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REPORT ON 2,4,5-T

Dr. Edward E. David, Jr., Science Adviser to the President and Director
of the Office of Science and Technology, today released a report of the
President's Science Advisory Committee on the herbicide, 2,4, 5-T, The
report was preparecd by a special Panel on Herhicides of the President’s
Science Advisory Committee.

The Panel was given responsibility for examining all of the various kinds

of scientific information which formed the basis of Government practices

and regulations of a number of herbicides used domestically and abroad.

The report reflects a detailed review of the chemistry of 2,4, 5-T, what is
known of its toxicity to man and to other environmental clements, knowledge
of residues in the environment and their significance, as well as a discussion
of the uses of 2,4, 5-T and their importance.

The report examined in detail the amount and types of scientific information
available specifically for this herbicide, In addition, this review represents
an outstanding case study of Government regulalion of pesticide including
the scientific resources available to the Government to aid in its policy
decisions.

The recomrnendations in the report deal with a number of scientific details
of background rescarch and testing of pesticides. They touch specifically
on the subject of teratogenesis. They also deal with the items of,regulation,
scientific understanding, and monitoring as they apply to pesticides in

" gencral but as exemplified by the experience with 2,4, 5-T,
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Copies of the report "Report on 2,4, 5-T" are available from the Superintendent
of Documents, U.S. Government Printing Office, Washington, D.C., 20402
at a cost of 40 cents a copy.

A check or money order made payable to the Superintendent of Documents
must accompany your order.




REPORT ON 24,5-T

A Report of the
Panel on Herbicides
of the

President’s Science Advisory Commitiee

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY

MARCH 1971



MEMBERS OF THE PANEL

Dr. Corix M. Macleop, Chairman, New York University Medical

Conter, New York, New York

Dr. Joux D. BavpescuwieLer, Stanford University, Stanford, .

California

Dr. Nyie C. Brapy, Cornell University, 1thaca, New York

Dr. EmmanveL FarBeEr, University of Pittsburgh, Pittsburgh,
Pennsylvania

Dr. Pavi_Kotiy, National Institute of Environmental Health
Seiences, Durham, Norsh Carolina

Dr. Briax MacManon, Harvard School of Public Health, Boston,
Massachusetts

Dr. Nortox NELson, New York University Medical Center, New
York, New York .

Dr. 1. DaLe Newson, Louisiana State University, Baton Rouge,
Louisiang ,

Dz. Joux W. Tuksy, Princeton University, Princeton, New Jersey

Dgr. James G. Wiuson, Children’s Hospital Research Foundation,
Cincinnati, Ohio

* * * *

Dr. Epwarp J. Bureer, Jr., Staff, Technical Assistant, Office of
Science and Technology, Executive Officc of the President,
Washington, D.C.

Dz. Davip Prmextan, Consultant, Office of Science and Technology,
Executive Office of the President, Washington, D.C.



THE PRESIDENT S SCIENCE ADVISORY COMMITTEE
EXECUTIVE OFFICE BIHLDING -
WASHINGTON. D, 20506

March 2, 1971

The publication of this report on the herbicide, 2, 4, 5-T, symbolizes
an area of public pelicy decisionemaking in which science and, hence,
scientists have a large responsibility, The report itself is a2 landmark,
It examines in detail the scientific considerations leading to policy
judgments about a pesticidal chemical.

The foresight of Dr. Lee DuBridge, Science Adviser to the President
at the time this review was initiated in Qctober 1969, is commendable,
The Government agencies charged with responsibilities for regulating
pesticides and for overseeing the integrity of the public’'s health, chose
a course of regulatory actian in October 1969 which restricted some
uses of 2,4,5~T, This action was taken as a result of a new and
unexpected research finding which emerged from experiments
sponeored by the Government, At that time, Dr. DuBridge per-
ceived the need for a thorough and critical review of all of the
scientific information available on the herbicide -~ including that
dealing with biclegical properties and human health.

Importantly, the report's majer recommendations already have been
adopted by the appropriate Government agencies and specific actions
have resulted. The original experiments were confirmed and extended
by later research. A potent impurity, a family of dioxins, has been
the subject of several research projects, These have taught us more
about the herbicide's physical stability, environmental persistence
and biclogical properties. A recornmendation for a legisiative
mechanism to restrict temporarily the use of a pesticide on the
occasion of an unexpected research finding implicating it 2s a

health hazard (while further confirmatory research is performed)

is reflected in the Administration's proposed legislation on pesticide
regulation,

Although the report is concerned with highly technical matters, it
does allude to some policy issues, It compares the scientific evidence
available, and considered adequate, at the time of first registration of



2, 4, S-Tc( the much greater level of scientific understanding
demanded‘..day. The Panel found evidence of measurable benefits
from the use of 2, 4, 5=T but there was simply very liitie information
that could be used to assess risk. PBased on its experience in evalu-
ating risks and bhenelits on the basis of incomplete information, the
Panel cautions that judgments on benefits and risics associated with
pesiicidal chemicals require an unusual measure of prudence to
assure that the public is neither subjected to undue risk nor
unnecessarily denied the benefits of valuable cnemicals.

The report does not speak in particular te the regulatory actions
taken by the Government on 2,4, 5-T (although I am satisfied that
the review complaments them in every respect), I any of the
Government actions appear divergent from these recommendations,’
the divergence is consistently on the side of prudence and avoidance
of the possibiiity of hazard to human health, and this is as it should
be, for Government must act on the side of prudence, It provides
those of us concerned with pesticides, their economic value and
utility, their negative effects on the environment, and their other
viological effects, with an excelient case study. The principles
brought out in this sthdy wiil be useful in dealing with other pesticides,
and indeed with chemicals of other kinds.

sl &L ]

Edward E. David, Jr.
Chairman
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SUMMARY AND
RECOMMENDATIONS

Summary

This review of the herbicide, 2,4,5-T, began with an examination of
the resuits from an experimental screening study which implicated it
as & potential teratogen. It quickiy became evident that examination
froma such a restricted basis was inadequate. Therefore, the Panel
decided to study more broadly impaortant aspects of 2,4,5-T, including
details of its chemisiry and purity, its domestic uses and their relative
importance, the miiitary 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 well as its toxicity. In examin-
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 policy 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, Pennsylvania. Sinee that time
eonsiderable information on its properties and uses has accumulated.
Furthermore, it has been the subject of roviews 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 produc-
tion and genctic alterations. This is important sinee the recommenda-
tions which foliow can be made with a degree of confidence that cannot
be applied to carcinogenic or mutagenic effccts. For example, the
dose-response characteristic of teratogens is generally restricted to a
relatively small range of dosage. Accordingly, a threshold below which
no effect would be expected ean 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 numbers of animals.

The Panel is gratified that some of its recommendations are already
being carried out, especially further experiments to confirm and ex-
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tend the geits of the original sereening that inaicalod 2,4,3-1 W ne
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In considering the chemistry of 2,4,5-T, our attention was drawn to
unpurities which can resuit from the manufacturing process. Partien-
lar attention was focused on a single impurity, 2,3,7,8-tetrachloro-
dibenzo-p-dioxin, which occurs in commercial | preparations of the
lierbicide in highly variable amounts unless particular care is taken 4o
exclude 1. Fias impurity 18 extremely toxie. Its amount depends upon
variations in the reaetion conditions. Other dioxius can be formed
from various impurities in the stavting materisls. The dioxin impurity
came to particular attention when the U8, herbicide industry was
asked to produce larger quantities of 2,4,5-T auring the middic 1960/,
However, its presence as an impurity and certain of its acute toxiv
effects had been known since 1957. Its conceniration in commercial
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 veliable.
With the possible exeeption of citrus fruits, determination of residues
in food hns not presented a serious analytic problem,

2,4,5-T is relntively labile in nature. Residues in soils and wator are
1ot persistent except under unusual 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 rapidiy between
1960 and 1948, Civilian use, most of which is for clearmg of rauge jund
and rights-of-way and for treatment of pastures, declined about 50%
between 1964 and 1966. Military use of 2,4,5-T as a defoliant, ex-
pressed as number of acres sprayed, rose sharply between 1964 and
1967 but lias declined since then. Although accounting for only »
small amount of the total usage of 2,4,5-T, its place in control of aguat-
ic weeds is significant. There is a small but important list of agricul-
tural uses wheroe 2,4,5-T is applied to food crops. Potential human
exposure is recognized in this direct application to food crups, in
range and pasture lands grazed by domestic meat and dairy animals,
and possibly, in water supplies derived from treated waterways and
streams. The cconomic importance of the various uses is considerable,
but is very much less than that of 2,4-D. Substitution of 2,4-D lor
2,4,5-T can be made for certain uses,

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

Although not rigorousiy demonstrated, its military usefulness has
been eonsidered Lo be very high.

The background of toxicological information 0:1 2,4,5-T 1s thin.
Mosi 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 bo low.
Little is known of the details of the metabolic hundling of the material
although rupid excretion in the urine seems to be the rule.

2
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the tomcn.;y of certam pestacules and other important ingnsirial chem- -
icals marks an important advance in toxicological tea.t-‘L in that the

tests were designed to detect carcinogenic, teratogenie 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 thal it

was earcinogenic. While this study had s number of limitations which

qualified its usefulness, the teratogenic results were suffictently con-
vineing 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 leve!l of about 27 ppm.

Such a considerable contamination by this highly toxic material raised

the ¢uestion 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 Panel was aware of press reports of inereased 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 belore or since the military use of defoliants
preciudes any estinate as to whether an increase in birth defects has
occurred. Caicunlations of potential human exposures fromt sources
such as drinking water or direct fallout make this appear unlikely
(though theoretically possible).

A review of the environmental 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 erosion of soil may follow the killing of
brush with herbicides but mechanical removal causes greater erosion.

Recommendations

1. Further studies.

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

b. The importance of the impurities wn 2,4,5-T 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 commercially prepared phenoxy herbicides which
may be biologically active.
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compared t" i in experimental animals.
2. The

evel of dioxin, a recognized impurity in 2,4,6-T shouw!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. Several polychlorinated
dioxins havoe been found te be highly toxic and capable of eliciting
teratogenic effects, though they vary widely in toxicity. Since they
may reach the environment from multiple sources. control over known
sources should he exercised to the extent possible.

3. 21 decision to restrict the use of 2,4,5-T should not be based on the
isolated finding of toxicity but on the expected exposure following recom-
mended use in relation lo dose response effects.

In general, the imposition of restrictions on the use of a pesticide
would appear to bo a function of two factors, the potential for human
exposure and the nature of the toxic effects. For example, if carvefully
docwmoenied residue information points to littie likelihood of exposure,
the visk of adverse effects would be less significant than if exposure
were widespread. :

The Panel found no evidence to suggest that significant residues
would result from recommended uses 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 iand. In fact, the only residues which have
been identified in the total dict studies have occurred in meat and
dairy products. However, tiie few cases in which residues have been
discovered havo ali been at levels weli below those which would be
expected to resuib in significant toxicity for man.

The experimental finding of teratogenesis requires further elaboration
before it can be inferpreted as a human heaith hazard.

The risk of teratogenie eoffects should be placed in perspective.
Teratogenesis induced by chemicals is a fetal response at a particu-
.aviy sensitive period in embryonic development to lower doses of tho
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 critical periods of organogenesis.
It is generally held that by careful choice of dosage, which may be
close to the acutely toxic dose for the mother, most chemicals might
be slhiown to be teratogenic in animals. For a variety of reasons, it
is not possible to translate direetly the results of experiments in
animais 1o man. There are differences in sensitivity which arise
from differences 1 metabolism. Comparative metabolic studies in
man and animals, therefore, are important in interpreting toxicity
for maun,

The important consideration is not only the demonstation of
teratogenicity, which may occur with many chemicnls at seeleted
dosages, but the estimation of the likeiihood of teralogenic effects
with the amounts likely to be ingested incident to recommended
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tionn of teratogenicity at dose levels which lar exceéa actuanl ur .
expected exposures is unreasonable and could well ¢ usage of
chemicals whose benefits far outweigh risks.

4. Registrations of 2,45-T for uses on pastures and range lands -
should be ireated as registrations for food crop uses. ‘

It is possible for residues of 2,4,5-T to oceur in milk and1 tissnes
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 m registration for use on
food crops. '

5. Monitoring of 2,4,5-T residues should be sigmﬁcanfiy. ezpandgd,
especially for meat and milk. In sampling meat and malk, spectal
attention should be given to geographic areas where treatment of
pastures aud range lands with 2,4,5-T is most common. The 2,4,5-T
residues that may occur in meat and milk of animals allowed to
graze on pastures and range lands treated saccording to current
recommendations should also be restudied. .

8. As new information is developed on pesticides, it sfwuidﬁ_ e'::e dis-
seminated promptly to individuals and erganizations tha,t_ are £eg—e.f1.mately
concerned as manufacturers, formulators, users and scient ific investigators.

The case of 2,4,5-T is illustrative of inordinate deiay in mak}ng
available new research information as it became known. The screening
study of pesticides which was carried oub by Bionetics Corporation
ander contract with the National Cancer Institute was comploted
about August 1968, It was 14 months later when the Governtnent
announced its coordinated actions on restricting the use of 2,4,5-T
It was only after an additional scveral months that the detailed
data of the screening study were made publiely available, A centr'al-
ized mochanism for handiing and disseminating new information
about, pesticides couid help alleviate this problem. ’

7. A mechanism should be esiablished for restricting the use of a {'egeste:'ed
pesticide temporarily on the basis of information whick i:’f@phcates the
chemical as « possible health hazard pending the collection of more
definitive information. o ‘

If & pesticide is already in established use, t.h.c de_msmn is particu-
larly difficult. Long established use inevitably‘ implies n dependence
upon it by the consumer and a corresponding reluctance by the
manufacturer to withdraw it from the market.

At the present time, a registration may be he!d in‘ abeyance only
by canceliation or suspension. Because of the serious import of these
actions they are put into effect with considerable relu'ctance. They
were not designed for situations such as the present with respect to
2,4,5-T where iemporary withdrawal from use, without cuncellal&-mn
or suspension of registration, might have been a Inore appropriate

5
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There is ( " for a mechanism whereby the use of a pesticide or
other chemicar that may affeet human health can be temporarily
restricted or held in abeyance, Such action would permit the gather-
ing of more definitive information in time for sufficient consultation
to permit & decision that would protect the pubiic heaith and not
impose an undue economic burden on the producers, marketers, aigi
users ol o product. Coincident with the impesition of restrictions on a
pesticide, a niechanism should be available for informing and edueat-
ing pesticide users and applicators so as to make themn more responsible
agents. It 1s recognized that a change in the Iaw governing pesticides
wouid be necessary to accommodate this mechanism of a temporaty
resiiction.

S, There is an urgent need for a foeus of responsibility in DIHEIV
lo coordinate and monitor the toricity and health activities related to
eftects of pesticides.

Information about thie health offects of a pesticide derives from a
variety of sources including occupational exposurecs, residue monitor-
g, toxicologieal investigations, clinical experience and epidemio-
logical studies. In the past, there has been no single focus within
D/HEW which has been concerned with all of these sources of data
and, more important, which has had the aushority and responsibility
1o coordinate new investigative initiatives. The new Advisory Com-
mittee on Pesticides to the Sceretary of D/HEW can be expeeted to
serve as o source of expert adviee but cannot £l the essential need for
o focus of responsibility and authority at the level of the Office of the
Seerctary. Consideration of the functions to be fulfilled and tie
resources avallable suggests ihat this respensibility should be as-
signed Lo the Assistant Seerctary for Health and Seieutific Affairs
because the various componcuts of D/HEW concerned most with
aspeets of the health effecis of pesticides report directly to him
(National Institutes of Health, Food and Drug Administration,
National Commuuicable Disease Center, Environmental Health
Service).*

9. Information provided in applications for regisirations of pesti-
ctdes showld take into account not only the pesticide Jor which registration
18 sought but should identify other substances wmeluding vehicles used in
Jormulations, “inert’” ingredients, and wnpurities.

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

*Einge Liis report was written, {he i'resigent establishied, ihrough Reorganization Plan, the Enviren-
menial Frotection Ageucy which is to be vesponsiie for broad areas of repulstion covoring environments}
muliers. The Environmental Protection Agency wihil also lwave the capacity to carry cut somie rescarch

under itg name, 1ienee, we recognize thal some of the elements of coordination recommended in this section
wiil be accommeodated by this new ageney.

6
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of this iﬁlpurity was recognized as early as 1957, 'Ho“:( Y th_e im-
portance of this impurity was not generally recoguized it vhe [{mt.ed
States until after 1964. It appears logical that greater specificity
in identifving the components and properties of the mixture of maie-
rials which are registered under a single name would increase the
probability of identification of potentially toxic subs'tanee.s. ‘

10. Registraiion procedures should be based on toxicological stufhes
of the particular compounds lo be registered rather than extrapolaitons
from studies on related compounds. . N

Toxicological studies provided as information in belialf of 2,4,5-1
registration were performed on a variety of related compounds (the
free acid, several types of esters and a variety of salts). Results of
these tests were regarded as being interchangeable and applicable to the
related compounds. There is evidence to caution against this concept.
The thorough testing of isomers, esters, salts, andf related _compounds
is & very large and expensive task. Nevertheless, information about a
potential heaith hazard may be incomplete unless all of the compounds
to be used are tested.




