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I1ft1'oduction 

Studie., of Agent Orange and 118 
dioxin conlaonlnant, 2,3,7,8.tetrnehloro· 
dibenzo-p-dioxin (TCDO), commonly reo 
ferred to as "diOxin," ha"e focused mainly 
on American veterans.' The health conse­
quences for the Vietnamese have seldom 
been considered. This paper summarizes 
the a...,..",enl, of exposure conducted 
from 1970 to 1974 and frODll983 to 1994. 

Of the herbicides sprayed during the 
Vietnam War (known in Vietnam as tho 
Second Indochina War). Agent Orange 
was by farthe most abundantP Through. 
out the course of thaI war, which ended in 
1975. American and South Vietnamese 
tixed-wing sircraet sprayed more than 12 
million gallons of A&cnt Orange onr abeut 
10% ofwhat was then South Vietnam, the 
area bela.\' the 17th paraDel. Additional 
spraying was conducted from helicopters, 
from back.paeks, and from bealS. Spntying 
began in 1%2, intensffied in 1967, and is 
beUevod to have coded in 1971. 1bis 
phenoxyherbicide d.foUan~ named for the 
ora~ae coatna ,ltripes On the S5-FJ barrek; 
in which It was stored, consistccJ of SO% 
2,4-dichlorophenoxyacetic acid (2,4-0) and 
50%; 2,4,5.triehlorophenoX)lacctic acid 
(2,4,5'1) in an n.butyl ester fonnlllation. 
The latter was contaminated with the most 
toxic dioxin congener, 2,3,7,8-TCDD, which 
is believed to have been present in Agent 
Orange at an averaae lovel of 3 ppm. In 
Agent Purple, a related herbicide, TCDO 
contamination averaged 30 ppm. 

BeCllu,", TCDO is vol)' persistent in 
human tissue and the cnvironment,'''' the 
potential health effects of Agent Orange 
are of panicular concern to the Vietnwn· 
ese people. '.(Ime of whom ha..: been at risk 

since the sprayi!!g beg.n in 1~62, Eighty 
perccnt of the population live in rural 
,."..,. They trndltionally we.,. open sandals 
orwaik barcfootwhiJe working in the field,; 
they eat food grown on contaminated soil; 
and they COru,umc water from cent"",i· 
nated arc!:l:S. By contrast, American veter­
ans generally served in Vietnam for only 1 
year and consumed US·supplied food 

Exposure to Agent Orange can best 
be assessed by idenli;yin~ tissue lev"ls of 
2,3,7,8-TCDD. the dioxin characteristic of 
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Agent Orange.>-' The studies described 
here u... relatively new analytic tech­
niques to demonstrate exposure in Vir-'­
namese populations. These technlq"'" 
should help correct the wcaknc.... of 
cxpDIIW'C assesmnents noled b:I many 
authon and .een in some Ar"t Orange, 
moxin, or herbicide slIIdiewublished to 
date."" The resultant .....pOsure data may 
prove uscfuI in developln& clinical and 
epidemiological studies of Aient 0ranJc 
health con"'quences in Vietnam; they 
may also aid in detcminlng the number 
and locations of persons exposed to Agent 
Orange in Vietnam. Such information i. 
crucial in fonnul.ting a rational public 
hcalth policy in Vietnam for the large 
numbers of men. women. and children 
living in the south of Vietnam who were 
exposed to dioxin-contaminated Aient 
Orange. 

Methods 

Patient Selection 

Initially, volunteers were selected 
who reported that they had been sprayed 
with Aeenl Oranae or were IMng In 
herbicide-sprayed areas. Herbicide spray­
ing could be rec:ugnized by the lullsequent 
defoliation, and Agent Orange was the 
defoliant most commonly uscd.l~ Viet­
namese health teams of phyl;iciam and 
nur ... interviewed volunteers extensively 
before ,ampllna human tissue. Informed 
consent docwnents approved by lID Ameri­
can Institutional Review Board were 
explained in Vietnamese by Vielnam 
health workers and were .ianed by pa­
tients and health worken. Dioxins are 
found al a parts-per-trillion level In the 
lipid portion of blood and at • ports-per­
quadrillion level in whole blood. Since 
most Vletnamese strongly object to con­
tributing more than a few milliliters of 
blood, leftover hospital samples were also 
collected and pooled. 

