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(3) Wear rubber gloves while handling containers of POISON pesticides.
{4) DO NOT put your fingers to your mouth or rub your eyes while working

(5) Wash your hands before eating, smoking or using the toilet. Also wash Immcd{ately after loading,
unloading or transferring a shipment of POISON pesticides,

b.  Five rules for working safely
{1} Inspect containers of POISON pesticides for leaks before handling them,
{2) DO NOT mishandle containers and thereby create emergencies by carelessness,

(3) If a lezk or spill of POISON pesticides does occur, keep people away and report it immediately to your
SUpPervisor. ..

(4) DO NOT store pesticides next to foed or other articles Intended for consumption by humans or animals,

] (5) Afier POISON pesticides have been unioaded, inspect vehicle for contamination. DO NOT releass &
contaminated vehicle. : . : . : .

6. Fire and Bxplosion Hazards

Pesticide formuiations may be highly flammable or explosive. Ofls bumn readily and are usvally siored in drums or
glass containers. The containers may zuptuze or explode when overlicated. Aerosol containers will explode when
- overheatéd, Many pesticides are highly flammable. Finely divided dusts may ignite about as casily as gases o vapors,
Chiorates prosent in some herbicides are flammable and explosive, Partially empty chlorate containers should xof be
stored. o

‘Fires in pesticide storage areas can be very dangerous, since they add the possibility of poisoning to the usual fire
hazards. The water or chémicals used to Tight the fire, if not handled properly, could spread contamination over g
wide area. The heat of the fire ot air currents created by the fire can vaporize certain pesticides and cause particles to
become airbome. Alia, the toxicity and hezard of many pesticides burning together in the same fire are unknovwn.
" Smoke or fumes may be phytotoxic as well s highly tosic to firefighters and residents. :

The f;iliowing suggestiéns will‘hclp redﬁéhazards caused by ﬁrc:.,

4. Plainly label the outside of each storage area on' all sides with “DANGER,"'_“POISON,” “PESTICIDE
STORAGE.” Consult with the iocal fire department on possible use of the hazard signal system of the National Fire
Protection Association. ) e et .

b. Post adist of the fypes of chemicals ori the oulside of the storage ared,

. Inform the fire: department, hospitals, public health officials and. the police departmient, in writing, of the
nature, quantities and hazards these compounds may present in the event of a fire. If some products should not be
contacied by water, these should be seprepated and marked. A floor plan of the storage area indicating where the
different pesticide classifications are stored should be provided to the fire department. The plan showld not be
changed without notice to the fire department. Ask the fire chief to inspect your facility at least once z yoar.

d. Keep the above officials informed by letter and felephone of any major change in the nature, quantities and
hazards thai those compounds may present in the event of firs. ) ’ R
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e. The fire chief should be furmished with the home telephore number of the persons responsible for the
pesticide storage facility, :

Firemen should be instructed to:

a. Wear sirsupplied breathing apparatus and rubber ¢clothing when fighting pesticide fires, '
b. Awvoid breathing or otherwise contacting toxic smoke and fumes,

c. Wash completely as soon as possible after an encounter with smoke and fumes.

d. Wash clething, boots and ofher équipment thoroughly after suc_h a fire.

¢ Take cholinesterase tests after fighting a fire involving organophosphate pesticides if they have been heavily
exposed to the smoke.

f.  Evacuste persons near such fires who may likely come in contact with smoke ang fumes or contaminated
sadaces.

g I possible, water from the fire-fighting operation should be impounded,

7. Monitaring

A vital component of the safe operation of any type of storage facility s the establishment of an adequate
monitorieg systom. Since pesticides managed in a storage site are present in higher concentrations than normal use,
the risk of environmental contamination is also higher. Samples of the various parts of the system and of the
sugcounding air, water, soil, wildlife and plant environment must be analyzed in a regular progiam 1o make certain
that no risk is present.
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RESEARCH SUGGESTIONS

As can be seen trom the foregoing, many of the questions regarding proper coliection, storage and disposal of
surplus pesticides, anused pesticides, pesticide wastes and pesticide containers remaln unanswered. Basic and applied
research should in time provide most of the answers; to poinl the way to the most needed research the following is
provided: :

1. Alternate uses for pesticides in surplus supply presently restricted or banned in some states
2. Recycling of pesticides and pesticide concentrates

3. Chemical, biological and thermu! methods of pesticide detoxification (with special emphasis on
incineration research)

4. Effects of Jong-term storage of pesticides as they may create potential hezards of environmental potlution

5. Manufacture of packages and containers that are combustible, including aerosol contziners (Emphasis
stiould inchide combustible plastic containers)

7. Recycling techniques far S-gallon and larger sizes of pesticide containers
8. Aloeck or other device to prectude container refilling by other than authorized persons
%, Seil characteristics and specifications for disposal in soil

10. Effective methods to provide continuing molivation to persons to bring i and properly dispose of
surplus pesticides and containers
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PRESIDENT'S CABINET COMMITTEE ON THE ENVIRONMENT
SURCOMMITTEE ON FESTEC!DEEﬁ

Date: November 17, 1970

Atin of: Cu-22

Subject: Paergency Program, USDA-F3-T0-10L

To: Files
1. On Friday, November 13, 1970, five emergency projects were received
by messenger from Mr. é\orest Service, USDA.
2. The projects were:

a. Jor the protection of conifer seed from small rodents and birds
by aerdal (helicopter) application of seed treated with 1 lb. of

-endrin, 2 lbs., of Arasan and 3 ib. of green dye per 100 l1bs.' of seed,

seed sown at the rate of é to L 1b. of seed per scre, with a resultant
toxicant spread of .0025 to .005 1b. endrin per acre snd .005 £o 0L
Ib. Arasan per acre. Application $o be made over 76 ercas ; & total |
of 2,98k acres of forest lands in the Siskiyou, Siusiaw, Snogualnis,
Umpqua, Wellowa-Whitmon and Willamette National Forests in Oregon

end Wachington. Duffer sixips of 1/0 mile will be meintained along
ilive streams; program clearance will be obiained from the State
Departments of Game, Health and Eavirconmental Quality; end areas

will be monitored for any effects on nontarget species. Application
40 be made in the fzll orf 1870.

. For the control of small rodents by using either hand placed or
aerial (helicopter) application of a 1080/grain bait over the same
areas as in "Z.a." above, with similer precautions and coordination. -
Hand placed bait to be formulated 2 oz. toxicant per 100 lbs. grain
and spreed at the rate of % to 2.5 1bs. per acre, and the nerial beilt,
10 oz, toxicant per 100 obs. grain snd spread % 1b. per acre, with

a resultant spread of .0025 to .OD3L 1b:-of 1080 per acre. Applica-
tion in rfall of 1970 and spring of 1971.

c. Tor the comtrol of the pine bark beetle {round-hesded pine beetle)
in an outbreak,by treating individual t¥ees with a low-pressure sprayer
using a 0.5% solution of elhylene dibromide. 1,100 irees on 160 acres
of the Coronado National Forest, Arizona, %o be treated in November
1970. Huwen exposure will be avoided by supervising treating crews
and by requiring that protective clothing be worn, Infested trees
around Riggs lake will be pulled back 10C yards before treating.

d, For the control of Dioryetris amatella in an ocutbreak,by tresting
individual trees with a low-pressuwre hydraulic sprayer uging dimetho-
ate, 3 pints of the 30.5% emilsifiable coucentrate in 100 galions of
water, resulting in 2 1bs. a.c. Per acre. - 4,500 seed orchard trees.
oiz 45 acres of the Beech Creck Seed Orchard, Murphy, North Carolina,




Page 2 - Emergency Program, USDA-FS-70-10B

to be treated in November 1970. Human exposure will be avoided by

a pest control entomologist supervising treating crews and by reguiring
that protective clothing be worn. This is a pilot control test.
Dimethcate is not registered for use against this insect; however,

the Americen Cyanemid Company has applied for & temporary permit,
Forest Service entomologists will collect dats on the insecticide'ns
effectivencss apainst this insect.

- @. Por the control of vegetetion by treating the 6-foob radius around
individual power poles with a cyelone seeder/spresder using borax
(Ureabor} pellets at the rate of 3/4 1b. a.i. per power pole. 1,500
power poles in the Umatills National Forest in Oregon and Washington
to be spot treated in November 1970. Human exposure will be avoided
by uvsing trained crews and supervision by the Pacific Power and ldght
Company. The borax pelleds will be incorporated into the soil.

3. The following members of the Working Group we:_*czF called:
' b

Mr. oD - .
Dr. DHEW © M.
Mr. o Mr,

UBDA

DI (for Dr.-

Dfgtate bl
L.
consisten/i./ﬁ'
1089 & plic i
1970, L5 a

hgre were no objections raised to these projects; however, Mr. LJQ
th his cpinion of 1080, did not specifically approve the

ion,  Mx. “ s notified on Monday, November 15,
e Working Group had no objec

ions to the projects.

blo

SBL6TAN ecutive Secretary - .

Working Group .

cet
Working Group
Progrem Review Panel

Lo
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' Sl‘n‘lth sa1d thig would not be true if the dating were extcnded to non- pemshable
. categories suth.as canndd foods. If such a system were introduced.. he contmued
- housewives would almost without exception select the most recent date and ’
" push the earlier ones to the back of the shelf so that eventually the very spoilage
- about whichconcern is expressed could occur and would occur on'a far broader A
basis than is now the case.. ; < '

.. ‘He said that most canned foods clear grocers' shelves well within an 18<month
. period from the date of pack, which compares . “Mvery favorably" with the .-
- minimum time specified by the milifary for purchases which frequently and of -

o .nocbss&ty cannot be handled and stored at temperatures under as ideal cxrcum-i

- stances. as would happen if the product were in regular wholesale and retall
dxstmbut;on channels : - fe

CANADA ANNO UNCES REVIEW OF SOME PESTIC IDE USES

- The Canadmn Department of Agrwulture has announced that it will re*evaiuate .
" a number of insecticides, herbicides, and fungicides as té their acceptabxhty
for regtstrahon under the Pest Control Products Ac.t .

" “The Plant Products Division of the Productton and Marketmg Branch mv1ted
. cominents by Feb. 1, 1871, on the following pestlcldea that dare to undergo
" review: . . - .

_'Endosulfan carbaryl m&lathlon d1azmcm, asinphos methyl dicofol,. chlax-obenzﬂate

* Perthane, Strobane, calcium arsenate, lead argenate, captan, thiram, felpet, metiram,

©2,4,5-T, 2,4-D, fenoprop, and arsenical herbicides {including disodium methyl arsonate
octyl ‘and dodecyl ammonium methyl arsonates, monosodmm acid methane arsonate and "

sod1um arsenite). .

Canada had previously revised its sohedu]e of uses for methoxychlor TDE
- .lindane; BHC, aldrin, dieldrin, heplachlor; ‘endrin, chlordane, toxaphene, ’
- . and parathion (See FOOD CHEMICAL NEWS," Aug. 3, Page 21), after’
announcing earlier in the vear that it was reviewing the use patterns for
) Athese pesticides (See FOOD CHEMICAL NEWS, March 16, Page 13).

-—Department of Agrxculture officials in thls counfry have sizmlarly been rewewmg
.. the use of pesticides, and have ordered a number of actions cancellmg or sug--.
. pending uses (See FOOD CHEMICAL NEWS, Aug. 31, Page 28).

3 Canada s Department of Agriculture also anncunced that it would ne Ionger :
- allow the use of TDE {DDD, Rhothane), as of Jan. T, 19%%1, exceptat the dig-"-.: '

- eretion of the Minigter of Agrmulture and upon the advme of the Federal
. ].ntervDepartmentallpommxttee -on Pestlmdes for pubhc héalth or plant quaran—‘ o
tme purposes where no suxtable alternattve 1s avaﬂable R
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ptemiter+21, 1970 . o e ’ - FOOL CHEMICAL NEWS
In another announcement the Plant Products Division invited comnrnent hj Sc :pt. 30 ,'
1970, on reevaluation of hexachlorobenzene (HCI) and quintozene {PCNR) for

 registration in 1871, The Trade Memorandum said that registration next vear .
will be contingent npon demonstrated need for use and the submission of suitable "~
toxicological and residue data to satisfy current criteria for registration. . L

qrev:swn of the registration status of 2,4,5-T was algo announced by the Plant
. Products Division, which pointed out that the use of the word "ditches" should
. be interpreted as meaning ditches draining into irrigation or potable water (See
FOOD CHEMICAL NEWS, May 25, Page 31). The Trade Memorandum noted -
+ that it was the intenticn:of the Department-to prevent 2, 4, 5-T Zontamination
of water used for drinking purposes or for irrigation of crops. Usually, the =
Jnemo said, this would not mean ditches along railways or. mghways where
the use of 2,4,5-T is acceptable '

o

1

'JIMAL DRUG EXEMPTION FOR APPROVED ANTiBIOTIC‘S URGED

The Food and Drug Admmmtration hes been urged to revise its proposed adm inig~ -
trative regulations under the New Ammal Drug Law to exempt antibiotics whmh
are aircady approved.

-Concern 'over the need for clearance for antibiotics and complete feeds contalnmg
them was expressed in many of the comments filed iast week on the FDA proposals
. (See FOOD CHEMICAL NEWS, May 18, Page 36). ST

The Animal Health Institute sald that new clearances should not be required for
antibioties exempted from certification requirements under the antibioctic regus -
lations (§144, 24 ~-§144.26}. AHI said that if these must be covered, the requlre-"‘ S
~ments should "clearly be progpective in effect only, and all prior uses 'deemed.” { -
approved . . . should continue to be governed by the antibiotic exemptwn regu—. ST
Jations. b : ' : .

The proposed reqmrement for new clearances for the, antibiotics wasg called

Va patently erroneous application of the provisions of the Animal Drug Amend- .
ments, which were intended to codify existing clearance procedures and not
impose new re~clearance requirements on products which were the subject of
- approvals at the time of the pasegage of the Act, " the Institute said. The létter
added, ""This is not only clear from the legislative intent, but is also demon-
strable when one takes into account how these products were treated under pre-
existing statutory provisions, and the special DX'OVISIOHS for these products
built into the Animal Drug Amendments. "

-AHI said that in the past antl‘motxc premixes manufactured in conformity with the -
exemption regulations were not required to obtain approved New Drug Apphcatwns
and that {inished feeds were not required to obtained approved orms L-1800 .
_"There can be no other eonclusion than that thegsé druge were not deemed lnew
. drugb' by the COII)I’HiSSlOﬂeI‘, " AHI sa:d addmg : g
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news reiease

“FISH AWD WILDLIFE SERVICE
Burcaw of fport Fishevies and Wildlife

For Relesge to PMs Thursday, July 2, 1970 ' Carroll 343-5634

MERCURY FOUND TO BE ANOTHER . . oo
ENVIROMVENTAL MENACE FOR BALD EAGLE‘S

Add mercury to the list of envirommental menaces for America's
declining national bird-~the bald eagle.

Interior Department scientists at the Bureau of Sport Fisherieze and
wildiife's Patuxent Wildlife Research Ceatexr near Laurel, Md,, have im-
plicated mercury &8 & cause of death in bald eagles, i

Four birds examined in a new mercury testing program at the Center i '
coptained residues of this heavy metal--two from Minnesota had lethal
amounts of 130 parts per million (ppm) and 117 ppm in the kidneys. Au-
topsy findings and microscopi: studies of the kidneys had pointed to
heavy metal poisening. )

-The other eagles, which had been shot in Wisconsin, had sublethal

- amounts in the kidneys--7.9 ppm and 7.7 ppm.

o
: Df.FAs\;istant Secretary of Interior for Fish and
Wildlife dnd Parks, announced that in the future all bald eagles examined

at Patuxent Wildlife Research Center will be tested f ¥ mercury. Most ;
bald eagles found dead ir\SE‘t;e United States are sent. wre for study.

Dr.*mrector of the Research Center, believes t:he
eagles are picking up mercury through the ingestion of fish. Mereury

contamination of the Great Lakes already is causing serious concern; the
Bureau is investigating the effects of heavy metals on the fish and
wildiife i{n the Great Lakes and its txibutaries.

Canada estimates that 250,000 pounds of mexcury are deposited in
the Great Lakes by Canadian industry each year. The United States'
contribution may exceed 500,000 pounds annuslly, r’

Mercury and other heavy metals are exceedingly persistent in nature,
remaining perhaps 50 to 100 years in stream and lake bottoms., Means of
removal are still unkn'f)wn, but the Bureau is secking answers,

Anctlier envirommental menace for eagles is dieldrin pesticide. On
June 5, Sport Flsheries and Wildlife amnounced that poisoning from
dieldrin has been detécted in growing numbers of bald eagles found dead
in this countxy. . ‘ %

. The national bivd is declining in numbers in the United States,
although no accurate estimate of the bald eagle population can reglly
be made for these far-ranging birds, ) ,

X 0% x
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Microencaﬁsulated Methyl Para thion

The following is a brief.account of preliminary effectiveness
and toxicology results with methyl parathion encapsulated by the
Pennwalt Corporation encapsulation process.. Although capsule size
can be varied, the average methyl parathlon capsule size is about .

" 50 microns.

Eifectiveness -~ Greenhouse screening and limited field tests

" have shown that by using encapsulated methyl parathion, fractions

of a pound per acre can be applied to achieve gontrol where commercial
methyl parathion formulations.fail to contrel. Put another way, longer
insect control was achieved by using less methyl parathion than current
practices of applying methyl pardthion

The crops and insects on which the methyl parathion capsules
have been tested include: cotton boll weevil and boilyvorm hean
foliage {bioassayed utilizing crickets), gypsy moth, soybean hehothxs .

