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SUMMARY AND
RECOMMENDATIONS

Summary

This review of the herbicide, 2,4,5-T, began with an examination of
the results from an experimental seveening™study which implicated it
as a potential teratogen, It quickly became evident that examination
from such a restricted basis was inadequate. Therefore, the Panel
decided to study more broadly important aspeets of 2,4,5-T, including
details of its chemistry and purity, its demestic uses and their reiative
importance, the military significance attached to 2,4,5-T as a defoliant,
residue levels {in order to estimate probabilities of human exposure),
general effects on the environment, as woell as its toxiclty. Tn exa i
ing the toxicity of 2,4,5-T, the Panel reviewed the information avail-
able from the literature (as well as some unpublished documents)
which had been considered in the past in establishing poliey decisions
for the various uses to which this pesticide had been put.

Selection of 2,4,5-T as an example for detailed examination has had
a number of advantages. There has been an extensive history of use
and expericnce. 2,4,5-T was first registered on March 2, 1948, by the
Amchem Products Company, Ambler, Pennsyivania. Since that time
considerable information on its properties and uses has accumulated.
Furthermore, it has been the subject of reviews by others in the past.
Finally, the problem which brought it to the Panel’s attention, sus-
picion of teratogenicity, appears to be a relatively manageable prob-
lem in contrast to many other biological effects, notably tumor produe-
tion and genefie alterations. This is important since the recommenda-
tions which follow can be made with a degree of confidence that cannot
be applied to carcinogenie or mutagenic effects. For example, the
dose-response characteristic of teratogens is generally restricted to a
relatively small range of dosage. Accordingly, a threshold below which
no effeet would be expected can be assigned with more certainty.
Experiments to determine this range of values can be performed in a
relatively short time and do not require very large nnumbers of animals

The Panel is gratified that some of its recommendations are airead:
being ecarried out. espeeially further experiments to confirm aud ex-
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tend the results of the original screening that indicated 2,4,5-1 to be

_=teratogenic.

In considering the chemistry of 2,4,5-T, our attention was drawn to
impurities which can result from the manufacturing process. Particu-
lar attention was focused en a single impurity, 2,3,7,8-tetrachloro-
dibenzo-p-dioxin, which occurs in commercial preparations of the
herbicide in highly variable amounts unless particular care is taken to
exclude it. This impurity is extremely toxie. I'ts amount depends upon
variations in the reaction conditions. Other dioxins can be fornied
from various impurities in the starting materials. The dioxin impurity
eame to particular attention when the TU.S. herbicide industry was
asked to produce larger quantities of 2,4,5-T during the middle 1960°s.
However, its presence as an impurity and certain of its acute toxic
effects had been known since 1957, Its concentration in commereial
2,4,5-T has been greatly reduced in the past vear or so.

Analytic methods available for 2,4,5-T are accurate and relable.
With the possible exception of citrus fruits, determination of residues
in food has not presented a serious analstic problem.

2,4,5-T 1s relatively labile in nature. Residues in soils and water are
not persistent except under unuswal conditions. The herbicide is not
stored in plants or animals to a significant extent.

Production of 2,4,5-T in the United States rose rapidly between
1960 and 1968. Civilian use, most of which is for clearing of range land
and rights-of-way and for treatment of pastures, deelined about 509
between 1964 and 1966. Military use of 2,4,5-T as a defoliant, ex-
pressed as number of acres spraved, rose sharply between 1964 and
1967 but has declined since then. Although accounting for only a
small amount of the total usage of 2,4,5-T, its place in control of aquat-
ic weeds is significant. There is a small but important list of agricul-
tural uses where 2,4,5-T is applied to food crops. Potential human
exposure is recognized in this dircet application ta food crops, in
range and pasture lands grazed by domestic meat and dairy animals,
and possibly, in water supplies derived from treated waterways and
streams. The economie importance of the various uses is considerable,
but is very murch less than that of 2,4-D. Substitution of 2,4-D for
2,4 5-T can be made for certain uses.

Defoliation, using mixtures of 2,4-D and 2,4,5-T, has been emploved
in Vietnam sinee 1962, more intensively since 1967.

Although not rigorously demonstrated, its military usefulness has
been considered to be very high.

The background of toxicological information on 2,4,5-T is thin.
Most of the animal studies have been concerned with acute toxicity
(single doses or repeated doses for short periods of time). Based on
these experiments, the acute toxicity of 2,4,5-T was found to be low.
Little is known of the details of the metabolic handling of the material
although rapid excretion in the urine secms to be the rule.
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The screening study =upported by the Nationa Cancer Institute on
the toxicity of certain pesticides and other important industrial chem-
icals marks an important advance in toxicological testing in that the
tests were designed to detect carcinogenic, teratogenic and mutagenic
potential. The preparation of 2,4,5-T used in those tests was shown
to be teratogenic in both rats and mice. There was no evidence that it
was carcinogenic. While this study had a number of limitations which
qualified its usefulness, the teratogenic results were sufficiently con-
vincing so that the Panel urged, early in its discussions, that they be
repeated and extended using better characterized preparations of
2,4,5-T. Analysis of a sample of the 2,4,5-T preparation used in the
original teratogenesis study revealed a dioxin level of about 27 ppm.
Such a econsiderable contamination by this highly toxic material raised
the question as to whether the teratogenic effects observed were caused
by 2,4,5-T itself, by the dioxin impurity or by other impurities in the
commercial preparation tested.

The Panél was aware of press reports of increased birth defects in
Vietnam attributed to the use of defoliants. The lack of accurate epi-
demiological data on the incidence and kinds of birth defects in the Viet-
namese population before or since the military use of defoliants
preciudes any estimate as to whether an inerease in birth defects has
occurred. Caleulations of potential human exposures from sources
such as drinking water or direct fallout make this appear unlikely
(though theoretically possible).

A review of the cuvironmental effects of 2,4,5-T on nontarget
organisms reveals few harmful consequences of its recommended uses.
Induced changes in vegetation are followed by alteration in numbers
of wild animals. Accelerated crosion of soil may follow the killing of
brush with herbicides but mechanical removal causes greater erosion.

Recommendations

a. The animal experiments which raised the question of the teratogenic
potential of 2,4,5-T should be extended to include @ wider range of doses
administered to non-inbred strains of animals and to lar%er numbers of
animals. .

b. The importdnée of the impurities in 2,4,56-1 as potential health
hazards should be ascertained. Recent experiments designed to dis-
tinguish between 2,4,5-T and the dioxin impurity have suggested that
both the herbicide and the dioxin are potential teratogens in some
experimental animals. However, experiments necessary to establish
this answer have not been performed. In addition, there may be addi-
tional impurities in commereially prepared phenoxy herbicides which
may be biologically active.
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c. The metabolism of 2,4,5-T «n humans should be determined and

- éompared fo that in erperimental animals.

2. The level of dioxin, a recognized impurity in 2,4,5-T shou'd be
rigorously controlled and limited to not more than 0.5 ppm. A reduction
to not more than 0.1 ppm should be urged. Sevoeral polychlorinated
dioxins have been found to be highly toxic and capable of eliciting
teratogenic cffects, though they vary widely in toxicity. Since they
may reach the environment from multiple sources. control over known
sources should be exercised to the extent possiblo. .

3. A decision to restrict the use of 2,4,5~T should not be based on the
isolated finding of forieity but on the expected erposure following recom-
mended use in relation to dose response eflects.

In general, the imposition of restrictions on the use of a pesticide
would appear to be a function of two factors, the potential for haman
exposure and the nature of the toxic effects. For example, if carefully
documented residue information points to little likelihood of exposure,
the risk of adverse effects would be less significant than if cXposure
were widespread.

The Panel found no evidence to suggest that significant residues
would result from recommended nses of 2, 4, 5-T on food crops. It is
possible for residues to oceur in tissues of animals grazing on recently
treated pastures and range land. In fact, the only residues which have
been identified in the total diet studies have occurred in meat and
dairy products. However, the few cases in which residues have been
discovered have all been at levels well below those which would be
expected to result in significant toxicity for man.

The erperimental finding of teratogenesis requires further elaboration
before it can be interpreted as a human health hazard.

The risk of teratogenic effects should be placed in perspoective.
Teratogenesis induced by chemicals is a fetal response at a particu-
larly sensitive period in embryonic development to lower doses of the
chemical than are acutely toxic to the mother. Birth defects can be
produced in the embryo through many mechanisms of injury when
the agents are administered during eritical periods of organogenesis,
It is generally heid that by careful ehoice of dosage, which may be
close to the acutely toxic dose for the mother, most chemicals nmight
be shown to be teratogenic in animals. For a variety of reasons, it
is not possible to translate direetly the resulis of experimments in
animals to man. There are differences in sensitivity  which arise

from differences in metabolism. Comparative metabolic studies in

man and animals, therefore, are important in interpreting toxicity
for mau,

The important consideration is not only the demonstation of
teratogenicity, which may oceur with many chemicals at secleted
dosages, but the estimation of the likelihood of teratogenic effects
with the amounts likely to be ingested incident to recommended
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use. T'o restrict or ban usage of chemiculs on the basis of demonstra-
tion of teratogenicity at dose levels which far excced actual or
expected exposures is unreasonable and could well deny usage of
chemicals whose benefits far outweigh risks.

