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POLYCHLORINATED BIPHENYL LEVELS IN THE SAGINAW CONFINED

DISPOSAL FACILITY DURING DISPOSAL OPERATIONS, FALL 1987

PART I: INTRODUCTION

Background

1. An Interagency Work Group is evaluating the effectiveness of con-

fined disposal facilities (CDFs) in the Great Lakes for retaining contaminants

in polluted dredged material. The group includes representatives of the

US Army Engineer (USAE) Division, North Central; Region V of the US Environ-

mental Protection Agency (USEPA); and Rcgions III and V of the US Fish and

Wildlife Service (USFWS). One class of contaminants in the Saginaw River,

Michigan, about which the Interagency Work Group has expressed concern is

polychlorinated biphenyls (PCBs). These are hydrophobic organic contaminants

that are of concern because of their wide distribution and persistence in tb

environment (National Research Council 1979).

2. The USAE District, Detroit, operates and maintains a CDF for dis-

posal of sediments from the Federal navigational channel in the Saginaw River

near Saginaw, MI (see Figure 1). The Saginaw CDF is a 1.13 million-square

meter facility that is divided into north and south disposal cells of nearly

equal size. Figure 2 shows a plan view of the Saginaw CDF. The perimeter

dikes have a prepared limestone core that was designed to be permeable and to

function as a filter for the discharge. An overflow weir allows direct dis-

charge from the south cell when and if the dikes become clogged. The weir was

not used during this study.

3. Although many studies have been conducted on the behavior of PCBs in

the Great Lakes (Mackay et al. 1983), few field data on PCBs in CDFs in the

Great Lakes have been collected. The USAE District, Detroit, requested the

Environmental Engineering Division of the Environmental Laboratory, US Army

Engineer Waterways Experiment Station (WES), to conduct a field study of PCB

concentrations in dredged material influents and pond water entering the per-

meable dikes at the Saginaw CDF and to evaluate selected screening-level pro-

ctdures for preproject estimation of dissolved PCB concentrations in CDFs.
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Objectives and Approach

4. The objectives of this study were to compare field data on PCBs in

the Saginaw CDF with values predicted by the modified elutriate test and sim-

ple equations based on equilibrium partitioning and to estimate the amount of

PCB moving into and possibly through the dike during disposal operations at

the Saginaw GDF.

5. The approach involved collection of influent and pond water samples

during disposal operations, pond water samples before disposal operations

commenced, and pond water samples after disposal operations ceased. Effluent

monitoring was not practical because the discharge from a permeable dike CDF

is a diffuse source that is often quickly diluted to background concentra-

tions. Analysis of samples for suspended solids, ammonia-nitrogen, and PCBs

provided the basis for evaluating selected procedures for preproject estima-

tion of dissolved PCB in the Saginaw CDF and estimating the amount of PCB

entering the dike during disposal operations.
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PART II: METHODS

Sampling Procedures

Influent

6. Influent slurry exiting the CDF pipe trestle was sampled using the

"J" sampling apparatus described by Montgomery (1978). This apparatus diverts

a stream of slurry into a collection vessel. Approximately 22 1 of dredged

material slurry was collected in 38-2 stainless steel pots and transported to

a field laboratory at the Saginaw Area Office, USAE District, Detroit. At the

field laboratory, slurry samples for total solids were placed in 1-1 poly-

propylene bottles. Samples for dissolved ammonia-nitrogen and PCBs were cen-

trifuged in stainless steel centrifuge tubes at 6,500 x g for 30 min. The

supernate was then filtered through precombusted (400° C) Whatman GF/D glass

fiber prefilters and precombusted Gelman AE glass fiber filters with a nominal

pore size of 1.0 A. Ammonia-nitrogen samples were placed in 125-ml poly-

propylene bottles, and PCB samples were placed in 1.9-2 amber glass jugs.

Dredged material solids were removed from the centrifuge tubes and placed in

1-2 glass jars with aluminum foil-lined caps. Prior to use, glass jars and

jugs for storage of PCB samples were washed with soap and water, rinsed with

tap water, rinsed five times with distilled-deionized water, and rinsed twice

with reagent-grade acetone. The stainless steel pots were similarly cleaned

prior to use. Samples were shipped on ice by overnight delivery to WES for

analysis.

Pond water

7. Predisposal and postdisposal samples. Predisposal pond water sam-

ples collected 1 day before dredging and disposal operations commenced and

postdisposal pond water samples collected at 1-week intervals after disposal

operations ceased were obtained from three widely spaced locations in the

south cell. Water from middepth was mixed in a 38-1 stainless steel pot to

make one composite sample. Figure 2 shows the approximate locations from

which water was obtained for the composite samples. Each composite sample

consisted of approximately 11 1 of water from locations 1 and 2 and 8 1 of

water from location 3, for a total composite volume of 30 2. Less water was

collected at location 3 because the water there was shallower than at the

other locations. Water depths at locations I and 2 were 1.8 to 2.5 m; at

location 3, the water depth was less than I m. Three such composites were
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collected for characterization of preexisting conditions. Three composite

pond water samples were also collected for characterization of postdisposal

conditions, except that the postdisposal composites were collected at l-week

intervals and, thus, were not replicates.

8. The stainless steel pots containing the composite samples were

transported to the field laboratory for processing. Whole water samples for

PCB and suspended solids were collected and placed in 1.9-4 amber glass jugs

and 1-4 polypropylene bottles, respectively. Samples for dissolved ammonia-

nitrogen and PCBs were prepared by centrifugation and filtration as described

previously for processing of influent samples and placed into 1-4 polypro-

pylene bottles and 1.9-2 amber glass jugs, respectively. Prior to use, glass

jars and jugs and stainless steel pots were cleaned as previously described.

Samples were shipped on ice by overnight delivery to WES for analysis.

9. Pond water samples during disposal operations. During disposal

operations, pond water samples were collected at two locations along the south

cell perimeter dike as shown in Figure 2. These locations were in zoaes of

significant dike seepage as indicated by a dye study at the Saginaw CDF

(Schroeder and McEnroe 1988). Sampling was conducted on the inside of the

dike at approximately 2 m into the pond. Twenty-three liters of water was

collected at each location by compositing equal volumes of water from near the

bottom, middepth, and surface in equal proportions in 38-2 stainless steel

pots. Samples were transported to the field laboratory and processed as pre-

viously described for the processing of the predisposal and postdisposal

samples.

Determination of PCB Distribution Coefficients

10. The PCB distribution coefficients were determined in a four-cycle

sequential batch leach test. The method used in this study is a slight modi-

fication of the procedures described elsewhere (Environmental Laboratory 1987,

Myers and Brannon 1988). A 4:1 water-to-sediment ratio and a shaking time of

24 hr were used in the sequential batch leach tests for Saginaw River sedi-

ment. Twenty-four stainless steel centrifuge tubes (sufficient for three

replicates), double rinsed with acetone, were loaded with sufficient sediment

and deoxygenated, distilled-deionized water to obtain a 4:1 water-to-sediment

dry weight ratio. All operations were conducted under a nitrogen atmosphere.

The tubes were placed in a rotary tumbler (Garrett et al. 1984) and turned end
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over end at 40 rpm for 24 hr. After agitation on the tumbler, the samples

were removed from the tumbler, centrifuged for 30 min at 6500 x g, and

filtered under a nitrogen atmosphere through precombusted (4000 C) Whatman

GF/D glass fiber prefilters and precombusted Gelman AE glass fiber filters

(nominal pore size of L.C p). A subsample of filtered leachate was set aside

for analysis of dissolved organic carbon. The remainder of the leachate was

acidified with 1 ml of concentrated hydrochloric acid to prevent iron precipi-

tation and scavenging of PCBs from solution by iron precipitates. These sam-

ples were then stored at 40 C in the dark in acetone-rinsed 2-1 glass bottles

until extracted for PCB analysis. All extractions were completed within

30 days of sample collection.

11. After each cycle of agitation and phase separation, leachate was

replaced with fresh deoxygenated, distilled-deionized water, and the procedure

previously described for agitation and phase separation was repeated. Four

cycles of the batch leach test summarized in Table 1 were conducted.

Chemical Analysis

PCBs and organic carbon

12. Water and sediment samples were analyzed for concentrations of PCB

aroclors, total PCB (quantified using a multi-aroclor standard), and

60 selected PCB congeners. The PCB congener identification key used in this

report is given in Table 2. Concentrations of PCBs in sediment samples were

determined following soxhlet extraction, Florosil cleanup, and quantification

in a Hewlett Packard 5880A gas chromatogrenh equipped with an electron capture

det(,tor and dual Supelco capillary columns, DB-5 and SPB-608. Concentrations

of PCB compounds in water samples following methylene chloride extraction were

determined on the same equipment as for sediment samples. Sediment total

organic carbon and dissolved organic carbon in water samples were determined

using an Oceanographic International 524B organic carbon analyzer.

Suspended solids and ammonia-nitrogen

13. Total solids in influent slurry samples and suspended solids in

water samples were determined in triplicate according to gravimetric proce-

dures given by the US Environmental Protection Agency (USEPA 1983). Ammonia-

nitrogen as NH3-N was determined on a Technicon AutoAnalyzer according to the

USEPA (1983) procedures.
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PART III: RESULTS AND DISCUSSION

Dredging and Disposal Operations

14. Dredging and disposal operations began on 12 August 1987 and ended

on 13 September 1987. Dredged material from two areas of the Saginaw River

(Figure 3) was disposed in the Saginaw CDF during this study. Sediments from

Area I in the upper reach were slight. coarser than sediments from Area II in

the entrance channel (Palermo and Randall 1989). Sediments from both areas

were classified as silt (MH) according to the Unified Soil Classification

System. Sediment was dredged, tran;ported, and placed in the Saginaw CDF by

the hopper dredge Dodge Island. Each cycle of loading and pumpout included

travel time for the dredge from the area being dredged to the CDF. Thus,

disposal event, were intermittent. Total cycle time varied, depending on

which area of the river the dredge was working, river traffic, weather, sedi-

ment properties, and other factors.

15. At the time of the study, tie north cell of the Saginaw CDF was

filled, and the west half of the south cell was nearly filled. Initially,

dredged material from Area I was pumped into the CDF through pipe Trestle B

(Figure 2). During this operation a large mound of dredged material solids

formed immediately in front of the discharge pipe and forced influent to flow

back toward the northwest corner of the south cell through brush and other

vegetation instead of draining directly into the CDF pond. The cross dike

forced the flow to turn east in order to reach the CDF pond. The vegetation

i- the northwest corner of tho south cell became partially submersed with

dredged material as disposal operations continued, forcing the influent to

split into two eastward flows that went around the mound that had formed in

front of the discharge pipe. These flows spread across a delta of dredged

material from previous disposal operations before entering the CDF pond.

16. Eventually, the discharge point was changed to pipe Trestle A (Fig-

ure 2). At pipe Trestle A, influent flowed across a delta of dredged material

solids that formed beneath the discharge pipe. During disposal operations,

the delta would build as solids were deposited and then slump into the pond.

This process of deposition and slumping slowly enlarged the delta of dredged

material solids arotund Trestle A.
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Coordination of Sampling with Disposal Operations

17. Sample collection dates anO times are given in Table 3. Pond water

samples for characterization of preexisting conditions were collected on

11 August, 1 day before disposal operations began. Postdisposal pond water

samples were collected at 1-week intervals beginning approximately 1 week

after disposal operati.ons ended.

18. Since sediments from Area I were known from previous sampling by

th- Detroit District to have low contamination levels relative to Area II,

pond water samples were collected primarily during disposal of dredged mate-

rial from Area II. Most of the material disposed during the period

12-30 August was dredged from Area I. Influent and pond water samples were

ccllecred on 1I August (Table 3) to provide information on Area I influent

solids and pond water quality during disposal of Area I sediments.

19. On 31 August, two loads from Area I were disposed in the CDF, and

then dredging operations switched from Area I to Area II. From 31 August

through 2 September, 25 loads of material from Area II were dredged and dis-

posed in the Saginaw CDF. Total volume disposed from 31 August through 2 Sep-

tember was 30,093 cu m. Average cycle time was 2.3 hr per load, and average

pumpout time was 20 min per load. Dredged material (Areas I and II) was dis-

charged through pipe Trestle A. During this operation, 8 influent samples and

16 pond water samples were collected (Table 3). The first influent sample

collected on 31 August was collected during disposal of the material from

Area 1. During disposal operations, pond water sampling lagged influent sam-

pling by approximately 2 hr (Table 3). Since inflows were pulsed, the

hydraulic retention tim. in the CDF was probably longer than 2 hr. Conse-

quently, influent and pond water samples were "snapshots" of existing condi-

tions and do not n -cessarily correspond on a 2-hr basis to the same mass of

water.

20. On 3 September, the dredge began working Area I again. Additional

sediment was also dredged from Area !I before dredging and disposal operations

were completed on 13 September. No influent or pond water samples were col-

lected during disposal operations after 2 September.
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Characterization of Influent

PCBs

21. Influent solids. Aroclor and total PCB concentrations in influent

solids are presented in Table Al (Appendix A) for dredged material from Area I

and in Table A3 (Appendix A) for dredged material from Area II. Aroclors

1216, 1232, 1248, and 1254 were generally below the detection limit

(0.01 mg/kg) in the influent solids from Areas I and II. Concentrations of

Aroclors 1242 and 1260 in influent solids from Areas I and II ranged from

<0.01 to 0.93 mg/kg. The averages for total PCB in influent solids were

0.26 mg/kg for Area I and 0.90 mg/kg for Area II. Thus, the PCB concentra-

tions in influent solids for dredged material from Area II were slightly

higher than for dredged material from Area I.

22. The PCB congener concentrations in influent solids are presented in

Tables A2 and A4 (Appendix A) for dredged material from Areas I and II,

respectively. Average PCB congener concentrations in influent solids from

Areas I and II are shown in Figure 4. Many of the 60 PCB congeners analyzed

in this study were not detected in the influent solids samples. Only those

PCB congeners with an average concentration above the detection limit

(0.002 mg/kg) are shown in Figure 4. More PCB congeners were present in

influent solids from Area II than from Area I, and for those PCB congeners

present in influent solids from both areas, the concentrations were generally

higher in influent solids from Area II than in influent solids from Area I.

Figure 4 shows that di-, tri-, and tetrachlorobiphenyls were the most abundant

PCB congeners in Area I and II influent solids. The PCB congener in highest

concentration for the congeners analyzed in this study was C15,

4,4'-dichlorobiphenyl.

23. Influent water. Since influent water was separated from influent

solids by centrifugation and filtration, the data for influent water represent

dissolved parameter concentrations. Dissolved aroclor concentrations in

dredged material influent during disposal of dredged material from Areas I and

II were near or below the detection limit (0.0002 mg/9) in most of the samples

(Tables A5 and A7, Appendix A). Most of the values for total PCB for influent

water were slightly above the detection limit. (Total PCB is a chemical

parameter quantitated using a multi-aroclor standard; total PCB is not the sum

of the PCB conpners, nor is total PCB a sample type.) Average influent water
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total PCB concentracion was 0.0005 mg/f for dredged material from both Areas I

and II.

24. Dissolved PCB congener concentrations in dredged material influent

are presented in Tables A6 and A8 (Appendix A) for dredged material from Areas

I and II, respectively. Average PCB congener concentrations in influent water

for Areas I and II are presented in Figure 5. The data in Figure 5 show that

influent water from Area I contains more'detectable PCB congeners than influ-

ent water from Area II. The concentrations of PCB congeners C52 and C101 were

enriched in Area I influent water relative to Area II influent water, and the

concentrations of PCB congeners C15 and C18 were enriched in Area II influent

water relative to Area I influent water.

Total solids and dissolved ammonia-nitrogen

25. Table 4 presents total solids and dissolv d ammonia-nitrogen

results for all the influent samples collected. Most of the samples contained

more than 100 g/2 total solids. However, there were some samples with less

than 50 g/2 total solids. Dredged material slurries usually contain more than

100 g/ total solids. Palermo and Randall (1989) also reported some low sol-

ids concentrations during their study of hopper overflow during the same

dredging and disposal operation on the Saginaw River.

26. Ammonia-nitrogen data showed that influent concentrations of dis-

solved NH3-N were controlled by solids concentration. Samples with low solids

content were also low in NH3-N relative to the dissolved NH3-N in samples with

high solids content. In those samples containing more than 100 g/9 total

zclids, Uissolved NH3-N concentrations were between 35 and 51 mg/2. In those

samples containing less than 50 g/1 total solids, dissolved NH3-N concentra-

tions were between 4 and 15 mg/f. The reason ammonia-nitrogen concentrations

were of interest in this study is discussed in the following section on pond

water response to disposal operations.