Sampks of human tissue from Viet­
nam were obtained in two aeparate 
periods. In 1970 and 1973, milk was 
collected from n",-.lna mothers livina in 
areas heavily sprayed with Agent Oranae, 
""d in control areu that were not 
sprayed, by J. Constable. M. Mcse1son, 
and collc.",.s, a team sponsored by the 
American Associalion for the Advance­
ment of Science. The samplcs were then 
analyzed by R. Baughman in Meselson's 
laboratory al Harvard University. (Thi& 
was the tim measurement of dioxins in 
biological specimens.) Additionally, begin­
ning in 1983 and once or twice yearly ,ince 
then, samples of human adi""", tis..u •• 
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TAliLE 1-Rlmge and WelghIMI Mean (Upld BaeJe, Parte"... Trtillon) of 
2.3.7,I-TCDD In Human BIooCI. Mll1I.lI1d AdIpoM Tlaue iamp'" 
from _ SPITted with Allont Orange (SouIhem and Cent .... 
_m) and Unaprayad Area (N--~), 1_10 1982 

Sprayed Areas (n = 898) Unsprayed Areas (n • 144) 

Blood Mik Ad!poae Blood MRk Adipose 
(n ~ 718)' (n = 90)' (n - 901' (n = 82)' (n - 38)' (n _ 2e)' 

Welghtod mean 12.6 7.5 1 •. 7 2.2 1.9 0.6 
Minimum 3.4 NO (I) ND(2) ND (I) NO (II NO (II 
Maximum 32 17 103 2.9 2.1 1.4 

Net'- NO = notd.tacted, WIth detection limits in parentheses. 
"13 pc;:oll. n = 00: 2 pools, n = 33. 
-S pools, n .. 2;" pcols. n = 3: 6 poolS, n - 4: , pool. n = 7: 1 pool. n " 8: , pool, n = 12; 1 pool, 

n "'15. 
'90 individual ana/yI ... 
1i1 poet. n • 32: 1 pool. n - 50. 
'1 pool, n - 2: 2 poots, I'l = 3; 1 pool, n = as, 
'10 Indlvidual onaIy ... : I pOOl. n - 10. 

milk, and blood from various Vietnamese 
populations have been coHected by Con­
stable, A. Schaaer, and Vielnamese col­
leagues. 

Sample Colkction and Storo.ge 

Human tissue was collected in chemi­
cally dean glfW containers at hoapitals or 
dinics and frozen immediately. Because 
electrical supply is epillOdie in Vietnam and 
rare in rura1 areas, frozen "blue icc" packs 
were frequently used to preserve speci­
mens. The wnples Were Ihen moved, 
stored in frcc:zcrs at tertiary care hospitals, 
and kept !'rozcn with dry icc during band 
transport to the United Slate .. where they 
were Iben stored in fn:czcrs at -2J)'C and 
shipped on dry Icc to \he cooperating dioxin 
laboratories. At leasl 100 mL of blood was 
required for each dlo~in analysis. 

Chemical Analysis 

In Ihe 197Os, analysis was performed 
by gas chromalography and mosS spectrOS­

eopy.""'In late 1984, an:bived specimens 
from Ihe 1970s. preserved at Haf''3ra 
University In a freezer at - 7(rc, were 
reanalyzed using improved techniques 
then available.'" TCDD levels measured 
in allquots of these archived samples 
proved to be almost Identical to Ihe valucs 
roportcd originally from the same wnple •. 
The current analytic techniques used by 
eaeb of the partlclpatinll d1<'Kin Iaborato­
riC! of meticulous ,peclmen cleanup, 
hlgh-resolution capillary column gas ebra­
matasraphiC sep8I1ltlon, and high-resolu­
tion mass spectrometric determination 
wilh Ihe use of known standards have 
been fnund to meet World HoaIth Organi­
zation Ucertlficationu fltandards and will 

not be further d.scribed."''' They are 
similar to those t"""nlques now used al 
the Centers for Disease Control and 
Preventfon34 and elsewhere." BKause 
dioxins arc lipid soluble. tissue lipids arc 
determined gravimetrically and dioxin 
levels arc reported 0'.1 a lipid basis. 

