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Introduction 
Polychlorinated bomanes are the main components of toxaphene which is produced by 

chlorination of camphene under UV light. Toxaphene is a complex mixture of at least 180 to 190 
components, mostiy with the formula C)()H]g_nCln or C^QH^^^CIJ^ where n is 6-10 '"̂ '. Toxa­
phene was first produced in the USA and became one of the most heavily used pesticide for 
several decades. The global usage of toxaphene from 1950 to 1993 has been estimated to be 
about 1.33 milhon tons''. This pesticide was banned in many countries (USA, Canada, Westem 
Europe) due to its persistence and biological effects. However, it is still used in other countries. 
These chlorinated bomanes have been globally dispersed largely by atmospheric transport to the 
same extent as polychlorinated biphenyls (PCBs), DDT, lindane, and other hexachlorocyclo­
hexanes*'̂ '. Due to its long-range transport, stability, and high bioaccumulation potential toxa­
phene belongs to the persistent organic pollutants (POPs). Especially the polychlorinated bor­
nanes are major contaminants in sediments, fish, marine mammals, human milk, and other biota. 

However, in the course of examining these residues in biota it was noticed that their GC 
pattem was different compared lo toxaphene standard'*"'̂ '. Differences in GC paitem might be 
caused by photodegradation, selective bioaccumulation, and/or metabolism in aquatic and terres­
trial organisms including humans*"'". Due to the differences in the toxaphene composition in 
environmental samples a precise toxaphene-residue analysis requires the availabihty of pure 
chlorinated bomane indicator congeners. At this time the research group of H. Parlar succeeded 
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Ul producing the 22 most important single congeners of toxaphene''*'"', which are commercially 
available from Ehrenstorfer (Augsburg, Germany) or Promochem (We.sel, Germany). About 25 
chlorinated tiomanes are regularly found in environmental samples. Most of the nona- and 
decachlorobomanes are normally absent, while many of the hexa- and heptachlorobomanes as 
well as some of the octa- and nonachlorobomanes are detected in sediments, fish and other 
biotic samples""'*'""'". A study by Vetter et al.'" showed that 11 polyclilorinated bomanes were 
abundant in different seal species. 

In this regard it is interesting to know the bioconcentration factors (BCFs) of these and other 
polychlorinated bomane congeners, which are regularly found in aquatic organisms. However, 
up to this time no bioconcenfration tests with single congeners with fish or other aquatic 
organisms have been performed. The aim of this study was to predict bioconcentration factors of 
some relevant chlorinated bomanes in fish. Furthermore, the bioconcentration factors on a Upid 
basis (BCFL) in fish were compared with bioaccumulation factors on a lipid basis (BAFL) of two 
chlorinated bomane congeners detemiined in the aquatic environment. 

Materials and Methods 
The n-octanoiywater partition coefficients (log Kg^) of the single chlorinated bomane con­

geners were calculated by means ofthe LOGKOW program of Meylan and Howard'"'^'. Further­
more, the log ^o^ values were calculated on the basis of the measured log K ,̂̂  value of 5.28 for 
1,2,3,4,7,7-hexachloro-2,5-norbomadiene which was determined by the HPLC method by Veith 
et al.^''. By means ofthe quantitative stmcture-activity relationship (QSAR) of Mackay (eq. 1) 

logBCFw=l-00logA:o^-1.32 (1) 
the bioconcentration factors on a wet weight basis (BCF^) of the chlorinated bomanes in fish 
were predicted. These BCF^ values refer to fish with a lipid content of ca. 5 % and were recal­
culated to bioconcentration factors on a lipid basis (BCFL). Furthermore, the BCF values were 
compared with the bioaccumulation factors (B/^Fs) of Parlar No. 26 and No. 50 which were 
calculated by dividing the measured concentrations in zooplankton and different fish species 
from the aquatic environment^" by the measured concentrations in the water. 

