

for �� (%)
Range for 
P1, P2 (%)

Limit for 
RPD (%)

Butachlor 
Butylate 
n-C10 (n-decane) 
n-C12 (n-undecane) 
n-C14 (n-tetradecane) 
n-C16 (n-hexadecane) 
n-C18 (n-octadecane) 
n-C20 (n-eicosane) 
n-C22 (n-docosane) 
n-C24 (n-tetracosane) 
n-C26 (n-hexacosane) 
n-C28 (n-octacosane) 
n-C30 (n-triacontane) 
Captafol 
Captan 
Carbaryl 
Carbazole 
Carbofuran 
Carboxin 
Carbophenothion 
Chlordane 3,5 
bis(2-Chloroethyl) ether 52-130 65 43-126 12-158 108
Chloroneb 
4-Chloroaniline 
Chlorobenzilate 
Chlorfenvinphos 
4-Chloro-2-methylaniline 
3-(Chloromethyl)pyridine 
hydrochloride 
4-Chloro-2-nitroaniline 
Chlorpropham 
Chlorothalonil 
1-Chloronaphthalene 
3-Chloronitrobenzene 
4-Chloro-1,2-phenylenediamine 
4-Chloro-1,3-phenylenediamine 
2-Chlorobiphenyl 
Chlorpyrifos 
Coumaphos 
m + p-Cresol 
o-Cresol 
p-Cresidine 
Crotoxyphos 
2-Cyclohexyl-4,6-dinitro-phenol 
Cyanazine 
Cycloate 
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Analyte
Range 

for Q (%)
Limit for 

s (%)
Range 

for �� (%)
Range for 
P1, P2 (%)

Limit for 
RPD (%)

p-Cymene 
Dacthal (DCPA) 
4,4’-DDD D-135 56 D-135 D-145 93
4,4’-DDE 19-130 46 19-120 4-136 77
4,4’-DDT D-171 81 D-171 D-203 135
Demeton-O 
Demeton-S 
Diallate (cis or trans) 
2,4-Diaminotoluene 
Diazinon 
Dibenz(a,j)acridine 
Dibenzofuran 
Dibenzo(a,e)pyrene 
Dibenzothiophene 
1,2-Dibromo-3-chloropropane 
3,5-Dibromo-4-
hydroxybenzonitrile 
2,6-Di-tert-butyl-p-benzoquinone 
Dichlone 
2,3-Dichloroaniline 
2,3-Dichlorobiphenyl 
2,6-Dichloro-4-nitroaniline 
2,3-Dichloronitrobenzene 
1,3-Dichloro-2-propanol 
2,6-Dichlorophenol 
Dichlorvos 
Dicrotophos 
Dieldrin 3 70-130 38 44-119 29-136 62
1,2:3,4-Diepoxybutane 
Di(2-ethylhexyl) adipate 
Diethylstilbestrol 
Diethyl sulfate 
Dilantin (5,5-Diphenylhydantoin) 
Dimethoate 
3,3′-Dimethoxybenzidine 
Dimethylaminoazobenzene 
7,12-Dimethylbenz(a)anthracene 
3,3′-Dimethylbenzidine 
N,N-Dimethylformamide 
3,6-Dimethylphenathrene 
alpha, alpha-
Dimethylphenethylamine 
Dimethyl sulfone 
1,2-Dinitrobenzene 
1,3-Dinitrobenzene 
1,4-Dinitrobenzene 
Dinocap 
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Analyte
Range 

for Q (%)
Limit for 

s (%)
Range 

for �� (%)
Range for 
P1, P2 (%)

Limit for 
RPD (%)

Dinoseb 
Diphenylamine 
Diphenyl ether 
1,2-Diphenylhydrazine 
Diphenamid 
Diphenyldisulfide 
Disulfoton 
Disulfoton sulfoxide 
Disulfoton sulfone 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate D-130 42 D-120 D-120 70
Endrin 
Endrin aldehyde D-189 45 D-189 D-209 75
Endrin ketone 
EPN 
EPTC 
Ethion 
Ethoprop 
Ethyl carbamate 
Ethyl methanesulfonate 
Ethylenethiourea 
Etridiazole 
Ethynylestradiol-3-methyl ether 
Famphur 
Fenamiphos 
Fenarimol 
Fensulfothion 
Fenthion 
Fluchloralin 
Fluridone 
Heptachlor D-172 44 D-172 D-192 74
Heptachlor epoxide 70-130 61 71-120 26-155 101
2,2′,3,3′,4,4′,6-
Heptachlorobiphenyl 
2,2′,4,4′,5′,6-Hexachlorobiphenyl 
Hexachlorocyclopentadiene 
Hexachlorophene 
Hexachloropropene 
Hexamethylphosphoramide 
Hexanoic acid 
Hexazinone 
Hydroquinone 
Isodrin 
2-Isopropylnaphthalene 
Isosafrole 
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Analyte
Range 

for Q (%)
Limit for 

s (%)
Range 

for �� (%)
Range for 
P1, P2 (%)

Limit for 
RPD (%)

Kepone 
Leptophos 
Longifolene 
Malachite green 
Malathion 
Maleic anhydride 
Merphos 
Mestranol 
Methapyrilene 
Methoxychlor 
2-Methylbenzothioazole 
3-Methylcholanthrene 
4,4′-Methylenebis(2-chloroaniline) 
4,4′-Methylenebis(N,N-
dimethylaniline) 
4,5-Methylenephenanthrene 
1-Methylfluorene 
Methyl methanesulfonate 
2-Methylnaphthalene 
Methylparaoxon 
Methyl parathion 
1-Methylphenanthrene 
2-(Methylthio)benzothiazole 
Metolachlor 
Metribuzin 
Mevinphos 
Mexacarbate 
MGK 264 
Mirex 
Molinate 
Monocrotophos 
Naled 
Napropamide 
1,4-Naphthoquinone 
1-Naphthylamine 
2-Naphthylamine 
1,5-Naphthalenediamine 
Nicotine 
5-Nitroacenaphthene 
2-Nitroaniline
3-Nitroaniline. 
4-Nitroaniline. 
5-Nitro-o-anisidine 
4-Nitrobiphenyl 
Nitrofen 
5-Nitro-o-toluidine 
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Analyte
Range 

for Q (%)
Limit for 

s (%)
Range 

for �� (%)
Range for 
P1, P2 (%)

Limit for 
RPD (%)

