United States Great Lakes EPA 905-R94-005
Environmental Protection ‘National Program Office May 1994
Agency 77 West Jackson Boulevard

Chicago, lllinois 60604

YEPA Assessment and
Remediation of
Contaminated Sediments
(ARCS) Program

MODEL DATA REQUIREMENTS
AND MASS LOADING ESTIMATES
FOR THE BUFFALO RIVER

MASS BALANCE STUDY

O'
Al
Ol ®) Nroea
N\
0
&
Q
o o
| ' |

(® United States Areas of Concem
@ ARCS Priority Areas of Concern




Model Data Requirements and
Mass Loading Estimates for the Buffalo River

Mass Balance Study

B

)
-

<)

Final Report - March, 1994

prepared for

United States Environmental Protection Agency
Great Lakes National Program Office
Marc L. Tuchman, Project Officer
77 West Jackson Blvd.

Chicago, [L 60604

prepared by

Joseph F. Atkinson, Tricia Bajak, Michael Morgante,
Stephen Marshall and Joseph V. DePinto

Great Lakes Program
Department of Civil Engineering
207 Jarvis Hall
State University of New York at Buffalo
Buffalo, New York 14260

U.S. Environmental Protection Agency
Region 5, Litrary (PL-12J)

77 West Jackson Boulevard, 12th Floor
Chicago, IL  60604-3590



DISCLAIMER

The information in this document has been funded wholly or in part by the United States
Environmental Protection Agency under Cooperative Agreement No. X995915-01-0 to the
University at Buffalo. It has been subject to the Agency's peer and administration review, and it
has been approved for publication as an EPA document. Mention of trade names or commercial
products does not constitute endorsement or recommendation for use by the U.S. Environmental
Protection Agency.



Summary

The Buffalo River (Buffalo, New York) is one of 43 Areas of Concern identified by the
International Joint Commission in the Great Lakes basin. It was chosen for study under EPA's
Assessment and Remediation of Contaminated Sediments (ARCS) program, Risk Assessment and
Modeling (RAM) subgroup, and data were collected to estimate the loading sources and annual
loading amounts for 11 different contaminants. Although present loadings are significantly
reduced from historic levels, the sediments contain high concentrations of some materials and
there is a concern for potential releases resulting from resuspension events. The contaminants of
interest include total PCBs, chlordane, dieldrin, DDT, benzo(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, chrysene, lead and copper. Total suspended solids loading
is also calculated. Possible sources of contamination considered include upstream flows,
industrial discharges, groundwater leaching, combined sewer overflows and resuspension of in-
place contaminated sediments.

The river is known to act as a relatively efficient sediment trap, so that any contaminants
adsorbed to particles transported into the river from upstream are likely to remain there. In fact,
the major source for all the contaminants of interest was found to be the upstream tributary flows.
Of course, loading to the water column from sediment resuspension is still unknown - estimates of
the potential strength of that source will be evaluated after development of sediment transport and
water quality models for the river. Estimates of export quantities from the system are also
included, though these calculations have much greater uncertainty than the upstream values, due
to the smaller data set available.

In addition to annual loading estimates, this report includes a calculation of several
parameters needed to develop and apply general water quality and contaminant transport models
to the river. These include primarily distribution (partition) coefficients for each of the

contaminants of interest, as well as data for a number of conventional parameters. Annual and



monthly average flows are presented and data are provided for specifying upstream and
downstream boundary conditions. The report is meant to provide a compilation of data useful for
further modeling work on the Buffalo River conducted within the ARCS/RAM program, or for

any other modeling application contemplated in the future.
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Nomenclature

C suspended sediment concentration in area of concern

Cq  dissolved concentration

& suspended sediment concentration in upstream tributary (indexed by i)

Cp particulate concentration

F correction factor for Parsons et al. (1963) relation

fq fraction dissolved

foc  fraction organic carbon

fp fraction particulate

I precipitation

K'q  measured partition (distribution) coefficient for dry weight solids (used for metals)
Kj erodibility constant for tributary i

K'oc measured partition (distribution) coefficient, based on organic carbon (used for organics)
Kow octanol-water partition coefficient

[POC] concentration of particulate organic carbon

Q flowrate in tributary i

Q total flowrate in area of concern

S slope of relation used to calculate CSO loadings

w load due to CSO discharge



1. Introduction
1.1. Project overview

The Buffalo River is fed from three main tributaries, Buffalo Creek, Cazenovia Creek and
Cayuga Creek (Figure 1). From the confluence of Buffalo and Cazenovia Creeks the river
meanders about 5.5 miles towards the west before discharging into Lake Erie, near the head of
the Niagara River. The Buffalo River has played an important role in the industrial development
of the city of Buffalo. These industries included grain mills, chemical and oil refineries and coke
and steel mills, many of which are no longer operating. Unfortunately, the water and sediment
quality of the river has suffered as a result of years of contaminant loading. In addition to
industrial discharges, combined sewer overflows (CSOs) and leaching from inactive hazardous
waste sites remain as potential sources for river contamination. Thirty-eight CSOs discharge to
the river or lower Cazenovia Creek during storm conditions and these represent potential sources
of organic and inorganic toxic contamination as well as BOD. There are currently 19 listed
inactive hazardous waste disposal sites located within or adjacent to the river (NYSDEC, 1989).
Polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), metals and
cyanides have been detected in 12 of these sites and the potential for off-site migration has been
confirmed or indicated at 4 of these sites.

In recent years there has been a desire to develop the river and its banks for greater
public access and other uses. The New York State Department of Environmental Conservation
(NYSDEC), for example, has recently upgraded the river's class "D" designation to class "C",
meaning that the river waters are now believed to be suitable for fish propagation. Although
present point source loadings have been reduced significantly from historic levels, possible
contamination of the water column from resuspended bottom sediments represents a serious
potential obstacle for further development and use of the river. This problem is exacerbated by a
regular program of navigational dredging carried out by the U.S. Army Corps of Engineers
(USACOE). This prevents a natural armoring effect from taking place and may also help to stir

up contaminants on a periodic basis.
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Figure 1. Location map for study area.



Because of the concern for in-place contaminants, the lower Buffalo River was listed by
the International Joint Commission as one of 43 Areas of Concern (AOC) around the Great
Lakes basin and it was chosen as a study site for EPA's ARCS program (GLNPO, 1991). This
study has involved an intense data collection and water quality analysis effort. Sediment cores
and water samples were taken for analyses for a number of constituents of interest (see section
1.2).

The raw data collected during these surveys, as well as results of chemical analyses of the
samples, have been collected and catalogued by EPA. The purpose of the present report is to
summarize these data and, along with other information (described below), develop estimates for
mass loading rates of various constituents of interest. These estimates may be used to evaluate
the relative strength of various sources for pollutants of interest in the river, as indicated
schematically in Figure 2. Upstream loadings are calculated on the basis of average daily flows
and total suspended solids (TSS) concentrations, along with measured contaminant
concentrations. Groundwater and combined sewer overflow (CSO) loadings are estimated on
the basis of separate model calculations and industrial loadings are taken from the Buffalo River
Remedial Action Plan prepared by the New York Department of Environmental Conservation
(NYSDEC, 1989). Primarily, results are presented for use in water quality mass balance models
which may be used to simulate the time history of toxics concentrations in the water column,
sediments and biota of the river as a function of source inputs. This will be useful in evaluating
system response to various remedial and/or regulatory actions that might be applied. Ultimately,
it is desired to develop and apply an "integrated exposure-risk model" to estimate the risk to
humans and wildlife via exposure to these concentrations. This model will include the following
submodels:

1. loading submodel, to compute the spatial and temporal distribution of external inputs of

contaminants to the river from both point and non-point sources;

2. hydrodynamic transport submodel;
3. sediment transport submodel;



4. physical-chemical toxics submodel, to incorporate the transport and sediment submodels into
a framework that includes those processes affecting contaminant fluxes and reactions in the
water column and sediments;

5. food chain bioaccumulation submodel, to calculate body burdens in various trophic levels of
the food chain; and

6. risk analysis submodel for humans and key biota in the system.

Information in the present report will be useful mostly for the first four submodels. Available

data are summarized in Chapter 3 and loading calculations are presented in Chapter 4, which

concludes with a section outlining loading estimates for a "typical" year.

industrial
CSOs groundwater discharges
upstream Buffalo River AOC
loadings
___é - water column concentrations )
- sediment concentrations mass
export

T

sediment interactions

Figure 2. Schematic of general mass balance approach.

1.2. Parameters of interest, data sources

Primary parameters of interest are listed in Table 1. Field data were collected and
analyzed for most of the contaminants by researchers at Buffalo State College. Other sources of

information include the USACOE, NYSDEC, the National Oceanic and Atmospheric



Administration (NOAA), Buffalo Sewer Authority (BSA) and Canada Centre for Inland Waters
(CCIW). A summary of available data is shown in Table 2.

Water column data for most of the conventional parameters were collected by researchers
from NYSDEC (in a separate project) and from Buffalo State College. The DEC data were
collected mostly during the summers of 1988 and 1990, with other metals and TSS data
collected in December 1991 and spring 1992. Water column profiles were measured at about 10
different stations along the river. The Buffalo State data include water column profiles measured
at the six ARCS sites (see below), with an intensive sampling effort over late spring to early fall,
1991. Because the main focus of the present report concerns pollutant loadings and mass
balance modeling, the data reported here focuses primarily on the pollutants of interest, listed in
Table 1. The main exception to this is in Section 3.2.1., which lists downstream boundary
conditions (concentrations) for most of the conventional parameters of interest. These data are

included here because they are not as readily available as the water column data.

Table 1. Parameters of interest for mass balance study.

Pollutants Conventionals
CAHs: Total PCBs Sulfides
Chiordane Chlorides
Dieldrin Alkalinity
p,p-DDT Hardness
Suspended solids
PAHs: Benzo(a)anthracene TOC and DOC
Benzo(b)fluoranthene Dissolved oxygen
Benzo(k)fluoranthene Temperature
Benzo(a)pyrene Conductivity
Chrysene pH
Fluorescence
Metals: Lead Velocity
Copper
Iron




Note: Abbreviations used in the above table (and elsewhere in this report) are as follows: CAH -
chlorinated aromatic hydrocarbon, PCB - polychlorinated biphenyl;, PAH - polychlorinated
aromatic hydrocarbon; TOC - total organic carbon; DOC - dissolved organic carbon.

Data were collected for pollutant analyses as part of the ARCS project during two
primary sampling periods each covering about a week during the fall of 1990 and spring of 1992.
Specific sampling dates were October 18, 22, 27, 31, November §, 9, 13, 1990, and April 4, 18
and 22, 1992. For the 1990 period samples were taken from 6 sites along the lower part of the
river, as shown in Figure 3. Only sites 1, 3 and 6 were sampled during the 1992 period.

Distances for each site relative to the river mouth are listed in Table 3.

.\ ‘Buffalo River

Figure 3. Water column sampling locations.



Table 2. Data summary - Buffalo River mass balance study.

Parameters Location or matrix Dates*
Gage data Buffalo Harbor, 3 tributaries, 6/1/88-2/29/92
water column

Hourly precipitation Buffalo Airport 6/1/88-5/31/91

Monthly precipitation 7 stations, South Buffalo 1985-1991

Hourly surface observations Buffalo Airport 6/1/88-9/30/90

Daily mean discharge 3 tributaries, water column  10/1/87-10/20/91

Conductivity, TSS, Temperature, = Buffalo River water column assorted, '89-'92
Depth, DO, pH, Press., Fluor.

PCBs, Pesticides, %Lipids Carp stomachs 7/24/91

PAHs, Pesticides, PCBs Sediment 8/1/90-9/30/90

Water quality data, metals Sediment 8/1/90-9/30/92

PAHs, Pesticides, PCBs, metals, Buffalo River water column Fall '90, Spring '92
TSS, Water quality data

BOD Buffalo River water column 1991

Current velocity Buffalo River water column 10/16/90-11/12/90
Overflow volume CSOs 7/9/90-9/26/91
Event sampling Buffalo River water column 3/91

Metals, TSS Buffalo River and tributaries 12/91, spring '92
Industrial discharges Buffalo River water column 6/1/88-7/31/91

(Buf. Color, PVS Chem.)
Total discharge, Water surface =~ Buffalo River water column 10/1/90-11/30/92

elevations
Cross sections Buffalo River water column various dates
Wind direction/speed Buffalo Airport 1/1/77-5/31/88
Current rating table 3 tributaries, water column
Soundings Buffalo River water column 7/1/91-7/31/91,
5/1/92-5/31/92
USACOE dredging samples Water Column Summer '92

* A range of dates over which data were collected is reported; specific values may not be
available for every day within the range.



Table 3. Sampling station locations.

Distance upstream from _river mouth
Station (ft) (km)
1 27,840 8.4
2 22,590 6.8
3 18,100 5.5
4 9,400 2.9
5 3,900 1.2
6 1,960 0.6

2. Conclusions

The annual loading calculations, summarized in Section 4.6 (Table 37), indicate relatively
small loadings for most of the contaminants of interest. These estimates are based primarily on
data obtained in the ARCS surveys, with the exception of metals loading. It was found that the
upstream loading calculations for metals, based on the ARCS data, resulted in unreasonably high
values when compared with data from other sources. The estimates reported here rely instead on
data obtained by the NYSDEC (Litten and Anderson, 1992). For all contaminants of interest the
dominant source was due to upstream flows draining the watershed. The major upstream
loading was for metals. Upstream loading for lead (359 kg/yr) may be explained by atmospheric
deposition and runoff from the upstream watershed, but the source for copper loading (933
kg/yr) is unknown. Compared with loadings due to industrial discharges and combined sewer
overflows (330 and 110 kg/yr, respectively), this represents a major source. Loadings of PCBs
and PAHs (from all sources) are between 1 - 4 kg/yr and insecticide loadings are less than 0.1
kg/yr. 1t is hypothesized that a possible source for upstream loadings is due to deposition which
occurred as a result of the many years of steel and heavy industry operations conducted within

and adjacent to the watershed for the Buffalo River AOC. Potential loading due to sediment



resuspension into the water column is unknown at this time, though some information is
presented to estimate the total mass of each contaminant in the sediments. Metals and PAHs
appear to be the predominant problem there (see Table 14). Estimates for export fluxes are
included, though there is greater uncertainty in these values due to the small number of data

available.

2.1. Comment on data completeness, uncertainty in loading estimates

A large amount of data has been collected for the Buffalo River for purposes of
evaluating water quality conditions and potential contamination risks and also to provide
information for developing water quality models that may be used to further analyze
contamination problems in the river. While some aspects of this data set are based on long
records, many of the values reported here were developed from limited sources. For example,
the flowrates are available from more than 45 years of record, but water column pollutant
concentration data presented in Appendix B were obtgined from two relatively short sampling
periods. These data are not sufficient to draw firm conclusions regarding annual variations or
even average values for the parameters of interest. There was a significant variation in values for
some of these constituents during each of the sampling periods, and there is little consistency
between corresponding values for the two periods (see Figures B1 and B13, for example). It is
interesting to note that many of the parameters show higher water column concentrations for the
1992 data than for the 1990 data. This is particularly true for the PAHs. The only correlation
indicated by the data appears to be with the higher flows, and corresponding higher suspended
solids concentrations (see Table 20, for example). However, the relatively small data base
precludes a firm conclusion at this point (e.g., there may be an inherent seasonal variation,
concentrations may be a function of flowrate, industrial activities may change seasonally, etc.).
This implies a certain variability in calculations for partition coefficients, though averaged values

appear to be reasonable (Section 3.3). Data for downstream conditions were also scarce for



some of the parameters, as noted in Section 3.2.1, and export estimates are based on only about
10 data points.

Uncertainties in adsorption characteristics in groundwater flows imply corresponding
uncertainties in loading estimates from non-point sources (inactive hazardous waste sites). This
is particularly true for metals loading. PAH loadings from the Buffalo Color site are believed to
be reasonable. Groundwater loadings of PCBs and pesticides appear to be insignificant. Some
refinement in these estimates may be possible when more data become available. Loadings from
CSOs are based on model results and assumed concentrations for the various pollutants, so there
is some inherent uncertainty in those loading estimates. Other point sources (industrial
discharges) are well-documented (Table 24).

One other area of uncertainty, at least regarding mass loading estimates, concerns the
potential for resuspension of contaminated sediments. Although sediment quality was analyzed
at a number of locations along the river (Section 3.4), it is difficult to assess the erqsion
characteristics at different points. An attempt was made to predict areas more susceptible to
erosion based on physical characteristics of the sediment (Section 4.3), but this showed an almost
equal erosion potential along the entire AOC. Therefore, contamination risk from resuspended
sediments will be analyzed only after a sediment transport model, which can account for
variations in bottom shear stress, is applied to the river. A model of this type is currently being

developed.
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3. Model data requirements

In this section, raw and derived data are presented for developing water quality models of
the river. These data are then used to develop loading estimates for the pollutants of interest in
Section 4. Data available from the fall 1990 and spring 1992 surveys include the following

parameters:

e conventionals

e water column profiles

e discharges

o dissolved and particulate metals

o dissolved and particulate organics

Representative values of chemical properties for the targeted pollutants, obtained from various
standard sources, are listed in Table 4.

Table 4. Chemical properties of targeted pollutants.

Chemical Water solubility (ug/l) | Henry's constant log Kow
(atm-m3/mole)
PCBs
Total 0.46 - 7,000 Oe-6 - 2.5¢-4 433 - 7.13
Pesticides
Chlordane 56 4.79¢-5 6.0
Dieldrin 186 5.84e-5 532
p,p-DDT 3.1 3.8%¢-5 6.13
PAHs
Benzo(a)anthracene 44 8.42¢-8 5.62
Benzo(a)pyrene 38 4.90e-7 6.52
Benzo(b)fluoranthene 14 1.19e-5 6.26
Benzo(k)fluoranthene 1-10* 5.45e-6 6.52
Chrysene 6 1.05e-6 6.09

* exact value is not available from common sources, but is estimated on the basis of values for
similar compounds
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3.1. Flows

The Buffalo River drainage basin comprises an area of approximately 408.6 square miles
at the upstream study boundary. Included within this area are Buffalo Creek (146.2 square
miles), Cayuga Creek (124.4 square miles), Cazenovia Creek (135.4 square miles) and 2.6 square
miles of unsewered area between the junction of Buffalo Creek and Cayuga Creek and the
junction of the Buffalo River and Cazenovia Creek.

A detailed study of available daily flow records for the Buffalo River basin was
conducted by Meredith and Rumer (1987). In their study, average daily inflows to the Buffalo
River at its confluence with Cazenovia Creek were synthesized from three United States
Geological Survey (USGS) stream gages within the basin: Buffalo Creek at Gardenville, NY;
Cayuga Creek near Lancaster, NY; and, Cazenovia Creek at Ebenezer, NY. The period of
analysis was October 1940 through September 1985. Their report includes daily flow duration
curves for the Buffalo River project area by month and discharge frequency curves for annual
flow.

A typical year of average daily inflows to the study area was developed from the data
compiled by Meredith and Rumer (1987). Average daily flows for each day of the year for the
45 years of record were first examined in terms of distribution of flow values. In order to
provide an indication of the variability of flows throughout the year, average daily flow values for
twelve randomly selected days of the year are shown in Appendix A, Figures Al - A12. From
these figures it can be seen that the flow values are not normally distributed, but are positively
skewed. For this type of distribution, the arithmetic mean of the average daily values does not
adequately represent the true central tendancy and the geometric mean provides better estimates
for average conditions. Both means were calculated and shown in Figures 4 and 5 for
comparison. The geometric mean (Figure 5) gives somewhat lower values since the weighting

for extreme, but rare events is relatively small.
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It should be noted that these flow values have been adjusted to account for the extra
drainage areas located between the three gages and the AOC. According to a study by
NYSDEC (Simon Litton, personal communication), an average adjustment is obtained by
multiplying the sum of the three gage values by 1.19. Recently, a more detailed analysis by LTI
which is based on flow areas determined from a geographic information system data base
(Limno-Tech, Inc, personal communication) shows that the flows for each of the three
tributaries should be multiplied by the following factors to adjust the gage data: Buffalo Creek -
1.05; Cayuga Creek - 1.33; Cazenovia Creek - 1.02 (see also eqns. 10 - 18). Meredith and
Rumer (1987) adjusted the flows using a similar procedure, though the factors had slightly
different values. The sum of the three adjusted flows is then the flowrate for the AOC. Monthly
average (geometric mean) flows for each tributary are shown in Table 5, along with the adjusted
total for the AOC. The LTI adjustment factors are used for calculating the total flows since it is

believed that their values for contributing watershed areas are more accurate.

