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One has to be reminded occasionally that the roots of statistics lie in problems
of inference, especially in the study of efficient and useful experimental designs
from which conclusions can be drawn. I start with this reminder because many
of the observations and conclusions concerning the effects of pollutants derive
from experiments which "happened" more than they were designed and which
"presented" their data rather than analyzed them. However, there is yet one
other reason for this reminder. Problems of inference raised by studies on pollution seem to show that what is needed is not so much a study of the design of
experiments but a study of the strategies of acquiring and analyzing wide ranges
of observations and that the end products are not simple inferences about "states
of nature" but formulations of "public policies."
Keeping these reminders in mind, we shall next turn to a review of the issues
and problems surrounding the question if a commonly used herbicide, 2,4,5-T,
has effects that are of concern to the large community of this country.
1. 2,4,5-T is a general pollutant
The widespread (albeit inadvertent) consequences of present practices to control animal and plant pests by use of chemical agents have been recognized only
recently as a general pollution problem. In view of the known toxicity of many
of the agents, industrial physicians and engineers have been concerned with the
manufacture and distribution of these toxic materials and with instituting proper
warning procedures so as to avoid what has been commonly called "accidents."
It is recognized now that while herbicides and pesticides are designed to affect
only a specific target species, their indiscriminate and widespread use creates
very general pollution problems. First, all herbicides and pesticides have inadvertent effects on nontarget species. The toxic agent may be extremely widely
spread by wind and water to places where it was never intended to show up. For
instance, 2,4,5-T applied as a spray can be transported in the atmosphere as a
drop of spray, as a gaseous state of 2,4,5-T, or adsorbed on dust or other particulate matters in the air. In this way 2,4,5-T was found adsorbed on dust in a
trace of rain in Cincinnati, Ohio, presumably from applications in Texas [32].
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Secondly, traces of the chemical may show up in the food and water consumed
by human users. Heretofore concern has been mainly for residues that may appear in foods that have been grown with the help of pesticides. In most circumstances this residue can be kept to a very minimum (although this is not always
possible). Much more serious, however, is the danger that the pesticide becomes
concentrated in the ecological food chain. Man, being on the apex of a pyramid
in this food chain, might thus be exposed to large doses of the chemical in a
wide variety of foods, especially meats. Thus, herbicides and pesticides used for
specific purposes, even in rather isolated rural areas, might find their way in
large doses to man wherever he resides. Finally, because the active chemical
agents may be also mutagenic and teratogenic, their effect may not be limited
to the present population exposed to that toxicity but to future generations
through mutations and introduction of malformations. (We should note in passing that until now the mutagenic and teratogenic dangers inherent in some of
the commonly seen air and water pollutants have received very little attention.)
Pesticides are of immeasurable benefit. They make it possible for man to inhabit his planet in large numbers by insuring an ample food supply and eliminating or controlling carriers of disease and discomfort. Yet, the dangers created
by these same pesticides to human health and survival have to be examined very
carefully and weighed against the benefits derived from their use.
2. Patterns of use of 2,4,5-T
The herbicide, 2,4,5-T (2,4,5-trichlorophenoxyacetic acid), is used primarily
to control woody plants and a few herbaceous species against which it is more
effective than other herbicides. 2,4,5-T is never "pure." It has not been possible
so far to manufacture 2,4,5-T without one specific impurity, 2,3,7,8-tetrachlorodibenzo-p-dioxin (commonly referred to as TCDD). While even pure 2,4,5-T
has a known (albeit small) toxic and teratogenic effect, the toxicity and teratogenicity of TCDD can be described only as "virulent." While most species tested
(with the exception of the dog) can survive a single oral dose of 2,4,5-T in excess
of 100 mg/kg, and several can survive daily treatments for a number of days at
this high level [12], embryo toxicity appears in litters of females given TCDD
in doses as low as .000125 mg/kg per day, and a dose of .008 mg/kg per day
caused pallor and debilitation. The LDs0 for TCDD has been found to be .022
to .045 mg/kg in the rat and .0006 mg/kg in the guinea pig [18]. Manufacturers
of 2,4,5-T had paid only limited attention to the amount of impurities present.
Both Dow Chemical Company and Hercules Incorporated developed procedures
in which the contaminant, dioxin, was held to less than 1 ppm, but other companies manufactured a product that contained as much as 40 ppm of the dioxin,
TCDD.
Because of its effectiveness, the chlorophenoxy-herbicides, 2,4-D and 2,4,5-T,
have been widely used for over twenty years to control broad leafed weeds.
Since a number of studies conducted in the 1950's were interpreted to indicate
that the herbicide was not toxic to man at the doses at which man is exposed,
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2,4,5-T has been widely used in forestry, agriculture, by the park service, and
around the home. One of the major uses of 2,4,5-T has been for rights of way
(approximately 50 per cent) and for nonfarm forests (approximately 10 per cent).
However, roughly 20 per cent of the produced 2,4,5-T goes into hay, pasture,
and rangeland and other farm uses where residues of the herbicide, in one form
or the other, may show up in food. The remainder of the 2,4,5-T is used for parks,
especially lawn and turf care, gardens, and other purposes where it may come
into direct contact with human users in a variety of ways [30]. The pattern of
use of the herbicide is especially important for its pollution potential. Its use in
grazing and forestry areas may make it subject to entering the food chain and
being concentrated in a large number of ways. For instance, it may be concentrated through grazing animals [15] or, by being washed into the lakes and
oceans where it is picked up by plankton, it may contaminate fish, crustacea,
and mollusks [3]. 2,4,5-T may come into contact with humans through residues
