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Abstract. Polychlorinatcd hiphenyl patterns were compared in <il. 1987) In the contaminated upper New Bedford Harbor 
samples of water, surface sediment. Piid the indigenous organ- (NBH). Massachusetts (Figure 1). the PCB inputs are known 
isms nhbcd mussels (Modiolu\ dc'ni\\u\). grass shrimp (Pa- and the gas chromatographic patterns of the PCBs are well 
leomonetes pugio). mummichogs (Fumhilin hetcr<nlitn). and charactcn/ed (Weaver 1984: Brown and Wagner 1990: Lake et 
eels (AiiKiiila rostratu) collected from 1991 through 1993 at al 1992) This harbor received large quantities of Aroclors* 
two stations in the highly contaminated New Bedford Harbor, 1242 and 1254 from 1947 to 1970 and possibly Aroclor* 1016 
Massachusc.ts. Principal component analysis of analytical data from 1970 to 1978 from a capacitor manufacturing plant (Plant 
showcJ groups of points that corresponded to individual spe- A) (Figure 1) The PCB concentrations in blue mussels (Mytilus 
cies, but little separation between stations for the same species eduln) deployed for intervals of 28 days at Station CB (Figure 
was found. Linear correlations showed a high level of agree- 1) during 1987. 1988, and 1989 ranged over only about a factor 
ment between PCB patterns in samples of the exposure environ- of two (Bergen personal communication. 1994). In addition, 
ment (water and sediments) and two species of organisms almost no change in gas chromatographic patterns of PCBs was 
(nbbed mussels and mummichogs) However, due to two sepa- found in filter feeding bivalves sampled at station HS and CB 
rate metabolic alterations of PCBs, the patterns in both shnmp from 1991 to 1993 (Lake, unpublished data). These data sug­
and eels showed poor agreement with patterns in water and gest that the pattern of PCBs to which organisms were exposed 
sediment. Selective enrichment factors (SEFs), the ratios of was constant and allowed for differences in patterns of PCB 
individual coplanar or mono-ortho substituted congeners to the congeners, including the mono-ortho and non-ortho congeners, 
total PCBs. were used to compare the relative abundance of to be ascribed to differences in bioaccumulation and metabo­
congeners in samples. Due to metabolic differences, the SEFs lism. 
were lower in eels and higher in shrimp than those found in Mono-ortho and coplanar congeners are of special interest 
Aroclor* standards. because they cause a variety of dcterimental health effects in 

mammals and appear to have the same mechanism of toxicity as 
Tctrachlorodibenzo-dioxm (Safe 1984, 1994). For lower level 
aquatic organisms, however, the toxicological effects of these 

The patterns of polychlorinatcd biphenyls found in organisms congeners is unclear. High levels of coplanar congeners had 
vary greatly depending on the type of PCB mixtures to which effects on the reproductive process in mummichogs (Fundulus 
the organisms were exposed, the extent of environmental alter- heteroclitis) (Black et al. 1993), and have been implicated in 
ations of these mixtures, and the bioaccumulativc and meta- reproductive effects on salmon (Ankley et al. 1991). Con­
bolic capabilities of the organisms. Changes in PCB patterns versely, studies of the toxicity of coplanar PCBs to the early life 
can be extensive enough to prohibit even the identification of stage of trout suggest that these compounds may be less toxic to 
the original Aroclor* mixture to which the organisms were these organisms than to some higher level organisms,e.g.. 
exposed from the residues remaining in organisms (Schwart? el mammals (Walker and Peterson 1991). Another study found 

that little acute toxicity resulted from exposure of two aquatic 
invertebrates to the coplanar congener BZ 77 (Dillon and Bur­
ton 1991). Nevertheless, coplanar congeners have higher li-

Mention of product names docs not constitute endorsement for use by pophilicitics (Kafafi el al. 1993) and lower depuration rate 
USEPA Environmental Research Laboratory Contribution No 1598 constants from bivalves (Sericano et al. 1992; Kannan et al. 

1989) than other congeners with the same number of chlorines. 
'. f Correspondencr to: J. L. Lake These properties could potentially result in enrichments of co­

http:Massachusc.ts


20K J. L. Lake rt al. 

Boston 

&» 
New Bedford 
Harbor 

Long Island 

Coggeshall St Bridge 

195 Bridge 

Popes Island Bridge New 
Bedford it 

Harbor 

Hurricane 
Barrier 

planar congeners in lower trophic level organisms and in 
greater exposure levels for predators. 

Since organisms vary greatly in their capacity to metabolize 
PCBs, we selected four species of organisms that encompassed 
a range of PCB degradative capabilities, but were exposed to 
similar concentrations and distributions of PCB congeners at 
two stations in the highly contaminated Upper New Bedford 
Harbor, Massachusetts. The species selected were a mollusk. 
the ribbed mussel (Modiolus demisxus). a ciustacean. the grass 
shrimp (Paleomonetes pugio). and two fish, the mummichog 
(Fundulus heteroclitis) and eel (Anguila rostrata). This study 
identified differences in bioaccumulation and metabolic trans­
formations between the species and determined the extent of 
enrichment of mono-ortho and coplanar congeners in these 
organisms. 

