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introduction

The first measurement of dioxin in human tissues and food was
reported in the early 1970s by Baughman (/,2). He measured
2,3,78-TCDD (TCDD) in human milk and fish from the south of
Vietnam from areas sprayed with Agent Orange, a mixture of
phenoxyherbicides contaminated with dioxin. Human milk
samples from the United States general population were used as
controls. A level of 1450 ppt TCDI> on a lipid basis was found in
one woman’s milk, levels between 200 and 400 ppt were found
in other samples, and there were specimens from the same
villages where no TCDD was measured at detection limits rang-
ing from 29 to 429 ppt, lipid. Later in the 1970s, Rappe, Masuda
and others reported human tissue levels of polychlorinated diox-
ins and dibenzofurans (PCDDs and PCDFs} (3—5). The first
measurement of dioxins and dibenzofurans in potentially exposed
American workers and the general public was reported in 1983
and published in 1985 (6,7). This docurnented dioxins and diben-
zofurans in the blood and adipose tissue of the general public and
also elevated PCDD/Fs in some exposed workers. With marked
improvements in specificity and sensitivity, a large number of
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reports worldwide have described human tissue and food levels
of these chemicals which, for the most part, are synthetic and of
recent origin (§—25).

This paper reviews recent findings in human tissues from a
number of countries, which vary in level of industrialization. The
geographic regions include North America, Europe, Asia, South
Aftica and a geographically isolated South Pacific island, Guam.,
This diverse and widespread geographical sampling presents
evidence for the industrial origin of most dioxins and diben-
zofurans and illustrates the use of dioxin levels in human tissue
as a reflection of regional industrialization and environmental
contamination. Evidence for industrial origin of most dioxins has
also previously been demonstrated from environmental data
(26—29) and from human tissue measurements of frozen ancient
Eskimo tissue compared to modern tissue (37,32). Food con-
sumption is the primary form of human intake in these cases,
specifically meat, milk, fish, and their by-products (18,22—
24,30). PCDDV/F levels are presented for various organs of the
body considered to be target organs for dioxin toxicity, and these
levels are compared to adipose tissue, which, along with blood,
is usually used as a signal tissue or reference for dioxin levels and
estimates of body burden in potentially exposed persons.
However, the number of human organs that have been analyzed
for dioxins at the present time is insufficient to characterize the
levels and their ratios in human tissues.

Dioxins are extremely toxic to many animal species and appear
to be carcinogenic for humans as well as laboratory animals
(33--37). For some dioxins, certain biochemical markers of ex-
posure and sensitivity appear to have similar responses in
humans and laboratory animals (38,39). It is possible that the
levels currently found in human tissues may have health conse-
quences for individuals or may cause increased rates of disease
on a population basis. Most previous publications, including our
own work (40), have described actual dioxin tissue levels,
without detailed or congener pattern analysis by percentage,
which is the focus of this paper. The data are compared in terms
of both measured PCDD/F tissue congener levels and by diox-
in toxic equivalents (4/—43). The data are from the general
population rather than from exposed populations. In many cases
sample size is insufficient to generalize about populations; pool-
ed samples are sometimes used in an attempt to increase sample
size for each of these difficult and costly analyses. With a larger
sample size and a more systematic sampling in the future, along
with a decrease in the costs for dioxin analysis and an increase
in laboratory capacity, these values may change and be found not
representative of general populations of these specific geograph-
ical areas. Atthis time, however, they do constitute 2 substantial
amount of the data available by countries, and so seem reasonable
to present and use, despite potential limitations with regard to be-
ing adequately representative of the adult populations for the
countries involved. Also, as environmental contamination
decreases, it is hoped and expected that PCDD/F tissue levels in
the general population will also decrease gradually over time.
Because of the extreme persistence of dioxins and related
chemicals in the environment, this decrease may take a very long
time. A recent Environmental Protection Agency report on
human tissue levels in the United States suggests that such a
decrease in dioxin body burden may have begun this past decade
(44).

Methods

The analytic methods used have been previously described and
will only be referenced in this paper (16,31,32,46,47). All
laboratories reporting data in this paper successfully participated
in the recent World Health Crganization’s interlaboratory valida-
tion study for human milk or blood (45).

Results and Discussion
Dioxin Levels in Blood

Tables 1 and 2 present blood lipid dioxin and dibenzofuran
levels from locations in Vietnam, two from the south (Ho Chi
Minh City and Dong Nai}, and one from the north (Hanoi); Ger-
many; the United States; St Petersburg (formerly Leningrad), in
the European part of the Soviet Union, Baikalsk, on the shores
of Lake Baikal, a small city in eastern Siberia in Russian Asia;
and Guam, an island in the South Pacific Ocean (48). The data
represent the mean of individual analyses from Germany and
Guam and values from pooled blood for the other areas.

The data are presented by actual levels as well as by percent
contribution from each congener to the total levels and also by
percent contribution in dioxin toxic equivalents (TEqs) using the
current international units (41—43). For the actual levels, the
more industrialized countries or parts of countries can be iden-
tified readily by the total dioxin levels. In the former USSR, total
PCDD values are low in both St. Petersburg (130 ppt) and
Baikaisk (88 ppt), as in the case for Hanoi, with a value of 126
ppt. Levels are higher in Germany, where the total PCDD is 788
ppt. in the United States (1499 ppt), in Guam (1810 ppt), in Dong
Nai (1938 ppt), and in Ho Chi Minh City (1087 ppt). In the south
of Vietnam, elevated dioxin levels are consistent with former
French and American industrialization and use of chemicals,
whereas in Guam, imported food from more industrial areas,
such as the United States and Japan, may be causing a more
typical industrial pattern of PCDD/Fs in human tissue. Guam is
also the home of a U.S. naval and air base, which could also con-
tribute to the toxic chemical burden. Dibenzofuran levels are
highest at 133 ppt in Dong Nai, Vietnam, surprisingly, followed
by Germany (98 ppt), the United States (92 ppt), and the lowest
levels are¢ from Hanoi (41 ppt), and St. Petersburg (31 ppt). Itis
noteworthy and somewhat surprising that St. Petersburg, a Euro-
pean city, has such low levels.