on foodstuffs, especially on domestic rice. Finally, 2,4,5-T is a favorite herbicide
around the home and garden. It is especially effective in controlling poison ivy.
Its unsafe use by a home user may contaminate the family's food in a large
number of ways.
One of the big problems, therefore, is whether or not 2,4,5-T can be accumulated in the food chain and stored in tissues. Unfortunately, not much is known
about the fate of 2,4,5-T after it is applied, and even less is known about the
fate of its active teratogenic and toxic impurity, TCDD. 2,4,5-T is immediately
subject to physical and chemical actions that continually reduce the amount
remaining at a site of application (by degradation by soil microorganisms, leaching and surface movement in water, volatilization, movement by wind, and
photochemical decomposition). Chemically detectable amounts of two pounds
per acre have been found in soil after three to seven months after application,
but no detectable amount was found in the same soil after one year [1]. The
half-life of 2,4,5-T has been estimated as 40 days, at least in forests [22]. Thus,
although 2,4,5-T disappears from the soil relatively quickly, it remains long
enough to appear as a possible residue in foodstuffs, and certainly its half-life
is long enough to enable it to enter the ecological food chain. TCDD is not as
easily eliminated from the environment as is 2,4,5-T. Because of its low water
solubility (only .2 ppb), TCDD does not move through the soil nor is it easily
leached out [30]. Using radiolabeled TCDD, it was found that the radioactive
material (probably TCDD) in the soil decreased only 15 to 20 per cent in 160
days, indicating that this compound was very slowly degraded and would persist
for more than a year [19]. Thus, there is ample evidence that TCDD remains in
the environment for a relatively protracted period.
3. The recent 2,4,5-T controversy
Although a number of studies were done some twenty years ago to evaluate
the toxicity of 2,4,5-T, and although the possible teratogenicity of this agent
has been under careful investigation during the last two years, there is disagree-
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ment on whether or not 2,4,5-T is toxic and teratogenic to humans exposed to
low doses. Scientists who are familiar with existing studies are divided in how
they interpret the data. For statisticians it is important to notice such divisions,
especially if the disagreement is not at what level of a probability (computed or
subjective) a hypothesis ought to be accepted or abandoned. What makes the
study of the controversy surrounding 2,4,5-T so valuable is that it gives us the
opportunity to see the scientific process in operation and, perhaps, enables us to
evaluate the usefulness of present methods of designing and analyzing experiments. After all, 2,4,5-T originally was evaluated by a number of conventionally
designed toxicity studies, and the recent public controversy surrounding its possible teratogenicity has motivated a number of experiments by both government
and industry that were designed specifically to clarify, once and for all, if 2,4,5-T
was teratogenic-at least in the experimental animals.
The review of 2,4,5-T came about quite inadvertently through a screening
study which the National Cancer Institute contracted with Bionetics Research
Laboratories. In this study Bionetics Research Laboratories performed screening
studies for carcinogenicity and teratogenicity on a number of pesticides and industrial chemicals. The results released in October, 1969, indicated that 2,4,5-T
showed embryo toxicity in two stocks of mice at doses of 113 mg/kg per day
when given for several days during organogenesis. As it turned out, the sample
of 2,4,5-T used in the Bionetics study was known to have been contaminated
with 27 :1 8 ppm of TCDD, and the results were no longer considered valid
indication of the teratogenicity of the herbicide. (The experiment has been summarized in a number of forms [8], [23], [31].)
The findings of the Bionetics Laboratories, together with resports by South
Vietnamese newspapers of an increased occurrence of birth defects during June
and July of 1969 (2,4,5-T had been the major defoliant used in Vietnam), elicited
far reaching reactions from governmental agencies and segments of the scientific
and concerned lay communities. A number of animal experiments performed
early in 1970 confirmed that even the pure samples of 2,4,5-T did, indeed, result
in delivery of malformed offspring. In April, 1970, the Secretaries of Agriculture,
of Health, Education, and Welfare, and of the Interior jointly announced the
suspension of the registration of 2,4,5-T.
Next, the Dow Chemical Company and Hercules Incorporated exercised their
right under Section 4.c. of the Federal Insecticide, Fungicide, and Rodenticide
Act (U.S.C. Vol. 7, p. 135 ff.) to petition for referral of the matter to an advisory
committee. Such a committee was then formed from a list supplied by the National Academy of Sciences and met during the early five months of 1971. The
committee submitted its report in May, 1971. Although the committee was in
substantial agreement on the facts of the case (as far as the evidence was palpable enough to supply the facts), its recommendations on the restoration of
registration were divided [6], [14].
At the same time, the United States Military in South Vietnam undertook a
survey to evaluate the human evidence of birth defects possibly due to defolia-
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tion practices. An Army report was issued in December, 1970 [10]. The Army
studies surveyed obstetrical records for the years 1960 to 1969 of 22 provincial,
district, and maternity hospitals in 18 cities and other areas in various geographical localities. The findings of the Army studies, in the main, were that no
differences in stillbirth rates were observed geographically that could not be attributed to better maternal and neonatal care or to more competent or thorough
examination for congenital malformations in the capitol area, and that the rates
of stillbirth declined and of congenital malformations remained unchanged during
this ten year period despite the heavy spraying between 1966 and 1969. At the
same time, the American Association for the Advancement of Science appointed
a commission led by Dr. Meselson to investigate the Vietnam charges. This
report (HAC) noted that the Army report had been heavily influenced by data
from the capitol area which generally experienced little or no exposure to 2,4,5-T.
By deducting the capitol area data and considering only data from other parts
of the country, the declining trend was reversed, giving considerably increased
