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Abstract 
Isomer-specific accumulation of  polychlorinated biphe- 
nyls (PCBs) including di-, mono- and non-ortho conge- 
ners and hepatic P-450 activities were determined in 
adult common cormorants from Lake Biwa, Japan. The 
mean total PCB levels in male and female birds were 
7.2+6.1 and 2.1 + 0.74 ~tg g -1 wet wt, respectively, in the 
liver. The highly biomagnified congeners were IUPAC 
126, 153, 169, 180 and 194, whereas a higher degree of  
biotransformation could be observed in both meta-para 
chlorine unsubstituted congeners in the cormorant liver. 
The estimated metabolic index also showed that com- 
mon cormorants had higher PB-type enzyme activities 
than some avian and marine mammals but poor MC-type 
enzyme activities. The concentrations of non-ortho 
coplanar congeners were in the order of IUPAC 
126> IUPAC 169> IUPAC 77 with mean values 
6.1+5.9, 1.3+- 1.4 and 0.43 +0.26ngg -1 wet wt, respec- 
tively. The calculated mean 2,3,7,8-TCDD toxic equiva- 
lent ( TEQ ) concentration in cormorants was 
1.8+-1.7ngg -1 wet wt and was dominated by IUPAC 
118, followed by IUPAC 126. A significant increase of 
ethoxyresorufin-O-deethylase (EROD) and pentoxyre- 
sorufin-O-deethylase (PROD) activities was observed 
with estimated TEQ of  PCBs in the cormorants, suggest- 
ing that the current contamination level is sufficient for 
altering their biochemical responses. © 1997 Elsevier 
Science Ltd 

Keywords: congener, toxic assessment, PCB, Phalacro- 
corax carbo, Lake Biwa. 

INTRODUCTION 

The polyehlorinated biphenyls (PCBs) are a group of 
xenobiotics with high persistency and have been found in a 
wide range of environmental media and biota throughout 
the world. PCBs have a complex spectrum of biological 
and toxicological properties depending on the congeneric 
structure and animal species (Tanabe et al., 1987; 
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Kubiak et al., 1989; Walker, 1990; Bosveld and Van den 
Berg, 1994). 

The specific feeding habits of cormorants, which 
diminished to have an efficient detoxifying system, led 
to the suggestion of the environmental risk of fish-eating 
birds (Fossi et al., 1995). The double-crested cormor- 
ants (Phalacrocorax auritus) from the Great Lakes 
showed serious congenital and reproductive deficiencies 
with higher PCB levels (Gilbertson et al., 1991; Tillitt et 
al., 1992; Yamashita et al., 1993), and most of the effects 
are believed to be caused by dioxin-like compounds, 
including planar PCBs. In the 1970s, the deaths of cor- 
morants were first attributed to PCBs (Koeman et al., 
1973), and some PCB congeners were significantly cor- 
related with reproductive failures of cormorants in the 
Netherlands (Van den Berg et al., 1992). The dioxin 
type PCB congeners are inducible for hepatic cyto- 
chrome P-450 enzymes related to several toxic responses 
(Safe, 1990). It has been reported that hepatic ethoxyr- 
esorufin-O-deethylase (EROD) and pentoxyresorufin- 
O-deethylase (PROD) activities of birds were increased 
with estimated toxic equivalents (TEQ) of PCBs 
(Yamashita et al., 1992; Bosveld et al., 1995). 

In Japan, dead common cormorants (P. carbo) from 
an urban located colony (Tokyo) had significantly 
higher levels of PCBs and other organochlorine insecti- 
cides than those from Lake Biwa (Guruge et al., 1997). 
However, no toxicological approach has been carried 
out on the pollution risk assessment for such birds in 
Japan. The present study was performed to elucidate the 
current environmental risk of PCBs, including non- 
ortho coplanars, with determined congener specific con- 
centrations and TEQs. In addition, TEQ related P-450 
enzymatic induction was estimated by measuring hepa- 
tic EROD and PROD activities. 

