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’ Becaus2 of the wide-scale use of herbicides in Scutheast Asia,
many questions have been ralsed in the last two years conncralng
the techrical deteils of these agents, methods of dissemination, and
concepts of employment. Much new informatlon and fleld experience
ig novw avallabtle to Chemical Officers. The information contained
in these pages attempte to arnswer some of tlese questions.

It appears that rotation of military personnel or technlcal
personnel within the Republic of Vietnam and Southeast Asie has been
such that ~ontinuity of technical information tends to be interrupted.
The gquestions that are asked of Chemical officers by personnel in
Vietnam are very penetrating and show that ithey have received a
great deal of thought. Often, Chemical officers have bzen hard put
to answer these questions., Prior to departing on . Vietnam assignment,
1t would be' helpful to Chemical officers to spend a wask or two at
Fort Detrick where many partinent reports and documents are availsble
in Crops Division and personnel are available there for discussion of
problems that have aris:n since 1961. In Vietnam, Chemical officers
should take advantage of the Task 2 and Task 20 field files available
at the Advance Research Projects Agency (ARPA) Research and Development
Field Unit at LA Bach Darg, Saigon, Vietnam. In addition, records
and research raports are on file at the Chemical Division, J-3 Element,
Combat Operations Center (MACCOC) Headquarters, United States Military
Assistance Commsnad, Yietnam, GIA Long Street, Saigon. »

NOTE: PURPLE, EINK and BLUE (dry powder) have all been used but are no
longer being procured. They are mentioned here in case some
unused material is located some where in the country. Some of
the drums w!tn a PINK stripe have faded to white kut these will
have beea i~ the country sirce 1961-62. PINK, CRANGE, and
PJRYLE brave - distinctive similar odor that can aid in their
idertifization if it becomes niezssary.

3011 sterilants ere desceribed but have not yet {mid 1967) been
procured in quantity for use 1n the country.
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USE OF HERBICIDES IN SOUTHEAST ASIA

Sectlon I. HERBICIDES, DESICCANTS, AND SOIL STERILANTS

A herbiclde {6 any preparation used to kill or inhibit the
growth of plants. The term inciudes defoliants, desiccants, plant
growth regulators, and soil sterilants. The specific agente dis-
cussed herein are listed below:

_ —
Code or _\\\

Trade Name Compound
HERBICILES
PURPLE Mixture consisting of
(obsolete) 50% n-butyl ester of 2,4~dichlorophencxyacetic

acid (2,4-D)

30% n-butyl ester of 2,4 ,5-trichlorophenoxyacetic
acld {2,l,5-1)

20% iso-butyl ester of 2,4, S-trichlorophenoxyacetic
arid (2, ,S-I)

ORANGE Mixture consieting of :
504 n-butyl ester of 2,4-dichlorophenoxyancetic
acid (2,4-D)
50% n-butyl ester of 2,k4,5-trichlorophenoxyacetic
acid {2,4%,5-T)
PINK Mixture consisting of
{obsolete) 60% n-butyl ester of 2,4,5-trichlorophenoxyacetic
acld {#,4,5-T)
Lod leo-butyl ester of 2,U,5«trichlorophenoxyacetic
acid (2,4,5-T)

WHITE Commercial sgqueous Tormulation conslsting of ¢+ amine
{Tordon 101) sait of 2,4.D 80% and amine salt of Picloram (4
(Use only if amirc-3,5,6.-trichloropicolinic) acid 20%; 2.5 lovs/
CRANGE not gul totul active ingredient
available.)
DESTCCANTS h
BLUE Aquecus liquid formation consisting of
(Phytar 560 G) Sodium racodylate (the sodium salt of dimethyl
' aersenic acid) buffered to pH 7.0 plus a surfactant
BLUE Spray dried formmlation consisting of 65% cacodylic
(dry powder) acid

(obsolete)
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Code or
Trade Name Compound
SOIL STERILANTS )
Hyvar-X Wettable powder consisting of
{duPont) 80% 5-bromo-3-sec butyl-b6-methyl uracil
20% inert
Hyvar-X-Ws Water soluble powder at 1.5 1bs/gal
{duPont) 50% 5-bromo-3-sec butyl-6-methyl uracil
50% inert
Urox. 22 Granules consisting of
(Allied Chemical) 22% monuron trichleroacetate
83% inert

Tropical vegetation appears to be more resistant to herbicide
sprays than are the temperate climate specles found in the continental
United States. This resistance of tropic vegetation has challenged
the creative talents of scores of military and industrial plant
physiologists, bilochemists, formulators, and spray system designers
for the last decade and a half. Little vegetation analysis and species
ldentification has been done in Southeast Asla, and only one pioneera-
ing study has attempted to relate genera and species response to
chemical application. A need exists both for quicker acting herbicides
caa for agents that will kill or defoliate a broader spectrum of tropic
speciez ut low concentrations.

Consider four groups of plant species: A, B, C, and D. "A: rep-
resents 4 group whicl is susceptible only o 2,k-D; "B" a group which
lc cusceptible to both 2,4-D and 2,4,5-T; "C" a group taut is suscep-
tible only %o 2,4,5-T; and “D" a group that is suscuptible to neither
nens,  Most ol the applications that have been made in the Republic
¢ Vietusm have been made with mixtures (i.c., ORANGE or PURPLE) of
~ugse two chemlicals and, consequently, most ol our information refers
fo those species in groups A, B, and C withou’ knowin; specifically the
iownd C groups as far as the jungle species are concerned. A few studies
rave ddentified the regicnal plant species of military cignifTicance in
southeast Asia, but the vegetation tends to ciange sipgnificantly from
Nortin to 3outh and Bast to West in ihe Southecastern Asia subcontinent,
wnl the intelligent use of this precise infToragtion would necessitate
sone study of botany and plant taxonomy by the Chemlcsl officer. As
ait alternstive bo this, a search is being ¢onducted to discover herbieides
with a broad kill range.

Rubber trees appear to be in Group E. In fact, rubber, cotton,
melons, bananas, and a few other garden species are extremcly sengi-
tive to herbicides and may almost be considered "indicator" plunts.
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Inarlvertent or improper use of herbicides in the vicinity of these
plants will result in early and extensive damage with heavy indemnifi-
cation of the civilian owners being expected.

Alter the initiation of large-scale defoliation missions by the
Alx Force in January of 1962, damage to rubber plantations was ex-
perienced and was made 2 matter of record. These records and estl-
mates of damape can be found in the files of the original 202 committee
in Saigon. 1t was concluded at that time that rubber was a species
sensitive to a far greater degree thanh in any of the so-called jungle
species appeared to be. In the first recorded case, as near as the
facts avallable could be determined, 1t appeared that the injury to
the young rubber trees occurred even though the plantation was located
some 500 yards away and upwind of the target at the time of spray
delivery. Subsequently, within one week, the plantation showed con-
siderable leaf fall. It can only be conjectured that the damage to
the rubber plantation was due to the known shift of wind directlon
f'rom the target to the rubber plantation some 5 hours after spraying
and that vapors of the chemical used (PURPLE) were strong enough in con-
centration to chuse this injury to the rubber saplings. All of this
is based, of course, on teatimony of the spray pilot at the time that
he did not make any spray passce or spray relesses over the rubber
plantatlon. The reason for the damage was not belleved to be exces-
slve winds or lapse conditions at spray time. It would appear to
come from vaporization after the spray had settled on the vegetation.
in regard to this aspect, there are hundreds of cases where roadside
targets or caral spraying in mangrove swamp areas have been made where
the upwind side of the spray swath is o markedly discreet line. This
indicates that even though the mangrove species is fairly sensitive to
herbicides (ORANGE an? PURPIE), the vapors of the material are not
necessarily suspect in causing damage beyond the sprayed area of
mangrove, Otherwise, this upwind line of spray effect either would
he ragged or would taper off,

[lowcver, there have occurred many instances where herbicidal
sprays have been misdirected, or have been carried off-target by
wind with damage resulting to areas of vegetation where damage was not
Jewired, This can happen either from "mist drift" or from the presence
of vapor 2oncentralions in sufficiently high concentrations, It can
nlso happen by equipment being flown over such an "off-target” area
where equipment, checks were made to "f111 the boom" and/or before or
nlter a mission where some nozzles woere leaking.

The release of aerlal sprays during Lhe middle of the day 1s not
only wasteful of material but is likely to cause damage almost anywhere
but. where it is intended. Releases undcr inversion conditions are
reconmended and where winds do not exceed 5 to 8 miles per hour. The
appropriate calm inversion periods usually are dissipated after about
0H00~0900 daily.



There are cerinin ercp epecles That are very sensitive to thece
eheniexls and C.) peund per acre could be o lethsl dose fTor some of
tnem (e.g., melen &rd tcmato). One ~allon of CRANGE contoing 10.7°
pounds of nuctive Irngredient, or azbout 100 times this lethal dose,

and C..
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: per cere coculd be delivered very easily Ly cre or rore
nereles Trom o the aircrnt. It ls entirelss pessivie that sunn
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ORAIGE Tne essentinlly - ke me physical and biclogiecl charceter-

L so ieal
istics znd its predececscr PURPLE & d teraves ”ir*‘*" ¥ with respect to

Syt At .4 b - o s
Spray orilt and veolatlility,

R

fall

ary se: in
cudica in tel
CLheDostieiiag

4ue 10 vaTor:s, :
than novery lagnt dcese,  IT the defolistion was due to arif of fTire
rariicles, ithe dose ccould nave been much kifher, Ttult even trges i

are completely defcliated may sulfer no permanent damzpe and extrenely
careful inspecticn ol the picalaw*or’ sheould be made over o €-veex
period befere any indemnificalion ig paid to ihe owners. In February
of 1367, many Vietnarmese rubber plartations were unthrifty due to lack
¢f ecare, abtundénnit uncergrowtlh, lachk of Jer+11_uution, ahd extensive
insect damage (especially red spider), ard the darmape caused by these
Tactors hos been errenecusly atirituted to misuse of herbicides in
Vietnamese and Somerican spray missions,
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Jeotien IT. SYMITQUD OF FLANT ILNGJURY FROY HEREICILEZ
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Upen gsrpolization of militarily sipnificant anmcuns

mO8T plants renct Ln one or more of the following ways:

[~
Lr

3. In sceme plants, leaves and groving sterns form loops and coile
or Jdevelop marred curvalure.

Growing sters mny remain green, bul may svell, develop cracks,
and Torm callous tissue.,

3. VWotery, iranslucent buds often appear at ke crowns of some
plants,

«. Spengy, enlareed rools Yoy appesr, turn tlack or grey, and rot.

eeretic (Jeuij arens will Yorm on the leaves wherever the spray
§ have Implinged on tne les! surfoce. A ring of yellow or chrle-
- around the negroiic aresz, and *racq.4lJ the entire

' H - e - fat Y
ow, red or brovn sutumnzl coicraticn and fall.
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Seation 11T, LIMITATIONS OF HERBICIDES

Primory ¢ virgin juagle areas that have multiple canoples of
vegetation may regquire repeated sprayings to penetrate the various
layers ol Ehe ecanopy.

Vepetoriom in dry areas will usunlily be nore resistant than vepe-
tation Tound ir webl arsas for at least puart ¢f the time they will be in
a dorment condition. Herbicides are most effective when used during
the grovwing seuson, usually during or immediately after the rainy season,

Herbi-ides zow in uge require time for trarslcoeation and metabelic
digturbancs i the plact and do not derfollate in a pericd of a few doys,
Thas, avellishle hertizldes have little value in surprise attacks except
vhot Lho ViIoL Cong love Leen reluctant to be camught in a herbicidal
8pray or Lo enbsr a newly sprayed area. Maximum militarily =flective
defoliatior {9 mereznt or move) in o jungle arvea ususlly requires 2 to
4 weeks. This sLapg time should be taken into sonsideration when planning
hernicide missions.

When herbicides are sprayed from above the ['mngle canopy, there will
be more herbicide delivered directly under the flight pattern with
diminisidag emounte delivered downwind from the line of flight., Ailr
turbulence in wing tip or rotor tip vortices help the spray droplets
penetrate the jungie canopy and, especially with helicopter applicatlons
at relatively low altitudes, a degree of spray aimability is noted, 1In
areas wheve the jungle is very dense and numerous canopies of vegetation
are [ound, 3 scoond application will not produce additicnal leaf fall
until the effTerts o7 the first spraying has been achieved. Foliage which
“ns recoived the Dirvst spray application and which has not fallen will
intercept porliors cf the second spraying. With the herbicide CRANGE,
< secoud spraying may ©o reguired for heaviest jungle about b weeks after
the first spray mission.

Ta» butyl esters of 2,b-D and 2,4,5-T are the most effective, but
they are also volatile, The fumes may cause injury to nearby susceptible

crops. Olher forms cof these chemicals, such as amine salts, are water
soluble and non-volatile.

Section Iv. ANALYSIS OF QPERATIONG

Some of the factors to be considered prior to spraying target
vegetation arz:

1. Analysis of the area:
a. Types of vegetation (grasses or broadleal types).

b. OCrowth stages of the vegetation.
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2. Proximity of susceptible crops to ihe target area.

3. Type of herbicide suitable Tor the tarpet (depends upon the
species of plants in the target area).

h, Time of effect and duraticn of efliect.

5. Feology of aren. If broadleaf species (shrubs) are killed off,
rrasses come in and soon eover the ground previocusly occupled by the
shrubs. It may then be nccessary to kill the grass {with BLUE) if bare
ground is desired.