The values for the toxic equivalents in Table 2 for whole blood
show Dong Nai and the U.S. values are highest for dioxins, 31
and 30 ppt, respectively, with Guam at 24 and Germany at 20
ppt. The lowest value of 6 ppt is found in Hanoi, with Baikalsk
(8 ppt) and St. Petersburg (11 ppt) in the same range. For diben-
zofuran TEqs, the German value is highest at 22 ppt, followed by
Dong Nai (18 ppt), Ho Chi Minh City (14 ppt), the United States
(11 ppt), Baikalsk (10 ppt), and Guam (8 ppt). Hanoi and St.
Petersburg both have a value of 6 ppt.

Tables 1 and 2 also list the percent contribution from the in-
dividual congeners to the total levels. For Ho Chi Minh City, an
area from the south of Vietnam formerly sprayed with Agent
Orange, it is most striking that the percentage of the total
PCDDY/Fs from TCDD is now only 0.28% and, expressed in
dioxin toxic equivalents, only 12%. Octa (OCDD), which is
usually the congener found in the largest amount in human
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Table 1. Amounts and percent contribution of individual congeners to total PCDD and PCDFs in human blood from various general populations (ppt, lipid).

Ho Chi Minh Dong Nai Hanoi Germany UsA Baikalsk St. Petersburg Guam
City
(n=50) {(n=33) (n=32) (r=102) (n=100) (n=8) (n=50) {mean=10)
% % % % % % % %
Contri- Contri- Contri- Contri- Contri- Contri- Contri- Contri-
Cogeners Level bution Level bution Level bution Level bution Level bution Level bution Level bution Level bution
1,378-TCDD 34 029 12 058 <24 Q72 36 04 52 033 37 27 435 28 407 0
1,2,378-PeCDD 88 0.75 14 068 4.2 25 138 1.5 21 13 47 34 9.3 58 4 0.73
Total HxCdd 45.1 39 81 39 21 126 789 8.8 112 70 13 9.5 13 8.1 9964 5.2
1.2,3,4.678- 97 8.3 176 &5 13 7.8 924 103 187 ns 96 7 14 87 1638 835
HpCDD
OCDD 933 798 1655 799 87 52.1 6103 682 174 738 57 416 89 55.3 1526 81
2,378-TCDF 46 039 39 02 26 16 23 026 31 019 3 22 23 1.4 207 012
1,2,378-PeCDF 32 027 29 014 <Ll 033 20 022 28 018 <18 066 ND ND ND ND
23478-PeCDF 21 1.8 22 1.1 86 51 370 41 13 0.82 15 1 92 57 982 .49
Total HxCDF 283 24 59 2.9 147 38 34.1 38 326 20 219 16 132 82 2142 11
Total HpCDF 246 21 337 16 126 15 245 27 36 23 4.6 34 6.3 39 404 21
OCDF ND ND 1l 0.5 <3 09 4.2 047 42 026 <8 29 NA NA 49 026
Total PCDD 1087 93 1938 94 126 76 798 89 1499 94 88 64 130 81 1810 96
Total PCDF 82 7 133 6 41 24 97 i 92 [ 49 36 31 19 80 4
Total PCDI¥F 1169 100 2071 100 167 100 895 100 L5 100 137 100 161 100 1890 100

“Data from Schecter et al. (48). Baikalsk and St. Petersburg are cities in the eastern and western former USSR, respectively. Samples are from whele blood, ex-

cept for the U.S. Sample, which is from plasma. Samples are from pooled blood

except Germany, which is the mean of 102 individual analyses.

Abbreviations: CDD, chlorinated dibenzodioxin; CDF, chlorinated dibenzofuran; P, poly; T, tetra; Pe, penta; HX, hexa; Hp, hepta; o, octa; NA, not available;

ND, not detected.

Table 2. Dioxin toxic equivalents (TEq) and percent contribution of individual congeners to total PCDIV/Fs TEqgs in human blood
from general populations (ppt, lipid).

Ho Chi Minh Dong Nai Hanoi Germany USA Baikalsk St. Petersburg Guam
City

{n=50) (n=33) (n=32) (n=85) (n=100) (n=8) (n=50) (mean=10)

% % % % % % % %

Contri- Contri- Contri- Conri- Contri- Contri- Contri- Contri-
Cogeners TEq TEq bution TEq bution TEq bution TEq bution TEq bution TEq bution TEq bution TEq bution
2,378-TCDD 1 34 12 12 245 1.2 10 36 B6 52 127 37 205 4.5 265 40 27
1,2378-PeCDD 0.5 44 16 7 43 21 7.5 7 67 W05 256 235 13 465 274 7 219
Total HxCDD 01 4.5 16 8.1 85 21 17.5 81 193 1.2 273 13 72 1.3 76 996 311
1,2,3,4,678- 0ol 097 15 1.76 36 015 LI 0938 223 1% 46 0096 053 014 082 164 51
HpCDD

OCDhD 0001 0933 33 1655 34 0087 073 05% 142 LY7 29 0057 €32 08 052 1526 48
2,378-TCDF 01 046 16 039 08 026 22 025 06 031 0% 03 17 023 14 207 065
1,2,378-PeCDF 005 0 057 015 031 0055 046 ND ND 014 034 005 028 ND ND ND ND

23478-PeCDF 05 105 375 1 225 43 358 18.4 438 6.5 15.9 7.5 417 4.6 271 491 15
Total HxCDF 01 283 10 59 12 147 123 316 15 326 8 2.9 Rr2 132 78 2.14 68
Total HpCDF 001 0246 088 0337 069 0126 11 0218 0652 36 089 0046 026 0063 037 0404 13
OCDF 0.001 ND 00l 0022 00015 001 00055 0013 004 001 0004 002 NA NA 00049 002
Total PCDD 14 50 31 63 6 47 20 48 30 73 g 4 1 65 24 75
Total PCDF 4 50 18 37 6 53 22 52 1| 27 10 56 6 35 8 25
Total PCDDV/Fs 28 00 49 100 2 100 42 100 41 100 18 100 17 100 32 100

