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Introduction

Worldwide contamination by dioxins and related compounds, such as polychlorinated dibenzo-
p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and coplanar polychlorinated
biphenyls (coplanar PCBs) representing persistent organic pollutants (POPs) have been of great
concern due to their persistency in the environment, highly bioaccumulative nature and adverse
effects on wildlife and humans'. Several studies on air samples and marine organisms from open
seas suggested a long range transport of these compounds through atomosphere”®. Although
several investigators have monitored dioxins pollution in localized areas, information on the global
distribution of dioxins which can explain their atomospheric transport, behavior and fate are till
limited.

Skipjack tuna is primarily distributed from offshore waters to open seas in tropical and
temperate regions almost all over the world such as the Pacific, Atlantic and Indian Oceans’. This
species is an important commercial fish and its ecology and biology has been well studied®’.
Moreover, suitability of skipjack tuna for global monitoring of organic pollutants (DDTs, HCHs
PBDES, organotins, etc.) has been established in our previous report®™™®, indicating that migration
pattern, growth stage and sex of these animals have no or little effect on the variations of POPs
residue levels in their bodies. Hence this species reflected POPs pollution levels in seawater when
and where they were collected, caused by the rapid equilibrium partitioning between seawater and
body lipid. These facts made skipjack tuna a suitable bioindicator for monitoring the contamination
status of dioxins and related compounds. The objectives of this study are to elucidate the global
distribution of dioxins (PCDD/Fs and coplanar PCBs) in offshore waters and open seas, and to
understand the transport and behaviour of these chemicals using skipjack tuna as bioindicator.
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Materials and Methods

The samples of skipjack tuna (Katsuwonus pelamis) were collected from offshore waters of
various regions in the world (Japan, Taiwan, Philippines, Indonesia, Seychelles and Brazil, and the
Japan Sea, East China Sea, South China Sea, Indian Ocean and North Pacific Ocean) during the
years 1997-2001. Skipjack tuna were obtained from fish market and fisher village after confirming
the fishing areas. The samples from the North Pacific Ocean and off-Brazil were caught by fishing
during a research cruise. Muscles were taken from these individuals and kept in clean plastic bags
stored at -20 °C until chemical analysis. The pooled muscles of five fish in each location were
employed for chemica analysis. Chemical analysis of PCDDs, PCDFs (PCDD/Fs) and coplanar
PCBs followed the method described in previous report”.
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Results and Discussion

Contamination Status

Dioxins and related compounds in the muscle of skipjack tuna were detected in almost all the
specimens collected from the location surveyed, indicating widespread contamination of these
compounds in the global marine environment. Concentrations of total PCDD/Fs and total coplanar
PCBs ranged from less than detection limit to 79, and 4200 to 62000 pg/g lipid wt, respectively.
Total concentrations of coplanar PCBs were 3 orders of magnitude higher than those of total
PCDD/Fs. It may be due to the higher bioaccumulative properties of PCBs™ and notable
contamination of these compounds in offshore waters and open seas environment compared with
PCDD/Fs*. Mean and range of PCDD/Fs and coplanar PCBs concentrations in skipjack tuna
collected from offshore waters and open seas in this study were apparently lower than those in fish
collected from coastal waters around Asian regions such as Japan*>**. It may be due to the fact that
samples analyzed in this study were collected from warets far from anthropogenic activity.
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Fig. 1 Geographical distribution of dioxins and related compounds in the muscle of skipjack tuna
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Geographical Distribution of Dioxins and Related Compounds

Fig. 1 shows concentrations of dioxins and related compounds in the muscle of skipjack tunain
this study. Although sampling locations in the southern hemisphere is small (off-Indonesia, off-
Seychelles and off-Brazil), residue levels of these compounds in skipjack tuna from the northern
hemisphere were found to be apparently higher than those from the southern hemisphere (p<0.05,
Mann-Whitney U test) (Fig. 1). A similar type of distribution of these compounds was also reported
in the air and avian samples from open sea®®. It is plausibly due to larger usage and unintentional
generation of dioxins and related compounds in the northern hemisphere.

Among the regions surveyed in this study, higher contamination levels of dioxins and related
compounds were found in offshore waters around temperate Asian regions (Fig. 1). The highest
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concentration of PCDDs was detected in S-China Sea (13 pg/g lipid wt), followed by E-China Sea-
2 and off-Taiwan (9.2 and 8.4 pg/g lipid wt, respectively). The highest concentrations of PCDFs
and coplanar PCBs were found in off-Taiwan (66 and 62000 pg/g lipid wt, respectively) followed
by PCDFsin S-China Sea (65 pg/g lipid wt), and coplanar PCB in E-China Sea-2 (32000 pg/g lipid
wt). These results suggest that these compounds have been used and generated in highly
industrialized countries around the East China Sea and the South China Sea. However, recent study
pointed out that source of dioxinsis not only industrialized countries but also developing countries
around Asian regions. Hileman® reported that massive amounts of electric products (television,
computer, etc.) used in developed nations such as USA, Japan, Canada, Korea and Europe were
exported as trash to Asian developing countries such as China, India or Pakistan, and these waste
electric equipments were burned in open air in those countries. Combustion processes are believed
to be the major source of PCDD/Fs to the environment™®. Actually, notable contamination of
dioxins and related compounds was found in soil from open dumping site in Asian developing
countries, such as the Philippines, Vietnam, and Cambodia®’. Minh et a.!” and the present findings
suggest recent formation of dioxins and related compounds in open dumping sites in Asian
developing countries, and these areas can be potential sources for these chemicals to marine
environment around Asian regions. Further investigations of marine environment along Asian
developing countries are required. Another possible source of PCDD/Fs may be the technical PCBs
used in industrialized countries around the East China Sea and the South China Sea, which can be
inferred by the fact that the geographical distribution pattern of PCDFs was similar to those of
copl anarlgPCBs (Fig. 1). It has also been reported that technical PCBs contained PCDFs as
impurity .