MATERIALS AND METHODS 

Sample collection 
The adult specimens were collected (by shooting) in the 
southern part of Lake Biwa, which is the largest fresh- 
water lake in Japan (Fig. 1). A portion of the livers of 
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nine male and four female birds was excised and washed 
with cool saline water for the removal of blood. These 
liver portions were then frozen immediately in liquid 
nitrogen until microsome preparation. The rest of the 
liver specimens and three regurgitated fish such as ayu 
(Plecoglosus altivelis), bluegill (Lepomis macrochirus) 
and hass (Cyprinidae sp.) (Opsariichthys uncirostris) 
were also stored at -20°C until chemical analysis. All 
the samples were collected in June 1993, and only seven 
male and three female livers were employed for PCBs 
detection. 

Chemical analysis 
A portion of the same liver was analyzed for organo- 
chlorine insecticides reported previously (Guruge et al., 
1997). The liver samples and homogenized whole body 
of fish were extracted by a soxhlet extractor according 
to Tanabe et al. (1984). PCB isomers and congeners 
were determined, following the method of Wakimoto et 
al. (1971). An aliquot of the sample extracts was diges- 
ted with 200ml of 1 N KOH-ethanol solution. The 
extract was partitioned with hexane by shaking in a 
separatory funnel. The concentrated hexane layer was 
cleaned up on 1.5g of silica gel (Wako-gel S-l, Wako 
Pure Chemical Co.) packed on a glass column. PCBs 
were eluted with 200 ml of hexane, and the eluate was 
concentrated to 6 ml. One milliliter of the extract was 
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Fig. 1. Map showing location of sample collection. 

made up to 5ml with hexane and cleaned up with 5% 
fuming sulfuric acid. The final extraction was used for 
the determination of ortho-chlorine substituted PCBs 
with a gas chromatograph-mass spectrometer (GC- 
MS). 

Non-ortho coplanar PCB congeners were determined 
by the method of Tanabe et al. (1987). The remaining 
5ml of extract were passed through a column (5mm 
i.d.) packed with 125mg of activated carbon (Wako 
Pure Chemical Co.). The initial eluate with 100ml of 
20% dichioromethane in hexane containing ortho con- 
geners of PCBs was discarded. The second fraction was 
eluted with 100 ml of 50% benzene in ethylacetate. This 
fraction, containing non-ortho coplanar PCBs, was 
concentrated and cleaned up with 5% fuming sulfuric 
acid, washed with water and microconcentrated for GC- 
MS quantification. 

G C-MS  conditions 
Mass fragmentographic determinations were carried out 
by using a Hewlett-Packard 5890 GC-5972 mass selec- 
tive detector employing EI at 70eV. A fused silica 
capillary column (0.25mm i.d.x25m length: J & W 
Scientific Co. Ltd) coated with DB-1701 was used for 
the analysis of non-ortho coplanar PCBs and a DB-I 
column for the analysis other PCB congeners. The oven 
temperature was programmed from 160 to 230°C for 
the DB-1 column, and from 180 to 250°C for the DB- 
1701 column at a rate of 2°Cmin -~. The injector and 
ion-source (transfer line) temperatures were kept at 260 
and 280°C, respectively. Helium was used as the carrier 
gas. A Hewlett-Packard 5970C data system was used for 
the quantification of congeners. M + and (M + 2) + 
clusters of ions were monitored at m/z 290 and 292 
(3,Y,4,4'-tetrachlorobiphenyl), m/z 324 and 326 
(3,Y,4,4',5-pentachlorobiphenyl) and m/z 358 and 360 
(3,Y,4,4',5,5'-hexachlorobiphenyl) for confirmation of 
the non-ortho coplanar PCBs. The other PCB congeners 
were determined by selective ion monitoring at m/z 222, 
256, 292, 326, 360, 394, 430 for di-, tri-, tetra-, penta-, 
hexa-, hepta-, and octachlorobyphenyls, respectively. 
An equivalent mixture of Kanechlors 300, 400, 500 and 
600 with known PCB composition and content was used 
as a standard for the GC-MS quantification. Total PCB 
concentrations were calculated by adding the concen- 
trations of individual congeners. Overall recoveries of 
PCB congeners were determined by spiking standards to 
oil and were between 105 and 106% for non-ortho 
coplanar congeners and between 93 and 106% for oth- 
ers. IUPAC numbers were used for PCB identifications. 
Statistical comparison was performed by using Pearson's 

