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3.

converted from an ingestion dose value into a wet weight fish tissue criterion®. The
USEPA (1995) fish tissue criterion for fish eating birds (i.e., 0.96 mg PCB/kg wet
weight fish tissue*) is higher than that identified by NYSDEC (1987) and thus, the
lower mink value from USEPA (1995) would be the more stringent value for
consideration in the PRG development.

The NYSDEC (1987) fish tissue criterion protective of fish eating mammals, 0.13 mg
PCB/kg wet weight, is based on a study by Platonow and Karstad (1973) in which
mink were fed beef from Aroclor-fed cattle. The lowest concentrations tested, 0.64
mg PCB/Kg, resulted in adverse effects. NYSDEC (1987) assumed that the no effect
concentration would be obtained by multiplying this concentration by an uncertainty
factor of 0.2.

The USEPA (1995) reviewed the Platonow and Karstad (1973) paper and reported
that that “reproductive impairment occurs in mink at even lower concentrations when
PCBs fed to mink have been metabolized by [mammalian] species”. Fish do not
metabolize PCBs like mammals, so mink eating fish are exposed to less toxic
congener profiles than mink that are fed PCBs in cattle. Therefore, USEPA (1995)
also reviewed nine other studies and selected a study by Aulerich and Ringer (1977)
as the best study upon which to base water quality concentrations that are protective
of mammalian wildlife in the Great Lakes. These authors exposed mink to Aroclor
1254 at 0, 5, and 10 mg/kg for nine-months. They also exposed mink to Aroclor
1016, 1221, 1242, and 1254 for 297-days. Only Aroclor 1254 had an adverse effect
on mink reproduction. USEPA (1995) estimated a lowest effect concentration of 2
mg PCB/kg and calculated a lowest observable adverse effects level (LOAEL) of 0.3
mg PCB/kg body weight per day. They then applied an uncertainty factor of 10 to
estimate the no observable adverse effects level (NOAEL). This value, 0.03 mg PCB/
kg body weight per day was nearly identical to that obtained by Hornshaw et al.
(1983) by feeding Great Lakes fish to mink for 290-days during the reproductive
cycle. Therefore, since USEPA (1995) provides a full description of the tests and
recognized the importance of metabolism, and the value presented herein for mink is
consistent with that identified in other studies and that identified for use by NYSDEC
for mink in the Niagara River, 0.03 mg PCB/ kg body weight per day (i.e., 0.15
mg/kg wet weight fish tissue) is the appropriate NOAEL for the mink for the Buffalo
River.

As mentioned previously, the NYSDEC (1987) fish tissue criterion is based on
protection of fish eating birds, 0.11 mg PCB/kg wet weight. This concentration is
based on a study by Britton and Huston (1973) in laying hens exposed to Aroclor

® USEPA 1995 reports the criterion in units of milligram per kilogram of body weight per day (mg/kg-BW-
day), which converts to mg/kg wet weight fish tissue by considering that (1) mink have a body weight of 1
kilogram; (2) mink consume 0.049 kg/kg-BW-day; and (3) that fish are comprised of 75% water (i.e.,
([0.03 mg/kg-BW-day/0.049 kg/kg-BW-day]/4 = 0.15mg/kg wet weight fish tissue).

* The dose based benchmark of 0.6mg/kg-BW-day identified in USEPA (1995) page 4-14 equates to 0.96
mg/kg wet weight fish using a similar equation as that described for mink except substituting a belted
kingfisher ingestion rate of 0.157 kg/kg-BW-day (i.e., [0.6 mg/kg-BW-day/0.157 kg/kg-BW-day]/4 =
0.96mg/kg wet weight fish tissue).
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1242. NYSDEC (1987) report a NOAEL of 0.224 mg PCB/kg body weight per day
and then divided this value by ten to account for the possibility that the kingfisher
might be more sensitive than the chicken. This equates to an estimated fish tissue
concentration of 0.11 mg PCB/kg wet weight.

USEPA (1995) reviewed chronic studies with birds but selected the study by
Dahlgren et al. (1972) as the best study upon which to base water quality
concentrations that are protective of avian wildlife in the Great Lakes. Dahlgren et al.
(1972) administered Aroclor 1254 at 12.5 of 50 mg once a week by gelatin capsule to
ring-necked pheasant for sixteen-weeks during the reproductive cycle. USEPA (1995)
reported that no effects were found on egg fertility or chick growth at 12.5 mg/week.
This study was selected in part because preference was given to studies with wildlife
species, rather than chickens. USEPA (1995) calculated a LOAEL of 1.8 mg Aroclor
1254/kg body weight per day and used a 3-fold application factor because they
considered that kingfisher may be more sensitive than pheasant, and an additional
uncertainty factor of 3 to convert the LOAEL to a NOAEL of 0.2 mg Aroclor
1254/kg body weight per day. USEPA (1995) provides a description of these studies
and calculated a NOAEL of 3.4 mg PCB/kg body weight per day.

In 1987 and 1995, it was not known that Gallinaceous birds such as the chicken are
the most sensitive species of birds tested (Karchner et al. 2006; Head 2008) and
current practice does not add an additional application factor when applying these
NOAELSs to other avian species. For example, Head et al. (2008) reported that
common tern are 260-fold less sensitive than chicken and American kestrel are 122 to
163-fold less sensitive chicken. Wood duck are >46-fold less sensitive than chicken.
Therefore, no additional uncertainty factors should be applied to the avian NOAELSs
discussed above. This means that the NYSDEC (1987) LOAEL should have been
0.22 mg Aroclor 1254/kg body weight per day and the USEPA (1995) NOAEL
should be 0.6 mg Aroclor 1254/kg body weight per day. Since USEPA (1995)
provides a full description of these experiments, ENVIRON believes that 0.6 mg
Aroclor 1254/kg body weight per day is the appropriate NOAEL for avian receptors.
This value equates to 0.96 mg PCB/kg wet weight. It is worthy of note that the
NYSDEC value of 0.22 mg Aroclor 1254/kg body weight per day equates to 0.35
mg/kg wet weight fish tissue (refer to previous footnotes for conversion factors and
approaches), and thus is higher than the mink fish tissue criterion discussed earlier in
this memo.