Table S. Monthly average (geometric mean) flows.

flowrate (cfs)
Month Buffalo Ck. Cazenovia Ck. Cam&ng. Adjusted total

January 135 160 75 405
February 157 178 97 475
March 310 351 208 960
April 250 283 154 756
May 113 130 57 327
June 52 55 21 139
July 26 26 7 63
August 20 22 6 51
September 23 25 7 59
October 36 40 15 99
November 98 120 48 289
December 161 202 92 497
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3.2. Water quality

Water samples were analyzed at Buffalo State College and detailed descriptions of
analytical techniques and results are presented in a report currently under preparation by
researchers at Buffalo State College. These data are summarized in the plots of Appendix B,
which show measured concentrations for both sampling periods for each of the parameters of
interest (Table 1). Iron concentrations are not shown since it was decided that iron was not a

major concern in the river (some of the data for iron is included in other sections of this report).

3.2.1. Downstream boundary conditions

Downstream boundary condition data for the Buffalo River modeling project were

obtained from the following sources:

Niagara River Monitoring Reports - pollutant and suspended solids concentrations;

o STAR File, Ontario Ministry of the Environment - conventional constituents: hardness,
alkalinity, pH, dissolved oxygen (DO), and chlorides;

ARCS database - conductivity; and,

Huang (1987) - temperature.

The data available from these sources are described below.

a) Priority Pollutants.

The available data on downstream boundary pollutant concentrations consist of four
years of sampling data on the Niagara River at Fort Erie, 1986-87 through 1989-90. Table 6
summarizes the available data from these reports for both the dissolved fraction and suspended
solids fraction for the priority pollutants of interest (CAHs and PAHs) and the total water
concentration values for the metals of interest. Note that "non-detect” values are not included in
the averages listed. The annual values were statistically derived from several samples taken
during the indicated years. The data set has several gaps, especially in the water column data.
Average values (arithmetic mean) over the period of record were computed because time trends

could not be established from the relatively small data base.
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Table 6. Pollutant concentrations, downstream boundary.

b) Conventionals.
Suspended solids concentration data were available for the Niagara River at Fort Erie for

Water Column __ Fraction Suspended __Solids Fraction
1986/87 | 1987/88 | 1988/89 1989/90 _Avg | 1986/87 1987/88 1988/89  1989/90 Av‘_1

CAHs [ng/L}

Total PCBs 2.90 - - - 29 1.00 0.489 0.674 0.426 0.6
| g-Chlordane - - — — - — - - - -

~Chlordane — — — - - - - - - e

Dicldrin 0.319 0.319 0.289 0.286 0.3 0.0197 0.0317 0.0325 0.0331 0.03

-DDT - - - - - 0.171 0.0989 0.0463 0.102 0.1

PAH;s [ng/L]

B(a)anthracene 0.186 0.126 0.262 - 0.2 1.50 1.24 2.37 1.02 1.5

B(b)fluoranthene - - - - —_ - 5.58 - 0.578 3.1

B(k)fluoranthene - —— — - - o 4.41 e 0.837 2.6

B(a)pyrene — — o — e - - - 0.397 0.4

Chrysene 0.382 — 0.304 0.266 0.3 2.23 2.30 — 1.00 1.8

Whole Water
1986/87 | 1987/88 | 1988/89  1989/50 _ Avg |
Metals: [mp/L)
Lead 0.0014 | 000119 | 0.00176 0.00060 0.00
s 8 1
iron 0.460 0.359 0.983 0.251 0.5
Copper 00016 | 000126 | 0.00174 0.00138 0.0
3 2

approximately 45-50 sampling days from four years of record, 1986-87 through 1989-90.

Approximately 3-5 concentration values were available for each month for each year of sampling.

An average value of suspended solids concentration was computed for each month during each

year and plots were made in order to examine annual seasonal trends for each year of record.

These plots are shown in Appendix B, Figures B25 - B28. In general, suspended solids

concentrations are highest during the period October through January, with lower concentrations

typically observed the rest of the year. All suspended solids data values available for each month

of the four year period of record were averaged and shown in Figure 6.

17



= =2 NN W W
(&)

O O O O

o

Average Sus Solids Conc [mg/L]

&)

o O

Abr ; JL:m : Aﬁg | O:ct | Dec | Feb
Month |

Figure 6. Average suspended solids concentration (1987 - 1990),
downstream boundary.
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Temperatures (mean monthly water surface) for the eastern basin of Lake Erie are
available from Huang (1987). In that report, four earlier studies of long term surface water
temperature trends in the eastern Lake Erie basin were examined and compared to temperature
data available from the Buffalo Water Authority's intake pipe (period of record: 1946-1981).
The final modified average monthly water surface temperatures for Lake Erie from that report
are presented in Figure 7.

Dissolved Oxygen (DO) data were available from the STAR database file, obtained from
CCIW, and also from measurements obtained by NYSDEC. The available data from the STAR
database are limited and generally consist of a few values collected during the months of April
through November during the 1960's and early 1970's. The NYSDEC data were measured in the
summer months of 1988. These data are summarized in Table 7. Mean DO concentrations for
each month were computed from these data and are shown in Figure 8. However, it should be
noted that these data were probably not collected at exactly the same location.

Conductivity. Conductivity values were measured by NYSDEC during the summer of
1988. These data are summarized in Table 8.

Alkalinity, Hardness, Chlorides, pH - Very limited data were available for these
conventionals from the STAR File. The data available for chloride, hardness and alkalinity are
summarized in Table 9. Data for pH are shown in Table 10. Mean monthly values were
calculated for each of these parameters where possible and are presented in Figures 9 - 12.

Some conventional water qﬁality data are also available from EPA's STORET file, but
these are not included here because they are easily available directly from that data base.
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Figure 8. Average monthly DO concentration, downstream boundary.
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Table 7. Dissolved oxygen data, downstream boundary.

(< 5m) (> 5m) SUMMARY
Month Date DO Conc DO Conc Avg Mon. Avg Month DO Conc
dmgl)  (mglL) fmgl]
FEB 2-6-69 14.6 13.7 14.2 14.2 February 14.2
APR 4-12-73 13.2 13.2 13.2 April 13.1
4-12-73 13.4 12.7 13.0 13.1 May 12.5
MAY 5-30-67 12.5 12.6 12.5 June 9.21
$-17-68 11.6 11.5 11.5 July 9.01
5-30-69 12.1 12.0 12.1 | August 8.32
5-6-70 13.7 13.8 13.7 12.5 September 8.86
JUN 6-20-60 7.63 7.63 7.63 October 9.52
6-19-61 5.67 4.56 5.12 November 10.4
6-29-67 9.64 9.68 9.66 December —
6-15-68 10.9 10.9 10.9
6-2-70 12.0 11.3 11.6
6-14-88* — — 9.73
6-15-88* —_ — 9.82
6-28-88* -— o 9.18 9.21
JUL 7-25-60 8.38 8.64 8.51
7-21-61 9.04 9.64 9.34
7-10-67 9.72 8.68 9.2
7-31-67 9.2 9.2 9.2
7-29-68 8.97 8.95 8.96
7-5-71 9.27 9.17 9.22
7-25-13 9.14 9.26 9.20
7-25-73 9.79 9.74 9.77
7-12-88* - — 8.34
7-26-88* — — 8.34 9.01
AUG 8-15-60 6.90 6.95 6.93
8-24-61 8.77 9.05 8.91
8-14-66 8.47 8.39 8.43
8-21-67 8.46 8.46 8.46
8-1-70 9.63 9.59 9.61
8-17-71 9.04 8.88 8.96
8-22-84 8.64 8.70 8.67
8-29-88* — — 7.06
8-30-88* - — 7.81 8.32
SEP 9-27-60 7.85 7.95 7.90
9-11.67 9.39 8.87 9.13
9-28-68 9.09 8.99 9.04
9-23-70 9.09 9.11 9.10
9-28-72 9.1 9.15 9.13 8.86
OCT 10-25-60 6.58 8.68 7.63
10-2-61 10.5 9.57 10.1
10-2-67 9.64 9.39 9.52
10-30-67 10.4 11.23 10.8
10-15-69 9.60 9.57 9.59 9.52
NOV 11-15-60 8.40 8.24 8.32
11-5-68 10.5 10.5 10.5
11-23-71 10.9 10.8 10.8
11-14-72 10.9 11.0 10.9
11-7-73 10.6 10.7 10.7
11-7-73 11.1 113 11.2 10.4

* Data from ARCS database, NYSDEC (Lake Erie green buoy) and Coastguard Station; all other data from STAR
file,
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Table 8. Conductivity data, downstream boundary.

Average Conductivity
Month Date (uS/cm)
June 6-14-88 288
6-15-88 289
6-28-88 289
July 7-11-88 295
7-12-88 288
7-26-88 286.6
August 8-29-88 317.9
8-30-88 285.9
Average 2924

Table 9. Chloride, hardness and alkalinity, downstream boundary.

Chloride, Filtered
(< 5m) © Sm) SUMMARY
Month Date mg/L Cl A Mon. Avg Month mg/L Cl
| August §-1-70 247 24.2 24.5 July -
8-17-71 24.2 24.1 24.2 243 | August 243
September | 9-23-70 249 24.1 24.5 24.5 Sepember 24.5
November | 11-23-71 26.0 26.0 26.0 26.0 October —_
November 26.0
Hardness, Total Filtered
<10m) | (10m) ] | SUMMARY
Month Date (mg/L | a1CaCO3) Avg Mon A Month mg/L
May $-30-67 125.0 —_ 125.0 125.0 January —
June 6-29-67 127.8 — 127.8 127.8 February —
July 7-10-67 132.7 — 132.7 March —
7-3167 126.2 - 126.2 April o
7-29-68 133.2 130.7 132.0 130.3 May 128.
[ August 8-14-66 131.0 132.0 131.5 June 127.8
8-21-67 130.9 — 30.9 131.2 July 130.3
September | 9-11-67 132.8 — 132.8 [ August 131.2
9.28-68 135.7 135.7 135.7 134.3 September 134.3
October 10-2-67 129.8 — 129.8 October 130.7
10-30-67 | 1298 — 129.8 November —
10-1569 | 133.0 132.0 132.3 December -—
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Alkalinity, Total Titrometric

(Im) | 8-9m) SUMMARY

Mot Date (mpas | CaCO3) A L AVE Month - T—
June 62967 | 923 — 923 923 June 92.3
July 71067 | 927 - 927 July 948

73167 | 976 - 976 August 914

72968 | 948 93.6 942 948 Sepember 93.1

[ Aug 82167 | 914 = 914 914 October 942

Sep 91167 | 919 - 919 November -

92868 | 939 94.8 94.35 93.128 December -
Oct 10267 | 937 - 93.7

103067 | 94.7 = 94.7 94.2

Table 10. pH data, downstream boundary.

(Im) | (45m) | (8-10m) [ SUMMARY
Month Date pH pH pH Avg_ Mon Am Month pH
i 4-12-73 7.88 7.87 71.73 7.82 Apr 7.9
4-12-73 7.95 7.94 19 7.93 7.87 Jun 8.3
June 6-14-88* . — — 8.29 Jul 8.6
6-15-88°% - — - 8.21 Aug 84
6-28-88* - — — 8.33 8.27 Sep 8.6
July 7-5-71 8.45 8.51 8.52 8.43 Nov 8.0
7-25-73 8.79 8.8 8.79 8.79
7-25-73 8.88 8.88 8.88 8.88
7-12-88* o~ — — 8.31
7-26-88* o~ — — 8.38 8.57
|_August 8-17-71 8.73 8.73 8.64 8.70
8-13-84 8.53 - o 8.53
8-14-84 8.5 — -_— 8.5
8-22-84 8.63 —_ — 8.63
8-29-88* - - — 7.84
8-30-88* - —— - 8.09 8.38
9-28-72 8.65 8.63 862 8.63 8.63
November | 11-23-71 8.37 8.38 8.39 8.38
11.7-73 7.51 7.74 7.78 7.67
11-.7-73 8.03 8.05 8.06 8.04 8.03

* Data from ARCS Database, Lake Erie green buoy and Coastguard Station, all other data from STAR File.
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3.3. Partition coefficients

The water column data include concentrations of dissolved organic carbon (DOC),
particulate organic carbon (POC) and total suspended solids (TSS) for each sample. The
particulate (Cp) and dissolved (Cq) concentrations of total PCBs, 5 PAHs, 3 metals, and 4
pesticides were recorded for each sample as well. Most of the concentrations for the pesticides
were below the detection limit. Total water column concentrations for all the parameters of
interest are shown in the plots of Appendix B, as noted above. TSS concentrations are shown in
Figures 13 - 15 for the fall sampling, spring sampling and overall data, respectively. In these
figures, individual data points are shown as stars for each measurement location and average
values are indicated as solid rectangles. These data allowed us to compute observed distribution
coefficients for the above contaminants. These estimates approximate partition coefficients only
if local equilibrium is assumed. This neglects possible kinetic interactions, but is the most
reasonable approach, given the data available.

The fraction organic carbon (f,¢) was found by dividing the concentration of POC by the

total suspended solids,

[POC]
=L_—-d 1
L C (1
where [POC] = concentration of POC (mg organic carbon/L) and C = TSS concentration (mg
dry weight solid/L). The field-observed partition coefficient for dry weight solids (K'q) (L’kg

d.w.) was calculated as follows:

C
K,==% . 2
=T, ()

K'q values were computed for the metals. For the rest of the hydrophobic organic chemicals, the
field-observed partition coefficient was computed on an organic carbon basis (K'gc) (L/kg
org.carbon),
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K =— . (3)

Calculations for the solids concentrations with respect to organic carbon content are summarized
in Table 11 for PCBs, PAHs and pesticides of interest. The spatial variations of log K'o¢ (log
K'4 for metals) are shown in Appendix C, Figures C1 - C12.

Table 12 contains calculated values for the mean of the (log K'oc) or (log K'q) values for
overall, spring '92, fall '90, and each of the 6 sampling sites. Standard deviations for the samples
are also computed for overall, fall '90, and spring '92. Copies of spreadsheet calculations used to
compute these values are included in Appendix C. It should be noted, however, that there are
several computed values for f,. which are greater than 1. This is an unrealistic value and
appears to be a result of a problem with the raw data. These values are associated with times
where the TSS is very low, and a small measurement error in TSS may be the source of the
problem. These values were not used in subsequent calculations.

It was desired to determine the extent to which values of K'qc could be predicted from
the values of the octanol-water partition coefficient Kqy,. This was done by first computing (log
K'oc) and comparing with values of (log Kqyy) obtained from literature sources (Endicott et al.,
1991; Hydroqual, 1984). These data are plotted in Figure 16. The straight line on this figure

results from a linear regression analysis between (log K'o¢) and (log Kqy) and is written as

logK', = 1.12(log K, ) - 0.694 , @)

with r2 = 0.703 (p < 0.01). This result is significant in that the slope of the regression is nearly
equal to 1, while the intercept is reasonably close to 0, which suggests that (log K'gc) may be
predicted from the value of (log Kow)

The fraction particulate (fp) and fraction dissolved (fg) values were also calculated, using

S, = CK', (for metals) (52)

“1+CK',
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or

/= Mﬂ— (for organics) (5b)

" 1+K', [POC)

and

fd=l_fp (6)

Values for fp are also included in Appendix C, Figures C13 - C24. Stream-wide average values
are listed in Table 13.
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Table 11. Calculation of solids concentrations based on organic carbon content

BUFFALO RIVER (CF#320)
PCBs IN SEDIMENT SAMPLES

SAMPLE NUMBER
320-1
320-2
320-3
320-4
320-5
320-6
320-7
320-8
320-9

320-10
320-11
320-12
320-13
320-14
320-15
320-16
320-17
320-18
320-19
320-20
320-21
320-22
320-23
320-24
320-25
320-26
320-27
320-28
320-29
320-30
320-31
320-32
320-33
320-34
320-35

SPONSOR ID
BR30201C10
BR30301C10
BR30402C10
BR30601C10
BR30603C10
BR30801C10
BR30801C10
BR30901C10
BR31302C10
BR31402C20
BR31601CC1
BR31903C10
BR31803C10
BR32003C10
BR32102C10
BR32102C10
BR32301C10
BR32501C10
BR332702C1
BR 32801C10
BR31301C10
BR33002C10
BR33102C10
BR33202C10
BR33201C20
BR33201C20
BR33402C10
BR33402C10
BR33501C10
BR33501C10
BR33702C10
BR33702C10
BR3381C101
BR3381C104
BR3410C101

total pcbs
(ng/g d.w.)

79.03
2595.31
3364.77
1057.22

138.38
14830.50
49935.16

233.72

1124.29

649.32

316.49

179.25

8411.02
10035.56
137.85
5135.21

315.36

767.77

386.73

601.71

415.74

6341.76
1961.20
1700.59

178.95

43.90

116.75

1778.42

525.84
24486.84

161.97

181.48

136.60

2436.20

219.17 -

35

Foc
% dry wt.

0.27
23
2.7
1.8

0.74

4
5.4
23
2.1
23
22

2
42
5.2
23

3
1.7
1.7
1.7

2
1.8

5
1.9
22
1.9
2.1
25
27
19
7.1
23

1

2
28

2

Foc

0.0027
0.023
0.027
0.018

0.0074

0.04
0.054
0.023
0.021
0.023
0.022

0.02
0.042
0.052
0.023

0.03
0.017
0.017
0.017

0.02
0.018

0.05
0.019
0.022
0.019
0.021
0.025
0.027
0.019
0.071
0.023

0.01

0.02
0.028

0.02

total pcbs

(ug/g o.c.)

29.27
112.84
124.62
58.73
18.70
370.76
924.73
10.16
53.54
28.23
14.39
8.96
200.26
192.99
5.99
171.17
18.55
45.16
22.75
30.09
23.10
126.84
103.22
77.30
9.42
2.09
4.63
65.87
27.68
344.89
7.04
18.15
6.83
87.01
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GREAT LAKES (CF #320)
PAH CONCENTRATIONS IN SEDIMENT

320-24

Table 11 (continued)

BUFFALO RIVER
(Concentrations in ug/kg dry wt.)

Benzols) Benzo(b) Benzo (K Benzo(a)
§ LD. th Chwy Fluoranthens Fluoranthene Pyrene
BRIC201C101 74 17 o7 n 70
BR30301C101 1558 1718 1324 1007 1318
BR30402C101 282 2017 1542 1243 1538
BR30801C101 1154 1249 1138 897 "2
BRI0BOIC101 808 [ 480 -] 852
BR30801C101 1983 2530 1700 1050 1522
BRI0BO1C104 4847 2 2487 1662 2188
BR30001C101 as8 841 808 308 412
BR31302C101 2507 amre 1701 1406 1812
BR31402C201 504 o0 e18 449 840
BR31801C101 74 549 -] 447 827
BR31903C101 471 540 451 378 40
BR31903C103 3028 4002 2558 2380 2688
BR32003C101 14048 14177 11621 10721 13842
BR32102C101 262 403 e %4 324
BR32102C103 34880 28508 20023 20064 24577
BR32301C101 438 582 am 380 448
BR32501C101 408 [ -] 508 413 458
BR32702C101t 4851 4832 72 3584 4450
BR32801C101 24 1134 1048 %5 962
BR31301C101 T4 808 203 870 %4
BR33002C103 5001 8472 3361 2838 3683
BR33102C101 412 817 340 ars 328
BR33202C101 2002 2087 1242 082 1288
BR33201C201 301 441 W1 204 318
BR33201C203 103 108 50 » [~
BR33402C101 380 830 822 417 433
BR33402C103 5349 5308 M4 303 3788
BR33501C101 472 [ .74] 747 830 a4
BR33501C103 ..~} e 4826 2818 4191
BR33702C101 580 681 508 485 02
BR33702C103 1837 1788 1333 11350 1017
BR3381C101 401 sa7 441 474
BR3381C104 21267 17857 14855 87688 13580
BR3410C101 853 730 78 588 640

36

% drywt

{Concentrations in ug/kg o.c.)
Benzo(a) Benzo(d) Benzo(K)
Anthracene  Cheysene Fluoranthene  Fluoranthene
27550 43360 3BO17 27120
8772t 74571 87571 43802
84834 1AL~ 48101
84008 74020 a2s2 49841
108602 19783 88030 53379
40082 63258 42482 20254
60054 118225 45800 30564
15581 22508 22000 18764
118368 132207 00087 00046
21883 20022 28808 19518
17018 24058 26581 20324
23852 27454 22508 18891
93482 05207 80852 58682
287478 272841 229253 208100
11405 17520 18475 12784
1155608 050302 887420 096481
28820 33080 20833 22682
7427 30048 20713 24200
283385 272500 221875 200837
48180 50083 2309 39758
30084 48135 44000 37207
118012 120438 67210 82718
21873 anes 17800 14470
118208 136400 88440 43738
15085 23185 20570 15483
4892 S141 s 1831
14367 21202 20084 108088
1968107 199658 120432 112440
24817 38314 36300 27905
88208 108398 aress 30097
25226 206814 25004 21305
153743 179618 133272 114880
20088 20837 28338 22037
750541 637752 530549 313874
e 8517 8754 28424

21808



Table 11 (continued)

PESTICIDES IN BUFFALO RIVER 03/26/93
IN SEDIMENT SAMPLES
(CF #320)

(Concentrations in ug/kg dry weight)

Foc Foc

SAMPLE NUMBER SPONSORID A-CHLORDAN G-CHLORDAN DIELDRIN 4.4'D0T
320-1 BR30201C101 2 2 2 2 0Z7 0.0027
320-2 BR30301C101 2 40 2 10 23 0.023
320-3 BR30402C101 2 40 2 2 27 0.027
3204 BR30601C101 10 20 2 10 1.8 0.018
3205 BR306803C101 2 10 2 2 04 0.0074
320-8 BR30801C101 2 100 100 20 4 0.04
320-7 BR30801C104 200 200 200 1000 54 0.054
320-8 BR30901C101 2 20 2 10 23 0.023
3209 BR31302C101 2 20 2 10 21 0.021
320-10 BR31402C201 2 10 2 2 23 0.023
320-11 BR31601C101 2 20 2 10 22 0.022
320-12 BR31903C101 2 20 2 10 2 0.02
320-13 BR31903C103 10 2 2 100 42 0.042
320-14 BR32003C101 20 10 10 2 52 0.052
320-15 BR32102C101 2 10 H 10 23 0.023
320-16 BR32102C103 2 2 2 100 3 0.03
320-17 BR32301C101 2 20 2 10 1.7 0.017
320-18 BR32501C101 2 2 2 10 1.7 0.017
320-19 BR32702C101 2 20 2 2 1.7 0.017
320-20 BR32801C101 2 10 2 2 2 0.02
320-21 BR31301C101 2 20 2 2 18 0.018
32022 BR33002C103 100 100 100 100 5 0.05
320-23 BR33102C101 2 2 10 10 1.9 0.019
320-24 BR33202C101 2 10 10 20 22 0.022
320-25 BR33201C201 2 10 2 10 1.9 0.019
320-26 BR33201C203 2 2 2 2 21 0.021
320-27 BR33402C101 2 10 2 10 25 0.025
320-28 BR33402C103 2 2 2 10 27 0.027
320-29 BR33501C101 2 2 2 10 1.9 0.018
320-30 BR33501C103 200 200 200 1000 74 0.071
320-31 BR33702C101 2 2 2 10 23 0.023
320-32 BR33702C103 2 20 2 10 1 0.01
320-33 BR3381C101 2 20 2 10 2 0.02
320-34 BR3381C104 10 2 2 2 28 0.028
320-35 BR3410C101 2 10 2 10 2 0.02

.
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(Concentrations in ug/kg org. carbon)

A-CHLORDAN G-CHLORDAN DIELDRIN 4,4'DDT

0.0054
0.048
0.054

0.18
0.0148
0.08
10.8
0.046
0.042
0.046
0.044
0.04
0.42
1.04
0.046
0.06
0.034
0.034

0.034 .

