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FOREWORD

This document Ls designed for the use of all echelons concerned with
the research. development, employment, logistics, and/or planning of opera-
tions Iinvalving the use of the available chamieal vegetation-control systems.
While the daca are related directly to Vietnam, most, if not all, ars
broadly applicable to other posaible theaters of war and will serva Lo
advis. potencial users of current capabilitiea.

The basic material in the document has been obcained from publications
prapared by and for organizatioms in the Department af Defense. Published -
material wvas complementcad by unpublished records of tests, obsarvations of
research and operations personnel, and informal correspondencs, m-ncranda.
for record, and notea. .

It is not ancicipatad that :his document will be ravised om a continuing
busis; however, it (s expacted thar as new data and maceriel of spectal
significanca are developed and recommended for servics uie, addenda and/or
supplements will be prepared and distiibucad. Constructive commencs and
recompendations for improving this docucent ars iavited and encouraged.

ABSTRACT

Information is provided on chemical vegetation-control systems employed
in Vietnam for defoliation, destruction of screening vegetatiou, and denial
of agricultural products (mainly faod) to the enamy. Pertinent technical
data on rasearch, developzent, and tests of agents and dissemination systems
currently in use are emphasized.  The large volume of documentary material
has been screened and summary information selected or prepared vith e view
tovard the possible utilization of the data by personnel involved in support
and employment of the weapon aystems.
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I, . INTRODJUCTION®

A. HISTORY

The vegetation-control aystems that have been employed so intensively )
and successfully in Vietnam since early 1962 came intoc being as a result

of early and continued RDT&E acgomplished in the Plant Scisnces Laboratorvies,

Fort Detrick, Fraderick, Maryland (fovmerly Crops Division, Camp Detrick).
1. Agent Reiaarch '

Early ia 1943, tha Chérical Warfara Servicea (CWS) activated Camp
Detrick. Crops Division was established with the misaion to conduct )
research and development on chamical and biological antiplant agents,

The sarly work was sensitive and highly classified, and publicatién of
research data was witbheld uncil the end of World War II. In June 1946,
an entire issue ¢f the Botanical Gazetta was devoted t£o 18 select papers

covering vork accomplished during 1944 to 1945 on chemical growth regulators.t
The wark by parsounnel of Crops Division was {nitiaced on the bdasis of sarlier

experiments by various acientists who had investigated che biological
activities of certain grorth-engulating suusiances and of the suggestionm
by Dr. E.J. Rraus, Unlversity of Chicagoe, that they might be useful as
herbicides. The pioneering tests that followed firmly establisned the
fact that a number of synthetie growth-regulacing substances are potenc
herbicides having greac wmilicary and agriculburzl significance. Other
laboratories and groupas participated in the Army effort on a contract
basis; the United Scates Department of Agriculfure and the Univaruity of
Chicago conducted tests and evaluations af candidace comgourds; the
University of Chio synthesized a large number of thes chamicals used in the
tests. By mid~1945 almost 1, L0 test substancus had been synthesized and
subjected to screening studies. From this array, 2,4-dichlorophenoxyacetic
aeid (2,4-D) and %,4,5-crichlorophenoxyacetic acid (2,4,5-T) were showm to
20s3e3s outstanding herbicidal properties.! In subsagquent years a large
body of fundamental and applied research data was developed on grouth
regulators in genural as well 23 on 2,4-D and 2,4,5-T specifically.?

Release of information on this new class of herbicides to the
public sfter World War II precipitated a great flurry of rasearch ia all
parts of the world and caused cruplece revolutionization of weed control
practices. During 1960 (prior ts military demands in Southeast Asia), it
vas astisated thac the United States produced upward of 50 million pounds
of chese chamicala (2,4-D and 2,4,5-T) for agricultural uses. Sines 1961,
msilitary requirements have caused further expansion of United States pro-
ducticn capablilizy.

- # This report should not be used as 2 lizeraturs citation in material to be

published in the npan literaturs.
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2. Dissemination Studies

The earliest oilitary, aerial spray trials vere accsmplished in

1944 and 1945 using the Chemical Corps M~10 smoke tank hung externally on
a B~25 aircrafrt and two different bomb bay spray devices. Three different
2,4-D mixtures vere used in the tests.3'* By 1951 it had been' determined
that the vegetation-control agents of choice vould be: n-butyl 2,4-D,
nebutyl 2,4,5-T, and aixtures of the tvo. While major emphasis vas on the
dalivery of these chemicals to crop targees, their use for defoliacion and
target marking also was considared. Bacause of the conflict in Rorea and
the possible need for vegastation-control systems thers, RDTSE on delivery
technologies was inteansified with active participation by thea Air Force
and Havy, Testing programs that followed wers addraased to the davelopment
of capabilities for attacking extensive targecs effectivaly and efficiently.
The objsctives vers for dissemination of undiluced chemical agents as
elevatad line sources, normal to wind direetion, with the mass mediaa
diameter of the spray below 175 u and deposits on target of 0.1 1lb./acrs or
greafer. Tha low rates are 2ffective on sensitive, annual plants and the
fine dropleta pravide for efficient utilization of the payload (droad swath
width and large numbers of droplegz per uniz area). .

-Zarly im 1951, disseminztion studims were iniciated with experi-
mencal spray devices; both USAF and USN equipment was used. Subsequently,
three additicnal series of studies uvere accomplished, wizh tri-servize
pacticipation.®=7 The last phase of testing i{a 1952 inciuded studies on
the prototype spray device that, when engineering was completed, becawme the
time~honored Hourglass ar MC-1. The latter study was a jointly sponsored
USAF/USA test and was the culcination of sfforet on propedriven airerafe.?
During 1953, the USAF accomplished prove-out and acceptance tasting of the

large-capacizy spray system’ and developad an opera:tml capability for ics
emp loyment, although L& vas prever used.

J

3. Defoliarton - Camp D:un, 1959

Ac the clou' ‘of the Korean conflict (1953) the stockpils of vegecacion-

: c_cncrol agents was disposed of. Crops Division obtained 200 drums of the

matarial and placed it in open storage at Fort Detrick. After 4 years {n
storage the entire stock was givem to the U.S.D.A., Beltsvyille, Maryland.
Approximacely 2 monchs later the Commanding General, lst U.S. Army, regquested
that Fort Detrick assist them in theilr efforts to clear vegetazion from an
artillery izpact area at FTort Drum, New Yotrk. Thirteen druss of the chemicals
vers recriaved from the U.5.D.A., a helicopcer spray device devaloped by Crops
Divizion was broughe out of storage and mounted in an H-21 halicoptar, and the
vegetation on 4 square miles of {mpact area was sprayed with the systen,* The

Camp Drum project in 1959 represents the firsc large-scale, military defolia-
tion aeffort. )

* J.W. Brown, Vegetation Control, Camp Drum, 1959.
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" at Ogden AFB, Ogden, Utah, were declared surplus by the USAF.

&. C=123/M0-1 (Hourglass)

During 1960 to 1961, the 75 MC-1 (Hourglass) spray units in storage
Concurrent .
with this action, Tactical Air Command personnel from the Special Aerial
Spray Flight, langley AFB, Virginia, visited Crops Division to obkain
information on large-capacity chemical apray devices for possibla use with
inseccicides in a newly acquired C-123 aircraft. They were advigsed of tha
characteristics, locatiom, and availabilicy of tha Bourglass umits. Sub-
sequent ly, they obtainad two of the units and prepared a design, and a ]
C-123/Hourglass (MC-1) spray system for the dissemination af insecticides

_ was fabricated in the shops of Olmsted AFB,-Pennsylvania.’

