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EWMA Project No. 209288

1.0 INTRODUCTION
This Quality Assurance Project Plan (QAPP) is being prepared for the property known as Rose
Cleaners, located at 500 Lexington Avenue, Mount Kisco, Westchester County, New York
(subject property and site). The QAPP details the specific policies, organizations, objectives,
functional activities and quality assurance/quality control (QA/QC) activities that will be
implemented.

2.0 SCOPE OF PROJECT
This QAPP document applies to the proposed delineation of contaminated groundwater at the
subject property where tetrachloroethylene and its daughter products were detected at levels
exceeding the unrestricted groundwater standards used by the New York State Department of
Environmental Conservation (NYSDEC). Groundwater samples will be collected from specific
wells as approved by the NYSDEC.
In addition, surface water samples will be collected to evaluate if the contaminated groundwater
is impacting the adjacent stream to the subject property. Figure 1 shows the general layout of the
area and includes the monitoring well locations and proposed surface water sampling locations.

3.0 DATA QUALITY OBJECTIVES
The data collected will be consistent with the NYSDEC requirements. A Data Usability
Summary Report (DUSR) will be generated and reviewed. Any problems with the data will be
identified and resolved.

4.0 ANALYTICAL LABORATORY INFORMATION
Samples collected for analysis will be analyzed by the laboratory listed below.
Integrated Analytical Laboratories, LLC (IAL)
273 Franklin Road
Randolph, New Jersey 07869
NY Certified Lab # 11402
Eurofins Lancaster Laboratories Environmental (ELLE)
2425 New Holland Pike
Lancaster, Pennsylvania 17601
NY Certified Lab # 10670
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5.0 PROJECT COORDINATION
5.1

Overall Project Coordination
Donald Smith, Director Project Manager
EWMA, LLC
100 Misty Lane, Parsippany, New Jersey 07054
973-560-1400
973-560-0400 (fax)

5.2

Sampling Coordination
Donald Smith, Director Project Manager
EWMA, LLC
100 Misty Lane, Parsippany, New Jersey 07054
973-560-1400
973-560-0400 (fax)

5.3

Laboratory Activities
Mike Leftin, Laboratory Director
Integrated Analytical Laboratories, LLC
273 Franklin Road, Randolph, New Jersey 07869
(973) 361-4252

Note: All laboratory activities will be coordinated through IAL. ELLE is a subcontractor to IAL.

6.0 ANALYTICAL METHODS/QA SUMMARY
The Analytical Methods/Quality Assurance Summary is included as Table 1.

7.0 SITE-SPECIFIC SAMPLING METHODS
Groundwater and soil samples will be collected following EWMA’s Quality Assurance/Quality
Control (QAQC) Guidance Document, which is included in Attachment 1 of this document.
Sampling procedures deviating from the QA/QC are described in the site-specific Field Sampling
Procedures Plan, which is included in Attachment 2.
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8.0 FIELD INSTRUMENT CALIBRATION & MAINTENANCE
The Field Instrument Calibration & Maintenance procedure documents are included in
Attachment 3. A copy of the equipment calibration log for the event is included in Attachment
3.

9.0 CHAIN OF CUSTODY PROCEDURES
9.1

Field Chain Of Custody

The field chain of custody (COC) will be generated by the analytical laboratory preparing the
sample containers. The COC will accompany the sample containers during transportation to the
field, sample collection, and transportation back to the lab. It will also be carried through during
analysis along with a Laboratory Custody Chronicle. The COC will also identify the final
disposal of the sample container. It will be signed and dated by persons handling and
transporting the containers. A final copy of the COC will be included with the analytical data
report generated for the samples.
A blank copy of the Chain of Custody is included in Attachment 1.

9.2

Laboratory Chain Of Custody

The named analytical laboratory will generate an internal Laboratory Custody Chronicle in
tracking the samples within the laboratory. As with the field COC, persons handling and
transporting the samples will sign-off on the chronicle.
A final copy of the chronicle will be included with the analytical data report generated for the
samples.

10.0

SAMPLE STORAGE PROCEDURES AT THE LABORATORY

The laboratory analyzing the samples will store the samples in a refrigerated and secured room.

11.0

LABORATORY DATA DELIVERABLE

In accordance with the NYSDEC ASP, Category B data deliverables and NYSDEC EQUIS
electronic disk deliverables (EDDs) will be submitted for the groundwater samples collected
from the sites. A DUSR will be prepared by an independent 3rd party data validator. The
deliverables will be generated by the analytical laboratory named in Section 4.0, Analytical
Laboratory Information, of this document.
j:\jobs\209000s\209200s\209288\reports\draft reports\qapp\qapp text.doc
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Table 1: ANALYTICAL METHODS/QUALITY ASSURANCE
SUMMARY TABLE

Table 1 - Analytical Methods/Quality Assurance Summary Table

Sample ID

Matrix

MW-A to MW-L, MW-1,
MW-2 to MW-9 to MW- Groundwater
11, HP-1, & BW-1
HP-2, MW-D, & MW-H

Groundwater

Parameters

Sample Container &
Volume

VOCs

2 - 40 ml glass vials

Sample
Holding
Preservation Time

Analytical
Method

HCl

14 Days

EPA Method
8260B

None

7 days
extract/
40 days
analyze

EPA Method
8270C SIM

14 days
extract/ Modified EPA
28 days Method 537
analyze

1,4-dioxane

2 - 1 L amber bottles

PFAS

2 - 250 ml
HDPE/polypropylene
bottles

Trizma

HP-2, MW-D, & MW-H

Groundwater

HP-2, MW-D, & MW-H

Groundwater CH4, ethane, ethene,

2 - 60 ml glass vials

HCl

14 days

RSK-175

HP-2, MW-D, & MW-H

Groundwater

VFAs

2 - 40 ml glass vials

None

7 days

Modified EPA
Method 8015D

HP-2, MW-D, & MW-H

Groundwater

Bicarbonate
alkalinity, CO2

1 - 500 ml glass bottle

None

14 days

SM2320B,
SM4500CO2D

HP-2, MW-D, & MW-H

Groundwater

NO2, NO3

H2SO4

28 days SM4500NO3 F

HP-2, MW-D, & MW-H

Groundwater

Chloride

None

28 days SM4500Cl B, E

HP-2, MW-D, & MW-H

Groundwater

TOC

HP-2, MW-D, & MW-H

Groundwater

Ferrous Iron, Ferric
Iron

HP-2, MW-D, & MW-H

Groundwater

SO4

HP-2, MW-D, & MW-H

dechlorinating
Groundwater bacteria/functional
gene analysis

1 - 250 ml plastic or
glass bottle
1 -2 50 ml plastic or
glass
1 - 250 ml plastic or
glass bottle
1 -250 ml plastic or
glass bottle
1 - 250 ml plastic or
glass bottle

HCl or H2SO4 28 days

SM5310B, C, or
D

None

24 hours SM4500FE B

None

28 days

ASTM D516

1 - 1 L poly bottle

None

24 hours

qPCR Taq Man
assay
EPA Method
8260B
EPA Method
8260B

SW-1 to SW-4

Surface Water

VOCs

2 - 40 ml glass vials

HCl

14 Days

MW-DMS/MSD

Groundwater

VOCs

2 - 40 ml glass vials

HCl

14 days

None

7 days
extract/
40 days
analyze

14 days
extract/ Modified EPA
28 days Method 537
analyze

MW-DMS/MSD

Groundwater

1,4-dioxane

2 - 1 L amber bottles

Trizma

HCl

MW-DMS/MSD

Groundwater

PFAS

2 - 250 ml
HDPE/polypropylene
bottles

FB-1

Groundwater

VOCs

2 - 40 ml glass vials
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14 days

EPA Method
8270C SIM

EPA Method
8260B

Table 1 - Analytical Methods/Quality Assurance Summary Table

Sample ID

FB-2

Matrix

Groundwater

Sample Container &
Volume

Sample
Holding
Preservation Time

1,4-dioxane

2 - 1 L amber bottles

None

7 days
extract/
40 days
analyze

Trizma

14 days
extract/ Modified EPA
28 days Method 537
analyze

HCl

14 days

EPA Method
8260B

None

7 days
extract/
40 days
analyze

EPA Method
8270C SIM

14 days
extract/ Modified EPA
28 days Method 537
analyze

Parameters

FB-2

Groundwater

PFAS

2 - 250 ml
HDPE/polypropylene
bottles

DUP-1

Groundwater

VOCs

2 - 40 ml glass vials

DUP-2

Groundwater

1,4-dioxane

2 - 1 L amber bottles

Trizma

HCl

DUP-2

Groundwater

PFAS

2 - 250 ml
HDPE/polypropylene
bottles

TB

Groundwater

VOCs

2 - 40 ml glass vials

BW - Bedrock Well
CH4 - methane
Cl - chloride
CO2 - carbon dioxide
DUP - Duplicate
EPA - Environmental Protection Agency
FB - Field blank/equipment blank
HCl - Hydrochloric Acid
HP
MW-Monitoring Well

14 days

NA - Not available/not applicable
NO2 - nitrite
NO3 - nitrate
PFAS - Per- and Polyfluoroalkyl Substances
QA - Quality Assurance
SO4 - sulfate
TB - Trip blank
TOC - total organic carbon
VFAs - volatile fatty acids
VOCs - Volatile Organic Compounds
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Analytical
Method

EPA Method
8270C SIM

EPA Method
8260B
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Figure 1: GENERAL SITE PLAN
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Attachment 1: EWMA QA/QC PROCEDURES
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Attachment 2: FIELD SAMPLING PROCEDURES PLAN

FIELD SAMPLING PROCEDURES PLAN

Rose Cleaners
December 2018
EWMA Project # 209288

Task 1 – Synoptic Water Level and Dense Non-Aqueous Phase Liquids (DNAPL) readings – All Wells
Take a water level reading and check for the presence of DNAPL from all wells on and offsite in
accordance with the purge guide located in Attachment 1.

Task 2 - Emerging Contaminant of Concern and Biogeochemical Parameter Sampling
The following wells will be sampled for 1,4-dioxane, per-and polyfluoroalkyl substances (PFAS), and the
biogeochemical parameters listed in Table 1:




HP-2
MW-D
MW-H

PLEASE READ CAREFULLY Sampling of Monitoring Wells HP-2, MW-D, and MW-H will include
Chemicals of Emerging Concern (ie. 1,4-dioxane and PFAS) and must be sampled using special
equipment and conditions.

Please see the NYSDEC’s Groundwater Sampling for Emerging

Contaminants and Collection of Groundwater Samples for Per- and Polyfluoroalkyl Substances (PFAS)
from Monitoring Wells Sample Protocol (rev. 1.2) guidance documents which are attached to this Field
Sampling Procedures Plan.
Since 1,4-dioxane and PFAS are byproducts of compounds that are found in consumer products as well
as commonly used waterproof and/or stain resistant materials like Teflon and Gore-Tex, special
sampling procedures are required to collect samples free from cross-contamination.
IAL will provide PFAS-free amber glass and HDPE bottles, and water for the sampling event.
No Teflon-lined equipment, such as tubing and bottles, will be used during the sampling event.
The equipment will be decontaminated using Alconox or similar non-PFAS surfactant before and after
sampling. PFAS-free pumps (e.g. peristaltic, QED SamplePro, trash pump) and dedicated HDPE tubing
for each well will be used during the sampling event. One equipment rinsate blank will be collected

from the tubing and pump to document any PFAS residual on the equipment before sampling. Nitrile
gloves will be used throughout the sampling event.
The field personnel will be wearing prewashed cotton clothing and won’t be exposing any equipment or
sample bottles to their bodies to prevent exposure to any potential consumer products containing the
parameters. The sampling event will entail the filling of two 1,000 ml amber glass bottles for 1,4dioxane analysis, and two 250 ml HDPE bottles for PFAS analysis. The bottle ware will be capped with
the appropriate cap and liner. The bottles will be labeled and placed in a cooler with ice. In addition to
the equipment rinsate blank, a field duplicate, and matrix spike/matrix spike duplicate (MS/MSD)
duplicate will be collected for 1,4-dioxane and PFAS analysis.
The biogeochemical parameter samples will be collected after the 1,4-dioxane and PFAS samples at each
well. The sampling will entail the collection of two 40 ml vials, two 60ml vials, seven 250 ml bottles, one
500 ml bottle, and one 1 liter bottle. The bottle ware will be capped with the appropriate cap and liner.
The bottles will be labeled and placed in a cooler with ice.
The analytical results will be released in a full Category B deliverable package and NYSDEC EQUiS
electronic disk deliverable (EDD). The results will be validated by an independent 3rd party data
validator who will issue a Data Usability Summary Report (DUSR). All of the analytical results, including
EDDs and DUSRs will be submitted to the NYSDEC as a part of their study.

Task 3 – Volatile Organic Compound (VOC) Sampling
The following wells will be sampled based on Quality Control Section D2 of the groundwater sampling
procedure located in Attachment 1. Please note that for the multi-screened wells, the tubing will be set
at the lowest screened interval in the well.
Single-Screen Wells:

Purge and sample 12-15 wells using the low-flow purging technique. Eleven to

thirteen samples will be submitted for VO+15 analysis. The wells are as follows:














MW-A
MW-B
MW-C
MW-D
MW-E
MW-G
MW-H
MW-I*
MW-K*
MW-1
MW-2
HP-1
BW-1

One to two samples will be submitted for VO+15 (report only) from the following wells:



MW-F
MW-J*

Multi-Screen Wells:
Purge and sample 9-13 wells using low-flow purging techniques at the lowest
screened interval in the well. Five to seven of the samples will be submitted for VO+15 analysis from the
following wells:








MW-3
MW-7
MW-9
MW-10
MW-11**
MW-K*
MW-L

Four to six samples will be submitted for VO+15 (report only) from the following wells:







MW-4
MW-5
MW-6
MW-8
MW-I*
MW-J*

Notes:
* - These wells have to be inspected, possibly with a down-hole camera, to determine the correct
number of screened intervals.
** - The location of MW-11 on the figure is an approximation. If MW-11 is located and in good
condition to be sampled, any samples will be analyzed using the VO+15 method.