0.04
0.036
5
0.038
0.044
0.038
0.042
0.05
0.054
0.038
142
0.046
0.02
0.04
028
0.04

0.0054
0.82
1.08
0.368

0.074
4
108
0.46
0.42
0.23
0.44
0.4
0.084
0.52
0.23
0.06
0.34
0.034
0.34
0.2
0.36
5
0.038
0.22
0.19
0.042
0.25
0.054
0.038
142
0.046
0.2
0.4
0.056
0.2

0.0054
0.048
0.054
0.036

0.0148

4
10.8
0.046
0.042
0.048
0.044
0.04
0.084
0.52
0.048
0.06
0.034
0.034
0.034
0.04
0.038
5
0.19
0.22
0.038
0.042
0.05
0.054
0.038
14.2
0.046
0.02
0.04
0.056
0.04

0.00:
0.l
0.0
0.
0.01.
C

0.



Table 12. Summary calculations for log K'g¢ and K'g.

METALS LEAD LEAD COPPER COPPER IRON  IRON
n AVGTSS Kd logKd Kd logkd Kd  logKd
(ma) (/kg) (I/kg) (/kg)

OVERALL 56 21.29 8.62E+05 5.27 1.84E+06 §.31 2.32E+05 5.08
s.d 0.78 0.96 0.54

Spring 92 12 46.94 1.44E+05 525 6.39E+04 4.59 9.12E+04 4.91

sd 0.66 0.49 0.23
Fall 90 44 1430 1.39E+06 5.58 2.58E+06 5.47 2.40E405 5.09
s.d 0.72 0.96 0.60
Site 1 12 31.58 1.08E+06 5.04 2.85E+06 532 2.18E+05 5.08
Site 2 8 14 421E+06 5.62 4.55E+0S 5.42 2.53E+05 5.11
Site 3 12 22,25 1.73E4+06 590 9.71E+06 5.94 2.78E+06 6.00
Site 4 7 21.43 2.15E+06 5.76 7.17E+06 5.81 2.44E+05 5.05
Site 5 7 16,71 1.96E+068 5.77 1.91E+06 5.25 1.8B0E+05 4.99
Site 6 10 17.43 3.13E+05 5.24 1.49E+05 4,89 1.07E+05 5.00
PCBs n AVG TSS Koc log Koc
M (mg/l) (I/kg)
OVERALL 56 21.29 1.91E+07 6.44
s.d 1.00
Spring 92 12 46.94 4.22E+06 6.15
s.d 0.70
Fall 90 44 14.30 2.39E+07 6.53
s.d 1.07
Site 1 12 31.58 3.37E+06 5.79
Site 2 8 14 2.28E+06 5.44
Site 3 12 2225 5.65E+06 6.40
Site 4 7 21.43 4.20E+07 7.34
Site 5 7 18.71 6.93E+07 7.36
Site 6 10 17.43 2.04E+06 6.25
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PAHs

OVERALL
s.d.

Spring 92
s.d.

Fall 80
s.d.

Site 1
Site 2
Site 3
Site 4
Site 5
Site 6

Pesticides

OVERALL
s.d

Spring 92
s.d

Fall 90
s.d

Site 1
Site 2
Site 3
Site 4
Site 5
Site 6

n

44

12

12

10

12

12

12

10

AVG TSS
{mg/1)

21.29

46.94

14.30

31.58

14
2225
21.43
157N
17.43

AVG TSS
{mg/i)

21.29

46.94

14.30

31.58

14
22.25
2143
157
17.43

Bla]a
Koc

(/xg)

1.7E+08

1.3E+08

1.8E+08

2.2E+08
1.3E+06
8.9E+05
2.7E+06
2.2E+06
4.1E+405

G-CHL
Koe
(I/kg)

9.22E+05

1.58E+068

6.67E+05

4.99E+05
1.02E+05
1.10E+08
7.20E+05
1.28E+06
1.64E+06

Table 12 (continued)

B{a]a Chrysene

log Koc  Koc

(i/kg)

5.66 S.8E+08
0.61

596 3.5E+08
0.43

584 4.2E+08
0.83

599 2.2E+06
§.58 2.2E+05
5.69 1.7E+08
597 1.1E+07
6.18 14E+08

5.5 3.7E+06

G-CHL A-CHL
log Koe Koc

(/kg)

5.65 B.16E+05
0.57

590 1.21E+06
0.65

555 7.22E+405
0.51

5.64 6.13E+05
498 7.35E+05
5.66 1.09E+06
5.7 9.72E+05
5.83 5.25E+05
5.93 8.80E+05

Chrys.
log Koc

5.01
0.59

6.40
0.40

8.02
0.81

8.20
5.34
5.97
647
6.02
6.29

A-CHL
fog Koc

5.62
0.52

5.74
o7

5.78
0.47

5.67

53
6.31
5.78
5.59
5.64
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Bib}t
Koc
(I/kg)

5.6E+06

1.1E+07

4.7E+06

4.8E+06
4.0E+06
1.0E+07
1.3E+07
1.3E+06
S.1E+08

DIELDRIN
Koc
(/kg)

4.77E+05

2.42E+05

5.76E+05

4.33E+05
2.61E+05
5.78E+05
1.17E+08
3.17E+05
1.57E+05

Blb}¢
log Koc

6.33
0.67

6.70
0.54

6.16
0.85

6.51
596
648
6.47
581
8.30

DIELD.
log Kee

5.41
0.64

533
0.25

5.44
0.73

5.45
542
541
5.94
532
5.16

Bk]f
Koce

(/kg)

9.6E+06

1.4E+07

7.4E+08

7.6E+06
1.6E+08
1.5E+07
1.7E+07
2.3E+06
6.0E+06

DDT
Koc
{i/kg)

3.32E+08

2.14E+08

4.16E+06

5.37E+08
3.97E+06
6.20E+06
1.86E+06
1.20E+06

BIK]t
log Koc

6.56
0.64

8.92
0.46

6.40
0.83

8.74
6.01
6.78
6.74
6.17
843

DDT
log Koc

6.20
0.66

8.06
0.55

8.31
0.73

8.62

68.07
6.74
6.18
5.97

Blalp
Koc

(i/kg)

8.5E+06

6.3E+08

9.2E+06

9.2E+06
2.7E+06
3.0E+06
3.2E+07
3.6E+06
4 9E+06

Blalp
log Koe

6.56
0.55

6.7
0.32

6.51
0.60

68
6.25
6.42
6.86
8.37
€6.45
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Figure 16. Relationship between log K'q and log K'gy.
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Table 13. Stream-wide average values for fp.

Parameter fp
PCBs 0.75
A-Chlordane 0.50
G-Chlordane 0.55
Dieldrin 0.42
DDT 0.78
Benzo(a)anthracene 0.59
Benzo(b)fluoranthene 0.77
Benzo(k)fluoranthene 0.86
Benzo(a)pyrene 0.88
Chrysene 0.74
Lead 0.77
Copper 0.70

3.4. Spatial variability of sediment characteristics

The organic pollutants of interest (PCBs, PAHs, pesticides and metabolites) have been
detected in bottom sediments of the Buffalo River (NYSDEC, 1989). In addition, inorganic
pollutants of interest (metals and cyanides) have been detected in the water column of the river
(NYSDEC, 1989). These parameters are known to sorb strongly to bottom sediments. These
contaminants have a very low solubility in water and sorb strongly to organic matter associated
with bottom sediments. While these bottom sediments are relatively immobile during periods of
low to average flows, higher flow rates associated with snow melt or stormwater runoff may
induce resuspension of the sediments. In addition, these events cause a much higher than normal
sediment load to be transported from the upstream tributaries (see Section 4.1.1.).

Sediment cores were taken from 37 locations along the river bottom and several positions
in the Buffalo Ship Canal (Figure 17). These locations include 10 master stations where a full
range of parameters was analyzed, supplemented by reconnaissance, or indicator stations where

selected parameters were measured. Details of the coring procedures, analyses and results are
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described in a report under preparation by AScI Corp. for the Great Lakes National Program
Office (GLNPO) of EPA (Joe Rathbun, personal communication). According to that report, the
average core length was 105" (267 cm). Relatively clean, brown silt was usually found in the
upper foot or two, with oily silt beneath. Concentration data are reported as averages over the
"upper sediment layer”. This corresponds with the top 24" of the core. These data were
combined with a digital map of the river to produce plots of contaminant concentrations at each
measurement station, as shown in Appendix D. These figures give an indication of areas with
relatively high concentration levels. For example, from Figures D11 and D12, there are several
locations where metals concentrations are particularly high. These locations are mostly around

the Buffalo Color Peninsula, though several high readings are also seen further downstream.
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Estimates of the total in-place contaminant mass, Table 14, were made by spatially
averaging the data shown in the figures of Appendix D. These calculations are meant to provide
only an order-of-magnitude indication of the potential source represented by in-place
contaminants, since the nature of the available data precludes the calculation of better mass
estimates.  Specifically, the data were sampled mostly from near-shore areas, with few
measurements taken closer to the middie of the channel. The overall lack of finely spaced
measurement points, along with the high degree of variability in the reported values, implies that
simple averaging will not necessarily provide accurate mean values. Also, only the upper layer
concentrations are reported, so the values in Table 14 do not reflect mass concentrations from

depths below 24 in. or 24 cm.

Table 14. Contaminant mass in sediments.

Contaminant Mass in upper sediment
layer (kg)
PCBs 7.69
g-chlordane 0.32
a-chlordane 0.07
Dieldrin 0.06
DDT 0.26
Benzo(a)anthracene 16.17
Benzo(b)fluoranthene 17.68
Benzo(k)fluoranthene 14.34
Benzo(a)pyrene 17.99
Chrysene 19.77
Lead 1,399
Copper 1,408




4. Loading estimates

4.1. Upstream loading estimates

4.1.1. Suspended solids

Data. As noted above, transport of contaminants into the AOC is strongly dependent on

sediment transport. Therefore, the ability to accurately predict suspended solids loadings to the

AOC from upstream tributaries is an important component in the contaminant mass balance

modeling effort. Suspended solids were measured as part of the data surveys conducted in 1990
and 1992 (Figures 13 - 15). The majority of these data, obtained from within the AOC, with the

exception of data from the most upstream site (Site 1), are not useful for developing predictive

relationships of upstream loadings to the AOC. However, data from Sites 2 - 6 can be used in

validating solids transport modeling results within the AOC. Suspended solids and pollutant

loadings from the upstream tributaries were therefore developed from TSS samples taken at

several locations upstream of the Buffalo River/Cazenovia Creek confluence (at Highway 62)

and at Site 1, and from water column samples taken at Site 1, which is about 2,000 f.

downstream of this confluence. A summary of available TSS data is listed in Table 15.

Table 15. Data availability for TSS

Site no. * | Period of record | No. of samples Sampling location
120 7/89-4/90 42 Cazenovia Ck. at Cazenovia Parkway
119 7/89-9/90 44 Buffalo River at S. Ogden St.
105 1/90-7/92 41 Cazenovia Ck. at HWY 62 (Bailey Ave.)
104 1/90-7/92 48 Buffalo River at HWY 62 (Bailey Ave.)
Caz R/S1 3/92-4/92 4 (grab) Cazenovia Ck. at Northrup Rd.
Caz S/U2 3/92-4/92 4 (grab) Cazenovia Ck. at Cazenovia Pkwy.
BR S/U2 3/92-4/92 4 (grab) Buffalo River at S. Ogden St.
BC R/S2 3/92-4/92 4 (grab) Buffalo Ck. at N. Blossom Rd.
CAY R/S3 3/92-4/92 4 (grab) Cayuga Ck. at Lake Ave.
104 10/90-12/91 6 (grab) Buffalo River at HWY 62
1 10/90-4/92 12 Buffalo River AOC, Sampling Site 1

* Except for the last row, all site identification numbers refer to NYSDEC designations.
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Reported TSS measurements do not normally include bed load transport. The bed load,
also referred to as "unmeasured sediment discharge", is useful for predicting total solids load
(Colby, 1957). However, this is not directly useful for predicting contaminant loading since the
bed load consists mostly of larger particles while sorption occurs mainly to the smaller size
fractions. Total sediment discharge rates were estimated for sites 1, 104 and 105 (Table 15)
using the Colby (1957) relations, to provide some indication of total solids loading. The
available data for Site 1 and calculated total sediment discharge rates are summarized in Table
16. In the following calculations for contaminant loadings, however, only the suspended loads

are used.



Ly

Total Sediment Discharge Calcutations, Colby Relations
Buffalo River Mass Balance Modeling Project

Sampling Site #1, Buffalo River AOC

M td) (€) “) (5) (6) M ®) ® (10) (1n (12 (13) (14) (15) (16)

Buffalo Buffalb  Cross Relative CurveC Unmeas Unmeas Total
Observed Harbot Harbor  Section Concof Avaitabl Ratioof Un SedD Sediment Sediment Sediment
TSS Q WSEL WSEL  Area Depth Width  Velocly Sands Ratio  Departure Mwidth Discharge Discharge Discharge

Date  (mg) (cfs) (IGLD) (NGVD) (R*2) " U] (fs) (ton/day) (ton/day) (mgl)  (mgll)
10/18/90 8 1029 57292 57422 3460 14.42 239.9445 0.297399 50 0.16 05 1 119.9723 43.21861 51.21861
10/22/90 6 418 571.03 57233 2962.867 1253 2364619 0.14108 50 0.12 0.48 1 1135017 1006541 106.6541
10/27/90 3 376 57131 57261 3036517 1281 237.0427 0.123826 50 0.06 0.32 1 75.85365 74.78147 77.78147
10/31/90 3 336 570.74 57204 2886.588 1224 2358323 0.1164 50 0.06 032 1 75.46634 83.25674 86.25674
115500 3 322 57043 571.73 2805.047 11.93 235.1255 0.114793 50 0.06 0.32 1 75.24016 86.61622 89.61622
11/5/90 2 322 57043 571.73 2805.047 11.93 235.1255 0.114793 50 0.04 0.28 1 65.83514 75.78919 77.78919
11/9/90 28 648 57096 57226 2944.455 12.46 236.3126 0.220075 50 0.56 1 1 2363126 135.1815 163.1815
1113/90 12 684 57134 57264 3044.408 12.84 237.1034 0.224674 50 0.24 0.65 1 154.1172 835219 955219
417192 154 2592 S571.73 573.03 3146.991 13.23 237.8678 0.823644 50 308 23 1 547.0959 78.24089 232.2409
4117190 52 2592 571.73 573.03 3146.991 13.23 237.8678 0.823644 50 1.04 14 1 333.0149 47.62489 99.62489
4/18/90 74 1678 57157 57287 3104.905 13.07 2375597 0.540435 50 1.48 1.7 1 403.8515 89.21443 163.2144
422190 34 1609 57218 573.48 3265.355 13.68 238.6956 0.492749 50 0.68 11 1 2625651 60.49039 94.49039

Notes: (5) NGVD = IGLD + 1.3t
(10) Figure 7 (Colby, 1957)
(1) 1(2x10)
(12) Figure 8 (Cotby, 1957)
(13) Figure 5 (Colby, 1957)
(14) [(8)*(12)*(13)]
(15) [(14)°370.6853/(3)]
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Modified Parsons procedure for estimating TSS concentrations. A procedure for

estimating TSS was reported in an early study by Parsons et al. (1963). Using data from 1953 -
1961, they developed a relation between suspended sediment concentration and discharge for
each of the three tributary creeks,

C=KQ"™ ,i=123 ¢
where i = 1, 2, or 3 corresponds with Buffalo, Cayuga or Cazenovia Creek, respectively, C; =
suspended sediment concentration in tributary i (mg/L), Kj = "erodibility constant” for tributary i

and Q; = discharge in tributary i (cfs). Values for K; are shown in Table 17.

Table 17. Watershed and seasonal variation in K (eq. 7).

Buffalo Creek | Cayuga Creek | Cazenovia Creek

Month i=1) i=2) (i=3)
January 1.5 0.8 1.0
February 14 1.1 1.2
March 2.0 1.6 1.7
April 1.8 1.6 2.0
May 1.9 1.7 2.1
June 2.7 22 2.6
July 2.8 24 2.9
August 3.1 2.4 2.9
September 2.7 2.3 2.5
October 2.2 2.1 1.8
November 1.8 1.7 1.6
December 1.4 0.9 1.0

The total load to the AOC is obtained by summing,

QC=Z_,:QC. =;&Q"" , (8)

where Q = Q; + Qy + Q3 = total flow in Buffalo River and C = sediment concentration entering
the river. The concentration C is then found by dividing the right hand side of (8) by Q.
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In order to compare results from this equation with present observations, it was found
that a correction factor had to be added due to the generally lower TSS values observed more

recently. Thus,

C= iK,Q-m

F
Q =] ’
where F = seasonally-dependent correction factor. Based on solids data listed above, values for

®

F were calculated for all months except June, by comparing estimates using (9) with observed
TSS. These values are shown in Table 18. A direct value for June was not estimated because
measured TSS values were not available for that month. Instead, the value listed for June was
obtained by averaging the values for May and July. Predicted concentrations using (9) are
plotted vs. observed values in Figure 18. Although the comparison appears reasonable, it was
felt that a relationship developed from the current data alone may be more appropriate due to
changes in land use and erosive characteristics in the watershed from the time the Parsons et al.

(1963) study was done.

Table 18. Values for correction factor in (9).

Month Correction factor (F)
January 0.1
February 0.1
March ' 0.4
April ) 04
May 0.2
June 0.23
July 0.266
August 0.600
September 0.431
October 0.441
November 0.189
December 0.2
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Predicted vs. Observed TSS - Corrected Parsons et al. (1963)
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Figure 18. Relationship between observed and predicted TSS values.
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Proposed procedure for estimating TSS. The TSS data described above were used to
develop a relationship between TSS concentrations and discharge for the Buffalo River and its
tributaries. For many of the TSS samples, actual discharge measurements at the time and
location of sampling were available. This was true for all of the grab samples and also for some
of the samples taken at Sites 104 and 105. In other cases, where discharge was not directly
measured, discharge values from upstream USGS gages at the time closest to the sampling time
were used to estimate the corresponding value at the sampling site.

