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Agent Orange was the most common herbicide used in the Second Indochina War in the course of
military operations in the former South Vietnam. Agent Orange is contaminated by the carcinogen
2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) in mean concentrations of 2 mg/kg. After much
dispute of a causal association between exposure to herbicides containing TCDD and occurrence of
soft-tissue sarcoma and non-Hodgkin lymphoma, two simultaneous case-control studies were set
up in Vietnam to examine possible relationships. Subject recruitment is ongoing, with target numbers
of 150 cases of soft-tissue sarcoma and 150 cases of non-Hodgkin lymphoma and diagnoses at the
Cancer Center at Ho Chi Minh City, Vietnam. Two hospital controls are matched to each case. As in
other studies of cancer in persons occupationally or otherwise exposed to herbicides and their
contaminants, evaluation of past exposure of the recruited subjects is among the most complicated
issues. Because accurate records are usually unavailable, surrogate measures of likely exposure are

often calculated. As a first approach in our studies we used the Stellman and Stellman exposure
index. The index is based on matching subjects' history of residence and the information on times
and locations of Agent Orange spraying recorded on HERBS tape by the U.S. Army and taking into
account the distance from the spraying as well as environmental and biologic half-life of TCDD. The
exposure index is calculated in two centers, New York and Hanoi, with slightly different
assumptions. In addition, samples of body tissues from the subjects (20 ml blood, 2 g adipose
tissue, and tumor sections in paraffin blocks) are taken and stored. Their future analysis will provide
additional source of exposure assessment. Strengths and weaknesses of both exposure measures

are discussed in this paper. Environ Health Perspect 106(Suppl 2):671-678 (1998).
http://ehpnetl.niehs.nih.gov/docs/1998/Suppl-2/671-678kramarova/abstract.html

Key words: soft-tissue sarcoma, non-Hodgkin lymphoma, case-control study, Agent Orange,
herbicides, TCDD, Vietnam

Background affected region was around Ho Chi Minh
Agent Orange City (formerly Saigon) (1). Approximately
During the Second Indochina War 72 million liters of these chemicals were
(1961-1975), nearly 10% of the territory used by the U.S. Air Force for destruction
of former South Vietnam was sprayed with of rice and crops and defoliation of vegeta-
phenoxy herbicides, 34% of these areas tion (2). The most widespread chemical
more than once. The most extensively used was Agent Orange, which constituted

about 60% of the volume of herbicides
sprayed from airplanes. A further 6 million
liters of herbicides was applied in small-
scale spraying operations (from helicopters,
riverboats, trucks, or backpacks) (3).

Phenoxy herbicides are derivatives (salts
or esters) of phenoxyacetic acid. Agent
Orange is a 1:1 mixture of n-butyl esters of
2,4,5-trichlorophenoxyacetic acid (2,4,5,-
T) and 2,4-dichlorophenoxyacetic acid
(2,4-D) (2). Both 2,4-D and 2,4,5-T are
structurally similar to indole acetic acid, a
natural plant hormone (auxin), and have
similar courses of action (4). Their mixture
has a more efficient herbicide effect than
either chemical alone (5).

2,4,5-T is commonly contaminated by
2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), one of the most toxic manmade
chemicals. TCDD is produced during syn-
thesis of 2,4,5,-T (4). The degree of conta-
mination is dependent on the temperature
and pressure of the reaction (6). Although
synthesis of 2,4-D does not produce
TCDD (7), commercially manufactured
2,4-D might become contaminated if it is
manufactured in the same production
facilities as 2,4,5-T. The mean concentra-
tion of TCDD in Agent Orange was 2
mg/kg (2 ppm); individual lot concentra-
tions ranged from 0.05 to about 30 mg/kg
(8). Thus, an estimated total of approxi-
mately 230 kg ofTCDD was deposited in
South Vietnam.