B. VIETNAM
1. Peasibilicy Studies

In May 1961, Crops Division, iocvt Degrick, recaived a request frea
the Advanced Rescarch Projects Agency (ARPA), Office of the Sacretary of
Defense (0SD) for information on che technical feasibility of defoliacing
jungle vegetation in Vietnam. Research on defoliation had not been funded
for several y2ars and no testiag had. sver been accomplished on vegstation
comparable to that in Vietnam, However, the technical judgment was made
that Lf adequate resources wers provided, militarily significant vegetation
concrol could be demonscrated. On 6 Juee 1961, ARPA directed Foret Detrick
to conduct defoliation studies in Vietnam as a part of Project AGILE.
wWithin a 15-day periocd, experimental herbicides and spray devices, other
vitzl equipment and supplies, and movemsnt ordery to Vietni:n wars obtained.
The n~butyl 2,4-D and 2,4,5-T chemicals could not be obtained on the open :
market and lass active commercial substitutas wers procurad; a surplus
insecticida spray unit for C-47 aircraft and an insacticide spray davice
for tha R-34 helicopcer (HIDAL) were obtained; TDY orders for two Crops
Division sclentists wera approved. In little more than 60 days after
receaipt of tha OSD/ARPA orders, defoliation tusts vere initiated in  °
Vietnam (10 August 1961) despite the development of slmost insurmountable
barricrs to their sccomplishment.?¢2® The test program was responsive to
the objactives of two Tasks (Task 2, Anticrop; Task.20, Defoliztiom)
established as a part of cthe joint US/VN program of Military Assistance
Advisory Group R5D Division and the Vietnamese Combat Davelopuwant Test
Center. During the paeriod 10 August through 18 Septembar, eight different
spray tests vere conducted with the various spray systems and chemicals
available. One Task 2 trial served as an unqualifiedly .succesasful
demonstracion and was not repeated; results from the Task 20 tests wem
varied. The test data and variitions in effects vere carefully evaluated
by tha test parsommel and two salient facts were apparent: (1) the limita-
tions imposed by che inadequace sprav devices served o prohibit application
of desired amcunts of the diluta chemicals and .{{l) vegetation responsecs in
the test areas (regardless of doses deliveved) demonstrated thae, with
suitable spray syscems and the more pocene chemicals of choice (n-butyl

2,4-D and 2,4,5-T), milicarily significanc-defoliation could be accomplished
in Vietnam.
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2. Tmproved Employment Capabilities

Even though tight security restrictions vere i{mposed om the early
efforts, the activitias attractead considerable attentzion among friendly
and enemy forces. Without full i{nformacion on the nature of the tescs
and equipment limitatiuns, an undua amount of cuntroversy and criticism
developed within officlal US circles. Attitudes of uncertainty, doubt,

.

znd perhaps even hostility toward the concepts per se placed the program

in jeopardy. Ac the height of tha controversy, General Maxwell Tayler

and Mr. Walt W. Rostow, advisors to President Kennedy, visited South
Viecnam. The Crops Division Test Officer accompanied them om a 2-day
aerial trip througheouc RVN, during which time the defoliation program was
discussed and the cest sites vere obsarved. The Presidential Advisors.
vere impressad with what they saw and urged that the effort be continued.
The visitors were provided with a written review and analysis of the test
frogras to thiat date (October 1961) that also ingluded a recommendation
that the Special Air Spray Flighz, langley AFB, Virginia, be considered

to assisc Lf the decision wera made to scale-up the sptay oparations in
Vietnam,2l Subsequently, six C-123 aircrzft were made available to the
Tactical Alr Command with a high-prioricy directive to insrall spray
equipcent capable of dissenina:ing vegetation-control agenes. "USAF and
Fort Detrick perscmnel detarmined chas the C-123/Hourglass confizuracion,
develoged by the spray unit at langlay AFB, should serve as a model for
the new systems. Fabricacion was accomplished exgedizicusly and om

6 Drecember 1961 tha six units and Tactical Air Command support persannel
arrived at Clark AFB, Philippinas. On 7?7 January 1962, three of the syscems
vera moved to Tan Soa Nhut, RVN, with tha task of conducting furthex studies
on the defoliarion concepc. This USAF effort was named RANCH EAND. The
skill and dedication of this first RANCH HAND erew zontributed ismeasurably
to the successes that followed and the development and ultimate aceentance
by the Department of Defense of 4 new, non-conventional weapon systen,

C. OPERATIONAL TESTING - 1962
1. C-123/M2-1/PURPLE Spray System

Three C-123 spray ships arrived in Viatnam on 7 January; the first
shipment of PURPLE and BLUE was recaived on 9 January. The color codes
wvere applied to tha teaz chemicals primarily because security 'did nor
pernit dascriptive labels on tha shipments. The zolored bands painted
around the drums’'also served as an aid to fdentification by support
personnel., PURPLE code material was. a mixturs of n-butyl 2,4-D, n-butyl
2,4,5-T and Lsobutyl 2,4,5-T. The isobutyl portion (20Z) was included
as a messure to depreas the freezing point of 2,4,5-T, which fraczes at
»room temperatura. (This oixture eventually was rceplaced by ORANGE.)

BLUE consisted of a water-soluble powder chat contained, as the active
fngredient, 657 cacodylic-acid (later raplaced by a liquid formulaciocn).
Ca 10 January, the new C-123 spray system was tastad as a functional check
using PUKRDILE. The aquipment previously had been tested wvith water but noc
with more viscous materials such as PURPLE. The objectiva of this cast
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and later missions was to disseminate ar a rate suitable to obrain a ground
deposiz of 1 gal/acre. It was esatimated that the first test achieved a .
ground deposit of 0,8 gal/acre; in the second test on 13 January, 1.05
gal/acre deposit was achieved.}® Concurrent with studies on the C-123
system, additional testing with the Vietnamese Air Force u-salmar. systea
and ground equipment using BLUE was accomplished.

Evaluation of the upland forest areas treated with FURPLIE showed
that the vegetation did noc respond as ancicipated. By the end of January
it vas determined thar the dry season had induced a dormant condition with
respuct Eo plant growth, and thn biologlexzl responsae to the growth
regulator chemical was being delayed. The USAF spray testing wvas con-
tinued through March 1962, at which time the affort vas terminaced to
avait a full evalustion of the results from the tests.

2. OSD/ARPA Evaluation ,

The evaluation was, in large part, sclimulated by che appearanca .
of several controversial news articles about the defoliacion prograz.
Because tha ctest program was sensitive and clascified, the news corrs-
spondents were only partially “"informed'' and the news accounts wers some=
thing less than wvholly factual. Ar the direction of OSD/ARPA, a selected
t2am was assigned to evaluata thormsughly the vegecation-concrol program
in Vietnam. The team of five with regresencatives from U.S.D.A., ARPA,
and the Chemical Corps was headed by the Commanding General, USA Chemical
Corps RAD Command. The team recognized two phases: Research Phase,

15 July 1961 co 12 January 1962; and Operaziomal Phase, 13 January 1942 tu
15 March 1962.13+13 Afrer an intansive evaluacion of 21 treated targers
in 11 areas the team concluded (in brief) that: (i) the operational pro=-
gram of vegetation cortroel should be continued, with modifications recommended
by .the team; (ii) chemical applicacions, when avaluated from the air, were
707 effective in achieving staced objectives, and frem the ground wers §0Z
effective; (1il) limitacton.in dispersal equipment had a2 mmjor influence
on reduced misaion effects, and modifications were required; (iv) PURFLE
gave excellent control of mangrove; (v} add{tiocnal informacion on defolia-
tion should be deveioped in localities where the test parsonnel will have
‘raady access Co test aress; and (vi) the technical feasibility for control
of all crop plants with available chemicals i{s well established.

The team developed a zaries of rscommendacions thaz ineluded: .
(1) oodification of the C-123 syatem to deliver 1.5 gal of PURPLI-:_ per
acre and provida for a gotal application of 3 gal/acre; {ii)' tha spray

spectzun showld have a miss median diametar of 300 p; and (iii) an expedited’ .