First, total flow for Site 1 was estimated as

. (19, L(138), (138
(Site 1) Ou = (142)Q°‘ +(96.4)Q°”+(135)Q"“ (10)

where Qpc, Qcay and Qcg are the instantaneous measured discharges taken at the time closest
to the sample time at the Buffalo Creek, Cayuga Creek and Cazenovia Creek gages, respectively,
and the coefficients are ratios of total tributary drainage area at the confluence to the drainage
area for each gage, as described in Section 3.1. When neither actual measured discharge nor
time of sample were available, mean daily discharges for each of the gages on the sample day

were used in (10) instead. For Sites 105 and 104 (Table 15), the following relations were used:

. (138 _

(Site 105) Q= (——135)Qw amn
. 149 128

(Site 104) Q = (-M—z)Qu + (‘;gz)Qw (12)

Discharge estimates for Sites 120 and 119 were obtained in a similar fashion, using ratios of

drainage areas,

. (1365

(Site 120) Q= (—135 )Qw (13)
. (1475 128

(Site 119) Q= (——142 )Q,,c +(——96.4 (14)
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The appropriateness of using stream gage data in this manner to estimate instantaneous
flows was investigated by calculating flows at times when measured flows were available. A
comparison of measured discharge to calculated discharge showed that this procedure provides
reasonable estimates. This procedure may not be reasonable, however, for locations further
downstream where Lake Erie seiching affects the flows.

Correlation analyses. Once discharge estimates were obtained for each TSS sample, the
data were examined in several ways. First, the data set from each station was analysed by
assuming a power equation relationship of the form TSS = aQb, with TSS in mg/L and Q in cfs.
The coefficients a and b were then determined using a best-fit linear equation to (log TSS) vs.
(log Q). The regressions for data from all stations except 119 and 120 resulted in similar
coefficient values with relatively high correlations (approximately 0.78 - 0.95). The data from
stations 119 and 120 gave results quite different from each other as well as from the other
stations. Upon examining the data, it was found that the values for these two stations were
generally obtained during low flow periods while data from the other stations were for hiéher
flows. It was concluded that data from each of the two main tributaries to the Buffalo River
(i.e., Buffalo and Cazenovia Creeks) could be combined, by tributary, to obtain two relationships
between TSS and Q; however, these relationships must account for differences between low and
high flow periods.

The high flow data (all data except those from stations 119 and 120) were also lumped
together by season and regression analyses were performed. The results showed no
distinguishable seasonal trend in the relationship between TSS and Q.

Finally, all data were divided into two groups: Cazenovia Creek above the Buffalo River
confluence and the Buffalo River and its tributaries above the confluence with Cazenovia Creek,
including all low flow data from stations 119 and 120 (this latter grouping is hereafter referred to
as "upstream Buffalo River"). These two sets of data are presented in Figures 19 and 20. The
difference between the TSS vs. Q relationship in low and high flows is apparent from these plots.

This phenomenon is believed to be associated with a stratified flow development occurring with
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low flows. It appears to be a reasonable approach to develop best-fit lines for each data set that

distinguishes between low flow and high flow TSS concentrations.

1000 Il
100
S =
103
-
1
0.1
1 10 100 1000 1E4

Discharge (cfs)

Q<154 cfs: TSS =4 mg/L
Q>154 cfs: TSS =
0.00120*Q"1.610784 mg/L

Figure 19. TSS vs. Q, for Cazenovia Creek
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Q>403 cfs: TSS =
0.00247*Q"1.425741 mg/L

Figure 20. TSS vs. Q, for upstream Buffalo River
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For each data set high flow data were regressed using all data above various selected low
flow threshold values. The best-fit equation with the threshold value giving the highest
correlation was then adopted for the high flows. The arithmetic average of (log TSS) was then
computed for those values below the threshold value of Q. The point at which the high flow
equation equals the low flow TSS value was then set as the threshold discharge between high
and low flows (i.e., this represents the point of intersection for the two lines). For Cazenovia
Creek a low flow threshold value of 165 cfs was determined, with a corresponding low flow TSS
value of 4 mg/L, while for the Buffalo River tributaries the low flow threshold is 447 cfs, with a
corresponding low flow TSS of 12.8 mg/L. The difference in low flow TSS values for these
tributaries may explain in part the difference in power equation coefficients seen in the initial
examination of individual station data from stations 119 and 120.

The resulting relationships for TSS as a function of flowrate are

(Cazenovia Creek) T5S =4.0(mg/L) . Q<165 cfs (15a)
7SS =0.001060" (mg/ L) , Q> 165 cfs (15b)
where Q (cfs) is from (11), and ’
(Buffalo River tributaries) 78S =12.8(mg/ L) , Q<447 cfs (16a)
TSS =0.002130'®(mg /L) , Q> 447 cfs (16b)

where Q (cfs) is from (12). The correlation coefficients (r2) for the above relations are as

follows: (15b) 0.84, (16b) 0.64.

Statistical bias in regressions of log-transformed data. The regression model used to
describe the relationship between TSS and discharge has the general form

log 7SS =B, + B, log O + ¢ a7
where B, and B are constants and ¢ is the error between the fitted line and the actual data.
When this equation is back transformed to obtain power relations such as (15b) and (16b) the
error term is omitted. Linear regression models involving non-transformed variables omit this
term because the mean of the error terms is assumed to be zero. For transformed variables the

mean of the error terms is zero in log units, but not in arithmetic units. Therefore, because the
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mean will not be zero after back transformation, the error term must be included in the resulting
power relation,

78S = 10%*2 Q" (18)
where 10€ is the bias correction term. If there is no error (¢ = 0) then this term is equal to 1.

In order to estimate the appropriate bias correction for each relationship (eqns. 15b and
16b), the distributions of the regression residuals were examined (Newman, 1993). For each
relationship, the regression residuals for the high flows were calculated and the frequency
distributions were plotted, as shown in Figures 21 and 22. From these plots, it appears that the
residuals are approximately normally distributed. The bias correction can then be estimated from
(Havlicek and Crain, 1988; Newman, 1993)

_MSE
2 b

e
MSE:I-';T‘_—ﬁ (19)

&

where N is the number of observations. Resulting bias correction factors of 1.13 and 1.16 were
obtained for Cazenovia Creek and the upstream Buffalo River tributaries, respectively.

Adopted relationships for TSS vs. discharge. The final relationships used to calculate
TSS as a function of discharge are obtained by applying the bias correction factors to (15b) and
(16b), resulting in

Cazenovia Creek) 7SS =0.001200""(mg /L) , Q> 154 cfs (20)

(Buffalo River tributaries) 7SS =0.002470'*(mg / L) , Q > 403 cfs (21)
Note that the threshold values distinguishing between high and low-flow relations change slightly
after applying the bias correction factors - the cut-off values in (20) and (21) also apply to (15a)
and (16a).

Eqns. (15a), (16a), (20) and (21) thus form the basis for estimating TSS as a function of

discharge in the two main tributaries which join to form the lower Buffalo River. These relations
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are compared with data and plotted in Figures 23 and 24. The comparison appears to be
reasonable and indicates that this approach is useful for estimating suspended sediment load to
the AOC. Mass solids loading to the Buffalo River are obtained by adding computed mass
loadings for each tributary. Time series of calculated upstream TSS loadings to the AOC are
plotted for the three periods for which observed TSS data are available - Fall 1990, April 1991
and Spring 1992 - in Figures 25, 26 and 27, respectively. These plots also show a reasonably
good fit for the TSS prediction equations. These relationships, along with water column data,
can then be used to estimate contaminant mass loadings to the AOC from the upstream

tributaries, as discussed in the following section.
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4.1.2. Contaminants

Coupled suspended sediment and water column data were available from four different

sources, as summarized in Table 19.

Table 19. Availability of coupled sediment and water column data for contaminants.

Data set Locations ___ Contaminants* Period of record
ARCS Sites 1 -6, AOC PCBs, PAHs, pesticides Fall 1990, spring 1992
NYSDEC** Various sites in AOC PCBs, PAHs, metals Fall 1990, spring 1992
and upstream
ACOE*** Two sites in AOC PCBs, PAHs, metals Summer 1992
EPA STORET Various sites in AOC Metals 11/71 - 10/91
and upstream

* Particulate and dissolved water column concentration data were available for all contaminants except metals, for
which only total water column concentrations were available.

** Litten and Anderson (1992)

*** Data from 1992 dredging demonstration, obtained from Waterways Experiment Station (D. Averett, personal
communication, 1993)

Measurements from Site 1 (ARCS data, upstream boundary of AOC) are shown in Table 20 for
all contaminants except metals. The ARCS metals data showed unreasonably high
concentrations, in comparison to all other available metals data, and were not used. Metals
loadings were calculated from data obtained by the NYSDEC, as discussed below. For those
dates on which the necessary data are available, sorbed pollutant concentrations can be estimated
on the basis of the tabulated values and measured sediment discharge rates. The pollutant
(particulate phase) load to the AOC during the period of study is then computed as the product
of the pollutant concentration and the sediment discharge rate. These calculations are shown in
Table 21. However, a more general approach was desired to develop relationships between
sorbed pollutant concentrations and suspended sediment discharges (or concentrations) for the

available pollutants of interest at the upstream limit of the AOC. Particulate and dissolved water
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column data for non-metals and total water column data for metals were examined in order to

develop relationships for total pollutant loadings to the AOC, as described below.

Table 20. Upstream non-metal particulate concentrations.

(all data from ARCS, site 1)
TSS | flow conc. (mg/kg)
date (mg/M)| (cfs) | PCB [ Chlordane | Dieldrin | DDT | B(a)a | B)f | B(k)f | B(a)p | Chrysene
10/18/90| 8 1029 | 0.633 | 1.53e-3 | 1.51e-3 |1.51e-3] O 0 0 0 0
10/22/190 | 6 418 | 0.365 | 9.88¢-3 | 6.65¢-2 |6.65¢-2] 1.65 | 2.75 | 0.933 | 2.36 3.16
10/27/90| 3 376 | 0.081 0 1.49¢-2 |1.49¢-2{0.652 ] 1.08 | 0.253 | 0.661 | 0.946
10/31/90} 3 336 | 0.183 | 4.83¢-3 0 0 |0672] 1.07 | 0.377 j0.666| 1.06
11/5/90 3 322 1 0274 | 2.04e-2 | 1.81e-2 |1.81e-2| 2.19 | 4.02 | 147 | 2.62 3.38
11/5/90 2 322 | 1.645 | 3.13e-2 | 1.30e4 |1.30e4] 2.39 | 4.62 1.73 | 3.41 4.54
11/9/90 28 | 648 1 0.039 | 1.03e-3 | 1.35¢-3 {1.35¢-3] 0.096 | 0.188 | 0.059 |0.115| 0.156
11/13/90 ] 12 | 684 0 1.19e-3 0 0 |0.459] 0709 | 0.262 {0.356 | 0.699
4/17/92 154 | 2592 | 0.013 | 8.40¢-4 | 3.38¢c-4 [6.40e-4| 0.357 | 0.493 | 0.217 | 0.314 | 0.422
4/17/92 52 | 2592 | 0.024 | 3.83e-3 | 6.92e-4 |1.08e-3] 0.82 | 1.14 | 0484 [ 0.694 | 0914
4/18/92 74 | 1678 0 6.92¢-4 0 1.90e-4]/ 0.115] 0.205 | 0.078 | 0.119| 0.27
4/22/92 34 | 1609 |0.0191] 2.29e-3 | 6.72e-4 |1.34e-2] 0.41 | 1.10 | 0.472 | 0.625| 0.901
Table 21. Measured non-metal particulate pollutant loading rates.
loading rates  (kg/day)
date wlids | PCB | Chiordane | Dicldrin | DDT | B(a | B®Y | B&YX | Bla)p |Chrysenc
10/18/90 | 2.00e4 | 1.27¢-2 | 3.06e-5 | 3.06e-5 | 3.06¢-5 0 0 0 0
10722190 | 6.09e3 | 22263 | 60265 | 40564 | 40504 | 10002 | 168e2 | 56803 | ldde2 | 1.5262
10/27/90 | 2.74e3 | 2.22¢4 0 4.09¢-5 | 4.09¢-5 1.79¢-3 295¢-3 6.930-4 1.81e-2 | 2.59¢-3
10731790 | 2.45¢3 | 4.48¢-4 1.18¢-3 0 0 1.65¢-3 26103 9.24¢c-4 1.63¢-3 | 2.60¢-3
11/5/90 2.35¢3 | 6.45¢4 | 4.79¢-5 | 4.24¢-5 | 4.2405 5.14¢-3 9.45¢-3 3.46¢0-3 6.15¢-3 | 7.93¢-3
11/5/90 1.56e3 | 2.57e-3 | 4.88¢-S 1.97¢-7 1.97¢7 37303 721e3 2.70e-3 5.32¢-3 | 7.08¢3
119590 | 44led | 1.74c3 | 45365 | 59365 | 59365 | 42363 | 8.29¢3 | 2.60e3 | 5.0703 | 6.88¢3
11/13/90 | 2.00e4 0 2.38¢-8 0 0 9.16¢-3 1.41e-2 5.23¢-3 7.10e-3 | 1.3%-2
471792 | 9.70e5 | 12692 | 8.11c4 | 3.28c-4 | 62004 | 34661 | 4.78¢1 | 21061 | 3.05¢1 | 4.09¢1
4/1792 | 3.28¢4 | 7.83¢4 | 12604 | 2275 | 3.55¢5 | 26962 | 3.73e2 | 15962 | 22762 | 2.99¢2
41892 | 3025 | 0 2094 ) 57605 | 34762 | 6.1962 | 23562 | 3.5962 | 81562
472292 | 133¢5 | 2.63¢3 | 30404 | 893c5 | 1783 | 54502 | 146el | 6.27e2 | 831e2 | 1.20e1




Particulate pollutant concentrations (non-metals). Correlation analyses were performed
on the non-metal particulate pollutant data in mg (dry weight pollutant)/’kg (dry weight TSS)

versus TSS in mg (dry weight)/L.. This was done for all non-metal pollutants of interest with
water column data available from ARCS Site 1 only, and then for all data from Sites 1 - 6
together. In all cases, except for Dieldrin and DDT, the correlation coefficients were slightly
higher for Site 1 data alone (N = 8-12, r = 0.60 - 0.90) than for the combined Site 1 - 6 data (N
=33 .56, r = 0.55 - 0.88). However, due to the greater number of samples for the Site 1 - 6
data, all cérrelation coefficients for all pollutants have a higher level of significance (0.01 in all
cases). Coupled suspended sediment and particulate water column concentrations for PCBs and
PAHs were also available from the ACOE Drédging Demonstration Project. Therefore, the
additional data (9 - 10 samples for each) were added to the ARCS (sites 1 - 6) data sets for
PCBs and PAHs and regressions were performed. The regressions which included the dredging
demo data resulted in higher correlation coefficients for all data sets except benzo(a) anthracene,
which was slightly lower. However, all regressions using the dredging demo data provided
correlations with a 0.01 level of significance. Data from NYSDEC (Litten and Anderson, 1992)
for PCBs and PAHs were not used in these regressions because only one data sample was
available for PCBs and the PAH data were reported only for total PAHs.

Prediction equations for particulate PCBs and all PAH pollutants were obtained from the
combined ARCS Sites 1 - 6 and dredging demo data analyses. For pesticides, the prediction
equations were obtained from the ARCS data set alone. Bias correction factors for the log-
transformed data were then computed for all prediction equations assuming normally distributed
residuals as described in Section 4.1.1. A sample plot showing the basic relationship is provided
in Figure 28. The final adopted relationships for particulate pollutants versus TSS are as follows:

PCBW,(%)mv(TSS::”) @
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where TSS;qtal (mg/l) is a flow weighted average of total upstream TSS concentration. The
inverse relation with TSS shown in these regresssions is consistent with the observation that
higher TSS demonstrates higher median particle size and larger particles carry lower mass-

specific contaminant levels.
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Figure 28. Sample plot of relationship between particulate concentration and TSS



Dissolved non-metal pollutant concentrations. The dissolved non-metal pollutant water
column data for the ARCS data set (Sites 1-6) were examined in a similar manner as the
particulate data. For these data, however, it was found that multiple linear regressions of
dissolved pollutant versus Q (ft3/s) and TSS (mg/L) generally provided better fits. For all non-
metal pollutants, dissolved data from Site 1 alone resulted in higher correlations than the data
from Sites 1 - 6 together. No significant relationships between dissolved pollutant concentration
and Q and TSS were observed for the Site 1 - 6 data together. For the Site 1 data, all of the
relationships derived were significant to at least the 0.1 level of significance (N =7 - 12, r = 0.54
- 0.95), except those for PCBs, chlordane, dieldrin, and DDT. No significant relationship was
observed between these four dissolved pollutants and Q and TSS. As with the particulate
pollutants, dissolved water column data were available for PCBs and PAHs from the Dredging
Demonstration project. NYSDEC data were not used for the same reason as stated earlier for
particulates. There were fewer dissolved data samples for each pollutant (1 - 6 samples), and
these were added to the Site 1 data for PCBs and PAHs to perform the multiple linear
regressions. As with the Site 1 data alone, no significant relationships were observed for PCB as
a function of Q and TSS. For the PAHs, the correlation coefficients for all constituents were
lower with the addition of the dredging demo data, with levels of significance < 0.10. Therefore,
prediction equations for dissolved PAHs were obtained from the ARCS data (Site 1) and
arithmetic averages of all observed data for PCBs and pesticides are suggested for use in loading
estimates. Again, bias correction factors for the log transformed data were calculated for each
prediction equation as described in Section 4.1.1. The final adopted relationships for dissolved

non-metal pollutant concentrations are:

PCBM(-'%)= 0.670 (32)
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DDTMM(EL&)=°-°111

(33)

(34)

(35)

(36)

(37

(38)

(39

(40)

C2))

where Qm' is the total adjusted tributary flow (eqn. 10) in cfs and TSS;q¢4] is the flow weighted

average upstream TSS in mg/L.

Total _non-metal pollutant concentrations.  Total non-metal pollutant loading

concentrations are obtained by adding the particulate and dissolved estimates using the

appropriéte unit conversion factors. Uncertainty in these estimates arises from sampling and

measurement errors associated with the determination of the sorbed pollutant concentration and

the suspended sediment concentration and the transfer of the relationship from the sampling site

to other sites of interest. There are also inherent uncertainties involved in applying statistical
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regression equations when estimating concentrations. However, the above equations provide

reasonable estimates, based on the limited data available.

Metals. Total metal concentration data (lead and copper) were available for several
locations within the Buffalo River AOC and in the upstream tributaries with corresponding TSS
concentration and stream discharge data as summarized in Table 22. Table 23 lists measured
metals concentrations and loading rates, based on the NYSDEC data set noted in Table 22
(specifically, BR Bailey and flow weighted sums from BR S/U2 and CAZ S/U1).

Table 22. Summary of coupled suspended sediment and water column data for metals.

data for lead and copper)
Data Set Station Location No. Samples Period of Record
NYSDEC* Ohio St. Buffalo River at Ohio Street 8/8 12/30/91, 3/26/92-4/25/92
BR Bailey | Composite, Buffalo R. and Caz 1/1 12/30/91
Creek at Bailey Avenue Bridges
BR S/U2 Buffalo R. at S. Ogden Street 4/4 3/26/92-4/25/92
BR R/S2 Buffalo R. at N. Blossom Rd. 4/4 3/26/92-4/25/92
CAZ S/U1 Caz Creek at Caz Pkwy 4/4 3/26/92-4/25/92
CAZ R/S1 Caz Creek at Northrup Rd. 4/4 3/26/92-4/25/92
CAY R/S3 Cayu_ga Creek at Lake Ave. 4/4 3/26/92-4/25/92
ACOE** - Mobil Qil 14/ 14 Summer 1992
- Dead Man's Cove 7/7 Summer 1992
EPA-STORET | 01031002 Buffalo River at Ohio Street 16 /23 4/87-10/91
01032213 Cay. Cr. at Bowen Rd. (Lang¢.) 0/4 5/88-11/88
01032311 Buffalo Cr. at Rt. 277 (Gard.) 0/4 5/88-11/88
01032221 Cay. Cr. at Three Rod Rd 11 4/87-12/87
(Alden)
* Litten and Anderson (1992)

** 1992 Dredging demo data (D. Averett, personal communication, 1993)
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Table 23. Upstream metals concentrations and loading rates.

