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WASHINGTON. D.C. 20506

Maxch 2, 1971

The publication of this report on the herbicide, 2, 4, 5-T, symbolizes
an area of public policy decision-making in which science and, hence,
scientists have a large responsibility. The report itself is a 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 wasg initiated in October 1969, is commendable,
Tho Government agencies charged with responsibilitios for regulating
pesticides and for oversceing the integrity of the public's health, chose
a course of rogulatory action in October 1969 which restricted some
uses of 2,4, 5-T. This action was taken as a rcsult of a new and
unexpected rescarch finding which emerged from experiments
sponsored by the Government. At that time, Dr, DuBridge per-
ceived the nced for a thorough and critical review of all of the
scientific information available on the herbicide =~ including that
dealing with biological propertics and human health,

Importantly, the report's major recommendations already have becn
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 becn
the subject of several research projects. These have taught us more
about the herbicide's physical stability, environmental persistence
and biological properties, A recommendation for a legislative
mechanism to restrict temporarily the use of a pesticide on the
occasion of an uncexpected research finding implicating it as 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 mattere, it
does allude to some policy issuwes, It compares the scientific evidence
available, and consgidered adequate, at the time of first registration of



2, 4, 5« T with the much greater level of scientific understanding
demanded teday, The Panel found evidence of moasurable bencfits
from the use of 2, 4, 5-T but there was simply very little information
that could be used to assess risk. Based on its experience in evalu-
ating risks and benefits on the hasis of incomplete information, the
Panel cautions that judgments on benefits and risks associated with
pesticidal chemicals require an unusual measure of prudence to
assure that the public is neither subjocted to unduwe risk nor
unnecessarily denied the bonefits of valuable chemicals,

The report does not speak in particular to the regulatory actions
taken by the Government on 2,4, 5«T (although I am satisfied that
the review complements them in every respect). If any of the
Government actions appear divergent from thesc recommendations,”
the divergence is consistently on the side of prudence and avoidance
of the possibility of hazard to human health, and this is as it should
be, for Government must act on the sido of prudence. It provides
those of us concerned with pesticides, their cconemic value and
utility, their negative cffects on the environment, and their other
biological effects, with an exccllent case study. The principles
brought out in this study will be useful in dealing with other pesticides,
and indecd with chemicals of other kinds.

btorsid &Lt ),

Edward LT, Dawd, Jr,
Chairman



CONTENTS

Summary and Recommendations_. ........................
Introduction............... ... ... ..o [

Chemistry. .. .. e
Synthesis. ... e
Formulation. ... ... ... ... .. .
Solubilitios. . .. ... o
Purity of Technical Grade Material. . .................
Analytic Methods. .. ... ... . i
Chemieal Stability of 24,5-T..........................

Uses and Significance. ... .. o
Production., . ..., ... . i e,

2. Military. ...
Cost Sharing Program., . ......... ... ... ...

T oXicOloy . o i i e e
Acute Toxicological Investigations. .. ..................
Occupational Experienee, . ... o L
National Cancer Institute Sercening Study.............
Reports of Birth Defeets. ............ .ot
Toxicity of Dioxin......... ... ... oot
Teratogenesis Testing. .. ... .. oL,
Summary of Experiments, .. ............. ... ...,

Residues of 2,4,5-T in the Environment....................
Residues of 2,4,5-T resulting from recommended uses in

tho United States, . .............. ..ot
Residues of 2,4-D and 2,4,5-T resulting from recommend-

ed uscs by the military for defoliation................

Some Ecological Effects. . .......... ... .. ..oooiiiiii

Page

10
10
11/
12
13
17
21
.25
26
26
26
32
36
38
39
42
42
47
47
49
50

60
65

vii



SUMMARY AND
RECOMMENDATIONS

Summary

This review of the herbicide, 2,4,5-T, began with an examination of
the results from an experimental screening study which implicated it
as o potential teratogen. It quickly became evident that examination
from such a resirictod basis was inadequate. Therefore, the Panel
decided to study more broadly important aspeets of 2,4,5-T, including
details of its chemistry and purity, its domestic uses and their relative
importance, the military significance attached to 2,4,5-T as a defoliant,
residue levels (in order to estimate probabilities of human exposure},
general effeets on the environment, as well as its toxicity. Tn cxamin-
ing the toxicity of 2,4,5-T, the Pancl roviewed the information avail-
able froma the literature (as well as some unpublished documents)
which had been considered in the past in establishing policy decisions
for the various uses o which this pesticide had been put.

Selection of 2,4,5-T as an example for detailed examination has had
‘a nmamber of advantages. There has been an extensive history of use
and experience. 2,4,5-T was first registered on March 2, 1948, by the
Amchem Products Company, Ambler, Pennsylvania. Since that time
congiderable information on its properties and uses has accumulated.
Furthermore, il has been the subjecet of reviews by others in the past.
Finally, the problem which brought it to the Pancl’s attention, sus-
picion of teratogenicity, appears to be a relatively manageable prob-
lom in econtrast to many other biological effccts, notably twmer produe-
tion and genetie alterations. This is important sinee the recommenda-
tions which follow can be made with a degree of confidence that cannot
be applied to carcinogenic or mutagenic cffects. For example, the
dose-response characteristic of teratogens is gencrally restricted to a
rolatively small range of dosage. Aceordingly, a threshold below which
no effect would be expected can be assigned with more ecrtainty.
Experiments to determine this range of values can be performed in o
relatively short time and do not require very large numbers of animals,

The Panel is gratified that some of its recommendations are already
being carricd out, cspecially further experiments to confirm and ox-
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tend the results of the original screening that indicated 2,4,5-T to be
teratogenie.

In considering the chemistry of 2,4,5-T, our attention was drawn to
impuritics which can result from the manufacturing proeess. Partieu-
lar attention was foeused on a single impurity, 2,3,7,8-tetrachloro-
dibenzo-p-dioxin, which occurs in commercial preparations of the
herbicide in highly variable amounts unless particnlar care is taken Lo
exclude it. This impurity is extremely toxic, Its amount depends upon
variations in the reaction conditions. Other dioxins can be formed
from various impurities in the starting materials, The dioxin impuricy
came to partienlar attention when the U.S. herbicide industry was
asked to produce larger quantities of 2,4,5-T during the middle 1960’s,
However, its presence as an impurity and certain of ils acule toxie
ceffects had been known since 1957. Tis coneentralion in eommereial
2,4,5-T has been greally reduced in the past year ot so.

Analytic methods available for 2,4,56-T are accurate and reliable.
Wiih the possible exception of citrus fruits, deteemination of residuces
in food has not presented a sorious analytic problom.

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

Production of 2,4,5-T in the United States roso rapidly between
1960 and 1968. Civilian use, most of which is for clearing of range land

- and rights-of-way and for treatment of pastures, declined about 509,
between 1964 and 1966. Military use of 2,4,5-T as a defoliant, ox-
pressed as number of acres sprayed, rose shavply between 1964 and
1967 but has declined since then. Although accounting for oanly a
small amount of the total usage of 2,4,5-T, its place in control of aquat-
ic weeds is significant. Thero is o small but important list of agricul-
tural uses where 2,4,5-T is applied to foed crops. Potential human
exposurce is recognized in this direet application to food crops, in
range and pasture lands grazed by domestic meat and dairy animals,
and possibly, in water supplies derived from treated waterways and
streams. The economice importance of the various uses is considerable,
but is very much less than that of 2,4-D. Substitution of 2,4-D for
2,4,5-T ean be made for certain uses.

Dofoliation, using mixtures of 2,4-I) and 2,4,5-T, has been employed
in Vietnam sinee 1962, more intensively since 1967.

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

The background of toxicological information on 2,4,5-T is thin.
Most of the animal studics have been concorned with acute toxicity
(single doses or repeated doses for short periods of time). Based on
these experiments, tho acute toxicity of 2,4,5-T was found to be low.
Little is known of the details of the metabolic handling of the material
although rapid excretion in the urine scems to be the rule.
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The scroening study supported by the National Cancer Instituto on
the toxicity of certain posticides and other important industrial chem-
icals marks an important advance in toxicological testing in that the
tests were designed to deteet carcinogenie, teratogenic and mutagenic
potential. The preparation of 2,4,5-T used in those tests was shown
to bo teratogenic in both rats and mice. There was no evidence that it

- was carcinogonic. While this study had a number of limitations which
qualified its usefulness, the teratogenic results were sufliciently con-
vincing so that the Pancl urgad; early in its discussions, that they be
repeated and extondod wsing better characterized preparations of
2,4,5-T. Analysis of a sample of the 2,4,5-T preparation used in the
original teratogonesis study revealed a dioxin level of about 27 ppm.
Such a considerable contamination by this highly toxie material raised
tho question as to whether the teratogenic effocts observed were cansed
by 2,4,5-T itseclf, by the dioxin impurity or by other impurities in the
commercial proparation tested.

Tho Pancl was aware of press reports of inereased birth defects in
Vietnam attributed to the use of defoliants. The lack of aceurate opi-
. demiological data on the incidence and kinds of birth defects in the Viet-.
namese population before or since the military use of defoliants
precludes any estimate as to whether an incerease in birth defeets has
oceurred, Caleulations of potential human exposures from sources
such as drinking water or direct fallout make this appear unlikely

{(though thooretically possible).

A review of the environmental effects of 2,4,5-T on nountarget
orgunisms reveals fow harmful consequences of its recommended uses.
Indueed changes in vegotation are followed by alteration in numbers
of wild animals. Accelerated erosion of soil may follow the killing of
brush with horbicides but mechanical removal causes groator erosion.

Recommendations

1. Purther studies.

a. The animal experiments which raised the question of the teratogenic
potential of 2,4,6-T should be extended to include a wider range of doses
administered lo non-inbred sirains of animals and to larger numbers of
animals. _

b. The importance of the impurities in 2,4,5-T as potential health
hazards should be ascertained. Rocent exporiments designed to dis-
tinguish between 2,4,5-T and the diexin impurity have suggested that
both the herbicide and the dioxin are potential teratogens in some
experimental animals. However, experiments necessary to ostablish
this answer have not been performed. In addition, thero may be addi-
tional impurities in commercially prepared phenoxy herbicides which
may bo biclogically active.



_ ¢. The metabolism of 2,4,5-T in humans should be determined and
compared to that in experimental animals,

2. The level of dioxin, a recognized impurity in 2,4,5-T should 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 have beon found to be highly toxic and capable of cliciting
teratogenic cffects, though thoy vary widely in loxicity. Since they
may reach the envirpument from multiple sources. control over known
sourees should be excrcised to the extent possible.

3. A decision to resirict the use of 2,4,5-T should not be based on the
isolated finding of toxicity but on the expeeted exposure follousng recom-
mended use in relation to dose response effects.

In general, the imposition of restrictions on the use of a pesticide
woilld appear to be a function of two factors, the potential for human
exposure and the nature of the toxic effects. For example, if carefully
documonted residue information points o litile likelihood of exposure,
tho risk of adverse effects would be less significant than if exposure -
were widesproad.

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
troated pastures and range land. In fact, the only residues which have
been identified in the total diet studics have ocenrred in moat and
dairy products. However, the few cases in which residues have been
discovered have all been at levels well below those which would be
expected to result in significant toxicity for man,

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

The risk of teratogenic cffects should be placed in perspeetive.
Teratogenesis induced by chemicals is o fotal response at a particu-
larly sensitive period in embryonic dovelopment to lower doses of the
chemical than are ascutely toxie to the mother. Birth defects can be
produced in the embryo through many mechanisms of injury when
the agents are administered during eritical periods of organogenesis.
It is generally held that by careful choice of dosage, which may bo
close to the acutely toxic dose for the mother, most chomicals might
be shown to be teratogenic in animals, For o varicty of reasons, it
is not possible to translate directly the results of oxperiments in
animals to man. There are differences in sonsilivity which arise
from differences in metabolism. Comparative meotabolic studies in
man and animals, therefore, are important in interproting toxicity
for man. '

The important comsideration is not only the demonstation of
teratogenicity, which may oceur with many chomicals at secleted
dosages, but the estimation of the likehihood of teratogenie offects
with the amounts likely to be ingested incident to recommonded
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use. To restrict or ban usage of chemicals on the basis of demonstra~
tion of toratogenicity at doso levels which far exccod actual or
expected cxposures is unrcasonable and could well deny usage of
chomieals whoso benefits fur outweigh risks.

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

It is possible for rosidues of 2,4,5-T to oceur in milk and tissues
of animals grazing on land recontly 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 moasurable amounts of 2,4,5-T. Use on
range and pasture land should be included in registration for use on
food crops.

5. Monitoring of 2,4,5-T residues should be significantly expanded,
especially for meat and milk. In sampling meat and milk, spoeial
attention should be given to geographic areas where treatiment of
pastures and range lands with 2,4,5-T is most common. The 2,4,5-T
rosidues that inay occur in meat and milk of animals allowed to
grazo on pastures and range Jands treated according to eurrent
recommendations should also be restudied.

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

The case of 2,4,5-T is lustrative of inordinate delay in making
available new research information as it became known. The screening
study of posticides which was carried out by Bionetics Corporation
under contract with the National Cancer Institute was completed
about August 1968. It was 14 months lator when the Government
announced its voordinated actions on restricting the use of 2,4,5-T
It was only after an additional seversl months that the detailed
data of the sereoning study were made publicly available, A central-
ized mechanism for handling and disseminating new information
about pesticides conld help alleviate this problom.

7. A mechanism showld be established for restricting the use of a registered
pesticide temporarily on the basis of information which implicates the
chemical as @ possible health hazard pending the collection of more
definitive informalion.

If & pesticide is alrcady in established use, the decision is particu-
larly diflicult. Long established use inovitably impliss a dependence
upon it by the consumer and a corresponding roeluctance by the
manufacturer to withdraw it from the market.

At the present time, o registration may bo held in abeyance only
by canecellation or suspension. Because of the serious import of theso
actions they are put into effeet with considerable reluctance. They
were not designed for situations such as the present with respect to
2,4,5-T where temporary withdrawal from use, without cancellation
or susponsion of registration, might have been a more appropriate
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action. Such an alternative course of action is not possible under
present regulations.

There is need for o mechanism whereby the use of a pesticide or
other chemical 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 suflicient consuliation
to permit a decision that would proteet the publie health and not
impoge an undue ceonomic burden on the producers, marketers, and
users of a product. Coincident with the imposition of restrictions on a
pesticide, & moechanism should be available for informing and educat-
ing pesticide users and applicators so as to make them more regponsible
agents, It is recognized that a change in the law governing pesticidos
would be neecessary to accommodate this mechanism of o temporary
restriction,

8. There is an wrgent need for a focus of responsibility in DIHIW
to coordinate and montlor the toxteity and health activities related to
effects of pesticides.

Information about the health effects of a pesticide derives from a
variety of sources ineluding oceupational exposures, residue monitor-
ing, toxicological investigations, clinical cxperience and epidemio-
logical studics. In the past, there has been no single focus within
D/HEW which has been concerned with all of these sourees of data
and, more important, which has had the authority and respounsibility
to coordinate new investigative initiatives. The now Advisory Com-
mittee on Posticides to the Secrotary of D/IIEW can be expected to
serve as @ source of expert adviee but cannot fill the essential need for
8 foens of responsibility and authority at tho level of the Office of the
Seerctary. Consideration of the funetions to be fulfilled and the
resources available suggests that this responsibility should be as-
signed to the Assistant Secretary for ITealth and Scientific Affairs
because the various eomponents of D/IIEW coneerned most with
aspects of the health effects of pesticides report direetly to him
(National Institutes of Health, Food and Drug Adminisiration,
National Communicable Discase Center, Environmental Health
Service).*

9. Information provided in applications for registrations of pesti-
cides should take into aecount not only the pesticide for which registration
8 sought but should identify other substances including vehicles used in
Fformulations, “inert” ingredients, and impurities.

Tuvestigation of the synthesis of 2,4,5-T and cxamination of {he
manufacturing process revealed that ab extremely toxic impurity,
2,3,7,8-tetrachlorodibenzo-p-dioxin, present in variable amounts in

*3ineo this repord was weitlen, the I'restdent established, threngh Reorganization Plan, the Environ-
wmental Protection Agency which s 10 e respensible for broad arcas of regulation covering envirenmental
matlers, The Envirpnmental Troteclion Agencey will also have the capaelty Lo carry ont somo research
under 1ts name. Ilence, we tocoguize that sorne of tho cloments of coordination recommended in this section
wlil e accommodated by this new agelcy,
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commercial preparations of 2,4,5-T, may account for some of the
toxicological characteristics assigned to 2,4,5-T itsell. The presonce
of this impurity was recognized as carly as 1957. However, the im-
portance of this impurity was not generally recognized in the United
States until after 1964. It appears logical that greater specificity
in identifying the components and properties of the mixture of mate-
rials which are registered under a single name would inerease the
probability of identification of potentially toxic substances.

10, Registration procedures should be based on toxicological studies
of the particular compounds to be registered rather than extrapolations
Srom studies on related compounds.