Materials and Methods 

Samples of water, sediment, and organisms were collected at the Hot 
Spot station (HS) and at the Coggcshall St. Bridge station (CB) on the 
dates shown (Table 1). Eels (Anguila rosirata) were only caught at Hot 
Spot South (HSSJ. Water sample;, were taken in jars. Intcrtidal surface 

Fig. 1. Map of New Bedford showing -ain­
pling stations 

sediments were collected during low tide by scraping the top 0,5 cm 
(approximately) of sediment into glass jars. Samples of mummichogs 
(Fundulus heteroclitis). shrimp (Paleomonetes pugio). and eels (An­ "fl 
xuila rostraia) were collected in minnow traps baited with bread. 
Rihbcd mussels (Modiolus demissus) were collected by hand from 1* 
locations below the high tide mark. Water samples were extracted upon 
return to the laboratory. Sediment and organism samples were frozen 
(-20°C) until analyzed. 

An internal standard (BZ 198) was added to water, sediment, and 
organism samples. An additional internal standard. Octachloronaph­
thalcnc (OCN), was added to sediment and organism samples that were 
analyzed for coplanar congeners. 

Water samples were extracted in a separatory funnel using methyl­
cne chloride (CH,CU). These extracts were volume reduced and the 
solvent was exchanged to heptane. 

Sediment samples were thawed, thoroughly mixed with a spatula, 
and a small sample (~0.5 g) was removed. Another aliquot was re­
moved and oven dried (110°C) to determine moisture content. Internal 
standards were added to the sample and it was extracted twice with 
acetone using a vortex mixer. After addition of water to the acetone 
extracts, the PCBs were partitioned into heptane. 

Organism samples were thawed and shucked (if needed), chopped, 
and homogenized with a Polytron (Brinkman Instruments). An aliquot 
of the homogenate was oven dried (HOT) to determine moisture 
content. Internal standards were added (as above) and each sample was 

* t, 
*«.-. 
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Table!. Total PCB concentration in samples collected from New Bedford Harbor ( 1 ) 'Sill 

Station Type Year Concentration (month collccicdl** Mean RSD '•'''*»§ 

Water • V;|| 
HS 1991 1520 INov) H50|Nov| Sf 
HS 1992 3210 |Jun] 2330 49.8% )3| 
HS 1993 3430|May| t$ 
CB 1991 2410 |Nov] 1380 |Nov| 4240 |Nov| 530 |Nov] ,JjS 
CB 1992 686 |Junl 1870 73.2% J*! 
CB 1993 1970 |May] 1̂ 

Sediment '•T'L 
HS 1991 881 |Oct] 354 |Nov) 139 |Nov| ',:%: 
HS 1992 227 |Jun| 351 87.8% ;?.|| 
HS 1993 154 |May] (48%)*«i :^M 
CB 1991 24.4 |Nov| 18.6 |Nov) '1% 
CB 1992 26.4 |Jun] 20 35.1% 5§| 
CB 1993 10.7 (May] (4.0%)* .,}% 

!''f'V tRibbed mussels 
HS 1991 not collected -vtfSL 
HS 1992 453 |Jun| 732 53.8% JSI 

:;3HS 1993 1010 (May] (2l%)*6i
CB 1991 154 INov) 82.1 |Dec] - 'lit 
CB 1992 !69|Jun| 128 31.9% .;fl 
CB 1993 l06|May](34%)* :<M 

Shrimp 
HS 1991 25.7 (Nov] 88.9 |Nov] 
HS 1992 277 |Jun| \14 86.4% -^MB 
HS 1993 106|May] (1.3%)*(fi '";?^ 
CB 1991 2l.5|Nov]25.8|Nov] 21.8 17.9% ' '^jj% 
CB 1992 '-''•^&
 
CB 1993 !8.0|Oct](l5%)* V|g
 

Mummichogs :v"5̂ 
 
HS 1991 1 170 |Nov] 482 INovJ : "ijj>
 
HS 1992 1470 |Jun] 1370 56.3% ngp
 
HS 1993 2340 [May] (4.5%)* Y|̂ S
 
CB 1991 1310 |Nov] ;'5||
 
CB 1992 198 |Junl 655 89.0% /If 
CB 1993 455JMay|(5.l%)* •.•:$m 

Eels :''3^S, 
HSS 1991 266 |Nov] 565 |Nov| *Sjt 
HSS 1992 380 42.3% "If 
HSS 1993 311 |Oct] ( 1 .6% )*((i *m 
CB not caught |! 