Task 4 – Surface Water Sampling
The following locations along the stream will be sampled in accordance with this plan:






SW-1 – Furthest downgradient from the Site
SW-2 – Downgradient from the Site
SW-3 – At the Site
SW-4 – Upgradient from the Site

Surface water sampling only requires the use of the sample bottle, waders/waterproof clothing, life
vest/jacket, YSI meter, and gloves. The sampler can make their own determination as to whether to
enter the stream or not. If conditions are safe, then follow the procedure below. If conditions are not
safe, then samples may have to be collected closer to the stream bank.
1. During surface water sampling, samples are collected in order from the downstream location to
the upstream location. Samples are typically collected from the center of the stream with the
sample being collected from the center of the water column.
2. Enter the stream perpendicular to flow, place the wand of the YSI meter in the stream
immediately downgradient of the sample location to collect water indicator parameters. Once
that is complete, collect the sample with the lab-supplied bottleware.
3. The sampler can either move to the next upgradient sample location or exit the stream, and
repeat steps #1-2.
4. If it’s not possible to collect the samples from the downgradient sample points first, then start
collection at the upgradient points. After sample collection, exit the stream and walk to the
next sample location and reenter the stream. Only collect the sample after any disturbed
sediment has passed through the sample location.
For Tasks #3 & #4, the sampling event will entail the filling of two 40 ml glass vials with zero headspace
for VO analysis. The bottle ware will be capped with the appropriate cap and liner. The bottles will be
labeled and placed in a cooler with ice.

In addition to the field blank, a field duplicate, and

matrix/matrix spike duplicate (MS/MSD) duplicate will be collected for VO analysis. The analytical
results for the single-screen wells, designated multi-screen wells (i.e. MW-3, MW-7, MW-9 to MW-11,
MW-K*, and MW-L), and surface water samples will be released in a full Category B deliverable package
and NYSDEC EQUiS electronic disk deliverable (EDD). The results will be validated by an independent 3rd
party data validator who will issue a Data Usability Summary Report (DUSR). The other multi-screen
wells will be released in a sample report only. All of the analytical results, including EDDs and DUSRs will
be submitted to the NYSDEC as a part of their study.

Collection of Groundwater Samples for Per- and Polyfluoroalkyl
Substances (PFAS) from Monitoring Wells Sample Protocol
Samples collected using this protocol are intended to be analyzed for
perfluorooctanoic acid (PFOA) and other perfluorinated compounds by Modified
(Low Level) Test Method 537.
The sampling procedure used must be consistent with the NYSDEC March 1991 Sampling
Guidelines and Protocols http://www.dec.ny.gov/docs/remediation_hudson_pdf/sgpsect5.pdf
with the following materials limitations.
At this time acceptable materials for sampling include: stainless steel, high density
polyethylene (HDPE) and polypropylene. Additional materials may be acceptable if
proven not to contain PFAS. NOTE: Grunfos pumps and some bladder pumps are
known to contain PFAS materials (e.g. Teflon™ washers for Grunfos pumps and
LDPE bladders for bladder pumps). All sampling equipment components and sample
containers should not come in contact with aluminum foil, low density polyethylene
(LDPE), glass or polytetrafluoroethylene (PTFE, Teflon™) materials including sample
bottle cap liners with a PTFE layer. Standard two step decontamination using detergent
and clean water rinse will be performed for equipment that does come in contact with
PFAS materials. Clothing that contains PTFE material (including GORE-TEX®) or that
have been waterproofed with PFAS materials must be avoided. Many food and drink
packaging materials and “plumbers thread seal tape” contain PFAS.
All clothing worn by sampling personnel must have been laundered multiple times. The
sampler must wear nitrile gloves while filling and sealing the sample bottles.
Pre-cleaned sample bottles with closures, coolers, ice, sample labels and a chain of
custody form will be provided by the laboratory.
1.
2.
3.
4.
5.

Fill two pre-cleaned 250 mL HDPE or polypropylene bottle with the sample.
Cap the bottles with an acceptable cap and liner closure system.
Label the sample bottles.
Fill out the chain of custody.
Place in a cooler maintained at 4 ± 2º Celsius.

Collect one equipment blank for every sample batch, not to exceed 20 samples.
Collect one field duplicate for every sample batch, not to exceed 20 samples.
Collect one matrix spike / matrix spike duplicate (MS/MSD) for every sample batch, not
to exceed 20 samples.
Request appropriate data deliverable (Category A or B) and an electronic data
deliverable.

PFAS Groundwater Samples from Monitoring Wells Sample Protocol Revision 1.2 August 9, 2018

Groundwater Sampling for Emerging Contaminants
July 2018
Issue: NYSDEC has committed to analyzing representative groundwater samples at
remediation sites for emerging contaminants (1,4-dioxane and PFAS) as described in the below
guidance.

Implementation
NYSDEC project managers will be contacting site owners to schedule sampling for these
chemicals. Only groundwater sampling is required. The number of samples required will be
similar to the number of samples where “full TAL/TCL sampling” would typically be required in a
remedial investigation. If sampling is not feasible (e.g., the site no longer has any monitoring
wells in place), sampling may be waived on a site-specific basis after first considering potential
sources of these chemicals and whether there are water supplies nearby.
Upon a new site being brought into any program (i.e., SSF, BCP), PFAS and 1,4-dioxane will be
incorporated into the investigation of groundwater as part of the standard “full TAL/TCL”
sampling. Until an SCO is established for PFAS, soil samples do not need to be analyzed for
PFAS unless groundwater contamination is detected. Separate guidance will be developed to
address sites where emerging contaminants are found in the groundwater. The analysis
currently performed for SVOCs in soil is adequate for evaluation of 1,4-dioxane, which already
has an established SCO.

Analysis and Reporting
Labs should provide a full category B deliverable, and a DUSR should be prepared by an
independent 3rd party data validator. QA/QC samples should be collected as required in DER10, Section 2.3(c). The electronic data submission should meet the requirements provided at:
https://www.dec.ny.gov/chemical/62440.html ,
The work plan should explicitly describe analysis and reporting requirements.
PFAS sample analysis: Currently, ELAP does not offer certification for PFAS compounds in
matrices other than finished drinking water. However, laboratories analyzing environmental
samples (ex. soil, sediments, and groundwater) are required, by DER, to hold ELAP
certification for PFOA and PFOS in drinking water by EPA Method 537 or ISO 25101.
Modified EPA Method 537 is the preferred method to use for groundwater samples due to the
ability to achieve 2 ng/L (ppt) reporting limits. If contract labs or work plans submitted by
responsible parties indicate that they are not able to achieve similar reporting limits, the project
manager should discuss this with a DER chemist. Note: Reporting limits for PFOA and PFOS
should not exceed 2 ng/L.
PFAS sample reporting: DER has developed a PFAS target analyte list (below) with the intent of
achieving reporting consistency between labs for commonly reportable analytes. It is expected
that reported results for PFAS will include, at a minimum, all the compounds listed. This list may
be updated in the future as new information is learned and as labs develop new capabilities. If
lab and/or matrix specific issues are encountered for any particular compounds, the NYSDEC
project manager will make case-by-case decisions as to whether particular analytes may be
temporarily or permanently discontinued from analysis for each site. Any technical lab issues
should be brought to the attention of a NYSDEC chemist.

Some sampling using this full PFAS target analyte list is needed to understand the nature of
contamination. It may also be critical to differentiate PFAS compounds associated with a site from other
sources of these chemicals. Like routine refinements to parameter lists based on investigative findings,
the full PFAS target analyte list may not be needed for all sampling intended to define the extent of
contamination. Project managers may approve a shorter analyte list (e.g., just the UCMR3 list) for some
reporting on a case by case basis.
1,4-Dioxane Analysis and Reporting: The method detection limit (MDL) for 1,4-dioxane should
be no higher than 0.35 µg/l (ppb). Although ELAP offers certification for both EPA Method
8260 SIM and EPA Method 8270 SIM, DER is advising the use of method 8270 SIM. EPA
Method 8270 SIM provides a more robust extraction procedure, uses a larger sample volume,
and is less vulnerable to interference from chlorinated solvents.

Full PFAS Target Analyte List
Group

Perfluoroalkyl
sulfonates

Perfluoroalkyl
carboxylates

Chemical Name

Abbreviation

CAS Number

PFBS
PFHxS

375-73-5
355-46-4

Perfluoroheptanesulfonic acid

PFHpS

375-92-8

Perfluorooctanessulfonic acid

PFOS

1763-23-1

Perfluorodecanesulfonic acid

PFDS

335-77-3

Perfluorobutanesulfonic acid
Perfluorohexanesulfonic acid

Perfluorobutanoic acid

PFBA

375-22-4

Perfluoropentanoic acid

PFPeA

2706-90-3

Perfluorohexanoic acid

PFHxA

307-24-4

PFHpA
PFOA
PFNA

375-85-9
335-67-1
375-95-1

PFDA

335-76-2

PFUA/PFUdA

2058-94-8

Perfluoroheptanoic acid
Perfluorooctanoic acid
Perfluorononanoic acid
Perfluorodecanoic acid
Perfluoroundecanoic acid

Fluorinated Telomer
Sulfonates
Perfluorooctanesulfonamides
Perfluorooctanesulfonamidoacetic
acids

Perfluorododecanoic acid

PFDoA

307-55-1

Perfluorotridecanoic acid

PFTriA/PFTrDA

72629-94-8

Perfluorotetradecanoic acid

PFTA/PFTeDA

376-06-7

6:2 Fluorotelomer sulfonate

6:2 FTS

27619-97-2

8:2 Fluorotelomer sulfonate

8:2 FTS

39108-34-4

Perfluroroctanesulfonamide

FOSA

754-91-6

N-methyl perfluorooctanesulfonamidoacetic acid

N-MeFOSAA

2355-31-9

N-ethyl perfluorooctanesulfonamidoacetic acid

N-EtFOSAA

2991-50-6

Bold entries depict the 6 original UCMR3 chemicals
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EXO
4.1
		

Sensors
Overview

The EXO product line includes sensors that detect a variety of physical, chemical, and biological properties of water.
EXO sensors are designed to collect highly accurate data under ever-changing conditions.

Data Filtering

All EXO sensors share some common embedded software, including the filtering of real-time data. Sensors acquire
environmental data at a constant rate, and use this stream of data as the input to the filtering algorithm that produces
results seen by the user. EXO sondes collect data from the EXO sensors and are able to output data at rates up to 4 Hz. The
EXO sensor data filtering process consists of four components (none of which is user-selectable):

Basic Rolling Filter

The filter is fundamentally a rolling or window average of past acquired inputs to the filter, such that as a new data value
is added to the summation, the oldest data value is removed, and the total summation is divided by the total number
of data values. It is a simple average, just rolling or moving in time. Starting with the February 2014 software release,
different rolling time windows for the filter are now supported.

Data Filtering Modes

Data filtering options are included in the handheld and desktop version of KorEXO. These settings can be modified within
the Sonde Options menu (Options>Sonde) as well as within the deployment template settings. NOTE: Making any changes
to data filtering options will stop a deployment. As a sonde takes measurements, it compares new readings to those taken
in the previous 2-30 seconds (depending on the selected option). If the new reading is not significantly different than past
measurements, then it merely factors into the rolling average with older data points to create a smooth curve. If the new
reading is significantly different than past measurements, then it restarts the rolling average of data points.

Averaging options
Default – This mode provides optimum data filtering for all sensors. Provides the highest accuracy, automatic averaging
during unattended monitoring or fixed mooring. This mode has up to 40 seconds of filtering on the sensors.
NOTE: This is the mode all sensors ship in and how sensors filtered data prior to this update.
Accelerated* – This mode should be used for spot sampling and slow (or paused) depth profiles. The sensors are
averaging 5-10 seconds of data in a rolling window, unless there are any outliers.
Rapid* – This mode should be used where the sonde is moving quickly through the water, such as with rapid profiling
and unique applications like auvs, gliders, or towed applications. The data will be noisy and will never settle on a single
steady number. This mode has 2-3 second filtering on the sensors.
*TIP: Enable the Vertical Position parameter in the Depth unit options to view the real-time position of the sonde in the
water column. This is helpful in profiling applications to ensure the sonde is lowered to the desired depth without waiting
for the Depth data to stabilize.

Confirm averaging settings
To quickly check a sonde’s data filtering options, examine the summary information at the top of either the desktop or
handheld versions of KorEXO. On the desktop software, the word Default, Accelerated, or Rapid will be adjacent to the
sonde’s serial number. Similarly, on the handheld, the letter D, A, or R will be listed at the top right of the screen.
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Adaptive Filtering

The drawback to a basic rolling filter is that response time to an impulse event is delayed, and the more entries in the
average summation, the longer the delay for the result to converge on the true value. To correct this, the filter algorithm
monitors the new data arriving and compares it to the current averaged result, looking for indication of an impulse event.
When new data deviate from the average by more than a predetermined tolerance, the number of data entries within
the rolling average is reduced to a minimum count and the remaining values are flushed with the new data. The result is a
more accurate capture of the impulse event data, entirely eliminating the inherent delay caused by the rolling average.

Outlier Rejection

Every time a newly acquired data value is added, the rolling average entries are scanned for outlier data. Although such
data has already been determined to fall within the tolerances defined above, the remaining worst offenders are removed
from the rolling average calculation. This outlier rejection allows for smoother continuous data results.