RDTI&E program on defoliation should be iniziaced in USA and Thailand and
should fnclude f.nvcscigacicms en a spray systeam capable of delivering 3
gal/acre of PURTPLE.:?
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Subsequent actlions taken to implesent the recommendations of the
evaluacion team ushered in a pertod charactarized by {ntensive RDT&E in
Crops Division, Fort Detrick, aad in Alr Foree Armament Test Laboratory
) (AFATL), Eglin AFB, to provide improvements of sptay system components in
- . support of RANCH BAND, Concurrently, operacional employment.of the spray

capability by the RANCH HAND units was intensified steadily with time and :
availabilicy of resources, :
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IT. VECETATTION-CONTROL CONCEPTS

A. DEFOLIATION . .

t— ——In the military sense, dafoliation is the destruction- and/or removal

of target faollage by the applicacion of chemical agents. The objective
of defoliation is to improve vertical and horizontal visibility within
the treated area. The high incidence of successful enemy ambushes in
Vietnam vas the salient factor that influanced the intreduction of
vegecation-control systems into tha Southsast Asia conflict. The 1n1:ial
objectiva of Task 20 was to defolfate the vegetation along lines of
commnication (highways and watervays) to deny the enemy tha safety of
adequate cuver and concealmant (Fig. l).

Three generai classes of defoliant agents are recognized according
to their modes of actton. _ -

1) Growth regulators. Chemicals in this clasa ares hormona=lika

" substances that have some characteristics similar to those of natural

plant hv-rmones, are readily absorbed by the treated foliage, and enter
fato the plant system to be translocaced and affect other parts of che
planc, Decause they are alien, they disrupt rhe normal physiologic
processes of the entire plant system (systemic effects). Sensitive
perennial species shed their leaves and, i{f tha dose of chemical is
adequate. die.? Plants treated with sublethal doses frequently racover
partially or complecely; also, soma plant species are highly resistant
to this 2lass of chemicals and, outwardly, may appear unzffacted.l*
Growth regulators as a class are most effective on broad-leaved plancsg

in an active state of growth. Because these :gents function syszemically,
small quantities may be highly effective, but while absorntion into the
plant system {s rapid, devalopment of effects is relatively slow. Agenes
ORAMGE. and WHITE are classic examples of systemic growth regulators.

2) Desiccants. Chemical agents in this class are also referred
to as contict agents because they produce their effects locally at tha
point of application. These chemicals causs rapid desiccation (drying)
of tha treated foliage. This action leads to leaf fall with some speacies
while on others the leaves shrivel and dis but remain on the planc, The
desiccant chemicals no-mally do not kill peremnial woody and herbacecous
plants and, in tha trewics, refoliation occurs in 30 to 90 days, depending
on the species. Agent BLUE is & desiceant thac is effective on g:assy
plants rssistant to the growth rag:lators and on broad-<leaved plants in
a dormant stage of growch, such as thosa in upland forasts during the
dry season in Vietnam. Because these chemicals are not normally trans-
locatad to produce their toxic effacts, choraugh coverage of tha target
foliage is required.
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FIGURE 1. Dafoliation tn mngrove Vogcn:lon
Along Hateruay in lMI
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. B. CONTROL OF CROP PLANTS .

3)' Dafoliant (true). One of the cutstanding goals of research on
vegetation-control agents is davelopwent of a militarily useful, crue
defoliating agant. An intensive research effort is devoted to :ha physical
and biockemical processes involved -in the normal leaf senescance and
abscission phenomena. The cbjective is to discover the chemical “asis
for tha processes and to davelop means of inducing leaf fall ag will as
it normally occurs in temparate zomss with the onset of fall and wincer.

A compourd capable of this cype of acticn also is being sought in the
sereening program in progress at the Plant Sciences Laboratories, Fort

Tl vegetation-control agants currently in use in Vietnam ara capabls
collectively of damaging or destroying the productivity of all known
agricultural c¢rop plants of significance.

1. Agent ORANGE

Each of che two componencs of ORLIGE (2,4-D and-2,4,5-T) is
affective against a wide array of broadeleaved plant species. Certaia
of ths plants are censitive to both chamiecals, while others are affected
by only ona; thus the 50:50 mixture, GRANGE, provides the military with
a capabllity to astack an extensive array nf broad-leaved crop plapes.?
Unfortunately, ORANGE is considered to ba generally ineffective om grasses.
Important cereal crop plants such as rice, wheat, corn, sugarcane, sorghum,
millet, and barley are grasses and a second chemrical 1is requirad for their
control., In the search for a universal anticrop agent ctha herbicidal
properties of cacodylie acid (dimetkylarsinic acid) wvers discovered.
Studies on this new compound showed-it to be highly effective againsc
rice i{n parctigular and other grasses in general. as well as a number of
broad~leaved crops,i8:1@ )

2. Agent BLUE

Cacodylic acid (ageat BLUE) as a dry, water-soluble povder was
{nzroduecad inco Vietnam as the agenc of choice for destruction of Viet

Cong rice crops. Mixing with water wvas required. Later, a commercial,

liquid formulation of sod{um cacodylate, Phytar 560G, was introduced us
a rveplacerent for cacodylic acid and is the agent BLUE curreatly in use, -

. 3. Ageat WEITE

Tordom 101, a proprie:nry formulacion of piclcm (&-ml.no-.,s &=
trichloropicolinic asid) and 2,4-D, was incroduced into Viatnam by
Dapartment of the Army, Assistant Chief of Staff for Force Davelopment,
for use as a substituta for ORANGE om targets in the proximity of
sensitive crop plants, principally rubber. Allegedly, the vapors from
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ORANGE had occasiocnally caused crop losses in the-vicinity of defoliation
strikes, and a less volacile chemical was requested by US Mtlirary Assistance
Coumand, Vietnam, for use on a numbar of targets. Picloram, ‘the proprietary,
sctive ingredient in Tordon 10l and a variety of newer forumlations, is a
highly potent, syistemic herbicide for a wida varisty of broad-leaved crop
plants. On the basis of claims by the manufacturer (Dow} and the results
. of teating by -Fort Detrick, it is indicated that picloram will contrel

essentially the same broad array uf crop species as ORANGE but on sooe :
will be -an:iva at significantly lower dosages.. Plcloram is aven l=aa . ..
effective ¢n grasaes, {n general, than ORANGE, with but one notable .
excaption = {¢ fs highly effectiva in reducing wheat yialds. Unlike

ORANGE, this compound is not readily inmactivated by soil organiswms and,

because of its persistenca, some rastraints should- be imposed on its use
for control of crop plants.

e ———

4., Predictabilicy

Crops can be successfully controlled by chemicals with & high degree. -
of certainty because che required technalogy is well developed and target
erap vulnerabilities arc known, Tlie nuzber of {mportant erop plants is
lizited and most have been subjected to tests by Fort Detrick, the U,3.D.A..
various chemical companies, private. research organizacions, andlct
univeraities. With but a few exceptions, erap plants are annuals, rsla:ively
small {n siza, ncrmally in an active stage of gresrth, and senrsitive to
select compounds. Dose requirements for control of broad~leaved crops are
very low. As Jirtle as. 0,10 1b./acre of ORAMGE is adequate to control
such crops .2s soybeans, sweet potacces, and garden beans, while wanioc is
damaged by 1.0 1lb,/acre. Rice 1a destroyed by 0.5 to 1.0 lb./acre of BLUE.
Manioc may also be controlled effectively by the application of 0.2 1b. of
picloram in Tordon 10l.* Picloram at the rica of Q.04 eo 0.07 1b./acre

has czused up 2o 1007 yleld reduction of gdrden beans, pota:ocs, soyben.na,
peanuts, snd sweat potatoes.

' Q. TAIGET MARXING

The use of vegatation-control agents for marking targets hxs been con-
.sidered for miny years buc research on this'role has been limited. To
\ satisfy this concept for employment in a ractical situation, & very fast-
acting cempound is required ¢o produce a Mighly visible, contrascing changs
in the traated vegetation. A target-sarking capability would probably find

.iles greatast use in pinpointing targets for aerial a:ﬂ.m by high-perfomnce;
close=-support aireraft and/or bombers.