(I) concentrations in ng/l for water : ug/g(dry) for organisms ^f| 
HS « Hot Spot mHSS = riot Spot South JR
CB - Coggeshall St. Bridge % 
For analytical replicates, RSD% shown in parenthesis after mean 
N = 3 for all analytical replicates 
• = sample used for comparisons of patterns of SEFs (Figure 5)
 
(5> = sample used for comparisons of relative uptake (Figure 4)
 
"*'/} detection limit was used for congener concentrations below detection
 

ground in 5 g Na:SO4 using a mortar and pestle. The sample-Na,SO4 PCB congeners were identified by individual congener standards 
mixture was transferred to a vial and extracted by the same procedure and a secondary standard mixture of Aroclors* (Mullin 1987). Concen­
used for the sediments. trations of PCBs were calculated by the internal standard (BZ 198) and 

The heptane layer from all samples was reacted with concentrated were quantitated against the secondary standard mixture. The PCB 
' H2SO4. Portions of the heptane extracts were used for analysis of total congeners analyzed in this study and their structures are listed in Table 

. .. PCBs and for coplanar congeners. If necessary, sediment extracts were 2. In this paper, congeners are referred to by the prefix BZ and its 
reacted with reduced copper powder to remove elemental sulfur. number using the congener numbering system adopted by Ballschmiter 

Extracts were analyzed for total PCBs on a Hewlett-Packard 5890A and Zell (1980). For the sediment and organism samples, the method 
gas chromatograph (GC) equipped with a splitless injection port, elec- detection limit for congeners was 25 ng/g (dry wt). For water samples, 

"^ tron capture detector (ECD), and a 60-m fused silica column coated the method detection limit for congeners was 2 ng/L. Blanks were 
vj'with DB-5 (J&W Scientific Inc.). The output of the detector was processed with sample sets and showed no contamination which inter-': 
^collected on a microvax computer. fered with the analysis of PCBs. ; , ^ 
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Table 2. Numbering and structures of PCH congeners* used in this study 

Cogencr 
BZ # Structure 

004 + 010 2-2. 26­
007 24­
006 2-3 
008 + 005 2-4. 23­
019 26-2 
018 25-2 
017 24-2 
027 + 024 26-3. 236­
016 + 032 23-2. 26-4 
026 25-3 
025 24-3 
031 25-4 
028 24-4 
033 34-2 
022 23-4 
045 236-2 
046 23-26 
052 25-25 
049 24-25 
047 + 048 24-24. 245-2 
044 23-25 
042 + 037 23-24. 34-4 
064 236-4 
040 23-23 
100 246-24 
063 235-4 
074 245-4 
070 + 076 25-34. 345-2 
095 + 066 236-25. 24-34 
091 23-34. 234-4 
056 + 060 23-34. 234-4 
10] + 092 + 084 245-25. 235-25. 216-23 
099 245-24 
097 245-23 

Cogcner
BZ #

087
085
136
1 10 + 077
151 + 082
135 + 144
149
118
146
153
105
141
1 7 6 + 1 3 7
138 + 163
178 + 129 + 126
187 + 182
1 83
128
174
177
156 + 171 +202
180
170 + 190
201
203 + 196
195 + 208
207
194
206
209
Coplanar PCBs
077
126
169

$ 
i L. Lake ft al. '\; 

^ 
 Structure ,J 

 234-25 '**" 
 234-24 ') 
 236-236 £• 

 236-34, 34-34 ^ 
 2356-25. 234-23 ,? 
 235-236, 2346-25 

 236-245 
 245-34 
 235-245 
 245-245 
 234-34 ? 
 2345-25 

 2346-236.2345-24 
 234-245, 2356-34 £ 

 2356-235, 2345-23. 345-34 \ 
 2356-245. 2345-246 .'* 

 2346-245 \ 
 234-234 .'J 
 2345-236 \ 
 2356-234 J 

 2345-34. 2346-234, 2356-2356 v 
 2345-245 $j 

 2345-234. 23456-34 'M 
 2345-2356 ''̂  

 23456-245. 2345-2346 **$ 
 23456-234. 23456-2356 ;-;| 

 23456-2346 - » 
 2345-2345 -^ 
 23456-2345 :g 
 23456-23456 •'"% 

-^ 
 34-34 
 345-34 t,' 
 345-345 "5 

"The position of chiormc atoms on biphcnyl arc noted by numbers, and a dash represents the separation of rings. For example. 2.2'.4,4'.5.5'- 7J 
hcxachlorobiphcnyl (BZ 153) is shown as 245-245 in this paper The major congener is listed first for peaks containing more than one congener ^f 

Nine mixtures of Aroclors* 1242 and 1254 (the predominant
Aroclors* released in NBH) from 10% A-I242:90% A-1254 to 90%
A-I242:IO% A-1254 were analyzed. The mean percentage measured
(measured total PCB concentration using secondary standard/actual
total PCB concentration) was 98.7% (C.V. 2.2%).