Conclusions

Appropriate PRGs for the Buffalo River should be based on scientifically valid
approaches, with consideration of regulatory precedent to the extent that such approaches
used in the past reflect our current understanding of physical, chemical, and biological
environment. This memorandum provides a detailed description of the rationales that
support the use of mammalian and avian fish tissue criteria of 0.15 mg/kg and 0.96 mg/kg
wet weight fish, respectively, for consideration of PRG development. The mink value in
particular is very similar to that identified by NYSDEC for use in the Niagara River.
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These values are based on studies cited for use in the Great Lakes (USEPA 1995) and
reflect concentrations consistent with those being used as remedial targets in the Hudson
and Housatonic Rivers (USEPA 2004; 2006). In addition, because the mixture of PCBs
in the Buffalo River small fish most resembles 1242/1248 (i.e., 97% total PCB in small
fish) and is approximately equally split in all fish (i.e., 54% of total PCBs), these fish
tissue targets are considered highly conservative for both mammals and birds. The values
described herein for mink and fish eating birds, will be considered for use in development
of PRGs within a risk-based context.
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CELRB-TD-EA 25 February 2009
Pickard/swp/4404

MEMORANDUM FOR RECORD

SUBJECT: Buffalo River Area of Concern (AOC) — Development of a Preliminary
Remediation Goal (PRG) for total polychlorinated biphenyls (PCBs)

1. The purpose of this memorandum is to document the development of a
preliminary remediation goal (PRG) for total polychlorinated biphenyls (PCBs) in
Buffalo River Area of Concern (AOC) sediments relative to the protection of
pelagic fish. This approach offers a single line of evidence toward the
development of PRGs for total PCBs.

2. The development of this PRG is summarized as follows:

a. AOC sediment PCB contamination. Total PCB concentrations in AOC
sediments range from non-detectable to 33 mg/kg based on existing data. The
predominant Aroclors identified in the sediments were 1242, 1254 and 1260.
Analysis of three composite surficial sediments from the AOC collected in 2003
for bioaccumulation experiments showed detectable mixtures of Aroclor 1248
and 1260, with total PCB concentrations ranging from 0.28 to 0.58 mg/kg
(USAERDC 2003). A PCB profile based on congener-specific analysis of one of
these sediment samples obtained near Katherine Street Peninsula is presented in
Figure 1 (sum of PCB congeners = 191 pg/kg).

b. Bioaccumulation modeling. Biocaccumulation is an appropriate
biological measurement endpoint to evaluate the potential exposure to PCBs in
the aquatic environment. Theoretical bioaccumulation potential (TBP) is an
equilibrium theory-based algorithm used to predict the potential bioaccumulation
of neutral, organic compounds, such as PCBs, from sediment into benthic
organisms (McFarland 1984). This model is expressed as:

(1)
G

TBP = BSAF, (Ly)
TOC

Where:

TBP = Predicted whole body tissue concentration of total PCBs in target benthic
organism, mg/kg wet weight

BSAF, = Benthic biota-sediment accumulation factor

L, = Concentration of lipid in target benthic organism, percent of wet weight
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March 12, 2009

MEMORANDUM

To: Ecology Technical Subgroup

From: Mary Sorensen, Darrel Lauren, and Jen Lyndall

Re: Preliminary Remedial Goals (PRGs) for Mercury and Lead with a Streamlined

Risk Evaluation for Exposed Wildlife at the Buffalo River AOC

Executive Summary

The Ecology Subgroup (Eco-Group) of the Great Lakes Legacy Act Buffalo River Project
Coordination Team has collaborated on efforts to identify preliminary remedial goals (PRGs)" of
contaminants in sediments for use in the Buffalo River Feasibility Study (FS). This
memorandum (memo) is focused on mercury and lead and the fish tissue concentrations
considered relevant as a basis of PRGs for Buffalo River.

This memo briefly describes the approach used for the development of sediment PRGs for
mercury and lead based on target fish tissue and sediment concentrations that are protective of
wildlife. The approach described herein is conservative but consistent with approaches
discussed during weekly Eco-Group calls, including those already presented for polychlorinated
biphenyls (PCBs) (ENVIRON 2009a). Several tables are provided to support this memo and
Attachment 1 provides the electronic excel workbook of these tables in a calculational format.
Supporting data used in the calculations are provided as linked worksheets to facilitate review
by the Eco-Group. This memo will be included as an appendix to the Buffalo River FS report,
along with supporting documentation.

Risk-based assessments were done to demonstrate that current average sediment mercury and
lead concentrations in surface sediment throughout most of the Buffalo River are likely to be
below levels that would result in adverse impacts to wildlife. Sediment toxicity testing results
from 2005 and 2007 were also included in this analysis (USACE 2009 and CSC 2009). Based
on the evaluation of data, the PRGs for mercury and lead reflect the current surface-weighted
average mercury sediment concentrations so that average concentrations following the remedial
action do not results in significant long term increases in surficial concentrations of mercury and
lead. The ranges of mercury and lead PRGs described herein are as follows:
= Mercury: 0.41 mg/kg to 0.54 mg/kg based on average conditions which are well below
the USEPA and NYSDEC fish tissue criterion
= Lead: 73 mg/kg to 103 mg/kg based on average conditions and 320 mg/kg for protective
estimates of average exposures to avian species that may incidentally ingest sediment.