Toxicity and Carcinogenicity
TCDD is a chlorinated aromatic compound
that is chemically stable, insoluble in water
and highly soluble in fats and oils, and that
resists biologic degradation (9). Other
higher chlorinated congeners are usually
also present as contaminants. Their toxicity
varies quantitatively, but not qualitatively;
TCDD is the most toxic. The toxic equiva-
lents of the congeners are expressed relative
to the toxicity of TCDD (for which the
toxic equivalent is set arbitrarily at 1.0),
and are inversely related to the degree of
chlorination (10).
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Knowledge of dioxin pharmacokinetics
and the factors inducing variations in
dioxin metabolism in humans is still insuf-
ficient. Phenoxy herbicides are absorbed
mainly via the digestive system in humans
(11). However, TCDD is incompletely
absorbed (12). The liver and fat are major
repositories of TCDD in humans (13).
The phenoxyacetic acids do not undergo
notable transformation prior to renal excre-
tion in mammals. Almost all of the 2,4-D
is excreted, the principal route being urine;
in humans excretion may continue over
several days. Similar patterns have been
noted for 2,4,5,-T, although the elimina-
tion and tissue distribution of both 2,4-D
and 2,4,5-T are dose dependent (12).
Elimination ofTCDD occurs via excretion
of metabolites in the bile and urine and
passively through the gut wall. Metabolism
is slow: The biological half-life of individ-
ual TCDD is several years in humans and
is strongly dependent on the individual
rate ofTCDD metabolism (14).

The studies of 2,4-D in animals do not
provide sufficient evidence for its carcino-
genicity. The International Agency for
Research on Cancer (IARC) (15) and the
World Health Organization (7) do not
consider these studies sufficient to prove
the chemical is carcinogenic. A decision
regarding the carcinogenicity of 2,4,5-T
has not been made and may depend on
evidence for carcinogenicity of TCDD, its
contaminant.

Most countries have assessed the human
cancer risk ofTCDD by extrapolating from
animal data. The 1600-fold variation for
acceptable intakes estimated by U.S.,
Canadian, and European scientists indicates
a large scientific uncertainty about TCDD
toxicity (16). Carcinogenicity ofTCDD
has been demonstrated in many animal
species and it is one of the most potent car-
cinogens, causing both common and
uncommon tumors at multiple sites (10).
In many countries TCDD is listed as a
chemical known to cause cancer. IARC
recently classified TCDD as a group 1 car-
cinogen, defined as "carcinogenic to
humans" (17).

Association ofPhenoxy Herbicides
with Soft-Tissue Sarcomas and
Non-Hodgkin Lymphomas
Soft-tissue sarcomas and non-Hodgkin
lymphomas have been associated with the
exposure to phenoxy herbicides since the
late 1970s, after a series of reports from
Sweden (18-23). In these case-control
studies, a significantly increased risk was

associated with occupational exposure to
phenoxy herbicides (farmers or manufac-
turers) for both cancer types. These find-
ings prompted further case-control studies
in New Zealand (24-26), Italy (27), the
United States (28-31), Australia (32), and
Sweden (33). A slightly increased relative
risk of soft-tissue sarcomas was observed in
most of these studies for subjects exposed
to herbicides (24,27,32) although the odds
ratios were nonsignificant. A similarly weak
association was observed in the studies of
malignant lymphomas.

The associations were also examined in
several large cohort studies of occupation-
ally (34-36) or accidentally (37) exposed
workers. The combined results, based on
published information, show an increased
risk for non-Hodgkin lymphomas (stan-
dard mortality ratio [SMR] = 2.6; 95%
confidence interval [CI] = 1.3, 4.7) and
soft-tissue sarcomas (SMR = 4.7; the CI
could not be calculated from available
data) (17,38).

The common difficulty for evaluation
and interpretation of these studies is the
limited accuracy of exposure data. In an
IARC nested case-control study (39), a
dose-response relationship evaluation was
based on crude dassification of exposure lev-
els: nonexposed, low, medium, and high.
The relative risk increased with the level of
exposure in both disease groups; signifi-
cantly for soft-tissue sarcomas and non-
significantly for non-Hodgkin lymphomas.