Pond Water Response to Disposal Operations

Dissolved ammonia-nitrogen

27. Dissolved ammonia-nitrogen was used as an indicator of the adequacy

of the sampling design for measuring pond water response to disposal opera-

tions. Since dredged material contains significant amounts of ammonia-

nitrogen and ammonia-nitrogen is highly soluble, dissolved NH3-N

concentrations in CDFs usually increase during disposal operations (Hoeppel,

11



Myers, and Engler 1978). Properly placed sampling locations should show this

increase.

28. For the sampling period 31 August through 2 September, pond water

dissolved NH3-N concentrations at Stat'ons A and B ranged from 0.9 to 6.1 mg/R

(Figure 6). These data show that during disposal operations, dissolved NH3-N

concentrations at Stations A and B were two orders of magnitude higher than

dissolved NH3-N concentrations in samples collected prior to disposal.

Dissolved NH3-N concentrations in the three composite predisposal pond water

samples were belcw 0.03 mg/R (Table 5). Although these data are not suffi-

cient to show that Stations A and B were the best locations that could have

been selected, the data show that the sampling locations selected were ade-

quate for measuring the impact of dredged material disposal on water quality

at the inside face of the dike.

29. Dissolved NH3-N concentrations in pond water samples collected

after disposal operations were completed showed a sharp drop from 2.07 mg/9 in

the first sample collected to 0.23 mg/f in second sample collected (Table 5).

The dissolved NH3-N concentration in the final sample collected was slightly

lower than the concentration in the previous sample. The data show that

3 weeks after disposal operations ended, the dissolved NH3-N concentration in

the pond was approximately an order of magnitude higher than the predisposal

concentration.

Suspended solids

30. Suspended solids concentrations at Stations A and B are shown in

Figure 7. In general, suspended solids concentrations were higher at Station

A than at Station B. Dissolved NH3-N concentrations were also generally

higher at Station A than at Station B (Figure 6). The suspended solids con-

centrations in the three composite samples collected prior to disposal ranged

from 166 to 189 mg/R (Table 5). Thus, the concentration of suspended solids

in the pond water was lower during disposal operations than immediately prior

to disposal operations. The data in Figure 7 also indicate a trend for

decreasing suspended solids concentrations during the sampling period.

31. The suspended solids data show that the pond water at the inside

face of the dike during disposal was approximately 1,000 times lower in solids

content than the influent slurry. Several processes can account for this

reduction in solids: removal by mounding and delta formation, dilution by

pond water, and sedimentation in the pond. Dilution of the influent solids

concentration by pond water accounts for less than 5 percent of the total
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reduction in solids concentration. Although some sedimentation in the pond

probably took place, the field observations of mounding and delta formation

suggest that most of the reduction in solids concentration was due to solids

removal before the influent reached the CDF pond.

32. The decrease in pond water suspended solids during disposal opera-

tions relative to the predisposal condition was probably related to disap-

pearance of an algae bloom that was visually evident on the day predisposal

samples were collected. This bloom disappeared by the time sampling for dis-

posal impacts began. Thus, it is possible that most of the solids in the

predisposal pond water samples were biological solids, while most of the sol-

ids in the during-disposal pond water samples were dredged material solids.

33. Suspended solids concentrations in pond water samples collected

after disposal operations were completed show a slight increase between the

first and final samples collected (Table 5). This may indicate an increase in

biological solids, resuspension of bottom sediment, or simply random variation

either in sampling or suspended solids in the CDF.

PCBs

34. Aroclor and total PCB versus PCB congener-specific analysis. Quan-

tification of PCBs as aroclors or total PCB (using multi-aroclor standard)

assumes that sample chromatograms are similar to standard aroclor chromato-

grams and that the degree of similarity is sufficient to warrant quantifica-

tion as aroclor equivalents. This assumption is often questionable for

environmental samples (Neely 1983; McFarland, Clarke, and Gibson 1986;

Schwartz, Stalling, and Rice 1987). The prevalence of di-, tri-, and

ttrachlorobiphenyls and the absence of many higher chlorine-substituted

biphenyls in Figure 4 suggests that PCB aroclors as orginally manufactured

probably do not exist in Saginaw River sediments. Thus, usage of aroclor and

total PCB equivalents may be misleading.

35. In addition, PCB congener-specific analysis can provide more infor-

mation about the level and type of PCB contamination than aroclor and total

PCB analysis because the detection limit is lower and PCB congeners are spe-

cific chemicals. At the WES, the detection limit for PCB congener-specific

analysis of water samples is 20 times lower than the detection limit for

aroclor and total PCB analysis. A PCB congener is a specific chemical com-

pound with associated physical and chemical properties. Aroclors are mixtures

of chemical compounds (PCB congeners) with widely varying physical and chemi-

cal properties that affect the fate of these chemicals once they enter the
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environment. For these reasons, PCB congeners are better indices of environ-

mental fate and transport processes than aroclors or total PCB. Therefore,

PCB congener-specific data are emphasized in the remainder of this report.

The entire aroclor, total PCB, and PCB congener data set is presented in

Appendix A.

36. Data set reduction. Analysis of pond water samples in this study

for PCBs generated a large, cumbersome data set consisting of three character-

istic sample types (predisposal, disposal, and postdisposal), two parameter

types (whole water and dissolved), and 60 PCB congeners. The data set for

pond water samples exceeded 2,700 entries, and when the data for influents are

included, the number of entries exceeds 3,800. A data set this large is dif-

ficult to interpret without some means of reducing the data to a manageable

form. Two methods were used in this study. One involved comparison of PCB

congener distributions using average values, and the other involved evaluation

of the CDF in terms of a selected PCB congener.

37. Average PCB congener distributions. Average PCB congener concen-

trations in whole water samples from the CDF pond are presented in Figures 8

and 9. As shown in Figure 8, postdisposal PCB congener concentrations were

increased relative to predisposal PCB congener concentrations. The PCB levels

in samples collected during dredged material disposal were also increased

relative to PCB levels in predisposal pond water samples. On average, PCB

contamination was highest in the pond water samples collected during disposal

of dredged material from Area I. Average pond water PCB congener concentra-

tions during disposal of dredged material from Area II were lower than the

average PCB concentrations in pond water collected during disposal of dredged

material from Area I and in postdisposal samples. The increase in PCBs in the

postdisposal pond water relative to PCB levels at Stations A and B during

disposal of dredged material from Area II indicates that PCBs in the pond

water increased during the disposal operations that followed the monitoring

period of 31 August through 2 September. The differences between average

whole water PCB congener concentrations during disposal must be interpreted

with caution because the influent and pond water samples as previously dis-

cussed represent snapshots of conditions. The differences may be due to

differences in influent PCB concentrations, but not necessarily the influent

concentrations that were measured.

38. Average dissolved PCB congener concentrations in pond water samples

are shown in Figures 10 and 11. As for whole water PCB concentrations,
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average dissolved PCB congener concentrations were higher for postdisposal

samples than for predisposal (Figure 10) and disposal samples (Figure 11).

Unlike the whole water PCB data, the lowest (not the highest) dissolved PCB

concentrations were measured in samples collected during disposal of dredged

material from Area I. Differences between predisposal and disposal dissolved

PCB concentrations are small and probably not significant since the data were

near the detection limit in all these samples. The differences between post-

disposal data and disposal dissolved PCB congener data are probably large

enough to indicate an increase in dissolved PCB during the disposal operations

that followed the monitoring period of 31 August through 2 September.

39. The whole water and dissolved PCB congener concentrations measured

in this study were generally near or below the chemical analytical detection

limit (0.00001 mg/i). The maximum whole water concentration was 0.00028 mg/I

PCB congener C15 in pond water from Station A during disposal of Area I

dredged material. The maximum dissolved concentration was 0.00009 mg/I PCB

congener C15 in the first pond water composite sample collected after disposal

operations were completed. Because most of the PCB congener data are below or

near the chemical analytical detection limit, any changes that occurred during

disposal were probably masked by the abundance of below-detection limit values

in the data set.

40. Evaluation using PCB congener C15. The ideal PCB congener for

studying the release of PCBs from dredged material to CDF pond water is a PCB

congener that (a) is present in the sediment, (b) is not present in the pond

water before disposal operations begin, (c) is present in the pond water dur-

ing disposal, and (d) is the most abundant PCB congener in the sediment.

Congener C15 (4,4'-dichlorobiphenyl) satisfies these requirements for Lhe

disposal operations monitored in this study.

41. Dissolved PCB congener C15 concentrations in pond water and influ-

ent water during disposal operations from 31 August through 2 September are

shown in Figure 12. As indicated in Figure 12, trends in pond water and

influent water dissolved PCB congener C15 concentrations were similar. Com-

parison of influent dissolved NH3-N concentrations to pond water dissolved

NH3-N concentrations indicates a 20-fold dilution of influent water during

disposal operations. Dilution of influent water should have reduced PCB con-

centrations to below the detection limit. Since the concentrations of dis-

solved PCB congener C15 in influent and pond waters were approximately the
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same, some process other than dilution of influent dissolved PCB must be

affecting dissolved pond water PCB concentrations.

42. Desorption from pond water suspended solids could affect pond water

dissolved PCB concentrations. However, trends in dissolved PCB congener C15

at Stations A and B do not match trends in suspended solids at Stations A and

B (Figure 7) -ery well. Peaks in suspended solids concentrations occurred

approximately 2 hr earlier than peaks in dissolved PCB congener C15 concen-

trations. Further, although suspended solids concentrations were lower at

Station B than at Station A, dissolved PCB congener C15 concentrations were

higher at Station B.

43. Concentrations of PCB congener C15 in whole water samples from

Stations A and B are shown in Figure 13. Trends in whole water PCB congener

C15 concentrations are similar to trends in suspended solids concentrations

(Figure 7), and as with suspended solids, concentrations at Station A were

generally higher than at Station B. The correspondence between concentrations

in whole water and dissolved PCB congener C15 concentrations was also weak,

indicating that some component of the whole water samples other than suspended

solids is affecting dissolved PCB congener C15 concentrations. The literature

(Gschwend and Wu 1985, Brownawell 1986) indicates that this component may be

PCB bound to nonfilterable organic colloids.

44. One problem with analyzing trends in the dissolved PCB concentra-

tions in this study is that the data are near or at the chemical analytical

detection limit in most of the samples. Chemical analytical techniques are

least precise when the parameter being measured is near the detection limit.

For this reason, differences between values near the detection limit are usu-

ally less reliable than differences between values that are much higher than

the detection limit. It is difficult, therefore, to properly evaluate the

significance of the small differences indicated in Figures 12 and 13.

Prediction with Modified Elutriate Test

Background

45. The modified elutriate test was developed as part of the Long-Term

Effects of Dredging Operations (LEDO) research program of the US Army Corps of

Engineers (Palermo 1986). The test involves measurement of both dissolved and

total concentrations of contaminants in the elutriate. A separate column

settling test, developed to evaluate the settling design for CDFs, is used to
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determine the suspended solids concentration in effluent during hydraulic

disposal. Results from both the modified elutriate and settling column tests

are then used to predict total concentrations of contaminants in the effluent.

Settling tests were not conducted in this study.

46. Data from five field evaluations on maintenance dredging projects

confirmed that the test is a reliable and conservative predictor of heavy

metal concentrations in effluents (Palermo 1988, Palermo and Thackston 1988).

Sediment from one site, Black Rock Harbor, Connecticut, contained high enough

concentrations of PCBs (14.3 mg/kg total PCB) for PCBs to be found in the

effluent during disposal operations. The total PCB concentration in the

effluent from the Black Rock Harbor CDF was 0.0099 mg/l, versus a predicted

value of 0.012 mg/l.

47. Additional verification work was conducted at the New Bedford

Harbor Superfund site, New Bedford, MA (Palermo and Thackston, in prepara-

tion). The PCB concentrations in sediments from the Acushnet River Estuary at

the New Bedford Harbor Superfund site range from a few milligrams per kilogram

to over 1,000 mg/kg (Averett 1988). A pilot-scale CDF involving 1,680 cu m

of contaminated material was constructed as part of a pilot study to demon-

strate dredging and disposal alternatives. The total PCB concentration in the

composite sample used for modified elutriate testing was 2,167 mg/kg (Averett

1988). The modified-elutriate prediction for dissolved total PCB

(0.0075 mg/1) was very close to the field value (0.0045 mg/1), indicating that

the modified elutriate test was conservative by a factor of 1.6.

Saginaw results

48. Modified elutriate tests were conducted by Palermo and Randall

(1989) on sediment from Area II. Figure 14 shows the average total and

dissolved PCB congener concentrations reported by Palermo and Randall (1989)

for the modified elutriate. The average concentrations of 16 PCB congeners in

the total elutriate were above the detection limit, compared to a total of

13 PCB congeners in whole water samples from Stations A and B during disposal

of Area II sediment. Nine of the sixteen PCB congeners detected in the total

elutriate were also detected in whole water samples from Stations A and B

during disposal of Area II sediment. The average concentrations of four PCB

congeners (C8, C49, C50, and C86) were above the detection limit in whole

water samples at Stations A and B but were not predicted by the modified

elutriate test. The concentrations of these PCB congeners were only slightly

above the detection limit, however.
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49. Whole water predicted and observed PCB congener concentrations were

about the same for the PCB congeners detectable in both the modified elutriate

and in pond water samples. The predicted whole water concentration for PCB

congener C15 (0.00002 mg/9) was slightly lower than observed average values

for Stations A and B (0.00004 and 0.00006 mg/1, respectively) during disposal

of Area II sediment. Congener C52 was the second most abundant PCB congener

in whole water samples from the pond during disposal. The predicted

concentration for PCB C52 was slightly higher (0.00007 mg/R) than the average

values for Stations A and B (0.000026 and 0.000036 mg/1, respectively).

50. The modified elutriate test predicted dissolved concentrations

above the detection limit for four PCB congeners. Dissolved concentrations of

six PCB congeners were above the detection limit in the pond water samples

collected during disposal of Area II sediment. Predicted and observed dis-

solved PCB congener concentrations were only slightly above the detection

limit, and were about the same for the PCB congeners detectable in both modi-

fied elutriate and pond water samples.

51. The modified elutriate results in this study are consistent with

the verification studies of Palermo (1988) and Palermo and Thackston (1988)

which involved sediments with higher contamination levels and used total PCB

as the parameter of interest. The data in this study showed that the modified

elutriate test produced useful estimates of PCB congener concentrations in CDF

pond water.

Prediction with Simple Equilibrium Partitioning Eguations

Background

52. Development of a simple procedure(s) suitable for screening-level

evaluation of PCBs in CDFs was one of the original objectives of the Inter-

Agency Work Group on CDFs in the Great Lakes. The guidelines for the develop-

ment effort were that the procedure be simple and inexpensive and that it not

require data collection beyond the routine sampling and testing normally con-

ducted for dredging projects. The procedure or set of procedures was to be

used as a template for evaluation of the relative pollutant potential of the

29 CDFs in the Great Lakes under US jurisdiction. In this section,

equilibrium partitioning concepts are used to develop simple equations for

estimating dissolved PCB congener concentrations in CDF pond water. The
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predictive equations are simple and easily carried out by hand or on a

calculator.

Equilibrium partitioning theory

53. Equilibrium partitioning describes the tendency of a chemical to

move from one environmental compartment to another (Mackay 1979, Thibodeaux

1979). A chemical introduced into one environmental compartment will eventu-

ally become present in other compartments due to differences in chemical

potential, the driving force for mass transfer. The introduction of PCB-

contaminated solids into a bottle of clean water, for example, will result in

the appearance of PCB in the aqueous phase. THe PCBs will desorb, and the

aqueous phase concentration will increase until equilibrium is reached. The

system is in equilibrium when no further changes in concentration of PCB in

either phase occur.

54. According to equilibrium partitioning theory, the ratio of the mass

fraction of PCB in the solid phase to the mass fraction in the aqueous phase

at equilibrium is a fixed value referred to as the partitioning coefficient.

The partitioning coefficient is, thus, defined as follows:

o ('r/l)(1)

where

Kp= partitioning coefficient, dimensionless

M=S mass of PCB in the solid phase, kg

M S = mass of solids, kg

M=w mass of PCB in the aqueous phase, kg

Mw= mass of water, kg

55. The mass fractions in Equation I can be replaced with phase PCB

concentrations without any loss of generality so that Equation 1 becomes

KP we (2)

where

Kp - partitioning coefficient, R/kg
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C,, - PCB concentration in the solid phase at equilibrium, mg/kg

C=e - PCB concentration in the aqueous phase at equilibrium, mg/2

In Equation 2, it is assumed that the density of water is 1 kg/1. Bottle-type

experiments are often used to determine partitioning coefficients.

56. In many applications of equilibrium partitioning, Equation 2 is

rearranged to yield

C = (3)

To use Equation 3, the equilibrium solid phase concentration as well as the

partitioning coefficient must be known.