Date TSS (mg/l) | Flow (cfs) | Concentrations (mg/l) Loading (kg/day)
lead copper lead copper
12/30/91 118.6 2393 0.0063 0.0144 36.9 84.3
3/26/92 160.0 3465 0.0075 0.0091 63.6 77.2
4/1/92 40.0 2124 0.0018 0.0042 9.4 21.8
4/17/92 100.1 2992 0.0045 0.0051 329 37.3
4/25/92 271.1 7495 0.0087 0.0116 160 213

For non-metal pollutants, a generalized approach for estimating metals loadings to the
AOC was desired; therefore, correlation analyses were performed on total lead and total copper
concentrations (mg/l) versus TSS (mg/l). Regressions were first performed for the data from
each site individually. Several of the individual stations provided significant relationships for
metals vs. TSS, especially the upstream stations for data from NYSDEC (Litten and Anderson,
1992). Some stations provided no significant relationship at all. Regressions were then
performed by grouping the station data in various ways such as all data upstream of the AOC, all
data within the AOC, all data, Buffalo River tributaries upstream of Cazenovia Creek, Cazenovia
Creek upstream Buffalo River, etc. Once again, several of these groupings provided significant
relationships. The final relationships chosen for total lead and total copper were the ones which
provided the highest level of sigﬂﬁ@w with the greatest number of data points within the
group. They were: lead - all upstream NYSDEC data plus the Dredging Demo-Mobil Oil data
(n=35, r=0.85); and copper - all upstream NYSDEC data plus all EPA-STORET data for
Cayuga Creek (n=26, r=0.76). Both relationships have a significance level of 0.01.

Total lead and copper loadings to the Buffalo River AOC from upstream tributaries can
therefore be estimated using the following relationships, which include log-transform bias

correction factors as discussed in Section 4.1.1:

Leads™)-2.66x10"TSS%" @)
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Copper, [ )-121x10°TSS:" @)

where TSS; is in (mg/L).

4.2. Point sources

4.2.1. Industrial discharges

Industrial discharges to the Buffalo River are regulated by the NYSDEC. Currently there
are 13 industrial wastewater discharges in the Buffalo River watershed and AOC. Two of the
thirteen industries discharging to the AOC were identified in the Buffalo River Remedial Action
Plan (NYSDEC, 1987) as supplying more than 0.1 Ib/day (0.05 kg/day) of priority poliutants,
while six others were noted as potential sources, though loadings in excess of 0.1 lb/day (0.05
kg/day) were not anticipated. The two industries are Buffalo Color Corporation and PVS
Chemical. The RAP provided two years of loading data (1985-86 and 1986-87) for various
pollutants from these facilities. In addition, EPA Permit Compliance System (PCS) discharge
and loading data for these facilities were available from the NYSDEC for the period of June
1988 through July 1991. These data are summarized in Table 24.
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Table 24. Summary of industrial discharges.

Facility Parameter Loading rates (kg/dav)
0y ¢)) ¢ ¥))] ¥))
(85-86) (86-87) (88-89) (89-90) (90-91)
Buffalo Color:  Chloroform 0.0 14 — - —
Cyanide 0.23 0.0 — -— -
Lead* 0.0 0.23 <0.18 <0.18 <0.14
Nickel 0.18 0.0 <0.59 <0.59 <0.59
Zinc 0.36 0.77 - -— -
Aluminum o~ - <145 <52 <3.0
Chromium — — <041 <041 <0.50
Copper* -— — <0.41 <0.55 < (.68
Nitrobenzene — — <041 <041 <0.36
Parachlorometa - - <041 <041 <0.36
1,3 dichlorobenzene o — <0.41 <0.41 <0.36
TOC* - — 713 85.9 673
Total ammonia, -ium -— - 1.8 30 45
Total res. chlorine - - - - 8.8
PVS Chemical: N-nitrosodiphenylamine 00 14 - — -
Methylene chloride 0.0 0.08 - -— —
Chromium 0.68 0.0 -~ — -
Copper* 0.41 0.0 — — 0.36
Zinc 25 0.0 — — -
Phenols (4AAP) 0.0 0.64 - - —
Cadmium — -— — — 0.09
Iron* —_ - 10.7 9.3 4.6
Total Rec Phenolics — - 0.23 0.16 0.10
TSS* — — 252 244 72.6
Total res. Chlorine - - - —_ 52
5-day BOD — — <152 <47.0 <394
COD - — < 440 <305 <98.2
Oil and grease — - <516 <432 <20.2
* priority parameter of interest

(1) sampling data from NYSDEC, Remedial Action Plan; 24-hour annual composite (converted from Ib/day)
(2) Permit Compliance System database, SPDES discharges, NYSDEC, "<" indicates that the reported value was
computed using detection limits from the PCS database
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4.2.2. Combined sewer overflows (CSOs)

As previously noted, there are a number of CSO outfall locations within the AOC. These
are shown on the map of Figure 29. In an earlier study, Calocerinos & Spina Engineers (C&S,
1988), under contract to the Buffalo Sewer Authority (BSA), developed a hydraulic model of the
combined sewer system of Buffalo. Phase I of that study began in 1977 and was completed in
September, 1983. Various physical aspects of the sewer system were assessed, including the
structural condition of pipes 36 inches or greater, the operation and physical condition of the two
major outlying pump stations, the level of protection provided by CSOs against intrusion of
extraneous flow into the system from receiving waterways, and the amount of deposition in
various sewers throughout the system. Phase Il of that study involved the actual model
development.

In addition to the hydraulic model, the Phase II study included grab samples of discharges
from several CSOs. Analyses were performed for conventional pollutants, heavy metals and
some organics. Table 25 lists dates and locations of sampling points (at CSO disché,rge
locations) and Table 26 lists the metals data from the C&S report. Table 27 lists concentrations
for the PAHs and pesticides of interest obtained as part of the ARCS study.

Table 28 shows PCB concentrations. Due to the scarcity of these data, additional values
were obtained from literature sources for comparison (Marsalek and Ng, 1989; Granier, et al,,
1990) and are shown in Table 29. Values were also sought to supplement the data set for the
other organics. These data are correlated with land use and may be used for the Buffalo River
AOC as long as land use characteristics are known. The data in Tables 30 and 31 were taken
from Jordan (1984) an’d list land use descriptions and associated concentrations for a number of

the constituents of interest in the present study.
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Table 25. CSO sampling dates and locations (from C&S, 1988).

Date

5/16/88
5/19/88
5/19/88
5/16/88
5/16/88
5/16/88
5/16/88
5/16/88
5/16/88
5/16/88
4/30/88
4/30/88
4/29/88
4/29/88
4/30/88
4/30/88
4/30/88
4/30/88
4/30/88
4/30/88
4/30/88
4/29/88
4/30/88
4/30/88
4/30/88

Location

Foot of Albany
BSA-Texas and Kerns
BSA-Old Bailey and Littell
Blank

Swan and Oak
BSA-Eagel and Emslie
Colorado and Scajaguada
BSA-Hamburg and Perry
Foot of Albany

Blank

BSA-Hamburg and Perry
Swan and Oak

Foot of Albany

Foot of Albany

Lafayette and Howard
Bailey and Scaj.

BSA-OId Bailey and Littell
BSA-Eagle and Emslie
Colorado and Scajaquada
BSA-South Buffalo Pump
BSA-South Legion

Mobil Oil

Cormnelius Creek
BSA-Meterins Station
BSA-Texas and Kerns




Table 26. Metals data for CSOs (from C&S, 1988).

Calocerinos & Spina Metals Data

Copper Lead Date Site
0.26 ND 5/16/88 BSA - Cornelius Creek
0.10 ND 5/16/88 Baily & Scajaquada
0.13 ND 5/16/88 BSA - Eagel & Emslie
0.27 0.44 5/16/88 | BSA - Hamburg & Perry
0.10 ND 4/30/88 BSA - Hamburg & Perry
0.08 ND 4/29/88 Foot of Albany
0.07 ND 4/29/88 Foot of Albany

* all concentrations in mg/l; ND - not detected
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Table 27. PAHS and pesticides in CSOs of South Buffalo.

(dissolved phase)

Pollutant Babcock | Cazenovia | Smith St. | Hamburg | Smith Hamburg

12/5/90 | 12/5/90 12/5/90 12/5/90 St. 8/9/91

8/9/91
gamma- BQL BQL BQL BQL 0.253 0.105
Chlordan
alpha- BQL BDL BQL BQL 0.179 0.106
Chlordane
Dieldrin BDL BDL BDL BDL BQL BQL
Benzo(a) 5.94 3.65 1.57 20.5 228 46.4
anthracene
Benzo(b) 8.07 1.72 BQL 8.85 9.60 19.9
fluoranthene
Benzo(k) 133 0.341 BQL 20.3 2.27 3.34
fluoranthene
Benzo(a) 1.80 0.391 BQL 1.92 2.33 4.51
_pyrenc
Chrysene 4.59 2.67 1.70 4.53 14.3 28.8
(particulate phase)

gamma- 0.153 BQL 0.676 0.0923 0.063 0.0423
Chlordan
alpha- 0.144 BQL 0.708 0.0934 BQL BQL
Chiordane
Dieldrin BDL BDL BDL BDL BQL 141
Benzo(a) 7.45 3.55 134.8 1.87 340 173
anthracene
Benzo(b) 10.2 6.17 144.2 1.89 29.4 213
fluoranthene
Benzo(k) 3.45 2.16 68.2 0.603 20.5 5.24
fluoranthene
Benzo(a) 5.46 3.59 147.1 0.612 43.2 6.91
pyrene
Chrysene 9.86 5.05 182.1 4.26 34.3 22.2

* all units in ng/l of water; BQL - below quantitative limits; BDL - below detection limits
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Table 28. PCB concentrations in CSOs in South Buffalo Sewer Districts.

District, date dissolved * particulate
Babcock, 12/5/90 BMDL 20.83
Hamburg, 12/5/90 233 152.66
Smith, 12/5/90 BMDL 99.03
Cazenovia, 12/5/90 BMDL 3.96
Smith, 8/9/91 BMDL 18.80
Hamburg, 8/9/91 BMDL 22.56

* all concemrations in ng/l water; BMDL - below machine detection limit

Table 29. Additional PCB data for CSOs.

PCB Data
Concentration Source Land Use Area Source Key:
1 - Granier et al (1990)
2 - Marsalek and Ng (1989)
38-260 ng/L 1 1 3
(130)
90-2600 ng/L 1 1 3 Land Use Key
(633) 1 - Residential
2 - Urban
36-2400 ng/L 1 1 3
(625)
30 ng/L 1 ? 2 Area Key:
1-CSO
2 - Runoff
3 - Stormwater Drainage
14 ng/L 1 ? 2
27-290 ng/L 1 ? 2
0.179 ug/L 2 2 1
0.0269 ug/L 2 2 1 Values in parenthases are
mean flow weighted conc.
0.0888 ug/L 2 2 1
0.131 ug/L 2 ? ?
0.179 ug/L 2 1 1
0.0 ug/L 2 1 1
0.641 ug/L 2 1 1

81




Table 30. Site characteristics for CSO data (from Jordan, 1984).

Catchment
Code | Site City State Area Land Use
(acres)
A Emest St. Providence RI 65 Partly residential and
@ Allens highly industrial
B Dexter St. | Providence RI 300 Single family
@ residential
Huntington and scattered industrial
C Lander St. | Seattle WA 500 Light industrial and
mixed commercial
D Michigan St. { Seattle WA 745 Heavy commercial and
mixed
industrial/residential
E Branch St. | St. Louis MO 2580 80%
residential/commercial
13% industrial, 7%
open
F Prairie Ave. | St. Louis MO 518 50% .
residential/commercial
40% industrial, 10%
open
G Phalen St. Paul MN 870 Primarily multifamily
Creek res. and open space
with some
industrial/commercial
H Eustis St. St. Paul MN 78 Light
industry/commercial
(soil is very
impervious)

82




Table 31. Concentrations of parameters for sites of Table 27.

Pollutant A B C D E F G H
PCB-1016 ND ND 1 ND ND ND ND ND
Benzo(a) ND ND ND ND ND ND 3 2
anthracene

Benzo(b) ND ND ND ND ND ND ND 1
fluoranthene

Benzo(k) ND ND ND ND 1 ND ND 3
fluoranthene

Benzo(a) ND ND ND ND ND ND ND 2
pyrene - '

Lead 353 290 250 180 458 500 175 403
Copper 479 652 467 55 96 125 66 36
TSS (mg/L) 325 32 117 83 657 543 233 141
TOC (mg/L) 51 38 80 45 21 31 112 18

* all units in micrograms per liter unless otherwise noted; values reported are mean concentrations; ND - not
detected

Unfortunately, the Phase II study by C&S considered the sewer collection system for the
entire City of Buffalo, and did not focus specifically on outfalls to the Buffalo River AOC. In
particular, many of the smaller outfalls to the Buffalo River were not included in their study,
especially for the discharges to Cazenovia Creek (see Figure 29).

For the present study, a PC version of the SWMM model (PCSWMM4) was used to
generate expected flows to the river from CSOs. This work is described in some detail by Irvine
et al. (1993a). These flows were then combined with either measured data (such as Tables 26 -
28) or estimated concentrations (Tables 29 - 31) to obtain loading estimates. Although the loads
due to those outfalls discharging within the AOC are of more direct interest when comparing the
importance of various sources for the river, the results for the upstream outfalls provide an
indication of the extent to which upstream loads may be attributed to CSOs. Marshall (1993)
describes the modeling and loading calculations specifically for the upstream outfalls. In the

following, results are presented separately for upstream and downstream CSO loads.
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The CSO model was calibrated using data from one of the larger outfalls, at Babcock St.,
as described by Irvine et al. (1993b). It was then applied in two different modes. First, it was
desired to estimate loadings due to a "typical" year of rainfall. After reviewing data available
from the Buffalo Airport, precipitation data from 1990 were determined as a close approximation
to the 30-year norms. The model was then run in a continuous mode using the data from that
year. A total discharge of 620,000 m3 was found for all outfalls, with 571,000 m3 coming from
the downstream outfalls alone (although smaller in number, the downstream outfalls contribute
much more to the total CSO flows and associated pollutant loadings). The total loadings
obtained in this exercise are summarized in Table 32.

Table 32. CSO loadings for typical year (1990)

(kg/ yr)
Pollutant | Average concentration * | Upstream load | Downstream load
(within AOC)

PCB 53.0 2.63e-3 2.34e-2
g-Chlordane 0.385 1.91e-5 1.69¢-4
a-Chlordane 0.458 2.27e-5 2.02e-4
Dieldrin 1.41 6.96e-5 6.21e-4
B(a)a 50.0 2.48e-3 2.21e-2
B(b)f 45.2 2.23e-3 1.99¢-2
B(k)f 22.2 1.10e-3 9.80e-3
B(a)p 36.7 1.82e-3 1.62¢-2
Chrysene 52.4 2.59¢-3 2.31e-2
Lead 326.1 16.2 144.0

Copper 247.0 12.3 109.1

TSS 266.4 13,210 117,620

* metals concentrations are in pg/l; TSS concentrations are in mg/l; all other concentrations are ng/l

In the second modeling approach it was desired to develop loading inputs that might
result from different design storms, to provide information needed for long-term water quality

modeling of the river. To do this, additional precipitation data were collected to describe storms
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which had mean return periods of 1, 2, 5, 10, 25 and 100 years. The CSO model was run for
each of these storms to develop associated flow estimates which were combined with average
concentrations to calculate pollutant loadings, as above. The overall procedure is described by
Marshall (1993), who includes detailed calculations for each of the contaminants of interest. It
was found that the total load from a CSO was reasonably well correlated with total precipitation
from a storm. Figure 30 shows an example of this relationship. Similar curves were produced
for each individual CSO, for each contaminant. In Figure 30, the total for all upstream CSOs has
been added, since there is no need to separate effects of individual overflows in that region. As
shown, there is a minimum precipitation at which a significant overflow will occur and it should
be noted that there is some degree of uncertainty in choosing the minimum precipitation value.
However, the model appears to reproduce loadings from large storms fairly well, which provide
the majority of CSO loadings. For precipitation values above this minimum, the load is
approximately linearly related to total storm precipitation. An equation of the following form

was assumed to estimate loads:

W=(I-1_)S (44)
where W'= load (kg/day), I = total precipitation (in), Inﬁn = minimum value for I at which
overflow occurs and S = slope of the line relating W and I (as in Figure 30). Values for Iyin and
S are reported in Table 33 for each of the outfalls. These faarameters may be u.;»ed in (44) to

estimate CSO loadings which would result from a storm with a given total precipitation.
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Table 33. Parameters for estimating CSO loadings

Outfall * Upstream | 57+58 30 31 32 33 34
Iin (in) 1.97 0.0 0.0 33 1.97 1.97 33
Pollutant S ((kg/d)/in)
PCB 2.75¢-3 | 46e4 | 1.69-3 | 6.5¢-6 | 1.0e-5 1.3e-5 5.1e-6
| g-Chlor 2.0e-5 3.3e-6 1.2¢-5 | 4.7¢-8 | 7.3e-8 | 9.5¢-8 3.7¢e-8
a-Chlor 2.4e-5 3.9e-6 1.5¢-5 | 5.6e-8 | 8.7¢e-8 1.1e-7 4 4e-8
Dieldrin 7.3e-5 1.2e-5 | 4.5e-5 1.7¢-7 | 2.7e-7 | 3.5e-7 1.3e-7
B(a)a 25%-3 | 43e4 | 1.5%-3 | 6.le-6 | 9.5¢-6 1.2¢-5 4.8¢-6
B(b)f 234e-3 | 39e4 | 144e-3 | 5.6e-6 | 8.6e-6 1.1e-5 4.3e-6
Bk)f 1.15¢-3 194 | 7.1e4 | 2.7¢-6 | 4.2¢-6 | 5.5¢-6 2.1e-6
B(a)p 1.9¢-3 324 | 1.17e-3 | 4.5¢-6 | 7.0e-6 | 9.le-6 3.5¢-6
Chrysene 272¢-3 | 45¢4 | 1.67e-3 | 64e-6 | 9.9e-6 1.3e-5 5.0e-6
Lead 16.9 2.80 104 0.0401 | 0.0619 { 0.0809 | 0.0312
Copper 12.8 2.12 7.88 0.0304 | 0.0468 { 0.0613 | 0.0236
TSS 13,820 2290 8496 328 50.5 66.1 25.5
Outfall * 35 36 36a 38 39 42
Iin (in) 2.33 3.3 1.83 1.83 1.49 0.0
Pollutant S ((kg/day)/in)

PCB 3.2¢-5 6.1e-6 2.5¢-4 19¢4 | 1.45e-3 1.1e4
g-Chlor 2.4e-7 4 4¢-8 1.8¢-6 1.4e-6 1.1e-5 8.3e-7
a-Chlor 2.8¢-7 5.3¢-8 2.2e-6 1.6e-6 1.3e-5 9.9¢-7
Dieldrin 8.6e-7 1.6e-7 6.7e-6 5.1e-6 | 3.9e-5 3.0e-6

B(a)a 3.1e-5 5.7¢-6 2.4e4 1.8¢-4 | 1.37e-3 1.1e-4

B(b)f 28¢5 | 5.2¢6 2.1e-4 1.6e4 | 124e-3 | 9.7e-5

B&)f 1.4e-5 2.5¢-6 1.1e4 80e-5 | 6.1e4 4.8e-5

B(a)p 2.2¢e-5 4.2¢-6 1.7e-4 1.3e-4 | 1.0le-3 | 7.9e-5

Chrysene 3.2e-5 6.0e-6 2.5¢-4 1.9e-4 6.1e-4 1.1e-4

Lead 0.20 0.0375 1.55 1.17 8.94 0.702
Copper 0.151 0.0284 1.17 0.888 6.77 0.532

TSS 163.0 30.6 1267 957.6 7303 573.7

* outfall identification numbers correspond with Irvine et al. (1993) and Marshall (1993) and
generally increase upstream (see also Figure 29); all upstream outfalls are grouped together as
explained in the text; outfalls 57 and 58 are grouped together because they are located very close
to each other
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4.3. Sediment resuspension potential and contamination risk

The risk of contamination from resuspended sediments is difficult to evaluate without a
detailed sediment transport model. The figures of Appendix D indicate areas of particular
concern for the targeted pollutants. In order to provide some indication of the degree to which
the sediments would be susceptible to erosion, values for the dry fraction of wet weight of the
sediment samples are plotted in Figure 31. This fraction is related to porosity and to the critical
shear stress required to cause erosion. Higher porosity indicates a "looser" sediment and lower
dry fraction corresponds with higher porosity. Therefore, areas with lower dry fraction values
should be relatively more easily erodible. Unfortunately, from the data in Figure 31 it appears
that the physical sediment characteristics do not show significant variations along the river bed..
Therefore, specific conclusions about contamination risk associated with erosion and
resuspension of bottom sediments are not possible at this time and will have to be evaluated with

the use of a sediment transport model.
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One other measure of the potential for contamination by sediment resuspension is the
amount of material contained in the upper sediment layer. These values were listed in Table 14.
As previously noted, these values are meant only to indicate relative orders of magnitude for the
contaminant mass contained within the sediments and do not necessarily represent the amount of

mass that would be eroded by a given storm or over a particular time period.