* Dr. R.C. Bunker, Plant Physiology Division, personal commumication.
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D. SFECIAL APPLICATIONS

The guarrilla-type war in Vietnam has created a now appreciztion for
advantages of stealth and surprise and tha effective use by an aggressive
anemy to exploit it to harass numerically superior foreces, The US.and RVN
units have prepared elaborate defenses arcund base installaticns to guard
against infiltration by the enemy and to prevent surpriss attacks.
Vegetaction-control agents are used extensively to mintain vegetation-free
fire lanes, minefields, flelds of cbsarvation om perimeters, and defensiva
barrier armas. The cleared areas deny the enetry the cover and concaaloent
vital for successfully launching surprise attacks and withdrawing with
accaptable lésses. All three agents have besn used for maintenmance af
the defenss areas, since control of both broazd-lesaved and grassy types
is required. Reccmmendations have been made for the use of sall-applied
chemical compounds for nonsslective, long~term control, however usa of

such chemicals has not been approved.
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IXY. VEGETATION-CONTROL AGENTS

" A. . ORANGE AND ORANGE IT

OBANCE is the code designation for a 50:50 mixture of n-butyl esters
of 2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5~trichlorophenoxyacetic
acid (2,4,5+T). The agent consists of a mixture of. equal volumea of the

undiluted technical esters of 2,4-D and 2,4,5-T. Approximate cosit is
86.7S5/gal. h '

ORAXCE IT {s a mixture of equl'pam by volume of the pn-butyl eatsr -
of 2,4-D and isooctyl astsr of 2,4,5-T. '

Syecificacions for ORANGE and OME II are available in MIL-D-51239A

(MU). Specifications for the component n-butyl esters of 2,4-D and 2,4,5-T
and of \zoogtyl ester of 2,4,5-T in ORANSE-IL are as follows:

WL B-51147, Harbicide; p-butyl 2,4-dichlorophenoxyacerata -
¥ H.51148, Eerbicide; m=dutyl 2,%,5-trichloropiienoxyacetata
ML H-60724, Herbicice; Lseoeczyl 2,%,5-trichlorophenoxyacesate

Physical, Chemical, and Biological Proserties

8. Physical Scace

ORANGE and GRANGE IT are liquids at room zemperature and above,
log from clear reddish brown to straw color. Both ageats becuca more
ous AC lover temparatures and may solidify at 40 to 45 F. n-Butyl

iw of 2,4,5+T freezes balow'70 to 75 F, but both n-butyl esrer of '

‘D and 1300ctyl ester of 2,4,5-T have considerably lower freezing poincs.

b. Solubtlity

A - ORANGE and (RANGE IT are readily soluble {n diesel fuel and
er organic solvents, but are relatively insolubla in water, :

€e Vo htL u:y

OBANCE and it
ce charzcterized b

3 can',:cnehc a~bucyl escers of 2,4-D and 2,4,5-T .
tha

¥ plant physiologists as volatile herbicides bacausa
Vapors are relatively phytotcxic. However, the physical chemist would

ragard cha butyl escers of 2,4-D and 2,4,5-T as sssentially nonvelatile,
sith a vapor pressurs of less than

nebucel \ 1 m of mercury at 35 C. In fact, thke
¥ ::L:?I::; °:n:',:-!i) is approximately equivalent to No. 2 diasel fuel

’ 1ILTIOg & te
1 mm of marcuty, 3_. mparature ef 147 € for vapor .gru.sure to equal

II, conaisting in part of the Iou-voul:n-‘-uooe 1 escer
of 2,4,5-T,-#ay be considared less volacile thaa ORANGE. =
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Data are not availabla on the distances that ORANGE or its
component astirs may travel in vapor state from defoliated or aprayed
ar=as, but laterzl movements of herbiclides, due to their volatile nature
alone, are believed to be negligible. Mozt inscarces of alleged crop
damags adjacent to areas sprayed with ORANGE way be attributed to drift
or nisapplication at the time of spraying rather than to volacility.

4. Corrosive .Actiun
ORANGE and ORANGE IT are noncorrosive on most cetals but swe
dalstericus to soma paints, zrubber, and neoprene. Taflom, polyetiylens,

Viton, and other similar plastic materials are geaarauy rasistant to
deterioration by ORANGE, .

a, Other Speciiic Properties

ORANGE ORANGE TT

Freezing point, C 7 to 8. 9
Viscosity, centipoises .
ac 75 ®° 43 67
at 100 F % 27
Weighe, 1b./gal
Total esters 10.7 10.2
Acid equivalent 8.6 7.5 '
Specific gravity 1.275 to 1.295 1.220 o 1.2&2

£. Blological Properties

Consiscing of two systemic or tran<giocated herbicides (2,4-T,
ffective on droad-leaved herbacecus plants, and 2,4,5-T, effective on a
umd array of woody plants), the mixture ORANGE {3 affec:iv. on a wide
range of plant species, principally of the broad-leaved or dicotyledonous
groups, GCrasses and other monocotyledonous plancs are less affected. by
ORANGE. The chemical is absorbed prinecipally by. the foliaga but may

. enter the plant through the stems and/or root systam, Decomposition

of tha two compunents, 2,4-D and 2,4,5-T, by soil miercorganisms oecurs
rapidly and the chemical disappuu fzom z0ils within 1 to 2 months
following uwliu:ion.

2. Toxicology _ )
Agent ORANGE i3 low in toxicity to man, fish, and wildlife, as
shown in the long and extensive record of usa of 2,4-D and 2,4,5-T for
agrigultural and industrial vegetaciom control.

ORANGE has a low oral mammalian toxicity. The LDy, for acuta oral
toxiei{ty of ORANGE for rats {s 550 og/ig.* LD, valuas for thes 2,46~D

* B.P, ngamn, Toxieology Department, Edgewood Arsenal, Md. Sumwary
of toxicity daca on phenoxyacetates. :
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component of ORANGE range from 300 eo 1,000 mg/kg for rats, guinea pigs,
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4 f'f'l"'. Do and rabbits. Toxicity to carcle appears to be similac to that of laboratory

FESP 0 animale . :

P A 3 ] * * -

l,"_-f AR ORANGE and ORANGE II may cause slight skin irritarion and minimal _

t; e : i inhalation effects. — —

N | o

Nt L Toxicity of 2,4-D and 2,4,3-T to fish varies widely with the species, -

-.},'--f, oo salt or ester employed, and duration of e:posum."- Puce 2,4-D acid at

% T S 100 ppa concentration® caused only slight mortality to fingerling bream

-t ' and largemouth bass.}® Minnows and catfish toleruted sodfum salt of 2,4-D

AR I _at 2,000 ppm for 1 week but. fingerling bluegills had losscs of 40 to 100Z

P | from the butyl ester of 2,4~D at concentrations of 1 to 5 ppm. Ester fores ‘
" ! of 2,4-D and 2,4,5-T are mors toxic to fish than purs acid or salts which *

are used for control of aquatic vegetation withouc injury to fish.'® Only
under conditions of direct application of ORANGE to shallow todies of water

e
LN
Wt
/.

