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] . A brief niatery. of Fort e
on anehts and cissemingzion systims for dofos
Serrick Miscdlliancons Publivaiion 33,
rion Control in Samgheast Acia® by K.'R,.irish, R. A. Darrow and )
C. E. Minarix. A dezailed hisvery of ail gctivities in ehemicai and’
:hiological';:antAcnﬁtéoa is available in Fort Detrick Miscellancous
Pabileaticn 37, 1970 (Seerec)s T .o v Si e e
LIVE and WHITE were in operational use
iaticn and crop destruction -
H-1E/D (AGRINAUTICS)
Arory divisional

$ifloa is given im Forg

T "7 By 1967 agents ORANGE,
in-rlie RANCH BAUD prograc in RVi for defol
coopdinaced by MACY. —an initial order of eipht U
helicopter s;ray_syﬁteds had been made avallable to
_cormanders for defoliation and .anticrop activities.

d develaped for mothods of contrelling
grasses and other vegetation in. perimeters of base camps and other -,
military installations in RV, and for pround-hased portable dissen-
jnators for conirol of enemy CEep areas. o S )

- Field requircmenté ha

By Géccber'léﬁi.'Plan§‘9cioncc§_Iabératuries at Fort Betrick

 had completed a gpecial Defoliant Dovelopme
tigations of rapid acting deticcants and dq[nllantg;

. Chreneloegy: )
Aerosel Disseminator (ENSURE 210) " 7.

An aercsol can device was developed at " - ..

September 1967. ]
ssenination dev}ce for

Fbrt Detrick for evaluaticnas handheld di
_ agent BLUE. . : . LT s
e October 1957, Fort Detti;k rcprcscn:atiéc
evalustion of test device uader {icld conditions. '~ -
. 26 August 1968. ENSURE requircment wi thdrawn.

. Soil-Applied Herbicide (ENSURE 86)

. Seprepber 1967,  ENSURE requirement
‘perrick for a pellated or granular material to b

‘.

¢ applied direcily
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"_'_‘ _ . to roil or dissulved and .‘1|»plicd"’as_f_6ua'gc. sprhy,.{dr‘.'cdﬁ:.rbl'df vegar
o7 .07 ;. tation in peripeter arcas in. RVE. Blnimal peried of. vegetation con~
Bt _ . .trol was established as 1 year.: _'Il_tc' Fort Detrick proposal of a 2~year
{4~ program of research with available materials such as bromacil and . - ;-

: : m;muron, ‘was -Indicated by USARV as geo coscly and required too such IR LP
“time. T A e R

L June 1968. The earlier ER}S,U‘RE'BG iequifemnt.uas con-
. . . verted to an RED program objective as {t wi1l require moré than 1. '
year to gati_s'fy'certai.n c:‘itical,rcqu{rumcnts.' oo T

: . Sestember 1968, A test and evaluarion progranm of soil- S :

- appiled herbicides Irciuding bromacil and Tandex wag in progress at’ | ’ , Ky

. several CONUS locstions by Plant Sclences Laboratories personned.. . .
Contract research was initiated in Mawali with the University of . . . SR 3

© Hawaii and with Texes AéM. University in evaluation of aerial disscm~ PR T E

ination equipmont for granular herbicides. __— s

HOLVEl

: , Sapcare 1969.~~ Testé of Kenapon {(a dalapon cster for . R
grass control). in Vietnam and by Fort Petrick CONUS were reviewed. | oL : ‘.'::"
Fort Detrick strongly adviscd against fntroduction of Kenapon fnto : . o ff‘
RVN as a vegetation control agent and recomnended continuing use of

_BIJ,'E for grass coatrol..

iy . . .
s B . Aupust 1969. Bromacil and Tandex were yeported as most o :
. effective chemicals for grass control im 1the CONUS and contract .. T : : ]
. research programs. - Co S ’ . ,
a2 ) o N Maréh 1970. Recent field and greenhouse tests have shown . E
\ that mixtures of bromacil and picloram mixtures aye antagonistic . : : ‘ 1
. resulting in less herbicidal effect than {n separate Ereatments. . Co et
L June 1970, The Fort Detrick #&D program for control of (‘:;fm;m
o . grasses was expanded to tnctude growth retardant chemicals, with the Lg::w
e objecrive of maintaining & low grass gover to reduce erosion. None i 3
. of the materials in the current test program are congidered militarily f‘;‘m .
S useful.. : . . L 2%
o October_ 1970, Publication of Fort Petrick Technical %
A Memorandum 212 "The lateral and vertical movement of four herbicides o C?Q% \
- _applied to a grassland soil” (ORANGE, WHITE, picloram, bromacil). - K :
. o . June 197).Soll analysis of arcas treated with BLUE at s
- rates up to 12 gal/acré showed no movement of .cacodyuc acid to

4-inch soll layer. T ‘ .

werg continued with sofl~ .
fromaci] has been found | .
for control of subtropical

w.  depths below the surface

L , Field tests and evaluations
. applled herbicides and growth retardants.
. ) _ best on clay soils and Tandex un sandy cokls
- ' grasses. - R T T
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-y 30,000:c0mpavndﬁ h
. Eade {

data op chum'fca_l-str{;éiﬁ;dnblological activigy .- .
as .heen pbmpqterizéd so tha searches bap.bg'.jh-"
N a.matter of | ar MRutes thae. formerly . took hours, /. 0o
esin 'ﬁu?ymer, ‘Increases )
erblcides and Presumab iy exten
de absorpesoy, R S

R 'i;ir'mien'e;; ar
: _2,4=D and other h
.. berbigg

o o_i'.fect_l.{{éng'ss'fdi-“’ N

ds the perfoq of .

- Combinations .of Ethrel, élh&vllqné'-releasih;;‘cm.-.pouud, and’
i andothall ape be

Ing evaluated as nonherbicida] defol;bnts.i'f? i |
Evaluations are being made of‘thﬁ.effccts_Of extremoly low. - O f ;
dosages of QORaxce, BLUE, and WHITE on crop plants t0.assist in ' :
Arpraisal of crop damage claims, _ . T :
.efe.z-éncés ’
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1es in the Plane Pathology Divissen were direceed .. .
nder puidance from AMC, the Fr n | :

2d research on chemical agents (o S
Chemical under
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throe tasks: (1)
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Fort Detrick including: (a) total pregram ot Edgewood Axsenal (EA),.
(b) rotal ptogram cxecution at Dugway Froviag Ground {DPG), and {c)

Chromidog . ¢t T T e
77 264 Julv 1970. ANC réquested MUCOM for alternative ‘plans and .
Cyecommendations for transfer of the Vegetation antrBL'P:ugxam from ..

program erecution st EA with specified ovtdoar experimental activities e e

{plots) ar DPG. ‘The proposed program to be funded at a level o
$500,000 annually should have the following objectives: o

" (a) Matncain a seientific and technological base to proviégii

assisctance to DA on vegetation contrel. .

. .(b)'sdaiqatc‘céuacfcial herbicides ‘for military use.

-

(¢} Evaluate comrercial dissemination equipment for milifary

(d) Conduct RDFEE on materials and cquipment not available °
from comsercial sources. ER 7

Soptember 1970. AMGC provided guidance to MUCOM that transfer

" of Vegetation Control Program.woulqibc made Lo Edgcwuod.ﬁrsanal.

"12 Qcrober 197, Detalled plans for relocation of the Vege~

tation Contral Program at Ed
to AMC as Aanex I1 of recommended reory

acrivities.
. . . N

anization of Fort Detrick 2

16 Gcrober 1970, Altcrnative plans suggested by €O, Fort
Detrick to AMC iavolving the retsntfon of the Vegetatfon Control
Program at Port Detrick facilitics in view of the high cost .of ipro~
posed transfer and the Jack of suitable greenhouse,
and test plot facilitjes at EA. . - :

a
March 1971, Di. Minarik announced that a watver had been
granted chrough FY 72 for the prepcoad move of the Vegetation Control
Program from Fort Detvick to Edgewood Arsenal. As of that time tha
administrative startus of the program wab undecided. .

& April 1971, Fersonnel and administrative Jurisdiction of
the Plant Fathology Division of Plant Sciences Laboratorias were

transferred from Department of Army to Plant Sciences Division,
Agriculture Research Service, US Department of Agriculturae. This
Epiphytology Research laboratery will remain in the previously
occupled facilities at Fort Detrick and will conduct defense-oriented

research on biolog{cal antiplant agents,

gewood Arsenal by 30 June 1971 submitted °
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Junc ' 1%71. ASfo 25 June 1971 the Uegctation Control Program

was placod under the administrative dircclinn of Edgewood Arsenal. - _:.Pf

' *S:aff and uqe nf facxl:ties uill cnntinue at Fort Detrick.

'\.‘

Rcferences

“Information uanual for vepgetation contre! in Southeast Asia. Misc.
Publ. 33 Department of Arny, Fort Detrick JAD 364 463, .

Do Hattze, V.. Z. \ovcmber 1970. History of Crops vaasior-- .
Plant Scxences Laboratories, 1943-1969 (V). Misc. Publ. 37.° " Departe’
went ot Army, Fort Betrick (Secrct) AD 5!2 829. S S

3. Tbcnnxcal and Administratxve Aspccts of onlo 1ca] Anficrap."
Progrnm , . P - : :

Status - © . S ST R

TA general synopsis of b!ological anticrop agents and systems'
up ‘to the time of President Nixon's statement of 25 Nov 1969 renunciate,
ing biological warfare-may be found fn the Secret publication dated
Yovember 196%., Biological Agents and Munitions Para Book, Technical
Hemorandum 4, Department of the Army, Fort Detrick._ i .

Chrcnolngz.

Octobor 1969, Ehecutlve Order l!h?ﬂ dated 29 Oct 1969, prior
to President Hixon's 25 Nov- 196% annocuncement on CBY, assigned Tespon-
‘sibility for defense of crops and livestock against CBN agents te US .-
Department of Agriculture. ;. . :

Novembor 1969. " Removal o{ offensive biologxcak warfare R&D
under. President Nixon's announcement elimfnated the program on offen-
sive biological anticrop R&D conducted by the Plant Pathology Division '
of Plant Scicnces lLaboratories at Fort. Detrick (Appendix L). ,

March 1970.. Concensus of opinion in militnry agencies was"
that- the Plant Pathology program at Fort Detrick should be transferred
to US Departnent of Agriculture. The current program' of that Dfvisien,
as reported by Dr. & being continued on a defensive basis
and peared to USDA requirements te protect the principal crops of the
United States. Primary crops urder consideration are wheat, corn
-and soybeans. . O . -

June 1970, Dcfenqive aspects of thc Plant Patholagy Divlsion

program uill be fundcd -by Army fot FY 1971 ':;’f‘ LT .ﬁi}:_: e

Deccmbcr 1970. Dcmilitarlzation plans for biological antictop
. agents announced. : L

Irish K. R. . R A. Barrnw and C E. Minarik.‘ Decomber 1959_.'f'¢.

e

|
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- logical effectiveness between

122, Armament Development

. Only)

Agril' 19715 . Por

petrick transferred to US Department of Agriculture, . Full funding. -

USDA -as ‘of 1 Ju}yilg:l, AN

L

'AIR ?OR_C?.‘, AFSC (A.._I'A;TL m;m Am) :_I’.

' 3. Stull Bifluid System

oni of Stull Bifluid and ORANGE was madé
of DDR&E. Aw earlier evaluation of the
d by AFATL had shown no advantage of Stull -

Status S

: . Flight test evaluatl
at Eglin AFB at the reguest
Srull system reporte
Bifluid over ORANGE. . . . . .
- In the. 1968-69 test, studies .of the biclogical cffoctiveness’
of Stull Bifiuid and ORANGE wcTe conducted by Plant Sciences Labora-

-tories at Fort -Detrick and
* physical data on the two agents vere made by the Physical Scicnces

Division at Fort Detriqk.' Flight tests at Eglin AFB showed no
significant difference in spray characteristics and_conscduenp bio=
logical effectiveness between the Stull and A/AL5Y-1 systems.

. ¥Yort Detrick data showed no signficant difference in bio~

shown by droplet studies that a _
ing droplet size wculd drastically reducé agent efficiency. .
“'References i _ o

furtt, W. and R. A. Darrow. . October 1968. Biological

effectiveness of Stull Bifluid and ORANGE. Tech. Rept. AFATL-TR-68~
and Test Center, Eglin AFB, Florida.

®. E. Klein, E. 1. Harrigan, and

nur:t,_ﬁ., R. A, Darrowv,
ts of defollants, Vol. IL.

. R. Wolf. Harch 1969. Comparison tes
Final Rept. 12 Jun-12 Sep 68.
" Armament Developoent and Test Center, Eglin AFB, Florida.

: . Kleim, R. E.
tests of defoliants.

Development and Test Center, Eglin AFB,

5. Gel Stabiiized Defoliants
] Coucept? Faasibhility study 'to de
ampliorates urdesirable characteristics of otherwise putentially

toch. Rept. ADIC-TR-69-30. Vol. 2..

