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INTRODUCTION 

Polychlorinated Biphenyls (PCBs), Dibenro-p-dioxins (PCDDs) and Dibenzofurans 
(PCDFs) are widespread contaminants in abiotic and biotic material. Many environmental 
and toxicological studies focussed on tiie possible impact of PCCDs and PCDFs, but more 
recent the planar PCB congeners received more attention because of their relatively high 
toxicity and environmental abundance'"". Numerous data support the accumulation of 
these pollutants in fish eating birds*"', but few data show clear dose effect relationship 
between these compounds and morphological, physiological or biochemical parameters'-'. 
In our laboratory such dose effect relationships were found for tiie Cormorant (Phalacro
corax carbo) indicating planar PCBs as major causal agents*. The aim of the present 
study, which is a part of an integrated field and laboratory study on the common tem 
(Sterna hirundo), was to detennine if similar relationships could be found in this species 
and if so, the species could be used as a suitable biomarker in the future. In this paper 
only the results are presented conceming the PCB tissue levels, the cytochrome P-450 
related liver activities, the morphological measurements and the embryonic metabolism. 
Results of the complete study will be published elsewhere. 

EXPERIMENTAL 
A detailed description of the experimental setup and the techniques used in this study will be published 

elsewhere. In May and June 1991 eggs were collected from seven breeding colonies in The Netherlands, 
located at Flevoland (F); Griend (G); Haringvliet (H); Prinsesseplaat, Oosterschelde (P); Saeftinghe, 
Westerschelde (S); Temeuzen (T); Wes^laat, Northseacoast Oostvoome (W) and from one colony in 
Belgium at Zeebrugge (Z). The colonies represented sites with different levels of aquatic contamination. In 
each colony IS breeding pairs were selected from which the second egg was collected and transported to the 
laboratory. In the laboratory the eggs were weighed and brceded in an incubator at 37.5 "C. During the 
whole breeding period the Oj/CO, exchange of the developing embryo was measured daily. Within 12 hours 
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after hatching the young terns were weighed and sacrificed. Organs were removed, weighed and frozen 
(blood, liver, yolksac) or fixed in a buffered formalin solution (4%, pH=7.2, thymus, thyroid, bursa) for 
histopathological evaluation. Livermicrosomes were prepared to determine the ethoxyresorufm-O-deethylation 
(EROD) and pentoxyresorunn-O-depenthyladon (PROD) activities and protein content as described earlier"'' 
". Results from hepatic thyroid hormone 5'-deiodcnase activity, thyroid hormone and vitamin A levels will 
be published separately. 

Yolksacs (200-lOOOmg) were extracted with 50 ml CH2CI, for 24 hours. 95% of this extract was used for 
PCDD/F and planar non ortho substituted PCB analysis, while the remaining 5% (5-20 mg lipid) was used 
for PCB analysis on GC-ECD . Results of the PCDD/F and planar PCB analysis will be published 
separately. Samples were cleaned up by alumina column and analyzed on a Carlo Erba Mega 536 GC-ECD 
(column J&W DBS, 60 m.). The mono ortho planar PCBs lUPAC no. #105, #118, #1S6, #157 and #167 
wich are mixed inducers'* and the non mono ortho PCBs lUPAC no. #28, #52, #101, #138, #153 and #180 
which are non- or PB type inducers" were quantitated. Recovery percentages were between 78 and 100 % 
for the individual congeners. 

ANOVA was used to test differences in parameters Ixstwecn colonies. Testing of dose effect relationships 
was done by linear regression analysis of log transformed data and l-tesL The acceptance level was p<0.0S. 

RESULTS AND DISCUSSION 

Significant differences in PCB residue levels between the different colonies were found. 
Yolksacs from the Flevoland colony were the least contaminated and showed significant 
lower concentration compared to all otiier colonies. The Haringvliet colony showed tfie 
highest total PCB levels. Eggs from this colony were significantiy more contaminated witii 
PCBs than eggs from all other colonies exept the Westplaat colony (fig.l). 

fig.l: PCB concenu t̂ions in Yolksac 
\ BB total non mon ortho PCBs, 
I Mi total mono ortho PCBs. 
p Averages (jig/g lipid) ± s.d, per colony. 
1 F: n=7, G: n=7. S: n=3. P: n=5, W: 
I n=10, T: n=6, Z: n=5, H: n=7. 