AL -
\':‘

e at the rate of 3 gal/acre would kill of the most semsitive species of fish
o 7 ; be likaly to oceur.
FioT :
- : 3. Haadling
i : Agencs ORANGE amd ORANGE II may be safaly handled with ordinary
k oA sanitary pracaucions. Spillage on skin or clcthing should be removed
$\ . promptly to avoid possible irritation through proleaged skin contact.
. fT : These chemicals present no hazard to man or animals in areas subjected
;j" o . to defoliation at the time of or fallowing spray applicatiom.
’,P‘j-'.-i“;” ORANGE has a penetracing odor that tends to persistin enclosad
- : &reas such as aircrafl cabins and sctorage aveas. Spillaga or spray deposit
/-B" : . om aireraf: and painted surfaces should be removed as soom as possible by
o vashing with diesel fuel or other light petroleum oils, followed by a soap
/: g wvagh and thorough rinatng'#ich‘ ¢lear wvater.
. S ) .
":"'/:" = As indicaced., exposure of rubber or neoprens hose to ORANGE causas
’\:/- ) . dcnrtora:tcm. Transfer hoses, pump seals, and other equipment parts ’ T
Fan subjected to continued concact with this chemical should be chocked often
'-':.'. ) . for replacement unless resistant materials such as Teflon and Vitom ars
iy .t ’ . llltd._ *
7“_._.-=’_ R - Folloﬁing harbicide application, the tank and spray systea should.
.o T ba flushad wvith diesel fuel followed by 2 detergent or soap and watayr
c ,,j' . rinse and clear vater rinse when change (s made from ORAIUE to a wvater-
""/‘. basa agent such as BLUE or WHITE. This flushing and rinsing procadure is -
Pt mora important to follow vhen BLUE is used after ORANGE. WHITE may ba
.‘.':"_‘-'-/ B ) .. . ) . ‘
’:1\,’ . * Ona ppa L8 the equivalent of 2.72 lb. of herbicide per acra-fooc of o '=.,;—
S SO ' wvater. If 3 gal of ORANGE wera sprayed on an acre of wazar I foot deep, oo
R S the concantration of 2,4-D + 2,4,5~T acid aquivalent vould be approximagely pd
T 11 pra. P
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. used directly aftar ORANGE withaut flushing, as the small dmounc of residual
ORANGE in the spray tank will mix with the larger quantity of WHITE without
forming a precipitate. In the reaverse situation vhen ORANGE 1s uged after
WHITE, the residual WHITE will tend.to separata and flcat on top of the
denser ORANGE unless the mixture ls thoroughly agitated. . In the AJALSY-1
spray system used in the UC-123 aircraft, the circulacing systam i3 sffective
in keeping the residual agent (50 gal) mixed with the new fill (900 gal).

4. Methods of Disposal

Loading and storage areas subject to contamination by ORANGE by
repested spillage may be treated by rapedtad flushing of affected arsas
with diesal fuel and drainage into sectling basins or pits for incorpora-
tion into soil vhere microbial and/or photodecompositcion will occur. -If
posaible, heavily contaminated soils should ba deep-plowed. to work the
chemical info the soil to aid in subsequant leaching and decompositiom.

Used containers and surplus quancities of ORANGE should be buried
in deep pits at locations where minimal hazard exists for lsaching into
wvat.r supplies or cultivatzd crop areas.

Regular removal of used containers from loading areas should be
practiced to avoid possible damage or hazard to nesrby sensitive crops

by concentrated vapors of tha chemical or {oproper usa of tha empcy com=
tainers {n agricultural areas.

5. Effectiveness as a Defolilant

ORANGE and ORANGE IT are effective defoliants of forast vegetation
under Camparate and tropical concitions. As gystemic herbicides, thes com=-

ponent estecy of 2,4-D and 2,4,5-T cause death of the pl.nnr. with accoupany= .
tng dcfol.u:ion.

The typical response of woody vegacacion to a foliar applicatien of
ORANGE {s firat a browning and discoloration of thae foliage within a period
of 1 or 2 weeks. Follaga of the more susceptible species may turn browm
rapidly and lsaf drop will occur over a pariod ‘of 1 co 2 months. Under
tropical cornditions, maximum defoliation may occur at. 2 to ) months after
spray application (see Section IV,B,3). As herbicidal response continuas,
the stems and branches die back progreasively from the tip, accompanied bw
defoliation. When only partial kill of the individual plant occucrs,
regrowth nnd new fomgo amnlop from the main stems and larger branches.

Infcm:i.cn on tha dcgr-ac and duration of defoliaciom raspcnua
from ORAMNGE {s given in Section IV,B,3.

Under tropicll forast comultions, satisfzctory levels of defolliation
txy peraist for 4 to 6 months or meors after which regrowth and raplacemenc
vegststion zay muatﬂ:n Tetreatmant.
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ORANGE and ORANGE II act principally on broad-leaved woody and
herbaceous plants, Grasses, including bamboos, are relacively unaffected
by normal rates of applicatidn (3 gal/acre) but chemical "burning” and
topkill mty result from heaviar doses of ORANGE and ORANGE II.

-
Ny
‘' |\
. .
S ———

6. Effactiveness as an Anticrop-Agent

CRANGE and its component esters of 2,4-D and 2,4,5-T are effective
herhicides against meay bdroad-~leaaved crops. The selective acticn of 2,4-D
on broad-leaved weeds, f{m contraat to the resistance of ceresal and grass
czops, has led to its videspread uze as a selective herbicide in broad-leaved
veed control. The component 2,4,5-T ester is mora effective on woody
plants and is proportionataly mors effactive than 2,4~D in herbicidal

action on crops such as potatoes, loybeans, peanu:s, tobacco, swest
! _potatoes, aud rubber treas.

p—— B e BRS IS e et w———

: In genersl, ORANGE may be considered as an effective anticrop agent '
. ) : against most broad-leaved cropz at the rate of 1 1lb. acid equivalent per
ot ' acra. Specific rates for crops ars given in Section IV,B,1l. Highly

._';;" : sensitive crops include:
\ \ : Cotzon Grzer teans Rutabaga

- . Soybeans Feas Poppies
e Tomatoas Sunf lover Beets

L - Sweet potatoes  FKale Cabbage

: Peanuts Broccall Hezp

S . Lims beans Sesane .
.‘, : . o

LT Root ur tuber cropa such as potatces, sugar beets, and manlac show greacest
v yield reductions from chemicals applied during early growth stages,
JE - Because of tha sensitivity of crop plants, spray devices used to dissemi-
;‘-,,{'._“ ’ nata ORANGE should not ba used for ths employment of insecti.cides bacause
o . ) . tracs quantities of the herbicide can damage crops.

/i o B. BLIE _

B : BLUE is the code desigpation for a reutralized, liquid fermulatiom

containing caccdylic acid (dimethylarsinic acid) and ifs sodium salc.
The term BLUE vas first applied in 1961 to 1964 to cacodylic acid in powder
form, contaizing 65% acctive ingredient thac was mixed in the field with

~ .,
e
.

V3 vac:r. The BLUE currently in use i3 a liquid formulation produced by Ansul
: . Company and is designated Phytar 560G. It contains a minimum of 212 °
) !, ! sodium caeodylate with additional free cacedylic acid for a total dimechyl-

£ ) arsinic acid equivalent of not less than 26% or 3.1 1b./gal. Fhytar 560G

contains 3% by volume of a surfactant plus 0.57 of an ancifoam agenz.

#, < i Efforts are baing made to reducs the surfactant to 1% by volums., Approxi-
Eoyo mata cost is 33.35/gal.
S ,
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' vil:h a palting point of 200 C.

1. Physical, Chemical, and Blological Properties
a. Fhysical State

. .
e s Gy A oY | s it e & iy

Cacodylic acid (technical) Ls a golorless, crystalline solid

BLUE (Phytar 560G) i3 a liquid formulacicn of cacodylic acid
and its sodium salt. IC is'a radd.ih or browmish, free-flowing liquid.

b. s:mzney

. Both cacodylie Acid and the liquid formulacion BLUE are raad.ily o
nelubh in vater and alcohol but moluhh in diesal fuel and oils.- . !

c. Volatility ' -

BLUE is nomvolatile. Cacodylic acid and its salt have extremely
low vapor pressurss. ’

d. Cﬂr;.’ﬂl ive Action

Corrosfion tests with undiluted 3LUE showed littla or no effact
on brass, copper, dluminum, and tin aftar an exposuras of 1 month., Staal
showed a rapid initial reaction and moderate corrosicm with BLUE. 2inc

was the least resistant wmetal, exhibiting a galvanic resction in the
cacodylace solugiom,

e, Other Specific Properties

Freezing poine, F Balow =-22.
Viscosity, centipoises . .

