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Executive Summary 

PCB contamination of freshwater and marine sediments is widespread, but the maximum 
allowable PCB sediment concentrations that would be protective of aquatic organisms have 
not been established. Published studies on the bioaccumulation and toxicological effects of 
PCBs provide guidance in determining sediment target levels that minimize adverse health 
effects to aquatic organisms. Complications in the analysis and interpretation of PCB data, 
factors affecting the distribution of PCBs in aquatic environments and their accumulation in 
the tissues of aquatic organisms, and background levels of PCBs must be considered in 
any use of sediment target levels as cleanup standards at a specific site. 

PCBs are a group of 209 individual compounds (congeners) that differ in physicochemical 
properties, environmental behavior, and their tendency to be accumulated by aquatic 
organisms. Quantitative analysis of PCBs from environmental samples is difficult because 
environmental PCBs often differ considerably from the commercial Aroclor mixtures that 
are frequently used as analytical standards. 

The degree of chlorination appears to be the most significant factor in determining the 
physical and chemical properties of PCBs. The more highly, chlorinated PCBs have lower 
solubilities in water, lower vapor pressures, and higher octanol-water partition coefficients. 
These properties, along with their general resistance to degradation, make PCBs highly 
persistent in sediments. 

Sediment characteristics (such as particle size and total organic carbon content), 
characteristics of the organism (such as body size, tissue lipid content, reproductive state), 
and the particular type of PCB are important factors in the uptake and accumulation of 
PCBs by aquatic organisms. The highe_r chlorinated PCBs are not metabolized to a 
significant extent by aquatic organisms and, as a" result, tend to be the most persistent in 
their tissues. 

Published data support the generalization ^ 
organisms willI be j^reater than or equal to se^im^nt conc^n^ationsTThTlairge~numrjer of 
factors that aTfect the relaUonshipTbetween sediment PCB concentrations and tissue 
concentrations make more specific quantitative modeling of bioconcentration factors 
difficult. The toxicological literature had numerous examples of sublethal toxic effects on 
aquatic organisms at PCB tissue levels of less than 1 ppm and as low as 0.1 ppm. Based 
on these data, a tissue concentration of 0.1 ppm PCB or less would be protective of aquatic 
organisms. This would require a sediment target level of less than or equal to 0. 1 ppm. 

A review of four general approaches (EP, SLC, AET and sediment triad) to the 
development of sediment criteria showed that sediment target levels for PCBs ranged from 
0.001 to 2.5 ppm, with most ranging between 0.01 and 1.0 ppm. These values are 
generally consistent with the 0.1 ppm PCB sediment target level based on bioaccumulation 
and toxicity data. 

It is important to distinguish target levels, which are based solely on biological effects, 
from cleanup levels, which include consideration of other factors and correspond to 
"acceptable levels of impairment" Actual cleanup criteria would have to be decided on a 
site-by-site basis and would have to take into account the characteristics of the affected area 
and the specific resources at risk, as well as the potential environmental impacts of any 
proposed cleanup activities. 
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PCB TARGET LEVELS IN AQUATIC SEDIMENTS 

Introduction 

The polychlorinated biphenyls (PCBs) are environmentally persistent compounds that have 
a strong tendency to accumulate in aquatic sediments and tissues of aquatic organisms. An 
estimated 2 x 10^ kg of PCBs (35% of the total produced) still exists in mobile 
environmental reservoirs (Eisenreich 1987). Both acute and chronic toxic effects of PCBs 
to aquatic organisms are well-documented. Although PCB contamination of freshwater 
and marine sediments is widespread, criteria have yet to be established for safe levels of 
PCBs in sediments comparable to national water quality criteria. Decisions regarding 
appropriate cleanup levels at hazardous waste sites cannot be delayed until broadly 
applicable sediment criteria have been established. As a result, development of guideline 
target levels for PCB contamination in aquatic sediments that are protective of aquatic 
resources is an important priority for remedial action at hazardous waste sites. 

The objectives of this report are twofold: First, to provide background information on 
PCBs that should be considered in an assessment of potential environmental risk, including 
aspects of the environmental chemistry and analysis of PCBs and important factors in their 
distribution in aquatic sediments and accumulation by aquatic organisms. The second (and 
primary) objective is to provide guideline target levels for PCB contamination in aquatic 
sediments that will be protective of aquatic resources. Preliminary sediment target levels 
are derived from a review of published information on the bioaccumulation and 
toxicological effects of PCBs on aquatic organisms and compared to the results from four 
recently developed approaches to the development of general sediment quality criteria. 
Although PCB contamination of aquatic sediments may have important implications for the 
health of consumers of aquatic organisms, including humans, we only address issues 
relating to potential injury to aquatic organisms. 