Standards of PCB congeners were added to three samples of clean
wate' and analy/cd by the described procedures. Recoveries for the
congeners, not including the coplanars BZ 77 and 1 26. averaged 69%
and ranged from 5 1.0% to 8 1.7%. The mean relative standard dcvia­
lion (RSD) for these congeners was 1 1 %. Coplanar congeners were not
analyzed m water samples.

Analysis of Standard Reference Materials (National Institute of
Standards and Technology) #1941 Organics in Sediment, and #1974
PCBs in a Mussel Tissue Homogenate gave results that agreed within a
factor of two of the published results for 25 of 27 congeners. Spike and
recovery data for PCB congeners from clean sediment and clean seal-
lop tissue showed average recoveries of 123% and 106%. respectively.

. . ,.. . . „ , _
Analyses of Mono-onho and Coplanar Congeners

The mono-ortho congenes BZ 105 and 118 were resolved from other
congeners by the 60 m capillary column and were quantitated from the
total PCB analytical runs. The coplanar congeners BZ 77. 126. and

J 

 169 were separated from other congeners on a 15cm x 0 4cm column *J 
 containing 1.30 of 4.7% carbon (Super A activated carbon AX-21. ^jji 
 Anderson Development Co. USA) in fully activated Biosil A silicic **$ 
 acid (100-200 mesh). An aliquot of extract containing the OCN inter- * *f 

na| standard was charged onto the column and separated into the *C« 
 following fractions and rinses: Fl ) 20 ml 7.5% CH,CI, in hcxanc .f-vi 
 contained PCB congeners with 2. 3. and 4 ortho-chlorines; F2) 20 ml ' >4 
 CH,CI,. contained congeners with one ortho-chlorine; Rinse 1 ) 10 ml -V» 
 CH,CI,: Rinse 2) 10 ml CH,CU; and F3) 10 ml toluene (reverse * "8$ 
 elutlon"). contained internal standard OCN and congeners with no or- -? Ji 

 tho-chlonnes (coplanar congeners). For the present study, only Rinse 2 'If 
 and the F3 fractions were collected and analyzed Rinse •» was col- *|f 

|ccted and analy/cd to ensure that mono-ortho PCB congeners that ^ft 
 elutcd mF2 were separated from the coplanar PCBs in the F3 •*« 
 Coplanar congeners were identified in the F3 fractions by compari- $r» 
 sons of gas chromatographic retention times with those of known ^H 

 standards. Concentrations of coplanar compounds were calculated us- Jmi 
ing the internal standard (OCN) and were quantitated against the mix­

 lure containing the coplanar compounds. ?-« 
 Spikcs of cop,anar congenm and of ,he imema, standard wm |f 

added to triplicate samples of uncontaminated sediment and taken •<&§• 
 through the described procedures. These analyses showed the follow- »wM 
 ing percentage returns: BZ 77 (92.2, RSD = 15.5%)- BZ 126 (84 1 vJgiiE 
 RSD = 6.0%); BZ 169 (86.3. RSD = 6.8%)- OCN (87 8 RSD '=^uH 

- <(wSBS 
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TebfeJ. Comparisons of concentrations of BZ118. 105. 77. and 126 
in Aroclor!.' 1242 and 1254 

Aroclor* 1242 
This Study Reported m Literature 

CB# weight ft rsd ft (n = 3) weight ft (reference) 
118 0.45 2.6 1.62(1) 
105 0.32 3.8 0.86(1). 0.31 (2) 
77 0.2X 1.4 0.52 (3). 0 24 (4). 0 35 !2) 

126 0.0037 10.1 00017 (3) 
Aroclor* 1254 
CB # weight ft rsd ft (n =3) weight ft 
118 6.08 1.4 6.39(1) 
105 3.18 2 9 3.83 (1). 2.71 (2) 
77 O.I 58.6 006(3). 002 (4). 0.11 (2) 

126 0.0088 24.1 0 0046 (3) 

(])Schul7r/a/. 1989 
(2)Mullin 1985 
(3) Kannan elal. 1988 
(4) Huckins el al. 1980 

7.2ft). Similarly, analysis of samples consisting of spikes of coplanar 
congeners added to an uncontammatcd tissue matrix (abalone tissue) 
gave the following percentage returns: BZ 77 (53.0, RSD = 13.4ft); 

.BZ 126(53.2. RSD = 15.2ft): BZ 169 (54.0. RSD = 15.2ft): OCN 
(55.0. RSD = 20.8%). 