Broanse herbicides are pgrovth repgulators that disrupt the
metabolism of the growing piant, junsle vegetation and crops recpod
to herbleide treatnen's besi during the mosu rapld pgrowvih perdod., Yils
srowth period will wusunlly he from the time budz ind new leaves are
first visible uniil about 3 Lo U weeks before the barinning of the dry
or dormant season. In tropical areas with o monsoon ~lirct~ having o
rainy and a dry season, rapid pgrowth would occur during the rainy
season and the use ol Lhe oil socoluble arent, ORANCE, wonld be appropriaste,
Oily agents or those mined with He. 2 Dicoel fuel oll nire not roeadily
washed off the foliage. Deponding upon the area in which herbicide
operations are conducted, the period of most active growtn will ususlly
be about 6 months each year, In some tropical lowland areas, vhere &
variely oj' species exdst and water is plentiful and continuous prowth
erists, hoerbicides will be coffective the year nvound. Althoush its
nse ia recommended during perilods ol active srouth ol plants, sprayine
o7 ORAHGE durings the dry or Jdormant senson will vltioni<ly produce
detolintlon., With heavy funcle, a legs dramn:

tle e’crn will he achieved
in whe dry soason ano o Longer period of time will be ronuived Tor ofiect.,

Seclion V., CONCEPTS OF BMPLOYMENT

The employment of herbicides for militnry purposes muct be
Judiciously controlled by the Lechnically aunlivied and trained Chemical
orTi2er. HMHany unforeseen and undesiroble affterelTeetrs moy arise wiless
the user is “horoushly frailiar with the wype o plan® Iifc i be
shlacked, the heot seleetion o o hertiedde vo reeooplisg Une Losk, uwd
the selection of bthe proper node o dinuenination. Herbicoides megr br
emploved as disicennls (BLUE) to Jry up oLl lagre, s o oorovin resulalor
{ORANGE) 1o kill the broadleafed vesetntion, or a5 a coil elerilant
(H?”KR—X) Lo prevent the provth of rreen plants when nppaicd to 21,
Sinee all herbieides are chendeal compounds specinlly clonded For
speeifio nppliectlon, it is neecesooey for Lhe user to hnow She kind of
veselalion he wvishes to altack aml which chemienl conpotndl does the
Job most eflectively.

.



e i s rely aeovily o Lie looal farmer Tor Lhelr Jood supply;
Plns, Lhe Uood sapply ol Lhe cuerrilla ig one ¢off his vulnerable areas
cor cibboach, MNhamloetion o bis food supply seriousily oa'foohs the capn-
Bility oi iLlwr cwerrriila Lo oregicy, Acriolly dellivered herbicides

L4

provide oo el lelon meeng o aestroying crops.,

Phe o ured detse veeelgiion in jungle areas is idenl Jor the
itinsive LI-, run, md fade-avny tactlies of the suwerrilla. Of Lhis
vense grovah coa ke acfuoiisted or clliminaved, She pucrrille moy then beo
Fooaedy praveued by riondly Fovees and dagiroyed. lils propacanda that
Vhe ogmenl s useo are pilacsous nes buck-Tired and the Viet Cong soldier
Soocureea ool Lo sty dn o sprayed srea or cat food allected in

SR L T Iy e rings,

T .

- ememptn o A o ot

Hercoriane oy be used noslt alfeclively to--
PO M
{iy tleur the vepetation bordering jungle roads, paths, trails,
and vatewy o, Lhereby reducling possible sites from whieh friendly lorces
may be anmbushed,
(2) Desiroy guerrilla food supply.

(3) Rewvenl enemy trails, svpply routes or installations in

(i) (Clear the veretntlon from Tields of fire, and avenues of

TV GiesdrLeonlly roduce veretation prowing Iin minefield and
VT unpriers
oY ey o ropetation surronnding eritical installations,

2onnLnls carn tonpleres, alr delonse siies, railrond and pipeline

richfig=n Tere oy nerhirolac wnychouses, and air Mlelds,

(7) Ciear fi031 training firing ranges and mark the boundaries
of firing luncs ana lmpact arens,

L

n

Ealit .- -
{2y Cilear "kill laones

1]
withdroual durin ootacks.

(9) o ear laree aress of dense verctation for major con-
struction projects or for health and canitoation reasons. Herbicides
may be used Lo mors arens in juiyrle terrain throupsh which roads are to
be built., Juch wmarking also results in plant drying and eases the

vhich channalize enery approach and
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job of clearance. I it ic desired to remove the dead “ree trunks and
branches of defoliated areas, the area after drying may be burned, or
the dead matter removed by cutting, bulldozing, or some other physical
method .

b. Employment Considerations.

On the basis of their response to herbiecides, there seems to
be o basic dichotomy in the plant world betwecn broadleaf (bean) and
narrov leaf species (grasses, rice, sugar cane). Apent BLUE (the
sodium salt of cacodylic ncid) has been found to be the nost effective
agent for the grasses. The 2,%-D and 2,%,5-T combination (CRANGE) has
been Tound to be the most cifective on the broad range of speeies found
in a jungle area.

Althougit BLUR is the apent of choice for riers, ORANIGE can also
he erfeetive in certain circunstances, but at a much Hisher Jdosase rale.
ORANGE at very low doses sclectively destroys broadlea’” wecds in grass
or grain fields, Lut can kill the narrow leal plants themselves (e,g.
rice} at much higher doses,

Althwough filve pallons of ORANGE per acre have never heen
experimentally employed on rice, it is safe to conclude from the
evidence available that this dose would kill a rice crop. Five pallons
of ORANGE contains more than 25 pounds of 2,4-D ester plus 25 pounds of
2,h,5-T ester. Expcrimental evidence dating from 1945 shows that two
and one-hall pounds per acre of n-butyl ester of 2,4-D in fuel oil
reduccd rice yields 40%. In another experiment in 1946-47, four pounds
per acre of n-butyl ester of 2,0-D and 2,4,5-T n-butyl esters gave,
respectively, 29 percent and L& percent yield reduction. TFrom 1954,
there is cvidence that five pounds per acre of n-butyl ester pave 346
yield reduction vhile 2,4,5-T pave L% redustion. ALl of the rice in
thesc studies was sprayed during its growing period and the yield
reduction wvas made on the basis of the weight of the harvested proin
compared to untreated rice plots, It is reasonable to conclude that
50 pounds of combined 2,4-D and 2,4,5-T contained in five gallons of
ORANGE would kill rice plants,

In contrast with ORANGE, BLUE has produced 100% rice yield
reduction at 0.5 pounds per oneve in an esperiment conducted in 1957.
in order to provide a margin of safety, o dose of one gallon per acre
of' BLUE is recommeaded for use in Vietusu,

A rice field sprayed with five paollons per acre of ORANGE will
show effccts in about 2L-U{ hours. The irst response will be a
darkening, wnter- or oll-sonked nppearance followed in two to Lhree days
by a drying and shriveling of’ the leaves. Leaf color gencrally changes
to light grey or tan.

9



A

I0 nosdliothal dose 1o opplied to rice, new loteral shoots
{tillers) may arise from the plant st ground level and produce grain
even thouph the foliage and serial portion of the plant may appear to
be aead shoarbly aftor bedug sprayed. The yield of grain is delayed and
will be Leoos iy uneprayed vice,

CRALCE should %o applied no later than one month before
harvestingg however, T Tive gallons per acre are to be used beecause of
the severe ¢ bact irjury which that dose produces, ORANGE 2an be applied
throuph the Dloveriung stage.

T L gndlop pey acre of BLUE is applied, effeets are apparent
in a Tew hws, Howeres, 1€ 0.5 pounds {about 1/€ of & pallon of liquid
BLUE) per ncere is oppliod ilere moy be no apparant effect., fThe plants
appear to boe Lol asd normal except et harvest time, there iIs little
or no yield,

In regard o dosage rate versus kill or defoliation, defol-
iation does not necessarlily becone meaningiully accelerated by the use
of areessive aquantities of ORANGE, Contact irnjury to the foliage
becomes ovvious sooner, but ieaf drop is not necessarily expedited, It
is, therefor2, recommended that o separation of dosages, one for killing
and one for defolistion, not even be contamplated or used as o concept
with ORANIE. The successiul use of ORANGE should be thought of in the
sole sensc of Xkilling vegstation (permanent defoliation). And most
importars, it do2s not foliow that in the dry season when jungle growth
is dormant, douoling to tripling the guantity of spray will overcome
the natural dormancy cnd cause early abscission,

A heavier use rate (increase in gallons) is recommended for
defoliatinn o Torast trecs than Tor desicecation of rice evenr thourh
the trecs uwre ovrocd-ionved and therefore more susceptible 1o ORANGE than
is rig¢e, o naireow-janied pinnt. The reason for this is thaot there is a
much greazor unss of vegetation in cne acre of forest than there is in
one gore of ruze, One gere of foresl may easily convain 300 metrice
tons of pisnt naterial and the leal surface of this vepetation is the
cyuivalent ol many acres. In contrast, the rice plants are only three
te four Teet «il, succulent, rapidly growing and the entire mass may
be only 10 to 2G {ons per acre. The leafl area also is niuch smaller when
expressed on an acre basis, It takes more chemical to kill the greater
mass of vegetation and more liquid to cover the greater number of
exposed leaves,

In cdditior, in jungle areas, some of the spray droplets
filtering down through the forest canopy impinge on the bark of the
trunk and branches and although CRANGE can be absorbed by leaves, stems
and roots, penctraotion through thick layers of bark is slow and
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inelfieient and mwch herbicidal ellectivencss i lost wvhen droplels
Inpinge on the bark. While bLasal cpreys are couclliies e o the
trunk oi a tree ror vegetallon control in Lhe United Dintes, the enidre
arca ol the trunk from a heigsht oi about three {eel 10 ~round level
must be soturated with the herbicide Lo eobtnin kill vsing this nethod,

Another factor involved in plant age. Resiglonce to herbicides
increases with inerease in age ol lhe plant matericl. Also, succulent
tissues arc much more susceptible than hardened, woody tissues.

¢, Iaetors to be Considered Belore use of Herbicldes,

Ilritten requests [or crop desirucelion or defolintion nissions

1
riginate with units in the vield, licns to be ceonsidered prior Lo
approval ol these requests include

(1) Qverlays or annointed photographs depicting the exnct
area.

{2} Tarret list,

(o) Description of the aree (to include the province or
district).

(b) UMM grid coordinntes.

(Q) Length and width ol the target area. This my be
enpressed in Teet, wvards, =eters, acres, or hectnres,

(4} Type of veretation or crop (to include planiing and
harvest Lines Jor erops).
{¢) Recommended method of applying the herbicide,

(3) I'sychological uvarfare considerations, such as leaflet and
loudspeuker announcenents,

(k) Civil affairs considerations to provide food or money o
families whose crops are accidentally damaged by the operation.

(%) Certification relecase by the locnl province chie?
indleating his approval and indorscnment for the defolintlon operctitions,

Section VI, SOIL STERILANTS AND DRY lIERDICIDES

The use ol pelletized, cranuvlar, or powdercd materinl a5 soil
sterilants will usvally regquire ~ relatively larce smount of moterial

Lo be applied on o por nere basis, This ig primarily beenuse Lhese dry

L1



metordco s Cove Lo b dilwved by orndinill oand corried invo the soll to
the rool o2, Adddtionnlly, comnercianl products renre ifrom perhaps
{0 peveen'. 1¢ o5 1itile ags 10 perecent wctive insredient,

19 Aruly Lare cround 15 o requirement, the crpanse to obtoain this
condition witl we relatively hich, Iud, dust, aad erosion conditions
may be unloreseon bul ean ensily become major problens ~7Ler achieving
a hare sround reonll. It is also possible thnt to mnirt-in - bare
rround condicion may require a concinuing chemicenl pro-roa,

Following rensons :

Groamning o1 meilovized herbicides v e o inreresi oy the

-t

S A ol Lrevdd sprays on desirable venenation cuth oo crops
in frieadl s cronn conla he avolded,  Howover, Tino Avsl resuliuing Croa
Dendiing, sluppldiay and sLorase nay naloo causo soac v T e,

B, Mz Jissonination of dry moLerials could b perfTormed by men
uitin no spovink oquipwent othier than n conlniner fron vhich aandiuls
o Lhe rmoterdial covtd ler sepccered, Such o siLention NSsmacs oround
access,

Costs of «rtnulqr or pelletized materinl Tor clearing verctation
are relotively hiph compared to the use ef spravs,

S0il sterilants may be classed as:

(1} Tonporary. Soil remains tovic 1.0 (reen plants Tor not more
than four monllg.

(™) Coemiepermonent. CSoll remodins toric for ot least sour nonihs,
0 T

S AG yon vn,
{3) Pooowmect, Ooil remalns toxic longer than two veors.

The suove groupia-s are arhitrary ond ore not iron clad. For
ingtanen, wrnipulatine: the docuare ol o eiven chendenl covld ecruse it
Lo bo clhuoesed eltbior s o onporary or o5 sonleperaanent.  Uhe period of
cifcel is alco dopendent on such fuclbors as the rate o7 -icrobiol
decoaposition of whn chemienl, rate of chemical deconpesition, od-
sorphion Ly wvarious soils, rate of leaching, volatility, etc. Generally,
leashing da moch mopid in sooady soils Environiental Jactors such as
toapersiure and sofl amistrre wileh lh;lUOHP vlerobicl activity also
influence Lhe role ot uhich the cehenlenls may be deconposed by orgnnisus,

Peiletized herbicides will require water alter they have bheem
disseminnted, so that the anetive ingredient cuan he cenrried in goluiion
imto the goil Lo the roow zone. Unless uater is to bhe svpplied



artilienlly in areas where thege pelleitlned herbicides ~re to be
dissealnated, the use of these herbicides will be resbricted to periods
vhen rain occurs {requently.

