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Introduction 

Polychlorinated naphthalenes (PCNs) are a class of chlorinated aromatic 
hydrocarbons which have been widely distiibuted in the global environment''̂ . There are 75 
possible PCN isomers and congeners and the chlorination of naphtiialene results in the 
formation of a complex mixture of individual components'*. These compounds were employed 
for use similar to the types of applications as PCBs, i.e. as plasticizers, as heat fransfer fluids 
in heat exchangers, as insulating fluids in elecfrical equipment and as timber preservatives'' ̂  
Another source was discussed in the recent paper'. Production of PCNs have now been 
discontinued, at least in Europe*' ' and Japan' . The secondary formation of chlorinated 
naphthalenes in thermal processes such as municipal waste incineration also suggests 
sustaining environmental sources of PCNs'""''*. Some recent toxicological studies have 
focused on the dioxin-like toxicity of PCNs such as induction of aryl hydrocarbon 
hydroxylase and ethoxyresomfin-o-deethylase"' '*. PCN contamination in humans and wildlife 
is not well understood. In this study, the isomer-specific profile of PCNs was examined in 
Japanese human adipose tissue samples. In addition, TE(̂ s were estimated for toxic PCN 
congeners and compared with those of PCDD/DFs in the same samples to evaluate the relative 
significance of tfiese compounds. 

Materials and Methods 

The human adipose tissue samples were obtained at Matsuyama and Osaka 
Prefectures, Japan. The samples were homogenized with anhydrous sodium sulfate and 
exfracted with dichloromethane. The exfract was cleaned up with concenfrated sulfuric acid. 
Fractionation was carried out with activated silica-gel column and alumina columns for PCNs, 
and additionally charcoal impregnated silica-gel mixture column for PCDD/DFs'̂ . HRGC 
(Hewlett Packard 5890 Series II, USA)-HRMS(JEOL SX102A, Japan) was used for tiie 
detennination of PCN and PCDD/DF congeners. PCN recoveries through the procedure were 
as follows: ttiCNs 80-83%, tettaCNs 75-96%, pentaCNs 76-91%, hexaCNs 63-89%, 
heptaCNs 103-118% and octaCN 93-103%. TEQs of PCNs residued in human samples were 
calculated using TEF values of PCNs reported by Blankenship et al. ". An equivalent mixture 
of Halowax formulations (1000, 1001, 1013, 1014, 1031. 1051 and 1099) was used as a 
standard for quantification' . Statistical significance was examined using the Mann-Whitney 
non-parametric test. 
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Results and Discussion 

Six individual adipose tissue samples from Ehime and fifteen adipose tissue 
samples from Osaka were analyzed for PCNs. In all the samples analysed, PCN congeners 
were determined in the range of 3,200 to 10,300 pg/g (fat weight basis) for Ehime samples 
and 2,020 to 249,000 pg/g for Osaka samples, respectively. These results were comparable 
with those reported for Canadian^" and Japanese data^' on PCN levels in human adipose tissue. 
Although the small number of samples limits the power of statistical tests, however, a 
significant difference (p<0.0S) was found between the levels in samples from Ehime and 
Osaka. PCN homologue composition in the samples from both regions were also different. It 
is estimated that this difference is caused by the background levels of PCNs including tiie 
habitat and diet. 

Table 1. Concenfrations (pg/g on fat weight basis) of PCNs, PCDDs 
and PCDFs in human adipose tissue in Japan. 

Sampling region 

Ehime 
(n=6) 

Osaka 
(n=15) 

Max. 
Min. 
Ave. 

Max. 
Min. 
Ave. 