I. Background 

One of the major difficulties in assessing the potential environmental risks from PCB 
contamination is that PCBs constitute a complex mixture of compounds with a wide range 
of physicochemical properties and consequent differences in environmental distribution, 
bioaccumulation and biological effects. 

PCBs represent a group of 209 possible individual compounds (congeners) with from 1 to 
10 chlorines on a biphenyl ring structure (Figure 1). Groups of PCBs with the same 
number of chlorines (and the same molecular weight) are referred to as homologs; each 
homolog group consists of isomers that differ in their patterns of chlorine substitution 
(Table 1) (Erickson 1985). 

Figure 1. Structure of the biphenyl molecule (from EPA 1980). 
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Commercial PCB products are complex mixtures of congeners and are often described by 
the percent of chlorine; for example, Aroclor 1254 is a commercial formulation with 54% 
chlorine by weight that is composed primarily of isomers of letra-, penta- and 
hexachlorobiphenyl (Eisler 1986). 

The quantitative analysis of PCBs is complicated by differences between the mixtures of 
individual PCB congeners present in environmental samples and the commercial mixtures 
(Safe 1984). Selecting appropriate standards and matching peaks or patterns of 
chromatograms from environmental samples with those from commercial standards can be 
difficult and leads to inconsistencies in the results (Safe 1984; Phillips 1986; Stout 1986). 
Results of PCB analysis are often reported in terms of a particular reference standard (e.g., 
Aroclor 1254) or as total PCBs. The selection of a reference standard can make a large 
difference in the result (Cairns et al. 1986). As a consequence of the difficulties inherent in 
PCB analysis, inter-laboratory comparisons frequently demonstrate considerable variability 
(Eisler 1986; Stout 1986). 

While the separate analysis of individual congeners would provide the most quantitatively 
accurate results (Safe 1984), the associated additional costs and the problem of availability 
of synthetic standards for each congener make it unlikely that this approach could find 
widespread application to waste site investigations. The quantification of PCBs by the 
degree of chlorination possibly would be a more immediately attainable goal in PCB 
analysis (Alford-Stevens 1986). The more detailed information provided by this approach 
would be useful in evaluating and monitoring waste sites for PCB contamination without 
significantly increasing the cost of the analysis. (This is currently the standard protocol for 
the NOAA National Mussel Watch program). 

Environmental PCB mixtures may be further complicated by the potential presence of other 
toxic contaminants. Small amounts of highly toxic polychlorinated dibenzofurans (PCDFs) 
have been found as impurities in some commercial PCB mixtures (EPA 1980). In 
addition, PCBs may be transformed to PCDFs by heat in industrial use, sometimes in 
substantial amounts (Eisler 1986). It also has been suggested that PCBs could be 
converted to PCDFs by photochemical processes or metallic salt formations in the 
environment (EPA 1980). 

Factors Affecting PCB Distribution in the Environment 

The distribution of PCBs in the environment is influenced by their physical and chemical 
properties. As a result of their highly lipophilic nature and low water solubility, PCBs are 
generally found to have low concentrations in water and relatively high concentrations in 
sediments. Individual PCB congeners have different physical properties based on both the 
degree of chlorination and position of chlorine substitution, although differences with 
degree of chlorination are usually more significant (Phillips 1986). Vapor pressure and 
water solubility are inversely related to degree of chlorination (Erickson 1985; Phillips 
1986). Octanol-water partition coefficients, which are often used as estimators of the 
potential for bioconcentration, are highest for PCB congeners with the highest degree of 
chlorination. Solubilities and octanol-water partition coefficients range over several orders 
of magnitude (Table 1). Due to their higher water solubility, lower chlorinated PCBs may 
show a greater dispersion from a point source, while the higher chlorinated components of 
a PCB mixture may remain in the sediments closer to the source (Phillips 1986). 
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Table 1. Summary of Chemical Characteristics of PCBs and Some Commercial PCB Mixtures. 