4. Registrations of 2,4,5-T for uses on pastures and range lands
should be treated as registrations for food crop uses.

It is possible for residues of 2,4,5-T to occur in milk and tissues
of animals grazing on land recently treated with 2,4,5-T. To date,
meat and dairy products have been the only food products in the total
diet studies that contained measurable amounts of 2,4,5-T. Use on
range and pasture land should be included in registration for use on
food crops.

. Monitoring of 2,4,5-T residues should be significantly expanded,
especially for meat and midk. In sampling meat and milk, special
attention should be given to geographic arcas where treatment of
pastures and range lands with 2,45-T is most common. The 2,4,5-T
residucs that may occur in meat and milk of animals allowed to
graze on pastures and range lands treated according to current
recomrnendations should also be restudied.

6. As new information is deceloped on pesticides, it should be dis-
seminated promptly to individuals and organizations that are legitimately
concerned as manufacturers, formulators, users and scient;fic investigators.

The case of 2,4,5-T is illustrative of inordinate delay in making
available new research information as it became known. The sereening
study of pesticides which was carried out by Bionetics Corporation
under contract with the National Cancer Institute was completed
about August 1968. Tt was 14 months later when the Government
announced its coordinated actions on restricting the use of 2,4,5-T
It was only after an additions] several months that the detailed
data of the screening study were made publiely avaitable. A central-
1zed mechanism for handling and disseminating new information
about pesticides could help alleviate this problem.

7. A mechanism should be established for restricting the use of a registered
pesticide temporarily on the basis of ‘nformation which {mplicates the
chemical as a possible health hazard pending the collection of more
definitive information. _ 4

If 2 pesticide is already in established use, the decision is particu-
farly difficult. Long established use inevitably implias a dependence
upon it by the consumer and a corresponding reluctance by the
manufacturer to withdraw it fron: the market.

At the present time, a registration may be held in abeyvance only
by cancellation or suspension. Because of the serfous import of these
aetions they are put into effect with considerable reluctance. They
were not desigined for situations such as the present with respect to
2,4,5-T where temporary withdrawal from use, without cancellation
or suspension of registration, might have been a more appropriate
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action. Such an alternative course of action is not possible undoer
Cwpresent regulations. _

There is need for a mechanism whereby the use of a pestieide or
other chemical that may affeet human health can be temporarily
restricted or held in abeyance. Such action would permit the gathoer-
ing of more definitive information in time for sufficient consulration
to permut u decision that would proteet the public health and not
impose an undue economic burden on the producers, marketers, and
users of a produet. Coincident with the imposition of restrictions on o
pesticide, a mechanism should be available for informing and educat-
ing pesticide users and applicators so as to make them more responsible
agents. It Is recognized that a change in the Iaw governing pesticides
would be necessary to accommodate this mechanism of a temporary
restriction.

8. There is an wrgent need for a foens of responsibility 1 1) HEW
o ecvordinate and monitor the toricity and health activities related to
eftects of pesticides,

Information about the health effeets of a pesticide derives from a
variety of sources including occupational exposures, residue monitor-
ing, toxicological mvestigations, clinical experience and epidemio-
Jogical studies. In the past, there has been no single focus within
D/HEW which has been concerned with all of these sourees of data
and, more important, which has had the authority and responsibility
to coordinate new investigative initiatives. The new Advisory Com-
mittec on Pesticides to the Seeretary of D/HEW can be expeeted to
serve as a source of expert advice but cannot fill the essential need for
a focus of responsibility and autherity at the level of the Office of the
Secretary. Consideration of the functions to be fulfilled and the
resources available suggests that this responsibility should be as-
signed to the Assistant Secretary for Health and Scientific Affairs
because the various components of D/HEW concerned most with
aspects of the health effects of pesticides report directly to him
{(National Institutes of Health, Food and Drug Administration,
National Communicable Disease Center, Environmental Health
Service).*

9. Information provided in applications Jor regisirations of pesti-
cides should take into account not only the pesticide for which registration
s sought but should identify other substances ineliiding cekicles wsed in

Jormadations, “inert” ingredients, and i purities.

Investigation of the synthesis of 2,4,5-T and examination of the
manufacturing process revealed that an extremely toxic impurity,
2,3,7,8-tetrachlorodibenzo-p-dioxin, present in variable amounts in

*Since this report was written, the President established, through Reorganization I'lan, the Environ-
mental Protection Agency whicli is to be responsible for broad arcas of vegnlation covering environmental
matters. The Environmental Protection Ageney will alse have the capacity to CArry out some research

under its name. Hepee, we tecognize that sorue of the elements of coordination recomnmended in this eection
will Le accommodated by this new ageniey.
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commercial preparations of 2,4,5-T, may account for some of the
toxicological characteristics assigned to 2,4,5-T itself. The presence
of this impurity was recognized as carly as 1957. However, the Im-
portance of this impurity was pot generally recognized in the Umt.ed
States until after 1964. It appears logical that greater specificity
in identifying the components and properties of the mixture of mate-
rials which are registered under a single name would inerease the
probability of identification of potentially toxic substances. '

10. Regustration procedures should be based on toricological studies
of the particular compounds to be registered rather than ertrapolations
Jrom studies on related compounds.

Toxicological studies provided as information in behalf of 2,4,5-T
registration were performed on a varicty of related compounds {the
frec acid, several types of esters and a varicty of salts). Results of
these tests were regarded as being interchangeable and applicable to the
related compounds. There is evidence to caution against this coneept.
The thorough testing of isomers, esters, salts, and related compounds
1s a very large and expensive task. Nevertheless, information about a
potential health hazard may be incomplete unless all of the compounds
to be used are tested.




INTRODUCTION

I 1964, The National Cancer Tnstitute undertook through a con-
tract u screening study of o number of pesticidal chemicals. Among
the results of this sereening study was the finding that birth defeets
could be provoked experimentally in rats and mice by the adminis-
trationr of relatively large doses of the herbicide, 2,4,5-T. By the
fime these results were reported, 2,4,5-T had been in common use as
an herbicide for more than 20 years. Further, it had been employed
along with 2/4-1) us o deloliant in Vietnam since 1962, although in
sizeable quantities only since 1967. _

In October 1969 several agencies of Government moved in a
coordinated manner to bring about restriction of the use of 2,4,5-T
both within the United States und abroad (7). In terms of domestic
agricultural use, restriction was placed on the use of 2,4,5-T on food
crops pending the acquisition of [urther information that might per-
mit the Food and Drug Admivistration to grant a tolerance. Use as
a defoliant in Vietnam was restrieted to non-populated arcas.

For a number of reasons, it scemed wise to explore this issue in
some detall. The most important of these reasons, perhaps, was the
desire to examine the scientific evidence available to stand behind
[uture policies governing the use of 2,4,5-T and to suggest directions
for futher experimental research. Accordingly, a pancl of experts was
assembled by the President’s Science Adviser to consider a number of
aspects of a variety of herbicides some of which were used as defoliants
in Vietnam. The present report represents their review of 2,4,5-T.

This review considers topies which are of concern: to those who are
faced with policy decisions for 2,4,5-T. We hope that it can serve as
an example for the consideration of the health effects and safely of
pesticides and other chemicals purposefully placed in the envirgnment.

A number of issues arve raised when the utility and safety of an
already existing material 1s questioned. Tt is elementary but neverthoe-
less true to say that the issues are complex. In a way, theitr examina-
tionn can be compared to following a scemingly endless and
continuously branching programn. The subject of how much ussurance
of safety should be afforded 15 important.

"Feratogenesis appears to be a more manageable problem than
some nther health effeets {such as tumor production). Prediction of

8

v et

safety can probably be made with reasonable assurance 1n zL(idil..ioll,
experiments to test & suspected substance are reasonably straight-
forward to conduct.

Among other problems, the purity of the chemieal became an issue.
In the case of 2,4,5-T separation of biological effects of the principal
material from those of the impurities turned out to have unusual
importance. For this reason, the resolution and accuracy of analytic
methods available and used to detect 2,4,5-T and its impuritics had
to be evaluated. In ascertaining the probable hazard to man of an
agricultural chemical, its toxicity in absolute terms must be related
to the probabilities of human exposure. Residue information on
2.4,5-T therefore was explored.

Finally, there remains a series of policy questions which are at
least as philosophical as they are technical, the most crucial one being
how wide a margin of safety should a society adopt for itsell.

