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Introduction

Studies of Agent Orangc and bs
dioxin contaminant, 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD), commonly re-
ferred to as “dioxin,"” have focused mainly
on American veterans.! The health conse-
quenccs for the Vietnamese have seldom
been considered. This paper summeanizes
the assessments of exposuré conducted
from 1970 to 1974 and from 1983 to 1994,

Of the herbicldes sprayed during the
Vietnam War (known in Vietnam as the
Second Indochina War), Agent Orangc
was by far the most abundant.!? Through-
out the course of that war, which cnded in
1975, American and South Viemamese
fixed-wing aircraft sprayed more than 12
million gallons of Agent Orange ovar about
10% of what was then South Victnam, the
area below the 17th parallel. Additional
spreying was conducted from helicopters,
from back-packs, and from boats. Spraying
began in 1962, intensified in 1967, and is
believed to have ended in 1971, This
phenoxyherbicide defoliant, named for the
orange coding stripes on the 55-gzl barrels
in which it was stored, consisted of 50%
2 4-dichiorophenoxyacetic acid (2,4-D) and
50%, 2,4,5-trichlorophenoxyacetic acid
(24,5-T) In an n-butyl ester formulation,
The latter was contaminated with the most
toude diowin congenr, 2,3,7,8-TCDD, which
is helieved w have been present in Agent
Orange at an average level of 3 ppm. In
Agent Purple, a related herbicide, TCDD
contamination averaged 30 ppm.

Becruse TCDD is very persistent in
human tissue und the cnvironment, ™ the
potential health effccts of Agent Orange
are of particular concern to the Vietnam-
ese people, some of whom huve been at risk

gince the spraying began in 1062, Eighty
percent of the population live in rural
aress. They traditionally wear open sandals
or walk barcfoot while working in the fields;
they eat food grown on contaminated soil;
and they comsumc water from contami-
nated arces. By coniTast, American veter-
ans generally served in Vietnam for only |
year and ¢consumed US-supplied food.
Exposure to Agent Orange can best
be assessed by identilying tissuc levels of
2,3,78-TCDL, the dioxin characteristic of
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Agent Qrange.*7 The studies described
here use relatively new anatytic tech-
niques to demonstratc exposure in Viel-
namess populations. These technigues
should help correct the wcakncss<s of
cxposure assessments noted by many
authors and seen in some Ageat Orange,
dioxin, or herbicide studieypublished to
datc+* The resuitant sxposure data may
prove uscful in developing clmical and
epidemiological studies of Agent Orange
health conscquences in Vietnam; they
may also aid in determining the number
and locations of persons cxposed to Agent
Orange in Vietnam. Such information is
crucial in formulating a rutonal public
health policy in Vietnam for the lurge
numbers of men, women, and children
living in the south of Vietnam who were
exposed to dimdn-contaminated Ageni
Orange.

Methods
Patient Selection

Initially, voluntcers wers selected
who reported that they had been sprayed
with Agent Orange or were living in
herbicide-sprayed areas. Herbicide spray-
ing could be recoghized by the subsequent
defoliation, and Agenl Omange was the
defolian: most commonly used.!? Vict-
namese health teams o[ physicians and
nurses interviewed volunteers extensively
beforc sampling human tissuc. Informed
consent documents approved by sn Ameri-
can Institutional Review Board were
explained in Victnamese by Vietnam
health workers and were signed by pa-
tients and health workers. Dioxins are
found at a parts-per-frillion level in the
lipid portion of blood and at a parts-per-
quadrillion level in whole blood. Since
most Vietnamese s{rongly object to con-
tributing more than a few milliliters of
blood, lefrover hospital samples were also
callected and pooled.