Results and Discussion 
The 7 most important persistent polychlorinated bomanes with their lUPAC name, Parlar 

numbers, different abbreviations, chemical stmcture, log Kg^ and predicted bioconcentration 
factors (BCF^ and BCFL) '"̂  '̂̂ '̂  ̂ "̂  compiled m Table 1. The predicted BCFL values of hepta-, 
octa- and nonachloroliomanes are between 600,000 and 71,000,000, and the predicted BCFw 
values of these congeners in fish with 5 % lipid range from ca. 32,000 to 3,500,000. Further­
more, in Table I the BAF^ and BAFL values of two polychlorinated bomane congeners (Parlar 
No. 26 and No. 50) are included which were calculated by the authors from the measured 
concentrations in zooplankton and different fish species and the water of a Canadian fresh water 
lake^ '̂. It is obvious that the BAF values of the chlorinated bomanes calculated from concen­
trations in aquatic organisins and water from the environment are by a factor between I and ca. 
70 greater than the BCFs predicted from the log AT,,̂  values. This can be explained m part by 
bioaccumulation and/or biomagnification. 
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Table 1. Chemical name, chemical stmcture, n-octanol/water partition coefficient (log Kow), and 
predicted bioconcentration factors (BCFs) of 7 persisient Polychlorinated Bomanes with high 
bioconcentration potential. The measured log K ,̂̂  values and the measured BCFs of hexachloro-
norbomadiene and heptachloronorbomene are presented for comparison. 
Chemical 

lUPAC name 

(Parlar No., No. of Andrews 

and Vetler, No. of Oehme, and 

other abbreviations) 

(±)-2-exo,3-endo,5-exo,9b,9c, 

10a,1 Ob-Heptachlorobomane 

(TOX 7, 87-1457'') 

(±)-2-endo,3-exo,5-endo,6-exo, 

Bb.Sc, 10a,1 Oc-Octachloro-

bomane 

(Parlar No. 26, TOX 8, T 2, 

88-1413'', 169-603") 

(±)-2-endo,3-exo,5-endo,6-exo, 

8b,9c, 10a,1 Oc-Octachloro-

bomane 

(Parlar No. 40, B8-1414'', 

297 - 243'') 
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Bioconcentration factor (BCF) in 

fish and other aquatic organism 

BCFw" 

fish (lipid: 5 %) 

31,500" 

43,000" 

fish (lipid: 5 %) 

48,000" 

65,000" 

zooplankton 

(1.48%) 

163,000"' 

long-nose sucker 

(0.96 %) 

133,000 •" 

lake wfhitefish 

(2.69 %) 

800,000"' 

lake trout (8.4 %) 

5,660,000"' 

fish (lipid: 5 %) 

56,000" 

76,000" 

B C F L " 

630,000" 

850,000" 

1,000,000" 

1,300,000" 

11,000,000" 

13,900,000" 

30,000,000" 

67,500,000" 

1,100,000" 

1,500,000" 
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Table 1 continued. 

Chemical 

lUPAC name 

(Parlar No., No. of Andrews 

and Vetter, No. of Oehme, and 

other abbreviations) 

(±)-2-exo,3-endo,5-exo,8c,9b, 

9c, 10a, 10b-Octachlorobornane 

(Parlar No. 41,68-1945'', 

41 - 643") 

(±)-2-exo,5,5,8c,9b,9c,10a,10b-

Octachlorobornane 

(Parlar No. 44, 88 - 2229", 

97- 643") 

(±)-2-endo,3-exo,5-endo,6-exo, 

8b,8c,9c, 10a,1 Oc-Nonachloro-

bomane 

(ParlarNo. 50, TOX9,T12, 

Toxicant Ac, B9-1679", 

297-303") 

Chemical structure 
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6.05" 

6.18" 

6.79" 

6.92" 

6.23" 

6.36" 

Bioconcentration factor (BCF) in 

fish and other aquatic organism 

BCFw" 

flsh (5% lipid) 

56,000" 

76,000" 

fish (5% lipid) 

308,000" 

420.000" 

fish (lipid: 5 %) 

85,000" 

115,000" 

zooplankton 

(1.48%) 

290,000" 

long-nose sucker 

(0.96 %) 

100,000" 

lake whitefish 

(2.69 %) 

680,000" 

lake trout (8.4 %) 

650,000" 

B C F L " 

1,120,000" 

1,500,000" 

6,200,000" 

8,300,000" 

1,700,000" 

2,300,000" 

20,000,000" 

10,000,000" 

25,000,000" 

77,000,000" 
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Table 1 continued. 