57. In some situations, it is the initial solid phase PCB concentra-

tion, not the equilibrium solid phase PCB concentration, that is known. The

aqueous phase PCB concentration can still be calculated if the solids concen-

tration and the partitioning coefficient are known. The PCB mass remaining on

the solid phase is the initial mass minus the mass that has desorbed. The PCB

mass remaining on the solids is given by

CAt1 = CsoM s - C.M. (4)

where

C = initial solid phase PCB concentration, mg/kg

Cw = PCB concentration in the aqueous phase, mg/1

58. Dividing by Mr and substituting volume of water for mass of water

yields

cS = Co -c. {] (5)

where Vw is the volume of water, in liters.

59. In Equation 5, the term Vw/Ms is the reciprocal of the solids

concentration. Denoting the solids concentration as S , Equation 5 becomes
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C c - ..I (6)

60. Equation 6 is a mass balance equation and is not limited to equi-

librium conditions. It applies immediately after solids are introduced, when

equilibrium is reached, and all time in between. Once equilibrium has been

reached, C,, = Ce and C. = CSe , and since Equation 2 applies, Cse can be

replaced with C. = KpCwe Making these substitutions in Equation 6 and

rearranging yields

C (7)

Equation 7 relates the aqueous phase PCB concentration to the initial solid

phase PCB concentration, the partitioning coefficient, and the solids concen-

tration. It describes equilibrium conditions in a closed system containing

only two phases, solids and water. Equation 7 yields aqueous phase concentra-

tions identical to those provided by a CDF spreadsheet model that is under

development by the USEPA (McCutcheon, Ambrose, and Martin 1988).

61. The equilibrium partitioning and mass balance equations can be used

to gain insight into how equilibrium partitioning affects solid and aqueous

phase PCB concentrations when PCB-contaminated solids are introduced into a

water column. As the amount of contaminated solids added to the system

decreases, Equation 7 shows that the aqueous phase PCB concentration also

decreases. A decrease is required becaus the source of PCB in the system is

the contaminated solids. The amount of PCB released from the solid phase is

controlled by the partitioning coefficient and the solids concentration. The

higher the distribution coefficient and the higher the solids concentration,

the less change in the initial solid phase PCB concentration. Combination and

rearrangement of Equations 6 and 7 yield

C 1
so KS i
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62. Equation 8 is an equilibrium equation for a closed system contain-

ing only contaminated solids and water. Equation 8 shows that the concentra-

tion of PCB remaining in the solid phase as a fraction of the initial solid

phase PCB concentration depends on the product of the partitioning coefficient

and the solids concentration. So long as the product of .he partitioning

coefficient and the solids concentration is large, C.. will be approximately

equal to C.. . As shown in Figure 15, for KP equal to a constant value,

Cs9/G 0 decreases as the solids concentration decreases. As Kp increases,

more dilution of the solids concentration is required to effect a significant

change in the solid phase PCB concentration. For example, when Y

= 10,000 2/kg, the solids concentration has to be diluted to less than 1 g/2

before there is a significant decrease in the solid phase PCB concentration.

63. Equation 8 has important implications for calculating dissolved PCB

concentrations when equilibrium is assumed. If the partitioning coefficient

is large, the solids concentration must be small in order for the solid phase

PCB concentration at equilibrium to be significantly different from the ini-

tial solid phase PCB concentration. When there is little change in the solid

phase PCB concentration, Cse is ap'roximately equal to C.. , and Equation 3

can be approximated by

-e K (9)

64. Sometimes there is confusion about which equation (Equation 3, 7,

or 9) to use to calculate an aqueous phase PCB concentration. All three equa-

tions require a value for the partitioning coefficient, but Equation 7 yields

a lower value for the aqueous phase concentration than the other two zqua-

tions. Whenever the equilibrium solid phase PCB concentration is kno,,n or can

be assumed, Equation 3 should be used since the equiliurium assumption is the

only restriction on Equation 3. Caution must be exercised in applying Equa-

tion 7 to open systems since it was developed for addition of contaminated

solids to a closed system containing clean water. The restrictions on Equa-

tion 9 are the equilibrium assumption and the requiremenL for a large value

for the product of the partitioning coefficient and the solids concentration.

In many situations involving dredged material disposal, the bulk sediment PCB
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concentration can be used for the initial solid phase PCB concentration, and

Equations 7 and 9 may be appropriate depending on site-specific conditions.

Partitioning/distribition coefficients

65. Operational definition. The term partitioning coefficient will be

replaced in the remainder of this report with the term "distribution coef-

ficient." This change in terminology is needed to avoid implying that the

dissolved PCB concentrations measured in this study rre truly dissolved and

that a single chemical is being partitioned in two homogeneous phases.

Dredged material usually contains a variety of chemicals that compete for

sorption sites associated with a heterogeneous solid phase composed of sand,

silt, clay, and insoluble organic carbon. Eqrations 3, 7, and 9 as previously

presented do not account for these complexities. Thus, a change in termi-

nology that is consistent with the complexity of tl.e system is needed.

66. This change in terminology has practical implications and is not

purely cosmetic. Distribution coefficients can vary depending on the solids-

liquid separation technique that is used to separate dissolved and particulate

PCB. Although it may be possible to determine a partitioning coefficient for

truly dissolved PCB using head-space partitioning techniques, most distribu-

tion coefficients are determined in batch experiments that require solids-

liquid separation. For this reason, the coefficients and the dissolved phase

are operationally defined by the solids-liquid separation technique that is

used. The distribution coefficients and dissolved phase in this study were

defined by centrifugation followed by filtration through 1.0-/I glass fiber

filters. Since a portion of colloidal matter in sediments and natural waters

is smaller than 1.0 p, the dissolved PCB concentrations in this report include

PCB sirbed to colloidal organic matter and other materials that pass a 1.0-,u

glass fiber filter.

67. Measured sainaw distribution coefficients. Single-point distribu-

tion coefficients (Environmental Laboratory 1987) were calculated from data

obtained in a four-cycle sequential batch leach test conducted on a composite

sample of influent solids collected during disposal of Area II sediment. The

PCB distribution coefficients are presented in Tables 6 and B4 (Appendix B).

The sequential batch leach data from which the distribution coefficients in

this study were obtained are pr- ,ented in Appendix B. Distribution coeffi-

cients ranged from 583 to 11,096 e/kg. The "greater than" values in Table B4

indicate PCB congeners that were present in the composite influent solids

sample b't did not leach in detectable amounts. The greater than values are
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based on the detection limit (0.00001 mg/R). Most of the greater than values

are for PCB congeners with a high degree of chlorine substitution, usually six

chlorine atoms or more. Highly substituted PCBs are less likely to leach due

to their lower solubilities and higher sorption affinities.

Application of simple
equilibrium partitioning equations

68. Evaluation of contaminant transport in a CDF is complex, involving

a variety of physical, chemical, and biological processes. Ideally, all pro-

cesses should be included in an evaluation. The level of detail that is

employed depends on the human and computer resources that are available and

the type of evaluation needed. For :he type of evaluations in this report,

the problem of estimating PCB concentrations in CDF pond water was simplified

using equilibrium partitioning concepts.

69. Figure 16 shows dissolved PCB congener concentrations predicted by

Eequations 7 and 9. The distribution coefficients in Table B4 and the influ-

ent solids PCB congener concentrations for dredged material from Area II (Fig-

ure 4) were used to calculate the results shown in Figure 16. A solids

concentration of 100 mg/R was used in Equation 7. Comparison of Figures 11

and 16 shows that Equation 7 underestimated and Equation 9 overestimated dis-

solved PCB congener concentrations in the Saginaw CDF pond water during dis-

posal of dredged material from Area II.

70. Equation 7 predicted that six PCB congeners (C15, C18, C28, C49,

C52, and C77) would be present in detectable concentrations. The average

concentrations of four of these PCB congeners (C15, C18, C49, and C52) were

above the detection limit at Station A and/or B. Equation 7 was within a

factor of two of the observed average concentrations for PCB congeners C18,

C49, and C52 and within a factor of three for PCB congener C15. Equation 7

underestimated concentrations for PCB congeners C50 and C101 and overestimated

concentrations for PCB congeners C28 and C77.

71. Equation 9 predicted that 17 PCB congeners would be present in

detectable concentrations. All six of the PCB congeners whose average concen-

trations were above the detection limit in pond water samples from Stations A

and/or B were predicted to be detectable by Equation 9. For four of these PCB

congeners (C49, C50, C52, and C101), the values predicted by Equation 9 were

within a factor of 2 of the observed concentrations. Equation 9 under-

estimated PCB congener C15 concentration by a factor of three and over-

estimated PCB congener C18 concentration by a factor of eight. Eleven PCB
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congeners were predicted to be present in detectable concentrations that were

not detectable in pond water samples.

72. Comparison of predicted versus observed dissolved PCB congener

concentrations indicates that Equations 7 and 9 can be used to bracket esti-

mated dissolved PCB congener concentrations between probable maximum and mini-

mum values. Both equations provided predictions that were generally within a

factor of two to three of the observed concentrations. Equation 9 tended to

overestimate observed concentrations, and Equation 7 tended to underestimate

observed concentrations.

Predicted distribution coefficients

73. If distribution coefficients for PCBs in polluted dredged material

could be accurately estimated with minimal information on the sediment to be

dredged and disposed, then simple equilibrium-partitioning equations could be

used for screening purposes without the complex laboratory testing associated

with sequential batch leach tests. Empirical equations that relate distribu-

tion coefficients to sediment organic carbon and octanol-water partitioning

coefficients are available for predicting field distribution coefficients

(Karickhoff, Brown, and Scott 1979; Means et al. 1980; Karickhoff 1981;

Schwarzenbach and Westall 1981; Chiou, Porter, and Schmedding 1983; Abdul and

Gibson 1986). These relationships were developed mainly through laboratory

batch adsorption tests using soils, sediments, and aquifer materials and vari-

ous classes of organic chemicals. The applicability of these relationships

for desorption of contaminants from polluted sediments is uncertain.

74. Predicted distribution coefficients for 24 PCB congeners that were

calculated using the relationships of Karickhoff (1981), Means et al. (1980),

Schwarzenbach and Westall (1981), and Chiou, Porter, and Schmedding (1983) are

presented in Table 6. The number of PCB congeners in Table 6 is only 24

because the availability of PCB congener-specific octanol-water partitioning

coefficients is limited. The PCB congener octanol-water partitioning coef-

ficients reported by Rapaport and Eisenreich (1984) were used to calculate

predicted distribution coefficients. The fraction of sediment organic carbon

used in the calculations was 0.0242. Distribution coefficients measured in

this study are also presented in Table 6 for comparison.

75. The agreement between predicted and measured varies but is gen-

erally poor Although distribution coefficients could, in some instances, be

roughly approximated using literature relationships, predicted values in sev-

eral instances were larger than measured values by an order of magnitude or
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more. Several factors may be contributing to the disagreement between pre-

dicted and measured distribution coefficients. Candidate factors are listed

below.

a. Chemical equilibrium in the sequential batch leach test used to
determine PCB congener distribution coefficients for dredged
material from the Saginaw River was not achieved.

b. Available relationships do not model release of PCB residing in
intraparticle pores of dredged material solids.

C. Desorption is different from adsorption; that is, there is a
sorption hysteresis.

d. Solids-liquid separation techniques used in the studies con-
ducted to develop the empirical relationships differed from the
solids-liquid separation technique used in this study.

e. The liquid-solids ratio in the sequential batch leach test used
to determine PCB congener distribution coefficients for dredged
material from the Saginaw River was different from the liquid-
solids ratio used in the studies conducted to develop the
empirical relationships.

76. An explanation based on factor a, chemical nonequilibrium, is not

consistent with the data. If the batch leachates in this study were not at

chemical equilibrium with the sediment solids, the PCB congener concentrations

would be lower than the equilibrium value. At equilibrium, the leachate PCB

congener concentrations would be higher, and as a result the measured distri-

bution coefficient would be lower than those reported, and the disagreement

between predicted and observed would be even larger.

77. An explanation based on factor b implies that although sorption is

a reversible process, there is more than one type of sorption site. One type

is represented by sites on the surface of solid particles, and another type by

those sites on the wall of intraparticle pores. Contaminant that is sorbed to

particle surfaces desorbs according to equilibrium partitioning theory. Con-

taminant that is sorbed in the intraparticle pores is leached by a two-step

process involving desorption from the pore wall followed by diffusion to the

particle surface. An explanation based on intraparticle pore phenomena can be

interpreted as a physical nonequilibrium explanation (Brusseau and Rao 1989).

An explanation based on physical nonequilibrium, like an explanation based on

chemical nonequilibrium, is not consistent with the data. If physical

nonequilibrium affected the measured distribution coefficients, equilibrium

Leachate PCB congener concentrations would be higher and, hence, distribution

coefficients even lower than those measured in this study.
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78. An explanation based on factor c can be applied to polluted sedi-

ments for which a hysteresis in adsorption-desorption processes exists.

Hysteresis exists when the distribution between sorbed and dissolved phases is

different for adsorption-dominated and desorption-dominated processes (Hill,

Myers, and Brannon 1988). This means that a unique distribution coefficient

that applies to both adsorption and desorption is unlikely. Since the pre-

dicted values are based on relationships developed during adsorption-dominated

testing and the observed values are based on data obtained during desorption-

dominated testing, an explanation based on factor c could be possible. How-

ever, the available data on hysteresis effects (Mustafa and Gamar 1972, Di

Toro and Horzempa 1982, Corwin and Farmer 1984) show that distribution coef-

ficients for desorption are largcr than distribution coefficients for adsorp-

tion. If hysteresis effects were occurring, the measured distribution

coefficients should be larger than the predicted distribution coefficients.

Thus, an cxplanation based on factor c is not consistent with the data in

Table 6.

79. Factor d, differences in solids-liquids separation techniques,

probably accounts for some of the differences in predicted and observed Kd

values as well as differences among predicted values. Schwarzenbach and

Westall (1981) used simple settling, and Chiou, Porter, and Schmedding (1983)

used an unspecified centrifugation technique. The equations developed by

Means et al. (1980) and Karickhoff (1981) are based on a centrifugation tech-

nique (12,000 g for 10 min) that would be expected to remove more colloidal

particles than are removed in the centrifugation-filtration technique used in

this study. Because differences in solids-liquid separation techniques result

in varying amounts of microparticles and/or organic macromolecules that remain

in the "dissolved" phase, observed distribution coefficients will vary. Thus,

differences in predicted and observed distribution coefficients may be related

to differences in the way the dissolved phase has been operationally.

80. The solids-liquid separation technique used in this study probably

overestimates the amount of colloidal-bound PCB that moves in the environment

as if dissolved. But this cannot be said with certainty. Standard leach

tests for hazardous waste use 0.4 5 -p filtration to define dissolved, but most

0.45-,u membrane filters sorb PCBs. In addition, use of a 0.45-A boundary for

dissolved is primarily for standardization and convenience. An information

base for developing an operational definition of dissolved that discriminates

between those materials transported in the environment as if dissolved and
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those that do not behave as if dissolved is not available. Solids-liquid

separation for processing environmental samples containing PCBs is an area in

which additional research is needed.

81. An explanation based on factor e suggests that distribution coef-

ficients vary with liquid-solids ratio. As discussed in Hill, Myers, and

Bra~ioii (i98), distribution coefficients have been shown to be inversely

related to the solids concentration in batch sorption tests. This dependency

on liquid-solids ratio has been explained as dilution of soluble organic

carbon at low solids concentration (Gschwend and Wu 1985). If Gschwend and Wu

(1985) are correct, at low liquid-solids ratios, contaminant concentrations in

the dissolved phase are higher than predicted by Kd values measured at high

liquid-solids ratios because there is less dilution of dissolved organic

carbon-bound contaminant at low liquid-solids ratios. Chiou, Porter, and

Schmedding (1983) used an unspecified liquid-solids ratio. Schwarzenbach and

Westall (1981) used liquid-solids ratios between 2:1 and 6:1. The Means

et al. (1980) and Karickhoff (1981) relationships are based on batch tests

conducted at 10:1 and 20:1 liquid-solids ratios. The liquid-solids ratio used

to measure distribution coefficients in Saginaw River dredged material solids

was 4:1. Thus, a liquid-solids ratio explanation may apply to some of the

data in Table 6.

82. Factors a, b, and c have been used to explain nonideal sorption of

contaminants to sediments and soils (Brusseau and Rao 1989). Although these

factors may affect the partitioning of PCBs in the Saginaw CDF, they cannot

account for the differences in measured and predicted distribution coeffi-

cients shown in Table 6. Factors d and e alone or in combination probably

account for the differences in predicted and observed distribution coeffi-

cients. Additional testing of polluted dredged material from a number of

different sites will be needed before the applicability of the available rela-

tionships to polluted dredged material can be fully evaluated. Thus, labora-

tory determination of distribution coefficients is still needed.

Equilibrium partitioning
versus modified elutriate test

83. Two procedures for predicting PCB concentrations in CDF pond water

have been presented. One uses the modified elutriate test; the other is based

on equilibrium partitioning. Predictions based on modified elutriate testing

and equilibrium partitioning were similar and within an order of magnitude of

observed PCB concentrations in pond water from the Saginaw CDF. In most
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cases, the predictions were within a factor of two to three of the observed

values. Thus, the data in this report indicate that both approaches are suit-

able for reconnaissance-level evaluations of PCB losses from CDFs.