Toxicological studies provided as information in behalf of 2,4,5-T
registration wore performed on a variety of related eompounds (the
free acid, several types of csters and a variety of salts). Results of
these tests were regarded as being interchangeable and applicablo to the
related compounds. There is evidenee to caution against this coneept.
The thorough tesiing of isomers, esters, salts, and related compounds
is a very largo and expensive task. Nevertheless, information about a
potential health hazard may be incomplete unless all of the compounds
to be used are tested. '



INTRODUCTION

In 1964, The National Cancer Tnstitute undertook through a con-
tract a serecning study of o number of pesticidal chemicals. Among
the results of this sereening study was the finding that birth defeets
could be provoked experimentally in rats and mice by the adminis-
tration of relatively large doses of the herbicide, 2,4,5-T. By the
time theso results were reportod, 2,4,5-T had been in common use as
an herbicide for more than 20 years. Further, it had been omployed
along with 2,4-D as a doefeliant in Vietnam sinee 1962, although in
sizeable quantities only since 1967. '

In October 1969 several agencios of Government moved in a
coordinated manner to bring about restriction of the use of 2,4,5-T
both within the Unitel States and abroad (). In terms of domestic
agricultural use, restriction was placed on the use of 2,4,5-T on food
crops pending the acquisition of further information that might per-
mit the Food and Drug Administration to grant a tolerance. Use as
a defoliant in Vistnam was restricled to non-populated arcas.

For a number of reasons, it scemed wise to explore this issue in
some detail. The most important of these reasons, perhaps, was the
desire to examine the scientific evidence available to stand behind
future policies governing the use of 2,4,5-T and to suggest directions
for futher experimental research. Accordingly, a panel of experis was
assembled by the President’s Seience Adviser (o consider a number of
aspects of u variety of herbicides somo of which wero used as defoliants
in Vietnam. Tho present report represents their review of 2,4,5-T.

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

A number of issues are raised when the utility and safety of an
already éxisting material is questioned. [4 is elementury but nevertho-
less true Lo say that the issues are complex, Tn o way, their examina-
tion can be comparod to following a scemingly endless and
continuously branching program. The subject of how much assurance

~of sufety shonld be afforded is important.

Teratogenesis appeats to be a more manageable problem than
some other health offects (such as tumor production). Prediction of



safety can probably be made with reasouable assurance. In addition,
experiments to test a suspected substance are reasonably straight-
forward to conduct.

Among other problems, the purity of the chemical beecame an issue,
In the case of 2,4,5-T separation of biological cifeets of the prineipal
material from those of the impurities turned out to have unusual
importance, For this reason, the reselution and accuracy of analytic
methods available and used to deteet 2,4,5-T and its impurities had
to be evaluated. In ascortaining the probable hazard to man of an
agricultural chemiceal, its toxicity in absolute terms must be related
to tho probabilities of haman exposure. Residue informaiion on
2,4,5-T therefore was explored.

Finally, there remains a series of policy guestions which are at
least as philosophical as they are technical, the most erucial one being
how wido a margin of safety should a society adopt for itself.

The panel also tonched on a narrower aspoct of this ¢uostion by
posing an additional one. This is the practical problem, in the case of
a material already in uso, of how the Government should act in the
interim between tho time of acquisition of proliminary exporimental
data which reveal a chemical suspect and the performance of more
definitive experiments which establish the risk.

REFERENCES
(1) Press Reloase on 2,4,5-T. Officc of Seicnee and Techuology, Octobor 29, 1969,
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CHEMISTRY

Summary

2,4,6-trichJorophenoxyacotic acid is produced commereially by a
process which begins with tetrachlorobengene s starting material,
Technieal grade 2,4,5-T is 90-929% pure acid. One of the important
impurities, a polychlorinated dioxin, results both from impurities in
the starting raaferial and as side products of the desired 10action. A
large number of esters and amine salts of 2,4,5-T have boen developed
as well as a variety of formulations in order to derive specific proper-
ties of volatility and solubility. About one-half of this total production
can be accountoed for by the 2,4,5-T ucid and its n-butyl ester. The
{ree acid is practically insoluble in water and, gonerally, the esters are
slightly soluble. The amine salts tend to be more soluble. Among other
things, penetration into the soil or leaching is o function of wuter
solubility

In general, 2,4,5-T residues can bo expected to be relatively unstable
materials in the environment. They are broken down by microbial
action and by sunlight and csters are readily hydrolyzed to tho free
acid. Available analytic methods for dotecting residues sre quite sen-
gitive. The sensitivity of gas chromatography with microcoulometric
detection is about 0.01 ppm (10 ppb). Detection of regiducs in plant
material appears to be uncomplicated by bound or complexed residues
with the possible exception of residues in the peels of citrus fruits,

Chemical Synthesis of 2,4,5-T
The herbicide commonly known as 2,4,5-T or 24,5-trichlorophe-

noxyacctic acid has tho chemical formula:

— (O CILCOOTL

The usual starting material in the chemical synthesis of 2,4,5.T
is 1,2,4,5-tetrachlorobenzene which c¢an be reacted with methanol
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and sodium hydroxide in an autoclave under high temperature and
pressure conditions to give the sodium salt of 2,4,5-trichlorophenol:

cl Cl o
high tempersiare ok

= high pressurc )

Cl =l ——— 1 Cl OCIl: | —— O —O N
— C1LOII —— N
| NaOIX ‘.L
Cl iL Cl [
(2,4,5-trichloroanisolc}

2,4,5-trichloroanisole is presumed to bo an intermediate in this reac-
tion. The high temperature and high pressure conditions of this stop
are also fuvorablo for the production of a varioly of other compounds
from those starting materials. The choice of the proper temperaturo
and pressure, and thoe control of those condiiions throughount the reac-
tion are erttical for minimizing side reactions and henee impurities in
the final produet.

The aqueous trichlorosodium phonoxide is next rencted with chloro-
acetic actd under mildly alkaline conditions.

C1 Ccl

Cl- $—0Na + CICIECOOH ——= Cl- —0CH:COONs
S (NaO1I) —

b & i)
This produet is then acidified with 11,50, to produce 2,4,5-T.

l

Cl— —QCIRC O ONW EI—~——- Cl —OCILCO 011

e w3

5]

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

The acid reacts readily with a variety of alecohols to produce a
largo sclection of esters, and with amines to produce amine salis.

l 1]
Cl -OCILGOOI 4- ROH —— Cl— —GCIECOOR
1 1
Commercial Formulations of 2,4,5-T

The 2,4,5-T compounds used in commercial spray formulations
inelude the acid, salts, and a wide varicty of esters and mixturcs of
csters. These active components are then formulated with solvents
and other ingredients to produce a bewildering array of commercial
final products marketed under cryptic 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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earth, minceral silicatos, or fertilizers, One of the major hazards in the
use of 2,4,5-1 is drift, of tho herbicide Into areas where il is not desired
due to volaiility of the formulation or drift of fine particles in the
wind. This hagard is 1educed in one solid formulation for which the
active material is doposited on polystyrene spheres with a very narrow
and carefully controlled particle size distribution.

Tho liguid formulations require a solvent. Typical organie solvents
are kerosene or diesel oil. In formulations that are mixed with water
for spraying, emulsifiers and surfactants arc necossary ingredients, A
truly thorough attompt at estimation of tho toxicity of the scveral
commereinl proparations of 2,4,56-T should take into accomnt all of
the added material, “inert” ingredients, vehicles and impurities.

2,4,5-T is most commonly omployed as an ostor or amine salt.
(Table 1). The n-butyl ester is used as » defoliant in Vietnam in g
1:1 mixture with 2,4-D, known as Orange.

TabLe 1—DProduction and value per pound of Major 2, 4, 5-T formulations—1967
[Drswn (ko T8, Tarllf Commlssion, M)

Frodueidon Uuit value
(L0 1be)  per poand ()

2,4, 5 Trichlorplenoxy-acetic seid (2,4,5T) oo ooaamninons - 14, 552 125
24,5 Trichlorplnoxy-acetic acid esters and sulls, tolal. . . 27,181 1. 80
2.4, 5Trichlorpliviox y-aseetic acid, n-Daty] eater. - _.__. . 10, 422 0.6%
2,4 5-Trichlovophcnexy-acotic aeid, iso-oelvleslor, ... . 4, 653 114
All othor (2,4,5T ostors and s0lts) - L o e e ee o iaemameaaeeaaaa 4,114 1.09
Solubilities

The solubility of the horbicide compound used may be important
in determining the mechanism by which the toxic material enbers the
plant. It also determines the natute of the vehicle to ke used in its
dispersion.

The froe acid form of 2,4,5-T is practically insoluble in wator (8).
Tho sodium salt is only soluble to a limited oxtent (less than 3%), o
fact which pracludes its use in the low volume application technique
which has becomo more and more widely used in recont years.

The amine salts are considerably moro solublo in water; however,
they are somewhat difficuli to preparc. Only the tricthyl and tri-
mothylamine salis can be obtsined in o conecntiabe of 4 lbs. acid
cquivalent/gal. with satisfactory storage qualitics. Furthermore, the
marked insolubility of the calcium and magnesium salts of 2,4,5-T
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 emulsions,

The oxtent of loaching of various herbicide formulations was tostod
by applying these in solution to tho tops of soil containing tubes. The
depth of leaching could in gencral bo compared with solubility. For
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cxample, the amine salt of 2,4,5-T was taken to 4 depth of nine inches
whereas 2,4,5-T itself remains at three inchos.

Asido from ¢he herbicide itself, leaching of diesel oil, s vehicle
commonly usod in herbicide application, might presont o throat to
ground water quality. ITowevor, Lindin and Muller (cited in 13)
sprayed diesel oil at rates of 50, 250, and 500 gal./acre, and after
sampling with a tube und leaching with rait water, they found only
1.5-2 ppm of dicsel oil in sandy loam above 2.5 inches.

Purity of Technical Grade Material

Technical grade 2,4,5-T manufactured for agricultwral applications
typically contains 90 to 929, 2.4,5-trichlorophenoxyacotic acid, and
8 to 10% impuritics. The detailed composition of the technical
material given by one producer is shown in Table 3.

Tasne 2—2,4,5-T product composition

Poreent by weight:
41.024:1.0  24,5-Lrichlorophenozyacetls aeid
0.5=£0.1 2.4 5-trichloroanlsole
20:£0.8  Bracthoxy 2 4-dichlorophenoryucetic acid
2008 2-methony 4 5lichlorophenoxyacetie acid
0.3:4:0.1 2, 4, Strichlorophenol
3.0::0.5  Dis-2.4 B-trichlorophencz yacotic acid
g %&dwhlorophcnoxvmtic aeid
0,

4t
Bodium sull of 2,4,5-T
0,602 =0
leza than 1 ppm telrpehlorodibeuz-p-dinxtn (T},

The 1,2,4,5-tetrachlorobenzence starting material for the 2,4,5-T
synthesis contains typically 39, other tetrachlorobenzenc isumers and
other eblorinated benzenes. These impurities ean contribute to small
amounts of a variety of other chlorinated produects including di-
chlorophenoxyacolic acids and other isomers of the trichlorophenoxy-
acetic acid, although these products were not  listed by the
manufacturer as impuritics. (Table 3).

2,4,5-trichloreanisole,
i a1

|
Cl

is proposcd as an intermediate jn step (1) of the manufacturing process.
Incomplete reaction of this intermediato accounts for its presence in
the final product. There is also a possibility that the 2,4,5-trichloro-
anisole intermediate can be hydrolyzed uwnder the condilions of
stop (1) to give methoxydichlorophenoxyacetic acid as side produets:

(o}
[0 —OCILCOOIT

CII:0
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and
OCIL

C --0CH:CQOIL

2,4,5-trichlorophenol,
ol

Cl on

Cl

results from the incomplote condensation of tho sodium phenoxide
with chloroacotic acid in stop (2).
Bis-2,4,5-trichlorophenoxyacotic acid,
¢l
| Ir
Cl: 0—(:!—0001'[

is an important impurity because the chloroacetic acid used in step
(2) commonly containg some dichloroacetic acid. The 2,5-dichloro-
phenoxyacetic acid arises from small amounts of 1,2,5-trichloro-
benzeno in the tetrachlorobenzene row material. Some sodium 2,4,5-T
and sullate ions are commonly carriod into the product from tho
acidification (step [3]).

The standard assay for technical grade 2,4,5-T is a simple titration
to give the acid equivalent of the product. On this basis most manu-
facturers market a product that has 97 to 989, acid oquivalent.
Analysis for actual 2,4,5-trichlorophenoxyacetic acid content by gas
chromatography is loss coinmonly given, although a standard method
oxisls. The Department of Agriculture reported that the contont of
2,4,5-T was often as low as 859 in commercial materials that mecet
the 979, acid cquivalent specification. (22) Gas chromatography is
usod to monitor tracoe impuritics in process control for step (1).

The impuritics present in any commercial proparation of 2,4,5-T
depend strongly on the purity of the starting inaterials and the
reaction conditions, These can vary among varions producers and
among batches for u given producet.

The detailed processing methods and purification procedures also
vary widely among the various producers. The variation in product
analysis has not beon carofully documentod, and the toxicitics of
most of the impurities have not been tested. It is not prudont to
agsume that the combined toxicity of tho mixture of matorials in
onc preparation is representative of all of the preparations that are
widely used.
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One trace impurity preduced in the manufacture of 2,45-T has
received cousiderable attontion. Tetrachlorodibonz-p-dioxin, com-

monly known at TDD,
Cl— © o
o=\ ot}

is produced as a sido product under the conditions of stop (1). Since
this compound is known te bo extraordinarily toxic, the history
of the recognition and identification of this impurity is particularly
interosting. Elucidation scems to have come from two prineipal
independent sources.

The sporadic oceurrenco of an impurity in specific lots of animal
feed in 1957 brought significant losses to poultry farmers in south-
eastern and contral U.S. Chicks were afllicted with hydroperi-
cardium, and suffered gross kiduey and liver damage. Empirical tests
for the presence of the “chick cdema factor” were announced by the
the FDA in 1966 (71). The test used clectron captiro gas chroma-
tography to examine o fraction of a samplo isolated from the fat. The
presence of a specific sot of peaks with given retention times indicated
the prosence of the factor. Tho empirical tost is used as & sereening
procedure. When the presence of the factor is indicated by gas chroma-
tography, a chick bioassay tost is required for confirmation. The
absenee of the factor is a requirement of the edible tallow used for
making fatty acids that go into food emulsifiers.

The chick edema factor was identiied by X-ray crystallography
as 1, 2, 3, 7, 8, 9-hexachlorodibenz-p-dioxin in 1967 by Wootton of
Proctor and Gamble (25) from 4 mg of toxic matenal extracted from
100 Ibs, of contaminated fat obtained from tradoe sources. ‘The toxieity
of this compound and related compounds was reported by reproscenta-
tives of the Food and Drug Administration in 1968 (£1).

A clue to the possible origin of the diexins was suggested in their
synthosis by condensation (21). Twoe molecules of 2, 4, 5-trichloro-
phenol condense direetly to give TDD:

LR = e

I'wo molecules of 2, 4-dichlorophenol condense to give the dichlorodi-
bcnz—p—dmxm,

O
010 Ol— 1
+ —_—
Cl- —1 o C ° —Cl1

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

15



The FDA group reported the following toxicities:

TavLy 3.—Afler Higginbothan, of al, (12).

Chicken embryo
No. of C1 Lioassay
Reastants atoms in
dloxin peicent

pefoge mortality
2{4<iichlom LT3 T I OO PP 2 Ly k]
Chlorinated dibonz-p-Rioxin b oo aie e ana- 0,06 100
2,4,8-trichlorophenol.. ... 4 0.25 100
24 6-trlchlorophonol .. .. 4 5.4 50
2,3,4,0-l,utrach?oro 1T Y S § L& 100
FPentachlorophenel. .. ..o ] 121 sl
Reforones toxic fat components 3.0 100

L Mixed 3 & 4 chloro spoecies.

The tetrachloro species, which will be the important produet from
tho condensation of 2,4,5-trichlorophenol, requires only 0.25 pg for
100% mortality in the chick embryo bioassay. A mixture of the tei- and
tetrachloro specios was reported in ono study to be more toxic than the
tetrachloro speeies alone (12). Howevor, more recent unpublishied
obscrvations by the same authors have pointed toward a singularly
high degroe of toxicity of the four chlorine members of the family.
The conditions required for the production of tho tetrachlorodibens-
p-dioxin, TDD, arc present in stop (1) of the commerical 2,4,5-T
synthesis, so this material can bo present in the original herbicide.
Members of the family of dioxins have been recognized in a variety
of environments! situations. The origins of these aro not clear in overy
case (23).

. The sccond source of information about the toxicity of dioxin
compounds came from obscrvations of occupational oxposures in
plants manufacturing 2,4,5-T. These are reviowed in another section
of this report. One of the discases reported was a particularly refrac-
tory form of skin rash known as chloracne. This was also scen in
workers involved in the production of other compounds, The first
report of chloracne in 2,4,5-T plant workers was in 1957 (14). The
authors in this case suggested that the dioxin impurity may have been
the factor which caused the chloracne.

In 1964, the Dow Chemical Company (6) attempted to increase the
production of 2,4,5-T by changing tho reaction conditions. Plant
operators became affected with chloracne. The Dow Chemical Com-
pany closed their facility and, early in 1965, alerted other manu-
facturers of their problemn, The active agent was identified as 2,3,7,8-
tetrachlorodibenz-p-dioxin. In addition, an analytical mothod for
its detection was standardized and various methods for removing the
impurity were devised. By 1965, sufficiont technology was available
to allow the manufacture of 2,4,5-T and 24,5-trichlorophenol
containing no more than 1 ppm of 2,3,7,8-tetrachlorodibenz-p-dioxin.
By 1966, a ncw Dow plant, conforming to those specifications, was
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put inte operation, TDD lovels in tochnical grade 2,4,5-T from
another manufacturer are listed year by year in Table 4. Dioxin levels
in 2,4,5-T currently manufactured arc reported not to exceed 1 ppm.