Samplcs of human tissue from Viet-
nam were obtained in two scparatc
periods. In 1970 and 1973, milk was
collected from nur=ing mothers living in
aregs heavily spraycd with Agent Orange,
and in control areas that wers not
sprayed, by J. Constable, M. Mcselson,
and colleugues, a tcam sponsored by the
American Association for the Advance-
ment of Science. The samplcs were then
analyzed by R, Baughman in Measelson's
laboratory at Harvard University, (This
was the first measurement of dicedns in
biological specimens.) Additionally, begin-
ning in 1983 and once ur twicc yearly since
then, sumples of human adipose tissue,
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TASLE 1—Range and Weighted Msan (Lipld Baels, Parts per Trilllon) ot
2.3.7,8-TCDD in Human Blood. Milk, end Adipose Tissue Samples
from Aresa Sprayed with Agent Orange (Southetn
Vistnam) snd Unsprayed Areas (Northem Vietnam), 1584 to 1992

P.B6-11

A —

and Central

Sprayed Areas (n = B98)

Unspreysd Argas (n = 144)

Adipose
(n=716" (n=50)° (n=90)° (n=82) (n=36)° (n=26)

Blond Milk Adiposs

Blood Mik
Weighted mean 12,6 7.5
Minimum 34 ND (1)
Maximum a2 17

14.7 22 19 06
ND (2) ND (1) KD (1) ND (1}
103 28 2.t 1.4

113 peols, n = 50; 2 pools, n = X

nw 18,
=50 individual aralyses.
o pood, n = 32; 1 pool, n = 50.
* pool, n=2; 2poota, n = 3,1 pool, n =20,
18 individual analyses; 1 posd, 1 = 10.

Note. NI = not detacted, with detection Gmita in parentheses.
6 pools, n = 2 4 peols, h = 3; 6 poals, n =4 1 pool,n = 7.1 pool,n = 6: 1 pool, n = 12; 1 poal,

milk, and blood from varjous Vietnamese
populations have been collected by Con-
stable, A. Schecter, and Vietnamssc col-

leagues.
Sample Collection and Storage

Human tissue was collected in chemd-
cally clean gless cohtainers at hospitals or
clinics and frozen immediately. Because
electrical supply is episodic in Vietnam and
rare in rural arcas, frozen “blue ice” packs
were frequently used to preserve speci-
mens. The samples were then moved,
stored in freczers at tertiary care hospitals,
and kept frozcn with dry ice during hand
transport to the Unitcd States, where (hey
were then stored in freczem at —20°C ax!
shipped on dry ice to the cooperating dioxin
laboratories. At least 100 mL of blood was
required for each dioxin analysis.

Chemical Analysis

In the 19705, analysis was performed
by gas chromatography and mnss spectros-
copy. 22 In late 1984, archived specimens
from the 1%70s, preserved at Harvard
University in a freezer at —70°C, were
reanalyzed using improved techniques
then avallable.?” TCDD levels measured
in aliquots of these archived samples
proved to be almaost identeal to the valucs
reporied originelly from the same samples.
The current analytic techriques used by
each of the participating dicxin laborato-
rics of mcticulons spscimen cleanup,
high-resolution capillary column gas chro-
mutographic separation, and high-resolu-
tion mass spectromctric determination
with the use of known standards have
hean found to meet Wotld Health Organi-
zation “cartification” standards and will

pot be further described. 3 They are
aimilar to those tachniques now used at
the Centers for Discase Control and
Prevention®* and elsewhere.’® Because
dioxins arc lipid soluble, tissue lipids are
determined gravimotrically and dioxin
levels arc reported o a lipid basis.

P .

Dioxin daia are reported in two ways,
The first is by measured levels of the
individual dioxin (PCDD) and dibenzafu-
ran (PCDF) congeners. The second is by
calculating ‘‘dicxin toxdc equivalents” to
reflect estimated dioxin toxcity. Indi-
vidual dioxins vary quantitatively but not
qualitatively in toxicity.

It has been experimentally validated
that each dioxin can be represented by a
numerical toxic potency factor relative to
the most toxdc dioxin, 2,3,7,8-TCDD,
which is defined as equal to one, and that
since there is & common mechanism of
action for the digxins, which vary only in
relative toxicity, there is additivity of
effact. The toxic dioxin and dibenzofuran
congsners each have a dickin “toac
equivalency factor,” which can be us low
as 0.001. The total dioxin toxicity vaiue of
a mixture is derived by multiplying the
measurcd amount of cach congener by its
toxic equivalency fector and adding the
sum for all the congeners 3%

Results

Table 1 summarizes the weighted
mean levels of 2.3,7,6TCDD for 106
individual and 42 pooled human tissuc
samplen collected from 1984 o 1992 ftom
1042 Victnamese adults {899 from the
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Nata, The 1970 and 1973 analyses were from Individual samples ard were calcuiated assuming 3%
milk iipid. Coflsction sites (1970 and 1873): the villagea of Tan Lyan, Can Glo, Guang Xuen. Dau
Tiery, ardd Phu Cuong.