PCB No. of Percent Solubility2 3log KoW 

Isomers1 Chlorine1 
.(Ppb) 

Biphenyl 1 0 7500 3.89 
Monochlorobiphenyl 3 18.6 1190-5900 4.38-4.48 
Dichlorobiphenyl 12 31.5 80-1500 4.9-5.3 
Trichlorobiphenyl 24 41.0 78-85 5.6-5.8 
Telrachlorobiphenyl 42 48.3 34-180 
Pentachlorobiphenyl 46 54.0 22-31 6.5 
Hexachlorobiphenyl 42 58.7 0.95 6.8-6.9 
Heptachlorobiphenyl 24 62.5 
Octachlorobiphenyl 12 65.7 7.1 
Nonachlorobiphenyl 3 68.5 
Decachlorobiphenyl 1 79.9 8.2 

Commercial Mixtures 

Aroclor 1221 21 3500 
Aroclor 1232 32 1450 
Aroclor 1016 41 332 
Aroclor 1242 42 288 
Aroclor 1248 48 54 
Aroclor 1254 54 42 
Aroclor 1260 60 2.7 

1from EPA 1980 
2from Chou and Griffin 1986 (range of values reported; not representative of all isomers) 
3from Doucelte and Andren 1987 (range of values reported; not representative of all isomers) 

The mobility of PCBs in sediment is also a function of the chlorine substitution pattern and 
degree of chlorinalion and is generally quite low, particularly for the higher chlorinated 
biphenyls (Fisher et al. 1983). As a result of this low mobility, in the absence of 
disturbance of the sediment or bioaccumulation, even low rates of sedimentation may 
prevent PCBs in the sediment from reaching the overlying water via diffusion (Fisher et al. 
1983). The measurement of PCB levels in sediment is complicated by their non-uniform 
distribution on both vertical and horizontal scales. Sedimentation rate and the depth of 
sediment sampled are both important factors in the determination of PCB concentrations in . 
sediment (Pavlou and Dexter 1979; Phillips 1986). Different types of sediment sampling 
equipment may differ in the amount of recently deposited surface sediment retained, 
resulting in significant differences in concentration values (Phillips 1986). 

PCB concentrations are also affected by physical characteristics of the sediment such as 
grain size, and total organic carbon content (Pavlou and Dexter 1979; Lynch and Johnson 
1982). Fine sediments generally contain higher concentrations of PCBs than coarser 
sediments, probably as a result of a larger surface area (Phillips 1986). The amount of 
PCBs sorbed to sediments is also a function of the total organic carbon content of the 
sediment (Chou and Griffin 1986; Sawhney 1986). Variability in sediment PCB 
concentrations within segments of the Hudson River appeared to be related to both particle 
size and total organic content (Brown et al. 1985). 
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The persistence of PCBs in the environment is a result of their general resistance to 
degradation. The rate of degradation of PCB congeners by bacteria decreased with 
increasing degree of chlorination (Furukawa 1986); other structural characteristics of the 
individual JXTDs also affected susceptibility to microbial degradation to a lesser extent. 
Photochemical degradation, via reductive dechlorination, is also known to occur in aquatic 
environments; the higher chlorinated PCBs appear to be most susceptible to this process 
(Sawhney 1 986). In addition, reductive dechlorination of the higher chlorinated PCB 
congeners by anaerobic bacteria in sediments has been reported (Brown et al. 1987). The 
overall significance of the. different degradation pathways in terms of reduction of 
environmental FCB levels is not clear at the present time. 

Factors Affecting the Accumulation of PCBs by Aquatic Organisms 

The availability of PCBs in sediments to aquatic organisms depends on the concentrations 
of the specific PCBs present, physical properties of the sediment, environmental factors 
and characteristics of the organisms. The multitude of factors that affect the distribution 
and availability of PCBs in contaminated sediment and their accumulation by aquatic 
organisms make it extremely difficult to develop models to predict the relationship between 
sediment concentrations and concentrations in organisms a priori. In addition, the data 
needed to characterize all of the necessary factors are often not available, and their 
collection may easily exceed the costs of a direct evaluation. 

PCB concentrations (lipid basis) in a polychaete and a fish species were directly correlated 
with sediment concentrations in a laboratory study (Shaw and Connell 1982). Uptake of 
specific PCB components by the organisms was a function of the product of the octanol­
water partition coefficient and an empirically derived coefficient based on the pattern of 
chlorine substitution. Maximum uptake was observed forpenta- and hexachlorobiphenyls 
(the primary components of Aroclor 1254); less chlorinated PCBs had smaller partition 
coefficients and the higher chlorinated PCBs had less favorable stereochemistry. 