Nitroquinoline-1-oxide 
N-Nitrosodi-n-butylamine 
N-Nitrosodiethylamine 
N-Nitrosodimethylamine 
N-Nitrosodiphenylamine 
N-Nitrosomethylethylamine 
N-Nitrosomethylphenylamine 
N-Nitrosomorpholine 
N-Nitrosopiperidine 
N-Nitrosopyrrolidine 
trans-Nonachlor 
Norflurazon 
2,2′,3,3′,4,5′,6,6′-
Octachlorobiphenyl 
Octamethyl pyrophosphoramide 
4,4’-Oxydianiline 
Parathion 
PCB–1016 
PCB–1221 
PCB–1232 
PCB–1242 
PCB–1248 
PCB–1254 
PCB–1260 19-130 77 19-130 D-164 128
PCB–1268 
Pebulate 
Pentachlorobenzene 
Pentachloronitrobenzene 
2,2′,3,4′,6-Pentachlorobiphenyl 
Pentachloroethane 
Pentamethylbenzene 
Perylene 
Phenacetin 
cis-Permethrin 
trans-Permethrin 
Phenobarbital 
Phenothiazene 
1,4-Phenylenediamine 
1-Phenylnaphthalene 
2-Phenylnaphthalene 
Phorate 
Phosalone 
Phosmet 
Phosphamidon 
Phthalic anhydride 
alpha-Picoline (2-Methylpyridine) 
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Analyte
Range 

for Q (%)
Limit for 

s (%)
Range 

for �� (%)
Range for 
P1, P2 (%)

Limit for 
RPD (%)

Piperonyl sulfoxide 
Prometon 
Prometryn 
Pronamide 
Propachlor 
Propazine 
Propylthiouracil 
Pyridine 
Resorcinol (1,3-Benzenediol) 
Safrole 
Simazine 
Simetryn 
Squalene 
Stirofos 
Strychnine 
Styrene 9 
Sulfallate 
Tebuthiuron 
Terbacil.. 
Terbufos 
Terbutryn 
alpha-Terpineol 
1,2,4,5-Tetrachlorobenzene 
2,2′,4,4′-Tetrachlorobiphenyl 
2,3,7,8-Tetrachlorodibenzo-p-
dioxin 
2,3,4,6-Tetrachlorophenol 
Tetrachlorvinphos 
Tetraethyl dithiopyrophosphate 
Tetraethyl pyrophosphate 
Thianaphthene (2,3-
Benzothiophene) 
Thioacetamide 
Thionazin 
Thiophenol (Benzenethiol) 
Thioxanthone 
Toluene-1,3-diisocyanate 
Toluene-2,4-diisocyanate 
o-Toluidine 
Toxaphene 3,5 
Triadimefon 
1,2,3-Trichlorobenzene 
2,4,5-Trichlorobiphenyl 
2,3,6-Trichlorophenol 
2,4,5-Trichlorophenol 
Tricyclazole 
Trifluralin 
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Analyte
Range 

for Q (%)
Limit for 

s (%)
Range 

for �� (%)
Range for 
P1, P2 (%)

Limit for 
RPD (%)

1,2,3-Trimethoxybenzene 
2,4,5-Trimethylaniline 
Trimethyl phosphate 
Triphenylene 
Tripropyleneglycolmethyl ether 
1,3,5-Trinitrobenzene 
Tris(2,3-dibromopropyl) 
phosphate 
Tri-p-tolyl phosphate 
O,O,O-Triethyl phosphorothioate. 
Trithiane 
Vernolate 

Many of the analytes in this table do not have QC acceptance criteria. If calibration is to be verified and 
other QC tests are to be performed for these analytes, acceptance criteria must be developed and 
applied. EPA has provided guidance for development of QC acceptance criteria (see 40 CFR 
136.6(b)(2)(i) and Protocol for EPA Approval of New Methods for Organic and Inorganic Analytes in 
Wastewater and Drinking Water (EPA–821–B–98–003) March 1999).  Alternatively, analytes that do not 
have acceptance criteria may be based on laboratory control charts, or 60 to 140% may be used.

* At a minimum, these compounds must be spiked into the MS/MSD analyses when direction cannot be 
obtained from the data user.
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Attachment VIII – Method 625.1 Suggested Internal Standards and Surrogates

Compound

Range for Surrogate Recovery
Calibration
Verification

Recovery from 
Samples

Base/Neutral Fraction
Acenaphthalene-d8 66-152 33-168
Acenaphthene-d10 71-141 30-180
Aniline-d5
Anthracene-d10 58-171 53-142
Benzo(a)anthracene-d12 28-357 22-329
Benzo(a)pyrene-d12 32-194 32-194
4-Chloroaniline-d4 1-145 1-145
bis(2-Chloroethyl)ether-d8 52-194 25-222
Chrysene-d12 23-290 23-290
Decafluorobiphenyl
4,4’-Dibromobiphenyl
4,4’-Dibromooctafluorobiphenyl
1,4-Dichlorobenzene-d4 65-153 11-245
2,2’-Difluorobiphenyl
Dimethyl phthalate-d6 47-211 1-500
Fluoranthene-d10 61-164 38-172
4-Fluoroaniline
1-Fluoronaphthalene
2-Fluoronaphthalene
2-Methylnaphthalene-d10 50-150 50-150
Naphthalene-d8 71-141 22-192
Nitrobenzene-d5 46-219 15-314
2,3,4,5,6-Pentafluorobiphenyl
Perylene-d12

Phenanthrene-d10 67-149 34-168
Pyrene-d10 48-210 28-196
Pyridine-d5
Acid Fraction
2-Chlorophenol-d4 55-180 33-180
2,4-Dichlorophenol-d3 64-157 34-182
4,6-Dinitro-2-methylphenol-d2 56-177 22-307
2-Fluorophenol
4-Methylphenol-d8 25-111 25-111
2-Nitrophenol-d4 61-163 37-163
4-Nitrophenol-d4 35-287 6-500
Pentafluorophenol
2-Perfluoromethylphenol
Phenol-d5 48-208 8-424
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Many of the surrogates in this table do not have QC acceptance criteria.  If calibration is to be verified and 
other QC tests are to be performed for these surrogates, acceptance criteria must be developed and 
applied.  EPA has provided guidance for development of QC acceptance criteria (see 40 CFR 
136.6(b)(2)(i) and Protocol for EPA Approval of New Methods for Organic and Inorganic Analytes in 
Wastewater and Drinking Water (EPA–821–B–98–003) March 1999).  Alternatively, surrogates that do 
not have acceptance criteria may be based on laboratory control charts, or 60 to 140% may be used.
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Attachment IX – DoD Requirements

1.0 Equipment/Instrument Maintenance

Instrument maintenance must be performed routinely to optimize instrument performance and improve 
chromatography.  Commonly performed maintenance includes baking columns, changing injection port 
liners, changing pump oil, etc.  A new calibration curve must be analyzed following any major 
maintenance performed on the analytical system.

2.0 Computer Hardware and Software

Software name and version: HP Chemstation G1701CA Version C.00.00 or equivalent

3.0 Troubleshooting

Table 1. GCMS Troubleshooting Guide
Problem Cause Treatment

Peaks broaden and 
tail

Poor column installation 
causing dead volume in the 
injector

Reinstall column in injector. Check seal at 
ferrule.  Check insertion depth.  Ensure a 
good column cut.

Solvent flashing in hot 
injector

Reduce injection speed on hot injectors and 
if possible reduce injector temperature

Injector not being purged 
properly after splitless 
injection

For splitless injection, the vent flow should 
be 70 ml/min, and the injector should be 
switched to the split mode 0.5_1.5 min after 
injection.

Tailing sample peaks 
for active 
components

Active sites in the injector 
insert or liner

Change or clean the injector insert

Active sites or degraded 
phase in column

Remove the front 15 cm of the column and 
reinstall.  If retention times are changing or 
cutting the column does not help, replace the 
column.