FIGURE 1—2,3,7,8-TCDL In human milk from the south of Vietham, 1970 through
1968 (lipid, parts per trillion}.

TABLE 2—Congeher-Specific Oioxin Levels and Dioxin Taxle Equivalams (Lipld
Basls, Parts per Trillion) for Pooled Vietnamess Blood, by Geographic
fAegion, 1397 through 1962 Bamples

Seuth {n = 433) Cerntral (n = 183} Nenth (n = 8g)
Measured Measured Measured
Congener TEF level TEg Level TEq Level TEg
Dioxins (PCDDs)
23,7.6TCDD 1.0 129 129 3.2 13.2 2.2 2.2
1,2,3,7,8-FeCDD 08 8.0 4.0 163 B2 4.1 21
1,2,34.7.8HCDD 0.1 L 0.7 1[0 13 a7z 0.4
1,23.8,7,8-HxCDD 0.1 209 28 482 486 13.4 13
1,23,7,8,8-HxCDD 0.4 83 08 134 18 48 05
1.2,3,4,6,7,8-HpC0D 0.01 72 08 7811 08 258 0.3
oChD 0.001 6161 0.6 7510 08 1321 0.4
Dibenzofurans
(PCDFs)
2,3,7,8-TCDF 0.1 21 0.2 29 0.3 4.6 0.5
1,2.3,7.8-PeCDF 0.05 1.8 .08 22 01 1.7 0,00
2.3.4.7,8-PeCDF 0.5 83 42 149 7.5 7.6 36
1,2,3.4,7.8-HxCDF 0,1 211 21 874 6.7 2046 2.1
1,23,8,7,8-H«COF 041 13.0 1.3 40.0 4.0 111 11
1,23,7,89-HxCDF 0.1 0.7 0.1 07 o1 05 0.1
23,4,6,7.8-HxCDF 0.1 23 n.2 3.0 03 22 0.2
1,2,3,4,6,7 8-HpCDF 0.0% 473 04 757 08 48.7 0.5
1,2,3,4,7.8,8-HpCDF 0.01 34 0.93 1.8 0.02 1.9 0.02
QCDF 0.001 3.9 0.004 5.1 0.008 4.2 0.004
Dioxins and
dibenzofurans
Total PCDDs 7580 227 9312 30.2 185.8 ée
Total PCCFa 04.4 8.6 2138 198 101.% 8.4
Total PCDD/Fs 8534 N3 11450 50 2869 153
Note. TEF = dloxin toxic squivaiency tedtor (loxicity relaliva io TCDD); TRq = dioxin toxic equivaient
(Mmearvred dioxin leval x TEF); n = numbe: of pocled samples.

southern and central areas of Vietnam
and }44 from the north).

In the southern samplcs, mean
TCDD tevels in blood, milk, and adipose
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tissuc are relatively slmflar (12.6, 7.5, and
14.7 ppt, lipid, respeetvely). In samples
from the north, mean levels for blood,
milk, and adipose tissuc are lower (2.2,

P.B7/11

1.9, and 0.6 ppt, respectively). In southern
specimens from the 1980s, the highest
individual TCDD level was 103 ppt. In
pocled adipose tissu¢ sample from 10
northern soldies who had served for
many years in Agent Orange-sprayed
jungles in the south, the TCDD level was
B.] ppt {not shown on Table 1). In the
northern samples from the general popu-
lation, the highest leve] was 2.9 ppt,

Figure 1 illustrates TCDD levels in
human milk over time. During the period
in which fixed-wing aircraft sprayed Agent
Orange and just after it ended in 1970,
these levels were quite high; they then
gradually declincd. The highest dicxin
level in 1970 specimens was approxi-
mately 1832 ppt, lipid.® Of individual
saraples from five women in 1970, positive
leveis shown varied from approximatcly
333 1c 1832 ppt. There werc also several
samples in which TCDD was not de-
tected. In threc human mik samples
obtained in 1973, TCDD levcls ranged
from 133 to 280 ppt, lipid. Several other
samples had undetcctable levels. Aliquots
taken from 1973 archived milk previously
analyzed by Baughman were found to
contain TCDD levels between 77 and 220
ppt when analyzed by Ryan; these results
were similar to the original data.