. Spider mites and alialfa weevils.

.

Approximately 300 pounds {active) of encapsulated methy!
parathion is being field tested by a number of cooperators at the
present time., All preliminary reports have been favorable.

Toxicology -- Results of toxicity studies carried out by
Pharmatology Research, Ine., Darby, Pennsylvania, -indicate
significant safety advantages can be realized by applving encapsulated
methyl parathion comparad to present practices with commercial
formulations (besides the important advantsge of needing less
insecticlde for better control},

The acute oral toxicity of eﬁcapsulated methyl ‘parathion in
mice is about nine times less toxic than methyl parathion emulsifiable
concentrate (compared in terms of equal active ingredient},

N
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Usihy the standard dermal toxicity test procedure on non-
abralded rabbit skin, encapsulated methyl parathion was non—toxic

upto 3 g, &f capsules (75% actlve) per Kg body weight, According

to the literature, 80% technical grade methyl parathion has a dermal

.. LDgg of 300-400 mg/kg.

The capsule wall material {Nylon-type plastic} having the
same composition as the capsule wall being used for methyl parathion

‘, was found to be nontoxic in the acute oral toxicity test. The largest
_dose was administered which could be given (4g/kg) withcout the

possibility of chusing viscoral trauma,. 'No effects of any kind were
induced and the-animals (mice) thrived well after treatment,

Additional tokicology work is in progress to better define
safety advantages. ' : : .
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degradation or ground deposition are the disposal methods with the greatest potential
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‘types of pesticides and empty pesticide containers generated during reutine pest control
operetions at DA installations; thermel degradution temperstures for orgstiochiorine
inpecticide and phenoxy acid herbicide formulations and degradetion product#; techniqued
hardware, and monitoring systems for incineratios of organoekiorine insecticides and
phencxy acid herblcides; including metheds for tha secondary dispossl of ash and
scrubbing liguids; eriteris for the ground dispasal of pesticides by deposition in a
Banitery landfill or other apeeial excavation, or by deposition in ehemicslly- or .
biologically-sctive soils; methods for the decontamingtion end dispoaal of empty
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ABSTRACT

The disposal of Department of the Army (DA} surplus pesticides of all
types presentd serious provlems. Significant emong the various types of
pesticides are. lerge quentitics of organochloring insecticides and vhenoxy
acid herbilcides. Thermel Qegradsation or ground deposition are the dispesal
rethods with the greatest potential for handling large quantities of mate-
. riel in these categoriks. Chemical treatment hes dispossl potentisl for

some peetleides on a small-scale basis, and may haveé ayplication in the
decontaniriation of eémpty pesticide containers. Recommendations are made
concerning research to determineg: methods for the smell-scale disposal
of 8ll types of pesticides end empty pesticide contaipers generated '
during routine pest control operaticnas at DA installetions; thermsl
degradaticn .temperatures for.organcchlorine.insecticide and.phenoxy
acid . herbicide formulations. and. degradation products; . techniques, harduare,
and monitoring systems for incinerationiof organochlorine-insecticides” ’
and phenoxy acid.herbieides, including methods for ‘the - secondary - disposai--~"
of ash and scvubbing liguids; criteria for the ground disposal of pesti-
cides by deposition.in a sanitary lendfill or other speciaml excavetion,
or by deposition in chemically« or blologleally-active soils; methods
for the decontamination and disposal of empty pesticide containers; and
commexreial pesticide dlapossl techniques and facilities that may have

spplication to DA needa.

i.d«
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INTRODUCTION

- The-Department of the Army {DA} operates a pest control program
vhich dispenses large quantities of pesticides annually for the control
of insects ard rodents that affect military coperstions by acting ag
diseage vectors, by reducing morale and. efficiency, or by causing
property damage. DLarge quentities of pesticides are stocked by DA to
operate such a pest control program and to meintain covbat readiness.
The maintenance of these large pesticide stocks is unigue to DA and

- other Department of Defense {DOD) organizations. 3y virtue of the
quantitiss alone, unique prodlens exist concerning storage, replace-
ment, and disposal of uhservicesble DA pesticides,-

OBJECTIVE

The objective of this study is to determine if. adequate, environ-
mentally-sound methods for the disposal of surplus DA pesticides and
pesticide conteiners exist through establishing the requirement for
the disposal of surplus pesticlides; providing information concerning
the probeble magnitude of the surplus pesticide problem; providing
information cotcerning environmentsl considerations in DA pesticide
disposal activities; and providing information on the various methods
of pesticide disposal and the present level of knowledge concerning
each. If adequate methods do not exist, recommendstions will be made
a8 to.wvhere research is required to- provide information which will.
permit DA agencles to dispose of suiplus pesticidea by methods which
will proﬂuee minimum- environmentel impnct. .

THE PESTICIDE PROBLEM

Sources of Information. Informstion concerning the problem of surplus
pesticldes and their disposal was obtained as follows. Liaison was
egtablished and maintained with the following egencies to determine
current policies and programs in the area of pesticide disposal:
‘Defense Supply Agency; Department of the Army agenciss; Department of
the Air Force agencies; Depertment of the Navy asgencies; The Armed
Forces Pest Coatrol -Board; US Department of Agrieulture; The Council -
of Environmental Quality through the Research Panel of the Working



Group on Pest Management; and The Environmental Protection Agency.

© Computer sedarches of the literature pertalning to peaticide disposal
were conducted by utilizing the following systems: Blologleal Abstracts;
Suithsontan Inatitition (Seientific Informetion Exchange, Inc.};

National Library of Medieline (MEDLARS .System); Defense Documentstion
Center; and Armed Forcee Pest Control Board (Military Entomology
Information Service). _

Department of the Army Burplus Pesticides, Certain pesticides in DA

stocks pi's presently considered surplus for one or more of several reasons.
Sonme pesticides have been procured in quantities in excess of DA require-
ments, while others cannot be immedistely used for their intended purpose
due to deterloration of the contminers or due to degradstion of the pesti-
cides themeelves. Still others, sueh as DDT (Department. of Defense,
1970)}; have had_reatrictions. placed upon_previously recommended” uaage.,.,
meaning thet uome pesticides; or specific.formulstions -thersofy.can no -
longer be used for any purposes- The problem™ ‘of pesticide’ dispnsal-with-“”
in DA is twofold., First, there is the immediate need to dispose of

- relatively large surplus pesticide stocks and asgociated contalners
logcated at the depot level. Second, there is the recurring requirement
for disposal of relatively smaller guantities of pesticides and empty
containe:s generated by routine pest control operaticns at the local

"level.

Policy guidance has ‘been provided by the Asaistent Secretary-of
Defense, Health end Enviromment (Department of Defense, 197132, ‘concerning
the disposal of surplug DA pesticides. . The most desirable method of
disposal 18 to utilize the surplus peiticides for their purpose within
BAy. This is particularly applicable to those pesticides which have
been procured in excess quantities, provided such materials are still
in sound containers, heve not degraded, or have not hed restricted
usage imposed. Pestieides in deteriorated containers can be repackaged
- end ueed for their intended purpose, Pesticides which have dégraded
can stil) be used for thelr Intended purpose, iT the degree of degradstion
. is not great enough to render them ineffective. Pestlcides which cannot
-+ be utiiized by DA, but ¥hich are 5till suitable for use, either as is, -
or after repeckaging or determination of degree of degradation, cen be
' trauaferred to other Federml agencies, Beyond this, consideration can
be given to the donation of such surplus materials to other eligible
agencies or sale to the genersl public. A11 purplus pesticides which
- cannot be disposed of by use, redistridution,; donation. or sale will

require degtruction,

’ It ig expected that it 9111 be impoaaible to entirely diapose of
DA surplus pesticide stocks by methoda other than degtruction. These



nltimately reguiring destruction represent s variety of pesticide types
and formulations, but are primarily of the organochlorine type. The
. pesticides will be in large quantities and mey be consolidated at
several widely dispersed locations. Methods of destruction suitable
for the disposal of large guantities of consolideted surplus pestlcide
atocks will not necegsarily be the best methods for use at the local

level.

Environmentsl Consideratlons in Pesticide Disposal. The National Environ-
mental Policy Act of 1969 (NEPA) iAnonymouB. 1970) 3 established a Federal
policy concerning implementation of major actions which will significantly
affect the guality of the environment. The NEPA requires, among other
things, that Federal agencies provide detailed information concerning

the environmental impact of intended actions. Guidance concerning
enviropmental considerations in DA actions (Department_of the Army, 1971)%
. supplements the NEPA and applies to all DA installations, activities -

and facilities throughout the world in requiring sn assessment of the
environmental consequences of any proposed sction. . An essessment is
required even though a proponed action, such as the disposal of surplus

" pesticides by means other than for their intended use, will ultimately

be beheficial to the environment. '

The immediate problem, then, iz to determine the most suitable method,
or methods, for destruction of the various types of surplus DA pesticides
vhich aré located for the most part in large quantities at the depot
ievel. The secondary problem is to determine the most suitsble mesas
of destroying pesticides and empty containers generated in small quantities
at the local level. In each situation it is imperative to develop, shrough
" ‘research, methods of disposal which will minimize envirenmental pollution
‘end provide DA activities with precise amd specific information concern—

- ing the envireumentel impact of & given disposal method, any sdverse
effects which cannot be avoided if & given method ic utilized, the
relationghip between short-term adverse envirommental effects and long-
term enhancement of the environment, alternate methods of disposal, and
any irreversible environmental effects which may ocour a3 & result of

- the use of = given dispossal method. ’ .

Magnitude of Surplus Pesticide Stocks. The immediate problem of pesticide
digposal is concerned with the gurpius stocks presertly on hend. 1In order
-to establish certain priorities concerning research into the various i
methods of destruction, it s inperative to determine, at the earliest
_posaible time, the specifie types, and relative quantities thereof, of .

DA pesticides requiring destruction. - Currently, the Defense Supply

S,
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Agency {DBA} fs in the process of dimposing of surplus pesticides
(Departuent of Defense, 1971)2'1);: redistridvution, -donation, or gale,
Until auch time ap the effectiveness of this progrum is Known, it

is difflenlt to obtain accurate guelitative and gquantitative estimates
of materinis which will have to be destroyed.,

D3A hes provided guldance concerning pesticides that are likely to
pose slgnificant or controversial problenms from tite standpoint of dis-
pos&l (Depurtment of Defense, 1970)5, These materials include primerily
organochlorine insecticides and phenoxy acid hervicides and are listed
in Appendix A according to type of formuldtion and container size. With-
out reference to quantities involved, these are the pesticides most
Iikely to require desiruction when other methods of dispoasl have been
- exhausted. ’ - : : : ’ s

METHODS FOR THE DISPOSAL OF PESTICIDES -

A veriety of methods are availadle for the destruction of OT'gaAnG~
¢hlerine insecticides and phenoxy acid herbicides. Among these are
ocean disposul, recyeling, thermsl degradation, ground disposal,
chemical treatment, and blologicel treatment. Oceen disposal is not
recommended because -food chain organisms, many of which serve as
food for the human population, are readily conteaminatéd, . General
recycling of pesticides for other uses is not feasible, elither because
techniques are not available or becaude costs are pronlbitive, Thermsl
Gegiadation or ground disposal appear to be the most practical methods
a4t present, although chewical or blological trestment werrsut Some
considerations,

In considering the practicality of eny disposel method, the
apecific peeticide types must be teken into consideration, as well as
the proximity of gurplus stocks to a potentiml disposel site. There
is the additionsl problem of the disposal of pesticide and herdicide
eontainers . gzneyated by disposal operations. Suitable methods for the >
dispodal of empty containers will vary with the method developed for the
disposal of the contents (i.e., thermal degradation, ground dispossl, ete).
Therefore, the problem of container disposal can be addressed concurrently
¥ith, or subseguent to, the development of methods for disposal of the
pesticides themselved. The primery considevation in determining the
best method, or methods, of destruction is, once again, the imppact of
-such operations on the enviromment. Each peaticide, or group of pesti-
. ¢ides, must be conaidered separately srom the standpoint of quantity
requiring festruction, specific desv.'lotion method, and environmental impact.
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Thermal Degradation., Thermal degradation is & disposal technique
whereby pesticides sre thermally decomposed in a burner. Degradation
products from pesticides depend on the specific type or formulation
and may include HCL, €O, COz, B0z, HpS, NH3, Clp, and varioud oxides-
of nitrogen. - The use of this method requires carefully controlled
conditions of iemperature and contact-time, as well as some means of
-removing objectionable gases from the effiuent.  Consideration must
be given to the secondary disposal of residues in scrudbbing liquids

and ash,

The itérature containa varfious reports of work on the thermal
degradation of pesticides., Two bagic aress are of interest. The
first concerne determination of thermal degradation or combustion
products for various pesticides. . The-gecond-toncerrs the.ineineration:
of pesticides in smell lshoratory,  prototype;-or full~scele-burners -

~of verious types. . :

Kennedy ef al. (1969)® reported that teémperatures near 900°C resulted
in complete incineration of both reagent-grade and commercial-grade
samples of a wide varlety of organochlorine, orgenophosphate ang
carbamate insecticides, and phenoxy acid herbicides. Stolanovic et al.
(1970)7 reported on the thermal degradation products of 18 different

-pesticides when they were exposed to temperatures ranging from 180

to 310°C. Within this temperature range, incomplete breakdown was
obgerved for all materials, and-a variety .of breskdown products, some
ldeéntified and others unidentified, vere noted for -each pesticide.

For example, st 230°C aléldrin produced chlorinsted benzoic and
phthelic acldsy at 250°C carbaryl produced l-naphthal; at 250°C
malathion produced dlethy esters of succinic and maleic acidsy at

275°C DPT produced DDE; paraquat at 310°C produced s mixture of
paraquat and a variety of unjdentified degradation produsts; and se on.
Although these studiea resulted in the detoxificetion of many of the
pesticides, tae results are inconclusive becsuse all pesticides were
not exposed to all temperatures and many of the degradation products
were not identified. Additional studies reported by Stojonavic ef af.
{1969, 1970} € were concerned with the volatile products from burning
- {900°C) snaiyticsl-grade end commercial formulations of 20 different "
pesticides. ' In these studies many of the expected paseous effluents
were obperved. However, for each pesticlde many of the gases were not
identified, making the studies inconclusive. It im interesting to note
thet, for each of the pesticides, analytisal grade materisls and
comeercinl formulations did not produce the same complemént of gaseocus
effluents., For example, ai 900°C, analytical grade malathion produced
€0, COp, 80z, Hz8, Op, and four unidentified gases, while the commercisl
formulation of malathion produced €O, Clpand three unidertified gases.
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Similerly, 2,4-D at 900°¢ yielded €0, C0p, Cl2, HC1l, and Q2 .when the
aralyticel-grade material was used, while CO, CO2, and three unidentified
- gases were produced by using the commercisl formulation, In addition

to the burning tests of single analyticael-grade or commercial formulations
{Stojonavic et al. 1969, 1970} B, other studies reported by Stojonovic

et al. {1970}8 showed that combinations of pesticides produced gaseous
complenenta different from those of the individual pesticides. For
example, melathion snd 2,4-D, when mixed and burned at 900°C, produced
0O, HC1, HpB, apnd six unidentified gaseous.effluents. Thermal degradetion
. of other specific pestioides has been reported. Brown ef af. (1966)7

- ligted thermal breekdown products for Bidrin and Azodrin, while Whaley
-+ et ak, (1970)1° 1iated 14 theoretical compounds resvlting From the

* . thermal decomposition of DDT. . N

. Stojonovie ef af. .(1970}8 reported-on the evalustion of various .. .
‘commercial ‘incinerators-to determine -thelr potentiel for ‘meeting the. .- _
Tollowing requirements: have primery ‘and secondery combustion chamberss -~
be.capable of temperetures of >$00°C; provide proper fuel-air combustion
ratio and proper retention time; have a liguid and dust-handling capability;
create turbulence sufficlent for compléte mixing of pesticides and fuel;
be capable of héudling large quantities; be resistant to corrosive and
explosive chemicals; and be adaptable to various serubbing mechanisms,

A single commercisl fvdel, the CONSUMAT Model V18 {Waste Combustion
Corporatidn, Richmond, Virginis), was selected for teating, but eventuslly
proved too large for lsboratory evaluation of gaseous effluents, ' There-
fore, 8 1/3 scele model was designed for lsborstory testing. A commercial
formulation of melethion (containing 5T% active ingredients, 307 aromatic
petroleum; mnd 13% inert ingredients) was used ans & test material, and

. various flow rates for pesticide, fuel (butane), and primary and secondary

- combustion chember air supplies were studied to determine optimum operating
" parameters. (02 and B0p were the only effluent gases monitored during

the studies, - . ) -

. Studies of the thermal destruction of DDT in an oil carrier were
reported by Whaley ef af. (1970)'%, Complete combuscion of DDT was
achieved in "blue fleme" laboratory ineinerators. The chlorine component

. of DDT was reduced to hydrochloric acid gas which was removed from the ™
effluent by alkmli serubbers. Design criteria were presented for .commercial

- DDT/oll incinerators. Additional studies by Lee ef af. (1971)'! reported
on the thérmal destruction of DT duwsts in a pilot-scale incinerator. The
DT dust wes blended with inert carrier dugt end the residusl product

‘from complete combustion of DDT, hydrochloric acid gus, was removed from

. the effluent by water-alkali serubbers. Basic cations in the inert dugt
were found to neutralize part of the hydrochloric acid ges. Design

- eriteria weré presented for commercisl-scale DDT/dust ineinerators.