Az 50 7 19.9

At 75 F ' 11.0

At 95 F ‘ . 9.0
Weight, 1b./gal .

Liquid formulation . 10.9

Cagodylic acid equivalent 3.1 ‘
Specific gravicy . 1.31
pB 6.7 te 7.3

£. Btaloéiul Proparﬂea

BLUE is a desigcant or contact herbicide and causes rapid
brovning of follage. It shows relacively little translocation or movement
within the plane. Foliage of broad-leaved vegetation affected by BLUE may
ibscisa or shrivel and remain em tha plant. (Grasses oey show rapid browning
and death of top growth but regrowech of resistant perennial species, such
a3 alephant grass, cay cecur vithin 1 to 2 months. Defolfation of wnody
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- sodium salt of 2,4-D (a component of WHITE).

vegetaticon by BLUE shows short-term effect, with maximm effect ac 2 to 6
weeks after treatment. Repeat applications of BLUZ may be required for
continued vegatacion comtrol of perennial grasses.

2. Toxicology

Cacodylic acid or dimethylarsinic aeid, tha active cbmponent of
BLUZ, contains arsenic in the innocucus pentavalent stata rather than the
toxic trivalent form. Tha acute oral toxicity (LD.) of ecacedylic acid in
raes {s 1,400 mg/kg for males and 1,280 =g/kg for females, For the formula-
tion Phytar 560G or BLUE containing the acid and i{rs sodium salt, ths acute

oral toxicity (LD, for rats is 2,600 mg/kg, a toxiiity level 1ouot than -
that of aspirin (1,750 wg/kg) *

Cactle fed 25.5 ng/kg of cacodylic acid daily in a w-dny fuding
test showed no arsenic in the milk and no af.oragc of arsenic {o the animxl
body on a cumulative basis.

. In tesats with ﬁsh, Gambusia, shinor, and largemul:h black baas
wera able to withstand concentrations of cacodylic aeid of ar lsast 100 ppm
for 72 -hours, a rate equivalant to 270 lb, of a chemical per acra=-foot of
waror. It may, thus, be considared nontoxic to fish and animals.'”

When BLUE or cacodylic acid {a applied directly to sofl, tha
chemical {3 rapidly adsorbad and deaccivazed by the s0il colloids so thace
new crops can bhe plan:ed during the sama growing season.

3. Handling . . S -
BLUE may be handled _naf-ly with ovdinary sanitary pracautions in
avoiding prolongad contact with skin or clothing. Cacodylic acid is
veadily absorbed through the skin; prolonged absorption miy lead to a
distinct garlic ‘odor {n the breath. .Spillage shauld be avoided and .
ramoved by libsral flughing and rinsing with clsar water.

Some difﬁc.;uli:y has been encountared with precipitare {n the
comaercial formulation. Drums should be checked to ensure that precipi-
tate, {f presenc, i3 not pumped into a spray system.

BLUE should not be used {n a spray aystem aither following or
preceding WHITE without thoroughly flushing the tank and system with water.
A oixture of these two agents tesults in a procipitata consisting of the
If 2 change in agents {3 to
be made, the tanks or spray system should ba filled ac lexsz half full with

clear water and the system exhausted of liguid before thes new agent (BUJ‘B
or WHITE) is added. '

—— g - -

* Unpublished data of the Ansul Co., Marinettae, Wisconsiu.
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&4, Mathods of Disposal : .

Equipment used for application of BLUE should be thoroughly cleaned
. . prior to storage or dilsuse. Several flushings of soapy or detergent uwater
to which ammonia has been added may be used, followved by a clear rinsa.
Tor moat spray aystems 3 final rinsa with diesal fual Tay serve to prevent
Tust or sediment accumlaticn,

AU gy vea e g

H -
R1a8 N

Excess ospillage of BLUE in loading or storage areas should be
removed by thorough washing with clear wvater and/or dilute ammonia.
Runoff or wvash watar coneaining diluted BLUZ should, if possibla, be
diverted into pits or settling basina for incorporation into soil. The
chemical iz rapidly adsorbed by soll and deactivated..

2, teop P
e

. g et
L Al

) Used containers and residusl chmical should be disposed of by
burial vhanever posaibl.o. .

e

.o

5. P.'ffae:’iv'eness as-a Dafolfianc

BLUE {3 primarily a desiccanc with lietle or no syscemic herbicidal
action. When applied to broad-lesved, woody, or grass vegetation, BLUE
- causes a sapld browning and desiceasion, wirh accompanying shriveling
and absclssion of leaves on some woody species. The agent w2y ba con-
3idered a short-ter=m defoliant on woody vezegation with maximum defollation
2 to & weeks after applicacion (see Section IV,B,3).

6. Effectiveneass «s an Ancicrop Agent o

BLUE {s the agent of choice for destruction of cereal. or grain

ctops (in contrast to ORANGE which is primrily effeécive on broad-leaved
crops). . .

Early work at Fort Detrick with rice showed that yiald reductions
of 70 to 977% weru: obtained by a-single application ac 0,25 lb. cacodylic
acid per ascre at any time over a 2,5-month growth period.? Recent tests
on rica with sedium cacodylate formulatioa (Phytar 560G) hiave shoun complete
yield reductioa with applicacions of 1 1b./acre cacodylic acid on plann
in the vngetative and flcwering stages of pw:h.

Corn and grain sorghum are controlled effeceivcly with BLUE in aarly
grouth stages (12 to 18 inches high) with 1 lb. cacocdylic acid per acra;
wheat and cats have shown complete vield reductions with 1 lb. cacedylic

. acid per acre applied as BLUE {n the lats boot 3stags. First year.or plant
erop of sugarcane in late season required 5 to 10 1b. cacodylic acid per
- acrs for effactive yield raduction; in ratoon crops mora than 24 1b./acres
R are required.* The chemical i3 not recommended for this crop becausa
better agents ara availabla.

* Dv. R.C. Bunker and Dr. H.C. LaCroy, Plan: Physiolugy Division, personal
communication.
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_ C. WHITE

WHITE. {5 the code daslg'nac-:l.on for Tordon 101, a liquid formulaclion con-

taining picloram (4-awmino=-3,5,6-crichlaropicolinic acid) and 2,4+D in tha

form of triisopropsnolamine sales. Approximate cose {3 $6.40/gal.

The composition of WHITE, based on veight of salt, is: pi.clorau,- 10.2%;

2,4~D, 39.6%., Basad on weight of active ingredient or acid, the composicica
is: picloram, 5.7% or 0.54 1b./gal; 2,4-D, 21.2% or 2.0 lb./gal. The
remeinder consists of watsr, watting agent, and ocher inert ingredients.
I

Plelpram or Tordon is a proprietacy item produced by Dow Chemical
Company and is available im other formulations, including: (1) Tozdon 40,
a4 liquid containg 4 -1b. isooetyl eatar per gallon, solublae in oil, insolubla
in vatar; (ii) Tordon 10K, an extruded pellat containing 10% ptclom as
potassium salt; and (i{1) modified ORANGE (Dow M=3393). .

An e'xpari.un:al formulation that has been proposed for tasting contains

a mixturs of picloram ester, n-butyl ester of 2,4-D, and n-bucyl ester of
2,4,5-T. .

1. Physical. Chemical, and Biologiczal Properties

a. Physicsl Scace

WHITE (Torden 101) is a dark brown, somevhat viscous liquid.
b. Solubiliry

WHITE is niscible in water but insdluble in diesel fuel and
othar oils. The triilsopropanolamine forms of 2,4-D and picloram in WHITE
are both readily scoluble in water, whersas the parsnt acids (2,4-D and
picloram) are white crystalline powders, ‘soluble in acetona and alcochol,
and somewvhat soluble.in certain othar organic solvents.

rd

c. Volatility

. {3 considered nmolanila; Picloram has a vipér pressursa
of 6.16 x 107/ mm of Hg at 35 C.