Injector not hot enough for 
higher boiling compounds

Increase the injector temperature and lower 
the injection speed.  Check that the graphite 
ferrule is free of cracks and the septum 
support is tight.

Low response and 
tailing of high boiling 
point compounds

Injector is not hot enough to 
vaporize high boilers

Increase injector temperature

Interface/ion source not 
getting to adequate 
temperature

Change the manifold heater

Leading sample 
peaks

Column overload due to 
excess amount of component 
injected

Dilute the sample or do split injection

Degradation of stationary 
phase

Change the column

Carrier gas velocity too low Increase carrier gas flow rate
Poor 
chromatographic 
resolution

Column temperature or 
program not optimized

Modify method by changing temperature 
ramp
segment slopes

ENV-SOP-MTJL-0081, Rev 02



70 of 95

STANDARD OPERATING PROCEDURE
TITLE: ENV-SOP-MTJL-0081 Semivolatile Organics by GCMS using Capillary Column (EPA 

Methods 8270C, 8270D, 625, 625.1 and SM6410 B) Including Provisions for Analysis in 
SIM Mode

ISSUER: Pace National – Mt. Juliet, Tennessee
© Pace Analytical Services, LLC.

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.

Table 1. GCMS Troubleshooting Guide
Problem Cause Treatment

Carrier gas flow rate not 
optimized

Decrease carrier gas linear velocity

Stationary phase has 
degraded

Replace the column

Peak splitting, 
especially low boilers

Sample is flashing in the 
injector simulating two 
injections

Lower injector temperature

Retention times shift 
in chromatogram

Unstable carrier gas flow 
controller/regulator

Check pneumatics for leaks. Replace flow 
controller/ regulator if necessary.

Column contamination or 
degradation

Condition or replace column

Leaks at septum or column to 
injector connection

Replace septum regularly and check that the 
septum nut and the capillary column nut are 
tight

Cannot reach 
operating vacuum

Analyzer contaminated by 
diffusion pump oil

Shut down and clean mass spec

Major air leak around column 
fitting into interface

Replace column ferrule and reseat 
compression fitting

No calibration gas 
peaks

Cal gas valve not open Open cal gas valve
Calibration gas solenoid 
valve stuck open. All 
calibration gas evaporated.

Have solenoid replaced. Put fresh PFBTA in 
the cal gas vial.

Analysis sensitivity 
has decreased

Background has increased Check column bleed, septum bleed, pump 
oil, and ion source contamination

Detector needs replacement Replace detector
Defective syringe Try a new or proven syringe
“Blown” septum or other 
massive leaks at the inlet or 
with carrier gas flow.  Poor 
peak shapes usually result 
from bad leaks.

Find and fix leaks and adjust gas flow. 

Purge flow or split ratio too 
high

Adjust gas flow rates

4.0 Other Requirements

4.1 All hardcopy laboratory notebooks must be reviewed by the Supervisor, or their designee, 
on a monthly basis.  

4.2 If not self-explanatory (e.g., a typo or transposed number), corrections to technical and 
quality records shall also include a justification for the change.

4.3 A storage blank must be stored with all volatile organic samples, regardless of suspected 
concentration levels.

4.4 A person performing a manual integration must sign and date each manually integrated 
chromatogram and record the rationale for performing manual integration.  Electronic 
signatures are acceptable.
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4.5 The results of calibration and verification of support equipment must be within the 
specifications required of the application for which this equipment is used or the 
equipment must be removed from service until repaired.  Calibration and verification 
records, including those of established correction factors, must be maintained.  In the 
absence of method-specific requirements, the minimum requirements are as follows:

Table 2. Support Equipment Checks
Performance Check Frequency Acceptance Criteria

Balance calibration check [Using 
two standard weights that 
bracket the expected mass] 

Daily prior to use Top-loading balance: ±2% or 
±0.02g, whichever is greater 
Analytical balance: ±0.1% or 
±0.5 mg, whichever is greater 

Verification of standard mass 
[Using weights traceable to the 
International System of Units 
(SI) through a NMI 

Every 5 years Certificate of Calibration from 
ISO/IEC 17025 accredited 
calibration laboratory 

Monitoring of refrigerator/freezer 
temperatures 

Daily (i.e. 7 days per week) [use 
MIN/MAX thermometers or data 
loggers equipped with 
notification of out of control 
event capabilities if personnel 
not available to record daily] 

Refrigerators: 0˚C to 6˚C 
Freezers: ≤-10˚C 

Thermometer verification check 
[Using a thermometer traceable 
to the SI through an NMI] 
[Performed at two temperatures 
that bracket the target 
temperature(s). Assume linearity 
between the two bracketing 
temperatures.] [If only a single 
temperature is used, at the 
temperature of use] 

Liquid in glass: Before first use 
and annually 

Electronic: Before first use and 
quarterly 

Apply correction factors or 
replace thermometer 

Volumetric labware Class B: By lot before first use 

Class A and B: Upon evidence 
of deterioration 

Bias: Mean within ±2% of 
nominal volume 
Precision: RSD ≤1% of nominal 
volume (based on 10 replicate 
measurements) 

Non-volumetric labware 
[Applicable only when used for 
measuring initial sample volume 
and final extract/ digestates 
volume] 

By lot before first use or upon 
evidence of deterioration 

Bias: Mean within ±3% of 
nominal volume 
Precision: RSD ≤3% of nominal 
volume (based on 10 replicate 
measurements) 

Mechanical volumetric pipette Quarterly Bias: Mean within ±2% of 
nominal volume
Precision: RSD ≤1% of nominal 
volume (based on minimum of 3 
replicate measurements)
[Note: for variable volume 
pipettes, the nominal volume is 
the volume of use]
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Table 2. Support Equipment Checks
Performance Check Frequency Acceptance Criteria

Glass microliter syringe Upon receipt and upon evidence 
of deterioration

General Certificate of Bias & 
Precision upon receipt
Replace if deterioration is 
evident

Drying oven temperature check Daily prior to and after use Within ±5% of set temperature
Water purification system Daily prior to use See method blank criteria given 

in Section 4.20 of this 
addendum

4.6 The expiration date of the prepared standard shall not exceed the expiration date of the 
primary standard.  All containers must bear a preparation date.

4.7 To avoid preparing non-representative samples, the laboratory shall not “target” within a 
relatively small mass range (e.g., 1.00 ± 0.01g) because such targeting will produce non-
representative subsamples if the sample has high heterogeneity.  The laboratory shall not 
manipulate the sample material so the sample aliquot weighs exactly 1.00g ± 0.01g, as 
an example. 

4.8 In the absence of project-specific requirements, the minimum standard data qualifiers to 
be used are:

U Analyte was not detected and is reported as less than the LOD or as defined by 
the customer. The LOD has been adjusted for any dilution or concentration of the 
sample.

J The reported result is an estimated value (e.g., matrix interference was observed 
or the analyte was detected at a concentration outside the quantitation range).

B Blank contamination. The recorded result is associated with a contaminated 
blank. 