Rationale of the Ongoing
Case-Control Studies
in Vietnam
Two simultaneous case-control studies
are ongoing in Vietnam; their purpose
is to evaluate an association between
exposure to herbicides sprayed during
the war and occurrence of soft-tissue
sarcoma or non-Hodgkin lymphoma in
the resident population.

Subject
Cases are diagnosed at the Cancer Center
in Ho Chi Minh City, the referral center
for almost the entire target population of
approximately 30 million people 25 years
of age and older living in South Vietnam.
Study recruitment started in 1993, and to
date 800 subjects have been recruited. The
complete study will include 150 cases of
soft-tissue sarcomas, 150 cases of non-
Hodgkin lymphomas, and two controls for
each case (total 900 subjects). Diagnosis of
all cases is based on histopathologic review
by independent pathologists in Vietnam

and Europe. Two hospital controls are
matched to each case by sex, age (± 5 years),
and place of residence (Ho Chi Minh City
or elsewhere).

One of the two matched controls is a
cancer patient. Eligibility criteria exclude
cancers (apart from the cancers under
study) that in 1992 (the planning phase of
the study) were thought likely to be posi-
tively associated with exposure to phenoxy
herbicides: liver cancer, cancer of respira-
tory organs, prostate cancer, thyroid and
endocrine tumors, Hodgkin's disease,
leukemias, and myeloma.

The second control is a hospital patient
free of cancer, recruited from among
patients attending the Cancer Center.
These patients suffer from a variety of
conditions including benign tumors and
lymphadenopathy. About half of these
noncancer controls are patients referred to
the Cancer Center for suspected malig-
nancy but not confirmed by pathologic
examination. Informed consent is obtained
from all recruited subjects.

Both sets of controls are recruited
within the Cancer Center to ensure that the
controls are from the same overall catch-
ment population as the cases. However, it
seems probable that the catchment popula-
tion for different cancers may vary, with
patients who require specialized facilities
being referred from longer distances. This
variation could be particularly marked for
the noncancer control group, who are most
likely referred for diagnostic purposes
rather than treatment. For this reason we
stratified patients and potential controls
into two broad groups-those residing in
Ho Chi Minh City and those residing else-
where-and matched them on this vari-
able. Because the exposure of interest is
related to place of residence, any further
stratification would certainly have resulted
in over matching.
A second reason for recruiting controls

from the Cancer Center is that all subjects
are expected to give a 20-ml sample of
blood and 2 g of adipose tissue. The latter
requirement means, in effect, that the
recruited controls are those under-going
some form of surgical diagnostic or thera-
peutic procedure.

Finally, use of other cancer controls
may be particularly useful in reducing
interviewer bias or recall bias by subjects
(40,41). Control groups should include
individuals with conditions whose occur-
rence is unrelated to the determinant under
study (42). This was the reason for exclu-
sion of certain cancers possibly related to
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dioxin. It is important that such exclusions
do not bias the control group in the oppo-
site direction so the remaining cancers are
less likely to be exposed to dioxin than the
general population, even as a consequence
of confounding (43). We have no particu-
lar reason to believe that this will be so,
and the use of a mixture of cancer types in
the control group should minimize such
bias. The more obvious confounders of an
association between dioxin and cancer (for
example, occupation) will in any event be
examined in the analysis.

The recent IARC evaluation (17)
suggests that TCDD has an overall car-
cinogenic effect on all cancers combined. If
this is indeed so, the comparison between
soft-tissue sarcoma and non-Hodgkin lym-
phoma cases and other cancers will in fact
also measure any additional risk specific to
these two cancer types.

Exposure Assessment
Self-Reports. In a direct interview,
information is requested on demographic
and anthropometric variables, detailed occu-
pational history, previous diseases and use of
medications, lifestyle and dietary factors,
exposure to ionizing radiation, and history
of occupational or domestic exposure to
chemicals. The subjects are asked to recall
the frequency and amounts of chemicals
used, their purpose (herbicides, fungicides,
or insecticides), and their brand names.