5dnhéi'in‘§jén£ Patﬁéloéy:bi%téioﬁ:aé féf£3-¢5;3;ff L

'+ and administratien of cefensive R&D program in biological éntip}ant.g.i3--'
" studles to be assumed by o e

determinations of spread factors and. ather -

Stull Bifluid and ORANCE. It was further
ttempts ro conttol spray drift by increas

_and E. T. Harrigan. March 1969, Cbmpatisdn .
Tech. Rept. ADTC-TR+69+30, Vol. 1l.. Armament S
Florida, (For Official Use =

termine if gol htpﬁillzahiph . .
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- rapid disappe

. app
with ELUE and WHITE in 1967-68.

L repeated in June 1971 with no dioxin found.

Lo

useful dcfoiiaht/hérbiplde chemicals:and:impfoveé.methods of.activ;;y.ujr et
. of défollants. .o R - Ly

Seratus: Contract (PR 69-501);waé fnftiated wich ﬁpﬁsanto .
Rescarch Corporation in Decerher 1969. Thixetropic gels of several

., agengs prepared under this contract were tested at Eglin AFB. Feasi-'
- bility of technique was established. ) .

Reference:’

Long, ‘R, L., ¢t al. (Monsanto Rezearch Corp.). “sepgeﬁbé; -

. 1970, Gel stabilized cefoliants. Tech. Rept. AFATL-TR-70-58. . Air

Force Armament Lab., Eglin AFB, Florida. ... .
%. Epoiogical Sfﬁ&ies Ac ég{iq ﬁfk:'
étatug': t,_':;.}.%j - ;
“Ihe {ntensive applications of PURFLE, ORANGE, BLUE, and HITE
at Test Area C-52A at Eglin AFB have provided an excellent opportunity

for cvaluation of the ecolegical effects of high rates of berbicide
applicatien on vegetation wildlife and aquatic ‘organisms.

‘Surveys of vegetation in the vicinity of the grid area (C;Sﬁhs
conducted under a contract with the University of Florida showed a
arance of damage attributable ro the heavy applications

£n 1961-64 and significantly less effect from the 1969 series of

testsy

Soi{1 residue studies have been made on areas receiving heav§ .
1fcations of PURPLE and ORANGE in 1963-64 and more recent tests R

pioxin analysis by the US Department of Agriculture laboratory
at Beltsville of scil samples taken from grid arcas recelving heavy X
applications of herbicide showed no dioxin present at any depth (Decem~ -
ber 1970). Bioassay analysis of samples to depths of 8 fr were oL

A summary report on_thé ecological studies reported at the

 March 1971.meetings'is given in Appendix K. S .

References ) s
_ “ Hard, D. B. June 1970, Ecological records on Egllﬁ AFB
Reservation-«Conclusion.

Air Force Armament labnracury,'Eglin_AFB,‘Florida.

August 1970. Studies to determine the

Lehn, P. J., et al.
duced arsemie {evnls in three freshwater .

presence of artificially in

38
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st.rcams and its ‘_hect on hsh species diversity
.AFATL-TR—?O—E!. Air Force Armamnt

- €. N_.A\'Y‘ NA\’AL AIR SYST‘ERS CO*MAND

See Sectim_lll.‘ﬂ. Dissemination S}stems :.'\\_"r_{
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" ,v.-'v'nz.n coAts AND REQUIREMENTS .7 ', * i)

A 3 momsaa 86D co.us f' e SO

ltems suggested bv Dr. C. E. tharik,vs Army, Fort Detrtck Hith
“partial inputs (1-8) by COL H. €. Xirmme, based o exprrience s
) HACV J~3 Chemica! Operatlons Divistcn Offlcer (Sep 1970 Hlnutes).;,,

'1- True defoliant - nonberbtcldal ‘to preserve valuable 1umber
and provlde m!niual eco.ogical disturbanees. - : :

'—2. Hore ezfeczive grass killer for largc tropical érnssek.ﬂ _— -
3 Faster acting defoliant for priority photo or visual reconnaissance.-

4. rrouth retardant for grasses on perimeters nnd mine ficlds
uithout violatxng probibit{on on soil sterilants.

5. Herbxcide that promntcs £1awc burning of granses in 5tanding

TWRLEeXs. .- - _ 7
£ . ) e

6. Herbicide effective at_;ignif[can:ly lower rates of application.

" 7. Nonvolatile defolfiant for contact use in densely populated
areas.. ’ : o

3. Herbicide providing increased duration oi effecﬁ”for borde: )
atrxpping Hithout vxalating prohibition on seoil sterl!ants.

9. hgnarsenzca! rice agent. ', [
' .

10. Herbicide effective on bambua.l

N,

"11. Deternine metsbalic breakdoun products in plants, sofls,
and vater. . . :

- 12, Dctermine persistence in troplcal solls and water.

13. Determine blological activity of breakdown products in fish
and ulldllfe. - :

t&. Conduct ecological surveys ln def02£ated areas in ¢ODPefﬂti°ﬂ :
i vith Vietnamese scientists, oL .

15. !mprove herbicide act!vtty by Iormulation modificat(on.'
16. Inves:iga:e drifr ccnlrnl thrcugh use of par:icu!ated &gents.

i 17. Explere naturslly occurring defuliants in funsi, bacteria;
viruses, ond Inuchs.

40 |
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In Scptembcr 1970 minu:cs, Mo
indicated that Lhc fol!ouing itcms ware in proparution hy us Army.

. I. Revision of Qualitative Hateriel Dcvelopments Objecaivg
{QMPO) fot Antiplant Agentfnissemination Systcms, appllcable ta

2. Smali Developments Requirement for an Army Atr Defoliant
Dissenination System to include equipment suitable for mounting on
vehicles, river boats and Army aireraft to disseminata 1nsecticidaa,
defoiiants and anticrop agents. g

K

<. AIR FDRCE REQUIREMEVTS

: Required operation Capabilities (RDC) devcloped by Afr Force
during 1968« 7i included princlpally' -

-

1. Hodular extrernal dispenser of iiquid defoliauts and hechi~

cidos for high performance alrcraft (PAU ~8/A). e o

2. Modular disseminator witb internal tank for llquid herbi-
‘eides, insecricides and fertilizers for various low-performance
cargo aircraft (HonSIA) . K

D. NAVY REQ_m REMENTS

The Navy has no stated hefbicidelrequltcments (June 1971).
: . A . .

C e

o, -

Sreo foe

CBR. Agency. CDC, T
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5'5_The.&efbliaéioﬂ'é
undgr.o?erat!cn RANCH HANn.andgcoor#tnated by MACV reached maxioum .

ndicfop cééiructibn program con&qéfed'5£'7tﬁ AF

Operational status. in 1967 vith more than' 1,700, 000 acres sprayed, "

TArmy units were also conducting limitcd-area'applications of defolt-

- ANEs and herbicides using UK-1 dissemtnation system (eighe AGRINAUTICS
units) and limited-ground-bascd'equipment. .
WHITE, and BLIE were supplied tnder AF procurement.

Janusry - Aupust 1968, Merbicide policy review conducted in RVK

Three agents, ORANGE,Sﬂn o

by us Embassy-MACY to determine policy guldelines. ' Techaical support

-in poliey reviey was provided by Fort Detrick {four position papers
Prepared by Dr. Minarik and Dr. Darrow) and 2 short-term ecolcgica;
SUrvVeY ‘was conduc ged by Dr. F. H. Tachirley of US Departmenc of -
Agriculture, e o ’ S e

" 1968-69. Conve}sion of RANCH HAND aircraft from C-123B to °
C-i23K with addition of . two Jet engines, R ; ' -

. Janvary 1959, Twenty-onea addi:ionaIZAGRIHAUTTCSlspray systems
ordered for UH-1 Army alrcerafe. - ) . .

15 April 1970, Use of ORAMGE in RVN tcmporaril& suspeﬁded by
Deputy Secretary of Defense Packard. ' . -

" May 1970, Herbicide Reporting System (HERES) established by
HACY to process herbicide wission data and record all available
information, - . e

June 1970, Inactivation of 12¢h Special Operation Squadron, Ith
AF, for RANCH HAND operat{ons with reduction in general operatioensl
level in defoliatton program. T .. ’

R

.7 December 1970, White House statement fndicared a rhase-out of

herbicide operations by mid-1971 with current restrictfon of defolig-
tion to perimeters of fire bases and vS Installattons, (Sce See,
VII.B.) - . R
February 1971, Ambassador Bunker and Ceneral Abrams announced
termiration of crop destruction program. . (See Sec. VI1.B.) R

Current Starug
==L otatus

As of June 1971, decfsions on the natire and condftfons of use |

of herbicides in RvN “ere still pending ac highar hcadgua;terq.'

T




. ‘References T 7

_ Paper No. 10-68. CINCPAC Scientific Advisory Group, FPO San -
. francisco 96610. (Secret) ©. AL

R following subcomalttes pimutest .

warren, M. F.. Avgust 196B. "4 review of the _hérhi&ide_prdgr'am .
in South Vietnan (u). 'CIRCPAC scientific Advisory Group Working -

trish, K. R., R. A. Darrow, and C. . Hinarik. pecember- 1968 T T
Information manual for vegetation control in Southeast Asia. HMise. - o0

publ. 33. Department of _the_krmy,-_l-‘ort Detrick, “Frederick, Md.

Coments on the operational program in RVN

May 1969  COL H. C. K e

Dec 1969  MAJ v o
. Jom 1970°  COL Bruce Whizesldes R
: MAJ bl
Dre.

pec 1970 ~ Dr.
Jun 1971 Df.

are rgporteé in the ~ S
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EERRY § ol DhFOL!ATLO /ANTICROP POLIC[ES-ALD-PROGRAMS

A

) A. CHRO\OLOGY ::f‘ﬁ__;- j;“ . uilt?"f}? :".;'.:T::‘;;;f_‘f.r1* A

) an June 1967. Creation of Defo]iantslﬁntkcrop Systems Subcommlttee
of Joint Ie:hnlnal COOrdinattng Graup for ChemicallBio!ogical,_ :

Subcommittee of JTCC[CB at. Fort Dctzlck‘ LT
: chatrman.. ;._.. DT . S

" Fobru arr 1963 Pregs r;leasc'by Dcparrmént of. Dcfeﬁsé ;f Suémnry;
of Midwest Research Institute report on assessment of ecologieal im~
pact of herbicides used for defolintion and erop destruction in Rvn i

-(appcndix M)

2} Septembcr 196? . Inltia} mﬂoting of Defb“““‘”fﬁﬂticrop'Systemsi -

ws.s..!ﬁé&

Comprehensive herblcide policy review of RVN

operations completed by American Hmbassy-
continuution of program. ;

MACY reCOmmendLng general

.o

April 1969. Bngiueerlng dnvglopmuﬂt Progyamns at ngLn AFB trans-
ferred f{rom Air Ferce Armament Labovatary (AFATL) to Armament Develop-
ment and Test Center (ALFIC). Expraratary and aduanced deveiopmenc

" mission remnlncd with AFATL : ) ] ) : Co,

June 1969 Prcsxdent leon rcquested a_ review by the Arus Con- .
tro} and Disarmament Agency and the State and Defense Departments
'of chemical .end bioloqical warfare,

' 29 October 1%8%. Dr. "Science Adviser to thé
. President, announced partia curtsilment of the use of 2,4,5-T

based on results of laboratery studies by Blonetics Rcsearch Lnbora— .
tories for Nacional GCancer Institute showing Z,4,3-T to cause

teratogenic ar fetal deforming effects in faboratory animals,.

{Appendix F}. Associated action by, the Department of Defense was

to restrict the use of 2,4, S-T (component of ORAhGE) to arcas remote

from populatioa.

g

25 Vovember 1969. President Nixon fcn3unced'any.ré§crc to chém[»
cal and biological warfare and promised to destréy US stockpiles of
such weapons (Appendix L). Riot control gases and defoliants wera

not ingluded,

December 1969.

DLOXLH repo:ced hy Dow Chemlcnl Company to be

possiblc source of ceratogeulc e[fects of 2,4,5-T,

15 AErll 1970,

announced vestrict

Dcpartments of Agriculture, MEW, and tntcrior

fon on use of 2,4,5-T in populatad areds and on . el

food crops. (Appendix a}. Deputy Secretaty of Defcnse Packard
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O announced Lemporary suspcnslon of. Lhc use of ORANGE (comprised uf .
",Z 4,5-T and 2 Q-D) . Dl . R

19 June 1970 Departmcnt o[ Innerior ans 311 use of 2 4 5-T 'é i
on public lunds admznistercd by Interinr Depaxtmea:. o Do

October 1970 nefense Appropriatlon ‘Act (Public Lau 91- k&l
7 Oct 1970) %pccifiec that the National Academy of Sciences conm
duet a sarvey of the ecologiral effects of use of herbicides with :
a reporc to Cangrass and tha Presldent 1 Harch !972 .

26 December 19?0 thte House anncunccd a 1hasc 0uc of herbi-
cide operations in RVN with rescefction on use Eo perimeters of
- fire bases US installacions or remote unpopula:ed aress. Ban -
for herbicide ORANGE remains in effect (See Sec VII B.) S

February 1971. Ambaosador Bunkcr and Genefal Abrams announced
the termination of crop destruction program 1n RVN .