N Non-target analyte. The analyte is a tentatively identified compound using mass 
spectrometry or any non-customer requested compounds that are tentatively 
identified. 

Q One or more quality control criteria failed (e.g., LCS recovery, surrogate spike 
recovery, or CCV recovery).

Additional data qualifiers may be used, or different letters or symbols to denote the 
qualifiers listed above, as long as they are appropriately defined and their use is 
consistent with project-specific requirements (e.g., QSM 5.0, the contract, and project-
planning documents).

4.9 If the time of the sample collection is not provided, assume the most conservative time of 
day.  For the purpose of batch processing, the start and stop dates and times of the batch 
preparation shall be recorded.

4.10 Each preparation method listed on the scope of accreditation must have quarterly 
LOD/LOQ verifications.  However, not all possible combinations of preparation and 
cleanup techniques are required to have LOD/LOQ verifications.  If LOD/LOQ 
verifications are not performed on all combinations, the laboratory must base the 
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LOD/LOQ verifications on the worst case basis (preparation method with all applicable 
cleanup steps).

4.11 After each MDL determination, the laboratory must establish the LOD by spiking a quality 
system matrix at a concentration of at least 2 times but no greater than four times the 
MDL.  This spike concentration establishes the LOD and the concentration at which the 
LOD shall be verified.  It is specific to each suite of analyte, matrix, and method (including 
sample preparation).  The following requirements apply to the initial LOD establishment 
and to the LOD verifications:

∀ The apparent signal to noise (S/N) ratio at the LOD must be at least three and the 
results must meet all method requirements for analyte identification (e.g., ion 
abundance, second column confirmation, or pattern recognition).  For data systems 
that do not provide a measure of noise, the signal produced by the verification 
sample must produce a result that is at least three standard deviations greater than 
the mean method blank concentration.  This is initially estimated based on a 
minimum of four method blank analyses and later established with a minimum of 20 
method blank results.

∀ If the LOD verification fails, then the laboratory must repeat the MDL determination 
and LOD verification or perform and pass two consecutive LOD verifications at a 
higher spike concentration and set the LOD at the higher concentration.

∀ The laboratory shall maintain documentation for all MDL determinations and LOD 
verifications.

∀ The DL and LOD must be reported for all analyte-matrix-methods suites, unless it is 
not applicable to the test or specifically excluded by project requirements.

4.12 The LOD shall be verified quarterly.  In situations where methods are setup and used on 
an infrequent basis, the laboratory may choose to perform LOD verifications on a one per 
batch basis.  All verification data will be in compliance, reported, and available for review.

4.13 For DoD, at a minimum, the LOQ shall be verified quarterly.  In situations where methods 
are setup and used on an infrequent basis, the laboratory may choose to perform LOQ 
verifications on a one per batch basis.

4.14 All initial instrument calibrations must be verified with a standard obtained from a second 
manufacturer prior to analyzing any samples.  The use of a standard from a second lot 
obtained from the same manufacturer (independently prepared from different source 
materials) is acceptable for use as a second source standard.  The concentration of the 
second source standard shall be at or near the midpoint of the calibration range.  The 
acceptance criteria for the initial calibration verification must be at least as stringent as 
those for the continuing calibration verification.

4.15 Exclusion of calibration points without documented scientifically valid technical 
justification is not permitted.

4.16 The concentration of the CCV standard shall be greater than the low calibration standard 
and less than or equal to the midpoint of the calibration range.

4.17 All CCVs analyzed must be evaluated and reported.  If a CCV fails, reanalysis or 
corrective actions must be taken.

∀ If a CCV fails, the laboratory can immediately analyze two additional consecutive 
CCVs (immediately is defined as starting a consecutive pair within one hour; no 
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samples can be run between the failed CCV and the two additional CCVs).  This 
approach allows for spurious failures of analytes to be reported without reanalysis of 
samples.  Any corrective actions that change the dynamics of the system (e.g., clip 
column, clean injection port, run blanks) requires that all samples since the last 
acceptable CCV be reanalyzed.

∀ Both of these CCVs must meet acceptance criteria in order for the samples to be 
reported without reanalysis.

∀ If either of these two CCVs fail or if the laboratory cannot immediately analyze two 
CCVs, the associated samples cannot be reported and must be reanalyzed.

∀ Corrective action(s) and recalibration must occur if the above scenario fails. All 
affected samples since the last acceptable CCV must be reanalyzed.

∀ Flagging of data for a failed CCV is only appropriate when the affected samples 
cannot be reanalyzed. The laboratory must notify the client prior to reporting data 
associated with a failed CCV.

4.18 The results of all MS/MSDs must be evaluated using the same acceptance criteria used 
for the DoD LCS limits (see Addendum Tables 3 through 6) or project limits, if specified.  
If the specific analyte(s) are not available in the Addendum Tables 3 through 6, the 
laboratory shall use their LCS in-house limits (see the LIMS) as a means of evaluating 
MS/MSDs.  The MS and MSD must be spiked with all reported analytes.

4.19 Surrogate spike results shall be compared with DoD LCS limits (see Addendum Tables 3 
through 6) or acceptance criteria specified by the client.  If these criteria are not available, 
the laboratory shall compare the results with its in-house statistically established LCS 
criteria (see the LIMS).

4.20 The method blank shall be considered to be contaminated if:

∀ The concentration of any target analyte (chemical of concern) in the blank exceeds 
1/2 the LOQ and is greater than 1/10th the amount measured in any associated 
sample, or 1/0th the regulatory limit, whichever is greater;

∀ The concentration of any common laboratory contaminant in the blank exceeds the 
LOQ;

∀ If a method blank is contaminated as described above, then the laboratory shall 
reprocess affected samples in a subsequent preparation batch, except when sample 
results are below the LOD.  If insufficient sample volume remains for reprocessing, 
the results shall be reported with appropriate data qualifiers.

4.21 Sporadic Marginal Exceedances are not allowed for target analytes (chemicals of 
concern as identified by a project) without project-specific approval.  Target analytes are 
considered those few analytes that are critical for the success of a project (such as risk 
drivers) where sporadic marginal exceedances cannot be allowed.  Laboratories should 
consult with clients whenever long lists of analytes are requested for analysis to 
determine if marginal exceedances will not be allowed.