INTRODUCTION

11 1964, The National Cuneer Institute undertook through o con-
iracl a serecning study of a number of pesticidal chemicals. Among
the resiits of this sereening stitdy was the finding that birth defeets
could be provoked experimentaliy in rats and mice by the adminis-
iration of relatively Jarge doses of the lerbicide, 2,4,5-T. By the
time {hese results were reported, 2,4,5-T had been in common usc as
an herbieide for more than 20 years. Further, it had been employed
along with 2,4-D as o defoliant in Vietnam sinee 1962, although in
sizeable quantities only sinee 1967,

In October 1909 several agencies of Government moved in a
coordinated manner to brivg about restricsion of the use of 2,4,5-1
both within the United States and abroad (1). In terms of domestic
agricuitural use, restriction was piaced on the use of 2,4,5-T on food
erops pending the aequisition of {further information that might per-
mit the Food and Drug Administration to grant a tolerance. Use as
adefoliant in Vietnum was restricted to non-populated areas.

Ior a number of reasons, it seemed wise to explore this issue in
sone detan. The niost important of these reasous, perhaps, was the
desire to examine the scientific ovidence available to stand behind
[uture policies governing the use of 2,4,5-T and to suggest directions
for luther experimental rescavch. Accordingiy, o panel of exports was
assembied by the President’s Seience Adviser to consider a nwnber of
aspecets of a variety of herbicides some of which were used as deloliants
m Vietham. The present report represents their review of 2,4,5-T.

This review considers topics which are of concern to those who are
[aced 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 safety of
pesticides uud other chemicais purposefully placed in the environment.

A number of issues are raised when he utility and safety of an
already existing muterial is questioned. It is elementury but neverthe-
less (rue to say that the issues are complex. In a way, ¢heir examina-
tion can be compared to following a seemingly endless and
continueusly branching programn. The subject of how much assurance
of salety shiouid be afforded is important.

Teratogenesis appears to be a more manageable problemy than
some oiber health effeets (such as tumor production). Prediction of

8
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experiments to test a suspected substance are rcasol( 'y straight-
forward to conduct. .

Among othersproblems, the purity of the chemical 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 nnusual
importance. For this reason, the resolution and accuracy of analytic
methods available and used to detect 2,4,56-T and its impurities had
to be evaluated. In ascertaining the probable hazard to man of an
agricultural chemical, its toxicity in absolute terms must be reiated
to the probabilities of human exposure. Residue information om
2,4,5-T therefore was explored.

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

The panel also touched on a narrower aspect of this guestion by
posing an additional one. This is the practical problem, in the case of
a material already in use, of how the Government should act i the
interim between the time of acquisition of preliminary experimental
data which reveal a chemical suspect and the performance of more
definitive cxperiments which establish the risk.

REFERENCES
(1} Press Release on 2,4,3-T. Office of Seience and Technology, Octaber 28, 1969.
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CHEMISTRY

Summary

2,4,5-tvichlorophenosyaceilec acid is produced commercially by a
process which beging with teirvachlorobenzene as starting material.
Toechnical grade 2,4,53-T is 90-92% pure acid. One of the important
Limpuritics, a poiychlorinated dioxin, results both from impurities in
* the starting material and as side products of the desired 1eaction. A
farge number of osters and amine salts of 2,4,5-T have been developed
as well as o vaziely of formuialions in order to derive spocific proper-
iies of volathlity and solubility. About one-half of this total production
can be accounted for by the 2,4,5-T acid and its n-butyl ester. The
Tree acid is practically inseluble in wator and, generally, the esters we
slightly soluble. The amine saits tend to be more soluble. Among other
things, penetration into tho soil or leaching is a function of water
solubility

In general, 2,4,5-T residucs can bs expected to be relatively unstable
materials in the environinent. They arve broken down by micrebial
action and by sunlight and esters are readily hydrolyzed to the free
acid. Availabie analytic methods for detecting residues are quite son-
sitive. The sensitivity of gas chromatography with microcouluimetiic
deteclion is about 0.01 ppm (10 ppb). Detection of residues in plant
materinl appears w be uncomplicated by bound or complexed residucs
with the possible excepiion of residucs in the peels of citrus {ruits.

Chemical Synthesis of 2,4,5-T

The herbicide commonly known as 2,4,5-T or 2,4,5-trichlorophe-
noxyacetic acid has the chemical formula:

Tl

#
Cl—@—o CH:CO00II

¢l

The usual siarting material in the chemical synthesis of 2,4,5-T
s 1,2,4,5-tetrnchlorobenzene which can be reacted with methanol
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pressure conditions to give the sodium smiv of 2,4,5-(' hiorephenol:

Ci I- Ci Cl
high temperalire | _
= Ligh pressure
Cl— Cl ot | Cl=— OCH; | —— (I — QO Na
ClLoll
. NaOH
&l 1 | i 1

24,5 trichjoroanizole)

2,4,5-trichloroanisole is presumed to be an intermediate in this reac-
tion. The high temperature and high pressure conditions of this step
are also favorable for the production of a variety of other compounds
{rom these starting materials. The choice of the proper temperaturc
and pressure, and the cemtrol of these condidons throughout the reac-
tion are critical foy minimizing sido reactions and hence impurities in
the final product,

The aguecus trichlorosodium phenoxide is next reacted with chloro-
acetic acid under mildly alkaline conditions.

(IJI Gl

c:—@—oxa + GICH:COOH -—-—-— I
y (NaH) e
J

[ . I’:J 1 [

—QCH:COO0Na

This product is then acidified with H,50, to produce 2,4,5-T.

Cl Cl

o< ” —OCH:;COONs ———— Cl-—@—OCHzCOOH
I HiS 04

o3 &1 3)

The conditions for reactions [2] and {3] are mild compared with
thosc required for the hydrolysis i step [1).

The acid reacts readily with a variety of slcohols to preduce a
large selection of esters, and with amines to produce amine salis.

(l'}l Cl

' m@wcnzcoon + ROH —— Cl OCH:COOR

(El ) Cl

Commercial Formulations of 2,4,5-T

The 2,4,5-T compounds used in commercial spray formulations
include the acid, salts, and a wide variety of esters and mixtures of
esters. These active components are then formulated with solvents
and other ingredients to produce & bewildering array of commercial
final products marketed under eryptic trade names.

2,4,5-T formulations are applied as solids or liquids. The solids
usually involve 24,5-T esters incorporated with clays, tales, Fullers
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curih, mineg © silicates, or fertiiizers. One of the major hazards in Lhe
use of 2,4,51 5 drift of the herbicido into areas where it is not desired
due to volatiity of the {formulation or drift of fine particles in the
wind. This hazard is 1edueed in one solid formulation for which the
active material is deposited on polystyrenc spheores with a very narrow
and carefully controiled patticle size distribution. .

The liquid formulations require s solvent. Typical organic solvents
are keroseno or diesel oil. In formulations that ave mixed with water
for spraying, emulsifiers and surfuctants arve necessary ingredients. A
truly thorough atiempt at estination of the toxicity of the several
commerelal propm‘uiinns of 2,4,6-T shouid take into aecount all of
the added material, “inert” ingredients, vehicles and impurities.

2,4,5-7 is most commoniy employed as an ester o1 amine salf.
{Table 1). The n-butyl csicr is used as a defoliant in Vietnam in a
1:1 mixture with 2,4-D, known as Orange.

TasLe 1—Production and value per pound of Aajor 2, 4, 6-T formulations—1967

{Drawn fvow V.5, Taril? Coninission, 24)

Production  Unit vaive
(1000 1bs.)  per pound (¥}

245 Trieniorplienosv-acetic acid (2.45T) __..ceoien oot 14, 552 1.25

2,4 5 Trichiorpieagy-nestic acid eslers and ealts tola 27180 2,80

2.4, 58T riehlorphenoxy-aeciic acid, n-lwetvl esior. 11,422 0. 6%

i; STrlehiorophenosy-neelic ae'tl Lo-uct\lesler.-. ............ 4, 653 116
o .

ther (2,45 T eaters and salts) .

e ieiieisisssmeassesoCiomas 3,114 . 1.09

Solubilities

The solubility of the herbicide compound used may be important
in dotermining the mechanism by which the toxic material enters the
plant. It also determines the nature of the vehicle to ke used in its
dispersion,

The free acid {form of 2,4,5-T is practically insoluble in water (§).
The sodium salt i3 enly solubie to a limited extent (less than 39%), »
fact which przcludes its use in the low volume application technique
which has become more and more widely used in Tecent yeals.

The amine salts are considerably more soluble in water; however,
they are somewhat difficult to prepare. Only tho friethyl and uri-
methylamine salts can be obteined in a concentiate of 4 Ibs. acid
equivalent/gal. with satisfactory storage qualities. Furthermore, the
marked insolubiiity of the calcium and magnesium sgalts of 2,4,5-1
which are formed upon dilution with water causes nozzle clogging
during application. Therefore, these formulations are not widely used.
Estor formulations are most commonly used as oil-water emuisions.

The extent of leaching of various herbicide formulations was tested
by applying these in solution to the tops of soil contuining tubes. The
depih of leaching could in general be compared with solubiiity. For
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whercas 2,4,5-T itself remains at three inchos. ("

Aside from the horbicide itself, leaching of diesel“.s, a vehicle
commonly used in herbicide application, might present a threat to

ground water quality. However, Lindin and Muller (cited in 13)

sprayved diesel oil at rates of 50, 250, and 500 gal./acre, and after
sampling with a tube and leaching with rain water, they found only
1.5-2 ppm of diesel oil in sandy loam above 2.5 inches.

Purity of Technical Grade Material

Technical grade 2,4,5-T manufactured for agricultural applications
typically containg 90 to 92% 2,4,5-trichlorophenoxyacetic acid, and
8 to 109% impuritics. The detailed composition of the technical
material given by one producer is shown in Table 3.

TavLr 2.—2,4,5-T product composition

Percent by welght:
01,010 2.4.5-lrichioropnencayacetic acid
0.62=0.1 ‘2.4,5 -trichlereanisole
2005 S-methoxy 24-dichlsropnensavacesie asld
2,008 2-methoxy 4,5-dlciior ophenoxyacetic acid
1 2,4, f-trichlorophenol
5 1fis-2.4,5-trichlor ouhetoxyacetic seid
i ‘és dichlorophenaxyacetic acid

O
02,01 Sodium salt of 2,4,5-T

=
m

H
=
»
et
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less than 1 piun tetrachloredibenz-p-dioxin (TDDY.

The 1,2,4,5-tetrachlorobenzene starting material for the 2,4,5-T
synthesis contains typically 3% other tetrachlorobenzene isomers and
other chlorinated bonzenes. These impurities ean contribute to small
amounts of a variety of othier chlorinated products including di-
chlorophenoxyacetic acids and other isomers of the trichlorophenoxy-
acctic acid, although these products were not listed by the
manufacturer as impurities (Table 3).

2,4,5-trichloroanisoie,

is proposed as an intermediate in step (1) of the manufacturing process.
Incomplcte reaction of this intermediste accounts for its presence in
the final product, There is alse a possibility that the 2,4,5-trichloro-
anisole interinediate can be hydrolyzed under the conditions of
step (1) to give methoxydieldorophenoxyacetic acid as side products:

Cl

Cl-¢ >—OC]I:CO0H

[
CHsO
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and ‘
( OCH;
m—@mcmco OH

2,4,5-trichiorophenai,

resuits from tho incomplete condensation of the sodium phenoxide
with chloroacetic acid in step (2).
Bis-2,4,5-trichlorophenoxyacetic acid,

Gi

'
i
cx—@—o—ﬁ:—c OOH
i

1s an important impurity because the chloroacetic acid used in step
(2} commonly contains some dichioroacetic acid. The 2,5-dichlore-
phenoxyacetic acld arises from smail amounts of 1,2,5-trichloro-
benzene in the tetrachlorobenzene raw material. Some sodium 2,4,5-T
and sulfate jous are commonly carried into the product from the
acidification (step [33).

The standard assay for techuical grade 2,4,5-T is a simple titration
to give the acki equivalent of the product. On this basis most manu-
facturers markob a product that has 97 to 98% acid oquivalent.
Analysis for actual 2,4,5-trichiorophenoxyacetic acid coutent by gas
chromatography is less commonly given, although a standard method
exists. The Department of Agriculture roported that the coutent of
2,4,5-T was often as low as 859, in commerecial materinls that meet
the 97%, ncid equivalent specification. (22) Gas chromatography is
used to monitor traco impuriiies in process control for step (1).

The impuritios present in any commercial preparation of 2,4,5-T
depend strongly ou the purity of the starting matorials and the
reaction conditions. These can vary among various producers and
among batehes for a given producar.

The detailed processing methods and purification procedures also
vary widely minong the various producers. The variation in produet
analysis has not been carefully documented, and the toxicities of
most of the impurities have not been tested. It is not prudent o
assiio that the combined toxicity of the mixture of materials in

oue preparation is reprosentative of all of the preparations that are
widely used.
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received considerablo attention. Tetrachiorodibenz-p-gioxin, com- -
monly known at TDD,
VAN
Cl—-/\/

NA/\/

is produced as a side product under the conditions of step (1). Since
this compound is kvown to be extraordinarily toxic, the history
of the recoguition and identification of this impurity is particularly
interesting. Elucidation seems to have come from two principal
independent sources.

The sporadic ocowrrence of an impurity in specific lots of animal
feed in 1957 brought significant losses to poultry farmers in south-
castern and central U.S. Chicks were afflicted with hydroperi-
cardium, and suffered gross kidney and liver damage. Empirical tests
for the presence of the “chick edema factor” were announced by the
the FDA in 1966 {11). The test used electron capture gas chroma-
tography to examine a fraction of a sample isolated frora the fat. The
presence of & specific set of poaks with given retention times indicated
the presence of the factor. The {,mplrlcal test is used as a sereening
procedurc. When the presence of the factor is indicated by gas chroma-
tography, a chick bioassay test is required for comfirmation. The
absence of the factor is a requirement of the edible tallow used for
making fatty acids that go into food emulsifiers.

The chick cdema factor was identified by X-ray crystallography
as 1, 2, 3, 7, 8, 9-hoxachlorodibenz-p-dioxin in 1967 by Wootton of
Proctor and Gamble (25) from 4 mg of toxic material extracted from
100 1bs. of contaminated fat obtained from trade sources. The toxicity
of this compound and related compounds was reported by representa-
tives of the Food and Drug Admintstration in 1968 (11).

A clue to the possible origin of the dioxins was suggested in their
synthesis by condensation (21) I'wo moleeules of 2, 4, 5-trichloro-
phenol eondense directly to give TDD:

Ci‘/\-OH CI_AI_CI
‘

. [l 1 +2m31
GI—VCI HoJi\/—m )\/-

Two molecules of 2, 4-dichlorophenol condense to give the dichiorodi-
benz-p-dioxin,

/\—OH i~ N—C1 /\/OY\i
c1—\/1—c1 +H0—U " c:—i\kovm

m-_/\/ RV N
i

and mixtures of various isomeric chlorinated phenols give mixed
chlorinated dioxins.

158




Lddhy A ASEL el VLIS AL AL L bl LA IS Y E L, LR A LLALLLD

( LanLe 3.—Ajfter H{g;}inbothan, et al, (12).

Chicken embryo

Mo ofCl bioassay
Reactants atoms in -
digxin percent

wgfogg  nmiortaiity

.

50 0

008 100

:In*ophm Lo 4 1,25 nn
norophenol, 4 A5 5
rachioronlienoi 8 1.0 JE¢h]
]‘ml.ucluoropllenol.. P 8 3.0 I
Relerente toxie fal eomponents .. Mixture 3.0 it

1 Mixed 3 & 4 cliloro specles,

Tiie tetrachioro speeies, which will be the important product from
iho condensation of 2,4,5-trickiorophenol, requires only 4.25 ug for
1009% mortality in the chick cmbryo bioassay. A mixture of the tri- and
tetrachloro speeies was reported in one study to be more toxic than the
tetrachloro species alone {(/2). However, more recent unpublished
observations by the same authors have pointed toward a singulariy
high degree of toxicity of the four chlorine members of the family.
The conditions required for the production of the tetrachiorodibenz-
p-dioxin, TDD, are preseut 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 ecnvironmental situations. The origins of these are not clear in every
cz1=o {28).

The sccond source of information about the toxicity of dioxin
compounds came from observations of occupational exposures in
piants manufacturing 2,4,5-T. These are reviewed in snother section
of this roport. One of the discases reported was a particularly refrac-
tory form of skin rash known as chloracne. This was also seen in
workers involved in the production of other compounds, The first
report of chiloracne in 2,4,5-T plant workers was in 1957 (I4). The
authors in this case suggested that the dioxin impurity may have beeu
the factor which caused the chloracne.

In 1964, the Dow Chemical Company (6) attempted to incresse the
production of 2,4,5-T by changing the reaction conditions. Plant
operators became affected with chloracne. The Dow Chemical Com-
pany closed their facility and, early in 1963, alerted other manu-
facturers of their problem. The active agent was identified as 2,3,7,8-
tetrachlorodibenz-p-dioxin. In addition, an anaiytical ‘method for
its detection was standardized and various methods for removing the
impurity were devised. By 1965, sufficient technology was available
to aliow the manufacture of 2,4,5-T and 2,4,5-trichloropheunl
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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another manufacturer are listed year by year in Table 4. «in levels
in 2,4,5-T currenty manufactured aro reported not to oxch . 1 ppm.

TaBLE 4d—History of THD concentration in lechnical 2,4,5-T

[Analysis of material {rom one manufacinrer]

Analytical Methods

1. Standard Procedures.

A typical method for the analysis of herbicide residues in oil sced
crops has been described 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 esterified with diazometh-
ane to produce the methyl esters which are finally analyzed by pro-
grammed temperature gas chromatography. Both electron capture and
microcoulometric detection schemes are used. The microcoulometric
detector consists of a quartz tube condensation chamber where the
herbicide is pyrolyzed at $00° C in the presence of oxygen. The HCI
formed is carried- into a microcoulometric titration cell where the
chloride is titrated with silver ion. The sensitivity of this analytical
scheme is about 0.01 ppm.