May 1971. Author{zﬂtion by US Army Materiel Command for continua-
"tilon of Vegotation Control program ag Fore Detrick under administrative
" responsibility of Edgewood Rcscarch Labnratorxes at Aberdcen Proving

Ground.

Hay 1971, Initiation bf‘DDR&E—sponsored Study "on Military
Urilicy of Herbicides by Engineer Strategic Studies Group to be
completed by 15 December 1971. - . .

B. DISCUSSION TOPICS AND PUBLIC RELEASES

Note: Restricted principally to subcommitter meetings held
subsequent to May 1969 in which representatives of CINCPAC, MACV, e
and JCS partxclpated Items are referenced to.minutes of specific . -
meetings._ < ' ' Lo

May 1969
. CINCPAC..

Intclligence reports on affectlveness “of defollntian and anti- e
crop misslons in RVN. o : ] :” .-

Dlsposal of washtng and flushlng uatcr ac herbictde loadlng
sltes.. -

~a: EET » ‘ . . .
. .

Evaluatlon of future capabilLttes of RVN forces to conduct
7 defollation. . . .

Natutu und quantEty of future BtDCkplles of defoliants,

. ‘”‘ &5l .",:"-..:_’__'.- . :_-,iui .




" defoliation targets. = - -

R N

clon missions. . Continued uée.o['ORAﬂgziin.Uﬂ-l'gyslemm.by.elimina—f
tion of paint-softening problen by use of 1ard o1 grease coating on. *. "

. . of herbicides ko ARVY on arrival in RVH.

“lacredse in use of halicapters for defolfarion hn&Jiréﬁ.éééffuc;»u

alrerafr. ™ - .

- Payment oi'claimé'for alieged ﬁerpgéide:qnwage to }Qbﬁer tfehs E

L T RVEL

‘fndorsement of ihtensﬂéc.éegetdtinn control ‘program by field -
commandets; bqnefits,derived from dqioliation’missiuas{- TR

o

Decesber 1969 . .- .
. CINCPAC

Feasibility of transfer of dofoliant Gapability. to VXAF.

‘MACY .

Reaffirmation of August 1568 Rerbl#idc'PcliEy.Reqleb plan for
_Cut hack in RVK defollation operations in spite oi'remaining ‘

defoliation requirements.. : S K : :

 few defallation targets concisting of fields for cattle raising,
Rome-plewed areas and waterway clgaring in the Delta.: . .

Péob{ems involved in pée of high purfdrmancc aircraft for
defolijation. : - '

June 1970
Inactivation-of 12th 50S in RAXCH HAND operations.

Jrmediate requirement for collection and collation of all tech- :'-
nical data in RVK resulting E;om'hcrbiclde operations. | . L

" Scrong military requiresent existent for sefoliant to use at
fire support bases and base camp peripeters. TS

1:h'hr'

" problems in handling defoliation ﬁaterial:bgcauée-cf'alloéation a

'&§ -

L
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S craf: far spray miaslons.'i,

Oporational wrubi(m. fur lzth SDS. 7th AF because of trx-mission lﬁ..iﬁﬁ

rosponqibiiltlrs and requiremcnt to- deconfagure and reconflgure air?

.

- Requ1remnnL zo retrain AF Crews invoived in herblcide missions e
_wich d{uinishcd [requcncy of miasions.

- PACAF -r LT
' Use of herbicides in vegetarion control on base periketers {n
PACAT area.  Limitatjons are! Proximity to agricultural crops,
living quarrcrs of local nativnals, design of the perimeter deiense

... sysgem, and un‘uitabxlity nf thc three chcm:cal agents permitted :
) 10: use in RVN. : . “

Ccscation of ‘ests u;nh Kenapon for tropical grass control uith A

incrcascd puhlic concern over wse. o[ hcrbicides.

' M

. JCs

: Current status of hnrbxc!de program as outlined 1n Ietter by.
D. J. Dooley, Deputy Assistant Secretary of Defense to Seuator
€. E. GCoodell, 14 August 1970 (Appendix N)

Currcnt MACV programmed sortie rate for herbicide operations.

Status of WHITE supplies follnw:ng suspension of ORAVGE on

15 Aprll 1970.

Changes in approval authority for herbicide operations.: -

-

chect:.on by U8 Senate of propnsed ar‘endmenr to Defense Appro- i
pr(a:ion B{1l to terminate herbicxde opcrations in RVN. .

CARLE . o

Sl Hr'__l”}éz%reﬂ-nting SAAMA/SFQT, discussed the impact ot.'
.. the interim guidelines for Federal Agencies under the National

Environmental Folicy Act (NEPA). The guidelines state that atr the
fnception of a major action, or in the continuation of an existing

" program initiated prior te the passage of the NEFA, if appraisals.

{ndicate that (1) a eignificant adverse envirnnmcntaz effecr will
result from a proposed action, or, (2} a proposed action 15 likely

‘- to be controversial «ith respect to environmental effects, & five~

‘point draft environmeniasl statement must be prcpared and submxtted
to che Councti on Environmental Quality. _ :

47
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A'c-l'ivit'i'e's or actions of the £ollou£ng Lypes shou!.d be assessed
,carcfully for thc necessit)- oi prepnring an enviromnental sutement. -

(l) Inltiatlon of developmcnt ot' new ueapcn systau.s.

'(2} Programs for ueapons testtng. . :' e o

AL DT

3 !.arge»scale tutning operations.-'; .

(l;} Prngrams iot utt)izattm\ of pesticides and herhicides. e

_:(T’nis is only a partial list } o Cee R
Prcparation of an Enviromntal Inpac: Statemenr. mst lnclude .
the following 1n£omtiou* . .
(l) 'rotal lmpact of p:opcsed action on envxronment..'
(2) Statc mrr adverse erwironmental efiects \.hic‘h cannot be
’ avoi:!ed. . -

(3 L:Lst a‘ltgrnatives r.o proposed actions.
(&) Assessment of the action & cumlative and Ioug-tem effects
‘Ii.s required. - .. . : . - ’

) (5) An inventovy of all. 1rrevcrsib1e and irr
ments of naturai resources. o ; .

) Dececher 1970

Army

Bevelopment and activaticn of HERBS {Her‘bicide Reportlng System)
to record on computer tape by ADF techniques all pcrtiuent data from

avallable records of spray missions in mm.

CIRCFAC
(1) Spray Dperatlons in Vtetmm

{a) Available assets dedtcated r.o herbicide ptogram
(v) ,Current and future spray sortie rates - '

(c} Herbicide materials available

) UC_-IZB: defoliation opeutioﬁa -

Ie< [HOAvE]

etrieva{bie com_mit- )

§
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A,

R . s e

"y lierbicidc Rev!.ew -'Snigon Ty
(a) Taqking by Ambassa&or - e
:(b} Commlttca mcmbership

1IC}Cm%SWKW mmiﬂowlf}i_f;:
~.(d) Prnsent status nf ftnal rcpcrt

'(3) Subpc—nsinn of BLLE: Shipments el
'k&) Vietnamization Program L :Fi _.ylh':i,-.ﬂﬁi

':. (5) ORA\GE Stockpile in Victnam RO

{6) Herhiczde Stockpiles Elsevhere in Pﬁcannus Government

. Restr;cted Materials Thailand snd Okinawa (Kadena}

. staéus 'of Vicln.iﬂaj.z'ation as l';z;latlerd. to tha .l-:argi.ci.de. p::,o#ram_.
FUtnre considerat!on by Sepate of Ceneva Protocol.
Possible acsion by HACV relative to 5tocks of ORAKCE in RVN,

Recent statements of policy ccncerning the defo!iation program

in RV are given in'the follouing rwo releases:

(l) Yhite, House Statement issued on Saturday, 26 Dec 19?0.

"In response to the President 5 direct!on to reduce the
use of herbicides In Vietnam, the Secretary af Defense hns rcported
the following actions to the Ptesideut' . :
Y-=5teps are being taken 10 assure that there will be
strict conformance in Vietnam with policies governing the usé of -

_hcrbicides in the United States.

“-.Ambassador Bunker and General Abrams are (nftfating a = .
program for an orderly, yet rapid phase-out of the berbicide opera-
tlons. ) : . , R

"--Puring the phase out. tbe use of herbicides in Vietnam
will be restricted to the perimeter of fite bases, ia US lnstalla—

_ticns, or remate unpopulated areax.

--The ban on herbicide knoun ag "ORANGB" remains in effect.
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(2} 29 Dee 1570 statément
.~ Assistant Secretary of Defense for,

“Sacretary

United States. As
South Vietnam will

_United States popu
normal peacetime activities.

of Je

‘of .Befcns'e'l}icl\;i

- viously veported, -taken sSteps, ‘io in
_South Vietnam will

conform to the p
a result, the st
be no greater th

rry W." Friedheim, Acting'© .
Public’ Affalrsy BRI

n R.Laird has_,. 55’ \-‘r‘e h_:ave.-"_pfe; -.:.
sure that herbicide usage in .

olictes governing usage fn the -

resses and risks iovolved in
a_n'l:.hqse_' sustained by the '

lation and the, United. States ‘pavircnment’ in L

'”ﬁeputy Secrét_ary David Packs.r‘d,las'tfs{p'r"i.ng réstr

icted all’

use of defoiiant CRANGE, and tha

t 'ban remains in effect. “In addi-

tion, at that time use of other defoliants (BIGE and WHITE) was

) "General Abrams is 'nw-iaitiating .
orderly phase-cut of the‘hetbicide operationg to be g:ompletmj by. ' .

next spring.

w1t is iwmportant to note that estiu[at,cd herbicide ‘coverage . -
. for 1970 through September is 75% ’ '
period im _19_&9..?' -

‘grrictly limited to areas remote from population.

{n South Vietnam an

less than that for the same

~ .On 20 Feb 1971, Ambassador Bunker and General Abrams publicly
announced the end of the use of chemicals to destroy crops im RVN.
Linited herbicide operations would continue in remote jungle areas
away from heavily populated centers but would be limited to spraylng
from helicopters and grourd machines, in a manne¥ currently autho-
rized within the tnited Scates within the guidelines set forth by
the US Department of Agriculture. . - R

. CINCPAC

pefoliation as a method to achieve’ 1nt‘.erdicﬂoi\. -

Requests by MACV to use herbicides at fire bié_es._ T

current status of helicopter defoliation in RVN.

yisit of ESSG team al CINCPAC and RVN.

Conditions of remaining stockpile of. herbicides ih_Viétnau':.

a8,

Discussion of the chronological ‘sequence of events concernlng

v

herbicide pelicies and programs in RVN which have taken place since
the Decembexr 1970 subcommittee meeting. Decisions on the natute

‘e
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. ‘and cenditions of.use Ef:hgkbic{désFan¢lqéfdiiéﬁtkzdrcféfi}i pends  *.
. ing at higher headquarters since the' suspension on the wse of ORANGE = .-
in April 1970, by Deputy. Sceretary of Defense Packerd.. (... - T ;

C. POLICY STATEMENT ON WERBICIDES BY ARMED FORCES TEST CONTROL

_maintenance and tactical -situations:

in -the operation and maintenance of mi
control is conducred by personnel gpecifically trained in the use
of herbicides and is usvally dirccted toward the control of specific ..

-

BOARD

The fol)oﬁing ?iﬁtémﬁntfféoﬁ'ﬂiaﬁteé,‘Harch 1970, Item 2.6, . e

quoted by Mr. Vapdeventer, SAAMA, presents the policy of the Armed .
Forces Pest Control Board in relation to use of herbicldes-im: - .

i "he Armed Forees Pest Conrrol.BoQ;d (AFFCB) has an express
interest in herbicides used for the contrel of noxious vegetation
litary installacions. Weed . .|

plants while leaving desirzed species... Other uses of herbicides
entail soil ster{ilization fn restricted arcas wherein-any vegetation

T

T

TR

TE.

may ba undesirable, L.e.- periveter fences, parking lots, adjacent

to-building and POL areas. Such'use
cides with spacific properties of sel

.toxicity, persistency and ease of han

requires a variety of herbi=,
ectivity, minimal animal
diing. The use of weed con-

trol agents by installation maintenance engineers shovld be cone

sidered apart from the strictly tacti
herbicides by Operation RANCH HAND,
cern with the safe, effective use of

cal use of these and other

The AFPCB has a vital con- .
herbicides by Departmant of '
y installations.

Defense personnel ia the oainrensnce of militar

Tactieal use of herbicides is not the concern o{ this Bbard.™ -

ar

Vyed [ 12s

P
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SURVEYS. AND DRGANIZATION ACTIVITIES nzum: 10"
mzroummwmncnor LTk

VIII.

LA AAAS szsxcmr: ASSESSHE'\'T ca-mssmu E R A

' Prior Status 3‘)'_';‘: Q;mffi.:: 3 f_' S A

Rt'lfs Dec 1966 annual meeting. the'Américan.Asscéi#tioﬁ for.. LL;

¢ Advancement of Scicace (AAAS) adopted a resolution initiated by
Dr. E. W, Pleiffer, University of Montana in vhich AAAS: - (1)
Exprasses concern on the lo1g-ra—ge sonsequenées. of the use of -
biological and chemical agents on the cnvironoent; (2) cstablishes
& study committec; and (3} voluareers cooperatfon of AAAS with -
government agencies in evaluation of defoliatfon programs which
nodify the environment and affcc: ecological balance on a large
scale. . . . .