Calibration Stability

During calibration, the filtering is active as described, plus an additional feature works to provide stability feedback to
the user. When the user attempts to calibrate a sensor, the sudden changes in environment are perceived as impulses
or plunge events and the filtering reacts accordingly. The results immediately show the value of the solution, and after
a few moments, the filter incrementally engages fully and supplies the smoothest data. However, as the sensor and the
calibration solution work towards equilibrium, the measurement may slowly drift. The sensor will monitor the results from
the filter and determine if the measurement is stable. It watches the results and calculates a slope from each and every
result to the next. Once the slope settles and is consistently flat for approximately 30 seconds, the sensor is considered
stable. KorEXO is then notified and the user will see a message that the calibration reading is stable.

Sensor Response Times

Response times for EXO sensors are based on laboratory testing. This testing, though stringent, cannot mimic the actual
response times in the field due to the wide variety of use cases. To characterize an EXO sensor’s response time, a step
change in the sensor’s primary output parameter is applied, and the time to reach 63% of the final stimulus value is
recorded. Repeated characterization of multiple sensors provides the T63 specification.

Sensor Accuracy Specifications

To maintain accuracy specifications for EXO sensors, we recommend that users calibrate sensors in the lab in standards
with temperatures as close to the ambient temperature of the field water as possible.
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4.2 Calibration
Basic Overview
NOTE: All EXO sensors should be user-calibrated before initial use.
EXO sensors (except temperature) require periodic calibration to assure high performance.
Calibration procedures follow the same basic steps with slight variations for particular parameters.

Calibration set-up
For accurate results, thoroughly rinse the EXO calibration cup with water, and
then rinse with a small amount of the calibration standard for the sensor you
are going to calibrate. Two to three rinses are recommended. Discard the rinse
standard, then refill the calibration cup with fresh calibration standard. Fill the
cup to approximately the first line with a full sensor payload or the second line
with small sensor payload. Recommended volumes will vary, just make certain
that the sensor is submerged. Be careful to avoid cross-contamination with
other standards.

Fill to line 2
Fill to line 1

Begin with clean, dry probes installed on the EXO sonde. Install the clean
calibration guard over the probe(s), and then immerse the probe(s) in the
standard and tighten the calibration cup onto the EXO sonde. We recommend
using one sonde guard for calibration procedures only, and another sonde
guard for field deployments. This ensures a greater degree of cleanliness and
accuracy for the calibration procedure.

Basic calibration in KOR software
Matching units

Go to the Calibrate menu in KorEXO software. This menu’s appearance will
vary depending on the sensors installed in the sonde. Select the sensor you
are going to calibrate from the list. Next select the parameter for the sensor
you are going to calibrate. Some sensors have only one parameter option,
while other sensors have multiple options.
In the next menu, select a 1-, 2-, or 3-point calibration, depending on your
sensor. Enter the value of the standard you are using. Check that the value
you enter is correct and its units match the units at the top of the menu (e.g.,
microSiemens versus milliSiemens). You may also enter optional information
for type of standard, manufacturer of standard, and lot number.

Click the Start Calibration button. This action initiates the probe’s calibration in the standard; initially the data reported
will be unstable and then will move to stable readings. Click the Graph Data button to compare the pre-cal and post-cal
values in graph form. Users should confirm that the value is within their acceptable margin of error. Once readings are
stable, click Apply to accept this calibration point. Repeat the process for each calibration point. Click Complete when all
points have been calibrated.
A calibration summary appears with a QC score. View, export, and/or print the calibration worksheet. If a calibration
error appears, repeat the calibration procedure.
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4.3 Calibration
Calibration Worksheet
The Calibration Worksheet is a record of the calibration for an EXO sensor. The worksheet contains quality assurance
information including date and time of calibration, date of previous calibration, sensor firmware version, type of calibration
performed, standard used, and QC score.
Calibration Worksheets are saved in the Calibration Files folder on the computer or the EXO Handheld that was used during
calibration (not on the sonde or the sensors). All saved Worksheets can be accessed and viewed through the Data menu
in KorEXO software.

Sample Worksheets:
1-point calibration of specific conductance
on EXO conductivity/temperature probe

1-point calibration of percent saturation
on EXO optical dissolved oxygen probe

Additional Post-Calibration Info
ODO Gain: The ODO gain is a diagnostic value recorded on the Calibration Worksheet and used for advanced diagnostic
purposes. The nominal value is 1, and accurate calibrations of the DO sensor will only slightly deviate from this number.
Cell Constant: The cell constant is the current value of the conductivity and is a function of the factory original cell constant
and the most recent user calibration. The cell constant will drift over time based on the sensor’s electrodes, and the cell
constant can be used to track drift.
Slope: The slope for the pH sensor is the mV per decade (pH unit) where 59 is the typical value. Slope allows the user to track
drift away from 59 to determine the life/aging of the sensor module.
Change mV: The change millivolts is the mV change between either 4 and 7 or 7 and 10 calibration values for the pH sensor.
It is the mV deviation away from the middle calibration point number.

64

4.4 Conductivity/Temperature
Sensor Overview
The EXO combination conductivity and temperature sensor should be installed in nearly all sonde applications. Not only will
this sensor provide the most accurate and fastest response temperature data, but it will also provide the best data for the
use in temperature compensation for the other EXO probes. The conductivity data is used to calculate salinity, non-linear
function (nLF) conductivity, specific conductance, and total dissolved solids, and compensate for changes in density of water
(as a function of temperature and salinity) in depth calculations if a depth sensor is installed.
(continued)

Specifications
Conductivity

Conductivity Cell

Default Units

microSiemens/centimeter

Temperature
Operating
Storage

-5 to +50°C
-20 to +80°C

Range

0 to 200 mS/cm

Accuracy

0-100 mS/cm: ±0.5% of
reading or 0.001 mS/cm,
whichever is greater;
100-200 mS/cm: ±1% of
reading

Response

T63<2 sec

Resolution

0.0001 to 0.01 mS/cm
range-dependent

Sensor Type

4-electrode nickel cell

Temperature
Default Units

°Celsius

Temperature
Operating
Storage

-5 to +50°C
-20 to +80°C

Accuracy

-5 to 35°C: ±0.01°C
35 to 50°C: ±0.05°C

Response

T63<1 sec

Resolution

0.001°C

Sensor Type

Thermistor

599870-01
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Temperature Thermistor

The temperature sensor uses a highly stable and aged thermistor with extremely low-drift characteristics. The thermistor’s
resistance changes with temperature. The measured resistance is then converted to temperature using an algorithm. The
temperature sensor receives a multi-point NIST traceable wet calibration and the accuracy specification of 0.01˚C is valid for
expected life of the probe. No calibration or maintenance of the temperature sensor is required, but accuracy checks can be
conducted against a NIST-traceable temperature probe supplied by the user.

Conductivity Electrodes

The conductivity sensor uses four internal, pure-nickel electrodes to measure solution conductance. Two of the electrodes
are current driven, and two are used to measure the voltage drop. The measured voltage drop is then converted into a
conductance value in milliSiemens (millimhos). To convert this value to a conductivity value in milliSiemens per cm (mS/cm),
the conductance is multiplied by the cell constant that has units of reciprocal cm (cm-1). The cell constant for the conductivity
cell is approximately 5.1/cm ±10%. For most applications, the cell constant is automatically determined (or confirmed) with
each deployment of the system when the calibration procedure is followed.

Temperature Compensation

EXO sensors have internal thermistors for quality assurance purposes. Turbidity uses the internal thermistor for temperature
compensation, while all other EXO sensors reference the C/T probe for temperature compensation. To display and log
temperature, a C/T probe must be installed in an EXO sonde. Thermistor readings are logged in the sonde’s raw data–viewable
in KorEXO software–but are not included in data exported to Excel.
Conductivity = This is a measurement of water conductance from the drive and sense electrodes on the conductivity
electrode. The output is in mS/cm or µS/cm. Note that the conductivity of solutions of ionic species is highly dependent
on temperature, and the conductivity output is NOT compensated for temperature.
Specific Conductivity = When Specific Conductance is selected, the sonde uses the temperature and raw conductivity
values associated with each determination to generate a specific conductance value compensated to 25°C by default.
Both the Temperature Coefficient and reference temperature can be adjusted in the advanced sensor menu under
calibration.
nLF Conductivity = The non-linear function (nLF) is defined by the ISO 7888 standard and is applicable for the temperature
compensation of electrolytic conductivity of natural waters. This convention is typically used in German markets.
Salinity = Salinity is determined automatically from the sonde conductivity and temperature readings according to
algorithms found in Standard Methods for the Examination of Water and Wastewater (ed. 1989). The use of the Practical
Salinity Scale results in values that are unitless, since the measurements are carried out in reference to the conductivity of
standard seawater at 15 °C.
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/ Temperature
4.5 Conductivity
Calibration
Clean the conductivity cell with the supplied soft brush before calibrating (see section 5.9).
Also, review the basic calibration description in section 4.2.
This procedure calibrates conductivity, non-linear function (nLF) conductivity, specific conductance, salinity, and total
dissolved solids.
A variety of standards are available based on the salinity of your environment. Select the appropriate calibration standard
for your deployment environment; we recommend using standards greater than 1 mS/cm (1000 μS/cm) for greatest
stability.
Pour conductivity standard into a clean and dry or pre-rinsed EXO calibration cup. YSI recommends filling the calibration
cup up to the second marked line to ensure the standard is above the vent holes on the conductivity sensor. Immerse the
probe end of the sonde into the solution, gently rotate and/or move the sonde up and down to remove any bubbles from
the conductivity cell.
Allow at least one minute for temperature equilibration before proceeding.
In the Calibrate menu, select Conductivity and then a second menu will offer the options of calibrating conductivity, nLF
conductivity, specific conductance, or salinity. Calibrating any one option automatically calibrates the other parameters.
After selecting the option of choice (specific conductance is normally recommended), enter the value of the standard used
during calibration. Be certain that the units are correct and match the units displayed in the second window at the top of
the menu.
Click Start Calibration. Observe the readings under Current and Pending data points and when they are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
- If the data do not stabilize after 40 seconds, gently rotate the sonde or remove/reinstall the cal cup to make sure
there are no air bubbles in the conductivity cell.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu,
and then the back arrows to return to main Calibrate menu.
Rinse the sonde and sensor(s) in tap or purified water and dry.
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Conductivity / Temperature
4.6 Wiped
Sensor Overview
Biofilms, barnacles, and algal growth are common culprits of poor data quality, clogging up conductivity cells and coating
sensor optics. While EXO2’s Central Wiper can mechanically remove biofouling from other sensors to maintain data
integrity over long deployment periods, in particularly high fouling environments the EXO Wiped C/T sensor provides
superior conductivity data by avoiding stagnant readings and reducing the impact of micro-environments.

EXO Wiped C/T Considerations

Combination Temp/
Conductivity Cell

Sensor performance and specifications are well suited for continuous
monitoring applications, where the EXO sonde is installed at a fixed
location. For sampling and vertical profiling applications the legacy (599870)
Conductivity Temperature probe which has a much faster temperature
response should be used.
The Wiped C/T will have a different cell constant than the legacy 		
Conductivity probes. A nominal cell constant of 0.469 +/-0.05 is typical on
wiped conductivity.
The EXO central wiper (599090) must have the wiper shaft seal serviced in
the past year to use with your new wiped C/T probe. The wiper will work
harder grooming the new sensor, therefore if your wiper hasn’t had the shaft
seal properly maintained there is a chance it could stall mid deployment.

Download our Maintenance Brochure

Preventive Maintenance Note

An annual wiper shaft o-ring replacement is required to
maintain optimal performance of the EXO cental wiper.
Contact us to learn more:
repairs@ysi.com or +1 (800) 765-4974 (US)

Specifications
Conductivity

599827

Specific Conductance

Range

0-100,000 μS/cm

Range

0-100,000 μS/cm

Accuracy

±1% of reading or
2 μS/cm w.i.g.

Accuracy

±1% of reading or
2 μS/cm w.i.g.
w.i.g. = whichever is greater

Temperature
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Range

-5 to 50°C

Accuracy

±0.2°C

Response
Time

T95<30sec

Watch Online
EXO2 Wiped (C/T) Video
Quick Start Guide:
https://goo.gl/w67OQU

Conductivity / Temperature
4.7 Wiped
Calibration and Deployment
Calibration

A wet calibration of your new conductivity sensor should be completed before initial use. It is recommended that
you complete a single point calibration in a standard similar to the conductivity readings that you expect to measure.
It is recommended not to use standards below 1,000 μs/cm for fresh water applications as they can become easily
contaminated. The temperature sensor cannot be user calibrated. Best practice is to periodically test the performance of
the temperature sensor against a NIST traceable thermometer at several reference points. NOTE: All EXO sensors should
be user calibrated before initial use.