Most soil sterilants should not be applied closer than 50 to 100
feet from adjacent crops in leocations where drainage rom Lreated arens
Tlows onlto crop land in a friendly area.

Gection VII, DISUEMINATION BOUIPHMBHT

There are several deviees thal are available for the disseminntion
of materials whether as dusls or powders, oimwulec, or pelleils, or nn
liquids.

Por disseninating pelleis or gramuilar materiols, “he simplest
procedure is Yor a man t¢ hold a container and broadcast the material
by hand as thouch he were sowing grain. Some obvious limitations are
the limited area one man can cover and ground geccess 1s regueired.
Larger areas could be covered by one man on the ground using a "Mity
Mite" which can spread granules or pellets up to about 50 feet.

There are ground spray wnits which can be towed or carried and
functioned in the bed of a truck. The Buffale Turbine cquipment is
an example and the C5 model has been used in Vietnom.

I7 the Butfalo Turbine with a L00=-rallon tank is used for ground
application ol linuid sprays ol soll sterilants (~.7. Hyvar-X) contoining
water-gsoluble or wettable powdcrs, » S0-nesh serenn shovld be used in the
line straincer. The sercen size, of couvrse, shovld be conewhat smaller
than norzle orilices. HMinimei spray volumes of 24 to h& gnllons per acre
arc renuired Tor wanter-soluble powder Tormulavions of Hyvar-X, since o
noximen of one and one-half pounds per gallon of 50 percent active powvder
is soluble,

Several types of spravers or Lechnicues mny be used. These include
the use ol

A. A 3-gallon hand-punm sproayer,
b, The MLO6 riot centrol apent Jloperscer {Mity Mive),

The pover driven decontaminating apparatus (PDIA).

o
-

| =

Commercial orehard sprayers {numerous models are manufactured),

e. Aerial spray tonks mounted on clther hijph-perlormance aireraft,
cargo adreraci, low-perlormance Pivcd-vind airceraitl, or helicopters.



Ul ,en o
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Pl Lopalon e resaesling eype of adrerafi, {low
1tr, pi1ﬁ*. € ‘ s lar oltametaer, ard roesud svoile widihs
A7 deposit LoveTe Gl ivd 0T Lowve o Lourding onoLhe oproy mission.,
Vol atnd Lovis b oAb ond sdu hae s 1o BLoprecosnired,  Usuolly,
alrspend qnw GLELL e e Teed Ul ven eynera and spraving should
be Mimitod to orgropr: Lo wealune ccweditlons, inversion conditions
K ot

-

Leing praicsod w;t? Wit e b Moo T ot O krots. Usunlly,
inversions ard Snocantors Lar o Lo o0 1o oller sunrise ond acnin
pear sansoel, Cy?ﬁ$¢wn raplees mipddngy b e mrn oevey be considered

unleas o a0 vty o b cdt oo wni o sorays RO ha deliveraed

Mo e deed” o Lo thee ooaoiy proparlion of the spray dic likely
1o bo vontest oarg - SOcae ity oSy crLoenslve donnce elsewhere vhere

R A TR SR IN

Thowomdd o oppror by, o rodt ity anstanzes that helicoplevs
eould e naod ey e gies ar ooy o gnstadigtions. mine vields, and

‘** ML, D s N ED D s e e gy iy e lecantanination apparatus
{111 ’mW) wonld bLegminie ) Lo Jizecwmiratr spray anterials.  The Aray hos
p"ocvrhu nooproy rroio SF 190-palion oapacity, sultable for use in

the WE-1,3/0, wiloh vdecn 1o otrsraft citeration. This systen was
oripinally Acaipaxd Tur sncectiende spraying, but has proved to be

vell suited for herpicide ndissicng, Yhe systen 1s s¢lf contained and
requires only wbeing tied dowic te the carpe shackles in the floor of

the alrecrss™. 10 cop Lo wesindied cnd romeved dn & matier of minutes

so the alreralt ncs ﬁ net ke Ugrounded" and used oniy Tor spray missions.

At altitudes of ¥4 Lo poernnps S0 Teel, sprays released “rom helicopters

i

neve u denveo ol ainobliivy, particularly where the spray consists of
relatively Inaven pleots, Uncer approprinte neteorolopical conditions

: el L Mhatue s o oy o 75 feat have been used

SO sy

o
b=
sueoe;:--mlg.

L

Tue dooetenis o paes Sl il dicperzy . appavatus, Iiquid (FIDAL)

COWTOT - G v L i T L S aLpiamS iy its, £ spray capabllity

i Uoviions o he, e Ee s Be gt oa A-1E or A1 sireraft
vithowi Lol e s vae e caln, bne wanks eon be Tilled o

rout T oo S s b e n wle siveralt piving o total

Lowi of abo.s o FL e T s Do, A needy Mled Jron Lhe originnl proto-

Lupes, JYUisor ool botares covereed ot L0000 rpn's operate
cenbriluaal puops oot wer Ligdda Lo b2 oprayed throush a spray
Loom. Spray miocoions wonzt pol 1o up thase cirerafl because the
tanks coul-i b bure, oo rmeel tonomdlwbes, Cost off the units is con-
sinered nodest iw conxeiess 10 Lha L0000l oo Loboard system lor
Lho C-L03 eapso plane. Droan onerpensy, the tanks could be jettisoned
i L1l o Merloaos gpcorsabisr, Fort Delrick Technical Report é
and Supplencri, {11 4o 1b 10 are avallable at the ARFA, R & D Field
Unit, ot bA Looh Dane. Sasoon. Thers is also a 1905 report on "Safe
Haverns" by ©he Rescaveh Aanlyois Carporation vor ARPA prepared for dis-
tribunton i Bio-bersenier 00 ¢hith conbalns additional inforaation
(RAL STP-101; Sopd V05, Far o larther iefomaation, sode additional
reporis may b o udopeats




1. "Werctational Spray Tests in South Viet Hom and Supplement
(U)," U. 5. Army Biological Laboratories, lFort Detrick, Maryland,
April, 1902, Clasgified SECRET,

2. “"Destruction of Viet Cong Crops, RVN; Attnek of Tgt 2-1,
M and 23 Hovember 1062 (U), " USMAC-V, 1T Deceaber 1962. Classified
SECRETD.

3. ULMAC-V, Task Foree Saipon Bvaluniion Tean, "Evaluvation of
Herbicide Operations in RVH, Ceptoaber 1902 - Seplenber 19063, "
10 Cctober 1963, Classilied CECRET.

L. "befolintion, Crop Destruclion, and Riol Control Operations
in II Corps Tactical Yone. Republic ol Vielnam (U}"” Geptomber 19(5-
September 190G, ClossilCied OECREY.

5. "Regearch and Annlysis Stvdy O0 (7-00% Evoluation of Herbicide
Operations in RVH (U)) Classilied CONYIDEHTIAL.

6. "Review and Evaluation of ARPA/OSD 'Defoliaiion’ Trogram in
South Vietnan." 1962.

Information is presented repgarding ORANCE, PURPLE, PINK, BLUE,
VIITE, Broniacil and URCX 22, ORANIGE and BIUK (licuid) hove been
recomacnded Tor particular uses. PIHK, DLUE (powder) rnd PURPLE have
heen phased out of procurement and are mencioned only Decnuse sone
stocks may turn up in out of the way places. WIUE hns not been
recotiended b has been procured Jor vee vhen ORANGE is nol available,
Bronineil (HYVAR nnd URGX 'B')} and UROX 22 (;aranwles) are mentioned in
vhe evenl "soil sterilants” arc required,



URANGE

Phyaical Propertics

ORANGE is a $0-50 mixture by volume of:
n-butyl Q,h-dichlorophonoxyaceihﬂb and
n-butyl Q,h,5-trichlorophenoxyacet&ﬂb

Comtonly ihe mirtuve is reflerred to as a 50-50 mix of the n~butyl
csters of 2,4-D (two, Tovr-D) and 2,4,5-T {%wo, Ffovr, Tive«T).

The actlve principle is shown as in the acid of 2,h-D:

0 C H2 coon

CL

Cl

and the risht hand H moy be replaced by any nvaber of salts such as
sodium, arraoniun, poiassium, and others or hr sany other esters such

as methyl, ethyl, iso-butyl, propyl, and adveriiced as a "low-volaiile"
ester, buloryathanol ester. The salis naqed clove and the acid are
non-volatile ard are norwlly solids while the esters may be liquid
dependin~ ¢n the femperaiure and moy heve varyine degrees of volatiliwy.
The n-bulyl ester of D,h,SaT is norwxlly solid below 77 T. but nor.mally
ligquid above Lhis ‘o werature, However, the n-butyl ester of 2,4-D
solidifies about 4 ° ', a mch lower temperature, A mixture of ‘he two,
as in ORANGE, tends Lo solidif'y at gbovt W59 P, but ligquifies apain as
the teaperature rises nad reuwing above this level, The esters in
ORANGE have a tendency to supercool, 1hat is, remain liguid below the
freezings points ~ilven above for varying periods of time, As the tem-
perature drops, the viscosity of bLhese materials inereases and some
debermin:lions for ORANGE are presented below;

Temparature Viscosity
C Centipoise
60 10.0
50 13.2
ko 19.3
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Teperature Viscoslty
C Centipoisce
30 3.5
25 he b
20 (2.0
15,1 0.8
13.& 107
5.9 20
1.6 333
-3.9 {00
-23.6 300
~25.5 h5200

Obviously, where a centriiugal pump 1s uvced in o spray syslem and
spraving 13 done at two different tempersiures, less malerial will be
released at the lower tevwpernture even housh Lhe some pump rpa is *
used, This is why ['low melters were vecommended Tor the C-173 systeons,

Mixture consistsing of:

ner*. in~redients - less than 5.
200 n=tatyl ester of 2,4 S-triehloropicnoxyacetic acid
50% nebutyl ester of 2,h-djiechlorophenciyncetic acid
freezines Folnt . o v v v v v v v v w e e e W NS,
colubility « ¢ v o ¢ v e e v o v s« « « .+ BOluble in clher, diescl
iuel ¢il, acetone, and
alcohiol,

Pornlnrtion

ORANCE is miscible with oils and M-100% of Lhe wirlure is present
as active inppredient. It welghe 2bouvi 10,75 pounds per pallowu,

This aixbture is noncorrosive Lo meials, nonexplesive, and fire-
resistant, stable in siorape and is supplied 1o the Tield in unlincé,
nild steel 55%-rallon drums. (ubber hoses uvsed for arent transler will
deteriorate and reryire replacement., Contaminnled airerat™ mist be
vashed with goapy water to remove Lhe areni. ORANCGE vill remove nir-
cral’s wnlkiay coniings anc warera’h opadn.,  dnintie ndleron snrfaces
deleriorate and will require reploceaen: dependine on Jreaguency and
length of herticlide exposure,



ORANGH i3 currently bthe Dtandard A Formuvlation supplied to
Southeast Asla and is procured by the Alr Force.

Drums of ORANGE are shipped 1o the combat zone in black painted
drums with a wide orange painted band around the middle of the drum,

ORANGE may soften the soles of combat bools on repeated or
extended erposure and personnel should be careful to minimize spillapge
and contact with rubber surlaces.

The "pure” ligquid esters are soluble in nost organic solvents
and in brush control work diluting the esters with /2 diesel fuel oil
s not uncoumon.  Yhe sallbs are used in agueous solutions. CRANGE, at
this writing, is not krown to have been diluted for use in RVN. These
“volatile" eslers have buen recommended to aid in canopy penetration
in the densce jungles., Thelir volatility is not anywhere near that of
gasoline, cinhyl alechol; arnetoie, and the like, and in an open dish at
rooa Lemperature for § days less than 0.5% by weight will be lost.
llowever, in a c¢losed room in the scventies the dislinctive odor of
ORANGE would be apparent if a small vial or a bottle were left open.
The vapors of CRANGE are elfectlve on vepetation, but usvally only

i

for a relatively limited distance in the open.

The spray of ORANGE is most effective on a given tree or plant if
every leaf receives a spray drop. It can be more effective if fhe
same amount of ORANGL could ke applied as several drops to each leaf.

After a tree or plant is exposed Yo a spray of CRANGE, the material
is absorbed by the leaves and 15 moved internally in the plant systen
to the acrial prowing points and to the rools csusing the food reserves
available Tor the plant growth to be used up at an accelerated rate
and essentially vasted,

Althourh: the addition of surfactants to aqueous solution of 2,4-D
and 2,4,5-0 does enhance the biclogicol effect of these materials,
adding then to the 'pore" esters is not necessary. It is possible,
though, to add ' diecscl fuel oil to the esters to obtain bLetter
coverape, i.e., nore drops or droplehs per leal. Oprays ol liguld esters
are able to peneirate the wax covering of most leaves quite well
compared Lo the use of aqueous sprays and are eflfected Tar less by rain
occurring 15 minutes to a halfl hour after spray deposit,

The best Line Lo apply ORANGE is when the vepetation is asctively
rrowinrg., In the U. &. about one month after the new prowth has started
is considered o pood Linme. In a Lropieal Juncle where wost of the tree
species nay be broadleaved cvergreens, the Junzle is ~reen the year
around, but in certain countries there is a dry season from December

3
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throuch February, and where this condition prevnils the most efficient
use of the ORANGH spray would be indicated from April to mid Noveier.
There are exceptions, of course, from year to year as the weather
conditions may vary. Also, there may be undesirable woody vegetation
such as mangrove growing in sitvations where water is plentiful the
year around and under these conditions ORANGE can be used the year
around to kill the mangrove and other associnted specles, such as nipa
palm and water coconut.

