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Editorial: Agent Orange in Vietnam
Few issues manifest the ideological

divisions in our society as powerfully as
the Vietnam War, and no public health
issue is more entangled with our unease
about that war than the health effects of
dioxin. While the war and the dissension
at home were still raging, Bertrand Rus-
sell charged that the US military was using
carcinogenic herbicides in Vietnam. US
newspapers responded with editorials
stating that the eminent mathematician
may be suffering from senility. Ironically,
Admiral Zumwalt (who gave the order to
use herbicides for tactical purposes in
Vietnam) reportedly has come to believe
that his son's early death from lymphoma
was due to herbicide exposure in Viet-
nam. He nevertheless defends his deci-
sion as appropriate, given the American
lives presumed saved by defoliation.

It may be because enough time has
transpired since the war, and because our
understanding of the relation between
economic activity and environmental pro-
tection has sufficiently progressed, thatwe
can approach the issue of the health
effects of dioxin with some objectivity-
even among the Vietnamese. Fortunately,
our efforts in this regard can be informed
by a much more substantial body of
evidence than earlier efforts. The ideologi-
cal nature of earlier evaluations was
fueled, at least in part, by the scarcity of
toxicologic and epidemiologic data di-
rectly relevant to the issue.

A report in this issue of the Journal'
provides some new data in this regard.
These data come from a group of scien-
tists who have struggled for many years,

usually without adequate funding, to
measure dioxin levels in breast milk,
adipose tissue, and blood from Vietnam-
ese. Although these data are not from a
systematic epidemiologic design-there
may be problems with the representative-
ness of the samples selected, potential
problems with the handling of samples,
and so on-outright fraud would be
necessary to artifactually produce the
clear difference reported between per-
sons residing in unsprayed (northern) and
sprayed (southern and central) areas of
Vietnam. The mean 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD) blood level is 6
times greater in the southern/central
group than in the northern. This large
discrepancy is not found for other specific
congeners of the higher chlorinated diox-
ins or furans, although the other conge-
ners are generally higher in concentration
in the sprayed areas. SinceTCDD was the
major dioxin-like contaminant in Agent
Orange (a mixture of 2,4,5-trichlorophen-
oxyacetic acid [2,4,5-T] and 2,4-dichloro-
phenoxyacetic acid [2,4-D]), these find-
ings suggest that the TCDD in 2,4,5-T
may have found its way into the food
chain of some Vietnamese. The elevated
levels fron 1984 to 1992 may reflect much
higher body burdens in the past and
persistence ofTCDD in the environment.

Is there a plausible alternative source
of elevated TCDD in southern Vietnam?
In this regard, it is of interest that the
mean TCDD level in adipose tissue of 15
parts per trillion (ppt) in the southern
samples is three times greater than the 5
ppt found in an epidemiologic study of

samples in the United States.2 The blood
levels also exceed those reported for US
samples by a factor of 3 (13 ppt vs 4 ppt).3
Given the current theory that environmen-
tal TCDD results primarily from indus-
trial processes,4 it is difficult to identify
plausible alternative sources of TCDD in
the environment of southern Vietnam
that would produce levels exceeding those
in the US.

If we accept that there is some
subpopulation in Vietnam with pro-
tracted exposure to TCDD, then the next
important question concerns the evidence
of adverse health effects of such exposure.
More precisely, at what concentration of
TCDD in blood or tissue does the risk of
adverse effects increase and by how
much? There is now a substantial body of
animal and epidemiologic data that ad-
dresses this question, especially in the
case of cancer outcomes.

Treatment with TCDD has been
associated with increased neoplasms in
every animal bioassay reported in the
scientific literature.5 These carcinogenic-
ity models have included several species
and tumors at multiple sites. Further-
more, carcinogenic effects occur at concen-
trations as low as 1.4 ng/kg per day. The
carcinogenicity of TCDD has also been
reported for the Syrian Hamster6-a
finding of particular importance since
hamsters, like humans, are relatively
resistant to the acute toxic effects of
TCDD.