WHIIE, becauss of the low volatility of its active ingradiencs,
has been suggested as 2 substitute for ORANGE for defollation in areas
adjacent to rubber plantations and sensitive broad-leaved crops. Houevar,
because of tha high activity of the picloram component, extramely small
amcunts can damags sensitive species.

WHITE {3 stable and modaratsly resistant to ultzaviolee

- radliatgion. Despite its water base, cthe formulation WHITE 15 flammabrle

with & flash point of 35 C.
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WHITE {3 noncorrosive on coomon metals' and m:erials ugsed in

d. Corrosive Ac:inn
. spray equipment.

2,4-D.

f.

“Other Specifiz Propecties:

Viscosity, centipoises

-

162

At 10 C
At 25 C 125 to 135
At 38. T 95

Weight of active Lng:ed:l.encs

(acid equivalenc), 1lb./gal

" Meloran 0.54
2,6-D .

2.0

Bilological Properties

WHITE i3 a mixture of two sys:euii.c herdicides, piclotanm and

It i{s partially selective tn its defoliant and herbicidal-action

on an array of plant species and {s effective, prinsipally, on woody and

certain broad-leaved herbacecus plants.

Both the picloram and 2,4-D

components dra ralacively i.neffec:ive on grasses, bamboos, and echer

monaeoty ledonous plants,
an lmmediate increasa in thess resis:an: pianes.,

as compared with other chemicals such as ORANGE and BLUE.

Forest araas defoliated with.WHITE often show

Both picloram and 2, la-D 4are readily absorbed by the foliage.
Picloram, apparsntly, is more easily absorbed by the root sysca:. than are
2,4 -D and. a:he: phanoxy herbicides,

The picloram component of WHITE {3 more. persistent in soils

decoxposition of picloram is limited and lossas from soils oczur

principally by leaching and some photodecomposition.

. . defoliation it may persist i{n scma soils for l year or more.

" 2. Toxicology

Microbial

Toxicity data have been. collected for the componen:s. 2,4-D and
picloram and for the mixture WHITE. Picloram is axtremeiy low in.
toxicity; the LD, for acute oral toxicity ia vacs is 8,200 ng/kg, for
sheep and cattle it {s 488 o 650 mg/kg.

For 'rordon 101, or mm-: the acuta oral Y.D.. for rats has
reported as 3, 080 ag/kg;

ar sheep 2,0C0; and for c.nl::ln_:!, 163.
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In a feeding test om cattle, 97.7% of the adminiirered picloran
was recovered unchanged in the urine; no picloram was detacted in mi.lk..“"_'

Med{an tolerances u.mf.:s of fish to ‘Iordon 101 ranged from 64 ppm
for fathead ninnw to 240 ppx for brook trout.'

roxicological studies conducted by Edgewood Arseaal and Dow
Chomical Company indicate that a single direect exposure to a spray of

WHITE, at prescribed rates, would pot constitute 2 hazard to tha skin ar
a systeaic h.l.zn-d. by inhalatcion.

The chemical is cmidcred oonfoxiec and not haza:dcus to humana,
auioals, and fish.

'3. Hendling

Only ordinary precaucions are recovmended for handling WHITE, as
for any comuon agricultural chemiecal, It may be wildly {rrizating to skin
and ayes on prolonged contact. Contaminated clothing should be washed
before rause. Spillags on the skin should be rinsed with clear wvater.

WHITE {s safe fcor personnel and animals on spraysd areas at the
time of or follewing application., WHILIE may be used in spray eou:l.pnml:
following or preceding ORANCE, as discissed in Sectiom III,A,3.

WHITE sbould be thoroughly flushed and rinsed from spray ays:enis
prior to uae of agent BLUE to avoid prcecipitation of the residual 2,4-D,
as sodium salt, by the sodium cacodylate of BLUE. Tanks and spray systems

should be thoroughly flushed with water before a change of agents or
anticipated disuse.

4, . Mathods of Disposal

loading and storagze areas subject to chemical spillage may be
partislly decontamipated by rapeated washing with amnonia water and
£lushing with clear water. Runoff witer from such flushing operations
should be diverted to gettling basins or restricted areas not subject to
overflow on cropland. PMcloranm in WHITE {s persistent in spray equipment
and containers or io soil, thus full dacontamination of equipment or areas

~subject to spillagas i3 extremely difficule, A vigorous regimen of soap

and vater, ammonis wacsr, and clsar wvater rinses and flushings is necessary.
Equipment used for WHITE should not ba used for other purposes such as
fartilizing or applying insecticides.

* Yeimer, J.T.; ot al. Sepcembar 1967. Toxicological studies raln:iné to

usa of WHITE as a dat‘ouanz:.' U.S. Army Edgewcod Arsenal, Maryland.
Unpubuahad data.
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5. Effectiveness as’a Defolfant

WHITE and {ts primary component piclovaam are selective ayscezic
harbicides. They ara effective principally on broadeleuved harbacescus
‘plants and particularly on woody plants at relazively low rates of applica-"
tion. Most grasses and monocotyladencus plants are resistant to picloram,

Herbicidal acticn on woody plants is relagively slow, and full
defoliztion may not occur for several montha afrer spray applicatiom,

Temparzte z2one conifers are mctpeihle to pt.elom bue uhiht: a delayed
defoliation :espcnse. .

6. !ffm:cimul 48 an Anticrop Ag.nt N
VHIIE has not besn recommended for crop destruction due to ifs

persistanca in soills for periods of 1 year or more. Both picloram and
2,4-D, the active components,of WHITE, are extremely a&ffective herbicides
on broad-leaved crop species. Applications of as little as 0,05 to 0,10
1b. /acTe of picloram have caused substantial yileld reductions of garden
beans, soybeans, Irish potatoes, peanuct., sw=et potatoxs, and others,??
Variable results have bgen obtained on careal crops, but in general the
cereals and grasses are reaistant to picloram and WHITE. A notablé exceptien
i1a that vheat yields are eliminated by WHITE applied at 2.0 lb. active
ingredients per acre. Soybeans, colton, and tomitoes ire extremsly
sensitive to piclorvam. Seedlings of these crops show visible symptoms of
herbicida effect with residuil amounts of less than six parts per billiom
of plelovam {n the soil. Tomatoes may ba killed with sprays containing
1.0 ppm of picloram, whereaa wheat, rice, and corm folerata more than

2,400 ppa picioram applied as a foliage spray.?3

D. CANDIDATE AGENTS

Several chemicals are being developed as candidata agents or hava been
sub jected to preliminary testing under flald conditions. This group
includes Modified ORANGE, a2 proposed defoliane; bromacil and Tandex as
soil-applied herbicides for control of grasses and broad-leaved vegetacion;
and Kenapon, & liquid formulation of dalapon, suggested for grass concrol

-in RV by the Dow Company, Monurcn (Telvar) and diuzon (Rarmex) are

addicional soil-applied herbicides that have been used for grass :nd total
vegetation control. -

1. Modified CRANGE

The name Modified ORANGE ¢ J been given to a mixture of ORANGE and
iscoccyl ester of picloram, propos=d as a hmd-spec:run defollant,

One gallon of Hodiﬁed QRANGE contains 1 b, of picloran as

isccctyl ester and 3,1 15, of 2,4-D and 3.2-1b. of 2,4,5-T as n-butyl
esters. An equivalent field sixture of Modified ORANGE zay be preparad
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by blending one part of Tordon 4h, ¢containing 4 lb. of picloram per gal,
with three parts of ORANGE. The blending may ba accowmplished by pumping

the mixture through 3c lezst two recycles in a tank ‘and pump system,
Approximate cosc is $9.50/gal. )

Limited tests of Hodif.l.ed ORANGE undar tropical and l:anptratc
conditions hava shown it to concrol a broader spectrum of species than
either separate component, with a somewhat mora effective and longer-
lastiog defoliscion responsa than ORANGE alone vhen applied at equivalent
3-gal voluses.