TanLe 4—History of TDD conceniration in lechnical 2,4,5-T

[Analysis of material from one 1anufaeturer)

Dato ppm, TD1>

Analytical Methods

1. Standard Procedures.

A typical method for the analysis of herbicide residues in oil seed
crops has boon doscribed by G. Yip of the FDA (27). Tho method
involves extraction of 50 grams of oil with sodium bicarbenate solution,
acidification, and oxtraction of the herbicides with chloroform. The
herbicide rosidues in the acid form are then ostorified with diazometh-
ane to produce the mothyl esters which aro finally analyzed by pro-
grammed tomperature gas chromatography. Both cloctron capture and
microcoulometric detection schemes are used. The microcoulometric
dotector consists of a quartz tube condensation chamber where the
herbicide is pyrolyzed at 800° C in the presence of oxygen. The HCL
formoed is carried into & microcoulometric titration coll where the
chloride is titrated with silver ion. The sensitivity of this analytical
scheme is about 0.01 ppm.

A gas chromatogram obtained from cottonsced oil treatod with a
mixture of seven horbicides cach at 0.02 ppm is shown in Fig. 1. The
sevon herbicides used in this test of tho method includod:

ol QCILCOON  OCIHCOOM
Cl- ol | —CIL
ot o
1 | 1
POP 2, 4-1). MCPA o,
COOT  OCHCHOILCOOT OCH0 0 o—bn—coon
Gl c1 —01 —Cl -t
ol c! Cl
1 & a1
23.6TBA 2,4DB 2,4,6T 2,4,0-TP
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CONTROL

TAM- i ——

MINUTES

F1@. 1—Gas chromatogram of the 0.02 ppm sample of herbicide mixture and a
control. Both curves represent 35 g of cottonseed oil.—After Yip (27).

All of theso residnes are woll separated and roadily dotected aftor
22 minutes. Recoverics of these residues from the vegetuble oil sam-
ples were better than 909, in the 0.02 o 0.08 ppm range. At the time
this method was developed, samples of commeorcial vils including
cottonseed, corn, safflower, soyboan, peanut, and olive oils wore
analyzed for residucs of these herbicides. No peaks were discerned in
the chromatogram of any sample.

Although the relative rotention timo of 2,4,5-trichlorophenol, o
common formulation impurity and one of tho metabolic decomposition
products of 2,4,5-T was not reported, it should be less than that of
pentachlorophenol, and thus amenable to deteetion by this scheme. (9)

Yip has also developed o paper chromatographic mothod which
allows qualitative dotermination of the same esters (28). A workable
separation of the methylated acids was obtained using 35% dimothyl
formamide in ether as the immobile phase and 2.2,4-trimethyl pentane
28 the mobile phase. The scusitivity of the paper chromatographic
techniquo is 0.1 ppmn,

The procedure recommeonded by Yip (26) for analysis of rosidues on
green crops involves high speed of blending finely chopped greens with
a mixture of IL;30,, ethanol, petroloum cther and ethyl other. The
solids are removed by eentrifugation and the liquid oxtracted wath
sodium bicarbouato and chloroform, as for samples of vegetablo oils.
The procedure for wheat involves first grinding the wheat kernels in
a mill to pass a 30-mesh screen. Tho ground wheat is then blended with
95%, othanol at high speed. The solids are separated by centrifugation
and the residues oxtracted from the supernatant liquid as above.

2. Bound Residue. Tho above methods are adequate for the analysis
of 2,4,5-T residucs that are in the form of the freo acid or various
osters. Tho dotailed analytical method provides stops for the separate
oxamination of the residues presont in freo acid and estor forms al-
though the csters are rarely found as residues in crops.



An issuc of primary concern, however, is whother there can oxist in
erops residuces of 2,4,5-T chomically bound sich that they are not ex-
tracted and dotected by the standard analytical method. Crosby (4)
showed that a water soluble, ether insoluble hydrolyzable form of
2,4-D is present in bean plants treated with 2,4-D. Tt has been reported
that 2,4-D as well as other herbicides cen be converted to coonyzme-A
thioesters (8) ; this is a possible form for the “bound” material. It has
. also been suggestod that 2,4-D may be bound as 2,4-dichlorophenoxy
acetylglucoside (15). 2,4,5-T could presumably undergo unalogous
reactions to give the corresponding bound forms.

Tho analytical mothod that has beon used in most plant residue
studios 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, tho
residue levels shown in Tables 5 and 6 were found by the standard
analytical method (16} (29).

TanLy 5.—Residue of 2,4-D in forage samples from pustures sprayod with bulyl ester
or 2=cthylhexyl csler of 2.4-D at a rale of 2 thsfacre, Average of 1o 5 determinations.
—After Klingman ef al, (16)

24D residues, ppm, from
Laiyl aster tothylhexyl estor

Butyl  Ethyl Ethylhexyl
Acid ostor osber Aeid wstor

Date, May -—

0 0 0
3 .10 .04 .6 1L 8§
10.2 0.18 0.02 3.6 6.7
) 603 0.03 2.8 2.0
&Lo 0 0 W7 14

= Sampled just beforo spraying.
L Bampled within 34 hr alter spraying.

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

Tanre 6,—Residue of 2,4-D in milk, as determined by iwo methods o l{ analysis, from
dairy cows grazing in pastures sprayed with esters of 2,4-D of fA on morning

of 111?1;;6)6, 1963. Samples taken from morning mzlkmgs only. “—After Klingman,
el a

b 2,4-D vosidues In milk, ppm Irom
ays —-
Duio, May after byl ester 2 hylhexyl oster

spraylng —
FDbA SWRI  FDA  SWRI
LQ ) 0 0 ]
1 0.0t 0, 0.01 0.03
2 L0l .m . L2
3 W01 .01 .0l <0
4 .01 0t <. 01 .01
5 .0 0L <0 0
7 .ol .0 .01 0

« Cows ware kKepl in pastires continuonsly, exeept durlng milking, All daty were rounded Lo neavest $.01
becanse this is about the rtieal Wit of procigien of the methods used. FDA=Food and Drug Adminis-
teatton and SWRI:S{mt 1west Research Lnsiitute,

L Mk was sampded in the mornlng belore pastures were sprajed.
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The presence of bound 2,4-D in the grass samples from the pasture
sprayed with the cthylhoxyl ester of 2,4-D was also checked. To
demonstrate the presence of bound 2,4-D, the aeid and oster wero
extracted from the forage samples as usual. The filtrates wero then
extracted three times with othyl ethor to remove any residual 2,4-D
acid and finally heated on o steam bath for 16 hours under highly
acidic conditions. Presence of bound 2,4-D would be indicated if
amonnis of 2,4-D found in the hydrolyzates were significantly higher
than those found in the filtratos before hydrolysis. Rosults are shown
in Table 7.

TasLe T—Ppm of 2,4-D in grass of ethylhexyl esler-sprayed pasture, free and

bound. (29)
Days after spraying Tultial b [atm ILydrolyzat
clore 0]
) extraction  hiydrolysis Y °

46 0. 063 (')'

50 0, 430 (L )
o 0, 246 0.654

15 0,230 1.3

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

There is ovidence for the binding of residucs of 2,4,5-TP (Silvex),
the phenoxy propionic acid analog of 2,4,5-T. A carcful study of
2,4,5-TP residues in orange pocl, howover, suggests that a rather
high percentage of the growth regulator residucs can be present as
insoluble “bound’ materials (10). 2,4,5-TP fractions could be sepur-
ated on the basis of solubility into four types: free acid, ester (hoxune
soluble), complexed acid (water soluble, hexane insoluble}, and
heat-labile complexed acid (heat-released). It was possible to dotect
the water soluble complexed acid as the methyl ester after basic
hydrolysis and identification. The labile form was released aftor
heating for 24 hours at 104-105° C. The councentrations of these
various forms during a 13-weck poriod are shown in Fig. 2.

20



©
o
]

-j
o

O—FREE ACID
&H=80L.. CONJ. ACID
——HEAT LABILE ACID

o
Q

L4

[T
<

2,4,5—-TP RESIDUES (PPB)

o o

} 3 L 7 9 - i3
WEEKS ELAPSED
Fraure 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 residuc. The
results of this and other studies of herbicide residue in citrus (7), {(18)
emphasize that the residues of hulogenated phenoxyacoetic acids may
take several forms in plant tissues. Unless an effort is made to release
the bound residues, the standard analytical secheme does not provide
a suitable basis for estimating the total residuc concentration.®

CHEMICAL STABILITY OF 2,4,5-T

1. Photochemical Degradation.

Ultraviolet light has been shown to alter drastically the structure
of many pesticides under laboratory conditions. Knowledge of whether
sunlight under “ficld conditions’ can also affect these transformations
is critical. The detailed chemistry and toxicology of the resulting
decomposition produects could be significant to agriculture and the
public health,

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

*Tt Is possitle that only the pure aeld and ester residues produce physiological effecis on nan and abimals,
whils tho bound forms ate inett and non-ioxie. The standard snalytical schemo would then provide a uselul

messurs of the effective concontration of residne in toxle form. The relative physiological effects of bound
andd nnbound residues are unknown,
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2,4-D is, in fact, degraded in the presence of ultraviolet light Lo
phenolic products (19), (), (2). Somo cvidonee is available which
indicates that sunlight also detoxifics 2,4-D as Penfound and Minyard
(20) showed that malformations of water hyacinth and kidney bean
plants were more sovere in shaded plants than in those receiving full
sun. The most recent photochemical study (6) ts the first to compare
the transformations induced by sunlight and ultraviolet light.

Photolysis in the presence of sodium bicarbonate (2X107% M)
and water leads to several isolable produets: 2,4-dichlorephonol,
4-chlorocatechol, 2-hydroxy-4-chlorophenoxy-aectic acid, and the
major product, polymeric humic acids.** Although the transient
1,2,4-benzenctriol could not initially be isolated, it could be trapped
if oxidation of this intermediate was inhibited by earrying out the
photolysis in the presence of excoss sodium bisulfite,

These results suggost, the following scquence:

on 011
| |
—Cl on
 —
Cl Cl
/' /' \
00113000]1 OC]IzCOOII ([')1[ (iJII
cl — 011 OIL -0 0—
—_—
o
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Cl O I
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F16URE 3 Proposed mechanism of 2,4-D photodecomposition
After Crosby ()

Analogous results were obtained from irradiation in sunhight.

2. Hydrolysis.

The esters of 2,4,5-T are readily hydrolyzed to the free acid under
acidic or basic conditions. The csters are rarely found in residues in
crops. The rates of hydrolysis of course depend on the detailed sterco-
chemistry of the ester substituent. The rate of hydrolysis is reduced
a8 the bulk of the ester group is increased. close to the oxygen hnkage.

+*Ng allempl was nuulo bo delormine the fate of Lhe bwe esvbon fragent.
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3. Thermal Stability.

2,4,5-T is stable with respect to thermal degradation to at least
its melting point of 153° (.

4. Biochemical Dogradation.

2,4,5-T is slowly degraded in soil which contains organic matter
under warm, moist conditions. The gencrally accepted half-lifo for
this process is several weeks. However, the decay in 2,4,5-T concon-
tration is usually not a simple first order process since the population
of organisms that metabolize 2,4,5-T inereases in the presence of
2,4,5-T. In arces pre-treated with 2,4,5-T, the lifetime for degrada-
tion is significantly reduced. Three months appears to be the aceepted
length of time for 2,4,5-T residues in soils to disappear completely.
Thoe rate of disappearance appears to be independent of the quantity
of application. Some of the organisins responsible for 2,4,5-T biodeg-
radation have been isolated and identified. (I7) The subjoet of
residues is more fully examined in Seetion VI,
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USES AND SIGNIFICANCE

Summary

2,4,5-T has becomo important in land and waterway managoment,.
It has been vory usoeful for brush and weed control. A result has been
a growing dopendoence upon it. The Government itself has encouraged
the use of 2,4,5-1" through an agricultural cost sharing program.

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

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

Civilian uses of 2,4,5-T dropped nearly 509 from.1964 to 1966.
More recent, unpublished information from the Department of
Agriculture suggests that this trond continuad through 1968 but may
have begun to reverse itself within the past year. This decreaso
accompuanied price increases and shortages of supply associnted with
tho demand for 2,4,5-T as o defoliunt and tactical weapon in Vietnam.
If acreage decreased proportionately, about four million acres would
have been treated in 1966.

To some cxtent, other horbicides can be substituted for 2,4,5-T
(notably 2,4-13). If all alternative horbicides were available the ban-
ning of 2,4,5-T would appear to load to an additional cost of nearly
$52 million in land and walerway managemont or nemly a 1009,
inerease over the current exponditures. These figures assume practices
designed to achieve the current level of management and agricultural
production, If other phonoxy herbicides are nlso banned, the additional
costs from climination of 2,4,5-T alone would smount to $172 millien
or over three times the prosent investment. Agricultural costs are
estimatod to rise $32 million and $44 million, respectively, under the
two assumptions, while costs of right-of-way managemcnt would rise
$12 million and $75 million, respectively.

Agricultural productmn has become dependent upon the use of
herbicides. Their use in the United States has increased rapidly during
the past fow years. They are employed as substitutes for the more
costly prattices of hoeing, cultivating, mowing, chopping, burning,
and various other cultural practices for the control of weeds.
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One of the principal nses of the herbicide, 2,4,6-T, is for control
of weeds and brush on pasture and rangeland. Large gquantities are
also used to control brush along roadways and under powerlines, The
principal crop use of 2,4,5-T is on hay and pasture,

In forest production, 2,4,5-T has proved useful for sclective wood
control. 2,4,5-T acts upon deciduous hardwoods leaving the conifers
with little injury. This treatment has been helplul in releasing conifors
from deciduons hardweod competition in mixed stands.

Production

Total herbicide production in tho United States has increased
rapidly: -
*1960 75,000,000 pounds (3)
1965 220,000,000 pounds (8)
1968 403,000,000 pounds (12)
For 2,4,5-T (acid, csters and salts), production has increased as
follows:
1960 7,900,000 pounds {?)
1065 13,600,000 pounds (10)
1966 18,100,000 pounds (I0)
1967 27,200,000 pounds (10)
19638 42,500,000 pounds (12)
A portion of this production is exported and a portion shippod
abroad for military use.

Uses

1. Domestie.

a. Farm use.

In 1964, of the cstimated 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 agriculture (Table 1). Abont 40 pereent of the quantity em-
ployed in agriculture wag used for weed control along fence rows,
ditch banks, farm roadways, and other non-crop uses. Tho remaining
60 pereent or 979,000 pounds was cmployed on crops (including hay,
pasture and rangeland).

Since 1964, the nuse on farms has been decrcasing. In 1966, 760,000
pounds wero applied which is less than 509, of the 1964 amount (13).
Use on hay, pasture, and rangoland declined 35 pereent, and other
crop use decreased by 31 percent, whereas non-crop use decreased
about 84 percent.

b. Forestry, Rights-of-<way, Agquatic Weeds and Lawn and Turf.

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

An cstimated 4,368,000 pounds were applied to rights-of-way,
roadways, fire lancs, and similar arcas for treo and brush control in

*Changos in the method of reporting aiter 1980 make this figuro difficult lo compare with later fignres.
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1964 (Table 1); in 1966, this had decreased to 2,315,000 pounds
(Table 3).

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

TABLE 1—Estimaled use of 2,4,5-1 in the United States, 1964 (13)

. Quaidities of 1‘&.\{)0&1[011 of
Tae eotegory Eand freatod aelive total quantity
per 1,000 aeveg 2,4,5-T appilad npplicd
per 1000 poonds (1 ercont)

Farin use:t

Iay, pastare, s rangeland.._____ ... ..., & 41 51 7
LT T T 21,040 1,04 12

Tobn] P W80, _ .l aieleeil . 3,451 1,655 19

Non-farm nae: T

Federal Government sgencies 5. ... ... 200 656 7
Lavwe and toel teeatinent . ... e 1, 200 600 7
Rii;hls-of-wmrs L - 2,178 4, 368 40
Private non-farm forests b - 430 aus 10
Aquatle treatment oL . —— 81 162 2
ORhOT 808 ¥ s 308 583 ]

Totul NOT-Fa¥I B0 L. e e s . 4, 488 7,287 81

AT USO8, e ee e e ea e e ee e 7,980 18,012 T i00

{ Based on “Quantltics of Pesticides Usod hy Farmers n 1064, AER 181, Farm data excludes Alasks
and Hawall. In gonte farin uses, sdl acres lu a field were roported teoatod while only apots actually recoived
2,457, thus maklng the rate per aero secmn low,

1 8unn of tho seres of all erops, except bay, pasiure, sod rangeland treated, plus an ocrongo estimate [or
noneropland receiving treatient. The acreage of noncropland was estimated by alloesting the quantity
of 2,4,8T uzed for sueli purposes et the rate of 2 pounds per e,

1 Based on 1900 usuge of the Departments of Agrienltars, Interlor, and Defense; and 1951-69 avorage
nsage by the Tenmessee Valley Authority.

4 Based on esthmated 500,000 acres of turf and 700,400 geres of lawns troatod. Estimates based on “Exient
amtlrlghwofi oé “t:aed Control with Ierbleides and an Evaluation of Important Weeds,” A RS 34-102; and un -

] ata.
P 5 Dased on gourees eited in footnote 4 with rate of appllention same a3 for federally troated rights-of-way .
Drocz pot inelude rights-of- way treatod by Federal sgencies.

§ Estlmnated at 4 Cimes the screage trealed and quantities of pesticides ﬁplied to pullic forests.

7 Based on sonrers ¢ited in footnote 4 and rates used on fedorally troated watorways.

8 Inchndis povernments other than (ederal and any othor usage.

» Bused on fable 28 of the Pestichie Roview 1088, Ag. Cons. Stah. Berviee,

TanLy 2.—Farm use of 2,4,5-T on crops, by calegory of use, United Siales, 1564
and 1966 (13) !