PCNs 

10,300 
3,320 
4,940 

249,000 
2,020 

31,600 

PCDDs 

1,100 
120 
410 

2,200 
120 

1,200 

PCDFs 

180 
35 
69 

77 
30 
53 

On the otiier hand, tiie congeners 1,2,5,8-/1,2,6,8-tefra-CN (PCNs 38/40), 1,2,3,5,7-
/1.2,4.6,7-penta-CN (PCNs 52/60), 1,2,3,6.7-penta-CN (PCN 54), and 1,2,3,4,6,7-/1,2,3,5.6.7-
hexa-CN (PCNs 66/67) were the major components in the samples. The profile of PCN 
homologues in human was different from tiiose observed in Halowax formulations and in fly 
ash samples from municipal solid waste incinerators. The PCN congeners determined in 
human samples might have stable and accumulative properties as reported previously *• ̂ . 

Concenfrations of PCN congeners in human samples were higher than those of 
PCDD/DFs detected in the same samples. The data showed no conelation of residue levels 
with donor age and sex for either PCNs and PCDD/DF congeners. 
Since PCN congeners are planar compounds with stmctures similar to PCDD/DFs. they have 
the dioxin-like toxic i t ies" ' '*. In recent years, the relative potencies (REP) derived from the 
H4IIE-luc bioassay as the activity mediated by binding to aryl hydrocarbon receptor has been 
proposed by Blankenship et al. for several individual PCN congeners. In an attempt to 
evaluate the toxic implications of PCNs present in human adipose tissues, the 2,3,7,8-TCDD 
equivalent (TEQs) were estimated for the active PCN congeners on the basis of the potencies 
relative to 2,3,7,8-TCDD in human adipose tissue samples obtained in Ehime and Osaka, and 
the contribution of PCN congeners to total TEQs were determined in the samples. As a result, 
tiie TEQs estimated for PCNs in human were much less than those for PCDD/DFs. 

It is clear that further work is needed on the toxic implication of PCNs present in 
humans and wildlife as well as the sources of these compounds, because the residue levels 
may depend on the habitat and diet. 

ORGANOHALOGEN COMPOUNDS 

Vol. 47 (2000) 160 



POLYCHLORINATED NAPHTHALENES - POSTERS 

Acknowledgments 
This study was performed with a support with a Grant-in-Aid from tiie Ministry of 

Education, Science and Culture of Japan (grant No. 10680504) and the Polish Committee of 
Scientific Research (KBN) under grant No 127/E-335/S/99. 

References 
1. J. Falandysz, L. Sttandberg, S. E. Kulp, B. Sttandberg, C. Rappe (1996) Polychlorinated 

naphthalenes in sedimenl and biota from the Gdansk Basin. Environ. Sci. Tehnol., 30, 
3266-3274. 

2. U. Jamberg, L. Asplund, C. de Wit, A. -L. Egeback, U. Wideqvist, E. Jakobsson (1997) 
Distribution of polychlorinated naphthalene congeners in environmental and source-
related samples. Arch. Environ. Contam. Toxicol. 32, 232-245. 

3. T. Harner, H. Kylin, T. F. Bidleman, C. Halsall, W. M. J. Sfrachan, L. A. Barrie, and P. 
Fellin (1998) Polychlorinated naphthalenes and coplanar polychlorinated biphenyls in 
Arctic air. Environ. Sci. Technol., 32, 3257-3265. 

4. U. A. T. Brinkman and H. G. M. Reymer (1976) Polychlorinated naphthalenes. J. 
Chromatogr., 127, 203-243. 

5. K. Othmer (1980) Encyclopaedia of Chemical Technology. Third Edition, John Wiley 
and Sons Inc., USA. 

6. J. Falandysz (1998) Polychlorinated naphthalenes - an environmental update. Envfron. 
Pollut., 101,77-90. 

7. K. Kannan, T. Imagawa, A. L. Blankenship and J. P. Giesy (1998) Isomer-specific 
analysis and toxic evaluation of polychlorinated naphthalenes in soil, sediment, and biota 
collected near the site of a former chlor-alkali plant. Environ. Sci. Technol., 32, 2507-
2514. 

8. M. J. Crookes and P. D. Howe (1993) Environmental hazard assessment: Halogenated 
naphthalenes. Report TSD/13; Department of tiie Environment: London. 