The elimination of PCBs from organisms is also related to the characteristics of the specific 
PCB congeners present In two field studies, uptake and depuration in mussels was 
relatively rapid for lower chlorinated PCBs but much slower for higher chlorinated 
congeners (Pruell et al. 1986; Tanabe et al. 1987). In the Hudson River (New York), 
declines in PCB concentrations in some fish species over several years were primarily due 
to reduction in the lower chlorinated components (Brown et al. 1985). Differences in 
bioaccumulation among individual PCB congeners was reported to be the result of 
differences in elimination rates for juvenile soles, presumably due to differences in 
biotransformau'on metabolism (Boon and Duinker 1985). 

Physical properties of the sediment, such as organic carbon content and sediment grain 
size, directly affect the availability and bioaccumulation of PCBs (Pavlou and Dexter 1979; 
Neff 1984). For example, uptake of PCBs from sediments by polychaeles was affected by 
the organic carbon content of the sediment; polychaetes in sediment with a low organic 
carbon content had a bioaccumulation factor (ratio of the concentration in tissue to the 
concentration in sediment) of 1.59 compared to 0.15 for high organic sediment (Rubenstein 
et al. 1983) . Chironomid larvae from low organic sediment had a higher bioaccumulation 
factor than larvae from organic-rich sediment (Larsson 1984). 

Connor (1984), with modifications by Breck (1985), derived an equation to predict 
fisli/sediment concentration ratios for hydrophobic contaminants from the organic-carbon­
normalized octanol-water partition coefficient Assuming an organic carbon content of 1%, 
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a fisli/sediment ratio of 45 is estimated from the log octanol-water partition coefficient for 
Aroclor 1254 (Breck 1985). For chemicals that are accumulated via the food web, the 
octanol-water partition coefficients may underestimate the fish/sediment ratio (Breck 1985). 
Fish/sediment concentration ratios were also observed to be a function of the flushing time 
(hydraulic retention time) of the water basin based on data from other studies (Connor 
1984). 

The presence of other contaminants may also influence the bioaccumulalion of PCBs. For 
example, high concentrations of petroleum hydrocarbons may reduce the uptake of PCBs 
in polychaetes (Shaw and Connell 1982). 

Seasonal variations in PCB accumulation by aquatic organisms have been commonly 
observed and may be attributed to changes in PCB availability, changes in water quality 
(temperature, salinity, hydrological conditions), or biological changes in the organism 
(Phillips 1986). In a Swedish study involving experimental ponds with PCB contaminated 
sediment, Larsson (1985, 1986) reported that PCB concentrations in the water varied 
seasonally, with higher levels in the summer and lower levels in the winter. PCB 
accumulation in zooplankton and fish reflected the seasonal variation in the water 
concentrations. 

Characteristics of the organisms, including species differences, lipid content, age, rate of 
growth, sex and reproductive condition, may also affect bioaccumulation of PCBs. Since 
PCBs primarily partition into lipid compartments, differences in PCB concentration 
between species and between different tissues within the same species may reflect 
differences in lipid content (Phillips 1986). Sloan and Armstrong (1981) observed that 
PCB concentrations in several species offish in the Hudson River were strongly correlated 
to their lipid content. In addition, accumulation of PCBs in migrant (non-feeding) fish 
species was related to body size (ratio of surface area to volume), regardless of species. 

Reduction in PCB body burdens may take place in females of some species during egg 
production and spawning (Lech and Peterson 1983; Stout 1986). PCB concentrations also 
may be reduced through growth of the organism as a result of dilution, while the overall 
body burden increases or remains unchanged (Hulzinger et al. 1974; Lech and Peterson 
1983). 

Biotransfonnation of PCBs in fish and other aquatic organisms is generally slower than in 
mammals, and, in addition, fish appear to be less able to metabolize (and thus, excrete) the 
higher chlorinated PCB congeners (Lech and Peterson 1983). Consequently, fish and 
other aquatic organisms may accumulatea higher percentage of the higher chlorinated PCB 
congeners than is found in the environment 

II. Sediment Target Levels 

In this paper sediment "target levels" represent levels of PCB contamination corresponding 
to a threshold level of impact—that is, a level above which toxic effects have been reported. 
It is important to distinguish target levels, which are based solely on biological effects,
from cleanup levels, which include consideration of other factors and correspondlo"
"acceptable levels of impairment." 