Precentage
Actlve ingre-  Aecres treated  of plantod
dients per per LOOG awres  acros trowted
Use category 1,000 pounds w;th 2,4,561'
percen

4 10066% 1064 106G 10844 1066 S

Ilay, pastuare, and vangeland 581 3N 3,441 8AL 0.4 0.1
Corn_ __.. amae 7 58 286 7 0.4 0.&
Wheat 16 2 55 M G1
Borghuy i} 4 18 3 0.1
Rice...._. C z 0 (iG] 0,8
Other graing - . P 34 196 m 0.4 0.2
L0 T T R i1 127 n7 ¥ [ 0.2

All CTOP BSBER e ams i ocimmaeeon 979 o6 3,112 1,885 0.3 0.2

1 I3ows ook inelade Alasks and Tawall. Tse in 1064 geoorully rellects enrcent practices. Uso In 1936 was
nnﬂt}sually ﬁmg“ and not represontative of carrent practiees hecause of domnoestle shortapes duc to Increased
mbitary purchases.

2 Rovised cstimates based on Quantitles of Pestleldes Teed Ly Farmers in 1984, U8, Dopt. Agr., Agr.
Econ. Rut. No, 131, Jan, 1968,

2 Daia from the ER8 Pesticide and Geiteral Farm Sarvey, 1046, i

1 Acrog ireated as a percent of acTes prown ng reported In Stat, Bul. 354 and Agricultural Statistics 1008.
2_;{1_}.::«!?:)% treatod a4 u pereent of aeres grown as reported In Crop Production, 1067. U.8. Dept. Agr., Cr. Iy,

8 Legs than one-tenth percent.

T Incladed in other graing In 184 only.
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Tasre 8.—Quantities of 2,4,6-T used and perceniage change in use, United Siales,
1964 and 1966 (13)

nantitios oI ocilve  Redoetion
4,5-’[‘ npp] er  froun 1964

Use eategory 000 potinds usags In
————— e ———  pereont
14 1 106 +
Farm 30 L
Hay, pasture, and rangeland_____ ... ... GHL LE il 35
L2 T S T NN 1,074 2381 [i']
B T Y 1,458 2300 54
Nonlarm use:
Federal Government agencies_ . [ 1] 3460 3t
Lawn ond tucf treatment, - 400 4300 by
RIght s - B v e ciiimiacacea s - 4,388 2,818 47
Privato nonfayra forosts. . .- ] b 408 54
Aquatle treabmont . i anean 142 178 46
LT T U 883 8292 o)
Total NORTAII WS o e oo e cvaecrmce e cmanrsrrmnararranran 7,267 3,840 48
Al B80S B e it s dem e 8,012 L 48

1 Boo tablo 1.
# Data from 1986 ER3 Pesticldo and (oneral Farm Survey, ULE, Dopt. of A,
3";':Ihn?.od on: docreases in Forest Service spending on timbor improvcmont, & coopcratlvu progrems with
08
1 Assoming 50 perecnt shift to dleamba.
* Regidual after providing for other requiremoents.
¢ Baged on somo rate of reductlon 83 total farm, nae.
¥ Daged on same rato of reduction In 2,4,5-T use on ha{“]mtum, nod rangeland.
§ Aeaning 50 eent of the 1964 use of 2,4,5-T was ro
* Based on tables 2 and 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 quantitics (less than 10,000 pounds) of 2,4,5-T wero usod as
a growth regulator to thin fruit in the spring and hold it on the tree
until harvest in the fall (9). '

d. Federal Agencies.

The DOD, USDI, and USDA are the chiof Federal agencios that
use 2,4,5-T on the lands thoy manage. During 1964 in continental
United States the Foderal agencies used a total 656,000 pounds
{Table 1).

In 1969 tho DOD treated 162,000 acros with 221,000 pounds of
2,4,6-T in continental United States (Z6). The majority of that used
by the Department of Defonse was by the U.S. Army Corps of En-
ginoors Civil Works Program for tho 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 gonerally
restricted to small areas such as training sites, lawns, fringos of air
fields, fence rows and ammunition storage areas.

During 1969, the USDI troated 52,900 acros of rangeland with
38,200 pounds of 2,4,6-T; in addition 2,200 acres of aqguatic ]mbltats
wore troated with 5,600 pounds (17).

In 1969, the USDA treated 107,000 acros of timberland with
221,000 pounds of 2,4,5-T. In addition, 34,000 acres of rangeland and
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2,000 acres of rights-of-way were troated with 94,000 pounds (un-
published figures),

. Eeonomic Importance.

It is estimatod that herbicides contribute significantly to the profits
of agriculture. For oxample, if phenoxy herbicides (including 2,4,5-T)
wero not available, the net loss to rico producers in the United States
has been cstimated at $7.6 million per yoar. This represents somo
29, of tho farm value of all of the rice produeed in the United States
por yoar or about 25% of the valuo of production from acres treated
with phenoxy herbicides (13).

2,4,5-T has o major use for control of brush under transmission
lines. It is estimated (13) that the control of brush with 2,4,6-T on
rights-of-way costs about $6.50/acre. Other chemicals which could bo
substitutod for 2,4,5-T on most of this acreage would cost $42/ucre.
Manual control costs about $44/acre.

The loss to agriculture if 2,4,6-T were no longer available would
bo about $32 million (based on normal use in 1964 {sec Table 4)).
Bocause of military domands for 2,4,5-T in Vietnam, the quantity
used in agrieulture has declined by about onc-half (Table 3).

It has been estimated that the inereased costs of alternatives for
2,4,5-T for nonfarm use wore about $20 million for 1964 (Table 4).
Betwoen 1964 and 1966 these uses were also cut in half (Table 3).

If 2,4,5-T wore not available and other phenoxy herbicides could
not be used as altornatives, it is cstimated that the domestic cost
would be approximately $172 million (about $44 million for farm
uso 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 non-food crop use (14).
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Tanvk 4. —Economic effecis of banning 2,4,5-T, if other phenozy herbicides and oll ‘
other registered herbicides could have been wsed, United Stales, 1970 (18)

Aeres Cost of
Acres  requle- alter-
Esti- that ing native Costof  Netine
Use category mated could bo addi- Costof  herbi- addi-  croased

aeres  troatod  tHonal  24,5T eldes  tional cost of
tr%cd with cnltural mhd sad  ealtural uﬁing
prae-  oppli-  appl- e altor-

24,511 tive tieos  coation cu@?g{'l Itiwa natlvo ]

1,006 ! ! 1,000 1,000 4,000 f
Parm acres wﬁg a.’?eg dollars  dollers  dollars do%s
50;
Tiuy, pasture, rangetend * ____._ 2,441 485 1,063 £, 062 L7l 32,443 30,172
Other farmuaaed .. .. 1,810 B0 ki ! 3,008 3,245 2,470 1,763
Totol (I US0c e cmanemmenuna 3,461 1,367 2,727 8,020 5,028 34,020 31,535
Nonfarm ase;
Federal Government 5. ... .. 206 281 16 3,287 3,705 735 1213
Lawn and turef?_.... . 1, 200 1, 200 L] 2, 850 3,720 240 1,110
Rights-of-way 75.......... 2,178 1, 958 207 3,2 36,028 0, 548 11, 804
Prlvato nonfarm forosta 7 ¢ 430 a8 43 3,738 4,411 3,343 4,036
untic areas T 1 81 72 8 408 760 240 202
Other M cavraeas 304G 201 15 2,219 3, 026 375 1,182
Tal nonfarm usd. ccomeeean.s 4,488 4,150 358 40,44 SLTI0 14,500 19, 747
Total all Usta. @ wmeemmcncnnven 7,080 b, 567 3,085 B,4M 50,738 40,430 a1, 072
1 From Tuble 1.

% Cast of altornative herbicides and application plus ¢ost of additional cultaral prawtlees less cost of 24,5

T and applleation.,

 The I;Ftomative herbicide was 0.6 1bs, silvex and 1 1b, 2,4-D on 209 of the acves trestod. Cullural treat-
ments on the ether 1,963,000 acres inelude ronovath? a thi'rd of the acres at $15.06 an acre; then bulldozing
7207 of the rempining two-thivds nd $23.18 an sere, and mowing the other 2897 at 51,50 an acre.,

i idost acroe of individusl crops teeated with 2.4,5-T in 1964 could hava been treated with 2,4-1, Sllvex was
a,}:rpllod with 2,4-Tr on the noneropland, Rates of 24-E use on cmgs wore assumed o be Ele 1906 gverage cato
of all ]phonox usa%? for that crolr excoept for other prafns where 2,4-1v wus used at the samo raty ag 2,4 5-T,
fuppletnental hand or mechanical control was ot somoe of the corn, sorghum, and noncropland. Addi-
tional acras of wheat, other small prains, sid othor erops waore grown to malntaln productlon in spite of yield
1o8ses, In Hee production, additional fertRizer and a ehangs in the crop rotation were required to maintein
production and offsol, loss 11 quallty.

5 Baged on 1980 use Y the Departmonts of Agricaliure, Intorior, and Dofense; and TVA. Two lbs. each of
24D and silvex woro substitated for 24,5T on 06% of all acres troated in 14964, Remaining actes required
addlitlonal enltural, mechanical, aud manual conirols averaging $40.00 per freatod acra,

¢ All acres could havo been troutod with 0.5 Ibs. eash of 2.4-D and gilvox, bt $4.00 of mynual work was slso
m:lt.ired ok 5% of all acred.

Two Ibs. vach of 2.4-D and slivex wore used ag substitutes for 2,4,5-T on 909 of all acres,

6 Teq) porcent of the actes requlred hand eutling at $44.00 por acre.

¢ Ton porcent of tho acres wore mowed, hand eut, or undesirable specios girdlod at s cost of $76.21 per aero,

# The remainder required eleaning with a drag 1ine at $30.00 per acrs for treatod acres,

1 ‘Two pounds oach of 2,4-D and slkvex wore nsed to replace 2.4,8-T on 95% of theso acves, The remaining
aorea reqitjred machanieal control by hand or with machines at £26,00 per acro on which used,
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Tavti b.—Economic offects of banning 2,4,5-T 1f no other phenoxy herbicides could
have been used buf oll other registerccf herbiesdes could have been wused, United
States, 1970 (13)

Actos Crowt of
Acres  vesquir- altor-
Eati- that Iy native Costof  Netin-
Use eatogory mated counld ha oadidi- Costol  horb!- addl-  preased

acres  tropdesl  tlonal  24,5-T cides  tlonal costivf
trealed with cultursl anid atid  caltaral uslng
prac- appli- applis ac. alters

24,6:T1 tive tices  cution  eatlon tlees  native 2

! 1,000 1,000 1,000 1,000 i 1,060
m’m acres acreg  dollars  dollars doﬁ?x dollars

Farm use:
Tluy, pasture, and rongeland 3. .. 2,441 2,441 4062 (... 40, 561 35,400
Othar farm wse .. .._...._..... 1,010 68 3,98 488 6167 788
Totol farmwase. ... 3,451 3,050 8,020 0,386 45,718 44, 084
Nonfarm: use: B
sderal CGlovermoents . ... 206 213 3,287 3, o0t 10, B3 11,477
Lawn and torf ¢ — 1,200 1, 200 2, 8%) 2,310 4, 500 4, 260
Rights-of-way T ... . ... 2,175 54 3,772 84,512 23, 995 74, 076
Private nonfarin forosts pana $2h ... .. £30 34, 030 20,802
Agquaticarong*. ..., 81 .1 2,430 1,822
. Other ™ i 300 306 7,050 5,431
Totul nouliwm use. oo oveenan 4,488 2,74 4,474 DLO2D 83,300 527,568
Total all Us08_ .. coeeee.nn 7,080 5,433 64,404 07,408 129,07 171582

1 From Talvle 1.

l: Ctoist. of alternative herbicides and application plus cogt of other troatments less cost of 2,4,5-T and ap-
plication,

3 Cultural freshinents inelude renovating a $hided of tho acros at $15.88 an acro; thon bulldeging 722 of the
remnining two-thirds at $23.16 an acre, snd mowing the other 28%; st $1,50 an aero.

1 Wopds on 201 aetes of most crops troated with 2,4,5T jn 1064 conld have beon controlled with non{)hml-
oxy herbicides, Inportant ehomles! substitntes used include dicgmbs, atrozine sod ol on erops and piclorem
on neneroplaad. Supplomaental hand or mechandeal eontrol was also baquived on some cort, ovghum, small
gealug, sndl noneropland. Additional seres of wheal, other ynall Smlns, wnd other creps wero grown 1o main-
tuin production In spite of yield loszes, In rive production sdditional forlllzer and s chango io the crop
rotatiot were requlred Lo mafgtain produetion and ofFset loss in qualiby.

5 Basod on 1964 used by the Departments of Agricullure, Intarlor, snd Dofense; and TVA. Two pounds of
picloram with a drift reducing adjovabt were substitated for 2 4,6-T on 756 poveertl of federcally muintained
Iig-of-way. All othor acros m%uirod cultursl, mechanleal, and l control aversging $51.00 por acte,

uAL]rlo at\lcms cﬁl bo troated with 0.5 powud dicsmba but supplemental manusl work cosiing $4.00 por acre was
Tog; on all weres.

T Two pounds of peloram with o drift roducing adjuvant wore substitutoed for 2,4,5-T on 75 percent of afi
acres, Tho romainder requirod hand cuttiug st $44.00 an acre, )

# A1l seres had 1o be mowed, hand cut, or undesirallo specios hand girdlod at o cost of $78.21 por treated
nere.

¢ A1l aeres peeded to be mechanically cleancd with w drag Yine at $50.00 por sero troated.

1 A1) geres required mochanical control by hand or withi mnachines ot $26.00 per acre.
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USDA Summary of Registered Agricultural Pesticide Chemical Uses
2,4,6-Trichlorophenozyacetic Acid

{Principal formulations: EC csters; aming salts; Type pesticide:
Herbicide and plant regulator)

Uso Tolerancoe Dosago Liltaélons
(ppm)
b, actualid,
Pastures; Grasses.._.... Extendod_.. 3. ... ... Heavy Ihush, Apply wlwn in fuli leaf and
ﬁrassiswe established.
| S, nght Apply when leaves gro fully
Rangeland clearanee, .. Extended . 4. .. ... . A ply in E l.ng by alrplane when brush s in

eavy foliage atage (4000 duys wlter leaves
Apples (MeIngosh)...... Extended... 20 ‘ppm spray I’Nharvcst drop conirol. Apply s shngle ﬂagr

lac eld ejaiva- lleﬁltlon 4-5 days before drop norm
B
Blueberries (low Dush).. Extonded. .. 1.0 (acid #pray on revolving cloth-coverod dirm Told
equivalent). above hinoherry foliagu Apply durlnﬁ Junc
and July of soazon preecding o butn, Do not
P]y within 2 years of harvesting berrles.
{iraing, cerenl Extended. .. 0.5, ... ... App when grain 1s ln tillor to ool s atul
andesignated). weeds are in aclively geowlng condition.
Dodllljot apply rwm boot Lo milk stuge or fn
sendling s
Pastures; (rasses....... Extended. .. 8. ooieeinnee Hoavy bmstl?gf\pplﬁswhon 10 full leaf and after
ross is well eatah
) T, zht brush Apply when leaves are fully
sxpand
Ra nd elegrance_ .. Extended _, 4. ... in spelug by sirplane wllen brush Is in
ogels ﬁmﬁy fo*inﬂjbg stggo 9 diys after leaves
Rive. o ooeeeoeneiaeen FExtended. .. 1.25. ... ...cvivansn Apply tlllor to boot and before floodlug (4-8
wroks after rice cm
| Y S Apﬁay alter ﬂooding (z-s Wooks) ot 7-10 wooks
T planti
Bugareano. ... ...oeoon Extondod. .. Jooooemaeieaaan. nco uso on (Loulslana). If cane is
ves w?e hr aired, treat immodiately
fo]lowing this operst.l
E . S Iroomergonce use only. (Hawalt) Apply jost

baforo cune omergns,
Postenmergenco (woeds In establizshed coned.
Apply over row when weeds are Erowlng

xﬁomusly Do not apply after cane s 2 feot

1
Lakes; Ponds..ooeveee. - Extended._ .. 4 (with 201bs.fA.  Broadeast application in early spring to sum-
D as vater). moe. Do not uge treatod water for erop 1r-
rigation or llvostock drinking wator,

Tanwe 7—The nonfood crop uses of 2,4,6-T. The doses listed below are given in
pounds of 2 4,5- and equivalent in 100 gullons of spray using waler or oil as the
vekicle. (U DA, Peszmgu Regulation Dwmof? as gmended by Pesticide Regula-

tion Division Notices 70-11 (4/20170) and 70-13 (5/1/70).
Nonood crop uses ognds Comment
2,4, T acid
Aroand farm Dutldings and yards. ..o o raccanve s ma g 2
Farm fonce rows, lan]g and 2-8
Pino releass in hardwood forcat 2-6
InrdI.I:a;trlac:ﬂl:ﬂlEl includlug Around factorles, elovators loading plat- 12-16
forms, oil
Industr%al altes: Alrllnc beaton statlons, aikPort runways. coalynn]s, eloetric 312
girg'ilsfomwmﬁons, lumberyards, parking towois, rallroa
r’w::’ms\l arens ineluding: Race tracks, wildlifo management............. &, &1
hts-of-way: Flre lanes, highways, pipellrws, powerllnes, rallroads, tole- 420
ome andl tobegraph.
VAR 8. - e et et cammere e n g an s 24

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 rescarch on herbicides procceded
through the period 1941-1947. The work was encouraged by offorts
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to develop doefoliating agents for use in jungle arcas of the South
Pacific arca during World War 1T (2). A major demonstration of the
ulility of the mixture now known as Orange (1:1 mixture of the butyl
csters of 24-D) and 2,4,5-T) as a dololiant for wilitary purposes
was conducted in 1959 (1),

A proeliminary sorics of defoliation trials was conducted in Vietham
botween July 1961 and April 1962 (3). Operational spraying began in
Victnam in 1962 and inereased sharply after 1967. Reviews on this
subjeet are availablo (3, 4, 6).

