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INTRODUCTION 
Dioxin (PCDD) and dibenzofuran (PCDF) measurement of human blood from various 

countries provides data concerning global environmental contamination. Such data 
furnishes vital statistics which are important for public health purposes. Recent studies that 
link dioxins with certain types of cancer and other serious health effects underscore tiie 
urgency of determining the levels of dioxins and dibenzofurans in various populations. 
Results to date indicate that there are variations in dioxin blood levels by geographical 
areas, documenting industrial pollution and bioavailability. This paper extends our previous 
work by including data from several countiies not previously studied, and will include 
analyses of data from other counti-ies such as Laos and Cambodia, at the time of 
presentation. 

METHODS 
F The dioxin laboratory successfully participated in a World Health Organization 

Interlaboratory Validation Studies for human blood and milk. Methods were previously 
reported and will not be repeated.' Whole blood was collected, frozen at -20'C and 
shipped frozen to the analytical laboratory. 
RESULTS AND DISCUSSION 

Table I presents statistics derived from 102 individual analyses of whole blood from 
residents of Germany, This data gives an estimation of the variation that one might expect 
if other pooled analyses had been performed as individual analyses. 

In Table II we present results from eight locations in seven counti-ies; results are 
pending for other countries. Data is presented on a lipid basis and is also converted to 
"dioxin toxic equivalents" (TEQ) in an attempt to estimate toxicity, using current weighting 
factors,̂ ''' which may well change as new in vitro, in vivo, and human data becomes 
available. 

Total dioxin and dibenzofuran levels range widely from 151 parts per trillion (ppt) in 
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Russia to 1816 ppt in Guam. This surprisingly high level in Guam could be due to 
consumption of imported food from Japan and the U.S.A. In general, less industrialized 
countries are characterized by lower dioxin levels as can be seen in the results from Russia 
and northern Vietiiam. However, Russia is undergoing rapid industiialization and food 
PCDD/F levels are not greatly different from food in Germany or \he U.S.A.* 

For total dioxin toxic equivalents, Gennany, the U.S.A., and southern Vietnam are the 
highest with 42, 41, and 36 ppt respectively. Russia, at 17 ppt, is close to northern 
Vietnam at 15 ppt. Guam, although being high in actual levels of dioxins, is lower in toxic 
equivalents (29 ppt) than the U.S.A., Germany, Israel and the south of Vietnam. 

Pooled blood dioxin analysis provides a convenient and economical way to foUow the 
movement of toxic chemical contamination through the food chain and into humans.^ 
Variations between and within countries dccument industrial pollution and bioavailability. 
Recent studies implicating dioxins in certain types of cancer and other healtii effects sti-ess 
the urgency of mapping out contamination worldwide to provide data for future reference.^ 

REFERENCES 
1. Papke, 0., Ball, M.. Lis. Z.A. and Scheunert. K. PCDD/PCDF in whole blood samples of 

unexposed persons. Chemosphere 1989;19:941-948. 
2. Pilot Study on Intemational Information E:tchange on Dioxins and Related Compounds. 

Scientific Basis for the Development ofthe International Toxicity Equivalency Factor I-TEF) 
Method of Risk Assessment for Complex Mixtures of Dioxins and Related Compounds, 
NATO:North Atiantic Treaty Organization Committee on the Challenges of Modem Society, 
1988. Editions 176 and 178. 

3. USEPA. Interim procedures for estimating risks associated with exposures to mixtures of 
chlorinated dit)enzo-p-dioxins and dibenzoftjrans (CDDs and CDFs) and 1989 update, 
Springfield. VA 22161 PB90-145756:U.S. Department of Commerce. National Technical 
Iiiformation Service, 1989. 

4. Schecter, A.J.. FUrst. P., FUrst. C, Groebel. W., Constable, J.D., Kolesnikov. S., Beim. A., 1 
Boldonov, A., Trubitsun, E., Vlasov, B., Cau, Hoang Dinh, Dai, Le Cau and Quynh, Hoang I 
Tri. Levels of chlorinated dioxins, dibenzofurans, and other chlorinated xenobiotics in food 
from the Soviet Union and the Soutii of Vietnam. Chemosphere 1990:20:7/9:799-806. 