Due to documented difficulties in the following separations. BZ 110 
from BZ 77. BZ 126 from BZ 129 and 178 (Kannan ft al. 1991). a 
rinse of the carbon column was taken prior to inverting the column for 
the reverse elution with toluene. This rinse was analy/ed by BCD to 
ensure that the ortho-substitutcd congeners BZ 110, 129. and 178 had 
been cluted from the column and would not be important interferences 
in the F3 fraction. In spite of these precautions, analysis by gas 
chromatography/mass speclrometry (GC/MS) in selected ion mode 
showed that BZ 110 was presnt in the F3 fraction and could interfere 
with quantitation of coplanar BZ 77. However, BZ 129 and 178 were 
not important interferences in the quantitation of BZ 126. Based on 
extracted ion current profiles and total ion current profiles from 
GC-MS analysis, the mummichog had the highest level (22ft) of BZ 
110 coeluting in the F3 fraction with BZ 77. Interference with quanti­
tation of BZ 126 was < I ft. 

The content of the mono-ortho substituted BZ 118 and 105 and the 
coplanars BZ 77 and 126 in Aroclor* 1242 (A-1242) and Aroclor* 
1254 (A-1254) were analyzed by the above procedures. For A-I242. 
the weight percentage for BZ .118 was a factor of four less than the 
published values, but the other congeners agreed within n factor of two 
of the published values (Table 3). For the four congeners in A-1254. 
the results of the present study agreed within a factor of two of pub-
Ik'ied values, except for one analysis of BZ 77. The lack of agreement 
for BZ 118 in A-1242 and BZ 77 in A-1254 may indicate the variability 
present in PCB mixtures (Albro et al. 1981). 

Coplanar compounds were measured on triplicate analytical repli­
cates of 1993 samples of sediment, mussels, shrimp, and mummichogs 
from the HS and CB stations, and on eels from the HSS station (Table 
1). Mean selective enrichment factors (SEFs). the decimal fraction of 
coplanars BZ 77.126. and the mono-ortho substituted BZ 118 and 105 
were calculated and compared. Coplanar BZ 169 was below detection 
in all samples. In this study, the total PCB concentration included all 
PCBs. However, total PCB calculations from other studies sometimes 
included just the major congeners or were done using the concentra­
tions of selected PCB congener* and extrapolations to total Aroclor* 

v equivalents or total PCB concentrations. As a consequence, some 
?
t variability in SEFs between studies is expected. The methods for 

- V- f calculating total PCBs in the SEF calculations are listed (Table 4). 
.,$. 

&.­••*&. 

Numerical Analvsis 

Prior 10 pattern analysis of the data, for each sample the individual 
congener data were expressed as a fraction of the total PCB concentra­
tion. These data (for all individual samples) were compared using 
principal component analysis (Lavinc 1992). Graphical comparisons 
(Figure 3) and linear regressions (Table 5) were made ar each station 
using mean data from all years. 

Results and Discussion 

Congener Accumulation 

In surface sediments, the mean total PCB concentration for all 
years was a fetor of 17 higher at the HS station than at the CB 
station. Mean total PCB concentrations in ribbed mussels, 
shrimp, and mummichogs were factors of six, six. and two 
higher at the HS station than at the CB station, respectively. For 
water samples, mean concentrations were about equal (Table 
1). Due to high variability, no significant differences in mean 
concentrations of total PCBs over all years were found between 
the HS and CB stations for the same sample types (p « ,05). 

Principal component analysis (PCA) showed principal com­
ponents PCI, PC2. and PC3 accounted for 48%, 12%, and 10% 
of the variance in the data set. A plot of PCI vs PC3 shows a 
separation of organism samples by sample type, but little sepa­
ration between stations for the same sample type was found 
(Figure 2). In general, PCI loads negatively for congeners 
containing less than six chlorines and positively for congeners 
with six or greater chlorines. Thererfbre, on the PCI axis, 
water, mussel, and some sediment samples which contain 
higher relative amounts of congeners with less than six chlo­
rines have lower PCI values than found for the other samples 
(Figure 2). PC3 loads positively for congeners containing three 
or fewer chlorines and for congeners with seven or more chlo­
rines. Since biota do not accumulate low and high PCB conge­
ners as effectively as mid range congeners (Lake et al. 1987), 
the biota samples are lower and separate from the samples of 
the water and sediment on the PC3 axis. 

Graphical analysis showed similar patterns in the same spe­
cies at both stations (Figure 3). To make direct comparisons of 
patterns in organisms with those in the water and sediments, 
linear correlations of decimal fraction data of the congeners 
were calculated. A high degree of correlation was found for the 
mussels and mummichogs vs water and sediment at both sta­
tions (Table 5). The shrimp at the CB station, and the shrimp 
and eel samples at the HS station, showed far lower correlation 
coefficients with the water and sediments. The differences be­
tween patterns in organisms and those in the water and sedi­
ment samples may be attributed to interspecific differences in 
bioaccumulation »nd metabolism. 