There does exist variation of sensitivity anong species of plants,
tlms, with a given application rate it is quite possible to kill a
relatively sensitive species in one week or less while a more resistant
species may not succumb until the passapge of a couple of months., Too,
there are specles wiiieh may be vnresponsive. Iupressed another way,
because variation does exist among species in their response t.o ORALGE
it is nol practical to adjust the dose for each species, but to try
Lo obtain a practical use rate of ORANGE where by & hirh percentare
of the specles (and the individuals of a pgiven species in different
stages of growth) will be responsive. Also, vhen the effect of' the
epray is developing it will appear to be developing most uniformly
in a Jungle or forest stand composed of very few different sensitive
species and will appear to be quite ragged in developing in a stand
consisting of many different species. There have been ins :inces where
as many 8s 2 to 3 hundred different species may be found per acre. In
such an instance the effect of the spray can easily be pre-judged
before the maximum effect has been achieved. One to 2 monlths may be
required for the maximum effect to develeop in a mixed stand. It is
entirely possible there have heen instances where additional sprays may
have been applied in as few as 4 to 7 days after the initial spray where
the effect of the initial spray was judped prematurely and foliape that
was apparently unaflfected was in Tact cither not sprayed or was sprayed
and nheeded more time to respond.

r

Use rates of 1 to lﬁ sallons of ORANGYE per acre have been found to
be adequate in mangrove areas throughout the year. In upland situations,
1 to 3 pallons of ORANGE per acre can do the job., Tt is also possible
Lo provide better coverage with 1 to l2 ¢allons of ORANGE if it is
diluted with ;2 diesel fuel oil at either 1:1 or even at one part
CRANGE +to two parts fuel oil. It is of interest that in commercial use
1toh povnds of Q,h,S-T per acre are usefvl in conlreollins. hardwood
scrub growth in growing pines for the pulp and paper industry in
Louisiana. When this rate is compared with rallon quantitleu o' ORANGE
where 1 gallen contains almost 51 pounds of 2, 2,570 nna )3 pounds of
2,4,5-T, one can appreciate that a use rate of 1 or nore gallons of
ORANGE per acre is an appreciable quantity of material., Of course,vhere
the vepgetation density is high, the mmber o specles present is high
and the jungle canopy may vary in height up to 125 feet, it becomes
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apparent that more material may be required. There is o point somewhere
vhere boosting rates ol application becomes wasteful and it is suggested
tha exceeding 3 pallons of ORANGE per acre is becoming wasteful. Doubte
less, it is possible up to & point to accelerate obvious effect by
increasing the dose, but this does not necessarily imply that the ulti-
mate effect will be correspondingly greater nor does applying excessive
amounts durins the dry senson necessarily overcome the physiological
dormancy and ordinary inability of the species to respond that is
associnted with this dorwant condition. Also, there is a tendency to
Judge the effect by the rapidiity with which the fToliage turns brown.
Normally, a relatively rapid change to brown (say 2 to & days) is
Indicative of contact injary and is not necessarily conducive to the
nost efficient kKillin: of the veretation where QRANGE is used,

Where new or difTerent herbicides are mentioned by various sources,
it is well to bear in nind the following criteria, which have been
applicd to PURTLF, CRANGE, and BLUE:

Rapid action.
Low ccst.,
Lox toxieity for man.
- Bflective at low dosages,
Effective at low volumes of delivery
Available in large quantities.
Relatively non-corrosive.,
Efffeclive on a broad range of plant specles,
Low residval seoll activity.
Relatively bish concentrate,

. & =
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Toricityr

1. A single oral dose in excess of O gm is required to produce
. - o -
the MDSO in a 180-pound nan.

2. Omall doses of one gral laken daily have little or no eifect
on man or aninmals taken over a one week period.

3. Low dose injuries may consist of eye and skin irritation
in sensitive individuals.

4. At usual plant-control doses, ORANGE does not reduce the
number of soil micro-organisms significantly.

o+ LDgn ranpes ‘ron 300-1000 nmz/km of body weicht for various
aniwunls,

6. Further information is provided in the section on Decontatination,



Information contained in the following reports may be of inlerest

to you:

1.

Research Analysis Corporation Technical Paper, RAC-TP-191.
September 1965, HNeutralization of Viet Conr 3afe Havens:
A Preliminary Study (U). OECRET (65-FDS-2016)

Boyer, L. W. and J. W. Brown. June 19¢4., Calibration of
apray Systems C-123/MC-1; H-34/HIDAL; A-1II/FIDAL. (Technical
Report 46). Director of Biolopical Research, Crops Division,
U, 8. Arny Blological Laboratories, llort Deirick, I'rederick,
Maryland

Boyer, L. W. and J. W, Brown, June 19€h, The A-1I/FIDAL
Concept. (Supplement III to Technical Report 4()., Director
of Bioclopical Research, Crops Division, U. S. Army Biolorical
Laboratories, Fort Detrick, Frederick, Maryland.

Vedetational Spray Tests in South Vielnam and Supplement (U)
U. 3. Army Blologienl Laboratoriecs, lort Detrick, Haryland,
April, 1962. SECRET

Destruction of Viet Cong Crops, RVN; Attack of Tgt 2-1, 21
and 23 November 1962 (U} USMAC-V, 17 December 192, SECRET

UMAC-V, Task Force Saipgon Evaluation Team, Evaluation of
Herbicide Operations in RVN, September 1962 - September 1963,
10 October 1963, SECRET



HOUES ARD QUSERVATTONS

1. "Althoush the vapors of ORANGE are capable of causing injury to
sensitive broadleal plants, much unvanted damape in Vietnam may be
caused by faulty applicatlion procedures. Inelosed is a photo showing
four C-123's spraying directly over a rubber plantation, How ofien is
this dene wilh thie Ajr Force crews claimin: that 'we weren't within
5-8 kilometers of the plantation'? Ve have also seen TV film clips
showing the planes conlinuins to spray as they climb and bank at the
end of what shouid have been their spray run, Release of spray
raterinl during such a roneuver is bound 1o cause the apent to driflt
outside the desipnated tarcel area.”

{R & D director.)

2. "Amine formulationg are less acstive biologically than esters
because of the slgwor rate ol penclration into the plant throush the
wvaxy leaf cutiele, The bulyl esters belng employed now as ORANGE are
the most active forms of the herbicides, They penetrate the waxy
cuticle quite readily and entry into the leaves begins in a matter of
seconds. Morecover, rains occurring within a half-hour after spraying
with ORANGE are not likely to reduce materially the severity of the
plant responses., Aqueous sprey drops, hovever, can be washed off leaves
by heavy rains that occur during the monscon season; thus, redveincs the
effectiveness of the aqueous sprays. WHITE (Tordon 101} is an aqueous
formilation ol onine salts and the characterlstlcu of . aqueous sprays
mentioned above opply to it.”

(R & D director.)

3. M"ome tarcets ol dense junsle rrowth have required tvo applications
of ORANGE (5% ile rate of 3 pal/acre) to provide conplete defoliation
ol the wpper und lower layers ol vegetation to ground level, Defoli-
ation is an eflective neans of exposins trajls, roads, fortifications,
ele., to aerial observatioa. Defeliation of dense junsle prowth alonsz
the Sairmon vatervays, perieter of Upecial Forces camps and roads, had
provided improved visibilily and ¢linination of anbush cover."

(Statement of representative of
Tth Air Force, Saigon.)

NOTE: FEractinp deteraination of welpght loss of ORANGE by two separate
laboratories showed that less that 5% of the weight of material
crposed to air at reoom temperatures was lost in a ten-day to two-
veeck period of time, The rajor point therefore to emphasgize is
not the deprec of volatility which, conirary to the thoughts of
many is rather low, but the cetivity of the what material does
vaporize, Of course, as temperatures are increased vaporization
increases as well.,
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PURPLE

Chemical Composition

506 n-butyl ester of 2,ht~dichlorophenoxyacetic acid

30% n-butyl ester of 2,4,5-trichlorophenoxyacetic acid
20% iso-butyl ester of 2,4,S-trichlorophenoxyacetic acid
Inert ingredients - less than 5%

Type of Chemical

General herbicide used for control of broadleaf crops, jungle, and
a wide variety of tropical and temperature climaote vesmetation,

Physical and Chenical Properties

2,hk-p: *

MELEANG POINT vrvvsvseresnrvorrreseoaanass 200-284° P, (138-140°C.)
ADDEAYANCE .euvnsvevsacrssossssresseraraes 1N the laboratory, white
t0 yellow crystalline
0 povder
S01ubility @ 22 C, evevssevssessessssaesss B05 ppm in water soluble
in acetone, ether,
> alcohol
SOLUbILity © 50°Cs sevvvrnrvnessocessasars 1,490 ppm in water,
solubhle in acetonec, ether,
and alcohol

SEADILILY cheviiccasirerencenssienrsarases very stable, noncorrosive,
nonflanmable, and none
cxplosive

Ryl, 540 o o

MElting Point sueevsevessorersasanssssesss 3012307710, (1511537 C.)

APPCAYraANCE 4 yineurssrcnsasssssssneserasesse Lirht fan solid in the
laboratory

Solubility & 2200, tiiiiiiiiiriaeaeseaess. SOLUble dn aleohol,
insgluble in water

Eprmulation

PURPLE is a mixture of 2,h-D and 2,4,5-1 and can be used either
stralpht or diluted with Diesel oil.

Toricity

2,4-D and 2,4,5<T are considered nontoxice Lo human beings and animals,
They do not significantly reduce total number of soil micro-crpganisms
vhen applied at recommended rates because of the very rapid detox-
ification of the chemicals in the soil at military use rates.
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2,4,5-T may be slightly irritating to the nose, throat, and eyes.
The first report of fish kill from the use of phenoxy herbicides
(PURPLE) in Vietnam was received in September, 1962. Fingerlings
in shallow water were reported to have died.

Fort Detrick was involved in the first research on these compounds
in 1946 and 19k7 to control aquatic vegetation, and herbicide
tolerances ol fish were also conducted at the same time. Fish are
able to tolerate the quantities of PURPLE herbhicide needed to kill
aguatic vegetation. However, if the minimal effective dose is
drastically exceeded then fish kill will occur., Tributyl phesphate
in early 2,4-D:2,h,5-7 formulations in the 1940's was used as a
solvent and was found to be considerably nore toxlc in killing fish
then were the herbicides themselves,

Use

PURPLE was the Tirst agent present in the field in Asia in significant
gquantities., It was to be used on the wide variety of resistant
tropical species found in Asia and as a first generation agent was
proven to be effective. It is no longer procured, but some guan-
tities may still be found in warehouses and remote locations in
Vietnam,
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PINK

Physicnl DProperiies

Mixture consisting of

60% nebutyl ester of 2,h,5-trichlorophenoxyncetic acid
Loy iso-bulyl ester of Q,H,S-trichlorophonoxyacctic adid

APPEATANCE +4ussossssereasas Lisht tan solid in ihie laboratory.

Melting point ..eesee.seees 300 to 307 F, (151 to 153 C.)

SOLubility sesveveneraesese S0luble in alcohol, Lut insoluble
in woater,

Formulation

PINK is delivered to the field os a liquid which is soluble in
Diescl fuel,® 98-100¢% of the mixture is present as active incredient
which gives aboul eleven pounds oi acltive ingredicnt per gallen,

Thig herbicide is noncorrosive to metals and essentially non-
toxic to man and animals.

PINK will rernove paint and enamel from aireralt surfaces and will
soften rubber producis, delivery lioses, and the soles of combat boots.
Fabriec aileron surfaces will detericrate and will require replacement
once or twice per year, depending upon frequency and lensth of exposure,

The FINK herbicide mixture was on early formaulation supplied to
the Tield for a specific requirement whic'i no lonrer cxists and it is
no lonrer procured by either the Army or the Air Force., Ouantities of
PINL, however, wmay still exist at remote locations in the field in Viet
loam and in various warehouses., It is for this reason that this
hervbicidal mixture is considered in this handbook. PIHK is effeclive
on woody and otherwise hard-ito-kill species and all available quantities
in the field should be used at the earliest possible opportunity. It nay
be with ORANGE in the ratio of 1:1 or 1:2 to nake a "homemade" mixture
ihat will be very elfective,

PINK is found in the fleld in unlined mild steel S5-gallon drums
painted black with a broad pink band around the middle of the drum.
Many of the pink bands may have faded to white,
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Dinethylarsenic Acid
I'hysieal propertiecs (pure malerial):

Molecudar MeL L st et et svsassnseronanssesosssrsrssoress lg? 99
MeLiing POINE, veveerrasairavrnrsanvasrassnrassasss 392 F. (200

ATSCNIC CONEONE v uvsvesuseoravonsensesersonssvoasassensosess S, 3“

ADPOOTONICC wuvsvsrarrrranesasasrensssnsssesss COlOrless, crystalline

SOLUBITILY © 20 Cu vvevrnnvacavennvanesearennsss 200 /100 . H20

36 /100 ¢ alcohol

insoluble in ethyl ether

Specifications

Typical analysis:
Cacodylic acid (anyhdrouS) .eveveissscrvsrevasarssssssssnses 65%
Trivalent orsenic (as arsenic} vivseeseveseovseeess 0.1% maxime

Inert inrsredients:
Sod ju‘:]l C}.‘lloride L L I N I I BN I N B I I R R R R R R IR B R RN R R LY N N L e ) l "J
.’)‘ul fa Le ( "15 I\'IEI 2801‘. ) LI I I IR IR N R B B I R RN DR DN N DNT RN BN I BN AT DN BN RN I IR B l/fr

1120 L I I R I O I R I I R I I I I I I R R I R I R A A R ] l/d

Price schedule:

L-1b. gl068 cONLAinNeTS suvvevervovsorrsnarsraserasseses. B4.00/1b.
15 pound net-31b. tar Tiber drms - 113" % 15".....ve... $2.00/1b.
100 pound net-7 lb. tar Tiber drum - 1(” x 26 3/4" ..., $L.75/1D.
Truckload or carlosd shipments in 100-1b. net drums .... $1.22/1b.