Deployment Setup

The Wiped C/T sensor is optimized for continuous monitoring where a variety of environmental fouling conditions would
affect the performance of the sensor without wiping. Numerous solutions can be employed to mitigate the effects of
bio-fouling. These can include the use of copper tape, anti-fouling guards, anti-fouling paints, as well as local techniques
developed for site specific challenges. However, none of these options can be directly applied to the conductivity cell of
the wiped C/T sensor. Using the central wiper to groom the conductivity cell before readings prevents biofouling-induced
drift of the conductivity cell.
The sensor includes a new central wiper brush (599673). A brush’s wear and replacement intervals vary greatly based on
specific application challenges, but 2-12 months use has been observed. Below are three examples of brush wear that
will occur with use. It is recommended the wiper brush be replaced before it reaches level 3 for optimal cleaning. We
recommend using a new wiper brush with the initial deployment.
NOTICE: It is not recommended
using wiped C/T in conjuction
with EXO Ammonium, Nitrate, or
Chloride electrodes as they are
protected with a guard which
accelerates the brush splay.
Level 1- New brush,
minimal “splay”

Level 2- Moderate splaying,
have spare ready

Level 3- Excessive splay, replace
to prevent stalling of wiper

Sensor Installation

A new sensor includes a kit (599831) containing probe alignment o-rings and disposable zip ties. These items are to be
used to optimally align the wiped conductivity probe cell with the brush. Refer to the instruction sheet included in the
kit for directions and recommendations for applying the spacers. EXO sensors can be installed in any port, however for
optimal cleaning avoid installing the Wiped C/T sensor as the first or last sensor in a group. If two conductivity sensors
are installed in a single sonde, the temperature from the sensor with the lower port will be used for temperature
compensation of other parameters.
Having the sensor installed towards the middle of an array is optimal. Below are some examples:

NOTICE: When installing
a wiped conductivity/
temperature sensor in an EXO3
sonde, use ports 2 and 3.

EXO2 Optimal Wiped C/T
positions: 3 or 4

EXO2 Optimal Wiped C/T
positions: 2 or 3

EXO3 Optimal Wiped C/T
positions: 2 or 3
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and Level
4.8 Depth
Sensor Overview
EXO measures depth of water with a non-vented strain gauge. (See section 6 if your sonde is equipped with vented
level.) A differential strain gauge transducer measures pressure with one side of the transducer exposed to the water
and the other side exposed to a vacuum. We calculate depth from the pressure exerted by the water column minus
atmospheric pressure. Factors influencing depth measurement include barometric pressure, water density, and
temperature. Calibration in the atmosphere “zeros” the sensor with respect to the local barometric pressure. A change in
barometric pressure will result in a zero shift unless the transducer is recalibrated to the new pressure.
EXO sondes have intake openings to allow water to act on the strain gauge. The EXO1 intake is located in the yellow
section between the battery compartment and label of the sonde.The EXO2 intake openings are two small holes on the
face of the sonde bulkhead.

Location of Depth Sensor

Depth sensors on the EXO2 sondes are not on center. When deploying the sonde
vertically, take care to ensure the sonde is redeployed in same position. Often a
marker pin inside a PVC pipe is used. In horizontal deployments, take care to ensure
the redeployments are always in the same orientation. This is especially important for
the EXO2 sonde because the depth sensor is off-axis.
To assist with consistent horizontal orientation, the EXO2 sonde has an indentation at
the top of the sonde for a marker or positioning pin.
The sonde should be installed with at least 1 cm of water above the intake ports.
If a conductivity sensor is installed, the depth will be compensated automatically for
changes in the density of water as temperature and salinity change.

Depth Configuration

EXO sondes must be ordered with a specific depth sensor option:
59950x-00 = no depth 		
59950x-01 = 0-10 m depth
59950x-02 = 0-100 m depth		
59950x-03 = 0-250 m depth
59950x-04 = 0-10 m vented level
EXO 2 Depth Intake
EXO 1 Depth Intake

The depth configuration must be chosen at time of ordering. Once a sonde is shipped
with a depth configuration it cannot be changed by the user.

Specifications
Units

PSI, Depth (m, ft, bar)

Temperature
Operating
Storage

-5 to +50°C
-20 to +80°C
Shallow: 0 to 33 ft (10 m)

Range

Depth Sensor Location relative
to other water quality sensors
(see EXO sonde label)

Depth Sensor Location
27.2 cm (EXO1), 13.9 cm (EXO2)
to WQ Sensors
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Medium: 0 to 328 ft (100 m)
Deep: 0 to 820 ft (250 m)
Vented: 0 to 33 ft (10 m)

Accuracy

Shallow: ±0.04% FS (±0.013 ft or ±0.004 m)
Medium: ±0.04% FS (±0.13 ft or ±0.04 m)
Deep: ±0.04% FS (±0.33 ft or ±0.10 m)
Vented: ±0.03% FS (±0.010 ft or ±0.003 m)

Response

T63<2 sec

Resolution

0.001 ft (0.001 m)

Sensor Type

Stainless steel strain gauge

and Level
4.9 Depth
Calibration
NOTE: This calibration option is available only if your sonde is equipped with an integral depth sensor or
a vented level sensor.
For the calibration, make certain that the depth sensor or vented level sensor is in air and not immersed in any solution.
Also, review the basic calibration description in section 4.2.
In the Calibrate menu, select port D-Depth, then select Depth or Level from the second menu.
Click 1 Point for the Calibration Points. Enter 0 or go to the Advanced menu to enter a known sensor offset.
- If a depth offset is entered, the output value will shift by the value of the offset. Users may use an offset if
referencing a water elevation against a known point.
Click Start Calibration. Observe the readings under Current and Pending data points and when they are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point. This process zeros
the sensor with regard to current barometric pressure.
Click Exit to return to the sensor calibration menu, and then the back arrows to return to the Calibrate menu.
For best performance of depth measurements, users should ensure that the orientation of the sonde remains constant
while taking readings. This is especially important for vented level measurements. Keep the sonde still and in one
position while calibrating.

Advanced

Mounting: Use the Advanced menu to select if a sonde will be mounted in
a moving/profiling deployment instead of a fixed location.
Depth Offset: Enter a datum or barometric pressure offset at time of
calibration. Barometric pressure offset allows the depth data to be
post-processed for barometric pressure changes over the course of the
deployment.
Altitude/Latitude: Enter the coordinates for the local altitude (in feet,
relative to sea level) and latitude (in degrees) where the sonde is sampling.
Latitude values are used in the calculation of depth or level to account for
global variations in the gravitational field.
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Oxygen
4.10 Dissolved
Sensor Overview
The principle of operation of the EXO optical dissolved oxygen sensor is based on the well-documented concept that dissolved
oxygen quenches both the intensity and the lifetime of the luminescence associated with a carefully chosen chemical dye.
The EXO DO sensor operates by shining a blue light of the proper wavelength on this luminescent dye which is immobilized
in a matrix and formed into a disk. The blue light causes the immobilized dye to luminesce and the lifetime of this dye
luminescence is measured via a photodiode in the probe. To increase the accuracy and stability of the technique, the dye
is also irradiated with red light during part of the measurement cycle to act as a reference in the determination of the
luminescence lifetime.

Sensor Cap

Sensor without
Sensor Cap

When there is no oxygen present, the lifetime of the signal is
maximal; as oxygen is introduced to the membrane surface of the
sensor, the lifetime becomes shorter. Thus, the lifetime of the
luminescence is inversely proportional to the amount of oxygen
present and the relationship between the oxygen pressure
outside the sensor and the lifetime can be quantified by the
Stern-Volmer equation: ((Tzero/T) – 1) versus O2 pressure
For most lifetime-based optical DO sensors, this Stern-Volmer
relationship is not strictly linear (particularly at higher oxygen
pressures) and the data must be processed using analysis by
polynomial non-linear regression. Fortunately, the non-linearity
does not change significantly with time so that, as long as each
sensor is characterized with regard to its response to changing
oxygen pressure, the curvature in the relationship does not affect
the ability of the sensor to accurately measure oxygen for an
extended period of time.
(continued)

Specifications

599100-01;
599110 sensor cap
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Units

% Saturation, mg/L

Temperature
Operating
Storage

-5 to +50°C
-20 to +80°C

Range

0 to 500% air sat.
0 to 50 mg/L

Accuracy

0-200%: ±1% reading or 1%
air sat., whichever is greater;
200-500%: ±5% reading
0-20 mg/L: ±1% of reading
or 0.1 mg/L;
20-50 mg/L: ±5% reading

Response

T63<5 sec

Resolution

0.1% air sat.
0.01 mg/L

Sensor Type

Optical, luminescence
lifetime

Variables that Affect DO Measurements

Variables that could affect dissolved oxygen measurements include temperature, salinity, and barometric pressure.
Temperature and salinity are compensated for during instrument calibration and field use with the use of additional sensors
and/or instrument software settings. Barometric pressure relates to the pressure of oxygen in the calibration environment,
and barometric pressure changes due to a change in altitude or local weather. Generally the effect of barometric pressure is
overcome by proper sensor calibration to a standard pressure. However, if the user measures dissolved oxygen in something
besides percent saturation, then the EXO DO sensor can store a local barometric reading put into the KorEXO software (DO
% local) or the EXO handheld can take a live barometric reading with its internal barometer (ODO % EU).
ODO % Sat =
		
ODO % Local =
		
		
ODO % EU =
		

Raw DO reading corrected with temperature and local barometric pressure at the time of
calibration: ( local mmHg / 760 mmHg ) x 100 = %Sat
Raw DO reading corrected with temperature and % Sat output fixed to 100% regardless of
barometric pressure entry. (The entered local barometric pressure is used by KorEXO software
for mg/L calculations.)
ODO % Sat reading corrected with live barometric reading (available only on EXO
Handheld). Fixes the % Sat output to 100%, and conforms to British and EU standards.
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Oxygen
4.11 Dissolved
Calibration
First review the basic calibration description in section 4.2.

ODO % sat and ODO % local – 1-point

Place the sonde with sensor into either water-saturated air or air-saturated water:
(a) Water-saturated air: Ensure there are no water droplets on the DO sensor or the thermistor. Place into a calibration
cup containing about 1/8 inch of water that is vented by loosening the threads. (Do not seal the cup to the sonde.) Wait
10-15 minutes before proceeding to allow the temperature and oxygen pressure to equilibrate. Keep out of direct sunlight.
(b) Air-saturated water: Place into a container of water which has been continuously sparged with an aquarium pump and
air stone for one hour. Wait approximately 5 minutes before proceeding to allow the temperature and oxygen pressure to
equilibrate.
In the Calibrate menu, select ODO, then select ODO % sat or ODO % local. Calibrating in ODO % sat automatically calibrates
ODO mg/L and ODO % local and vice versa.
Enter the current barometric pressure in mm of Hg (Inches of Hg x 25.4 = mm Hg).
NOTE: Laboratory barometer readings are usually “true” (uncorrected) values of air pressure and can be used “as
is” for oxygen calibration. Weather service readings are usually not “true”, i.e., they are corrected to sea level, and
therefore cannot be used until they are “uncorrected”. An approximate formula for this “uncorrection” (where the
BP readings MUST be in mm Hg) is:
True BP = [Corrected BP] – [2.5 * (Local Altitude in ft above sea level/100)]
Click 1 Point for the Calibration Points. Enter the standard value (air saturated).
Click Start Calibration. Observe the readings under Current and Pending data points and when they are Stable (or data
show no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu, and
then the back arrows to return to main Calibrate menu.

mg/L – 1-point

Place the sonde with sensor in a container which contains a known concentration of dissolved oxygen in mg/L and that is
within ±10% of air saturation as determined by one of the following methods:
- Winkler titration
- Aerating the solution and assuming that it is saturated
- Measurement with another instrument
NOTE: Carrying out DO mg/L calibrations at values outside the range of ±10 % of air saturation is likely to compromise the
accuracy specification of the EXO sensor. For highest accuracy, calibrate in % saturation.
In the Calibrate menu, select ODO, then select ODO mg/L. Calibrating in ODO mg/L automatically calibrates ODO % sat and
vice versa.
Click 1 Point for Calibration Points. Enter the known mg/L concentration for the standard value. Click Start Calibration.
Observe the readings under Current and Pending data points and when they are Stable (or data shows no significant
change for approximately 40 seconds), click Apply to accept this calibration point. Click Complete.
Rinse the sonde and sensor(s) in tap or purified water and dry.
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ODO % sat, ODO % local or mg/L – 2-point (or zero point)
Normally it is not necessary to perform a 2-point calibration for the DO sensor, and the procedure is not recommended
unless (a) you are certain that the sensor does not meet your accuracy requirements at low DO levels and (b) you are
operating under conditions where you are certain to be able to generate a medium which is truly oxygen-free.
For ODO % sat or ODO % local, calibrate your sonde at zero oxygen and in water-saturated air or air-saturated water. For
ODO mg/L, calibrate your sonde at zero oxygen and a known concentration of oxygen within ±10% of air-saturation. The
key to performing a 2-point calibration is to make certain that your zero-oxygen medium is truly oxygen-free:
- If you use nitrogen gas for the zero-point calibration, make certain that the vessel you use has a small exit port
to prevent back diffusion of air and that you have completely purged the vessel before confirming the calibration.
- If you use sodium sulfite solution for the zero-point calibration, prepare the solution at a concentration of
approximately 2 g/L at least two hours prior to use and keep it sealed in a bottle which does not allow diffusion
of oxygen through the sides of the container. Transfer the sodium sulfite solution rapidly from its container to the
calibration cup, fill the cup as full as possible with solution to minimize head space, and seal the cup to the sonde
to prevent diffusion of air into the vessel.
Place the sonde with DO and temperature sensors in the zero-oxygen medium.
In the Calibrate menu, select ODO, then select either ODO % sat, ODO % local or ODO mg/L.
Click 2 Point for the Calibration Points. Enter Zero Point as the value of the first standard.
Click Start Calibration. Observe the readings under Current and Pending data points and when they are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
- If you used sodium sulfite solution as your zero calibration medium, you must thoroughly remove all traces of
the reagent from the probes and wiper prior to proceeding to the second point. We recommend that the second
calibration point be in air-saturated water if you use sodium sulfite solution.
Next place the sensors in the medium containing a known oxygen pressure or concentration and wait at least 10 minutes
for temperature equilibration. Click Proceed in the pop-up window. Then enter either the barometer reading in mm Hg
(for ODO %) or the actual concentration of oxygen as determined from a Winkler titration (for ODO mg/L), for instance.
Observe the readings under Current and Pending data points and when they are Stable (or data shows no significant
change for approximately 40 seconds), click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu, and
then the back arrows to return to main Calibrate menu.
NOTE: Carrying out DO mg/L calibrations at values outside the range of ±10 % of air saturation is likely to compromise the
accuracy specification of the EXO sensor. For highest accuracy, calibrate in % saturation.
Rinse the sonde and sensor(s) in tap or purified water and dry.
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4.12 fDOM
Sensor Overview
The EXO fDOM (Fluorescent Dissolved Organic Matter) sensor detects the fluorescent component of DOM (Dissolved
Organic Matter) when exposed to near-ultraviolet (UV) light.