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

OGHzCOOH CGCHyCOOQH

/ch /\~—01

l! | CHa
! i
cl—| o] 4
93] (El
PGP MCPA
Oy
COOH OCH:CH;CH:COOH ?CH:CO OH ?—(JJH—GOOH

Na N\al

(\‘ i Lo
f\acl \/ c;{) a_'a\f'-

2.3,6TBA 2.4DR 2,45T Z.4.5TP
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Fi16. 1—Gas chiromatogram of the 0.02 ppm sample of herbicide mixture and a
countrol. Both eurves represent 35 g of cottonseed oil.—After Yip (27).

All of these residues are well separated and readily detected alter
22 minutes. Recoveries of these residues from the vegetable oil sam-
pies were betier than 909 in the 0.02 to 0.08 ppm range. At the time
this method was developed, samples of commercial oils including
cottonseed, corn, safflower, soybean, peanut, and olive oils were
anaiyzed for residues of these herbicides. No peaks were discerned i
the chromatogram of any sample.

Although the relative retention time of 2,4,5-trichlorophenol, a
common formuiation impurity and one of the metabolic decomposition
products of 2,4,5-T was not reported, it should be less than that of
pentachlorophenol, and thus amenable to detection by this scheme. (9)

Yip has also developed a paper chromatographic method which
allows qualitative determination of the same esters (28). A workable
separation of the methyiated acids was obtained using 359 dimethyl
formamide in ether as the immobile phase and 2.2,4-trimethyl pentane
as the mobile phase. The sensitivity of the paper chromatographic
technigue is 0.1 ppm.

The procedure recommended by Yip (26) for analysis of residues on
greei erops involves high speed of blending finely chopped greens with
a mixeure of H,SO,, ethanol, petroleum ether and ethyl ether. The
solids are removed by centrifugation and the liguid extracted wiih
sodivm bicarbonate and chioroform, as for samples of vegetable oiis.
The procedure for wheat involves first grinding the wheat kernels in
a mill to puss u 30-mesh screen. The ground wheat is then biended wish
959, othanoi at high speed. The solids are separated hy centrifugation
and the residues extracted from the supernatant liguid as above.

2. Bound Residue. The above methods are adequate for the analysis
of 2,4,5-T residues that are in the form of the free acid or various
esters. The detailed analytical method provides steps for the separate
escumnination of the residues present in free acid and ester forms al-
thiough the csters are rarely found as residues in crops.
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An issue of primary concern, however, is whether thy-2 can exist v
crops residues of 2,4,5-T chemically bound such that & y are ot ex-
tracted and detected by the standard analytical method. Crosby (4)
showed that a water soluble, ether insolubie hydrolyzable form of
2,4-D is present in bean plants treated with 2,4-D. It has been reported
that 2,4-D as well as other herbicides can be converted to coenyzme-A
thioesters (3); this is o possible form for the “bound’ material. It has
also been suggested that 2,4-D may be bound as 2,4-dichlorophenoxy
acetylgiucoside (15). 2,4,5-T could presumably underge unulogous
reactions to give the corresponding bound forms.

The analytical method that has been used in most plant residue
studies provides no information on the fraction that may be present.
in bound form. In a study of 2,4-D residues in forage and milk, the
residue levels shown in Tables 5 and 6 were found by the standard
analytical method (18) (28).

TasLg 5.—Residue of 2,4-D in forage samples from pasturcs sprayed with butyl ester
or Z-cthylhexyl cster of 2,4-D at a rate of 2 lbsfacre. Average of 1o § delerminations.
—Afier Klingman ¢t al, (18)

2,4-D residuss, ppm, (rom

Butyl ester 2-e{hyihexy) ester
Date, May -
Dutyl Ethyl Ethylhexy]

Acid esier aster Acid ester

0 0 o frace )
5.3 0. 10 04 36.6 11.8
102 G.18 0.02 35.6 6.7
&0 003 0.03 23.8 P
50 0 0 13.7 1.4

= Samnpled just defore spraying.
b Samplad within 34 br after spraying.

Residues detected by the standard method were largely in the form
of the acid rather than the original esters. Some degradation of the
butylester to the cthyl ester apparently occurred. Essentially no
trace of residue was found in milk from dairy cows grazing in pastures
sprayed with 2,4-D (Table 6).

TaBLe 6,— Residue af 2,4-D in milk, as determined by two methods of analysis, from
dairy cows grazing in pastures Sprayed with esters of €,4-D al 2 Ib/A on morning

of sz?y g, 1963. Samples taken from morning mz!kmgs only.*—Afler Klingman,
el @ 18).

2,4-D residues in milk, ppo irom

Days
Date, May ‘after Butyl ester Z-ethylhexy] ester
spraying -
FDA SWRI FiDA SWRI
LI ] L] 1 q

1 00 0.01 ool 0.03
z Lol .ol Lol i
3 .0l .ol .01 <. ¢
4 L0l th <.01 Q1
5 LGl [e]] <<, 0k 4]
13_.. - [ T .01 0l .ol ol

* {ows were kept in pastures confiunously, except during milking, All data were rounded 1o tnearest 0.0F
because this is about the practical imit of procish:m of the methods ased. FD A = Food and Drug Adminis-
tration aud SW R1=8cuthwest Research institute.

b Milkk was sampled in the inorning before pastures weee sprayed.
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sprayed ( W the ethyihexyl ester of 2,4-D was aiso checked. Ton
demonstrdve the presence of bound 2,4-D, the acid and ester were
extracted {rom the forage samples as usual. The filtrates were then
extracted three times with ethyl ether to remove any residual 2,4-D
acid and finally heated on a steam bath for 16 hours under highly
acidic conditions. Presence of bound 2,4-D would be indicated if
ainounts of 2,4-D found in the hydrolyzates were significantly higher
than those found in the filtrates before hydrolysis. Results are shown
in Table 7.

TasLe 7.—Ppmt of 2,4-D in grass of ethylhexyl ester-sprayed puasture, free and
bound. (28)

i Fiitrates -
Days after spraying Initial before Hydroiyzate
extraction  hydroiyzis

Fod 31 £ IR 46 0. 053 ()

e e e iemsemeeesemesssesaarmiaitmeseeessenan 50 0,430 [}

Ty m 0. M6 0. 54

Tt e mmrtrdmtremmmmmraesmemsemmamemmemeasmsemeamraamramnanr 19 1.31
1 Trace,

The presence of small amounts of bound 2,4-D is shown by the value
obtained from the hydrolyzates. There is a trend toward increasing
formation of bound 2,4-D with time. No bound residues could be
detected in milk in these experiments. The results from these experi-
ments suggest that although bound residues were detected, most of
the residues were present as acid or ester and there would not have
been a1 major discrepancy beiween the results of the standerd method
and the actual total residue concentration.

There is evidence for the binding of residues of 2,4,5-TP (Silvex),
the phenoxy propionic acid analog of 2,4,5-T. A careful study of
2,4,5-TP residues in orange peel, however, suggests that a rather
high percentage of the growth regulator residues can be present as
msoiuble “bound” materiais (I0). 2,4,5-TP {ractions could be sepur-
ated on the basis of solubility into four types: free acid, ester (hexane
soluble), complexed acid (water soluble, hexane insoluble), uand
hieat-labile complexed acid (heat-released). It was possible to detect
the water soluble complexed acid as the methyl ester after basic
hydrolysis and identification. The labile form was reieased after
licating for 24 hours av 104-105° C. The concentrations of these
various forms during a 13-week period are shown in Fig. 2.
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WEEKS ELAPSED
FieurEe 2.—After Hendrickson and Meagher (10).

These results suggest that the original 2,4,5-TP amine salt is first
converted to the free acid. This acid then is converted to a soluble
conjugated form. However, it appears that the insoluble complexed
form ultimately becomes a major fraction of the total residue. The
results of this and other studies of herbicide residue in citrus (?}, (18)
emphasize that the residues of halogenated phenoxyacetic acids may
take several forms in plant tissues. Unless an effort is made to release
the bound residues, the stundard analytical scheme does not provide
a suitable basis for estimating the total residue concentration.”

CHEMICAL STABILITY OF 2,4,5-T

1. Photochemical Degradation.

Ultraviolet jight has been shown to alter drasticaliy the structure
of many pesticides under laboratory conditions. Knowledge of whether
sunlight under “field conditions” can also affect these transformations
is eritical. The detailed chemistry and toxicology of the resulting
decomposition products could be significant to agriculture and the
public health.

Although the photochemistry of 2,4,5-T has not been investigated,
considerable effort has been expended to elucidate the pathway for
photochemical decomposition of 2,4-D. It might be expected that
these compounds react in a similar way. Several studies indicate that

*It Is possible that only the pure acid and ester residues produce physiological effects on man and animals,
while the bound forms are inert and non-toxic. The slandard enalytival scheme would then provide s useful

measure of the effective concentration of residue in loxie form, The relative physiologieal eflects of bound
and nobound residues are unknown.
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2,4-D i in fact, degraded in the presence of ultravioiet light to
phenol roducts (19}, {I), (2). Some evidence is available which
indicates that sunlight also detexifies 2,4-1 ns Penfound and Minyard
{20} showed that malformations of waler hyacinth and kidney bran

plants were more severe in shaded plants tihan in those receiving full -
sun. The most recent photochemical study (5).is the first to compare .,

the transformutions induced by sunlight and uitraviolet light.

Photolysis in the presence of sodium bicarbonate (2X107° AN ’

und water leads o several isolable produects: 2,4-dichlorophenod,

4-chlorocatechol, 2-hydroxy-4-chlorophenoxy-uacetic acid, and the o
major product, polymeric humic acids.*® Although the iransient

1,2,4-benzeneiriol could not initially be isoluted, it could be trapped

if oxidation of this inlermediate was inhibited by carrying out the

photolysis in the presence of excess sodium bisulfite.
These results suggest the following sequence:

O O
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Freure 3 Proposed inechanism of 2,4-D photodecomposition
After Crosby (4}

Analogous results were obtained {rom irradiation in sunlight.

2. Hydrolysis.

The osters of 2,4,5-T are readily hydroiyzed to ¢he free neid under
acidic or basic conditions. The esters are rarely found in residues in-
crops. The rates of hvdrolysis of course depend on the detailed stereo-
chemistry of the ester substituent, The rate of hydrolysis is reduced
as the bulk of the cster group is inercased close to the oxygen linkage.

**No atlempl was made to determine tlie fola of the two carben fragment.
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S dnerial DLabuily. '

2.4,5-T is stable with respect to thermal degrad( n to at least
its melting point of 153° C.

4. Biochemical Degradation.

2.4,5-T is slowly degraded in soil which contains organic matter
under warm, moist conditions. Tho gencrally accepted half-life for .
this process is several weeks. However, the docay in 2,4,5-T coucen-
tration is usually not a simple first order process since the population
of organisms that metabolize 2,4,5-T increases in the presence of
2.4,5-1. In areas pre-treated with 2,4,6-T, the lifetime for degrada-
tion is significanily reduced. Three months appears to be the accepted
length of tiime for 2,4,5-T residues in soils to disappear completely.
The rate of disappearance appears to be independent of the quantity
of upplication. Some of the organisms responsible for 2,4,5-T biodeg-
iadution have been isolated and identified. (I?) The subject of
residues s more fully examined in Section VI.
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USES AND SIGNIFICANCE

Summary

2,4,5-T lhas 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 agricuitural 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 lood and
non-food crops, in aquatic weed control and in forestry.

In 1964 and 1966 almost half of the 2,4,6-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, irom.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 treated in 1966.

To some extent, other herbicides can be substituted for 2,4,5-T
(notably 2,4-D). If all aiternative herbicides were available the ban-
ning of 2,4,5-T would appear to Jead to an additional cost of nearly
852 million in land and waterway management or nearly a 1007
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 banned, the additional
costs from elimination of 2,4,5-T alone would amount to $172 million
or over three timss the present investment. Agricultural costs are
estimated to rise 832 million and $44 million, 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 rapidiy during
the past few years. They are employed as substifutes 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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of weeds g © brush on pasture and rangeland. Large quantities are
also used & _ontrol brush along roadways and under powerlines. The
principal erop 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 littie injury. This treatiment has been helpful in releasing conifers
from deciduous hardwood competition in mixed stands.

Production

Totlal herbicide production in the United States has increased
rapidly: .
*1960 75,000,000 pounds (3)
15865 220,000,000 pounds (8)
1068 403,000,000 pounds {1%)
TFor 2,4,6-T (ueid, esters and salts), production has increased as
. foliows:
1960 7,900,000 pounds (7}
1963 13,500,000 pounds {10}
1966 18,100,000 pounds {10)
19687 27,200,000 pounds {10)
1968 42,500,000 pounds {12}
A portion of this production is exported and a portion shipped
abroad for miitary 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 agricuiture (Table 1). About 40 percent of the quantity em-
ployed In agricuiture was used for weed control along fence rows,
ditch banks, farm roadways, and other non-crop uses. 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 509, of the 1964 amount ({3).
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-way, Aquatic Weeds and Lawn and Turf.

In 1964, sbout 888,000 pounds of 2,4,5-T were uged in private
noufarm forest management for control of undesirable trees and brush
(Tabie 1); in 19686, this declined to 408,000 pounds (Table 3).

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

*Clhanges In the method of reporting alter 1960 make this figure diffieult Lo compare with leter figures.
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(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 75,600 pounds (Table 3).

TABLE 1—Estimated use of 2,4,6-T in the Uniled Stales, 1964 (13)

Quaatitics of  Proportion of

Uso category Land treatod agtive total quantity
per 1,000 aered 2,4.5-T applicd aPplled
per 5,000 pounds  {Percent)
Fatm use;l
Hay, pasture, and rangeland... ... _____ . ___._.__.__ 2,441 551 7
Othey [ 88, L. 21,010 1,074 12
Total farmL OEe. . L i e e re e 3,451 1,655 1%
MNon-farm use: -
Federsl Glovernment ayencles ¥ - 296 656 7
Lawn and turl treatmentd____. . 1,200 o] T
Rights-ol-ways .. ____...._. . 2,175 4, 368 19
Private non-farm forests *............. ... e 430 858 1)
Agquatic breatment 7oL a1 162 2
Otheruwses . ... . 306 58S 6
‘Total Non-(arm Use . oo e i aaaeas e 4,488 7, 257 81
L Y T, 089 "8 02 100

i Based on “Quantities of Pesticides TUsed by Farmers in 1084." AER 131, Farm data excludes Alaska
and Hawall. In sorie lartn usez, all acres in a field were reported treated while enly spots actually received
2,4,5-T. thus makiag the rate per acre seein low.

2 8um of the acres of all erops, except hay, pasiure, end rangeland treated, plus an acreage estimate for
noneropiand regelving treatinent. T he acteage of noncropland wes estimated by aliocating the quantity
of 2,45 T used for such purposes at the rate of 2 Foungﬁs per acre.

3 Based on 1960 usage of the Departments of Agriculture, Interior, and Defense; and 195i-89 average
usaga by the Tennesses Valiey Authority.

1 Based on estimated 50,000 actes of tarl and 700,000 acres of lawns treated. Estimates based on “Exient
mlil?osei;] oé Wead Control with Herbicidez and an Ewaluation of Emportant Weeds,” ARS 3-162; and un -
publish ala. X i

S Rased on sourees ¢ited in footnote 4 with rate of application same a8 for federally treated rights-of-way .
Droes nob Inciude rights-of-way treated by Federsl agencles, i

s Estimated at 4 times the acresge treated and quantities of pesticides applied to pubiic forests.

* Based on sources cifed in footnote 4 and rates used on {ederaily Lreated waterways.

* Ineledes governments other Lhan federal and any other usaga.

¢ Based on table 28 of the Pasticide Review 1960, Ag. Cons. Stab. Service.

TaBLE 2.—Farm use of 2,4,5-T on crops, by calegory of wuse, United Siales, 1964
and 1566 (18) !

Percentage
Active ingre-  Acres treated of planted
dients per per 1,000 acres  acres ireated
Use category 1000 pounds with 2,4,5-T

(percent)
1964 100G63F D64 Y  1DG6T  POOKY  19G6 S

Hay, pasture, and rangeland . __......_..._._ ... 591 30 2,441 £61 0.4 0.1
L] . i 58 255 7 04 0.5
16 i) 55 30 ™ o1

9l 5 oF B G Os

34 i0e % 04 0.2

41 127 1ur 175 01 0.2

All CTOpP USAEe. o centeciiienanenn s o7s 653 3,112 1,58 03 02

! Does not iuclude Alaska and [lawail. TUse in 1964 generally vefiects current praciices. Use in 1966 was

unusuaily small and not representative of current praetices because of domestic shortages due to increased
military purchases.

t Revised estimates based on Quantities of Pesticides Used by Farmers in 1984, T8, Dept. Agr., Agr.
Econ. BEpt. No. 131, Jan, 190k,

i Datas from the ERS& Pesticide and General Farny Sarvey, 1968,
+ Acres treated as a pereent of acees grown 8s reported in Stat. Pui. 384 and Agriculural Statistics 1068,

2_; écg;‘;, treated as & percent of acres grown as reported In Crop Production, 1967, 1.8, Dept. Agr., Cr. Pr.
[ -

§ Less than one-tenth percent.
T Tncluded in other grains in 1964 only.
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TanvLe 3.—Quaniilies of 2,4,6-1 used and percenluge change tn use, Uniled Maeh
1984 and 1986 (13)

Quantities of active  Hwiuethmn
2.4.5-T applied pee  from: 1ohé
Tse category 1,000 pounds g 19
1564 3 1966 ¥
Farmn nse: 1 .
Hay, pastuie, aned rangeland. ... e Bl 370 »
L S T 1,074 1381 L]
TORL BAEEL USB_. . ..o e iierrameaeerr e rnmemmarnnmn e rann 1,655 176G ]

Nonfarm use:

Federal Government ageneies. o .o mneaciraaaas 656 3 450 LI

Lawn and furf treatment. .. . 600 X} »

Rights-of-way ... .o coaan 4, 368 £2, 0% &

Trivate notiam forests 238 * 4 o

Aquatic treatment, . 162 L had

L T ! 83 0 sam »
ORI I U0 o o e vt e e s aemme me e e e mmaan e m e mnene 7, 257 3,840 t‘
ATMUSOS b Ly o e e e n et nn s 8,912 v 4, 600 el

1 See tabie 1.

2 Data {rom 1966 ERE Pesticide and Genersl Parmn Survey, 1.8, Dept. of Augri
t3 lised ou decreases in Forest Sorvice pending on timiver improvement, sng cooperative programs wite
statrs.