84. There are advantages and disadvantages for each approach. Modified

elutriate testing can provide information on metals as well as organics while

equilibrium partitioning is primarily limited to hydrophobic organics.

Because the modified elutriate test is empirical and equilibrium partitioning

is theoretical, equilibrium partitioning has more general application than

modified elutriate testing. For example, distribution coefficients can be

used to describe leaching of hydrophobic organics from dredged material in a

CDF after filling is completed as well as to estimate concentrations of hydro-

phobic organics in CDF pond water during disposal operations.

85. In this study, both approaches involved laboratory testing. The

modified elutriate test is simpler and easier to conduct than is the sequen-

tial batch leach test used to determine distribution coefficients. Empirical

relationships are available for estimating distribution coefficients so that

equilibrium partitioning could be used in reconnaissance-level evaluations

without laboratory testing. However, the applicability of the available

empirical relationships to polluted dredged material, has not been estab-

lished. Criteria for selectioa of the proper empirical relationship for esti-

mating distribution coefficients remain a critical research need for

developing the simple equilibrium partitioning equation presented in this

report as a screening tool.

Containment Efficiency

86. Containment efficiency (CEF) is defined as follows:

n
nE (Rate of mass in,- (Rate of mass out),
1 (Rate of mass in),

where j is the PCB congener index, and n is the number of PCB congeners.

This equation was applied to disposal of dredged material from Area II during

the period 31 August to 2 September.
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87. The rate of mass in is given by

(Rate of mass in), = Cr s1 Q1 + Si3 ~{-(1

where

Cs j = concentration of jth PCB congener in the influent solids from
Area II, mg/kg

Si = solids concentration in the influent during disposal of dredged
material from Area II, kg/I

Qj = influent flow during disposal of dredged material from Area II,
I/day

Ciw'j = concentration of jth PCB congener in the influent water from
Area II, mg/I

G = density of solids in influent, kg/I

88. The rate of mass out is given by

(Rate of mass out)j = Cpw,j Q. (12)

where

Cpw'j = concentration of jth PCB congener in the pond water during
disposal of dredged material from Area II, mg/I

Q. = flow out of the CDF during disposal of aredged material from

Area II, I/day

89 Equations 10, 11, and 12 were solved using average values for dis-

posal operations during the period 31 August through 2 September. During this

3-day period, 30,095 cu m of dredged material from Area II was disposed in the

Saginaw CDF. Thus, the average flow into the CDF during this period was

10 million liters per day. Assuming steady flow and no storage of water in

the CDF during this period and using average values for PCB congener concen-

trations in the influent and pond water, Equations 10, 11, and 12 simplify to

the following:
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CS.jS (c..' - yP.,) l- il
CEF = (13)

90. Equation 13 was solved using the average influent solids concentra-

tion (0.130 kg/i) for dredged material from Area II, an assumed solids density

of 2.5 kg/i, and average values for influent and pond water PCB congener con-

centrations during disposal of dredged material from Area II. Two types of

calculations were made, one based on average whole water PCB congener concen-

trations in pond water during disposal operations, and one based on average

dissolved PCB congener concentrations in pond water during disposal opera-

tions. For each PCB congener, the maximum of the average concentrations at

Stations A and B was used.

91. The CEF based on average whole water PCB congener concentrations in

pond water was 0.9982. This CEF assumes that the dike is transparent to

dissolved and particulate PCB; that is, there is no sqorption or filtration of

PCBs by the dike. The CEF based on average dissolved PCB congener concentra-

tions in pond water was 0.9993. This CEF assumes only dissolved PCB passes

through the dike.

92. The calculation based on average whole water PCB congener concen-

trations in the pond water entering the dike is probably a good lower bound on

the containment efficiency of the CDF. Thus, for the 60 PCB congeners that

were analyzed, the Saginaw CDF retained during disposal operations at least

99.82 percent of the PCB mass that was disposed in the CDF. Assuming no sorp-

tion of dissolved PCB and no filtration of particulate PCB, approximately

2.6 g per day of PCB was released through the dike during the period 31 August

through 2 September 1987. The dissolved PCB release through the dike, assum-

ing no sorption, was approximately I g per day.

93. The calculation based on average dissolved PCB congener concentra-

tions may or may not be a good upper bound on the containment efficiency of

the CDF. This calculation assumes that all of the particulate PCB and none of

the dissolved PCB are removed by the dike. Although some particulate PCB is

probably removed by the dike, 100 percent removal by the dike is not likely.

In addition, there is probably some removal of dissolved PCB.
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94. To pass through the dike, a parcel of water must take a long and

tortuous path during which there is a potential for attenuation of contaminant

transport by adsorption, filtration, and bioabsorption/biodegradation.

Bioabsorption/biodegradation in biological films is the mechanism by which

attached growth biological treatment systems treat domestic and/or industrial

wastewaters. The algae blooms that occasionally occur in the Saginaw CDF

indicate that conditions may be right for development of biological films in

the dike. If the dike acts as a treatment structure, the PCB releases pre-

viously calculated overestimate PCB release. Removal of organic contaminants

in CDF pond water by permeable dikes, however, has not been investigated, and

the potential significance of the dike as a treatment structure is unknown.
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PART IV: CONCLUSIONS

95. Monitoring at the Saginaw confined disposal facility indicated that

99.82 to 99.93 percent of the polychlorinated biphenyl disposed in the CDF was

retained during disposal operations, depending on the assumptions used to

calculate contaminant loss. During a 3-day period of monitoring, the release

of combined dissolved and particulate PCB was approximately 2.6 g per day

assuming no sorption, filtration, or bioabsorption/biodegradation in the dike.

The release of dissolved PCB was approximately 1.0 g per day assuming that

particulate PCB was removed by the dike.

,5. Predictions of PCB congener concentrations in CDF pond water based

on modified elutriate testing and simple equilibrium partitioning equations

were similar and within an order of magnitude of observed concentrations. The

data in this study corroborate results from previous studies showing the modi-

fied elutriate test to be a good predictor of PCB concentrations in effluent

from CDFs. The data in this study also showed that two simple equilibrium

partitioning equations could be used to estimate dissolved PCB concentrations,

provided the equilibrium distribution coefficient is known.

97. Empirical relationships from the literature overestimated PCB con-

gener distribution coefficients for dredged material from the Saginaw River,

in some instances by an order of magnitude or more. Differences in observed

and predicted values were probably due to differences in laboratory procedures

used to obtain distribution coefficients. In particular, distribution coeffi-

cients vary depending on the operational definition of "dissolved phase."
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Table 1

Test Sequence for Sequential Batch I.-aching of Anaerobic

Saginaw Sediment for PCB Analysis

Step Description

1 Load sediment into 450-ml stainless steel centrifuge
tubes. Add sufficient water to each tube to bring final
water-to-sediment ratio to 4:1. Sufficient stainless
steel tubes must be loaded to obtain enough leachate for
analysis.

2 Place mixtures in a rotary mixer and turn at 40 rpm for
24 hr.

3 Centrifuge for 30 minutes at 6500 x g.

4 Filter leachate through a Whatman GD/F glass fiber
prefilter followed by passage through a Gelman AE glass
fiber filter of 1.0-M nominal pore size.

5 Acidify leachate with 1 ml of HCL. Store leachate in
acetone-rinsed glass bottles.

6 Repeat steps 2, 3, 4, and 5, sctting aside a small amount
of leachate prior to acidification for analysis of
dissolved organic carbon.

Note: The anaerobic integrity of the sample was maintained during sample
addition to centrifuge tube, shaking, centrifugation, and filtration.



TabLe 2

PCB Congener identification Key Used in This Report

IUPAC* Number Compound
C07 2,4-Dichlorobiphenyt
CO8 2,4' -Dichtorobiphenyl
C1 5 4,41-Dichiorobiphenyt
C18 2,2' ,5-Trichtorobiphenyt
C28 2,4,4' -Trichlorobiphenyt
C31 2,4' .5-Trichtorobiphenyt
C40 2,2' .3,3' -TetrachtorobiphenyL
C44 2,2' ,3,51-Tetrachlorobiphenyt
C49 2,2',4,5'-TetrachtorobiphenyL
C50 2,2' .4,6-Tetrachiorobiphenyt
C52 2,2' ,5,5'-Tetrachtorobiphenyt
C54 2,2' ,6,6'-TetrachtorobiphenyL
C60 2,3,4,4' -TetrachLorobiphenyL.
C70 2,3' ,4' .5-Tetrachiorobiphenyt
C77 3,31,4,41 -Tetrachtorobiphenyt
C82 2,2' .3,3' .4-Pentachlorobiphenyt
C86 2,2' ,2,3,4-Pentachlorobipienyt
C87 2,2' ,3,4,5' -PentachLorobiphenyt
C97 2,2' ,3' ,4,5-Pentachtorobiphenyt
C10l 2,2',4,5,51-Pentachtorobiphenyt
C103 2,2' .4,5' ,6-Pentachtorobiphenyt
C105 2,3,3' .4,4' -Pentachiorobiphenyt
C114 2,3,4,4' ,5-Pentachtorobiphenyt
CuBa 2,3' ,4,4' ,5-Pentachlarobiphenyt
C121 2,3' ,4,5' .6-Pentachiorobiphenyt
C128 2,2' ,3,3',4,4'-Hexachlorobiphenyt
C129 2,2' .3,3' .4,5-Hexachtorobiphenyl
C136 2,2',3,3' ,6,6'-Hexachtorobiphenyt
C137 2,2' ,3,4,4' ,5-Hexachtorobiphenyt
C138 2,2' .3,4,4' ,5'-Hexachtorobiphenyt
C141 2,2' ,3,4,5,5' -Hexachiorobiphenyt
C143 2,2' .3,4,5,6' -Hexachlorobiphenyt
C151 2,2' .3,5,5' ,6-Hexachtorobiphenyt
C153 2,2' ,4,4' ,5,51-HexachLorobiphenyt
C154 2,2' ,4,4',5,6' -Hexachlorobiphenyt
C156 2,3,3' ,4,4' .5-Hexachiorobiphenyt
C159 2,3,3' ,4,5,5'-Hexachtorobiphenyt
C167 2,3' ,4,4' ,5,5'-HexachLorobiphenyt
C1 70 2,2' .3,3' .4,4' .5-Heptachtorobiphenyl
C171 2,2' .3,3' .4,4' ,6-Heptachlorobiphenyt
C173 2,2' .3,3' .4,5,6-Heptachlorobiphenyt
C180 2,2' ,3,4,4' ,5,5'-Heptachlorobiphenyt
C182 2,2' .3,4,4' ,5,6'-Heptachtorobiphenyt
C183 2,2',3,4,4' .5',6-Heptachtorobiphenyt
C185 2,2' ,3,4,5,5' ,6-HeptachtorobiphenyL
C187 2,2' ,3,4' .5,5' ,6-Heptachtorobiphenyi
C189 2,3,3' ,4,4' ,5,5'-Heptachtorobiphenyt
C191 2,3,3' .4,4' .5',6-Heptachlorobiphenyt
C194 2,2' .3,3' .4,4' ,5,5'-Octachtorobiphenyt
C195 2,21,3,3',4,4',5,6-Octachtorobiphenyt
C196 2,2' .3,3' ,4,4' .5,6' -OctachtorobiphenyL
C200 2,2' .3,3' .4,5' ,6,6'-octachtorobiphenyL
C201 2,2' ,3,3' .4,5,5' ,6' -octachtorobiphenyL
C202 2,2',3,3' .5,5' ,6,6'-OctachLorobiphenyt
C203 2,2',3,4,4',5,5' .6-Octachiorobiphenyl
C205 2,3,3',4,4',5,5' .6-Octachiorobiphenyl
C206 2,2' ,3,3' .4,4' .5,5' 6-NonachlorobiphenyL
C207 2,2',3,3' .4,4' ,5,6,6' -NonachtorobiphenyL
C208 2,2' .3,3' ,4,5,5' .6,6' -Nonachiorobiphenyt
C209 2,2',3,3',4,4',5,5',6,6',-Decachtorobipheny
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Table 3

Sample Collection

Sample
Sample Type No. Date Hour

Predisposal Pond Water

Composite (triplicate) 1,2, & 3 8/11/87

Influent
Area 1 1 8/15/87 0640

2 8/31/87 1810

Area II 1 8/31/87 2000
2 9/1/87 1130
3 9/1/87 1425
4 9/1/87 1735
5 9/1/87 1930
6 9/1/87 2330
7 9/2/87 1710

Pond Water During Disposal

Area I disposal
Sta A 1 8/15/87 0800
Sta A & B 2 8/31/87 2000

Area II disposal (Sta A & B) 1 8/31/87 2230
2 9/1/87 1230
3 9/1/87 1530
4 9/1/87 1930
5 9/1/87 2230
6 9/2/87 0200
7 9/2/87 1900

Postdisposal Pond Water

Composite 1 9/21/87
2 9/28/87
3 10/5/87



Table 4

Total Solids and Dissolved Ammonia-Nitrogen in

Dredged Material Influents, Saginaw CDF

Dissolved
Sample Total Solids Ammonia-Nitrogen

Area No gR mg/f

1 1 11.7 4.07
2 49.4 14.40

II 1 30.7 10.90
2 158.0 50.90
3 170.8 56.00
4 138.4 40.00
5 148.1 35.70
6 150.8 46.10
7 111.3 33.80

Table 5

Suspended Solids and Dissolved Ammonia-Nitrogen in Predisposal and

Postdisposal Pond Water, Saginaw CDF

Suspended Dissolved
Sample Sample Solids Ammonia-Nitrogen
Type No. mg/f mg/P

Predisposal 1 188.0 0.03

2 166.0 0.03
3 189.0 0.02

Postdisposal 1 48.4 2.07
2 52.7 0.23
3 75.3 0.19



Table 6

Measured and Predicted PCB Congener Distribution

Coefficients for Saginaw Dredged Material (R/kg)*

Congener
(IUPAC Source**

No.) 1 2 3 4 5

7 BDLt 1,987 2,330 490 423
8 703 1,253 1,470 351 279

15 11,096 658 771 221 156
18 632 3,533 4,144 741 712
28 2,100 4,878 5,720 935 953
31 3,031 4,878 5,720 935 953
40 >1,100 3,616 4,240 754 727
44 3,315 6,430 7,541 1,141 1,224
49 2,956 16,528 19,383 2,253 2,872
52 2,438 12,253 14,369 1,816 2,192
60 >1,200 6,890 8,080 1,200 1,302
70 1,708 16,913 19,835 2,290 2,933
82 600 13,748 16,123 1,973 2,432
87 642 23,347 27,380 2,889 3,925
97 583 46,583 54,631 4,751 7,330

101 1,286 117,012 137,226 9,220 16,853
118 598 131,290 153,970 10,017 18,702
128 >200 90,830 106,521 7,683 18,404
129 BDL 208,080 244,026 13,956 28,358
136 2,333 32,228 37,795 3,644 5,253
137 BDL 510,777 599,013 26,640 63,863
138 1,192 274,803 321,689 17,027 36,406
141 BDL 387,463 454,398 21,835 49,747
153 733 560,056 656,805 28,467 69,408

* Literature Kd values calculated using K0, values reported by

Rapaport and Eisenreich (1984). foc = 0.0242.
** Data sources:

1-See Appendix B for description of data.
2-Karickhoff (1981).
3-Means et al. (1980).
A-Schwarzenbach and Westall (1981).