_ In Sep 1967, A.MS Pres:.dentm}’l" uggested to -
Socretary of Defcnse MeNamara thag onal Academy of Sciences:

conduct a study of short~ and longerange effects of .
chemical agents that modify the environment. Dr.
DDRAE, responded for DOD that a nonprofit researc ation ki

would review and assess the information and that Naticnal Actademy
of Sciences would be asked to review the study. The review and -
‘assessment of ccologxcal effects of extensive or repreated use of
. herbicldes vas conducted by Miduest Ressarch Institute (MRI) and
-final report submitted in December 1967 (see reference, W. B, House
et al. 1967). Reviews of the MRI reports by HAS and AAAS indicated
a need for factual §nformation on ecological affects of herbicide
use and particularly of repeated or heavy hcrbicide applicaticns
such as military defeliation in Vietnam.

' Chronblogx

" March-April 1968. At the invitarfon of US State Dcpartment and
%CVM“’Agﬂcultu:al Research Service, USDA,
" participated in the 1968 American Embassy-MACV Herbicide Policy

Review and conducted a 10~day ccological survey of the effects of
Vietnam defoliation. His report was published in Seience 163:779-
786, 21 Feb 1969, Dr. Techirley had previously served as project
- leader for ARS defoliation tests in Puerto Rico and Texas tunduuted

under ARPA Order 424. His veport represents the first ccologlcal S

) survey of defoliation in Vxetnam

Julx 1968. AAAS Board of Directors in a series of reports in
the 19 July issue of Science recormended that a field study of - .
‘defoliation be conducted in Vietnam under auspices of United Natfons.
Four supplementary statements by various Board mesbers expressed -
minerity and divergent vlcwpoints on the proposed study and continua--”~
tlou of the military dcfoliation program.

52

T

.

Pl ved | Ies

i




Science, |

- pr, Herbert Scoville, Jr., Chairman.

o

Docembier iUbB.;'AAAé Bdarqrpf.ﬂircqtqrsfaf_{ts_Décémﬁér~50qclﬁg::fﬁ

announced that the AAAS “would participate 1n the.study of the use ... .-
of herbicides 'in Victnam” end authorized the doxmation of an &d hog ° .-

committoé to prepare specific plans for conduct ©

{ such affeld. & .
atudy. AR

| Bareh 1363 "Dr'ml? 'University of Washingtom, . -
and Dr. E. W. Pfeiffer AAAS comaitwent in Vietnam

defoliatioh.study) made a 15-day céologica!,suery in Vietnam ;
with funds' supplfed by the Scclety for Sactal Rosponsibilities kn o~

Decomber 1966, Dr. bﬁarvard”l}n{veréi'ts’
of a comm e to prepare plans for a

hiologisk, was named hea
ficld study of defoliation in Vietnam with $50,000 in funds

supplicd by AAAS. ’

Westing, Department 1
as Director of AAAS Herbicide Assessment Commission.
June 1970, A planning conference sponsored'by the hﬁAsrﬂcrbl-‘-

cide Assessment Commission (HAC

| L b@ _ SRR )
March 1970, Dr. F Chairman, appointed Dy, Arthur H.
o ology, Windham College,’ Putney, Verment, . -~

Fort Detrick participated. _ _
Internacional Economist, Foreigh Economic Deve fopment Service, US
ncluded as Attachment 6 of Minutes,

Department of Agriculture Is'1
Dec 1970 Subcommittee Meering. The repert sunmmaxizes the signifi«

cant soclal, ecological and economic conscquence
use of herbicides in Vietnam. : oL

Aupust 1970. Four representatives of the AAAS, HAC spent about o

Victnam on a preliminary or- Yfeasibility" survey -

Dr. &
Harvard Medical Schoci and Mr. graduate studént,

pepaxtumnt>of Biology, Yale University. A report of the survey
was given at the subsequent AAAS annual meetings in Dec 1970 and
excerpts published in Sierra Club Bulletin 56(4):4-9, April 1971

6 weeks in South :
of ocological effects of defoliation. Membcﬁg of the group were | ’
Dr. Dr ‘llllillllllllll" "

i, . W by

" (Appendix 0}, o e
Report of the AAAS Herbicide Assessment Commission

‘Pecember 1970. R
was presented 29 Dee at
sentatfons by Meselson,
vey. At the same meeting a
tions of Centlnued Military U

the AAAS meetings in Chicago, including pre-
Constable and Westing on the August 1970 sur-
AMAS Panel Session was held on "Implica-
se of Herbieides in Southeast Asia, -
Part ANLEIWETE
US DPepartiaent of Agriculture;g
Army retired, formerly CG, ACSTONY
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} war held at Woods Hole, Massachusctbs - -

to develep plans for a survey of ecclogical effects of defolia 1 .

_ RVUN. Twenty-one specialists attended the meeting. Dr. b -
Trip report by participant (P

s desired from the




B TP - U I R S Uﬁi ! It
LOvermatnl, darvard University; - rofessor of l.au,

’ 7.' T UrniVersity of \Wiseansini dlonorable Richard p. McCarchy, vs House’: , ™" ..
v+, of Reprakentatives; and _ Vagarbaid Undversity, = -:-.". % "
- Details - of the 'mecting an Tanscribed recbrdings of the panel- o e

X <, session are given in Minutes, March 1971, as Inclosures Jand &, | o

0

e ;Januarz‘197!.,:3b1ca5g-;f an unpublished Eﬁmmafy_"Bacﬁérpund'

Marerial Relovant to Presentations at
the ARAS™ prepared by Dr; Meselson, Dr

eeting of - .0
B - Westing and pr.’ DO o
in&ludlng_discussiong of land and peoples of South Vietnam. (pp. - - @_ LT
C8-13). nilitary use of herbicides. in South Victnam' (pp. 14~ e

and herbiecide toxicology, stillbirths and birth defects {pp 23-47).
. Tohe August 1970 feasibility survey of -
birth records in Vietnamese hospitals to evaluate the "feasibility

‘of demonstrating any change 'in pattern

resulted from exposure to 2,4,5~T or {ts centaninant, dioxin,

- THr M e i g e emre el gy e e o g i,

the 1670 Annual ¥

22), -
the AAAS Commission examined

of births that might have

reported to be teratogenic und

er certain labe

ratory comditions in - -

certain animals,”
_the eariier Cuttin
Vietna@.(December'

Apri] 1971. Publication of am article by John Constable ‘and: .
Matthev Meselson "IHE.Ecological Impact of Large Scale Defoliation .
fn Vietnan" fn sterra Bulletin for April 1971 (Appendix 0). This
article contains much.of the information presented at the Dec 1970 °

AAAS.ﬁeetings.

Current Status
-.d—_..—.-.___'-

The AAAS Herbicide Assess
tion. No formal report of th
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 NATIOSAL ACADEWY. OF. SCIENCES ‘FCOLOGICAL: SURVEY

Ty

- ..+ . for Advancesment of’
.. .. . Environmental Alrer

Prior :S'I::afus"_ . RPN

72 In March J9ﬁ7';helhéar1‘ct'Diréctoig of @aé}iéan.héiﬁqiqtion

Science (AAAS) createéd an ad hoc Committee on’
ation with Dr. Rene Dubos, Rockefeller Univer- -

- tong-range effects of i
L .the gnvircnment. Dr.
a nonprofit research orpaniza

i C 7 im Seitember 1967, AAAS President ,
T 'Sgeretary of Defense McXamara that che National Academy of Sciences~
Narionai Research Council (NAS-NRC) conduct a study of short- and -

'ijity, Chairzsn. The committee recommended that contisuing scudies
of the effacts of chemical and biolopical warfare ageots on soil, .
blota and human health be conducted by the Naticnal Academy of .. .

éﬁ%g&sred‘ta
chenmical agents vhich zodify

i DDREE, responded for DO that
ould review and assess the infor-

mation followed by. & review by NAS-KRC, Midwest Reseach Insticute

prepared this review,

reteased in Decesmber 1967, A HAS-KRC panel

® _ headed by Dz. A. §. Crafes, VU
’ o the MRI report pointing out ¢

- on ecolopleal consequentcds of herbicid

niversity of Califormia, reviewed
he general need for factual ivnformatiom
e use, particularly of repeated

E . . or kheavy applicatfons.  '(Subseyuent actions were taken by AAAS fin’

the establishzent of a Nerbicide Assessment Comalssion te evaluate
- the ec¢ological effeets of Vietnam.#efnliation,'séé ARAS, VIII. A.)

Ghromaloge .o et T

. Dcrober 1970. Defense Appropriatioﬁ Act {Public Law 91-441,
7 Ocet 1970) passed specifying that the National Acalemy of Sciences
conduct a survey of the ecclogical effects of use of herbicides. A
report was to be made ro Congress and the President by 1 March 1972
in this Yegislation developed by Senator Themas J. ¥eIntyre. Fund-
ing for the survey was to be provided by the Department of Defense.. ’

Selences survey were developed by DDRGE. The survey by NAS is to be
conducted on 2 contract basis for DOD in three phases involviog a
6-month peried for oricntation and review of available data, 6 months

March 1971, " Dr. Anton H. Lang; Director MSU/AEC Plant Research

ity, has been named chairman of

ﬁﬁlogica; survey of the defoliation program
DDREE, is project u[tlﬁﬁg for DOR on the
nd Dr. are assistang

comnittee assisting NAS. Preparations

-

® . ‘ L . L
o Docember 1970. 1Initial pians for the Natfonal Academy of
hﬁ - in-country survey and 6 mouths for preparation of final Teport.
- {Minutes, Dec 1970, Item 7.g.) T Lt T
® ; - .
1 Laboratory at Michigan State bLnivers
e . the WAS commi
:‘h' . -in RVN. MNr.
i ., contrace;
' project officers on the
L

* and acticas’ to be taken by DOD personnel in support of the National -

| .-
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.,E-‘ﬁ'1972fh§ specified under the Defense .

.

ﬂAcédéﬁ}lbffséféncék‘éha]ogiﬁsl 5

B . ﬂ;vcy-ﬁqré:ﬁdti}qﬁdfét.h*ﬁeéiiag‘ Ll
. ‘st CINCPAC, B0 Feb 1970a 2 it il 58 N

sublt.n fntérim. report by Yy e e

- Tﬁe:KﬁS‘Cnmmittééxalll .3 i
Appropriation Act, .Funds pro=. -

"vided_fnr'tbe~coﬁtract-1nc1ude,$SD,O
-+ $750,000 for the survey and repprﬁ;FOZbé7c°mP1€{ed<iﬁ FY 19720 0 .- v
., une 19712 hr.. l_’%hai'rmgl of tha KAS -Commitfee .
- "on. Ecological Survey,
“Pollowing & planning meeting scheduled
will be initfazed. Dre ), Scaff Officer for the NAS
‘Committes, has assenbled morve than 330 Yeferences dealing with the

'.defp}iation problem and its epplogiéél aspects.’

w

‘for July, Survey work fa RVN

'éurrent:éfatds .
" ihe NAS ccological sbrVey,is:ln p}ogresﬁ;: An extension’ of tiﬁe
has been requested beyond che original scheduled completion data

. for preparation of Teporss. - .. . - ;
.. A companion study to the FAS effort is in progress -by the
Engineer Strateglc Srudies Group {ES5G) dealing with the mflitary
weltisy of_hcrbicides {see VIII. C.). o ‘ i

C. DDRGE STUDY ON MITITARY UTILITY OF HEREICIDES BY ESSG

Prior Siacu? and Bétkgréund co

public Law 9t-441, 7 Oct 1970, requires the Secretary of Defense
‘té contract with the National Academy of Sclences (NAS) for a come .
prehensive 1nvescigation to determine the ecological and physiologi~
cal effects of the defoliation progras carried out in South Vietnam.
8y 1 March 1972, the Sccretary of Defense 15 required to tyanswmit,
the NAS study {cogether with his corments and recommendations) to
the Pregident and the Congress. Te assist the Secvetary in pre-
genting a complete and balanced report [t is necessary to evaluate
the military-advantages and disadvantages of berbicides.

remant and an associated study required
jal military uweility of herbicides by all
as {theaters of operations)
ie¢ Studies .

Tolsatisfy'this requi
by NSSM 112 on the potent
" milftary services in other pessible are

00 to initiate ‘the survey and” . - o

completed selection of mcmbetifofflhe'tommlftée,.

around the world, DDR&E selected the Englnecer Strateg
Group (ES5G) to conduct the study W

hich is -scheduled For completion

by 15 December 1971.

Chronology - .