Particularly extensive data are collected
on the lifetime residence history of the sub-
jects. Each subject reports the names of all
towns or villages lived in from birth until
the date of recruitment. The place of resi-
dence includes name of province, district,
subdistrict, and village. The starting and
ending dates of residence in each location
are also recorded. The knowledge of the
detailed residence history is used for calcu-
lation of an exposure index for each subject,
as described below. In addition, the ques-
tionnaire asks about the subject's personal
experience of herbicides sprayed from air-
planes during the war in each place of resi-
dence. Results of spraying as experienced by
the subjects are also recorded.

Questions on military service during the
war are also asked, including the period,
branch, rank, and location of service.

Exposure Index. The exposure index
proposed by Stellman and Stellman (44)
was calculated for each recruited subject
from the information on time-space loca-
tion of his or her places of residence and
from information recorded by the U.S.
Army on the distribution of the herbicides

in Vietnam during the war, known as the
HERBS tape.

HERBS Tape
HERBS tape is an objective and valuable
source of information on the patterns and
extent of herbicide usage in Vietnam. It
contains 17,000 records describing 6475
separate missions to spray herbicides from
airplanes. The information recorded
includes date of the mission (day, month,
year), combat tactical zone (one of four
geographic regions of the former South
Vietnam, denoted I, II, III, or IV), mission
number, agent used (Orange, White, Blue),
number of gallons used, type of mission
(defoliation, crop destruction, etc.), area
sprayed (in hectares), leg designator for the
mission, and geographical coordinator of
mission leg (44).
A mission normally consisted of several

legs, each representing a continuous spray
route, which might have included changes
of flight direction. Each HERBS tape
record refers to a single coordinate point on
the map of Vietnam-for each leg there are
at least two records (i.e., start and end point
of the leg if no changes of flight direction
were planned). The coordinates are
expressed in the universal transverse merca-
tor (UTM) system, which is a rectangular
grid ruled off in 100,000 m subgrids.

Although the HERBS tape only stores
information for the spraying missions
carried out after June 1965, it contains
almost complete information on the distri-
bution of Agent Orange in Vietnam.
Limited amounts (less than 1.1 million
liters) of other dioxin-contaminated herbi-
cides, notably Agents Pink and Purple
(active ingredient 2,4,5-T) were dissemi-
nated from 1960 to 1964 (8). HERBS
tape records count 42.4 million liters of
Agent Orange as being expended (8).

For more than 80% of the missions,
the calculated ratio of volume to area
sprayed (an approximation of concentra-
tion) is nearly constant. Fifteen percent of
the different volume/area ratios occur
among missions in the lowest volume cate-
gory (less than 2000) liters and 5% of the
missions dispensed (less than 400 liters of
herbicides) (44).

Calculation ofExposure Index
Each place of residence reported by a
subject is matched with a grid cell of a
UTM map of South Vietnam (1:250,000
scale) and converted into geographic coor-
dinates in the UTM system. When the
name of a village is not found on the map,

the coordinates of the closest town are used
as surrogates. The times and places of resi-
dence are matched with times and places of
herbicide spraying.

The calculation of the exposure index
was proposed by Stellman and Stellman in
1986 (44) for evaluation of exposure of
American veterans who served in Vietnam.
One discrete and three continuous expo-
sure indices (El to E3) were proposed.
Their continuous indices are calculated in
this present study and the indices gradually
include more complex assumptions about
the extent of exposure received.

Exposure indices are calculated
independently in Hanoi (Committee 10-80
[National Committee for Investigation of
the Consequences of the Chemicals Used
during the Vietnam War]) and in New
York by S. Stellman's group. In both cen-
ters the calculations are based on the
original Stellman and Stellman paper
(44), although there are some differences
in the assumptions and algorithms used
for calculations.