"T'wo herbicide formulations used in military operations in Southeast
Asly include 2,4,5-T" :

L. fCal.
Agen Conmnposition of nctive
- 1uatorisl
Pl i e s e e veeoa PEDIREYT eabor 24210 5094 (Wl Lo L 8.0

n-butyl ester 24,5-T 308, (wt.).
Tsobutyl ester 24,5-T 203.; (wil.).

L4 T U 1 4 1 | { 5. ) ostcrz,d-b BOOH (WE) Leeeaaa .. B4
n-butyl ester 2,4,5T 5085 {wt.).

Purple mixture was discarded carly because it was found to be no
more offective than Orange. Orange is applied at a rate of 24 1b.
prr aere from both fixed wing aireraft and helicopters. C-123 aiveraft
fly at 150 fect altitude at 130 knots. A swath of 240 feot per pass is
sprayed. Typieally, a formation of 3-9 aivcraft fly at the same time.

The following teble shows the total arcas sprayed cach year botween
1962 and 1968.

TasLe §.—ZLand area in Vietnam fo which defoliants have been applied between
1962 and 1968 (15)

Yoar Numher of weres sproyed

It has been estimated that under usual operating conditions 90% of
the released materis] is confined to a band about 2.0 km wide on either
side of the 80 motor spray path (75). This figure is basced on the spec-
trum of particle sizes, the direction and speed of the crosswind, end
the altitude. Under realistic conditions but with o erosswind at right
angles to the flight path, only 0.1%, of the spray would be deposited
between 1 and 2 ki 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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Dofoliation operations have been carriod out to some extent in
virtually all sections of South Vietnam. The major use has been within
War Zone C, War Zone D, and the Rung Sat Special Zone. These
three arcas comprise about one-fifth of the total area to which defoli-
ants have been applied. '

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

Tho general purpeses for which defoliation operations have boeen
used includo:

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

b. Defoliation of areas where Vietcong tax collectors customarily
oxacted payments from the popalace,

¢. Defoliation of cnemy infiltration routes.

d. Defoliation of enemy base eamps. 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 Amecrican base camps and fire
bases in order to clear fiolds of (ire and improve observation.
Importance of 2,4,5-1' as a milstary defoliating agent.

Systematic studies have not beon carried out to quantify the value
of defoliation in Victnam. However, many of those concerned with the
program believe that the military advantages are clearly evident (4,
15). Tho following evaluations are extracted from testimony offered
by Rear Admiral W. E. Lemos before the Subcommittee on National
Security Policy and Scicntific Dovelopments of the Committeo on
Forcign Affairs (4).

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

b. The Commander of Naval Forces in Vietham in a report to Gon-
cral Abrams stated: “As you know, a major concern is the vegetation
along the main shipping channcl. Your continuing offorts under
difficult and hazardous flying condition, in kecping this srea and the
adjacont inland arcas devoid of vegetation have contributed consider-
ably in donying the protective cover from which to ambush the slow-
moving merchant ships and U.S. Navy craft.”

c. In 1968, the Commanding General of the First Field Foreo re-
ported: “Defoliation has been effective in enhancing the success of
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allicd combat operations. Herbicide operations using C-123 aircraft,
helicopters, truck mounted and hand sprayers have become an intogral
part of the IT CTZ operations against VO/NVA. The operations are
normally limited to arcas under VCO/NVA control remote from popu-
lation centers. The defoliation program has resultod in tho reduction
of enemy concoalment and permitted increased use of supply routes
by friendly units. Acrial surveillanee of enemy areas has improved and
loss seourity forces ave required to control areas of responsibility. An
overall result of the herbicide program has been to increase friendly
seeurity and to assist in returning civilians to GVN control.”

d. The U.8. Commander in the IIT CTZ related : “Ilerbicide opera-
tions have contributed significantly to allied combat operations in the
III Corps. Dofoliation is an importani adjunct to target acquisition.
Acrial photographs can often be taken from which interpreters can
*goc the ground” in areas that proviously were obscured. Defoliation
also aids visual reconnaissance, USAT FAC’s (forward air controllers)
and U.S. Army acrial obsorvers have discovered entire VC base camps
in defoliated arcas that had previously been overlooked.”

¢. In the south in the IV CTZ, C-123 herbicide operations aro
limited. This is because of the vast arcas of valuable erops which are
not to be destroyed, even though they may be in enemy hands. There-
fore, commandcr of the IV Corps area in presenting his evaluation
cited the value of helicopter operations as follows: “A significant heli-
copter defoliation mission was conducted in the vieinity of SADEC in
August 1968, The target arca consisted of 3 main canals which con-
verged and formed a strong VC base. The dense vegetation permitted
vigibility of only 10-15 mecters horizontally and nil vertically. The
arca was sprayed with approximately 135 gallons of herbicide White
and over 90 percent of the arca was defoliated. As the result of the
dofoliation, an ARVIN battalion was able to remain overnight in the
arca for the first timo in five years, Many enemy bunkers were open
to observation. Since the defolintion, the VC presence has deercased to
tho point that only RF/PF forces are now necessary for local security.”

f. As & part of the 1968 cvaluation report of herbicide operations,
the U.S. Senior Advisor in the TV Corps Tactical Zone arca reported:
“A section of National Highway 4 in Phong Dinh Provinee was tho
site for a defoliation operation on 24 June 1968. Since Janunary 1968,
a series of ambushes was conducted agaibst SYN convoys and troop
movemonts. Because of the total inability of ground troops to keep
the area clear of VO, this area was sprayed using 685 gallons of herbi-
cide White. The targel aren was primarily coconut palm and banana
troes that had been abandoned by their ownoers for several yoars.
During the period of ubandonment the vogetation had become so
dense that convoy seeurity clements were not able to see more then
five meters inte the underbrush and had to rely on reconnaissance by
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firo te discover the hidden enemy. This method of protection had
proven inoffective. Throe RF/PF companies with U.S. advisors were
used to sccuro the target for the helicopter operation in addition to an
armored cavalry troop. Sinee the defoliation mission was completed,
convoys have used the highway 2 or 3 times a week without attack or
harassmont. Only one RF platoon has remained in the area (o provide
local socurity to the hamlet und highway.”

g. In cortain instances, we know the VC have been foreed Lo divert
tactical units from combat missions to food-procurement operations
and food transportation tasks, altesting to ihe effectiveness of the
crop destruetion program. In local arcas whore extensive crop destruc-
tion missions were conducted, VC/NVA defections to GVN increased
a8 a result of low morale resulting principally from food shortages.

The most highly valued item of equipment to field commanders in
Vietnam is the helicopter. There was some question when the heli-
copter spray equipment was first procured whether field commanders
would divort 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 certainly proof that herbicide operations have boen helpful
in protecting the Amecrican Soldier and contributing to successful
accomplishment of the gronnd combal mission.” (4)

Cost Sharing Programs

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

1. Conirol of competitive shrubs on range and pastures.

In 1968, $7 million were paid to farmers who treated 1.9 million
acres. Approximately one-half of this land wus treated with chemieals,
a substantial part of which was 2,4,6-T. The remainder was treated
by mechanical means.

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

In 1968, $1.75 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
other chemicals were employed.
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"TOXICOLOGY

Summary

Rolatively little toxicological information has been available
on 2,4.5-T. Most of the oxperimonts prior to the National Cancer
Institute screening study were of acute, single-dose or short-term
toxicity. Tho longest period of obscervation was 90 days. It was as-
sumed (not unreasonably) that the several phenoxy herbicides bes
haved in similar fashion toxicologically. Ilence, an muderstanding
of aspeets of the toxicology of 2,4,5-T was inferred from experimonts
with 2,4-D. Tho sample sizes used in many of tho early toxicily
studies were so small that it is difficult to draw statistically valid
inferences. The studies indieated that 2,4,5-T is only modcrately
toxic. Relatively little is known about the mechanisms of toxicity
of 2,4,5-T or of its metabolism in man and animals.

The screening study of pesticides carried out under contraet for
the National Cancer Instituto tested tho toratogenicity 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 and in addition indicated that purified 2,4,5-T containing
less than 1 ppm of the toxic contaminant tetrachlorodibenz-p-dioxin
~ as well as 2,4,5-T contaminated with 27 ppm dioxin are teratogonic.
1t has also boen reported that dioxin by itself is teratogenie. Tumor
production by 2,4,5-T was not found.

Accounts of birth defects in defeliated arcas of Vietnam havo
been reported. The information available does not permit the con-
clusion that 2,4,5-T used in Vietnam has been the cause of human
birth defects.

2,4,5-T is classed as a plant hormone sinco, in appropriate amounts,
it aceclerates plant growth. The mechanism of the herbicidal cffect
is not fully understood. However, it is generally believed that oxcess
growth stimulation and horbicidal propettics are related. Herbicidal
cffects occur when these materials are used in large doses.
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A. Acute Toxicological Investigations

Toxicological studics on 24-I) wore first reported in 1944 (8).
However, there were no published reports of toxicological investiga-
tions of 2,4,5-T until 1953. In that year, Drill and Hiratzks (5)
reported a series of studics of acute and subacute toxicity of 2,4,5-T
on dogs. The material usod was commercially available 2,4,5-T
(presumably the acid) and was adininistored in capsules mixed in
dog food. The single acuie dose ranged from 50-400 mg/kg/. Chronic
toxicity was studied in this case by oral administration in doses of
2-20 mg/ke/day, 5 days per week over a period of 13 weeks, Observa-
tions and measurements made included determination of the number
of days until death cnsued, ohangun in body weight, general observa-
tions of abnormal physlf*a,l signs, gross pathology of organs, and se-
lected histology. The number of animals used was small (as fow as
one per dose and as many as four per dose). In brief, the findings of
this study suggested that o single fatal dose for dogs lay somewhere
between 100 and 400 mg/kg. Tt was inforred by the author that the
acube 11Dg* was around 100 mg/kg for dogs. Repeated datly dosces
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 period. There were some overl signs of toxicity including
weight loss, stiffness of hind legs, museular weakness and, oceasionally,
bleeding from gums.

The Dow Chemical Company, a manufacturer of 2,4,5-T, under-
took a scries of studies of acute toxicity of this material beginning
around 1950. This scries included o varioty of species of animals
and a number of the various salls and osters of 2,4,5-T and sevoral
of the various formulations. The dotails of these studies have never
been published in the open literature. A number of them have been
submitted as background material for a petition for the granting of a
toleranco for the herbicide for uses of food crops. In 1954, a summary
of some of this work was published by Rowe and Ilymas (17). Table 1
lists tho various herbicidal agents tested.

*LDw maodinn lethal dose=1he amount of o toxie ngent which will be lethal 1o 80%, of ihe Lest animals
to wldeh il by sdministered nnder the condltions of the eaperiment.
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Table 1. Herbicidal formulations.

TapLE 1.—Herbicidal formulations studied by Rowe and Hymas (I7)

Tradoe namo Actlve Ingredients (pereent)
& 4-Dow woed killer (formuls 409 .. .- 85.0 Alkanolamlne salts of 2,4-D
Est 4 - -~ 440 Tsopropyl ester of 2,4-D
Esteron 248 (old formulation}. ... 33.2341? pyl ester of 2,4,6.T: 12.1 Mixed syl csters of
Esteron 248 (presont formutatlon). ... ... 65.25 I\g.grno-, dl-, txipropylens glycol butyl ether esters of
Esteron ten-ton. ... oo eiiens 7055 Monc», di-, fripropyleno glycol butyl ethor esters of
Brosh Killer 50-50. - .o cnoeoeret s 27.5 Buiyl esters of 2,4-D; 26.6 Buiyl cstors of 2,4,5.T
Brush kitler T........ R, . §2.2 Butyl estors of 2,

4T
- - 37.1 Tsopropyl catory :f 2,4-D; 30.0 n-Butyl cater of 2,4-1)
70E (uscd in cither oll solation

‘water emulgion) - 30.8 Isopropyl eators of 2,4-1; 38.8 Butyl csiers of 2,4-D
Esteron hrash killer {old formulaton). . 25.8 Twopropyl vsters of 2,4-T); 24.4 Isolpropyl esters of 2,4,6-T
34.8 Mono-, di-, tedpropylene glyeol butyl ether csteys of
Esteron brush klllor {presont formulation.._..) 24-D

Esteron 76 (used in ol sobation only).__...
Estoron

3.0 Mono-, di-, tripropylene glyeol hutyt cihor wsters of

2
Karon (was eabled IT-1078) . .._....._.... 64..31151 Mono-, dl-, tripropylene glycel butyt ether csters of
vex
Dow MCP amdne weed kfllor*_ ... ... ... 60,1 Alkanolamlne: salts of MCT

*2-mothyl-4-chlorophenoxyacotic acld.

Table 2 presonts a summary of the acute oral toxicities of the various
herbicide components.

TapLk 2,—Acute oral toxicitics of various phenoxy acetate herbicidal chemicals.
Rowe and Ilymas {(17)

Ld.w (10/20 con-
Material Spocios Bex Vohielo fidencs Mmita)
(mg.fkg.)
2,4,5-T (2,4,5-Trlchlorophenoxyacotic acld).. Rats. ... . M......... Oliveoll.___ 500 (391-640)
Mico. ... Mo Qliveoll____ 380 (248610
Guinea pigs... Mand F__ Oliveoil. __. 381 307-472;
Chicks........ Mand F_. Oliveoil._.. 8§10 (211-466
26
Dogs (4) . Capsule, 100 (50-250)

2,4,8-T, igopropyl ester.. ..o vinnnaa Ra/
Gulnea pigs... T - Olve ofl
Qlive oll

851 T90)
481 (33-739)

2,4,5-T, mixed buty) estors .. Com oll___
cevmeea. Cornooll....  TE2 (5O0-1, 000}
......... Comoll_... W0 (674-1,32)
......... Corg ofil..... 780 (ﬂm-%?oon}
ADZO
2,4,5-T, mixed amyl cstors- - . oeoveveenee... Ratao.... .. ¥________. Olivooll.... 750 {600-1,000)
nge
MCP (dchloro-p-toloxyacetlc acld or 2- Rat ......... .M. ... Candl__.. T {B00-1,000)
Mothyl-4-chlorophenoxyaeotic acld). ]
MCP, amine salb. e e e e
ge
CGuines plgs-.. M Water. ... 1,200 (#30-2,000)
silvex, (A245trichiorophenoty] propionlc Rat ... . and F.. Comoll._... 680 mn;:w)
silvex, inixed bty eatots. ... emee——ns Rat.ooooo..... R Cornofl..... 600 gﬁg—;m}
' ge
Rabbits_...... Foeenoo... Undiluted_. 750 (5006-1,000)
Chicks........ Mand F._ Corn oll.... 1,190 (707-2,000)
silvtt]s]x. nel;ﬁo-, di-, sripropylenc glycol batyl Rat........... ¥ Corn oll..... 621 gﬂn—aw
othor estets.
Glalnea pigs... M_........ Corn ol 1,260 {500-2,000}
Mieo. ... ) Corn oll....- 1,410 {1 égoo)
Chicks........ Mand F.. Cornoll.__.. 1,100 (84716703
Rabbits__. ... ) Undilnted. . 819 (610-1,070)




Similarly, Rowe and Hymas reported the results of oral feeding of
several commercial formulations of 2,4,56-T and related compounds
(Table 3).

TiBLE 3.—Summary of oval loxicities of a variely of phenoxy acelale herbicidal
fomutate‘ons. Rowe and Hymas {I7)

Lk,
{1020 evtlidenes
1lmits)

Materfal Apecles Bex Vehiele
ang.fkg.)
Rnnag
2A-Dow weed killer.._____ . ...__._ Guinespigs._. Fo.o.0 Waker......._ _- 2000 (l'(;tn 000)
BN
2,4-Dow woed killor (fortiaia 40)..._ Bals..______.. | Woler............... BEB0 (70?‘-1,%)
BLge-
Estcrondd. ... ... Rats. ... M.__._____ Olveofl . . ___.. G50 (30%-1,0%]}
ANEE
Eateron 245 old). . ... ..o Rso.o ... Fooaeot Enulshon in waler._ 1,000 (300 2,000)
g
Tasteron 245 (uew)_ . o.o._....... Oliveoll...._....... K00 (000—1,0%0]
Fateron tensten_... .. - Oliveoil ... il %Gwm
Trash killer 60-50_.__._._....._.. Emalston u waker.. 1,070 (700 -1,650)
Emulsion in Waler . 1,160 (820-1,050)
Corngileeen oo . s "800 (mllé ,070)
Rabbits....... F'___. Undbiluted . 1,420 (500 2.000)
- Chlcks ______ O Mand F.. Undiheted 4,000 u,TDtl 5,M0)
Biush killes T Rat F Dwnalsion fn water.. 1,200 1,850)
- Emalson In wator. . 1 40 (875-2 2003
C Olivaoll. __._..._..0 1230 933~1,
Tndlaled.. ... e B0 (=110
Undilgted. . ....... 2,000 (1,350-2,060)
ango
Brash killer #._.._.__.._.____...... Rats.______... Foeeaeo. Cornoll...._.____.. T80 (500-1,&0]
ng
Brush killer 76F .. ... Beds ... Foooeveeem Cornoilo_oooo . 300 (2503;.000)
nge
Esioron brush killer (01d)_........ . )
Esteron brush killer (new)_. ... #00 430}
t]uium pigs..- M. . G . oo 1,220 (1,040 1,430)
dujns pigs... Fo__... .. R 1,000 (13901340
Rabbits... . Mand i) Comoll 22272227700 a0 (Mfil 160)
Chleks___..... Mand F__ Cornoil._._.__..__.. 2,000 (1,000-3000}
LTS - I Undilnted_._...._.. CGreater than 1,000

Rowe and Ilymas coneluded that the ncute LD, for 2,4-D, 2,4,5-T,
and their varions formulations and ¢ombinations fell in the rango of
300-1000 mg/kg. There was some variation among specics with dogs
appoaring relatively more sensitive than olther spocies of animals.