¢ Asgtiaing 50 percens shift to dicamba.
" Reslduat after providing for other rcqulreménts
¥ itased on same rate of reduction as totai farm use.

T Dased on same rats of reduction in 24,5T use on hay, pasture, and rangeland.
¢ Azsuming 50 percent of the 1064 use of" 2,4,5-T was retaitted.
¥ I3zsed on tabies 2and 3.

About 600,000 pounds of 2,4,5-T were applied to lawns and turf
in 1964 (Table 1);in 1966 this had fallen to 300,000 pounds (Table 3}.

¢. Fruit.

Small guantities (less than 10,000 pounds) of 2,4,5-T were usad 88

a growth rogulator to thin fruit in the spring and hold 1t on the tree
until harvest in the fall (9).

d. Federal Agencies.

The DOD, USDI, and USDA are the chief Federal agencies that
use 2,4,5-T on the lands they manage. During 1964 in continentsl
United. States the Federal agencies used a total 656,000 pounids
{Table 1).

In 1969 the DOD treated 162,000 acres with 221,000 pounds of
2,4,5-T in continentai Uhnited States (Z6). The majority of that used
by the Department of Defense was by the U.S. Army Corps of En-
ginsers Civil Works Program for the control of aquatic weeds in
navigable waters, in and around reservoirs, on stream banks and
rights-of-way. The use of heribcides on DOD installations is geucru!l\'
rostncted to small areas such as training sites, mwns, fringes of air
fieids, fence rows and ammunition storage areas.

During 1969, the USDI treated 52,900 acres of rangeland with
38,200 pounds of 2,4,5-T; in addition 2,200 acres of aquatic habitats
were treated with 5,600 pounds (17).

In 1969, the USDA treated 107,000 acres of timberland with
221,000 pounds of 2,4,5-T. In addition, 34,000 acres of rangeland and
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published figures). (

¢. fteonomic Importance.

It is estimated that herbicides contribute significantly to the profits
of agriculture. For example, if phenoxy herbicides (including 2,4,5-T)
were not available, the net loss to rice producers in the United States.
has been estimated at $7.6 million per year. This represents some
295 of the farm valuo of ull of the rice produced in the United States
e year or about 25% of the value of production from acres treated
with phenoxy herbicides {/3).

2,4,5-T has o major use for control of brush under transmission
Bines. It is estimated (3) that the control of brush with 2,4,5-T on
rights-of-way costs sbout $6.50/acre. Other chemicals which could be
substituted for 2,4,5-1 on most of this acroage would cost $42/ucre.
Manual control costs about $44/acre.

The loss to agriculture if 2,4,5-T were no longer available would
be about $32 million (based on normal use in 1964 (see Table 4)).
Because of military demands for 2,4,5-T in Vietnam, the quantity
used in agriculture has deciined by about one-half (Table 3).

It has been estimated that the increased costs of alternatives for
2,4,5-T for nonfarm use were about $2¢ million for 1964 (Table 4).
Between 1964 and 1966 these uses were also cut in half (Table 3).

If 2,4,5-T were not available and other phenoxy herbicides could
not be used as aitornatives, it is estimated that the domestic cost
would be approximately $172 million (about $44 million for farm
use and $128 million for nonfarm use (Table 5).

f. Registered Uses.

The registered uses of 2,4,5-T are shown in Table 6 for food-crop
uso and in Table 7 for nou-food crop use (14).
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§ Cottu rave been used, United Slales, IHF0 (14}

(

Acres Cost of
. Acres  reguir- WAPT-
. Esti- that ing native Ceatol Neaws -
Use category mated could be oddi- Costof  herbi- adril-  thomsed
acres  freated tional 24,8T cldes Linnad ot o
treated with caltural and sud  cuitural Ll B
with  alterna- prac-  appli- appli- Jrae- it
24,5-T1 tive tices  cstion  cation tices  Tmkive
1,000 1,000 1,000 1,000 i 00 000 1.
, . acrey aeres acrey  dofiers  dollare  dollars
Farin use:
ITay, pasture, rangeiand 2 .. ... 2,441 458 1,953 4,052 1,721 32,443 »m17
Other farm usef._...._......... 1,010 579 T 3, 968 3,45 2,4 L
Total fum Use. oovenenees 2451 L3867 2707 5020 502 HE® RN
Nonfarm use:
Federal Goverinment ¢ TG 281 15 3, 287 3,765 a5 1,780
Lawy and turf b, - 1, 200 1,200 1] 2, 550 3.7 HY L1
Righis-oi-way Tt ... 2,173 1, 358 217 33,772 36,02 0, M2 | E i
Private nontarm forests 7¢______ 430 &7 43 3,788 4,411 3,38 LY
Aquatic areas 120 ___ .. El 72 § w0 » H
Qther ..o PR 306 201 15 2,219 3,026 s 1.
Total nonfarm use............ 4,458 4,190 3EE 46,474 HLTID 14,50 L
Totalalluses., _._........... 7,930 X 557 8,085 54,4M 55,736 4n,400 M2

1 From Tabie 1.

* Cost of niternative herbicides and application plus cost of additional cultural practices jess cost of 248

T and application,

? The silernative herbicide was 0.5ibs, slivex and 1 1b, 2.4-D on 207 of the scres treated. Cultural treat-

manis on the other 1,953,000 acres fnclude renovati

2% of the remaining two-thirds 8% $25.15 11 acve. and mowing the ot her 2397 at $1.530 011 nere
1 Mast aeres of individuai erops ireated with 2.4,6-T in 1064 could havo Deen trasted w
anplicd with 2,4-12 on the nencropiand. Rales of 2.4-1 use o0 arops wete assumed to be the 1w avsmase rae
of wii phernexy usage for thab crop exceps {or otler grains where 2,4-1) was used at the same rale a2 L4 5>T
Supplementa) hand of mechanical eontre, was used on some of the corn, sorghuni, and noneropland. A e
tionai acres of wheat, ather small graing, and other crops were grown to maintain production in spie of yaed

lasses, In rieo Production, addidonsl feriilizer snd & change in the crop rotation were reqiired

production and offset 10ss in quality.

. ? Based en 11606 use by the Departinents of Agricntturs, Interior, and Defense; and TV A, T'wo i, each ol

a third of the actes at $15.66 a0 aere; then ulldorieg
ik .41 SHiTer wam

10 malfinan

2,4-13 and silvex were substituted for 2,4,5T on 957, of all acres freated jn 103, Remaining acres requsred
addlilonal culbumi, reecianical, and manugl controls averaging $449.00 per treated pere.
¢ All seres could tave been treated with 6.51bs. each of 2,4-D and silvex, but $4.00 of manual work was s

required on 5% of ail acrea.

T Two Tbs. sach of 2,4-I and siivex were used as substitutes for 2,4,5T on 9055 of ull acras,

* Ten porcent of the acres required hand eutiing at $44.00 pet acre,

? Ten pereent ol the acres weore mowed, hiand eut, or undesizabis spocies girdied at a cost of $78.21 [ef e,

0 T e rernatnder required cleaning wilh a drag Iine at $30.00 per acre for trested acves.

I Two pounds each of 2,4-1 ad silvex were used to raplace 2.4,5 T on 059 of these neres. The remainieg

acTes reguired mechenical control by hand or with machines at §26.00 per acre on which used.
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st ot @l el DL Gl plher regislered Rerincrdes cowld ngre oeon wased, UnAdded
o Maicw, INT0 (13) -

Avtes Cost of
Acres  teqguir- alter- .

Esti- that [TH native Cosb ol Net i
matesl couid be addi- Costeol  herbi- addi-  creased
acres  trealed tional 24,5-T cifdes tional costiof
trentad with cultural and and cultural using
with alterna- prac-  appli- appli- prac- allers
24,5-T1 tive tices  ecation  cation ticas  native?

1,004 1,000 1,000 1,006 1,000 1.060
Berey acres aeres dofigre  dollars  doliers  dollars

248 .. 241 4,082 ___.._..._ 40,581 26, 400

1,010 62 618 3,908 6,586 5167 7,548
3,481 628 3, 059 8, 020 6, 336 45,718 44,084

Nondarrn vae!
© Pederal Cloretnment b 200 83 213 3,287 3, 001 10, 863 1,457
Lawnsnd torfe, [, 7T 1,200 1,200 1, 260 2,830 2,810 4, BOO 4, 2700
Hiwhwsobway t T T 2,175 1, 63 544 83,771 B4, 5812 23,036 74,076
Feivsdr vondinerm forests b ... 40 ... ... 43 A R 33, A3e 20,592
Avpsticwrens® . 0T Sl .o 5L [ S 2,430 1,822
Ll L G .. 306 2,219 ... 7, 630 5,431
“ Tetal donfurmuse, .. ......... 4 458 2,014 2,774 46,474 0L 025 85,309 127,858
’ Tolwlalluses,................ 7,000 3642 5833 S5L404 97,409 129,027 171,42

- " From Talle |,

’ Uf;!“ﬁ alternative herhicides and application plus cost of other treatments less cost of 2.4.5-T and ap-
! Cultaral Lreatinants inchide renovating a third of the acres at 215.66 an acre; then balldozing 727% of the
ronstioe two-thirds at 52316 i nere, and mowing the other 8% at $1.50 an acre. .
:’g & W pucls qary pore cres of miost ccops treated with 2,4,5T in 1064 eould have been controlied with nonphen-
; g* Ay heeliteides, fm Dortinit chemical substitutes used include dicamba. atrazine and oil on crops and picloram
5@%}. o5 soneroydsnd, Suplemental hand or mechanical control was also required on some corn, sorghum, simall
Las; W, and noucroplnnd, Adiditionn acres of wieat, other smatl grains, and other crops were grown 1o ain-

%’gm reduction in spite of yield losses, In rice produetion additioual fertilizer and a change in the ctop

g..ﬂl‘ahm wore reguired 1o maintain production and oifset loss in quality. _

%7 Hased oy 1000 Gsed by the Departzients of Agriculture, Interior, and Defense; and TV A, Two pounds of
:é,f Pedorun with s Arlt educing adjuvant were substituted for 2.4,5T on 75 perceat of federsally maintained
mksaf-wray, All ptlier scres required cultncal, mechanical, and manual control averaaing £51.00 per acre.

* Ail sotes can Lo treated with 0.5 pound dicamba but sappiemental mamial work costing 34.00 par acre was
tpmlerd on wll acres,

P Fwe potinds of pieloram with a deift reducing adinvant were substituted for 2.4,5-T on 75 Percent of all
wrred, The remainder required hand cutting at $44.00 sn sere.

* AH acres liad to be mowed, hand cul, or undesivable species hand girdled at a cost of $78.21 per treated

¥ AN seres needed to be mechanicelly cleaned with o drag line at £30.00 per acre treated.
= A4 acres required mochanical control by hand or with machines at $25.00 per acre.

A1

)




olia QUmEry Of (beylsleree A grichiitbide rostibille LAciicdl ocs
( 2,4,56-Trichlorophenozyacelic Acid

. ringipal formulations: EC esters; amine salts; Type pesticide:
Herbicide and plang regulator)

Use Tolerance Duosage Limltations
fopm)
th, setualfd.

Pastures: Grasses. ... Extended.. . 3.................. Heavy brush. _&Pply when 1 full leal and

after gruss is well established.
| Light bdmdsh. Apply when leaves are fully
expanded.

Rangeland clearance. . Extended.__ 4.................. Apply in spring by airplane when brush is In
he.?\'lﬁ)fo;iage stage (40-00 dsys after leaves
unfold).

Apples (Meluwoshy . Extended. .. 20 ppm sprey Preharvest drop control. Apply s single ap-
](ac!c\l equiva- 1t'.ia1'.iou 4-5 days before drep normaly
ent}. eging.

Blueberries {low bashy.. Extended. . 1.0 {acid Spray on revoleing eloth-covered drum held
equivalent). ahove blneberry follage. Apply durlng June

and July of season: preceding a barn. Do not
apply within 2 yeurs of harvesting berries.

Gralos, eereal Extended._. 0.5 ............... Apply when prainis in tiller Lo boot siage and

{undesignated). woeds are in actlvely growing conditlon.
Do not apply framt boot to milk stage or in
seedling stage.

Pastures: 0rasses. . ... Extended___ 3.................. Heavy brush. Apply when i full leaf and after
grass is well vatabiighed.

| SN Light brush. Apply when leaves are fully
expanded. .

Kangeland clearance. .. Extended___ 4. ____. ... Aep ¥ i spring by alvplane when bruash s in
..ez}vlﬁ follage stage (40-90 days after leaves
unfold;.

Rlce .ooeerivrrnrenrar. Extended _, 125, . .. ...... Apply tiller 1o boot and Lelore flooding (4-8

. weeks after rice emerges).
b . T Apply alter flooding (2-3 weeks) or 7-10 weeks
after planting.

SUZArCENe. - w. aveaennnn Extended. .. 1. . oooieeaamnaaas Preemergenes use only. {Louisiana), Tf cane is
shaved and off-barred, treat immediately
follow!ng this operation.

L T Preemergence use tnly. (Hawail). Apoly Iusc
balore cane amerges,

b Postemergence {(weeds in established cane),
Apply over row when weeds are growing
vi%orousiy‘ Do not apply alter cane 13 2 feel
tali.

Lakes; Ponds_....oooule Extended... 4 (with 201bs./A. Broadeast app'lcation In early spring to sum-
24D ag ester).  _ner. Do not use Treated water for ¢rop ir-
wvigation or lvestoek drinking water,

Tanre 7—The nonfood erop uses of 2,4,5-T. The dosec listed below are given in
pounds 0({9,4 5-T and equivalent in 100 gallons of spray using water or oil as the
vehicle. USJjA, Pesticide Regulation Division, as emended by Pesticide Regula-
tion Division Notices 70-11 (4/20/70) end 70-13 (6{1j70).

Non-food erop uses Pounds Comment
2,4,5T acid

Around farm bulldings and Yards. . oo 2
Farm fence rows, lanes and roads 28
Pine release in hardwood f0rest. . .o ieiaeoe oo iccveciunacranannamaaraanan ]
Industrisl buildings ineluding: Around factories, elevators loading plat- 12-16
formis, oil refineries, ete. R
Industrial sites: Airline beacon stations, airport runways, coalyards, electric 3-12
teansformer stations, lumberyards, perking areas, radlo towers, railroad
gidings, sawmills.
Recreational areas including: Race tracks, wildlife management,............ 5.6-10
Rights-of-way: Fire lanes, highways, pipelines, powerlines, raliroads, tele- 4-20
one and telegraph.
RS T U 2-4

2. Military 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 encouraged by efforts
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Pucific area during World War I (2). A major onstration of e

utility of the mixture now known as Orange (1:1 mixtire of the bty
esters of 2,4-D and 2,4,5-TY as a defoliant for military nurooses
was condueted in 1959 (1), S

A preliminary series of defoliation trials was conducted in Vietham
between July 1961 and April 1962 (3). Operational spraving began in
Vietnam in 1982 and increased sharoly after 1967, Reviews on his
stthjeet are available (8, 4, 6).

Two herbicide formulations used in military operations in Southeast
Asin include 2,4,5-T '

Lb.jGal,
Agent Comvosition of n{:'.ivu
ntiferiad
Purple. e e BEDULY] ester 2,441 BOOT, (Wl L. . ¥.9
n-butyl esrer 2,4,5-T 308, (wi.),
Izobuiyl esler 2,4.5-T 206% (wt.),
L U n=bety? esier 2.4-1) 509, (wt) . ... . 3.4

u=buty? ester 2,3,5T 5% {wt.).

Purple mixture was discarded early because it was found to be no
more effective than Orange. Orangs is applied at a rate of 24 b,
per acre from both fixed wing aireraft and helicopters, C-123 aireruft
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 aveas spraved each vear between
1962 and 1968,

v

TaiBLe 8.—Land area in Vieinam fo which defolianis have been applied between
1962 and 1988 (15)

Year Number of acres sprayed

T4, M7
1, 446, 4418
1,457,110

It has been estimated that under usual operating conditions 90%, of
the released material is confined to a band about 2.0 km wide on cither
side of the 80 meter spray path (15). This figure is based on the snec-
trum of particle 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 0.1% 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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aACinluiiagll UpCl‘SLLlUHS LVe DeEell CarvicG oulL 0 501ne axteul
virtuaily nctions of South Vietnam. The major use has been within
War Zone*v, War Zone D, and the Rung Sat Special Zone. These
three arcas comprise about one-fifth of the total area to which defoli-
ants have been appiied.