May 1971, Prospectus and plan
‘team departed for CINCPAC and MACVY

' ‘315“' '

- 55'
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‘of work completed by ESSG.  Study

to begin data collecticn phase of
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© July 1971, -ESSG study team returadd from travel, and data - o
eotlection In RUN. .0 . - oo oS0 ST T e

Current Status- -

Study in progress with. scheduled date of 15 Dec 1971 for. come
. pletion of final report. A copy of the prespoctus was included. as
Inclosure 3, Minutes 9«10 June 1%71. - - - - = ... )
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IX. SUBCOMMITTEE RECOMMENDATIONS AKD SURSEQUENT ACTION -

Sertembexy 1967
Recommendations: - -

a. Revision of speci acel.iom Ior Age.nt DRA.\GE to include the
infrared. Lesc Eo: quality of product.: (A-i.r Foree) 7

. b Cansideration of devclopm:nt of 4 large ca-\acity syste:::
Jor d{s;m'nsing granular or pelleted chemicals. (Au' Force) -

AC(IDB'

a. .\u- ‘Force I‘urehase 'Descnption AI—‘P:D 5840-1 issued for |
ircevia use 'In procurement specified fuality control tests by .
infrared analysir (Minutes, Sir 1958, Item 4.b.}. A later anend-.
went doted lO Feb 1970 wa AFFID (B4 0 dated 2 Jan 1970, specifies
gas-tiqulc chrouvatographic ctechniques for analysis of DRALGE :

. (".inur.cs, !’.ar 1970, Item 2.d.). o o .

. b. Ko e\cploratory nevelopmnt or design hns been conducted by
Air Foree of a disseaifition system for granular or pelleted chemi=- »
.cals. Howéver, buth Navy end Army have developed similar systems
far aerinl disparsal of granules or pellets from UE-1 helicopters .
(PAU-5{X37-1). ihe: Army version was type classified in Sep 1969, by
US 4irmy Medical Equipment R&D Lnboratory, Fert Totten, be'u York
('H.mutes, ‘Dec 1969, Ttem 3). . ) . . '

R S, .

:’-_ '2325,5252 ,‘.i~5‘.=-': f;”;ﬁ.fﬁfﬁ.fh}:ﬁif}f'-afﬁL~.'::;‘

_ngi.mndatians.

Cal !’.'stablishmcnt ot procedures wh:ch vill fature a iaedbacl: '
of information on defoluuon and ant.crop operstions in ’G'letnam.

b msolution of the controversy on the Fedeul Stock Cla-'si‘i-
cation vor the defoliation agent ORANGE and obtain K fully coordimt.ed
Purchase Desc‘rtp:itm without undue delay. :

Actfon: S
e, Rep'esentdti\rﬂ of CI\CPJ\C and HACY concerned with the
‘herbicida and defoliaiion program were invited te participete fn .
the subcommitte: mectings starting with the May 1769 peetivg.

- ' The cuntroversy between hivr Foree and Army ¢ icerning the

Federal Stock Clessificarion of herbicides and defoliants was resolved -

58
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“er. B Aug 199Y in.a e R——— f"nu assistant Sévtret'at} of Defense
" {Inscaliation and Lugistics) o Air Force and Defense Suppiy Agency

‘which directed the danapement transisr of 2g.uts DRANGE, WMITE, and
BLUE to Aip-Forec under FSC 584l Subsequeat iy, AiT Torce. Purchaae»

 Deseription AFPID 6EGO, dated [ Jan 1970, and dmendment Ko, 1,

dated 10 Feb 1970, were vrod in’ prt\.urenent conr‘rac"s for OR.!..'«;!‘-;
(rhnul.es, Mar 19:"‘ ‘lr!'! ...d ). . : T

".ma 1970

Recmndat;ons .

- a.‘ ‘ﬁcb uxth thc a-csutance of L‘SARPAC shculd be tasned u.u;h

- the responsil.lity of cohecting. ane Jyzing. and tecording all
~pertinent technical dazta on herbicide operations im RVN. - Data should ..

be coilected on all tarpets sprayed ‘and ing:lude - Date, tine, herbi-
cide used, ond esults achieved, if known. PACAF andfor CINCPAC

© ghould be tasked with the rnsPausxmln.y of collating this RVK. -
‘herhicide data and gvaluattng results from a milivary and civilism

viewpoint. The data rhould be collected and recorded as 5000 AS .
possible to -prevent i{ts. loss due to susPensivn pf hetbicide opera- :
tions or. withdrawl from R‘VN. R St . Lo

Cp. ‘Diffieuicies rcported by MACY and Tth AF vi*H bandling _
supply .and adminlsiretion of herbicide. material tn RVK imdicate. the:

.peed for control of this material by a.single US agency it EVN. -2

t:her MACV ox 7th AF should te désignated as matcrial manager.
Action- CoEe Ll T TS . ‘

8. Prans for cellecti ing and recnrding technical data on herbi-
cide operations fn RViv have been formalized dnd funding was provided
by listing the propram as' a line item in .he Defense Appropriation
Bill for FY 71. The Herbicide Reporring System (HERBS) was estub—
‘iahzd by MACV in Muy 1970 {(Minutes, Dec 1970, Item 3.e.). .

b. Because of & 1962 pact, the R\"N-m all det’oliant ageuts
in-country and no tfngle US Apency could control the material. In
the opinion of ClM"I‘AC this recommendatim is being parrially ful-

filled.

Se Et:ember 1970

The following gocommendations vere made 'by the subcormmittce to ‘
SAAMA (Ar) for dirpesal nt‘ chemical hcrbicide raw waterisal componrnte’

ain \.Ontractor faci llcica v

a. The chemiesl compounds 2,4-D and 2,4,5-T are compononts of
herbicide ORANGE, fluantitics of there compounds have boen held ag -
contractor’s locati{cns peqding their use in fabvication of pdditional

59
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CRACCE.  Curvens. GfY -oasumnelon Tales have.béuu_radicall;'decreaség X .
zesartitg in an over zupply .ed GRANCE and a‘restviction haz been I
placed an further nie of DRINGE, :a*ns*.-queﬂtly,t‘la-s'e‘ componierLs ere.
.o tonger requived, The recommendstion by the Joint Tezhnical
Crordinating Grow;. fubcomsittee ik, therefere, Lhat Gisporsl be

- ewde Of these compotents. .. - e IR
U, Dispbsal of these componcncs should be tnvestigated as - .- o Lo .
follows: e e o L : -

(1) Firgs, gueries should be made ‘o see §[ any agency has uze

for the componenis in ;hair‘presen:‘iorm. Agencies tuerfed should 7
inciucde, but not necesrarily he Jlimited to, (1) Department of
Interior regarding postihle use an forest or rargeland, (ii) Depart-:
oent of Agriculture regarding. possfble wee -Ln foreste, (i3.) US Aroy -
Engirecrs regarding ute in varervays, on righcs=pf-ways or military

- irgtallagions, anc (Iv) MACV, to see i1 2,4-D alone could be used

. during the suspensieon of use on herbicide ORANGE. .. v

(2)_52¢0hd.:5h wid o of taese agencics bave 2 use for the
coqponentd, dastruction by incineration is requived. . In this regard
- the following tust e determined: - e oo .

o (e} The contractors {patricularly Dow wpo posrcsses a destruce
. tion facility) shouls be queried as to capatility and cost. of
. destruction of cumpenents, . . . B A
(b} AMG shou'd providn fmformaticn on the transportable detoxi£i-

‘cation/dem) lMiterfziclion f2edTiey bolng constrvcted ior chemical agent
‘detoxification, This fazility might he capable of incinerating these
-components at their storsge locetlom.: = .. R e
o ¢c) Other DCD fwrineration. fazilities capsble of acromplishing
this task shuuld Le located end costs of Lransportition to those.
“gites calcolared. . - - T LSS

. c. LUpon recedpe of the informetion discursed atove, & cost
effective decision can be mede any rile mOSL etncomicei weass of

" disposel deraymired. .- . oo _ - o i
Aetiom: B
] 7h§'cnntr§c:ér‘fu'plur inventory of unmi ned enzpoment s of . .
URANCE avé of BiUE reaafns In clorage ab Kelly #FB, Governmeat . . —

azencict suck ag the P» Fevest Sorvice, Puresu of HRéclamariom,
etc. uith a requitement for 2,4-P and 2,431, utllize only

Y nevglazile eseerc and are not potential customers for the |
CONETACECE aventaey. & propesal from Anzul Compan: &9 rurechass
the oatire supply of PLEL 2t its aviginoel cokt to the Covernment
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was nq:_accepg"eé-iiacauw af DSA surplus property restrictions. A .

" yolated AF prioposal receormmending facineration for the Guifport

-~ stochpile of ORANGE receivad nonconcurrence at ‘zighcr no.ndquarlets
(}!inutes. Junc 1971 Itcu_. 3 a. (l\ ard (2)) '

Dv-ccmbe 1970
Retmrendation: (.dth dosignated acticm agency and perscmnel) A

ao Techmca! Order &Z‘C—l 17 on use of herhu::.des. shvuld not |’

o revised at tnis i efarence to "ORANGE hetb1C£de..
{Ac:io:-. - sa» ‘:r [F . S

b. & decas!on ‘on t"le usc of aisposal of OR&\GE he:hicide now = -

HEEA should b expo:dltnd.

‘stored at Gu‘fpm EyaNERY JE.

(Acl:ion - Jes (J‘S), oL ¥ C. Kinne) -

' ey
e, i‘erhicide sprav e%\‘%‘\i"” WienE removed from €2 123 afrcrake in .

Vietnam, should be identified and héld in Vietnam pe-xdtng future . .
decisions en VietrnaSizetion or resu:'pr.i.cr. of C-123 opernt.ious. ) :
(action - CIHCPAC, Dr. katrcn) : oo . ‘

d. T‘he normal’ bucyi ester cf 2, &—B rmtra-t. temi-\ntion
 fnventory mateTial 18 recmmed {'or use in SEA id ploce .of WRYITE
- for defollation and crop cont.ro]. ‘Icc‘-"it:ﬂ. detzils om use, appli- -
catiop, and identificati 1d be worked oot Botveen SHAVASS '
and ‘:"ort Detriu, br. _(Aecion. = SAAEA, Moo

| L; 5

'a.’-. Recouuendat‘on wvas for r.o acu:n.

Action'

‘b, Decisica at Command lewel b..s hoh Brer veachsd conserafng
disposition of the ORANGE svoskpile at Oullpers, Msslusippi
T (Minutes, June 1471, Item 3. alid}. e artion fes Yeso tekun 2y
‘the recemmendaticns for dirsasal of UAMGE 4n TWH v pla 5D
mitted by JC§ to Deputy Senzatasy of befehse Facksrd 3 17 Apr 10
(H‘tmtes, Jum: 1971. Iih&. G-b.¥. ’ B

Ca he inturrx‘[vm .mv;n.blc-.

A, N jupely ﬁ-i:{.‘u". Le Seing gives to CEA qctivition.  dppare
ontly wee cf ¥<ITE and PAE.has boen redus - vo u slnloum ox.tiwes
herbicides wie ne lorger bteing U f_r.J':y.-e". ugrern 1873, Iters |
ALh. 231, Witk ek cortgrlecat cor WhTAY sl BWE, 0w Tesoire s
wert vemalt< fer gey sekstitnts sbck &6 20T ester. :

LI
&

7

S AETPN. T N—— : . g o . , R
e * s uy “WWWM’Wer

PR 2

§ T

S8

H
§

i

L |
R R

Y

A Sob 3 MWL ST

TS OE

200

X
|4




X 4
ri

e

‘ Irish, X, ﬂ‘...R..';&,.f'Darro'-f’snd c. .l‘:.'.}'.:r-.}x:iku "I.‘ec'em?k:r 193,
Iaformation manual for_vegetatim‘cnn:rc! o Loucheast Asia, Hise, .
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feliv AF8, Toras.

ACEL BEETRTS ARG NANUALS OV ver op -

i

o A Furo, D AKTD, SAAMA. Newesier (304, Use wi herbp-
cides, teeh, Manuwl} T 32C-0-87. San Antoni o Alv Maborie? Arsa, - .

A werviaied o is roainical mrer 2 nd 1Al 194y sas oo

wencaliod nod 70% Gistributed, |

Parrew. R. ALK B

Trirhoord £ B tinerik. - Auvgast i%€9,

 Berbicides vred £a Sunthease Bsia;  Tech, Keng, SAD)-TR-69-11078. .

[ Prerared B Plars Selennes Lahdvatoricy, Fae I2irick under cone
Lracs ED-IGalien 11013, San Antnoio Aiz Matessel Ares, Relly I¥B,

Teves., AD BE& 443 . s

Cteung, A L. and 3."(:‘._»:."‘.@::05., Harch 1870, Militapy ;t.erbi"

cides and fasecticidug,

“ech. Hotes AFRTL-TR- 201, iy Furee

Aruzment lahnrutt-.g_g,_-.ﬁlglin_-ﬂﬂ_i. “Tloricn. .

Pabl. 33. Deparruent ¢f

- AD 864443 _ _ |

- Radke, R. 0. and R, A. Derrew, Necoder 1370,
- vertical moverent of fc;urlhorblc-‘ides spplicd to a zraselaud acd) o
. (Yech, Memo. 212), Departuene of THe AT oL fort Detrick, ¥aryland,

AD 876 554

- . Darrow, R, AL,‘_r_;g_g}_.
.dcsiccar.t; and horbicide

114). Dcpar(:m'_d. of the

the frmy, Fore Teurisk, Marytomg.