Editores Note. See related article by Schecter et
al. (p 516) in this issue.
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Although epidemiologic studies are
inherently more subject to confounding
and sampling bias than laboratory studies,
the two major cohort studies of chemical
workers with sufficient measures ofTCDD
in tissue to verify chronic exposure have
yielded results consistent with the animal
data. The study in the US by the National
Institute for Occupational Safety and
Health found a 50% increase in total
cancer mortality among more heavily
exposed workers with latency of at least 20
years.13A study ofworkers from a plant in
Hamburg, Germany, also found an in-
crease in cancer mortality.7 Ten years of
work in the 2,4,5-T production section of
the Hamburg plant was associated with a
170% increase in total cancer mortality.8
The Hamburg study also included suffi-
cient information to relate work history to
TCDD levels in blood or tissue.9 The most
heavily exposed decile of men, with
estimated tissue TCDD levels averaging
760 ppt during exposure, showed a three
to fourfold increase in cancer mortality.
Finally, a third study of a group of
chemical workers with acute exposure to
TCDD (resulting from an accident) found
a twofold increase in total cancer mortal-
ity after a latency of 20 years.'0

The significance of these epidemio-
logic findings is underscored by the fact
that, to our knowledge, no other occupa-
tional exposure has been shown by the
epidemiologic method to elevate signifi-
cantly both all-cause mortality and total
cancer mortality (as found in the Ham-
burg study). These epidemiologic findings
are thus consistent with the animal data
indicating that TCDD is a potent carcino-
gen at multiple sites across mammalian
species.

There is also consistency across epi-
demiologic studies focusing on TCDD
and the risk of soft tissue sarcoma.
Hardell was the first to report a link
between sarcomas and exposure to phe-
noxy acids and chlorophenols.11 His stud-
ies were severely criticized by chemical
industry representatives. In fact, Richard
Doll reviewed a report by the Monsanto
Corporation and concluded that Hardell's
papers should no longer be considered
part of the scientific literature.12 However,
subsequent studies have replicated the
relation between exposure to TCDD-
contaminated substances and soft tissue
sarcomal316; and the confirming studies
include an additional one from New
Zealandl7l18 if the analyses are restricted
to farmers. Professor Doll has resumed
citation of Hardell's papers,19 and Olav
Axelson has argued that fraud occurred in

two industry reports that misclassified soft
tissue sarcoma and malignant lymphoma
cases as unexposed to TCDD.20

Despite earlier reviews to the con-
trary, there has been little corroboration
of Hardell's hypothesis that the risk of
malignant lymphoma is strongly related to
TCDD. Thus, although some inconsisten-
cies across epidemiologic studies persist,
and although the epidemiologic method
itself cannot entirely remove the specter
of misleading associations due to con-
founding, the evidentiary pendulum has
swung toward substantiation of the carci-
nogenicity of TCDD-contaminated com-
pounds in humans. Given that TCDD is a
strong tumor promoter at multiple sites,
and that different studies may involve
different combinations of exposures to
other carcinogens, some epidemiologic
inconsistencies are likely to remain.

Progress has also been made in
unraveling the mechanism of TCDD
carcinogenicity in animal models. It ap-
pears to be a powerful promoter, but only
a weak initiator. For example, tumors
were produced in 100% of hairless mice
treated with the initiator N-methyl-N-
nitrosoguanadine after a series of 30-ng
dosages of TCDD.21 There is also mount-
ing evidence that the aryl hydrocarbon
(Ah) receptor mediates TCDD effects,
that it modifies some receptor systems
which are involved in cell growth and
differentiation, and that hormones, espe-
cially estrogens, influence the carcino-
genic action5 of TCDD. More recently,
there is some evidence that TCDD in-
creases oxidative stress and lipid peroxida-
tion.22 Enhanced oxidative stress could
play a role in many disease processes,
including carcinogenesis and atherogen-
esis.23 Recent findings from the Hamburg
cohort are consistent with these animal
data on oxidative stress. Extended fol-
low-up has revealed not only an increased
risk of total and cancer mortality, but a
marked elevation in ischemic heart dis-
ease mortality among the heavily ex-
posed.2 Thus, although the epidemiologic
data are most compelling for increased
cancer risk, there is considerable animal
and epidemiologic evidence to indicate
that increased cancer morbidity may be
only a portion of the adverse health
effects of heavyTCDD exposure. Further-
more, these very broad effects across sites
and diseases suggest a fundamental patho-
logic mechanism such as increased oxida-
tive stress and compromise of the immune
system.