Military applications of 2,4,5-T as a defoliant have utilized com-
binutions of 2,4-D and 2,4,5-T in formulatious Known as Orango
and Purple. There has been some acute toxicological testing of the mix-
{ure, Purple, on small animals, Purple containg 50 per cent butyl ester
of 2,4-D, 20 per cent isobutyl ester of 2,4,5-T and 30 per cent n-butyl
ester of 2,4,5-T. The dotails of this work have not been published
but have appeared in summary form in a review. (8) (Tuble 4)
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TABLE 4.—Ad cule animal loxicily of Purple (8)

Dosages (mg/kg)
Route Toxiclty
Bat  Rabbit Dog
L Y SO 566 _ .
23 e
Inteaperitoneal. . i ieiiiemaaaaa.- LD 586 1,4 & 500
121 363 > 260
Intratrachenl ... ... D URIPUUU I 1 " AU || E a 500
244 ... »260
© Porentaneots . ieiiiiaiiiaes &, 084 L.
3,178 403 " >1,250

a=approximation

There have been a few accounts of testing for acute toxicity of
2,4,5-T on domestic animals (14, 17). Theso indicated that repeatod
doses of 100 mg/kg of 2,4,5-T wore tolerated without overt signs of
illness in shoep and steers. In one instance 1000 mg/kg/day proved
fatel to & steer after the third day. 500 mgrkg/day provoked signs of
acute toxicity in stoers after tho third day (17). The numbers of animals
used in thesoe studies wore very small (gingle animals in some cases).

It has been assumed by some that the metabolistn (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 boen systematically cxamined. There have boen two recent re-
views of the toxicity of phenoxy acid herbicides (8}, (19). Included in
these reviews are accounts of acute human toxicity of 2,4-D. Theo
accounts include incidents of excessive occupational exposure, suicidal
efforts, intended oral feeding and parenteral administration as & form
of treatment for coccidioidomycosis From descriptions such as these,
it has been inferred that around 50 to 100 mg/kg of 2,4-D is acutely
toxic to humans. However, there are inconsistoncios in this scanty
information,

Occupational Experience

Occupational cxposures (in the 2,4,5-T manufacturing procoss)
have provoked illness in workers. However these offects have been
attributed to the dioxin impurity (tetrachlorodibenz-p-dioxin). (Soo
Section IIT, Chemistry). The toxicity of this impurity is considered
later in this scction.

National Cancer Institute Screening Study for Carcinogenesis and
Teratogenesis

In 1964, the National Cancer Institute contracted for a screcning
- study of a number of pesticides. Among tho purposes of this large
scale examination was o determine whether compounds in common use
might be tumorigenic, or teratogenic or mutagenic (12). The rosults of
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testing for carcinogenesis have been summarized by Innes et al (9).
The results of testing for teratogenosis with 2,4,5-T have been ana-
lyzed and summarized by Courtney ct al (2).

Sereening for tumorigenicity was performed on two hybrid sirains
of mice. The materials, which were from commereial lots, were given
by single subcutancous injection or by continuous oral feeding. For
cach doso and cach strain, 18 animals of cach sex wore used. Oral foed-
ing was started when the animals were soven days old and was contin-
ued for 18 months. The dose chosen corresponded to a maximal
tolerated dose. This was the oxperimentelly determined maximum
lovel resulting in zere 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 bofore the end of the
18 months, Of those surviving, nine animals exhibited tumors. Of the
total nurber necropsied (survivors plus premature deaths), 12 anials
cxhibited 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 o significant
increase in tumors after chronic administration.

In addition to 2,4,5-T, soveral related phenoxy compounds were
also sereened for tumor production. These compounds included:

2,4-D

2,4-D isopropyl ester

2,4-D butyl ester

2,4-D is00ctyl ostor

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

Three of these compounds administered by the subcutancous route
[a-(2,4-dichlorophenoxy) propionie acid; a-(2,4,5-trichlorophenoxy)
propionic acid; and 2,4-D isopropyl ester] olicited an 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. 2,45-T was
one of 53 compounds cxamined in this study. Other related agonts
included were:

24-D

2,4-D isopropyl cster
2,4-D butyl cster
2,4-D isooctyl ester
2,4-D methyl cster
2,4-D cthyl cster
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o-(2,5-dichlorophenoxy) propionie acid
2,4-dichlorophenol
2,4,5-trichlorophenol
2,4,6-trichorophenol

Compounds were administered subeutancously in solution of
dimethyl sulfoxide in maximally tolerated doses to pregnant fomale
animals. Administration occurred betwoen the 6th and the 14th days
of gestation in mice. The animals were sacrificed on the 18th day
and the fetuses were examined for abnormalities. With the finding
of apparont increase in birth defects, the experiments were repeated
with oral administration of the agents. Becauso of the finding of an
inerease in birth defects in the case of 2,4,56-T, this compound was
studicd more intensively (wider rango of doses and two species of
animals).

Evaluation compared the influence of these chemicals on the
total incidenco of birth defoct. In addition, a further analysis attempted
to reduce the interlitter statistical influcnces by calculating the
incidenco of birth defects on a litter-by-litter basis (2)

2,4,5-T was tosted in the C57BL/6 and AKR strains of mice,
and in a hybrid strain produced by mating C57BL/6 females with AKR
males. Throe dosago levels (21.5, 46.4, and 113.0 mg/kg) were used
orally and by injection. Numbers of litters varied from 6 to 18 in tho
experimental animals (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-
croasoes in ineidence of fotuses with cleft palate and fetuses with cystic
kidney when compared to controls. There was also an indication of a
dosc-responsoe relationship. Table 5, reproduced from Courtney, ¢f al.
(2) summarizes the findings. The numbers in the columns representing
the porcentages of abnormal fetuses per litter were derived by aver-
aging the porcentages of abnormalitics per litter for sach dosage,

Because of those results, an additional serics of cxperiments was
conducted in Spraguc-Dawley rats. Four dosage levels were used
(4.6, 10.0, and 21.5 and 46.4 mg/ke). Two types of fetal abnormalities
were recognized, cystic kidney and enlarged renal pelvis. Courtney
et al., () in reviewing these cxperiments, analyzed the results on the
basis of abnormalities per litter. In reducing the sample size from the
total number of fetuses to the total number of litters, those anthors
felt that the resulting samplo size for the 21.5 mg/kg dosage was too
small and, hence, deleted the data for this dose, Table 6 is & summary
of these data.

The inferences which have becn drawn from these coxperiments
are that 2,4,5-T appears to provoke & higher than cxpected lovel
of fetal death and fotal abnormality in rats and mice in the dosages
used. Further, thero appeared to be a suggestion of a dose-response
relationship over the range of doses used.
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Comments of the screening study contracted for by the National
Cancer Institule have already been published (18). The following
obsorvations by the Panol aro concerned with the portion of this
study in which the teratogenic potential of 2,4,5-1" was tesied.

1. The study involved a great number of variations in provedure
(strain of mico used, dates when tests were performed, and routes of
asdministration). These variations make the task of evaluation
difficult.

2. Too fow animals and litiers of animals were usod. Since biological
variability is considerable, the sample sizo must be adequatel y large
to demonsirate specific offeets of the chemical agents in question. At
least 10 pregnant females to assure at least 100 conceplions is sug-
gested. The Food and Drug Administation suggests 20 females poer
test group.

3. There appears to be an unusually high level of embryo Iethality
and teratogenicity among untreated and vehicle-treated groups.
Either the cxperimental conditions were less than optimal or the
strain of animals was developmeonially unstable.

4. The strain of mouse most often used (C57BL/6) appeared to
have had undesirable traits as a test animal, being variably and
uncertainly responsive to the substance being tested. A reasonably
homogencous, colony-bred stock which has been maintained in the
laboratory long enough for the investigator to have accumulated sub-
stantial background data on feeundity, spentancous malformation and
intrauterine death rates is generally regarded as proferable to inbred
stocks for teratological testing.
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Tanre §.—Teratogenic evaluation of 2,4,6-T in mice (2)

Foinl Ab- Pereentage of

Do Littrs fomes vk AL jomal - (etuses per

) sluges ' IONT [etnses with:
Compownd Vcehiele  (mpgrkg} (No.) litter t{tgr litters  per Héter ————
av.No)y  (pur- (por- (por-  Clelt  Cystie
oomt) oent) cent)  palate kidooy

CH7DL/G strain trented days 6 to 14
72 58 26 38 11 <1 1
G 5.6 0 12 12 <1 3
32 7.1 16 41 14 0 1
[i] Y 3 &0 12 0 u
18 4,4 42 186 57 t22 41
8 8.8 L] 1100 37 2 33
12 4,8 47 falit n 124 48
CS7BL/6 strain treatod days 3 o 17
Nontreated_ ... Nono...... None.... 8 51 3% 71 8l )] 7
Contxol........... DMSO.... *) 10 Gl 25 ] 8 0 1]
246T ... DMSO.. .. 113.0 10 7.7 11 1100 177 120 160
AKR strain treatod days 6 to 35
None...... None.-.- 58 w1 16 FU] 5 <1 <1
* 72 6 9 15 24 4 <1 <1
[y ] 85 b 0 L 0 o
2456T__ - 113. ¢ 14 6.9 23 171 29 ;23 1
245T . ee.-- ]Iumoy--_- 113.0 7 53 a2 1100 56 L] L]

*Doao, 100 &) por Inouse.
P=.01.
P =.05.
TanLe 6.—Teratogenic evaluation of 2,4,8-T in rats

Poreent of fotuses
Aversge Dereent DPorcont  DPoreent  por Hibor with:
Compound Vehlelo osy No.of Nolve  fetal whmor- abnor —————————
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7 %9 1 44 ] 9 Q0
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*sm’ﬂm Signlficance Love] =0.08.
xa3tatistical ificance Eavel=0,01
§The sample size was posalbly o small to show a significant difference.

5. It is puzzling that virtuslly no skeletal malformations were
encountored in either controls or test group. Skeletal defocts usually
account for a substantial part of tho ecasily detectable malformations
that occur spontaneously or after treatment in rodent specics. Hardly
s strain that has beon carefully studied in properly cleared and
stained spocimens has failed to show vertebral and rxib variations.

6. Therc were some known toratogens used in these cxporiments
(trypan blue, 8-aminonicotinamide). It is puzzling to find that these
agents failed to produce significant teratogenic and embryo-lethal
offccts consistantly, This raiscs questions about the procision with
which these teratogenicity tests were performed.
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7. 2,4,5-T appeared to bo clearly teratogenic in two strains of
mice treated with 2,4,5-T at 113 mg/kg via cither of tho two routes
of administration. In rats, 2,4,5-T appeared only oguivocally
teratogenic at any dossge but clearly embryo-lethal from 10.0-46.4
mg/kg.

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

Reports of Birth Defects Among Humans Following Exposure to
2,4,5'1-

Shortly after the report of the teratogenesis screening in oxperi-
mental animals of pesticides, there appeared o series of articles in
the lay press which describod the occurrence of birth defocts in parts
of Vietnam where defoliants had been nsed. These articles appeared
in at least six different newspapors in South Vietnam betweon Juno 26
and July 5, 1969. Both congenital abnormalities and hydatid moles*
were doscribed. Translations of tho articles have alluded to the
possibility that defoliants might bo responsible for these defocts.
The implication was offored thut these abnormalities had inereased
in froquency in the recont past. No documentation has been available,

Toxicity of Dioxin

It was pointed out in an ecarlier scction of this report that ono of
tho impurities which arises in the manufacturing process of 2,4,5-T
is  2,3,7,8-tetrachlorodibenzo-p-dioxin. This substance has con-
sidorablo interest because it is highly toxie, because a close relative
was & toxic constitutent in chicken feed and because it has caused
chloracne, o severe skin disease, among workers cngaged in the
manufacture of 2,4,5-T.

The dioxin impurity has assumed 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 approximately 27 ppm
dioxin could be teratogonie, it became important to ascertain whether
it was 2,4,5-T itsolf or some impurity which was the toratogen. Recent
experiments at the National Institute of Environmontal Health
Servicos indicate that partially purified 2,4,5-T (<0.1 ppm tetra-
chlorodibonzo-p-dioxin} shows teratogenic activity in the mouse. Pure
tetrachlorodibenzo-p-dioxin shows teratogenic activity also, but not
at low cnough doses to account for the activity of the partially purified
2,4,5-T. We cannot exclude the possibility that other impurities may
contribute significantly to the observed teratogenic activity of
2,4,5-T.

*(An abnormallty of pregnaney which involves the placonta and the membranes surrounding the felus.)
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In the following paragraphs, the history of the discovery of dioxin
is cxaminod in relation to tho experimental observation of the
teratogenic propertics of 2,4,5-T. Secondly, data on the toxicity of
this material arc presentod. .

In March 1949, an accident occurred at a 2,4,5-T plant ownod by
the Monsanto Chemical Company which led to the releaso of some of
tho intermodiato chemiculs into tho plant. As a result, 117 cases of a
sovoro skin disease known as chloracno were found among the oxposed
workors. Chloracne is characterized by comedones, blackhoads,
inclusion cysts, and pustules with eventual scarring over the nock,
back, and chest. In addition to the cases which were traced to the
accident, 8 number of other clinical cases of chloracne were recognized
among workers in the 2,4,5-T plant who were not in the vicinity of
the accident. ({10) Kimmig and Schulz ({I) reported in 1957 that
chloracne occurred amoug workoers ongaged in the mannfacture of
2,4,5-T in Germany. Those authors demonstrated that tho agont
responsible for chloracno was totrachlorodioxin. In 1964, the demand
for 2,4,5-T in the United Statos began to risc mainly duo to its
Increasing usc as a defoliant in Vietham. A greator demand was
placed on cach of the domestic manufacturers to produce more
herbicide. Coincident with the increased production was the discovery
of chloraene among some 60 2,4,5-T workers. (7) The Dow Chomical
Company reduced its operations substantially for a period of scveral
months in order to investigate the origin of the toxic hazard. It was
found that the amount of dioxin formed varied with the tomperature
and pressure of the carly reaction steps. The Dow Chomical Company
made its findings known to the other domestic manufacturers. Looking
back it is ovident that dioxin levels varied widely among commercial
2,4,6- T samples, as scon in Table 4 of Section III. Rigorous ¢ontrol is
now cxercised to roduco dioxin levels in the {inal product o less than
1 ppm.

A rccent roview of occupational disease attributed to dioxin has
been prepared by Poland ef @l (15). These authors studied 73 male
employces in a 2,4,5-T factory, some of whom had beon observod
six years previously by Bleiberg (Z) who then noted the prevalence
of chloracne. Poland et al (15) also found chloracne among the samo
population although estimates of exposures were not made. Poland
attributed the chloracnoe to the dioxin impurity. Thoy also examined
the prevalence of a type of porphyria, thought to bo toxic in origin,
known as porphyria cutanca tards (elevated urinary porphyrin
excretion, skin fragility and vesicular eruptions). Uroporphyrinuria
had been noted during the early visit to the plant by Bleiberg (1)
but it was not found during the later study. Elevatoed urinary copro-
porphyrin levels were noted, however, but thero appeared to be no
correlation with the sevority or presence of chloracne (I, 15). The
lator sories of observations found much of the chloracne still remaining
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but the porphyria had disappeared. Chloracne was attributed to
the dioxin impurity but tho origin of the perphyria was loss certain,

In order to moasure tho toxicity of the dioxin impurity, the Dow
Chemical Company undertook a series of acute toxicity studics on
small animals in 1967 (16). Single doscs of 2,3,7,8-tetrachlorodibenzo-
p~dioxin were administered orally to lots of five animals for cach of
soveral doses. The number surviving and the time of death wore
noted. The animals used were male rats, fomale rats and fomalo
guinca pigs. Table 7 gives the results of these experiments:

TavLe 7T.—Single-dose oral toxicily of diozin (18)

Bpecles LDs
mgfkg
Malo rab. e rv e 0.0
Y L DN 0. 045
Fornple giilines piE .o e e . 000G

With this background in mind, the purity of the 2,4,5-T material
used in the National Cancer Institutc sereoning study assumod a
hew importance. A samplo of this material was submitted to chorical
analysis by gas chromatography. Tho result was the finding of 27+
8 ppm of dioxin.

Testing for Teratogenicity

The study of teratogenie offects in experimental animals is charac-
torized by a great doal of empiricism. However, in goncral testing for
teratogonic potentisl is a more manageable problem than are a
namber of other types of biologic testing. There are large numbers
of agents known to be teratogenic to animals. In fact, it has been
held thai virtually any material is potentially teratogenic if admin-
istered in an appropriate dose at the critical time in gostation. In-
torestingly, however, only a fow chemicals have beon recognized as
human teratogens.