Shipping and handling:

Chipments of {iber drums with polycthylene liners will be made by
Lest, routing motor fruck or railvay Treight unless otherwise request-
ed. Jdix-ounce sampleg and lass containers will be shipped via par-
cel post.
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Shipping and handling (Continued):

Since cacodylic acid (DLUE) in its spray dried form is hygroscopic,
the material should be stored in a dry place and container kept
tightly closed when not in use., Contact with the skin, eyes, or
clothing and prolenged breathing of dusl or spray should be avoided.
Aecute oral LD for Lhe commercial malerial is about 1,350 mgs/kg
of body weighl., Toxicolopical data follows.

Suppested uses and rates of application:

BLUE is being evaluated for the following potential uses:
1. Forest renovation (to remove certain broadleaf plants)
2. Grass land renovation
3. Defoliant
L. Desiccant
5. Seed funsicide
6. Aquetic weed control

Rates of application are not accurately known becnvse of Lhe variety
of uses for this chemical. On a 100 percent active inpredient basis,
suggested application rates of % to It pounds per acre are recommended.
For complete eradication of plants, rates of as much as 10 to 15
pounds/acre may be needed.



Technical Aspecis

Intyoduvoiion

There are two forms cof BLUUE thnat will be discussed, namely, a dry
form and a liqgquid Torm, The dry form is rentioned here only for
inf'ermation shoald sone of it still bo available somevhere in RVN. It
i5 no lonser proonred nc the dry form, encodylic anid. 'The liquid is
neutralized e o pH of 6.8 to 7.2 to reduee -~orrosive properties and
hns a suriacLant added. Tt is basieally the sodium salt of cacodylic
acid in nn agueous soiutien, It is identical with material called
PHYTAR 560G, T+, like crcodylic {or dimethryl arsenic) n2id, contains
arsenic craractarised Ty 5 vordls or valeneces, The arsenic in razs
poison hrs 2 Lotws snd 18 quite a differsant substunce from the stand-
point of toricity, mffice 1t to say that BLIE, PHYIAR 5A0G (and
acodylic noid) iz 1ess totle Lo jrmans thar aspirin,

L)

It is classiticd ns a nonselective desiccant and is effective in
drying: apd shrivelines leasves ol both brood-lasved and grassy plants.
BLUE ecan produce a relatively rapid defoliation generally without
recard to species, Regrowth moy oeccur apaln in about 30 days. Re-
peated spraying as necessary ultimately will provide a high degree of
plant kill whetlier the vepgetation is woody, grasses, or both.

The ability of BLUE to prevent grain formastion in rice without any
external effects beiny apparent is rot generally known, However, at
the higher dosare rates, BLUE will cousge rice plants to shrivel and dile
in about I hours aller Leins sprayed. If sprayed after grain has
already been Cormed, the Tields should be harned i the weather permits.

Glnec LLUD worka Slveowsh feliar absorption only, the Toliage must
be thovonshiy novemed with the spray material,  The sprayed plants will
die in 2 to ' Jdays cr less and can e burned if permitied Lo dry out
thoroushly.

Cacodylic acid is a pentavalent organic arsenical., Compounds of
arsenic, such as cacodyliec acid, can be s¢parated into Lhree groups
according to valence. ‘'I'he pgroups are plus or minus 3 and plus 5. The
pentavalent arsenicals are less toxic to man and animals than are the
trivalent.

In 1966, a preliminary study was made on the effects of cacodylic
acid on the flora and founa of speciiic ecotones. The ecotones studied
were sandhills, hammock, grasslands, ponds, and streams. In each ecotons,
the direct and indirect efvecls wore studied.

The flora and fauna of any repion are closely related to the non-
living environment. Bach environment has specific types of flora and
feuna which form plant/animal communities. In each community, green



plants, as converters of solar energy to food, provide the foundation
for all other forms of life, Any consideration of the effects of an
herbicide on local flora and fauns must encompass not only direct
effects to living orpganisms but alsc indirect effects resulting from
the destruction or modification of the plant life,

Cacodylic acid cen be expected to produce minor modifications in
local plant and animal communities when sprayed at concentrations
exceeding 2 pounds/acre. The high solubility of this chemical, plus
its quick detoxification in the soil, allows recovery of the plant
life not actually killed,

The study discussed here found only transitory effects on the
organic community and a quick recovery of the local ecotone can be
expected in trople regions., The main effect of cacodylic acid on
aquatic fauna is8 indireect through the removal of the primary oxygen
producers such as algae, and there is a direct effect only when the
water conceptrations exceed 1,000 ppm (30 pounds/acre).
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Formulation

Carcodylic acid is available in the [ield as a white powder having
a typieal anaylsis as follows:

Cacodylic 501d teeovevasvovovesavsavasaseas BF
Trivalent arsenic (as arsenic) ...cvvseees. 0.1

Inerts

SOdilHﬂ. f'h‘LOI‘id&‘ LRI R R I I I B l55£
sulfles
. I ot
l"ﬂ-“?::;niuii_ P, .15}-?

P 1
\_1-:'1-.)'.’!"_ P R R R I R S O R R R N I I I R A }‘l'iﬂ
T*IOiStur'C L T I R A I I N L I I BRI ) 1.00(:-]

BLUY iz packed in 100-pcund net weight polyethylene lined tar fiber
drums. One-pound botiles and six-ounce sample bottles are also avail-
able for experimental purposes.

The white powder has a particle size in the 20 to 50 micron
range. It tends to bulk pack somewhat, and some small lumps may develop
during periods of extended storage. Its bulk density is about 43
pounds per cubic foot. Cacodylic acid is hysroscopic and, therefore,
should never he left exposed to the atmosphere in tropic locations with
high humidity. It should be stored in a dry place and the container
kept tishtly closed when not in use.

The artivity of the solution can be enhanced almost 200 percent by
the use of a surfactant {suriice active arent or surface tension depres-
sant). Brulnior EL-C20 was the commereinl surfactant used in the Vietnam
1962 crop spiny migsions, * bubk any deterprent or soap will accomplish
ihe same el'fecl. Wher a surtactant is used, it should be present in
aboul 2,0 percent of the solution, or soap or detergent can be added
until +Lhe ceolubion berins Lo form o small amount of suds when the solution
is stron;ly apltated.

* "Destruction ol Viet Cons Crops, Republic of Viet Nam, Attack
of Target 2-1, 21 and 23 November 1962. (U)" Classified SECRET.
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Chemical and Physical Properties

BIUE (cacodylic acid) is a pentavalent organic arsenic compound
having the following structural formula:

HAC 0
o

|

§—O0——H

H30
The molecular weight is 137.99. The pure material has an arsenic con-
tent of 54,3%, and has a solubility of 200 grams in 100 grams of water,
The technical grade has a solubility of about £0 grams in 100 grams
of water. Solubility studies at Fort Detrick indicated that all of the
cacodylic acld and salts go into solution at the rate of seven and one-
half pounds per gallon of water, leaving only e small quantity of fine
sediment. In order to obviate precipitation of either salis or cacodylic
acid, it is recommended that you use a solution containing no more than
five pounds per gallon,

BLUE 1s & very stable chemiecal, and is generally unaffected by

either oxidizing or reducing agents. It is also relatively inert in
the body, and is excreted in the urine, largely in an unchanged form.
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Minir- anud jecontamintion

Athons BYE G regtively noctoxric, 11 stould not b2 inken
internﬂlly. Any of Lhe mzterial Llnt may oot on the hands, face or

any other pari A0 Lhe body should be washed off at the first oppor-
tunity. I clobhes becows wel witn the selu. iz they should be
changed. These ars ronml Sucliary prauaitions - the material 1s less
toxie than ardinary csparin,

BLUE fs wery soivile in werler aad soes dnto solution readily. A
worter solubion of W00 ig o rory wenk oo, und, thereforz, spraying
cquipmenrt shonld e rirgol Wit watar fioroaugshly aftsr use.

The fdicuid Loowm of s {Phyar 300G which is iv use by the Alr
Foree containg tooud 5 ooowsdz 2T tne soanim sxlt of cancodylic acid per
callon as comprred oo che polat o made up with the dry powder. It
also contning Lo proper smount. of sarfactant. Usingy liquid BB
eliminates tae <corrosion probleme Tound in colutions made from the dry
powder form of LLTE,

If the dry form of BLUE is applied as a spray of one gallon per acre
where no more than five pounds of BIIF material is contained in a gallon,
corrosion problems for bolh the plerced steel plankine covering a run-
way and the asircraft uging the runway should not be serious, The first
rain of any conscquenne following the application should wash the
materiol off the plankinx, In fact, afler a weslk or so, the nmaterial
in the soil would probably be innchive s Tar as the veretaiion is
concerned, I e wmoterial is used Juring Lhe dry season, it might tend
Lo remcin a5 n Ligudd o “he plarnkins berwse of ils hyrroscopicity;
however, i .3 de-~rxe of norrosics ot dined «itl Lhe abore use rates would
be enpeoerod Lo e melsiively lermeeso,  LE the dry material is applied
UNevaitly over L plaskiryr aren, sovousion oould be guitne noticeable on
the plank+s o eonesivahly an o odrers i rovedngs throus this powder
{or slud. =, cold throw it ap into the wioel wells or osher parts of the
airecrals, I0 Lhes e omoviced, 31 cenld and suould be washed off with
plain water,

Very "murky” suspeisions hove on mony oconsions been sprayed from
the HIDAL systems without plugring Lhe pumping system., There is no
recycling or recirauilnting of rh? apray materinl with that system and
it has sprayed a sludse 2f 10 powrvic of BLUN matarial per pallon of water,
witieh is twice Lhe concentrntion currently recommended. The spraying
capabrility of tue systens in the (-L03 aircraft exceeds thnt of the
HIDAL and has as pccod o enpability for recirculsting Lhe spray mater-
ial. It is not likely thot the C-123 syste would become plupged. The
solution of BLUK can be prepared in drums and allowed to settle, and the
supernatant liquid pomped Into Lhe C-L23 tank.,
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The amount of dry BLUE material on hand in January, 1066 {about 100,
000 pounds)} in Vietnam would suffice for sboul 20 (¢-123 sorties., One
C~123 sortie could cover about 960 acres of rice usins five pounds of
BLUE in one gallon of water per acre. It is nol conceivable that &0
sorties within one month for one (C-123 system would rause any appre-
ciable corrosion to that system, particularly if it is adequately
filushed with water after each sortie. Of course, particular care should
be taken on rilling the system to avold any overflow or otherwise allow-
ing the nmaterial to splash the inside or oubside of the aircraft. Once
it is allowed to get under the Tlocrboards, 1t may be dilficult to wash
away. The Tlushing should be complete, that is, all contaminated
surfaces should be flushed with plain water, the system should be filled
with water, functioned, and the flushinrsc discarded., It is recomended
that 1o more than {ive pounds of the BLUE powder currenily on buad e
used per gallon of water, This mixture may yield some sediment on
standing. Illowever, it 18 nol a hard sediment; i" is more like a slimy
white mud, and plusring the pump system is not likel: as 2 result of
the material jstanding overnight. However, there is no narm in decantiyn;
the clear supernatant and using it.

The form of BLUE recommended for re-supply in mid-1966 is an aqueous
liquid formulated at about pH 7.0 and contains 5.0% surtactant. The
military specifications for liquid BLUE were written as an ansver 1o
the problem of corrosiveness and to provide a form of RLUE that could be
used in the field without additicnal mixing. Any vapers resulting from
the liguid are quite harmless.

As 1t is easier to apply small volumes to larce areas by aircraft
than by hand sprays, the solutions recommended for use in hand sprayers
will be much more dilute than those recompended Tor aerial sprays.