9. A. Lunden and K. Noren (1998) Polychlorinaled naphthalenes and other organochlorine 
contaminants in Swedish human milk, 1972-1992. Arch. Environ. Contam. Toxicol., 34, 
414-423. 

10. T. Imagawa and N. Yamashita (1996) Estimation of emission sources of polychlorinated 
naphthalenes using finger-print method for isomer composition. J. Environ. Chem., 6, 
495-501 (in Japanese). 

11. M. Oehme, S. Mano and A. Mikalsen (1987) Formation and presence of polyhalogenated 
and polycyclic compounds in the emissions of small and large scale municipal waste 
incinerations. Chemosphere, 16, 143-153. 

12. T. Wiedmann and K. Ballschmiter (1992) Halogenated naphthalenes as precursors and 
products in flame chemistry. Organohalogen Compounds. 9, 331-334. 

13. T. Nakano, K. Fujimori, Y. Takaishi and H. Umeda (1993) Isomer specific analysis of 
polychloronaphthalenes. Report of the Hyogo Prefectural Institute of Environmental 
Science 25, 34-41 (in Japanese). 

14. M. Kawano, M. Ueda, M. Matsui, Y. Kashima, M. Matsuda and T. Wakimoto (1998) 
Exttactable organic halogens (EOX: Cl, Br, and I), polychlorinated naphthalenes and 
polychlorinated dibenzo-p-dioxins and dibenzofurans in ashes from incinerators located 
in Japan. Organohalogen Compounds, 36, 221-224. 

15. M. A. Campbell, S. Bandiera, L. Robertson, A. Parkinson, S. Safe (1983) Hepta-, hexa-, 
tefra-, and dichloronaphthalene congeners as inducers of hepatic microsomal dmg-
metabolizing enzymes. Toxicol., 26, 193-205. 

16. M. Engwall, B. Bmnsfrom, E. Jakobsson (1994) Ethoxyresomfin o-deethylase (EROD) 
and aryl hydrocarbon hydroxylase (AAH) inducing potency and lethality of chlorinated 
naphthalenes in chicken (Gallus domesticus) and eider duck (Somateria mollissima) 
embryos. Arch. Toxicol., 68, 37-42. 

17. S. Tsuda, M. Kawano, T. Wakimoto and R. Tatsukawa (1993) Application of 
charcoal/silicagel column for analysis of polychlorinated dibenzo-/>-dioxins (PCDDs) and 

ORGANOHALOGEN COMPOUNDS 

Vol. 47 (2000) 161 



POLYCHLORINATED NAPHTHALENES - POSTERS 

polychlorinated dibenzofurans (PCDFs). Chemoshpere. 27,2117-2122. 
18. A. Blankenship, K. Kannan, S. Villalobos, D. Villeneuve, J. Falandysz, T. Imagawa, E. 

Jakobsson and J. P. Giesy (2000) Relative potencies of Halowax mixtures and individual 
polychlorinated naphthalenes (PCNs) to induce Ah receptor-mediated responses in tfie rat 
hepatoma H4IIE-luc cell bioassay. Environ. Sci, Technol. in press. 

19. J. Falandysz, M. Kawano, M. Ueda, M. Matsuda, K. Kannan, J. P. Giesy and T. 
Wakimoto (2000) Composition of chloronaphthalene congeners in technical 
chloronaphthalene formulations ofthe Halowax series. J. Environ. Sci. Health, A33, 281-
298. 

20. D. T. Williams, B. Kennedy and G. L. LeBel (1993) Chlorinated naphtiialenes in human 
adipose tissue from Ontario municipalities. Chemosphere, 27,795-806. 

21. R. Takeshita and H. Yoshida (1979) Contamination witfi polychlorinated naphthalenes in 
human. Eisei Kagaku, 25, 24-38 (in Japanese). 

ORGANOHALOGEN COMPOUNDS 

Vol. 47 (2000) 162 