Chemical 

lUPAG name 

(Parlar No., No. of Andrews 

and Vetter, No. of Oehme, and 

other abbreviations) 

(±)-2,2,5,5,8c,9b,9c, 10a, 10b-

Nonachlorobomane 

(Parlar No. 62, B9-1025", 

99 - 643") 

1,2,3,4,7,7-Hexachloro-2,5-nor-

bomadiene; 

1,2,3,4,7,7-Hexachlorobicyclo 

[2,2,1 ]hepta-2,5-diene 

(HOND) 

1,2,3,4,5,7,7-Heptachloro-2-

nortiomene; 

1,2,3,4,5,7,7-Heptachloro-

bicyclo[2,2,1]hept-2-ene 

(HepCNB) 

Chemical structure 

Cl H 

CT'I*^^^"'CI 
u ft .̂  u 

H lytj* Cl 

CI.»X'--V'~'^->,>,/» H 

a j . ^ c i 

T v ^ ' " L - 4 ^ 
" ^ ^ ^ a 

a^z^ci 

Xg^^- ' f i^z^c i 
^ H y J i . . . ^ ^ / ' 

Cl '^ Cl 

log Kow 

7.72" 

7.85" 

5.15" 

5.28" 

5.55" 

5.28" 

Bioconcentration factor (BCF) in 

fish and other aquatic organism 

BCFw" 

fish (lipid: 5 %) 

2,630,000" 

3,500,000" 

fathead minnow 

(lipid: 4 %) 

6,400" 

fathead minnow 

(lipid: 4 %) 

11,200" 

B C F L " 

53,000,000" 

71,000,000" 

160,000 

280,000 

" BCFw; Bioconcentration factor on a wet weight basis. 

" BCFL; Bioconcentration factor on a lipid basis. 

" The log Kow values were calculated using the LOGKOW Program of Meylan and Howard ^•^". 

" The log Kbw value was measured by Veith et al. by the HPLC method " ' . 

" The log Kbw value was calculated on the basis of the measured log Ko„ value of 5.28 for 1,2,3,4,7,7-

hexachloro-2,5-norbomadlene. 

" BCFw value in fathead minnows (0.12 g body weight, 4 % lipid) was measured in a 30-day flow-

through test by Spehar et al. ^''. 

" BCFL value predicted from the log Kbw value. 

" BCF data calculated from the concentration in biota and water of a Canadian fresh water lake 

measured by K. Kidd and D. Muir ^' . 

" Congener No. proposed by Andrews and Vetter '̂°°'. 

" Congener No. proposed by Oehme ^'". 
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In the future it is now possible to measure experimentally the K ŷj values and also the BCF 
values of special chlorinated bomane congeners in fish and other aquatic organisms. However, it 
is necessary to use chlorinated bomane concentrations in the water which are below the water 
solubility of the.se very hydrophobic chemicals. Otherwise the BCF values are too low''"'*'. 
Furthermore, it is necessary to use the flow-through system and the kinetic approach. 

Acknowledgment 
We thank Prof Hamn Parlar for good cooperation and many helpful discussions. 

References 
I. Swackhammer, D.L.; Charles, M.J.; Hites, R.A.; Anal. Chem. 1987, 59, 91.^. 

Jansson, B.; Widequisl, U.; Int. J. Environ. AnaL Chem. 1983. 13, 309. 
Fingeriing, G.; Hertkom, N.; Parlar, H.; Environ. Sci. TechnoL 1996, 30, 2984. 
Saleh, M.A.; J. Agric. Food Chem. 1983, 31, 748. 
Voldner, E.G.; Li, Y.R; Sci. Total Environ. 1995, 160/161, 201. 
Saleh, M.A.; Rev. Environ. Contam. To.xicoL 1991, 118, 1-85. 
Rice, C.P.; Samson, P.J.; Noguchi, G.E.; Environ. Sci. Technoi 1986, 20. 1109. 
Parlar, H.; Fingeriing, G.; Angerhofer. D.; Christ. G.; Coelhan, M.; Chapter 23, p. 346-364, in Molecular 
Markers in Environmental Geochemistry, Ed. R.P. Eganhouse, ACS Symposium Series 671, American 
Chemical Society, Washington, DC, 1997. 