While mussels do not appear to metabolize PCBs (Brown 
1992). the patterns in mussels are not an exact match of the 
patterns in the water and sediments because lower mw PCBs 
(<4 Cl atoms per molecule) and higher mw PCBs (those with 
>6 Cl atoms per molecule) which were present in the water and 
sediments were not as highly bioaccumulated by the mussels as 
the midrangc congeners (those with 4, 5, and 6 Cl atoms per . 
molecule) (Figure 3). The pattern in mussels is similar to those /j 
found in other studies with bivalve mollusks (Lake et al. 1987). 
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Table 4. Comparisons of selective cnnchmcni factors in fish, bivalves, and crustaceans 

J. L. Lake tt at. 

BZ77 BZI26 
(xlOOO) (x 10000) 

Walleye (1987) Lake Kcmaala <c)" 
Pike (1987) Lake Kcmaala. South Finland (c)* 
Pike (1987) Lake Kcmaala. South Finland (c)* 
Eel— Hot Spot (b)***# 
Pcrna vindis (green-lipped mussels) (1985) Hang Hau. Hong Kong ((")***# 
Ribbed mussel— Hot Spot (b)**»# 
Salmo salar (salmon) Baltic Sea <g)*### 
Mummichog— Hot Spc- (b)***# 
Ribbed mussel— Coggeshall Bndge (b)***# 
Salmon (1987) Gulf of Finland (e)* 
Salmon (1986) Gulf of Bothnia (e)* 
Clupea harcngus (herring) Baltic Sea (g)### 
Cadus mordhua (cod) Baltic Sea (g)****### 
Mummichog— Coggeshall Bridge (b)***# 
Salmon (1986) Baltic Sea (c)* 
Pcma viridis (green-lipped mussels) (1985) Hang Hau. Hong Kong (f)***# 
Cod (1987) Arctic Coast. Norway (e)** 
Salmon (1987) Gulf of Finland (c)* 
Salmon (1987) Gulf of Finland (e)* 
Shrimp— Hot Spot (b)***# 
Salmo salar (salmon) Baltic Sea <g)*### 
Salmo salar (salmon) Arctic Sea (g)*### 
Salmo salar (salmon) Baltic Sea (g)*### 
Salmo salar (salmon) Baltic Sea (g)*### 
Cod (1988) Arctic Coast. Norway (c)**** . ' 
Shrimp— Coggeshall Bridge (b)***# 
Cadus mordhua (cod) Arctic Sea (g)****### 
Crassostrea Virginia (oyster)— Tampa Bay (<J)*** . 
Coregonus (white fish) (1986) Lapland (a)V# 
Crassostrea Virginia (oyster)— Galvaslon Bay (d)*** 
Clupea harcngus (herring) (1986) Bothnian Sea (a)*## 
Crassostrea Virginia (oyster)— Galvcston Bay (d)*** 
Winter flounder (1988) New Bedford. Mass. (c)*""*# 
Crassostrea Virginia (oyster)— Tampa Bay (d)*** 
Crassosirea Virginia (oyster)— Galvcston Bay (d)*** 
Winter flounder (1988)— Gaspce Pt. RI (c)***"# 
Clupea harengus (herring) (1987) Baltic Sea (a)*## 
Crassostrea Virginia (oyster)— Tampa Bay (d)*** 
Salvelinus alpina (arctic char) (1987) Lake Valtem. Sweden <a)*## 
Crassostrca Virginia (oyster)— Galvcston Bay (d)*** 
Plcuronectes americanus (Winter flounder) C988)— Fox Island. Rl (c)****# 
Crassostrea Virginia (oyster)— Galvcston Bay (d)*** 
Crassostrea Virginia (oyster)— Galvcston Bay (d)*** 
Crassostrea Virginia (oyster)— Tampa Bay (d)*** 
Crassostrea Virginia (oyster)— Tampa Bay (d)*** 

# sum of detected PCB congeners 
## total PCB calculated by summing several selected congeners 
### total PCB determined as mixture Clophen A-60 
* muscle tissue 
**fal 
*** whole organism 
***'liver 
(a) Jansson el at. 1993 
(b) This study 
(c) Elskusrta/. 1994 
(d) Sencanoetat. 1992 
(e) Koistincn tt at. 1989
 
(0 Kannanrta/. 1989
 
(g) Paasivirta and Rantio 1991
 
bd = below detection
 
( ) Rank in increasing order of SEF factors for BZ 77
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Table 5. Comparison of correlation coefficients of decimal fraction 
data for PCB congeners between sample types 

Station 

HS	 Water Sediment 
Mussels 093 089 
Mummichog 086 086 
Shrimp 0 27 0 33 
Eel 031 042 

CB Mussels 085 089 
Mumtmchop 081 082 
Shnmp 026 033 

Principal Component Scores 
Principal Component 3 

10 Water-HS 

•Sediment-HS 

•Mussel-HS 

+ 

Shrimp-HS 

•Mummichog-HS 

*Eels-HSS 
• 

Water-CB 

Sedlment-CB 

o 
Mussel-CB 

1v
Shrimp-CB (4) 