! The acronym PRG may be used interchangeably with remedial target concentration (RTC) indicating the targets
being evaluated for use in the FS. Actual remedial goals will be identified in the FS.
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Mercury PRG Development Approach

The lines of evidence considered by the Eco-Group to establish the Buffalo River mercury PRG
were:
= NYSDEC 2007 fish tissue study showing maximum and average fish tissue
concentrations at or below the USEPA and NYSDEC fish tissue criterion of 0.5 and
0.3 mg mercury/kg (wet weight), respectively
= Buffalo River sediment toxicity testing showing a no effects concentration (NOEC) at
0.43 mg mercury/kg sediment
= Current Buffalo River sediment mercury concentrations, as reflected by the 95
percent upper confidence limits (UCLS)

Mercury Fish Tissue Residues in the Buffalo River

NYSDEC (Pers. Comm. 2009) has identified USEPA’s (1995) fish tissue criterion of 0.5 mg/kg
wet weight as the criterion for consideration of PRGs for the Buffalo River. The available whole
fish tissue concentrations of mercury collected by NYSDEC in 2007 are presented in Figure 1.
Fish species collected included blunt-nose minnow, round goby, pumpkinseed sunfish, yellow
perch, brown bullhead, large mouth bass, and carp. Fish sizes ranged from 8 to 7,350 grams (wet
weight). Small fish (i.e., less than 50 g), and all fish had geometric mean mercury contents of
0.034, and 0.06 mg/kg wet weight, respectively (Table 1). The maximum mercury fish tissue
concentration from any size fish was 0.24 mg/kg. These results show that the maximum tissue
concentrations seen in the Buffalo River are lower than the NYSDEC and USEPA fish tissue
criterion identified for Buffalo River (0.5 mg/kg wet weight based on USEPA Great Lakes
Initiative, 1995). Given that the maximum fish tissue concentration is half the NYSDEC value
and that the average mercury fish tissue concentrations are more than an order of magnitude
below the fish tissue concentration, these results indicate that current conditions in the surface
sediment of Buffalo River are on average below levels that would pose an adverse impact to
wildlife.

Sediment Toxicity Testing Study

Sediment toxicity testing results from 2005 and 2007 were included in this analysis (USACE
2009 and CSC 2009). The USACE reported an unbounded NOEC of 0.43 mg total mercury/kg
sediment on the basis of bioassays conducted in 2005 with Hyalella azteca and Chironomus
tentans. Several higher NOECs from controlled and field toxicity tests have also been reported
in the literature as was discussed in detail in the Sediment Remedial Investigation Report [SRIR]
(ENVIRON and MacTec 2009). In the only study of mercury toxicity alone, Sferra et al. (1999)
reported an NOEC of 3.8 mg total mercury/kg in spiked sediment bioassays with H. azteca.
These additional studies support the conclusion that the USACE NOEC is an appropriate and
conservative PRG for the Buffalo River. Toxicity testing conducted in 2007 indicated benthic
impairment due to sediment mercury concentrations is possible; however, it was noted that the
highest concentrations of mercury from this analysis were based on samples collected deep in the
sediment column, below the average current depth where exposures might be expected for
wildlife. The concentrations seen in the 2007 toxicity testing samples were well above those no
effect concentrations identified in the SRIR. CSC performed a concentration-response analysis
and reported that mercury PRGs ranged from 0.33 mg/kg to 0.85 mg/kg.
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Buffalo River Mercury 95% Upper Confidence Limits

Surface-weighted average mercury sediment concentrations were used to identify current
conditions in the Buffalo River. Average conditions were defined as the upper confidence limit
of the mean (i.e., 95% UCL). Figure 2 shows data distributions and average estimates using the
full data set organized by river mile (Figure 2a) and by decreasing concentrations (Figure 2b).
Figure 2c shows the data frequency distribution in increasing concentrations wherein the 95%
UCL estimates are based on values excluded from the database if they exceeded the 75"
percentile or 95% UCL. The adjusted mercury UCLs, which reflect current conditions of fish
tissue concentrations in a range that do not pose adverse effects to wildlife, range from 0.41
mg/kg to 0.54 mg/kg.

Lead PRG Development Approach

Three lines of evidence are available to establish the Buffalo River lead PRG:
= Buffalo River sediment toxicity testing showing a NOEC at 0.85 mg mercury/kg
sediment
= Current Buffalo River sediment lead concentrations, as reflected by the 95% UCL
= Arrisk-based evaluation of fish ingestion for mink and kingfisher
= Arisk-based evaluation of worm and incidental sediment ingestion for ducks

Sediment Toxicity Testing Study NOEC

The USACE 2009 reported an unbounded NOEC of 85 mg lead/kg sediment on the basis of
bioassays conducted in 2005 with Hyalella azteca and Chironomus tentans. Several higher no
effect concentrations from controlled toxicity tests have also been reported in the literature as
was discussed in detail in the SRIR (ENVIRON and MacTec 2009). These additional studies
support the conclusion that the USACE designated NOEC is a conservative but appropriatevalue
that can be considered a PRG for the Buffalo River.

Buffalo River Lead 95% Upper Confidence Limits

Surface-weighted average lead sediment concentrations were used to identify current conditions
in the Buffalo River in a manner consistent with that described for mercury. Figure 3 shows data
distributions and average estimates using the full data set organized by river mile (Figure 3a) and
by decreasing concentrations (Figure 3b). Figure 3c shows the data frequency distribution in
increasing concentrations wherein 95% UCL estimates are based values excluded from the
database if the exceeded the 75" percentile or 95% UCL. The adjusted lead 95% UCLs range
from 73 mg/kg to 103 mg/kg.
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Risk-Based Evaluation of Fish Ingestion for Mink and Kingfisher

The risk-based evaluation focused on the ingestion of fish by mink and kingfishers is consistent
with the formulae and approaches presented in the PCB PRG memorandum (ENVIRON 2009a).
Each of the exposure parameter estimates are identical to those already described in the PCB
memo, and thus this detail is not repeated herein. The difference in the evaluation is based on
site-specific exposure concentrations for lead measured in fish tissues (Table 2) and the toxicity
reference value (TRVs) for lead. Associated data and spreadsheets used in the calculations are
provided in Attachment 1. The two TRVs used in the analyss are those identified by NYSDEC
(Pers. Comm. 2009) and USEPA (2005). Because lead does not bioaccumulate in fish tissues,
the PRGs associated with mink and kingfisher are greater than 500 mg/kg of lead (Table 3) based
on estimates identified in Table 4. Table 5 provides a risk-based evaluation of current conditions
in the Buffalo River and shows that hazard quotient (HQs) are well below the USEPA threshold
value of 1 considered protective of wildlife.