5-Chiou, Porter, and Schmedding (1983).
t Below detection limit in Saginaw River dredged material solids.
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APPENDIX A: POLYCHLORINATED BIPHENYL DATA

1. This appendix contains the entire PCB data set, including aroclors,

total PCB, and PCB congeners. The tables are organized as follows:

No. Description

Al Aroclors and Total PCB in Influent Solids During Disposal of

Area I Dredged Material

A2 PCB Congeners in Influent Solids During Disposal of Area I

Dredged Material

A3 Aroclors and Total PCB in Influent Solids During Disposal of

Area II Dredged Material

A4 PCB Congeners in Influent Solids During Disposal of Area II

Dredged Material

A5 Aroclors and Total PCB in Influent Water During Disposal of
Area I Dredged Material

A6 PCB Congeners in Influent Water During Disposal of Area I

Dredged Material

A7 Aroclors and Total PCB in Influent Water During Disposal of

Area II Dredged Material

A8 PCB Congeners in Influent Water During Disposal of Area II
Dredged Material

A9 Predisposal Pond Water Aroclors and Total PCB in Whole Water

Samples

A10 Predisposal Pond Water PCB Congeners in Whole Water Samples

All Predisposal Dissolved Aroclors and Total PCB in Pond Water

Samples

A12 Predisposal Dissolved PCB Congeners in Pond Water Samples

A13 Whole Water Aroclors and Total PCB in Pond Water During

Disposal of Area I Dredged Material

A14 Whole Water PCB Congeners in Pond Water During Disposal of

Area I Dredged Material

A15 Dissolved Aroclors and Total PCB in Pond Water During Dis-
posal of Area I Dredged Material

A16 Dissolved PCB Congeners in Pond Water During Disposal of Area
I Dredged Material

Al



No. Description

Al7 Whole Water Aroclors and Total PCB in Pond Water at Station A
During Disposal of Area II Dredged Material

A18 Whole Water PCB Congeners in Pond Water at Station A During
Disposal of Area II Dredged Material

A19 Dissolved Aroclors and Total PCB in Pond Water at Station A
During Disposal of Area II Dredged Material

A20 Dissolved PCB Congeners in Pond Water at Station A During
Disposal of Area II Dredged Material

A21 Whole Water Aroclors and Total PCB in Pond Water at Station B
During Disposal of Area II Dredged Material

A22 Whole Water PCB Congeners in Pond Water at Station B During
Disposal of Area II Dredged Material

A23 Dissclved Aroclors and Total PCB in Pond Water at Station B
During Disposal of Area II Dredged Material

A24 Dissolved PCB Congeners in Pond Water at Station B During
Disposal of Area II Dredged Material

A25 Postdisposal Pond Water Aroclors and Total PCB in Whole Water
Samples

A26 Postdisposal Pond Water PCB Congeners in Whole Water Samples

A27 Postdisposal Dissolved Aroclors and Total PCB in Pond Water
Samples

A28 Postdisposal Dissolved PCB Congeners in Pond Water Samples

A2



Table Al

Aroclors and Total PCB in Influent Solids During Disposal of

Area I Dredged Material (mg/kg)

Aroclor Sample 1 Sample 2

1016 <0.01 <0.01
1221 <0.01 <0.01
1232 <0.01 <0.01
1242 0.09 0.24
1248 <0.01 <0.01
1254 <0.01 <0.01
1260 <0.01 0.12
Total PCB 0.09 0.43

Table A2

PCB Congeners in Influent Solids During Disposal of Area I

Dredged Material (mg/kg)

Congener Sample 1 Sample 2

PCB 7 <0.002 <0.002
PCB 8 0.009 <0.002
PCB 15 0.014 0.052
PCB 18 0.007 <0.002
PCB 28 0.012 0.033
PCB 31 0.004 <0.002
PCB 40 <0.002 0.008
PCB 44 0.003 0.017
PCB 49 0.005 0.021
PCB 50 0.009 <0.002
PCB 52 0.009 0.036
PCB 54 <0.002 <0.002
PCB 60 <0.002 0.011
PCB 70 0.004 0.019

PCB 77 0.003 0.027
PCB 82 <0.002 0.006
PCB 86 0.002 0.008
PCB 87 <0.002 0.006
PCB 97 <0.002 0.006
PCB101 0.003 0.014
PCBI03 <0.002 <0.002
PCB105 <0.002 <0.002
PCB114 <0.002 <0.002
PCB118 <0.002 0.007
PCB121 <0.002 <0.002
PCB128 <0.002 0.002
PCB129 <0.002 <0.002
PCB136 0.004 0.017

(Continued)
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Table A2 (Concluded)

Congener Sample I Sample 2

PCB137 <0.002 <0.002
PCB138 <0.002 <0.002
PCB141 <0.002 <0.002
PCB143 <0.002 <0.002
PCB151 <0.002 0.003
PCB153 <0.002 0.013
PCB154 <0.002 <0.002
PCB156 <0.002 <0.002
PCB159 <0.002 <0.002
PCB167 <0.002 0.009
PCB170 <0.002 0.013
PCB171 <0.002 <0.002
PCB173 <0.002 0.01
PCB18O <0.002 <0.002
PCB182 <0.002 <0.002
PCB183 <0.002 0.005
PCB185 <0.002 <0.002
PCB187 <0.002 0.008
PCB189 <0.002 <0.002
PCB191 <0.002 <0.002
PCB194 <0.002 0.003
PCB195 <0.002 <0.002
PCB196 <0.002 <0.002
PCB200 <0.002 <0.002
PCB201 <0.002 0.006
PCB202 <0.002 <0.002
PCB203 <0.002 0.002
PCB205 <0.002 <0.002
PCB206 <0.002 <0.002
PCB207 <0.002 <0.002
PCB208 <0.002 0.009
PCB209 <0.002 <0.002

A4



Table A3

Aroclors and Total PCB in Influent Solids During

Disposal of Area II Dredged Material (mg/kg)

Sample
Aroclor 1 2 3 4 5 6 7

1016 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1221 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1232 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1242 0.71 0.87 0.62 0.74 0.74 0.93 0.82
1248 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1254 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1260 0.11 0.11 0.1 0.11 0.06 0.18 0.08
Total PCB 0.83 0.96 0.74 0.85 0.86 1.14 0.89

Table A4

PCB Congeners in Influent Solids During Disposal of

Area II Dredged Material (mE/kg)

Sample
Congener 1 2 3 4 5 6 7

PCB 7 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB 8 0.037 0.039 0.033 0.042 0.054 0.043 0.070
PCB 15 0.135 0.152 0.129 0.15 0.183 0.155 0.155
PCB 18 0.048 0.057 0.042 0.052 0.074 0.052 0.065
PCB 28 0.062 0.084 0.062 0.076 0.096 0.089 0.088
PCB 31 0.055 0.062 0.048 0.058 0.071 0.062 0.061
PCB 40 0.016 0.022 0.010 0.013 0.018 0.024 0.017
PCB 44 0.040 0.056 0.034 0.042 0.056 0.053 0.051
PCB 49 0.065 0.086 0.058 0.070 0.082 0.083 0.080
PCB 50 0.060 0.037 0.056 0.062 0.043 0.069 0.070
PCB 52 0.098 0.122 0.085 0.097 0.119 0.127 0.114
PCB 54 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB 60 0.014 0.017 0.013 0.017 0.021 0.019 0.017
PCB 70 0.022 0.029 0.021 0.026 0.033 0.030 0.028
PCB 77 0.025 0.071 0.057 0.066 0.072 0.095 0.064
PCB 82 0.010 0.007 0.008 0.009 0.010 0.014 0.006
PCB 86 <0.002 <0.002 <0.002 <0.002 0.011 <0.002 <0.002
PCB 87 0.010 0.012 0.008 0.009 0.013 0.014 0.012
PCB 97 0.008 0.010 0.008 0.009 0.011 0.013 0.010
PCB101 0.025 0.025 0.021 0.023 0.024 0.034 0.022
PCB103 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB105 0.008 0.012 0.009 0.011 0.013 0.015 0.011
PCB114 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB118 0.010 0.012 0.009 0.010 0.011 0.014 0.011
PCB121 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB128 0.004 <0.002 0.003 0.003 0.003 0.005 0.004

(Continued)
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Table A4 (Concluded)

Sample
Congener 1 2 3 4 5 6 7

PCB129 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB136 0.041 0.043 0.036 0.041 0.044 0.059 0.040
PCB137 0.002 <0.002 <0.002 <0.002 <0.002 0.003 0.002
PCB138 0.014 0.021 0.017 0.023 0.021 0.027 <0.002
PCB141 <0.002 0.002 <0.002 <0.002 0.003 0.003 <0.002
PCB143 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB151 0.004 0.004 0.003 0.004 0.004 0.005 0.003
PCB153 0.013 0.016 0.012 0.013 0.011 0.021 0.011
PCB154 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB156 <0.002 <0.002 0.006 0.005 0.004 <0.002 <0.002
PCB159 0.010 0.010 0.009 0.013 0.007 0.015 0.008
PCB167 0.003 <0.002 0.002 0.003 <0.002 0.003 <0.002
PCB170 0.011 0.011 0.006 0.007 0.010 0.013 0.009
PCB171 <0.002 <0.002 0.006 <0.002 <0.002 <0.002 <0.002
PCB173 <0.002 0.002 0.002 0.002 <0.002 <0.002 0.002
PCB180 0.006 0.004 0.006 0.006 0.002 0.010 0.002
PCB182 0.007 0.008 0.007 0.007 0.005 0.012 0.006
PCB183 0.003 0.004 0.004 0.005 0.004 0.005 0.003
PCB185 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB187 0.009 0.011 0.008 0.009 0.009 0.015 0.009
PCB189 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB191 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB194 0.003 0.004 0.003 0.003 0.002 0.005 0.003
PCB195 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB196 0.003 0.003 0.002 <0.002 <0.002 0.005 <0.002
PCB200 0.004 0.004 0.003 0.004 0.003 0.005 0.003
PCB201 0.006 0.008 0.004 0.005 0.005 0.010 0.005
PCB202 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB203 0.003 0.004 0.003 0.003 0.003 0.007 0.002
PCB205 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB206 <0.002 <0.002 0.005 <0.002 <0.002 <0.002 <0.002
PCB207 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
PCB208 0.004 0.004 0.002 0.004 0.003 0.004 <0.002
PCB209 <0.002 <0.002 <0.002 <0.002 0.002 <0.002 <0.002
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Table AS

Aroclors and Total PCB in Influent Water During Disposal of Area I

Dredged Material (mg/f)

Aroclor- Sample 1 Sample 2

1016 <0.0002 <0.0002
1221 <0.0002 <0.0002
1232 <0.0002 <0.0002
1242 0.0009 <0.0002
1248 <0.0002 <0.0002
1254 <0.0002 <0.0002
1260 <0.0002 <0.0002
Total PCB 0.0009 <0.0002

Table A6

PCB Congeners in Influent Water During Disposal of Area I

Dredgzed Material (mg/)

Aroclor- Sample 1 Sample 2

PCB 7 <0.00001 <0.00001
PGB 8 <0.00001 <0.00001
PCB 15 <0.00001 0.00002
PCB 18 0.00001 0.00001
PCB 28 <0.00001 <0.00001
PGB 31 0.00002 <0.00001
PCB 40 <0.00001 <0.00001
PGB 44 0.00004 0.00001
PCB 49 0.00003 0.00001
PCB 50 <0.00001 <0.00001
PCB 52 0.00015 0.00001
PCB 54 <0.00001 <0.00001
PCB 60 <0.00001 <0.00001
PCB 70 0.00005 0.00001
PGB 77 <0.00001 <0.00001
PCB 82 <0.00001 0.00001
PCB 86 <0.00001 <0.00001
PCB 87 0.00002 0.00001
PCB 97 0.00001 <0.00001
PCB101 0.00006 0.00001
PCB103 <0.00001 <0.00001
PCB105 0.00002 <0.00001
PCB114 0.00001 <0.00001
PCB118 0.00003 <0.00001
PCB121 <0.00001 <0.00001
PCB128 <0.00001 <0.00001
PCB129 <0.00001 <0.00001
PCB136 <0.00001 <0.00001

(Continued)
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Table A6 (Concluded)

Aroclor Sam~le 1 Sample 2

PCB137 <0.00001 <0.00001
PCB138 0.00003 <0.00001
PCB141 <0.00001 <0.00001
PCB143 <0.00001 <0.00001
PCB151 <0.00001 <0.00001
PCB153 <0.00001 <0.00001
PCB154 <0.00001 <0.00001
PCB156 <0.00001 <0.00001
PCB159 <0.00001 0.00001
PCB167 <0.00001 <0.00001
PCB170 <0.00001 <0.00001
PCB1 71 <0.00001 <0.00001
PCB173 <0.00001 <0.00001
PCB180 <0.00001 <0.00001
PCB182 <0.00001 0.00001
PCB183 <0.00001 0.00002
PCB185 <0.00001 <0.00001
PCB187 <0.00001 <0.00001
PCB189 <0.00001 <0.00001
PCB191 <0.00001 <0.00001
PCB194 <0.00001 <0.00001
PCB195 <0.00001 <0.00001
PCB196 <0.00001 <0.00001
PCB200 <0.00001 <0.00001
PCB201 <0.00001 <0.00001
PCB202 <0.00001 <0.00001
PCB203 <0.00001 <0.00001
PCB205 <0.00001 <0.00001
PCB206 <0.00001 <0.00001
PCB207 <0.00001 <0.00001
PCB208 <0.00001 <0.00001
PCB209 <0.00001 <0.00001
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Table A7

Aroclors and Total PCB in Influent Water During Disposal of

Area II Dredged Material (mg/9)

Sample

Aroclor 1 2 -3 4 5 6

1016 <0.0002 <0.0002 <0.0002 <0.0002 <0. ,(-2 <0.0002
1221 <0.0002 <0.0002 <0.0002 <~0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1242 <0.0002 0.0003 0.0003 0.0002 0.0004 0.0009
1248 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 0.0005 <0.0002 <0.0002 <0.0002
Total PCB <0.0002 0.0002 0.0011 0.0002 0.0903 0.0011

Table A8

PCB Congeners in Influent Water During Disposal of

Area II Dredged Material (nwi/fl

Sample
Congener 1 2 3 4 5 6 7

PCB 7 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 8 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 15 0.00001 <0.00001 <0.00001 <0.00001 0.00004 0.00012 0.00007
PCB 18 0.00001 0.00001 <0.00001 <0.00001 0.00003 0.00005 0.00004
PCB 28 <0.00001 0.00003 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 31 <0.00001 0.00001 0.00001 0.00001 0.00001 0.00003 0.00002
PCB 40 <0.00001 0.00002 0.00001 0.00001 0.00002 0.00003 0.00002
PCB 44 0.00001 0.00001 0.00001 0.00001 0.00002 0.00003 0.00003
PCB 49 0.00001 0.00002 0.00001 0.00002 0.00003 0.00004 0.00005
PCB 50 <0.00001 0.00003 0.00003 0.00003 0.00001 0.00009 0.00003
PCB 52 0.00001 0.00003 0.00003 0.00002 0.00004 0.00010 0.00008
PCB 54 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 60 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00002 0.00001
PCB 70 <0.00001 <0.00001 0.00001 <0.00001 <0.OnnfOl 0.00003 0.00002
PCB 77 <0.00001 0.00003 <0.00001 <0.00001 <0.0U u01 <0.00001 <0.00001
PCB 82 0.00001 <0.00001 0.00001 <0.00001 0.00001 0.00002 0.00001
PCB 86 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 0.00001
PCB 87 <0.00001 <0.00001 U.00001 <0.00001 <0.00001 0.00002 0.00001
PCB 97 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 0.00002 0.00001
PCB101 <0.00001 <0.00001 0.00001 <0.00001 0.00001 0.00004 0.00003
PCB103 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 0.00001
PCB105 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB114 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB118 <0.00001 <0.00001 0.00002 <0.00001 <0.00001 0.00002 0.00001
PCB121 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 0.00001 0.00001
PCB128 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

(Continued)
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Table A8 (Concluded)

Samrnle
Gonzener 1 2 3 4 5 6 7

PCB129 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB136 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB137 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB138 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 0.00003 0.00001
PCB141 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB143 <0.00001 <0.00001 0.00001 <0.00001 0.00001 <0.00001 0.00001
PCB151 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB153 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00002 0.00001
PCB154 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00004 <0.00001
PCB156 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB159 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB167 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
PCB170 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB171 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB173 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB180 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB182 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB183 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB185 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB187 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB189 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB191 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB194 <0.00001 <0.00001 <0.0OO01 <0.00001 <0.00001 <0.00001 <0.00001
PCB195 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB196 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB200 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB201 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB202 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB203 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB205 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB206 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB207 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB209 <0.00001 <0.00001 <0.00001 <0.00001 <0.0(nol <0.00001 <0.00001

A10



Table A9

Predisposal Pond Water Aroclors and Total PCB

in Whole Water Samples (mp/R)

Aroclor Sample 1 Sample 2 Sample 3

1016 <0.0002 <0.0002 <0.0002
1221 <0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002
1242 <0.0002 <0.0002 <0.0002
1248 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 <0.0002
Total PCB <0.0002 0.0003 0.0005

Table AlO

Predisposal Pond Water PCB Congeners in

Whole Water Samples (mg/Rj

Congener Sample 1 Sample 2 Sample 3

PCB 7 <0.00001 <0.00001 <0.00001
PCB 8 <0.00001 <0.00001 <0.00001
PCB 15 <0.00001 <0.00001 <0.00001
PCB 18 <0.00001 <0.00001 <0.00001
PCB 28 0.00001 0.00001 0.00001
PCB 31 <0.00001 <0.00001 <0.00001
PCB 40 <0.00001 <0.00001 <0.00001
PCB 44 <0.00001 <0.00001 <0.00001
PCB 49 <0.00001 <0.00001 <0.00001
Pc.B 50 0.00006 0.00005 0.00005
PCB 52 <0.00001 <0.00001 <0.00001
PCB 54 <0.00001 <0.00001 <0.00001
PCB 60 <0.00001 <0.00001 <0.00001
PCB 70 <0.00001 <0.00001 <0.00001
PCB 77 <0.00001 <0.00001 <0.00001
PCB 82 <0.00001 <0.00001 <0.00001
PCB 86 <0.00001 <0.00001 <0.00001
PCB 87 <0.00001 <0.00001 <0.00001
PCB 97 <0.00001 <0.00001 <0.00001
PCB 101 <0.00001 <0.00001 <0.00001
PCB 103 <0.00001 <0.00001 <0.00001
PCB 105 <0.00001 <0.00001 <0.00001
PCB 114 <0.00001 <0.00001 <0.00001
PCB 118 <0.00001 <0.00001 <0.00001
PCB 121 <0.00001 <0.00001 <0.00001
PGB 128 <0.00001 <0.00001 <0.00001
PCB 129 <0.00001 <0.00001 <0.00001
PCB 136 <0.00001 0.00005 0.00004