Rqxwting 
Dioxin data are reported in two ways. 

The Ii"t i. by meuured levels of Ihe 
individual dioxin (PCDD) and dibenzofu­
ran (PCDF) congener .. The second is by 
calcuIatlog "dioxin toxic equivalents" 10 
reBeC! estimated dioxin toxicity. Indi­
vidual dioxins vary quantitatively but not 
qualitatively in toxicity. 

II has been experimentally validated 
Ihat each dioxin can be represented by a 
numerical tolde potency factor relative 10 
the mool toxic dioxin, 2.3,7,8-TCDD, 
which is detilled as eq\lallo one, and that 
since Ihere is a common mechanism af 
actlon for the dioxins, which vary only in 
relative loxicity, there is additivity of 
effect. The toxic dioxin and dibenzofuran 
conaeners each have a dk<Xin ··toxic 
equivalency factor," which can be .. low 
as 0.001. The total diOlCin toxicity vlliue of 
a mixture i. derived by multlplyin~ Ihe 
measured amount of each congener by its 
toxic equivalency factor and adding the 
sum for all the wngeners.!O-!9 

ResuUs 

Table 1 summari%eS the weighted 
mean levels of 2.3,7,8-TCDD for 106 
individual and 42 pooled human tissue 
,ample.. ooJlcctcd from 1984 to 1992 from 
1043 Vietnamese adulls (899 from the 
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Note. The 1m and 1973 analyses Wire from IndividuallllTlples and were ealCUlatad assumilg 3% 
milk lipid. CcIIlction III .. (1970and 1973),,,,. vlllag •• of Ton Uyen. Can Glo. Quang Xuen. Dau 
Tlango and Phu Cuong. 

FIGURE 1-~,3,7,"TCD!l1n hum.n mtlk Irom!he _ "'Vletnam,le70 Ihrough 
1981 Plpld, parts par trilliOn). 

TABle 2~onll.ner..speolno Dioxin level. and Dioliin Taxlo Equlv81ema (Upld 
S •• I., P_ per Trillion) lor Pooled V1etna_ BlOOd, by Geographic 
Reglon,l891 through 1982 Sample. 

South (n = 433) Central (n .. 183) North (n = 82) 

Measured Meosured Mlasured 
{',ongener rEF Level TEq Leval TEq Level TEq 

Oioxin. (PeDO.) 
2.3,7.8-TCOO 1.0 12.9 12.9 13.2 13.2 2.2 2.2 
1.2.3.7.8·PaCOC 0.5 B.O 4.0 16.3 8.2 4.1 2.1 
1.2.3.4.7,8·HxCOO 0.1 U 0.7 13.0 1.3 3.7 0.4 
1.2.3.e:l.8·HxCOO 0.1 2U 2.9 48.2 4.6 13.4 1.3 
1,2.3.7.8.e-HxCOO 0.1 8.3 0.8 13.4 1.3 4.8 0.5 
1.2.3.4.6.7.8.HpCOO 0.01 77.2 0.8 78.1 0.8 25.5 0.3 
oeoo 0.001 61S.1 0.6 761.0 0.8 132.1 0.1 

Oiber.zcfurans 
(PCOFs) 