Table 1. GC-MS abundance ratio of non-ortho coplanar PCBs in the liver of common cormorants and their fish diet 

IUPAC no. m/z Abundance ratio Abundance ratio Abundance ratio Abundance ratio 
in technical standard in cormorant in technical standard in fish diet 

for cormorant for fish diet 

77 290:292 1.00:1.28 1.00: 1.26 1.00: 1.30 1.00:1.27 
126 324:326 1.00:1.55 1.00:1.54 1.00:1.63 1.00:1.73 
169 358:360 1.00:1.94 1.00:1.96 1.00:1.93 1.00:1.53 
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Table 2. Mean and range concentrations of total PCBs (/zg g-a wet wt) in common cormorants and regurgitated fish from Lake Biwa 

Sample Organ n Mean fat% PCBs 

Common cormorant 
Adult male Liver 7 4.8 7.2 

(3.0-7.3) (1.3-16) 
Adult female Liver 3 4.0 2.1 

(3.1-5.9) (1.3-2.8) 
Fish diet Whole body 3 8.0 0.31 

(5.3-12.6) (0.18-0.47) 

Range is shown in parentheses. 

correlation coefficient and probability (SPSS 6.1 soft- 
ware for Macintosh PC). For  non-or tho  coplanar con- 
geners, the intensity ratios of  both cluster ions resulting 
from the expected natural abundance of  35C1 and 37C1 

are shown in Table 1. Similar ratios between standards 
and samples were observed. 

PROD activities were measured by the methods of  Pohl 
and Fouts (1980). Cytochome P-450 concentrations in 
liver microsomes were estimated by Fe+2-CO versus 
Fe 2+ difference spectra, by the method of Omura and 
Sato (1964). 

Biochemical analysis 
The liver was homogenized in a buffer solution with 
50mlvl tris-HC1 and pH 7.4 of  0.15 lvi KC1. Cell debris 
was separated after centrifugation for 15min at 
9000 rpm. Microsomes were obtained by further centri- 
fuging at 28 000 rpm for 90min in a Beckman centri- 
fuge. The prepared microsomes were stored at -80°C in 
50m~ tris-acetate buffer (Guengerich, 1982). Microso- 
mal protein content was measured by the method of 
Lowry et  al. 0951). The drug-metabolizing enzyme 
activities in liver microsomes were determined at 42°C 
in a standard reaction mixture with 50mM NADP,  
50 mM glucose 6-phosphate, 50 mM glucose 6-phosphate 
dehydrogenase, and 1 M KOH (final volume: 1 ml). 
After pre-incubation of  the mixture for 2min, the 
appropiate substrate was added. The EROD and 

RESULTS AND DISCUSSION 

Total PCBs and congener-specific PCB concentrations 
Total PCB concentrations in cormorants ranged from 
1.3 to 16/zgg -1 wet wt and their fish diet from 0.18 to 
0.47/zgg -1 wet wt (Table 2). The mean total PCB level 
in females was approximately three times lower than 
that in males, suggesting excretion of  PCBs via egg. 
However, the difference was not significant because of  
the small number of  samples. The observed mean PCB 
levels were similar or higher than those recently reported 
from Germany (2.4/zgg -~ wet wt: Scharenberg, 1991) 
and Italy (3.15/zgg -1 dry wt: Fossi et  al., 1995), prob- 
ably reflecting that total PCBs were higher in Japan 
than in other countries, and considerable quantities of  
PCBs are still found in older transformers and capacitors. 
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Fig. 2. PCB congener compositions in the liver of common cormorants and their fish diet from Lake Biwa, Japan. Relative con- 
centration means the ratio of individual congener concentration to that of the maximum peak, IUPAC 153 and IUPAC 138, which 

was treated as 1.0 in cormorant and fish diet, respectively. 
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Fig. 3. Comparison of metabolic indices of PCB congeners in the liver of common cormorants from Lake Biwa, Japan. Triangles 
show the lower limits of MI values of the PCB congeners that were not detected in cormorants but were found in their fish diet. 

White circles indicate toxic di-, mono- and non-ortho coplanar congeners given in Table 3. 