Mummlchog-CB 
(6) 

(10)	 (5) 0 5 10 15
 
Principal Component 1
 

Fig. 2. Graph of principal components one vs. three for decimal 
fraction data for congener!—HS. HSS, and CB stations 

Relative to the pattern in all other sample types, the shrimp 
showed a decreased abundance of PCB congeners that con­
tained vicinal hydrogens in the meta and para positions (e.g.. 
BZ 52, 49. 44. 101. 97. 110, 151. and 149) (Figure 3(c)). 
These decreases likely resulted from the metabolic activities of 
this crustacean. This pattern of congeners has been found in 
other organisms, including some crustaceans, and is designated 
P4502B-like (Brown 1992). 

In mummichogs, only minor pattern alterations that were 
consistent with P4502B-like metabolic processes were found. 
This result is in contrast to other studies that indicated mummi­
chogs exhibited P4501A-like metabolism, which is character­
ized by losses of lower non-ortho-substituted congeners and 
mono-ortho-substituted congeners without para, para'-chlo­

rines (Brown 1992). Mummichogs prey heavily on shrimp, and 
possibly the P4502B-like patterns found in these fish reflect 
uptake from food as well as other sources of bioaccumulation at 
these contaminated stations. 

The PCB pattern in the eel showed that only relatively small 
amounts of the lower tnw congeners were accumulated (Figure 
3(c)). In the mid-range of PCBs, the relative accumulation 
increased, and some accumulation of higher mw congeners was 
found. The major PCB pattern in the eel was the P4501A-like 
pattern (shown by, for example, losses of BZ 31 and 70 and the 
coplanars BZ 77 and 126), but the alterations found in the eel 
were more extensive than those normally found in aquatic 
fauna. These alterations included a large relative loss of BZ 28 
and a lower abundance of BZ 74 relative to the residues in other 
oragnisms (Figure 3). The eel also showed minor alterations of 
PCBs consistent with the P4502B pattern (e.g.. loss of BZ 52 
and 101). Similar patterns have been found in other (n = 9) eel 
samples collected from the HSS station. Eel samples from the 
lower Hudson River were found to have the P4502B-like pat­
tern (no P4501 A-like pattern was reported) (Brown 1992). Pos­
sibly the high concentrations of PCBs in the eel in the present 
study (380 ppm dry wt) were sufficient to induce P4501A-like 
metabolism in these organisms. 

A comparison was made of our data with those of another 
study which examined the accumulation of PCBs by organisms 
in a freshwater lake with a low level of PCB contamination (van 
der Oost et al. 1988). We normalized the concentrations of 
selected individual congeners to BZ 153 in samples from the 
HS station (see Table 1 for samples) to allow comparisons of 
the patterns. Sediment from the New Bedford HS station 
showed a greater relative abundance of lower molecular weight 
congeners compared to that in the sediment from the freshwater 
lake (Figure 4). In general, the PCB distributions in mollusks at 
both locations reflected the distributions in the sediments. For 
crustaceans, the relative distributions of congeners between the 
two studies were different (Figure 4). Crustaceans in the lake 
study showed a higher relative accumulation of BZ 52 and IC1 
than was found in the crustaceans in our study. These differ­
ences appear to result from metabolic variations between the 
crustacean species in the two studies. The PCB pattern reported 
in Gammarus (the freshwater crustacean), and presumably the 
two other freshwater species (Asellus aquaticus and Orchestia 
carimana) that were also sampled in the lake study, showed no 
alteration of PCBs (Brown 1992). In contrast, the crustaceans 
in our study metabolized BZ 52 and 101. The relative PCB 
pattern in eels was similar between the two studies. The relative 
increases in higher mw PCB congeners in the eel in the lake 
study were attributed to the fact that eels, in contrast to the other 
species, live long enough to accumulate the higher mw PCBs, 
which are slowly accumulated and slowly depurated. In the 
present study, however, the relative accumulation of high mw 
PCB congeners in the eel is no more extensive than in the 
shrimp that they consume. 

Selective Enrichment Factors—Coplanar and 
Mono-ortho Congeners 

To compare the relative accumulation of coplanars BZ 77 and 
126 and the mono-orthos BZ 118 and 105, these compounds 
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Fig. 3(a). Bar graph of mean percentage of loial PCBs for congeners in water and sediment at HS and CB stations 
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Figure 3(b) MUSSELS 
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Figure 3{c) SHRIMP 
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Figure 4(a) Relative Congener Abundance Freshwater Lake 

Figure 4(b) Relative Congener Abundance New Bedford HS
 
Station
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Fig. 4. (a) Abundance of selected conge­
ners relative to BZ # 153 in a freshwater 
lake (van dcr Cost el til. 1988). (b) Abun­B2f28 BZ »52 BZ flOl BZJ153 BZ '138 BZ *180 
dance of selected congeners relative to 
BX #153 at New Bedford HS and HSS 
stations 