2.3.7.8·TODF 0.1 2.1 0.2 2.9 0.3 4.6 0.5 
1.2.3,7.8·PoOOF 0.05 1.8 0.09 2.2 0.1 1.7 0.09 
2.3.4.7.8·PeODF 0.5 B.3 4.2 14.9 7.5 7.6 3.8 
1.2,3.4.7.8·HxOOF 0.1 21.1 2.1 87.4 6.7 20.6 2.1 
1.2.3.8.7.a.H.ODF 0.1 13.0 1.3 40.0 4.0 11.1 1. I 
1.2.3.7.8.9-HxCOF 0.1 0.7 0.1 0.7 0.1 0.5 0.1 
2.3.4.6,7.B.H"COF 0.1 2.3 0.2 3.0 0.3 2.2 0.2 
1.2.3.4.6.7.a.HpODF 0.01 37.8 0.4 75.7 0.8 4S.7 0.5 
1.2.3.4,7.8,&·i1pCOF 0.01 3.4 0.03 1.9 0.02 1.9 0.02 
OOOF 0.001 3.9 0.004 5.1 O.OO!I 4.2 0.004 

OIo"lns and 
dibenzofurana 

TotalPCDOs 7~S.0 22.7 931.2 30.2 185.8 8.B 
TotaIPOOF. 94.4 8.8 213.8 19.8 101. I 8.4 
T01aI PODO/F. 853.4 31.3 1145.0 50 286.9 ~5.3 

Nota. TEF = dIoXIn toxic tqUlvalancy factO/' (toxicny relative 10 TeDD): Tlq - dilxlfl t())(iC aqu/vllftnt 
(mtlaurad dioXin rev.1 )( TEF); n - numotr gf pooled sampleB. 

southern and central areas of VielDam tissue are relatively sJrnnar (12.6. 7.5, and 
and 144 from the north). 14.7 ppt, lipid. rcspc:ctively). In .ample. 

Tn the southern samples, mean from Ih~ north. mean lewis for blood. 
TCDD levels in bloOc!, milk. and lldip.'se milk. and adipose tissue are lower (2.2, 
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1.9, and 0.6 ppt, respectively). In southern 
specimens from the 1980s, the highest 
individual TCDD level was 103 ppt. In • 
pooled adipose tissue sample from 10 
nonhern soldiers who had •• rved for 
many years in Agent CranS-prayed 
jungles in the south. the TeDD level was 
8.1 ppt (not shown on Table 1). In the 
northern samples from the aeneraJ popu· 
lation, the highest level was 2.9 ppt. 

Figure 1 illustrates TCDD levels in 
human milk over Ilme. During the period 
in which fixed-wing aircrDft spraycdAsent 
Orange and just after It ended in 1970, 
th.se levels were quite high; they then 
gradually declined. The bishest dioxin 
level in 1970 specimens was approxi. 
mately 1832 ppl, lipid." Of individual 
sample. from five WOmen in 1970, positive 
levels shown varied from approximately 
33:> Ie 1832 ppt. There We", also several 
samples in which TCDD wa< no! d.· 
tected. In three human !DIlk samples 
obtained In 1973, TCDD le",,1s ranged 
from 133 to 280 ppt. lipid. Several other 
s.lrnples had undetectable le.els. Aliquot. 
taken from 1973 archived milk previously 
analyzed by Baughman were found \0 
c.()ntaiD TCDD level. between 77 and 230 
ppt when analyzed by Ryan~ these results 
were similar to the original data. 

Table 2 sh,JW>; dioxin contamination 
from Agent Omnge as well as from olher 
lOurces. In contrasl to TCDD, found In 
Agent Orange. hl&her chlorinated dioxins 
and dibenzo.'urans with five 10 eight 
chIorines an: found in chlorinated phe. 
nols used as wood preservatives and in 
agriculture. The mean results of pooled 
blood analyses by specific dioxin or dibcn· 
zaMan congener and by geoeraphie 
region are presented tor the first 698 
palients in our pooled·blood series of 
1991/92. These results are converted to 
dioxin toxic equivalents, reflecting tOlllI 
dioxin toxicity using "international" 
weighting toxic equivlliency (aelon.""· 
~ previously !loted, these facrors range 
from 1.0 for 2,3,7,8·TCDD to 0.001 for 
octachlorodibenzo dioxin. Here. mean 
TCDD level varies from 2.2 ppt in the 
north to 12.9 ppt and 13.2 ppt In the south 
and central regions, respectively. Total 
measured blood PCDns and PCDPs. 
reficeting dioxins (and dibcn70furans) 
from induslrial source........ as well as 
Agent Omnge, averaged 853 ppt in the 
south, 1145 pplln the central region, and 
287 ppt in the north. Total PCDD and 
PCOF dioxin toxic equivalents aver·aged 
31.3, SO. and 15.3 In Ihese blood samples. 