*Data from Schecter et al. (48). Baikalsk and St. Petersburg are cities in the eastern and western former USSR, respectively. Samples are from whole blood, ex-
cept for the U.S. sample, which is from plasma. Samples are from pooled blood except Germany, which is the mean of 102 individual analyses.
Abbreviations: CDD, chlorinated dibenzodioxin; CDF, chlorinated dibenzofuran; P, poly; T, tetra; Pe, penta; Hx, hexa; Hp, hepta; o, octa; NA, not available; ND,

not detected.

tissues for most countries, for unknown reasons, provides almost
80% of the total PCDD/F but only 3.3 % of the toxicity using cur-
rent toxicity estimates for the Ho Chi Minh City blood. A larger
portion of the toxicity is contributed by the 5- and 6-chlorinated
dioxin and dibenzofuran congeners. The relatively little dis-
cussed, but toxic 2,3,4,7.8-PeCDF, makes a substantial contribu-
tion to dioxin toxicity here, providing almost 38 % of the total
dioxin toxic equivalents. Although total dioxins contribute 93 %
and dibenzofurans 7% to total levels, they each contribute 50%
of the dioxin toxic equivalents in the specimen from Ho Chi Minh
City. It should be noted that Agent Orange spraying occurred

from 1962 to 1970 in Vietnam. For that reason, levels of
2,3,78-TCDD in human tissue collected in Vietnam between
1984 to 1990 are probably, on average, lower than was previously
the case.

[n Dong Nai province, also a heavily Agent Orange-sprayed
area in the south of Vietnam, TCDD levels found in the 1980s
were quite high, contributing about 25% to the total PCDD/F
toxicity. Although the congener totals for dioxins and diben-
zofurans in Dong Nai are similar to the Ho Chi Minh City levels,
approximately 94 and 6%, respectively, the dioxin toxic
equivalent pattern reflects a larger contribution from TCDD.
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Here, the dioxin toxic equivalent contribution from the dioxins
are 63 % and, from dibenzofurans, 37%.

In Hanoi, in the north of Vietnam where little industry is present
and where no Agent Orange was sprayed, the total PCDI/F levels
are quite low, at 167 ppt, compared with the 1000-2000-ppt levels
found in the blood specimen from the south of Vietnam. However,
the relative dioxin and dibenzofuran toxicity resembles that seen
in the specimens from Ho Chi Minh in that almost half, 47 %, is
from PCDDs and 53% is from PCDFs. A somewhat unusual
pattern exists in that there is more dioxinlike toxicity from the di-
benzofurans than from the dioxins themselves, although the diox-
ins predominate in absolute amount, 126 ppt compared to 41 ppt.

Germany and the United States represent typical industrial
countries with massive production and disposal of synthetic
chemicals. Total dioxins and dibenzofurans in human tssue from
each of these countrics have previously been noted to be rela-
tively similar in amount, Here in these samples, the total diben-
zofuran ievels are similar, but there is higher dioxin content in the
American blood, to a considerable extent due to the OCDD. The
finding that the 2,3,4,78-penta (Pe CDF) level is markedly higher
in German biood (a typical European finding}, with 37 ppt, than
in the U.S. sample, with 13 ppt, is characteristic and worthy of
note. This converts to a 44 (German) versus 16% (U.S.) contribu-
tion to the total in dioxin toxic equivalents for this congener. For
total dibenzofuran TEq, toxicity is higher in Germany when
compared to the United States, 52 versus 27 %, respectively.
TCDD TEq, however, plays a relatively minor role in each coun-
try, with values of 9 and 13 % in German and American blood,
respectively. This finding suggests that too much attention may
have historically been given to the well-known 2,3,7.8-TCDD
congener as compared with other PCDDs and PCDFs, which
contribute far more to the total toxicity.

The former Soviet Union is of interest for a number of reasons.
It was a large country, with varying degrees of industrialization
that have been rapid and relatively recent, especially in Siberia.
If airborne dioxins and dibenzofurans play a major role in en-
vironmental levels, we would expect human tissue levels to be
similar in geographically remote areas. For that reason, we chose
to sample blood from Baikalsk, located far into Asiatic Siberia,
on the southern bank of remote Lake Baikal, and St. Petersburg,
in Europe, several thousand miles west of Baikalsk. In Baikalsk,
the total PCDD/PCDF levels are low, 137 ppt, with a PCDD/
PCDF ratio of about 2:1, whereas in St. Petersburg, the total
PCDD/F level was also low at 161 ppt, but with a PCDD/PCDF
ratio of approximately 4:1. These levels are considerably lower
than those seen in most industrial locations.

In Guam, a relatively isolated island in the South Pacific
Ocean, almost all the PCDD/F congeners detected are dioxins
(1810 ppt) which contribute 96 % to the total, of which 81.1% is
from OCDD, while dibenzofurans (80 ppt) contribute only 4% .
The total PCDD/F level of 1,890 ppt is the second highest in this
series. This pattern holds for the toxic equivalents also, with 79%
fron dioxins and 25 % from dibenzofurans. Guamanians’ blood
congener total and TEqs are similar to the continental United
States, which is the source of most of their food and where some
reside periodically.

Figures | and 2 present the total dioxin and dibenzofuran lev-
els and the total TEq values in graphical form, for ease in
visualization and comparison. Table 3 compares blood dioxin

levels from samples collected from 1980 to 1990 from 10 loca-
tions in the north, central, and south regions of Vietnam, which,
as noted previously, is the country with the most extensive known
dioxin contamination (from Agent Orange). The highest
2,3,7,8-TCDD blood level is 28 ppt from Binh Hoa in the south
followed by 18 and 15 ppt from Da Nang and A Luoi, respective-
ly, which are both in central Vietnam. Dong Nai and Ma Da
Forest in the south both have the same level of 12 ppt. In the cen-
tral region, the sample from Hue has 11 ppt, and the remaining
locations have levels of 9.5, 6.8, and 3.4 ppt. Hanoi in the north
has the lowest level, as expected, of less than 2.4 ppt. For total
levels, Dong Nai has the highest dioxin level of 1,938 ppt, fol-
lowed by 1,529 ppt in Da Nang. Hanoi has the lowest total diox-
in level of 126 ppt.