(Continued)
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Table A1O (Concluded)

Congener Sample 1 Sample 2 Sample 3

PCB 137 <0.00001 <0.00001 <0.00001

PCB 138 <0.00001 <0.00001 <0.00001

PCB 141 <0.00001 <0.00001 <0.00001
PCB 143 <0.00001 <0.00001 <0.00001

PCB 151 <0.00001 <0.00001 <0.00001

PCB 153 <0.00001 <0.00001 <0.00001

PCB 154 0.00003 0.00003 0.00003

PCB 156 <0.00001 <0.00001 <0.00001

PCB 159 <0.00001 <0.00001 <0.00001
PCB 167 <0.00001 <0.00001 <0.00001
PCB 170 <0.00001 <0.00001 <0.00001

PCB 171 <0.00001 <0.00001 <0.00001

PCB 173 <0.00001 <0.00001 <0.00001

PCB 180 <0.00001 <0.00001 <0.00001

PCB 182 <0.00001 <0.00001 <0.00001
PCB 183 <0.00001 0.00002 <0.00001

PCB 185 <0.00001 <0.00001 <0.00001

PCB 187 <0.00001 <0.00001 <0.00001

PCB 189 <0.00001 <0.00001 <0.00001

PCB 191 <0.00001 <0.00001 <0.00001
PCB 194 <0.00001 <0.00001 <0.00001

PFB 195 <0.00001 <0.00001 <0.00001

PCB 196 <0.00001 <0.00001 <0.00001
PCB 200 <0.00001 <0.00001 <0.00001

PCB 201 <0.00001 <0.00001 <0.00001

PCB 202 <0.00001 <0.00001 <0.00001
PCB 203 <0.00001 <0.00001 <0.00001

PCB 205 <0.00001 <0.00001 <0.00001

PCB 206 <0.00001 <0.00001 <0.00001

PCB 207 <0.00001 <0.00001 <0.00001
PCB 208 <0.00001 <0.00001 <0.00001

PCB 209 <0.00001 <0.00001 <0.00rol
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Table All

Predisposal Dissolved Aroclors and Total PCB in

Pond Water Samples (mzji)

Aroclor Sample 1 Sample 2 Sample 3

1016 <0.0002 <0.0002 <0.0002
1221 <0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002
1242 <0.0002 0.0002 <0.0002
1248 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 <0.0002
Total PCB <0.0002 0.0002 <0.0002

Table A12

Predisposal Dissolved PCB Congeners in Pond Water Samples (mg/R)

Congiener Sample 1 Sample 2 Sample 3

PCB 7 <0.00001 <0.00001 <0.00001
PCB 8 <0.00001 <0.00001 <0.00001
PGB 15 <0.00001 0.00001 <0.00001
PCB 18 <0.00001 <0.00001 <0.00001
PCB 28 0.00001 0.00001 <0.00001
PCB 31 <0.00001 <0.00001 <0.00001
PCB 40 <0.00001 <0.00001 <0.00001
PCB 44 <0.00001 0.00001 <0.00001
PGB 49 <0.00001 0.00001 <0.00001
PCB 50 0.00001 <0.00001 <0.00001
PCB 52 0.00001 0.00002 <0.00001
PCB 54 <0.00001 <0.00001 <0.00001
PCB 60 <0.00001 <0.00001 <0.00001
PCB 70 <0.00001 <0.00001 <0.00001
PCB 77 <0.00001 <0.00001 <0.00001
PCB 82 <0.00001 <0.00001 <0.00001
PCB 86 <0.00001 <0.00001 <0.00001
PCB 87 <0.00001 <0.00001 <0.00001
PGB 91 <0.00001 <0.00001 <0.00001
PCB101 <0.00001 <0.00001 <0.00001
PCB103 <0.00001 <0.00001 <0.00001
PCB105 <0.00001 <0.00001 <0.00001
PCB114 <0.00001 <0.00001 <0.00001
PCB118 <0.00001 <0.00001 <0.00001
PCB121 <0.00001 <0.00001 <0.00001
PCB128 <0.00001 <0.00001 <0.00001
PCB129 <0.00001 <0.00001 <0.00001
PCB136 <0.00001 <0.00001 <0.00001
PCB137 <0.00001 <0.00001 <0.00001

(Continued)
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Table A12 (Concluded)

Congener Sample 1 Sample 2 Sample 3

PCB138 <0.00001 <0.00001 <0.00001
PCB141 <0.00001 <0.00001 <0.00001
PCB143 <0.00001 <0.00001 <0.00001
PCB151 <0.00001 <0.00001 <0.00001
PCB153 <0.00001 <0.00001 <0.00001
PCB154 <0.00001 <0.00001 <0.00001
PCB156 0.00004 0.00004 <0.00001
PCB159 <0.00001 <0.00001 <0.00001
PCB167 <0.00001 <0.00001 <0.00001
PCB170 <0.00001 <0.00001 <0.00001
PCB171 0.00007 0.00006 0.00002
PCB173 <0.00001 <0.00001 <0.00001
PCB180 <0.00001 <0.00001 <0.00001
PCB182 <0.00001 <0.00001 <0.00001
PCB183 <0.00001 <0.00001 <0.00001
PCB185 <0.00001 <0.00001 <0.00001
PCB187 <0.00001 <0.00001 <0.00001
PCB189 <0.00001 <0.00001 <0.00001
PCB191 <0.00001 <0.00001 <0.00001
PCB194 <0.00001 <0.00001 <0.00001
PCB195 <0.00001 <0.00001 <0.00001
PCB196 <0.00001 <0.00001 <0.00001
PCB200 <0.00001 <0.00001 <0.00001
PCB201 <0.00001 <0.00001 <0.00001
PCB202 <0.00001 <0.00001 <0.00001
PCB203 <0.00001 <0.00001 <0.00001
PCB205 <0.00001 <0.00001 <0.00001
PCB206 <0.00001 <0.00001 <0.00001
PCB207 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 <0.00001 <0.00001
PCB209 <0.00001 <0.00001 <0.00001
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Table A13

Whole Water Aroclors and Total PGB-in Pond Water During Disposal of

Area I Dredged Material (mg/R)

Aroclor Sample 1 Sample 2A Sample 2B

1016 <0.0002 <0.0002 <0.0002
1221 <0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002
1242 <0.0002 0.001 0.0005
1248 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 <0.0002
Total PCB <0.0002 0.0013 0.0005

Table A14

Whole Water PCB Congeners in Pond Water During Disposal of

Area I Dredged Material (mg/R)

Congener Sample 1 Sample 2A Sample 2B

PCB 7 <0.00001 <0.00001 <0.00001
PCB 8 <0.00001 <0.00001 <0.00001
PCB 15 <0.00001 0.00028 0.00015
PCB 18 <0.00001 0.00005 0.00002
PCB 28 <0.00001 <0.00001 <0.00001
PCB 31 <0.00001 0.00003 0.00002

PCB 40 <0.00001 0.00001 0.00001
PCB 44 <0.00001 0.00004 0.00003
PCB 49 <0.00001 0.00004 0.00003
PCB 50 <0.00001 <0.00001 <0.00001
PCB 52 <0.00001 0.00013 0.00008
PGB 54 <0.00001 <0.00001 <0.00001
PCB 60 <0.00001 <0.00001 <0.00001

PGB 70 <0.00001 0.00005 0.00003
PGB 77 <0.00001 <0.00001 <0.00001
PCB 82 <0.00001 0.00002 0.00001
PCB 86 <0.00001 0.00003 0.00003
PCB 87 <0.00001 0.00003 0.00002

PGB 97 <0.00001 0.00002 0.00001
PCB101 <0.00001 0.00007 0.00005
PCB103 <0.00001 <0.00001 <0.00001
PCB.L05 0.00001 0.00001 0.00001
PCB114 <0.00001 <0.00001 <0.00001
PCB118 0.00001 0.00004 0.00003
PCB121 <0.00001 <0.00001 <0.00001
PCB128 <0.00001 0.00002 <0.00001
PCB129 <0.00001 <0.00001 <0.00001

(Continued)
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Table A14 (Concluded)

Congener Sample 1 Sample 2A Sample 2B

PCB136 <0.00001 <0.00001 <0.00001
PCB137 <0.00001 0.00001 0.00001
PCB138 0.00002 0.00003 0.00002
PCB141 <0.00001 <0.00001 <0.00001
PCB143 <0.00001 <0.00001 <0.00001
PCB151 <0.00001 0.00001 <0.00001
PCB153 <0.00001 0.00002 0.00001
PCB154 <0.00001 <0.00001 <0.00001
PCB156 <0.00001 <0.00001 <0.00001
PCB159 <0.00001 0.00001 <0.00001
PCB167 <0.00001 <0.00001 <0.00001
PCB170 <0.00001 <0.00001 <0.00001
PCB171 <0.00001 <0.00001 <0.00001
PCB173 <0.00001 <0.00001 <0.00001
PCB180 <0.00001 0.00001 0.00007
PCB182 <0.00001 <0.00001 <0.00001
PCB183 <0.00001 0.00001 <0.00001
PCB185 <0.00001 <0.00001 <0.00001
PCB187 <0.00001 0.00001 0.00001
PCB189 <0.00001 <0.00001 <0.00001
PCB191 <0.00001 0.00001 <0.00001
PCB194 <0.00001 <0.00001 <0.00001
PCB195 <0.00001 <0.00001 <0.00001
PCB196 <0.00001 <0.00001 <0.00001
PCB200 <0.00001 0.00002 <0.00001
PCB201 <0.00001 <0.00001 <0.00001
PCB202 <0.00001 <0.00001 <0.00001
PCB203 <0.00001 <0.00001 0.00001
PCB205 <0.00001 <0.00001 <0.00001
PCB206 <0.00001 <0.00001 <0.00001
PCB207 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 0.00001 0.0000,
PCB209 <0.00001 <0.00001 <0.00001
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Table A15

Dissolved Aroclors and Total PCB in Pond Water During

Disposal of Area I Dredged Material (mg/i)

Aroclor- Sami~le 1 Sam~le 2A Sample 2B

1016 <0.0002 <0.0002 <0.0002
1221 <0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002
1242 <0.0002 <0.0002 <0.0002
1248 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 <0.0002
Total PCB <0.0002 <0.0002 <0.0002

Table A16

Dissolved PCB Congeners in Pond Water During-

Disposal of Area I Dredged Material (mg,'O)

Congener Sample 1 Sample 2A Sample 2B

PCB 7 <0.00001 <0.00001 <0.00001
PCB 8 <0.00001 <0.00001 <0.00001
PCB 15 <0.00001 <0.00001 <0.00001
PCB 18 <0.00001 <0.00001 <0.00001
PGB 28 <0.00001 <0.00001 <0.00001
PCB 31 <0.00001 <0.00001 <0.00001
PCB 40 <0.00001 <0.00001 <0.00001
PCB 44 <0.00001 <0.00001 <0.00001
PCB 49 <0.00001 0.00001 <0.00001
PCB 50 <0.00001 <0.00001 <0.00001
PCB 52 <0.00001 <0.00001 <0.00001
PCB 54 <0.00001 <0.00001 <0.00001
PCB 60 <0.00001 <0.00001 <0.00001
PCB 70 <0.00001 <0.00001 <0.00001
PCB 77 <0.00001 <0.00001 <0.00001
PGB 82 <0.00001 0.00001 <0.00001
PCB 86 <0.00001 <0.00001 <0.00001
PCB 87 <0.00001 <0.00001 <0.00001
PCB 97 <0.00001 <0.00001 <0.00001
PCB101 <0.00001 0.00001 <0.00001
PCB103 <0.00001 <0.00001 <0.00001
PCB105 0.00001 <0.00001 <0.00001
PCB114 <0.00001 <0.00001 <0.00001
PCB118 0.00002 <0.00001 <0.00001
PCB121 <0.00001 <0.00001 <0.00001
PCB128 <0.00001 <0.00001 <0.00001
PCB129 <0.00001 <0.00001 <0.00001
PCB136 <0.00001 <0.00001 <0.00001

(Continued)
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Table A16 (Concluded)

Congener Sample 1 Samxile 2A Sam~1e 2B

PCB137 <0.00001 <0.00001 <0.00001
PCB138 0.00002 0.00001 <0.00001
PCB141 <0.00001 <0.00001 <0.00001
PCB143 <0.00001 <0.00001 <0.00001
PCB151 <0.00001 <0.00001 <0.00001
PCB153 <0.00001 <0.00001 <0.00001
PCB154 <0.00001 <0.00001 <0.00001
PCB156 <0.00001 <0.00001 <0.00001
PCB159 <0.00001 0.00001 <0.00001
PCB167 <0.00001 <0.00001 0.00001
PCB170 <0.00001 <0.00001 <0.00001
PCB171 <0.00001 <0.00001 <0.00001
PCB173 <0.00001 <0.00001 <0.00001
PCB180 <0.00001 <0.00001 <0.00001
PCB182 <0.00001 <0.00001 <0.00001
PCB183 <0.00001 <0.00000 <0.00001
PCB185 0.00002 <0.00001 <0.00001
PCB187 <0.00001 <0.00001 <0.00001
PCB189 <0.00001 <0.00001 <0.00001
PCB191 <0.00001 <0.00001 <0.00001
PCB194 <0.00001 <0.00001 <0.00001
PCB195 <0.00001 <0.00001 <0.00001
PCB200 <0.00001 <0.00001 <0.00001
PCB201 <0.00001 <0.00001 <0.00001
PCB202 <0.00001 <0.00001 <0.00001
PCB203 <0.00001 <0.00001 <0.00001
PCB205 <0.00001 <0.00001 <0.00001
PCB206 <0.00001 <0.00001 <0.00001
PCB207 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 <0.00001 <0.00001
PCB209 <0.00001 <0.00001 <0.00001
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Table A17

Whole Water Aroclors and Total PCB in Pond Water at Station A

During Disposal of Area II Dredged Material (mg/R)

Sample

Aroclor 1 2 3 4 5 6 7

1016 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

1221 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

1232 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

1242 <0.0011 <0.0007 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

1248 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

1254 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

1260 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Total PCB <0.0011 <0.0009 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Table A18

Whole Water PCB Congeners in Pond Water at Station A

During Disposal of Area II Dredged Material (mg/P)

Sample

Congener 1 2 3 4 5 6 7

PCB 7 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 8 0.00005 0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001

PCB 15 0.0002 0.00019 <0.00001 <0.00001 <0.00001 <0.00001 0.00001

PCB 18 0.00005 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00002

PCB 28 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 31 <0.00001 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 0.00001

PCB 40 0.00001 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 44 0.00005 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 0.00001

PCB 49 0.00005 0.00003 <0.00001 <0.00001 0.00001 <0.00001 0.00001

PCB 50 0.00004 0.00001 0.00002 0.00003 0.00002 0.00003 0.00002

PCB 52 0.00016 0.00005 <0.00001 <0.00001 <0.00001 <0.00001 0.00002

PCB 54 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 60 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 70 0.00006 0.00003 <0.00001 <0.00001 <0.00001 <0.00001 0.00001

PCB 77 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 82 0.00002 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 86 0.00004 0.00003 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 87 0.00004 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 97 0.00003 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCBIOI 0.00008 0.00004 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCBI03 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB105 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB114 <0.00001 <(.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB118 0.00004 <0.00001 0.00002 0.00002 0.00002 0.00003 <0.00001

PCB121 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB128 0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

(Continued)
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Table A18 (Concluded)

Sample
Congener 1 2 3 4 5 6 7

PCB129 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB136 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB137 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB138 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB141 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB143 0.00003 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB151 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB153 0.00002 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB154 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB156 <0.00001 0.00004 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB159 0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB167 0.00004 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB170 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB171 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB173 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB180 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB182 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB183 0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB185 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB187 0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB189 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB191 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB194 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB195 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB196 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB200 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB201 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB202 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB203 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB205 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB206 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00n0l
PCB207 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB209 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
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Table Al9

Dissolved Aroclors and Total FCB in Pond Water at Station A

During Disposal of Area II Dredged Material (mg/f)

Sample
Aroclor 1 2 3 4 5 6 7

1016 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1221 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1242 <0.0002 0.0003 0.0002 <0.0002 0.0002 <0.0002 0.0003
1248 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Total PCB 0.0002 0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0004