- January 1471 Sield evalugtien 5!‘
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LETTER OF I\STRUC110N FROM JfLGICB FOR THF FORBATIO\ OF TQE ‘
' ci‘LE’:(l(?"“!.‘ll'l"'i"l:'.E ON DE?OLIAVTSIALTICROP SYSTEHS ’

's .r:i'
EA-CC S 36';!'-.;':»' 1967 -
.‘SUEJECI:' totma'irn of De‘oliantsIAntx Ctop Systems Subcomm;:tee a2 the'
. JTCG/CB. S . .

e .:n

T0: COLT
* 7. Alr Force Armament Labs (AFATL)
- C/B Division (ATC) -~ - ,,_:
) Egi!n-&ir-Force Base, Plortdt._SZS&; S

W

1. The Jcint Technical Coordinating Group for Chemical!Biologlcal LT ;S'":
(JTCG/CB) is a joint milivary service coordinazing group orginized in T e
‘accordance with DeD Instruction 5160 5. Its purpose- is to insure com-
pléte inter-servite awareness at the technical working level of the
tatal research and develophent program in the ares of chemical and’
" piclogical munition and defense systems. and relatcd materiel. “The
. chajyman of the JTCCICB 15. = ; :

"4- . T eoL N cox -t :
IR ‘AL~ Force Armament Labs (Af%!i&
A ' €/B Division (ATC)
Eglin Alx Force Base, Flnrida 325&2

2. Reccntly service interest and activitv in defoliant and anti~ E
crop agentsfsystens have experiented a considerable upswing. They ere. .
of considerable inter-service interest since the Army has the prime ’
responsibility for agent development and procurementlproduction whereas

- thn dclivery systems for the most part are of Air Fcrce and Navy interest.

3. T is ‘nperatiVE that a mechanism be set up to affnrd for the
rapld and complete inter-service exchange of information concerning all’
atpects in this Nield. To this end, the JTCGICB has Coﬂstit!ued the

g p
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SMUEA-CC c T T 30 June 1087 .-
SURJECT: Formetion of Dofollan;sl&n:i-,rop Systems Subcommitree of rhe
Jrce/es L et
© JTec/cn Defolfants/Anti-Crop Syisens Subcomitree. Yoy have been - = o
nominated by COL N, cbx.-USAr, L choaje subject subcommit tee. .Other - oL
membars, as nominated by their respective Rervices, are shown on L P ’

b. It is requesied ih&t you convone members of your subcommitrae | :
A6 BOON as possible_at size of vour cholca and drafr charter and modus ]
" eperandi for your Subcormittee and submit to the JTCG/CB for veview and -
Approval, © Sauple subeomni ¢ Lee charter is-attached as Incl. 2. coL: o
¥, Cox, USAF, is availabie to render asglstance to you in rhig formila- .-
Ctive phase, . _ IR Lol - . .
-, 5.. For,infcrﬁaiion( inclosed isicoﬁf af-nﬁn’lnkt{uctio@s 51605,
Incl 3, and charter of the JICG, CB,_Incl‘b. R N
s R vt Do T A o
T4 fned | Cole e
B L .+ ;. Executive Secretory’ é' L
R - A e .
7 Cys fupn: CoL
. br, o .
IER: IR T . - )
‘_.' ll'! . Co. h’r. . -.’_‘
= 3 Mr. S £
‘.“ Mr, :
‘Hr- 66} ) 7
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e T ooaveenIx 5l T
SINT TECHNTUAL - COORLINATING finoup roR élm:-;;‘;,:'rqgmmul. L
: DEFOLIANYS/ANTIZCROP SYSTEMS SLBCCMLITTEE - . - ¢

e o CHARTER ST ST

fhe purrose of thié‘ducuhept is te defime the mfssion.'compﬂsitibn o
and Zoactiening of the D Joint Techniga)l Coordinating Graup sudeommittes
on Ledoliantsy Anti-Ciep Systems, . o T

I, SEFEREmeE: . L e e

" Depattnent of Defense Insrruc;iunjﬂtmhe:f5160.5,,7;February 1964, 7 -

1T, MEssren: -l ' ' Ciee e T

 '4. -Generai: u;l§f"lgﬁ.ﬁ' - '} N

: To effect devailed Interservice ADTLE program’ coordingtion at
the technical level on CB 1ncapacitating Egents and yeapqﬁs_gyﬁtems.
' ) B._zsﬁécific:,;:'f" K f=: [ T :
07 Review dn-house and contract programs 14 preclude imnecessary. - ¢
. duplication of Rﬁnjeffbrt.}.. B T T T PV A

Do - 1) Assure timely éxcﬁﬁnge'ﬁfitécﬁnicai information In rékeaféh, o

© development, test, evaluation, lop ies, production, and procurement,
2. ‘Recogaizc and identify parailel or. )
and reccamend adoptioen of common requirements angd military characteristica,
N . T3, ‘Rosélve identifieé'proE!ems by'ﬁdthai aéréémcnt and refer
problems not amendable to higher authority,‘as‘neceSsary; through )
individual Service channels, UL

IV. COMPOSITION: N S T

| LT L . R
A. The subcomittee will consist of tko representatives each from

the Ay, Navy and Air Force -and one from the Marine Corps knowledgeable
of their Services' research cnd/or develcpment of CB agent/wezpon systems,
Subcommittee members will be appointed by ench Service member of the JTCG.

y -
.

}oiﬁt‘dévclopyent efforty . . -




IO,

B Executive Secretary of the subcornnittea.

TS r’ h."" - o -
oo s vml..aﬂ&f" g-'*?'”' “""“""‘ e b .

R, The subcm miitee will "otate its cinnmanshlp on an an:l-al g
basis and the chairmzn shol) be of the corresprncing Service wiich
"provides the chr” man for the JTCG (e. g.. 1967 - &ur Torce; 1968 -
Navy; 1969 - Amy). - - . . '

'C. T‘?" cbaimnn shall dcsignatf- an, Exocut:ve Secretarjr to sér\re
dnnr.,, "~e cnaiman's tenure of ofﬁce. S ; BT

b, “he subcam-u-ttce rc;;rcwntatwes Ty des:gnate .ndxvidunln
within their ras~ective organxzations to ass!st and parf;ciptte in -': .

. com'nittec meetn <% as rcqu:rcd T . I

R

v. :_ J\c-rm\wc- o
'I'he comzttcc mcenng sul] be arranged fnr T,y the chai:man who

‘and the submissiin of <opies of decuments ta be “Iscussed to all

B. Hcecings wiu be held on a quarter!y baxxs.

€. Meet 'gs wil™ “nclude quarter!y reports by mcmbers suffici.m

Cin scop “n sconp Wi - the nxssiun nf thkatbmtm.;_ :

. h.nutes of the- mectng will he the responsibj.u:y of tnc .

wzll !;e submitted to the JTCG for approval Do .

< F. The subconmittee will prcvide the JTCG wzth 8 quarterly ruport
of proceedings and any other reports deened npprop-inte. -

.

65

wzh be responsible for the presentationiand submission of an 8genda .

. reprcsentatwes at least thrce uoeks in’ ac&vancc of the schrduled mc:ing. '

Any r-ngran recomendat:lons of the subcomittee xnvolvmg .poucr
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. STATE OF THE ART ON ANALYSIS OF “omAnce® =

The' present',}'t_, r :ricﬂ,spécifi:‘ai'tit}n‘.:‘adq_‘duaf,.b. l.i'twcirs " Vii.!ely A
aceesred preci e mothod for Jetermining total chlorine in an organic
rhlpra-derivative’ {the Parr hozb rethed). Far

waftabie atternaive for determining toral “hlorine is the more cen-

. N 3 :
M e e e e b et ey e

this specification, a .

vientent sodico bipleny! method.

C tafrz-red’ téchnque's Have served well ag
" ¢haracteriziag sirucrural groups of 1gomers |

Ahe past 20 vezrs. - The Plant Sciences Laooratory las been using a '

the basic ‘ltn;u;iun of hoth cethods .
J& thar ne struntorai conformatfon §s Bossible, o . T T

the choice wethod for

B ] S PR,

I .

R organic compounds fer . . .

and  dentifiestion of

- modern infrared spec trophotdmeter tor analysin

rhemicals relating tr varicus areas of Crops rescarch!. Currencly, - - .

quentitative malysis of "Orange" is being

. opaterv. The infrated method 35 vutstsndin

“-vide a rapid qualicative analv s, but for

rnntemplateq in "th:i"i ‘Yabw - 7 '
& in its ability’ to pro=-.

Quant

{tative purpases, ft - |

" does. not aprroach the accuracy of the Parr honp;
tn chow what kind. of chloride has been determsined,
"method fails to show how euch of ies fnditated com

The Parr bowh fails: |

and the infraved.
PODEALS are presear

~without xunming the nece sary. stendardization curves. § - -

" Since the biol‘egical ‘activity of Crange g g__._z;nl(,tel}. dependent

upon & specifie organic configpvation, & direct analvsis ar these
structures is highly desirable. IR analysis can
2,4~D and 2.4,5-7 crters. as well as appreci ahle
liactive fapurities, [f present in significony a
boeb or sodium biphenvl methods canmot do.  With

procedures, IR techn ques can provide quantitstive

abflity of +5%, accordirg to methods demcribed {

. At present, & or 5 producers of frane> have
B & T esters, but not for routine production of
analyeis, 3 different absorprion peaks have beun

to eocune of raterial present, Twoe ¢ {ferent ea

Gualitatively detecr -
arounts of certain
unt s
praper standardization

n-the literatuza. ™ - -

.sed IR analysts for
Urange., . In 2,4~D :

Tias the Paxr °

aralysis te & relg--

used for qua .itative .-
work, In vhich height of the peak from a hand-drawn baseline..s related

aks ‘have been.used for

2,%,5-T analysie in different metheds: in anoiley

variation, a Tepeak .

{& meazured with 2,4«D fn the yeference cell. Although there appears -
(o he great variakility i+ 1K procedures, no other method offers such
fiighly specific analysis ior the iwe main components in as shore 2 tine

b737

o




S e PCNPTIPE: P TR TPV faats -
o -

.

.but it 15 much more tedicus and

‘Lary
(i of nutes). witl.ioi.:t se

;reseace of fnpurities.or gross ceparturcs {rom the desired coupo~
£.' ;g can be detected at the same tfma., - ., el

fiap chromarography may be
time~consuming 1o get set up. When

set un, ohe gas chromatograph would be more or lees remtricred to

“analyzfng only these herbicides and re‘.l'ated.-'cm‘:poqnds, With IR, the

equipmant would be available for other uses. .

31 Jan 68

in ccnclusi&n; the p‘resent 'specification "coi;ld .:h_acluc.!e an addi- -

T Ei_o‘ml paragraph fuggesting the use of IR spectra for more specific

tdentification of main coponents and detec

tion of ‘signtficant ... ..
impuritics. o e TR

paration of components. In.addition, the | °

considered as an aiteénagc technique; - .-
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" ‘Beltsville on June 30-July 1,

" preliminary
wH o CEM

. Combustion experirents have ‘ind
large cuantities of Orange i
ture of around 900°C (1652 ).
-00°C) there is a remote chance
Lave indicated
a5 tevatogenic as the r2trachio
of 2,4,5+T. Recent mutagenic a

" rule out any alternat
Research on ipci fon of 1liq

notes;, 2 Dec 1970 on INCANERATION, OF ORANGE

fcated that the safesr way to destroy

[4]
"is

rocioxin from phenclie decomposizion. o
pprencasions from these dioxins chus.
ive to high-temperature disposal.: Lo

L™
Drs.. 8 and t Mississippl State

University wnder USDA Grant No.
‘briefly on
Pesticide Disposal,:held at the
1
. copy of the Procecdings. of th
ardent effort to chrain for us

and Stojanovic.  She informed v
at present to anyone but the gr

.. Btate University, so she is serving as our
- Case. '{- : . R . T

"Tneineration” at the Nationmal W

12-34-100-916 {34). They reported
orking Conference on
xational Agricwltural Library at’
970, Mrs. Rach Fync av KAL provided
is Conference, and iz making aw
any subszquent  ¥epores by Shumean

s that no feports would be released
anting agency (USD&)-or Mississipph

The July report on the exper
of 0.66 tb 2.34 gallens per

iments. at Missisgippi cited input Tates
hour of various pesticides, none fdenti-

fipd except malathion (vhich in
. {input rate). The ne
"(pp.. 108~119) by Dr.

a xylene formulation had up .te 4 G

products were
- incinerating {pyrolyzing) ranges.
reports, and both were Jjust prelim

.

e rion" report in these MAL Proceedings
howed that no decomposition
found From 2,4« and 3 mber, of cther pesticides at

s by incineration at a chamber temperas = .
At -much . lower teémperavures (300--- ..
£ dfoxin formatfon, and FhA stidies
chat  the. di¢cnlorodioxin from 2,40 derived phenol

id pcﬁtfcidéé is'$ciﬁs ;oﬂﬁ;ctéé hy'M'—

Liaison Officer in this .-

These were the only incineration =
inﬂw . - -

prochures” on incinerarion .

e %cquc?:ndo"hny-ﬁriﬁted {nformation or
addresses cited by Edgewood Arsenal.

seven company
response (from Taller
bbtheéc‘rcmarks: "We arxe presen

System. The paper enclosed is

from t

& Co., Bettendorf, lowa) included
tly finishinp the Mustard Gas Bispesal
based on our werk io the ill-fated ~

Weldon Spring

Chemical Herbicide pv

oject cancelled by the Goverimenk

. lAs8L year.