Index El represents a summation of all
exposures occurring on all occasions when
the dates of the residence of a subject coin-
cided with the dates of missions to a partic-
ular locale, calculated from the initial
concentration of the herbicides, weighted
by a reciprocal of the distance of the place
of residence from the spraying track. The
distance was actually calculated as a contin-
uous variable from the established coordi-
nates of the leg's vertices as recorded on
HERBS tape rather than from center points
or average locations of a spray track.

In New York index E2 was calculated
by cumulating the total amount of expo-
sure resulting from all spraying missions
that had occurred in the particular place of
residence before or during the individual
subject's time of residence, taking into
account the initial concentration and the
environmental decay ofTCDD. The expo-
sure derived from residual herbicides
remaining in the place of residence since
previous spraying missions was therefore
also considered. The half-life of dioxin in
the soil was assumed to be 1 year. All expo-
sures are cumulated over all reported places
of residence to produce index E2.

In Hanoi, calculation of index E2 takes
into account the initial concentration of
the herbicides sprayed and the biologic fate
of dioxin in adipose tissue from the begin-
ning of exposure until sampling (when the
subject was recruited). The biologic half-
life is assumed to be 6 years. All spraying
missions in the particular place of residence
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during the individual's time of residence
are counted and cumulated over all
reported places of residence.

The New York E3 index is a combina-
tion of indices El and E2. It combines the
environmental persistence of the cumulative
dose ofdioxin in the soil around the place of
residence with the distance of the residence
from spraying missions, the reciprocal of
which is used as a weighing factor for the
dose, as before. Again, exposures are cumu-
lated over all places of residence. To test the
exposure measures on the American veter-
ans, index E3 seemed to best approximate
the exposure (44).

Hanoi E3 also combines indices E1
and E2, taking into account biologic half-
life of the cumulative dose of dioxin and
the distance of the residence from spray-
ing missions. A test of this index is reported
by Verger and colleagues (45).

TCDD Levels in Body Tissues.
Biologic samples (2 g adipose tissue and 20
ml blood) are taken from each case for
future analyses. Blood samples also are col-
lected from all controls, as are adipose tis-
sue samples. The biologic samples are
stored frozen to -20° C. Direct measure-
ments of exposure will be possible when
stored biologic samples from the recruited
subjects are analyzed at the end of the
recruitment period. The direct exposure
measures will be used as an additional source
of information on exposure and may be used
for reciprocal validation of several exposure
measures collected within the study.

Discussion
Carrying out these studies in Vietnam has
numerous advantages. Large amounts of
Agent Orange have been dispersed in South
Vietnam. Fifteen years after spraying ended,
several studies showed that dioxin levels
were higher in adipose tissues of subjects
from South Vietnam than in those from
industrialized countries (46). For areas in
North Vietnam that were not sprayed, no
detectable dioxin was found in adipose tis-
sues of people who lived there (46). The
large variation in degree of contamination
of the different treated regions in South
Vietnam allows study of the dose-response
relationship. A large proportion of the pop-
ulation was exposed either directly (living
in sprayed areas) or indirectly (consuming
contaminated food and water).

Eposure Assessment
Most populations in developed countries
are exposed to environmental TCDD, its
main source being food (47,48). The

background levels of serum TCDD are of
the order of nanogram per kilogram (parts
per trillion) on a lipid basis. Epidemiologic
studies assessing the possible association
between TCDD and cancer occurrence
have therefore focused on groups of people
who were subjected to higher than back-
ground exposure levels. These include
workers exposed during the manufacture
or use of herbicides (18-36,38,39,49);
populations exposed to industrial accidents
[Seveso, Italy, in 1976 (50), a German
chemical plant in 1953 (37)]; and popula-
tions exposed to Agent Orange [the
Vietnamese population living in the
sprayed areas and American veterans who
served in Vietnam (44-46,51,52)].