stillbirth and malformation rates in 1966-69 (heavy spraying period) over
1960-65 (no or light spraying period). Also there was an increase in the incidence of cleft palates and spina bifida (in some regions) that was in need of an
explanation. In addition, the HAC report pointed out that in the Tay Ninh
Provincial Hospital, which serviced a population that was directly exposed to
heavy defoliation or lived near rivers draining areas of defoliation and serving
as the source for fish, the stillbirth rate was much higher than in any of the
other hospitals surveyed by the Army [21]. (There are two other reported incidents where spraying was thought to be followed by malformed human offspring.
One came after a spraying project near Globe, Arizona, and the other from a
Swedish defoliation project in Lapland. Claims for both areas were investigated
by teams of experts and found to be, most likely, not associated with the spraying
incidents.)
4. Sources of uncertainty
It would be a mistake to view the present attitude toward the use of 2,4,5-T
as indicating a deep division in the scientific or concerned lay communities.
There is general agreement that 2,4,5-T (with or without its impurities) is toxic.
The disagreements reflect the burden of responsibilities or of special interests.
Governmental agencies tend toward the restriction and more stringent regulation
of 2,4,5-T, and agricultural and manufacturing industry and representatives of
the forest service tend toward the restoration of the use of 2,4,5-T to its prior
status. However, the division does reflect the uncertainty about the dangers to
human health. Despite a large number of experiments, some of them directly
designed to assess the toxicity and teratogenicity of 2,4,5-T, a substantial uncertainty remains about almost every important question that needs to be answered about the toxic and teratogenic dangers entailed in human exposure.
The problem which causes uncertainty consists of two parts.
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(1) The determination of toxicity and teratogenicity of a substance is not a
simple matter. Sometimes the experimental solution to questions of fact concerning toxicity cannot be answered by any known experimental procedure, and
sometimes they can be answered only partially.
(2) The types and kinds of experimental designs required and the sort of
analyses necessary in order to extrapolate from present findings to questions of
human health require a high degree of sophistication in experimental design,
mathematical analysis (especially in extrapolation techniques), and in information processing. Unfortunately, these skills appear to be very sparsely distributed
among toxicological or teratogenic researchers, and proper help from statistics
and data processing sources appear to be either unavailable or unused.
As a consequence, a difficult scientific problem is infinitely compounded because proper tools are not brought to bear on its solution. These two facets
create and compound the uncertainty about the danger inherent in the use of
2,4,5-T to such an extent that we shall treat them separately and refer to them,
respectively, as first and second order uncertainty.
4.1. First order uncertainty: the experimental model. All toxicological and teratogenic studies suffer from three major shortcomings.
(1) Animal experiments are, by and large, inadequate;
(2) the dose and response relationship is difficult to determine; and
(3) information on the effects on humans is almost impossible to obtain.
4.1.1. The proper animal "model." It is naively assumed that the antecedents
of disease can be easily studied on animals and that a demonstration that certain
conditions lead to disease in animals may invariably teach us how disease is
caused in humans. Unfortunately, this is not always true. Although we can learn
a great deal from animal experiments, toxicological and teratological information
from animal experiments turns out to be much less useful than is commonly
thought. Animals react with a wide range of physical and behavioral responses
to the presence or absence of chemical stimuli. There is not only a wide difference
in the reaction of different animal species, but the difference becomes even more
pronounced when we compare animal to man. Difficulties in inferring human
reactions from animal studies are further compounded by the use of rodents as
a favorite experimental animal because of their convenience and low cost as
laboratory animals. However, rodents are much further removed phylogenetically from the human animal than are dogs or monkeys. On the other hand,
experiments with dogs and monkeys are inordinately expensive. The problem
raised by the use of rodents is clearly seen in 2,4,5-T toxicology studies, where
it was found that rats may be able to maintain on doses of 100 mg/kg per day
for a number of days while dogs may succumb from a single dose of 20 mg/kg
[12]. Yet, most inferences about toxicity of 2,4,5-T to man were based on work
with rodents. It should be noted that the problems of choosing a proper model
(that is, an animal system that reacts in the same way as a human subject) have
had marked effects on such recent affairs as thalidomide, riboflavin deficiencies,
vitaminoses, and others.
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4.1.2. Relationship between dose and response. As a corollary to the problem
of finding the right model of animal stands the observation that every known substance (including water and oxygen) is harmful and may have toxic, teratogenic,
mutagenic, and carcinogenic effects if it is given in a large enough dose [4], [7],
[29]. As a consequence, the meaning of a toxic response in an animal system to
a very high dose of an agent may be unclear. True, the kind of physiological or
anatomical reaction occurring offers an important clue to how human tissue may
respond to the same agent. But the mere fact that an agent is toxic at some high
dose is not considered surprising, since a toxic reaction is to be expected for
some dose. What is important is to see the rate at which a reaction disappears
as a function of lower and lower doses.
Unfortunately, the investigation of the dose response curves in animals is
beset by two extremely difficult problems.
(1) A low exposure does not necessarily result in a smaller reaction in an
animal but, rather, in fewer animals in which this reaction may be observed.
Thus, with a large enough exposure to kill all animals, the question of whether
or not a particular dose is toxic creates no great em perimental problems. However, an immensely large number of animals would be needed to determine doses
with the toxicity to affect 1 per cent, 0.5 per cent, or 0.01 per cent of the animal