Beecause the UC-123B airveraft and the Cl-3% hellicopler spray systens
are capable of applyinr one pgallon or wore per acre yithiout major
modification, the five pounds of BLUE recommended for rice destruciion
can be dissolved in one pgallon of water and sprayed at the rate ol one
rallon per nere. The solution can be prepured by addin~ 250 pounds
(two and one-half fiberpak cartons) of TLUT powder to water in a 50-
sallon drum, stirring until disseolved and adding water Lo bring the
volume up to 50 gallons. One quart of Frwlphor FL-020 or any equiv-
alent deterrent or scap surfactant showld be added to the solution.
fhe soluticon can be permitted Lo stand for a lfew minutes to allow impur-
ities 1o settle and the supernalant can be punped into 1he spray tank
using n filter over the end of the transicr hose inlet,

For hand spray operations, it is impossible to spray a volume of

one rallon per acre. However, this volume could bie applied uniformly
to about 1,000 square feet (4O feet by 25 feet), wivint a volume of
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about 40 gallons per acre, In order to prepare solutions for hand
spraying, Tive pounds of BLUE powder should Le dissoclved in L0 gallons
oi" Lotal solutlon, Ono quarl of surtactanlt shouwld also be added to
this toial volune,

These sprays will be more effective the larger the volume of liguid
used, within limits, sinee more thoroupsh coverage of the plants can be
achieved with the lurper volumes. Upray volumes vp to 100 pallons per
acre are frequently used commercially if the pgrass is dense and tall.,
Vhen spraying tall r~rasses such as elephant grass and sugar cane, 1t 1s
advisable to use larpe volumes (LOO sallons per acre) in order to
adequalecly cover the larpe amount of vepetationa preseni.. This large
rallonage per acre is feosible with helicopter mounted systems.

The cost of liquid BLUE {Phytar 5604) is about the same as BIUR
powder now on hand in Vietnam, that is, one pallon of Phytar 500G at
$5.00 per pound would be somewhnt cheaper ihan one rallon of water
containing Tive pounds of BLUC powder at $1.27 per pound. BLUE as .ae
dry powder is nol now in procurement., The switchover from BLUE
{cacodyllec acid as the dry powder) to Phytar 540G (sodium eacodylic
aeid in agueous solution at pil 7.0 plus % surfactant) was made Lo
overcone corrosiveness and to provide a material taat can be sproyed
directly in the [ield williout mixing.



WHITE (Tordon 101 Mixture)

WHITE has been procured for use only where gsupplies of ORANGE are
not available, Note that 80% of its active ingredients are a form of
2,4-D - a basic ingredient of ORANGE and the the commercial name, TORDON,
reflects only the picloram portion or 20% of the active ingredient. 1In
addition, the total of the active ingredients reflect only somewhat less
than 25% of the solution. In contrast, ORANGE contains 95% or more active
ingredient.

Cl

Cl D 0 CH, COoH

k.amino-3,5,6-trichloropicolinic acid (picloram)

NH,,

Ci AN

Cl C ——CH

X
0
N

2,h-dichlorophenoxyacetic acid

Physical properties (pure material) picloram

MOLecular Weight seviiresvorersesatoevessasocsasastancsnranas 2U1.5
Melting polnt seevesevicverveorosvencenessennssere 209.5 - 210 C,
Appearance .......csses00000002..0 White powder with a chlorine odor
SOLUubility @ 25 C. vivvvivenenvinsvosvsasseseases 430 ppm in water

Insoluble in oils

Specifications
Active Ingredient:
2,4,-D (tri-isopropanolamine s8lt) ,eeeveeracrernrsenraerns 80.0%
b-amino-3,5,6=trichloropicolinic acld ..vveveininienanninss 20.0%
(tri-isopropanolamine salt)

Inert 1ngredients L B B I RE N L B I I SE N B O B B O L RN B B I B B R ) less thanl'o%
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Approximately 2.0 1b. of 2,4-D and 0.54% 1b. of picloram is contained
in each gallon of the herbicide.

Price schedule:

55 gallon drma""‘ll’-‘.“’"..f.'l..'..".'.‘..‘ ApprOXD$20lm/lb'
$7.58/gallon

Suggested uses and rates of application:

WHITE is being examined as a general purpose herbicide and is under=-
poing limited field tests to compare it with ORANGE, It is effective
on many plant species, though considerably more expensive, slower in
action, and requires higher quantities to equal the effect of ORANGE.
At least 5 gallons/acre are required on jungle vegetation.

WHITE is nencorrosive, nonvolatile, nonflammable and low in toxicity.
The LDgq is 8,200 mg/ke of body weight.
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Technical Aspects

A herbicide, known chemically as k-amino«3,5,6-trichloropicolinie
acid, was introduced by the Dow Chemical Company in 1063 under ihe trade-
mark Tordon and the common name, PICLORAM. This herbicide is rapicly
absorbed by both leaves and roots and is readily translocated in plants.

Laboratory studies have shown that the degradation of picolinic
acid in soil oecurs slowly while leaching occurs rapidly in most sepils.
A related chemical, k-amino, 3,5,6-trichloro-2- (trichloromethyl)
pyridine, is only slightly scluble in water and leaches slowly. This
compound hkydrolyzes to picolinic acid in the soil and tests in combinae
tion with WHITE and other herhicides have been conducted to delermine
its utility where various leaching rates asre required.

In general, VHITE has showed a selective and delayed herbicidsl
action on woody vegetation., It is not effective in controlling ash and
some species of oak in the United States that respond readily to ORANGE
and PURPLE. It also failed to affect some conifers such as red cedar,
When compared on a pound per acre basis, WHITE appeared to be equal to
or more effective on more woody species than ORANGE or PURFLE., Appli~
cation of WHITE zlone at a rate of 2.8 pounds per acre during the later
part of the dry season in Thailand yielded only marginal results. Rainy
season applications of WHITE were made only in mixtures with other
herbicides and are therefore not strictly comparable,

In studies conducted by Fort Detrick, excellent results were
obtained, but fairly high application rates of WHITE were used. These
high rates, 5 gallons per acre and more, exceed the capacity of spray
equipment now in Vietnam without making repeated spray passes.

Based on the responses of scrub vegetation found under power lines
which is generally only 10-20 feet tall and which requires a minimm of
1.5 pounds of picolinie acid plus 6 pounds of 2,L-D per acre, the re-
quirement for the type of vegetation found in Vietnam would most certainly
exceed 2.0 1b picolinic acid and & 1bs of 2,4-D per azere as a minimum,

On a cost basis this would be approximately $40,00 per acre as compared
vith approximately $18 to $21 per acre for 3 gallons per acre of CRANGE
which has been providing effective results in the kepublic of Vietnam.

One gallon of WHITE contains 0.54% pounds of picolinic acid and 2.0

pounds of 2,h-D amine; therefore, a minimum of 4 gallons of WHITE per
acre would be required,
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Asia

The eriteriz used for selecting herbicldes for use in Southeast
are:

Rapidity of action

Low cost

Low toxicity for man

Effective at low dosage

Effective at low volumes

Availeble in large quantities

Noncorrosive

Effective on a broad range of woody species

* = m & & B o=

O—=I W Fe o -

WHITE fails to surpass ORANGE in the following respects:

1., Rapidity of action--it ie considerably slower than ORANGE,

2, ggst per pound--approximately $20 compared to approximately
£0.75.

3. Cost per acre treated--approximately $4%0 compared to approxi-
mately $21.

L, Vixcosity @ 75 F.--246 to 329 centipoises for WHITE compared
to 143 centipoises at the same temperature for ORANGE.

WHITE surpasses ORANGE on a pound per acre bésisq]

b

WHITE is & proprietary material and_single source procﬁrement is
required,

WHITE is being used in lieu of ORANGE where the latter is not
available.
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Formulation

Picloram is white powder with a chlorine odor. It is usually
formulated as the tri-isopropanclamine salt and is avallable commerecially
as Tordon 101 mixture {agent WHITE) and Tordon 10K pellets. The pellets
contain 11.6 percent of the potassium salt of L-amino-3,5,6-
trichloropicolinic acid, The pellets are extruded and 5/32 inch in
diameter,

One of the two principle active ingredients in Tordon 10l Mixture
(WHITE) is 2,4-D (80%) which is present as the tri-isopropanolamine salt,
The other active ingredient ie picolinic acid (20%) referred to by the
Dow Chemical Company as Tordon, alsc present as the tri-isopropanoclamine
salt. This formulation contains approximately 2 pounds of 2,4-D and
0.5 pound of plcloram per gallon of aqueous solution,

Agueous formulations are not recommended for use in Vietnam because
of the ease with which they can be washed off leaves during the frequent
periods of heavy rain that occur during the growing season. Moreover,
oily materials such as the butyl esters of 2,4-D and 2,4,5-T penetrate
the waxy cuticle of the leaves much more rapidly than do the water
goluble amine salts.

An important factor associated with the use of WHITE (Tordon 101
Mixture) is the large volume of gpray solution normally used. The
manufacturer has recommended diluting one gallon of WHITE in 10 gallons
of water for aerial application per acre to vegetation that is 6 to 8
feet tall. This high volume is completely unfeasible in most large-
scale military applications. No information is currently available to
Fort Detrick on the effectiveness of low volumes of WHITE, From the
logistics and operational viewpoints, it would be desirable to spray
the material undiluted; however, data are lacking on the efficacy of such
treatments with WHITE,
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Chemical and Physical Properties

Picloram when combined with 2,4-D is a very active herbicide
(agent WHITE) have some use as a substitute for ORANGE., The structural
formula for picloram is:

NH,,
L’ TX(yC1
ol 6 h Y-amino-3,5,6-trichlorepicolinic acid
VAN
N

The acid has a molecular weight of 241.5 and is a white powder when
technically pute. It has the slight odor of chlorine, At 25 C. the
technical grade has a solubility of 430 ppm in water; 5,500 ppm in
isopropyl aleochol; 20,000 ppm in acetone; 160 ppm in xylene; 10 ppm in
ke&rosene, and is completely inscluble in oils,

WHITE is manufactured as the tri-isopropanolamine salt and is
extremely soluble in water.

The viscosity of WHITE is more than § times higher than that of
ORANGE at the same temperature, and this extremely high viscosity has
resulied in overtaxing the loading and discharge pumps on the spray
systems present in Vietnam.

WHITE Centipoises

75 F. 246 to 329 range
90 F. 127 to 171 range
100 T, 89 to 108 range

130 F. Lo



TOXICOLOGICAL INFORMATION

Acute and subacute toxicity studies have been conducted with Tordon
(picloram) herbicide, Two-year dietary feeding studies are now in progrress
with both rats and dogs. The following informatlion has been obfained from
experiments already completed.

Acute Oral Toxicity Btudies

Tordon has a low acute oral toxieity. The LD values for rabbits,
mice, ruinea pigs, chicks and rats range from approximately 2 (for
rabbits) to 8.2 grams per kilogram of body weisht (for rats). These
data indicate that Tordon herbicide presents a low depree of hazard from
accidental ingestion (roughly, the same desree of hazard as common i.ble
salt}, hence it should not pose a health problem by this route when used
according to accepted methods of handling agricultural chemicals,

Subacute Toxleity Studies

Ninety-day dietary feeding tests conducted on rats indicate that
Tordon is low in chronic toxiecity., A level of 1,000 ppm of Tordon (0.1%)
in the diet caused no observable adverse effects as judged by the usual
chemical and pathological tests. Levels of 3,000 ppm (0.3%), and higher
in the diet, resulted in modest effects on the liver,

Tordon was administered by gelatin capsules orally to sheep at
100, 200, 400 and 600 mg/kg of body weight, using one animal at each
level., Four yearling sheep were given 25 mg/kg of body welght each
day Tor 33 days. OShort yearlings e¢alves were given 200 and 300 mg/kg
of body veipght with one animal per dosage level. Hone of the animals
showed any evidence of ill efflects,

Tordon was included in the rations of swine and chickens that were
self-fed, Duplicate lots of 10 pigs each were fed for € weeks a growing
fattening ration which contained Tordon at 45 ppm. Duplicate pens of
150-day old chicks were fed a diet containing 45 ppm of Tordon for &
weeks, There was no decrease in weight rains or feed conversion in
these tests,

Eye Contaet Ztudies

Tests conducted on rabbits suggest Lhat undilute Tordon may be
capable of causing moderate transient eye irritation, but it should
cause no sipgnificant corneal injury. Hence, it may be considered to
present but slighi hazard from eye contact.
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Skin Contact Studies

Skin tests, using rabbits as the test animals, indicated that
Tordon may cause mily very mild irritation of the skin, should exposure
be prolonged and excessive. An oceasional contact should cause no
significant skin effects, Quantitative data on rabbits show that Tordon
presents ne significant hazard from absorption through the skin. The
LD50 value for rabbits bty this route was found to be preater than 4 g/kg
of body weight, the highest dose tested. Thus, Tordon may be considered
to present a low degree of hazard from skin contact.

Fish and Other Aguetic Orpanisms Toxicity Studies

Explorstory tests were conducted to determine the toxicity of Tor-
don te Tish. '‘mirested Lake ljaron water at 50 F was used in the test
vhich was run for 94 hours. The maximum concentrstion csusing no
apparent. ill effects for the puznose minnow ((psopoeodus emiliae, Hay)
and grean sunfish (Lzponis cysnellus, Rafirnesque) was in the range of 10
to 25 ppm. Additional tests are being conducted to further determine
the maximum ceicentration causlng no apperent ill effects and TIm's for
several species of fish. Ramshorn snails (Planorbis sp.) and daphnia
(Daphnia sp.) were maintained in tap water containing various concen-
trations of Tordon for 72 hours ar 70 F. Test organisms were not
affected at concentrations of 30 ppm, but injury did occur at 40 ppm.

Suggested Handling Precautions

Tordon presents no unusual health problems for handling. However,
it would be prudent, as with all chemicals, to practice reasonable care
and personal cleanliness to avoid skin and eye contact.

cuggested Firat Aid Measurec

Shoulr e contact occur, flush with plenty of water and get
medical ~itention should any irritation develop.