4.4. Non-point sources (inactive hazardous waste sites)

Loadings from inactive hazardous waste sites were analyzed by Taylor (1991).
Hazardous waste sites were identified in the Buffalo River RAP (NYSDEC, 1989), as shown in
Figure 32. Loadings were estimated using analytical and mathematical groundwater transport
models applied to six of these sites identified as potential contributors to pollution in the Buffalo
River. These sites, along with identification numbers appearing in Figure 32, include Allied
Chemical (004), Buffalo Color (012), Lehigh Valley Railroad (071), MacNaughton-Brooks
(034), Madison Wire (036) and West Seneca Transfer Station (039). The last two sites in this
list do not appear on Figure 32 since they are located slightly upstream of the AOC. Table 34,
from Taylor (1991), summarizes those targeted pollutants associated with each of the six sites.
Analyses were not completed for PCBs and pesticides since there was no indication of

groundwater pollution of these contaminants.
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Figure 32. Inactive hazardous waste sites, from NYSDEC (1989).
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Table 34. Summary of targeted pollutants associated with inactive hazardous waste sites
(from Taylor, 1991).

Site Organic pollutants Inorganic pollutants
Allied Chemical Iron, lead

Buffalo Color PAHs Copper, iron, lead
Lehigh Valley Railroad Iron
MacNaughton-Brooks Iron

Madison Wire Copper, iron, lead
West Seneca Transfer Iron, lead

Because of large uncertainties in the estimates obtained with the groundwater models
(due to lack of sufficient data for estimating adsorption characteristics), Taylor reported a range
of possible loading rates for each of the pollutants listed in Table 34. The maximum (steady-
state) rates are listed in Table 35. Breakthrough curves were calculated for each of the
pollutants and showed that steady-state transport was in fact not reached for any of the metals
for periods well in excess of 1,000 years. Simulations for the Buffalo Color site were obtained
only for 100 years, but these showed no indication of reaching steady state. Therefore, the
values reported in Table 35 probably over-estimate the actual loadings, which may be a small
fraction of the steady state values. For the Buffalo Color site, the situation is somewhat different
due to the close proximity to the river. Here it is possible that steady-state may have been
reached, especially for the PAHs where steady-state was predicted to be reached after about 15
years. The values for PAH loadings listed in Table 35 are therefore expected to be reasonable.
Metals loadings from the Buffalo Color site are not reported in Table 34 since steady-state values
were not obtained. However, for contamination times of the order of 50 years, the model

predicts loadings of approximately 4 kg/yr for copper, 8 kg/yr for iron and 0.05 kg/yr for lead.
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Table 35. Maximum (steady-state) loading rates from non-point sources
(from Taylor, 1991).

(ke/yr)
Site Copper | Iron | Lead | B(a)a | B(b) | B(k)f | B(a)p | Chrys.
Allied Chemical 26.9 | 0.02
Buffalo Color 0.22 0.07 0.01 0.02 0.03
Lehigh Val. RR 665
MacNaughton 1,620
Madison Wire 78.6 245 | 0.31
West Seneca 1,340 | 2.09

4.5. Export from system

It was desired to estimate annual export from the system for each of the contaminants of
interest, in the same way upstream loadings were calculated in Section 4.1. However, there were
only limited data available for downstream sites, compared with the data used for upstream
calculations (particularly for relating TSS with flow). In addition, there was too much scatter in
those data to allow development of reasonable regressions. For the estimates presented here the
particulate concentrations for Site 6 (for non-metals) were converted to volumetric
concentrations by multiplying them with the corresponding observed TSS values. The resulting
values were then averaged and added to the averaged dissolved concentrations, also from the
Site 6. These total concentrations were then multiplied by the total average annual flow,
obtained from Table 5. Estimates of annual metals export were made using data available from
the Ohio Street bridge (Litten and Anderson, 1992) and EPA-STORET data. Average values for
lead (0.0067 mg/l) and copper (0.0076 mg/l) concentrations were multiplied by the average
annual daily flow (343 cfs), obtained from Table 5. These values were then multiplied by 365 to

obtain annual export estimates. Table 36 summarizes the results of the export calculations.
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Table 36. Estimates for mass export from system

Parameter Annual export (kg/yr) |
PCBs 0.98
Chlordane 0.04
Dieldrin 0.04
DDT 0.01
Benzo(a)anthracene 6.30
Benzo(b) fluoranthene 6.68
Benzo(k)fluoranthene 2.36
Benzo(a)pyrene 3.19
Chrysene 7.46
Lead 2,052
Copper 2,323
TSS 5.33e6

4.6. Summary

4.6.1. "Typical" year

Referring to Figure 2, it is desired to estimate the total annual loading for each of the
targeted pollutants to the AOC, from each of the various sources. Following the procedure
outlined in Section 4.1.1, upstream TSS loadings were calculated for daily averaged flows
(Section 3.1). Using values for both Q and TSS, dissolved and particulate loadings for each
contaminant were calculated for each day, using eqns. (22 - 43), and summed to obtain total
annual upstream loading estimates. The resulting values are listed in Table 37, which includes
values for each of the sources; noted in Figure 2, except for sediments. Sediment loading rates
may be estimated only after application of a sediment transport model. Industrial point source
loading values are taken from Table 24 and CSO loadings are taken from Table 32. Non-point
source loadings are from Table 35 and export rates are reproduced from Table 36. Due to
previously mentioned uncertainties in the groundwater loading estimates, each of the values in
Table 35 for metals has been multiplied by 0.25 to provide estimates which are believed to be
closer to actual (non-steady-state) values. The metals loadings estimated for the Buffalo Color

site are also included in these estimates.
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Table 37. Summary of annual loading estimates..

Total annual loading  (kg/yr)
Parameter Upstream Industrial CSOs * | Ground- | Export
water
Total PCBs 0.77 — 0.02 - 0.98
Chlordane ** 0.03 -— - - 0.04
Dieldrin 0.04 - — — 0.04
,p-DDT 0.02 - — — 0.01
B(a)anthracene 3.06 — 0.02 0.22 6.30
B(b)fluoranthene 3.74 -— 0.02 0.07 6.68
B(k)fluoranthene 3.78 — 0.01 0.01 2.36
B(a)pyrene 2.16 -—- 0.02 0.02 3.19
Chrysene 4.11 - 0.02 0.03 7.46
Lead 359 66.4 144.0 0.66 2,052
Copper 933 331.8 109.1 23.7 2,323
Total solids 5.50e7 1.18eS 5.33e6

* CSO loadings reported here are only for downstream outfalls
** a-chlordane and g-chlordane values are combined

Total solids entering and leaving the river are also estimated in Table 37, to provide a
measure of the degree to which the river acts as a sediment trap. These values indicate that, on
average, a large fraction of the incoming suspended sediment load remains within the river. A
comparison of the upstream and export (downstream) loadings indicates that there may be
additional sources for some of the contaminants along the AOC. Possibilities include CSOs
(note that the CSO data are not very complete for contaminant concentrations and many values
are inferred from literature sources), sediment release or other sources not accounted for. The
metals data indicate that much more mass is leaving the system than entering. However, it
should be noted that the upstream loading estimates are based on TSS loads calculated from
monthly flows averaged over a 45-year record. Because the average monthly flows tend to be

low, the TSS estimates are also low, resulting in low estimates for metals loading (this may also
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affect the other parameters). Export rates are based on an average concentrations based on a
much smaller data set generally measured during higher flow events, which result in a higher
export calculation. This affects the metals export much more than the other parameters because
different data sets were used for the metals. The ARCS project will have to evaluate all sources

in order to balance mass for these parameters.
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6. Appendices

The following appendices contain figures and tables (from spreadsheets) which document
much of the water quality data available for the Buffalo River. Some of these data have been
summarized, or presented in averaged form in the main document. Appendix A shows measured
flowrates in the river throughout the year, based on 45 years of record compiled by Meredith and
Rumer (1987). Appendix B summarizes contaminant water column concentrations obtained
during the two ARCS sampling periods. Appendix C shows the spatial variation in calculated
partition coefficients for each of the parameters of interest. Appendix D shows contaminant

concentrations obtained in the sediments.
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Appendix A. Buffalo River flowrates

ist of Figur

(average daily flow frequency distribution curves for a random day in each month, based on data
from 1940 - 1945; all flows in cfs)

Al. January 1.

A2. February 9.
A3. March 18.

A4. April 22.

AS. May 14,

A6. April 10.

A7. July 27.

A8. August 13,
A9. September 18.
A10. October 8.
All. November 15.
Al2. December 20.
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Appendix B. Water quality data

List of Figures
(contaminant concentrations for 6 sites, fall 1990)

Bl. Total PCBs. . g
B2. A-chlordane.

B3. G-chlordane. ) -
B4. Dieldrin.

BS. DDT.

B6. Benzo(a)anthracene.

B7. Benzo(b)fluoranthene.

B8. Benzo(k)fluoranthene.

B9. Benzo(a)pyrene.

B10. Chrysene.

Bl1l1. Lead.

B12. Copper.

(contaminant concentrations for 3 sites, spring 1992)

B13. Total PCBs.

B14. A-chlordane.

B15. G-chlordane.

B16. Dieldrin.

B17. DDT.

B18. Benzo(a)anthracene.
B19. Benzo(b)fluoranthene.
B20. Benzo(k)fluoranthene.

B21. Benzo(a)pyrene.
B22. Chrysene.

B23. Lead.
B24. Copper.

(average suspended solids concentration, downstream boundary condition)

B25. 1986 - 1987.
B26. 1987 - 1988.
B27. 1988 - 1989,
B28. 1989 - 1990.



Total PCBs Concentration

PCB (ng/L)

Figure Bl



A-Chlordane Concentration
t

0.09
0.08
0.07

0.06

0.05
A<Chl (nglL) o

04

Figure B2



G-Chlordane Concentration

0.08

0.07

0.06
0.05

G-Chl (ng/L) 0.04

0.03

0.02

0.01

Figure B3



Dieldrin Concentration
1

Dieldrin (ngn.) 0.2 -

0.15 —

0.1 —
0.05 -

[

Figure PB4



pDT Concentration
t

DDT (nglL)

Figure B5



B[a]a Concentration
1

Figure B6



B[b]lf Concentration
t

25
Bb)f (ngi)

20 -

18 -

10 —

5 site 6
0 - site §

80 08 11
80 13-
80

Figure B7



B[k]f Concentration
t

Fidure BB



Bl[a]p Concentration

1

25

20

Bla]p (ng/L) 15

10

Figure B9



Chryssne Concentration
t

Chrysene (ng/L.)

20
15
10

Figure B10O



Lead Concentration

0.08
0.08

0.07

0.06

0.05
Lead (mg/L)

0.03
0.02
0.01

Figure Bll



Copper Concentration

Figure Bl2






A-Chlordane Concentration
1

0.16 —‘

0.14 —

)\

0.12 -

\

0.1

\

A-Chi (ng/L) 0.08 -

A\

0.08 —

N

0.04 —

N

0.02 —

ok

' . Site 6
4-17-92

4-18-92

site 1

4-22-92

Figure B14



G-Chlordane Concentration

t

0.12

0.1

0.08

G-Chl (ng/L) 0.06

0.04

0.02

4-17-92

site 1

4-22-92

Figure B1l5



Dieldrin Concentration
A

0.18
0.16

0.14

0.12

0.1

Dieldrin (ng/L)

site 6

4-22-92

Figure Blé6



DDT Concentration

0.5
045
0.4
0.35

0.3
DDT (ng/L) 0.25

0.2
0.16
0.1

0.05 ‘
0

4-17-62

L

4-18-92

4-22-92

Figure B17



B[a]a Concentration
1

Bfala (ng/L)

Figure Bl8



Bb]f (ng/L)

BI[b]f Concentration

S\

Figure B19

y
3w

Il

/]

wdll

&
[ ]
=]

4-22-92



B[{k]f Concentration

T —

40 -
35
sy b.
24 Ny
BLKIf (ng/L) 20 17 .
s oy
107 .
s " site 6

4-17-92 II

4-18-92

4-22.92

Figure B20



B[alp Concentration

45

40

35

30

25

Bla]p (ng/L)
20

15
10

4-22-92

Figure B21



Chrysene Concentration

Figure B22



Lead Concentration

0.1

0.08

0.08

0.07

0.06 -

Lead (mg/L) 0.05 —
0.04

0.03 -

0.02 —

0.01

0 -

Figure B23



0.12

0.1

0.08

Copper {mg/L) 0.06

0.04

0.02

Copper Concentration

<

L

4-17-92

Figure B24

Y,

4-22-92

site 1

site 6



Average Sus Solids Conc, 1986-87
Downstream Boundary Conditions

- X)
3; o

Avg Sus Solids Conc [mg/L]
o

(&)

o

Apr S Jun Aﬁg " Oct Dec Feb
Month

Figure B25




Avg Sus Solids Conc [mg/L]

Average Sus Solids Conc, 1987-88
Downstream Boundary Conditions

- - N N
g O ;U O O,

o

Apr  Jun Aug Oct Dec Feb
+ Month

Figure B26




Average Sus Solids Conc, 1988-89
Downstream Boundary Conditions

o O O O

(&) |

Avg Sus Solids Conc [mg/L]

o

Abr "~ Jun Adg 1 Ogct | Déc Féb |
Month

Figure B27




[ . ™ QS G §

ONPDOXOOCONNMNOOO

Average Sus Solids Conc [mg/L]

Average Sus Solids Conc, 1989-90
Downstream Boundary Conditions

Apr  Jun  Aug Oct Dec Feb
Month

Figure B28



Appendix C. Partition coefficients

List of Figures

(longitudinal variation of log K'q or log K'g; calculated values are shown as stars, average values
are shown as solid rectangles)

Cl. PCBs.

C2. A-chlordane.

C3. G-chlordane.

C4. Dieldrin.

Cs. DDT.

C6. Benzo(a)anthracene.
C7. Benzo(b)fluoranthene.
C8. Benzo(k)fluoranthene.
C9. Benzo(a)pyrene.
C10. Chrysene.

C11. Lead.

C12. Copper.

(longitudinal variation of fp calculated values - see text; average values are denoted as above)

C13. PCBs.

C14. A-chlordane.

C15. G-chlordane.

C16. Dieldrin.

C17. DDT.

C18. Benzo(a)anthracene.
C19. Benzo(b)fluoranthene.
C20. Benzo(k)fluoranthene.
C21. Benzo(a)pyrene.
C22. Chrysene.

C23. Lead.

C24. Copper.

Spreadsheets used for calculating log K'¢ (or log K'q) and fp:
C25. PCBs.

C26. Pesticides.

C27. PAHs.

C28. Metals.
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OVERALL BUFFALO RIVERPCBs  Water Column
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Figure C25

K'd
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K'oc
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log K'oc

4.82E+04 3.58E+05 5.554097
2.71E+05 2.01E+07 7.302242
6.50E+05 4.11E+06 6.614188

8.94E+04 1.34E+06 6.127259
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OVERALL pesticides
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S.74E+04
§.805E+05
1.44E+05

1.94E+04
2.49E+04
1.80E+04
5.65E+04
5.52E+04

6.33E+04
5.06E+04
J.82E+04
287E+04
7.16E+03

9.83E+04
4.99

G-CHL G-CHL
K'oc logK'oc
(LUKG)

558
8.68E+05 5.94
291E+06 646
3.07E+08 6.49
2.98E+08 6.47
592E+05 577
5.90E+04 477
1.35E+05 5.13
3.18E+08 6.50
3.76E+05 5.57
1.79E+05 525
3.16E+08 6.50
255E+08 641
202E+05 5.3t
1.52E+05 S5.18
1.52E+06 8.18
8.78E4+05 5.76
1.32E+08 6.12
207E+05 532
7.83E+08 5.88
1.16E+08 6.08
487E+05 5.69
7.04E+05 5.85
7.39E+04  4.87
7.53E+04 4.88
2.29E+05 5.96
4.60E+05  5.67
1.42E405 5.15
7.88E+05 590
8.09E+04 4.9t
6.88E+04 484
7.87E+04  4.90
922E+05  5.85

5.96

G-CHL
Fp

0.535

0.843

0.374

Figure C26

G-CHL
Fd

0.465

0.157
0.460

0.62¢

0.739

0.589
0.746
0.826
0.691

0.421
0.481
0.485

0.648
0.685
0.387
0.363
0.361

0.567
0.686

A-CHL
part
(NGY

0.089853
0.131827
0.136785

0030504

0.016117
0.009219
0.057084
0.017068

[}

0
0.013194

0.014776
0.015893
0.01952¢
0.019052
0.033183

0
0.053265
0.008988
0.010476
0.036007
0.010717
0.008581

0

]

A-CHL
diss.
(NG

0.049953

0.051331
0.023338

0.02198
0.024248
0.021282
0.032485

0. 013&4
0.020707
0.030188
0.018983
0.028335

0.01515
0.023917
0.015883
0.020371
0.014911
0.009162
0.015699

0.02656
0.031969
0.012653
0.011071
0.039375
0.017681
0.020073
0.013055
0.018504

A-CHL
K'd
(KG)

1.17E+04

J.49E+04

1.77E+04
9.09E+04
1.09E+05
1.41E+05
3.55E+04
5.28E+03
4.1S5E+04
2.93E+05
3.67E+04
9.80E+03
243E+05
5.66E+05
2.63E+04

8.42E+03
5.92E+04
8.96E+03

2.95E+04
3.2BE+05

1.00E+05
1.44E+05

2.65E+05
4.55E+05
6.82E+04
4.07E+04

8.68E404
4.27E+05
1.85E+05

3.32E+04
2.79E+04
4.68E+04
TA3E+04
7.5SE+04

S.95E+04
S.S3E+04
4.73E+04
S.73E+04
7.98E+03
8.20E+04

1.10E+05
5.04

A-CHL
K'oc
{(WKG)

6.00E+03

220E+0S

1.96E+08
2.74E+06
2.12E+06
J.02E+05
255E+04
1.38E+05
2.78E+06
1.36E+05
5.91E+04
9.34E+05
3.24E+06
S.27E+05

1.60E+05
1.04E+08
S.45E+05

1.90E+05
4.43E+05

2.27E+05
1.86E+05

2.30E+06
1.54E+06
2.56E+06
3.96E+05

1.14E+08
8.45E+05
5.60E+05

1.21E+06
8.27E+04
1.96E+05
3.01E+05
G.41E+05

1.33E+05
9.24E+05
1.00E+05
1.37E+05
8.78E+04
9.93E+04

8.16E+05
591

A-CHL
logK'oc

S5.78

5.28
5.65

5.36
5.27

6.36
6.19
6.41
5.60

A-CHL
Fp

0.643

0567

0.524

0.514
0.476
0.290
0.461

0.678
0.460
0.569

0.482
0.438
0.367
0.675
0.679

0.625
0.416
0.486
0.478
0.378
0.247

A-CHL
Fd

0.357

0.680
0.433

0.476

0.486
0.524
0.710
0.539

0.324



OVERALL pesticides

DATE

4-17-82

4-17-82

4-17-82

4-17-82

4-18-92

4-18-92

4-18-92

4-18-92

4-22-92

4-22-92

4-22-92

4-22-92

10-18-90
10-18-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-27-90
10-27-90
10-27-90
10-27-90
10-27-80
10-27-80
10-27-80
10-31-80
10-31-90
10-31-90
10-31-90
10-31-80
10-31-80
10-31-90
11-05-90
11-05-80
11-05-90
11-05-90
110590
11-05-90
11-05-90
11-08-90
11-09-90
11-09-90
11-09-90
11-08-90
11-09-90
11-08-90
11-13-90
11-13-90
11-13-90
11-13-90
11-13-90
11-13-90
11-13-90

DIELDRIN DIELDRIN
dies.

part
SIT (NG (NGAY

OO AELWUN=OPDEONN2OPELONL ORI LNAONENONAAOTREDENAN DO LNLW -0 W -

0.052054 0.052848
0.035986

0.022609 0.081247
0.075648 0.009832

0.020329 0.043883
0.013809 0.061777
0.027801 0.057364
0.022854 0.086989

0.017708 0.057681
0.0121 0.054685
0 0.082416
0.39875
0.08683
0
0
0 0.106964
0.04137 0.108834
0.00606 0.076248
0.04481 0.037112
0 0.058181
0.02971 0.095308
0.10168 0.097315

0.05113 0.079208
0.08347 0.104155
0:07704 0.058734

0.0776 0.044320
0.05102 0.087522

0.05415 0.042600
0.00025 0.09729

DIELDRIN
K'd
(UKG)

8.40E+03

4.99E+03
2.99E+04

1.65E+04
9.31E+03

1.62E+04
7.73E+03

1.62E+04
2.77E+04

1.27E404
284E+03
4.02E+05
1.05E+04
261E+05
5.87E+04
3.51E+05
G.45E+05

8.34E+04

5.21E+05

2.31E+04

1.58E+04
3.51E+04
4.33E+04
2.40E+04

1.23E+05
3.05€+04

2.58E+04

1.04E+05
S.02

DIELDRIN DIELDRIN DIELDRIN DIELDRIN

K'oc
(UKG)