For the dibenzofurans, there is a different pattern, with Da
Nang and Hue from the central region having the highest total of
315 and 265 ppt, respectively; the lowest PCDF levels are in Tay
Ninh, with 26, and Ma Da Forest with 29 ppt. The northern
specimens have a higher dibenzofuran level of 41 ppt. The highest
total PCDD/Fs TEq value is 77 for Da Nang, followed by 57 for
Hue, and 12 ppt from Hanoi is the lowest value found in Vietnam.
The remaining values range from 49 1o 16 ppt. These values com-
pare with the higher total estimated TEqs ranging between 200
and 1500 ppt in Vietnamese milk from the original Baughman
specimens collected in 1970 by Constable and Meselson, pri-
marily reflecting contamination by Agent QOrange (/).

Dioxin Levels in Milk

A second type of sample frequently used for measuring dioxins
in human tissue is milk. Table 4 presents the percent contribu-
tion by congener from human milk samples. Vietnam specimens
are from Hanoi in the north, Da Nang in Central Vietnam, and
Dong Nai Province in the south. Phnom Penh, Cambodia, a
markedly nonindustrial country, and Bangkok, in Thailand, a
country undergoing rapid industrialization, complete the three
Asian countries represented. Germany in Europe and the United
States in North America represent the more industrialized coun-

 tries. Siberia, representing an Asian portion of the former USSR,

and South Africa, where we have samples from both the black
and the white population, represent areas of less industrializa-
tion. Pooled samples were usually used because of time and cost
constraints, as well as the desire to increase sample size from
each geographical area (49—31).

The contribution of TCDD, the most toxic dioxin, to total
PCDD/Fs varies from 0.33 % in Thailand to 4.3% in Dong Nai.
Contribution to TEqs is highest at 38,5% in Dong Nai, an Agent
Orange-sprayed province in the south of Vietnam, and 10-23.9%
for the other countries. 1,2,3,7.8-PeCDD values are more
uniform, with contribution to the total ranging from 1.2 t0 3.3%
and the TEq percent contribution varying from 13.8% in Dong
Nai and Siberia to 26.7% in Cambodia. Among the diben-
zofurans in milk, as is typical for most human tissue studied to
date, especially from European countries, 2,3,4,7,8-PeCDF is
most striking in its contribution to TEgs, with values ranging
from 44 8% in Germany and 41.9% in Thailand to 21.8% and
12% in the samples from South Africa. For HxCDDs, South
Africa’s black population sample has the highest contribution
(9.2%) and Thailand has the lowest (2.5 %). The HXCDFs have
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Figure 1. Dioxins and dibenzofurans in human blood from the general population (ppt, lipid). (HCMC) Ho Chi Minh City.
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Figure2. Dioxin and dibenzofuran toxic equivalents in human blood from the general population (ppt, lipid). (HCMC) Ho Chi Minh City.

a range of 1.8-13.7% contribution to the total PCDD/Fs and
6.2-186% to the TEqs. Both 2,3,4,67.8-hepta (HpCDD) and
OCDD contribute a small amount to the total dioxin equivalents,
ranging from 0.4 to 6%, despite their large percentage of con-
tribution to absolute totals, which ranges from 8% in Siberia to
17% in the sample from black South Africans for HpCDD, and
a particularly striking 49.7% for Siberia to 74.7 % from Thailand
for OCDD. For HpCDF and OCDF, the percent contribution is
relatively small, 1-7.4 %, and 0.1-1.24 % for total PCDD/Fs and

TEq, respectively, from HpCDF. OCDF contributes 0.38-2.9%
to the total PCDD/F and 0.004-0.07 % to TEq.

The findings from South Africa are of interest because of the
difference in levels between the black population and the white
population. The values are usually lower for the black popula-
tion than the white. This is consistent with the idea of the white
population having a dietary intake of higher quality and quanti-
ty consisting of more meat, fish, and milk products, thus having
higher dioxin and dibenzofuran levels.
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Table 3. Dioxin and dibenzofuran levels in pooled blood from south, central, and north Vietnam (ppt, lipid).

South Central North
Ho Chi Ma Da Quang
MinhCity DongNai TayNinh BinhHoa  Forest Tri Hue DaNang  ALuoi Hanoi
Congener TEF (n=50) (n=33) (n=50) {n=>50) (n=50) (n=50) (n=50) (n=50) (n=33) {(n=32)
2,3,78-TCDD 1 3.4 12 6.8 28 12 9.5 11 18 15 <2.4
1,2,3,78-PeCDD 0.5 8.8 14 2.8 10 34 14 15 30 ND (2.2) 4.2
1,2,3,789-HxCDD 01 7.5 14 5.2 11 ND(2.2) 9 23 15 ND(1.8) 23
1,2,3,6,78-HxCDD 0.1 29 52 16 25 13 36 53 73 11 13
1,2,3,4,783-HxCDD 01 8.6 15 6.5 6.1 7.1 6.6 19 22 ND (4.1} 5.7
1,2,34678-HpCDD 001 97 176 45 20 24 78 10t 93 21 13
OCDD 0.001 933 1655 600 685 226 614 773 1278 127 87
2,3,7.8-TCDF 01 4.6 39 1.8 ND(Q1.2) 3 3 23 <6 <6.8 2.6
1,2,378-PeCDF 005 3.2 29 ND( 3 ND (1) ND({1.8) 48 ND@E.1) NDED <l.1
2,3,478-PeCDF 0.5 21 2 3.7 8 2.1 8.5 20 24 3 8.6
1,2,3.7.89-HxCDF 0.1 14 27 7.5 23 8.9 36 89 108 21 6.5
2,3,4678-HxCDF 01 11 27 53 13 38 21 61 57 11 6.4
1,2,36,7,8-HxCDF 0.1 ND(1.4) ND(1.2) ND() ND{2.9) ND(I) ND(1.6) NDQ) ND(i.2} ND(1.6) ND{LD
1,2,3,4,78-HxCDF 01 33 5 ND(1.1) ND(1.9) ND(1} ND(1.2) 3.6 63 ND() 1.8
1.2,3.4678-HpCDF 001 22 31 8 28 11 61 84 117 23 12
1,2,3,4789-HpCDF 001 2.6 2.7 ND(2.9 ND(.5 ND(2) ND(2.5) ND{4.2) ND(.7) ND(@2.5 <12
OCDF 0001  ND(5.5) 11 ND .99 ND(0) ND® ND(2.9) NDI(6.5) ND(13) ND(12} <3
Total PCDD 1087 1938 682 855 286 767 995 1529 174 126
Total PCDF 82 133 26 75 29 130 265 315 61 41
Toal PCDD/F 1169 2071 708 930 3i4 897 1260 1844 235 167
Total PCDD TEq 14 31 12 39 16 23 30 46 17 6
Total PCDF TEq 14 18 4 8 3 11 27 31 6 3
Total PCDD/F TEq 28 49 16 47 19 34 57 77 23 12