Table 2 shows dioxin contamination
from Agent Orange as well as from other
sources. In contrast 10 TCDD, found in
Agent Orange, higher chlorinated diaxing
and dibenzofurans with five to eight
chlorines arc found in ¢hlorinated phe-
nols used as wood preservatives and in
agriculture. The mean results of pooled
blood analyses by specific dicdn or diben-
zofuran congencr and by geopraphic
tegion are presented for thc first 698
patients in our pooled-blood series of
1961/92. These results are converted to
dicxin toxdc equivalents, reflecting total
dioxin toxicity using “international”
weighting toxic equivalency factors™
A previously noted, these factors range
frorc 1.0 for 2,3,7,8-TCDD to 0.001 for
octachlorodibenzo diaxdn. Hare, mean
TCDD level varies from 2.2 ppt in the
north to 12.9 ppt and 3.2 ppt in the south
and central ragions, respectively. Total
mcasured blood PCDDs and PCDPFs,
reficcting dioxins (and dibenzofurans)
from industrial sources®* as well as
Agent Orange, averaged 853 ppt in the
south, 1145 ppt in the central region, and
287 ppt in the north, Total PCDD ang
PCDF dioxin toxic equivalents aver-aged
31.3, 50, und 153 in these blood samples.

Table 3 presents TCDD levels and
total djvxin toxic equivalents in tha 43
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TABLE 9—2,3,7.8-TCOR and Diexin Toxic Bquivaients (Upid Basls, Parts per Trillion) in Pooled Blood from Vietnam,
Collacted 1891 through 1982, by Lacation
fange of
TCOD/TEq for
Coltection Number Mean Each Geegraphic
Date Gampled Age, ¥ TCDD TEq Reglon
Northem Viétnam {(n = 168)

Hanol, Hospital 103 3/, 33 45 1.2 12.0 TCDD 1,2-2.9 (B.1)°
Tay Nguyen (veterans)® 1/ as a8 a1 40.2 TEqQ 12-18 (40.9)°
Quang Binh, Dong Hoi 1191 80 47 28 172

Than Hoa 11/91 &0 S5 2.5 18.0

Cantral Vietnam (n = 490)

Thua Thien, Hue 1/81 30 57 11.0 57.0 TCOD 2.9-19.0
Quang Tri, Quang Tri 1/01 S0 &1 9.5 24,0 TEg 23-118.2
Da Nang, Da Nang 2/o1 40 59 18.0 77.0

Thua Thian, A Luoi 19 a5 &2 168.0 23.0

Kh, Hoa, Nha Trang 1/82 40 49 4.1 0.5

Phu Yen, Phu Yen 1/82 43 51 6.2 264

Ninh Thuan, Phan Rang 1/92 93 6 289 3.7

Da Nang, Da Nang (18—40'Y) 8/82 100 a0 14.0 $8.3

Pa Nang, Da Nang {>40y) a/92 100 2] 18.0 118.2

Southam Vietiam in = 2062)

Dong Nai, Tri An (Ma Da Forest) 3/e1 S0 47 12.0 19.0 TCDD 1.0~33.0
Cuu Lnng, Vinh Long am 51 59 43 16,9 TEq 8.7-104.6
Dong Nai, Blen Hoa 3/ 80 51 28.0 47.0