V 
 > ̂  
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Bioaccunnilation and Biological Effects 

One approach to determining levels of PCB contamination in aquatic sediments that would 
be protective of aquatic organisms involves consideration of the relationship between the 
concentrations of PCBs in sediment and aquatic organisms and the evidence for toxic 
biological effects at different tissue levels, based on published data. 

Bioaccumulation of PCBs from contaminated sediments may result from uptake of PCBs 
from water (via respiration), direct dermal sorption or indirectly tlirough the food web 
(Swartz and Lee 1980; Rubenstein et al. 1984). Diet appears to be the major pathway for 
PCB contamination in a number of fish species (Jensen 1982; Rubenstein et al. 1984; 
Thomann and Connolly 1984). Regardless of the route of exposure, PCBs in the sediment 
provide a significant source of contamination for aquatic organisms (Larsson 1985, 1986). 
Aquatic organisms living in association with PCB-contaminated sediments generally have 
levels equal to or greater than sediment levels (O'Connor et al. 1983; Neff 1984). 

The relationship between PCB concentrations in sediments and the resulting levels in 
resident biota has been investigated in a number of studies (Table 2). A large scale survey 
of the southeast Atlantic and Gulf of Mexico coasts reported fish/sediment concentration > 
ratios ranging from 5 to 20 for total PCBs in Atlantic croaker (Micropogonias undularus) ' 
liver tissue (NMPS f987)rin a major field study in the Upper Mississippi River, sediment 
PCB concentrations of about 0.5 ppm resulted in invertebrate concentrations similar to the 
sediment levels. BluegiU and carp had PCB concentrations of about 0.5-1.0 ppm and 1.0­
2.0 ppm, respectively (Mauck 1987). Oligochaetes in the Niagara River (New York) had 
PCB concentrations about 3 times higher than sediment concentrations (Fox et al. 1983). 
In two field studies in Puget Sound, organism/sediment ratios ranged from 0.4-7.1 in 
English sole (Parophyrs veloUvs) (Tetra Tech 1983) and from 0.6-13 in clams and 3.5-150 
in shrimp (Malins et al. 1980). 

Uptake by plants growing in PCB-contaminated soil does not appear to be of major 
importance (Pal et al. 1980; Fries and Marrow 1981). However, Mrozek et al. (1982) 
reported selective uptake of lower chlorinated biphenyls by salt marsh cordgrasss (Spartina 
alterniflora) from sediments treated with Aroclor 1254; the higher chlorinated components 
were not accumulated. 

Sediment bioaccumulation factors (concentration in tissue/concentration in sediment) show 
considerable variation, but the majority of results from both field and laboratory studies 
support the generalization that PCB concentrations in resident organisms will equal and, in 
some cases, greatly exceed concentrations in the sediment. Additional information on the 
relationship between PCB concentrations in the sediments and in the tissues of aquatic 
organisms may eventually lead to predictive models. It is evident, however, that a 
bioaccumulation factor of 1 is more likely to underestimate than to overestimate the 
concentration in resident organisms, particularly organisms in higher trophic levels. 
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Table 2. Summary of Bio accumulation Factors (Ratio of the Concentration in the Organism to the 
Concentration in Sediments) from PCB-Contaminated Sediments. 

Bioaccum. 
Factor 

Organism Location Mean (Range) Reference 
Marine 

Clam Puget Sound 5.9 (0.6-13) Matins et al. 1980 

Shrimp Puget Sound 37 (3.5-150) Tetra Tech 1983 
English sole Puget Sound 3.6 (0.4-7.1) 

Atlantic croaker Atlantic and (5-20) NMFS 1987 
'Gulf Coasts 

Shrimp Lab (1.9-3.5) McLeese et a!. 
Polychaete Lab (3.8-10.8) 1980 

Mussel Lab 0.4 Rogerson et al. 1985 

Fiddler crab Lab (0.2-1.1) Clark etal. 1986 

Polychaete Lab 0.15 (high organic) Rubenstein et al. 1983 
1.6 (low organic) 