Colored Dissolved Organic Matter

Users might wish to quantify colored dissolved organic matter (CDOM) in order to determine the amount of light which is
absorbed by stained water and thus is not available for photosynthesis. In most cases, fDOM can be used as a surrogate
for CDOM.

Quinine Sulfate

A surrogate for fDOM is quinine sulfate, which, in acid solution, fluoresces
similarly to dissolved organic matter. The units of fDOM are quinine
sulfate units (QSUs) where 1 QSU = 1 ppb quinine sulfate and thus quinine
sulfate is really an indirect surrogate for the desired CDOM parameter.

A

CAUTION
UV LIGHT
Do not look
directly at the end
the of sensor when
it is active.

599104-01
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The EXO fDOM sensor shows virtually perfect linearity (R2=1.0000) on
serial dilution of a colorless solution of quinine sulfate. However, on
serial dilution of stained water field samples, the sensor shows some
underlinearity. The point of underlinearity in field samples varies and
is affected by the UV absorbance of the DOM in the water. Testing shows
that underlinearity can occur at fDOM concentrations as low as 50 QSU.
This factor means that a field sample with an fDOM reading of 140 QSU
will contain significantly more than double the fDOM of a sample that
reads 70 QSU. This effect—good linearity in colorless quinine sulfate
solution, but underlinearity in stained field samples—is also exhibited by
other commercially available
fDOM sensors and thus the
Specifications
performance of the EXO sensor
Quinine Sulfate
is likely to be equivalent or
Units
Units (QSU), ppb
better than the competition
while providing the advantages
Temperature
of easy integration into a
Operating
-5 to +50°C
multiparameter package and
Storage
-20 to +80°C
automatic mechanical cleaning
Range
0 to 300 ppb QSU
when used in monitoring studies
with an EXO2 sonde.
Response

T63<2 sec

Resolution

0.01 ppb QSU

Sensor Type

Optical,
fluorescence

Linearity

R2>0.999 for
serial dilution of
300 ppb Quinine
Sulfate solution

Detection
Limit

0.07 ppb QSU

Optics:
Excitation

365±5 nm

Emission

480±40 nm

4.13 fDOM
Calibration Standards
Quinine Sulfate Solution for fDOM Sensor
A

WARNING: Before using a quinine sulfate reagent (solid or solution) or sulfuric acid reagent, read the safety instructions
provided by the supplier. Take extra precautions when making dilutions of concentrated sulfuric acid, as this reagent is
particularly dangerous. Remember that only trained personnel should handle chemicals.

Preparation

Use the following procedure to prepare a 300 μg/L solution of quinine sulfate (300 QSU) that can be used to calibrate the
EXO fDOM sensor for field use:
1. Purchase solid quinine sulfate dihydrate (CAS# 6119-70-6) with a high purity (>99%).
2. Purchase 0.1 N (0.05 M) sulfuric acid (CAS# 7664-93-3), to avoid the hazards of diluting concentrated sulfuric acid to
make this reagent.
3. Weigh 0.100 g of solid quinine sulfate dihydrate and quantitatively transfer the solid to a 100-mL volumetric flask.
Dissolve the solid in about 50 mL of 0.05 M (0.1 N) sulfuric acid (H2SO4), dilute the solution to the mark of the
volumetric flask with additional 0.05 M sulfuric acid, and mix well by repeated inversion. This solution is 1000 ppm in
quinine sulfate (0.1%).
4. Transfer 0.3 mL of the 1000 ppm solution to a 1000 mL volumetric and then fill the flask to the top graduation with
0.05 M sulfuric acid. Mix well to obtain a solution of 300 μg/L (300 QSU or 100 RFU).
5. Store the concentrated standard solution in a darkened glass bottle in a refrigerator to retard decomposition. The
dilute standard prepared in the previous step should be used within 5 days of preparation and should be discarded
immediately after exposure to EXO’s metal components.

Degradation of quinine fluorescence by copper and chloride
NOTICE: Exposure of the quinine sulfate solution to any copper-based component of the EXO sonde and sensors (primarily the
wiper assembly) will begin to degrade the solution significantly within minutes. Quinine fluorescence is also degraded by the
presence of chloride or halide ions, found in estuarine or seawater, conductivity standards, and Zobell solution. Thus, clean your
sensors thoroughly and perform your calibration as quickly as possible on immersion of the sensors into the quinine sulfate
solution. Discard the used standard. When quinine sulfate standards are required in the future, perform another dilution of
the concentrated solution.

Effect of temperature on fluorescence

The intensity of the fluorescence of many dyes shows an inverse relationship with temperature. This effect must be
accounted for when calibrating the EXO fDOM sensor with quinine sulfate solution. Enter the QSU or RFU value from the
table below that corresponds to the temperature of the standard.
Temp (˚C) RFU

QSU

Temp (˚C) RFU

QSU

30

96.4

289.2

18

101.8

305.4

28

97.3

291.9

16

102.7

308.1

26

98.2

294.6

14

103.6

310.8

24

99.1

297.3

12

104.6

313.8

22

100

300

10

105.5

316.5

20

100.9

302.7

8

106.4

319.2
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4.14 fDOM
Calibration
Review the basic calibration description in section 4.2.
Before calibrating, be certain that the sensing window is clean (cleaning instructions, section 5.8).
This procedure calibrates fDOM RFU or fDOM QSU/ppb. If the user has both units selected, then this procedure must be
performed twice, once for each unit, to completely calibrate the parameter.
For 2-point calibrations, the first standard must be clear water (0 μg/L). The second standard should be a 300 μg/L
quinine sulfate solution. (For detailed instructions for mixing this solution, see section 4.13.)
NOTICE: Do not leave sensors in quinine sulfate solution for a long time. A chemical reaction occurs with the copper on
the sonde (wiper assembly, sonde bulkhead, copper tape) that degrades the solution and causes it to drift. Also, start
with very clean sensors, as the presence of chloride and halide ions (from estuarine or seawater, conductivity standards,
and Zobell solution) can compromise QS fluorescence.

QSU – 1- or 2-point

Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe end of the
sonde in the water.
In the Calibrate menu, select fDOM, then select QSU/ppb. Select either a 1- or 2-point calibration. Enter 0 for first
standard value and 300 μg/L for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points, and when they are Stable, click Apply to
accept this calibration point.
Remove the central wiper from the EXO2 sonde before proceeding to the next step.
Next place the sensors in the correct amount of 300 μg/L quinine sulfate standard in the calibration cup. Click Proceed on the
pop-up window. Observe the readings under Current and Pending data points. While stabilizing, verify that no air bubbles
reside on the sensing face of the sensor. If there are bubbles, gently shake or move the sensor to dislodge. When data are
Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu,
and then the back arrows to return to main Calibrate menu.

RFU – 1- or 2-point

Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe end of the
sonde in the water.
In the Calibrate menu, select fDOM, then select RFU. Select either a 1- or 2-point calibration. Enter 0 for first standard
value and 100 RFU for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points, and when they are Stable, click Apply to
accept this calibration point.
Remove the central wiper from the EXO2 sonde before proceeding to the next step.
Next place the sensors in the 300 μg/L quinine sulfate standard in the calibration cup. Click Proceed on the pop-up window.
Observe the readings under Current and Pending data points. While stabilizing, verify that no air bubbles reside on the
sensing face of the sensor. If there are bubbles, gently shake or move the sensor to dislodge. When data are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu,
and then the back arrows to return to main Calibrate menu. Rinse the sonde in tap or purified water and dry the sonde.
Discard the used standard.
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Ammonium, Nitrate, & Chloride
4.15 ISEs:
Sensors Overview
NOTE: Ammonium, nitrate, and chloride ion-selective electrodes (ISEs) should be used in freshwater applications only at
depths of less than 55 feet (17 meters) and less than 25 psi. The ammonium and nitrate sensors use a silver/silver chloride
wire electrode in a custom filling solution. The internal solution is separated from the sample medium by a polymer
membrane, which selectively interacts with ammonium or nitrate ions. When the sensor is immersed in water, a potential
is established across the membrane that depends on the relative amounts of ions in the sample and the internal solution.
This potential is read relative to the Ag/AgCl reference electrode.
(continued)

Specifications
Ammonium - NH4

Guarded
Sensor Tip

Replaceable
Sensor Base

Units

mg/L-N, millivolts

Temperature
Operating
Storage

0 to 30˚C
0 to 30°C

Depth

0 to <55 ft (0 to <17 m)

Range

0 to 200 mg/L-N

Accuracy

±10% of reading or ±2 mg/
L-N, whichever is greater

Response

T63<30 sec

Resolution

0.01 mg/L

Sensor Type

Ion-selective electrode

Conductivity

<1500 μS/cm

Nitrate - NO3

599709, 599710, 599711;
599743-01, 599744-01, 599745-01 modules

Units

mg/L-N, millivolts

Temperature
Operating
Storage

0 to 30˚C
0 to 30°C

Depth

0 to <55 ft (0 to <17 m)

Range

0 to 200 mg/L-N

Accuracy

±10% of reading or ±2 mg/
L-N, whichever is greater

Response

T63<30 sec

Resolution

0.01 mg/L

Sensor Type

Ion-selective electrode

Conductivity

<1500 μS/cm
(Specs. continued)
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Specifications (continued)
Chloride - Cl
Units

mg/L-Cl, millivolts

Temperature
Operating
Storage

0 to 30˚C
0 to 30°C

Depth

0 to <55 ft (0 to <17 m)

Range

0 to 18000 mg/L-Cl

Accuracy

±15% of reading or ±5
mg/L-Cl, whichever is
greater

Response

T63<30 sec

Resolution

0.01 mg/L

Sensor Type

Ion-selective electrode

Salinity

30 psu

NOTE: Qualification testing for chloride was performed
in a stirred calibration solution. Due to the solid state
nature of the chloride ISE, the sensor exhibits moderate
flow dependence. Mitigation can be achieved by stirring
during calibration.

The chloride sensor uses a solid-state membrane attached to a
conductive wire. This sensor operates in a similar fashion to the
ammonium and nitrate sensors.
For all ISEs, the linear relationship between the logarithm of the
ammonium, nitrate or chloride activity and the observed voltage, as
predicted by the Nernst equation, is the basis for the determination.
Ammonium is calculated from the pH, salinity, and temperature
readings. If a pH sensor is not in use, the instrument will assume the
sample is neutral (pH 7) for the calculation. If a conductivity sensor
(salinity) is not in use, the instrument will use the salinity correction
value entered in the ammonium sensor calibration screen for the
calculation.

Replaceable Sensor Module

The EXO ammonium, chloride, and nitrate sensors have a unique
design that incorporates a user-replaceable sensor tip (module)
and a reusable sensor base that houses the processing electronics,
memory, and wet-mate connector. This allows users to reduce the
costs associated with these sensors by only replacing the relatively
inexpensive module periodically and not the more costly base.
The connection of the module to the sensor base is designed for one
connection only and the procedure must be conducted in an indoor
and dry environment. Once installed the module cannot be removed
until you are prepared to replace it with a new module.
See section 5.16 for detailed instructions.
The typical life expectancy of an ISE sensor is three to six months,
depending on use.

Precautions
• ISEs are intended for sampling purposes and must be calibrated frequently due to sensor drift.
• ISEs can be used in long-term deployments for qualitative trends. Use with an EXO wiper will deform the
brush over time and may require more frequent brush replacement. The brush deformation may intensify
with the fouling present in the monitored environment.
• ISE sensors only come in guarded configurations. Customers should not remove the plastic guard
that protects the ISE membrane.
• For long-term deployments, sensor data should be compared to that of grab samples throughout 			
the monitoring period to note drift.
For a full list of precautions see the end of section 4.16
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Ammonium, Nitrate, & Chloride
4.16 ISEs:
Calibration
This procedure calibrates the EXO ammonium, chloride, or nitrate sensor. The sensors can be calibrated to one, two
or three points. The 3-point calibration method assures maximum accuracy when the temperature of the media to be
monitored cannot be anticipated; we strongly recommend a 3-point calibration for best performance of ISE sensors.
Review the basic calibration description in section 4.2.
The temperature response of ion-selective electrodes is not as predictable as that of pH sensors. Therefore, be sure
to carry out a 3-point calibration the first time you use the sensor. This will provide a default setting for the effect of
temperature on your sensor. After this initial calibration, you can use the less time-consuming 2-point and 1-point
routines to update the 3-point calibration. However, we strongly recommend a new 3-point calibration after each
deployment of 30 days or longer.
Due to the nature of ion-selective electrodes, it is recommended that they be used for sampling purposes for the
greatest accuracy. Using an ISE in long-term deployments is possible, but it’s important to note that drift occurs over an
extended period of time. Collecting grab samples from the site is encouraged to correct for drift. Additionally, sample
readings should be taken after sensors have fully stabilized. Calibrating in a continuously stirred solution from 1 to 5
minutes has shown to improve sensor performance. For best performance sensors should be calibrated as close to the
expected field conditions as possible.
For more ISE precautions, drift, and accuracy notes please see “ISE Precautions” at the end of this section.