Guruge et al. (1997) reported that cormorants found 
dead at a colony in central Tokyo accumulated signifi- 
cantly high levels of PCBs and organochlorine insecti- 
cides than cormorants from Lake Biwa, suggesting a 
higher contamination by PCBs in central Tokyo. 

The mean PCB isomer and congener pattern in cor- 
morants and their fish diet is shown in Fig. 2. The mean 
composition of tri-, tetra-, penta-, hexa-, hepta- and 
octachlorobyphenyls was 3, 5, 23, 48, 18 and 3%, 
respectively, in cormorants, and 3, 10, 42, 36, 8 and 1%, 
respectively, in the fish diet, indicating the enrichment of 
higher chlorinated congeners in cormorants (p < 0.001, 
r=0.998). This result suggests a greater capacity to 
depurate lower chlorinated PCBs in common cormor- 
ants. IUPAC No. 153 was the most abundant congener 

in cormorant liver and accounted for 21% of the total 
PCBs (p<0.001, r=0.992), followed by IUPAC Nos 
138, 118, 180, 99, 105 and 132. The above congeners 
comprised nearly 70% of the total PCBs in cormorants 
PCBs (p<0.001, r=0.992). A similar observation was 
reported for a wide range of seabird species from the 
Mediterranean region (Focardi et al., 1988), cormorants 
from Germany (Scharenberg, 1991) and aquatic birds 
from Texas, USA (Mora, 1996). In general, the most 
bioaccumulative congeners were characterized by a 
particular structural feature, the absence of chlorine 
unsubstituted adjacent meta and para positions on the 
biphenyl ring (Walker, 1990). The dominant PCB con- 
geners in cormorants from Lake Biwa also had such a 
structural feature. 
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Fig. 4. Estimated PB-type and MC-type enzyme activities in higher trophic animals by metabolic indices of IUPAC 52 and IUPAC 
66. Data were cited from Nakata et aL (1995), except for the common cormorant. 
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Table 3. Range and mean concentrations of toxic di-, mono- and non-ortho coplanar PCBs and their 2,3,7,8-TCDD toxic equivalents in 
the Hver of common cormorants and fish diet from Lake Biwa, Japan 

PCB congener Concentration (ng g-1 wet wt) TEF 
(IUPAC No.) 

2,3,7,8-TCDD equivalents (pg g- i) 

Cormorant Fish diet Cormorant Fish diet 

Di-ortho PCBs 
137 77 4.1 0.00002 1.54 0.08 

(ND--290) (2.6--6.5) (0-5.8) (0.052-0.13) 
138 1000 33.4 0.00002 20 0.67 

(180-2900) (21.2-55.6) (3.6-58) (0.42-1.11) 
153 i 200 26.4 0.00002 24 0.53 

(180-2900) (16.4-43.8) (3.6-58) (0.334).88) 
170 130 3.1 0.00002 2.6 0.06 

(16-370) (1.7-3.0) (0.32-7.4) (0.034-0.060) 
180 350 6.2 0.00002 7.0 O. 12 

(38-1300) (3.7-11.0) (0.76-26) (0.070-0.22) 
194 45 0.9 0.00002 0.90 0.018 

(3-192) (0.4-1.7) (0.06-3.8) (0.008-0.034) 
Mono-ortho PCBs 
60 27 2.9 0.001 27 2.9 

(5-120) (1.4-4.5) (5-120) (1.4-4.5) 
105 230 l l.2 0.001 230 11.2 

(46-750) (6.8-15.6) (46-750) (6.8-15.6) 
I 18 660 26 0.001 660 26 

(110-2200) (18.6-33) (110-2200) (18.6-33) 
156 120 3.4 0.001 120 3.4 

(16-380) (2.0-5.6) (16-380) (2.0-5.6) 
Non-ortho PCBs 
77 0.43 0.15 0.01 4.3 1.5 

(0.21-0.90) (0.07--0.33) (2.1-9.0) (0.70-3.3) 
126 6.0 0.068 0.1 600 6.8 

(1.0-17) (0.023-0.154) (100-1700) (2.3-15.4) 
169 1.3 0.012 0.05 65 0.60 

(0.15-3.5) (0.006-0.024) (0.008-180) (0.30-1.2) 
Total 1800 54 

(310-4600) (34-88) 

ND: not detected. 
TEF values of coplanar PCBs were cited from Safe et al., (1990). 
TEQ value of zero as assigned for undetected congeners. 