population.
(2) The response of biological systems to any agent is not uniformly good or
bad. It is true that biological systems do respond to a large variety of chemical
agents in different ways at different doses. For instance, copper, which is a very
toxic substance at high doses, is not toxic at all in low doses and is, in fact, necessary to sustain life, so that its complete absence is a definite hazard. The same
is, of course, also true with many other substances, including water and oxygen.
Thus, the major utility of an animal experiment is to see whether or not the
reactions to relatively high doses can serve for extrapolating a dose response
function that will tell if a zero or nontoxic response to some dose will occur or
whether or not the agent may be toxic at any dose.
4.1.3. Clinical (human) studies. The best measure of toxic and teratogenic
effects is man. Unfortunately, man is also the most unusable experimental subject. Three major difficulties meet the attempts to study effects of pollution on
man (including that of herbicides and pesticides).
(1) Toxic agents that have dramatic effects are easily spotted and eliminated.
Pollutants that affect the occasional individual, individuals who are ill from other
causes, or that cause small reactions in individuals tend to go unnoticed.
(2) Even when noticeable reactions occur, the information that they do occur
may be almost impossible to obtain and evaluate. Abnormal human reactions
usually are recorded only when they motivate the diseased individual to seek
medical attention. Thus, processes of self selection emanate which make it almost impossible to find proper control groups for prospective or retrospective
studies, even if these records become available. However, the fact that records
exist somewhere about a reaction to a pollutant is, in most instances, immaterial
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since these recorded instances are difficult to find or, once located, to concentrate
for review and analysis.
(3) There are restraints to either withdrawing or exerting a specific treatment
on humans, even if an agent or treatment is deemed to be harmful (or its
opposite).
4.2. Second order uncertainty: the experimenter. Experiments that may yield
answers to such questions as those asked here require sophistication in the design, the analysis of multivariate data, the mathematical techniques for extrapolation, and data processing facilities.
Yet, what do we find? The literature contains less than two dozen key reports
of studies on the toxicity of 2,4,5-T and on its teratogenicity. While most of
these experiments were performed using some variation in combination of different dose levels, different concentrations at which dose levels were applied,
different vehicles which carried the doses, different amounts of impurities (especially TCDD), and some were performed on different species or used different
products coming from different manufacturers (and so ideally suited to factorial
designs), the reports of some 22 experiments analyzed by the 2,4,5-T Advisory
Committee did not contain a single experiment that was designed to teLl something about the effect of 2,4,5-T at very low doses and attempted, by statistical
analysis or mathematical techniques, to milk the available data (although inadequate) for whatever information could have been obtained about reactions
of animals to very small doses.
The relevant design features and approaches to the analysis of data of ten
toxicological and ten teratological experiments are summarized in Tables I and