" wope of his numeTous enc

losures gave.specific mention

L EORY

"Vro'

b
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© or aitention Lo incireratiop ot chlorinated herbicide, sa we will '
© . scknowledge with g request for more details. One of hiz papers '
{"The Zotied CYX Reactnr™) on rage 8 clted an ercstion cost of
$815,000 for a system incinerating "Chemical Waste, L
The Mustard Gaz Bisposs} Systen,
ful bidder, called for 24 hr/day incineration at 1253+ 1600°F of
580,000 gallons of crude and purified. musterd (dichlorodieshyl
‘. sulfide) at feed.rates -of 0.2% to 3.0 gallons per sinute {roughly’
a vear of 24 hi/day buraing of the torgl), Orange incineration
- should be dircerly coupdrable, with oniy 30%7 (nstead ot 447 chlerine,
" and no sulfur. The 1 gpm continuoue ' feed is 525,000 gal/vear. " Soda
. ash in our case should serve as wveli as dilcte liquid caustie on . ..
sustard.. since the removal of HCL should be easier. than that of 895,
a veaker seid gas. ' (The specified pollution limits for mmstard
effluent were 0:1 ppm max. SO, at ground level from a4 55 ft. winizmm.
© . stack heighe, vs. 0.015 ppm for HC1.) The }250° to 1600°F fnefnar-
““aticg range is adequate for safe disposal-of Orange, o)

v, -T first remark in'the response froo the Company ‘was that
T . uirect flave inctneration, as a means of poliu abatement, is -

fer which Taflor was the success- -~ -

e gaining world-vide acceptancq for the first time.” To get addicional =~

guldance from this COompENyY we musSt return thelir f'PbIlutim-@b&temnt
! Bection Data Sheet,™ and will £ill in very rough figures.comparable "
‘to those in the msta¥d disposal. - (The writer -from John Zink Pollus
tion Researck was A. Kim Reyburn.) .= . A L
'The response from Copelsnd Systems Inc., Oak Brook, Ili., by their
General- Sales Manager, acknowledged "that some years ago wa completed
the design for 2 facility for waste dirposal from & Riverside Orange
plant, but since the plant wz. not buflt, the waste disporal facility

of course was not needed alse. The point I am trying to make 1s thatr

we h.nvq the capability to incinerate chilorinated pestic{des and ‘
" Yecover the hydrochloric sefd." Wo will give them the same rough R
figures noted above for addftfonzl comments. e

'ﬁre‘mﬂ Resesrch & Enginrering Corp., Conshohocken, 'Fa., responded -
with coments from Evans Andreacola, Asst. Sales Mangger, calling’
attention to one unit that "f{s used many times for the incineratiom

of chlorinated hydrocartons,” and another where “an incinerator )
and separate scrubber system 1s wsed for incineratjon of chlorinated’ "
hydracarbons,™ plus “a brief discussion on handiing ef halogenated’ | K
compounds. ™ - . : S oL o

Larxy
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'lo replias have been received ay yet (2 Doec. aM) from Teller Eﬁifon» e
. S peneat Systens {n New York, N¥: Ciwbucrion Equf pme..¢ Assoctates, alse: - ‘
T Kew York, ¥Y: and.vop Ay Cureocrion in Larien, Conn. N . #180,
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" DEPARTMENT OF. DEFENSE
Armed Forces. Pest Control Board ’
. N e " Forest Glen Section, WRAMC . . IR
C G T Washington .D.°C. 20012 .

Office bf't:h'ee.'Euqc'ia'tvive.'Seé'm':t.éx;}'r L
LR .- AFECE - e 13 March g7’

- MEMORANDUM FOR: * Director of Logiatiés, . Jeseas...

iR

CATING ColomwTCTN, Sunder

——

SUBJCCT:  Advisory St&tesewe s by ORET B1 Forb! cide-Orange -

i . . " ® -
Tt : RO

L. Refercice:  Dob Direetive 5154, 12

The Armed Forces Pest Control- Board, '

dated 2'1 ;‘.ugt_mt.'s.%ﬂ, subject; .. -

- 2. In accordanze with Yequests for té'chniéél'ass‘istance vithin the
' Scape of teference, ‘pazagraph 1, the Armad Forces Pést Concrol soaed:
" arranged an informal cenference tor the purpose o dfscursing mathods
of ‘disposal for herbicide orange. The minutes of this.metipg_qu- .
‘attached as inelosure 1, AP RE Co
3. One merhod of disposal which wag promnently discussed during
. the informal confercence involved the construction and use of gpecial
L Pesticide incinerzror aquipment, AIn order to gain information &t to #
* whet might be Tequired for an operstion of this nature, Dow Chemical
Company was tnvitred to present an infopmgl resume of experience with
disposal of ‘pesti _iden by Incineration. The Tesults are sucrmayized
in inclosure 2. Cs - ‘ . : T
4. In a follmw-up action to th: fnforms] conference, Colonel ¢. 4,
Sunder, Wr. Aband Ke, ixietted the
Censtruétion Battalion Lenter, Guifport, Mississlpw, M & March
13710 The question of ddentt ficarson by cach manufactvprer wig ree-
solved. The- Tay have some sfenificence in the final Meposition
- of the hethicides ar indicate. in inclosurs 1, rFavagroph 9.a.

Eory
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. SUEJECT. ﬁdv;sor} Statemont on, ﬁisposal of horbir*du-Crnuge '

5. In vlcw of rh= abavc data, t'hﬁ cu:-.eu; m-,oz:m,—.n!atiﬁns xcr dh.— e

pusa! r( Lcthi:ide nnnge arc an Ioilous' . . S
o T a ’tnar. a::::ion for xw..dx..te dispom-: of herbi..;dn nrnr.ge be LT
mtnhvld pe'!dhg the folw\-:mg' . A I .

. (I) Relbave &l :h:. Pre .dcnt % ...c:cr‘til" nov.so*v fﬁ.m;.,toe L
:Rz:par.. on 2, 4.:—7 to Lo rf—lva‘cd A0 the inmcdi.eh_ f‘.:l.ure. N :

. L. i

‘ . (2) Cc.nplettan oi "hc Nationa. ncadﬂﬂv o[ Szience Stud}-'on
C 28, 5T u)mpleth,a of thiq tvd) is erpncl:ed \-ithi.n 4“-60 da}s.

N "3) f.cti.o-: of the Envic omental ontvction Agency on the R
continued ragistracion ai 2,4,%%. A formal - ‘pas, I.t.'oo, su.:euut.. :Lr. -
. uxperwd by the end ef ¥ rcn 12 l. _{ o : -

o - 'I'here actions vhet camplote .111 mdi'"ate what tutm:e nses T,
 of 2,u,5 T witl b-. ...t.cup.able and may rpsnlz in: 2 sharp change !m ": T o
. p"eset:t pollcy._ S BT oo cT

) b 'I‘hat ‘e ppssihl ities for the use of " ppreved incivera:if'\n ’
“for diaposa; of herbicide crange be explored as suggested in" inclosure . N
2, wr - b:f Possxble eusting in-hnusa *apaullitios mcd fied a8 needm. S

St e c.' hat the informat{~ - . contaisied in tnc.losm.re 3 be revieved hy
) herbicide spnc.alisl.s of tne Department of Azriculture to provide a
) mm‘e accurare assesama* ot’ Lhe cinx'u co':l:em: tr:ltldr. each dmm lo!..

d. 'Ihat & rr.all amcunr. (nor. to, exceed 0 coo -val'lons) of hetbi—
‘cide orange from drum iots having ver\r Iow dtoxdn cnmtent oe reser\‘ed
for use on ms.i:ltnrv 1nscallauom. ' : .

- e. That fn‘ur‘on of' I'erbuide orange to s:tfo Iinu.r.s ‘of diox,{n )
content of reproceruing be’ vtilixed In the event thet & wider Jatitude
-'_of 2.4,5~T vses are permltteo 1n the future.__ . .

[

FOR THE CHAIRMAR:

bb J‘ﬂ;p-”

3 Inc. . ' o
1. Min of Inf Conf 24 Feb 71 Lt Colonel, MSS
2. Dow 'Clam Co ler 8 Hor 1% Executive Sat.rel:ary
‘3. Table of aprrox quan’ CBC crr Arzed Foreex Pest Control Lourd”
. 2
£ory
- SRR TR




¥, On 2% Fcrruarv '971 a curfrrunrp vas heie at ‘the cubgcqclon o[
"4the AFPCB consider the problem of the dispoxcl of approximately -

- US \1\? Ccnslructia1 Bar.a:ton Cuﬂter, ru_fpcrt, Hxsax*sippi.

2.. Atncnaens 2T tnc weuting vera Cap_. a3
AFPCE. LTC Cueruiyve Sccrctary, AF-uB, HRJ- ﬁ
. Entomolegy Lonsulrant, %e&ticllcﬂ, GG, Army, Hr. %
Chajrmen, Working froup on Pesuicide., Mr. B 2
Sectien,” OCE, LA, Cet.. €, H. Sunger, JCS-J Fy
.L'rc”b(?:«s, Chem & Huc,. B

& Branch of- i

.. Engr 1_"-vi on, Protect, . R
: . : sticxae Coordinacor, "Mr. | ﬁ;VFAC, L
- Herbicide H_oct, Hr. oo

:,3. Prablcm Barkgruund - The reporcea x;ndlng ’hal the roitent’ nf the -
contamiaants {dioxins) inm 2,4,5T (2,4,5«trichlornphenoxye-etic scid)..

.;._3Udlt1ng disposa! action,-'.:-.

4. Spectric Frobles - h"* reporccd than AF-&‘SK}:, IR
Fuels Branch of Supply, fs responsible for the procurement of teceical . 0 -

e

.repo.t is "‘ue to the Scctetary ¢f Defense by 13 April 1971,

from rhe hcrbir!.de comic:ee of Lha AFPCI' . T

6, Mr. : then enlarﬁcd on the upecific problcm at Gulf-'
port {paragraph 4.}, ¥ He stated that he had firac been contacted by

‘5'2 _ T ..j;"v M TR TR u
"B-P‘ “‘&ao&sa@—:@&w‘w R T

ey

r-.":ru OF TNTORMAL' CONFRKEACE O L15PUSAL Pwsm ST
: - MERE BICIDE una'orr: ’ ST

Cot. Maurice G, fattca, OSD, Hhailh and t..0f runriend Office to have

£0G, 500 gallons of the tzetical Herbicide~orange, lozdted Lt the

Re;reeertative, Qow Chewlca .

L5 {9l Rt

were kexic to man and potentially teratogenetic, caused the ﬁLspension g
of the tacrical uge of herbicide orange in tha Repablic of Viet Nam.-
As_ . resclt, significant qumuucs of onm,gr e 1n DOD ..tcckp'le R

herbicides and lise been tasked with the responsitility of de\rcloping
2. plan for the disposal. of these herbicider. Specifically, Mr. .
Deputy Secrevary of Défense, has ‘anked for practical -alter-
native sclutfons to the problem including chie pros and cons of each
when considering their cconomic end political implications. This

. bl

S. The nwetirg was called tc order by "apt. and the gen-

@val problem &s veviewed in pavagraph @ and 3 was presented. It was

further sizted that although the AFICB has limfted involvement with
taceical herbicides, COL. Patton reqursted help with the prohlem

C

Inclosure 1 'te Appeﬁdix |4

'75
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pevronne!
- mieal gpuidén :
herbicide. Mr. Hottoen comtaviad Diw Lhemice} Compary abour the prob~.".-

"My, Hotton Surther stated thaf there were considerably pore thaw

" posal problem.’” -~ [ - A

.2, Colonel Sunder, 3C$=J4, revieved ‘the Tequest. mace.to his office . '’

T8, Hr.drepbrtéd ‘that there s a 'vtgox:wa»;;!rrl':.{t mthe 4is- -

. pesticides.. He-also indicatcd that the political impact of this

" taniaated 2,4,5-T. . Theré are two other studies of considerable - .