Congener specific biotransformation 
In order to assess metabolic capacity for PCBs, a meta- 
bolic index (MI) (Tanabe et al., 1988) was introduced as 
follows. 

Metabolic Index (MIi) = log CRI80/CRi, 

where CRiso is the concentration ratio of  IUPAC 180 
and CRi is the concentration ratio of  any congener in 
the fish diet to that in the cormorant.  Congeners with 
higher MI values indicate a greater biodegradability 
than those congeners with lower MI values. Com- 
parison of  MI values for congeners in cormorants is 
shown in Fig. 3. PCB congeners such as IUPAC 33, 
91 +95, 102, 97+ 113, 151 and 135 exhibited greater 
MI values (>2.5)  in the cormorant  (r=0.734,-,0.905; 
p < 0.2~0.001). In addition, congeners like IUPAC 17, 
16+32, 34, 42, 53, 41 +64, 67, 101, 82+ 120+ 110, 129, 
136, 134 and 176 were not detected in the cormorants 
body; they were only found in the fish diet. They also 
had higher MI values (>  2), which were calculated by 
the detection limit ( < 0 . 1 n g g  -1) of each congener 
(r = 0.789,-~ 0.938; p < 0.01 ,-~ 0.001). All these congeners 
have at least one adjacent meta-para  unsubstituted 

chlorine in either ring of biphenyls. Therefore, it can be 
suggested that these congeners have a greater degree of 
biotransformation in the cormorant body as reported 
earlier (Walker, 1990; Fossi et al., 1995). Although 
IUPAC congeners 28, 47, 60, 66, 74, 77 and 105 have at 
least two adjacent ortho-meta  unsubstituted places in 
either biphenyl ring, they have lower MI values, sug- 
gesting a greater persistency. However, IUPAC 128 
with the same unsubstituted sites revealed a higher MI 
value. The reason for the abnormally higher MI value 
of  IUPAC 128 was not determined; however, very low 
concentrations were traced in some cormorant  livers. 

PCBs are metabolized by hepatic microsomal enzyme 
systems, which can be separated into phenobarbital 
(PB-type) and methylcholanthrene (MC-type) induced 
microsomal enzymes. The congeners with ortho-meta  
and meta-para  chlorine unsubstituted carbon atoms in 
the biphenyl ring are metabolized by the MC-type and 
PB-type enzymes, respectively. Therefore, it can be sug- 
gested that the common cormorant has higher PB-type 
enzyme activities than MC-type. 

To understand the relative activities of MC-type and 
PB-type enzymes, a method suggested by Tanabe et al. 
(1988) has been used. Metabolic indices of  IUPAC 52 
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Fig. 5. Composition of relative contributions of 2,3,7,8-TCDD toxic equivalents by non-, mono and di-ortho PCBs in the liver of 
common cormorants from Lake Biwa, Japan. Basic data, except that for common cormorants, were cited from Bosveld and Van 

den Berg (1994), Yamashita et al. (1992)and Falandysz et al. (1994). 

and IUPAC 66 that possess two adjacent meta-para and 
ortho-meta chlorine unsubstituted carbon atoms in the 
biphenyl ring, respectively, were adopted to represent 
the PB-type and MC-type enzymes. The MI values of 
these two congeners in common cormorants (present 
study) and various animals (earlier studies) are given in 
Fig. 4. The PB-type enzyme activities in common cor- 
morants were higher, whereas MC-type enzyme activ- 
ities were lower to other birds. However, the capacity to 
metabolize PCBs in cormorants was still lower than in 
terrestrial mammals, but higher than in marine mam- 
mals. The MI of  IUPAC 52 was significantly increased 
with PROD activity (r=0.579; p<0.05) ,  and the MI 
of  IUPAC 66 was increased with EROD activity 
( r=  0.350), indicating the strong PB-type enzyme activ- 
ities in cormorant liver. It is noteworthy that the MC- 
type enzyme acitivity in the liver of  cormorants was the 
lowest among animals examined, and consequently the 
ortho-meta chlorine unsubstituted most toxic PCB con- 
geners could be highly accumulated in the body. 