Freshwater 

Oligochaete Niagara River about 3 Fox etal. 1983 

Chironomid Artificial ponds 4.2 Larsson 1984 
Larvae Field 2.9 

Prawn Lab 1.1 Tatem 1982 
Clam Lab 2.4 

Perch Lab 2.7(1.5-3.9) Seelye et al. 1982 

While acute toxicity of PCBs appears to be relatively low (EPA 1980), a number of field 
and laboratory studies provide evidence of chronic sublethal effects on aquatic organisms at 
low tissue concentrations (Table 3). ResultTfrom chronic toxicity tests indicate that PCB 
toxicity is directly related to the duration of exposure (EPA 1980). Of particular note are 
the number of marine and freshwater fish species that experienced chronic toxicity at PCB 
tissue levels of less than 1.0 ppm and as low as OJ^prjin. For example, a field study in the 
Baltic Sea demonstratecTreduction in the viableTiatch of Baltic flounder eggs at PCB 
concentrations greater than 0.12 ppm (Von Westernhagen et al. 1981). In another field 
study, Spies et al. (1985) reported an inverse relationship between PCB concentrations in 
starry flounder eggs in San Francisco Bay and reproductive success. Results suggested 
that concentrations of PCBs in the ovaries of less than 0.2 ppm could affect reproductive 
success. Monod (1985) also reported a significant correlation between PCB concentrations 
in eggs (on lipid weight basis) and total egg mortality in Lake Geneva char (at PCB 
concentrations ranging from 10-78 ppm lipid weight, 0.1-0.5 ppm wet weight). However, 
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it should be noted that, for all of the above field studies, the possible presence of other 
contaminants complicates the interpretation of results. 

Table 3. Chronic Biological Effects Associated With PCB Concentrations 

Organism/organ PCB Effect Reference 
Concentration 

Striped bassf 1.4ppmFW, Reproductive Ray et at. 
gonads 2.3 ppm lipid failure (inference) 1984 

Atlantic salmon/ 1. 9-6.5 ppmlipid No effects Zitko and Saunders 
eggs Aroclor 1254 1979 

Baltic flounder/ >0.12ppmFW Reproductive Von Westernhagen 
ovaries failure etal. 1981 

Cyprinid minnows/ >24 ppm FW Reproductive Bengtsson 1980 
gonads failure 

Rainbow trout/ 0.4 ppm FW Eggs with low EPA 1980 
whole body Aroclor 1242 survival 

Rainbow trout/ 0.33 ppm FW Deformities and Niimi1983 
eggs Aroclor 1254 prehatch mortalities 

Atlantic salmon/ 0.6-1. 9 ppm FW 46-100% Niimi1983 
eggs, fry (14.4-34 ppmlipid) mortality 

Starry flounder/ 0.2 ppm FW Reduced Spies etal. 1985 
ovaries reproductive success; 

MFO induction 

Char/ 10-78 ppm lipid Egg mortality Monod 1985 
eggs (0.1 -0.5 ppm FW) 

FW = wet weight 

PCBs have also been shown to cause induction of the mixed function oxygenase (MFO) 
system in aquatic organisms. Induction of the MFO system, consisting of a group of 
microsomal enzymes important in the metabolism of xenobiotics, may result in an increased 
sensitivity to the toxic effects of other contaminants that undergo metabolic activation 
(Binder and Lech 1984). Induction of the system may also directly affect normal 
physiological functions such as reproduction and molting (Lee 1981; Payne et al. 1987). 

Both field and laboratory studies have demonstrated MFO induction by PCBs at tissue 
levels within the range of environmental exposures. Addison et al. (1981) reported a dose-
response relationship between PCB concentrations and MFO induction at low levels of 
PCB in brook trout muscle tissue (from concentrations less than 1 ppm). Contamination of 
lake trout gametes with PCB concentrations 1 ppm above background levels resulted in the 
induction of MFO enzymes in offspring (Binder and Lech 1984). Low tissue levels of 
PCBs induced increased MFO activity in Fundulus (1.4 ppm median effective dose) 
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(Binder ct al. 1985). Spies et al (1984,1985) reported an inverse relationship between 
MFO induction and reproductive success in starry flounder. 

An exhaustive literature search on the bioaccumulation and toxicological effects of PCBs 
was not undertaken in this review. Based on results from several studies indicating chronic 
toxic effects in aquatic organisms with PCB residues in tissue between 0.1 and 0.5 ppm 
and tissue levels that usually equal or exceed sediment levels, a sediment concentration of 
0.1 ppm or less would be reasonably protective of aquatic resources . Higher sediment 
concentrations would most likely result in tissue levels in aquatic organisms that have been 
associated with chronic toxic effects. 