L3RA7



Montgomery et ak. {1971)1? nave reported on the construction and operation
of an lncinerator specifically designed to decompose chlorinated hydro-
earvons, including DDP. Putnam et af, (1971)'3 reported the use of
oxidizing .agents and bindera to aid’ in the combustion of pesticides.

Research on the determinstion of combustion products of pesticides
end the incineration of pesticides has continued at Mississippi State
‘University unfer grants provided by the US Department of Agrienlture
and the Mississippl State Government. Work on the thermal degradation
" of pesticides has 8lso been supported by US Department of Agriculture
grants to Pennsylvanis State University.- Other on-going resesrch in
these areas was not elucidated in the literature ssarch conducted,

Ground Deposition.. A variety of methods are.presently used for the
disposal -of pesticides- by ground.depcsition;:none of which are entirely- -

satisfactory from the standpoint of envirodmentael ‘pdllution..:-The basle...:

drawbeck 4o this method of disposal.is the inability to.Getermine, let
alone control, the ultimate fate of the pesticides, Deposition in

" sanitary landfills or other speclal excevations is seldom underteken
with adeguate knowledge of the hydrologic and geologic situation
involved. mnd the extent of translocation of the pesticides is not
known. " Deposition in & geologic stratum known to be impervious or
inactive, access to which may he gefned by means of & deep well below
the. existing aquifer, way precluda the problem of translocation, but .
really only involves the Yscorage” of pesticidesy the ultimate .fate of
which cannot ‘be known. - ]

The degradation of pesticides subsequent to de;oaition is due to
cheminal or bidlogicsl metivities which take place in the soil, .with
the latter being the more significant. Considersble information has
been published concerning the biological degradetion {largely miercbial)

- of pesticides. fTwo general aress are of interest: the biological
degradation of pesticides n wive as demonstrated by laboratory and
field tests;:.and the isolation of microbial enzymes which are capsble
of degreding pestiecides {n viite. .

. ~

Bioclogical degradation has been implied in meny instances where
the effects of Boil on the decomposition of pesticides have been studied.

In many cases blologleal activity is assumed becauss sterilized soils

generally show & lower rate of degradation than non-sterilized soils;
or because there iz a period of time, following deposition of the
pesticlde, before significant degradation cccuras, This latter phe-
nomenon is generslly considered a period of sdaptation for the soil
microorgenisms, Various papers have reported these types of non-
specific viological degradation in soll for s varlety of pesticides

632%




* 88 follows: microblal degradation of aromatic compounds (Gibson, 1960)1%;
degradation of diazinon and Zinophoa® {Getzin, 1967)15; the intersctions
betvean gail-borne microorgenisms and DCPA, & herbicide (Tweedy ef af.
1968)18; biochemical transforsations of anilide hevbicides in soil
(Barthn, 1966)17; decomposition of tordon herbicide in soils (Youngson
el af. 1967; and Moffat, 1968)16, 19, pisdegradation of benzene hexa~
chloride in-submerged soils (MacRae, 1967)%0; the diaappesrance of
Pyrazon, a herbdicide, from soil {Frank and Switzer, 1666)%l: degradation
of organcchlorine insecticides b% microbes {(Chacko, 1966)72; decomposition
of lindane in soil (Yule, 1967)%3; d'egradation of dieldyrin by 864l micro-
organisms (Matsumura and Boush, 1967)%%; accelerated degradation of
herbicidas in roil by the addition of microbiai nutrient broths
(MeClure, 1570)2%; transformetion of solan, a herbleide, in soil
(Bartha, 1969%25; microbial degradation of parathion (Griffiths and
Wolker, 1970)*7; degradation of malsthion in moil {Konrad, ef al. 1965)28;
and_deconposition of carba.rgl by & soil bacterium (Tewfik, et af, 1970379,
Getzin and Rosefield {1968)3° reported the degradation of organophos- -
phorcus insecticides by heat-lsbile substances in the 8oil. ,

Other studies have identified specific miercorgenisps capable of
metabolizing various pesticides, Murray et af. (1969)31 reported
studies -of the degradation of urea herbicides by Aspergilil l@égmi
AspengLLLi sydowd, end Aspergifli tamanii, Bollag ot af. (1967)°%
reported the ability of Flavobacterium perdgiinum ana Avthrobacter
5p.-to degrade the herbicide, MOPA. Tne sbility of Paeudomonas- sp 4,50
deprade another herbicide, TCA, was shown by Kearney ot af. {1069)°3.
Bollag and Alexander (1971)3" have reported on the dehalogenstion of
chlorinated aliphatic .acids by Micwococcus denitiificans, gethunathan
et al, (1969)°% have reparted the dehydrochlorination of BHC by
Closdnidium sp. Matsumurs snd Boush (1966)}%6 found that melathion was.
metabolized by Trichoderma virtide and Pseudmonns sp. found in soils vhich
had been heavily treated with insecticides. Additionsd studies by
Metsumura and Boush {1968)%7 showed that Tiichoderma visdide was capable
of metabolizing several organoghosphorous. carbamate, and organochlorine
insecticiden, Caerjesi (1967)?% reported the ability of three species
of Trnichodenma to degrade pemtachlorophenol. Kaufman and Blake {1970)39

+ reporied on the degradation of atratine by a variety of soil Tungl,
including Adpehgiléus spp., Fusarium spp,, Peniciflium spp., and
Trichoderma vinide, Mick and Dahm (1970)40 yeported the metabolism of
parathion by Rhizobium spp. fungi. Chlorells pyrenoidosa protevse was
shown to degrade parathion {Zucherman et af., 1970)%!. Fotht and
Alexander {1970)%% %% reported that a species of Paeudomonas utilized
diphen{lme‘chane, & DDT analog, &8 & sole source of carbon. Evahs et af.
{1971) by “5 heve identified meny of the metabolites resulting from the
degradation of the herbieides 2,4-D and CPA by a species of Peudomonas.

- Diaginon vas rhown to be degraded in wuil by Arthrobacter sp. and

8



Streptomyoes sp. (Gunner, 1968)%€. Sethunethan and Pathak {1971)%7
demonstrated that Anthrobacter sg. degraded diazinon applied to rice
paddy water. lLoos et al, (1967)*% %9 ghowed that Arthrobacter sp. was
capable of degrading 2,4-D in acil. Laboratory cultures of Arthrobaeter

- sp. and Paeudomonas f{fuohescent have been shown capable of degrading at-
razine (Sobiemzczanski, 1969)5%. Clark and Wright (1970F! demorstrated
the ability of Arthrobacter sp. to deprade the herbicide, IPC, in
laboratory tests. Burns snd Audus (1976}5% reported the breakdowm of

- paraguat in soil by Lipomyces &fakeyd, and Horvath (1971)53 reported

" the metabolism of another herbicide, 2,3,6~trichlorubenzonte, by .
Brevibacterivm sp. Moe (1970)%% reported the metabelism of the herbicides
IPC and CIPC by Pseudomonas strniafa, and Lode (1967)}%% reported the ‘
decomposition of TCA by seversl strains of Authrobacter, Lebvoratery
studies using propanil heve shown that Fusarium sofand utilized the
herbicide as a sole source of organic carbon (Lanzilotta and Pramer
1970}5% and that an scylemidase extract of the same fungus was acbive
against the herbieide {Lanzilotta and Premer 1970)57. Anderson and

. Lichtenstein (1970)%% reported the ability of Mucok alfzrans to degrade
DbT, and to a lesser extent dieldrin, ms well as the effects of nutritional
factors on the sbility of this sgecies to dégrade DT (Anderson ot al.
1971)%%, Langlois et af. (1970)% reported metsbolic pathways for the
degradation of DDT by Escherdchia cofi, Enterobaclen aehogenes, and three
species of Bacillus,  The partisl hydrolysis of dieldrin by Aerobacter
detogents wes reported by Wedemeyer {1968)%%, and Liv and Bollag (1971)62

. reported the metabolism of carbaryl by the soil fungus GlLocladium
. hoseum. Miyamots et al. (1966)%7 reported several matsbolites in

ieboratory studies of the decomposition of Sumithion ® by Baeiflus

dubtilis. This seme species has also been shown to be highly effective

in the leboratory im inactivating fénitrothion, parathion, and methyl-

parathion {Yssuno ef af. 1965)%%, Tu et af. {1968)6% reported the

* converdion of aldrin to dieldrin by various species of Trichoderma, "

Fusarium, Pended , and Baciflus,

Various {n vi{no studies with microbial isolates heve been reported.

A bacterial enzyme extracted from Attivtobacten sp. has been shown to
degrade 2,h.D (Bollag et af. 1968; Tiedje and Alexander 1969; Loos & af.
1967; Tiedje ot al. 1969)66: 8% 68,68, (oopnette of af. {1971}70 reported

" on the detoxification of Phosdrin ® by enzymes imolated from (
megaternium, . Extracts from Geotrichum sp, caused the nearly complete
degradation of ODT and DPE (Ledférd and Chen, 1969)71. Wedmeyer (1966,
1967)7% 73, Mendel et al. (1967)7%, and Plimmer of af. (1968)}75 reported
the dechlorination of DDT by Aetobacter achogened, and Lunglois {1967)76

" reported the same phenomenon for Escherichia cofi. French snd Hoppingarner

{1970)77 veported on the dehydrochlorination by membranes isolated from

. EBschetichin coli. Enzymes from Arthrobacter sp, were shown capsble of

. degreding chlorinated phencls %nd vhenoxyscetates (Bollag of afl. 1968;
Tiedje and Anderson, 1969}6% 67 an acylamidase, which readily hydrolyzes
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Karsil, and other related compounds{ was fsolated from Penicilfium sp,
by Sharebl and Bordelemu {1965)78, |Degradation of ures herbicides by
cell-free extracts of BacilPus sphachitud has been reported by Wallnofer
and Bader (1970)7° and Englehsrdt et al. (197T1}80. fn enzyme complex,
capable of degrading 2,4-D, hag been isclated from Arthucbacter sp. by
Tomati and Peitrosanti (1970)%!, Bollag and Alexander (1971)%% found
thet an enzyme preparation from Micrococcud dendfrificant wes capsble |
of dehalogenstion of chlorinated aliphatic smeids. :

Studies of the effects of moisture, pH, temperaiure, snd adsorption
on the chemical degradation.of various insecticides depoaited in sodl
* have been reported by Roeth ef al. (1969)%2; Getzin and Shanks {1970)%%;
Matano and Tto {1967)%%; Obien and Green (1969)85: Rotini snd Levi-
Minzi (1970)88; Fosehi et al. (1970)87; skipper i af. {1967)88; ..
Lichtendtein ef al. (1970)%%; Gractz-of al.-(1970)90; Zimdahl e al...
(1970)%2; Bai1y et af. -(1970)92; Lopez+bonzales and Valenzuela~Calahorro: .
(1970)%3; ‘Primmer. ot al. (1967}%%; Konrad ot af.:(1967)%%; Hance (1969)96; "
Gershon-and MeClurey Jr. {1966)%7; Wiepe and -Basson (1966)9%, The
rhotodeconporition of various pesticides in soil and water, when expoged.
to sunlight or artificiel UV radiation, has been reported by Henderson
-and Crosty (1967)%%; Crosby snd Tutass (1966)199; Croshy and Tang (1969)101;
Crosby and Leitis (1969)'°%; Smith and Grove (1969)!0%; Plimmer and =
.Hummer'81969)3°“; Mosier ef al, {1969)195; smith (1968)106; %a11 ot af,
{1968)107; Plirmer ot af. (1970)398; Kuwahara et af. (1969)10%; Rosen
et al. (1969)11%; Mi1ler and Nareng (1970)11Y; Benson (1971)11%; zabik- -
et at. {1971}11%; and Ivie and Casids (1971)11%, a

. Various Federal end state agencies are éonducting or supporting
research relative to the deposition of pesticides im sofls. The US
Department of Interior, Bureau of Sport Fisherles and Wildlife, ‘and
Office of Water Resources Research, is supporting continuing research
.in the states of Rhode Island, Mimsouri and Alsbama concerning the
chemical, physicel, and biological factors affecting pesticides in soil
and water. The US Department of Agriculture, Agriculture. Research
Service, is supporting research in these same general srems in at
least eight staves. The Cooperative State Resemrch Service of the
- US Department of Agriculture is providing funds for the support of
research on various aspects of biclogical and chemical degradation of
pesticides In soil and water systems in at least 23 states, imcluding
Hawait. The state governments of Arkansas, Alaboma, California,"
Colorade, Misdimsippi, Hew Jarsey, Oklahoma, Washington, and Wisconsin
are supporting continuing resesrch in the areas of biological and chemical
degradation of pesticides in soil and weter systems. The Department of
Defense is Bupporting continuing research by the US Air Foree on the’
isolation of bacterial enzymes capable ~f decomposing pesticides.
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"The 0ffice of So0lid Waste Management, US Environmental Protection Agency,
and Oregon State University are supporting on-going research in Oregon
on the biclogical degradation of pesticides deposited in soil.

.Chemical Treatment. The chemical decomposition of pesticides 1u a
complex problem, due to the diversity of the chemical structures of
pesticides, ‘There is no single chemical reaction that will detoxify
all pesticides. The situation is complicated by the fact that most,
if no%t all, of the pesticides in question exist as emulsifiable
concentrates, oll solutions, dusts, and other formulations, The
constituents of these formulations may adversely affect chemical
resctions that would ofherwise resdily decompose the pure pesticides.

. The'literature contains a.grest.deal -of informetion on chemscal . .
reageptsrﬁhich=readily_react'withfanﬁnneutralize1peatic1deaﬁn=Kenﬁedygg;
‘et af, (1970)315 poported the chemicnl-detoxificstion of various: grganos=-
phosphorous indecticides. DDVP, parathion, schraden, and Systox:
vere completely destroyed by treatment with s mixture of metsllic
sodium gnd liguid smmomie.  Phosphatase enzymes and enzyme-active
houséhold detergents were not effective. Wolverton et al. (1971jllé
reported that a solution of dipropyleme glycol monomethyl ether and
moncethanalamine effectively and repidly deconteminsted sulfur- and
non-suifur-containing organophosphorous insecticides., Similar results .
have been reported elsewhere (Anonymous,-1971)417 using & solution - ‘
“contatning T5% dipropylene glycol monomethyl ether und 25% monoethano-
lamine, Chemical degradation of certmin organmochiorine insecticides
was reported in studies by Leigh (1949)118. in which chlorine, potessium
permanganate, and potassium persulfste were used, with various degrees

. of effectiveness, to detoxify aqueous solutions of Iindane, DDT,
heptachlor and endrin. Chiu-et af. (1970}319 peported the rapid.degrade-
tiod of p,p'~-DDT by using chromous chloride as & reducing agent. Kemiya
et ab. {1961}12% reported the effectiveness of chlorineted lime in
decomposing parathion and methyl parathion. Granular sptivated charcosal
has been reported. (Anonymous 1969)12! o effectively remove aieldrin
Trom deionized water. The use of & caustic rinse formulation, consisting

- of water, detergent, snd csustic scds (lye} has been reported as
{Anonymous. 1965, 1970)%2% 123 uffeotive in the Gecomposition of organo-
phosphorous insecticides. Gomma of af. (1971)12% reparted studies in
which chlorine dioxide, chlorine, =nd potassiwm permanganate vere
evailunated for removal of the herbicides diquat and paraquet from waters.
Chlorine dioxide waz the most effective. Kennedy el af. (1969)% reported
chemical treatment of & variety of herbicides and insecticides, using
strong aeid or mlkelil solutioms. All treatments were not completely
effective in decomposing the varibus pesticides, Gtudies by Faust ef.al.

" {1969)125 reportea unsuccesaful attempts to remove diguat and paraquat
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L33



from water by chemicel cosgulationwith aluminum hydroxide. Gommo ef af.
(1969)12€ reported studies of hydrolysis of dlazinon end dlazoxon under
various vonditions of pH. Both meteriale were hydrolyzed rapidly under

acidic conditions, with the rate for diszoxon being more rapld than

that for diaziqon.

Various Federsl agencles are conducting or supporting research in the
ares of chemicgl decomposition of peaticides, -The US Depertment of
Agriculture is supporting work at the Pennsylvania State Univeraity on
various methcds for the detoxification of pesticides and pesticide
‘containers, including chemical asspects. The Office of Water Programs,

- U8 Environmental Protection Agency, is supporting contlnuing research

or chemical detoxification of pesticides at Aerojet General Corporation
in California, the University of Texas at Austin, and the Midwest ]

" Research Tnstitute-in Migsouri. The Office of Solid Waste Mansgementy: . .
us EnvironmentalfProtection'Agency,—and-ﬁregon‘Statefvniversity'arer"i
supporting research on the chemical :deécontamination and-reeyeling.of
empty pesticide containers:in Oregon.’ .

CONCLUSIONS

A significant problem exists with regard to the disposal of DA
surplus pesticides of all-types. Although the exact gqualitative and
quantitative pature of the problem cannot be Immediately defined, it
1s reasonebly certain that large quantitfes of organochlorine insecti-
cideg and pnenoxy seid herbicides will require disposel by destruction.

.. The specific destruction method, or iaeth;ﬁds, to be utilized must
be tellored to minimize conteminetion of the enviromment.