Risk-Based Evaluation of Worm and Incidental Sediment Ingestion for
Ducks

Due to concerns raised by stakeholders at the Eco-Group meeting in Buffalo NY on January 16,
2009, consideration was given to potential receptors more likely to come in direct contact to
sediment, such as an American wood duck. While much of the Buffalo River is beyond a depth
that dabbling ducks might be exposed, this analysis was considered because concerns were raised
about such hypothetical receptors. Results are presented in Tables 3, 4, and 5 showing that
current conditions yield HQ below the USEPA threshold value of 1 considered protective of
wildlife. PRGs were calculated using a variety of scenarios that reflect the use of NYSDEC and
USEPA TRVs and various calculational methods, as described in the tables and Attachment 1.
The primary difference among methods was consideration of 100% bioavailablity of sediment
ingested versus a more realistic bioavailability estimate of 35% (this applies to incidental
sediment ingestion and assimilation which is well documented to be less than 100%). The range
of PRGs derived using these estimates and the USACE defined approach for linking sediment
and worms via a bioaccumulation model presented in Attachment 1 is 185 mg/kg to 495 mg/kg
with an average of 185 mg/kg.
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Table 1: Mercury in Fish Tissues from Buffalo River

Whole Body Hg Wwt

LABNO TAGNO SPP SDATE  LOCATION PREP _LENMM WGTG PROGRAM TISSUEWGTG g wet weight All/Zone  Small/Zone  mg/kg Wwt _ All/Zone  Small/Zone