Abbreviations: TEF, toxic equivalent factor; CDD, chlorinated dibenzodioxin; CDF, chlorinated dibenzofuran; T, tetra; Pe, penta; Hx, hexa; p, nepta; O, octa;
P, poly; TEq, toxic equivalent; ND, nondetectable.

Table 4. Dioxin and dibenzofuran percentage contribution to total PCDD/Fs and TEq human milk from various countries (ppt, lipid).

S. Africa 5. Africa
Hanoi Da Nang Dong Nai Cambodia Thailand Gernmany USA USSR-Siberia (White) {Black)
(n=30) (n=11 (n=11) (n=8)* (n=10)® (n=185r {(n=42)° (n=239 (n=18)® {n=6)

Congeners PCDD/Fs TEq PCDD/FsTEq PCDD/FsTEq PCDD/FsTEy PCDD/FsTEq PCDD/FsTEq PCDD:/FsTEq PCDD/FsTEg PCDDVFsTEq PCDD/FsTEq
2378.TCDD 17 139 1 168 43 385 057 16 033 W0 0% 12 093 20 27 225 045 135 04 K3

1,2,378-

PeCDD 23 165 28 225 31 13.8 1.9 267 .2 177 27 174 19 20 33 138 .53 23 1.3 238
Total

HxCDD 6.9 (1) 71 1.4 69 62 59 17 25 714 133 172 1.7 25 83 7 882 265 92 329

1,2,34678-

HpCDD 91 L3 0z 17 e 1l 28 37 1 33 13.3 17 18 25 8 0.68 16 4.8 17 6.1

oCcDD 617 089 542 088 506 (.46 68.6 2 747 22 533 069 654 1.4 497 04 67 2 653 23

2,3,78-TCDF 16 23 041 066 068 062 06 L7 2 58 058 075 08 17 29 24 0396 1.2 027 096

1.2.378-

PeCDF 079 057 076 062 043 019 037 053 077 11 02 013 013 0K 1.2 05 o1 0159 0099 018

2,3478-

PeCDF 48 347 32 25.5 3.3 254 L9 267 29 419 69 448 2 22 10.2 43 145 218 0.666 12
Total

HxCDF 69 09 1.5 186 137 125 23 65 3 87 47 62 3 6.4 1.9 96 19 667 18 6.5

1,23,4678-

HpCDF 27 039 7.4 1.2 26 024 26 073 1 0.3 L5 02 LI 024 1.2 01 L2404 2 07

OCDF 17 0022 L4 002 038 0004 28 28 oss 003 29 oM 1.2 002 1.2 0008 074 0022 2 a7
Totald

PCDDs* 82 53 75 53 77 6l 2 9% 90 42 83 48 92 a9 72 4 94 70 93 B0
Total

PCDFs* 18 47 25 47 23 39 1 11 10 58 17 52 8 i 28 56 6 30 7 20

*Hanoi data are a pool of 28 from previously published data, plus 2 new samples

*Data from Schecter et al. (49-51) .

“Totals are rounded. Mean value for 185 individual analyses.

9Siberian samples obtained from Baikaisk, Irkutsk, Kachug, and Novosibirsk.

Abbreviations: CDD, chlorinated dibenzodioxin; CDF, chlorinated dibenzofuran; TEq, toxic equivalent; T, tetra; Pe, penta; Hx, hexa; Hp, hepta; O, octa.
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Dioxin Levels in Adipose Tissue

Because dioxins are lipid soluble, adipose tissue was frequent-
ly used for the early measurement of dioxins in human tissue and
has become somewhat of a “‘gold standard.” For ease of compari-

son, a pie graph presentation by individual countries of congener
contribution to the total dioxin toxic equivalents in adipose tissue
from general populations is shown in Figure 3. This is more
representative of toxicity (rather than environmental contamina-
tion) than presentations of analytic data, but is subject to change

TCDF 0.6 1%

TCDD 69 29% A

PRCDD 3.9 17%

HpCDD 0.825 4%

HpCDF  0.164 1% OCDD 0.429 2%

HxCDF 1.08 5%

PnCDF 3.4 14%

OCDF ND{1) 0.05

0%
HxCDD 6.56 28%

USA N=15

HpCDD 1.53 2% PnCDC 10.75 16% B

TCDF 0.39 1%
TCDD 51 7%

OCDD 0.653 1%

HxCDF  3.76 5%
OCDF 0.0042 0%

PnCDF 354 52%

HxCDD 109 16%
HpCDF  0.233 0%

Germany N=4

PnCDD 6.5 179%
TCOF 0.31 1% C

HpCDD  0.69 2%

TCOD 6.6 18%

PnCDF 65 17%

HpCDF 0.071 0%
OCOD 1.36 4%

HxCDF 6.9 18%
HxCDD 8.6 23%

Japan N=6

FiGURe3. Dioxin and dibenzofuran congeners’ TEq and percentage contribution {ppt, lipid) to total TEq in adipose tissue from the general population. (4) United
Sates (51 ) ; (B) Germany (51 }; (C'} Japan [TCDF not detected (I ) ); (D) Canada [TCDF not detected (1) ]; {E) south of Vietnam [PeCDF data not available;
OCDF not detected (52,.53) ; (F) north of Vietnam [PeCDF not available; OCDF not detected (52,53); and () China [TCDD, HpCDF, and OCDF not detected (53)].