. Various types of thermal degradation or ground deposition are the
methods with the greatest potential for handling large quantities of
orgenochlorine lneecticides and phenoxy scid herbicides. Chemical

. treatment hag disposal potentisl on & small-scale basis, and may be
applicable to the decontemination of empty pesticide containers.

RECOMMENDATIONS FOR FUTURE STUDY -

'Although considersble effort bas beea, and is being, expended in
studying various methods for the chemi i, bilologienl., thermal, and
ground disposal of pestieides, additio sl research is required in the

iz
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foilowihg areas to provide information necessary for the -development of
safe, practical, environmentally-sound destruction wethods:

1., Ai eveluation of methods for the small-scele disposal of pesti-
-¢ldes and empty pesticide containers generated by the use of orzanochlorine,
organophosphate and cerbamgte insecticides, and phenoxy acid herbicldes
in routine pest control operationa et DA installations.

2. A determination of thermal degradationltemperatures and produets
of single and mixed militery standard formulations of organochlorine
ingecticides and phenoxy acid herbicides as a basis for conducting
studies to determine the most suiteble technigues, hardwere, and -
monitoring systems for incineretion and methods for the secondary
dispesal of wush and scrubbing liguids.

3. “The davalopment of critetia. for ‘the ‘ground-disposal .of organos .. .-
chlorine ‘insécticides and phentxy ‘acid Yerbicides by depositionin :. '
sanitary landfills or other -specisl excavations,-or by deposition in
chemically- or biologieally~-active soils. )

¥. An evaluation of methoda for the decontaminatlon and reuse, or
decontamination snd disposal of empty ‘pesticide containers generated by
inciner&tinn, ground deposition, or other disposal eperations.

‘5. An evalustion of commercial pesticide disposal techuiques and
facilities to determine their applicabil:ty to DA needs in any of the
areas mentioned above,

Those areas concerning evaluation of small-scale disposal of

" pesticides-and -empty contalners-and evaluation of commercial disposal
techniques and facilities are recommended for study by USAMEERY. The

- remaining aress are considered to involve studies beyond the initial

- research capablility of USAMEERU and are racommended for investigation
on a contract basis, Detalls concerning research approach snd resource
requirements for USAMEERU investigations are shown in Appendix B.
Technicel areas of consideration for contract investigations are

_ presented in Appendixes C and D, Since methods for the disposel of
empty pestitide. containers will vary with the method developed for

disposal of the pesticides themselves, the problem of container

disposal should be addressed subsegquent to the development of the

best methods for-disposal of the pesticides themselves.
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| APPENDIX A

PESTICIDES THAT POSE SIGNIFICANT OF
CONTROVERSIAL DISPOSAL PROBLEMS

68L40-766-9631 -

. 68&0-633—121?'

Insectieide, DOT, Pyrethum AérOSOL_
HERBICIDES

Herbicide, Amitrole (90%) Powder
Form : :

25

F&N ITEY - UNIT PACKAGE
INSECTICIDES
68b0.253-3802 ©  Insecticide, DDT, 5% solution 5 gal osn
‘ 68h0;2h29h21?,- Inubcticide;iLin&éne;elﬁ,Lﬁﬁatu&: 2 0% in 302 —
- . S : vottie::
.6840m2T0-~B262 - Insecticide, Chlordsne, 725 water - 5 gal-pait- -
‘ Enmuisifiable Concentrate -
68405437825 .  TIngecticide, Chlordane, 5% dust 25 1b pail
6840-285-4307  Insecticide, DDT, Lindane, indoor 5 gal drun
' fogging, 10% DOT and 2% Idndane
6840-246-6432  Insecticide, DDT, 25% water 5 gal drum
Emyleifiable Concentrate .
68Lo-264 6692 Insecticide, DDT, 75% water 20 1b pail
: Dispersable Powder
6640.261-9043  Insecticide, Dieldrin, 18% water 5 gal drum
. Emulsifiab;e Concenirate '
6B40-242.4213  Insecticide, Lindane, 124 vater 5 gal drum
' : Emuleifiable Concentrate
- 6840-242-4219°  Insecticide, Lindane, 1% Dust 25 1b pail

.12 vz dispenser

2k 1v pail
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FER -

IPEM

UNIT PACKAGE

6840926909

6840-577-k20k

68400054304 -

6840-615-2799

6840-965~2071

£840-81.0~6920
6840-~514-064) .
© 6BUD-629-1638

6840-526-9093

68%0-82r.4810
6840814733k

6850-66&-7060
EBYG-STT-h194

6BL0-57T-4195

HERBICIDES {Cont)

Herdielde, Cacodylic Acid (blue)
Liquid Form

Herbicide, Dalapon, Powder {85%)

Herbicide, ‘Dicamba; hg¥,- Tiquid -

Form. -

Herbicide, Diquat, 35;3% o
Liguid Fonn

Herbicide DSMA, 63% Powder
Form

Herbieide, Fenuron, Pellets‘(ES%)'

Herbieide, Monuren, Powder .(80%) -

Herbicide, Piclorem-S8ilvex Salt -
Liquid Form

Herbicide, Picloram~Silvex Salt
(Wnite), Iiquid Form -

Herbicide, Silvex

Herbicide, Simezine, Powder
(Bo%)

Herbicide, 2,h-n, Amine Salt

Herbicide, 2,4-D, Low Volatile
Ester

Herbicide, 2 h—D, Low Yolatile
Liguid Eater

26

55 gal drum

50 1b drum

1 gal-bottle: i
5 gal drum -

100 1b drum

50 1b bag

50 1v drum

5 gad drum
55 gal drun

5 g&l drum
S 1b bag

5 gal‘can
3 gal drum

55 gal drum
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FSH

TEEM

UNIT PACKAGE

6BY0-825-T792
- 68105825440 -
68L0577-4201 ..

. 6840-926-9095

MERBICIDES (Cont)

Heriaicide, 2,4-D, 2,&,5-@ mixture

Low Yolatile Liquid Ester

fHerbicide. 2,4,5.7, Low Volatile

Liquid Ester

Herbicide, 2 h,s-T, Lcw Vola‘tile
Liquid Ester.--

Herbicide, 2, th and 2 h,ﬁ-T
(Oranse) ‘

27

55 gal drun

5 gal can

55 gailidrum. ..

55 gal drum
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APPENDIX B

RESRARCH APFROACH AND RESOURCE EEQUIREMENTB

TITLE: Bvalustion of Eﬁvironmental'ﬁealth Aspects of Chemical Methods
for the Disposal of Surplus Pesticides and Empty Pesticide

. Containers .
REFERENCE: |

8. AR hé0+76,'ﬂovehﬁer 197L, Facilities Engineering: Pest Contral
Services. ‘ Lo

BACKGROUIM ¢

- Pest’ control operations conducted snnuslly throughout - the world— -
by the Department of the Army (DA) generate pesticide wastes which
require disposal and which can generally be categorized as follows:
excess finlshed pesticide sprays of varlous types; unused, unservice-
able surplus pesticides; and varicus types of pesticide containers
esaociated with both the aforementioned categories,

: Pest control operations regquire the preparation of inished
pesticide sprays made from emulsifisble concentrate or wettable powder. -
formulations; or the use of pre-mixed oil solution or dust formulations

. of penticides.  Although the specific amount of formulation to be pre-
- pared should be teilored to the Job, it is not always possible to :
- estimate the amount required and portions of Ffinished sprays ar- pre-

mixed formulations remaln at the completion of the operation. These

_excess materisls become & problem since the dispersal equipment must
be drained and cleaned for proper maintenance. 01l solutions or dusts
can be retsined for future use, but this 1s not an advieabtle practice
because it creates an additional storage. problem or involves possible

.- contemination by returning the materials to their original containers.

Water srmlsions or water—dispersed powders cannot be vetained for
future use, - : . ’ :

The conduet of pest control operstions requires the stocking of
various quantities of a large number of military standard pesticides.
Many of these items become surplue due to restricticns placed upon

usage, deterioration of the pesticides while in storage, or d&tprioratiqn-

of the containers,

£8 -

b. TM 5-632, December 1971, Military Entomology Operstional Handbook. .. -
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Empty pesticide containers are generated as a result of the use of
the contents in varicus pest control operations. The number of empty
contalners from any given installation or facility varies with the
magnitude of the annual pest cohtrol program. Some actlvities generate
only a few containers while others generate large numbers. On & world-
wide bneis, the number of empty eontainera generated by DA pest control

operationa is considerable,

T 5-632 and AR L20-T§ provide informstion on the disPOBal'of obao-
_lete or deteriorated pesticides, recommending ground disposal in e
sanitery lendflll which has been approved by the instelleticn surgeon,
safety officer, and facilities engineer.. No guidance is provided
- . concerning routine dlsposel-of excess-finlshed eprays-or pre~mixed:=:
formulaticns: - AR L20-T6 indicates that:up to 50 galloas of obsolete -
or deteriorated pesticide may be dispomed.of im the .ground during an -
unspecified time:period. : Buck- an all-inclusive recommendation withoute- .-
.- specification a3 to type of pesticide or formuletion, or rate of
“deposition {i.e., gallons/day}, reises considersble gquestion concerning
the overall enviromnmental impact of such activities when viewed on a
vorldwide basia. Specific guidelines for the disposal of empty containers
are not availeble ‘and enpty pesticide containers are probably disposed of
in the same menner a8 the pesticides themselves. The ervirommentel
impact. of ground dispossl of pesticide containers-is unknéwn, especinlly
_where containers are not decontaminated prior t¢ durial, or where
thorough hydrologic and geologie dats concerning the ﬂispbsal site are
. not available.

' omcrm

To conduct laboratory and field evaluations of the effectlveness
of varicus chemical metheds for the conversion of militsry standard
pesticide formulations to non-toxic materisls; and the environmental
health and practicsal aspects of the employment of thase various chemical

metho ds,

RESEARCH APPROACH:

Thiu study will evaluate methods for the ehemical detoxificatlon
of pesticides and will include: an information search; lsboratory
studles of the chemicel detoxification of pesticide atandards Laboratory
studies of the chemical detoxification of military astandard pesticide
formilatione, finished pesticide spraya, and empty pesticide containers;
- end ficld studies of the environmental health and practicel aspects of
utilizing a .chemical detoxification method.
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A search of published snd on~-going research will be conducted to
find chemical reasgents which will detoxify pesticides. The basic
chemigtry of pesticides will be reviewed to determine other suitsble
chemical reagents, Lisizon will be esteblished and maintsined with
various pesticide manufactwring firms (Teble 1) to cbtain detsiled
techniesl information relating to the disposal of pesticides by chemical
and other methods. On the basis of information obtmined from these
various sources, a series of chemicsl reagents will be selected for

testing.

Initial laboratory tests will be conducted to determine the effective-
ness..of the vericus chemicel reagents in detoxifying analyticel grade-:r
or technical grede standards of the pesticides isted iz Table 2, -
These materials are representative 'of the types-of chemical -ecmpounds.: i
currently used -in militery standerd pesticide formilations - Eachs--
pesticide will be exposed,-in replicate tests, to a chemical reagent,
and the effectiveness of the reagent will be measured in terms of
percent decomposition of the pesticide. The tests may involve preliminary ;
treatment of the pesticide standards to piace them in a medium {(solvent)
sultable for the chemical reection. Appropriste controls will be
ineluded in all tests. Variebles of the test will be the type of
chemical reagent, the contact time between pesticide and reagent, and
the reagent concentration. After the-appropriste contect-timesy -the -
reaction wedium will be analysed for the pesticide and reaction products.'
If unidentified reaction produets, or products of unknowm toxiclty, sre
cbserved, bioassays will be conducted to determine that the reaction las,
in fact, produced only non<toxic materials, . The genersl scheme for the . -
1abore.tory studies is shown in Figure 1. Data will be mnalysed by
threewway analysis of variance (Figure 2) to determine 'i:he most suitablc
reagent, reagent concentration, ami contact time. N :

Laboratory tests will be conducted uaing chemical reagents that have
been determined ta be effective In the studles with analytical or
technical grade pestiecides, However, the actual military standard
" foxmulations (Table 2) of the pesticides will be used in these studies
to determine the effects of the formulation constituents on the complete-
negs of the decomposition., The tests with the formmilations mey involve
preliminery treatment (Figure 3) to achieve a medium sulteble for the
chemical reaction. All other aspects of the tests with the formuletions,
inclu&ing variables considered and analysis of datas, will be identical
to the tests conducted with mnalytical ‘or technical gr-a.de ate.ndards.

Field studies will be conducted at a Depa.rtment"of the J\.rnw- installation
operating & pest eontrol program of m fficient megnitude to provide pesticide
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TABLE 1. Iaist of Inaecticide Manufacturers

American Cyananid Company, Agricultrual Divis:{on, F.0. Box k00, Princetor:,
Few Jersay 08540

Chemagro Corporation, F.0. Box !4913, Hmmom Road, Kmnsas City,
Misgourd 64120

Chévron Chemiuval - Compa.ny. Ortho Division, 920 Hensley Street, Richmand
Calitornia oLBok

cIas Agrochemical Company , - Research:and Development » P.0. Box 1105,
. Verd Beach, Floridd 132960 - .

Dlamond Shamrock Chemical Company. -Blochemicals- Dhrision. SGG Union:on
-Commerca Building,: Cleveland -Ohié.:bh11S - . ,

Dow Chemica.l Co:npa:w The, Agricultural Products Depe.rtment ' Midland,
Michigan LBSko -

FMC Corporation, Niagara Chemical Divia:lon, 100 Niaga.ra Street,
Middleport, New York 14105 -

Gelgy Chemiesl’ Corporation -Gedgy Agricultural Chemicals (Division),
P.0. Box 430, Yonkers, New York 10702 -

McLaughlin Gomley King Company, Ine., 1715-S. E Fifth F‘treet.
Minneapolis, Minnesots 5541b

.Mebil Chemical Company, Industrinl Chemicals Divismn, 401 Eest Main '
Street, Richmond, Virginis 23208

Honaanto compa.:w, Agricnltura.!. Division, 8oo North I.indberg Boulevard,
8t. Louis, Missouri 63166 -

0lin Mathieson Chemioal Corporation, Tnaecticide Products Depsrtment
Colin Chemica.ls Division, T45 Pifth Avenue, New York, Kew York 10022

'Shell 041 Company, Shell Chemical Company (Division) 110 Vest Slst
-Street, New York, New York 10020

" stanffer Chenfenl’ Company, Agricultural Resea:rch Center, P.O.. "Box T60,
Mountain View. Celifornia 9o4OLO .

Union Carh:l.de Olefins D!.\rision, 270 Park Avenue, Kew York, New York 10017 -
Velsicol Chemical Corporation, 3kl Eaet Dhis St.reet Chicago, Illinois 606}.1 .
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TABLE 2. Representativé Pesticide Chemicala Used 1n Military Standsrd

- Forpulations
- B S Military Standard
Pesticide - Type of Chemical Compound © Formulation¥
| Dpr s diphenylethane : 5%08, 25?30', 58P
Lindéﬁe-. T ' chlorin&ged cycloﬁexaae 17n, 12530 7
Dieldfin'::' B | chlorinsted ‘cyclodiene -~ © 1BZEC
Chlordene - -~ ° chlorinated Ecybi'oti{é-rx‘e-:r;.?. - sEpgegEeT.e
'z.hunla;h.s-,aé'- . ‘chlorinated phenoxy scids, - - Numerous B¢ and
. esters, and miine salts _ o OB Formulations
_ ﬁalafhiopl ‘ bhosphoroditﬁioate}_ ‘ L STAEC, 95%C .
._Diazinon c ' phosphorothiéaée o .- 0.5%08, 2%D, hﬁgEC
| Popomor- . carbamste:s L s
Ca;bsr&; . ‘.." 'carbamaté R SO%N?

#05 = pil soluvion, EC = emulaifiable concentrate. WP = wettablé powﬂer,
C = concentru . ) .
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Analytical _— ‘ M{litary Standard

Stenderd . ' " Formulation .
of Pesticide - . of Pesticide
Preliminary. - S . Prellminary
Trea‘hmen‘b KT . ) 4 . Tréé.tment;:r-_‘-
Remction - o _ * Reaction

Mediult woeeetene. Reagents s nmsaeres ME Q{110

Coﬂtro.i ' J . Control
I' - Analysis For .
B ©- . Pesticide —
+- .

Reaction ‘--.--__.__.‘..._.--.Bj_oassgy -

Products

Figure 1, Iabcratory Fvelustion of Chemiesl Rengents
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_ Bl B, B, ¢
- : : s ],

Ay o g B I R O . : Gy ¥

ABCy 320 - P
- " il C3
Ay
A. -
A

' A-—Class!.fications_& Reagents (A, = Control)
B-Clagsifications = Pesticide-Reagent Contact Time - -

C—Claésificat_ions = Reagent Concenti-ati_ori i _

4!\}?»4.'.71:,'1.,‘1"= Replicate Vilues nus § Pesticige Rea;::ted -

| Figure 2, Treatment of Data by Three: 'ay Analysls of Variance
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0{1 Sdlution.
Water & Emulsifier Reagent

Orga.nic Solvent

.