As a matter of good practice, excessively contaminated skin should

be flushed with plenty of water. Clothing that is noticeably contaminated

should be removed and cleaned hefore re-use. If any skin irritation
develops, medical attcntion should be obtained.



Mixing and Decontamination

The quantity of WHITE (Tordon 101 Mixture) required to effectively
control tropical forest trees, some of which may be over 100 feel tall,
based on the manufacturer's recomuendation for the conurol of vepgetation
6 to & feet tall cannot be accurately determined.

The usual dosage of the 2,4-D and 2,4,5-T brush killers used along
power lines in the United States is aboutl 2 to % pounds of aecid
equivalent per acre. The dosage of ORAHGE being used now in Vietnam ig
approximately 3 ~allons per acre, or rourhly 2@ pounds per acre of acid
equivalent. This i8 a 5+ te 12-lold inerewse Lo take cnare of the larger
size and greanter density of vegetation. I one applies the same Mmctor
to WHITE, the quantities that would he required to control Vietnamese
Jungle vepetation would be 5 Lo 12 gallons paer o . LEven the lower
figure of 5 gallons per acre exceeds the spray capati®iiy of the C-173
aireraft for a single pass. IT 12 gallons per accez wo- o rogaired, Llien
four passes would have to be made over each tarcet in hostile territory.
Obviously, these gallonages are unacceptable,

E]

To use WHITE at $7.58 per gallon the cost would he betwcen $39.90
and $90.96 per acre, a considerable increase over the cost of the
materials presently being used, with no assurance nt this time that these
lov volumes of WHITE would be as effective as ORANGE at $12.00 per acre.

WHITE is readily scluble in water and is noncorrosive, nonflammable,
and nonvolatile, Equipment used to gpray WIILE is not readlly decons
taminated. Warm, soapy water or water contairine housziiold nmmonia
{1 gallon per 100 gallons) and socaking 1Y to 24 hours have been sugpested
to gelt rid of residues of pleloram i the equipmont io to bhe used lor
another spray purpose, such as spraying insaclicides,

When ngent. BLUE is used in the same equipment ac WHITK, caution
should be exercised to insure that all of tue R is removed before
ndding the BLUE. When WHINTE is added to a soluLlion of BLUE, a precipie
tate of sodium E,h-D is formed that will clow the apray system. In Lhe
C-123 spray system, the tanks cannot be complehely enptied, and about
50 mallons of the spray material remaing in fne tank, P9 avoid mixing
this residue with the agent in following sproy miasionzg, the 10-inch
dump valve should be opened to compleicly drain ihe tack.

WIHITE is a formulation prepared Tor arricultural use, one r~allon
diluted with 99 gallons of waler, The quanltiiy of surfactant contained
in the WHITE is therefore based on ihiis diluiiom fmetos. In varions
aircraft systems, bubbles and foaming =sind alyr pockels develop while the
agent is being recirculated nnd sprayed. This is due Lo the high
surfactant content.



WHITE continues to be a problem because of its high viscosity (see
the attached Memorandum for Record)., The high viscosity of WHITE has
resulted in over taxing pump engines which are used to fill the spray
tanks in aircraft systems.

The flow rate of most of the aircraft systems in Vietnam yield a
3-gallon per acre deposit of ORANGE with pump pressures of €0 to 80
psi. With WHITE, the engine at full speed will produce a pressure of
only 40 to 60 psi. The flow rate is therefore reduced below that
required to yield a ground deposit of 3 gallons per acre. Conseguently,
a single pass with WHITE over a target will not yield 3 gallons per
acre and multiple passes will be required. Moreover, at the lower pump
pressure and higher viscosity, larger droplets will be obtained which
will result in poorer canopy penetration that is obtained with ORANGE,
In most systems, it 1s estimated that only 1& gallons per acre of WHITE
is8 being dispersed instead of the desired 3 gallons per acre.
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Bromacil! - Soil Sterilant

Chemical Btructure

NH
Clg— ¢/ G0

Br— c\ . /N——-CH(CHB) 2

5«bromo-3 sec butyl-6-methyl uracil

Type of Chemical

So0il sterilant; used for industrial and general vegetation control,
particularly on perennial grasses.

Physical and Chemical Properties

Melting Polft +uvvuvveonsvnorsonsrsovonsaovanssnasessas 158 = 159 C,
ADDEATANCE +vvissverrenrrscrssness. Odorless, white crystalline solid
S0lubility @ 25 C. svvavecscsossaese.s in water, 815 ppm. soluble in
acetone and alcohol, slightly

soluble in Diesel oll

Stability ....cvcieeerereiriveseaasaa. fairly stable, not abscrbed on

s0il colloids

Formilation

Bromacil is formulated as an 80%, wettable powder (HYVAR-X), a 50%
vater-soluble powder {HYVAR-X-WS) and in a liquid formulation {UROX
'B') containing four pounds of active ingredient per pallon,

Toxicity
Easily handled. No evidence of toxicity to humans or animals.

Uses

Bromacil will clear and keep clear vegetation in areas around compounds,
minefields, airstrips, ammunition dumps, radar sites, anti-aircraft

sites, motor pools, helicopter pads, docks, warehouses, and wire
defensive barriers.
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Bromacil - Soil Sterdlant

Bromacil {known commercially as HYVAR-X) is an all-purpose semi-
permanent soil sterilant, particularly effective on perennial grasses,
Relatively low rates of appiication only are required compared to other
soil sterilants.

Available as wettable powder (HYVAR-X), water-soluble powder{HYVAR-
X-W3} or liquid (UROX ‘B'} for spray apgplications. Recommended for areas
where gerial spray or ground spray application can be made,

Bromacil 1is noncorrosive and can be safely used in contact with
pierced steel airstrip planking and other metals. It is relatively
stable onze iacorporated irte the soil and shows little tendency to
wash away in heavy rainfall, so it may be used closer to crop lands than
other soil sterilants, topography or drainage permititing.

- Water soluble or liguid formulations are more convenient than
wettable powders for use in military spraey equipment such as the Buffalo
turbine and UH-1 type heliicopter with the modified HIDAL egquipment.
Commercial applications of this chemiesl are normally made at spray
volumes of 75 to 150 or more gallons per acre for clearance of rights-
of-way, industrial sites, ete. It 18 suggested that minimum volumes
of 30-40 gallons per acre of total solution be used for effective
coverage. On2 and one-half pounds of HYVAR-X-WS can be dissolyed in one
gallon of water but may require stirring for 30 minutes to one hour.

Mechanical clearing of vegetation by chopping, brush cutting or bull
dozing around compounds, ammunition dumps, runway, etc. is not absolutely
necessary prior to spray application, but this will facilitate incorpo-
ration of the chemical into the soil where it must be to provide maximum
effectiveness, .

Technical Aspects of Use and Hates

The water soluble end liquid formulations can be used in most
application equipment and are noncorrosive to metals, The wettable
powder requires agitation during spray release, '

As a soil sterilant, Bromacil acts almost wholly by absorption
through the root system; it is most effective under conditions of good
8011 moisture and hence active only during the rainy season; it is best
applied early in the growing sesson. . . -

Bromacil hes been proved most effective in the control of perennial
gragsses. It can also be expected to kill elephant grass and sugar cane.
It has been found to be 2 to 5 times more active than associated sub-
stituted areas.
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Variable effects have been found on woody plants, but the toxie
action is not appreciably reduced on heavy soils compared to sandy soils.

Fifteen to thirty pounds per acre of active ingredient are suggested
for tropical areas for residual effect. In temperate zones, rates of 10
to 15 pounds per acre are used. This gmount of active ingredient may be
applied in 30 to 50 gallons of an herbicidal oil (Diesel 0il) per acre
for quick topkill of the vepgetation, Water may be used as the carrier
if quick contact action i® not required. Spray concentrations of up to
50 to 150 pounds per 100 gallons of water or oil can be handled by the
HIDAL and FIDAL equipment. HYVAR-X is especially suited to ground
application methods and equipment such as the power driven decontamination
apparatus., The 80% wettable powder formulation requires pgood agitation
while spraying for best results.

Bromacil is reletively slow acting, and effective control can be
expected for two yeare or longer depending upon leaching of the chemieal
by rain. .

COST
$ 5.70 per pound as the 0% wettable powder ,
$ 3.95 per pound as the 50% water-soluble powder
$39.00 per gallon as the liguid formulation containing four pounds
of active ingredient per gallon

Application costs

(rate x unit cost)

HYVAR-X - 80% wettable powder:
15 to 30 pounds at $ 5.70 per pound = $81 to $162
pET acre

HYVAR-X-WS - 50% water-soluble powder:
2k to 48 pounds at $ 3.95 per pound = $96 to $192
per acre

URQX.'B' - L pounds per gallon liquid formulation:

3 to 6 gallons per acre at $39.00 per gallon « $117
to $23k per acre .
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TRO¥ 22 Soll Sterilant

Chemical Name

MONURON Monuron trichloroacetate (combination
(Telvar R of Monuron and trichloroacetic acid)
= CMU

(11{3

Forrm:1ntions

Urox 22, gramlar formilstion containing 22% monuron trichloroacetate

Urex 11, granular anm1¢4t10n containing llf artive ingredient

Uron emulsifdable concentrate, liquid formulation containing three
pounds per galion active 1ugredient

Type of Chemical

Soil sterilant, for use on noncrop land

Physical and Chemical Properties

The supgested graralar Formulation (Urox 22) is prepared as a coarse -
pranule with a sirong distinctlve odor which persists for several
days aiter applicatiown.

Monuro. irichioroncetote braaks down in contact with soll moisture to
monuron, which has o solubllity in water of 230 ppm, and trichloroacetic
acid, whlvh is readily soluble.

The materisl is mildly corrosive to metal in the concentrated form,
but is aoacorrosive when inccrporated into the soil. Equipment should
be cleaned and flushed thoroughly with water after use. The material
is nontoxic to hummang in handling, but may cuase skin irritation in

a Tew sensitive individuals, A respirator or mask may be used in hand
broadcasting to avoid inhalation of the fine particles.

Uses

Uron 22 is fairly slow in action and is used as a general soil ster-
ilant for vegetabion control in nonerop areas. It is especially
effective on annunl ard perennisl weeds and grasses and is effective
on woody vepetation at the higher rates. Depending on the use rate
in trepical areas, it may last 12 months or more but is affected by
the amount of leaching, chemical decomposition in the soil, and
microbial decompesition
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Rates

One hundred fifty to three hindred pounds per acre of the product

(22 percent granulee) are recommended by the manufacturer. Two hundred
pounds per acre are effective for general warm temperate climates with
kO to 50 inches of rainfall per year.

Cost

Urox 22 is available in 160-pound fiber drums at $0.62 per pound.

Tt would cost approximately $12k.00 per acre if 200 pounds per acre
vas the rate chosen.
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Herbicide Decontaminstion

ORANGE will remove paint and enamel from aircraft surfaces. 1In
addition, contaminated aircraft walkway surface coatings and fabric
aileron surfaces will deteriorate. Aircraft tires have proven to be
fairly resistant., ERubbar products with continuous exposure such as
transfer hoses and gaskets will be softened and warped and the rubber
soles on combat boots will develop a "sponge rubber" consistency.

Alrcraft filling arsas, where spillage and runoff occurs should be
washed down periodically with soapy water. Runoff should be collected
in a suitable area. This waste should NOT be allowed to collect in
irrigation or drainage ditches, '

At present, there are no chemical decontamination procedures for
inactivating CRANGE, WHITE or BLUE.

Normally,scontaminated surfaces of spray aircraft should be washed
daily with soapy water and/or water with detergent added. If used dally,
the spray systems need not be flushed except where the spray solutions
are to be changed, especially changing from WHITE to BLUE or BLUE to
WHITE, otherwlse an undesirable precipitate may be formed in the system.

Herbicides in normal use will decompose in 2-8 weeks in warm, moist
soils such as are found in tropic areas. Dry or frozen soils will not
decompose the chemical quickly. The herbicides, PINK, PURPLE, and ORANGE
do not decompose as rapidly in light sandy soils as they do in heavier
s0ils with a high percentage or organic matter.
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Disposal of Herbicide Vaste
by
¢, E. Minarik

27 April 1967

An on-the-ground survey of the herbicide drainage area at Bien
Hoa Air Base was conducted and the problem was discussed with LIC
Dennis, Commander 12th Air Commando Squadron (RANCH HAND), on 6, T,
and 1t April 1967,

The area of interest is on the western edge of the airstrip and
drains into a marsh which empties into the Dong Nai River which in turn
flows into the Nha Be River and finally into the South China Sea,

The area of ¢oncern currently is part blacktop, part gravel and
part sand or soil. It would appear that if the entire areas were paved
with concrete (not blacktop) and sloped to direct the spillage, wash
water and raln into the marsh creek, this would dispose of the herbicides
with little or ne hazard te desireble vegetation or fish. The creek is
fed by waste water from Bien Hog Air Base and considerable dilution of
herbicides would occur along the way to the sea., The Dong Nai River
where the creek empties into it 1s about seven feet deep and about one-
quarter of a mile wide, This large volume of water would dilute the
herbicides, renderling them innocuous,

If the aireraft filling area, where spillage occurs and aircraft "
wash down is carried cut, were flushed daily with large volumes of
water, no herbicide buildup would occur in the waterways mentioned above
or in the soil.