Table A20

Dissolved PCB Congeners in Pond Water at Station A During

Disposal of Area II Dredged Material (mRI/)

Sample
Congener 1 2 3 4 5 6 7

PCB 7 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 8 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 15 <0.00001 <0.00001 <0.00001 0.00001 0.00003 <0.00001 0.00005
PCB 18 <0.00001 <0.00001 <0.00001 0.00001 0.00002 <0.00001 0.00002
PCB 28 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 31 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00001
PCB 40 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 44 <0.00001 0.00001 <0.00001 <0.00001 0.00002 <0.00001 0.00002
PCB 49 <0.00001 0.00003 <0.00001 <0.00001 0.00002 <0.00001 0.00002
PCB 50 <0.00001 0.00004 0.00002 <0.00001 0.00004 <0.00001 0.00006
PCB 52 <0.00001 0.00003 <0.00001 <0.00001 0.00006 0.00001 0.00006
PCB 54 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 60 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 70 <0.00001 0.00001 <0.00001 <0.00001 0.00002 <0.00001 0.00002
PCB 77 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00008
PCB 82 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
PCB 86 <0.00001 0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001
PCB 87 <0.00001 0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00001
PCB 97 <0.00001 0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00001
PCB101 <0.00001 <0.00001 <0.00001 <0.00001 0.00002 <0.00001 0.00002
PCB103 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB105 <0.00001 <,.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001
PCB114 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001
PCBI18 <0.00001 0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00001
PCB121 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001

(Continuued)
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Table A20 (Concluded)

Sample
Congener 1 2 3 4 5 6 7

PCB128 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB129 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB136 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00006
PCB137 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB138 <0.00001 0.00001 <0.00001 <0.00001 0.00002 <0.00001 <0.00001
PCB141 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 (0.00001
PCB143 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB151 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB153 <0.00001 <0.00001 <0.00001 0.00001 0.00001 <0.00001 0.00001
PCB154 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB156 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB159 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB167 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00003
PCB170 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
PCB171 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB173 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB180 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
PCB182 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB183 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB185 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
PCB187 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001
PCB189 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB191 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB194 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB195 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB196 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001
PCB200 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB201 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB202 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB203 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB205 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB206 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB207 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 <0.00001 <0.00001 0.00004 <0.00001 <0.00001 0.00002
PCB209 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

A2 2



Table A21

Whole Water Aroclors and Total PCB in Pond Water at Station B

During Disposal of Area II Dredged Material (mg/9)

S amp 1e
Aroclor 1 2 3 4 5 6 _7

1016 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1221 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1242 <0.0002 0.0002 <0.0002 <0.0002 0.0002 <0.0002 0.0003
1248 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
To.a1 PGB <0.0002 0.0005 <0.0002 <0.0002 <0.0002 <0.0002 0.0002

Table A22

Whole Water PCB Congeners in Fond Water at Station B

During Disposal of Area II Dredged Material (mg/R)

Sample
Gongener 1 2 3 4 5 6 7

PCB 7 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB 8 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 15 0.00006 0.00012 <C.00001 <0.00001 <0.00001 <0.00001 0.00007
PCB 18 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.000C3
PCB 28 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 31 <0.00001 0.00002 <0.00001 <0.00001 0.00001 <0.00001 0.00001
PCB 40 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 44 <0.00001 0.00002 <0.00001 <0.00001 0.00001 <0.00001 0.00002
PGB 49 <0.00001 0.00002 <0.00001 <0.00001 0.00002 <0.00001 0.00002
PCB 50 <0.00001 <0.00001 0.00002 <0.00001 <0.00001 <0.00001 0.00006
PCB 52 <0.00001 0.00004 <0.00001 <0.00001 0.00005 <0.00001 0.00007
PCB 54 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PGB 60 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 70 <0.00001 0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00002
PCB 77 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 82 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
PCB 86 0.00001 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PGB 87 <0.00001 0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00001
PCB 97 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
PCB101 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00002
PCB103 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB105 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB114 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00001
PCB118 0.00002 0.00002 0.00002 <0.00001 0.00005 <0.00001 0.00001
PCB121 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001L <0.00001 <0.00001

(Continued)
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Table A22 (Concluded)

3ample
Congener 1 2 3 4 5 6 7

PCB128 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB129 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB136 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 e).00001 <0.00001
PCB137 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB138 <0.00001 0.00001 <0.0000i <0.00001 <0.00001 <0.00001 <0.00001
PCB141 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB143 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB151 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB153 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB154 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB156 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00001 <0.00001
PCB159 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB167 <0.00001 <0.00001 <0.00001 0.00006 <0.00001 0.00003 0.00002
PCB170 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB171 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00001 <0.00001
PCB173 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB180 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 0.00001 <0.00001
PCB182 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 --0.00001
PCB183 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB185 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PG13187 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB189 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCF'31 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB194 <0. )C001 <0.00001 <0.00001 <0.00001 <0.00001 <0.0000ll <0.00001
PGBI95 <0. '31 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB196 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PGB200 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB201 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00002 <0.00001
PGB202 <0.00001 <0.00001 <,.0000l <0.00001 <0.00001 <0.00001 <0.00001
PCB203 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.00003 <0.00001
PCB205 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.0CC 1
PCB206 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PGB207 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB209 <0.00001 <0.OOGO1 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
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Table A23

Dissolved Aroclors and Total PCB at Station B During Disposal of

Area II Dredged Material (mg/i)

Sample

Aroclor 1 2 4 5 6 7

1016 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

1221 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1242 <0.0002 <0.0002 <0.0002 0.0004 0.0003 <0.0002
1248 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Total PCB <0.0002 <0.0002 <0.0002 0.0005 0.0002 <0.0002

Table A24

Dissolved PCB Congeners in Pond Water at Station B During

Disposal of Area II Dredged Material (mg/P)

Sample
Congener 1 2 4 5 6 7

PCB 7 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

PCB 8 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 15 <0.00001 <0.00001 0.00004 0.00006 0.00011 0.00002

PCB 18 <0.00001 <0.00001 0.00002 0-00003 0.00005 0.00001
PCB 28 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 31 <0.00001 <0.00001 <0.00001 0.00002 0.00003 <0.00001
PCB 40 <0.00001 <0.00001 <0.00001 <0.00001 0.00003 <0.00001
PCB 44 <0.00001 <0.00001 0.00001 0.00002 0.00003 <0.00001
PCB 49 <0.00001 <0.00001 0.00001 0.00003 0.00005 0.00001
PCB 50 <0.00001 0.00002 0.00001 0.00005 0.00005 0.00002
PCB 52 0.00001 <0.00001 0.00002 0.00008 0.00008 0.00001
PCB 54 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 60 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 70 <0.00001 <0.00001 0.00001 0.00003 0.00003 <0.00001
PCB 77 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB 82 <0.00001 <0.00001 <0.00001 0.00001 0.00001 <0.00001
PCB 86 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB 87 <0.00001 <0.00001 0.00001 0.00002 0.00001 <0.00001
PCB 97 <0.00001 <0.00001 <0.00001 0.000Cl 0.00001 <0.00001
PCBIOl <0.00001 <0.00001 0.00001 0.00004 0.00004 <0.00001
PCB103 <0.00001 <0.00001 <0,00001 <0.00001 <0.00001 <0.00001
PCB105 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB114 <0.00001 <6.00001 <0.00001 0.00001 0.00001 0.00001
PCB118 <0.00001 <0.00001 <0.00001 0.00002 0.00001 <0.00001
PCBI21 <0.00001 <0.00001 <0,00001 <0.00001 0.00002 <0.00001

(Cont inued)
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Table A24 (Concluded)

Sample
Congener 1 2 4 5 6 7

PCB128 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB129 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB136 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB137 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB138 <0.00001 <0.00001 <0.00001 0.00001 0.00001 <0.00001
PCB141 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB143 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 <0.00001
PCB151 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB153 <0.00001 <0.00001 <0.00001 0.00002 0.00002 <0.00001
PCB154 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB156 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB159 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001
PCB167 <0.00001 <0.00001 <0.00001 0.00003 <0.00001 <0.00001
PCB170 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB171 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB173 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PGBI80 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001
PCB182 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB183 <0.00001 <0.00001 0.00001 <0.00001 <0.00001 <0.00001
PCB185 <0.00001 <0.00001 <0.00001 0.00001 <0.00001 <0.00001
PCB187 <0.00001 <0.00001 <0.00001 0.00001 0.00001 <0.00001
PCB189 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB191 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB194 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB195 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB196 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB200 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB201 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB202 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PGB2O3 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB205 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.OOr)1
PCB206 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB207 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 <0.00001 <0.00001 0.00004 <0.00001 <0.00001
PCB209 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001
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Table A25

Postdisposal Pond Water Aroclors and Total PCB

in Whole Water Samples (mg/.2)

Aroclor Saple.I Sample 2  Sml

1016 <0,0002 <0.0002 <0.0002
1221 <0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002
1242 0.0011 0.0003 <0.0002
1248 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 <0.0002
2otal PCB 0.0014 0.0003 <0.0002

Table A26

Postdisposal Pond Water PCB Congeners in Whole Water Samples (mg/1)

Gongener Sample 1 Sample 2 Samiile 3

PCB 7 <0.00001 <0.00001 <0.00001
PCB 8 0.00007 <0.00001 <0.00001
PCB 15 0.00007 <0.00001 <0.00001
PCB 18 0.00005 0.00001 <0.00001
PCB, 28 0.00012 0.00006 <0.00001
PCB 31 0.00004 0.00002 <0.00001
PCB 40 0.00001 <0.00001 <0.00001
PCB 44 0.00004 0.00001 <0.00001
PCB 49 0.00007 0.00002 <0.00001
PCB 50 0.00007 0.00003 <0.00001
PCB 52 0.00010 0.00004 <0.00001
PCB 54 <0.00001 <0.00001 <0.00001
PCB 60 <0.00001 <0.00001 <0.00001
PCB 70 0.00004 0.00001 <0.00001
PGB 77 0.00006 0.00002 <0.00001
PCB 82 0.00001 <0.00001 <0.00001
PCB 86 0.00002 <0.00001 <0.00001
PCB 87 0.00001 <0.00001 <0.00001
PCB 97 0.00002 <0.00001 <0.00001
PCB101 0.00004 <0.00001 <0.00001
PCB103 <0.00001 <0.00001 0.00001
PGB105 0.00001 0.00001 0.00001
PCB114 <0.00001 <0.00001 <0.00001
PGBII8 0.00003 0.00001 <0.00001
PCB121 <0.00001 <0.00001 <0.00001
PCB128 <0.00001 <0.00001 <0.00001
PCB129 <0.00001 <0.00001 <0.00001
PCB136 0.00005 0.00002 <0.00001
PCB137 <0.00001 <0.00001 <0.00001

(Continued)
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Table A26 (Concluded)

Congener Sample 1 Sample 2 Sample 3

PCB138 0.00002 0.00002 0.00001
PCB141 <0.00001 <0.00001 <0.00001
PCB143 <0.00001 <0.00001 <0.00001
PGB151 <0.00001 <0.00001 <0.00001
PCB153 0.00002 <0.00001 <0.00001
PCB154 <0.00001 <0.00001 <0.00001
PCB156 <0.00001 <0.00001 <0.00001
PCB159 <0.00001 <0.00001 <0.00001
PCB167 <0.00001 <0.00001 <0.00001
PCB170 <0.00001 <0.00001 <0.00001
PCB171 <0.00001 <0.00001 <0.00001
PCB173 <0.00001 <0.00001 <0.00001
PCB180 0.00002 <0.00001 <0.00001
PCB182 <0.00001 <0.00001 <0.00001
PCB183 <0.00001 <0.00001 <0.00001
PCB185 0.00002 <0.00001 <0.00001
PCB187 <0.00001 <0.00001 <0.00001
PCB189 <0.00001 <0.00001 <0.00001
PCB191 <0.00001 <0.00001 <0.00001
PCB194 <0.00001 <0.00001 <0.00001
PCB195 <0.00001 <0.00001 <0.00001
PCB196 0.00002 <0.00001 <0.00001
PCB200 <0.00001 <0.00001 <0.00001
PCB201 0.00001 <0.00001 0.00004
PCB202 <0.00001 <0.00001 <0.00001
PCB203 <0.00001 <0.00001 <0.00001
PCB205 <0.00001 <0.00001 <0.00001
PCB206 <0.00001 <0.00001 <0.00001
PCB207 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 <0.00001 <0.00001
PCB209 <0.00001 <0.00001 0.00002
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Table A27

Predisposal Dissolved Aroclor and Total PCB in

Pond Water Samples (mg/9)

Aroclor Sample 1 Sample 2 Sample 3

1016 <0.0002 <0.0002 <0.0002
1221 <0.0002 <0.0002 <0.0002
1232 <0.0002 <0.0002 <0.0002
1242 0,0004 0.0006 0.0002
1248 <0.0002 <0.0002 <0.0002
1254 <0.0002 <0.0002 <0.0002
1260 <0.0002 <0.0002 <0.0002
Total PCB 0.0004 0.0008 0.0003

Table A28

Postdisposal Dissolved PGB Congeners in Pond Water

Samples (mg/R)

Congener Sample 1 Sample 2 Sample 3

PCB 7 <0.00001 <0.00001 <0.00001
PCB 8 <0.00001 <0.00001 <0.00001
PGB 15 0.00009 0.00008 0.00006
PCB 18 0.00003 0.00003 0.00002
PCB 28 0.00007 0.00006 <0.00001
PCB 31 0.00002 0.00001 0.00001
PCB 40 <0.00001 <0.00001 <0.00001
PCB 44 0.00002 0.00002 0.00001
PCB 49 0.00002 0.00002 0.00001
PCB 50 0.00007 0.00006 0.00003
PCB 52 0.00008 0.00008 0.00003
PCB 54 <0.00001 <0.00001 <0.00001
PCB 60 0.00001 0.00001 <0.00001
PGB 70 0.00002 0.00003 0.00001
PCB 77 <0.00001 <0.00001 <0.00001
PCB 82 0.00001 0.00001 <0.00001

PCB 86 0.00001 0.00001 0.00001
PCB 87 0.00001 0.00001 0.00001
PCB 97 0.00001 0.00001 0.00001
PCB1O1 0.00004 0.00003 0.00002
PCB103 <0.00001 <0.00001 <0.00001
PCB105 0.00001 <0.00001 <0.00001
PCB114 <0.00001 <0.00001 <0.00001
PCB118 0.00001 0.00001 0.00001
PCB121 <0.00001 <0.00001 <0.00001
PCB128 <0.00001 <0.00001 <0.00001
PCB129 <0.00001 <0.00001 <0.00001

(Continued)
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Table A28 (Concluded)

Congener Sample 1 Sample 2 Sample 3

PCB136 <0.00001 <0.00001 <0.00001
PCB137 <0.00001 <0.00001 <0.00001
PCB138 0.00001 <0.00001 <0.00001
PCB141 <0.00001 <0.00001 <0.00001
PCB143 <0.00001 <0.00001 <0.00001
PCB151 <0.00001 <0.00001 <0.00001
PCB153 0.00001 0.00001 <0.00001
PCB154 <0.00001 0.00001 <0.00001
PCB156 0.00001 <0.00001 <0.00001
PCB159 <0.00001 <0.00001 <0.00001
PCB167 <0.00001 <0.00001 <0.00001
PCB170 <0.00001 <0.00001 <0.00001
PCB171 <0.00001 <0.00001 <0.00001
PCB173 <0.00001 <0.00001 <0.00001
PCB180 <0.00001 <0.00001 <0.00001
PCB182 <0.00001 <0.00001 <0.00001
PCB183 <0.00001 <0.00001 <0.00001
PCB185 <0.00001 <0.00001 <0.00001
PCB187 0.00001 <0.00001 0.00001
PCB189 <0.00001 <0.00001 <0.00001
PCB191 <0.00001 <0.00001 <0.00001
PCB194 <0.00001 <0.00001 <0.00001
PCB195 <0.00001 <0.00001 <0.00001
PCB196 <0.00001 <0.00001 <0.0000.
PCB200 <0.00001 <0.00001 <0.00001
PCB201 <0.00001 <0.00001 <0.00001
PCB202 <0.00001 <0.00001 <0.00001
PCB203 <0.00001 <0.00001 <0.00001
PCB205 <0.00001 <0.00001 <0.00001
PCB206 <0.00001 <0.00001 <0.00001
PCB207 <0.00001 <0.00001 <0.00001
PCB208 <0.00001 <0.00001 <0.OOC,.1
PCB209 <0.00001 <0.00001 <0.00001
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APPENDIX B: SEQUENTIAL BATCH LEACH DATA

Introduction

1. The equilibrium distribution of polychlorinated biphenyls between

water and sediment solids is typically represented by a constant termed the

distribution coefficient (Thibodeaux 1979*). Hill, Myers, and Brannon (1988)

present the essential aspects of the theory of these distribution coefficients

as they apply to confined disposal facilities.