Residue patterns of coplanar PCBs 
The concentrations of  toxic di-, mono- and non-ortho 
PCBs in the liver of cormorants and fish diet are listed 
in Table 3. Interestingly, the MI values obtained from 
these concentrations were apparently low (white circle 
in Fig. 3), indicating a higher persistency and bioaccu- 
mulative nature of  these toxic coplanar congeners in the 
cormorant body. 

Among the most toxic non-ortho coplanar congeners 
in cormorants, IUPAC 126 was the most predominant 
with a mean of 6.0ngg -1 wet wt, followed by IUPAC 
169 and IUPAC 77, with means of  1.3 and 0.43ngg -1 
wet wt, respectively. Those in the fish diet were in the 
order of  IUPAC 77 > IUPAC 126 > IUPAC 169 with 

0.44, 0.068 and 0.012ngg -I wet wt, respectively. The 
levels of non-ortho coplanar congeners were three 
orders of magnitude lower than total PCBs. The accu- 
mulation pattern of non-ortho coplanar congeners in 
birds could be altered by the background exposure 
levels and also may be the result of a difference in 
metabolic rate at different life stages (Bosveld and Van 
den Berg, 1994). As seen in Fig. 3, it was evident that 
the congener with the lowest MI value was non-ortho 
IUPAC 169 followed by IUPAC 126, suggesting that 
biotransformation of these toxic coplanar congeners in 
common cormorant was very low. Data on non-ortho 
coplanar congeners in adult common cormorants are 
rare. However, total concentrations of  non-ortho copla- 
nar congeners in common cormorants from Japan were 
similar to those in great cormorant eggs from the 
Netherlands (3.8ngg -I wet wt: Bosveld and Van den 
Berg, 1994) and double-crested cormorant eggs from the 
Great Lakes (range 0.7-11.8 ngg -I wet wt: Yamashita 
et al., 1993). The total concentrations of  non-ortho 
coplanars in the muscle of black-tailed gull and black- 
headed gull from Japan were 0.36 and 1.4 ng g-l  wet wt 
(Yamashita et al., 1992), respectively, which was less 
than that in the common cormorant. 

The highest mean concentration of  di-ortho congener 
was contributed by IUPAC 153 with 1200 ng g-~ wet wt 
(r=0.999; p<0.001).  The mean levels of others were 
1000, 350, 130, 77 and 45ngg -1 wet wt for IUPAC Nos 
138, 180, 170, 137 and 194, respectively (Table 3). The 
residue concentrations of  mono-ortho congeners aver- 
aged 660, 230, 120 and 27ngg -~ wet wt for IUPAC Nos 
118, 105, 156 and 60, respectively (Table 3). Van den 
Berg et al. (1992) detected higher level of  mono-ortho 
congeners in the yolk sac of cormorants, which ranged 
from 1.0 to 2 6 # g g  -I wet wt and observed increasing 
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Table 4. Content and activities (mean ± SD) of drug-metabolizing enzymes in liver microsome of common cormorants from Lake Biwa, 
Japan 

Content or activity Male Female 

Protein (mgg i liver) 

Cytochrome P-450 (pmol mg- i protein) 

Ethoxyresorufin O-dealkylase (pmol min- ] mg- i protein) 

Pentoxyresorufin O-dealkylase (pmol min- 1 mg- 1 protein) 

33±6.5 34±5.4 
(20-41) (30-36) 
215±63 200±92 

(139-292) (82-279) 
171±139 127+133 
(7.0--435) (26-287) 
10.5±4.1 6.3±3.2 
(3.8-23) (3.2-9.0) 

EROD activity and liver weight with decreasing free 
plasma thyroxin in hatchling cormorants. The range of 
mono-or tho congeners was 0.18-3.5/zgg -t wet wt in the 
liver of adult cormorants from Lake Biwa, and it might 
be expected that their offspring are affected by the PCBs 
pollution. 