3.28E+05

3.69E+05
1.89E+05

3.56E+05
2.35E+05

242E+05
6.57E+04

1.53E+05
1.02E+05

2.24E+05
1.73E+03
9.20E+05
1.26E+05
3.53E+05
1.33E+05
3.05E+08
2.19E+08

8.10E+05

1.03E+06

8.39E+05

G.39E+04
2.98E+05
1.75E+05
S.38E+04

261E+05
7.30E+04

S.S4E +04

4.77E+05
5.68

logK'oc

5.19
5.01

5.35
524

5.10
5.55

5.12

848

59

68.01
5.92
4.01
47
4.73
5.42
4.86

477

5.41

Fp

0.496

0.270
0.431

0.317
0.183

0.226
0.208

0.235
0.181

0.275
0.074
0.547
0.238
0.511
0.392
0.584
0.563

0.636

0.510

0.392

Fd

0.504

0.730
0.569

0.683
0.817

0.674
0.792

0.765
0.818

0.725
0.453
0.762
0.489
0.608
0.418
0.437

0.490

0.608

DOT
part.
(NG

0.098439
0.056326
0.049409
0.038714
0.014164
0.013805
0.034421
0.027488
0.45456
0.018531
0.011415
0.026327
0.0121

0
0.39875
0.08693
[}

]

0
0.04137
0.00808
0.04481
[}
0.02971
0.10188

0.05113
0.08347
0.07704

0.0776

0.05102
0.05415

Figure C26 (cont.)

ooT
diss.
(NG

0.019574

0.027335
0.006359
0.008242
0.003218
0.025641

0.005311

0.005771
0.01432

0.011246
0.006218

0.031174
0.005576

0.00601
0.010454

0.043444

0.00718
0.011795
0.010568
0.007933

oDT
K'd
(L/KG)

3.27E+04
2.44E+04
2.28E+05
3.07E+04
1.52E+05
5.59E+04
3.44E+04
1.12E+06
248E+04

6.52E+04
1.45E+05

3.75E+04
1.04E+06

9.91E+05

8.93E+05

2.62E+06

9.75E+05

1.99E+05

4.60E+06

2.16E+05

2.23E+05

7.55E+05

2.46E+05

S.77E+04

2.53E+05

6.01E+05
5.78

oot Dot
K'oc  fogK'oc
(UKG)
1.68E+068 6.22
1.81E+08 6.26
1.44E+068 8.16
J27E+06  8.52
141E+06 6.15
5.15E+05  5.71
9.52E+06 6.98
1.20E+05 5.08
217E405 5.4
1.38E+08 &8.14
228E+08 8368
241E+06 638
1.34E+06 6.13
202E+06 631
228E+07 7.38
3J1E+06 882
1.94E+06 6.29
9.10E+06  6.96
7.87E+06  6.90
8.02E+05 596
3.05E+06 6.48
5.53E+05 5.74
1.38E+05 5.14
S5.83E+05 5.77
3.32E+06 6.20
6.52

poT
Fp
0.834

0.644
0.852
0.810
0.573
0.508
0.974
0.418
0.566
0.734

0.512
0.758

0.798
0.908
0.913

0.661

0.807

0.902
0.858
0.862
0.955
0.873

0.480

0.802

DOT
Fd

0.48!
0.24:

0.20
0.08:
0.08

0.33¢

0.18:

0.08¢
0.140
0.13¢
0.04¢
0.12°

0.52(

0.18¢



DATE SIT (ppm)

4-17-92
4-17-92
4-17-92
4-17-92
4-18-92
4-18-92
4-18-92
4-18-92
§4-22-92
$-22-92
$-22-92
$-22-92
10-18-80
10-18-80
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-80
10-22-90
10-27-90
10-27-90
10-27-90
10-27-90
10-27-90
10-27-80
10-27-90
10-31-80
10-31-80
10-31-90
10-31-90
10-31-90
10-31-90
10-31-90
11-05-80
11-05-80
11-05-90
11-05-90
11-05-90
11-05-90
11-05-80
11-09-90
11-09-80
11-08-80
11-08-90
1-09-80
1-08-90
1-08-90
11-13-80
11-13-90
11-13-90
11-13-90
{1-13-90
11-13-80
11-13-80

mu-o-hum-nmm:smmm-‘mmaum--amuhAmm-mm-t-wuloammhwum—m-mo’u-nmmm-mw-n-a

TSS [DOC]
(ppm)
154 10
52 10
74 10
253 1
74 13
28 126
24 1145
30 16
34 10
29 9
20 13
19 11
8 754
14 9.88
6 984
4 109
14 105
6 105
24 1094
30 125
28 1274
3 1
1 1292
16 7.02
4 764
12 6.07
3 8.6
11 7.85
3 17
4 1025
4 1096
2 121
6 1184
21 7.64
1 1124
3 865
2 827
13 8
24 735
2 859
8 804
4 929
28 8.46
28 9.2
28 8.65
28 7.04
28 589
28 6.08
28 696
12 983
2 827
16 24
76 7.7
4 9.7
16 832
8 719
21.28

[POC)
(ppm)

o
RO ~~Nww

o
]

NOOD &N

1.01

669

12.49
0.77
9.43
6.69
6.91

33
6.94
12.49

Foc

0.0195
0.1346
0.0135
0.1581
0.0000
0.0464
0.039%6
0.0867
0.1176
0.2069
0.3000
0.1053
0.2700
0.1657
0.2600
0.1750
0.0500
0.1500
0.0525
0.0567
0.0164
0.4333
0.1800
0.1550
0.7400
0.6858
24333
0.4409
0.7733
1.1625
0.1150
0.2950
0.0267
0.1029
2.5800
1.0700
1.9050
0.3338
0.0763
0.5050
0.2950
0.3425
0.0275
0.3368
0.2389
0.2468
0.1179
0.2479
0.4461
0.0642
0.4715
0.4181
0.0909
0.8250
0.4338
1.5613

Bla]a
part.
(MG/KG)

0.357
0.82
1.536

0.115
0.224
0.308
3.018

0.41
1.129
0.265
0.407

1.646
0.975
0.783

0.652
0.674
0.238

1.559
0.252
0.672
1.165
0.418
1.329
0.696
0.209
2.525
2189
2.39
0.475
04
1.694
0.415
0.364
0.096
0.096
0.143
0.114
0.164
0.361
0.447
0.459
0.107
0.299
0.401
1.98
0.434
1.066

Figure C27

Bla)a
diss.

(NGA)

23.63
24.71

221
294

264

2.47561
3.74685

4.88836
4.57962
6.08329
2.29622
0.81635
1.94769
1.75555
3.46727
6.33328
5.85154
3.57488
6.01586

2.9977
271457
0.44334
7.34264
2.59643
2.10213
24.0203
26.6318
241183
0.40415
1.87478
0.33613
2.19888

4.66987
33.6245
4.32327
1.76866
3.62166
0.39569
1.01592
5.36129
1.40597
1.19437
4.00844

AVG=
log:

Blaja Biaja Bjaja

K'd K'oc flogK'oc

(UKG)  (UKG)
1.51E+04 7.76E+05 589
3.32E+04 247E+05 539
5.20E+04
1.05E+05 265E+06 6.42
1.55E+05 1.32E+06 6.12
2.84E+05 6.55E+05 5.82
8.26E+05 4.59E+06 6.66
1.22E+05 7.88E+05 5.90
4.31E+04 9.77E+04 4.99
1.88E+05 243E+05 5.39
443E+05 1.50E+06 6.18
2.56E+05 9.61E+06 6.98
4.71E+05 458E+06 6.66
1.98E+04 5.92E+04 4.77
1.50E+04 1.97E+05 5.29
7.02E+05 1.39E+06 6.14
1.03E+06 3.48E+06 6.54
1.94E+05 S5.67E+05 575
2.86E+05 1.04E+07 7.02
437E+04 1.30E+05 5.11
2.44E+04 9.89E+04 5.00
488E+03 4.14E+04 4.62
8.35E+04 3.37E+05 5.53
2.53E+05 5.66E+05 §.75
1.276+05 1.98E+06 6.30
2.70E+05 5.74E+05 5.76
294E+05 7.04E+05 585
7.48E+04 B.23E+05 592
1.41E+06 1.71E+06 6.23
3.63E+05 B.3BE+05 592
273E+05 1.70E+06 5.66

5.44 6.23

Blaja
Fp

0.699
0.633

0.715

0.841

0.460
0.452
0.662

0.321
0.361

0.470
0.606
0.908

0.205
0.265
0.584
0.891
0.437
0.889
0.550

0.406
0.120
0.700
0.876
0.603
0.844
0.825
0.850
0.849
0.853

tlaja
Fd

0.301
0.367

0.285

0.159

0.540
0.548
0.338

0.679
0.639

0.530
0.394
0.092

0.785
0.735
0.416
0.109
0.563
0111
0.450

0.594
0.880
0.300
0.124
0.397
0.156
0.175
0.150
0.151
0.147



DATE

4-17-82
4-17-92
4-17-92
4-17-82
4-18-92
4-18-92
4-18-82
4-18-92
4-22-92
4-22-92
4-22-92
4-22-92
10-18-90
10-18-90
10-22-90

10-22-90
10-22-90
10-22-80
10-22-90
10-22-90
10-27-90
10-27-90
10-27-90
10-27-90
10-27-90
10-27-90
10-27-90
10-31-80
10-31-80
10-31-90
10-31-80
10-31-90
10-31-90
10-31-80
11-05-80
11-05-80
1105-80
11-05-90
11-05-90
110590
11-05-80
11-08-90
" 1109-80
11-08-90
11-09-90
11-09-90
11-09-90
11-08-80
11-13-90
11-13-90
11-13-90
11-13-80
11-13-80
11-13-80
11-13-90

AV ELONAOREONNAOREONL OO UN-AIOELRLNLONELDWLWAN AN DO O WL s 0L s =

3.16
1.718
1.092

0.948
1.249
0.397

15.6755
1.81913

1.17854
207725
3.77529
16.8005
3.45548

1.65746

2.98086
124512

2.00925

AANYSON0 AHYDBBNO \VAUYIOHT WIHFICIE Wi gotnis

K'd K'oc
@WKaG) (L/XG)

4.92E+04 2.53E+08
1.00E+05 7.46E+05

4.37E405 276E+06
2.01E+05

2.14E+05 S.41E+08
5.24E+05 7.85E+06
1.40E+05 1.19E+08
1.81E+05 8.77E+05

8.85E+05 6.51E+06

6.82E+05 1.60E+08

220E+05 1.42E+08

7.34E+04 1.67E+05
5.52E+05 7.14E+05

1.84E+06 6.24E+08
1.17E406 4.39E+07

6.60E+04 1.98E+05
3.56E+04 4.67E+05
1.52E+08 3.01E+06
4.09E+05 1.19E+08
8.14E+04 2.42E+05
S.24E+04 2.13E+05
1.69E+04 1.43E+05
1.23E+05 4.95E+05
4.22E+05 8.57E+06

1.7SE+05 1.93E+08
1.83E+08 2.21E+08

4.54E+05 3.79E+06
5.66 6.58

logK'oc

6.40
5.87

6.44

6.8%0
7.64

5.30
5.67
6.48

533
S.16
5.69

.82

8.35

5.9

Fp

0.883
0.839

0917

0.675

0.779

0.447
0.624

0.787
0.875

0.462
0.461
0.753
0.621
0.695
0.585
0.321
0.775
0.835

0.930
0.880

Fd

0.117
0.161

0.083

0.163

0.173
0.180

0.071

0.325

0.221

0.553
0.378

0213
0.125

0.3
0247
0379
0.305
0.405
o679

0.165

0.070
0.120

e
part
(MG/KQ)

0.483
1.139
0.608
3.435
0.205
0.334
0.446
1.345
1.102
2545
0.556
0.958

2754
1.374
0.93

Figure C27 (cont.)

-y

diss.
(NG

2.60087
15.3416

4.12197
1.30441
0.73414

1.4199

2.07659
2.9742
3.55034

Kd Ko
wxa) WG

8.36E+04 4.29E+068
1.84E+05 1.36E+06
6.89E+05 5.10E+07
8.12E+05 5.14E+06
2.62E+05

4.33E+05 1.09E+07
1.49E+06 2.24E+07
3.25E+05 2.76E+08
4.64E+05 2.24E+08
2.75E+05 9.17E+05
S.15E+05 4.89E+06

8.53E+05 1.97E+08
265E+06 1.47E+07
3.12E+05 2.01E+06

1.49E+05 3.38E+05
7.87E+05 1.02E+06

1.77E+06 1.54E+07
1.78E+06 6.04E+06
8.95E+05 3.36E+07
4.14E+05 4.02E+06

8.21E4+04 246E+05
3.86E+04 5.07E+05

6.88E+05 201E+06
3.73E+05 1.36E+07
1.37E+05 4.06E+05

B.07E+04 3.27E+05
1.47E+04 1.25E+0S
2.35E+05 9.49E+05
1.58E+05 3.55E+05
5.44E+05 8.4TE+06
2.14E+05 4.54E+05
4.56E+05 1.09E+08

8.24E+05 9.99E+05
1.27E+05 2.94E+05

5.62E+05 6.51E+06
5.75 6.81

g

6.63
6.14
7.71
6.71

7.04
7.35
6.44
6.35
5.96
6.69

629
7.7
6.30

5.53
6.01

7.9
6.78

6.60

5.39
S5.70

0.928

0.981
0.954

0.912
0.978
0.917
0.931

0.907

0.719
0.726
0.833

0.621
0.703

0.876
0.781

0.897

0.516
0.481

0.733
0.913
0.783

0.683

0.868
0.816
0.867
0.811
0.879

0.767
0.671

Fd

0.07:

0.01¢
0.04«

0.08:
0.0
0.08.

0.15
0.09.

0.28
0.27.
0.16

0.37
0.28

0.12
0.21
a.15
0.10

0.48
0.51

0.26
0.08
0.20

0.30
0.70
0.13
0.18
013
0.18
0.12

0.23
0.32



DATE

1792

41792

41792

41792

418-92

41892

41892

4-18-92

292

42292

42292

42292

10-18-90
10-18-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-27-90
10-27-60
10-27-90
10-27-90
10-27-90
10-27-90
10-27-50
10-31-90
10-31-90
10-31-90
10-31-90
10-31-90
10-31-90
10-31-90
11-05-90
11-05-90
11-05-90
11-0590
11-05-90
11-05-90
11-05-90
11-09-90
11-00-00
11-09-90
11-08-90
11-06-90
11-09-90
11-09-90
11-13-90
11-13-90
11-13-90
11-13-90
11-13-90
11-13-90
11-13-90

-y

part

SIT (MG/KG)

ORAELONAOPRELONNARAPDREUNALONERAON AN ULONLCONIELVON AN WLPRLW =W

0.217
0.484
0.263
1.421
0.078
0.147
0.196
0.511
0.472
1.083
0.242
0.367

0.833
0.459
0.343

-y

diss.
(NG

1.349
1313

1.526

—-penge ~y s

Kd K'oc
UKG)  (UXG)

1.61E+05 8.26E+06
3.69E+05 2.74E+06
9.20E+05 6.80E+07
9.31E+05 5.89E+06
4.00E+05

8.21E+05 1.77E+07
5.34E+05 1.35E+07
1.60E+08 2.40E+07
6.13E+05 5.21E+08
9.85E+05 4.76E+08
4.40E+05 1.47E+08
7.35E+05 6.99E+086

1.1SE+06 2.66E+08
4.15E+08 2.30E+07
4.99E+05 3.22E+06

2.89E+05 6.55E+05
1.35E+08 1.75E+08

3.29E+08 2.86E+07
3.13E+06 1.06E+07
1.33E+06 4.99E+07
6.90E+05 6.71E+06

1.26E+05 3.76E+05
8.86E+04 9.00E+05

7.78E+05 2.27E+06
4.80E+05 1.75E+07
226E+05 6.72E+05

1.85E+05 6.68E+0S
3.45E+04 2.93E+05
4.63E+05 1.B7E+06
2.17E+05 4.837E+05
9.76E+05 1.52E+07
4.31E+05 9. 14E+05
6.63E+05 1.58E+06
S5.33E+05 5.87E+06
1.30E+06 1.58E+06
2.29E+05 3.29E+05

8.63E+05 9.61E+06
5.94 .98

logK'oc

842
7.36
651

Figure C27 (cont.)

0225
0.194
0.1

0.198

0.071

part
(MG/KG)

0.861
0.551
0.196

diss.
(NG

2.196
218

1.022
0.12

0.18347
2.18381
177119

0.14976
0.40529

0.57966

0.38253
1.06914
0.38389
0.16966

0.58546
0.68132
0.68906

K'd K'oc
(LUXG) {XG)

1.43E+05 7.24E+06
3.21E+05 2.30E+06

1.67E+06 1.06E+07
9.92E+05

6.98E+05 5.83E+06
1.02E+08 4.92E+08
4.62E+05 1.54E+06
1.21€406 1.15E+07

1.78E+08 4.12E+06
3.63E+06 2.02E+07
5.70E+05 J.68E+06

3.37E+05 7.65E+05
1.78E+06 2.30E+06

3.73E+06 1.26E+07
2.21E+06 8.28E+07
1.08E+06 1.05E+07

2.61E+05 7.81E+05
2.12E+05 2.78E+08

1.48E+08 4.32E+06
7.68E+05 2.79E+07
2.96E+05 8.79E+05

2.23E+05 9.02E+05
4.27E+04 3.62E+05
8.850E+05 3.43E+06
3.52E+05 7.88E+05
9.28E+05 1.45E+07
7.860E+05 1.61E+06
1.17E+06 2.80E+06

2.00E+06 2.42E+06
3.92E+05 9.03E+05

1.05E+06 B.47E+08
6.02 6.93

logK'oc
687
6.38

7.02

8.77

8.19
7.06

e.62
7.31
6.57

Fp
0.957

0.977

0.843
0.784
0.901

0.788
0.842

0.882

0.958

Fd

0.043
0.056

0.023

0.157
0.218
0.099

0.212
0.158

0.118
0.070
0.042

0.228
0.164



METALS Water Column

DATE SIT TsS DOC POC Foc

(MG

154
852
74

4-17-92

4-17-82

4-17-92

4-17-92

4-18-82

4-18-92

4-18-82

4-18-92

4-22-82

4-22-92

4-22-82

4-22-92
10-18-90
10-18-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-80
10-27-90
10-27-90
10-27-80
10-27-90
10-27-90
10-27-80
10-27-80
10-31-80
10-31-90
10-31-90
10-31-90
10-31-90
10-31-90
10-31-80
11-05-90
11-05-90
11-05-90
1105-90
11-05-80
11-05-90
11-05-90
11-08-90
11-09-80
11-08-90
11-09-90
11-08-90
11-08-90
11-09-90
11-13-90
11-13-90
11-13-90
11-13-90
11-13-90
11-13-90
11-13-90

]
w

280 2r0raoB3PRERBIF:

-t -

-
ON -2 LW ONMO -

nN
-

DA EWBN 2 OORBDONNLOONDWON - 2N EON2OORNEOONLOONDLWON =N~ W-ADWW =W -
G -

0220303888888 s0nldn

AVG = 2129

log value=

(MG

10

10

10

1

13
126
11.45
16

10

9

13

1
7.54
9.88
9.84
109
10.5
105
10.84
128
1274
n
12.92
7.0
7.64
6.07
88
7.88
17
10.25
10.96
21
11.84
7.64
11.24
8.65
8.27

7.35
8.59
8.04
9.29
9.53
8.27
24

77

9.7
9.32
719
9.53
827
2.4

9.7
9.32
7.9

(MG/L)

o
Prgpoy
WOraqyw

NOO)N&

1.01

1.37
0.77
9.43
6.69
6.91
33
6.94
1249
0.77
9.43
6.69
6.91
33

1249

0.7733

0.1150
0.2950
0.0267
0.1029

1.0700
1.9050
0.3338
0.0763

0.2950
0.3425
0.0275

0.3368 .