07-0038-H 346 RGOBY 20071002 INNER HARBOR w 8 BUFFALO R-2007 8 0.012

07-0037-H 437 RGOBY 20070927 w 16 BUFFALO R-2007 16 0.027

07-0036-H 416 RGOBY 20070927 w 20 BUFFALO R-2007 20 NA 13.7 0.0194 0.018 0.018

07-0050-W 387 PKSD 20071002 ZONE 1- SHIP CANAL W 127 33 BUFFALO R-2007 354 35.4 0.0476

07-0047-W 334 PKSD 20071002 w 128 40 BUFFALO R-2007 35.2 35.2 0.0166

07-0049-W 343 PKSD 20071002 w 130 42 BUFFALO R-2007 35.2 35.2 0.0231

07-0044-W 371 BB 20071002 w 230 270 BUFFALO R-2007 152 270 0.0126

07-0040-W 327 LMB 20071002 w 315 325 BUFFALO R-2007 462 325 0.11

07-0042-W 311 LMB 20071002 w 290 350 BUFFALO R-2007 330 350 0.101

07-0043-W 305 LMB 20071002 w 300 430 BUFFALO R-2007 430 430 0.118

07-0041-W 386 LMB 20071002 w 295 450 BUFFALO R-2007 305 450 0.0747

07-0039-W 339 LMB 20071002 w 450 1500 BUFFALO R-2007 1543 1500 0.217

07-0056-W 396 YP 20071002 w 195 90 BUFFALO R-2007 76.8 90 0.0492

07-0045-W 389 BB 20071002 w 362 520 BUFFALO R-2007 588 520 0.0469

07-0055-W 373 CARP 20071002 w 621 3700 BUFFALO R-2007 3470 3700 0.0695

07-0053-W 352 CARP 20071002 w 653 4500 BUFFALO R-2007 4245 4500 0.121

07-0054-W 314 CARP 20071002 w 670 4900 BUFFALO R-2007 4745 4900 0.100

07-0051-W 379 CARP 20071002 w 689 6180 BUFFALO R-2007 6080 6180 0.0741

07-0052-W 388 CARP_ 20071002 W 768 7350 BUFFALO R-2007 7190 7350 548.85 35.27 0.117 0.064 0.026

07-0063-W 384 PKSD 20071001 ZONE 2- RM 1.5-2.2 w 132 40 BUFFALO R-2007 37.6 37.6 0.0842

07-0062-W 341 PKSD 20071001 w 132 46 BUFFALO R-2007 41.9 41.9 0.0304

07-0060-W 378 PKSD 20071001 w 155 70 BUFFALO R-2007 66.8 66.8 0.0639

07-0057-H 398A BNOSE 20071001 w 73 BUFFALO R-2007 73 0.0317

07-0058-H 398B BNOSE 20071001 w 73 BUFFALO R-2007 73 0.0253

07-0069-W 333 YP 20071001 w 210 104 BUFFALO R-2007 100.3 104 0.0573

07-0071-W 391 BB 20071001 w 253 226 BUFFALO R-2007 211 226 0.0198

07-0066-W 377 LMB 20071001 w 282 352 BUFFALO R-2007 334 352 0.134

07-0068-W 330 LMB 20071001 w 290 404 BUFFALO R-2007 379 404 0.164

07-0067-W 392 LMB 20071001 w 301 428 BUFFALO R-2007 417 428 0.177

07-0065-W 394 LMB 20071001 w 315 532 BUFFALO R-2007 484 532 0.19

07-0064-W 399 LMB 20071001 w 367 872 BUFFALO R-2007 793 872 0.244

07-0070-W 390 YP 20071001 w 169 60 BUFFALO R-2007 54.4 54.4 0.044

07-0072-W 376 BB 20071001 w 240 202 BUFFALO R-2007 187 202 153.66 39.69 0.0994 0.073 0.051

07-0074-W 443 PKSD 20070927 ZONE 3 RM 3.2-5.3 w 122 32 BUFFALO R-2007 304 30.4 0.0728

07-0084-W 426 YP 20070927 w 159 41.5 BUFFALO R-2007 41.9 41.9 0.0889

07-0075-W 428 PKSD 20070927 w 137 47.5 BUFFALO R-2007 433 43.3 0.111

07-0088-W 372 YP 20070927 w 161 49 BUFFALO R-2007 54.2 54.2 0.0735

07-0087-W 432 YP 20070927 w 176 64 BUFFALO R-2007 61.5 0.0725

07-0076-W 454 PKSD 20070927 w 154 72.5 BUFFALO R-2007 69.7 69.7 0.157

07-0073-H 441 BNOSE 20070927 w 84 BUFFALO R-2007 84 0.0205

07-0085-W 445 YP 20070927 w 203 100 BUFFALO R-2007 98.4 100 0.0744

07-0086-W 433 YP 20070927 w 219 135 BUFFALO R-2007 107.6 135 0.0536

07-0083-W 382 LMB 20070927 w 206 140 BUFFALO R-2007 118 140 0.105

07-0091-W 440 BB 20070927 w 220 156 BUFFALO R-2007 137 156 0.0959

07-0090-W 431 BB 20070927 w 238 195 BUFFALO R-2007 170 0.0807

07-0079-W 430 LMB 20070927 w 302 225 BUFFALO R-2007 389 225 0.18

07-0092-W 434 BB 20070927 w 265 225 BUFFALO R-2007 206 225 0.0152

07-0089-W 438 BB 20070927 w 290 290 BUFFALO R-2007 268 290 0.0546

07-0093-W 436 BB 20070927 w 275 329 BUFFALO R-2007 280 329 0.208

07-0081-W 435 LMB 20070927 w 220 330 BUFFALO R-2007 318 330 0.173

07-0080-W 427 LMB 20070927 w 280 360 BUFFALO R-2007 347 360 0.112

07-0082-W 444 LMB 20070927 w 319 500 BUFFALO R-2007 588 500 0.178

07-0096-W 381 CARP 20070927 w 580 3200 BUFFALO R-2007 3211 3200 0.119

07-0094-W 338 CARP 20070927 w 615 3300 BUFFALO R-2007 3280 3300 0.129

07-0095-W 308 CARP 20070927 w 618 4050 BUFFALO R-2007 3880 4050 0.0794

07-0097-W 383 CARP 20070927 w 632 4150 BUFFALO R-2007 3950 4150 251.73 9.52 0.105 0.088 0.022

07-0105-W 411 PKSD 20070925 ZONE 4- RM 5.3-6.3 w 135 47 BUFFALO R-2007 42.7 42.7 0.084

07-0103-W 407 PKSD 20070925 w 135 48 BUFFALO R-2007 44 44 0.0714

07-0106-W 412 PKSD 20070925 w 130 48 BUFFALO R-2007 44.4 44.4 0.0841

07-0109-W 415 LMB 20070925 w 271 250 BUFFALO R-2007 242 250 0.154

07-0111-W 402 LMB 20070925 w 280 310 BUFFALO R-2007 289 310 0.19

07-0112-W 418 LMB 20070925 w 295 320 BUFFALO R-2007 316 320 0.102 RM 5.3-6.3

07-0108-W 419 LmMB 20070925 w 299 390 BUFFALO R-2007 390 390 0.122 Upper River

07-0110-W 409 LMB 20070925 w 294 410 BUFFALO R-2007 394 410 0.114

07-0102-W 414 CARP 20070925 w 602 3300 BUFFALO R-2007 3170 3300 0.0514

07-0099-W 403 CARP 20070925 w 615 3800 BUFFALO R-2007 3530 3800 0.0986

07-0101-W 406 CARP 20070925 w 684 4810 BUFFALO R-2007 4600 4810 0.0597

07-0098-W 410 CARP 20070925 w 652 5000 BUFFALO R-2007 4790 5000 0.111

07-0100-W 405 CARP 20070925 W 750 6290 BUFFALO R-2007 6020 6290 567.105 43.694 0.19 0.102 0.080
AOC-Wide Geometric Mean= 281.0 331.2 240 0.076 0.060 0.034
AOC Maximum 0.244




Table 2: Lead in Fish Tissues from Buffalo River

BW [Pb] [Pb]
Zone Species | g wet weight All Fish Small Fish | ug/kg Wwt All Fish Small Fish |% Water ug/kg Dwt All Fish Small Fish
Inner Harbor RG 20 82 7.7 367.7
16 140 79 666.7
8 NA 13.7 190 NA 129.7 81.38 | 137.3 1020.4 NA 630.1
Zone 1- Ship Canal BB 152 110 75.8 454.5
588 114 67 345.5
Carp 6080 45 58.6 108.7
7190 83.8 65.2 240.8
4245 196 64.6 553.7
4745 32.8 61.6 854
3470 71.5 58.5 172.3
LMB 1543 9.25 70.9 31.8
462 12 73.5 45.3
305 4.64 75.2 18.7
330 16.2 751 65.1
430 10.6 73.8 40.5
42.3 66.1 75.5 269.8
35.2 68.1 77.4 301.3
40.1 98.9 76.1 413.8
YP 76.8 529.9 39.1 47.6 39.9 76.4 76.8 61.7 205.2 137.5 322.8
Zone 2 RM 1.5-2.2 BNM 73 810 77.21 3554.2
73 930 77.42 4118.7
BB 211 339 69.2 1100.6
187 153 72.7 560.4
LMB 793 322 74.8 127.8
484 245 741 94.6
334 25.8 73.7 98.1
417 10.7 73.3 40.1
379 18.1 741 69.9
PkS 66.78 119 74.9 4741
41.9 121 73.7 460.1
37.6 93.9 76.2 394.5
YP 100.3 101 754 410.6
54.4 148.1 NA 24.7 81.0 107 75.7 200.2 101.6 317.9 NA
Zone 3-RM 3.2-5.3 BNM 84 480 76.39 2033.0
BB 268 331 79.3 1599.0
170 93.5 75.4 380.1
137 98.3 77 427.4
206 83.6 76.6 357.3
280 248 74.9 988.0
Carp 3280 186 69.2 603.9
3880 98.6 62.9 265.8
3210 185 51.8 383.8
3950 132 62 347.4




Table 2: Lead in Fish Tissues from Buffalo River

BW [Pb] [Pb]
Zone Species | g wet weight All Fish Small Fish | ug/kg Wwt All Fish Small Fish |% Water ug/kg Dwt All Fish Small Fish
LMB 389 14 722 50.4
347 10.6 743 41.2
318 14.4 748 57.1
588 38.1 73.8 145.4
118 194 74 74.6
PkS 30.4 368.0 76.7 1579.4
43.3 119.0 76.1 497.9
68.77 115 75.4 467.5
YP 41.9 196 NA NA
98.4 64.3 NA NA
107.6 130 NA NA
61.5 80.4 NA NA
54.2 770.916087 41.9 228 144.9217391 196 NA 144.9 NA 572.1819937 151.7
Zone 4- RM 5.3-6.3 Carp 3790 99.9 63.3 272.2
3530 107 75.3 433.2
6020 115 77 500.0
4600 72.5 63.4 198.1
3170 82.1 69.1 265.7
LMB 390 43 75.8 177.7
242 31.8 725 115.6
394 51.6 731 191.8
289 324 72.2 116.5
316 45.9 74.3 178.6
PkS 44 167 76.2 701.7
42.7 260 75.5 1061.2
44 .4 540.1 43.7 163.0 79.9 192.0 76.7 97.8 699.6 295.8 804.6
BW [Pb] Water [Pb]
g ug/kg Wwt % ug/kg Dwt
AOC-Wide Geomean= 264.9 73.8 725 268.1
Small Fish AOC-Wide Geomean= 29.9 136.3 771 595.0