4.22 DoD considers the same analyte exceeding the LCS control limit two (2) out of three (3) 
consecutive LCS to be indicative of non-random behavior, which requires corrective 
action and reanalysis of the LCS.
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Table 3. LCS Control Limits – Method 8270 Solid Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
92-52-4 1,1-Biphenyl 1645 78.5 13 40 117
95-94-3 1,2,4,5-Tetrachlorobenzene 1810 77.8 13.7 37 119
120-82-1 1,2,4-Trichlorobenzene 3577 75.7 13.9 34 118
95-50-1 1,2-Dichlorobenzene 3352 74.6 14 33 117
528-29-0 1,2-Dinitrobenzene [1,2-DNB] 203 79.4 11.9 44 115

122-66-7 1,2-Diphenylhydrazine 
[Azobenzene] 2039 83 13.9 41 125

99-35-4 1,3,5-Trinitrobenzene 
[1,3,5-TNB] 154 89.2 10.7 57 121

541-73-1 1,3-Dichlorobenzene 3288 72.6 14.1 30 115
99-65-0 1,3-Dinitrobenzene [1,3-DNB] 598 84.6 14 43 127
106-46-7 1,4-Dichlorobenzene 3793 73.1 13.9 31 115
100-25-4 1,4-Dinitrobenzene 248 84.4 15.7 37 132
130-15-4 1,4-Naphthoquinone 150 81.2 8.8 55 108
90-13-1 1-Chloronaphthalene 119 81.1 11.1 48 115
90-12-0 1-Methylnaphthalene 3004 79.2 13.2 40 119
58-90-2 2,3,4,6-Tetrachlorophenol 1724 84.7 13.6 44 125
935-95-5 2,3,5,6-Tetrachlorophenol 227 75.9 11.9 40 112
608-27-5 2,3-Dichloroaniline 108 82.4 13 44 121
95-95-4 2,4,5-Trichlorophenol 4014 82.6 13.7 41 124
118-79-6 2,4,6-Tribromophenol 2930 85.7 15.4 39 132
88-06-2 2,4,6-Trichlorophenol 4183 82.1 14.5 39 126
120-83-2 2,4-Dichlorophenol 3794 80.9 13.7 40 122
105-67-9 2,4-Dimethylphenol 3886 78.4 16.2 30 127
121-14-2 2,4-Dinitrotoluene 4075 86.8 12.9 48 126
87-65-0 2,6-Dichlorophenol 1364 79.2 12.6 41 117
606-20-2 2,6-Dinitrotoluene 3706 85 13 46 124
53-96-3 2-Acetylaminofluorene 175 94 13.3 54 134
91-58-7 2-Chloronaphthalene 3569 77.5 12.1 41 114
95-57-8 2-Chlorophenol 3977 77.3 14.5 34 121
321-60-8 2-Fluorobiphenyl 3191 79.5 11.8 44 115
367-12-4 2-Fluorophenol 3008 75.2 13.3 35 115
91-57-6 2-Methylnaphthalene 5059 80.1 14 38 122
95-48-7 2-Methylphenol (o-Cresol) 4016 77 14.9 32 122
88-74-4 2-Nitroaniline 3639 85.4 13.8 44 127
119-75-5 2-Nitrodiphenylamine 279 88.1 11.6 53 123
88-75-5 2-Nitrophenol 3804 79.6 14.5 36 123
109-06-8 2-Picoline [2-Methylpyridine] 181 64.5 12.7 27 103
91-94-1 3,3'-Dichlorobenzidine 3521 71.3 16.5 22 121
56-49-5 3-Methylcholanthrene 188 95.1 13 56 134
99-09-2 3-Nitroaniline 3454 75.9 14.3 33 119

65794-96-9 3/4-Methylphenol 
[m/p-Cresol] 2900 76.5 14.1 34 119

534-52-1 4,6-Dinitro-2-methylphenol 3739 80.7 17.2 29 132
101-55-3 4-Bromophenyl phenyl ether 3708 85.1 13 46 124
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Table 3. LCS Control Limits – Method 8270 Solid Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
59-50-7 4-Chloro-3-methylphenol 3880 83.3 12.9 45 122

106-47-8 4-Chloroaniline [p-
Chloroanlinie] 3435 61.3 14.9 17 106

7005-72-3 4-Chlorophenyl phenyl ether 3673 83 12.7 45 121
106-44-5 4-Methylphenol [p-Cresol] 1555 84.1 14.1 42 126
100-02-7 4-Nitrophenol 3976 80.6 17 30 132

99-55-8 5-Nitro-o-toluidine [2-Amino-
4-nitrotoluene] 187 69.8 15.8 23 117

57-97-6 7,12-Dimethylbenz(a)-
anthracene 338 96.2 15.3 50 142

83-32-9 Acenaphthene 5300 81.3 13.7 40 123
208-96-8 Acenaphthylene 5194 81.8 16.8 32 132
98-86-2 Acetophenone 2101 73.9 13.6 33 115
120-12-7 Anthracene 5250 85.2 12.7 47 123
1912-24-9 Atrazine 1428 87.1 13.4 47 127
103-33-3 Azobenzene 378 82.1 14.2 39 125
56-55-3 Benz(a)anthracene 5385 87.4 12.9 49 126
50-32-8 Benzo(a)pyrene 5500 86.9 13.9 45 129
205-99-2 Benzo(b)fluoranthene 5323 88.3 14.5 45 132
191-24-2 Benzo(g,h,i)perylene 5263 88.5 15.1 43 134
207-08-9 Benzo(k)fluoranthene 5386 89.6 14.2 47 132
100-51-6 Benzyl alcohol 2895 75.7 15.6 29 122
111-91-1 bis(2-Chloroethoxy)methane 3705 78.4 14.2 36 121
111-44-4 Bis(2-chloroethyl) ether 3711 75.4 14.9 31 120
39638-32-9 bis(2-Chloroisopropyl) ether 769 82 16.3 33 131
117-81-7 Bis(2-ethylhexyl) phthalate 4018 91.9 13.7 51 133
103-23-1 bis(2-Ethylhexyl)adipate 156 90.8 10.1 61 121
85-68-7 Butyl benzyl phthalate 3956 90.3 14 48 132
105-60-2 Caprolactam 1203 81.3 11.9 46 117
86-74-8 Carbazole 3095 86.3 12 50 123
510-15-6 Chlorobenzilate 172 99.7 16.9 49 150
218-01-9 Chrysene 5395 87.1 12.2 50 124
84-74-2 Di-n-butyl phthalate 4041 89.4 12.8 51 128
117-84-0 Di-n-octyl phthalate 3985 92.4 16 45 140
2303-16-4 Diallate [cis or trans] 173 93.7 12.7 56 132
53-70-3 Dibenzo(a,h)anthracene 5393 89.5 14.7 45 134
132-64-9 Dibenzofuran 3749 81.5 12.7 44 120
84-66-2 Diethyl phthalate 4012 87.2 12.3 50 124
60-51-5 Dimethoate 137 68 13.3 28 108
131-11-3 Dimethyl phthalate 4023 85.9 12.6 48 124
60-11-7 Dimethylaminoazobenzene 177 98.7 11.6 64 134
88-85-7 Dinoseb 123 67.3 17.1 16 119
101-84-8 Diphenyl ether 114 95.6 6 78 114
122-39-4 Diphenylamine 854 79.5 10.6 48 111
62-50-0 Ethyl methanesulfonate 174 85.1 16.9 34 136
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Table 3. LCS Control Limits – Method 8270 Solid Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
206-44-0 Fluoranthene 5340 88.3 12.9 50 127
86-73-7 Fluorene 5150 84.2 13.8 43 125
118-74-1 Hexachlorobenzene 4138 83.5 13 45 122
87-68-3 Hexachlorobutadiene 4003 77.3 15.3 32 123
67-72-1 Hexachloroethane 4049 72.2 14.9 28 117
1888-71-7 Hexachloropropene 259 81.9 16.7 32 132
95-13-6 Indene 188 85.3 8.9 59 112
193-39-5 Indeno(1,2,3-cd)pyrene 5367 89.3 14.7 45 133
465-73-6 isodrin 167 93.8 12.8 56 132
78-59-1 Isophorone 3787 75.9 15.2 30 122
120-58-1 Isosafrole 174 89.5 15.4 43 136
66-27-3 Methyl methanesulfonate 150 77.9 13.1 38 117
100-75-4 N-Nitorosopiperidine 232 89.4 9.8 60 119
924-16-3 N-Nitrosodi-n-butylamine 236 91.7 10.8 59 124
621-64-7 N-Nitrosodi-n-propylamine 3857 78.2 13.9 36 120
55-18-5 N-nitrosodiethylamine 421 82.1 13.8 41 124
62-75-9 N-Nitrosodimethylamine 3170 71.6 16.2 23 120
86-30-6 N-Nitrosodiphenylamine 2968 82.7 14.8 38 127
10595-95-6 n-Nitrosomethylethylamine 265 78.7 14.9 34 123
59-89-2 n-Nitrosomorpholine 172 91.3 13.8 50 133
930-55-2 n-Nitrosopyrrolidine 326 85.5 13.6 45 126
91-20-3 Naphthalene 5342 78.8 14.7 35 123
98-95-3 Nitrobenzene 4103 77.8 14.7 34 122
4165-60-0 Nitrobenzene-d5 3226 79.3 14.2 37 122
56-57-5 Nitroquinoline-1-oxide 177 91.3 24.5 18 165