Toxic assessment of PCBs 
The 2,3,7,8-TCDD toxic equivalent factors (TEF) sug- 
gested by Safe (1990) were used for risk assessment, and 
the estimated 2,3,7,8-TCDD toxic equivalents (TEQ) 
for di-, mono- and non-ortho coplanar PCBs in com- 
mon cormorants and their fish diet are presented in 
Table 3. The mean total 2,3,7,8-TCDD toxic equiva- 
lents of di-, mono- and non-ortho PCBs (total TEQ) in 
common cormorants was 1.8ngg -~ wet wt. The avail- 
able data for toxic assessment of PCBs by TEQ includ- 
ing highly toxic non-ortho congeners in adult common 
cormorants are meager. The total TEQ value in com- 
mon cormorants was one order of magnitude higher 
than that in black-tailed gulls and black-headed gulls 
from Japan (Yamashita et al., 1992), but similar to that 
in eggs of double-crested cormorants (0.35-1.3ngg -]) 
and Caspian tern (1.0-2.4 ng g-1) from the Great Lakes 
(Yamashita et al., 1993), which was associated with the 
occurence of embryo deformity. The total TEQ in fish 
diet of cormorants was 57 pg g-~ in Lake Biwa, and the 
biomagnification of total TEQ in common cormorants 
can be estimated as 57 times (fat wt basis) the amount in 
their fish diet. 

The mono-or tho  congeners contributed the most 
(58%) to total TEQ (r=0.953; p<0.001), followed by 
non- and di-ortho congeners with 38 and 4%, respec- 
tively (Fig. 5). The same accumulation pattern was 
observed for various tissues in adult birds and eggs 
(Yamashita et al., 1992, 1993; Bosveld and Van den 
Berg, 1994). Among individual congeners, IUPAC 118 
contributed the most to total TEQs (r=0.95; 
p<0.001), followed by the IUPAC 126 (r=0.866; 
p < 0.001) in common cormorants. The highest contri- 
bution of IUPAC 118 to total TEQs was common for 
a wide variety of animals (Fig. 5). IUPAC 126 was also 
the second most dominant in birds, regardless of organ 
or tissue (Fig. 5) and also in some terrestrial animals 
but not in marine mammals (Kannan et al., 1993). This 
reflects the different enzymatic biotransformation of 
PCBs in other animals and the unique contribution of 
toxic congeners to TEQ in birds. 

Cytoehrome P-450 induction 
The induction of isoenzyme CYP1AI, which is a highly 
sensitive biomarker for dioxin-type compounds, has 
been measured by measuring EROD activity in birds 
(Tillitt et al., 1991; Yamashita et al., 1992). In addition, 
PROD activity has been rather specific to CYP2B in 
mammals; however, birds have contained such homo- 
logues (Yamashita et al., 1992). In the common cor- 
morants, EROD activity in the hepatic microsomal 
fraction was approximately one order of magnitude 
higher than PROD activity, similar to other reports on 
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Fig. 6. Relationship between total TEQ of coplanar PCBs and 
hepatic PROD/EROD activities in common cormorants from 

Lake Biwa, Japan. 
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birds (Van den Berg et al., 1994; Bosveld et al., 1995) 
(Table 4). Interestingly, the EROD (r=0.79,  p <  0.01, 
n = 10) and PROD (r=0.94,  p < 0.001, n = 10) activities 
were significantly correlated with total TEQ of  PCBs 
(Fig. 6). In addition, a significant increase in the EROD 
activity was paralleled by an increase in the PROD 
activity (r = 0.69, p < 0.01, n = 13). Methylcholantherene 
(MC) and phenobarbital (PB) treated black-crowned 
night heron embryos exibited induction of CYP1A and 
CYP2B, respectively, and markedly elevated EROD 
and PROD activities were only observed in MC-treated 
embryos (Rattner et al., 1993). The increased PROD 
activity might have been caused by an inducible homo- 
logue as for the mammalian CYP 2B isoenzymes; how- 
ever, the presence of  PROD activity also could be a 
non-specific reaction of CYP1A isoenzymes in the liver 
of the cormorant (Bosveld et al., 1995). Nevertheless, it 
can be suggested that drug-metabolizing enzymes in 
these birds are induced by the present levels of  PCB 
pollution. No comprehensive study has been carried out 
on reproduction measurement, but the current contam- 
ination level of  PCBs seems to be sufficient enough to 
alter biochemical responses in common cormorants in 
Lake Biwa. 
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