Based on animal data, however, the
calculated risk from relatively large levels
of dioxin exposures like those in Seveso
and in the participants of the U.S. NIOSH
[National Institute of Occupational Safety
and Health] Dioxin Registry is still moder-
ate compared with high background
exposures present in most industrialized
countries (16). IfTCDD caused an increase
in total cancers or of a common cancer
(lung), the expected increase in risk was
below the limit of detectability in epidemi-
ologic studies. If, on the other hand, dioxin
caused a tumor with incidence comparable
to that of soft-tissue sarcomas, the calcu-
lated expected increases should be detectable
in dioxin-exposed chemical workers and in
the Seveso population. The failure of epi-
demiologic studies to produce convincing
evidence of any chronic human effects
from dioxin probably results from the
relatively low exposures experienced
by humans. There is no reason to allude to
differential sensitivities between test animals
and humans (53).

Although it is of primary importance,
the exposure assessment is the weakest
aspect of epidemiologic studies to evaluate
the relationship between exposure to herbi-
cides and occurrence of cancer. Precise
information on the intensity and duration
of individual exposure is usually missing.
Rather, surrogate measures are used as
an approximation of exposure. Several
methods of exposure assessment are used
but no method is entirely satisfactory in
its own right.

Self-Reports. Self-reports from ques-
tionnaires may be affected by misdassifica-
tion due to difficulties of accurate recall of
past exposures and consequently to loss of
statistical power. Other dangers include
possible confusion of herbicides with other
products such as malathion (and reporting

false-positive exposure), denial of exposure
because the subject was exposed unknow-
ingly (false-negative reports), or recall bias
(44,45).

Exposure Proxy Indices. A combina-
tion of records and individual recollec-
tions was most useful in historic exposure
reconstruction. Summation of individual
exposure histories results in a parameter
or index that can be used in epidemio-
logic models to assess exposure-risk asso-
ciation. Such an index is then sometimes
compared with exposure measures obtained
in a different way, such as serum level of a
significant biomarker. The exposure effect
thus obtained is usually diluted-some
subjects who were not exposed may be
classified in the exposed group and vice
versa-but the result nonetheless proves
useful in comparisons on the level of
exposure groups.
A number of indices were developed to

assess exposure (34,54-56).
Like other exposure estimation

strategies for retrospective studies, all of
these strategies may be valid; however, they
vary in precision and in the degree to which
they contribute to assessing a particular
exposure-disease association.

The Stelman and Stelman
Exposure Index
The method of Stellman and Stellman
seemed the most feasible for setting our
two case-control studies. The necessary
information is the residence history and
information recorded on the HERBS tape.
Including the report of the location rather
than a recall of exposure per se is likely to
reduce the recall bias. In addition, this
index was tested on 478 U.S. military vet-
erans (44). No direct validation of the
estimates was possible, but the indices
appeared consistent with other measures or
proxies of exposure. A modification of the
Stellman and Stellman index was also used
in the study of evaluation of the risk of
gestational trophoblastic disease (57).

The Stellman and Stellman indices
have been developed expressly for the pur-
pose of assigning probabilities of exposure
to herbicides in epidemiologic studies
of large numbers of veterans and are not
claimed to represent actual exposures per-
fectly (44). As with all indirect exposure
measures, some deficiencies must be
considered for correct interpretation of
potential associations.

First, the information used for calcula-
tion of the indices is not perfect; the poten-
tial misclassification and other fallacies of
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self-reports are transferred into the index.
Approximate coordinates were used when
a village could not be located on the map.
The starting and ending dates of residence
in a particular location are given with pre-
cision only to a year. The distance from
the spraying mission is calculated with
respect to the start or end rather than the
center of a leg. Different authors' estima-
tions of the swath width of the aerial spray
vary from 80 m to 20 km per aircraft
(1,58). On the HERBS tape the assumed
swath width was 80 m. The coordinates
for each leg represented the middle of the
mission, which usually consisted of three
aircraft, but as many as 12 to 16 were used
for some missions.