4

2. Soil-Applied Harbicides

Soil-applied herbicides have been used extansively in the US for
vegecation control in industrial areas, railvay cmbaniments, rights-of-
vay, and other areas vhere ¢omplete vegatation control {s desired. Thasa
materials are particularly elfesctive for tha control of perennial grasses
and should be considersd for use on basa canp perimetars, mine fields,
azmminition storage areas, and other sites tequiring control of grasses
and woody vegetation. Soil-spplied herbicides may ba. used in liquid sprays
or as granular or pellated formulacions. Most of the chemicals =2re avail-~
abla as wertablc powdars requiring relatively.lzrge volumes of water and
agitation for liquid spray applicatica. The chemicals are absorbed through
the root system and are dependent upon effective rainfall and available
soil moisture for action in vegetation comerasl,

a. Bromaeil

Bromacil, S-bromo-3-sec-buty f-ﬁ-m:hylutacil, i3 an odorlass,

‘white crystalline aolid, soluble in water (815 ppm at 25 C), scahlc non-

corrosive, and nonvolatile.

Bromacil is relatively nontoxic to man, wildlife, and fish.
Acute oral LDy, for rats is 5,200 mg/kg. It presents no hazard in hmdnng
exceapt minor skin {rritation om prolonged comtact. :

Available formulaticns include: EByvar X, 80% wettahle powder;
Byvar 10P, pallets containing 107 dromacil; and Malkil 4B, liquid formmula-
tion containing 4 1lb./gal bromacil.

. Experimental granylar formlationa concain:h':é 85X active bromacil
have besen preparad for study oy Fort Detrick. The basic chemical, bromacil
(Byvar), is produced by E.I. du Pont de Nemoura & Co., Inc.

Bromacil {3 cne of the most sffactive sull-appliad herbicides
suiuhlc for control of perenniil graszsas and woody plants. Under temparace

conditions bromacil at 12 to 25 lb./acre given sffsctive eomcrol of mosc
-sarennial grasses. Under tropical conditions 30 1lb./acze or mores may ba

required for grass and woody plact control.
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Wettable powder foroulations. such as Hyvar X are suitaBle
prineipally for ground spray appiicacion aL high volumes (1CO0 gal/icre
or more). Tank sprayers used for wattable pouder suspenaions should be
equipped with mechanical agftation. Avaflable liquid formulacions of
bremacil are designed f~~ ndustrial use in high-voluce sprays. Aerial
spray applications of th liquid formilaticns require a minimum volume
of 10 gal/acre for use races of 30 lb./acre of bromacil. Approximete

. cost i3 $5.,70/1b. |

b. Tandex _
) Tandex, m=(3,3-dinethylureido)phenyl-ters-bntylcarbamata,
(Wiagara 11092), manufretured by Niagara Chemical Division of FMC
Corporaticm, is a white crystilline solid, relatively soluble ia water
(325 ppm at 25 C), stable, noneorrosive, and nonvolacile.

Tandex {s raslacively nontoxiec to all forma of animil life.

Acute oral 1D, for rats is 3,000 mg/kg. It is nonirritacing to animals o

and presents no hazard in handling,

availuble formulations includ. 307 wectabla pouder and
18% gzranular formlation.

Tandex {5 a new soll herbicide capable of affective eoncrol
of perennial grasses and broad-leaved herbacecus and woody plants at rates
couparable to thosa for bromacil. Unlike bromacil, which is absorbed only
through the root systam, Tandex {3 equally sffective as foliage sprays or
gsoil applications. Under temperaca conditions, applications of 15 zo 25
1b./aere of Tandex hava given long-cerm concrcl (1 year) of perennial
grass and ocher vegetation., Information from tropical .areas {s incomplete,
but Tandex appeara to be aquivaleat to bremacil in degree and duration of
vegetation control., In cests to-date, Tandex appears to :zontrol a greacer
number of broad-lsaved plancts than broracil. Approximate cost of 807
wettabla powder iz $5.75/1b.

e. Monuron (Telvar)

Monuren, 3-(pechlcrophenyl)-l, l-dim:hylurea, produced by
E.I. du Pont de Nemours & Co., Inc., is an odorless, cryatallina solid,
highly soluble in acetone and slightly soluble {n watar (230 ppm at 25 C),
noucorrosive, stable in storage, and subject to minimal icss by
photodecomposition.

Mcouron his baen usad for salective weed control at low rates
(1 co 5 Ib./acre) and for general vegetation concrol at 16 to 48 1b./acre
--or mova. Rassistant perennial grasses may require more than SO 1b./acre
aud additional crestmencs for leng-term control,

Moruron has low toxicity. Acute oral LD.. to rats is 3,600 mg/kg.
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Ia gensral, bromacil {3 preferred to msonuren for pareunial
gra:s control because of its lower use rate and irs greater availability
in heavy soils. Monuron is readily adsorbed by clay soils and highe: use
ratas ara required than {a sandy soils. .

Monuren {a suitable only for ground spray applicar.ton because
of its high use requirement cnd availability only as a vn::abla powder,
Apprcxin:n cost is $2.BSI 1b.

d. Diuron (n:mx)

Diuron or Karmax, 3-(3,4-~dlchlorophenyl)-1, 1-dimathylures,
producad by E.I. du Pont de Nemours & Co., Ine,, is an odorleas whita
erystalline solid, or ly slightly solubie in water (52 pps a2t 25 C), bue
Teadily soluble in avstone and organic solvents..

. Diurzn {3 .s!.ni.ht to momuzen in having low coxicity to =man
acd animals. Acute oral LD to rats i3 3,400 og/kg.

Diuren is svailable as 80% w.ttable powder (Rarwex) and as .
Kar 1ex DL, a llquid formulation eontairing 2.8 1lb. of diuren/gal.

Because of its extrezsly low solubillty, diuron hus a long’
residual actiom in the soill, especially with high rainfall. It (s effzctive
for grass and broad-lasved herbacious plant control at 16 to 48 ib./acre,
Diuron haa becn used at lower rates for salective weed control. It is

suggested for mixtures with bromaeil and as a maintenance treacrent .
following bromazil, -

Ies high dosage requir~menc limits che feasibility of using
dicron in aerial application. Approxizata cost is $2.95/1b.

3. Dalapom (Keznapom)

Dalaponm, 2,2-dichloropropicnic aeid, manufactured by Dow Chemical
Company, is a colorless liquid, highly soluble {n water and aleohol, and
raadily decomposed by soil bacteria.

Dalapon i{s low {n toxicity to man and wildlifs. Acute oral 1D, » tO
zacs is 7,570 to 9,330 mg/kg. Dalapoen may causa moderiats akin lr:iuei.cn

on mlongcd concacet but presents no handling proble.-.

Dalagon {s available in two primary formulacions: 852 -od:.-

salt, & vater-solubla povder; and diethylene glycol ester (Kenapom),
liquit formulation containing 5 1b. dalapon/gal.

The liquid formulacion, Kenapon, has bean suggested by ’:hn Dow
Compary for military use for contral of peremmial grasses. Dalapon .has
boch cm:ac: and sysl:amic effects and causes a rapid desiccation o!

16861¢0



Lo
YA
MR |
—~—

SaoxVs

\-k':‘ S g
L]

~%

il
N
i
S

]
e

DRP Y TR P I LT ALY, |

P RIS MR TR S 80 TP AL e e

e

eip u wes Ay

et

Prmm.ps ma e

\ . ’ 33

topgrowth of grasses. Suggested races of appuca':ion are 20 to 25 lb./acre

(4 to S gal/acre) with repeat treatments at d-week {ntervals or at 3ppro-
priate periods to control regrowth.

Kenapon i{s a formulaciom of dalapon suitable for aerial applicaciom
at low volumes. Both Kenapon and the soiium salt my be used in ground

spray equipment. Approximita costs ara $50,63/1b. for dalapon and $G.10/gal
for Kenapon,
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