General Approaches to Sediment Quality Target Levels 

Regulatory agencies have taken several different approaches to the problem of establishing 
target levels for sediment contaminants (including PCBs) that would be the equivalent of 
the national water quality criteria. The following section reviews four of the recent 
approaches and compares the values obtained for PCBs. None of these approaches has yet 
received widespread acceptance or application; hence, the values are still considered 
preliminary. 

The sediment-water equilibrium partitioning model (EP), that was developed for the 
U.S. EPA Criteria and Standards division, uses a theoretical approach based on 
established water quality criteria (JRB 1984; Quinlan et al. 1985). Sediment target levels 
for non-polar organic compounds are determined by the concentration in the sediments that 
would result in interstitial water concentrations equivalent to the water quality criteria (for 
fresh water). Interstitial water concentrations are estimated from organic-carbon­
normalized partition coefficients. The major limitations of the EP approach include the 
assumptions that equilibrium partitioning is the only significant pathway from the 
sediments to the biota, that equilibrium steady-state conditions exist in aquatic systems, and 
that the water quality criteria values determined by sediment-free bioassays have a direct 
application to benthic systems. 

The screening level concentration (SIX!) is a field-based approach developed in support of 
the EP model. "The SLC is an estimate of the highest concentration of a particular 
nonpolar organic contaminant in sediment that can be tolerated by approximately 95 percent 
of benthic infauna" (Battelle 1986). The SLC is derived from synoptic collections of 
sediment concentrations and benthic invertebrate distributions from several geographic 
regions. Since it does not take into account other factors that might influence distributions 
of benthic infauna (e.g., other contaminants, habitat variables, water depth, sediment grain, 
size), the SLC requires a large database with a broad range of toxicant concentrations to 
define the influence of any one substance. One of the major limitations of this approach is 
that the presence of a species at a site does not necessarily imply lack of a biological effect 

The apparent effects threshhold (AET) approach uses field data (chemical concentrations in 
sediment) and at least one biological indicator of injury (sediment bioassays, altered benthic 
infaunal abundance, bioaccumulation, histopathology, etc.) to determine the concentration 
of a given contaminant above which statistically significant biological effects would be 
expected (Tetra Tech 1986). The AET approach was developed in Puget Sound to establish 
chemical criteria for disposal of dredged material and is also being considered by U.S. EPA 
Region 10 for use in establishing cleanup target levels in Puget Sound. As in the SLC 
approach, the AET requires a large database, and results could be strongly influenced by 
the presence of unmeasured, covarying toxic contaminants. In addition, AET values based 

10
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on bioassay results may not reflect chronic effects that may be of particular importance for 
PCBs. 

The sediment triad approach uses a combination of sediment chemistry, sediment 
bioassays, and some measure of in situ biological effects (benthic infaunal abundance, 
bottom fish histopathology, etc.). Data are summarized by area (e.g., embayment). Data 
requirements are similar to the AET, but the approach thus far has been used only for 
comparisons among broad spatial areas. Results indicate chemical concentrations below 
which biological effects would be expected to be minimal and concentrations above which 
effects would be expected to be severe (Long and Chapman 1985; Chapman 1986). The 
triad approach, in contrast to the AET, requires the definition of "minimal" and "severe" 
biological effects to establish criteria. 

Sediment quality (target level) values for PCBs have been determined by each of the four 
approaches and are presented below (Table 4). EP values for PCBs range from 0.001 ppm 
for dichlorobiphenyls to 0.14 ppm for hexachlorobiphenyls, based on the water quality 
criterion for PCBs in freshwater (0.014 ug/1) at 2% total organic carbon (TOC). SLC 
values for total PCBs are 0.006 ppm for freshwater and 0.086 ppm for saltwater 
normalized for 2% TOC. The AET values for total PCBs range from 0.13 ppm dry weight 
based on the Microtox bioassay to 2.5 ppm based on the amphipod bioassay; the benthic 
infauna test and oyster larvae bioassay both resulted in intermediate AET values of 1.1 
ppm. The bioaccumulation AET value of 0.14 ppm was based on PCB concentrations in 
English sole muscle tissue and calculated human risk assessment; however, the mobility of 
English sole makes the relationship between sediment concentrations and tissue residues 
less direct than for the other AET values. The sediment triad approach determined that 
biological effects were minimal at sediment concentrations of 0.1 ppm total PCBs. It is 
worth noting that the EP, SLC, AET, Triad approaches have all yielded target values for 
PCBs that are mostly well below 1 ppm, while recognizing that none of the values have 
received extensive validation or application. 