Similarly, meteorologic conditions are
important for the spray dispersion, but
they are not controlled for in calculation of
the index. Although most of the missions
were flown early in the morning to avoid
spray drift, this drift could not be avoided
entirely. Another situation is also not con-
sidered -a plane flying against a hill would
produce a different spread of herbicides
than one flying parallel with a hill or yet
another flying over flat areas.

Further, no account is taken of actual
movements of the setders around their place
of residence. In rural areas, Vietnamese vil-
lages are often divided into several hamlets
between which the distance may vary from a
few hundred meters to a few kilometers; vil-
lage inhabitants and farmers usually move
about within a radius of a few kilometers of
their villages. Short-term temporary places
of residence also are not recorded.
A constant Agent Orange concentra-

tion was assumed for all missions, which
might be so in the majority of cases
because the ratio of gallon to area was
nearly constant; however, it might have
produced slightly different estimates in
almost 20% of cases (44).

In the literature, the half-life of dioxin
in the environment was estimated to range
from 9 years (95% CI 6-17) (59) to 10 to
12 years (60). In the Stellman and Stellman
index (44) it was assumed to be 1 year,
based on several environmental studies
(61-63). The function describing dioxin
persistence in soil was an exponential func-
tion (44). However, a better agreement
with present knowledge about dioxin dis-
tribution among the different ecologic
compartments and about its degradation
processes may be obtained by a double
exponential function (61), which takes into
account an initial fast disappearance phase
[the dioxin half-life estimated in Seveso was

23 days (65)] and a slow disappearance
phase of several years' half-life.

No adjustment is made for residual
exposure via ingestion of polluted food or
water (44). A possibility of other sources of
dioxin contamination (fires, chlorophenols
used by the French and U.S. armies) is also
not considered.

Unfortunately the HERBS tape itself is
incomplete. Three percent of Agent
Orange was sprayed before year 1965, and
this amount is not recorded. The sprays of
Agents Pink and Purple were also not
recorded (those chemicals had the active
agent 2,4,5-T) (1), nor were helicopter and
ground spraying.

Despite the limitations, the method
described here for measuring exposure to
Agent Orange seems to be the best avail-
able method at present. Exposure levels of
relatively large comparison groups should
reflect differences in exposure of the groups
even if individually calculated indices may
be inaccurate. There is a potential for
improving the complexity of the index,
notably by inclusion of both environmen-
tal and biologic decay of TCDD in the
assumptions used in index calculation.

Determination of Dioxin Body
Burden. Serum and fat biopsy samples from
individuals with unusually high past expo-
sures indicate that TCDD may remain in
the body for many years after exposure (66).
Current tissue TCDD levels may therefore
be useful in distinguishing the groups of
individuals exposed to high levels ofTCDD
15 to 20 years ago (67). In 1984 Schecter
and colleagues reanalyzed archived speci-
mens of human milk from the 1970s (pre-
served at Harvard University [Cambridge,
MA] in a freezer at -70oC) using improved
techniques. TCDD levels measured in
aliquots of these archived samples proved
almost identical to the values reported
originally from the same samples (46).

However, there are also disadvantages to
using tissue measurements. Dioxin analysis
of body tissues is exceedingly expensive. In
addition, withdrawal of adipose tissue and
collection of blood sometimes raise ethical
issues because such procedures are fairly
invasive. Apart from these restrictions, there
are more essential limiting factors for using
the TCDD tissue measurements as a gold
standard for exposure evaluation.

Dioxin measurement usually suffers
from a lack of accuracy when levels are
< 100 ng/kg (ppt). Errors range from 20 to
50% (68,69). Dioxin measurements prob-
ably do not perfectly reflect the amounts
actually absorbed because human dioxin

metabolism is subject to individual
variations and changes over time (14).