Ihnulsifiable Concentrata : : \
T Water ‘ o Reagent-_----
’ Ox'ganlc Solvent.—-—-—/
Dust\ | \
- - Organic Solvent — Rea.gent
Wet_taibie Powder

B Rengent

. ater —— ; ‘ \
Organie Solvent———/

Fig@re 3. ?relimixis.w '_T:_:é'atment of Formuiai:iong.
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" formulations, finished sprays, and empty pesticlde containers of the
quantities and types required for testing. The instailation will be

- selacted on the basis that 1a is qualitatively typical of DA pest
control cperations, Chemical resgents selected ag & result of the

"laboratory tests will be used to determine their suitability under
field conditions. Speelfic details concerning decontamination
procedures, or requirements for speciel equipment or facilities, will
be worked out with Facilities Engineer personnel at the installation
8s B pert of establishing and conducting the test. The experimentel
deaign and anplysis of data for the Tield temts will be the same ms
those for the laboratory tests discussed above, with the exception
that all. treatments and sampling will be conducted in the .field,. .,
with field semples returned to the laboratory for snalysis; and with
the exception that additional sampling techniques, such.as the—
physical removal and analysis of portions -of metellic pesticide. con--
tainers, may be required. Additional field studies concerning the
ultimate disposal of decontaminated containers end ¢ckenically-trasted
pesticide formuletions are planned, The details of these studies will
depend largely on the results of the initial leboratory and field tests
which will provide informstion on the ‘effectiveness of the various
chemical resgentg, the nature of the. varicus chemicai decomposition

‘ producta, and the requirements for the safe dispodal of the latter,

RESOURCE REQUIREMENTS: -

&. Personnel by Discipline (man-monthe}:

(1) Entomologiéal : o 12
(@ @hemical R - : . o - 14
(3} Microbiological o | 2 -
(4) Statistical ‘2
- (5) Amnistrﬁuve 3
LOTAL . 'f 33

b. ' Fundg §$ooo}- _
(l) Buprlies and Equipment {eonmumedles plus 20,0 :
. B&S chromstograph and minor items of equipnment) .
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(2) Travel (visita to other. 1aboraﬁories for 5.0
meetings to maintain currency with new- developments,
field testing) ‘ .

{3} Salaries, benefits, base support, and. ' 65.0
“distridbution of general labor&tory supplies and -
eguipment.,. . R .  —
TomAL 90.0
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APPENDIX C

TECHNICAL CONSIDERATIONS IN THE
- THERMAL, DEGRADATION OF PESTICIDES .-

PRDBLEM'

A cerioud problem exists concerning the dispoaal of aurplus militery
standerd pesticide formulations. Theimal degradation of the pesticides
by inclneration is one solution to the problem. Although incineration |
is riot presently used by the Department of the Army for disposal of
surplug pesticides, it represents an efficient and potentially complete
means of disposal., In order to fncinerate surplus military pesticides,
certain-background technical and environmental health: data. are-required. - .
Tt is necessary to know.what temperatures are required:for pyrolysis
or completd ocmbustion,- the -Asture-of the decomposition products or
dorbustion products in the gaseous efflusht; and: “tHe -nature of any
residue . remaining in the ash, Beyond this, it 1s necessary to know
vhich pesticide formulations ean 6F ecannot be incinerated, and vhich
type or types of incinerators and sssowuiated scrubbing and monitoring
. apparatus are most suitable, Additional informstion iz required

concerning the technical and environmental health aspects of the
secondery disposal of undesirable effluents snd ash from the inciner-
ation process, as well as the disposal of empty containers which may
be gener&ted by the overall process. .

‘ .omcwzw:

. The objective of thia study is to develop environmentally-sound
nmethods - fof the thermal -degradation of surplus pesticides by determining
the thermal degradation temperatires and products of the Tormulations in
question, and by determinirig design and operational critetis for
incineration hardware. Militery standard pesticide formulations, and
analytical standards of the raegpective active ingredients, will be used
in determining the optimum temperatures for pyrolysis or complete com-

- bustion, and to determine the respective degradation products. Similer
laboratory. tests will be .conducted with military. gtandard formulations
to determine the effects of the various formulation constituents
{i.e., additives, dfluents, etc.) on the outcome of the thermal
degradation. The laboratory tests will be conducted using singie
analytical standards and single militery standard formuilations, as
‘well as specific mixtures of analytical standards and mixtures of
 military standard formaistions. The tests using mixtures of pesticides
will be conductied, since the effects of the pesticides on each other,
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from the standpoint of completeness of degradation' or nature of the

degradation products, s not known. Incineration atudiee will be con-

. ducted using several model or full-gscale pleces of equipment whose

operationsal and design features will enable them to thermslly decompose

various types of formilations (i.e., oil solutions, dusts, wettable

powderd, concentrates, ete,) and to remove undesire.ble gaseg from the

effluent, Burning tests will be conducted using single military

. standerd pesticide formulations, and specific mixtures thereof, to
Setermine the completeness of thermal decomposition and the nature of
the degradation products in both the effiuent and the ash. Mixtures
of the formulations will be used beceuse the effects of the various
formulations on each other, from the standpoint of completeness of

, eombustion or nature-of the combustion products, is nut known .

-.EXPECTED RESULPS:;..-

It is expected that these studies will provide basic information -~

. concerning optimal temperatures for the complete thermal degradation

of specifie miYitary standerd pesticide formulations, as well ss
information concerning the nature of the sffiuents and residue in

the ash when wilitary gtandsrd pesticlde formulations are incinerated
either singly or In various combinations, The information from these N
studies will then be used to determine energy requirements for incinera~
tion of specifie pesticide formulations; or mixtures thereol, requirvements
for. scrubbing apparatus to remove undesirable gases-from the effluent, :
reguirenerite for mnnitoring aystems that are sufficiently responsive

to préclude the release of undesireble gases or vepors in the event of
liguida and residues in -the ash; and will provlide sufficient design and-
operationsal ‘eriteria data to permit the . implementation of model or fuli-
scale incinerator studies to determine specific requirerionts for the
thermal destruction of the various military standard pesticide Tormulations.
It iz expected that the incineration studies will provide sufficient

‘design and operational eriteris to permit initiation of an envirormentaily-
sound program of thermal destruction of surplus pesticides by: wtilizae~

. tion of existing herdware that meets the requirements; modification of
existing hardwere to meet needed: requirementn, or design and construction

. of new Hardware.
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APPENDIX D

. TECHNIGAL CONSIDERATIONS IN THE .
DISPOSAL OF BESTICIDES BY GROUND DEPOSITION

PROBLEM'

. A problem exists concerning the disposal of surplue militery standard
-pesticides, Ground deposition is one possible solution to the problem.
At the present time, some surplus military pesticides are disposed of in
smell qpantitiea by deposition in sanitary landfills for which adequate -
geologic and hydrologic date may not be available. Even in the presence

of background geologic and hydrologle information. for a particular
landfill, “the ‘ultinete fate-of pesticides: deposited theiein is unknown., -
Thereforey “certain information is needed.din orderto develop requ1rements
for efficlent,. eavironmentally-sound- ground disposnl sites.for use .by the
" Depaitment of the Army.- It fe. anticipated that -ground deposition would::
bve utilized on a amall—seale, locel~level basis for the dilsposal of
relatively spall quantities of pesticides generated: by local programs,
The utilizaticn of natursl sites for the ground dépositlon of large
quantities ‘of purplus pesticides may not.be feasible &t preseat. How-
ever, blological degradation in artificisl, contained—earth gites may

be & consideration. Since military standard pesticides represent a
variety-of chemical structures and. fbrmulations, a Bingle get of
disposalue*te criteria mey. not apply. .

| OBJECTIVE:

The objéctive of this study is to determine. envivonmentally-sound

_methods of disposing of pesticides by ground depositien. Oround deposition
usually sublects the pesticides to biolcgical or chemicnl degradation,

- with the former belng the more significant. ‘Bitustions where biological
or chemical degradetion de not oceur are not.desirsble, since the pesti-
cides would merely be stored in the ground without essurance thet movement
would not occur. BEven in the presence of these degradation DProcesses,

- and with hydrologle mad geologic infbrmation available, there is no N
assurance that translocation would not occur, due tc some change in -

- neterclogic or &eologic fhctora, when pesticidea are depoaited in &

'natural setting.
EXPECTED RESULTS:

. It 1s gkpe:ted that these stﬁéiés will provide besic information
concerning the geologlc, hydrologie, mierobial, and ¢chemical requirements
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lincluding information on the useful lifas of ground disposal sites,

APPENDIX D (Cont}

for an enviroumentally-sound site for the dispossl of pesticides,
the
requirements for altering or diluting pesticides formulations pricr to
deposition; and what proportion of a given pestictde evaporates, is
detoxified, or remains unchanged.  These criteria would provide s
tasis for selecting existing natursl dispossl sites, or designing and
congtrueting artificinl disposal sites where translocation could be
minimized, if not eliminated, snd rate of deposition of pesticides

. eould be maximized by ‘selection and foatering of microbisl populations
- in the soil. : .
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The History of the US Department of Defense Programs for the
Testing, Evaluation, and Storage of Tactical Herbicides

ABSTRACT

Early in 2006, the Department of Veterans Affairs (DVA) requested that the Department
of Defense (DoD) provide: “an official compilation of locations and dates outside of
Viethamm where the Department used herbicide agents, including Agent Orange, as well
as locations and dates where DoD personnel were likely exposed to these agents.” The
intent of this request was to obtain information that may be important in evaluating the
merits of many veterans’ disability claims. Various estimates have circulated on the
Internet as to the number of sites where veterans may have been exposed to Agent
Orange and “other herbicides” used in Vietnam. There is, however, significant confusion
by veterans and by the Department of Veterans Affairs as to the distinction between
“commercial herbicides” used by the DoD and “tactical herbicides” used by the DoD.
The belief that commercially available herbicides were simply purchased from the
chemical companies and deployed directly to Vietnam is incorrect and contrary to
historical records. Tactical Herbicides were herbicides developed specifically by the
United States Department of Defense to be used in “combat operations.” The history
of the military development and use of tactical herbicides dates to World War I1. During
the Korean Conflict, the DoD developed the first major tactical herbicide, Herbicide
Purple, although it was never deployed. Subsequently, for Vietnam the DoD developed,
tested, evaluated, and deployed five additional tactical herbicides, Herbicide Pink,
Herbicide Green, Herbicide Blue, Herbicide Orange, and Herbicide White. This report
discusses the history of the development of the tactical herbicides, how they ditfered
from commercial herbicides, and where they were tested, evaluated, stored, used (in the
case of Korea in 1968) OUTSIDE of Vietnam. Additionally, the report discusses the
final disposition of Herbicide Orange after Vietnam. The report contains 32 leaflets
identifying different locations or multiple locations involved in same projects (e.g.,
Leaflet 19 identifies 5 locations in Texas), ot the multiple use of a specific location (e.g.
Eglin Air Force Base, Florida). A total of 40 distinctly different locations are identified.
For cach leaflet, a description of the activity is given, an assessment is made of the
activity and the individuals involved in the project, and sources of the information are
documented.
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The History of the Development of Tactical Herbicides

INTRODUCTION

The period of use of tactical herbicides in the Vielnam War, 8 January 1961 — 7 January
1971, is a story that begins many years before Vietnam, and it is really a history of the
Department of the Defense’s efforts to develop vegetation control methods that would
have military applications. In 1943, the Department of the Army contracted the
University of Chicago to study the effects of a new series of organic compounds,
especially 2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-triclorophenoxyacetic acid
(2,4,5-T) on cereal grains and broadieaf crops. From that research came the concept of
military applications of small quantities of such compounds to destroy enemy crops.
Subsequently, in early 1945, the Army tested 2,4-D and 2,4,5-T formulations at the
Bushnell Army Air Field in Florida. That site is now a FUDS (Formerly Used Defense
Site) location for the Department of Defense. Although not used in World War 11, the
concept of vegetation control was not forgotten. In 1952, the Department of Army’s
Chemical Corps Biological Laboratories at Camp Detrick, Maryland, initiated a major
program to develop both the aerial spray equipment and herbicide formulations for
potential deployment in the Korean Conflict. Again, although not used in the Korean
Conflict, the equipment that had been developed and tested, and the formulated chemicals
were both stored on the Island of Guam until the end of the Conflict, after which the
equipment was sent to Utah and the drums of herbicide were sent to Camp Detrick. Camp
Detrick (now Fort Detrick) continued working on developing deployment systems and
herbicidal materials through the 1950s.

The Period from 1945 to 1959: Supporting the Initial Deplovment of Herbicides for
the Early Years of the Vietnam War

The Tactical Herbicide Spray Systems (fixed-wing, helicopter, and herbicides) developed
during this period were available to be tested in Vietnam in 1961. Their successful use
during the period from 8 October 1961 through 18 March 1965 (the Initial Program
Development Phase) resulted in the United States Department of Defense approving a
major combat role for Tactical Herbicides from 29 March 1965 to 7 January 1971 (the
Operational Phase). As noted above, the Initial Program Development Phase depended
heavily on the limited research into both aerial spray systems and tactical herbicides that
the United Army Chemical Corps had carried out from the end of World War 11 (1945)
through 1959. The Leaflet Series from Site 1 to Site 9 provide both the history and
successes of these rescarch projects. For each site, an “Activity Deseription™ is given to
place in context what was occurring at the time and the intent of the project. The
“Assessment” section of each Leaflet is intended to provide details about the human
element, including who was involved and what they did with respect to the herbicides
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being evaluated, ie. potential exposures. The section on “Sources” provided the

information that was described and assessed.

The Period from 1963 to 1967: Developing the Spray Systems and Multiple
Herbicides for Supporting Combat Operations in Vietnam

The second period was the period in which new spray equipment and new formulations
of tactical herbicides were developed und thoroughly lested in different geographical
locations that were applicable to the subtropical and tropical conditions encountered in
Vietnam. This research supported the “Operational Phase” of the Army Chemical Corps
and the Air Force Operation RANCH HAND deployment of tactical herbicides in the
combat environment of Vietnam. The Leaflet Series from Site 10 through Site 21
describe the development of various aerial spray systems at Eglin Air Force Base,
Florida, and the Dugway Proving Ground, Utah, for the Army Chemical Corps
(helicopters and a proposed fixed-wing Defoliant System), and the Air Force C-123U
modifications for RANCH HAND combat spray missions. In addition, this series of
Leaflets describes the continual efforts of the Army Chemical Corps Laboratories at Fort
Detrick to develop and test new tactical herbicides, including fine-tuning the rates of
applications required to contro] the vegetation encountered in Vietnam and throughout
Southeast Asia.

The Use of Tactical Herbicides in Korea in 1968, and the “Camille” Incident in
Mississippi in 1969

The only “military use™ of tactical herbicides “outside” of Southeast Asia was in 1968
when the Korean and US Governments agreed to provide Herbicide Orange and
Herbicide Blue for vegetation control adjacent to the Demilitarized Zone in Korea.
Leaflet 22 describes this activity and the involvement of Korean and US military
personnel. Leaflet 23 describes the incident in August 1969 at Gulfport, Mississippi
where hundreds of drums of Herbicide Orange and Herbicide Blue were destroyed or fost
due to the damaging winds of Hurricane “Camille.” This Leaflet also assesses the
involvement of personnel from the Army Corps of Engineers and the Air Force Logistics
Command in the cleanup operations,

The Period from April 1972 — March 1977: Disposal Options for the Surplus
Herbicide Orange Remaining After the Vietnam War

This time period was the period in which the military evaluated various options for the
destruction of the surplus Herbicide Orange that was returned to the United States in
April 1972 from Vietnam (Operation PACER IVY), or was in storage at the Naval
Construction Battalion Center (NCBC), Gulfport, Mississippi in 1969. In August 1966,
the United States Air Forcc Logistics Command took over the responsibility for
managing the growing and continued procurement requirements for tactical herbicides in
Southeast Asia, With the abrupt cessation of the use of Herbicide Orange in Vietnam in
April 1970, the 7" Air Force in Vietnam was given the task of consolidating the
remaining Herbicide Orange stocks in Vietnam (Operation PACER IVY), and



transferring those stocks to Johnston Island, Central Pacific Ocean. The responsibility for
maintaining those “surplus” stocks of Herbicide Orange and disposing of them in an
environmentally and publicly acceptable manner was given to the Air Force Logistics
Command. Leaflet Series 24 to 30 describe the many options for the final disposition of
Herbicide Orange. The importance of identifying these options, and hence the preparation
of the Leaflets, was because of the active involvement of Active Duty military personnel.

Moreover, the Leaflets provide a unique view of the history of the disposal of Herbicide

Orange.

The Period From May 1977 to December 2004: Operation PACER HQ and Site
Monitoring and Reclamation of the Storage Sites at NCBC and Johnston Island

After reviewing the technical and scientific data obtained from the studies of the various
options for the disposition of Herbicide Orange, and weighing of the costs in both
economic and environmental terms, the Department of Defense made the decision to
destroy all of the remaining stocks of Herbicide Orange by at-sea incineration. The
operation to dispose of the “surplus” Herbicide Orange at the Naval Construction
Battalion Center, Gulfport, Mississippi, and Johnston Island, Central Pacific Ocean was
named Operation PACER HO. The Air Force Logistics Command used the term
“PACER” to describe the operational movement of materiel. The “HO” referred to
“Herbicide Orange”. Leaflets 31 and 32 describe Operation PACER HO for both the
inventories at the NCBC and at Johnston Island. The importance of documenting this
military operation is because hundreds of Active Duty military personnel were involved
in the activity. With the completion of the removal of the drums of Herbicide Orange at
the NCBC and Johnston Island, the responsibility for monitoring the residues and
environmental impacts of those toxic residues was done by Active Duty military. In
February 1989 and December 2004, final corrective measures at the NCBC and Johnston
Island, respectively, were completed under the Department of Defense Environmental
Restoration Program.
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The Distinction Between Tactical and Commercially Approved
Herbicides Used in the Vietnam War

There exists significant confusion as to how herbicides were selected by the military to be
used in the defoliation program in the Vietnam War The belief that commercially
available herbicides were simply purchased from the chemical companies and deployed
directly to Vietnam is incorrect and contrary to historical records.