126-68-1 O,O,O-Triethyl 
phosphorothioate 138 91.6 10.8 59 124

593-45-3 Octadecane 113 87.4 14.5 44 131
608-93-5 Pentachlorobenzene 346 89.7 11.8 54 125
76-01-7 Pentachloroethane 131 70.4 10.6 39 102
87-86-5 Pentachlorophenol 4161 78.7 18 25 133
82-68-8 Pentchloronitrobenzene 579 86.1 16 38 134
62-44-2 Phenacetin 185 95 12.5 57 133
85-01-8 Phenanthrene 5259 85.4 12 50 121
108-95-2 Phenol 4029 77.3 14.4 34 121
4165-62-2 Phenol-d5 1016 77.4 14.9 33 122
23950-58-5 Pronamide 179 93 12.4 56 130
129-00-0 Pyrene 5518 87.2 13.3 47 127
91-22-5 Quinoline 219 90 11.9 54 126
94-59-7 Safrole 176 87.8 13.6 47 129
1718-51-0 Terphenyl-d14 3111 90.5 12.3 54 127

3689-24-5 
Tetraethyl 
dithiopyrophosphate 
[Sulfotep] 

136 94.4 14 52 137

297-97-2 Thionazine 139 94.6 10.7 62 127
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Table 4. LCS Control Limits – Method 8270 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
92-52-4 1,1-Biphenyl 2247 82.1 11.1 49 115
95-94-3 1,2,4,5-Tetrachlorobenzene 2326 77.9 14.5 35 121

120-82-1 1,2,4-Trichlorobenzene 4716 72.6 14.5 29 116
95-50-1 1,2-Dichlorobenzene 4442 71.4 13.3 32 111

528-29-0 1,2-Dinitrobenzene [1,2-DNB] 112 83.9 8.3 59 109

122-66-7 1,2-Diphenylhydrazine 
[Azobenzene] 2244 85.4 12.2 49 122

99-35-4 1,3,5-Trinitrobenzene [1,3,5-
TNB] 241 89.1 16 41 137

541-73-1 1,3-Dichlorobenzene 4375 68.6 13.6 28 110
99-65-0 1,3-Dinitrobenzene [1,3-DNB] 601 88.2 13.1 49 128

106-46-7 1,4-Dichlorobenzene 5433 70.4 13.9 29 112
90-13-1 1-Chloronaphthalene 211 84.5 8.8 58 111
90-12-0 1-Methylnaphthalene 3742 80 13.1 41 119

134-32-7 1-Naphthylamine 258 73.7 16.6 24 124
58-90-2 2,3,4,6-Tetrachlorophenol 2293 89 13 50 128

935-95-5 2,3,5,6-Tetrachlorophenol 266 85.6 11.7 50 121
608-27-5 2,3-Dichloroaniline 150 99.2 9.8 70 129
95-95-4 2,4,5-Trichlorophenol 5707 88.1 11.8 53 123

118-79-6 2,4,6-Tribromophenol 2059 91.5 16 43 140
88-06-2 2,4,6-Trichlorophenol 6136 87.2 12.4 50 125

120-83-2 2,4-Dichlorophenol 5330 84 12.2 47 121
105-67-9 2,4-Dimethylphenol 5298 77.5 15.6 31 124
51-28-5 2,4-Dinitrophenol 5127 82.9 20 23 143

121-14-2 2,4-Dinitrotoluene 6032 92.3 11.8 57 128
87-65-0 2,6-Dichlorophenol 1583 84 11.4 50 118

606-20-2 2,6-Dinitrotoluene 5107 90.7 11.2 57 124
53-96-3 2-Acetylaminofluorene 228 98.9 12.9 60 138
91-58-7 2-Chloronaphthalene 5084 78 12.8 40 116
95-57-8 2-Chlorophenol 5571 77.5 13.2 38 117

93951-73-6 2-Chlorophenol-d4 119 79.9 8.7 54 106
321-60-8 2-Fluorobiphenyl 2263 81.2 12.4 44 119
367-12-4 2-Fluorophenol 2022 68.8 16.6 19 119
91-57-6 2-Methylnaphthalene 6330 80.7 13.6 40 121
95-48-7 2-Methylphenol (o-Cresol) 5800 73 14.5 30 117
88-74-4 2-Nitroaniline 4855 90.8 12.1 55 127

119-75-5 2-Nitrodiphenylamine 272 97.3 11.3 64 131
88-75-5 2-Nitrophenol 5097 84.6 12.7 47 123

109-06-8 2-Picoline [2-Methylpyridine] 195 71.6 12.6 34 109
91-94-1 3,3'-Dichlorobenzidine 4815 77.9 16.9 27 129
56-49-5 3-Methylcholanthrene 237 94 12.8 56 133
99-09-2 3-Nitroaniline 4808 84.4 14.5 41 128
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Table 4. LCS Control Limits – Method 8270 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
65794-96-9 3/4-Methylphenol 

[m/p-Cresol] 3472 69.7 13.6 29 110

534-52-1 4,6-Dinitro-2-methylphenol 5097 90.1 15.5 44 137
101-55-3 4-Bromophenyl phenyl ether 5074 89.1 11.5 55 124
59-50-7 4-Chloro-3-methylphenol 5338 85.5 11.3 52 119

106-47-8 4-Chloroaniline [p-
Chloroanlinie] 4687 75.3 14 33 117

7005-72-3 4-Chlorophenyl phenyl ether 5071 86.7 11.3 53 121
106-44-5 4-Methylphenol [p-Cresol] 2798 72.5 15.8 25 120