9. Bidleman, T.F.; Walla, M.D.; Muir, D.; Stem, G.A.; Environ. Toxicol Chem. 1993, 12, 701. 
10. Muir, D.C.G.; Boer, J. de; Trends AnaL Chem. 1995, 14, 56. 
II . Parlar, H.; Nachr Chem. Tech. Lab. 1991, 39, 26. 
12. Musial, C.J., Uthe, H.F.; Int. J. Environ. Anai Chem. 1983, 14, 117. 
13a. Boer, J. dc; Organohalogen Compounds 1997, 33, 7-12. 
13b. Coelhan, M.; Fingeriing, G.; Christ, G.; Parlar, H.; UWSF-Z Umweltchem. Okotox. 1998, 10, 109. 
14. Burhenne, J.; Hainzl, D.; Xu, L.; Vieth, B.; Aldcr, L.; Parlar, H.; Fresenius J. AnaL Chem. 1993, 346, 779. 
15. Parlar, H.; Angerhofer, D.; Coelhan, M.; Kimmel, L.; Organohalogen Compounds 1995, 26, 357. 
16. Coelhan, M.; Fingeriing, G.; Angerh6fer, D.; Parlar, H.; UWSF - Z Umweltchem. Okoto.x. 1998. 10, 37. 
17. Fingeriing, G.; Coelhan, M.; Angerhofer, D.; Parlar, H.; Organohalogen Compounds 1997, 33, 17. 
18. Vetter, W.; Krock, B.; Luckas, B.; Chromatographia 1997, 44, 65. 
19. Fingeriing, G. (Thesis), University of Kassel, Germany, 1995. 
20. Meylan, W.M.; Howard, P.H.; LOGKOW Octanol-Water Partition Coefficient Program, Version 1.37. 

Syracuse Research Corporation, Syracuse, NY 13210, USA, 1995. 
21. Meylan, W.M.; Howard, P.H.; J. Pharmac. Sci. 1995, 84, 83. 
22. Veith, G.D.; DeFoe, D.L.; Bergsled. B.V.; J. Fish. Res. Board Can. 1979, 36, 1040. 
23. Kidd, K.; Muir, D.C.G.; Unpublished results. 1997. 
24. Stem, G.A.; Muir, D.C.G.; Ford. C.A.: Grift. N.P; Dewailly, E.; Bidleman, T.F.; Walla, M.D.; Environ. 

Sci. TechnoL 1992, 26, 1838. 
25. Buser, H.-R.; Muller. M.D.; Environ. ScL Technoi 1994, 28, 119. 
26. Luckas, B.; Vetter, W.; Fischer, P.; Heidemann, G.; Plotz, J.; Chemosphere 1990, 21, 13. 
27. Alder, L.; Beck, H.; Khandker, S.; Karl, H.; Uhmann, J.; Chemosphere 1997, 34, 1389. 
28. Vetter. W.; Scherer, G.; Schlabach, M.; Luckas, B.; Oehme, M.; Fresenius J. Anai Chem. 1993, 349, 552. 
29. Krock. B.; Vetter. W.; Luckas, B.; Scherer, G.; Chemosphere 1996, 33, 1005. 
30a. Andrews, P.; Veller, W.; Chemosphere 1995, 31, 3879. 
30b. Oehme, M.; Kallenbom, R.; Chemosphere 1995. 30, 1739. 
31. Spehar, R.L.; Veith, G.D.; DeFoe, D.L.; Bergstedt, B.V.; BuU. Environ. Contam. Toxical 1979, 21, 576. 
32. Kuehl, D.W.; Chemosphere 1981, 10, 231. 
33. Gobas, F.A., Clark, K.E.; Shiu, W.Y.; Mackay, D.; Environ. Toxical Chem. 1989, 8, 231. 
34. Geyer, H.; Muir, D.; Scheunert, L; Steinberg, C ; Keltrup. A.; Chemo.sphere 1992, 25, 1257. 
35. Geyer, H.; Muir, D.; Steinberg, C ; Kettrup, A.; ESPR - Environ. Sci. Pollut. Res. 1994, 1, 75. 
36. Gobas, F.A.P.C; Schrap, S.M.; Chemosphere 1990, 20, 495. 

ORGANOHALOGEN COMPOUNDS 
268 Vol. 35(1998) 


