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Abstract 
Bioaccumulation of endocrine disruptors in marine mammals positioned at the top of the food chain is of 
toxicological concern.  We investigated the presence of 28 PCBs and 8 OH-PCB metabolites in livers of 
harbor seals (Phoca vitulin) from California and Maine by using GC-ECD and GC-NCI/MS, respectively.  
We found that seals were still highly exposed to PCBs and that specific OH-PCB metabolites retained in 
their liver tissues were at much lower levels (0.24% on average) than levels of PCBs.  Ratios of OH-PCBs 
to PCBs were comparable to those in beluga whale livers, but lower than those in human livers.  Although 
the concentrations of both the sum of PCBs and the sum of OH-PCBs (those identified) measured in adult 
seal livers were not significantly different between the two U.S. coastal areas (p>0.05), the profiles of 
possible PCB precursors of OH-PCBs varied, possibly due to different exposure pathways (e.g., diet)  or 
variable individual biological metabolic capacity.  Generally, 4-OH-CB107 was the predominant 
metabolite in seal livers and was the only OH-PCB detectable in most of seal pup livers.  Further 
investigations are needed to better understand the relationship between exposure to these endocrine 
disruptors and possible health outcomes in seals. 
 
Introduction 
Polychlorinated biphenyls (PCBs) are known endocrine disruptors that are persistent and lipophilic, and 
consequently bioaccumulate/biomaginfy through the food web.  Since marine mammals, such as seals, are 
positioned at the top of the marine food chain and have relatively long life span (25-30 years), they are still 
highly exposed to organochlorines and consequently vulnerable to endocrine disruptive effects such as 
reproductive impairment 1, cancer 2, thyroid alteration 3, and immune suppression/infectious diseases 4.  
Their metabolites (e.g., OH-PCBs, MeSO2-PCBs) also exert similar toxicological effects, particularly 
thyroid alteration 5,6, suggesting that they should be included in risk assessments, since they may be 
contributing to health effects.  Marine mammals including seals are capable of producing cytochrome P450 
enzymes 7 that biotransform PCBs to more soluble/excretable forms, i.e., polychlorobiphenylols (OH-
PCBs).  Accordingly, 837 mono OH-PCB congeners can be theoretically formed in the body via the 
mechanisms of arene oxidation/1,2 shift and/or direct oxygen insertion 8.  While most of the OH-PCBs are 
excreted, some specific OH-PCBs have been retained in the blood due to their preferential binding to blood 
proteins.  OH-PCBs are also retained in the livers of rats 9, humans 10, and beluga whales 11, presumably by 
being conjugated to liver fatty acids and/or liver protein/enzymes 12.  Thus, the circulation and 
bioaccumulation of these contaminants in the liver of marine mamals is of concern, and may have 
implications for other mammals, including humans.  Therefore, we investigated the distribution of possible 
PCB precursors and OH-PCB metabolites retained in liver tissues of harbor seals stranded in the San 
Francisco Bay of California and along the Maine coast. 
 
Materials and Methods 
The liver tissues were collected from stranded, dead harbor seals (Phoca vitulina) found along the shores of 
San Francisco Bay (SFB), a highly industrialized estuary, between 1989 and 1998.  Four pup and 5 adult 
seal livers were analyzed for PCBs and OH-PCBs.  These were males and females.  In addition, liver 
tissues from stranded male harbor seals were collected in 2002 and 2003 from Mt. Desert Rock, an isolated 
island 20 miles offshore of the central Maine coast (GOM).  All collections were authorized by the NMFS 
in coordination with local stranding networks. All seal liver samples were collected during necropsy using 
clean techniques and stored in glass I-Chem vials at -20 oC prior to analysis.  The OH-PCB standards were 
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purchased from Wellington Laboratory (TerraChem Inc., USA) or donated from Stockholm University, 
Sweden.  Other chemicals and solvents of the purest analytical grades were used for the analysis.  The 
analyses were conducted at the clean laboratory of the Department of Toxic Substances Control, Berkeley, 
CA.  The analytical method was modified from analyses of seal blubber 13 and blood serum 14.  In summary, 
liver samples (0.4-3 g) were homogenized and extracted with MTBE:hexane (1:1, v/v), and treated with 1% 
KCl wash and KOH phase separation.  Only 7% (v/v) of the organic extracts were used for the analysis of 
PCBs to avoid saturation of the ECD.  The phenolic compounds retained in KOH solution were re-
protonated by using 2M HCl (pH<2), extracted with MTBE:hexane (1:9, v/v), and derivatized  using 
diazomethane overnight.  The sample was initially cleaned up with H2SO4 and then with Pasteur pipette 
column chromatography packed with acidic silica gel/activated silica gel.  Injection standards were spiked 
(CB-30 and 204 for PCB analysis and CB-209 for OH-PCB analysis) before GC analysis.  Twenty eight 
PCB congeners were analyzed on a Varian 3800 GC-ECD (Varian Inc., Walnut Creek, CA) equipped with 
dual columns; RTX-5MS capillary column (60m × 0.25 µm i.d., 0.25 µm thickness, Restek, Bellefonte, PA) 
and DB-XLB (60m × 0.25 µm i.d., 0.25 µm thickness, J&W Scientific, Folsom, CA) and nine OH-PCB 
metabolites including an internal standard were determined as methyl derivatives using a Varian 1200 GC-
NCI/MS (Varian Inc., Walnut Creek, CA) equipped with (60m × 0.25 µm i.d., 0.25 µm thickness, J&W 
Scientific, Folsom, CA, USA).  The recoveries of surrogates and Standard Reference Materials (SRM), and 
the accuracy and precision of PCBs, OH-PCBs, and lipid measurements were within reasonable error 
ranges.  
 