02389
0.2468
0.1179
0.2479
0.4461
0.0642
0.4715
0.4181
0.0909

0.4338
1.5613

LEAD LEAD LEAD LEAD LEAD  LEAD

DIssS. SUSP. K'd
MG/ (MG/) (WKG)
0.0102 0.0103 6.56E+03
0.0222 0.014 1.21E+04
0.0161 0.0051 4.28E+403
0.0052 0.0884 6.72E+05
0.0053 0.0229 5.84E+04
0.006 0.036 2.14E+05
0.0078 0.0406 2.17E+05
0.0081 0.0418 1.72E+05
0.0061 0.023 1.11E+05
0.0092 0.0139 S521E+04
0.0028 0.0083 1.43E+05
0.0054 0.0063 6.14E+04
BOL 0.005
BDL  0.0015
BOL 0.0005
8DL 0.0005
BOL 0.01
BOL 0.009
BDL 0.0065
0.004 0.034 2.83E+05
0.003 0.007 8.33E+04
8oL 0.011
BDL  0.0035
BDL BOL
BDL BDL
BDL  0.0085
8DL 0.003
BDL BOL
0.003 0.052 5.78E+06
BDL 0.018
BDL 0.011
BDL 0.004
BOL 0.003
BDL 0.002
0.017 0.009
0.003 0.005
0.003 0.004
BDL 0.007
0.004 0.004 4.17E+04
0.001 0.012 6.00E+06
0.001 0.003 3.75E+05
0.002 0.008 1.00E+06
8DL 0.025
0.004 0.051 4.55E+05
B8DL 0.017
0.005 0.01 7.14E+04
0.005 0.013 9.29E+04
0.003 0.008 9.52E+04
0.005 0.008 S5.71E+04
0.003 0.021 S5.83E+05
0.004 0.031 3.88E+05
0.001 0.004 2.50E+05
0.003 0.079 3.46E+05
0.002 0.066 8.25E+06
0.001 0.013 8.13E+05
BDL 0.024
8.90E+05

5.95

Figure C28

log K'd

3.82
4.08
3.63
5.83
477
5.33
5.34
5.24
5.04
4.72
§5.18
4.79

5.45
492

6.76

4.62
6.78
5.57
6.00

5.66

485
4.97
4.98
476
$.77
5.59
5.40
554
6.92
5.91

$.27

Fp

0.502
0.387
0.241
0.944
0.812
0.857
0.839
0.838
0.790
0.602
0.741
0.538

0.895
0.700

0.945

0.500
0.923
0.750
0.800

0.927

0.667
0.722
0.727
0.615
0.875
0.886
0.800
0.963
0.971

Fd

0.498
0.613
0.759
0.056
0.188
0.143
0.161
0.162
0.210
0.398
0.259
0.462

0.105
0.300

0.055

0.500
0.077
0.250
0.200

0.073

0.333
0.278
0.273
0.385
0.128
0.114
0.200
0.037
0.028
0.07



METALS

DATE SITE COPPER

41792

4-17-92

41792

4-17-92

4-18-92

4-18-82

4-18-92

4.18-92

4-22-92

4-22-92

4.22.92

4.22-92
10-18-80
10-18-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-90
10-22-80
10-22-90
10-27-90
10-27-90
10-27-90
10-27-80
10-27-90
10-27-90
10-27-80
10-31-80
10-31-80
10-31-90
10-31-90
10-31-80
10-31-80
10-31-80
11-05-90
11.05-90
11.05-90
1105-90
1105-80
11-05-90
11-05-80
11-09-90
11-09-80
11-08-90
11-08-90
11.08-90
11.08-90
11.09-90
11-13-90
11-13-90
11-13-90
11-13-90
11.13-90
11.13-90
11.13-90

AVG =

log value=

GU!M&GN-‘QUIAONN-'OQAUM-'-lﬂahOGJN-‘OG&“QN-‘OQ&HQN-‘N-‘OOU-‘OUU-‘O&)H-‘

Diss.
MG

0.007
0.009
0.012
0.007
0.008
0.006
0.007
0.007
0.009
0.011
0.005
0.007

B8DL
0.009

0.01
0.011
0.007
0.012

BDL

0.01
0.008
0.014

BOL

BOL

BOL
0.003

BDL
0.014
0.007

8DL
0.002

BOL

BDL
0.008
0.017
0.019
0.027
0.032
0.003
0.032
0.024
0.015
0.021
0.046
0.023
0.022
0.014
0.025

0.04
0.036
0.026
0.054
0.028
0.056
0.044

COPPER
SUSP.

MG

0.088
0.0955
0.008
0.019
0.006
0.008
0.008
0.002
0.008
0.006
0.014
0.007
0.102
0.067
1.308
0.009
0.379%
0.059
0.065
0.024
0.021
0.045
0.032
1.128
0.014
0.08
0.045
0.207
0.088
0.04
0.103
0.089
0.054
0.079
0.016
0.033
0.041
0.069
0.001
0.088
0.018
0.058
0.023
0.02
0.414
0.138
0.042
0.038
0.026
0.027
1.038
0.134
0.052
1.038
0.042
0.043

COPPER COPPER COPPER COPPER

K'd
(UKG)

9.08E+04
2.04E+08
6.76E+03
1.07E+05
9.01E+03
5.36E+04
4.76E+04
9.52E+03
2.61E+04
1.88E+04
1.40E+05
§.26E+04

5.32E+05
2.18E+07
2.05E+05
3.87E+06
8.19E+0S

8.00E+04
9.38E+04
1.36E+06

2.05E+08

1.72E+07

1.97E+05
1.30E+03
1.13E+07
5.86E+04
8.04E+05
S.48E+04
3.40E+04
3.21E+05
2.14E+05
8.82E+04
9.18E+04
3.71E+04
5.63E+04
1.44E+06

3.2E+05 .

127TE+04
9.27E+06
4.69E+04
1.82E+06

6.26

log K'd

4.96
53
383
5.03
3.95
4.73
4.68
3.98
4.42
427
8.15
4.72

873
7.34
5.31
.89
591

4.90
4.97
6.13

6.31

7.24

5.29
3.1
7.05
4.77
5.78
4.74
4.53
5.51
533
4.83
4.96
4.57
475
6.18
8.51
4.10
6.97
4.67

520

Fp

0.933
0.914
0.333
0.731
0.400
0.600
0.533
0222
0.471
0.353
0.737
0.500

0.882
0.992
0.450
0.982
0.831

0.706
0.724
0.804

0.860

0.972

0.719
0.030

0.319
0.707
0.605
0.488
0.900
0.857
0.656
0.720
0.510
0.403
0.966
0.838
0.491
0.974
0.429

Fd

0.067
0.086
0.667
0.269
0.600
0.400
0.467
0.778
0.529
0.647
0.263
0.500

0.118
0.008
0.550
0.018
0.189

0.294
0.276
0.196

0.140

0.028

0.281
0.970
0.042
0.681
0.293
0.395
0.512
0.100
0.143
0.344
0.280
0.490
0.597
0.034
0.1863
0.509
0.026
0.571

IRON
K'd

247E+04
8.23E+04
6.19E+04
8.00E+04
4.49E+04
1.37E+05
1.38E+05
1.29E+05
7.04E+04
7.12E+04
1.10E+05
1.45E+05
4.58E+05
1.71E+05
1.07€E+05
9.32E+05
418E+05
8.13E+05
2.24E+05
3.97E+04
1.43E+05
7.62E+05
9.52E+04
S5.14E+04
1.64E+05
1.19E+04

7.12E+04
4.868E+05

9.34E+05
6.95E+05
3.29E+05
1.36E+05

6.48E+04
1.48E+03
3.40E+05
1.04E+04
1.38E+05
4.23E+04
9.66E+04
1.07E+05
1.36E+05
1.01E+05
2.41E+05
4.33E+04
1.24E+05
5.40E+04
1.28E+05
1.08E+04
S.29E+05
1.24E+05

IRON IRON
DISS. SUSP.
MG} (MG (LUKG)

0.61 2.3
0.5 2.14
0.48 22
0.43 0.87
0.28 0.93
0.3 1.18
0.32 1.06
0.39 1.51
0.33 0.79
0.46 0.95
02 0.44
o021 0.58
0.215 0.787
0.549 1318
0.727 0.466
0.228 0.85
0.297 1.74
0.268 0.985
0.314 1.687
0.859 1.143
0.353 1.414
0.227 0.519
0.714 0.068
0.46 0.378
0.403 0.265
0.545 0.078
0.794 0.097
0.484 0.379
0.364 0.511
0.411 0.403
0.187 0.689
0.258 0.36
02 0.385
0.299 0.857
0.453 0.788
0.438 0.343
0.493 0.415
0.667 0.562
0.421 0.018
0.515 0.35
0.374 0.031
0.247 0.138
o212 0.251
0.19 0.514
0.179 0.538
0.183 0.696
0.273 077
0.253 1.706
0.382 0.463
0.341 0.509
0.385 0.416
0.382 0.78
2.544 208
0.503 1.064
0.508 1.008
0.656 0.442

Figure C28 (cont.)

2.04E+05

5.31

IRON
log K'd

4.39
492
4.79
4.90
465
5.14
5.14
5.1
4.85
485
5.04
5.16
5.86
523
5.03
5.97
5.62
5.79
$.35
4.60
5.16
5.88
4.98
47

4.08

4.85
5.67

597
5.84
5.52
5.14

4.81
3.17
5.53
4.02
S.14
463
4.99
5.03
5.13
5.00
5.38
4.64
5.09
4.73
s.11
4.03
5.72
5.08

IRON
Fp

0.792
0.811
0.821
0.669
0.769
0.793
0.768
0.795
0.705
0.674
0.688
0.734
0.785
0.708
0.391
0.788
0.854
0.786
0.843
0.544
0.800
0.696
0.087
0.451
0.397
0.125

0.439
0.584

0.789
0.582
0.664
0.741

0.457
0.034
0.405
0.077
0.355
0.542
0.730
0.749
0.762
0.738
0.871
0.548
0.599
0.519
0.671
0.450
0.679
0.665

IRON
Fd

0.208
0.189
0.179
0.331
0.231
0.207
0.232
0.205
0.295
0.326
0.313
0.266
0.215
0.295
0.609
0212
0.146
0214
0.157
0.456
0.200
0.304
0.913
0.549
0.603
0.875

0.561
0.416

0.211
0.418
0.336
0.259

0.543
0.966
0.595
0.923
0.645
0.458
0270
0.251
0.208
0.262
0.129
0.452
0.401
0.481
0.329
0.550
0.321
0.335



METALS Water Column

DATE SIf TS§ DOC fOC Foc LEAD LEAD LEAD LEAD LEAD LEAD COPPER COPPER COPPER COPPER COPPER COPPER  ON IRON AON IRON IRON IRON

DIss, SUSP, Kd log K'd Fp Fd oss, 8USP. Kd log K'd Fp Fd ss. 8USP, Kd fog K'd Fp Fd
MGA) MGA) (Man) May  med) Ka) Moy Moy Gy MGA) MG (UXG)

41792 1 154 10 3 00185 00102 00103 836E+03 382 0.502 0.498 ©0.007 0.088 9.00E+04 498 0.633 0.087 061t 2.32 247E404 4.9 0.792 0.208
4~1782 1 82 10 7 01348 00222 0.014 1.21E404 4.08 0.387 0.613 0.000 0.0855 2.04E+03 LX) 0914 0.088 05 214 8.2)E+04 4082 o811 0.189
&~1792 3 74 10 1 00135 0016t 0.0051 4.28E+0d 38 0.241 0.759 0.012 0.008 8.78E+03 383 0.333 0.087 0.48 22 B.19E+04 479 0.821 0.17¢
41792 6 253 1 4 01381 00052 00884 6.72E+08 5.8 0.844 0.058 0.007 0018 1.07€405 8.3 0.731 0,200 0.43 0.87 B.00E+04 4.90 0.689 0331
41892 1 74 172 0 00000 00033 0.0220 384E+04 AT 0.812 0.188 0.000 0.008 9.01E+03 395 0.400 0.800 028 0.93 4.49E+04 465 0.769 0.231
41892 23 8 128 13 00484 0.008 0.038 2.14E+03 5.3 0.8s57 0.143 0.008 0009 5.38E+04 473 0.600 0.400 03 1.45 137E+03 5.14 0.783 0.207
41892 23 26 1145 085 00398 00078 00408 2.17E+05 5.4 083 0.181 0.007 0.008 4.76E404 408 0.533 0.487 032 1.08 1.38E403 814 0.768 0.232
41892 6 30 18 2 00687 0008t 00418 1.72E+05 524 0.838 0.162 0.007 0.002 9.52E+03 398 0.222 0778 0.3¢ 1.51 1.29E405 5.1 0.785 0.205
42292 1 34 10 4 01176  0.0081 0023 1.11E+08 8.04 0.790 0.210 0.000 0.008 2681E+04 442 0.471 0.52¢ 033 0.79 7.04E+04 485 0.708 0.295
42292 3 29 9 6 02000 00082 00138 8§21E+04 472 0.602 0.208 0.011 0.008 1.85E404 427 0353 0.647 0.48 095 7.12E+04 465 0.674 0.328
429 6 20 13 6 03000 00020 0.0083 1.43E4+08 8.18 0741 0.2%8 0.005 0.014 1.40E408 8.18 0737 0.283 02 0.44 1.10E+08 5.04 0.688 0.313
42292 ¢ 19 1" 2 01053 00054 00083 8.14E+04 4.7 0.53¢ 0.482 0.007 0.007 5.26E+04 472 0.500 0.500 o1 0.58 1.45E40%8 518 0.734 0.208
10-16-90 1 8 754 218 02700 BDL 0.003 BDL 0.102 0.215 0.787 4.BBE+03 s.08 0.785 0215
10-18.80 2 14 988 232 0.1857 BDL  0.0015 0.008 0.087 3.32E408 8.73 0.082 0.118 0.549 1.315 1.71E+05 523 0.703 0285
10-2260 1 8 084 158 02600 8L 00008 001 1.208 2.18E+07 224 0.882 0.008 0727 0.468 1.07E +05 8502 0.391 0609
10-2290 2 4 100 07 0.147%0 BOL  0.0005 0.01% 0.009 2.05£+08 6.3 0.450 0.5%0 0.228 0.85 9.32E+08 5.97 0.768 0.212
10-2290 3 14 105 0.7 00500 BOL 0.01 0.007 0.379 3.87E+08 8.5 0.982 0.018 0207 1.74 4.18E+05 8.682 0.854 0.148
10-22.90 3 8¢ 105 098 0.1500 8oL 0.008 0012 0.050 ©.19E+05 891 0.631 0.108 0.268 0.9685 6.13E+08 579 0.788 0.214
10-2290 4 24 1004 120 0032 8oL  0.00038 -0 8 0.083 0314 1.087 2.24E403 5.35 0.843 0.157
102600 8 0 128 1.7 00387 0.004 0.034 283E+08 8.43 0.806 0.108 0.01 0.024 8.00E+04 490 0.708 0.204 0.0%0 1.143 397E4+04 4.60 0.544 0.438
10-2200 @ 28 1274 048 00184 0.003 0.007 8.33E+04 482 0.700 0.300 0.008 0.021 9.36E+04 497 0.724 0276 0.353 1.414 1.43E+03 518 0.800 0.200
10-27-80 ¢ 3 1" 13 o043 BDL 0.011 0.011 0.043 1.36E+00 813 0.604 0.108 0227 0319 7.862E403 8.88 0.698 0.304
102700 2 t 1262 018 0.1800 BOL  0.0038 BDL 0.032 0714 0.088 9.52E+04 4.90 o0.087 0.913
10-2760 3 16 702 248 0185 8Dt 8oL BOL 1.128 0.48 0.378 5.14E404 4Tt 0.451 0.548
102790 3 4 764 288 07400 BoL 8oL 8oL 0.014 0.403 0.265 1.84E+08 822 0.297 0.603
102780 4 12 607 823 00858 BOL  0.0085 BOL 0.08 : 0.848 0.078 1.19E404 4.08 0.128 0.875
102790 S 3 a8 73 2433 8oL 0.003 0.003 0.048 0.794 0.007

102790 & 11 7.85 485 04400 BDL DL BOL 0.267 0.484 0.378 7.12E404 488 0.4 0381
10-31-80 1 3 "W 232 07x 0.003 0.052 B8.78E400 are 0.945 0.035 0.014 0.008 2.05E+08 (3} ] 0.880 0.140 0.384 0.511 4.08E+05 567 0.584 0.418
10-3180 2 4 1025 405 11623 8oL o0.0t8 0.007 0.04 0.411 0.403

103190 3 4 1096 048 0.1150 BOt. oot 8DL 0.103 o.187 0.608 B.J4E+03 567 0.789 o2t
10-31-60 4 2 1211 058 0.2050 8oL 0.004 0.002 0089 1.72E+07 7.24 0.972 0.028 0.250 038 8.05E+05 504 0.582 0.418
10-31-80 4 8 1184 018 0.0287 8oL 0.003 BOL 0.054 0.2 0.383 3.20E+403 552 0.6684 0.338
103180 8 21 784 218 01029 BOL 0.002 BOL 0.079 0.200 0.857 1.38E+03 5.14 0.741 0.259
1031680 6 1 1124 258 25800 0.017 0.009 0.005 0.018 0.453 0.760

110580 1 3 885 21 1.0700 0.003 0.003 0.017 0.033 0.438 0.343

110580 1 2 827 as 1.0050 0.003 0.004 0.019 0.041 0.493 0.418

110580 2 13 8 434 033 BDL 0.007 0.027 0.080 187E+03 8.29 0.718 0.281 0.087 0.562 0.48E404 401 0.457 0543
110590 23 24 135 163 00763 0.004 0.004 4.17E+04 462 0.500 0.500 0032 0.001 1.30E+03 3n 0.030 0970 0.42¢ 0.013 1.48E+03 317 0.034 0.968
110590 4 2 85 101 0505 0.001 0.012 6.00E+08 a78 0.923 0077 0.003 0.068 1.13E+07 7.0 0.858 0.042 0815 0.35 3.40E+03 5.83 0.408 0.595
11-0890 3 8 804 226 02050 0.001 0.003 3.75E+08 8.57 0.750 0250 0.032 0.015 5.88E4+04 an 0.319 0.681 0.374 0.031 1.04E404 4.02 oor7 0.923
1105680 6 4 0829 137 048 0.002 0.008 1.00E+08 8.00 0.800 0.200 0.024 0.058 8.04E+05 878 0.707 0203 0.247 0.136 1.36E+03 85.14 0.355 0.845
110890 1 28 0653 077 00273 8Dt 0.02% 0.018 0.023 5.48E+04 474 0.605 0.303 o.212 0.251 4.23E+04 483 0.542 0.458
110960 2 28 827 6043 03068 0.004 0.051 4555405 s.88 0.927 0.073 0.021 0.02 3.40E+04 453 0.488 0512 0.19 0.514 9.00E+04 499 0730 0.270
110000 2 28 241 08690 02089 BOL 0.017 0.048 0.414 321E+08 8.51 08600 0.100 0.179 0.335 1.07E+03 5.03 0.749 0.251
110090 3 ] 7.7 68t 02488 0.003 0.0 7.14E404 483 0.087 0333 0.023 0.138 2.14E+05 833 0.857 0143 0.183 0.098 1.36E408 513 0.792 0.208
11-0000 4 28 9.7 33 oNnme 0.003 0.013 9.20E+04 497 0722 0.276 0.022 0.042 8.82E+04 483 0.858 0.344 0273 0.77 1.01E+038 5.00 0.738 0.262
110080 5 28 932 684 02470 0.003 0.008 9.52€+04 498 0727 0.273 0.014 0.008 9.18E+04 490 0.720 0.280 0253 1.708 2.41E+08 538 0.871 0.129
110090 8 28 719 1249 0.4409 0.003 0008 5.71E+04 476 0.815 0.383 0.028 0.026 2.71E+04 457 0510 0.480 0.382 0.483 4.33E+04 404 0.548 0.452
11-13-90 1 12 9353 077 00842 0.003 0.021 3.83E+05 s 0873 0.12% 004 0.027 5.63E+04 473 0.403 0.597 0.341 0508 1.24E+05 5.08 0.599 0.401
111300 2 20 827 943 04718 0.004 0.031 3.88E+08 5% 0.886 0.114 0.038 1.038 1.44E+00 .18 0.968 0.034 0.385 0.416 8.40E+04 473 0.519 0.481
11-1390 23 18 241 0669 04181 0.001 0.004 2.50E+0% 540 0.600 0.200 0.02¢ 0.134 3.22E+08 551 0.838 0.163 0.382 0.78 1.28E+05 5.11 0.671 0329
11-13860 4 76 7.7 681 00908 0.003 0.078 3.48E+05 554 0963 0.037 0.054 0.052 1.27E+04 4.10 0.491 0.509 23544 2.08 1.08E+04 403 0450 0.550
111300 8 4 87 33 0825 0.002 0.068 8.25E+08 8.92 0.871 0.020 0028 1.038 8.27E+08 897 0.874 0.028 0.503 1.084 3.20E+03 5.72 oere 0.321
111380 5 18 932 0684 04338 0.001 0.013 8.13E405 581 0.920 oon 0.058 0.042 4.69E+04 4.67 0.429 0.571 0.508 1.008 1.24E +05 5.09 0.685 0.335
111380 6 8 719 1249 13813 BOL 0024 0.044 0.043 0.858 0.442
AVG = 2129 6.80E +03 827 1.82E+08 820 2.04E 403 5.05

log value= 5.05 8.28 531
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Appendix D. Sediment concentrations

List of Figures
(spatial variation of contaminant concentrations in upper sediment layer; "N/A" = not available)

D1. PCBs.

D2. A-chlordane.

D3. G-chlordane.

D4. Dieldrin.

DS. DDT.

D6. Benzo(a)anthracene.
D7. Benzo(b)fluoranthene.
D8. Benzo(k)fluoranthene.
D9. Benzo(a)pyrene.
D10. Chrysene.

D11. Lead.

D12. Copper.
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