Ben Tre, Glong Trom a/a1 34 1] 10.2 200

1Gen Glang, Go Quao 8/91 a7 &6 1.0 27.5

Kien Giang, Rach Gia a8/ 48 58 4.9 173

Minh Hai, Ca Mau B/ 52 69 7.2 19.9

Song Be, Song Be 3/91 47 47 9.0 48.0

Song Be, Tan Uyen am 43 54 a2o §5.0

Tay Ninh, Tan Blsn 2/ 50 80 53 25.0

Tay Ninh, Tay Ninth aa 60 53 68 16.0

Cuu Long, Tra Vinh a/m 48 57 7.2 277 ,
Hau Glang, Can Tho a8/ 52 L3 4.8 164

An Glang, Long Xuyen B/& 48 a2 2.2 10.8
An Glang, Chaw Doe /a1 48 &6 15 168

Mo Chi Minh, Sho Ray Hospital 2/ 48 54 10.8 30.0

Minh Hai, Bac Lieu am &0 60 103 a8

Gla Lai, Playku 1/91 50 567 4.2 34.2

Tay Ninh, Chan Thanh 8/92 100 654 4.6 19.4

Tra Nog, Can Tho 8/62 102 &1 33.0 104.8

Song Be, Tan Uyen (1840 y) 8/e2 100 52 0.4 254

Song Be, Tan Uyen (> 40y) B/92 100 §1 57 189

Song Bae, Ben Cat ‘ e/e2 100 53 12,0 49.8

Dong Nai (18—40y) 0/92 100 a1 14.0 61.0

Daong Nal (>40y) 8/92 100 53 180 537

Tay Ninh, Hoa Thanh a/92 100 80 1.0 388

Song Be, Dong Xoal 882 100 20 3.1 a7

Tay Ninh, D.M. Chan 5/e2 100 80 7.0 353

Dong Nal, Blen Hoa (16—40 Y} 5/92 100 47 1A 2.8

' Dong Nal, Blsn Hoa (> 40 Y) 8/e2 100 N/A 120 49,0

Nota. N/A = not available; TCOD = 2.3,7,0-TODD; TEqg = total disxin toxic squivalert.

anithough hompital in located In the norh, slevated TCDOD was feund in vetsmns etationad In the south during the period of Agemt Crange spraying.
WFiguras for Tay Nguyen onty, ngt included in range amounts.

1991/92 poolcd-blood analyses completed
to date from 2720 persons. TCDD makes
a lesser contribution to the total dloxin
toxicity in most of these samples than it
does 1o toxicity in samples obtaincd at or
near the time of spraying. The highest
diodn toxic cquivalent value found is
1182 from Da Nang in Da Nang province;
the highest TCDD level is 33 ppt from Tra

April 1995. Vol, 85, No. 4

Noc {n Can Tho province, followed by 32
ppt from Tan Uyen village in Song Be
provinee, and 28 ppt from Bien Hos in
Domg Nai pravince.

Discussion

In this paper, we prescnt TCDD
levels in blood, milk, and fat tissue

interchangeably because it has been dem-
onstrated that levels of this dioxin conge-
ner in these tissucs are almost identical
when reported on a lipid basis 2447 ]y js
now common to use these tissue levels
interchangeably when reporting on 2
lipid-normalized level for purposes of
estimating cxposure and relative body
burden.
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These studies in Vietnam were con-
ducted under less than ideal circum-
stances. During the early period, the
country was involved in military conflicts,
first with the Unitced States (ending In
1975) and then with Cambodia and
China. From 1978 to 1994, the country
was under a US-imposed economic em-
bargo. But even under these difficult
conditions, the various human tissue
samplcs, collected opportunistcally and
sporadically, clearly document elevated
levels of 2,3,7,8-TCDD, the only dioxin
contaminant of Agent COrange, at much
higher levels in persons lving in ateas
sprayed in southern Vietnam than in
persons fiving in the unsprayed north,
above the 17th parallel, where we find
some of the lowest dioxin tissuc lovels
reported worldwide to date A

In milk samples collectad from nurs-
ing women in 1970, during the time of
spraying, we found the highest dioxin
levels reported in milk to date: approxi-
mately 1832 ppt TCDD.2# In samplcs
collecred in 1973, three years after the
spraying of Agent Qrange i thought to
have ended, somewhat lower but also
murkedly elevated lewsis of dioxin were
stili found in milk. At present, levels in
milk from the southem samples are
declining to fevels similar 1o those found
in industrial countries, although they are
sdlt higher than those found in the north
of Vietnum. In the United States, for
example, TCDD levels are 3 to 6 ppt in
the general population and toial dioxin
toxic equivalents are botween 20 and 40
PpL lipid. A%