‘The Rung Sat Speeial Zono is an ares which surrounds the shipping
chaunel into Saigon. 113,600 acres had been sprmed by the end of
Jannary 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 Zoue C by January 1968. War Zone D, in which 403,000
acres were treated, is northeast of Saigon between the Song Be and

Song Dong Hai Rlvera (6). Repeated application was ma,de in some
areas.

[aaM]

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

. Defolialion of lines of comimunication. Sites of frequent ambush
have been deloliated to afford better visibility along roads and trails,

b. Decfoliation of sreas wiiero Vietcong tax collectors customarily
exacted payments from the popuiace.

¢. Defoliation of enemy infiliration routes.

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

¢. Clearing of vegetation around American base camps and fire
Dases in order to clear fields of fire and improve observation.
fnportance of 2,4,6-T as a military defoliating agent.

Systematic studies have 110t been carried out to quantify the value
of defoliation in Vietnam. However, many of those concerned with the
program believe that the miiitary advantages are clearly evident (4,
15). Tho following evaliations arc extracted from testimony of“vred
by Rear Admiral W. E. Lemos before the Subcommittee on National
Sceurity Policy and Scientific Developments of the Committee on
Toreign Affairs (4).

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

b. The Commander of Naval Forces in Vietnam in a report to Gen-
erul Abrams stated: “As you know, & major concern is the vegetation
along the main shipping channel. Your continuing efforts under
difficult and hazardous fiying condition, in lkeeping this srea and the
adjacent inland arcas 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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hmlcopters truck mounted and hand sprayers have b( 16 an integrl
part of the IT CTZ operations against VC/NVA. Tht 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 permivted increased use of supply routes
by friendly units. Aerial surveilianee of enomy areas has improved and
less security forces are required to control arcas of responsibility. An
averall result of tho horbicide program has been to increase friendly
security and to assist in refurning civilinng to GVIN control.”

d. The U.S. Commander in the 111 CTZ related: ‘““Herbicide opera-
tions have contributed significantly o ailied combat operatiens in the
III Corps. Defoliation is an important adjunct to target acquisition.
Acrial photographs can often be taken from which interpreters can
“see the ground” in areas that previously were obscured. Defoliation
also aids visual reconnaissance. USAF FAC's (forward air controliers)
and .S, Army acrial observers have discovered entire VC base camps
in defoliated arcas that had previously 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 destfoyed, even though they may be in enemy hands. There-
fore, commander of the IV Corps area in presenting his evaluation
cited the valuc 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 msters horizontally and nil vertically. The
area was sprayed with approximately 135 galions of herbicide White
and over 90 percent of the area was defoliated. As the result of the
defoliation, an ARVIN battalion was able to remsain overnight in the
area for the first time in five years. Many enemy bunkers were open
to observation. Since {he defoliation, the VC presence has decreased to
the point that only RF/PT forces are now necessary fol iocal security.”

f. As o part of the 1968 evaluation report of herbicide operations,
the U.S. Senior Advisor in the IV Corps Tactical Zone area reported:
“A seetion of National Highway 4 in Phong Dinh Province was the
site for u defoliation operation on 24 June 1968. Since January 1968,
a series of ambushes was conducted against SYN convoys and troop
movemenis. Because of the total inability of ground troops Lo keep
the area clear of VC, this area was sprayed using 685 gallons of herbi-
cide White. The larget area was primarily coconut palm and banana
trees that bad been abandoned by their owners for several years.
Duaring the period of abandonment the vegetation had become so
dense that convey sccurity clements weie not able to see more then
five meters into the underbrush and had to rely on reconnaissance by
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five (o discover the hidden enemy. I'his metnod ol protection haa
proven in( :tive. Three RF/PF companics with U.8. advisers were
used o sceure the target for the helicopter operation it addition to an
ariored cavalry troop. Since the defolistion mission was completed,
convoys have used the highway 2 or 3 fimes a week without attack or
harassmont. Only one RF platoon has remained iy the area to provide
iocal seeurity to the hamiet and highway.”

g. In certain instances, we know the VO have been forced to divert
tacrical units from combat missions to food-procurement operations
and food fransportation iasks, attesting to the effectiveness of the
crop destruction program. In local areas where extensive crop destiue-
tion missions were conducted, VC/NVA defections to GVN increased
as a result of low morale resulting principally from {ood shortages.

The most highly valued item of equipment to field commanders in
Vietnam is the holicopler. There was some question when the heli-
copter 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 equipment to the fullest and have asked for
more is certainiy proof that herbicide operations have been helpful
in protecling the American Soldier and contributing to successful
accomplishment of the ground combat mission.”” {4)

Cost Sharing Programs

The Agricultural Stabilization and Conservation Service of the U.S.
Department of Agricuiture has provided a cost sharing program for
farmers 1 order to encourage desirable farin and conservation prac-
tices. Included in this Agricultural Conservation Program are two
prograins in which 2,4,5-T was used:

1. Control of competitive shrubs on range and pastures.

in 1968, 87 million were paid to farmers who treated 1.9 million
acres. Approximately one-naif of thisland was treated with chemicals,
o substantiai part of which was 2,4,5-T. The remainder was treated
by mechanical means. .

2. Conirol of specified noxious weeds on farmland or biennial weeds on
pasture and range lands.

In 1968, 81.75 million were paid to farmers to treat 700,000 acres.
In some cases 2,4,5-T was used, although in most cases, 2,4-D and
otlier chemicals were employed.

H
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TOXICOLOGY

Summary

Relatively little toxicological information has been "available
on 2,4,5-T. Most of the experiments prior to the National Canecr
Iosticute screening svudy wore of acute, singic-dose or short-term
toxicity. The longest period of observation was 90 days. It was as-
summed (hot unreasonably) that the several phenoxy herbicides be-
haved in similar fashion toxicologically. Hence, an understanding
of aspects of the toxicology of 2,4,5-T was inferred {rom experiments
with 2,4-D. The sampie sizes used in many of the carly toxicity
studles were so small that 1t is difficult to draw statistically valid
inferences. The studics indicated that 2,4,5-T is only moderately
toxic. Relatively little is known about the mechanisms of toxicity
of 2,4,6-T or of its metabolism In man and animals.

The scrcening study of pesticides carried out under contract for
the National Cancer Institute tested the teratogenicity of a number
of compounds, including 2,4,5-T. 2,4,5-T appeared to be teratogenic
in mice and rats. Subsequent studies have confirmed these obser-
vations aud in addition indicated that purified 2,4,5-T containing
less than 1 ppm of the toxic contaminant tetrachlorodibenz-p-dioxin
as weil as 2,4,5-T contaminated with 27 ppm dioxin are teratogenic.
1t has alse been reported that dioxin by itself is teratogenie. Tumor
production by 2,4,5-T was not found.

Accounts of birth defects in defoliated arcas of Vietham 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 huinan
birth defects.

2,4,5-T is classed as a plant hormone sinece, in appropriate amounts,
it accelerates plant growth. The mechanism of the herbicidal effect
is not fuliy understood. However, it is genersliy believed that excess
growth stimulation and herbicidal properties are related. Herbicidal
effccts occur when these materials are used in large doses.
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Toxicological studies on 2,4-D were first rep‘ d in 1944 (8).
However, there were no published reports of toxicological investiga-
tions of 2,4,6-T until 1953. In that year, Drill and Hiratzka -(5)
reported & series of studies of ncute and subacute toxicity of 2,4,5-T
on dogs. The material used was commercially available 2,4,5-T
(presumably the acid) and was administered in capsules mixed in
dog food. The single acute dose ranged from 50-400 mg/kg/. Chronie -
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. Qbserva-
tions and measurements made included determination of the number
of days until death ensued, changes in body weight, general observa-
tions of abvormal physical sighs, gross pathology of organs, and se-
lected 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 somnewhere
between 100 und 400 mg/kg. It was inferred by the author that the
acute L.Dg* 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
days. Repeated daily doses of 10 mg/kg did not prove fatal over a
90-day poried. There were some overt signs of toxicity including
weight loss, stiffness of hind legs, muscular weakness and, occasionally,
blecding from gums.

The Dow Chemical Company, o manufacturer of 2,4,5-T, under-
took a scrics of studies of acute toxicity of this material beginning
around 1950. This serics included a variety of species of animals
and a number ol the various salts and esters of 2,4,5-T and several
of the various formulations. The dotails of these studies have never
been published in the open literature. A number of themn have been
submitted as background material for a petition for the granting of a
tolerance for the herbicide for uses of food crops. Tn 1954, a summary
of some of this work was published by Rowe and Hymas (I7). Table 1
lists the various herbicidai agonts tested.

*LDun-—median lethal dose=the amount of & toxie agent which will be lethal to 50% of the test anlmals
ta which it s administered vader the conditions of the experitnent.
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TABLE‘ ~Herbicidal formulations studied by Bowe and Hymas (I7)

Trade name

Active Ingredients (percent)

24-Tow woed killer {formula 400 .. ...
BEOON S .. iiiaaan
Tstoron 245 {oid formaiation)

Esteron 2458 (pregent fopmulation)
Esteron tenten. .o ovcieenannen..
Digin khor 50-50
Binsh kliler T..
Estoron 76 (used
Egieron 76E (us

water enuisle:
Esteron bruash kilier (old formuiaton) .

Esteron brugh killer {present formulation. .

Furon {was calied 11078}

Dow MCP amine weed killer*

. 65.0 Alkanolamine salis of 2,4.D
. 440 Isopropyi ester of 2, AT
33.3 Tsopropy) ester of 2,4,6-T: 12,1 Mixed amyl esters of

5T
.. 65.3 islono-, di-, tripropyiene glyeol buiyl ether esters of
. ?Oaﬁ;\]gono-, dls, tripropyiene giveol butyl ether esters of

L2590 Butyl estars of 2,4- ") 25.5 Buty] esters of 2,4.6-T
52,3 Butyl esters of 24,5
. 37.1 Isopropyl esters of'z 4-; 39.0 n-Butlyl ester of 2,4-D

. 36.8 Tsopropyl esters of 2,4-13; 38.8 Butyl eslers of 24-D

|7 25.6 Isopropyl esters of 2,3-D; 24.4 Isopropyl esters of 2.4,5-T

'34?4%0110» di-, trlpropylena gixenl butyl ethor esters of
-l33 0¢‘;IoTno- di-, tripropylene givesl Lutyl ether esters of

4. él Meng-, di-, tripropylene glyeol butyl ether esters of
vex

.. 80.1 Aliraniolamine salts of MCP

*zauethyl-Lchilorephonozyseetic acid.

Table 2 presents a summary of the acute oral toxicities of the various

herbicide components.

&)

several co}ximercial fornn;lutions of 2.4,5-T
(Table 3).

and rg¢ od compounds

TapLe 3.—Summary of oral lozicities of a variely of phenozy acelate herbicidal
Jformulations. Rowe and Hymas {I7)

L. sn
L. (19/20 consfidence
Alaterlal Specles Sex Vehigle Hinits)
(ing./kg.)
Hange
2,4-Dow weed killer_.._______._..... Guineapigs... F......... Wader. ..o oL o0 2,000 (1 ORG 3000}
WED
2,4-Dow weed killer (lovmula40y.... Rats._..____.. F_____.... Water.....ooooeeao 850 (milJ‘-x,oum
ange
Bsievon dd_ ... ... ... Rats.. ... ) IR v 11-¥ v | F 650 (30(;{—1.0&!1)
ange
Esteron 245 {00 . ... ...l Rats________.. F__ . __.. Emulsion in waler. . {60 (30.1}_;2,01))
ange
Eateron 245 (hew).. .. ... Rats.o.....o.. Moo Oliveoliol Ll 500 {600-1,000)
Eateron ten-ten____ e Hats. L. ¥ Ollveoil_ ... THO LBE0-FIMD)
Brosh Efler 80-80.____. . ______..... Rats.._._ ..., Foeeenooo. Enuglsion in woter o 507 (700-1,650}
Giuinea pigs... F__.__.._.. Emulsion ln water . 1.]60 {820-1,630}
Mice..o.oo.os Foo.ooo.oo Cornooib. N 00 (624-1,000)
tage
L Undiinted .. ____.. 1,420 (500-2,000}
Undiluted_......... 4,000 (2,706-5.000)

Brush kiiler T . Emulsioti in water. . 1,200 {753-1,850)

Gininca pigs_ Emulsion in water _ 1.410 (875-2,26{0)

TasLE 2.—Acute oral toxicities of various phenoxy acetate herbicidal chemieals.
Rowe and Hymas (I7)

Mice. ........ F Olvegil. oo .. 1,230 (%3%-1,620)
Rabbits_, . L Undijuted._ ..o o0 340 (G4-1,140)
Chicks_ ___._ Undiluted. __..__.... 2,000 {1,350-2,1%60)
LRangn
Brush Killer ¥.......c.cocivnioaien Rats__________ L Comoll... ... TS (50(]&—:1‘.0!1)1
1ge
Brush killer WE..______..____....._ Rats.._.....__ Focivrnoon Cormmoil...._.._.... 300 (?.5%—1,1"001
g
BEsteren Lrush kilieg (0dd) ... Bats. ... Moo.o_... Emulsion in water._ . 1,000 (300-3,000)
Esteron brush Eiller {new). ... . Ralso......... \I and F. - Gomooil. .. 560 (BH-I30)
=+ Cuinen pigs... Mo ... Comioilaa o 1.220 11.040-1,430)
lininea pigs... F....._... Corn ofle.oooenn oo 10D {1.370-1,540)
Rabbits...__.. Mand F_. Cornoll............. 0 (‘i‘(:{l 160
ange
Chicks. ...... Mand F._ Corn ol L 2,000 (1.000-3,0000
EBIS. o oe e accacan Undilated_......... Greatér than 1,000

i X 150 {19/20 con-
Material Species Sex Vahicle fidence limits)
(mg.fkg.)
2,4.5T {2,4,5Trichiovophenoxyacetic acid) .. Rats. ... ... Mecaeenaas Olive olin oo 300 (3018400
Mdee. L ML CHive il 389 {243-GiM
Ciuirea pigs... Mand F.. Qliveail.. 381 (307472}
Chicks. ... Mand F.. QOilveoil.. 310 (211-456)
Rarg
..... i00 (50-250)
2,4,5T, Isopropyl ester. oo amaan 405 {420-584)
449 {362-557)
. 551 {3R0-705)
2,4,5-T, mized butylesters. ................. I-‘.at 481 [313-730)
Range
. Cori 6ilaee.. T2 L3001, 0005
LY (7. FIIIU Comoilillll 040 {67a-1312)
Range
Guinea plgs... Fo....._.. Corneil..._ 750 (B?)U—l. Ll
ange
24,5 T, mixed amylesters_. ... ... .. Rats..........F........ Qiiveoll.... 750 1%?0_1'000)
nge
MOP  (dchloro-o-toloxyacetle acid or 2 Rat.. ceee M 700 {330-1.000)
Mnthyi-t-ciuorophenotyacetic acid), ange
MCP, aminesalt ... ..o ol Rabooeeooao.. M 1,200 %.000-2,000)
ange
. . A Guines pigs... M 1,200 {630-2,000}
slivex, (212,4,5trichiorophenoxy) propionic Rat oMang Fo. 650 }({:ﬂO—TESOI
acid). ange
sllvex, mixed butylesters. . ..o..o. .. GO0 (250-1,000)
Range
B N Trudiiuted. . 750 (500-i,000)
. o Mand F.. Cornoll.f... 1,100 {707-2,000)
siivex, mono-, di-, {ripropylene glycol butyl F o Corn oil..... 621 (473-314)
ether esters.
......... Corn ofl..... 1,250 (500-2,000)
610,%3
P Corn oil..... 1,410 (1.000-2,600)
Chicks........ Mand F.. Coruoil.._.. 1,19G (347-1,6V0)
Rabbits.__.... F._.._.... Undilated.. 819 (610-1,070)
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Rowe and Hymas concluded that the acute LD for 2,4-D, 2.4,5-T,
and their various formulations and combinations fell in the range of
300-1000 mg/kg. There was some varistion among species with dogs
appearing relatively more sensitive than other species of animals.

Military applications of 2,4,5-T as a defoliant have utilized com-
binations of 2,4-D and 2,4,5-T in formulations known us Orange
and Purple. There has been some acute toxicelogical testing of the mix-
ture, Purple, on small animals. Purple contains 50 per cent butyl ester
of 2,4-D, 20 per cent isobuiyl ester of 2,4,5-T and 30 per cent n-butyl
ester of 2,4,5-T. The details of this work have not been published
but have appeared in sununary form in a review. (8) (Tabie 4)
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LTABLE 4—Acule antmal lozicuy of Furple (&)

Dosages (ngikg)
ERat Rabbit Dog

Route Toxicity

L 2 R 7 1 T SR, 566
Tutrapreritoncal . oo o iiaeiaas

Tuteairaeheal . . i aaeana

Fereuioneous.. c.ooueurus

s=approximsation

There have been a few accounts of festing for acute toxicity of
2,4,5-T on domesiic animals (14, 17). These indicated that repeated
doses of 100 mgfkg of 2,4,5-T were tolerated without overt signs of
iliness in sheep and steers. In one instance 1000 mg/kg/day proved
fatal to o steer affer the third day. 500 mg/ke/day provoked signs of
acube toxieity in steers after the third day (17}, The numbers of animals
usced in these studies were very small (single animals in some cases).