1-point

Select the 1-point option only if you are adjusting a previous calibration. If a 2-point or 3-point calibration has been
performed previously, you can adjust the calibration by carrying out a 1-point calibration.

2-point

Select the 2-point option to calibrate the ammonium sensor using only two calibration standard solutions. In this
procedure, the ammonium sensor is calibrated using a 1 mg/L NH4+ -N and 100 mg/L NH4+ -N calibration standard
solutions. A 2-point calibration procedure (as opposed to a 3-point procedure) can save time if the temperature range of
the media being monitored is known and stable.

3-point

Select the 3-point option to calibrate the ammonium sensor using three calibration standard solutions, two at ambient
temperature and one at a temperature substantially different from ambient. The 3-point calibration method should be
used to assure maximum accuracy when the temperature of the media to be monitored cannot be anticipated. 3-point
calibration temperatures should span the range of interest, for example 20°C and 2°C for “cold” and 20°C and 30°C
for “hot”. The procedure for this calibration is the same as for a 2-point calibration, but the software will prompt you
to place the sensor in the additional calibration standard solution to complete the 3-point procedure. Be certain that
the calibration standard solution and sensor are thermally equilibrated prior to proceeding with the calibration. The
recommended order of calibration standards is (1) 1 mg/L NH4+ -N standard at ambient temperature, (2) 100 mg/L NH4+
-N standard at ambient temperature, and (3) 1 mg/L NH4+ -N standard at a different temperature (usually lower) than
ambient, ±10°C minimum.
- To save time during calibration, chill/heat a sufficient amount of 1 mg/L NH4+ -N calibration standard
solution prior to the start of calibration.
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Ammonium Pre-calibration
Soaking

EXO Ammonium Sensors are shipped in a container that holds a sponge soaked in 100 mg/L ammonium standard
solution. Before initial use the sensor membrane needs to be soaked in 100 mg/L ammonium standard solution (YSI
part #003843). Most users find it useful to soak the sensors overnight; shorter soaking times may be used if the sensor
output is monitored and is fully stabilized.
In addition to initially soaking the sensor, users may also see improved performance if the ammonium sensor is soaked in
100 mg/L solution after field deployments. This process helps remove any interfering ions from the sensor membrane.
After the activation process the sensor should be rinsed thoroughly and the following calibration precautions
should be observed.
The ammonium sensor should be calibrated using solutions
of known total ammonium-nitrogen content or YSI Standards.

part #003841

1 mg/L

part #003842

10 mg/L

part #003843
100 mg/L
If a two point calibration protocol is used, the temperature
of the standards should be as close as possible to that of the
environmental medium to be monitored. The recommended calibration procedure is one involving three solutions.
Two of the solutions should be at ambient temperature while the third should be at least 10˚C different from ambient
temperature. This protocol minimizes the effects of taking readings at temperatures that are significantly different from
ambient laboratory temperatures.

Calibration Tip

Exposure to the high ionic content of pH buffers can cause a significant, but temporary, drift in the Ammonium, Nitrate,
and Chloride sensors. Therefore, when calibrating the pH/ORP probe, YSI recommends that you use one of the following
methods to minimize errors in the subsequent readings:
1. Calibrate pH first, immersing all of the probes in the pH buffers. After calibrating pH, place the probes in 100 mg/L
nitrate or ammonium standard or 1000 mg/L chloride standard and monitor the reading. Usually, the reading starts low
and may take as long as 30 minutes to reach a stable value. When it does, proceed with calibration of the ISE sensor.
2. When calibrating pH, remove ISE modules from the sonde bulkhead and plug the ports. After pH calibration is
complete, replace the ISE sensors and proceed with their calibration with no stabilization delay.
Despite the potential problems with interference when using ISEs, it is important to remember that almost all interfering
species produce an artificially high ammonium reading. Thus, if the sonde indicates the presence of only small quantities
of ammonium, it is unlikely that the reading is erroneously low because of interference. Unusually high ammonium
readings (which could be due to interfering ions) should be confirmed by laboratory analysis after collection of
water samples.
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Ammonium 3-point

NOTICE: Do not expose electrodes to high-conductivity solutions. Exposure will reduce data quality and response of the
sensors. During calibration of other sensors, remove the ISEs to avoid exposing them to conductivity standards, Zobell
solution, pH buffer, or any solution with significant conductivity.
In the Calibrate menu, select ISE, then select ammonium.
Click 3-point for the Calibration Points. Enter 1 mg/L as the value of the first standard, 100 mg/L as the value of the
second standard, and 1 mg/L as the value of the third standard.
Click Start Calibration.
Pour a sufficient amount of 1 mg/L NH4+ -N calibration standard solution at ambient temperature in a clean and dry or
pre-rinsed calibration cup. Carefully immerse the sensor end of the sonde into the solution, making sure the sensor’s tip
is in solution by at least 1 cm. Allow at least 1 minute for temperature equilibration before proceeding.
Observe the readings under Current and Pending data points and when they are Stable (or data shows no significant
change for approximately 40 seconds), click Apply to accept this calibration point. Confirm that the Pending data value
is close to the Setpoint value. Click Proceed and wait for the software to prompt you to move the sensor to the next
calibration standard solution.
Rinse the sensors in deionized water between changes of the calibration solutions. Pour a sufficient amount of 100
mg/L of NH4+ -N calibration standard solution at ambient temperature into a clean, dry or pre-rinsed calibration cup and
carefully immerse the sensor end of the sonde into the solution. Allow at least 1 minute for temperature equilibration
before proceeding.
Observe the readings under Current and Pending data points and when they are Stable (or data shows no significant
change for approximately 40 seconds), click Apply to accept this calibration point. Confirm that the Pending data value
is close to the Setpoint value. Click Proceed and wait for the software to prompt you to move the sensor to the next
calibration standard solution.
Rinse the sensors in deionized water between changes of the calibration solutions. Immerse the sensor end of the sonde
in the pre-chilled 1 mg/L NH4+ -N calibration standard solution ensuring that the temperature is at least 10°C different
than ambient. Allow at least 1 minute for temperature equilibration before proceeding.
Observe the readings under Current and Pending data points and when they are Stable (or data shows no significant
change for approximately 40 seconds), click Apply to accept this calibration point.
Confirm that the Pending data value is close to the Setpoint value.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu
Rinse the sonde in tap or purified water.
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Nitrate 3-point

The calibration procedure for nitrate is identical to the procedure for ammonium, except that the calibration standard
solution values are in mg/L NO3- -N instead of NH4+ -N.

Chloride 3-point

The calibration procedure for chloride is identical to the procedure for ammonium and nitrate, except that the
calibration standard solution values are in mg/L Cl- instead of NH4+ -N or NO3- -N. YSI recommends that the user employ
standards for chloride that are 10 times greater than for ammonium and nitrate and that span the expected deployment
conditions. Typical calibration ranges are 10mg/L Cl- and 1000mg/L Cl- or 1000mg/L Cl- and 18000mg/L Cl-.

Chloride Standard for Chloride Sensor
WARNING: Read and follow all the safety instructions and MSDS documentation supplied with the chemical before
proceeding. Remember that only trained personnel should handle hazardous chemicals.

A

Preparation

Use the following procedure to prepare 10 and 1000 mg/L chloride reagents for the EXO Chloride sensor. (Nitrate and
Ammonium standards can be purchased from YSI or other laboratory supply companies.)

10 mg/L Standard

1. Accurately measure 10 mL of the above 1000 mg/L standard solution into a 1000 mL volumetric flask.
2. Add 0.5 grams of anhydrous magnesium sulfate to the flask.
3. Add 500 mL of water, swirl to dissolve the solid reagents, and then dilute to the volumetric mark with water.
Mix well by repeated inversion and then transfer the 10 mg/L standard to a storage bottle.
4. Rinse the flask extensively with water prior to its use in the preparation of the 1000 mg/L standard.

1000 mg/L Standard
1.
2.
3.
4.

Purchase solid sodium chloride from a supplier.
Accurately weigh 1.655 grams of anhydrous sodium chloride and transfer into a 1000 mL volumetric flask.
Add 0.5 grams of anhydrous magnesium sulfate to the flask.
Add 500 mL of water to the flask, swirl to dissolve all of the reagents. Dilute to the volumetric mark with water.
Mix well by repeated inversion and then transfer the 1000 mg/L standard to a storage bottle.
Alternatively, simply add 0.5 grams of magnesium sulfate to a liter of a 1000 mg/L chloride standard from a certified
supplier.

Sensor Drift

The ion-selective electrodes have the greatest tendency to exhibit calibration drift over time. This drift should not be a
major issue for sampling studies where the instrument can be frequently calibrated. However, if the sensor is used in
longer-term deployments, drift is almost certain to occur. The extent of the drift will vary depending on the age of the
probe, the flow rate at the site, and the quality of the water. For all monitoring studies using ion-selective electrodes, the
user should acquire a few grab samples during the deployment for analysis in the laboratory or with another sensor that
has been recently calibrated.
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Sensor Accuracy Specifications

The typical accuracy specification for the sensors (+/-10% of reading or 2 mg/L which ever is greater for ammonium and
nitrate and ±15% of reading or 5 mg/L which ever is greater for chloride) refer to sampling applications where only minimal
time has elapsed between calibration and field use.
To maintain accuracy specifications for EXO sensor, we recommend that users calibrate sensors in the lab in standards with
temperatures as close to the ambient temperature of the field water as possible.
All ion-selective electrodes are subject to the interaction of species with the sensor membrane, which are similar in nature to
the analyte. These interfering species thus include other halide ions (fluoride, bromide, and iodide) as well as other anions.
Despite the potential problems with interference when using ISEs, it is important to remember that almost all interfering
species produce an artificially high reading. Thus, if the sensor indicates the presence of only small quantities, it is unlikely
that the reading is erroneously low because of interference. Unusually high readings (which could be due to interfering
ions) should be confirmed by laboratory analysis after collection of water samples.

ISE Precautions

Ion-selective electrodes may not stabilize as rapidly as pH sensors. Be sure to allow plenty of time for the readings to
come to their final values during all calibration routines.
Ion-selective electrodes generally drift more than pH sensors. To check for this drift, read the sensor’s value in a
calibration standard solution at the end of each deployment.
Ammonium and nitrate standards are good growth media for a variety of microorganisms. This growth can significantly
reduce the nitrogen content of your standards, an effect that is particularly important for the 1 mg/L solution. It is best
to use new standards for each calibration, but if you decide to save your solutions for reuse, we recommend refrigerated
storage to minimize the growth of these organisms.
Remember that the ammonium, nitrate, and chloride sensors will take longer to stabilize after exposure to high
conductivity solutions such as a pH buffer. To accelerate the recovery process, soak the sensor in 100 mg/L ammonium or
nitrate standard solution or 1000 mg/L Cl- standard solution for a few minutes after exposure. In addition, be particularly
careful that readings are stable during subsequent calibrations.
Of all the sensors available on the sonde, ion selective electrodes have the greatest tendency to exhibit calibration
drift over time. This drift should not be a major problem for sampling studies where the instrument can be frequently
calibrated. However, if an ammonium sensor is used in a longer-term deployment study with the sonde, the user should
be aware that drift is almost certain to occur. The extent of the drift will vary depending on the age of the probe, the flow
rate at the site, and the quality of the water. For all monitoring studies using ion selective electrodes, the user should
acquire a few “grab samples” during the course of the deployment for analysis in the laboratory by chemical means or
with another ammonium sensor which has been recently calibrated. Remember that the typical accuracy specification
for the sensor (+/- 10 % of the reading or 2 mg/L, whichever is larger) refers to sampling applications where only minimal
time has elapsed between calibration and field use.
Many users find it useful to swap Ammonium sensors after 30 days of deployment with freshly calibrated sensors. On the
EXO platform the calibration is retained inside the sensor, so they can be calibrated in the lab and installed in the field.
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and ORP
4.17 pH
Sensor Overview
Users can choose between a pH sensor or a combination pH/ORP sensor to measure these parameters. pH describes the acid
and base characteristics of water. A pH of 7.0 is neutral; values below 7 are acidic; values above 7 are alkaline. ORP designates
the oxidizing-reducing potential of a water sample and is useful for water which contains a high concentration of redox-active
species, such as the salts of many metals and strong oxidizing (chlorine) and reducing (sulfite ion) agents. However, ORP is a
non-specific measurement—the measured potential is reflective of a combination of the effects of all the dissolved species
in the medium. Users should be careful not to overinterpret ORP data unless specific information about the site is known.
(continued)

Specifications
pH
Guarded
Sensor Tip

Replaceable
Sensor Base

Units

pH units

Temperature
Operating
Storage

-5 to +50°C
0 to 60°C

Range

0 to 14 units

Accuracy

±0.1 pH units within ±10°C
of calibration temperature;
±0.2 pH units for entire
temp range

Response

T63<3 sec

Resolution

0.01 units

Sensor Type

Glass combination
electrode

ORP

599701, 599702, 599705, 599706;
599795-01, 599795-02, 599797-01,
599797-02 modules
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Units

millivolts

Temperature
Operating
Storage

-5 to +50°C
0 to 60°C

Range

-999 to +999 mV

Accuracy

±20 mV in Redox standard
solution

Response

T63<5 sec

Resolution

0.1 mV

Sensor Type

Platinum button

Replaceable Sensor Module

The EXO pH and pH/ORP sensors have a unique design that incorporates a user-replaceable sensor tip (module) and
a reusable sensor base that houses the processing electronics, memory, and wet-mate connector. This allows users to
reduce the costs associated with pH and pH/ORP sensors by only replacing the relatively inexpensive module periodically
and not the more costly base.
The connection of the module to the sensor base is designed for one connection only and the procedure must be
conducted in an indoor and dry environment. Once installed the module cannot be removed until you are prepared to
replace it with a new module. See section 5.16 for detailed instructions.
Users must order either a pH or pH/ORP sensor. Once ordered the sensor is only compatible with like-model sensor
modules. For example, if a pH sensor is purchased initially, then the user must order a replaceable pH sensor module in
the future; it cannot be replaced with a pH/ORP module.