The pancl also touched on a narrower aspect of this question by
posing an additional one. This is the practical probler, i the case of
a matertal already in use, of how the Government should act in the
interim between the time of acquisition of preliminary experimental
data which reveal a chemical suspect and the performance’ of more
definitive experiments which establish the risk.
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(1) Press Release on 2,4,5-T. Office of Scienee and Technology, October 29, 1969,




The FDA group reported the following toxicities:

TapLe 3.—Afler Higginbothan, ¢t ol, (12).

Chicken embryo

L No.of Ct bioassay
Reactants atoms in —————————
dioxin percent

pgfeeg mortality

[

2,4-dichiorophenol 500 ]

Chlorinated dibenz-p-dioxin . 0.08 100
2,4,5-trichloroephenol. 4 0.25 i00
2.4, 6-trichlorophengl. 4 5.0 50
2,3,4.6-tetrachloropheno!l 6 1.0 100
Pentachlorophenol . oo o . - 8 5.0 27
‘Reference toxic {at components. ... . .. . .. ii.iccaeeece-e-a..... Mixture a0 100

t Mixed 3 & 4 chloro species.

The tetrachloro species, which will be the important product from

the eondensation of 2,4,5-trichlorophene!, requires only 0.25 pg for
1009 mortality in the chick embryo bioassay. A mixture of the tri- and
tetrachloro species was reported in one study to be more toxie than the
tetrachloro species alone (12). However, more recent unpublished
observations by the same authors have pointed toward a singularly
high degree of toxicity of the four chlorine members of the family.
The conditions required for the production of the tetrachlorodibenz-
p-dioxin, TDD, are present in step (1) of the commerical 2,4,5-T
synthesis, so this material can be present in the original herbicide.
Members of the family of dioxins have been recognized in a variety
of environmental situations. The origins of thesc are not ¢lear in every
case (23).
. The second source of information about the toxicity of dioxin
compounds came from observations of oeccupational exposures in
plants manufacturing 2,4,5-T. These arc reviewed in another scetion
of this report. Onc of the diseases reported was a particularly reivac-
tory form of skin rash known as ehloracne. This was also seen in
workers involved in the produetion of other compounds, The first
report of chlo s was in 1957 {1§). The
authors in this case suggested that the dioxin impurity may have been
the factor which caused the chloracne.

In 1964, the Dow Chemical Company (8) attempted to increase the
production of 2,4,5-T by changing the reaction conditions. Plant

s rrae o wa 2 A= M 1ok cxrommlen
TacCie il &,%,0=1 jHOIL WOERT

-operators beeame-affected with -chloraene. The Dow-Chemieal Com-

pany closed their facility and, carly in 1965, alerted other manu-
facturers of their problem. The active agent was identified as 2,3,7,8-
tetrachlorodibenz-p-dioxin. In addition, an analytical method for
its detection was standardized and various methods for removing the
impurity were devised. By 1965, sufficient technology was available
to allow the manufacturec of 2,4,5-T and 2,4,5-trichlorophenol
containing no more than 1 ppm of 2,3,7,8-tetrachlorodibenz-p-dioxin.
By 1966, a new Dow plant, conforming to those specifications, was
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put into operation. TDD levels in technical grade 2,4,5-T from
another manufacturer are listed year by year in Table 4. Dioxin levels
in 2,4,5-T currently manufactured are reported not to exceed 1 ppm.

TasLe 4.—History of TDD conceniration in technical 2,4,5-T

[Analysis of material from one manufacturer]

Date ppm, TDD

Analytical Methods

1. Standard Procedures.

A typical method for the analysis of herbicide residues in oil seed
crops has been deseribed by G. Yip of the FDA (27). The method
involves extraction of 50 grams of oil with sodium bicarbonate solution,
acidification, and extraction of the herbicides with chloroform. The
herbicide residues in the acid form are then csterified with diazometh-
anc to produce the methyl esters which are finally analyzed by pro-
grammed temperature gas chromatography. Both electron caproire 2nd
microcoulometric detection schemes are used. The microcoulometric
detector consists of a quartz tube condensation chamber where the
herbicide is pyrolyzed at 800° C in the presence of oxygen. The HCL
formed is carried into a microcoulometric titration cell where the
chloridc is titrated with silver ion. The sensitivity of this analytical
scheme is about 0.01 ppin.

A gas chromatogram obtained from cottonseed oil treated with a
mixture of seven herbicides each at 0.02 ppm is shown in Fig. 1. The
seven herbicides used in this test of the method included:

OH QUH:COOH  OCH;COOH

Clle
COOH  QCR:CH:CH:COOH 00B:COOH 0—CH--COOH
Cl- ci cl !(\m ct
ol Civ ct
| . | |
Cl Cl Cl
2.3, 6TBA 2.4+DB 2,45T 2,45TP
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{25} Woorox, J. C. Chem. and ling. News, 45:10, 1967.
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USES AND SIGNIFICANCE

Summary

2,4,5-T has become important in land and waterway management.
It has been very useful for brush and weed control. A result has been
a growing dependence upon it. The Government itself has encouraged
the use of 2,4,5-T through an agricultural cost sharing program.

Nearly 8 million acres were treated with 2,4,5-T in the United
States in 1964. The major use was brush control on rangelands,
pastures, and rights-of-way. Other uses were on certain food and
non-food crops, in aquatic weed control and in forestry.

In 1964 and 1966 almost half of the 2,4,5-T was used on rights-
of-way. Over two million acres of rights-of-way were treated in 1964
which is one quarter of the total area treated with this herbicide.

Civilian uses of 2,4,5-T dropped nearly 509, from 1964 to 1966.
More recent, unpublished information from the Department of
Agriculture suggests that this trend continued through 1968 but may
have begun to reverse itself within the past year. This decrease
accompanied price increases and shortages of supply associated with
the demand for 2,4,5-T as a defoliant and tactical weapon in Vietnam.
If acreage decreased proportionately, about four million acres would
have been trcated in 1966.

To some extent, other herbicides can be substituted for 2,4,5-T
(notably 2,4-D). If all alternative herbicides were available the ban-
ning of 2,4,5-T would appear to lead to an additional cost of nearly
$52 million in land and waterway management or nearly a 100%
increase over the current expenditures. These figures assume practices
designed to achieve the current level of management and agricultural
production. If other phenoxy herbicides are also barned, the additional
costs from elimination of 2,4,5-T alone would amount to $172 million
or over threc times the present investment. Agricultural costs are

-estimated-to Tive-$32-million-and-$44-millien; respectively;under the. .

two assumptions, while costs of right-of-way management would rise
$12 million and $75 million, respectively.

Agricultural production has become dependent upon the use of
herbicides. Their use in the United States has increased rapidly during
the past few years. They are employed as substitutes for the more
costly prattices of hoeing, cultivating, mowing, chopping, burning,
and various other cultural practices for the control of weeds.
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One of the principal uses of the herbicide, 2,4,5-1, is for controi
#f weeds and brush on pasture and rungeland. Large quantities are
wleo used to control brush along roadways and under powerlines. The
principal crop use of 2,4,5-T is on hay and pasture.

In forest production, 2,4,5-T has proved useful for selective weed
control. 2,4,5-T acts upon deciduous hardwoods leaving the conifers
with little injury. This treatment has been helpful in releasing conifers
from deciduous hardwood competition in mixed stands.

Production

Total herbicide production in the United States has increased
rapidly:
*1960 73,000,000 pounds (3)
1965 220,000,000 pounds (8)
1968 403,000,000 pounds (£2)
Tor 24,5-T (acid, esters and salts), production has increased as
follows:
1960 7,900,000 pounds {7}
1965 13,500,000 pounds {10}
1966 18,100,000 pounds {10}
1967 27,200,000 pounds {10)
1968 42,500,000 pounds (12}
A portion of this production is exported and a portion shipped
abroad for military use.

Uses

1. Domestic.

a. Farm use.

In 1964, of the estimated 13,000,000 pounds of 2,4,5-T produced
in the United States, only 13 percent or about 1,655,000 pounds were
used in agrieulture (Table 1). About 40 percent of the quantity em-
plored in agriculture was used for weed control along fence rows,
ditch banks, farm roadways, and other non-crop uscs. The remaining
60 percent or 979,000 pounds was employed on crops (including hay,
pasture and rangeland).

Since 1964, the use on farms has been decreasing. In 1966, 760,000
pounds were applied which is less than 50% of the 1964 amount {13).

Use on hay, pasture, and rangeland declined 35 percent, and other’

crop use decreased by 31 percent, whereas non-crop use decreased
about 84 percent.

b. Forestry, Rights—of-f;m_zy,_ Aquaiz_c Weeds and Lawn and Turf.

In 1964, about 888,060 pounds of 2,4,5-T were used in private
nonfarm forest management for control of undesirable trees and brush
(Table 1);in 1966, this declined to 408,000 pounds (Table 3).