Apparently lower residue levels of PCDDs (less than detection limit) were found in the samples
from open ocean (N-Pacific-1 and -3) compared with those from waters around Asian regions (off-
Japan, Japan Sea, E-China Sea and S-China Sea) (Fig. 1). On the other hand, comparable
concentrations of PCDFs and coplanar PCBs were observed in samples from open seas (N-Pacific-
1 and -3) and around Asian regions (off-Japan, Japan Sea, E-China Sea and S-China Sea). It was
already shown that PCDFs and coplanar PCBs have higher vapour pressure and lower particle
affinity than PCDDs™. These results indicated that PCDFs and coplanar PCBs may have higher
transportability through atmosphere than PCDDs. Another possible reason of higher concentrations
of PCDFs and coplanar PCBs than PCDDs in open seas is that these chemicals might have been
released from international vessels passing through the North Pacific Ocean because technical
PCBs were used on vessels as antifouling paint in the past®.

In this context, among dioxins and related compounds, PCDFs and coplanar PCBs may have
high potency to cause global pollution due to their highly transportable nature through atmosphere.

Acknowledgements

The authors thank Dr. A. Nihira (Ibaraki Prefectural Fisheries Experimental Station, Japan), Dr.
J. Takeuchi (Wakayama Research Center of Agriculture, Forestry and Fisheries, Japan), Dr. H.
Tameishi (Japan Fisheries Information Service Center, Japan) and Dr. I. Nakamura (Kyoto
University, Japan) for providing the ecological information of skipjack tuna and Mr. M. Nakamura
and Ms. M. Takahashi (Hiraki-no-Takahashi, Co. Ltd., Japan). This study was supported partly by
a Fund “21st Century COE Program” from the Ministry of Education, Culture, Sports, Science and
Technology of Japan, “ Japan-K orea Co-operative Joint Research Program on Endocrine Disrupting
Chemicals’ from the Ministry of the Environment, Japan and “Material Cycles Modeling of
Persistent Toxic Chemicals and its Policy Research Applications for Recycling and Waste

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004) 1798



BIOTIC COMPARTMENTS: LEVELS, TRENDS, EFFECTS

Management” from the Waste Management Research Grants of the Ministry of the Environment.
One of the authors (Dr. Ueno) thank the Grant-in-Aid for JSPS Fellows from Japan Society for the
Promotion of Science for the fellowship provided to him during the course of this study.

References

1. van den Berg M. et a. (1998) Environ. Health Perspect. 106, 775-792.

2. Lohmann R. et al. (2001) Environ. Sci. Technol. 35, 4046-4053.

3.0no M. et a. (1987) Mar. Pollut. Bull. 18, 640-643.

4. Kannan N. et al. (1989) Arch. Environ. Contam. Toxicol. 18, 850-857.

5. Tanabe S. et a. (2004) Environ. Sci. Technal. 38, 403-413.

6. Collette B.B. and Nauen C.E. (1983) in FAO Fisheries Synopsis N0.125 . FAO species
catalogue Val. 2.

7. Nihira A. (1996) Bull. Tohoku Natl. Fish. Res. Inst. 58, 137-233 (in Japanese).

8. Ueno D. et al. (2003) Arch. Environ. Contam. Toxicol. 45, 378-389.

9. Ueno D. et al. (2004) Environ. Sci. Technol. 38, 2312-1316.

10. Ueno D. et al. (2004) Environ. Pollut. 127, 1-12.

11. Niimi A.J. (1996) Sci. Total Environ. 192, 123-150.

12. Japan Environmental Agency (1998) [http://mwww.env.go.jp/chemi/kurohon/http1998/html/

6bu_hyol 6.html] (in Japanese).

13. limuraF. et a. (2002) J. Environ. Chem. 12, 343-352 (in Japanese).

14. Seike N. et al. (2002) Jpn. J. Environ. Toxicol. 5, 21-31 (in Japanese).

15. Hileman B. (2002) C& EN July 1, 15-18.

16. Heidelore F. (1996) Chemosphere 32, 55-64.

17. Minh N.H. et al. (2003) Environ. Sci. Technol. 37, 1493-1502.

18. Wakimoto T. et al. (1988) Chemosphere 17, 743-750.

19. Wania F. and Mackay D. (1996) Environ. Sci. Technol. 30, 390A-396A.

20. MaruyamaK. et al. (1983) Ecotoxicol. Environ. Saf. 7, 514-520.

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004) 1799