5. Schecter, A.J. Dioxins and related chemicals in humans and the environment. In: Banbury 
Report 35: Biological Basis for Risk Assessment of Dioxins and Related Compounds, Cold 
Spring Hartx)r Laboratory. Cold Spring Harbor. NY 1991:169-213. 

6. Hoar, S.K.. Blair. A.. Holmes, F.F.. et al. Agriculture herbicide use and risk of lymphoma and 
soft-tissue sarcoma. y/lA/A 1986;156,9:1141-1147. 

7. Harden, L., and Eriksson. M. Soft-tissue sarcoma and exposure to dioxins. Lancet 2:1-868. 
1986. 

8. Hoar Zahm. S., Weiscnburger, D.D,. Babbitt. P.A.. et al. A Case-Control study of Non-
Hodgkin's Lymphoma and the herbicide 2,4.dichlorophenoxyacetic acid (2.4,-D) in eastem 
Nebraska, Epidemiology 1990:1:349-356. 

9. Zober, A., Messerer, P., and Huber, P. Thirty-four year mortality follow-up of BASF 
employees exposed to 2.3,7.8-TCDD after the 1953 incident. International Archives of 
Occupational and Environmental Health 1990:62:139-157. 

10. Fingertiut. M.A., Halperin. W.E., Marlow, D.A., ct al. Cancer mortality in woricers exposed to 
2.3.7.8-tcti-achIorodibenzo-p-dioxin. Nev\> England Journal of Medicine 1991:324:212-218. 

240 Organohalogen Compounds (1992) Volume 9



r 

f 

SOU 
Session 12 

11. Manz, A., Berger, J.. Dwyer, J.H., et al. Cancer mortality among workers in chemical plant 
contaminated witii dioxin. Lancet 1991;338:959-964. 

12. Saracci, R., Kogevinas, M., Bertazzi, P-A., et al. Cancer mortality in workers exposed to 
chlorophenoxy herbicides and chlorophenols. Lancet 1991;38:1027-1032. 

TABLE I 
DIOXINS AND DIBENZOFURANS IN WHOLE BLOOD FROM THE GERMAN ADULT 

GENERAL POPULATION N=I02, (ppt, lipid) 
~ Congener Minimum Maximum Mean Std. Dev. Median 

2,3,7,8,-TCDD 
1.2,3,7,8,-PnCDD 

1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2.3,7.8.9-HxCDD 

1.2.3.4,6,7.8-HpCDD 
OCDD 

2,3,7,8-TCDF 
1,2,3,7.8-PnCDF 
2,3.4.7,8-PnCDF 

1.2.3.4.7.8-HxCDF 
I,2.3.6,7.8-HxCDF 
1,2,3,7,8,9-HxCDF 
2.3,4.6.7,8-HxCDF 

1,2,3,4,6,7.8-HpCDF 
1,2,3.4.7.8.9-HpCDF 

OCDF 

.6 
2.1 
1.0 
15.0 
0.5 
19.0 
145 
0.5 
0.5 
6.3 
3.6 
2.7 
0.5 
0.5 
4.8 
0.5 
I.O 

9.1 
39.0 
33.0 
124.0 
71.0 
280.0 
1524.0 

6.7 
8.8 

99.0 
49.0 
53.0 
9.4 
14.0 
55.0 
4.0 
15.0 

3.6 
13.8 
10.9 
54.6 
10.6 
92.4 
610.3 
2.3 
2.0 
37.0 
15.4 
13.3 
1.7 
4.3 
23.4 
1.5 
4.2 

1.9 
6.8 
6.4 
25.1 
9.3 
53.7 
290.9 

1.6 
1.8 
18.2 
10.3 
8.6 
1.3 
3.2 
11.6 
0.8 
3.2 

3.2 
13.0 
9.9 
50.0 
8.2 
80.0 
549.0 
2.0 
1.4 

33.5 
13.0 
Il.O 
1.5 
3.5 

21.0 
1.3 
3.1 

Total PCDDs 
Total PCDFs 

Total PCDD/PCDFs 
Total PCDDs TEQ 
Total PCDFs TEQ 

Total PCDD/Fs TEQ 

221 
27 
268 
4 
4 
8 

1983 
192 

2135 
56 
59 
115 

798 
97 
895 
20 
22 
42 

361 
37 
383 
10 
12 
22 

703 
91 
836 
18 
19 
37 

Totals are rounded 
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TABLE II 
DIOXINS AND DIBENZOFURANS IN HUMAN BLOOD FROM VARIOUS COUNTRIES 