The Military Development and Deployment of Tactical Herbicides

Tactical Herbicides were herbicides developed specifically by the United States
Department of Defense to be used in “combat operations”. The history of the military
development and evaluation of tactical herbicides was described in the previous section.
The testing of large volume aerial systems in 1952 and 1953 using Air Force B-29, B-50,
and C-119 aircraft, and spraying a mixture of 2,4-D and 2,4,5-T, proved that military
aircraft and tactical herbicides could be potentially used in a combat environment. The
mission to develop additional tactical herbicides and new delivery technology was
assigned to the US Army Chemical Corps, and specifically to the Crops Division of the
Biological Warfare Laboratories (subsequently, the Plant Sciences Laboratories) at Fort
Detrick, Maryland. The program involved the evaluation of thousands of compounds for
herbicidal activity. In addition, the US Army with the active participation of the Air
Force and Navy continued engineering development of delivery technology. When the
Air Force accomplished prove-out and acceptance testing of the large-capacity (1,000
gallons) spray system (known as the MC-1 or Hour-glass Spray System) it was
immediately sent to Guam, along with 5,000 drums of a concentrated mixture of
technical butyl esters of 2,4-D and 2,4,5-T called “Purple”, although neither the Spray
Systems or the herbicides were used. After the close of the Korean Conflict, Fort Detrick
scientists were involved in 1957 with tests showing the herbicidal activity of cacodylic
acid (an organic arsenical) on rice and grasses, and with the evaluation of aerial
application tests with mixtures of 2,4-D and 2,4,5-T at Fort Ritchie, Maryland (1956),
Dugway, Utah (1959), and Fort Drum, New York (1959) (see Leaflets 6, 7, and 8).

In early 1961, the US military initiated Project AGILE, a project designed to provide
technical information on the chemical means of controlling vegetation that could be
applied to military operations in South Vietnam. The tactical problem to which research
was directed was the development of chemicals that could rapidly control a broad range
of botanical species. Once again the Department of the Army’s Plant Sciences
Laboratories at Fort Detrick, Maryland was given the responsibility, but this time the goal
was to determine the technical feasibility of defoliating jungle vegetation in South
Vietnam.
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In late 1961, a test program for evaluating tactical herbicides for vegetation control in
South Vietnam was approved for the Air Force. With the full concurrence and support of
the Republic of Vietnam and the Vietnamese Air Force, a project under the code name
operation RANCH HAND was initiated. Operation RANCH HAND was the USAF
operation responsible for the tactical fixed-wing aerial application of herbicides from
UC-123 Aircraft. Operation RANCH HAND began 7 January 1962, and terminated 7
lanuary 1971, exactly nine years to the day from the arrival of the first RANCH HAND
aircraft at Tan Son Nhut airport. The military justification, and hence the mission for the
deployment of tactical herbicides by RANCH HAND, was to improve combat visibility
in enemy controlled or contested jungle areas in order to expose infiltration routes, base
camps, weapon placements, and storage sites of the Viet Cong and the regular Armed
Forces of the Democratic Republic of Viet Nam. Tactical herbicides were also used along
lines of communication, riverine transportation routes, around base perimeters, and also
for crop destruction,

The first tactical herbicides selected for evaluation in Vietnam were Purple, the 2,4,5-T
formulations of Pink and Green, and the powder form of cacodylic acid identified as
“Blue”. None of these products were commercially available; thus, following the
publication of “military specifications”, for the formulation, packaging, labeling of drums
(including a 10-inch colored band around the center of the drum identifying the tactical
herbicide), and shipment, these herbicides were purchased by the Defense Federal Supply
Center (later the Defense Supply Agency), Richmond, Virginia via competitive bids. The
United States Air Force Logistics Command took responsibility for the arrangements of
the shipment of these tactical herbicides to the Republic of Vietnam.

Recognizing the continuing mission in Vietnam for tactical herbicides, the Plant Sciences
Laboratories maintained an active program of testing and evaluating chemicals for
potential use in Vietnam, Three major “Defoliation Conferences” (1963, 1964, and 1965)
were sponsored by Fort Detrick, Plant Sciences Laboratory personnel simultaneously
conducted field tests in Puerto Rico, Thailand, New Brunswick, and in the States of
Alabama, Arkansas, Florida, Georgia, Hawaii, Maryland, and Texas. With the exception
of Texas and Puerto Rico, only personnel from the United States Department of
Agriculture (USDA) identified and visited the test sites, the responsibility for the testing
protocol and spray operations rested with US Army or US Air Force personnel. The
USDA had no regulatory authority over the selection or use of herbicide formulations
developed by the Department of the Army. These field tests resulted in the selection of a
liquid formulation of cacodylic acid (Herbicide Blue), a picloram-2,4-D formulation
(Herbicide White), and a 50:50 mixture of an n-butyl formulation of 2,4-D and 2,4,5-T
(Herbicide Orange). Following publication of “Military Specifications”, these new
“Tactical Herbicides” were purchased directly by the Department of Defense for use in
Vietnam. These new tactical herbicides had a 3-inch colored band around the center of
the drum, in addition to a bricf description, the Transportation Control Number (TCN)
and final destination in Vietnam,

Operation RANCH HAND involved modifications of standard military aircraft and
development of sophisticated aerial spray equipment. It also required a military cadre of
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highly trained air and ground-support crews. The training of aircrews, development of the
interface between the aircraft and the spray equipment, and test and evaluation of the
aerial spray systems were the responsibilities of the USAF Air Development Test Center
and the Air Force Armament Laboratory, Eglin AFB, Florida.

The Air Force Armament Laboratory at Eglin AFB, Florida, the Air Force Environmental
Health Laboratory, at McClelland AFB, California, the Air Force Occupational and
Cnvironmental Health Laboralory, Kelly AFB, Texas, the Plant Sciences Laboratory at
Fort Detrick, and the United States Army Environmental Hygiene Agency, Aberdeen,
Maryland, were responsible for determining physical properties, efficacy, toxicology,
safe handling procedures, and actions to be taken for spills, environmental contamination,
and disposal for all of the tactical herbicides.

Helicopters were used in the test phases of the tactical herbicide spray operations (1961
~1965), and were owned and operated by the Vietnamese Air Force. In September 1961,
the Air Force Special Air Warfare Center, Eglin AFB, Florida, provided Army H-34
helicopters, spray systems, and aircrew training to the Vietnamese Air Force for tactical
herbicide operations. Later the US Army and Marines used specially designed equipment
developed by the US Navy at the Medical Field Research Laboratory, Camp Leleune
North Carolina, that could temporarily be attached to UH-1 helicopters for conducting
spray projects around base perimeters and in other limited areas. The Department of the
Army assigned a Chemical Office (J3-09) to the Military Assistance Command, Vietnam
(MACV) to coordinate “operational aspects and plans” involving the use of the tactical
herbicides by US and Vietnamese military units. In 1966, the US Army deployed the
first (of 22) Army Chemical Corps units to South Vietnam. These units were responsible
for the storage, handling, mixing, and application of riot control agents (tear gas), burning
agents, and herbicides by the US Army. Men serving in these units performed duties
associated with storage, preparation, and the ground and helicopter applications of
vegetation control chemicals, as well as equipment cleaning and maintenance. The
training of the Army Chemical Corps personnel to handle herbicides was the
responsibility of the Army Chemical Corps Training Center at Fort Leonard Wood,
Missouri.

The Defense Supply Agency (DSA) procured all tactical herbicides. DSA provided the
55-gallon drums and arranged for all transportation (primarily by rail) of the drums from
the chemical companies manufacturing the herbicides to the port of embarkation. The
chemical companies were selected on the basis of competitive bids and DSA provided the
specifications (developed by the Army Chemical Corps) required to be met by the
manufacturer,

Summary

The Herbicide Purple, Herbicide Pink, Herbicide Green, Herbicide Orange, Herbicide
Blue, and Herbicide White were developed as “Tactical Herbicides”. The United States
Army’s Plant Sciences Laboratories at Fort Detrick, Maryland, were responsible for the
spraying, testing, and evaluating of tactical herbicide candidate formulations at numerous
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sites throughout the United States, and in Puerto Rico, Canada, and Thailand. The Plant
Sciences Laboratories were also responsible for establishing the “Military Specifications”
for those herbicides selected to be used as “Tactical Herbicides”. The ground and aerial
spray cquipment were developed by the Department of Defense to support tactical
combat military operations in Southeast Asia. The Department of Defense provided the
training for the Air Force aircrews, ground based personnel, and the Army Chemical
Corps personnel that had responsibility for handling and spraying of the tactical
herbicides. The selection amd use of the lactical herbicides were exempt from USDA
regulatory oversight, or from the Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA).

The Role of the Armed Forces Pest Management Board

On 17 November 1956, Department of Defense Directive 5154.12 established the Armed
Forces Pest Control Board (AFPCB) [subsequently The Armed Forces Pest Management
Board (AFPMB)). The purpose for establishing the AFPCB was to provide oversight of
the DoD’s pest management programs on its more than 600 world wide military
installations. At the time the Board was established, the Department was using millions
of pounds of commercial pesticides on these installations. The DoD Directive required
that the Board be composed of members from the Army, Navy, Air Force and selected
Defense Agencies (a total of 20 members). The Board was also to have 24 liaison
members and 25 non-DoD Agency representatives. The Board established 8 Standing
Committees: Environmental Impact, Equipment, Quarantine, Medical Entomology,
Pesticides, Real Property Protection, Stored Products, and Training, Certification, and
Manpower.  In August 1961, the Department of Defense, via a Memorandum of
Understanding, established with the USDA a support program that among other
responsibilities provided the research, recommendations, and specifications of pesticides
that were suitable and met the need for DoD use.

The Armed Forces Pest Control Board required all DoD agencies to use pesticide
formulations that had “Federal Specifications”, with the labeling and use directions
approved by the Pesticides Regulation Branch of USDA (now EPA), and in full
compliance with the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA). As
previously noted the “Tactical Herbicides” were required to meet “Military
Specifications”. There are four distinct “types of specifications”. These are: (1) Purchase
descriptions; (2) Army, Navy, and Air Force Specifications; (3) Military Specifications;
and; (4) Federal Specifications. Purchase descriptions are merely descriptions of the
material desired and are used for filling small needs or for materials that are needed on an
emergency basis. They are issued by all government agencies and are of a temporary
nature. Army, Navy, and Air Force Specification cover items specific to one of these
military services (e.g., a biocide for ship hulls). Military Specifications are complete
documents and are used when the need for the material is confined to a specific military
operation (e.g., the Tactical Herbicides used in combat operations in Vietnam). The
AFPCB adopted the policy for the Department of Defense to recommend that any
pesticide formulation that has uses in civilian agencies be issued as a “Federal
Specification”. These types of pesticide are to be issued by the General Services

xfyw%‘}i&fw
0 £330



Administration (Tactical Herbicides were the responsibility of the Defense Supply
Agency).

By 1966, the AFPCB strictly controlled the kinds and forms of pesticides available under
“Federal Specifications” and on the military supply list. New pesticides, before being
considered by the Board, had to be recommended by the US Department of Agriculture,
the Fish and Wildlife Service, or the Public Health Service, and the proposed use had to
have been approved by all three of these organizations. In February 1967, the Federal
Committee on Pest Control (FCPC) was established. All Federal pest control activities
were placed within the purview of the Committee. The Committee was composed of two
members from each of the Departments of Agriculture; Defense; Health; Education, and
Welfare; and Interior. Before a pesticide was approved for use in the United States, or by
a Federal Agency, it had to be reviewed by the FCPC. The DoD’s “Tactical Herbicides”
were exempt from this approval and oversight process. However, all other herbicides
used by the Department of Defense were required fo meet this approval process. The
significance of this action was that herbicides used in 1967 to 1970 on the more than 600
military installations managed by the Department of Defense required approval by both
the AFPCB and the FCPC (after 1970, the registration and oversight of commercially
available pesticides was the responsibility of EPA). This requirement applied to
herbicides used in Vietnam that were NOT TACTICAL HERBICIDES. Thus, herbicides
used on Allied Bases in Vietnam around buildings, in equipment storage sites, and along
interior roads came under the requirements of the AFPCB. The responsibility for the
purchase and application of commercial pesticides on these installations was the Base
Civil Enginegr, NOT the Army Chemical Corps. Tactical Herbicides were NOT approved
for these uses. The insecticides used in Operation FLYSWATTER (the aerial application
of insecticides to control mosquitoes in Vietnam) were under the Military’s Discase
Prevention Program and were approved by the AFPCB.

With the establishment and functioning of the AFPCB, anytime a DoD Military Base,
e.g., Eglin AFB, Florida, Andersen AFB, Guam, or Osan AB, Korea, requested the use of
a herbicide to control plant pests, the selection of the herbicide must have been approved
by the Board. Locally purchased pesticides were to be approved by the Command
Entomologist. Moreover, the application of the herbicide had to be done by a Board
“certified” (trained) applicator, and with equipment that had been approved by the
USDA, and under the supervision of the Base Civil Engineer. The Department of
Agriculture’s Agricultural Research Service (ARS), and the Cooperative State Research
Service (CSRS) provided critical support to the development of pesticides that were
subsequently recommended and approved for use by the AFPCB. The Board DID NOT
work with the chemical companies manufacturing the pesticides, rather, these materials
were evaluated by ARS, the various State University Experiment Stations, and the State
and Federal Extension Services. In addition, AFPCB depended upon CSRS and its
University-based research and cxtension system to prepare and publish manuals on
pesticide use, plans for certification of pesticide applicators, and the disposal of old
pesticides and pesticide containers, The final statements on safety and environment
precautions on the use of herbicides commercially available to the military were
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determined by the agencies of the Public Health Service, and when necessary by the
United States Army Environmental Hygiene Agency.

To ensure that military installations were identifying and controlling pests detrimental to
military personnel, property, projects, and programs, the AFPCB had a cadre of military
and civilian personnel via supporting Agencies and Laboratories (e.g., the Epidemiology
Division of the School of Aerospace, Brooks AFB, Texas; USAF Occupational and
Environmental lealth Laboratory, Kelly AFB, Texas; und the Public Health Service) that
routinely conducted Pest Surveys, Staff Visits, Training Programs, and Conferences on
identifying and controlling pests. Reports of these visits, programs, and conferences were
published by the Board and widely circulated to other military installations.

Summary

Under the Directives 5154.12 and 4150.7, the Department of Defense gave the Armed
Forces Pest Control Board/Armed Forces Pest Management Board the authority to set
pest management policy “applicable for all Department of Defense pest management
activities in any unit, al any time, in any place, even when conducted by contract
operations.” The significance of this Directive is that any herbicides used after 1961 on
DoD’s more than 600 installations must have been approved by the Board, and must have
met USDA’s regulatory requirements, and all the requirements of FIFRA. The exception
to these Directives was the development of the “Tactical Herbicides” sprayed in combat
military operations in Vietnam, or by Department of State approval as used in Korea
adjacent to the Demilitarized Zone in 1968.

Implications

Herbicides used in Operation RANCH HAND for defoliation and crop destruction
projects, and by the US Army Chemical Corps for vegetation control on perimeters,
cache sites, and similar militarily-important targets were classified as “Tactical
Herbicides” and were formulated, tested, evaluated, and assigned “Military
Specifications” by the Department of Defense. They were not subject to regulatory
oversight by the Department of Agriculture, the Armed Force Pest Control Board, or the
Federal Committee on Pest Control. However, the insecticides used in Operation
Flyswatter were subject to the AFPCB, as were all other pesticides used for control of
pests within the boundaries of the military installations in Vietnam.

There were no documents that indicated the herbicides used in Guam, or CONUS
military installations were “tactical herbicides”, rather, the available documents
confirmed that all pesticides use in these [ocations and other US Department of Defense
installations world wide were those commercially available and approved by AFPCB,
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Tactical Herbicides Deployed in Vietnam/Southeast Asia
DESCRIPTION

Herbicide Purple, 1962 — 1965: Purple was first formulated by the Army Chemical
Corps at Fort Detrick, Frederick, Maryland in the mid-1950s time period. It was first used
in the Camp Drum, New York defoliation tests in 1959 (see Leafler Site 8). The
formulation was a brown liquid soluble in diesel fuel and organic solvents but insoluble
in water, One gallon of Purple contained 8.6 pounds active ingredient (acid equivalents)
0f 2,4-D and 2,4,5-T. The percentages of the Purple formulation were:

n-butyl 2,4-D 50%
n-butyl 2,4,5-T 30%
iso-butyl 2,4,5-T 20%

Herbicide Green, 1962: Green was a single component formulation consisting of the n-
butyl ester of 2,4,5-T. It was used in limited quantities in 1962. The formulation was a
light brown liquid soluble in diesel fuel but insoluble in water. One gallon of Green
contained 8.16 pounds active ingredient of 2,4,5-T.