It has been assumed by some that the metabolism (and, hence,
toxicity} of 2,4,5-T would resemble that of the other phenoxy acid
herbicides. This is probably a reasonable assumption although it has
not been systematically examined. There have been two recent re-
views of the toxicity of phenoxy acid herbicides (3}, (19). Included in
these reviews are accounts of acute human toxicity of 2,4-D. The
accounts include incidents of excessive occupational exposure, suicidal
efforts, intended oral feeding and parenteral administration as a form
of treatment for coccidicidomycosis From descriptions such as these,
it has been inferred that around 350 to 100 mg/kg of 2,4-D is acutely
toxic to humans. However, there are inconsistencies in this scanty
infermation.

Occupational Experience

Occupational exposures (in the 2,4,5-T manufacturing process)
have provoked Lilness in workers. However these effects have been
attributed to the dioxin impurity (tetrachlorodibenz-p-dioxin). (See
Section III, Chemistry). The toxicity of this impurity is considered
later In this section.

National Cancer Institute Screening Study for Carcinogenesis and
Teratogenesis 2

In 1964, the National Cancer Institute contracted for a sereening
study of a number of pesticides. Among the purposes of this large
scale examination was to determine whether compounds in common use
might be tumorigenie, or teratogenic or mutagenic (12). The results of
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The results of testing for teratogenesis with 2,4,5-’1‘ ve been ana-
lyzed and summarized by Courtney et al (2).

Screening for tumorigenicity was performed on two hybrid strains
of mice. The materials, which were from commercial lots, were given
by single subcutaneous injection or by continuous oral feeding. For
cach dose and each strain, 18 animals of each sex were used. Oral feed-
ing was started when the animals were seven days old and was contin- -
wed for 18 months. The dose chosen corresponded to a maximal
tolerated dose. This was the experimentally determined maximum
level resulting in zero mortality for 19 daily doses. The dose of 2,4,5-T
used in the oral feeding studies was 21.5 mg/kg. Of the 72 mice which
started the study, 12 died or were cannibalized before the end of the
18 months. Of those surviving, nine animals exhibited tumors, Of the
total number neeropsied (survivors plus premature deaths}, 12 nmmals
exhibited tumors. These included 4 reticulum cell sarcomas, 2 pul-
monary adenomas, 5 heptomas, and 1 benign caleifying epithelioma.

These results were compared with the tumor incidence in a group
of untreated control animals and in a group of animals treated with
known tumorigens. 2,4,5-T was not found to provoke a significant
increase in tumors after chronic adininistration.

In addition to 2,4,5-T, several related phenoxy compounds were
also screened for tumeor production. These compounds inciuded:

2,4-D

2,4-D isopropyl ester

2,4-D butyl ester

2,4-D isooctyl ester

a-(2, 4-dichlorophenoxy) propionic acid
a-(2, 5-dichiorophenoxy) propionic acid
a-(2, 4, 5-trichlorophenoxy) propionic acid

Three of these compounds administered by the subcutaneous route
{a-(2,4-dichlorophenoxy) propionic acid; a~(2,4,5-trichlorophenoxy)
propionic acid; aud 2,4-D isopropyl ester] elicited nit increase in tumor
incidence in comparison with negative controls but the statistical sig-
nificance was less than 0.02.

Screening for teratogenic effects was performed on four strains of
mice and, in the case of 2,4,5-T, on one strain of rats. 2,4,5-T was
one of 53 compounds examined in this study. Other related agents
included wers:

2,4-D

2,4-D isopropyl ester
2,4-D butyl ester
2,4-D isooctyl ester
2,4-D methy] ester
2,4-D ethyl ester
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2,4-dff >rophenol
2,4,5-trichilorophenol
2,4,6-trichorophenol

Coinpounds were administered subeutaneously in soiution of
dimethyl sulfoxide in maximally tolerated doses tp pregnant female
animals. Aaministration occwrred between the 6th and the 14th days
of gesiation in mice. The animais were sacrificed on the 18th day
and the fetuses were examined for abnormalities. With the finding
of apparent increase in birth aefects, the experimenfs were repeated
with oral administration of the agents. Because of the finding of an
increase in birth defects in the case of 2,4,5-T, this compound was
studied more intensively (wider range of doses and two species of
animais).

Evaluation compared the influence of these chemicals on the
totai incidence of birth defect. In addition, a further analysis attempied
‘o reduce the interlitier statistical influences by calculating the
incidence of birth defects on a litter-by-litter basis (2}

2,4,5-T was tested in the C57BL/6 and AKR strains of mice,
and in & hybrid strain produced by mating C57BL/6 females with AKR
males. Three dosage levels {21.5, 46.4, and 113.0 mg/kg) were used
oraliy aud by injection. Numbers of litters varied from 6 to 18 in the
experimential snimals (6 to 12 in the orally fed animals). Three different
patterns of dosage and sacrifice were used (dosage during days 6-14,
6-15, and 9-17). The findings from this set of experiments were in-
creases In incidence of fetuses with cleft palate and fetuses with cystic
kidney when compared to controls. There was also an indication of a
dose-response relationship. Table §, reproduced from Courtney, ef al,
{2) summarizes the findings. The numbers in the columns representing
the percentages of abnormai fetuses per litter were derived by aver-
aging the percentages of abnormalities per litter for each dosage.

Because of these results, an additional series of experiments was
conducted in Sprague-Dawley rats. Four dosage levels were used
(4.6, 10.0, and 21.5 and 46.4 mg/kg). Two types of fetal abnormalities
were recognized, cystic kidney and enlarged renal pelvis. Courtney
at al, (2) in reviewing these experiments, anaiyzed the results on the
basis of abinormalities per litter. In reducing the sample size from the
total number of fetuses to the total number of litlers, these authors
felt that the resulting sample size for the 21.5 mg/kg dosage was too
small and, hence, deleted the data for this dose. Table 6 is a summary
of these data.

The inferences which have been drawn from these experiments
are that 2,4,5-T appears to provoke & higher than expected level
of fetal death and fetal abnormality in rats and mice in the dosages
used. Further, there appeared to be a suggestion of a dose-response
reiationship over the range of doses used.

a4

Comments of the screening study contracted for by ghe National .
Cancer Instituie have already been published (18). . Tollowing
observations by the Panel are concerned with the portion of this
study in which the teratogenic potentinl of 2,4,5-T was tested, -

1. The study involved a great number of variations in proceduro
{strain of mice used, dates when tests were performed, and routes of
administration). These wvariations make the task of evaluation
difficult.

2. Too few animals and litters of aninuls were used. Since biological
variability is cousiderable, the sample size must be adequately large
to demonstrate specifie effects of the cheinical agents in question. At
least 10 pregnant females to assure at least 100 conceptions is sug-
gested. The Food and Drug Administation suggests 20 females per
test group.

3. There appears to be an unusually high level of embryo lethaliiy
and teratogenicity ameng untreated and vehicle-treated groups.
Either the experimental conditions were less than optimal or the
strain of antmals was developmentally unstable.

4. The strain of mouse most often used (C57BL/6) appeared to
have had uudesirable traits as a test animal, being variably and
uncertainly responsive to the substance being tested. A reasonably
homogeneous, colony-bred stock which has been maintained in the
laboratory long enough for the investigator to have accumnulated sub-
stantial background data on fecundity, spontaneous malformation and
intrauterine death rates is generally regarded as preferabie_to inbred
stocks for teratological testing,
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( . Felal Ab-  Prreentage of
. Liva  mortal- Alw normal fetnses pr
A Tose Litters fetnses ity per normal  {etuses litter with:
Cowpornd Vehicle Ong/kg) (No.) perlitter ltter  litters per litter ———————
{av.No.) (per- {per- (per- -+ Clelt Cruvstic
cent) cent) cent) palate kidney

CSTBL/S strain treated days 6 to 14 |

Nome . None.... 2 53 26 35 il <1 1
.- DIMSED "} 104 3 ] 47 12 <1l 4
- Honeyo. oo M 32 w1 15 41 14 0 i
- PDMEOLL. 21,3 0 .7 50 i2 a
. PMS0.. L. 1. 0 1] 4.4 4’ 66 a7 122 141
.- Honey__._ 46, 4 G 8] K 1100 87 2 33
. Honey____ 1.0 12 4.3 47 1100 170 123 48

CHTBL/6 straln treated days 0 to 17

Nonteeated....... Neoaweo_.... I\om'.. . 8 &l 36 ¥l al 1] 7
Contvol..._...__.. DMBO.. ] i 6.1 23 30 3 G 0
24.5T (... .. DMBO_, 113.0 10 1 1 1100 177 25 160
AKR strain trested days 6 10 15
Nentreated. ... Noogo..... Nont.... 55 7.1 16 in 5 <1 <1
Control . DAMSO.... ) T2 6.0 15 24 4 <1 <1
*} iz 85 ] ] 0 0 0
115.0 14 i) 23 71 % 128 L
113.0 7 53 2 1100 59 ] "]

'Dose 100 pl per amouse,
l
P 05,

TaBLe 6.—Teralogente evaluation of £,4,5-T in rais

Percent of feluses
. Average Percent Pereent Pereent  per liuter with:
Compenid Veilcie ose No.of No.live  fetal abnors  abnor-
(ng/kg) littere  fatusesf mortat- mal mal  Erwrped Cystic
licter  ltyfiitter litters fatuses/ renai  kidney
Litker pelvis

Nontreated. ... ol T T o9 il 43 9 1 1]
Cantrol,. ... .. Llowey.... * 14 8.7 i &7 12 33 <l
45T - Iioney.... 4.6 B 8.2 12 83 >34 1l 2i
PR R, .- loney. ... 10.9 ¥ 7.1 ] &6 **46 i7 30
24,50 ... Hleneyo ... 46,4 G 7 RS0 67 460 27 §43

200 uifrat {2,

"*Siutistical Bignifeance Lovei=0.05.

***Statisticn Significance Level=0.01.

§The sample size was possibly too 2mall to show o significant difference.

5. 1t 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
that occur spontaneously or after treatment in rodent species. Hardly
o strain that has been carefully studied in properly cleared and
stained specimens has failed to show vertebral and fib variations.

6. There were some known teratogens used in these experiments
{trypan blue, 6-aminonicotinamide). It is puzziing to find that these
agents failed to produce significant teratogenic and embryo-lethal
cffects consistantiy. This raises questions about the precision with
which these teratogenicity tests were performed.
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mice treated with 2,4,6-T at 113 mg/kg via either 0( 5 two routes
of administration. In rats, 2,4,5-T appeared only cquivocally
teratogenic at any dosage but clearly embryo-lethal from 10.0-46.4
mg/kg.

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

Reports of Birth Defects Among Humans Following Exposure to
2|4,5‘T

Shortly after the report of the teratogenesis screening in expeti-
mental animals of pesticides, there appeared a series of articles in
the lay press which deseribed the occurrence of birth defects in parts
of Vietnam where defoliants had been used. These articlos appeared
in at least six different newspapers in South Vietnam between June 26
and July 5, 1969. Both congenital abnormalities and hydatid moles*
were described. Translations of the articles have aliuded to the
possibility that defoliants might be responsible for these defects.
The unphcatlon was offered that these abnormalities had increased
in frequeticy 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 n close relative
was a toxic constitutent in chicken feed and because it has caused
chloracne, a severc skin disease, among workers engaged in the
manufacture of 2,4,5-T

The dioxin impurity has sssumed a further importance as an
impurity in commercially available 2,4,5-T. With the observation
that production lots of 2,4,5-T containing approximateiy 27 ppm
dioxin could be teratogenie, it became important to ascertain whether
it was 2,4,5-T itself or some impurity which was the teratogen. Kecent
experiments at the National Institute of Environmental Health
Services indicate that pariially purified 2,4,5-T (<0.1 ppm tetrs-
chlorodibenzo-p-dioxin) shows teratogenic activity in the mouse. Pure
tetrachlorodibenzo-p-dioxin shows teratogenic activity aiso, but not
at low enough doses to account for the activity of the partiaily 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 pregnancy which invoives the placenia snd the membranes surrounding $he fetns.}
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is exnmi[ T in relation fo the experimental observation of the
teratogenM properties of 2,4,5-T. Secondly, data on the toxicity of
this material are presented.

In March 1949, an accident occurred at a 2,4,5-T plant owned by
the Monsanto Chemical Company which led to tha release of some of
the intormediate chemicals inte the plant. As a fesult, 117 cases of a
severe skin disease known as chloracne were found among the exposed
workers. Clloracne is characterized by comedones, blackbeads,
inclusion cysts, and pusiules with eventual scarring over the neck,
back, and chest. In addition to the cases which were traced to the
accident, o number of other clinical cases of chloracne were recognized
amoug workers in the 2,4,5-T plant who were not in the vicinity of
the accident. (10) Kimmig and Schulz (/1) reported in 1957 that
chioracne ocenrred among workers engaged in the manufacture of
2,4,5-T in Germany. These authors demonstrated that the agent
responsible for chloracne was tetrachloredioxin. In 1964, the demand
for 2,4,5-T in the United States began to rise mainly due to its
mcreasing use as a defoliant in Vietnam. A greater demand was
piaced on each of the domestic manufacturers to produce more
herbicide. Coincident with the increased production was the discovery
of chioracne among some 60 2,4,5-T workers. {7) The Dow Chemicai
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 teraperature
and pressure of tho early reaction steps. The Dow Chemical Company
maae its indings known to the other domestic manufacturers. Looking
back i§ is evident that dioxin levels varied widely among commercial
2,4,5-T sampies, as scen in Table 4 of Section 1I1. Rigorous control is
10w excrcised to reduce dioxin Jevels in the final product to less than

1 ppm.

A recent review of occupational disease attributed to dioxin has
becn prepared by Poland ¢t @l (18). These authors studied 73 male
einployees in u 2,4,5-T fuctory, some of whom had been observed
six years proviously by Bleiberg (I) who then noted the prevalence
of chloruene. Poland ot al (13) niso found chloracne winong the samo
population although cstimates of exposures were not made. Poland
atiributed tho chloracue to the diexin impurity. They also examined
the prevalence of a type of porphyria, thought to be toxic in origin,
kiuown as porphyria cutanea tarda (elevated urinary porphyriu
excretion, skin fragility and vesicular eruptions). Uroporphyrinuria
lind been noted during the carly visit to the plant by Bleiberg (f)
but it was not found during the later study. Elevated urinary copro-
porphyrin jevels were noted, however, but there appeared to be no
correlation with the severity or presence of chloracne (I, 15). The
inter series of observations found much of the chloracne still remaining
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the dioxin impurity but the origin of the porphyria € . less certain.

In order to measure the toxicity of the dioxin impurity, the Dow
Chemical Company undertook a serics of acute toxicity 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 doscs. The number surviving and the time of death were
noted. The animals used were male rats, female rats and female
guinea pigs. Table 7 gives the resulis of these experiments:

TasLe 7.—S8inglc-dose oral loxicily of dioxzin (15)

Bpecies LDs

pee me/kg

LI Y U PP OREEUP | 4§ .4
ey Y L X P PP PSP 0. 43
Female guinea Pl oo ov o s 0. D00

With this background in mind, the purity of the 2,4,5-T material
used in the Nationai Cancer Institute screening study assumed a
new importance. A sample of this material was submitted to chemical
analysis by gas chromatography. The result was the finding of 27+
8 ppm of dioxin.

Testing for Teratogenicity

The study of teratogenic effects 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 ure a
number of other types of biologic testing. There are large numbers
of agents known to be teratogenic to animals. In fact, it has been
held that virtually any material is potentially teratogenic if admin-
istered in an appropriate dose at the critical time in gestation. In-
torestingly, however, ouly a fow chemicals have been recognized as
human teratogens.

Iu general, an embryo-toxic dose of & material is separated from
a maternal toxic dose by u small margin (perhaps no more than a
factor of 10). Only slightly below the embryo-lethai or toxic dose
is o no-effect dose (separated, porhaps, by a factor of 2). Between
the highest Ievel which has no effect on the developing fetus and the
embtyo toxic level is a steep dose-response relationship. In testing
for teratogeanicity, the lowest dose on the dose-response curve {thresh-
old for any embryo toxicity) is identified. All doses below this level
are, by definition, no effect doses. By nccepting an extra margin of
safety below this dose (a factor of 1/10-1/100), reasonable freedom
from teratogenic effects can be predictod.

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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appears to X + function, in turn, of the persisience of the material
i tho matet.al circulation. Thus, in order to extrapolate animal
findings to humans, the animal must be “calibrated” to humans for
cach chemicel agent. That is, the rate of disappearance of the agent
from the animal circulation must be compared quantitatively to that
in humans. As a first approximation, corresponding doses in mg/kg
would be taken as proportional to the blood clearance rates for the
two spedies.

These principies make possible the design of testing procedures for
reproductive défects caused by chemical substances. The scheme
deseribed is of a general nature but can be applied to 2,4,5-T. The
first step involves determination of the chemical nuture of the material
in question. Secondly, animai studies should be done to establish
embryotoxic levels. In the case of 2,4,5-T, some additional studies
have boen carried out to confirm the resulis of the National Cancer
Institule scroening study. In addition, studies should be undertaken
on pure 2,4,5-T and on its various impurities to identify the teratogenie
agent or agents. Hybrid strains of animals should be used rather than
highly inbred strains. At least two animal species should be used.
Preferably strains of colony or random bred rats and mice shouid be
used which have boen maintained in the laboratory long enough for
the investigator to have sccnmulated substantial background data on
fecundity, spontancous malformations and intrauterine death rates.

By careful testing, using a small series of doses, & TD;, dose (that
dose which will cause teratogenesis in 50 percent of fetuses) can be
ascertained. At the low end of the dose-response curve is found,
presumably, a threshold dose below which no detectable teratogenic
effccts would be expected. Actual experimentation locates TD ,..5
at which teratogenicity oceurs in only a few percent of all fetuses.