II. In view of the lack of statistical sophistication practiced in this important
field, much is to be learned from their study.
ALl experiments were designed to test the effect of 2,4,5-T at high doses on
relatively small numbers of animals. No provisions were built into the experimental design to permit picking up the effect of 2,4,5-T at a low dose. In fact,
some of the conclusions reached by the scientists who reviewed these data were
that 2,4,5-T has a toxic and teratogenic effect only at high doses. This impression
may have been created by the fact that no adequate experimental design existed
to assess the effect of 2,4,5-T at low doses.
Very serious, in view of the wealth of available statistical and mathematical
techniques, is the relative naivet6 with which these studies were analyzed. Many
of these reports did not subject their data to any statistical analysis whatsoever.
Simple summary figures, such as the arithmetic average, were in most instances
not accompanied by measures of dispersion. The most sophisticated statistical
analyses were multiple application of Student's t tests comparing sets of measurements from each individual group (resulting from combinations of doses and
other factors) with a control group. The numbers so analyzed often were discrete
rather than continuous and came from obvious nonnormal distributions. Those
values of "t" that met the famous criteria of statistical significance at 0.05 were
duly starred with an asterisk, adding perhaps insult to injury [28]. Thus, not a

487

HERBICIDE EFFECT ON HEALTH
0

0

-2, M

0

a

-,$

o

0

-0

.0

'd

0.0 o
5 0

O"4O

0

0

v.Q
0 0

.. -

0

m

04

.0
0

.29

0,00

m E-4

0

'O

9.2

E-

0

9z

03

E-4
N

A

H

-

0
-.-

o

nas ; "
6
O,-0,4
C

0

cq,.

-

=,

.3

--l-

03

A

u

P +-

4)

w

=1
5

4 al
cfl;j

4-1

o

4)

10

0
-.4;03

2 --;5

C)

Q'E
CL)

- 0 -Z.