99-55-8 5-Nitro-o-toluidine [2-amino-
4-nitrotoluene] 260 82.1 14.6 38 126

57-97-6 7,12-Dimethylbenz(a)-
anthracene 373 97.1 11.9 61 133

83-32-9 Acenaphthene 6952 84.5 12.3 47 122
208-96-8 Acenaphthylene 6662 85.3 14.7 41 130
98-86-2 Acetophenone 2877 82.1 12 46 118

120-12-7 Anthracene 6792 89.6 11 57 123
140-57-8 Aramite 100 82.8 16.3 34 132
1912-24-9 Atrazine 2328 92.8 16.4 44 142
103-33-3 Azobenzene 578 88.5 9.3 61 116
56-55-3 Benz(a)anthracene 6867 91.6 11.1 58 125
50-32-8 Benzo(a)pyrene 7045 90.8 12.4 54 128

205-99-2 Benzo(b)fluoranthene 6767 92 12.9 53 131
191-24-2 Benzo(g,h,i)perylene 6624 92 13.9 50 134
207-08-9 Benzo(k)fluoranthene 6803 93.2 12.1 57 129
100-51-6 Benzyl alcohol 3349 71.2 13.5 31 112
111-91-1 bis(2-Chloroethoxy)methane 5094 83.9 11.9 48 120
111-44-4 Bis(2-chloroethyl) ether 5139 80.8 12.6 43 118

39638-32-9 bis(2-Chloroisopropyl) ether 1140 83.4 15.4 37 130
117-81-7 Bis(2-ethylhexyl) phthalate 5288 95.2 13.3 55 135
85-68-7 Butyl benzyl phthalate 5173 93.3 13.5 53 134
86-74-8 Carbazole 4187 91.1 10.4 60 122

510-15-6 Chlorobenzilate 226 104.3 15.4 58 150
218-01-9 Chrysene 6779 91.3 10.7 59 123
124-18-5 Decane 126 66.9 12.8 29 105
84-74-2 Di-n-butyl phthalate 5329 93 11.4 59 127

117-84-0 Di-n-octyl phthalate 5222 95.5 15 51 140
2303-16-4 Diallate [cis or trans] 249 95.3 9.6 67 124
226-36-8 Dibenz(a,h)acridine 136 104.4 9.7 75 134
53-70-3 Dibenzo(a,h)anthracene 6840 92.7 13.8 51 134

132-64-9 Dibenzofuran 4963 85.3 10.8 53 118
84-66-2 Diethyl phthalate 5207 90.1 11.5 56 125

131-11-3 Dimethyl phthalate 4977 86 13.7 45 127
60-11-7 Dimethylaminoazobenzene 238 97.1 11.6 62 132
88-85-7 Dinoseb 144 93.4 10.8 61 126
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Table 4. LCS Control Limits – Method 8270 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
101-84-8 Diphenyl ether 142 91.7 7.8 68 115
122-39-4 Diphenylamine 754 83 9.2 55 111
298-04-4 Disulfoton 122 92.5 12.5 55 130
62-50-0 Ethyl methanesulfonate 215 90.1 9.4 62 118

206-44-0 Fluoranthene 6826 92.6 11.9 57 128
86-73-7 Fluorene 6786 88.1 12 52 124

118-74-1 Hexachlorobenzene 6263 88.7 12.1 53 125
87-68-3 Hexachlorobutadiene 5878 73.1 16.9 22 124

39638-32-9 bis(2-Chloroisopropyl) ether 1140 83.4 15.4 37 130
117-81-7 Bis(2-ethylhexyl) phthalate 5288 95.2 13.3 55 135
85-68-7 Butyl benzyl phthalate 5173 93.3 13.5 53 134
86-74-8 Carbazole 4187 91.1 10.4 60 122

510-15-6 Chlorobenzilate 226 104.3 15.4 58 150
218-01-9 Chrysene 6779 91.3 10.7 59 123
124-18-5 Decane 126 66.9 12.8 29 105
84-74-2 Di-n-butyl phthalate 5329 93 11.4 59 127

117-84-0 Di-n-octyl phthalate 5222 95.5 15 51 140
2303-16-4 Diallate [cis or trans] 249 95.3 9.6 67 124
226-36-8 Dibenz(a,h)acridine 136 104.4 9.7 75 134
53-70-3 Dibenzo(a,h)anthracene 6840 92.7 13.8 51 134

132-64-9 Dibenzofuran 4963 85.3 10.8 53 118
84-66-2 Diethyl phthalate 5207 90.1 11.5 56 125

131-11-3 Dimethyl phthalate 4977 86 13.7 45 127
60-11-7 Dimethylaminoazobenzene 238 97.1 11.6 62 132
88-85-7 Dinoseb 144 93.4 10.8 61 126

101-84-8 Diphenyl ether 142 91.7 7.8 68 115
122-39-4 Diphenylamine 754 83 9.2 55 111
298-04-4 Disulfoton 122 92.5 12.5 55 130
62-50-0 Ethyl methanesulfonate 215 90.1 9.4 62 118

206-44-0 Fluoranthene 6826 92.6 11.9 57 128
86-73-7 Fluorene 6786 88.1 12 52 124

118-74-1 Hexachlorobenzene 6263 88.7 12.1 53 125
87-68-3 Hexachlorobutadiene 5878 73.1 16.9 22 124
67-72-1 Hexachloroethane 5904 68 15.7 21 115
95-13-6 Indene 253 93.8 13.7 53 135

193-39-5 Indeno(1,2,3-cd)pyrene 6880 92.6 13.6 52 134
465-73-6 isodrin 212 97.6 10 68 128
78-59-1 Isophorone 5190 83.3 13.7 42 124

120-58-1 Isosafrole 230 91.1 11.8 56 126
66-27-3 Methyl methanesulfonate 237 70.1 12.3 33 107

298-00-0 Methyl parathion 121 101.6 19 45 159
100-75-4 N-Nitorosopiperidine 299 88.6 10.8 56 121
924-16-3 N-Nitrosodi-n-butylamine 322 90.4 10.3 60 121
621-64-7 N-Nitrosodi-n-propylamine 5145 84 11.7 49 119
55-18-5 N-nitrosodiethylamine 488 81.8 12.9 43 121
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Table 4. LCS Control Limits – Method 8270 Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
86-30-6 N-Nitrosodiphenylamine 3743 86.8 11.9 51 123

10595-95-6 n-Nitrosomethylethylamine 311 78.7 12.7 41 117
59-89-2 n-Nitrosomorpholine 214 86.2 10.3 55 117

930-55-2 n-Nitrosopyrrolidine 716 80.8 10.8 48 113
91-20-3 Naphthalene 6953 80 13.5 40 121
98-95-3 Nitrobenzene 5955 83 12.8 45 121

4165-60-0 Nitrobenzene-d5 2223 82.1 12.6 44 120

126-68-1 O,O,O-Triethyl 
phosphorothioate 212 92.6 8.8 66 119

95-53-4 o-Toluidine 296 69.9 13.2 30 110
593-45-3 Octadecane 151 89 13.1 50 128
56-38-2 Parathion 152 102.6 12.3 66 140