Results and Discussion 
Lipid content of seal livers ranged from 2.4 to 35%.  Concentrations of PCBs measured from SFB seal pup 
livers ranged from 1.81 to 35.9 µg/g fat, while adult seal livers showed a wider range (2.31-249 µg/g fat).  
Although we didn’t have mother-pup pairs, all seal pup livers showed lower concentrations than those of 
adult seals, with one exception.  The concentrations of PCBs were not statistically different between SFB 
and GOM adult seal livers (p>0.05).  The higher mean PCB and OH-PCB concentrations observed in SFB 
seals are probably driven by one SFB seal liver sample with very high concentrations, rather than any 
actual temporal or geographic differences.  GOM seals may migrate southward along the coast to 
urban/industrialized areas (e.g., Massachusetts Bay) during the winter 15 where they might be exposed to 
PCBs while SFB seals reside in the bay for most of the time.  The average concentrations of Σ28PCBs 
measured in GOM harbor seal livers (28.3 µg/g fat) were comparable to Σ38PCBs measured in beluga 
whale livers (31.9 ug/g fat) from the St. Lawrence River 11.  The GOM seals showed different PCB 
congener profiles, indicating not only that they might have different exposure pathways, but also different 
metabolic biotransformations of PCBs resulting in the variation of OH-PCBs in their tissues.  We here 
report several OH-PCBs retained in harbor seal livers in quantifiable amounts.   This is one of a few studies 
on OH-PCB metabolites detected in liver tissues.   OH-PCBs were detected in almost all liver tissues of 
SFB and GOM harbor seals including seal pups from SFB.  The unidentified OH-PCBs, comprised 16-27% 
(22% on average) of Σ17OH-PCBs (sum of identified and unidentified).  Possible reasons for the retention 
of OH-PCBs in the liver may be partly be attributed to: 1) fatty acid conjugation, 2) interaction with hepatic 
protein and enzyme, and/or 3) residual blood.  The levels of OH-PCBs were much lower (~0.59 % of 
Σ28PCBs, 0.24% on average) than those of PCBs, and did not show any spatial variation.  These ratios are 
comparable to data from beluga whales in St. Lawrence River 11, however,  higher ratios of OH-PCBs to 
PCBs (1-10%) have been reported for human livers 10 and even higher for blood of humans 14 and wildlife 
16,17.  Generally, the elevated hepta-PCB homologue in SFB seal livers is mainly attributable to CB-187 and 
180 (Figure 1a).  This might have resulted in the slightly different profiles of the OH-PCB distributions in 
GOM seals (Figure 1b), in addition to some environmental factors (e.g., temperature, stress, change of 
habitats, diets) affecting environmental exposure and/or biotransformation capacity.  Although the profiles 
of OH-PCB congeners varied from sample-to-sample, 4-OH-CB107 was detected predominantly in 77% of 
seal liver samples from both SFB and GOM, similar to the results from the St. Lawrence River beluga 
whales 11.  This was the only congener detected in three SFB seal pup livers, which becomes of concern 
due to its relationship to thyroid dysfunction reported for rat fetus 6.  The known possible PCB precursors 
(CB-118 and CB-105) of 4-OH-CB107 in experimental rats 8 were also found in our samples, albeit they 
were not among the most predominant congeners.  With 3-OH-CB153, 4-OH-CB146, 3'-OH-CB138, and 
4-OH-CB187, they comprised 66 to 81% of Σ17OH-PCBs (sum of identified and unidentified).  Those 
congeners are also dominant in the blood of humans and wildlife.  4'-OH-CB130 was reported in human 
livers 10 while it was not detected or detected in trace levels in our seal livers.  We suggest that OH-PCB 
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metabolites found in the liver be included in the risk assessment of marine mammals due to their potential 
endocrine disrupting properties.  Further investigations are needed to better understand the relationship 
between exposure to these endocrine disruptors and possible health outcomes in seals. 
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Figure 1. Distributions of possible PCB precursors (a) and their OH-PCB metabolites (b) retained 
in the livers of harbor seals stranded along the coastal areas of San Francisco Bay (SFB) and Gulf 
of Maine (GOM).  Error bars indicate the standard errors. 
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