An estimated 4,368,000 pounds were applied to rights-of-way,
roadways, fire lanes, and similar areas for tree and brush control in

*(banges in the method of reporting after 1960 make this figure difficnit to compare with later figures.
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May, pasture, and rangefand._ .. ____._._........ el 581 379 2,441 861 0.4 0.1

[0S 2 O - 72 53 255 7 0.4 0.5

WHERT o oo e . 16 26 55 55 (% 0.1

Sorghum. ..o eeeeeiiee e ] 5 48 18 0.3 Q1

RICE . o et oo e e ve e e eaaan NG 23 ) 16 () 0.8

Other grains._.._...... R 264 34 196 9% 0.4 Q.2

et = QT her CYODS_ e 127 117 175 0.1 0.2
All crop Usage . - i 979 653 3,112 1,565 03 0.2

1964 {iabic 1) w IY%6, this had decrcased to 2,315,000 potuas
{Table 3).

About 162,000 pounds were applied to aquatic habitats in 1964 for
weed control on about 81,000 acres (Table 1); in 1966, this had dropped
to 75,000 pounds (Table 3). '

TABLE 1—Estimated use of 2,4,5-T in the United Stales, 1964 (15)

Quaniities of  Proportion of
Use category Land treated active total quantity
per 1,000 acres 2,4,5T applied applied
per 1,)00 pounds  {Percent)

Farm use:t

Ilay, pasture, und rangeland...._ ... ... ... 2,441 581 7
Other farm WSe .. i 21,010 1,074 12

Total fa¥m WSe. .. i 3,451 1,655 19

Non-farm use:

Federal Government agencies 3. 296 656 7
Lawn and turf treatment 4 1, 200 600 T
Rights-of-ways 5. 3,173 4,365 45
Private non-farm 430 10
Aquatie treatment 7__ 81 162 2
Other uses ¢ 306 583 6

Total non-farm wse . o ... i 4,488 7,257 81

Al USeS e 7,939 438,912 100

1 Based on ““Quantities of Pesticides Used hy Farmers in 1964, AER 131. Farm data excludes Alaska
and Hawaii, In some farm uses, all acres in a field were reported treated while only spots actually received
24,5-T, thus making the rate per acre seem fow.

2'3um of the acres of all crops, except hay, pasture, and rangeland treated, plus an acreage estimate for
nencropland receiving treatment. The acreage of noncropland was estimated by allocating the quantity
of 2,4,5 T used for such purposes at the rate of 2 pounds per acre.

1 Based on 1969 usage of the Departments of Agricuiture, Interior, and Defense; and 1951-60 average
usege by the Tennessee Valley Authority.

« Based on estimated 500,000 acres of turf and 760,000 acres of lawns treated. Estimates based on “Extent
and Cost of Weed Control with Herbicides and an Evaluation of Important Weeds,” ARS 34-102; and un-
published data.

5 Based on sources cited in footnote 4 with rate of application same as for federally treated rights-of-way .
Does not inctude rights-of-way treated by Federal agencies.

& Estimated 2t 4 times the acreage treaied and quantities of pesticides applied to public forests.

7 Based on sourees cited in footnote 4 and rates used on federally treated waterways.

¢ Includes governments other than federal and any other usage.

» Based on table 28 of the Pesticide Review 1969, Ag. Cons. Stab. Service.

TaBLE 2.—Farm use of 2,4,5-T on crops, by category of use, United Slates, 1964
and 1666 (13) 1

Percentage
Active gre-  Acres treated of planted

dients per per 1,000 acres  acres treated

Use category 1,000 pounds with 2,4,5-T
{percenty

10642 19663 19647 19663 10644 1966 °

1 Droes not inelude Alaska and Hawaii. Use in 1964 generally reflects carrent practices, Tse in 1866 was
unusuaily small and net representative of current practices because of domestic shortages due to increased
military purchases.

2 Revised estimates based on Quantities of Pesticides Used by Farmers in 1364. U.S, Dept. Agr,, Agr.
Ecen. Rpt. No. 131, Jan. 1968,

3 Data from the E RS Pegticide and General Farm Survey, 1966,

4+ Acres treated as a pereent of acres grown as reported in Stat. Bul, 384 and Agricultural Statistics 1968,

S(Acre)s treated as & percent of acres grown as reported in Crop Production, 1967. U.5. Dept. Agr., Cr. Pr.
2-2{7-67).

5 Less than one-tenth percent.

7 included in other grains in 1964 only.
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i )';2,j{;,E—Trichlofophenozyaée!-fc Acid

(Principal formulations: EC esters; amine salts; Type pesticide:
Herbicide and plant regulator)

Use Tolerance Dagsage Limitations
(ppm}
6. actuslfA
Tastures: Grasses._..... Extended.._ 3. .. ... .. Heavy brush. Apply when in full leaf and
. alter grass is well established.
Light brush. Apply when leaves are fuliy
expanded.
Rangeland clearance.... Extended... 4.___._.. _ <ev----- Apply in spring by airplane when hrush is in
he?vig)fo iage stage (40-% days after leaves
unio .
Apples (MeIntosh)_._... Extended.._ 20 ppm spray Preharvest drop control. Apply a single aP-
{acid equiva- plication 4-5 days before” drop normally
lent). begins.

Bluelerries (Jow bush)__ Extended. _ 1.0 {acid Spray on revolving cloth-covered drum held
equivalent). above blueberry loliage. Apply during June

3 and Fuly of season preceding a burn. Do not

apply within 2 years of harvesting berries.

Extended._. 0.5.__. _.._._._.._ Apply when grain is in tiiler to boot stage and

weeds are in actively growing condition.
Do net apply rom Lost to milk stage or in
seediing stage.

Pastures: Grasses...._.. Extended_ __ 3. ... .. .. Heavy brash. Apply when in full leaf and after
grass is well established.

S Light Lrash. Apply when leaves are fully
expanded.

Rangeland clearance. ... Extended.__ 4________._.__..._. Apply in spring by afrpianc when brush is in
heavy foliage stage (40-90 days aiter leaves
unfold).

Rice.. ... . __. Extended.__ 125 __ ... ._.._. Apply tiller to boot and before Aooding (4§
weeks after rice emerges).

j IR Apply alter flooding {2-3 weeks) or 7-10 weeks
after planting. A

Sugarcane. ___._.______ Extended... 1 . . _ . S Preemergence nse only. {Louisiana). If cane is
shaved and off-barred, treat immediately
following this operation.

k3% Preemergence use oniy. (Hawaii). Apply just
before cane emerges.

A Posternergence (weeds in established cane).
Apply over row when weeds are growing
vigorously. Do not apply after cene is 2 feet

Grains, cereal
(undesignated),

tall.
Lakes; Ponds. . _________ Extended.._ 4 (with 20 lbs/A. Broadcast application in early spring to surm -
2,4-D as ester). mer. Do not use treated water for erop ir-
rigation or livestock drinking water.

TaBLE 7.—The nonfood crop uses of 2,4,5-T. The doses listed below are given in
pounds of 2,4,56-T and equivalent in 100 gallons of spray using waier or oil as the
vehicle. (USDA, Pesticide Regulation Dinision, as amended by Pesticide Regula-
tion Division Notices 70-11 (4/20/70) and 70-13 (5/1/70).

Non-food crop uses Pounds Comment
2,4,5T aeid
o
Around farm buildings and yards- - .o 2
Farm fence rows, lanes and roads. 26
Pine release in hardwood forest 2-6
Industriai buildings including: Around factories 12-i6

forms, oil refineries, ete.

Industrial sites: Airline beacon stations, airport runways, coalyards, electrie 312
transiormer stations, lumberyvards, parking areas, radio towers, railroad
sidings, sawmills.

g A,

Lo devernp defosiale.g uyonts Tor use in jungle areas of the South
Pacific area during World War II (2). A major demonstration of the
utility of the mixture now known as Orange (1:1 mixture of (he butyl
esters of 24-D and 2,4,5-T) as a defoliant for military  purposes
was conducted in 1959 (1),

A preliminary series of defoliation trials was conducted in Vietnam
between July 1961 and April 1962 (3). Operational sprayving bhegan in
Vietnam in 1962 and increased sharply after 1967. Reviews on this
subject are available (3, 5, 6). .

Two herbicide formulations used in military operations in Southeast
Asia include 2,4,5-T:

Lb.;Gal.
Agent - Compaosition of active
materiul
Durple oL n-butyl ester 2,4-12 50%, (wt.)_ ______ . &9

n-butyl ester 2.4.5-T 309, (wt.).
Isobutyi ester 2,4, 5-T 2097 (wt.}.

Cvange_. ... .. ... e e io.. n-butyl ester 2,4-1 5095 (wt.)_ ________ 8.9
n-bartyl ester 2,4,5-T 5097 (wt.). ’

Purple mixture was discarded carly because it was found to be no
more effective than Orange. Orange is applied at a rate of 24 1b.
per acre from both fixed wing aircraft and helicopters. C-123 airceraft
fly at 150 feet altitude at 130 knots. A swath of 240 feet per pass is
sprayed. Typically, a formation of 3-9 aircraft fly at the same time.

The following table shows the total arcas sprayed cach yvear between
1962 and 1968.