Conclusions 

The primary objective of this paper was to define a sediment concentration that is protective 
of aquatic ecosystems from PCB toxicity. The application of sediment target levels to 
specific systems will involve additional considerations before site-specific cleanup criteria 
can be established. Since the PCB target levels are based primarily on chronic effects and 
may affect only small portions of a population or ecosystem, the ecosystem destruction or 
disruption accompanying a large cleanup attempt may be greater than that associated with 
the PCB, even over the long term. Further, the cleanup operation itself may cause 
unacceptable problems. For example, a recent study by Rice and White (1987) reported 
that dredging to remove PCB-contaminated sediments in a Michigan river resulted in 
increased bioavailability of PCBs to caged clams and fish at a station 11 km downstream 
for at least six months. 

Finally, establishing sediment target levels does not address the question of how data are to 
be collected to determine the extent of contamination in a specific area and how the data 
should be analyzed to provide numerical comparisons to the target levels (e.g., point-by­
point comparisons, single-point subjective or computer-aided contouring, kriging, 
averages, mean values, upper confidence level limit or other statistical methods). Sediment 
PCB concentrations can be expected to exhibit considerable variation within an area. 
Different methods of data collection and interpretation can make large differences in the 
remedial process, even if the target level is enforced. 
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Table 4. Summary of PCB Sediment Quality Target Values From Four Approaches. 

Equilibrium Partitioning: (JRB 1984; Quinlan et al. 1985) 
(u.g/g dry wt @ 2% TOC) 

Marine 0.001a-0.14b 

Screening Level Concentration: (Battelle 1986) 
(ng/g dry wt @ 2% TOC)(total PCBs) 

Freshwater 0.006 
Marine 0.086 

Apparent Effects Threshhold: (TetraTech 1986) 
(ug/g dry wt) (total PCBs) 

Marine (Puget Sound): 

Microtox bioassay 0.13 
Bioaccumulation 0.14 
Benlhic infauna (higher taxa) 1.1 
Oyster larvae bioassay 1.1 
Amphipod bioassay 2.5 

Sediment Triad: (Chapman 1986) 
(u.g/g diy wt) (total PCBs) 

Marine (Puget Sound): 

no or minimal biological effects 
major biological effects >0.8 

a Value for dichlorobiphenyls 
b Value for hexachlorobiphenyls 

The different approaches considered in this report (bioaccumulation/toxicity, EP, SLC, 
AET, and Triad) arrive at sediment quality target values for PCBs in the range of 0.1 ppm 
or less. Since the levels developed by most of these approaches are the concentrations at 
which some effects were noted, it could be argued that a safety factor should be added to 
these values to achieve lower concentrations of PCB that would be more fully protective of 
the health of all aquatic organisms. However, given the widespread distribution of PCB 
contamination in aquatic environments (in many cases the "background" levels in an area 
are greater than 0.1 ppm), achieving specific target levels may not be feasible. 

At this point in our understanding of the distribution, uptake and toxic effects of PCBs, a 
sediment concentration of 0.1 ppm appears to be a reasonable preliminary target level for 
use in assessing the environmental hazards from PCB contamination and the need for 
remedial action. Toxic effects may occur at concentrations below 0.1 ppm, particularly in 
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systems with sediment bioaccumulation factors much greater than 1 or as indicated by the 
SLC value for freshwater. It is also possible that in systems with sediment 
bioaccumulation factors of less than 1, sediment concentrations of 0.1 ppm may not result 
in delectable toxicity. 

It must be recognized that this sediment target level of 0.1 ppm has a substantial, but 
undefined, uncertainty. The many remaining unanswered questions make it difficult and 
perhaps inappropriate to attempt to define a target level with more precision. It is still 
unclear, for example, to what extent different toxic responses may be related to the specific 
mixture of PCB congeners present, and whether the necessary analytical measurements to 
support target levels for specific types of PCBs could be routinely performed. Similarly, 
while it is known that the bioavailability of PCBs is affected by the physical and chemical 
properties of the sediments, the effects of sediment characteristics and lipid content and 
other characteristics of aquatic organisms on the uptake of sediment-bound PCBs by 
organisms have not been well-defined. 

Given all the uncertainties presented above, it should be clear that even with acceptable / 
sediment quality target levels, the actual cleanup criteria to be used must still be evaluated 
on a site-by-site basis. 
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