(Continued on next page)
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as dioxin and dibsnzofuran congeners are assigned different
values when new information concerning toxicity, phar-
macokinetics in humans, or toxicity for specific end points
becomes available. It is useful, however, to give an approxi-
mation of human toxicity contributed by the congeners, just as
previous data and presentation usually reflected total levels of
chemicals and percentage of total PCDD/Fs in the environment.

PnCDD 5.5 16%

PrCDF 8.5 24%

HpCDD 1.51 4%

These specimens were collected and analyzed between 1983 and
1991.

For the United States, we find 2,3,78-TCDD contributing
29%, HxCDD 28%, PeCDD 17%, and PeCDF 14%. In Ger-
many, we sec a somewhat different pattern, with PeCDF 52 %,
HxCDDs 16%, and TCDD 7% of total TEqs (52).

In Japan, we found TCDD contributing 18 %, with 23% from

D

TCOD 7.1 20%

oCDD 0.951 3%

HxCDF 1.8 5%

HpCDF 0.3 1%

HxCDD 9.7 27%
Canada N=46

TCDD 15.7 53%

TCDF 0.88 3%

HpCOF 0.23 1%

PNCDD 3.9 13%
HpCDD 1.01 3%

CCDD 0.642 2%

HxCDF 2.47 8%

HxCDD 4.79 16%

South of Vietnam N=41

PnCDD 0.5

14%

HpCDF 0.085 2%

HpCDD 0.232 7%

HxCDD  0.65 18%

North of Vietnam

FIGURE 3. Continued.

TCOF 056 16% F

TCOD 0.6 17%

ochD  0.0448 1%

HxCDF 0.89 25%

N=26

(Continued on next page)
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PnCDF 85 46%

HpCOD  0.32 2%

PRCDD 405 22% G

TCDF 1.1 6%
OCDD 0.18% 1%

HxCOF 2.5 14%

HxCDD 1.8 10%

China

FIGURE 3. Continued.

HxCDDs, 18% from HxCDF, and 17% each from PeCDD and
PeCDF. In Canada, the percentage is sirnilar to the United States.
TCDD contributes 20% of the TEqs, with HxCDD 27 %,
PeCDF 24%, PeCDD 16%, HpCDF 1% and OCDD, the most
plentiful congener, contributes only 3% (II).

Results for Vietnam are presented for the north and south of
that nation. The persons sampled from the south of Vietnam lived
in provinces where Agent Orange spraying occurred in the past,
but were otherwise selected from the general population. TCDD
contributes 53 % of the TEqs in this series, followed by 16% from
HxCDD, 13% PeCDD, 8% HxCDF, 3% TCDF and HpCDD,
and 2% from QCDD, In the north of Vietnam, by contrast, with
its much lower levels of PCDD/Fs, TCDD contributes only 17 %
of total TEgs, whereas 25% is from HxCDF, 18 % from HxCDD,
a much higher than usual 16% is from TCDF, 14% is from
PeCDD, 7% from HpCDD, and only 1% is from OCDD
(9,53,54).

China, where total dioxin and dibenzofuran levels are quite
low, has the largest TEq contribution of 46% from PeCDF,
followed by 22 % from PeCDD, 14 % from HxCDF, 10% from

OTotal PCDD A

2500 4 | {OTotal PCODF 2276

2000 -]
1500
1000

500

HxCDD, 2% from HpCDD, and a low 1% from OCDD, the most
plentiful but least toxic congener (/1 }.

Dioxin Levels in Stillborn, Ancient, and
Modern Human Livers

Figure 44 presents levels of total dioxins recently measured in
livers of three stillborn infants (55}, one ancient adult found
frozen in Alaska (32), and three modern adults from the United
States (56 ) in order to contrast the markedly higher levels of
dioxins and dibenzofurans currently found in adults, primarily
from industrial sources, and to highlight the increase in dioxin
body burden seen in adults as compared to children at birth.
Findings of low levels in stillborns reflects transplacental transfer
due to unavoidable intake, so long as environmental contamina-
tion persists.

Figure 4B presents the same data converted to dioxin toxic
equivalents to provide a reference from a toxicologic standpoint,
It is interesting to note that the modern stillborn liver dioxin TEq
of 10is quite similar to that found in ancient adult livers, 14 ppt,
on a lipid basis.

E Total TEQ 43.3 B
50 — :

40
30

20

10 ~

&
0
e@,‘b
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FIGURE4. (A)Mean liver PCDD/Fs in U.S. adults, an ancient human adult, and stillborn infants (ppt, lipid). (B) Total mean liver TEq in U.S. adults, an ancient

human adult, and stillborn infants (ppt, Jipid).
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Table 5, Mean percentage of congener contribution to total PCDIVF levels on a wet-weight basis in human autopsy tissue
samples from two patients from New York."

Subcutaneous fat Adrenal Liver Muscle Spleen Kidney
Analyte Level % Contribution Level % Contribution Level % Contribution Level % Contribution Level % Contribution Level % Contribution

2,3,7,8-TCDD 4.9 0.6 38 0.7 2.5% 0.7* ND ND 1.3 2.5 ND ND
1,2,3,7,.8-PeCDD 7.9 0.9 4 0.8 T 1t 1.4 1 6.1 12 ND ND
1,2,3,6,7,.8-HxCDD 60.5 6.8 37 7.2 273 73 6.9 48 1.7 33 33 6.5
1.2,3,4,6,7,8-HpCDD  106.5 12 45.5 89 33 8.8 9.5 6.6 8.9 17.5 9.1 17.8
oCDD 645 72.5 405 78.8 285 76.4 123 85.4 33 64.7 35 68.6
2,3,4,7,8-PeCDF 16.5 1.9 5.2 1 5.4 1.40 1.1® 0.76° ND ND ND ND
Total HxCDF 30 34 9.8 1.9 10.6 2.8 2 1.3 ND ND 2.6 5.1
1,2,3,4,6,7,8-HpCDF 18 2 4 0.8 49 1.3 ND ND ND ND 1.7 3.3

Total PCDD* 825 93 495 96 352 94 14} 98 51 100 47 92

Total PCDF* 65 7 9 4 21 6 3 2 ND ND 4 8

% Lipid 71 71 27 27 14 14 8 8 2 2 3 3

“Data from Ryan et al. (%) and Schecter et al. (55).
bData value from one patient.
“Totals are rounded.

