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Introduction 

Planar chlorinated hydrocarbons (PCHs) such as polychlorinated dibenzo-p-dioxins 
(PCDDs), dibenzofurans (PCDDF) and some polychlorinated biphenyl (PCB) congeners 
appear to be ubiquitous contaminants in aquatic ecosystems. They have been detected 
in fresh water and marine organisms at high concentrations in the northern hemisphere. 
Concentrations in the marine environment in the southern hemisphere are considerably 
lower '^' and it is believed that atmospheric transport accounts for the bulk of these 
materials transported to the southern oceans^'. While considerable data is available on 
contaminants in marine mammals^' similar data is limited for oceanic birds'^'. Studies in 
fresh water ecosystems have demonstrated that fish eating water birds may be 
particularly vulnerable to adverse effects from organochlorine contaminants^'^'. As part 
of a multidisciplinary study to assess human impacts in the remote oceanic environment, 
we have determined the concentrations of PCDD, PCDF and PCB congeners in albatross 
tissues collected from Midway Island in the central Pacific Ocean. 

Methods 

Albatross eggs and tissues were collected from the Midway Atoll group during 1994. 
Egg samples consisted of pools of 10 eggs, adult fat and liver samples were composites 
of five individuals collected from the same location. Methods for the analysis of tissues 
for PCDD and PCDF has been reported previously''. After the addition of ^^C^j 
standards PCHs were extracted from tissues with 2:1 acetone:hexane by homogenizing 
in the presence of anhydrous sodium sulphate. Extracts were concentrated and a small 
portion was used for lipid determination. Extracts were purified by treatment with 
concentrated sulphuric acid followed by chromatography on a multi-layer column of 
sulphuric acid silica gel and sodium hydroxide silica gel and chromatography on an 
alumina column. PCDD and PCDF congeners were removed from the extract using a 
column of Carbopack dispersed on Celite. The remaining extract was then subjected to 
chromatography on Florisil to Isolate coplanar PCBs from other PCB congeners. PCDDs, 
PCDFs and PCBs were determined by HRGC/HRMS on a VG 70 mass spectrometer using 
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Figure 1 Concentrations of PCDD and PCDF congeners (pg/g wet 
weight) in Midway Island Laysan albatross fat. 
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Figure 2 Concentrations of PCB congeners (ng/g wet weight) in 
Midway Island Laysan albatross fat. 
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described methods^'. 

Results 

2,3,7,8- substituted PCDD and PCDF congeners were detected in all samples analysed. 
Concentrations were greatest in adult fat, approximately 10 fold less in eggs and still less 
in adult liver tissue. The five most abundant congeners were 2,3,4,7,8-PeF > 
1,2,3,6,7,8-HxD > 1,2,3,7,8-PeF > 1,2,3,7,8-PeD > 2,3,4,6,7,8-HxD (Figure 1). Toxic 
equivalents (TE) contributed by PCDDs and PCDFs, calculated using NATO Toxic 
Equivalency Factors^', ranged from 300 pg/g in adult fat to between 17 and 37 pg/g in 
egg composites. 

PCB congeners were detected in all samples analysed. The sum of the 19 congeners 
analysed varied from 2580 ng/g in adult fat to between 200 and 640 ng/g in egg 
composites. Congener sums were less than 100 ng/g in adult livers. PCB congener 
profiles were unusual in showing a paucity of lower chlorinated congeners (Figure 2). In 
addition the ratios of some diagnostic congener pairs were different from those normally 
observed. Total 2,3,7,8-TCDD toxic equivalents were calculated for PCB mixtures using 
the Toxic Equivalency Factors of Ahlborg et al.^\ Toxic equivalents derived from PCBs 
varied from 472 pg/g in adult fat to 30.2-86 pg/g in egg composites (expressed as TCDD 
equivalents). 