0

11

o 0

.i -5

0

0

.2,0

+-

0,0 403

WA

--

=1

CD

coo -2+13, 4-0t

a3

P4
U0

pq
0

P4

P4

-M
.

omcocq

0 a
C3

cq

z

0'4-

M

03

P4

uu4

Al

O

gug.!Qppi

9 P4 P4 g UX4

P4

4

U13
-4

P4

P4

-

SM

ki

.§

d

o

Z

t

-2)

AM

0

z
0

O.,

Z E-4

4

0

cli

2
p;qz

Z 1--4 (3?Z .F4

E-4

79

.0

b
2 0

0

E-1

"
-0

(D

.4

0

as
0

0

r.

s

C)

0

E4
0

Z

EW

bo as 5,

A

op o
Z .A;> Z

z

E-1

C.,

03 .

03 .0
to

E-

Z
Z

as

>.,
C,
0

o'Z o .z
V-4
-0.4,00.4..'a . -4-,

rk.

0

OV

0

0.5

4-

0

0

OA

C)

SIXTH BERKELEY SYMPOSIUM: STERLING

488

.
0
O~~~~~o
Cd

-o
~~~

_

~ ~ ~~~~

~~~~~~

~ ~

CS-.

_

~

~

~

~~~~m

0

Z

z

oo,

~ ~~a0_
-o
~~~I~~~~4 "0
0

.-

0

ao
>c

Ca

bo

;R

o,~~

o

0

~~~~~~~~~~~m44
a)
~ ~ ~ c a-)5~~~
~~~
Ez ~ +,
o
O

0 la W W

a)

M

0

n.5
,0

..).

IQ

Cs

w

d

01

r

S

'-4
a~~~~~~~~~~~~c
~~~~~

'n

)~~0 W W
b
0~~a 03

be-ZE

ci

-..

0m-c

~~~~~~a
C3

m

c

=

z

ad

-a0

-

CD~
q )

:M

C

-l

003(

5.
0
E- - -C5-

E5-

;W -M

5-

a) 5-~~~~~~4
0
W

z

a

t

M

a)aCCa

MS
.~~~~~~~~~~~~~00

M

HERBICIDE EFFECT ON HEALTH

3 # -~~~5>

X s r

w

m~~~~~ P *k-,
cce
s

*>,

ce~~~
~ ~ ~

z
z
z~~~~~C

o t s

Cm
a

Z;

r
C,

CS
-,.

v

CQ

0

X

f

C

489

490

SIXTH BERKELEY SYMPOSIUM: STERLING

single one of these experiments subjected its data to the robust and generally
available factorial techniques (not to say anything about taking out the effect
of confounding variables). Not a single one of these experiments made any attempt to extrapolate their data toward low doses.
5. Conclusion
It is not easy to understand why so much inadequate data had been generated.

After all, these toxicological problems are not new and solutions exist for most
of them. One simple answer might be that these practices have grown up around
the need to license or register possibly toxic products and not around their widespread use. Another explanation might be that statisticians and mathematicians
have failed to educate the community of scientists, especially those in medical
areas. Undoubtedly, immediate interests in licensing and lack of proper preparation of scientists are influential factors. But it would be negligent not to look
further. After all, a simple explanation would hardly fit a case involving so many
investigators from so many different sources. Surely, lack of education or surrender to special interests are not that widespread in our scientific community.
There is an alternative answer to this question. Perhaps proper statistical and
experimental techniques do not exist that would enable us to deal with the issues
created by pollution and community health! Perhaps to derive a statement of
public policy is quite a different problem from making an inference about a state
of nature. For it is true that the end product of the process of inference in instances of pollution and community health is administrative policy decisions and
not judgments about possible states of nature. These policy decisions may be to
build or not to build nuclear power plants, to build them at particular sites, or
to choose other strategies to deal with a power shortage. Similarly, the policy
decision might be to register or license the use of a herbicide, restrict its use to
certain instances, restrict its use with certain limitations on impurities, or examine alternative ways of pest control. Fortunately, the field of statistics is prepared
to deal with a broad experimental strategy of the kind required to serve as a
foundation for public health policy. Statisticians have brought the science of
making inferences in the face of uncertainty to a high plateau. What may be
needed as a next step is to assess problems created by pollutants for community
health and to make decisions about community action and to develop the kinds
of experiment to decision strategies that are best suited to derive rational and