In goneral, an cmbryo-toxic doso of u material is separated from
a malernal toxic dose by u small margin (perhaps no more than o
factor of 10). Only slightly below the embryo-lethal or toxzic dose
is a no-cffect dose (separated, perhaps, by a factor of 2). Betweon
the highest lovel which has no effect on the developing fotus and the
embryo toxic level is a steep dose-respounse relationship. In testing
for toratogenicity, the lowest dose on the dose-response curve (throsh-
old for any embryo toxicity) is identified. All doses below this lovel
are, by definition, no offect doses. By accepting an cxtra margin of
safoty below this dose (a factor of 1/10-1/100), reasonable freedom
from teratogenic offects can be prodicted.

A problom arisos in oxtrapolating findings in experimental animals
to man. The embryotoxicity of a chemical agent is, in theory, & function

49



of the degreo of exposure of the developing cmbryo to the agent. This
appoars to be a function, in turn, of the persistence of the material
in the maternal circulation. Thus, in order to oxtrapolatec animal
findings to humans, the animal must be “calibrated” to humans for
each chemical agent. That is, the rate of disappoarance of the agent
from. the animal circulation must be compared quantitatively to that
in humans. As a first approxzimation, corresponding doses in mg/kg
would be taken as proportional to the blood clearance rates for the
two species.

Theso principles make possible the design of testing procedures for
reproductive defocts caused by chemical substances. The schemo
doscribed is of a general naturs but can bo applied to 2,4,5-T. Theo
first step involves determination of the chomical nature of the material
in quostion. Secondly, animal studies should bo done to establish
ombryotoxic levels. In the case of 2,4,5-T, some additional studies
have been carried out to confirm the results of the National Cancer
Institute sereoning study. In addition, studics should be undertaken
on pure 2,4,5-T and on its various imppuritics to identify thoe toratogenic
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 should be
used which bave been maintained in the laboratory leng enough for
the investigator to have accumulated substantial background data on
focundity, spontaneous malformations and intrauterine death rates.

By careful testing, using a small series of doses, a TDy, dose (that
dose which will cause teratogenosis in 50 percent of fotuses) can be
ascertained. At the low end of the dosc-response eurve is found,
presumably, & threshold dose below which no detectable teratogenic
effccts would be expected. Actual oxperimentation locates TD 44
at which teratogenicity occurs in only a few percent of all fetuses.

The next step is to compare the cxpected human exposure with the
animal TD,,.;;. If these differ by as much as a factor of 100, it would
seom reasonable to consider the material safe with regard to terato-
genosis. If the difference between the human exposure and the animal
TD,p0i 18 as little as a factor of 10, the margin probably is insuflicient.
Betweon 100 and 10 lios a certain amount of flexibility for further
action. Finally, in order to extrapelate the animal data to human
experience, rates of excretion and detoxification in animals and humans
should bo compared.

Summary of Recent Experiments

Following analysis of the results of the screening study carried out
for the National Cancer Institute, it was felt that confirmatory studies
should be undertaken. Two sots of cxporiments were begun inde-
pendontly by the Dow Chemical Company and by the National
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Instibute of Environmental Health Sciences. At the time of this
wriling, some of these experiments have boen comploted and the
resulis have been reported.

1. Dow experiments.

2,4,5-T (containing <1.0 ppm dioxin) was adminisicred orally to
- pregnant Sprague-Dawloy rats on days 6-15 of gestation. (6) The
doses used were 1, 3, 6, 12, and 24 mg/kg/day. Tho 24,5-T was
adminisiered in 0.25% Moethocel®. The results were compared with
those obtained from controls which reccived the vehicle only.

No clinical or gross pathologic signs of adverse effect were observed
in treated females during the period of treatmont. Litter sizo, number
of fetal resorptions and birth weights appoared to be unaffected.
Furthezmore, there was no increaso in the ineidence of birth defeets
compared to control animals.

In o related study by the Dow Chomiceal Company on the terato-
genicity of 2,3,7,8-telrachlorodibenzo-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. Detween 0.125 and
0.5 mg/kg, intestinal hemorrhages were scen in the fetuses. Dioxin
wus very embryolothal at the highest dosages (2.0 and 8.0 mg/kg).

2, NIEHS experiments. '

The Nativnal Institute of Environmental Health Sciences under-
took o series of experiments in which 2,4,5-T (containing various
amounts of dioxin impurity) was administered to prognant mice and
rats (18). Throe strains of mice were used (1 random bred and 2 in-
bred stains) and a random bred sirain of rats. Four differont lots of
2,4,5-T were employed:

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

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

¢, “Dow Pure”’—contained Z 0.1 ppm dioxin.

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

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

These materials were tosted in various dosages in mice by injection
in dimethyl sulfoxide (DMS0). In the random bred (Charles River)
mice, the dosage schedule for 2,4,5-T covered the rango of 50-150
mg/ke/duy. In tho other strains of mice, a narrower range of doscs
was tosted. In rats, the dosage range was 10.0-21.5 mg/kp/day and
here the material was administered orally in sucrose. Pure dioxin
was administered subcutaneously in DMSO in rats and mice (1 and
3 mg/ke/day in mice and 0.5 and 2 mg/kg in rats).

In mice, both 2,4,5-T (in the purest form available) and dioxin
produced birth defects and incrcased fotal toxicity. The birth defects
were qualitatively similar to those ssen previously in the National
Cancer Institule screening study and included ecleft palates and



renal defects. In rats renal defects and cxcess fotal mortality wero
scen but seermed to bo related to dioxin content rather than 2,4,5-T,

8. DA Experiments (unpublished data sequired in the spring of
1970).

Teratogenic studies were performed by giving the test compound
by oral intubation to pregnant hamsters on day 6 through 10 of
organogencsis, Kimbryos were romoved by cacsarian section on day
14 of pregnancy. Samples of 2,4,5-T tosted wore:

& “Dow Tochnical”—contained < 0.5 ppm dioxin,

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

¢. “Dow Pure”-—contained = 0.1 ppm dioxin.

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

e, Monsanto NL-07-020—contsined 2.9 ppm dioxin.

f. “K & K’ sample—contained about 45 ppmn diexin,

g. Eastman Kodak (recrystallized in FDA}—contained ne detectablo
dioxin, '

In addition pure 2,3,7,8-tetracolorodibenzo-p-dioxin (Dow) was
administered to hamsters, '

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

The pure tetradioxin produced inereased fotal toxicity at 0.31 and
1.43 pg/kg and gastric andjor intestinal hemorrhages at the lowest
doso, 0.02 ng/ke.
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RESIDUES OF 2,4,5-T
IN THE ENVIRONMENT

Summary

2,4,5-T rosiducs disappear from soil with moderate speed, probably
through action of microorganisins, persisting as long as threc months.
During this poriod they are potentially available for transport to
non-targot aroas.

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

Residues from rangeland and 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 occasionally
been found in meat and dairy products. Although the residue levels
are low, they dictate caution about pasturing soon after rangeland
treatment. '

The rate of application of 2,4,5-T in Vietnam is 13 lbs. 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 arcas are treated in Vietnam. Orange is not used on food
crops but on forests. Henee, human exposure to contaminated food
crops would be unlikely. If, during the vulnerable 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 comparison to some
animal data might prove to be embryotoxic. Such estimates are based
on a very extreme, worst-case calculation.

Residues of 2,4,5-T resulting frem recommended uses in the
United States

The herbicide 2,4,5-T is applicd for weed control to a relatively few
crops. Howoever, it is used more extensively for control of weeds in
rangelands and pastures, non-croplands and aquatic areas (Table 1).
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It is not considered to be a porsistent pesticide by comparison with
mony of the chlorinated hydrocarbon insecticides, Nevertheless, its
use at rates of recommended application results in measurable lovels
of residuc in soils, water, air, plants, and animals which persist for
relatively short periods of timo after application. The potential effects
of such residues on the health of man and other animals have been
little studied and are poorly understood. Duta available suggest that
residues resulting from recommended rales of application are not of
suflicient, magnitude to justily concern as potential health hazards.
Unfortunately, most of the toxicity studies econducted thus far have
been rolutively shori-termed and of value for determining ncutoly
toxic doses only. Substantial amounts of data are available of the sort
reporied by Palmer and Radelelf (£4). Data from such studies indi-
cate thal 2,4,5-T is not acutely hazardous for eattle, sheop, and
chickens whon applied at recommended rates. They considered rates
of application above 30 pounds per acre to be hazardous.

Recont coneern over the possible adverse effects of long-term expo-
sure Lo relatively small amounts of 2,4,5-T as residues in food, feed,
and water makes it desirable to review the information available on
lovels and persistones of such residues.

1. Soils—The possibility of restdual toxicity to crops grown on soils
treuted with 2,4,5-T has emphasized the need for information on the
levels of rosiducs resulting from various raies of application and their
persistence. Substantial amounts of data have beon accumulated on
these points and there is relatively good agreement in results of most
studios. Taking into wccount differences in soil type, temperature, and
moisture and the phenomenon of bacterial proliferation in response
to a new substrate, it appears that 2,4,5-T residues in soils may per-
sist for as long as three months. The persistency of residucs seems to be
independent, of the rate of application.

Tanie 1.—Some examples of domestic uses of 2,4,5-T for conivol of weeds. {Sug-
gested guide for weed control, 1969). U.8.D.A. /fgrwulmre Handbook No. 338

Rato of
Crop or area application,

pounds per
Bugarcano PO e tremmerr e tmcmrameenrm e e s Lo

Grossos grnwn dor sod - .- et ormtmacamaemmam e erman 0.76

Rice aa- - . 0.5-L5
Permmmnl: pastures and rangeiands .5-8.0
Now-cropland, rights-of-way, foodways, ditelibanks, fanes rows, snd lndusicial siles_ - 1048
BT T Lo-4.0

Laboratory studies suggest that breakdown of 2,4,5-F residues in
soils result from the action of microorganisms which aro capable of
using those chomicals as sources of energy and carbon. Two species
have been reported to uso 2,4,5-T as a source for encrgy and carbon,
() The microbiological degradation of the phenoxyacetic acid her-
bicides in the forest loor matorial probably rescmbles that in soils. (13)
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Under the conditions of this environment substantial amounts of
2,4,5-T remained after 4 months. The relatively rapid degradation of
residucs of phenoxyacetic acid herbicides in the soil makes it unlikely
that there will be any accumulation of 2,4,5-T from onoc scason to the
next. Rates of removal from soils by planis and invertcbrates are
uncertain, :

A major concern about residucs of persistent pesticides is that

thoy do not always stay in the target area, The fact that residues of
2,4,5-T may remain in thoe soil for poriods of throe months, or more,
-makos it subject to transport to non-target sreas. Soil particles con-
~ taminated with 2,4,5-T may be transportod by wind or water to
arcas far romovod from tho site of application. The cxtent to which
this oceurs scems to havoe reccived little or no attention.

The choice among esters is often influenced by such considerations
as reduced volatility (which may reduce spreading to non-targoet
plants), slowness of hydrolysis, and avoidance of crystallization after
tho vehicle has ovaporated.

Experiments on loaching of 2,4,5-T products and vohicles suggoest
that amino salts arc leached more ropidly than tho free acid (8).

2. Water—Residues of posticides in water are of concern becauso of
the possibility of their gotting into drinking water for man and other
animals, of their potential adverse effects on agquatic organisms, and
of tho potential adverse effect on sensitive crop plants of irrigation
water contaminated with these chemicals. Contamination of surface
waters with herbicide residues is & matter of special concern since
surfaco water provides most municipal water supplics. Nearly all of
the water for livestock and other animals is supplied from surface
wator,

Since nearly 1060 million acres of land are treated with herbicides in
the United States each year, about 3 million acres of which are forest
or rangelands, it is incvitable that substantial contamination of surface

waters ocours, However, most of the contamination is indirect as a
result of drift from target aroas.

The manner in which contamination occurs, whether from drift or
from direet application, determines tho level of residues deposited.
In applications made to forested arcas or to bodies of water heavily
infested by weods extending above the water, much of tho toal amount
of herbicide applied will not reach the water directly. As much as
88 percent 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. (6) There appears to be little 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 rato of 2 pounds per acre showed
maximum residues of 70 ppb which disappeared within 17 days. (15)
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Even at tho heaviost rate of application recommended for control
of weeds in permanent pastures and rangelands and aquatic species,
2,4,5-T residucs would not be substantial even at the maximum lovels
that could be expocted. For example, 8 pounds of herbicide per acre ap-
plied te o body of water 3 inches deep would result in residues of only 12
ppm, Table 2. An animal drinking from even such an unusually shallow
source could not get a dose that would bo expected to causo chronic
toxicity. For example, s cow weighing 500 kg may be expocted to drink
as much as 50 1. of water per day during the warm seasons of the year
which would result in the ingestion of about 1.2 mg/kg/day. How-
ever, a more realistic example conld be expected from applications of
2,4,5-T to rangelands at 4 pounds per acre. Treatment of a body of
waber ono 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 oflects of residues of 2,4,5-T on aquatic species such as fish
and sorme of the bottom dwelling invertebrates mighi bo expeetod from
the hoavier recommended uses of this herbicide to shallow bodies of
water. Ior example, 24-hr. L.C,* for bluegill is 1.4 ppm for the bu-
toxyethanol cster of 2,4,5-T (sce table 1 on page 67). Concontra-
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.

TanLe 2.—Estimaled mazimum level (mg.fl) of residues of 2,46-T al various
rates of application lo bodies of waler ranging from 3 inches to 10 feet in deplh.

Rates of application, poends por A

Dopth of Water

1 2 4 [} 20 26 80 100
LB 3.0 6.0 %0 300 3¢ 1200 150.0
.76 1.60 3.0 450 1500 10.60 ©60.0 76,0 -
0.88 075 1,50 2,25 7. 50 0SB0 37,80
0.1 038 078 L1 376 488 150 18, 75
013 025 0.8 078 2% 325 1o 12. 50
0. 0.19 .38 0. 46 1. 88 24 .50 0,33
0.08 915 0. 30 045 1.50 1.9 6,00 7.060
0 013 025 0.38 1.26 1,63 500 6,25
0.0 011 0.21 .82 L7 1.3% 4.2 5,36
00 40 019 0.28 O.M 122 8,78 400
o.M 008 617 0.2 0.8 LK 33 4,17
0.0 003 615 023 o7 098 300 3,75

There appears to be little likelihood of 2,4,56-T appearing in hazard-
ous quantities in ground water or drainage channels from local applica-
tions, Brown and Nishoka (3) reported that 2,4,5-T was not detectablo
in samples of watcr-suspended sediment mixtures from 11 streams in
the western United States,

However, & 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

*LCy, modisn Iethal coneentratlon of a toxicant, typleally placed in the ambient environment of the

orgonisms whese survival {8 measured. Usually, the environment in question is aguaiic. The terms, LDy
ond LCp, may bo used Interchangeable for aquatic organisms.
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were from three rivers, the Arkansas, Brazos, and Canadian. All of
the seven samples taken from the latter were positive, The amount of
residucs found was extremely small, ranging from 0.01 to 0.07 ppb.
Samples were taken uniformly throughout the year and there appeared
to be little offect of scason on incidonco or lovels of 2,4,5-1 residues.

Samples were analyzed us recoivod with no offort mado to soparate
water and sedimonts, It is possible that o high percentage of the resi-
ducs was contained in tho sediment since there is evidence that phe-
noxyacetic acid herbicide residuos persist longer in sediments than in
water. In oither case, these data provido strong evidence that residues
of 2,4,5-T in water which result from use of the herbicide in this country
arc not hazardous,

3. Plants—The levols of rosidues 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 material together with the
fact that it is usually applied sovoral wecks, or oven months, in advance
of harvesting dates, has allowed it to bo used in most cases without
danger of significant residues in tho harvested product. However, it is
recommended for control of weeds in permanent pastures and range-
lands at rates which result in significant lovels of residues that have
been roported to persist, under some conditions, for as long as 6 wocks,
Table 3. However, there has been relatively good agreement in results
obtained by various workers who have reported on persistonce of
residuos of 2,4,5-T applicd to forage grasses in rangelands and pastures.
"The data of Morton, ¢t al. (12) indicate lovels in pasture grassos rang-
ing from 10 to 32 ppm after about one month which agrecs reasonably
well with the 7 ppm roported by Baur, ¢f al. (2) in range forage grasses.

TabLE 3.~—Rale of disappearance of 2,4,6-T residues from various fypes of forage
crops. Estimated from semi-logarithmic plofs in Pigures 1-4. (12

Coneentration, ppm (2,4,5-T)

HNo. days ftom tregtment 2 pounds
per A k- 2 pornds. 1 pound
t.onyd:m?lyl- por A acld  per A amine
[

g SO 300 100 100
25 R
Ty Oy
7. 130 70 70
14, 70 35 £
21. ] 20
28. 45 14 15
.. 32 12 10
. 0 1 8
1 T 12 u 8
56— . 7 n 5
B o e arm et eresstiemseesmdeesmmismsedaerietassmanan 8 4
T e e dbe e rrmE e mcrm R me e cmme i mmm e oaeemmsmammean T 3
.- 6 3
B & 2
) ROV 4 2
U Y ] 2
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Substantial levels of residucs occur in forage plants treated with
24,5-T at 2 lbsfacre, and appreciable quantitics sometimes porsist
for as long as 3 weeks. This suggests that beel cattle permitted to
graze postures or rangelands immediately after treatment, or that
diary cattle pormitted (o graze such areas 7 days after application at
maximum rates rocommended, may be exposed to dosages that are too
high for safoty (Table 4). Estimates of the levels of residuos that might
occur in forage grasses treated at higher rates indieate a possibility of
transfer of residues to milk and oven chronic toxicity (Table 4).
However, the fact that no evidence of {oxic elfects has been reporied
and that residues of 2,4,5-T have been rarely found, and even when
found have been at very low levels in dairvy products that have beon
analyzed by FDA in total diet studies, argues against the probability
that residues of this herbicide in forage crops posc any significant
hazard,

Tanuy 4.—Nstimated rates of disappearance of 2,4,5-T residues from forage lrealed

al different rales with corresponding mavimum wnouwnds of herlicide thal might
be tngested by caltle pastured on forage trealed af the rates indicoled.