Table 3: Lead PRG Summary Matrix (a)

Sediment

. . AUF Biotain . A TRV Basis [Fish] [INV] mg/kg SD PRG
Scenario Basis (b) (c) Diet % (d) Bloavzl)ablllty HQ (f) (@) mglkg, wwt wwi mglkg
Mink 1a Fish
Estimated 100 50 100 1 NYSDEC 25 NA 5926
Mink 1b Estimated 100 90 100 1 NYSDEC 14 NA 3259
Mink 2a Fish
Estimated 100 50 100 1 USEPA 48 NA 11259
. Fish
Mink 2b Estimated 100 90 100 1 USEPA 28 NA 6519
Kingfisher 3a Fish
9 Estimated 100 100 100 1 NYSDEC 4 NA 948
N Fish
Kingfisher 3 £ imated 100 100 100 1 USEPA 3 NA 593
Duck 4a INV
Estimated 100 100 100 1 USEPA NA 4.0 106
SD
Duck4b  Eqfimated 100 100 100 1 NYSDEC NA NA 400
SD
Duck 4c Estimated +
mean INV 100 100 100 1 USEPA NA 1.65 160
SD
Duck4d  Etimated 100 100 35 1 NYSDEC NA NA 1125
SD
Duck 4e Estimated +
mean INV 100 100 35 1 NYSDEC NA 8.26 850
SD
Duck4f  Esimated 100 100 35 1 USEPA NA NA 770
SD
Duck 4g Estimated +
mean INV 100 100 35 1 USEPA NA 8.26 490
Duck 5a SD
Estimated 100 100 100 1 USEPA NA 7.0 185
SD
Duck 5b Estimated 100 100 100 1 NYSDEC NA 10.42 275
Duck 5¢ SD
Estimated 100 100 35 1 NYSDEC NA 12.69 335
SD
DuckSd  Egtimated 100 100 35 1 USEPA NA 18.75 495
Minimum Duck Scenario 5 (USACE Approach) 7.01 185
Maximum Duck Scenario 5 (USACE Approach) 18.8 495
Average Duck Scenario 5 (USACE Approach) 12.2 323
Notes:
(a) The scenarios and detailed formulate and calculated values are provided in Table 2.
(b) Estimated medium; Fish, Sediment (SD), or Invertebrates (INV).
(c) AUF = 100% for all receptors.
(d) Diet is based on NYSDEC request (90%) or those average estimates based on NYSDEC (1987) wildlife narrative.
50% fish in diet is considered a conservatively high level that is biologically relevant (NYSDEC 1987).
(e) Sediment [Pb] adjusted for relative bioavailability of lead sulfide vs. lead acetate (Dieter et al. 1993; Davis et al.
1992; Ruby et al. 1992)
(f) HQ was set equal to 1 for all scenarios.
(9) NYSDEC TRVs and USEPA Eco-SSL (2005) TRVs
% Percent PRG Preliminary Remediation Goal
AOC Area of Concern SD  Sediment
AUF Area Use Factor wwt  Wet Weight
BR Buffalo River INV  Invertebrate
BSAF Biota-Sediment Accumulation Factor Wet Weight Fish Tissue Concentrations
HQ Hazard Quotient Sediment PRG

mg/kg Milligram per Kilogram
NYSDEC New York State Department of Environmental Conservation




Table 4: Lead Sediment PRGs Estimates

Sediment PRGs Estimated Based on Mink Consumption of Fish Tissue Concentrations That Yield an HQ = 1
Scenario 1a. HQ=1; diet of 50% fish; NYSDEC TRV 100% AUF (a) | 60% AUF (b)
. . [Invertebrate] Total Dose TRV (mg/kg-
Mink BW (g) IR (kg/kg/d) [Fish] mg/kg ma/kg (ma/kg/d) BW-d) HQ HQ
(50% fish, 100% AUF,
AOC BSAF) 1000 0.049 100 8.3 2.55 25 1 0.6
all fish are 75% water 25.000 mg wwt fish
All AOC BSAF 0.0042
PRG 5926 mg/kg
Scenario 1b. HQ=1; 100% AUF; diet of 90% fish; NYSDEC TRV 100% AUF (a) | 60% AUF (b)
. . [Invertebrate] Total Dose TRV (mg/kg-
Mink BW (g) IR (kg/kg/d) [Fish] mg/kg ma/kg (ma/kg/d) BW-d) HQ HQ
(90% fish, 100% AUF,
AOC BSAF) 1000 0.049 55 8.3 2.41 25 1 0.6
all fish are 75% water 13.750 mg wwt fish
All AOC BSAF 0.0042
PRG 3259 mg/kg
Scenario 2a. HQ=1 assuming 100% AUF; diet 50% fish; USEPA TRV 100% AUF (a) | 60% AUF (b)
. . [Invertebrate] Total Dose TRV (mg/kg-
Mink BW (g) IR (kg/kg/d) [Fish] mg/kg ma/kg (ma/kg/d) BW-d) HQ HQ
0, T 0,
SSOK’F;'S"* 60% AUF.BR 4000 0.049 190.00 8.3 474 47 1 0.6
all fish are 75% water 47.500 mg wwt fish
BR BSAF 0.0042
PRG 11259 mg/kg
Scenario 2b. HQ=1 assuming 100% AUF; diet 90% fish; USEPA TRV 100% AUF (a) | 60% AUF (b)
Mink BW (g) IR (kg/kg/d) [Fish] mg/k [Invertebrate] Total Dose TRV (mg/kg- HQ HQ
9 9/kg 979 mg/kg (mglkg/d) BW-d)
0, 1 0,
(nglf’:;'sh 60% AUF, BR 1000 0.049 110 8.3 4.81 4.7 1 0.6
all fish are 75% water 27.500 mg wwt fish
BR BSAF 0.0042
PRG 6519 mg/kg
Scenario 3a. HQ=1; 100% AUF; diet of 100% fish; NYSDEC TRV 100% AUF (a)
L . [Invertebrate] Total Dose TRV (mg/kg-
Kingfisher BW (g) IR (kg/kg/d) [Fish] mg/kg malka (marka/d) BW-d) HQ
(50% fish, 100% AUF,
AOC BSAF) 150 0.157 16.00 0.0 251 24 0
all fish are 75% water 4.000 mg wwt fish
All AOC BSAF 0.0042
PRG 948 mg/kg
Scenario 3b. HQ=1; 100% AUF; diet of 100% fish; USEPA TRV 100% AUF (a)
L " [Invertebrate] Total Dose TRV (mg/kg-
Kingfisher BW (g) IR (kg/kg/d) [Fish] mg/kg marka (marka/d) BW-d) HQ
(50% fish, 100% AUF,
AOC BSAF) 150 0.157 10.00 0.0 1.57 163 0
all fish are 75% water 2.500 mg wwt fish
All AOC BSAF 0.0042
PRG 593 mg/kg