Adjusted for the background TCDD
levels, the median half-life of TCDD
in humans was estimated to be 7.1 years
(95% CI 5.8-9.6 years) based on measure-
ments of 36 veterans (70). Other authors
estimated biologic half-life of dioxin at 6
years (71,72). An extended study of 337
Operation Ranch Hand veterans estimated
a median half-life of 8.7 years (95% CI
8.0-9.7) (54). In a study of 27 persons
exposed in Seveso in 1976 and followed for
16 years, a half-life of 8.2 years was found
(73). Among 48 German workers, half-life
was estimated at 7.2 years and an increase
in half-life with increasing age and amount
of body fat was noted (74). In the index
calculated in Hanoi, TCDD half-life was
assumed to be 6 years.

These investigations show that the half-
life is not stable and that it depends on
individual metabolism, time since exposure,
age, race, body mass index, and region of
residence (14). Kang and colleagues (52)
showed that the year sampling was done
accounts for much of the variability in
dioxin levels. Half-life increased with
increasing amount of body fat (35% body
fat = 20 years; 15% body fat = 7 years) (54).

Variations in TCDD half-life estimates
are likely to result from changes in weight
and percent body fat that typically occur
with aging. When body fat content increases
with age, it is possible that a small or mod-
erate intake of dioxin may no longer be
detectable by using current serum TCDD
level as a biomarker (75). It has also been
suggested that disease may affect serum
TCDD levels (reverse causality) (76,77).
Also, background levels appear to be log-
normally distributed and to increase with
age (78).

Although serum TCDD measures are
useful in epidemiologic studies, they
should not be taken as a gold standard of
exposure level for individuals (in particular
because of poorly understood variations
in TCDD metabolism among individuals).
However, group differences in serum
TCDD levels probably indicate a differ-
ence in TCDD exposure between groups,
although it is unknown how fast this dif-
ference may disappear with the passage of
time between exposure and measurement.

According to the protocol of our two
studies, a validation of exposure indices is
envisaged against the measurements of
tissue TCDD levels. In a pilot study, 27
Vietnamese subjects were examined
to determine if there was an association
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between the environmental exposure
assessed from the personal history of
residence and the HERBS tape and dioxin
levels measured in the subjects' adipose
tissue (45). The geometric mean dioxin
level found was 7.8 ng/kg (ppt) on a lipid
basis; dioxin and furan congener profiles
were similar to those already reported in
industrialized countries. Levels in three
samples were below the detection limit.
The Pearson correlation coefficient
between the dioxin levels and the exposure
index of 0.36 was not statistically signifi-
cant (p= 0.07), but when the correlation
analysis was restricted to 22 subjects who
had a positive exposure index, the correla-
tion coefficient rose to 0.50 (p= 0.02). This
correlation was observed exclusively for
TCDD isomer (45). Some of the
described imperfections of the Stellman
and Stellman index may explain why
dioxin was detected in biologic material of

the subjects who had a 0 exposure index;
notably, intake of contaminated food by
subjects in unsprayed areas.

In the final phase of these two
case-control studies, special attention will
be devoted to certain issues. First, careful
verification of calculation of the exposure
index will continue and the algorithm of
calculation of the exposure index may
be further developed. The relationship
between the exposure index and the self-
report will be clarified. Second, the entire
database will be analyzed and the risk of
exposure to Agent Orange for soft-tissue
sarcomas and non-Hodgkin lymphoma
will be quantified with respect to other
covariates. Third, the exposure index will
be validated by direct measurement of
dioxin contamination in the human tissues
collected from the recruited subjects and
the association with the disease outcome
will be evaluated.

Conclusion
Although quantitative measures of
exposure are highly desirable, it may still
be valid to use approximate measures of
exposure or even surrogate data such as
the amount of time spent in a military
occupation or in a location in which the
toxin was likely to have been used. Thus
a biomarker, especially one gathered years
after the exposure, is not necessarily bet-
ter than measures based on spraying records.
Group differences in serum TCDD levels
can be useful in confirming that exposure
measures reflect true differences in exposure.

On the other hand, quantitative
assessment of exposure was not attempted
in the majority of studies conducted to
date on the topic. A combination of several
sources of exposure assessment in these two
case-control studies may ultimately pro-
vide quantitative risk determination of
TCDD exposure.
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