TaBLE 8.—Land area in Vietnam fo which defoliants have been applied between
1962 and 1988 {15)

Year Number of acres sprayed
4, ({0
24,700

1,436,445
1,267, 120

It has been estimated that under usual operating conditions 50% of
the released material is confined to a band about 2.0 ki wide on either

Recreational aress ineluding: Race tracks, wildlife management.. __.._.___. 5.6-10
--Bighis-ofaway: Fire-lanes; highwayspipelines,powerties,raf n = 420
phone and telegraph.
Vacantlots. .. . ... ... e e eman 22—

2. Mulitary Uses of 2,4,5-T.

The phrase, military uses, refers to the employment of 2,4,5-T
as a defoliant in operations. Basic research on herbicides proceeded
through the period 1941-1947. The work was cncouraged by efforts
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side of the 80 meter spray path (15). This figure is based on the spec-
trum of partiele sizes, the direction and speed of the crosswind, and
the altitude. Under realistic conditions but with a crosswind at right
angles to the flight path, only 0.19% of the spray would be deposited
between 1 and 2 km from the center line of the flight path.

As shown in Table 8, the total arca sprayed for defoliation in 1968
was less than in 1967. Defoliation was discontinued in April 1970.
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Defoliation operations have been carried out to some extent in
virtually all sections of South Vietnam. The major use has been within
“War Zone C, War Zone D, and the Rung Sat Special Zone. These
“three areas comprisce about one-fifth of the total area to which defoli-
ants have been applied.

The Rung Sat Special Zone is an area which surrounds the shipping
channel into Saigon. 113,600 acres had been sprayed by the end of
January 1968 (6). War Zone C is northwest of Saigon between the
Song Be River and the Cambodian border. 227,000 acres had been
treated in War Zone C by January 1968. War Zonc D, in which 405,000
acres were treated, is northeast of Saigon between the Song Be and
Song Dong Hai Rivers (6). Repeated application was made in some
areas. ¥

The general purposes for which defoliation operations have been
used include:

a. Defoliation of lines of communication. Sites of frequent ambush
have been defoliated to afford better visibility along roads and trails.

b. Defoliation of areas where Victcong tax collectors customarily
exacted payments from the populace.

c. Defoliation of enemy infiltration routes.

d. Defoliation of enemy base camps. The rationale in this case was
based on the observation that the enemy tended to move out of a
base after the area had been sprayed.

e. Clearing of vegetation around American base camps and fire
buses In order to clear fields of fire and improve observation.
Importance of 2,4,5-T as a military defoliating agent.

Systematic studies have not been carricd out to quantify the value
of defoliation in Vietnam. However, many of those concerned with the
program believe that the military advautages are clearly evident (4,
15). The following cvaluations are extracted from testimony offercd
by Rear Admiral W. E. Lemos before the Subcommitiee on National
Security Policy and Scientific Developments of the Committee on
Foreign Affairs (4).

a. Major defoliation has been aceomplished in War Zone C. Prior to
defoliation, 7 brigades were necessary to maintain US/GVN nresence.
After defoliation, only 3 brigades were required.

_ b. The Commander of Naval Forces in Vietnam in a report to Gen-

allied combat operations. Herbicide operations using C-123 aireraft,
helicopters, truck mounted and hand sprayers have become an integral
part of the IL CTZ operations against VC/NVA. The operations are
normally limited to areas under VC/NVA control remote from popu-
lation centers. The defoliation program has resulted in the reduction
of enemy concealment and permitted increased use of supply routes
by friendly units. Aerial surveillance of enemy areas has improved and
less sccurity forces are required to control arcas of responsibility. An
overall result of the herbicide program has been to increase friendly
sccurity and to assist in returning civilians to GVN control.”

d. The U.S. Commander in the III CTZ related : “Herbicide opera-
tions have contributed significantly to allied combat operations in the
IIT Corps. Defoliation is an important adjunct to target acquisition.
Aertal photographs can often be tuken from which interpreters can
“see the ground” in arcas that previously were obscured. Defoliation
also aids visual reconnaissance. USAT FAC's {forward air controllers)
and U.S. Army acrial observers have discovered entire VC base camps
i defoliated areas that had previcusly been overlooked.”

e. In the south in the IV CTZ, C-123 herbicide operations are
limited. This is because of the vast areas of valuable crops which are
not to be destroyed, even though they may be in enemy hands. There-
fore, commander of the IV Corps area in presenting his evaluation
cited the value of helicopter operations as follows: “A significant heli-
copter defoliation mission was conducted in the vicinity of SADEC in
August 1968. The target area consisted of 3 main canals which con-
verged and formed a strong VC base. The dense vegetation permitted
visibility of only 10-15 meters horizontally and nil verticallv. The
area was sprayed with approximately 135 gallons of herbicide White
and over 90 percent of the area was defoliated. As the result of the
defoliation, an ARVIN battalion was able to remain overnight in the
arca for the first time in five years. Many enemy bunkers were open
to observation. Since the defoliation, the VC presence has decreased to

f. As a part of the 1968 cvaluation report of herbicide operations,
the TS, Senior Advisor in the IV Corps Tactical Zone area reported:
“A section of National Highway 4 in Phong Dinh Province was the
site for a defoliation operation on 24 June 1968. Since January 1968,

_eral Abrams stated: “As You kn 0w, A maj QLcochpn_is_thmg_giqfinww
along the main shipping channel. Your continuing cfforts under
difficult and hazardous flying condition, in keeping this area and the
adjacent inland areas devoid of vegetation have contributed consider-
ably in denying the protective cover from which to ambush the slow-
moving merchant ships and U.S. Navy craft.”

¢. In 1968, the Commanding General of the First Field Force re-
ported: “Defoliation has been effective in enhancing the success of
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aseries of ambushes was eondueted against SY N convoyssnd—troop
movements. Beeause of the total inability of ground troops to keep
the area clear of VC, this area was sprayed using 685 gallons of herbi-
tide White. The target area was primarily coconut palm and banana
trees that had been abandoned by their owners for several years.
During the period of abandonment the vegetation had become so
dense that convoy sceurity clements were not able to see more then
five meters into the underbrush and had to rely on reconnaissance by
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ire to discover the hidden enemy. This method of protection had
proven ineffective. Three RF/PF companies with U.S. advisors were
~used to secure the target for the helicopter operation in addition to an
~rmored cavalry troop. Since the defoliation mission was completed,
convoys have used the highway 2 or 3 times 2 week without attack or
harassment. Only one RF platoon has remained in the arca to provide
local security to the hamlet and highway.”

g. In certain instances, we know the VC have been forced to divert
tactical units from combsat missions to food-procurement operations
and food transporiation tasks, attesting to the effectiveness of the
crop destruction program. In local areas where extensive crop destruc-
tion missions were condiicted, VC/NVA defections to GVN mereased
as a result of low morale resulting principally from food shortages.

The most highly valued item of equipment to field commanders in
Vietnam is the helicopter. There was some question when the heli-

er spray equipment was first procured whether field commanders
would divert the use of helicopters from combat operations for herbi-
cide spray operations. The very fact that the commanders have used
their helicopter spray cquipment to the fullest and have asked for
more is certainly proof that herbicide operations have been helpful
in protecting the American Soldier and contributing to successful
accomplishment of the ground combat mission.” (4)
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Cost Sharing Programs

The Agricultural Stabilization and Conservation Service of the U.S.
Department of Agriculture has provided a cost sharing program for
farmers in order to encourage desirable farn and conservation prac-
tices. Included in this Agricultural Conservation Program are two
programs in which 2,4,5-T was used:

1. Control of competitive shrubs on range and pastures.

In 1968, $7 million were paid to farmers who treated 1.9 million
acres. Approximately one-half of this land was treated with chemicals,
& substantial part of which was 2,4,5-T. The remainder was treated
by mechanical means.

2. Control of specified nozious weeds on Jarmland or biennial weeds on
pasture and range lands.

In 1968, $1.75 million were paid to farmers to treat 700,000 acres.
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In some cases 2,4,5-T was used, although in most cases, 2.4-D and

other cliemicals were employed.
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TOXICOLOGY

Summary

Relatigely little toxicological infornElatio_n has bC(}n available
on 2,4,5-T. Most of the experiments prior to the National Canecer
institute screening study were of acute, single-dose or short-termn
toxicity. The longest period of observation was 90 days. 1.L was as-
sumcdv (not unrcasonably) that the several phenoxy herbicides pe'
haved in similar fashion toxicologically. Hence, an undcrstf.mdmg
of aspcets of the toxicology of 2,4,5-T was infarred from experinients
with 2,4-D. The sample sizes used in many of the (‘mr'ly toxicity
studies were so small that it is difficult to draw statistically valid
inferences. The studies indicated that 2.4,5-T is only moderzft?.ly
toxic. Relatively little is known about the mechanisms of toxicity
of 2.4,5-T or of its metabolism in man and animals. .