Electrodes

EXO measures pH with two electrodes combined in the same probe: one for hydrogen ions and one as a reference. The
sensor is a glass bulb filled with a solution of stable pH (usually 7) and the inside of the glass surface experiences constant
binding of H+ ions. The outside of the bulb is exposed to the sample, where the concentration of hydrogen ions varies. The
resulting differential creates a potential read by the meter versus the stable potential of the reference.
The ORP of the media is measured by the difference in potential between an electrode which is relatively chemically inert
and a reference electrode. The ORP sensor consists of a platinum button found on the tip of the probe. The potential
associated with this metal is read versus the Ag/AgCl reference electrode of the combination sensor that utilizes gelled
electrolyte. ORP values are presented in millivolts and are not compensated for temperature.

Signal Quality
Signal conditioning electronics within the pH sensor module improve response, increase stability, and reduce proximal
interference during calibration. Amplification (buffering) in the sensor head is used to eliminate any issue of humidity in
the front-end circuitry and reduce no .
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4.18 pH
Calibration
1-point

Select the 1-point option to calibrate the pH probe using one calibration standard.
NOTE: While a 1-point pH calibration is possible, YSI recommends using a 2 or 3-point calibration for greater accuracy.

2-point

Select the 2-point option to calibrate the pH probe using two calibration standards. In this procedure, the pH sensor is
calibrated with a pH 7 buffer and a pH 10 or pH 4 buffer depending upon your environmental water. A 2-point calibration
can save time (versus a 3-point calibration) if the pH of the media to be monitored is known to be either basic or acidic.

3-point

Select the 3-point option to calibrate the pH probe using three calibration standards. In this procedure, the pH sensor
is calibrated with a pH 7 buffer and both the pH 10 and the pH 4. The 3-point calibration method assures maximum
accuracy when the pH of the media to be monitored cannot be anticipated.
Review the basic calibration description in section 4.2.
Pour the correct amount of pH buffer in a clean and dry or pre-rinsed calibration cup. Carefully immerse the probe end of
the sonde into the solution, making sure the sensor’s glass bulb is in solution by at least 1 cm. Allow at least 1 minute for
temperature equilibration before proceeding.
In the Calibrate menu, select pH or pH/ORP, then select pH.
Select the number of points desired for the calibration. Enter the value(s) of the pH buffer(s) that will be used for the
calibration.
NOTE: Observe the temperature reading above the standard value. The actual pH value of all buffers varies
with temperature. Enter the correct value from the bottle label for your calibration temperature for maximum
accuracy. For example, the pH of one manufacturer’s pH 7 Buffer is 7.00 at 25˚C, but 7.02 at 20˚C.
If no temperature sensor is installed, user can manually update temperature by entering a value.
Click Start Calibration. Observe the readings under Current and Pending data points and when they are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point. Confirm that the
Pending data value is close to the Setpoint value. Click Proceed and wait for the software to prompt you to move the
sensor to the next standard solution.
Rinse the sensor in deionized water. Pour the correct amount of the next pH buffer standard into a clean, dry or prerinsed calibration cup, and carefully immerse the probe end of the sonde into the solution. Allow at least 1 minute for
temperature equilibration before proceeding.
Repeat the calibration procedure and click Apply when the data are stable. Rinse the sensor and pour the next pH buffer,
if necessary. Repeat calibration procedure for the third point and click Apply when data are stable.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu,
and then the back arrows to return to main Calibrate menu.
Rinse the sonde and sensors in tap or purified water and dry.
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4.19 ORP
Calibration
Review the basic calibration description in section 4.2.
Pour the correct amount of standard with a known oxidation reduction potential value (we recommend Zobell solution) in
a clean and dry or pre-rinsed calibration cup. Carefully immerse the probe end of the sonde into the solution.
In the Calibrate menu, select pH/ORP, then select ORP mV.
Click Start Calibration. Observe the readings under Current and Pending data points and when they are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
NOTICE: Do not leave sensors in Zobell solution for a long time. A chemical reaction occurs with the copper on the sonde
(sonde bulkhead, central wiper assembly, copper tape). While the reaction does not impact calibration, it will degrade the
sonde materials over time. Discard the used standard.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu,
and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.

Effect of temperature on ORP

The oxidation reduction potential value shows an inverse relationship with temperature. This effect must be accounted for
when calibrating the EXO ORP sensor with Zobell solution. Enter the mV value from the table below that corresponds to
the temperature of the standard.
Temp (˚C) mV

Temp (˚C) mV

-5

270.0

25

231.0

0

263.5

30

224.5

5

257.0

35

218.0

10

250.5

40

211.5

15

244.0

45

205.0

20

237.5

50

198.5
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Algae(Chl & BGA)
4.20 Total
Sensor Overview
The EXO total algae sensor is a dual-channel fluorescence sensor that generates two independent data sets; one resulting
from a blue excitation beam that diexcites the chlorophyll a molecule, present in all photosynthetic cells, and a second from
an orange excitation beam that excites the phycocyanin accessory pigment found in blue-green algae (cyanobacteria). This
excitation triggers a transfer of energy from the phycocyanin to the central chlorophyll a, where photosynthesis is initiated.
(continued)

Specifications
Units
Chlorophyll
BGA - PC
BGA-PE

RFU, µg/L Chl
RFU, µg/L PC
RFU, µg/L PE

Temperature
Operating
-5 to +50°C
Storage
-20 to +80°C

599102-01 (Phycocyanin)
599103-01 (Phycoerythrin)

Range

Chl: 0-100 RFU, 0-400 µg/L
Chl*; BGA-PC: 0-100 RFU,
0-100 µg/L*; BGA-PE: 0-100
RFU, 0-280 µg/L*

Response

T63<2 sec

Resolution

Chl: 0.01 RFU, 0.01 µg/L Chl;
BGA-PC: 0.01 RFU, 0.01 µg/L;
BGA-PE: 0.01 RFU, 0.01 µg/L

Sensor Type

Optical, fluorescence

Linearity

Chl: R2>0.999 for serial
dilution of Rhodamine WT
solution from 0-400 µg/L Chl
equivalents
BGA-PC: R2>0.999 for serial
dilution of Rhodamine WT
solution from 0-100 µg/L
PC equivalents; BGA-PE:
R2>0.999 for serial dilution of
Rhodamine WT solution from
0-280 µg/L PE equivalents

Optics:
Chl
Excitation

.
470±15 nm

PC
Excitation

590±15 nm

PE
Excitation

525±15 nm

Emission

685±20 nm

*Pigment concentration ranges of algae sensors were determined in
monocultures of specific algae species. This range will vary depending on algae
assemblage and environmental conditions. For accurate pigment concentration
estimates at particular sites or samples, the user must determine the RFU to
pigment concentration relationship on a site-by-site basis.
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Although blue-green algae contain chlorophyll a, the chlorophyll fluorescence signal detected by in situ fluorometers is weaker
than in eukaryotic phytoplankton. This results in an underestimate of algae biomass when using a single-channel chlorophyll
sensor when blue-green algae are present. The EXO total algae sensor generates a more accurate total biomass estimate of
the planktonic autotrophic community by exciting chlorophyll a, and phycocyanin or phycoerythrin.
The sensor generates data in three formats: RAW, RFU, and an estimate of the pigment concentration in μg/L.
The RAW value is a value unaffected by user calibrations and provides a range from 0-100, representing the per cent of full
scale that the sensor detects in a sample. This parameter is typically used for diagnostic purposes only.
RFU stands for Relative Fluorescence Units and is used to set sensor output relative to a stable secondary standard, such as
Rhodamine WT dye. This allows users to calibrate sensors identically; for example, calibrating all sensors in a network to read
100 RFU in a concentration of Rhodamine WT dye. The sensors can then be deployed and generate data that is relative to all
other sensors. Once a sensor is retrieved, it can be checked against that same standard to assess sensor performance, drift, or
the potential effects of biofouling.
The μg/L output generates an estimate of pigment concentration. The relationship between μg/L and sensor’s RAW signal
should be developed through following standard operating procedures of sampling the water body of interest, collecting
sensor data from sample, and then extracting the pigment to establish a correlation. The higher the temporal and spatial
resolution of the sampling, the more accurate this estimate will be.

Chlorophyll

The EXO chlorophyll sensor operates on the in vivo fluorescence principle with no disruption of the cells required to obtain
either spot readings or long-term data. The EXO sensor has an excellent detection limit as determined under laboratory
conditions and this advantage should be realized in many field applications.
EXO chlorophyll readings show excellent linearity on serial dilution of a surrogate solution of Rhodamine WT (R2>0.9999)
and this should ensure relative accuracy of field chlorophyll readings, i.e., a chlorophyll reading of 100 units will represent
twice the pigment content of water with a chlorophyll reading of 50 units. Also, EXO chlorophyll readings show very low
interference from turbidity, allowing for more accurate determination of algal content during rainfall events which release
both sediment and algae into the water. The EXO chlorophyll sensor also exhibits very low interference from dissolved
organics, increasing data accuracy.

Blue-green Algae

The EXO BGA readings show excellent linearity on serial dilution of a surrogate solution of Rhodamine WT (R2>0.9999) and
this should ensure relative accuracy of field BGA readings, i.e., a BGA reading of 100 units will represent twice the pigment
content of water with a BGA reading of 50 units.
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Algae(Chl & BGA)
4.21 Total
Calibration
Review the basic calibration description in section 4.2.
Before calibrating, be certain that the sensing window is clean (see cleaning instructions, section 5.8).

Chlorophyll

This procedure calibrates Chlorophyll RFU or Chlorophyll μg/L. If the user has both units selected, then this procedure
must be performed twice, once for each unit, to completely calibrate the parameter.
For 2-point calibrations, one standard must be clear water (0 μg/L), and this standard must be calibrated first. The other
standard should be in the range of a known chlorophyll content of the water to be monitored. Two general types of standards
can be used: (a) phytoplankton suspensions of known chlorophyll content, determined by employing the extractive analysis
procedure described in Standard Methods for the Examination of Water and Wastewater, or by analyzing the suspension
in situ using a laboratory fluorometer, and (b) dye solutions whose fluorescence can be correlated to that of chlorophyll.
For option (b), we recommend using a 625 μg/L Rhodamine WT dye solution (for detailed instructions, see the end of this
section), and the solution is used in the calibration steps below.

μg/L – 1- or 2-point

This procedure will zero your fluorescence sensor and use the default sensitivity for calculation of chlorophyll concentration
in μg/L, allowing quick and easy fluorescence measurements that are only semi-quantitative with regard to chlorophyll.
However, the readings will reflect changes in chlorophyll from site to site, or over time at a single site.
Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe end of the sonde
in the water.
In the Calibrate menu, select BGA-PC/Chlor, then select Chl μg/L. Select either a 1- or 2-point calibration. Enter 0 for first
standard value and 66 for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing, click the Wipe
Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change
for approximately 40 seconds), click Apply to accept this calibration point.
Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe the readings under
Current and Pending data points. While stabilizing, click the Wipe Sensors button to activate the wiper to remove any
bubbles. When data are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept
this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu,
and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.

RFU – 1- or 2-point

RFU is a percent full scale output; it outputs relative fluorescence from 0-100%. This calibration procedure is recommended
if you are also using grab samples to post-calibrate in vivo chlorophyll readings.
The sonde will report relative values of fluorescence in the sample being measured. These values can be converted into
actual chlorophyll concentrations in μg/L by using a post-calibration procedure, after the chlorophyll content of grabsamples taken during a deployment has been analyzed in a laboratory. This determination can involve conducting the
extractive analysis procedure described for chlorophyll in Methods for the Examination of Water and Wastewater or by
carrying out an in situ measurement of chlorophyll using a commercial benchtop fluorometer.
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Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe end of the sonde
in the water.
In the Calibrate menu, select BGA-PC/Chlor, then select Chl RFU. Select either a 1- or 2-point calibration. Enter 0 for first
standard value and 16.4 for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing, click the Wipe
Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe the readings under
Current and Pending data points. While stabilizing, click the Wipe Sensors button to activate the wiper to remove any
bubbles. When data are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept
this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu, and
then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.

Blue-green Algae Phycocyanin
This procedure calibrates BGA RFU or BGA μg/L. If the user has both units selected, then this procedure must be performed
twice, once for each unit, to completely calibrate the parameter.
For the 2-point calibration, one of the standards must be clear water (0 μg/L), and this standard must be calibrated first.
The other standard should be in the range of the suspected BGA-PC content at the environmental site. Two general types of
standards can be used: (a) phytoplankton suspensions of known BGA-PC content, and (b) dye solutions whose fluorescence
can be correlated to that of BGA-PC. The user is responsible for determining the BGA-PC content of algal suspensions by
using standard cell counting techniques.
For option (b), we recommend using a 625 μg/L Rhodamine WT dye solution (for detailed instructions, see the end of this
section), and the solution is used in the calibration steps below.