1980-91 (ppt, lipid) 

Congener 

JAPAN 

Pool 
N-50-100 

ISRAEL 

Pool 
N-100 

RUSSIA GUAM 

Moan Pool 
N=.68 N=100 

VIETNAM 

North* South* 
N«82 N=383 

GERMANY U.S.A. 

Mean Pool 
N-102 N=100 

2,3,7,8.-TCDD 

1,2,3,7,8,-PnCDD 

1,2,3.4.7,8-HxCDD 

1,2,3,6,7.8-HxCDD 

1,2,3,7,8,9-HxCDD 

1,2,3.4,6.7,8-HpCDD 

OCDD 

2,3,7.8-TCDF 

1,2,3,7,8-PnCDF 

2,3,4,7,8-PnCDF 

1,2,3,4,7,8-HxCDF 

1,2,3,6,7.8-HxCDF 

1.2.3,7,8,9-HxCDF 

2,3,4,6.7,8-HxCDF 

1,2,3,4.6,7,8-HpCDF 

3.2 

11.7 

5.3 

45.9 

9.3 

58.8 

1404 

5.1 

<1.5 

20.6 

12 

10.3 

ND(0.9) 

2.1 

11.5 

1,2,3,4,7,8.9-HpCDF ND(2.4) 

OCDF ND(6.2) 

5.5 

12.3 

18 

59.3 

12.8 

78.3 

511 

<1 

<1.0 

14.2 

12.3 

10.1 

<2.4 

3.0 

22.1 

<1.8 

<5.8 

4.4 

8.1) 

2.4 

8.24 

2.4 

13.5 

85.2 

2.3 

4.5 

11 

9.2 

68.8 

14.8 

147 

1479 

1.9 

ND(1.09)<1.0 

9.88 

8.7 

4.24 

ND(I.I) 

1.3 

6.1 

7.6 

17.4 

7.7 

<2.0 

2.6 

37.7 

ND(2.05) <3.5 

<8** <7.8 

2.2 

4.1 

3.7 

13.4 

4.8 

25.5 

132.3 

4.6 

1.7 

7.6 

20.6 

11.1 

0.5 

2.2 

46.7 

1.9 

4.2 

14.6 

9.1 

7.5 

33.8 

9.4 

87.3 

696.4 

2.4 

2 

9.3 

23.9 

14.7 

0.8 

2.6 

42.7 

3.8 

4.4 

3.6 

13.8 

10.9 

54.6 

10.6 

92.4 

610.3 

2.3 

2.0 

37.0 

15.4 

13.3 

1.7 

4.3 

23.4 

1.5 

4.2 

5.2 

21.0 

13.0 

84.0 

15.0 

187 

1174 

3.1 

2.8 

13.0 

15.0 

14.0 

ND(1.2) 

3.6 

36.0 

ND(1.8) 

4.2 

Total PCDDs 1538 

Total PCDFs 67 

Total PCDD/PCDFs 1605 

Total PCDDs TEQ 18 

Total PCDFs TEQ 13 

Total PCDD/Fs TEQ 31 

697 

68 

765 

22 

10 

32 

125 

39 

16<t 

10 

7 

17 

1734 

82 

1816 

22 

7 

29 

186 

101 

283 

7 

8 

15 

858 

107 

965 

26 

10 

36 

798 

97 

895 

20 

22 

42 

1499 

92 

1591 

30 

11 

41 

U.S.A. blood is plasma, all others are whole bloo>d. Totals are rouncied. NA= not available. For non
detects and >, half of detection limits were used lor calculation of TEQs. * North and South Vietnam are 
means of several pooled analyses: North Is from two analyses with a total of 82 persons, South Is from 9 
analyses totaling 383 persons. Data for U.S., see reference #6. German data is from individual analyses; 
all others are from pooled blood. **= N=8 1 
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