The next step is to compare the expected human exposure with the
animai TD pen. If these differ by as much as a factor of 100, it would
seemn reasonabic to consider the material safe with regard to terato-
genesis. If tho difference between the human exposure and the animal
T meu s as little as a factor of 10, the margin probably is insufficient.
Between 100 and 10 lies a certain amount of flexibility for further
action. Finally, in order to extrapolate the snimal data to human
experience, rates of excretion and detoxification in animals and humans
should be compared.

Summary of Recent Experiments *

Foliowing analysis of the results of the sereening study carried out
for the National Cancer Institute, it was felt that confirmatory studies
should be undertaken. Two sets of experimonts were begun inde-
pendently by the Dow Chemical Company and by the National
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wriling, some of these experiments have been compl . and the
results have been reported.

1. Dow experiments.

2,4,5-T (containing £1.0 ppm dioxin} was administered orally to
pregnant Sprague-Dawloy rais on days 6-15 of gestation. (8) The
doses used were 1, 3, 6, 12, and 24 mg/Kg/day. The 2,4,5-T was
admitiistered in 0.25% Methocel®. The resulls were corapared with
those obtained from conirols which received the vehicle only.

No clinical or gross pathologic signs of adverse effect were observed
i heated {emales during the period of treatment. Litter size, number
of fetal resorptions and birth weights appeared to be unaffected.
Furtheimore, there was no increase in the incidence of birth defects
compared to control animals.

In a related study by tlic Dow Chemical Company on the terato-
genicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (4), this material, in
pure form, was administered to pregnant Sprague-Dawley rats. The
doses used ranged from 0.03 to 8.0 mg/kg/day. Between 0.125 a:}d
0.5 mg/kg, intestinal hemorrhages were seen in the fetuses. Dioxin
was very embryolethal at the highest dosages (2.0 and 8.0 mg/kg).

2. NIEHS experiments, .

The National Institute of Environmental Health Sciences under-
took a series of experiments in which 2,4,5-T (containing various
amounts of dioxin imnpurity) was administered to pregnant mice and
rats (I13). Three strains of mice were used (1 random bred and 2 in-
bred stains) and a random bred strain of rais. Four different lots of
2,4,5-T were employed:

a. “Eastman Organic”—contained 2 1.0 ppm dioxin.

b, “Dow Technical”—contained Z 0.5 ppm dioxin.

c. “Dow Pure”—contained 2 0.1 ppm dicxin.

d. 2,4,5-T samples used in the original tests performed for the
National Cancer Institute-—containing about 27 ppm dioxin. o

In addition, pure 2,3,7,8-tetrachlorodibenzo-p-dioxin was adminis-
tered to a series of mice and rats. ‘

These materials were tested in various dosages in mice by injeqt—lon
in dimethyl sulfoxide (DMSQ). In the random bred (Charles River}
mice, the dosage schedule for 2,4,5-T covered the range of 50-150
mg/kg/day. In the other strains of mice, a narrower range of doses
was tested, In rats, the dosage range was 10.0-21.5 mg/kg/day and
here the material was administered orally in sucrose. Pure dioxin
was administered subeutaneously in DMSO in rats and mice (1 and
3 mg/kg/day i mice and 0.5 and 2 mg/kg in rats). o

In mice, both 2,4,5-T (in the purest form available} and dioxin
produced birth defects and increased fetal toxicity. The birt.h_de'fccts
were qualitatively similar to those seen previously in the National
Cancer Institute screening study and included cleft palates and
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Peidl GRieG T LN rats renai defects and excess fetaui mortaiity were
scen but si .ed to be rejated 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 orai intubation to pregnant hamsters on day 6 through 10 of
organogencsis. Embryos were removed by caesarian scctlon on day
14 of pregnancy. Samples of 2,4,5-T tested were:

1. “Dow Technical’-—contained = 0.3 ppm dioxin.

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

¢. “Dow Pure’—contained = 0.1 ppm dioxin.

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

e, Alonsanto NL-07-020—contained 2.9 ppm dioxin.

{7 & K sample—coutained about 45 ppm dioxin.

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

in additien pure 2,3,78-tetracolorodibenzo-p-dioxin (Dow) was
administered to hamsters.

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

The pure tetradioxin produced increased fetal toxicity at .31 and
1.43 pgixg and gastric andjor intestinal hemorrhages at the lowest
dose, 0.02 ug/kg.
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RES%DUES OF 2,4,5-T
IN THE SNVIRONMENT

Summary

2,4,5-1 residues disappesar from soil with moderate speed, probably
whirough action of microorganisms, persisting as long as three months.
During this period they are potentially available for transport to
non-target aress.

It appears unlikely that residues from recommended applications
of 2,4,5-T could appear in hazardous qguantities in water. Typical
applications are to forested sreas or those infested by weeds where
most of the herbicide appears to be intercepted by the plants. Resi-
dues do not seem to persist in water, however, they do remain longer
in bottom sediments.

Residues from rangeland snd pasture applications may find their
way into cattle permitted to graze soon after spraying. Cattle excrete
the intact herbicide rapidly but 2,4,5-T residues have cccasionaily
been found in meat and dairy products. Aithough the residue levels
are low, they dictate caution about pasturing soon after rangeland
ireatmendt.

The rate of application of 2,4,5-T in Vietnam is 13 ibs. of the butyl
ester per acre (26 lbs. of Orange per acre). This rate is about 2-6
times as high as that used on rangelands domestically, Moreover,
much larger areas are treated in Vietnam. Orange is not used on food
crops but on forests. Hence, human exposure to contaminated food
crops would be unlikely. If, during the vuinerable period of gestation,
all a pregnant mother’s food came from locations treated with Orange
at 26 ibs/acre within the preceding week or so, the daily dose of 2,4,5-T
might conceivably reach 15 mg/kg/day, which by comparisen to some
anima} data might prove to be embryotoxic. Such estimates are based
On & very extreme, worst-case calculation,

Residues of 2,4,5-T resuiting from recommended uses in the
United States

The herbicide 2,4,5-T is applied for weed control to a relatively few
crops. However, it is used more extensively for control of weeds in
rangelands and pastures, non-cropiands and aqusatic areas {Tabie 1).
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muny o the chlounated hydrocarbon msectlcldes( ‘evertheless, ils
use at rates of recoramended application results in measurable levels
of residue in soils, water, air, plants, and animals which persist for
relatively short periods of time after application. The potential effects
of such residues on the health of man and other animais have been
little studied and are poorly understood. Data available suggest that

residues resulting from recommended rates of applicution are not of .

sufficient magnitude to justilv concern as potential health hazards.
Unfortunately, most of the toxicity studies conducted thus fur have
been relatively short-termed and of value for determining acutely
toxic doses only. Substantial amounts of data are available of the sort
reported by Paimer and Badeleff (14). Data from such studies indi-
cate that 2,4,5-T is not acutely hazardous for cattle, sheep, and
chickens when applied at recommended rates. They considered rates
of application above 30 pounds per acre to be hazardous.

Recent concern over the possible adverse effects of iong-term expo-
sure {o relatively small amounts of 2,4,5-T as vesidues in food, feed,
and water makes it desirable to review the information available on
levels and persistence of such residues.

I. Soils—The possibility of residual toxicity to crops grown on soils
treated with 2,4,5-1 lias emphasized the need for information on the
levels of residucs resulting from various rates of application and their
persistence. Substantial amounts of data have been accunuilated on
these points and there s relatively good agreement in results of most
studies. Taking into account differences in soil type, temperature, and
moisture and the phenomenon of bacterial proliferation in response
to a new substrate, it appeurs that 2,4,5-T residues in soils may per-
sist for as long as three months. The persistency of residues seems {o be
independent of the rate of application.

Tabie 1.—Some examples of domestic uses of 2,4,5-T for control of weeds. {Sug-
gested gutde for weed control, 1969). U.8.D.A. Agricuiture Handbook Ne. 332

Rate of
Crop or area . applicatlon,
pounds per A

Bugarcane. . .
Grasses grown Tor seed. .

Riee ...
Permanent pwasturcs and rangoland%

Non-cropland, rights-oi-way, Noodway: s' ditehbanks, fance rows, snd industrial sites ..o
Aqustic weeds.

=]

Ll bt o
=
LZEG'—'

seanuo

Laboratory studies suggest that breakdown of 2,4,5-T residues in
soils resuit from the action of micreorganisms which are capable of
using these chemicals as sources of energy and carbon. Two species
have been reported to use 2,4,5-T as a source for energy and carbon.
{f) The microbioclogical degradation of the phenoxyacetic acid her-
bicides in the forest floor material probably resembles that in soils. (13)
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2,4,5-T g~mainea after 4 monihs, The relatively rapid degradation of
residucf . phenoxyacetic acid herbicides in the soil makes it uniikely
that there will bs any accumulation of 2,4,5-T from one season to the
next. Rates of removal {rom soils by plants and invertebrates are
uncertain,

A mumujor concern about residues of persistent pesticides is that
they do not slways stay in the target area. The fact that residues of
2,4,5-T may remain in the soil for periods of three months, or more,
makes it subject to transport to non-target areas. Soil particles con-
taminated with 2,4,5-T may be transported by wind or water to
areas far removed from the site of application. The extent to which
this ogcurs seems to have received iittle or no attention.

The choice among esters is often influenced by such considerations
as reduced volatility (which may reduce spreading to non-target
plants), slowrness of hiydroiysis, and avoidsnce of crystallization after
tho vehicle has evaporated.

Experiments on leaching of 2,4,5-T products and vehicles suggoest
that anine salts are ieached more rapidly than the free acid (8).

2, Water—Residues of pesticides in water are of concern because of
thie possibility of thelr getting into drinking water for man and other
animals, of their potentiai adverse effecis on aquatic organisms, and
of the polential adverse effect on sensitive crop plants of irrigation

water contaminated with these chemicals. Contamination of surface

waters with herbicide residues is a matter of special concern since
surface water provides most municipal water supplies. Nearly ail of
the water for livestock and other animals is supplied from surface
witer,

Since nearly 100 miilion acres of land ave treated with herbicides in
the United States each year, about 3 miilion acres of which are forest
or rangelands, 1t is inevitable that substantial contamination of surface
wufers occurs. However, most of the contaminstion is indirect as a
resuit of drift from target areas,

The manner in which contamination occurs, whether from driit or
from direct application, determines the level of residues deposited.
In applications made to forested areas or to bodies of water heavily
infestea by weeds extending above the water, much of the toal amount
of herbicide applied will not reach the water directly. As much as
88 porcent of the total amount applied may be intercepted by such
plant covers as liveosk which are much less dense than those of water
hyacinth or alligator weed. (16) There appears to beflittle information
available on the possibility of future release to water of residues in
plants.

Streams in forests in Oregon sprayed with 2,4,5-T or mixtures of
2,4,5-T and 2,4-D in a 1:1 ratio at the rate of 2 pounds per acre showed
aximum residues of 70 ppb which disappeared within 17 days. {15)
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of weeds in permanent pastures snd rangelands n{ aquatic spedies,
2,4,5-T residues would not be substantial even at tite maximum levels
that could be expected. For example, 8 pounds of herbicide per acie ap-
plied to a body of water 3 inches deep would result in residues of only 12
pim, Table 2. An animal drinking from even such an unusualiy shallow
source could not get a dose that would be expected to cause chronic
toxicity. For example, & cow weighing 500 kg may be expected to drink.
as much as 50 L. of water per day during the warm seasons of the year
which would resuit in the ingestion of about 1.2 mg/kg/day. How-
ever, a more reslistic example could be expected from applications of -
2,4,5-T to rangelands at 4 pounds per acre. Treatment of a body of
water one foot deep at this rate would result in residues of only 1.5
mg/l. A 500- kg cow drinking from such a source could get no more
than 0.15 mg/kg/day.

Adverse effects of residues of 2,4,5-T on aquatic species such as fish
and some of the bottom dwelling invertebrates might be expected from
the heavier recommended uses of this herbicide to shallow bodies of
water. For example, 24-hr. LCyu* for bluegill is 1.4 ppm for the bu-
toxyethanol ester of 2,4,5-T (see table 1 on page 67). Concentra-
tions higher than this would result from the direct application of 4
pounds per acre to bodies of water no more than 6 in. deep.

TABLE 2.—Estimaled marimum level {(mg.fl) of residues of 2,4,6-T ai various
rates of application lo bodies of water ranging from 3 inches lo 10 feel in deplh.

Rates of appiication, pounds per A

Depth of Water

i 2 4 [} 20 2 8¢ 100

L& 3.0 6.0 9.0 30,0 a0 1200 1500
.75 L5 30 4.50 159 10.50 60.0 75.4
m3% % LS 225 LB 47 Jna 37. 50
019 035 0.7F  L13 AT 4R 150 1875
013 22 0 075 25 3.2 10 12. 5¢
Log o 000 0,38 0.5 L& 24 TS0 233
008 0I5 030 045 1.5 L8 GO0 7. 50
0.06 . 0.13 &2 9.3 L2 1.6 500 ©.25
05 011 e 6.3 L0700 L3 4D 536
05 00 015 028 O L322 AVS 4.69
.M 008 037 0.25 0.8 108 333 4,17
0086 008 013 23 075 09 300 3.75

There appears to be little likelihood of 2,4,5-T appearing in hazard-
ous quantities in ground water or drainage channels from local applica-
tiens. Brown and Nishoka {3) reported that 2,4,5-T was not detectable
in samples of water-suspended sediment mixtures from 11 streams in
the western United States.

However, a subsequent study of the same streams ({1} making use
of improved techniques showed 28 of 235 samples taken from 17 rivers
during 1966-68 to be positive for 2,4,5-T residues. Twenty-one of these
m lethal concentration af a toxicent, typically placed in the ambient environment of the

organisms whose survlval is measared. Lisually, the environment in guestion Iz aquatie. The termns, LDw
and LCw, may be used interchangeable for aquetic organisms.
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the sevi amples taken from the latter were positive. The amount of
residuesh . und was extremely small, ranging from 0.01 to 0.07 ppb.
Samples were taken uniformly throughout the year and there appeared
to be littie effect of season on incidence or levels of 2,4,5-T residues.

Samples wore analyzed as received with no effort made to separate
water and sediments. It is possible that a high percenitage of the resi-
dues was contained in the sediment since there is evidence that phe-
noxyacetic acid herbicide residues persist longer in sediments than in
water. In either case, these data provide strong evidence that residues
of 2,4,5-T in water which resuit from use of the herbicide in this country
are nol hazardous. -

3. Plants—The levels of residues of 2,4,5-T in plants have received
much less attention than has been devoted to insecticide residues, The
comparatively short residual life of this madlerial together with the
fact that it is usunlly applied several weeks, or even months, in advanee
of harvesting dates, has allowed it to be used in most cases without,
danger of significant residues in the harvested produet. However, it is
recommended for control of weeds in permanent pastures and range-
lunds at rates which result in significant Jevels of residues that have
been reported to persist, under some eonditions, {or as long as 6 weeks,
T'able 3. However, there hius been relatively good agreement in results
obtained by various workers who have reported on persistence of
resicues of 2,4,5-T applied to forage grasses in rangelands and pastures,
The data of Morton, et al. {12) indicate levels in pasture grasses rang-
ing from 10 to 32 ppm after about one month which agrees reagsonably
weil with the 7 ppm reported by Baur, ef al. (2) in range forage grasses.

TaBLE 3.—Rale of disappearance of 2,4,5-T residues from various fypes of forage
crops. Eslimaled from semi-logarithmic plots tn Figures 1-4. (1)

Conecentration, ppm {2,4,5T)

No. days frem treatment 2 pounds

Der A bu- 2 pounds 1 pound
wxy%tél;yl- per A acid  per A winine
o8

i 8§
1 6
il :’:

2 8
¢ 7 3
6 3
5 b
4 2
3 2
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2,4,5-T at 2 ibsfacre, and appreciable guantities ietimes persist
for as long as 3 wecks. This suggests that beel cattle permitied to
graze pastures or rabgelands immedintely after treatment, or that
diary cattle permitted to graze such areas 7 days alter application at
maximum rates recommended, may be exposed to desages that are too
high for safety (Table 4}. Estimates of the levels of residues that tuight

oceur in forage grasses treated at higher rates indicate u possibility of -

transfer of residues to miik and even chronic toxicity {(Table 4).
However, the fact that no evidence of toxic effecis hns been reported

and that residues of 2,4,5-T have been rarely found, and even when '

found have been at very low leveis in dairy products that have been
analyzed by FDA in total dict studies, argues against the probability
that residues of this herbicide in lorage crops pose any significant
hazard.

Tawvni 4.—Estimated rales of diseppearance of 2,4,5-T residues from forage ircaied
at different raics with corresponding mazimum amounts of herbicide thai might
be ingesled by caltle pasturcd on ferage ircated at the rales indicated.

2,4,5T butoxyethylester

No. weeks after treatinent, 2iosfA v 41bsiA e
mg/Rg in  mgikgiday 4 mgikg in  pfEeiday 4
forage ngested forage ingested

300 25 L] 50
130 11 260 22
i) 6 140 12
55 . 4 10 8
45 4 L) ]
32 3 64 6
20 2 4G 4
iz 1 e ) 2
7 ¢4 14 1.2

= Withiin 30 min. of treatment., .