2. Sequential batch leach tests have been used in previous studies to

determine distribution coefficients for polluted sediments from Indiana Har-

bor, Indiana (Environmental Laboratory 1987), New Bedford Harbor, Massachu-

setts (Myers and Brannon 1988), and Everett Bay, Washington (Palermo et al.

1989). Some of the results of these studies as they apply to this study are

summarized below.

Kinetic testing

3. Kinetic testing has been conducted in previous studies to determine

the shaking time needed to achieve steady-state conditions during batch leach-

ing tests. These tests were not designed to investigate kinetics of desorp-

tion per se but to determine if a 24-hr shake time was adequate. In each

study it was shown that contaminant concentrations in leachate at shake times

longer than 24 hr were either not significantly different from the concentra-

tion obtained for the 24-hr shake time or were lower. These studies provide

the basis for using a 24-hr shake time in this study. The literature rela-

tionships against which the distribution coefficients determined in this study

were compared were all based on batch equilibria obtained at 24 hr of shaking

or less.

Liquid-solids ratio testing

4. The primary objective of sequential batch leach testing in previous

studies was to estimate leachate quality for disposal alternatives involving

CDFs. Because the liquid-solids ratio in dredged material following sedimen-

tation in a CDF is approximately 1:1, testing at various liquid-solids ratios

has been conducted to determine the lowest practical liquid-solids ratio for

batch testing. Previous experience has shown that a 4:1 liquid-solids ratic

is the lowest practical ratio for conducting batch leach tests with dredged

* See References at the end of the main text.
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material. A 4:1 liquid-solids ratio was used in this study to provide a con-

sistent basis for comparison with previous leaching studies of polluted

dredged material.

Sequential versus single batch testing

5. Sequential batch leach tests have been used in previous studies of

polluted sediments to evaluate the constancy of distribution coefficients.

During sequential batch leaching of Indiana Harbor sediment, distribution

coefficients were constant, while distribution coefficients were not constant

during sequential batch leaching of Everett Bay and New Bedford Harbor sedi-

ments. The nonconstant distribution coefficients during sequential leaching

of estuarine sediments were caused by dispersion of sediment colloids as salt

was washed out. Since ionic strength does not change significantly during

sequential leaching of freshwater sediments, distribution coefficients remain

constant.

6. Although previous experience with PCB-contaminated freshwater sedi-

ment has shown that distribution coefficients are constant and could be deter-

mined without sequential leaching, this experience is limited to one sediment.

As a check for deviation from previous results, a four-cycle sequential batch

leach procedure was used in this study. The results confirmed previous

findings.

Data Presentation

7. The sequential batch leach data tables are organized as follows:

No. Description

Bl PCB and TOC Concentrations in Saginaw Dredged Material

Used in Sequential Batch Leach Tests

B2 Steady-State PCB Solid Phase Concentrations in Saginaw

Dredged Material During Sequential Leaching

B3 Steady-State PCB and DOC Aqueous Phase Concentrations in
Saginaw Dredged Material During Sequential Leaching

B4 PCB Distribution Coefficients for Saginaw Dredged

Material
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Calculation of Distribution Coefficients

8. The PCB desorption isotherm data from the Indiana Harbor study

(Environmental Laboratory 1987) tended to cluster around a single point

instead of plotting as a well-defined isotherm. The sequential batch leach

data for Saginaw River dredged material also showed this clustering effect.

Clustering indicates large distribution coefficients that are constant. When

the distribution coefficient is large and constant, the aqueous phase contami-

nant concentration is small and relatively constant throughout the leaching

sequence due to partitioning. Clustered desorption isotherms result because

the differences in aqueous phase contaminant concentrations are within the

noise level of the combined variability of batch leaching and the chemical

analytical procedures.

9. To calculate a meaningful distribution coefficient when clustered

desorption isotherms are obtained, two assumptions are necessary. First, the

bulk sediment PCB is assumed to be completely leachable, i.e., there is no

fraction resistant to leaching. Second, the batch data are assumed to cluster

about some value that represents the overall or net distribution coefficient

for the sequential leaching. These assumptions were used to calculate distri-

bution coefficients in this study. Each distribution coefficient in Table B4

is the mean of four single-point distribution coefficients, one for each cycle

in the sequential leach procedure.
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Table BI

PCB and Total Organic Carbon Concentrations in Saginaw River

Dredged Material Used in Sequential Batch Leach Tests

Concentration
Parameter mg/kg

PCB 7 <0.002
PCB 8 0.035
PCB 15 0.219
PCB 18 0.076
PCB 28 0.084
PCB 31 0.069
PCB 40 0.011
PCB 44 0.039
PCB 49 0.057
PCB 50 0.080
PCB 52 0.079
PCB 54 <0.002
PCB 60 0.012
PCB 70 0.023
PCB 77 0.037
PCB 82 0.006
PCB 86 <0.002
PCB 87 0.007
PCB 97 0.007
PCB 101 0.018
PCB 103 0.005
PCB 105 0.007
PCB 114 <0.002
PCB 118 0.007
PCB 121 <0.002
PCB 128 0.002
PCB 129 <0.002
PCB 136 0.028
PCB 137 <0.002
PCB 138 0.013
PCB 141 <0.002
PCB 143 <0.002
PCB 151 0.002
PCB 153 0.009
PCB 154 <0.002
PCB 156 0.003
PCB 159 0.006
PCB 167 <0.002
PCB 170 0.005
PCB 171 <0.002
PCB 173 <0.002
PCB 180 0.005
PCB 182 0.003
PCB 183 0.002
PCB 185 <0.002

(Continued)
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Table BI (Concluded)

Concentration

Parameter mg/kg

PCB 187 0.006
PCB 189 <0.002
PCB 191 <0.002
PCB 194 0.002
PCB 195 0.002
PCB 196 0.002
PCB 200 <0.002
PCB 201 0.003
PCB 202 <0.002
PCB 203 0.003
PCB 205 <0.002
PCB 206 <0.002
PCB 207 <0.002
PCB 208 <0.002
PCB 209 <0.002
Aroclor 1016 <0.01
Aroclor 1221 <0.01
Aroclor 1232 <0.01
Aroclor 1242 0.93
Aroclor 1248 <0.01
Aroclor 1254 <0.01
Aroclor 1260 0.08
Total PCB 0.87
Total organic carbon 24,232
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Table B2

Steady-State PCB Solid Phase Concentrations (mg/kg) in Saginaw River

Dredged Material During Sequential Batch Leaching

Sequential Leach Number

Parameter 1 2 3 4

PCB 07 Not present
PCB 08 0.0350 0.0346 0.0345 0.0343
PCB 15 0.2189 0.2188 0.2187 0.2187
PCB 18 0.0759 0.0758 0.0758 0.0757
PCB 28 0.0839 0.0839 0.0839 0.0839
PCB 31 0.0689 0.0688 0.0688 0.0687
PCB 40 Not released
PCB 44 0.0390 0.0389 0.0389 0.0388
PCB 49 0.0569 0.0569 0.0568 0.0567
PCB 50 0.0799 0.0798 0.0797 0.0795
PCB 52 0.0789 0.0787 0.0786 0.0784
PCB 54 Not present
PCB 60 Not released
PCB 70 0.0230 0.0229 0.0229 0.0228
PCB 77 0.0370 0.0370 0.0369 0.0369
PCB 82 0.0060 0.0060 0.0060 0.0060
PCB 86 0.0060 0.0060 0.0060 0.0060
PCB 87 0.0060 0.0060 0.0059 0.0059
PCB 97 0.0070 0.0070 0.0069 0.0069
PCB 101 0.0180 0.0179 0.0179 0.0178
PCB 103 Not released
PCB 105 0.0070 0.0070 0.0070 0.0069
PCB 114 Not present
PCB 118 0.0070 0.0070 0.0069 0.0068
PCB 121 Not present
PCB 128 Not released
PCB 129 Not present
PCB 136 0.0280 0.0280 0.0280 0.0279
PCB 137 Not present
PCB 138 0.0130 0.0129 0.0129 0.0129
PCB 141 Not present
PCB 143 Not present
PCB 151 Not released
PCB 153 0.0090 0.0090 0.0089 0.0088
PCB 154 Not present
PCB 156 Not released
PCB 159 Not released
PCB 167 Not present
PCB 170 Not released
PCB 171 Not present
PCB 173 Not present
PCB 180 Not released
PCB 182 Not released
PCB 183 Not released
PCB 185 Not present

(Continued)
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Table B2 (Concluded)

Sequential Leach Number

Parameter 2 3 4

PCB 187 Not released
PCB 189 Not present
PCB 191 Not present
PCB 194 Not released
PCB 195 Not released
PCB 196 Not released
PCE 200 Not present
PCB 201 Not released
PCB 202 Not present
PCB 203 Not released
PCB 205 Not present
PCB 206 Not present
PCB 207 Not present
PCB 208 Not present
PCB 209 Not present
Aroclor 1016 Not present
Aroclor 1221 Not present
Aroclor 1232 Not present
Aroclor 1242 0.9293 0.9272 0.9261 0.9237
Aroclor 1248 Not present
Aroclor 1254 Not present
Aroclor 1260 Not released
Total PCB 0.8692 0.8675 0.8668 0.8644
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Tabke 83

Steady-State PCB and Dissotved Organic Carbon Aqueous Phase Concentrations [mg/t (standard error)]

in Saginaw River Dredged MateriaL During SecuentiaL Leaching

Sequential Leach Nuz1ber
Parameter 12 3 4

C07 <0.00001 '0o.00001 <0.00001 <0.00001
C08 0.000007(0.000007) 0.00010(0.00005) 0.00003(0.00002) 0.00003(0.00003)
C15 0.00004(0.00002) 0.00002(0.00002) 0.000003(0.000003) '0.00001
C18 0.00002(0.00003) 0.00002(0.000009) 0.000007(0.000003) 0.00002(0.000007)
C28 0.00001(0.00001) <0.00001 <0.00001 <0.00001
C31 0.00001(0.000007) 0.00003(0.000003) 0.00002(0.00) 0.00003(0.000003)
C40 <0.00001 '0.00001 <0.00001 '0.00001
C44 0.00001(0.0C0006) 0.00001(0.000003) 0.000007(0.000003) 0.00001(0.000003)
C49 0.00002(0.000009) 0.00002(0.00001) 0.00001(0.000006) 0.00002(0.000007)
C50 0.00002(0.00001) 0.00003(0.00002) 0.00003(0.000007) 0.00004(0.00002)
C52 0.00002(0.00001) 0.00005(0.000009) 0.00003(0.000007) 0.00005(0.00003)
C54 '0.0'jOOl <0.00001 <0.00001 '0.00001
C60 <0.00001 '0.00001 <0.00001 '0.00001
C70 0.000007(0.000003) 0.00002(0.000003) 0.00001(0.000003) 0.00002(0.000007)
C77 '0.00001 0.000007(0.000007) 0.000007(0.000007) <0.00001
C82 0.000007(0.000003) <0.00001 <0.00001 0.000003(0.000003)
C86 0.000003(0.000003) <0.00001 <0.00001 <0.00001
C87 <0.00001 0.00001(0.00) 0.000003(0.000003) 0.00001(0.000006)
C97 '0.00001 0.00001(0.00) 0.000003(0.000003) 0.00001(0.000007)
0101 0.000007(0.000003) 0.00001(0.000006) 0.000003(0.000003) 0.00003(0.00001)
C103 <0.00001 <0.00001 <0.00001 <0.00001
0105 '0.00001 0.00001(0.00) <0.00001 0.000007(0.000003)
C114 <0.0000 '0.00001 <0.00001 <0.00001
C118 '0.00001 0.00001(0.00) 0.00001(0.00) 0.00002(0.000~006)
C121 <0.00001 '0.00001 <0.00001 '0o.00001
C128 <0.00001 '0.00001 '0.00001 <0.00001
C129 '0.00001 '0.00001 <0.00001 '0.00001
C136 <0.00001 0.000007(0.000007) 0.000003(0.000003) 0.000003(0.000003)
C137 <0.00001 <0.00001 <0.00001 <0.00001
C138 0.000003(0.000003) 0.00001(0.00) <0.00001 0.00001(0.000006)
01/1l <0.00001 <0.00001 <0.00001 <0.00001
C143 <0.00001 <0.00001 <0.00001 '0.00001
0151 '0.00001 '0.00001 '0.00001 <0.00001
C153 0.000007(0.000003) 0.000003(0.000003) 0.000007(0.000003) 0.00002(0.0000!)
0154 <0.00001 '0.00001 <0.00001 <0.00001
0156 <0.00001 <0.00001 <0.00001 '0.00001
C159 <0.00001 '0.00001 <0.00001 <0.00001
0167 <0.00001 <0.00001 <0.00001 <0.00001
0170 <0.00001 <0.00001 <0.00001 <0.00001
0171 '0.00001 <0.00001 <0.00001 <0.00001
C173 <0.00001 <0.00001 <0.00001 <0.00001
0180 <0.00001 <0.00001 <0.00001 <0.00001
C182 '0.00001 <0.00001 <0.00001 <0.000 1
0183 <0.00001 <0.00001 <0.00001 <0.00001
0185 '0.00001 <0.00001 <0.00001 <0.00001
0187 <0.00001 <0.00001 <0.00001 <n.00001
0189 <0.00001 <0.00001 <0.00001 <0.0l0001
0191 <0.00001 <0.00001 <0.00001 <0O.00001
0194 <0.00001 40.01,00i <0.00001 <0.00001
0195 '0.00001 <0.00001 <0.00001 <0.00001
0196 <0.00001 <0.00001 <0.00001 <0.00001
0200 <0.00001 <0.00001 <0.00001 <0.00001
0201 '0.000c1 <0.00001 <0.00001 <0.00001
0202 <0.00001 '0.00001 <0.00001 -0.00001
0203 <0.00001 <0.00001 <0.00001 <0.00001
0205 <0.00001 <0.00001 '0.00001 <0.00001
0206 '0.00001 <0.00001 <0.0000 <0.00001
0207 <0.00001 <0.00001 <0.00001 '0.00001
C208 <0.00001 <0.00001 <0.00001 <0.00001
0209 <0.00001 <0.00001 <0.00001 <0.00001
Aroclor 1016 <0.0002 <0.0002 <0.0002 <0.0002
Aroctor 1221 <0.0002 <0.0002 <0.0002 <0.0002
Aroctar 1232 <0.0002 <0.0002 <0.0002 <0.0002
Aroctor 1242 0.0002(0.00009) 0.0005(0.00003) 0.0003(0.('007) 0.0006(0.0002)
Arocior 1248 <0.0002 <0.0002 <0.0002 <0.0002
Aroctor 1254 <0.0002 <0.0002 90.0002 <0.0002
ArocLor 126nl <0.0002 <0.0002 <0.0002 <0.0002
TotaL PCB 0.0002(0.0001) 0.0004(0.00003) 0.0002(0.00009) 0.0006(0.0002)
000 21.0(1.0) 18.9(3.8) 13.8(0.1) 18.5(0.9)
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Table B4

PCB Distribution Coefficients for Saginaw River Dredged Material

Distribution Coefficient

Parameter (2/kg)

PCB 7 Not present
PCB 8 703
PCB 15 11,096
PCB 18 632
PCB 28 2,100
PCB 31 3,031
PCB 40 >1,100
PCB 44 3,315
PCB 49 2,956
PCB 50 2,660
PCB 52 2,438
PCB 54 Not present
PCB 60 >1,200
PCB 70 1,780
PCB 77 1,850
PCB 82 600
PCB 86 Not present
PCB 87 642
PCB 97 583
PCB 101 1,286
PCB 103 >500
PCB 105 700
PCB 114 Not present
PCB 118 598
PCB 121 Not present
PCB 128 >200
PCB 129 Not present
PCB 136 2,333
PCB IV, Not present

PCB 138 1,192
PCB 141 Not present
PCB 143 Not present
PCB 151 >200
PCB 153 733
PCB 154 Not present
PCB 156 >300
PCB 159 >600
PCB 167 Not present
PCB 170 >500
PCB 171 Not present
PCB 173 Not present
PCB 180 >500
PCB 182 >300
PCB 183 >200
PCB 185 Not present
PCB 187 >600

(Continued)
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Table B4 (Concluded)

Distribution Coefficient

Parameter (1/kg)

PCB 189 Not present

PCB 191 Not present
PCB 194 >200

PCB 195 >200
PCB 196 >200
PCB 200 Not present

PCB 201 >300
PCB 202 Not present

PCB 203 >300

PCB 205 Not present
PCB 206 Not present

PCB 207 Not present

PCB 208 Not present

PCB 209 Not present
Aroclor 1016 Not present

Aroclor 1221 Not present

Aroclor 1232 Not present
Aroclor 1242 2,757

Aroclor 1248 Not present

Aroclor 1254 Not present

Aroclor 1260 >400

Total PCB 2,639
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