Worm and Sediment Ingesting Bird: Risk Calculations for Buffalo River using Site-Specific Information and USEPA TRV 100% AUF
Scenario 4a. Invertebrate HQ=1
American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
mg/kg mg/kg Invertebrates Sediment (mg/kg/d), dwt d)
1500 0.072 43.6 20.00 1.4 0.3 1.71 1.63 1.0
all worms are 80% water 4.00 mg wwt worms
All AOC worm BSAF 0.0379
PRG 106 mg/kg
Worm and Sediment Ingesting Bird: Risk Calculations for Buffalo River using Site-Specific Information and NYSDEC TRV 100% AUF
Scenario 4b. Sediment HQ=1
American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
mg/kg mg/kg Invertebrates Sediment (mg/kg/d), dwt d)
1500 0.072 400.0 0.00 0.000 2.4 2.43 2.4 1.0
Worm and Sediment Ingesting Bird: Risk Calculations for Buffalo River using Site-Specific Information and USEPA TRV 100% AUF
Scenario 4c. Sediment + Invertebrate HQ=1
American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
mg/kg ma/kg Invertebrates Sediment (mg/kg/d), dwt d)
1500 0.072 160.0 8.26 0.597 1.0 1.57 1.63 1.0




Table 4: Lead Sediment PRGs Estimates

Worm and Sediment Ingesting Bird: Risk Calculations for Buffalo River using Site-Specific Information and NYSDEC TRV
Scenario 4d. Sediment HQ=1

35% Bioavail

American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW-
99 mg/kg mg/kg Invertebrates Sediment (mg/kg/d), dwt d)
1500 0.072 1125.0 0.00 0.000 2.4 2.39 2.4

HQ

1.0

Worm and Sediment Ingesting Bird: Risk Calculations for Buffalo River using Site-Specific Information and NYSDEC TRV
Scenario 4e. Sediment + Invertebrate HQ=1

35% Bioavail

American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW-
99 mg/kg ma/kg Invertebrates Sediment (mg/kg/d), dwt d)
1500 0.072 850.0 8.26 0.597 1.8 2.40 2.4

HQ

1.0

Worm and Sediment Ingesting Bird: Risk Calculations for Buffalo River using Site-Specific Information and USEPA TRV
Scenario 4f. Sediment HQ=1

35% Bioavail

American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW-
99 mag/kg mg/kg Invertebrates Sediment (mg/kg/d), dwt d)
1500 0.072 770.0 0.00 0.000 1.6 1.63 1.63

HQ

1.0

Worm and Sediment Ingesting Bird: Risk Calculations for Buffalo River using Site-Specific Information and USEPA TRV
Scenario 4g. Sediment + Invertebrate HQ=1

35% Bioavail

American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
mg/kg ma/kg Invertebrates Sediment (mg/kg/d), dwt d)
1500 0.072 490.0 8.26 0.597 1.0 1.64 1.63 1.0
Worm and Sediment Ingesting Bird: USEPA TRV (USACE Linked SD and Worm Approach) 100% AUF
Scenario 5a. Sediment + Invertebrate HQ=1
American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
mg/kg ma/kg Invertebrates Sediment (mg/kg/d), dwt d)
BAF = 0.0379 1500 0.072 185 7.01 0.506 1.1 1.63 1.63 1.0
Worm and Sediment Ingesting Bird: NYSDEC TRV (USACE Linked SD and Worm Approach) 100% AUF
Scenario 5b. Sediment + Invertebrate HQ=1
American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
mg/kg mg/kg Invertebrates Sediment (mg/kg/d), dwt d)
BAF = 0.0379 1500 0.072 275.0 10.42 0.752 1.7 2.42 2.4 1.0
Worm and Sediment Ingesting Bird: USEPA TRV 35% bioavail (USACE Linked SD and Worm Approach) 100% AUF
Scenario 5c. Sediment + Invertebrate HQ=1
American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
mg/kg ma/kg Invertebrates Sediment (mg/kg/d), dwt d)
BAF = 0.0379 1500 0.072 335 12.69 0.916 0.7 1.63 1.63 1.0
Worm and Sediment Ingesting Bird: NYSDEC TRV 35% bioavail (USACE Linked SD and Worm Approach) 100% AUF
Scenario 5d. Sediment + Invertebrate HQ=1
American Wood Duck BW (g) IR (kg/kg/d) [Sediment] [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
mg/kg mg/kg Invertebrates Sediment (mg/kg/d), dwt d)
BAF = 0.0379 1500 0.072 495 18.75 1.354 1.1 2.40 2.4 1.0
Notes:
AOC  Area of Concern g; mg Gram or Milligram
AUF  Area Use Factor mg/kg Milligram per Kilogram
Bioavail Bioavailability mg/kg-BW-d  Milligram per Kilogram of Body Weight per Day
BSAF  Biota-Sediment Accumulation Factor ocC Organic Carbon
BW Body Weight PRG Preliminary Remediation Goal
dwt Dry Weight TRV Toxicity Reference Value
GLI Great Lakes Initiative ug/g-OC Microgram per Gram Organic Carbon
HQ Hazard Quotient (rounded to one sig. figure) USACE United States Army Corp of Engineers
IR Ingestion Rate USEPA United States Environmental Protection Division
kg/kg/d  Kilogram per Kilogram per Day wwt Wet Weight
NYSDEC NY State Department of Environmental Conservation % Percent
Exposure Notes Sediment
HQ>1 Wet Weight Fish or Worm Tissue Concentrations