The problem as originally posed envisioned moving the location of
the RANCH HAND spray planes to the east end of the airstrip vhere drain-
age would carry the herbicides into a stream whieh flows through a fish
hatchery. Currently it is planned not to change the location of the
spray planes. However, in the event that a change in location is made
at some later date and herbicide disposal should become g problem either
&% Bien Hoa or Ds Nang, there are three disposal methods that may be
considered,

1, Excavale an area about one-half t¢ one acre in size and
create a pond to hold the spilled herbicide, wash water and contaminated
rain runeff. The herblcides in the shallow pond water will gradually be
decomposed by ultraviolet light and microbial action. In addition, there
vill be gradual seepage of the diluted herbicides and decomposition
products into the subseil where they will no longer constitute a hazard
to fish or vegetation. The shallow pond technique is widely used in the
chemical manufacturing industry to dispose of wastes, Both WHITE and
ORANGE are readily decomposed by the ultraviolet light in sunlight. They
are also decomposed by soil-borne microorganisms.

Ateh 5
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2. N gerondd alepoato. melbed o 01 S v aipggivg o deep, broad
trench or 4iret sne o e waRbe et oz wennd drain, OAANGE being
heavier Zban waler wnrad eetble wnd woa,d to o Erad o layer of water.
WIITE ovd 2005 beins whosr &0 o0al1e w09 b dilabed by wash water and
rain and WuULJ Tegel 1nta the sabas Do AN woLld nico leach out, but
presunzbly q* N Silower ratﬂ oLt wege dn3iraed To SLOW trm rate of
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leaching rotes.
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WHITE, since it is strongly aoscrbed on tie gurfaze of soll particles
and is thereby rendered insnitive. Thers ars no chemiecal decontamination
proceduras for inattivating CRAVE or WHITE,

The following information on the toxicity of 2,4-D for fish may be
of interest.

L5 corcantration for »adTlsh and niunows is 2000 ppm and for
sunfigh 100C ppm.  Tue opper sols lamit [LLs) for minnows is 1500 ppm and
for sur.fisit ord C.Lj,sn, SOl ppr,

oNne par

va Gle.ion S5 ZpM 1r fyaivlent to 2,7 pounds of

—-_L,_

material per act ol watert Lios toe anowat of 2,%-D required to kill
50% ol Lhe .nti;s: Pion pond. vl e L surlsoe area and one foct deep

is (2.7 = 2000 % 15 or 5,000 £ uus.

Attention should el Lz avsotsd 2o raducicg the gmount of spillage
which gceur: prineipat p #hwn tr o barticides are baing transferred from
the 55-¢allon drame inso the DUCo~Poall4 ook . A Toou valve in the
bottom of the pipe which I8 irgarted i-ito the 3%-callon drum would
minimize nerbicide drai-wgs when The pLps us pomovad,

Coreful handling f waz “oapny  drues with also mindmize spilling
the 1 to 4 gquarts o herbaioide remededngy o Laem,



DECONTAMINATION

M12A1 Decontaminating Apparatus Now Standard-A jn the Army Inventory

The U. S. Army Test and Evaluation Command conducted an integral
service test at Dugway Proving Ground, Utah, to determine whether the
M12 decontaminating apparatus would bhe an acceptnble replacement for
the M9 power-driven decontaminating apparatus (PDDA) as the standard Army
decontaminating apparatus (TIP 1h-26, March 1966, papge 16). The defi-
clencies and shortcomings encountered during testing have been corrected
and a modified item has been type classified as stardnrd-A with the
following designation:

b

Decontaminating apparatus, power-driven, skil-mounted, multipurpose,
nonintegral, 500-gallon, M12A1 (FSN 4230-926-%. ")

The M12A1 (fig. 2} consists of a gasoline engine driven pump
assembly, & 500-gallon tank unit, and the M2 water heater.

The pump unit is a centrifugal model weighing approx-
imately 1,535 pounds, with a minimum working capacity of 53
gallons per minute {gpm) of STB slurry of 5S4 gpm of water
through the two discharge hoses at a working pressure of
approximately 105 psi. The delivery is rated with a pump
driven at 4,400 revolutions per minute (rpm). Each dis-
charge hose is provided with a discharge run assembly that
includes special nozzles for STB slurry, fire fighting, and
foam operations. These nozzles are identical to those used
with the M9 PDIA,

The tank is a 500-pallen stainless steel assembly
weighing approximately 996 pounds (empty). 'The working
capacity is Wh7 gallons of water of 310 rallons of OTB
slurry.

The M2 water heater is a forced-circulation type
heater that operates using gasoline, JP-4, kerosene,
diesel fuel, or fuel oils. The unit can heat GOC pallons
of water per hour to 100 F. when inlet temperatures are
50 F. +15 F. (The heater is a separate end item when
issued for use with the M12, MO and M2-series decontane-
ingting apparatuses.)

Other items used with the ML2Al apparatus are;

(1) Antiset, decontaminating slurry, M2 (6850-05(-0926).
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(2) Antifoam wonpound, silicoms, d-ib. bottle {6850-950-0489).
(3)  Decontmnir iy, uper b, T TUD0L307 L0053

() Toom Yiquid, Mire extinpaiost=r, Seenilon pail, tppe S
(401003057

The MI2A1 app rat.s My o carriD Ly mrowed vehicles and by air
vehicles, eilher intercal',; or ~wir : | ompoerents are all skid-
mounted and oo he oarries o Ui S ‘L carpe truck or on
the M35, Mi35, and F2LL ij~L:1 R anis,  Tow lubuu truzks are not as
sultable as the 5 001 T 10 Lhwelr ﬂshiinT”ulul ad limited spaze.
The MESG, 5=1on iz Lo, seoslaced £or wuovial praoursment in TY €7,
was rezomnesaet 0o L s prame a2y {or Leese said-meenibed winlts,  The
U, 5. Aoy Uon'y-t Deese spener g Loapreal e Loy gpaenify the snitable cargo
vehicle Lo e used on oo oL bqwia F;r 111 Aroy wnibs recziving Lhe H12Al1.
The MIZ2AL ean =2 Alr ftracsnoclkod oy o 437, and Ci=STA aireraft.
External nlir transporl is pJFblh:t uELl“ A6 Lienf, UHeD, CHe2L, Ci-3h,
CH-37, or CH-474 lLeiiccprer.

i

The ML2AL apparatus now pecomss a stardard-A item Tor the Marine
Corps also; the Ml2 apparatus ra2miinsg starilard-t for the Havy and the
Air Force. The MO decontaminsting apparstius has been reclassified as
standard-i2. The M12Al spparatus wiil replaze the M9 apparatus as the
M3's become unservizesble., By szparate action the MEAZ trailer-mounted
apparatus will Le obsolzted, thus makirg Lhe MLI2AL unit the only
standard-A decostoninnting apparatus in the Army invencory.

Tnere nre presently gix M120.°s withh Army units. The Department
of the army nubeorized neor provaremont 9 whese units from bhe Marine
Corps. ‘“wo esch of thoes: gnitg nre Joratod ot Port Years, at Fort Camp-
bell, and ir tre gepandio of TTieinam. 2 wrlts gre for use with

alrborre vnd iraduile divigivos.  JLo1s prusected that 53 ML2Al's will

oy

De procurad . U P Lo sernrdancs wltio Al osclhedules,

Uverall evoluasion irdicarers that the HL2AT TUDA provides a
versatile nnped highiv odoptedooe urit dhet will meet norowi and large
aren deconinmimling rejiiveminis . Tgrcodary usase is for rield shower-
ing ol personnel, pamping waler, clearnins vehicles, de-icing, and assist-
ing in normal fire-iipghtinr ¢peralions. If the prime mover becomes
inoperative, the unit can e tranglerred to another vehicle,



Initial basis of issue of the M12Al will be as follows:

TOE Unit Gty
33=-TE Cml Direct Spt Co 10
31 7E Cml Gen Spt Co 5
3~217E Cml Decon Co 12
3~500E Cml Sve Ore 6
9-17TE Ord Ammo DS/GS Co 1

11-216F lg & Hg, Sig Bn, Abn Div 1
11-500D 8ig Sve Org 1
17-528E Hg & Hg Tp, Armd Cav Regt 1
29-11E Spt Comd, Inf Div (Mech) 3
29-21LE Spt Comd, Armd Div 3
29-27E Fwd 0Opt Co, Maint Bn, Inf Div {(Mech) 1
29-37E Fud 3pt Co, Maint Bn, Armd Div 1
20-~114F Fld Sve 0O Co, Fud i
29-124F . Fld Zve GO Co, Army or ComZ h
29-136F Hq & Hq Det, GS Maint Bn, Army or ComZ L
20-137F Hvy Equip G35 Maint Co, Army or ComZ 1
29-1397 Coll Class & Salv Co 1
29-216F Hq & 1q Co, Sup & Svc Bn, IS 3
29-307D Spt Co, UCA Msl Comd, Air Tr 1
29=51F Spt Comd, Abn Div 1
29-57F Gd Maint Co, Maint Bn, Abn Div 1

TA Unit Qty
32 USA Cml Ctr & School 18
g-2 UZA Ord Chr & Ochool 1
50-413 Pine Dluff Arsenal 1

50-4h7 Edrewood Arsenal 18
50-456 USA Bio Labs, It. Detrick 3
50-T32 USA Aretic Test Ctr 1
50-ThT USA Tropic Test Ctr 21
50-T72 Inpgway Proving Ground 15
50-800 Anniston Army Depot 2
50-820 Tooele Army Depot, 3
50-945 UsA Stoaslnr ita 1
Th -5 SA Caribhean (Pnnama & Antilles areas) 1
TT-9 Seventh Army, Opns 35
£20-10 Eighth US Arny 4
£2-5 U3 Army, Hawaii 2



Appendix A, GLOSSARY

AEROSOL -~ Consists of a solid, or a liquid, not vaporized, but
divided into particles small enough to fleat in the air for
extended periods of time. (A vapor is the gaseous form of
any substance that is normally a solid or a liquid.

CUTANEQUS - Affecting the skin.

DOSAGE - A measure of the amount of agent in a given volume of air to
which plants are exposed for a period of time.

DOSE - The amount of agent that is teken into or absorbed by the plant.
HECTARE - 10,000 square meters, or 2.471 acres.

MICRON ~ A unit of measurement equivalent to 0.00l millimeter or about
1/25,000 of an inch, Symbol =/AC,

HERBICIDE - Any preparation used to kill or inhibit the growth of
plants. Includes defoliants, dessicants, plant growth
regulators, and soil sterilants.

HERBICIDE OPERATIONS - The employment of herbicldes in tactical or
stretegic operations. _
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Appendix B. HERBICIDE DISPERSERS

Capacity

Disperser {gallons ) Discharge Rate
M106 riot control agent 3 -
disperser (Mity Mite)
M12A)1 power driven decon- 500 ——e
tamination apparatus (PDDA)
Buffalo Turbine 100 .-
Hand -pump sprayer 3 -
HIDAL (Helicopter Insecti- 196 70+ gal/min.
cide Dispersal Apparatus,
Liquid) .
FIDAL (Fixed-wing Insecti- 285# _———
cide Dispersal Apparatus,
Liquid)
AfA 23Y-1 975 UC-123B -~- 275 gal/
asm 5y-) min.

* Per tank - 3 tanks per Al series aircraft - flow rate adjustable.

NOTE: Apgricultural Aviation Engineering Company, P. O. Box 5054, McCarran
Airport, 'n:s Vepas, Nevada



Appendix C

ANTIPIANT USE RATES PER ACRE
' Agents

BLUE
(Phytar 560G as
is or dry powder
@ 5 1bs/gal)

Vepetation Type ORANGE, PURPLE, PINK WHITE

Mangrove 1.5 galfacre 3-5 gal/acre 2 gal/ncre

Highland trees (jungle} 3.0 gal/acre 3-5 gal/acre 2 gal/acre

Mixed Mangrove and other 3.0 gal/acre 3-5 galfacre 2 gal/acre
trees (lowland swamp)

Broadleaf crops (bean, 1.0 gal/acre 3-5 galfacre 2 gal/acre
manioe¢, banana, corn,
tomato, etc,) .

Rice 5.0 gal/acre 3-5 gal/acre 1 gal/acre

F Mixed vegetablgs and 3.0 gal/acre 3.5 gal/acre 2 gal/acre

rice

For defolistion use, ORANGE, PURFLE, and PINK may be diluted with
No. 2 Diesel fuel oil at a 1:1 or 1:2 rate to insure adequate droplet
coverage of the target vegetation.

Appendix F.

CONVERSION FACTORS

DISTANCE ; SPEED:
1 Meter =39.4 inches 1 knot =1.15 miles/hour
= 3.3 feet =1.85 kilometers/hou
= 1.1 yards 1 mile/hour =1.47 feet/second
1 Mile =5200 feet
%1760 yards
= 1.6 kilometers AREA :
1 kilo- = 0,6 miles 1 square meter =10.8 square feet
meter 1 square foot =1kl square inches
1 square yard = O sguare feet
WEIGHT : 1 acre =0.4 hectares
1 pound =16 ounces =43,560 square feet
1l xilo- = 2.2 pounds 1 square kilo~ =1,000,000 square
gram meter meters
VOLUME =100 hectares
1 pallon =i quarts 1 hectare =10,000 square meters
=8 pints 1 square mile =2,6 square kilometers
1 liter = 1.06 fluid quarts =640 acres

Ke/he x 0,892
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=250 hectares
=1bs /A
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