The screcning study of posticides carried out upc}er contract for
the National Cancer Institute tested the teratogenicity of a numbc_:r
of compounds, including 2.4.5-T. 2,4,5-T appeared to be teratogenic
in mice and rats. Subsequent studics have confirmed these O}Js.er-
vations and in addition indicated that purified 2’4’5{1‘ containing
less than 1 ppm of the toxic contaminant tetra?,h1(')rod1benz—p-d10x‘m
as well as 2,4,53-T contaminated with 27 ppm dioxin are teratogenic.
1t has also been reported that dioxin by itsclf is teratogenic. Tumor
production by 2.4,5-T was not found. ‘ - o

Accounts of birth defects in defolinted areas of Vlet.na.nl have
been reported. The information available does not permit the con-
clusion that 2,4,5-T used in Vietnam has been the cause of human
birth defects. . _

2,4,5-T is classed as a plant hormone since, in appropriate amounts,
ft‘srccc%emtﬂb—pjrﬁrﬁt—gmﬂi—h._ﬂm_nmchanism_of the herbicidal effect

A. Acute Toxicological Investigations

Toxicological studies on 2,4-D were first reported in 1944 (§).
However, there were no published reports of toxicological investiga-
tions of 2,4,5-T until 1953. In that year, Drill and Hiratzka (%)
reported a series of studies of acute and subacute toxicity of 2,4,5-T
on dogs. The material used was commercially available 2,4,5-T
(presuniably the aeid) and was administered in capsules mixed in
dog food. The single acute dose ranged from 30-400 mg/kg/. Chronic
toxicity was studied in this case by oral administration in doses of
2-20 mg/kg/day, 5 days per week over a period of 13 weeks. Observa-
tions and measurements made included determination of the number
of days until death ensued, changes in body weight, general observa-
tions of abnormal physical signs, gross pathology of organs, and se-
lecied histology. The number of animals used was small (as few as
one per dose and as many as four per dose). In brief, the findings of
this study suggested that a single fatal dose for dogs lay semewhere
between 100 and 400 mg/kg. It was inferred by the author that the
acule LDg* was around 100 mg'kg for dogs. Repeated daily doses
of 20 mg/ke led to the death of all four animals tested within 11-75
davs. Repeated daily doses of 10 mg/kg did not prove fatal over a
90-day period. There were some overt signs of toxicity including
weight loss, stiffness of hind legs, muscular weakness and, occasionally,
bleeding from gums.

The Dow Chemical Company, a manufacturer of 2,4,5-T, under-
took a series of studies of acute toxicity of this material beginning
around 1950. This scries included a variety of species of animals
and a number of the various salts and esters of 2,4,5-T and several
of the various formulations. The details of these studies have never
been published in the open fiterature. A number of them have been
submitted as background material for a petition for the granting of a
tolerance for the herbicide for uses of food crops. In 1954, a summary
of some of this work was published by Rowe and Hymas (77). Table 1
lists the vartous herbicidal agents tested.

* LD sw—median lethal dose=the amount of a toxic agent which will e Iethal to 509 of the test animals
to which it is administered under the conditions of the experiment.

g

is not fully understood. However, it is gencrally believed that excess
growth stimulation and herbicidal properties are related. Herbicidal
offects occur when these materials are used in large doses.
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TarLe 5.—Teratogenic evaluation of 2,4,6-T in mice (8)

Fetal Ab- Percentage of

Live mortal-  Al- normal  feluses per

Dose  Litters  Fetuses iiy per 1iorma1 t’etu:setser litter with:

ound Vehicle m| ) (No.) perlitter litier itters  per fit -
Comp (mg/kg (av-No)  (per- (per- {per- Cleft Cystic
cent) cent) cent) palate kidney

-

C57BL/6 strain treated days 6 to 14

1 sewe-w None..._.. None.__. 2 58 26 38 11 <1 1
Comtraped- DS 0(:-) 106 55 2 42 12 <1 2
™) 32 7.1 15 41 14 0 1
21.5 5 T 3 &0 12 L] Li]
113. 0 18 4.4 12 86 157 T22 H_I
46 4 G 8.5 8 1100 337 2 133
113.0 12 4.8 7 1100 170 123 148

3 CovBLy6 strain treated days 9 to 17
Nontreated____._. Nene.. _._ None__.. 8 51 36 71 31 0 7
.. DMSO._... {*} 10 Gt 23 30 _8 0 0
DMSO_. 1i3.0 10 .7 11 1100 177 129 160

AKR strain treated days 6 Lo 15

58 7.1 16 19 5 <1 <1
2 Gy 15 24 4 <1 <1
12 8.8 k] 0 .0 0 0
14 [I!] 23 171 729 $28 1
7 5.3 142 190 155 155 [¢]

*Drose, 100 ul per mouse.
tP=.01.
1P=.08.
TasLe 6.—Teratogenic evaluation of 2,4,6-T in rals

Percent of fetuses
Average Percent Percent Percent per litter with:
Compound Vehicle Dose No.of No.live fetal abnor-  abnor- ———— —
(mg/kg) litters  fetuses/ nortal- mal mal  Enlarged Cystic
litter  ity/litter litters fetuses/ renal kidney
litter pelvis

Nontreated_. ... Noneo......_.__.... 7 9.9 11 43 9 ] 1]
Control......... Honey.___._ {1} 4 27 1 57 - 12 12 <°I
2,4,5T._ . Honey____ 4.8 8 8.2 12 88 36 13 ”_..1
24,5T .. - Honey____ 10.0 7 7.1 sa40g 86 45 lr_‘ 30
24,5T. .. ___. Honey.... 448. 4 6 2.7 i ¢ 67 §60 27 §43

1200 plirat (8.

**Statistical Significance Level =0.05.

***Statistical Significance Level=0.01. o .

§The semple size was possibly too small to show a significant difference.

5. It is puzzling that virtually no skeletal malformations were
encountered in either controls or test group. Skeletal defects usually
account for a substantial part of the easily detectable malformations

7. 2,4,5-T appeared to be clearly teratogenic in two strains of
mice treated with 2,4,5-T at 113 mg/kg via either of the two routes
of administration. In rats, 2,4,5-T appeared only equivocally
teratogenic at any dosage but clearly embryo-lethal from 10.0-46.4
me/kg.

8. The lack of an unequivocally defined dose-response relationship
renders these results less than completely satisfying.

Reports of Birth Defects Among Humans Following Exposure to
245T

Shortly after the report of the teratogenesis screcning in experi-
mental animals of pesticides, there appeared a serics of artieles in
the lay press which described the oceurrence of birth defects in parts
of Vietnam where defoliants had been used. These artielos appoeared
i at least six different newspapers in South Victnam between June 26
and July 5, 1969. Both congenital abnormalities and hydatid moles*
were described. Translations of the articles have alluded to the
possibility that defoliants might be responsible for these defects,
The implication was offered that these abnormalities had Increased
in frequency in the recent past. No documentation has been available.

Toxicity of Dioxin

It was pointed out in an earlier section of this report that one of
the impurities which arises in the manufacturing process of 2,4,5-T
is  2,3,7,8-tetrachlorodibenzo-p-dioxin. This substance has con-
siderable interest because it is highly toxic, because a close relative
was a toxic constitutent in chicken feed and because it has caused
chloracne, a severe skin disease, among workers cugaged in the
mantufacture of 2,4,5-T.

The dioxin impurity has assumed a further importatice as an
impurity in commercially available 2,4,5-T. With the observation
that productiou lots of 2,4,5-T containing approxiniately 27 ppm
dioxin could be teratogenic, it became important to sscertain whether
it was 2,4,5-T itself or some impurity which was the teratogen. Recent
experiments at the National Institute of Environmental Health
Services indicate that partially purified 2,4,5-T (< 0.1 ppm tetra-

that occur spontaneously or after treatment in rodent species. Hardly
a strain that has been carefully studied in properly cleared and
stained specimens has failed to show vertebral and rib variations.

6. There were some known teratogens used in these experiments
(trypan blue, 6-aminonicotinamide). It is puzzling to find that these
agents failed to produce significant teratogenic and embryo-lethal
effects consistantly. This raises questions about the precision with
which these teratogenicity tests were performed.
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ehleredibenzo-p=dioxinstows teratogenic activity in the mouse. Pure
tetrachlorodibenzo-p-dioxin shows teratogenic activity also, but not
at low enough doses to account for the activity of the partially purified
2,4,5-T. We cannot exclude the possibility that other impurities may
contribute significantly to the observed teratogenic activity of
2,4,5-T.

*(An abnormality of pregnaney which involves the placenta and the membranes surrounding the fefus.)
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in e following paragraphs, the history of tiw discovery of dioxin

. 15 examined in relation to the experimental observation of the

teratogenic properties of 2,4,5-T. Secondly, data on the toxicity of
This material are presented.