Herbicide Pink, 1962 —1964: Pink was a formulation of 2,4,5-T used extensively in the
carly RANCH HAND operations and in the defoliation test program in Thailand in 1964
(see Leaflet Site 13). One gallon of Pink contained 8.16 pound active ingredient 2,4,5-T.
The percentages of the Pink formulation were:

n-butyl 2,4,5-T 60%
iso-butyl 2,4,5-T 40%

Herbicide Orange, 1965 — 1970: Orange was a reddish-brown to tan colored liquid
soluble in diesel fuel and organic solvents but insoluble in water. The first shipment of
Herbicide Orange arrived in Vietnam in March 1965. One gallon of Orange contained
8.62 pounds of the active ingredient 2,4-D (4.21 pounds) and 2,4,5-T (4.41 pounds). The
percentages of the Orange formulation were:

n-butyl 2,4-D 50%
n-butyl 2,4,5-1' 50%

Herbicide Orange 11, 1967-1968: The same as Orange but with the substitution of the
isooctyl ester of 2,4,5-T for the n-butyl ester of 2,4,5-T.



Herbicide Blue (Liquid), 1966 — 1971: In 1961, the first Blue (95 drums) that was
shipped to Vietnam was a powdered formulation that required water. In February 1966,
the first Liquid Blue arrived in Vietnam. Herbicide Blue was a clear yellowish-tan liquid
that was soluble in water, but insoluble in diesel fuel. One gallon of Blue contained 3.1
pounds of the active ingredient cacodylic acid. Blue contained both the cacodylic acid as
the free acid and the sodium salt of cacodylic acid. The percentages of the formulation

WCre!

cacodylic acid 4.7%
sodium cacodylate  26.4%
surfactant 3.4%
sodium chloride 5.5%
water 59.5%
antifoam agent 0.5%

Herbicide White, 1966 — 1970: White was a dark brown viscous liquid that was soluble
in water but insoluble in diesel fuel or organic solvents, Herbicide White first arrived in
Vietnam in January 1966. One gallon of White contained 0.54 pounds of the active
ingredient 4-amino-3,5,6-trichloropicolinic acid (picloram) and 2.00 pounds of the active
ingredient of 2,4-D. White was formulated to contain a 1:4 mixture of the triisopropanol-
amine salts of picloram and 2,4-D. The percentages of the formulation were:

triisopropanolamine salt of picloram 10.2%
triisopropanolamine salt of 2,4-D 39.6%
inert ingredient (primarily the 50.2%

solvent, triisopropanolamine)

The studies reported in the Leaflets describe how the tactical herbicides and the spray
equipment were developed, tested, evaluated for use in Vietnam. The oulcome of this
process was that the tactical herbicides were sprayed at the rate of 3 gallons per acre in
Vietnam. These were formulations and concentrations that greatly exceeded how the
commercial components of these tactical herbicides (2,4-D; 2,4,5-T; picloram; and,
cacodylic acid) were formulated and used in the United States in brush and weed control,
and in forestry management.
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Search Strategy for Historical Documents on Tactical
Herbicides

SOURCES

The Department of Army research on tactical herbicides was conducted pr imarily by the
Army Chemical Corps’ Plant Sciences Laboratory, Fort Detrick, Frederick, Maryland and
it predecessors. A search was conducted of more than a thousand documents of the Army
Chemical Corps at the National Archives in Greenbelt, Maryland.

The United States Armed Services Center for Unit Records Research (CURR), The
Department of Army, Springfield, Virginia was contacted with the assistance of the
Deployment Health Support Directorate, Deputy Under Secretary of Defense
{Installations and Environment), Department of Defense, Washmgton DC. CURR
provided numerous leads on important documents.

The Defense Technical Information Center (DTCI), Fort Belvoir, Virginia, is the
“premier provider of DoD technical information.” DTIC is the repository of the
documents submitted by the military to its predecessor, the Defense Documentation
Center (DDC). A DTIC search resulted in the identification and acquisition of numerous
DDC documents.

The Armed Forces Pest Management Board’s Defense Pest Management Information
Analysis Center, and Literature Retrieval System, Forest Glen Section, Walter Reed
Army Medical Center, Washington, DC. The Literature Retrieval System is an online
collection of scientific papers comprising more than 102,000 documents in searchable
PDF format for research purposes only. The Literature Retricval System was an excellent
source of information.

b |
The mbollection on Agent Orange, Specially Collections, The National
Agriculturai Library, Beltsville, Maryland, This is a collection of more than 7,000
documents collected by Dr. *ﬁnm 1969 — 1987 on the issues associated
with the use of herbicides in Vietnam an Sgtheast Asia. Many of the documents are
technical reports of research conducted by the military on the use and disposal of tactical
herbicides. Included are technical reports by Dr. n the fate of the tactical

herbicides in the environment. Approximately I, Ocufifents are retrieval in a
searchable PDF format.

The Otfice of Air Force History, Bolling Air Force Base, Washington DC, and the Office
of History, Air Force Logistics Command, Wright-Patterson Air Force Base Ohio were
additional sources for information on tactical herbicides, Operation RANCH HAND
Operations Operation PACER IVY and Operation PACER HO.
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DOD TACTICAL HERBICIDE SITES

Site 1
Location: Bushnell Army Air FKield, Florida
Dates—» February — April 1945

Activity Description: The purpose of this research was to determine means
of accomplishing defoliation of tropical vegetation by application of a chemical
agent. The herbicidal agents evaluated included the acids of 2,4-D and 2,4,5-T as
2% formulations in tributyl phosphate and diese! fuel. A total area of 382 acres (155
ha) was aerially sprayed, some areas receiving multiple applications.

Assessment: During the three-month period, a team (five military officers)
from Camp Detrick, Frederick, Maryland, conducted preliminary screening of
tropical plants obtained from the Plant Introduction Garden, Coconut Grove, Florida.
Following the initial evaluations, aerial spray tests were conducted on “grids” of the
natural vegetation adjacent to the runways on the Bushnell Army Air Field.
Observations were made over the three-month period. The herbicides were
formulated at Camp Detrick and transported to Bushnell Army Air Field.

Sources: Carpenter, JB (June 1945): The Effects of VXA and VKS on Natural
Vegetation: Preliminary Trials. Special Reports No. 23 & No, 14, Special Projects
Division, Chemical Warfare Service, Camp Detrick, MD, 17 June 1945. The
document declassified 30 Oct 1961, but subject to export control

Norman, AG, Taylor DL, Weaver RJ, Page RM, Carpenter JB, Newman AS (May
1945): Marking and Defoliation of Forest Vegetation, Special Report No. 13 Camp
Detrick, Maryland. The document declassified 6 Oct 1967 but subject to export
control
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DOD TACTICAL HERBICIDE SITES

Site 2

Location: USDA Station, Brawley, California

Dates—» July—August 1951

Activity DeSCl'iptiOIli By the early 1950°s, the herbicides 2,4-D and 2,4,5-T
were being extensively evaluated by the United States Department of Agriculture
(USDA) for their weed control properties. However, much of this work provided
evidence that these same herbicides were detrimental to broadleaf crops, i.e., beans,
soybeans, peppers, tomatoes, etc. Hence, the US Army Chemical Corps’ Biological
Laboratories at Camp Detrick, Frederick, Maryland, initiated studies to determine
application rates that could be used in tactical operations as anti-crop agents.
Formulations of 2,4,00 and 2,4,5-T were evaluated on small field plots of various
agronomic crops in an effort to evaluate the anti-crop effectiveness of small droplet
sprays of these herbicides.

Assessment: The Army Chemical Corps established a project agreement with
Division of Weed Investigations, Bureau of Plant Industry, Soils and Agricultural
Engineering, USDA, to conduct studies on the toxicity to agronomic crops of
various 2,4-D and 2,4,5-T formulations. The rates varied from 0.5 pounds (Ibs) of
active ingredient of the herbicide per acre (A) to 8 Ibs/A. USDA personne] at the
USDA Research Station at Brawley, California conducted all of the studies. Camp
Detrick personnel provided project oversight and the formulations to be tested.

Source: Weintraub RL, Minarik, CE (1952): Field Plot Experiments with Plant

Inhibitors, the 1950-51 Crop Season. Special Report No. 156, Chemical Corps,
Biological Laboratories, Camp Detrick, Frederick, Maryland, August 25, 1952, The
Document declassified 17 April 1962 but subject to export control.
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DOD TACTICAL HERBICIDE ITES

Site 3

Location: Eglin Air Force Base, Florida ('I'est Ranges
52 and 57)

Dates—» November — December 1952, March — April
1953

Activity Description: In preparation for the potential use of tactical
herbicides for use as anti-crop agents, the Air Force Air Research and Development
Command, Wright-Patterson Air Force Base, Ohio, tasked the Air Force Armament
Center, Eglin Air Force Base, Florida, with the requirements for the design and
procurement of a Large Capacity Spray System to used in the B-29, B-50, and C-119
bomber aircraft,

Assessment: In late 1952, a mixture of technical butyl 2,4-D (50%) and technical
butyl 2,4,5-T (30%) and technical isobutyl 2,4,5-T (20%) was aerially sprayed from
altitudes of 100-1000 feet at an airspeed of 200 mph. Tank size varied between 125-
640 gallons. Spray systems were tested for B-29, B-50, and C-119 aircraft. The total
spray arca was 8,700 acres. This is first documented use of the Purple formulation.
In the 1953 tests, the ester formulation was aerially sprayed from a B-29 and a C-
119 aircraft from altitudes of 1,000-2,000 feet. Tank size was 1,000 gallons in both
aircraft. 8,500 gallons of herbicide were released at a rate of 0.34 1bs/A on 8,000
acres of both test areas. A small number of Air Force, Army, and contractor
personnel were involved in the operations. The formulation was furnished by the US
Army Chemical Corps, Camp Detrich, Frederick, Maryland.

Source: Acker RM, Hartmeyer RW, Heatherly JE, and Bullard WE (1953):
Anticrop Aerial Spray Trials, Phase III. Special Report No. 184, US Army Chemical
Corps’ Biological Laboratories, Camp Detrick, Frederick, Maryland, February 15,
1953. The document declassified 4 November 1954 but subject to export control,
Available from the Defense Documentation Center, Accession Number AD49572

Ward JF (August 1953): Evaluation of Production Model of Large Capacity Spray
System for B-29 and C-119 Aircraft. Technical Report No. 53-33, Air Force
Armament Center, Eglin AFB, Florida. The document declassified 4 November 1954
but subject to export control. Available from the Defense Documentation Center,
Accession Number AD17563
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DOD TACTICAL HERBICIDE SITE

Site 4

Location: USDA Experimental Fields, Gallatin Valley,
Bozeman, Montana

Dates—» July — August 1953

Activity Description: In 1951, the US Army Chemical Corps evaluated the
phytotoxicity of 2,4-D and 2,4,5-T on broadleaf crops. The question remained as to
whether the phenoxy herbicides were equally phytotoxic to narrow leaf grain crops.
Thus, a preliminary series of field evaluations were conduced of various 2,4-D and
2,4,5-T formulations as anti-crop agents against wheat. The tests were conducted at
the United States Department of Agriculture (USDA) Research Center in the
Gallatin Valley near Bozeman, Montana.

Assessment: The objective of these experiments conducted on wheat was to
determine the feasibility of applying very small amounts of candidate anti-crop
agents from a spray boom mounted on a light aircraft. The tests took place in July
1953 on 139 acres of hard red spring wheat. Four chemical agents were formulated
by the Crop Division’s Biological Laboratories, Camp Detrick, Maryland, and
consisted of various mixtures of n-butyl, isobutyl and amyl formulations of 2,4-D
and 2,4,5-T. The mixture of concentrated butyl 2,4-D and 2,4,5-T [50% butyl 2,4-D,
25% butyl 2,4,5-T, and 25% isobutyl 2,4,5-T — Herbicide Purple] was applied at
rates from 0.03 to 4.18 Ibs/A in four replications of plots within the 139 acres of
wheat. The mixtures were sprayed from an altitude of 30 feet. Total quantity for all
formulations of 2,4-D and 2,4,5-T was less than 55 gallons. Personnel involved
were from either the USDA or from Camp Detrick,

Source: Acker RM, Hartmeyer RW, Bullard WE, and Heatherly JE (February
1954): Field Development of Chemical Anticrop Agents. Special Report No. 200,
Crops Division, US Army Chemical Corps’ Biological Laboratories, Camp Detrick,
Maryland. The document declassified 4 November 1954 but subject fo export
control. Available from the Defense Documentation Center, Accession Number
AD4957],

n63§7

(74



DOD TACTICAL HERBICIDE SITE

Site 5

Location: Area B, Fort Detrick, Frederick, Maryland

Dates—» June — July 1953

Activity Description: Experiments were conducted on field grown crops to
determine the feasibility of using an experimental spray tower mounted on a pickup
truck to simulate aerial spray applications of chemical anti-crop agents. In addition,
since anti-crop agents were to be deployed from a bomber aircraft, it was essential to
obtain crop yield data when sprays were applied under simulated tactical operational
conditions.

Assessment: The tests were conducted on Area B, Camp Detrick, Maryland,
The Purple mixture of technical butyls of 2,4-D/2,4,5-T was applied to 1-acre plots
of soybeans and sweet potatoes at a rate of 0.05 1bs/A. The chemical mixture was
sprayed from a 20-foot tower mounted on a pickup truck. The agent was applied in
the evening under inversion conditions, and with a wind velocity between 2 and 3
mph and a direction parallel to the crop rows. Chemical Corps personnel were
responsible for both the spray operations and the preparation and handling of the
tactical herbicide.

Source: Acker RM, Hartmeyer RW, Bullard WE, and Johnson WB (January 15,
1954): Field Development of Chemical Anticrop Agents, Series 2, Response of Field
Grown Crops to Chemical Anticrop Agents Released from an Experimental Spray
Tower. Special Report No. 201, Chemical Corps, Biological Laboratories, Camp
Detrick, Frederick, Maryland. Document declassified 4 November 1954 but subject
fo export control. Available from the Defense Documentation Center, Accession
Number AD49420.
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DOD TACTICAL HERBICIDE SITE

Site 6
Location: Fort Ritchie, Cascade, Maryland
Dates—» April 1956 — September 1957

Activity Description: 1n 1956 and 1957, 577 chemicals were screened for
the best available tactical defoliants, desiccants, and vegetation control agents,
Selection of suitable agents was determined by evaluating environmental conditions,
spray techniques, and formulations that increased the effectiveness of the defoliants

and desiccants.

Assessment: Selected coniferous and deciduous trees native to the Fort Ritchie
Reservation, Cascade, Maryland, were selected for treatment with 5, 60, 500, and
1,000 parts-per-million (ppm) applications of various 2,4-D and 2,4,5-T
formulations. All applications were done by hand application. Sprays with the
technical butyl esters of 2,4-D and 2,4,5-T were found to be most effective as
defoliants. The applications of the tactical herbicides and the preparation of the
formulations were the responsible of the personnel from the Biological Warfare
Laboratories, Fort Detrick, Maryland.

Source: Preston WH, Downing CR, Hess CE (July 1959): Defoliation and
Desiccation. Biological Warfare Laboratory Technical Report Number 16, Crops
Division, Director of Biological Research, Army Chemical Corps Research and
Development Command, US Army Biological Warfare Laboratories, Fort Detrick,
Frederick, Maryland. The document declassified July 1971 but subject to export
control. Available from the Defense Documentation Center, Accession Number
AD31980.
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DOD TACTICAL HERBICIDE SITES

Site 7
Location: Dugway, Utah
Dates—» May 1951 — March 1959

Activity Description: Ten projects of chemical anti-crop agents were
conducted on the Dugway Proving Ground, including tests with formulations of 2,4-
D and 2,4,5-T, between 7 May 1951 and 23 March 1959.

Assessment: The series of tests were all conducted from a variety of platforms,
including balloons, an experimental spray tower, light aircraft, and jet aircraft, and
with a range of volumes from low volume to large capacity spray tank volumes,
Studies were conducted on the effects of altitude and airspeed on the droplet
behavior of chemical anti-crop agents. The formulations, including the butyl ester
formulations of 2,4-D and 2,4,5-T, were prepared by the US Army Chemical Corps,
Fort Detrick, Frederick, Maryland. Personnel were from the Chemical Corps or on
detail from the United States Air Force.

Sources: King DW, Ward RM (1961): Summary and Evaluation of Chemical
Spray Trials, Technical Report 61-1B, Volume 2, Bibliography, C-E-1-R, Inc.,
Dugway Field Operations, Dugway, Utah, 31 August 1961. Document declassified
19 October 1964. (Summaries included for Special Report 149, 7 May 1951; Special
Report 151, 20 December 1951; Special Report 184, 15 February 1953; Special
Report 201, 15 January 1954; Special Report 200, February 1954; Special Report
225, November 1954; Special Report 227, 14 January 1955; Special Report 232,
June 1955; Summary Report E-47-2, 2 December 1957: Summary Report E-47-3, 23
March 1959).  All documents subject io export control. Summary document
available from the Defense Documentation Center, Accession Number AD3542085.
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DOD TACTICAL HERBICIDE SITES

Site 8
Location: Fort Drum, New York
Dates—» May — October 1959

Activity Description: The basic consideration in aerial applications of
liquid sprays for vegetation control is to secure maximum deposition of the delivered
agent on the selected target. In the summer of 1959, a 2,4-D/2,4,5-T formulation was
evaluated for its operational use in defoliating or killing trees growing in an area of
about four square miles in an impact zone (an area receiving explosive ordnance) at
Camp Drum, New York.