Tabl. 3 presents TCPD levels and 
total diuxin toxic equivalents in lhe 43 

April I C}~5. Vol. t:l5. Nn. J 
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TABLE 3-2.3,7.II-TCtIO Ind tlloxln Toxic Iqulvlliem. (Upld a •• lo, P .... Per TrtlllOn) In POOled Blood from VItoIn.m, 

CDllected 1991 tIIroUgh 1m. by LoCtltlon 

1991192 pooled-blood analyse_ completed 

to datc from Z/2O penons. TCDD makes 

• lesser contribution to the total dioxin 

toxicity in most of these samples than it 

docs to toXicIty in samples obtained at or 

near the time of SprayJlIfI. The highest 

dioxin toxic equivalent value found is 

118.2 from Da N811i In Da Nang prOvince; 
the highest TCDD level is 33ppI!rom Tra 

ApriI199S. Vol. 85. No.4 

Noc In Can Tho province. followed by 32 

ppt from Tan Oyen vUiage in Sons Be 

province. and 28 ppl from Bien Hoa in 

Dong Nti pravincc. 

Discussion 
In this paper, we present TCDD 

levels in blood, milk, and tal tissue 

intcrchlU1gcably because it h .. been demo 

onslrated that levels of this dioxin """8c­

ner in these tissues are almost identical 

when reported on a lipid basis ......... '11 Is 

now c:onunon to use these tissue level' 

iDterchall,e.bly when rcponinl on a 

lipid-nomWizcd level for purposes of 

cstimadng exposure and relative body 

burden. 

~.~~tican Journal of Public Health 519 
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These studies in Vietnam were con­
ducted under 1... than Ideal circum· 
stances. Durin, the early period, the 
country was involved in milil~ry c.onft~s, 
first with tbe United States (ending in 
1975) and then with Cambodia and 
China. From 1978 to 1994, the cnuntry 
was under a US-imposed economic em­
bargo. But even under these difficult 
conditions, the various human dssue 
samples, collected opportunistically and 
sporadically, clearly document el""atcd 
level. of 2,3,7,8-TCDD, the only dioxin 
contaminant of Agent Oranae, at much 
higher tevels in persons living in areas 
sprayed in southern Vietnam than In 
persons livins in the unsprayed north, 
above the 17th parallel, where we find 
some of tho lowest dioxin tissue levels 
reported worldwide to date."'" 

In milk samples co!lected from n"ro­
ing women in 1970, durioi; the time of 
'praying, we foune the highest dioxin 
levels reponed in milk to date: approxi. 
mately 1832 ppt TCDD...... In samples 
collected in 1973, three years after the 
sprajing of Agent Orange i. thought to 
have ended, somewhat lower but also 
markedly elevated I"",,!. of dioxin were 
Sliii found in milk. At present, I""els in 
milk from the southern samples are 
declining to I""els ,imilar to those found 
in industrial countri ... although they ar~ 
still higher than those found in the north 
of Vietnam. In the United State., for 
example, TCDD levels are 3 to 6 ppt in 
the general population and total dioxin 
toxic equivalents are between 20 and 40 
ppt, lipid."" 

DiOxins originale from many ""urees. 
Th .. e include municiplll waste or toxic 
waste inQneration, paper and pulp bleach· 
ing u.ina chlorin .. chlorinated phenol. 
used as funeicidcs, wood preservatives 
and pesticides, feed stocks used in chemi­
ca! production, herbicides, and polychlOri­
nated biphenyl Irat15former fires.­
There is a characteristic pattern of dioxins 
and dlt>enzofurons from each of these 
wurces, as there is [or Agcnt Oronae, 
where only TCDD i. characteristic. 