Quantitatively PCB #153 was the most important PCB congener with the highest 
concentrations reached in the Haringvliet colony, 147 ± 37 ng/g lipid. The lowest levels 
were observed in the Flevoland colony, 19 ± 11 ^lg/g lipid. See figure 2a. 
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fig.2: Average non mono ortho PCB (left) and mono ortho PCB (right) congener concentrations (pg/g ± s.d) 
in yolksaclipid of the common tem in the lowest ( BB Flevoland; n=7), an intermediate ( mm Temeuzen; 
n=8) and the highest ( • • Haringvliet; n=7) contaminated colony. 
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PCBs #138 and #180 were present in slightiy lower concentrations, but in the same 
order of magnitude. PCB #101 was present in concentrations one order of magnitude 
lower than #153. PCBs #28 and #52 were present in concentrations two orders of 
magnitude lower Uian #153 (fig.2a). PCB #118 was thc most abundant mono ortiio 
congener in all colonics with highest levels in tiie Haringvliet colony, 22.3 ± 6.4 ng/g 
lipid and lowest values found in Flevoland, 3.1 ± 1.4 ng/g lipid. The PCBs #105, # 156 
and #167 were present in 3 to 6 times lower concentrations tiian PCB #118. PCB #157 
was present in concentrations one order of magnitude lower than PCB #118 (fig.2b). 

When comparing the EROD activities for tiie different colonies (fig.3) a trend compara
ble witii residue levels of PCBs in yolksac (fig.l) is observed. Hatehlings from Uie highest 
containinated Haringvliet colony showed significant higher EROD activities than all other 
colonies studied exept Uie Westplaat colony (colony F, G and P: p<0.(X)5; colony S, T and 
Z: p<0.01; colony W: n.s.) (fig.3). 

fig.3: EROD ( • • ) and PROD ( • • 
activity of Uver microsomes. 
Averages (pmol.min/mg.protcin) ± s.d. 
per colony. 
G: n=9, S: n=.9, P: n=9. W: n=9, 
T: n=10, Z: n=10, H: n=9. 

) 
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ng.4: Dose effect relationship between total 
mono oitho PCB concentrations in yolksaclipid 
(̂ g/g lipid) and EROD ( • ) or PROD (A) acti
vities (pmol/min.mg.protcin) in livermicrosomes 
of common tem hatehlings. Regression ana
lysis EROD (a): Log(y)=0.41*Log(x)+l&'̂  . 
raO.4. n=i36, p<0,02S; PROD (b): Log(y)= 
0,48*Log(x>+ia", n=36, r=0.5. p<0.003. 

To establish Uic relationship between Uie presence of mono ortho PCBs in thc yolksac 
and the hepatic EROD and PROD activities, data from all colonies were combined (fig.4). 
A significantiy increasing dose effect relationship is visible for both EROD and PROD 
activity wiUi the mono ortho PCB content of the yolksac (EROD: slope=0.41, p<0.025; 
PROD: slopc=0.48, p<0.005). 

In mammals the pentoxyresorufin O-depenthylation (PROD) is catalyzed highly specific 
by cytochrome P450 2B isoenzynws'". The dose related increase of PROD, parallel wiUi 
EROD, may indicate eitiier cytochrome P450 2B activity or a nonspecific dcpentylation of 
pentoxyresorufin by cytochrome P450 IA isoenzyme(s) in birds (fig.4). In addition Uie 
morphological parameters; eggweight, eggshell tfiick-ness, hatchlingweight, relative 
liverweight and relative yolkwcight were tested against EROD activity or PCB concentrati
ons for dose effect relationships. No statistical significant relationships between these 
parameters could be established. No relationship between Oj consumption and COj 
production with PCB concentrations in the yolk sac could be established cither. 
The results of this study indicate, that planar mono ortho PCBs and possibly related 
compounds alter hepatic cytochrome P450 IA levels in embryos of Uic common tem 
breeding in The Netherlands and Belgium. These alterations occur in a dose dependent 
way at levels of mono ortho PCBs in tiie yolksac ranging from 5 to 50 ng/g lipid. At 
present tiie relative contribution of 2,3,7.8- substituted PCDD/Fs and e.g. PCB #126 to thc 
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elevation of EROD activity in this bird species can not fully be established, as part of Uie 
analysis are still in progress. Based on the results of this study so far, it is concluded that 
hepatic EROD activity is a sensitive biochemical indicator for early exposure to planar 
halogenated polyaromatics in the early life stage of fish eating bird species. 
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