HQ=<1




Table 5: Lead Wildlife Streamlined Risk Calculations

Kingfisher Risk Calculations for Buffalo River using Site-Specific Information and USEPA TRV
Buffalo River Site-Specific Exposure Average Fish Tissue Concentration from AOC 100% AUF
L L ; CEi Total Dose TRV (mg/kg-
Belted Kingfisher BW (g) IR (kg/kg/d) [Fish] mg/kg, dwt Dose- Fish (marka/d), dwt BW-d) HQ
(Average Exposure) 150 0.157 0.60 0.093 0.09 1.63 0.06
Kingfisher Risk Calculations for Buffalo River using Site-Specific Information and NYSDEC TRV
Buffalo River Site-Specific Exposure Average Fish Tissue Concentration from AOC
— ) CEi Total Dose TRV (mg/kg-
Belted Kingfisher BW (g) IR (kg/kg/d) [Fish] mg/kg, dwt Dose- Fish (markg/d), dwt BW-d) HQ
(Average Exposure) 150 0.157 0.60 0.093 0.09 2.4 0.04
(NYSDEC)
Mink Risk Calculations for Buffalo River using Site-Specific Information and USEPA TRV
Buffalo River Site-Specific Exposure 90% fish; NYSDEC Request (a) 100% AUF (a) 60% AUF (b)
. ) [Invertebrate] Total Dose TRV (mg/kg-
Mink BW (g) IR (kg/kg/d) [Fish] mg/kg, dwt malkg (markg/d), dwt BW-d) HQ HQ
(90% fish ingestion) 1000 0.049 0.27 8.3 0.01 4.7 0.002 0.001
(USEPA)
50% fish; 30% invertebrates; remainder terrestrial (c)
. ) [Invertebrate]  Total Dose TRV (mg/kg-
Mink BW (g) IR (kg/kg/d) [Fish] mg/kg, dwt markg (malkg/d), dwt BW-d) HQ HQ
(50% fish ingestion) 1000 0.049 0.27 8.3 0.13 4.7 0.03 0.02
(USEPA)
60% fish; 20% invertebrates; remainder terrestrial (d)
. ) [Invertebrate] Total Dose TRV (mg/kg-
Mink BW (g) IR (kg/kg/d) [Fish] mg/kg, dwt malkg (markg/d), dwt BW-d) HQ HQ
(60% fish ingestion) 1000 0.049 0.27 8.3 0.09 4.7 0.02 0.011
Mink Risk Calculations for Buffalo River using Site-Specific Information and NYSDEC TRV
Buffalo River Site-Specific Exposure 90% fish; NYSDEC Request, not realistic biologically (a) 100% AUF (a) 60% AUF (b)
. ) [Invertebrate]  Total Dose TRV (mg/kg-
Mink BW (g) IR (kg/kg/d) [Fish] mg/kg, dwt malkg (malkg/d), dwt BW-d) HQ HQ
(90% fish ingestion) 1000 0.049 0.27 8.3 0.01 25 0.005 0.003
(NYSDEC)
50% fish; 30% invertebrates; remainder terrestrial (c)
. ) [Invertebrate] Total Dose TRV (mg/kg-
Mink BW (g) IR (kg/kg/d) [Fish] mg/kg, dwt malkg (markg/d), dwt BW-d) HQ HQ
(50% fish ingestion) 1000 0.049 0.27 8.3 0.13 25 0.05 0.03
(NYSDEC)
60% fish; 20% invertebrates; remainder terrestrial (d)
. ) [Invertebrate] Total Dose TRV (mg/kg-
Mink BW (g) IR (kg/kg/d) [Fish] mg/kg, dwt markg (malkg/d), dwt BW-d) HQ HQ
(60% fish ingestion) 1000 0.049 0.27 8.3 0.09 25 0.04 0.02
(NYSDEC)
Worm and Sediment Ingesting Bird: Risk Calculations for Buffalo River using Site-Specific Information and USEPA TRV 100% AUF
American Wood Duck BW (g) IR (kg/kg/d) [Sediment] mg/kg [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
99 mg/kg Invertebrates Sediment (mg/kg/d), dwt d)
1500 0.072 43.6 8.26 0.597 0.3 0.86 1.63 0.5
Worm and Sediment Ingesting Bird: Risk Calculations for Buffalo River using Site-Specific Information and NYSDEC TRV 100% AUF
American Wood Duck BW (g) IR (kg/kg/d) [Sediment] mg/kg [Invertebrate] Dose - Dose - Total Dose TRV (mg/kg-BW- HQ
99 mg/kg Invertebrates Sediment (mg/kg/d), dwt d)
1500 0.072 43.6 8.26 0.597 0.3 0.86 2.4 0.4
Notes:
% percent kg/kg/d Kilogram per Kilogram per Day
AOC Area of Concern mg/kg Milligram per Kilogram
AUF Area Use Factor IR (kg/kg/d) IR (kg/kg/d)
BW Body Weight NYSDEC New York State Department of Environmental Conservation
dwt Dry Weight PRG Preliminary Remediation Goal
Gram TRV Toxicity Reference Value
GLI Great Lakes Initiative USEPA  United States Environmental Protection Division
IR Ingestion Rate wwt Wet Weight
HQ Hazard Quotient (rounded to one sig. figure)
Exposure Notes
HQ > 1

HQ =<1
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Figure 2: Mercury Histograms and Average Conditions
in the River

Mercury By River Mile and UCLs with All Data Considered
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Figure 3: Lead Histograms and Average Conditions in
the River

Lead by River Mile and UCLs with All Data Considered
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