608-93-5 Pentachlorobenzene 401 91.1 10.7 59 123
76-01-7 Pentachloroethane 139 60.9 10.4 30 92
87-86-5 Pentachlorophenol 6083 86.4 17.1 35 138
82-68-8 Pentchloronitrobenzene 618 94.5 13.4 54 135
62-44-2 Phenacetin 241 97.9 8.9 71 124
85-01-8 Phenanthrene 6822 89.6 10.2 59 120

298-02-2 Phorate 126 88.6 16.8 38 139
23950-58-5 Pronamide 249 97 10.5 65 129
129-00-0 Pyrene 7013 91.1 11.5 57 126
91-22-5 Quinoline 249 100.1 10.5 69 132
94-59-7 Safrole 233 90 9.7 61 119

1718-51-0 Terphenyl-d14 1893 91.7 13.9 50 134

3689-24-5
Tetraethyl 
dithiopyrophosphate 
[Sulfotep] 

200 96.7 11.9 61 133

297-97-2 Thionazine 196 102 10.1 72 132
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Table 5. LCS Control Limits – Method 8270 SIM Solid Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
90-12-0 1-Methylnaphthalene 2267 76.6 11.3 43 111
95-95-4 2,4,5-Trichlorophenol 169 79.9 14.9 35 125
91-58-7 2-Chloronaphthalene 615 76.7 10.5 45 108

321-60-8 2-Fluorobiphenyl 1961 80.6 11.6 46 115
91-57-6 2-Methylnaphthalene 2535 76.8 12.5 39 114
83-32-9 Acenaphthene 2813 77.7 11.2 44 111

208-96-8 Acenaphthylene 2761 77.1 12.8 39 116
120-12-7 Anthracene 2812 82.1 10.7 50 114
56-55-3 Benz(a)anthracene 2827 88 11.4 54 122
50-32-8 Benzo(a)pyrene 2789 87.3 12.5 50 125

205-99-2 Benzo(b)fluoranthene 2790 90.3 12.6 53 128
191-24-2 Benzo(g,h,i)perylene 2739 87.8 13 49 127
207-08-9 Benzo(k)fluoranthene 2761 89.3 11.2 56 123
111-44-4 Bis(2-chloroethyl) ether 192 65.4 15.8 18 113
117-81-7 Bis(2-ethylhexyl) phthalate 181 108.9 13.9 67 150
85-68-7 Butyl benzyl phthalate 144 103.5 10.6 72 135
86-74-8 Carbazole 183 79.3 14.6 36 123

218-01-9 Chrysene 2812 87.5 10.2 57 118
84-74-2 Di-n-butyl phthalate 150 106.5 12.9 68 145

117-84-0 Di-n-octyl phthalate 144 105.5 16.8 55 156
53-70-3 Dibenzo(a,h)anthracene 2778 89.2 13.2 50 129

132-64-9 Dibenzofuran 282 71.9 12.2 35 108
84-66-2 Diethyl phthalate 147 99.3 10.9 67 132

131-11-3 Dimethyl phthalate 149 99.3 9.3 71 127
206-44-0 Fluoranthene 2782 87.3 10.7 55 119
86-73-7 Fluorene 2795 80.6 11.2 47 114

118-74-1 Hexachlorobenzene 201 81.9 14.2 39 125
193-39-5 Indeno(1,2,3-cd)pyrene 2812 89.6 13.5 49 130
62-75-9 N-Nitrosodimethylamine 117 90.7 10.9 58 124
91-20-3 Naphthalene 2823 74.7 12.2 38 111

4165-60-0 Nitrobenzene-d5 531 84.7 13.6 44 125
87-86-5 Pentachlorophenol 259 82.4 15.5 36 129
85-01-8 Phenanthrene 2792 80.8 10.6 49 113

129-00-0 Pyrene 2792 85.8 10.2 55 117
1718-51-0 Terphenyl-d14 1864 95.3 12.6 58 133
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Table 6. LCS Control Limits – Method 8270 SIM Water Matrix

CAS ID Analyte
N 

Records Mean
Standard 
Deviation

Lower 
Control 

Limit

Upper 
Control 

Limit
92-52-4 1,1-Biphenyl 106 77.3 7.3 56 99
90-12-0 1-Methylnaphthalene 2566 77.9 12.5 41 115
95-95-4 2,4,5-Trichlorophenol 488 84.1 13.4 44 124

118-79-6 2,4,6-Tribromophenol 164 83.7 12.7 46 122
606-20-2 2,6-Dinitrotoluene 118 67.2 15.8 20 115
91-58-7 2-Chloronaphthalene 717 72.4 12.7 34 111

321-60-8 2-Fluorobiphenyl 747 79.2 8.8 53 106
91-57-6 2-Methylnaphthalene 2984 76.5 12.6 39 114
83-32-9 Acenaphthene 3241 80.9 11.1 48 114

208-96-8 Acenaphthylene 3234 77.8 14.4 35 121
120-12-7 Anthracene 3224 85.8 11 53 119
56-55-3 Benz(a)anthracene 3277 89.3 10.1 59 120
50-32-8 Benzo(a)pyrene 3284 86.4 11.2 53 120

205-99-2 Benzo(b)fluoranthene 3248 89.7 12.3 53 126
191-24-2 Benzo(g,h,i)perylene 3178 86 14.1 44 128
207-08-9 Benzo(k)fluoranthene 3167 89.3 11.9 54 125
111-44-4 Bis(2-chloroethyl) ether 775 77.8 12.6 40 116
117-81-7 Bis(2-ethylhexyl) phthalate 275 114.1 19.6 55 173
85-68-7 Butyl benzyl phthalate 159 90.7 17.3 39 143
86-74-8 Carbazole 631 84 13.1 45 123

218-01-9 Chrysene 3215 88.3 10.4 57 120
84-74-2 Di-n-butyl phthalate 153 102.5 14.2 60 145

117-84-0 Di-n-octyl phthalate 157 103.3 19 46 160
53-70-3 Dibenzo(a,h)anthracene 3233 87.2 14.5 44 131

132-64-9 Dibenzofuran 864 77.5 14.1 35 120
84-66-2 Diethyl phthalate 142 94.5 13.5 54 135

206-44-0 Fluoranthene 3242 89.1 10.4 58 120
86-73-7 Fluorene 3232 84.1 11.3 50 118

118-74-1 Hexachlorobenzene 947 84.8 13 46 124
87-68-3 Hexachlorobutadiene 187 84.5 14.7 40 129

193-39-5 Indeno(1,2,3-cd)pyrene 3244 88.7 13.7 48 130
62-75-9 N-Nitrosodimethylamine 162 62.5 10 33 92
91-20-3 Naphthalene 3277 78.8 11.9 43 114

4165-60-0 Nitrobenzene-d5 444 83.1 9.2 55 111
87-86-5 Pentachlorophenol 808 88.4 17.6 36 141
85-01-8 Phenanthrene 3240 83.6 10.3 53 115

129-00-0 Pyrene 3252 87.1 11.3 53 121
1718-51-0 Terphenyl-d14 642 95.1 12.4 58 132
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