Abbreviations: CDD, chlorinated dibenzodioxin; CDF, chlorinated I dibenzofuran; T, tetra; P, poly; Pe, penta; Hx, hexa; Hp, hepta; O, octa; ND, nondetectable.

Dioxin Levels in Multiple Organs: Autopsy
Specimen

It has recently become useful to estimate body burden and to
make decisions as to exposure following special incidents, such
as Agent Orange or industrial chemical contamination, by
reporting adipose tissue or blood-lipid dioxin values. However,
this does not provide target organ PCDD or PCDF levels. For
this reason, congener contribution to total PCDD/F measure-
ment and to total TEqgs are presented in Tables 5 and 6, respec-
tively, as mean values from two autopsies (9,56) performed on
New York State residents in the 1980s. The values are presented
on a wet-weight basis, but lipid values are provided to permit
conversions. Further work is needed to increase the sample size
to permit adequate tissue level characterization.

Comparison of Dioxin Levels in Blood, Milk, and
Adipose Tissue

Data for human tissue dioxin levels are obtained primarily
from human blood, adipose tissue, and human milk, as discussed
in this paper. Table 7 presents a comparison of tissue levels from
blood, adipose tissue, and milk from the general population of
the United States (48,49,52). We found in these samples that
blood has the highest total PCDD/F levels in absolute values and
in TEq values. The levels are 1591, 590, and 356 ppt for absolute
values for blood, adipose tissue, and milk, respectively and 41,
24, and 17 ppt, respectively, for TEq totals. It is also noteworthy
that milk has the lowest levels in almost every instance except
when it has the identical value with adipose of 5 ppt for total
PCDF TEq. These observations have been made by others as
well during the past few years. These data are from general
population data, not from the same individuals. Figure 5 presents
the same data in a graphical form for ease of visualization and
comparison.

Particularly striking in our experience, as shown in the data
presented here, is the observation that dioxin congeners frequent-
ly constitute approximately 90 % of the total measured dioxins
and dibenzofurans. But considering dioxin contribution to total
toxic equivalents, they constitute approximately 61% of toxicity,

with dibenzofuran contribution varying from nondetected to
39%, in the various tissues studied. In the case of OCDD, which
contributes the most to the actual amounts measured, were
OCDD to be given a more conservative TEq of 0.01 rather than
0001, which could be justified using OCDDs highest toxic out-
come (57,58), the TEq from dioxins as well as total TEq would
be higher.

Summary and Conclusions

We have reviewed what we believe to be relatively represen-
tative data of that available from the general populations on diox-
in and dibenzofuran levels in human blood, fat, milk, and other
selected organ or tissue samples from a number of countries
worldwide. Included in these data are ancient frozen human
tissue and modern human tissue from stillborn infants as well as
adult tissue for purposes of comparison.

The data have been manipulated, in some cases, to provide the
percentage that a given congener, such as 2,3,7,8-TCDD, con-
tributes to the total PCDD/Fs measured. In other cases, conver-
sion to TEqgs has been performed, followed by a numerical or
graphical presentation of the contribution by congener to the total
estimated toxicity of all measured congeners.

With present techniques, we can usually detect between 14 and
16 2,3.7.8 toxic chlorine-substituted congeners in human tissue.
In some locations, as in less industrialized regions such as China,
Thailand, Cambodia, and the north of Vietnam, we find relative-
ly low levels of dioxins and dibenzofurans, in the range of 100 -
160 ppt on a lipid basis in blood or adipose tissue. Human tissue
from more industrial areas usually has higher tissue dioxin
levels, for example, the U.S. and German values of 1,591 and 886
PPt, respectively, for total PCDD/E We are sometimes surprised
by other levels: in remote Dong Nai Province in the south of Viet-
nam, total PCDD/F in blood lipid was found to be 2071 ppt, and
in a remote South Pacific Ocean island, Guam, we found average
levels of 1890 ppt, to a considerable extent due to high OCDD
levels. The source of industrial contamination, which con-
tributed to relatively elevated human tissue levels, presumably
through consumption of contaminated meat, milk, fish, and their
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Table 6. Mean percent congener contribution to total mean PCDD/F toxic equivalent {TEq) levels on a wet-weight basis in human autopsy tissue samples
from two patients from New York."

Subcutaneous fat Adrenal Liver Muscle Spleen Kidney
Analyte TEq TEq % Contribution TEq % Contribution TEq % Contribution TEq % Contribution TEq % Contribution TBEq % Contribution
2,378-TCDD 1 49 17.5 38 271 2.5 208" ND ND 1.30 2830 ND ND
1,2,3.78-PcCDD 05 395 14.1 2 14.3 1.85 1540 07 298 305 66.3 ND ND

1,2,3678-HxCDD 0.4 605 215 37 26.4 273 228 069 294 017 37 033 41

1,2,346,78-

HpCDD 001 107 38 0.46 33 033 28 009 4 009 1.9 009 1.4

oCcDD 0001 065 2.1 0.4] 29 0.29 2.4 0.12 52 003 07 004 4.4

2,3478-PeCDF 05 825 296 2.6 186 270 22.5" 0.55 13.4° ND ND ND ND
Total HxCDF 01 3 10.7 0.98 7 1.06 g8 0.2 8.5 ND ND 0.26 325

1.2,3.4,6,78-

HpCDF 001 018 07 004 0.29 005 0.4 ND ND ND ND 002 2.1b
Total PCDD* TEq 17 607 10 7.4 8 66.7 1.6 68.4 46 100 05 06
Total PCDF< TEq 1 393 4 286 4 333 075 3.9 ND ND 03 0.4
% Lipid ! 27 14 8 2 3

“Data from Ryan et al. (9) and Schecter et al. (56).
*Data value from one patient.