At. noted previously, totlll dioxi.~ 
tOxicity, characterized by dioxin toxic 
equivalent.' from all congeners, is higher 
than toxicity of TCDD alone. This will 
become even more the case as dioxin .. 
dibcnzofurans, and dioxin·like polychlori· 
nated hlphenyls from industrial proces.es 
and agricultural usc add to the human 
body burden of dioxin·like chemicals. 
Thus, accurate eJqlOSure ...... ments, 
whether [(')T cnvironmentll fate, risk as" 
msment, or dioxin health studie,. need to 
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consider all dioxim; present and total 
dioxin toxic equivalents, Dot just 2,3,7,8-
TCDD. Blood valu .. of TCDD may be 
elevated but total dioxin toxicity may not 
be, or the rCVC!1e might be the case. Both 
scenarios arc seen In Table 3. Thus, total 
dioxin toxicity i. not always proponionate 
to Aient Orange exposure. 

Mapping the "",graphic areas where 
TCDD elevation in Vietnamese tissue 
reflects the presence and bioavailability of 
dioxin from ."'gent Orange can be helpful 
to others be'ldes the Vietnam .. e. With 
areas of likel~ intake identifie<:l, large 
numbe ... of individual blood dioxin analy­
ses of Vietnam veterllns from the United 
States, Korea, and Australia might not be 
necessary. 

CoSt is an important consideration in 
planning research studies. Complete di· 
oxIn analyses of blood performed by One 
of the Ie •• than 30 World Health Ortani­
zootion certified laboratories cwrently cost 
up to $2000 each. Collection, ,hipping, 
and medical interpretation further in· 
crease the cost. Studies using pooled 
blood dala Can rapidly and economkally 
provide public healtll informfttion on 
average population dioxin levels, de'pite 
eenain methodological limitations. 

Now that Victnamooe-US scientific 
tc:uns are in p~cc and have year!" of 
experience working together, environmen· 
tal mapping of Agent Orange in Vietnam 
that uses 2,3,7,8-TCDD elevation relative 
to other diOldns in blood as a marker can 
be completed relatively quickly, given 
sufficient funding. This should pave the 
way for the imp.?nant Agent Orange- and 
dioxin·related studies of health outcomes 
in Vietnam. 

Understanding the health effects of 
dioxin exposure in Vietnam will be valu­
able, not only for the almo.t forgotten 
Vietnamese, but also for the United 
Stat.. and other industrialized n .• tions 
that seek to evaluate the health risks of 
wiclcspread exposure to TCDD and other 
PCDDs/PCDl' .. The health of American 
veteran. exposed to Agent Oranae is of 
co_m, as is the health of Vietnamese in 
the south, the population most at risk. In 
addition, there are about 1 million immi­
grants from Vietnam, Laos, and Cambo­
dia now living in the United States; these 
person. might also benefit from research 
In Vietnam since they too arc potentially 
at risk for adverse health effects of 
dioxins. 

The US Environmental Protection 
Agency Draft Dioxin Reassessment Docu· 
menll;SO.Sl (rcleftsed for public and scien­
tific review in late 1994 and Ilwaiting 
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finalization from the Science Advisory 
Board of EPA) conclude from an exten­
sive review of dioxins' toxicity and of 
human exposure that levels of dioxins 
found in the general US population may 
be at Or elo.e to levels that have conse­
quences for health. Poosible conse­
quences are increased risk for cancers, 
adverse reproductive and devciopmental 
effects, immune deficiency, endocrine dis· 
ruption. neurological damage including 
cognitive and behavioral damage from in 
utero expo.ure, and other health effects. 52 

Since the dioxin levels shown here in 
Vietnam often exceed US levels, this 
suggests that health enn.equences are all 
the mOre likely to be expected in Agent 
Orang~osed Vietnamese. 0 
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