» Fatimated (rom semilogaritinuic piols of graph in Table 2. (18)

¢ Bitrapolated from » nsing maxbmum rates of 2,4,5T recommended for permanent pastures and range-
lands in Agriculiure Haidbook No. 332, 1960,

4 Assuming a 500 kg cow ealing 45 kg (orage per day.

4. Animals—Residues of 2,4,5-T in animals, as in plants, have
received much less attention than some of the fat soluble, long-
persisting organochlorine insecticides. The residues that occur {rom
ingestion of the phenoxy herbicides are eliminated rapidly and there
is evidence that accumulation occurs in only a few species. Erne {6)
in one of the most thorough studies of the distribution and elimination
of 2,4,5-T reported that it was readily absorbed and distributed com-
pletely in the body. He found that it was eliminated rapidly. Plasina
half-life values from single oral doses of 100 mg/kg of the amine salt
to male rats and pigs were 3 and 10 hours, respectively. Highest
levels of residues were found in the kidney, liver, lungs, and spleen
with levels sometimes exceeding plasma levels. There was little
evidence of penctration into the brain or adipese tissues. The main

59




excrelory FONLC WLS Lhe AAdaney. Lis dais LFJ SLOWILE Weak Dul
“cortain” ‘ ‘ein binding oi 2,4-D suggest that this may aiso occur
with 2,4,5-T.

5. Tood and feed—Results of studies of pesticide chemical residues
in toial diet samples by the Food and Drug Administration during
the period 1964-68 provide convincing covidence that 2,4,5-T residues
ave 1ot a significant health hazard in food in the United States. During
this 5-yeur period 30 compositc samples of abous 82 food items each have
boen collected each year from retail markets in 25 or more cities.
Bach composite sample, representing a 2-week diet for a 16- to 19-
vear-old made, is analyzed by muitiresidue methods for more than 60
chlorvinated organic and organophosphorus insecticides and for herbi-
cides, carbamates, and sciecied inorganic chemical residues. Exami-
nalion of these sampies is carried out at lovels of sensitivity much
lower than those normaily used for produets tested for compliance
with tolerances.

Data reported for the period June 1967-April 1968 (4) show inci-
dence and leveis of 2,4,5-T residues that are typical. Only one sample
of diary products was contaminated. About 2 percent of diary products
and 1 percent of meat, fisk, 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 oniy in foods
of animasl 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 (§) summarized the results of sampling for
herbicide vesidues in prepared food from the totat disl studies over
a period of four years. From these studies, they estimated the likely
dietary intake of all of the herbicides searched for to below:

Estimated
Year distary
intake

(mg/kg/day)

1655, ..

. 0.0032

- 0. 0022
0, D005
D. D006

Since 2,4,5-T rosidues are only a smali percentage of theso total
herbicide residues found in {oods it seems safe to conclude that there
is little likeiinood of exposure from this source. 4

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

All the available evidenee indicates that 2/4-D and 2,4,5-T behave
similarly in animals with respect to absorption, distribution, metab-
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WS, ald @ininailon, Since mixtures gl these herbicldes are used
in the defoliation program in Vietnam, it does noé app( reasonable *
to consider them separately. ’

‘Tho large-seale application of 2,4-D-2,4,5-T mixtures for defoliating |
military target arcas in Vietham poses some possibiy unique hazards
to humans. Application rates of about 26 lbs/acre of o 1:1 mixture of
the n-butyl esters of the chemicals are generally heavier thau these
used for agriculture and brush clearing in the United States. (Theve
have been a few, Iimited applications of 2,4-D reported to lakes,
streains, and reservoirs in the United States at rates of 8$0-100 lbs/
acre for aquatic weed control.) There are other differences. There
are vastly greater areas involved in Vietuam. Because of the nature
of the military targets—hweavily wooded, jungle areas—it is uot likely
that many crops are grown in or near treated areas. Although defolia-
tion procedures appear to be under rigid control with all reasonabie
precautions taken to preveut application to erops, the nature of mili-
tary operations makes it likely that accidents may occur and that
mistakes may be made which result in direct applications to nou-
target areas. In such cascs it is possible that food crops and water
supplies in restricied localities could receive heavy doses of the 2,4-D-2,
4,5-T mixture. A much more likely possibility is drifs of relatively
small amounts of the herbicides to non-target arecas. The n-butyl
esters of both 2,4-D and 2,4,5-T are volatile and substantial amounts
of both chemicals may vaporize at temperatures prevalent in Vietnam
and escape 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 defolistion (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 ppn on the forage
(12). Direct application to food crops at 26 pounds per acre coitld nnt
reasonably be expected to result in initial residues greater than 3900
prm. Assuming initial residucs on food crops as high as 3900 ppm
from direct application at the rate of 26 pounds per acre is unrealistic.
Such an assumption requires that: 1) surface/volume ratios of food
itemns be similar to that of forage grasses; 2) all portions of food
items, e.g., husks of corn, peels of banans, shells of coconut, be
consumed; 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 directly.
None of these is true. Seme items of food could not be contaminated
by direct contact with the spray formulation. Translocation from
foliage to underground rcots of sweect potato and fruits of peanut
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these f& & 1o be contaminated.

Tabie 5 breaks down an estimated diet for a 60-kilogram Vietna-
mese nto three parts according to the rapidity with which 2,4-D
and 2,4,5-T might be translocated into the portions consumed for
{ood. )

Tuble 6 cstimates the maximum believabie concentrations of the
herbicides in such a diet as being 3906 ppm initially, 1560 ppm after
onc week and 910 ppm after 2 weeks (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 realistic figures,
is about 30/mg/kg/dax.

TanLe b.—Estimaled for g 66-kilogram Vielnamese divided tnio three groups based on
the rapidity with which 2,4-D and 2,4,6-T, might be iranslocated into poritons con-
sumed for food}

A. Foods into which very rapid movement is possible, not necessarily probabie,
and maxinnim coneontration is atiained immediately

LHetary

porliong

congumed
giperson/dey
Leafy green vegetable . o o i ool 52
Obher vegetabies o e mmimemeae 196
Condiment vegetable o o Lo emmamaa 40
B aNaS e em e eeeeee 107
Other fruits . oo e cmmmmmmmmmmmaas 75
OBl L oo e e e e mm—mmmemmmemeaaa 470

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

L0 N T SO 500
Fish and meat. o o oo oo e e mmmmmmmmmmm————————— 311
IS SBUC . o o o o o i mmmm e mm e mm—wm e H
B piO®s e am e mmmcm—maneaan 1
Cloconut fleshi o oo e et m e —n 25
Coconut mi k. o o e e e e e 12

Loba) o s e oo oo d e e e mmmam—ae_ 850

C. Foods into which movement is relatively slow and maximumn coneentration
is attained within 2 wecks

Root vegetables

___________________________________________________ 80
Beverage e m e —m—m—————— pemmem—m————- B
Sugar and vegetable 0ils oo oo e 05

Total o o e e ————————— 180

1 Companenis of diet and amounts consumed adapted from * Faderation of Malaya MNuitition Survey™,
Report nterdepatimental Comniittee for Nutrition for Nationa) Defenise, 1064, 365 pp. (ModiGed in con-
sultation with Vietnamess students st Louisiana State University.)
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when all food is fully exposed to one acrial applicalion G hsfd L *

iMax{mum possible contamination, mg/ke/dayi B

gu/person/ . Aller Aler ~

Food Group ny ILinmediate 1
week weeks

L LT I N - s T
Group 1. 13
Group O .. 3
Total. 23

& Hae Talbla 5.

The possibility that any of these assumptions might approzch reality
is probabiy 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 oceur, if at all,
and would probably be at levels much lower than smounts 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 smnall percentage, if any, of the dose applied. There
does not appear to be information on these points, however.

Probably the greatest potential bazard 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 collected 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 are collected from rain falling on a roof having a total
ares of 200 sq. ft., and that all of the herbicide is washed off immedi-
ately after application and collected in containers holding 200 liters,
a 60 kg person drinking 31. of water could get about 10 mg/kg/day.
No information is available on the amounts of these chemicals that
can be washed off a thatched roof by rainfall. 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).
Thus, it appears reasonable to expect considerably less than 100 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 all to be captured in vessels having a
combined capacity of only 200 liters. Therefore, any reasonabie
asswnption would be that a person getting drinking water from such
a source contaminated at the maximum rate possible would get much
less than 10 mg/kg/day.
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rate oy ~ited from a 26 ib/acre application, assuming a depth of 4
feet { 0‘( ater 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 inhalation and penetra-
tion through the skin. There is inadequate information available on
these points to form any concept of fhe potential hazard of residues
{rom 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 percutaneous absarption. At least
one study of the acute toxicity of the defoliant, Purple, (esters of
2,4-D and 2,4,5-T) suggested that skin absorption of the animals
wested oceurred but was perhaps 10-20 times slower than absorption
from the GI tract ({/0). In the extreme situation of a nude, pregnant
foinaie, prone beneathh an aren of spraying of the defoliant, Orange,
the maximun impingeiment of 20.2 mg/kg of 2,4,5-T on her skin might
be expected. This shouid probably be viewed as equivalent to 2.0
mg/kg of an oral dose.
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SOME ECOLOGICAL EFFECTS

Summary

Elimination of types of vegetation on which mammals, birds, fish,
and insects and other species depend, can severely reduce or eliminate
them from the treated habitat. However, altering the vegetation
makoup may aiso benefit certain types of wildlife. ‘The eiimination of
water hyacinth from some water bodies, for example, has proved a
necessity 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, _

8. The hydrocyanic acid content of sudan grass was found to
increase 70 percent following treatment with 2,4,5-T. Nitrate ievels
in certain plants may increase up to 36 percent following treatment
with 2,4,5-T, making them more toxic to mammals. 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 effect upon other species. In soil, 2,4,5-T has
been 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

on the principal classes of non-target organisms is presented in the
foliowing sections.

Mammals

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
500 mg/kg.

2,4,5-T has some repellent action. When cottontail rabbits (Syl-
vilaghis 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. (I4) '
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mended f  ges for brush controi in Michigan, resulted in killing the
oak type vegetation and released the pine and encouraged a dense
ground cover of grasses and other herbs, taller berry producing shurbs,
and troe sprouts. (7) The low growing food and cover were ideal for
deer, rabbits, grouse, and other forest animals. X

Cheruical brush control was carried out in power-line right-of-way
with 2,4-D and 2,4,5-T applications. Woody brush was practically

eaminated. White-tail deer (Odocoileus virginianus) have used both

tire treated and untreated areas and their use of both areas increased
during the four years of investigation. (2) The deer made less use of
tho treated areas during the winter months because there was less
food available, The deer fed most heavily in the treated areas in the
spring and early summer on various grasses and herbs. Deer also
bedded down in the treated areas in patches of sedge and grass.
Numbers of cottontail rabbits were found to increase in the treated
ateas because of improved food and cover.

Birds

Fifty percent mortality in birds oceurred for the following doses
(2,4,5-T fed in the daily diet for less than 10 days): 5,000 ppm for
young bobwhite quail (Colinus virginianus); 5,000 ppm for voung
mallard ducks (Anas platyrhynches). (4) Approximate LiD.’s based
on esiimated food consumption, were: 9,000 mg/kg for the bobwhite;
21,000 mg/kg for the mailard.

The uso of 2,4,5-T and 2,4-D for brush confrol under power lines
improved the environment for ruffed grouse (Bonase umbellus) (2).
The grouse were found on the edges within 150-200 feet of the right-
of-way rather than on the right-of-way itself. This emphasized the
importance of the right-of-way as a creator of edge effccts. Wild
turkeys (Meleagris gallopavo) were also observed to make effcctive use
of the rights-ol-way treated areas. The young turkeys wero attracted
to the openings for feeding on various insects which were more
abundant on the grassy right-of-way than within the wooded areas.

Chickens were exposed daily for 14 days to grass troated with
2,4,5-T (15 percent sctive agent) at ¥ oz/gal of water and 2-% oz/ga,l
9) The low 2,4,5-T treatment ied to a 9 percent reduction in cgg
vield and the hlgher dosage to an i8 percent reduction but there was
no change in the fertility or hatchability of the eggs. The exposed
chickens aiso lost some weight. Fl

Fish

The 24-hour LCy* for rainbow trout (Salmo gairdnerit) exposed to
2,4,5-T was 12 ppm; however, Bohmont {{) reported a 48-hour 1.Cj,

*LCs, median letnal conceniratlon of a tozicant which klils 50 percent of the test organiams.
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1.Cy for bluegills (Lepomis macrockirus) to he 0. 50 ppl 8

Young silver saimon (Oncorhynchus kisulch) exposed\. . a combina-
tion of 2,4,5-T and 2,4-D (about 10 perecent of each chemical in the
formulation) at concentrations of 30 ppm or more were observed to
be “hmmediately disiressed and would snap their jaws, dart about
the aquarium, and leap out of the water before loss of equilibrium and
death.,” (8)

Mullet (Mugil cephalus) exposed to 50 ppm of 2,4,5-T for 48 howrs
exhibited no noticeable effects. (3}

Table I gives 24- and 48-hour LCs, of bluegill sunfish to vurivus
2,4,5-T formulation. () The esters appeared to be most toxie, prob-
ably due to better solubility. No attermapt was made by Hughes and
Davis to explain the wide variation in results obtained from different
batches of the same formulation.

TABLE L.—~The LCsq of bluegill sunfish lo 2,4,5-T formulations. ()

H-hour  48-houar

Dimethy]amine...“...____._.-.._,._._.‘..._........._._......._.A.-......._....... 144 144

Isooctyl ester® | 31 2
Isoocty] ester*. . N 28 5
Tzoootyl estert. - 10. 4 10.4
Propylens glwoi uutyl ethvl ester P 17 17
Butoxy el a0l esteT L e e ammme e e mame e samei_iammmeena 1.4 1.4

*Different batches of the same formulation,

Molluscs

The exposure of oyvsters (Crassostrea virginica) to 2.0 ppm ot 2,4,5-T
acid for 96 hours had no effect on shell growth. (3)

Inhveriebrates

The minimum lethal dosages (ppm} which preduced a kill exceeding
25 percent with 2,4,5-T are listed for the following fish {ood organisms:
Daphnie 1.5; Fucypris 0.5; Hyallella 0.7; Palaemonetes 1.2; Amphi-
agrion 7.5; Pachydiplar and Tramea 8.0; and Chironomus 6.0, (16)

The exposure of brown shrimp (Penaeus aztecus) to 1.0 ppm of 2,4,5-
T for 48 hours had no noticeable cffects. (3)

Plants

Swanson and Shaw (I58) demonstrated that the hydrocvanic acid
content of sudan grass was increased by 70 percent in plits treated
with 1 1b/acre of 2,4,5-T.

When 9 specics of weeds were treated with -sublethal dosages
(0.25 ib/nere of 2,4,5-T, the nitrate content of the plants decreased
from 5 to 32 percent in 4 species but inereased from 3 to 36 percent
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in tire grher species. (6) The 36 percent increase occurred in fmpatiens
bzlﬂora‘
e . N k] I .
The exposure of phytoplankton to 1.0 ppm of 2,4,5-T for 4 hours
caused no decreasc in growth. (3)

Microorganisms

Alagee and Colmer ({{} reported that 2,4,5-T at 1,500 to 2,000
ppm produced inhibition of respiration to Azotobacter however, 2,4,5-
T was [ound not to affect Streptomyees at 2 and 50 1b/acre.

Persistence

2,4,5-T applied at a rate of ¥ to 3 Ib/acre was found {o persist for
2 to § weeks with lictie or 1o teaching, under summertime conditions
in a temperate ciimate and moist loam soil. (10) Shects and Harris (13},

iwwever, reported vhat 2,4,5-T generally persisted for about 3 months
under moist sol) condltlons

REFERENCES

{1} BommoxT, B. L., Proc., 20th Western Weed Control Conf., 21:25, 1967.
{2} BraMmure, W. C-and Byrnes, W. R., Pa. Game News 29:17, 1958.
(3} BuTLER, P. A., U.8. Dep. Interior, Fish Wildlife Serv. Cire. 167:11, 1963.
(4} DeWrrT, J. B., B1ickrL, W. H., and SerixGer, F. F., Wiidlife studies,
Patuxent Wildiife Research Center 1961-62. In Pesticide wildlife studies.
U.8. Fish Wildiife Serv. Cire. 167:74, 1963.
(&) Dosson, ., 4. Minisiry of Agriculture (Britain), 170:415, 1954.
{6) Frask, P. A. and Grigspy, B, H.,, Weeds, §:206, 1957.
(") Gvswi, L. W., Down to Earth 2, 1957.
(8} Houuanp, G. A., LaSATER, J. E., NevMmany, E. D., and W. E. Evpringe.
Toxie effects of organic and inorganic poliutants on young salmon and
trout. Wash. Dept. Fish. Res, Buli., 5, 1960,
% Hvenes, J. 8. and Davis, J. T., Weeds 11:50, 1963. .
{10y Kuixemaxn, T. C., Weed conirol as a seience. John Wiley and Sons, Inc., New
York, 1961.
{I5) Maoee, L. A, and CorLmer, A. R., Appl. Micrabiol. 3:288, 1953.
{12} Rows, V. K. and Hymas, T. A., Amer. J. of Vet. Res. 15:622, 1954.
(18) SurrTs, D. J. and Hagris, C. 1., Herbicide residues in soils and their vital
toxicities to crops grown in rotations. pp. 119-140 {rom Residue Reviews,
11, ¥. A, Gunther {Editor), Springer-Yerlag, New York, Inec., 1965.
{14} S‘PRI\GFR, P. F., North Caroling Peslicide Manual, 1957.
(15) Swanson, C. R. and Suaw, W. C., Agron. J. 46:418, 1954,
(16) ZiscHxaLi, M., Field & Lab., 20; 18, 1952.

68

U.§, GOVERNMENT FAIKYING ORFICL: I8

e

R

s e g ackees g bkt L 2 e

sy e s

S

.




	0001-Cover Page.pdf
	05558.pdf
	01-Cover Page.pdf
	05558.pdf