Abbreviations: CDD, chlorinated dibenzodioxin; CDF, chlorinated 1 dibenzofuran; T, tetra; P, poly; Pe, penta; Hx, hexa; Hp, hepta; O, octa; ND, nondetectable.

Table 7. Comparison of dioxin and furan levels in blood, milk, and
adipose tissue from the United States (ppt, lipid).*

Whole blood Adipose Milk
Congeners (n=100) (n=I15) (n=43)
2,378-TCDD 52 6.9 33
1,2,3,78-PnCDD 21 17 67
Total HxCDD 12 656 417
1,2,3,4,678-HpCDD 187 82.5 42
OoCDD 174 429 233
2,378-TCD¥ 31 1.6 285
1,2,3,78-PeCDF 28 ND A5
2,3,418-PeCDF 13 6.8 73
Total HxCD¥F 26 108 106
Total HpCDF 36 16.4 4.05
OCDF 4.2 ND () 4.1
Total PCDD 1499 558 327
Total PCDF 92 32 29
Total PCDD/Fs 1591 590 356
Total PCDD TEcL" 30 19 12
Total PCDF TEq u 5 5
Total PCDD/F TEQ® 41 24 17
% Lipid 05% 85% 35%

“Data for blood, see Schecter et al. (48), for milk see Schecter et al. (49), and
for adipose see Schecter et at. (52).

*Totals are rounded.

Abbreviations: CDD, chlorinated dibenzodioxin; CDF, chiorinated diben-
zofuran; TEq, toxic equivalent; T, tetra; Pe, penta; Hx, hexa; Hp, hepta; O, octa.
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products, is not known in these two latter remote and relatively
nonindustrial areas. In remote Siberia, we found blood PCDD/F
levels of only 137 ppt, and in European St. Petersburg, the level
was only slightly higher, at 161 ppt. We have no explanation for
the low level in St. Petersburg, which is lower than other Euro-
pean values. Although industrialization may not be prominent,
environmental protection has not been notably strict in the
former Eastern Block countries.

In many areas, the percentage of total PCDD/F from diben-
zofurans was relatively low in absolute amount, but in some in-
stances the toxic equivalents were higher from the PCDFs than
from the PCDDs, as in Hanoi, Vietnam (53 % compared to 47 %)
and Germany (52 % versus 49%). Certain congeners, such as
2,3,4,718-PeCDF, with a relatively high TEq of 0.5, half that of
2,3,7,8-TCDD, contributed substantially to total TEqQs (44 % in
Germany, 42 % in Baikalsk, 38% in Ho Chi Minh City, and 36%
in Hanoi).

Variations in general population dioxin levels appear to be
greater than is the case for the dibenzofurans, which are usual-
ly present in markedly lower amounts. Shorter half-lives may ac-
count for lower levels for the dibenzofurans (59—6/). In some
cases, when there have been specific incidents of environmental
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FiGUure 5. (4) Comparisonof PCDD, PCDF, and PCDIVF levels in blood, milk, and adipose tissue from the United States (ppt, lipid}. (B} Comparison of PCDD,
PCDF, and PCDD/F TEq levels in blood, milk, and adipose tissue from the United States {ppt, lipid).
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contamination in the past, such as the spraying of part of Vietnam
with herbicide contaminated with 2,3,7.8-TCDD, elevated TCDD
levels may be found in humans decades later. The source of most
dioxins and dibenzofurans is not known at this time, so amounts
of dioxins and dibenzofurans in globally different regions may
vary without apparent explanation. Levels vary considerably in
ash from municipal incinerators and in soot from PCB trans-
former fires, for example.

The question as to whether chlorinated dioxin and diben-
zofurans existed before industrialization and formation of syn-
thetic chemicals (62 ) is addressed in two ways by human tissue
data. The higher levels of PCDD/Fs found in tissue from in-
dustrial countries and lower levels in samples from less industrial
countries suggests industrial origin for most PCDD/Fs. Com-
pared to present adult levels, the finding of quite low levels of
PCDD/Fs in frozen ancient Eskimo tissue from the United
States, similar to levels found in stillborns at the present time, is
also consistent with an anthropogenic origin of almost all diox-
ins and dibenzofurans in the environment. This is also consistent
with sediment data analyzed by time of deposition or by location
(26—-29).

Autopsy data are beginning to provide tissue-specific dioxin
levels, which will make it possible to extrapolate blood dioxin
levels, usually the tissue of choice for most patients, with target
organ tissue levels. However, autopsy data are limited at this time
{9). Another question of interpretation from blood dioxin
measurements is the effect on blood, fat, and other organs of
wasting, which occurs in terminal cancer patients, AIDS pa-
tients, and in certain other disease states. In a similar fashion,
fasting may or may not mobilize body stores and increase blood
dioxin levels. Answers to these questions require further study
before body burden or target tissue dose can easily be determined
from biood or fat measurement,

The past decade has witnessed an explosion of research on
human tissue chlorinated dioxin and dibenzofuran levels. This
has been driven by markedly improved chemical techniques.
With these techniques and with an increase in capable labora-
tories and a decrease in costs, the next decade should provide a
wealth of useful environmental and health data relating to the
dioxins, especially regarding those dioxin levels in hurnan tissue
that are causally related to disease.

Some of the studies cited here have been made possible by the generous
assistance of the Christopher Reynolds Foundation, the Samuel Rubin Founda-
tion, the CS Fund, Church World Service, and CIDSE. The expert technical
assistance in preparation of this manuscript is due to Ruth Stento, Karan Charles,
Deborah Suess, and Diann Yannantwono, Most of all, we thank the persons whose
tissues were used to obtain the dioxin data.
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