MOL I CRUS I EEL 

were measured in three analytical replicates of 1993 samples of 
sediments, mussels, shrimp, and mummichogs from the HS 
and CB stations and in the eel from the HSS station (Table I  ) 
The results of these analyses were compared using selective 
enrichment factors (SEFs) defined a.s the concentration of 
individual coplanar or mono-ortho congener divided by the 
total PCB concentration (see Methods). Comparisons of SEFs 
from samples and Aroclor* mixtures show the relative abun­
dance of these toxic congeners. Sediment samples showed 
SEFs for mono-ortho substituted BZ 118 and 105 that were in 
the range of those found for the A-1242 and A-1254 standards 
(Figure 5). In contrast, graphs of SEFs for coplanar BZ 77 and 
126 were higher in the HS sediment than in the Aroclor* 
standards. 

Possible reasons for the higher SEFs for coplanar congeners 
in the HS sediment include: 1) the PCB mixture discharged by 
the plant that contaminated the surface sediments at the HS 
station contained a higher level of BZ 77 and 126 than found in 
Aroclors® analyzed in this study, 2) selective retention of these 

coplanar congeners occurred; or 3) a process or processes (e.g.. 
photodechlorination of higher chlorinated PCB congeners) re­
sulted in the formation of coplanar congeners. 

Selective enrichment factors in the mussel and mummichog 
were in the range of those found in the Aroclor* standards. 
SEFs were elevated for shrimp, probably because they metabo­
li/ccl congeners with vicinal hydrogens in the meta and para 
positions, but did not as effectively metaboli?e coplanar and 
mono-ortho substituted congeners (Figure 5). Due to the exten­
sive P4501 A-like metabolism of the eel, low SEFs for mono­
ortho and coplanar congeners were e»ix\'ed. In eels, the SEFs 
for the coplanars BZ 77 and 126 were low, but unexpectedly, 
SEFs for BZ 118 and 105 were not below those found in A-42 
or A-54 standards. Additional analysis of eels has confirmed 
these findings, but the reasons for it are unknown. 

For the organisms evaluated in this study, the SEFs for BZ 77 
and 126 were generally within the range of values from other 
studies (Table 4). Another study reported high SEFs for BZ 126 
in some oyster samples (Sericano et al. 1992). The average 
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Fig. 5(a). Mean selective enrichment 
faclors (SEFs) for mono-ortho congener* 
I I  X and 105 for 1993 samples and 
Aroclor* standards. 

SEFs for these oysters arc about 25 times the SEFs calculated 
for ribbed mussels in the present study. However, the mean 
concentration of total PCBs present in the oysters was a factor 
of 1500 below those found in ribbed mussels in the present 
study. Possibly these large differences in exposure concentra­
tions between these studies may have impacted bioaccumula­
tion by changing the realtive exposure to dissolved and panicu­
late bound PCBs. Alternatively, studies on the uptake and 
depuration of PCBs by filter feeding mollusks have shown that 
the coplanar congeners are more slowly depurated than the 
other congeners (i.e.. those that contain ortho-chlorines) (Kan­
nan tt al. 1989; Sericano et al. 1992). Differences in depura­
tion rates between coplanar and other PCBs may result in ele­
vated SEFs if organisms were exposed to high levels of total 
PCBs for a time (i.e.. after events like storms, which increase 
suspended paniculate concentrations in the aqueous phase) fol­
lowed by periods of lower exposure. 

Comparisons of PCB congener patterns between organisms 
and surface sediment and water showed variations in organisms 
that could be attributed to differences in bioaccumulation and 
metabolism. The pattern in ribbed mussel, which does not 

metaboh/e PCBs. most closely matched the pattern in the 
sediment and water. PCB patterns in the mummichog were 
also similar to those in the water and sediment, but showed 
evidence of a small amount of P4502B-like metabolism. The .4 
pattern found in the shrimp was extensively altered due to the 
metabolism of congeners with vicinal hydrogens in the meta "--, 
and para positions. This pattern is consistent with P4502B-like 
metabolism. The metabolic pattern in the eel showed extensive 
metabolism of lower molecular weight congeners with vicinal 
hydrogens in the oitho and meta positions, called a P450IA­
like pattern. Eels also showed slight P4502B-like pattern al­
terations. SEFs for coplanar congeners indicated levels below 
those found in Aroclor* standards only for the eel. This 
ing is in agreement with expectations due to the P450IA-.5 

like metabolism found in this species. The SEFs for coplanar « 
congeners in the shrimp were elevated due to their extensive 
metabolism of congeners with vicinal hydrogens in the meta 
and para positions and their lack of metabolism of the coplanar; 
congeners. Overall, the SEFs for coplanar congeners in 
study were in the mid-level of a range of SEFs from 
studies. 
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