sensible public policies.
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Discussion
Question: E. B. Hook, Birth Defects Institute, Albany Medical College
Would you specify the nature of the increase in congenital malformations in
the AAAS Vietnamese study (that is, which specific defects were increased), and
what order of magnitude of increase there was, and what was the "denominator"
of population studied?
Also, is there evidence that the other civilian ravages of war in Vietnam were
associated with exposure to herbicide spraying?
Reply: T. Sterling
The HAC study found in some geographic areas an increase in spina bifida
and cleft palates. These are the same malformations also noted in the teratogenicity animal studies. The increase was noticeable rather than impressive.
However, this does not mean much because these data are full of rather large
errors. The denominator of the population studied, incidentally, was, of course,
all the children recorded in a given hospital.
Question: Dominick Mendola, Ecology, San Diego State University
In your paper you referred to a report utilizing radioactive tracer techniques
to trace the fate of dioxin in soils. You said that there was a 15 per cent to 20
per cent decrease of dioxin applied to soils after 160 days. Do you know how
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long this experiment was run and how much, if any, dioxin was found after the
entire length of the experiment? Also, what were the soil conditions-wet or dry?
Reply: T. Sterling
I expect the experiment was run for 160 days. What was measured was the
radioactivity remaining after that period of time. That this radioactivity was
labeled dioxin which had been put into the soil to begin with is, of course, assumed. The soil condition was sandy but not dry.
Question: J. B. Neilands, Biochemistry, University of California, Berkeley
Is it not a fact that the increased incidence of birth defects in South Vietnam
has more or less paralleled the deployment of herbicides, that is, starting in
about 1961 and tapering off in the later years of the decade when the defoliation
operation (but not the bombing and intensity of the war) was cut back? And is
it not a fact that the highest levels of birth defects reported in South Vietnam
were in Tay Ninh, the province most heavily defoliated?
Can you give us an estimate as to how many agencies of the U.S. government
had access to the report of the Bionetics Laboratories and also the time when
the report was available to the agencies? My motivation in asking this is the
following. Some years ago the UN voted 80 to 3 to class herbicides as prohibited
weapons under the 1925 Geneva Protocol-only Australia and Portugal joined
the U.S. in voting "no"-and 95 nations have ratified this instrument. Even
though the U.S. has not yet ratified the Protocol, we have admitted we are
bound to it by customary international law and under the Constitution the latter
is considered part of the body of U.S. law. Statistics aside, it is clearly a war
crime to employ herbicidal sprays in military operations. Domestically, 2,4,5-T
has also been used on a massive scale, again with assurances that it is innocuous
to animal life. Yet we now know that a manufacturer was forced to close a
2,4,5-T plant because of chloracne, a dermatitis, in the workers. Thus if the
Department of Agriculture knew of the toxicity of preparations of 2,4,5-T and
delayed action against the herbicide, officials of that Department would seem to
be irresponsible and derelict in their duty to protect the health of the American
public. Can you comment on the legal status of 2,4,5-T?
Reply: T. Sterling
As both the Army and the HAC reports show, the questions on the correlation
between birth defects and defoliation are not easy to answer. Certainly the
analyses of the data conducted by Dr. Meselson (the HAC report) find some
support for the increase in birth defects paralleling use of the defoliant. His work
also uncovered that the Tay Ninh Province reported the highest level of birth
defects.
Everything I have seen in my contact with 2,4,5-T would indicate that the
actions of the government officials involved were extremely responsible. The
Department of Agriculture, the Department of the Interior, and the Department
of Health, Education, and Welfare took action immediately as soon as evidence
emerged that 2,4,5-T had teratogenic potentials. While there are some scientists
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and industrialists who might even accuse government officials of acting in haste,
I surely do not think we would find many individuals who would accuse officials
of the Department of Agriculture (or of other departments) of having been
derelict in their duty to protect the health of the American public. If I may add,
a certain amount of fault rests on all of our shoulders. We have now been willing
to tolerate sloppy experiments and data in the area of toxicology and public
health to such an extent that rational and reasonable action becomes more and
more difficult to take. Perhaps we, as scientists, ought to re-examine our procedures first before examining the actions of government officials who are much
less well equipped to deal with the states of uncertainty created by inadequate
scientific procedures.