In the case of epidemiologic findings,
it is difficult to limit causal attribution to

TCDD itself. For example, phenoxy acids
not contaminated with TCDD may be
carcinogenic in humans. This is suggested
by studies of chemical workers25 and by
the finding in a randomized trial that
treatment with clofibrate (a chlorinated
phenoxypropionic acid derivative used as
a lipid lowering agent) was associated
with increased cancer mortality.26

2,3,7,8-TCDD is considered to be the
most toxic member of a class of com-
pounds made up of polychlorinated diox-
ins (CDDs), furans (CDFs) and biphenyls
(PCBs)-which are a subclass of haloge-
nated aromatic hydrocarbons. Dioxins
and furans are made up of two benzene
rings connected by a pair of oxygen atoms
(dioxins) or a single oxygen atom (furans);
PCBs also include two benzene rings that
can take on a dioxin-like structure. Each
of the hundreds of specific congeners in
this class is determined by the number
and position of halogen substitutions.
Processes that produce dioxin-related
compounds usually produce more than
one member of this class. And what is
known of the toxicology of these com-
pounds suggests that their toxic action
may operate via the Ah receptor, with
differences between congeners only in the
slope of the dose-response relations.
However, toxicologic evaluation of only a
few congeners is available. Furthermore,
TCDD in animal models is a much more
potent promoter than initiator. So it is
also plausible that the carcinogenic re-
sponse to TCDD exposure in humans is
dependent upon exposure to other initia-
tors. These considerations are of rel-
evance to any plans to conduct epidemio-
logic studies in Vietnam. The cocktail of
cocarcinogens may determine the pattern
and extent of TCDD effects on cancer
risk.

Given these findings and qualifica-
tions, do the levels of TCDD reported in
Vietnamese by the current authors sug-
gest a substantial increase in cancer risk?
Since the sampling of persons and groups
was from pooled specimens and not
representative, it is not possible to deter-
mine the body burden of any particular
population in Vietnam. However, if we
use the Hamburg results to extrapolate,9
then persons with tissue or blood lipid
TCDD levels above 500-600 ppt (presum-
ably during actual spraying in the 1960s)
are at dramatically increased risk of
cancer. Given the TCDD levels of 630-
1570 ppt reported in samples of human
milk lipid in 1970, it is then plausible that
there is a subpopulation in Vietnam at

very elevated cancer risk. This increased
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risk may apply to a number of other
adverse outcomes as well. Pooled blood
samples with TCDD levels of 33 ppt in
1992 could, depending upon the distribu-
tion of levels in individuals, include a
subset of up to 15% with earlier heavy
exposures. (Tissue concentrations of
TCDD in humans decline by 50% every 6
to 7 years after exposure ceases.) These
high level exposures could have resulted
from consumption of TCDD-contami-
nated food for several years during the
period of spraying. There may be, how-
ever, only a small number of such persons.
The number and distribution of exposure
using biomarkers remain to be determined
by systematic epidemiologic studies.

At this point, it appears that Ber-
trand Russell's charge that the US mili-
tary was spraying carcinogenic herbicides
in Vietnam was correct. In our view, it is
now time to determine systematically the
distribution and extent of TCDD expo-
sure in Vietnam and, if substantial, assess
health effects and seek preventive inter-
ventions. Vietnam may have more press-
ing public health problems on which to
focus, but many in the United States may
feel a special responsibility to join the
ongoing research efforts by inadequately
funded investigators from European and
other countries, especially those from
France and the World Health Organiza-
tion's International Agency for Research
on Cancer. It is also the case that scientific
information about TCDD effects gleaned
from studies in Vietnam will help industri-
alized nations attempting to deal with
widespread contamination by dioxin and
related compounds in their own environ-
ments. Regardless ofour intentions, Agent
Orange may still be operative in Viet-
nam. O

James H. Dwyer
Department ofPreventive Medicine
Univeiry ofSouthern California

School ofMedicine
LosAngeles

Dieter Flesch-Janys
Centerfor Chemical Workers'Health

Department ofHealth
Hamburg, Germany
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