In March 1949, an accident occurred at o 2,4,5-T plant owned by
the Monsanto Chemical Company which led to the release of some of
the intermediate chemicals into the plant. As a result, 117 cases of &
severe skin disease known as ¢hloracne were found among the exposed
workers. Chloracne is characterized by comedones, blackheads,
inclusion cysts, and pustules with eventual scarring over the neck,
back, and chest. In addition to the cases which were traced to the
accident, & number of other clinical cases of chloracne were recognized
among workers in the 2,4,5-T plant who were not in the vicinity of
the accident. (10) Kimmig and Schulz (11) reported in 1957 that
chloracne occurred among workers engaged in the manufacture of
2,4,5-T in Germany. These authors demonstrated that the agent
responsible for chloracne was tetrachlorodioxin. In 1964, the demand
for 2,4,5-T in the United States began to rise mainly due to its
increasing use as a defoliant in Vietnam. A greater demand was
placed on each of the domestic manufacturers to produce more
herbicide. Coineident with the increased production was the discovery
of chloracne among some 60 2,4,5-T workers. (7) The Dow Chemical
Company reduced its operations substantially for a period of several
months in order to investigate the origin of the toxic hazard. It was
found that the amount of dioxin formed varied with the temperature
and pressure of the early reaction steps. The Dow Chemical Compaty
made 1ts findings known to the other domestie manufaeturers. Looking
back it is evident that dioxin levels varied widely among cominercial
2,4,5-T samples, as seen in Table 4 of Scetion TIL Rigorous eontrol is
now excercised to reduee dioxin levels in the final product to less than
1 ppm.

A recent review of oecupational disease attributed to dioxin has
been prepared by Poland ef al (15). These authors studied 73 male
employees in 5 2,4,5-T factory, some of whom had been ohserved
six years previously by Bleiberg (1) who then noted the prevalence
of chloraene. Poland et al (15) also found chloracne among the same
population although estimates of exposures were not made. Poland
attributed the chloracne to the dioxin impurity. They also examined

known as porphyria cutanea tarda (elevated urinary porphyrin
excretion, skin fragility and vesicular eruptions). Uroporphyrinuria
had been noted during the early visit to the plant by Bleiberg (1)
but it was not found during the later study. Elevated urinary copro-
porphyrin levels were noted, however, but there appeared to be no
correlation with the severity or presence of chloracne (I, 15). The
later series of observations found much of the chloracne still remaining
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but the porphyria had disappeared. Chloracne was attributed to
the dioxin impurity but the origin of the porphyria was less certain.

In order to measure the toxicity of the dioxin impurity, the Dow
Chemical Company undertook s series of acute toxieity studies on
small animals in 1967 (16). Single doses of 2,3,7,8-tetrachlorodibenzo-
p-dioxin were administered orally to lots of five animals for each of
several doses. The number surviving and the time of death wwere
noted. The animals used were male rats, female rats and female
guinea pigs. Table 7 gives the results of these experiments:

TavsLe 7.—Single-dose oral tozicity of diozin (18)

Species LD

mgfkg
Male mt,__-,.-,__ 0,022
Femulerat ... T 0. 045
Female guinea pig.. ... . JI01 7T 0, 0006

With this background in mind, the purity of the 2,4,5-T material
used in the National Canecr Tnstitute screening study assumed a
new importanee. A sample of this material was submitted to chemieal
analysis by gas chromatography. The result was the finding of 27+
8 ppm of dioxin.

Testing for Teratogenicity

The study of teratogenic effeets in experimental animals is charac-
terized by a great deal of empiricism. However, in general testing for
teratogenic potential is a more manageable problem than are a
number of other types of biologic testing. There are farge numbers
of agents known to be teratogenic to animals. In fact, it has been
held that virtually any material is potentially teratogenic if admin-
sstered in an appropriate dose at the critical time in gestation. In-
terestingly, however, only o few chemicals have been recoghized as
human teratogens.

In gencral, an embryo-toxic dose of a material is separated from
2 maternal toxic dose by a small margin (perhaps no more than a
factor of 10). Only slightly below the embryo-lethal or toxic dose
15 a no-effect dose (separated, perhaps, by a factor of 2). Between
the highest level which has no effect o1 the developing fetus and the

. cmbryo toxie level is a steep dose-re ponse Telationship. I testing

for teratogenicity, the Jowest dose on the dose-response curve (thresh-
old for any embryo toxicity) is identified. All doses below this level
are, by definition, no cffect doses. By accepting an extra margin of
safety below this dose {a factor of 1/10-1/100), reasonable freedom
from teratogenic effects can be predicted.

A problem arises in extrapolating findings in experimental animals
to man. The embryotoxicity of a chemical agent is, in theory, a function
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renal defects. In rats renal defects and excess fetal mortality were

> seen but seemed to be related to dioxin content rather than 2,4,5-T.

= 3. FDA Experiments (unpublished data acquired in the spring of
1970). ]

Teratogenic studies were performed by giving the test compound
by oral intubation to pregnant hamsters on day 6 through 10 of
organogenesis. Embryos were removed by caesarian section on day
14 of pregnancy. Samples of 2,4,5-T tested were:

a. “Dow Technical”—contained £ 0.5 ppm dioxin.

b. “Dow Technical”—contained = 0.1 ppm dioxin.

c. “Dow Pure”—contained £ 0.1 ppm dioxin.

d. Hercules X-17394——contained no detectable dioxin.

e. Monsahto NL-07-020—contained 2.9 ppm dioxin.

[. “K & K’ sample—contained about 45 ppm dioxin.

g. Eastman Kodak (recrystallized in FDA)—contained no detectable
dioxin.

In addition pure 2,3,78-tetracolorodibenzo-p-dioxin (Dow) was
administered to hamsters,

These materials were tested in various doses from 40-100 mg/kg.
All of the 2,4,5-T samples produced increased embryotoxicity and
gastric and/or intestinal hemorrhages. Birth defects consisted chiefly
of poor head fusion and absence of eyelids.

The pure tetradioxin produced increased fetal toxicity at 0.31 and
1.43 porkg and gastric and/or intestinal hemorrhages at the lowest
dose, 0.02 pg/kg.
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excretory route was the kidney. His data (7) showing weak but
“certain” protein binding of 2,4-D suggest that this may also occur
with 2,4,5-T.

5. Food and feed—Results of studies of pesticide chemical residues
in total diet samples by the Food and Drug Administration during
the period 1964-68 provide vonvineing evidence that 2,4 5-T residues
are not a significant health hazard in food in the United States. During
this 5-year period 30 composite samples of about 82 food items each have
been collected each year from retail markets in 25 or more cities.
Each composite sample, representing a 2-week diet for a 16- to 19-
year-old male, is analyzed by multiresidue methods for more than 60
chlorinated organic and organophosphorus insecticides and for herbi-
cides, carbamates, and selected inorganic chemical residues. Exami-
nation of these samples is carried out at levels of sensitivity much
lower than those normally used for products tested for compliance
with tolerances.

Data reported for the period June 1967-April 1968 (4) show inci-
dence and levels of 2,4,5-T residucs that are typical. Only one sample
of diary products was contaminated. About 2 percent of diary products
and 1 percent of meat, fish, and poultry were reported to contain
residues of 2,4,5-T. All of these residues were at trace levels, below
0.01 ppm. No residues of 2,4,5-T were found in any of the other 10
classes of foods.

It is significant that residues of 2,4,5-T were detected only in foods
i animal origin. The most likely source is forage from pastures and
rangelands treated with 2,4,5-T for weed or brush control,

Duggan and Lipscomb (5) summarized the results of sampling for
herbicide residues in prepared food from the totat diel studies over
a period of four years. From these studies, they estimated the likely
dietary intake of all of the herbicides scarched for to below:

Estimated

Year ' dietary
intske

(g /kg/day)

nlism, and elimination. Since mixtures of these herbicides are used
in the defoliation program in Vietnam, it does not appear reasonable
to consider them scparately.

The large-scale application of 2,4-D-2,4 5-T mixtures for defoliating
military target arcas in Victnam poses some possibly unique hazards
to humans. Application rates of about 26 Ibs/acre of a 1:1 mixture of
the n-buty[ esters of the chemieals are generally heavier than these
used for agriculture and brush clearing in the United States. {There
have been a few, limited applieations of 2,4-D reported to lakes,
streams, and reservoirs in the United States at rates of 80-100 ths/
acre for aquatic weed control.) There are other differcnces. There
are vastly greater areas involved in Vietnam. Because of the nature
of the military targets—heavily wooded, jungle arcas—it is not lkely
that many crops are grown in er near treated arcas. Although defulia-
tion procedures appear to be under rigid coutrol with all rcasonable
precautions taken to prevent application to crops, the nature of mili-
tary operations makes it likely that accidents may occur and that
mistakes may be made which result in direet applications to non-
target arcas. In such cases it is possible that food crops and water
supplies in restricted localitics could receive heavy doses of the 2,4-D-2,
4,5-T mixture. A much more likely possibility is drift of relatively
small amounts of the herbicides to non-target areas. The n-butyl
esters of both 2,4-D and 2,4,5-T arc volatile and substantial amounts
of both chemicals may vaporize at temperatures prevalent in Vietnam
and cscape from the target area.