Dioxins originate from many sources,
These include municipul waste or taxc
waste intincration, paper and pulp bleach.
ing using chlorine, chlorinated phenols
used as funpicides, wood preservatives
and pesticides, fecd stocks used it chemi-
cal production, herbicides, and polychloni-
nated bipheny! trunsformer fires, 04
There is u characteristic pattern of dioxins
and dibenzofurans from cach of these
sources, as there is for Agent Orange,
whcre only TCDD is characteristic.

As noted previously, total dioxin
toxicity, charactcrized by dioxin toxc
equivalents from ail congeners, is higher
than toxicity of TCDD alone. This will
beeome even more the casc as dioxins,
dibenzofurans, and dloxin-like polychlori-
natcd biphenyls from industrial processcs
and sgricultural usc add to the human
body burden of dioxin-like chemicals,
Thus, accurate exposurc assessments,
whether for environmentsl fatc, risk as-
sessment, or diodn health studies. necd to

520 American Journal of Public [Tealth

consider all dioxins present and total
dioxin toxic cquivalents, aot just 2,3,7.8-
TCDD. Blood values of TCDD may be
tlevated but total dioxin toxicity may not
be, or the reverse might be the case. Both
scenarios arc seen in Table 3. Thus, total
dioxin towdcity is not always proportionate
to Agent Orange exposure.

Mapping the geographic areas where
TCDD clevation in Vietnamcse tissue
reflects the presence and bioavailability of
dioxin from Agent Orunge can be hetpful
o othcrs besides the Victmemese. With
arcas of likely intake identified, largc
pumbers of individual blood dioxin analy-
ses of Viemam veterans from the United
States, Korea, and Australia might not be
DOCESEArY.

Cost is an important consideration in
planning research smdies. Complete di-
oxin analyses of blood performed by onc
of the less than 30 World Health Organi-
zation certified laboratories currently cost
up to $2000 cach. Collection, shipping,
and medical interpretation further in-
crzase the ¢ost. Studies usitg poocled
blood dala can rapidly and economically
provide public health information on
average population dioxdn levels, despite
certain methodological limitations.

Now that Vietnamese-US scientific
tcams are in place and have yesrs of
experience working together, environmen-
tal mapping of Agent Orange in Vietnam
that uscs 2,3,7,8-TCDD clevatlon relative
to other diexins in blood as a marker can
bc completed relatively quickly, given
sufficient funding. This should pave the
way for the imponant Agent Orange— and
dioxin.related studics of health outeomes
in Victnam.

Understanding the heaith effects of
dioxin exposure in Vietnam will be valu-
able, not only for the almost forgotien
Vietnamese, but also for the United
States and other industrialized nations
that seek to evaluatc the health risks of
wiclespread exposure to TCDD and other
FCDDs/PCDFa, The beaith of American
veterans exposed to Agent Orange is of
copeern, as is the health of Vietnamese in
the south, the population most at risk. In
addition, there are about 1 million immi-
grants {rom Vietnam, Litog, and Cambo-
dia now living in thc United States; these
persons might also benefit from research
in Vietnam since they too urc potentially
at risk for adverse health effects of
dioxins.

The US Environmental Protcction
Agency Draft Dioxin Reassessment Docu-
ments®™* (rcleased for public and scien-
tific review in lete 1994 and awaiting

P.@3-11

finalization from the Science Advisory
Board of EPA) conciude from an exten-
sive review of dioxins’ toxieity and of
human exposure that levels of dioxins
found in the general US population may
be at or close to levels that have conse-
quences for heslth. Possible conse-
quences are incrcased risk for cancers,
adverse reproductive and devclopmental
cffects, immune deficiency, endocrine dis-
ruption, neurojogical damage including
cognitive and behavioral damage from in
utero cxposure, and other health cffects.®
Sinee the dioxin levels shown here in
Vietnam often exceed US levels, this
suggests that health consequences are all
the more likely to be expected in Agent
Orange-exposed Vietnamese. [0
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