μg/L – 1- or 2-point

This procedure will zero your fluorescence sensor and use the default sensitivity for calculation of phycocyanin-containing
BGA in μg/L, allowing quick and easy fluorescence measurements that are only semi-quantitative with regard to BGA-PC.
However, the readings will reflect changes in BGA-PC from site to site, or over time at a single site.
Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe end of the sonde
in the water.
In the Calibrate menu, select BGA-PC/Chlor, then select BGA μg/L. Select either a 1- or 2-point calibration. Enter 0 for first
standard value and 16 for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing, click the Wipe
Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
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Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe the readings under
Current and Pending data points. While stabilizing, click the Wipe Sensors button to activate the wiper to remove any
bubbles. When data are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept
this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu, and
then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.

RFU – 1- or 2-point

RFU is a percent full scale output; it outputs relative fluorescence from 0-100%. This calibration procedure is recommended
if you are also using grab samples to post-calibrate in vivo algae readings.
Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe end of the sonde
in the water.
In the Calibrate menu, select BGA-PC/Chlor, then select BGA RFU. Select either a 1- or 2-point calibration. Enter 0 for first
standard value and 16 for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing, click the Wipe
Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe the readings under
Current and Pending data points. While stabilizing, click the Wipe Sensors button to activate the wiper to remove any
bubbles. When data are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept
this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu, and
then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.
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Blue-green Algae Phycoerythrin
This procedure calibrates BGA RFU or BGA μg/L. If the user has both units selected, then this procedure must be performed
twice, once for each unit, to completely calibrate the parameter.
For the 2-point calibration, one of the standards must be clear water (0 μg/L), and this standard must be calibrated first.
The other standard should be in the range of the suspected BGA-PE content at the environmental site. Two general types of
standards can be used: (a) phytoplankton suspensions of known BGA-PE content, and (b) dye solutions whose fluorescence
can be correlated to that of BGA-PE. The user is responsible for determining the BGA-PE content of algal suspensions by
using standard cell counting techniques.
For option (b), we recommend using a 25 μg/L Rhodamine WT dye solution (for detailed instructions, see the end of this
section), and the solution is used in the calibration steps below.

μg/L – 1- or 2-point

This procedure will zero your fluorescence sensor and use the default sensitivity for calculation of phycoerythrin-containing
BGA in μg/L, allowing quick and easy fluorescence measurements that are only semi-quantitative with regard to BGA-PE.
However, the readings will reflect changes in BGA-PE from site to site, or over time at a single site.
Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe end of the sonde
in the water. In the Calibrate menu, select BGA-PE/Chlor, then select BGA μg/L. Select either a 1- or 2-point calibration.
When using Rhodamine WT enter 0 for the first standard value and 126 for the second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing, click the Wipe
Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe the readings under
Current and Pending data points. While stabilizing, click the Wipe Sensors button to activate the wiper to remove any
bubbles. When data are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept
this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu,
and then the back arrows to return to main Calibrate menu. Rinse the sonde in tap or purified water and dry the sonde.

RFU – 1- or 2-point

RFU is a percent full scale output; it outputs relative fluorescence from 0-100%. This calibration procedure is recommended
if you are also using grab samples to post-calibrate in vivo algae readings.
Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe end of the sonde
in the water. In the Calibrate menu, select BGA-PE/Chlor, then select BGA RFU. Select either a 1- or 2-point calibration.
When using Rhodamine WT enter 0 for the first standard value and 45 for the second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing, click the Wipe
Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe the readings under
Current and Pending data points. While stabilizing, click the Wipe Sensors button to activate the wiper to remove any
bubbles. When data are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept
this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu,
and then the back arrows to return to main Calibrate menu. Rinse the sonde in tap or purified water and dry the sonde.
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Effect of temperature on fluorescence

The intensity of the fluorescence of many dyes shows an inverse relationship with temperature. This effect must be
accounted for when calibrating the EXO Total-Algae sensor with Rhodamine WT. Enter the μg/L or RFU value from the
table below that corresponds to the temperature of the standard.
Temp
(˚C)

RFU
Chl

μg/L
Chl

RFU
BGA-PC

μg/L

RFU
BGA-PC BGA-PE

μg/L

30

14.0

56.5

11.4

11.4

37.3

104.0

28

14.6

58.7

13.1

13.1

39.1

109.0

26

15.2

61.3

14.1

14.1

41.0

115.0

24

15.8

63.5

15.0

15.0

43.0

120.0

22

16.4

66

16.0

16.0

45.0

126.0

20

17.0

68.4

17.1

17.1

47.0

132.0

18

17.6

70.8

17.5

17.5

49.2

138.0

16

18.3

73.5

19.1

19.1

51.4

144.0

14

18.9

76

20.1

20.1

53.6

150.0

12

19.5

78.6

21.2

21.2

55.9

157.0

10

20.2

81.2

22.2

22.2

58.2

163.0

8

20.8

83.8

22.6

22.6

60.6

170.0

BGA-PE

Rhodamine WT Dye Solution for Total Algae Sensor
WARNING: Read and follow all the safety instructions and MSDS documentation supplied with the dye before
proceeding. Remember that only trained personnel should handle chemicals.

A

Preparation
Use the following procedure to prepare a Rhodamine WT solution for use as a sensor stability check reagent for the EXO
Total Algae (Chlorophyll and Blue-green Algae) sensor:
1. Purchase Rhodamine WT dye in solution form, which can vary somewhat in nominal concentration. Recommended
supplier for a solution that is approximately 2.5% in Rhodamine WT:
Fluorescent FWT Red Dye (item #106023)
Kingscote Chemicals
3334 South Tech Blvd., Miamisburg, OH 45342 USA
1-800-394-0678
2. Accurately transfer 5.0 mL of the Rhodamine WT solution into a 1000 mL volumetric flask. Fill the flask to the
volumetric mark with deionized or distilled water and mix well to produce a solution that is approximately 125 mg/L
of Rhodamine WT. Transfer this standard to a glass bottle and retain it for future use.
3. Accurately transfer 5.0 mL of the solution prepared in the above step to a 1000 mL volumetric flask and then fill the
flask to the volumetric mark with deionized or distilled water. Mix well to obtain a solution, which is 0.625 mg/L in
water (a 200:1 dilution of the concentrated solution).
4. For BGA-PE calibration, accurately transfer 0.2 mL of the 125 mg/L solution prepared in step 2 to a 1000 mL
volumetric flask and then fill the flask to the volumetric mark with deionized or distilled water. Mix well to obtain a
solution that is 25 μg/L or 0.025 mg/L of Rhodamine WT.
5. Store the concentrated standard solution in a glass bottle in a refrigerator to retard decomposition. The dilute
standard prepared in the previous step should be used within 24 hours of its preparation.
Discard the used standard. When Rhodamine standards are required in the future, perform another dilution of the
concentrated Rhodamine WT solution after warming it to ambient temperature.
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4.22 Turbidity
Sensor Overview
Turbidity is the indirect measurement of the suspended solid concentration in water and is typically determined by shining
a light beam into the sample solution and then measuring the light that is scattered off of the particles which are present.
The suspended solid concentration is an important water quality paramter and is a fundamental measure of environmental
change. The source of the suspended solids varies in nature (examples include silt, clay, sand, algae, organic matter) but all
particles will impact light transmittance and result in a turbidity signal.
The EXO Turbidity sensor employs a near-infrared light source and detects scattering at 90 degrees of the incident light
beam. According to ASTM D7315 method, this type of turbidity sensor has been characterized as a nephelometric nearIR turbidimeter, non-ratiometric1. This method calls for this sensor type to report values in formazin nephelometric units
(FNU). FNU is the default calibration unit for the EXO sensor but users are able to change calibration units to nephelometric
turbidity units (NTU), raw sensor signal (RAW), or total suspended solids (TSS)
assuming the user enters the appropriate correlation data.
The RAW value is a value unaffected by user calibrations and provides a range
from 0-100, representing the per cent of full scale that the sensor detects in a
sample.
While all turbidity sensors will read consistently in formazin, other calibration
solutions and field readings will vary between different models of turbidity
sensors. These differences are thought to be a result of differing optical
components and geometries and the resulting detection of varying suspended
sediment characteristics. This effect is inherent in the nature of every turbidity
sensor, and as a result readings between different model turbidity sensors are
likely to show different field values even after calibration in the same standards.

Specifications
Default Units

FNU

Temperature
Operating
Storage

-5 to +50°C
-20 to +80°C

Range

0 to 4000 FNU

Accuracy

0-999 FNU: 0.3 FNU or ±2%
of reading, whichever is
greater; 1000-4000 FNU:
±5% of reading2

Response

T63<2 sec

Resolution

0-999 FNU: 0.01 FNU
1000-4000 FNU: 0.1 FNU

Sensor Type

Optical, 90° scatter

Optics:
Excitation

.
860±15 nm

For long-term, in situ
continuous monitoring of
turbidity, the EXO2 sonde
has a wiper to clean the
turbidity sensor to avoid
sensor fouling and maintain
accuracy.

1 ASTM D7315-07a “Test Method for Determination
of Turbidity Above 1 Turbidity Unit (TU) in Static Mode.”

599101-01

2 Performance based on 3-point calibration done with YSI
AMCO-AEPA standards of 0, 124, and 1010 FNU. The same
type of standard must be used for all calibration points.
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4.23 Turbidity
Calibration
Before calibrating, be certain that the probe is clean and free of debris. Solid particles, particularly those carried over
from past deployments, will contaminate the standards during your calibration protocol and cause either calibration
errors and/or inaccurate field data (cleaning instructions, section 6.13). Use a clean, spare sonde guard. Also, review the
basic calibration description in section 4.2.
For proper calibration, you must use standards that have been prepared according to details in Standard Methods for the
Treatment of Water and Wastewater (Section 2130 B). Acceptable standards include (a) formazin prepared according to
Standard Methods, especially for calibration points greater than 1010; (b) dilutions of 4000 NTU formazin concentrate
purchased from Hach; (c) Hach StablCalTM standards in various NTU denominations; and (d) AMCO-AEPA standards
prepared specifically for the EXO turbidity sensor by the manufacturer (see table next page).
NOTE: The use of standards other than those mentioned above will result in calibration errors and inaccurate field
readings. It is important to use the same type of standard for all calpoints. (i.e. do not mix formazine and AMCO-AEPA
standard for different points in a multi-point cal).

2-point

Pour the correct amount of 0 NTU standard (clear deionized or distilled water) into the calibration cup. Immerse the
probe end of the sonde into the water.
In the Calibrate menu, select Turbidity, then select Turbidity FNU.
Click 2 Point for the Calibration Points. Enter 0 FNU for first standard value and 124 FNU for second standard value. (0
must be calibrated first.)
- If the water to be evaluated is known to be low in turbidity, an appropriate choice of standards might be 0 and
12.4. However, for general purpose measurements an appropriate choice of standards is usually 0 and 124.
- If deploying with a copper anti-fouling guard, use this guard during calibration to calibrate for any offset; input
0.5 or 1 instead of 0. The guard must be clean and free of sediment and debris.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing, click the Wipe
Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data show no significant change
for approximately 40 seconds), click Apply to accept this calibration point.
- If the temperature of your field site is substantially different from the lab temperature, allow the sensor
to sample for 3-5 minutes at each calibration point before accepting it. This step ensures the best possible
temperature compensation when deployed.
Next place the sensors in the second calibration standard. Click Proceed on the pop-up window. Observe the readings
under Current and Pending data points. While stabilizing, click the Wipe Sensors button to activate the wiper to remove
any bubbles. When data are Stable (or data shows no significant change for approximately 40 seconds), click Apply to
accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor calibration menu,
and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.
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3-point

Select the 3-point calibration option for maximum accuracy over a wider range. The first standard must be 0 FNU.
Because of the linearity characteristics of the sensors, we recommend that the other two standards have turbidity values
of 124 and 1010 FNU. It is important to use a consistent type of standard for all calibration points. The procedure for this
calibration is the same as for a 2-point calibration, but the software will prompt you to proceed to an additional solution
to complete the 3-point procedure.

Calibration Limits

Due to the non-linear response of the turbidity sensor, calibration ranges may be limited. A 1-, 2-, or 3-point calibration
may be completed, using the following limits:
First Point

Second Point

Thrid Point

0-1 FNU
(or NTU)

5-199 FNU (or
NTU)

200-4200 FNU
(or NTU)

Calibration standards
The following standards are available for the EXO turbidity sensor:
608000

0 NTU (all turbidity sensors);
1 gallon

607200

12.4 FNU (EXO); 12.7 NTU
(YSI 6-Series); 1 gallon

607300

124 FNU (EXO); 126 NTU
(YSI 6-Series); 1 gallon

607400

1010 FNU (EXO); 1000 NTU
(YSI 6-Series); 1 gallon
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Suspended Solids
4.24 Total
Calculation
Please follow the process below to calculate TSS.
NOTE: This process cannot be performed via the EXO handheld. It must be done using desktop KorEXO.

Step 1

Make sure the turbidity probe is installed in the sonde.

Step 2

Open KorEXO Desktop, connect to the sonde, and navigate to
Calibrate>Turbidity>Advanced>Edit and click Calculate Values.

Step 3

Type in the turbidity NTU/FNU values and the corresponding TSS
values obtained through lab analysis into the table on the left. Click
Calculate. You will see the TSS coefficients populate and a graph
generated. Click Apply.
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Step 4

The values will appear on the previous screen.
Click Apply again.

Step 5

The message below will be displayed and the coefficients will be
applied to the turbidity probe. Click OK.

Step 6

The coefficients will be displayed in the Advanced menu of the
turbidity probe calibration. Click Exit or Back.

Step 7

TSS values will now be displayed on the Dashboard based on the
values entered via KorEXO and saved to the turbidity probe.

Step 8

If the TSS parameter is not displayed on the Dashboard, go to
Options>Units>Turb to activate the TSS parameter. Click Apply and
return to the Dashboard.

Step 9

The units to display TSS will need to be activated separately in the EXO
handheld following the same path mentioned above.
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