If mixtures of 2,4-D and 2,4,5-T were applied directly to food
crops at the rates being used in Vietnam for defoliation {about 26
Ibs/acre), it is theoretically possible that amounts potentially hazard-
ous to humans could be deposited on food. The butyl ester of 2,4,5-T
applied to an improved pasture at the rate of 2 pounds per acre was
found to result in an initial deposit of about 300 ppm on the forage
{12}. Direet application to food crops at 26 pounds per acre could not
reasonably be expected to result in initial residues greater than 3900
pIm. Assuming initial residues on food crops as high as 3900 npm
from direct application at the rate of 26 pounds per acre is unrealistic.
Such an assumption requires that: 1) surface/volume ratios of food
items be similar to that of forage grasses; 2) all portions of food
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Since 2.4 5-T residues arc—only—a—small pereentage—of these—total

herbicide residues found in foods it scems safe to conelude that there
is little likelihood of exposure from this source.

Residues of 2,4-D and 2,4,5-T resuiting from recommended uses by
the military for defoliation.

All the available evidence indicates that 2,4-D and 2,4.5-T behave
similarly in animals with respect to absorption, distribution, metab-
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consunted; 3) there is no loss of herbicide during preparation and cook-
ing; and 4) translocation of herbicide into portions of the plants used
for food, c.g., root crops, banana pulp, and coconut flesh and milk,
results in residues as high as if these portions had been treated dircetly.
None of these is true. “ome items of food could not be contaminated
by direct contact witn the spray formulation. Translocation from

foliage to underground reots of sweet potato and fruits of peanut
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and into aboveground frnits such as cocenut wounld be required for
these foods to be contaminated.

Table 5 breaks down an estimated dict for a 60-kilogram Vietna-
mese into three parts according to the rapidity with which 2,4-D
and 2,4,5-T might be translocated into the portions consumed for
focd.

Table 6 estimates the maximum believable concentrations of the
herbicides in such a dict as being 3900 ppm initially, 1560 ppm after
one week and 910 ppm after 2 wecks (See Table 2 for estimated
rates of disappearance of 2,4,5-T residues from forage). The maxi-
mum dosage retained, substantially greater than any realistie figures,
is about 30/mg/kg/day.

TABLE 5.—;stimaisd for a 80-kilogram Vietnamese divided inioihree groups based on
the rapidity with which 2,4-D and 2,4,5-T, might be translocated into portions con-
sumed for foodl

A. Foods into which very rapid movement is possible, not necessarily probable,
and maximum concentration is attained immediately

Didary

portions
consumed
g/personfday
Leafy green vegetableo ... ... . _______._.__ 52
Other vegetables_ _______________ .. ... 196
Condiment vegetable_ __ ____________ . __.__._ 40
Bananas____ 107
Other fruits . 75
Total . i 470

B. Foods into which moderately rapid movement is possible, though not neces-
sarily probable, and maximum concentration is attained within 1 week

Cerenls_ e 500
Fish and meat_ - .. i l__ 311
Fish sauce e 1
B PICeS L e 1
Coconut Aesh_ . _ . . 25

12

C. Foods into which movement is relatively slow and maximum concentration
is attained within 2 weeks

S
#
E

TaBLE 6.—Calculntion of upper limits for daily dosc of 2,4-D and 2,4,56-T combined
when all food is fully exposed lo one aerial application af 26 IbsfA.!

{Maximun possikle contamination, mg/ke/day]

gm/persen/ After After
Food Group day Immediate i 2
week weeks
GrouD A e 470 3¢ 12 7
Group B_.. R a-—- - 80 ... 22 13
Gronp C...._ R 180 e 3
oAl e e 30 34 23

I Sge Table 5.

The possibility that any of these assumptions might approach reality
is probably nil. Many crops that are treated directly at such high
rates show severe damage within a few days and would not be har-
vested. Translocation or penetration of residues into coconut meat
and milk and banana pulp would take some time to occur, if at all,
and would probably be at levels much lower than amounts deposited
on foilage. The amount of residues of these chemicals that would
penetrate into kernels of mature rice through palea and lemma is
probably a very small percentage, if any, of the dose applied. There
does not appear to be information on these points, however.

Probably the greatest potential hazard from contaminated food
would be from ingesting leafy green vegetables, other vegetables, and
fruits..

Much of the drinking water in the villages of Vietnam is from
shallow, open wells and from rainwater coliected from the roofs of
thatched houses. Direct application of heavy rates of herbicide to
these sources could result in the ingestion of substantial amounts of
the chemicals in rainwater collected from roofs of houses. Assuming
that about 270 mg of herbicide is applied per sq. ft. of surface, that
water supplies arc collected from rain falling on a roof having a total
area of 200 sy. ft., and that all of the herbicide is washed off immedi-
ately after applicati 1 iners holding 200 liters

alter a i 101G VU LLETs,
.

2 60 kg person drinking 31. of water couid get about 10 mg/kg/day.
No information is available on the amounts of these chemicals that
canr be washed off a thatched roof by rainfail. However, data on rates
of dissipation of 2,4-D and 2,4,5-T from dead litter material in pas-
tures show rates of disappearance slower than for green tissues (12).

Root vegetables_ _ __ ___ __ . ___ ... __ 80
Beverage_ 5
Sugar and vegetable oils______________________________________.___. 95

Total L 180

# Components of diet and amonnts consumed adapted from * Federation of Malaya Nutrition Survey®’,
Report Interdepartmental Committee for Nutrition for National Prefense, 19, 365 pp. (Modified in con-
sultation with Yietnamese students at Lonisizna State University.)
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Thositappeils Teasonable to expect considerably fess than 10U per-
cent of the amount applied to be washed off a thatch roof treated
with 2,4-D and 2,4,5-T. Even if it were all washed off, it appears to
be unreasonable to expect it ali to be captured in vessels having a
combined capacity of only 200 liters. Therefore, any reasonable
assumption would be that a person getting drinking water from such
a source contaminated at the maximum rate posstble would get much
less than 10 mg/kg/day.
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rate expected from a 26 lb/acre application, assuming a depth of 4
feet for wuter In the well, would amount to less than 0.5 mg/kg/day,
and thus would pose no hazard.

Other possible routes of entry into humans from accidental direct
application to non-target areas would be by inhelation and penetra-
tion through the skin. There is inadequate information available on
these points to form any concept of the potential hazard of residues
from these sources. Way (I7) has suggested that there is little hazard
of transport across the skin barrier. However, these materials are fat
soluble which might encourage their pereutancous absorption. At least
one study of the acute toxicity of the defoliant, Purple, (esters of
2,4-D apd 2,4,5-T) suggested that skin absorption of the animals
tested occurred but was perhaps 10-20 times slower than absorption
from the GI tract (10). In the extreme situation of a nude, pregnant
female, prone beneath an area of spraying of the defoliant, Orange,
the maximum impingement of 20.2 mg/kg of 2,4,5-T on her skin might
be expecled. This should probably be viewed as equivalent to 2.0
mng/kg of an oral dose.
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SOME ECOLOGICAL EFFECTS

Summary

Ehimination of types of vegetation on which mammals, birds, fish,
and insccts and other species depend, can severely reduce or eliminate
them from the treated habitat. However, altering the vegetation
makeup may also benefit certain types of wildlife. The elimination of
water hyacinth from some water bodies, for example, has proved a
neeessity for the survival of sport fishery programs.

2,4,5-T has been found to affect non-target organisms in a number
of ways:

1. Although chickens, quail and mallard ducks appear to be rela-
tively resistant to 2,4,5-T, the herbicide has been reported to reduce
egg production in domestic chickens.

2. Some formulations of 2,4,5-T, such as certain esters, have been
found to be quite toxie to fish and oysters.

3. The hydrocyanic acid content of sudan grass was found to
increase 70 percent following treatment with 2,4,5-T. Nitrate levels
in certain plants may increase up to 36 percent following treatment
with 2,4,5-T, making them more toxic to mamimnals. Increasing the
toxicity of plants to wildlife might have important effects in nature.

5. 2,4,5-T may cause some species of microorganisms to decrease in
number while having no effeet upon other species. In soil, 2,4,5-T has
hecn found to largely disappear in about three months.

2,4,5-T has been found to influence non-target organisms both
directly and indirectly through habitat changes. The impact of 2,4,5-T
o the principal classes of non-target organisms is presented in the
following sections.

Mammals
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Roe and Hymas (12) presented data to indicate that the acute oral
toxicity LDy, of 2,4,5-T to various species of mammals was about
300 mg/ke.

2,4,53-T has some repeilent action. When cottontail rabbits {Syl-
vilagus floridanus) were given a choice of either 2,4 5-T treated vege-
tation or untreated, the rabbits consumed almost none of the treated
vegetation. (14)
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