Assessment: Thirteen drums (715 gallons) of the concentrated butyl esters of
2,4,D and 2,4,5-T (Herbicide Purple formulation) were aerially applied by helicopter
over 2,560 acres of Fort Drum’s deciduous forested area in the summer of 1959. The
area selected for treatment was an area isolated from combat maneuvers. The tests
were conducted by US Army Chemical Corps personnel, and the Purple Herbicide
formulation was surplus herbicide from an inventory manufactured in 1953-1954
period for potential use in the Korean Conflict. The rates of deposition and the flow
rate calculations were instrumental in subsequent defoliation tests in both the
Continental United States and in Southeast Asia.

Sources: BrownJw (1962): Section VI. Vegetation Control, Camp Drum, New
York. IN: Vegetational Spray Tests in South Vietnam. US Army Biological
Laboratories, Fort Detrick, Frederick, Maryland. The document unclassified but
subject (o export control. Available from the Defense Documentation Cenfer,
Accession Number ADO476961.

Minarik CE (1964): Crops Division Defoliation Program. IN Proceedings of the
First Defoliation Conference, 29-30 July 1963. United States Army Biological
Laboratories, Fort Detrick, Frederick, Maryland. The document is unclassified but
subject to export conirol. Available from the Defense Documentation Center,
Accession Number ADO427874.
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DOD TACTICAL HERBICIDE SITES

Site 9

Location: Eglin AFB, Florida, Test Area C-52A and
Hardstand 7

Dates—» March 1962 — January 1971

Activity Description: The training of the aircrews, the development of the
interface between the aircraft and the spray equipment, and the test and evaluation of
the entire aerial spray system were the responsibilities of United States Air Force’s
Air Development Test Center (ADTC), at Eglin Air Force Base (AFB). For ten
years (1961-1971), the Air Force Armament Laboratory at Eglin AFB provided the
scientific, engineering, and technical support for Operation RANCH HAND in
Vietnam. One of the most important aspects in the development of aerial spray
systems was testing of the equipment under the most realistic conditions possible.
An array of test grids was developed where the aircraft and equipment could be
monitored and evaluated using the actual herbicides that were deployed for use in
Vietnam. The goal was not to test the effectiveness of the herbicides, but rather the
effectiveness of the aircraft and spray equipment in disseminating a concentration of
herbicide that would be effective in defoliating jungle vegetation.

Assessment: During the 10-year period, four test grids, each uniquely arrayed
to match the needs of either fixed-wing, helicopter, or high performance jet aircraft,
were established and operated within the boundary of Test Area C-52A, During the
years of its operation, an area of less than I square mile of the Test Area received
15,455 gallons of Herbicide Purple (281 drums) and 18,975 gallons of Herbicide
Orange (345 drums), 4,400 gallons of Herbicide Blue (80 drums). Spray equipment
tests and evaluations of the more than 400 missions over the Test Areca were
generally scheduled and conducted with environmental conditions optimal for spray
operations. The total estimated flight time spent dispensing herbicides over the four
test arrays was 235 hours,

The program terminated in the spring of 1971, and Test Area C-52A was sct-a-side
as a unique research site for the environmental impacts of tactical herbicides and the
associated dioxin. In 1978, following the conclusion of many ecological and
environmental studies, the entire area was fenced and restricted from public access.
The decision by the ADTC to allow natural attenuation to clean the ecosystem of
chemical residues prevented a major reclamation operation of an area of more 400
acres,
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In support of the test and evaluation programs on Test Area C-52A, ADTC established a
herbicide storage and aircraft loading site at Hardstand 7, an asphalt and concrete aircraft
parking area located west of the North-South Runway on the main Eglin AFB Airdrome.
Hardstand 7 was the herbicide-loading site for the approximately 400 aerial missions in
support of the aircraft and spray equipment tested on the Test Area. In 1974, 130 drums
of Herbicide Orange were removed from the Hardstand to the Naval Construction
Battalion Center, Gulfport, MS for final disposition

In the first years of the tests programs on Test Area C-52A, numerous US Army
Chemical Corps personnel were involved in the operations. By 1963, Air Force
Armament Laboratory military, civilian, and contractor personnel were involved in the
handling and test operations, Hundreds of military and civilian personnel were involved
in the Eglin AFB Test Programs, and subsequent ecological studies over the years from
1963 to 1983.

Sources: More than 25 technical reports on test operations and ecological studies
involving Test Area C-52A and Hardstand 7 are available in the Special Collection on
Agent Orange at the National Agricultural Library, Beltsville, MD.

Young AL, Thalken CE, Ward WE (1975): Studies of the Ecological Impact of
Repetitive Aerial Applications of Herbicides on the Ecosystem of Test Area C-52 A,
Eglin AFB, Florida. Available from the Defense Documentation Center, Accession
Number AD-A032773.

Two recent articles have been published that summarize the test programs and ecological
studies on Test Area C-52A and Hardstand:

Young AL, Newton M (2004): Long Overlooked Historical Information on Agent Orange
and TCDD Following Massive Applications of 2,4,5-T-Containing Herbicides, Eglin Air
Force Base, Florida. Environ Sci & Pollut Res 11(4): 209-221.

Vasquez AP, Regens JL, Gunter JT (2004): Environmental Persistence of 2,3,7.8-

Tetrachlorodibenzo-p-dioxin in Soil Around Hardstand 7 at Eglin Air Force Base,
Florida. J Soils and Sediments 4(3): 151-156.
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DOD TACTICAL HERBICIDE SITES

Site 10

Location: Fort Ritchie, Fort Meade, Maryland
Date — 1963 — 1964

Activity DeSCl‘iptiOH: The search for effective defoliants prior to Vietnam
focused primarily on the effectiveness of the phenoxy herbicides 2,4-D and 2,4,5-T. Thus
Herbicide Purple was the earliest formulation that was considered appropriate for use in
Vietnam. However, the Crops Division of the US Army Biological Laboratories
continued its search for other potential defoliants that could be used in Vietnam. This
effort was both an in-house program at Fort Detrick, and a contractual program managed
by Fort Detrick. By the early 1960s, the knowledge and experience in synthesizing and
evaluating various chemicals with herbicidal properties was located primarily with the
Chemical Companies that were developing new pesticides for agricultural use. Thus, in
1963, the Army Chemical Corps sponsored the first of three “Defoliation Conferences”.
The First Defoliation Conference was held at Fort Detrick on 29-30 July 1963. At this
Conference, the major pesticide producers in the United States were invited to participate.
The concept was that the companies through contractual agreements would synthesize
new potential compounds and that Fort Detrick would screen these compounds for the
necessarily biological activity.

The screening program by Fort Detrick was carried out in three phases: primary
screening on 14 day-old Black Valentine beans at 0.1 and 1.0 pounds per acre (Ibs/A);
secondary screening of the most promising chemicals sprayed in the greenhouse at 1, 5,
and 10 lbs/A on maple, spruce, pine, locust, privet, pin oak, hemlock, and elm seedlings;
and, the third phase consisted of field screening. Some initial field screening occurred at
Fort Detrick. Subsequent field screening was conducted at Fort Ritchie and Fort Meade in
Maryland, geographically not far from Fort Detrick, but on Military Reservations
sufficiently large to permit spraying individual trees or small plots in areas isolated and
restricted from public access. The field screening was used to answer the question: “At
what rate are certain compounds effective, if not effective at 5 or 10 1bs/A?”

Assessment: The 1963 tests at Fort Ritchee consisted of spraying various rates of
picloram, 2,4-D, Herbicide Orange, diguat, endothal, and combinations of each of these
on 108 individual trees consisting of ash, elm, and locust. The 1963 field tests at Fort
Meade consisted of spraying 24 plots, each 225 square feet, with cacodylic acid, Doweo
173, and butynediol at 10, 25, 40, 55, 70, 85, and 100 Ibs/A on 15 species of trees,
including scrub pine, maples, oaks, American chestnut, sweet gum, tulip poplar, quaking
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aspen, and vaccinium. The 1963 tests confirmed the selectivity and effectiveness of a
combination of picloram-2, 4-D (subsequently later labeled Herbicide White), and a
water-soluble sodium formulation of cacodylic acid (subsequently later labeled Herbicide
Blue). The 1964 field trials continued the evaluation of various “new” compounds that
were sprayed on 105 plots, each 225 square feet, with 52 different compounds and
formulations at 5 and 10 Ibs/A.

Because (e trees and plots at Fort Ritchie and Fort Meade were spread over a
considerable area, and the terrain was frequently very rough, the spray system consisted
of 3-gallon tank sprayer with a 20-foot hose and a 9-foot stainless steel wand having a
20-inch boom with three No.2 Whirljet nozzles. The compounds and formulations were
carefully weighed to the desired rates in the laboratory at Fort Detrick, and then poured
into the tank sprayer with just enough diluent to cover a plot or an individual tree. The
sprayers were outfitted with pressure gauges so that cach tree could be sprayed at 30 Ibs
pressure. Spraying was done from a large tank truck so that the spray was directed down
on the foliage to more closely simulate aerial spraying. All personnel involved in the
handling and spraying of the chemicals were military and civilians assigned at Fort
Detrick.

Sources: Mattie VZ (1964): Proceedings of the First Defoliation Conference, 29-30
July 1963. United States Army Chemical Corps’ Biological Laboratories, Fort Detrick,
Frederick, Maryland. Document is unclassified but subject to export control. Available
Jrom the Defense Documentation Center, Accession Number AD0427874.

Darrow RA, Mattie VZ (1965): Proceedings of the Second Defoliation Conference, 5-6
August 1964. United States Army Chemical Corps’ Biological Laboratories, Fort
Detrick, Frederick, Maryland. Document is unclassified but subject to export control.
Available from the Defense Documentation Center, Accession Number AD0329567.

Mattie VZ, Darrow RA (1966): Proceedings of the Third Defoliation Conference, 10-11
August 1965.  United States Army Chemical Corps’ Biological Laboratories, Fort
Detrick, Maryland. Document is unclassified but subject to export control. Available from
the Defense Documentation Center, Accession Number AD89S001.



DOD TACTICAL HERBICIDE SITES

Site 11
Location: Dugway Proving Ground, Dugway, Utah
Date —> September — October 1964

Activity Description: The objectives of the tests conducted on the Dugway
Proving Ground during September and October 1965 were to determine the performance
reliability, maintenance requirements, and suitability of the Army Interim Defoliant
System for the US Army OV-1 (MOHAWK) aircraft.

Assessment: Six dissemination trials of the E44 Interim Defoliant System were
conducted using two E44 spray tanks mounted under the wings of a US Army OV-1
(MOHAWK) aircraft. For each trial, Herbicide Orange was released at the deposition rate
of 3 gallons/acre over an area of approximately 17 acres. In six trials, 935 gallons (17
drums) of Orange were disseminated on the fest area. The trials were conducted by the
US Army Chemical Corps’ Biological Laboratories, Fort Detrick, Maryland, under an
agreement with the US Army Test and Evaluation Command. The US Army Chemical
Corps and the Dugway Proving Grounds provided all the personnel and tactical
herbicides for the tests and evaluations.

Sources: US Army Test and Evaluation Command (1965): Integrated
Engineering/Service Test of an Interim Defoliant System. Part 1. Service Test,
USATECOM Project No 5-4-3001-02. US Army Aviation Test Board, Fort Rucker,
Alabama. Document is unclassified but subject to export control. Available from the
Defense Documentation Center, Accession Number AD466566.

Mclntyre WC, Sloane HS, Johnson KR, Taylor WS (1965): Final Report of Integrated
Enginecring/Service Test of an Interim Defoliant System. US Army Test and Evaluation
Command, Dugway Proving Ground, Dugway, Utah. Document is unclassified but
subject to export control. Available from the Defense Documentation Center, Accession
Number AD363013.
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DOD TACTICAL HERBICIDE SITES

Site 12

Location: Georgia Power Company Right-of-Way, and
Tennessee Valley Authority Power Line Right-of-Way

Date — May 1964 — October 1965

Activity Description: The successful screening of candidate defoliants at Fort
Ritchie and Fort Meade prompted Fort Detrick personnel to seek additional sites where a
more extensive evaluation could be conducted on Herbicide Orange, Picloram-2,4-D
(Herbicide White formulation), and with various combinations of the commercial
herbicides diquat and dicamba. The objective of the field tests was to evaluate these
formulations under field conditions against the standard tactical herbicide “Purple”.

The Crops Division arranged with Georgia Power Company and Tennessee Valiey
Authority for the use of 65 acres of right-of-way through the swamps of Georgia, and
additional 65 acres of right-of-way in the mountains of Tennessee. The test sites selected
in Georgia were characterized by swamp forest vegetation with a long, hot, growing
season and ample water available for active growth. Typically, the level of water in the
swamp was between 6 and 24 inches. Sections of the right-of-ways for the Valdosta-
Thomasville Power Line and the Bonaire Power Line near Macon were selected for
treatment. In Tennessee, a section of the 200-foot right-of-way provided by the
Tennessee Valley Authority was in a mountainous area and on a power line between
Hiwassee Dam, North Carolina, and Coker Creek, Tennessee.

Assessment: The acrial spray tests conducted on these transmission line right-of-
ways were by helicopter. In Georgia, six plots, each 60 by 2,640 feet, were treated on the
Valdosta-Thomasville line, which had a 60-foot right-of-way. On the Bonaire line, with
200-foot wide right-of-way, seven plots were established each 200 feet wide and 700 feet
long. At both locations, Herbicides Orange and Purple were applied at 10 lbs/A. The
proposed Herbicide White formulation was applied at 4 lbs/A picloram and 11 lbs/A 2,4-
D. In the aerial tests in Tennessee, the plots were difficult to mark because of the
mountainous terrain, and thus the right-of-way (approximately 3 acres between adjacent
powerline towers), served as the tests plots. The Orange and Purple Herbicides were
applied at 4, ¥, and 33 Ibs/A. The proposed White formulation was sprayed at rates of
6.25, 11.50, 19.10, and  25.5 Ibs/A. The plots in Georgia were sprayed on 20-23 May
1964. The plots in Tennessee were sprayed 17 June and 2-3 July 1964.



The Bell G-3 helicopter used in all tests was equipped with two 60-gallon saddle tanks
and a 24-foot boom rigged amidship. Twenty-four D-8 nozzles without swirl plates were
placed on 1-foot centers along the boom. The helicopter sprayed a 50-foot swath at an
altitude of approximately 60 feet above the ground. All applications were made either just
after sunrise or just before sunset when wind velocities were between 0 and 3 mph.
Observations on all the plots in both Georgia and Tennessee were made over a period of
one year.  The Companies provided the helicopter and operators. The herbicide
formulations and on-sitc personne} were provided by Fort Detrick.

Sources: Darrow RA, Mattie VZ (1965): Proceedings of the Second Defoliation
Conference, 5-6 August 1964. United States Army Chemical Corps’ Biological
Laboratories, Fort Detrick, Frederick, Maryland. The document is unclassified but subject
to export control. Available from the Defense Documentation Center, Accession Number
AD0329567.

Mattie VZ, Darrow RA (1966): Proceedings of the Third Defoliation Conference, 10-11
August 1965, United States Army Chemical Corps’ Biological Laboratories, Fort
Detrick, Maryland. The document is unclassified but subject to export control. Available
from the Defense Documentation Center, Accession Number AD89800].
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DOD TACTICAL HERBICIDE SITES

Site 13
Location: Pranburi Military Reservation, Thailand
Date — April 1964 — April 1965

Activity Description: The objectives of the Thailand tests were to (1) determine
minimal rates and volumes of Herbicide Purple, component 2,4,5-T butyl and isobutyl
esters (Herbicide Pink), Dinoxol (31.6% butoxyethanol ester of 2,4-D and 30.3%
butoxyethanol ester of 2,4,5-T), and Herbicide Blue applied at different seasons of the
year for effective defoliation; and, (2) evaluate the effectiveness of other selected
defoliants, desiccants, and herbicides applied singly or in combination mixtures at
different seasons of the year on representative vegetation of Southeast Asia.

Assessment: The test site locations were established on the Pranburi Military
Reservation. Arrangements were made with Thai governmental authotities to use the
facilities of the Ministry of Communications Airport at Hua Hin (25 miles from the test
site} as a base of operations for the twin engine Beechcraft (C-45) used for test
applications. Survey and preparations of two test sites were initiated in August 1963,
Lanes were cleared to mark boundaries of a series of 10-acre test plots for a total of 1450
and 2000 acres of treatment at the two test sites, respectively. The trials began on 2 April
1964 and continued through 8 September 1964 with duplicate 10-acre plots treated with
cach chemical mixture using three 100-foot swaths per plot flown at a height of 30 to 50
feet above treetops. Fvaluations of vegetative responses to chemical treatments were
made at periodic intervals, and primarily by photographic techniques. Observations
continued for one year after treatment.

During the period from April through September 1964, approximately 115 gallons of
Herbicide Purple, 46 gallons of Herbicide Pink, 21 gallons of Dinoxol and 15 gallons of
Herbicide Blue were aerially sprayed on 170 acres of Pranburi Military Reservation,
Thailand. Five civilians and 5 military personnel from Fort Detrick, Maryland, conducted
the spray operations and subsequent research. Approximately 25 Thai civilian workers
were ivolved in the preparation of the test sites, and 4 US civilian workers were
involved in evaluating the results of the spraying through the end of September 1964, The
names of the US personnel arc listed in the source document.



Source: Darrow RA (1965) OCONUS Defoliation Test Program, Semiannual Report,
1 April — 30 September 1964. ARPA Order No. 423, US Army Biological Laboratories,
Fort Detrick, Maryland. Document declassified October 1977, but subject to export
conirol. Available from the Defense Documentation Center, Ascension Number

AD360646.
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