2,4,5-T7 hutexyethylester

Nu. weeks afler treabment 21sfA b 415/A 0
ny;,fkg in :ngfkg,fdaj a  mgefke in mfﬂ{m‘dn 4
Ty Tyresie Orogo rEeates

30 25 600 50
130 11 260 22
70 [ 140 12
56 4 110 8
a5 4 0 8
32 3 64 13
20 2 40 4
12 1 4 2
7 0.6 14 1.2

= Within 30 min. of treatmont.

I Estimaied from somilog[arltlmde plods of graph In Table 2. (46)

¢ Extrapolated [ron b uglng maxinm rates of 2,4,6-T recommended jor permanont pastures and range-
lands in Aprieuliure Ifandbook No. 332, 1069,

J Assuming s 500 kg cow eathny 45 ki forage per day.

4. Animals—Residues of 2,4,5-T in animals, as in plants, have
recoived much less atbention than some of the fat soluble, long-
persisting organochlorine insccticides, The residues that oceur from
ingestion of the phenoxy herbicides are eliminated rapidly and there
is ovidence that accumulation oceurs in only a fow specics. Erne (6)
in one of tho most thorough studies of the distribution and climination
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. Plasma
half-life values from single oral doses of 100 mg/ke of the amine salt
to male rats and pigs were 3 and 10 hours, respectively. Highost
lovels of residues were found in the kidney, liver, lungs, and spleen
with levels somoetimes oxceeding plasma levels. There was little
cvidence of penctration into the brain or adipose tissuvs. The main
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excretory route was the kidnoy. His data (7) showing weak but
“certain” protein binding of 2,4-D suggest that this may also oceur
with 2,4,5-T.

5. Food and feed—esulis of studics of pesticide chemical residues
in total diet samples by tho Food and Drug Administration during
the period 1964-68 provido convincing evidence that 2,4,5-T residucs
are not a significant health hazard in food in the United States. During
this 5-year period 30 composite samples of about 82 food items each have
boen collected cach year from retail markets in 25 or more cities.
Each composite sample, representing a 2-week diet for a 16- to 19-
yoar-old male, is analyzed by multiresidue methods for more than 60
chlorinated organic and organophosphorus insceticides and for hoerbi-
cidos, carbamates, and solected inorganic chemical residucs. Exami-
nation of these samples is carried out at lovels of sensitivity much
lower than those normally used for products tested for eompliance
with tolerances.

Data reported for tho period June 1967-April 1968 (4) show inci-
dence and levels of 2,4,5-T residucs that are typical. Only one sample
of diary products was contaminated. About 2 percent of diary products
and 1 pereent of meat, fish, and poultry were reportod to contain
residucs of 2,4,5-T. All of theso 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 mgmﬁcant that residucs of 2,4,5-T woere detected only in foods

of animal origin. The most likely source is forage from pastures and
rangelands treated with 2,4,5-T for weed or brush control.
- PDuggan and Lipscomb (5) summarized the results of sampling for
horbicide residues in propared food from tho totat diel studies over
a period of four years. From these studies, they ostimated the likely
dictary intake of all of the herbicides scarched for to below:

Since 2,4,5-T residuos are only a small percentage of theso total
herbicido residues found in foods it scems safe to conclude that thero
is little likelihood of exposuro from this source,

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

All the available ovidence indicates that 2,4-D and 2,4,5-T hehave
simijlarly in animals with respect to absorption, distribution, metab-

60



olism, and eclimination. Since mixtures of these herbicides are used
m thoe dofolistion program in Vietnam, it does nol appear reasonable
to consider them separately.

The large-scale application of 2,4-D-2,4,5-T mixtures for defoliating
military target arcas in Vietnam poses some possibly unique hazards
o humans, Application rates of about 26 Ibs/acre of a 1:1 mixture of
the n-butyl esters of the chemicals are generally heavier than those
used for agriculfure and brush clearing in the United States. (There
havo been a few, limited applications of 2,4-D reporied to lakes,
streams, and roservoirs in the United States at rates of 80-100 ibs/
acre for aquatic woeed control) There are other differonces. There
are vastly greator areas involved in Vietnam. Becauso of the nature
of the military targets—heavily wooded, jungle aroas—it is not likely
that many erops ave grown in or near treated areas. Although dofolia-
tion procedures appear to be wmder rigid control with all reasonable
precautions taken to prevent application to erops, the nature of mili-
tary operations makes it likely that aceidents may oceur and that
misitakes may bo made which result in direct applications to non-
target arcas. In such cases it is possible that foed crops and water
supplies in restricted localities could roceive heavy doses of the 2,4-D-2,
4,5-T mixture. A much more likely possibility is drift of relatively
small amounts of the herbicides to non-target arcas. The n-butyl
esters of both 2,4-D and 2,4,56-T are volatile and substantial amounts
of both chemicals may vaporize at tomperatures prevalent in Vietnam
and cscapo from tho target area.

If mixtures of 2,4-D and 2,4,5-T were applied directly to food
crops at the rates being used in Vietnam for defoliation (about 26
Ibs/acre), it is theoretically possible that amounts potentially hazard-
ous to humans conld 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 te result in an initial deposit of about 300 ppm on the forage
(12). Direet application to food crops at 26 pouunds per acre could not
reasonably be expeeted to result in initial residucs greator than 3900
prm. Assuming initial residues on food erops as high as 3900 ppm
from dircet application at the rate of 26 pounds per acre is unrealistic.
Such an assumption requires that: 1) surface/volume ratios of food
itoms bo similar to that of forage grasses; 2) all portions of food
items, c.g., husks of corn, peels of banana, shells of coconut, be
consumed; 3) thore is no loss of herbicide during preparation and cook-
ing; and 4) {ranslocation of herbicide into portions of tho plants used
for food, c.g., root crops, banana pulp, and coconut flesh and mitk,
rosults in residues as high as if these portions had been treated directly.
None of these is true. Some items of food could not be contaminated
by dirocl contact with the spray formulation. Translocation from
foliage to undorground reots of sweoet potato and fruits of peanut
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and into abovegronnd fruits such as coconut would be required for
these foods to be contaminatoed.

Table 5 breaks down an estimated diot for a 60-kilogram Vietna-
mese into three parts according to the rapidity with which 2,4-D
and 2,4,5-T might be translocated into the portions consumed for
food. ' '

Table 6 cstimates the maximum believable concentrations of the
herbicides in such & diet as being 3800 ppro initislly, 1560 ppm aftor
onc woek and 910 ppm afier 2 wocks (Soe 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/day.

TaABLE 5.—Estimated for a 60-kilogram Vietnamese divided into three groups based on
the rapidily with which 2,4-D and 2,4,6-T, might be translocated into portions con-
sumed for food.!

A. Foods into which very rapid movement ia possible, not neecsgarily probable,
and maximum concentration is attained immediatoly

Dicary

portiona

consymed
gipersonidoy
Leafy greon vegetable L eoa.- 52
Other vegetablos. . .o _________. e mmm e dm e mmmm 196
Condiment vegetable_ - _ _ o iiieeos 40
BANANAS e e m e dmammm e am e e 107
Other fruits_ . . e e 75
Total - e emmmmmmman- 470

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

Coreals e e - 500
Fish and meat . . .o eemccemmm———an 311
Fish BAUCC. e e mmm e sm e dm—m—u——————— 1
a1 L SO 1
Coeonub flesh. . o oo o e 25
Coeonut milk _ o e e — e wmm— e m————am 12

Total o ool e mmmmm—————— 850

C. Foods into which movement is relatively slow and maximum concentration
is attainced within 2 wocks

Root vegetables. oo 30
Beverage_ oo .o e e e e dmimmcmmmmdmammaan b
Sugar and vegotable oils___ .. __.._ ot mm e am e mmmm e 95

Total . e e e m e m 180

1 Components of diet and amounts consumed adapted from * Fedoration of Malayn Nutrition Barvey'’,
Report E?terde mital Committeo for Matritlon for National 1defense, 1064, pir {Modiled n con-
sultation with Victnameso studends at Louislons Stato Universtty.)
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TapLe 6.—Caleulation of upper limils for daily dose of 2,4-D and 2,4,6-T combined
when ol food s fully exposed to one gerial application af 26 Ihsfd.t

[Maximur possille contaminstion, mgfty/day)

Food Urogp Lmedinte 1 2]:
weoks
CEOUD Ao meeeemeeeee e eeemmn e emmmamnn ene a7 30 12 7
L ¢ 1. I U 850 e 2 13
L2113 RPN 180 ¢ e viamnan 3
B 7 O AN 30 3 23

1 8¢e Tulide 5,

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

Probably the greatest potential hazard from contaminated food
would bo 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 collocted from the roofs of
thatched houses. Direet application of heavy rates of herbicide to
these sources could resuli in the ingestion of substantial amounts of
the chemiecals in rainwater collected from roofs of houses. Assuming
that about 270 mg of horbicidoe is applied per sq. ft. of surface, that
water supplics are collected from rain falling on a roof having a total
arca of 200 sq. ft., and that all of the herbicide is washed off immedi-
ately aftor application and collected in containers holding 200 liters,
a 60 kg person drinking 31. of water could get aboul 10 mg/kg/day.
No information is availablo on the amounts of these chemicals that
can be washoed oll & thatched roofl by rainfall. However, data on rates
of dissipation of 2,4-1 and 2,4,5-1' from dead litter material in pas-
tures show rates of disappearance slower than for green tisswes (12).
Thus, it appears reasonable to expoct considerably less than 100 per-
cont 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 ofl, it appoars to
be unreasonable to expeet it all to be captured in vessels having a
combined capacity of only 200 liters. Therefore, any reasonable
assumption would be that a person getting drinking water from such
2 source contaminated at the maximum rate possible would get much
less than 10 mg/kg/day.
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Drinking water from a shallow well contaminated at the maximum
rate expected from a 26 1b/acre application, assuming a depth of 4
fect for water 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 arcas would be by inhalation and pencira-
tion through the skin. There is inadequato information available on
these points to form any concept of the potential hazard of residues
from these sources. Way (I7) has suggested that there is little hazard
of transport across the skin barrier. Howevor, those materials are fat
soluble which might encourage their percutancous absorption. At least
one study of the acute toxicity of the defoliant, Purple, (estors of
24-D and 2,4,5-T) suggested that skin absorption of the animals
tested occurred but was perhaps 10-20 times slower than absorption
from the GI tract (10). In tho extreme situation of g nude, pregnant
female, prone beneath an arca of spraying of the defoliant, Orange,
the maximum impingement of 20.2 mg/kg of 2,4,5-T on her skin might
be expected. This should 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 vogetation on which mammals, birds, fish,
and insccts and other spocies depond, can severely reduce or eliminate
thein from the troated habitat, Howoever, altering tho vogetation
makeup may also benefit certain types of wildlife. The elimination of
water hyacinth from somo water bodies, for example, has proved a
necessity for the survival of sport fishory programs.

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

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

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

3. The hydrocyanic acid contont of sudan grass was found to
increase 70 percent following treatment with 2,4,5-T. Nitrate lovoels
in cortain plants may incroase up to 36 poreent following treatment
with 2,4,5-T, making thom more toxic to mammals. Increasing the
toxicity of plants to wildlife might have important effects in nature.

5. 2,4,5-T may causo some spocies 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 influchce non-target organisms both
dircctly and indirectly through habitat changes. The impact of 2,4,5-T
on the principal classes of non-target orgsnisms is prosented in the
following sections.

Mammals

Roe and Hymas (12) presented data to indicate that the acute oral
toxicity LD of 2,4,5-T to various specics of maminals was about
500 mg/kg. '

2,4,5-T has some repellent action. When cottontail rabbits (Syl-
vilaghs floridans) were given a choice of cither 2,4,5-T treated vege-
tation or untreated, the rabbits consumed almost none of the treated
vegotation. (74)
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Applying 2,4,5-T or 2,4,5-T in combination with 2,4-D at recom-
mended dosages for brush control in Michigan, resulted in killing the
oak type vegetation and released the pine and oncouraged s donse
ground cover of grasses and other herbs, taller berry producing shurbs,
and tree sprouts. (7) The low growing food and cover wore ideal for
docr, rabbits, grouse, and other forest animals.

Chemical brush control was earried out in power-line right-of-way
with 2,4-D and 2,4,5-T applications. Woody brush was practically
eliminated. White-tail deer (Odocoileus virgintanus) have used both
the treated and untreated arcas and their use of both arcas inereasod
during the four yoars of investigation. (2) The deor made less use of
the treated areas during the winter months because thero was less
food available. The deer fod most hoavily in the treated areas in the
spring and early summer on various grasses and herbs. Deer also
bodded down in the treated arcas in patches of sedge and gross.
Numbers of cottontail rabbits were found to increase in the troated
arcas because of improved food and cover.

Birds

Fifty percent mortality in birds occurred for the following doses
(2,4,5-T fed in the daily dict for less than 10 days): 5,000 ppm for
young bobwhite quail (Colinus wirginignus); 5,000 ppm for young
mallard ducks (Anas platyrhynchos). (4) Approximate L,’s based
on cstimated food consumption, were: 9,000 mg/kg for the bobwhite;
21,000 mg/kg for tho mallard.

The uso of 2,4,5-T and 2,4-D for brush control 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 cdge coffects, Wild
turkeys (Meleagris gallopave) were also observed to make effective use
of the rights-of-way treated areas. Tho young turkeys were attracted
to the oponings for feeding on various inscets which were more
abundant on the grassy right-of-way than within the wooded arcas.

Chickens were exposed daily for 14 days to grass treated with
2,4,5-T (15 poreont active agent) at ¥ oz/gal of water and 2-% oz/gal.
(&) The low 2,4,5-T treatment led to a 9 poreent reduction in cgg
vield and the higher dosage to an 18 percent reduction but there was
no change in the fertility or hatchability of the eggs. The cexposed
chickens also lost some weight.

Fish

The 24-hour LC5* for rainbow trout (Salme gairdnerit) exposed to
2,4,5-T was 12 ppm; however, Bohmont (7) reported a 48-hour LCx

*LCs, medign Jethal concontration of a toxleant which ills 50 percent of tho test organisms.
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for rainbow trout at 1.3 ppm. Bohmont also calculated the 48-hour
LCy for bluegills (Lepomis maerochirus) to be 0.50 ppm.

Young sitver salmon (Oneorhymchus kisuteh) exposed to a combina-
tion of 24,6-T and 2,4-D (about 10 percent of cach chemical in the
formulation) at concentrations of 50 ppm or morce were obsorved to
be “immediately distressed and would snap their jaws, dart about
the aquarium, and leap out of the water before loss of equilibrium and
death.” (8)

Mullet (Mugil cephatus) oxposed Lo 50 ppm of 2,4,5-T for 48 howrs
exhibited no noticeable elfects. (3)

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

Tavre 1.—The LC;;.;. of bluegill sunfish to 2,4,56-T formulaitons. (9)

24hour 43-hour
BT U 144 144
Taooety] eabor™ e rem——— N N
Isnvetyl estor®. oo e lecmn 29 26
Isoocl:{l L1 ) o 1.4 10.4
Propylene glycol butyl ethyl ester. R 17 17
2T e e Y P I 1.4 1.4

*Dvifferent batehes of the game formulation,
Molluscs

The exposuro of oysters (Crassostree virginice) to 2.0 ppm of 2,4,5-T
acid for 96 hours had no effcet on shell growth. (3)

Invertebrates

The minimum lothal dosages (ppm) which produced a kill oxceeding
25 percent with 2,4,5-T arc listed for the following fish food organisms:
Daphnia 1.5; Bueypris 0.5; Ilyallella 0.7; Palaemonetes 1.2; Amphi-
agrion 7.5; Pachydiplaz and Tramea 8.0; and Chironomus 6.0. (16)

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

Plants

Swanson and Shaw (15) demonstrated that the hydrocyanic aeid
content of sudan grass was increased by 70 pereent in pllts treatod
with 1 lb/acre of 2,4,5-T.

When 9 specics of weeds wore treated with sublethal dosages
(0.25 Ib/acro of 2,4,5-T, the nitrate content of the plants decreased
from 5 {5 32 pereent in 4 specics but inereased from 3 to 36 pereent
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the other specics. (6) The 36 percent increase occurred in Impatiens
Tho exposure of phytoplankton to 1.0 ppm of 2,4,5-T for 4 hours
causced no decrease in growth. (3)

Microorganisms

Magee and Colmer (/1) reported that 2,4,5-T at 1,500 to 2,600
ppm produced inhibition of respiration to Azotobacter however, 2,4,5-
T was found not to affect Streptomyeres at 2 and 50 Ib/acre.

Persistence

2,4,5-T applied at a rate of 4 to § Ib/acre was found to persist for
2 to 5 weeks with little or no leaching, under summertime conditions
in a temperato climate and moist loam soil. (10) Shocts and Farris (18),
however, reported that 2,4,5-T generally persisted for about 3 months
under moist soil conditions.
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