Discussion 

The PCH congener profiles detected in the Midway Island samples were unusual and 
indicate that these PCHs may have been accumulated from a combination of local 
sources and atmospheric deposition. PCBs derived from atmospheric deposition tend to 
have an abundance of lower chlorinated congeners^'. The high levels of furans present 
in the Midway Island samples suggest that the major source of the contaminants may be 
technical PCB mixtures'™. However the high ratio of PCDFs to PCBs would indicate 
considerable enrichment of the furans compared to the PCBs. 

The total concentrations of TE in the egg samples was within the range of concentrations 
where sensitive avian species show adverse reproductive effects^'^'. This is particularly 
so for the Black Footed Albatross where egg TE concentrations were 124 pg/g. Of note 
is that Black Footed Albatross eggs contained considerably greater concentrations of 
PCDF and PCB congeners than Laysan albatross eggs. This may reflect the different food 
habits and/or migration patterns of the species. 

References 

1) Hannah, D.J., Jones P.D., Buckland, S.J., van Maanen, T., Leathem, S.V., van 
Helden, A., and Donoghue, M. (1993): Planar Chlorinated hydrocarbons in 
southern ocean marine mammals. Organohalogen Compounds 12 ISBN 3-85457-
130-5: 333-335. 

2) Iwata, H., Tanabe, S., Sakai, N., and Tatsukawa, R. (1993): Distribution of 
persistent organochlorines in the oceanic air and surface seawater and the role of 
ocean on their global transport and fate. Environ. Sci. Technol., 27, 1080-1098. 

3) Tanabe, S., Mori,T., Tatsukawa, R., and Miyazaki, N. (1983): Global pollution of 
marine mammals by PCBs, DDTs, and HCHs (BHCs), Chemosphere, 12, 1269-

ORGANOHALOGEN COMPOUNDS 
Vol.20 (1994) 139 



ENV 
1275. 

4) Walker, C.H. (1990): Persistent pollutants in fish-eating seabirds-bioaccumulation, 
metabolism and effects. Aquat. Toxicol., 17,293-324. 

5) Giesy, J.P., Ludwig, J.P., and Tillitt, D.E. (1994): Dioxins, dibenzofurans, PCBs 
and similar chlorinated diaromatic hydrocarbons in and their effects on birds: 
Wildlife biomonitoring for hazards of complex environmental mixtures in the 
Laurentian Great Lakes. In: Dioxins and Health. A. Schector ed. IN PRESS. 

6) Giesy, J.P., Ludwig, J.P., and Tillitt, D.E. (1994): Deformities in birdsof the Great 
Lakes region. Assigning causality. Environ. Sci. Technol. 28, 128A-135A. 

7) Buckland, S.J., Hannah, D.J., Taucher, J.A., Slooten, E., and Dawson, S. (1990): 
Polychlorinated Dibenzo-p-dioxins and Dibenzofurans in New Zealand's Hector's 
Dolphin. Chemosphere 20, 1035-1042. 

8) Ahlborg, U.G., Hakansson, H., Waern, F., and Hanberg, A. (1988): Nordisk 
dioxinriskbedoming. Rapport fran en nordisk expertgrupp. Norisk Ministerradet, 
Miljororapport. 

9) Ahlborg, U.G., Becking, G.C, Birnbaum, L.S., Brouwer, A., Derks,H.J.G.M., 
Feeley,M., Golor, G., Hanberg, A., Larsen, J . C , Liem, A.K.D., Safe, S.H., 
Schlatter, C , Waern, F., Younes, M., and Yrjanheikki, E. (1994): Toxic 
Equivalency factors for dioxin-like PCBs. Report on a WHO-ECEH and IPCS 
consultation, December 1993. Chemosphere, 28, 1049-1067. 

10) Ono, M., Kannan, N., Wakimoto, T., and Tatsukawa, R. (1987): Dibenzofurans 
a greater global pollutant than dioxins ? Mar. Pollut. Bull. 18, 640-643. 

ORGANOHALOGEN COMPOUNDS 
140 Vol.20 (1994) 