* ppe is being.comiucted by the Nationa
' pesearch Council undur the chairmanship of Dr. Wilson. 1t is under-

different manufacturexs from 0 to over 100 PPM. . .. ..

cepy
respongible for Storagt- arga as CHCS}-I, Gulfperi, for tochs

ce o what conlbd be sone with the 13,000 plus drvms of

Tem and ihoy ogreed to studs prssible matiieds of of posdl ard oake
informal recommcdations, e nmajor problen srea s indicated in

that all »f the drums were repainted ave s the sanufacturer's label; - - BT
thercfore, the manufac.urer's aad baleh Lunbers caungt be {dentified. L
800,560 barrels ¢f ovange in question in tha supply. pipeaiine and the T T
soivtion to the Guifport prohlem might alsc consider rhis supply.. oo
fe also reported- that the Working Croup on Pesticides, at oo present

time, hss no specific requirements ior ccpsizjering.the'-_"-nrange" dis~ |

by Mr..Fackard, as alse Indicated in paragraph 4. shove. - JCS-J4 ‘ )
has asked the AF and CINPAC for input on the’ problém by 15 Mareh. oo
Their ruspense ‘;q.Secrst&ryP'\_c_kard 1e 15 April 19078, .0 I

posal oi nonmetallic pesticides by incineration ac Mississippi State -
University. This USHA funded research has developed a successful
ciosed toop éisposal incinerator capable of totally deroxifying ROSt

LT 1S T D

.protlen (Texicity of 2.4,5-7) i1l be rekindled by a report forth-

coping in the Food and Chem fews. This -journal has zcooped rhe ’ . .
President's Selentifié Adeisory. Commiitec's (PSAC) report snd tus - . oo
published extracts frem it which éould largely exoncrate the uncom=" . ST

cerning the future of 2,4, 5-T. -

national significance in progress.con
1 Academy of Sciences - Wationsl '

G e

AL

stood thot the hearings for this Conmittee are in-progress now.. Tha .-
other review is heing conducted by the new Environmertal Protection '
Agency as '@ result of s court hearing vhich requasted banning action. -
Should these studies eoncur in the findings of the FSAC report, we

may anticipate that there vill be an easing of restrictions om 2,4,5-T.

3. Dr. Fred Tséhirleyi Pesticide Coordiretor with the USDA p_reseﬁted'
_information on the toxicity studies on 2,4,5+T: T ) .

a. The amount of toxiec iuipuﬂ_i:y dloxins varied ﬁé#:;y with

2
coRY




NI w

L rign g g
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TR

S The dfiwin fmourice coues From "ditty" trichlorophenc .
‘co the Glemin:

: \ Cresounds byt the -
2L Beretvachlorodi henzo-p-dingin it e ’

cremely tox'e,

Fapericies sre & 1imily. of
n

IB-5C 10 mafnes viz s Q000 splig
LE-5C in male raois MY afky

“B-5€ in fetnle Tats. - (045 pfke

'y
2)
g

oy
o i

o d WCTY war oundiii E= highly teratogente ju female rars. Reis (..
T3 desages 2t ine rave s G630 Q1123, 0.3, 7.0 nnd 2.0 npfigidat .

Tware fwrozizalt (killzd the. Irtus in phe. wother rac), A deéag‘e of -

- 2.0 Li/bg vas teraiogeate toroducnd lfects L oiffpring) and higady .

U 277 ror. campleteiy fetleidal, .. " . . o 0 oET L

B e ICUD hes deen pousd - dim limited srudisg =t be persistenr
An the zeif - 557 recovsied 14 120 dave. Aevever, satpies.of sodl

© [ taken at Igiln AFB wezn nepstive for IS, even though ‘the soil is =
., Teutinely treated wi«h oraaze. . - o - L. - ST ER R

\’vi-x"y-. *RBeele moves S
Iy flushed with

CE. TCITUis Guiie dnmobllr-in so;;I, - there wie

.. ‘meat in differse: soll types vhich wore continuwcs
B 71 T e N LA

. _‘."‘.-. T [ _-.__.‘ 4. __._‘__ . v . “. s

S0 ge WUM s phnteivefely desraded {des.rornd
CTCDD in wethenel vas destroved by uliraviolet ‘ighv vith & half life
of 5.5 bwres, Ne tests bave L2en o on the effect of Gleravioler
 Mght oa TIDD '~ vater or spread om varfous eofl Tyees. . L L
. L. TCD3 §£ tranglocated frow the sof} 'int_'o rlancs = oy beans
" and Qats grown fu sril rreared at ~p excrenzly high dosazr (40,000
‘Hices 2 Z Id/ser. Cate assuming a 1 PPh dioxin content). ]
was used in these ezperircurs - detection senserivicy of Lyl °pM, -
A wirv important Fact in these studies was thas ne TOBL comld be.
“detected i the mature Truits of- thage plsnts - cither the Cats nor
the seyhesns showed dotecrakis gquanticies of ““CeTCRD. Therefore, -
plaat vp-take £5 a0t a eignificant factor. ' ) e
" i. Dr. Techirtiey's resowmendations: -
¢
)

oy

Determine manvfacrsrer if identfficetion is wssible
Hold o any action until the expert reemittee Teports .
ary avsilable (HAS<NRC ANCEPA) - .
Since TCED is imsobile 'In soil, it prescnts Htile
hazard and therofere, some of the 2,4, ST supply could
he usad in ight~of-way malrtenance,
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in Chemicn! Co., at the requesc of Hr.

ID.
Dw cousidﬁrﬂf

Hutton prcscntcd Dow's viewpoint of the problem.
feur alternativaﬁ te thc erange pxoblew. o

1. Use gt for bnsa meintemance L T .o o0 G e e
© 2.  Seli to a chemical company for remanufactur!r.g _' e Y

3. Contiact for its disposal " .. LT
. 4. .Destruction by the Cowerment S e : =

’ Mx.q)bndzca.ed that Daw has discuaaed Lhe ‘allouin;, -
consxdemtions' , St T o
RS S They could not repurchasc Lhe suppky Abcul: 2/5 of l:he I
arange at Gulfport is Dow, and this portian cnanot be iden*ified

becnnse r.ha drumn haue been repainted.

{2) Thcy do not recom:\end rc.-nanut'actur{ng the e - .ge in:o' a
more usable herbicide. .The 2,%,5+T vsed In orange 15- the butyl. .
ester which kas a higher volatility thaa ‘the iscoctyl ester uked
in ke standard regisiered commercial product. The butyl estevr
may not svan be registered. {Fote: M. Tschir!ey later conftxned
rogistration of buiyl ester cmpounda.) “‘. o . L. .

CERRS 1 R i S Rn Ol Ity %!ﬂ&nﬂ&.,u i -‘;- )

N

.4

WA AL

(3} Dow can design and construu. " incinerater B, sie;-n to-des; _—'- - S
troy the orange. The contract woiid be on a "turn key” basis either .
as a G0~GO or GO-CO system (Covernment uvnedl(;ovcmment operated or

Governmcnr. ownedfcontractcr operated)

Cyod | Iz HOLVEL

8. General descrt, ption of the DW system for :lncineru!.ng orangc. o
‘ (1) Closed loep with scrubbm:s and ﬁiters pzior to nir -
eud.ssion. ’ S

(2) Wnste water from the syst.em l.'eqvuf.:‘t.s seconéary uucr
treatoent. : oo
(3) Solid wss{:e. asla. ﬁltef éolleciion, 'efc., uould requh're.
disposal. .’ . oo e - .
(t‘c) Capuclty, 3*5 ga!lmin
(3) Tentati.ve cost i mlllion dollars.
. t;' . - i
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DB Hm..' long will ft roke
. erange at Gu:f;u:rt using a 3
l year..
12. Recommndations -

‘_"a.‘ Hold immediate artion

b Invcstiga:e procedurcs to purd-ase angd constrm;t a suitnble

incincrator.

- “

T e, Determine quamity '«'h

AN Mg

5927.1”’JT:”5

jo d{spusc of th 800 000 gnl -Jf

5 gal!mm. sys:em? Approximntely

: ‘
o N

pending PSAC X\AS, nnd EPA reports.
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{4} pBecause of the dang'ers to the civxlia.u economy inkerent in the
use of defoliants, study of the problem is contmu.}.ug at this headquarters, In the
meantime, clearance of vegetation must be continued by ofdinary means. De-

fohants will be used by the Eighth Army Engineex in selected ayeasy e&gzimgn
glasa Iut.ma nf thi

ACTIONS REQUIRED:

(¢} High priority further studies will be made by the Eighth
Army Engineer of the following areas to improve future DMZ op&rations.‘ h

' 2. The Ieasibility of using herbicides for cleamce of
v*getztion i.n the DMZ and area !mmedmtely gouth of the IDMZ '

o

DoSAIERAVED TO CovrbenTIfL
IAwd Dod M 500,10

Extracted from HG EUSA Ler, Special Analysis of the

DHZ and Contiguous Operations {

o
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‘&ggj Cles-ance of. Ye ota*im z::f? Folipes dn the T Aves [u)

This stady 15 the result of the de?c,JAticn qu...-stiom posed by the M2
stwf. The CVF¥ S‘.Fndy' was bagm on 15 Pebnm:'y'.md combimed threughout
‘the reporting period. The Bngineer, Bigits 5 Army, has boen donlgnated

with the steiy respensibility, 4s of 30 Jtm 6?, +tha u'haims wiat
{1) Terms of Raference = Amd by CINC, puhm,hed 28

"reb 67, modified 11 Apk 67.‘S : RO
(2) Polftical Teplicsticns - C’Iliﬁ di:acted o 11 Apr 67
that & Johﬂ, Bwbasay/UHC/USFK maggsge be sent to Ha.n!zi.nghcn glving dataile

and requasting guldance on the propcaed nss of haz-h:lcidsa in Enrea S
mp:l,yuas received fram SB&STAIE o 2k L&ryiS’? mqmst:lng additional FEy

£omat1m. ‘Ag af 33 Jun 6?,{%.3 f;‘t;a_.f action for mathsr ,joint mply
i W

was undcnmyand:lmplwntatim of tha prugmmhad been ptoppad uutil

mm/sammaamm grantad; S =L

LASSmrmd Toa)
L 973 $R08. 40

Y Do
bda

W(char:mcc of Veg’ehticn amd. ?oliage in the D}IZ Arc:' Rafcr-

ence is mado to page 3 of the July - Soptmbor t96? Enginesr Submiaaicm to tht
s b tn R A

mstnriazl Repc:rrt.. Revized plsm.s for tcat. applicnti:ma wore recaived i'mm I

Corys (Grot!p) and FRDKA 3 ILML npplicatﬁons WETS made at ilocatiqns LoLaJ.-

’_W. o cbcmicala were. usad, I“anuron, & grcmth mtarda.nt a

2,44 3 defoliant. Dus to the latenoss of the gmwing season, ouly ma.rginal
data has hean obtained.:*kdditianil data s expected during the 1968 growing
o arh—g T

| increase of NE in.filtration, full ac.alo apnli.-

TAw
SO/

season. Due to an n.nt.icipa'
————

cation in 1968 16 contemplat

AL g S
&b nx =

and W11l be preciicatud upcrq app;—oml o!.’ plans

57

.Dree,
N

and chun;i-cal a.‘ra:’L labiliky.

V}f’ \—4\

Extracted from Fighth Army histprical files.
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. b ﬁ.‘ﬁeﬁa‘ﬁi— Clearpnes of Vegetation and Follape in the D2 Ares {U)
o January - Juns 1967 Engineer Submisaion

Referencs is made to page 5 of th
to the Historical Repart, Ths Btudy continded during the reporting pericd

with the f6llowing slgnificant act.iv:s.ty.
(1) ‘Terms of Reference — no change

(2) Political Implications - During the reporting perdod,
messages were agaln exchanged between the country team and STATE/DEFENSE.

These resulted in further dolay of bhe study vhils additionsl informtion
on political end social ﬁnplicatianﬁ wae provided. On 13 September 1967 )
STATE/DEFENSE was informed that the ROK Prime Minister supparted the o~
gram snd STATE/DEFRNSE concurrence for the test program was glven on 20
Scptember 1967.

(3) Test Plans —~ No change
(L) Implementing Instructions - As & result of the 20 September

concarrencs, lmplementing ;m:itmctic;na were ispued on 30 September 19671e I
Carpe {Gp) and First chnblic of Korsa Army (FROKA). Renacd plans are due

.' li .u

Irom these units.5 R R T

Extracted Erom Eighth Ammy historical files.

PVAY
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DEPARTMENT OF THE ARMY
U,5, ARMY ADVISORY GROUP, KDREA
OFFICE OF THE SENIOR CHEMICAL ADVISOR
APO SAN FRANCISCO 96302

FAAKORD /CML

HEMORANDUM FOR RECDRD
¥
SUBJECT: Summpry 1968 Vegstation Control Tests
Subject to Genersl Declassification

Schedule
Peclassify on 30 Dec 1975

.

[ﬁﬁ?f

SICHITICANT EVENTS

1. Chemlcals were sent from the Plant Sciences Laboratory, Fori Detrick,
Maryland, to the Republic of Korea for the purposs of testing their
affectiveness in the coptrol of vegetation. ‘

b
2, 15 hay - Dr, -,b{f{r. -:Bf& LT ‘agrived in the Republie
of Korea, TDI from the Plant Sciences Laboratory, Fert Derrick, Maryland,

. 3. Travel in the 2nd U.5, Infantry Division was banned until 23 July 1968
: because of rain.
s L. 23-24 July - Test plots #1, 2 and 3 were made in the third Brigade,
i [
2nd Diviaion area.
23-25 July ~ Requblic of Korea Vegetation Control Program wis reviewed

5.

py visits to the 2Znd U.3, Infantry Division arez and the 28th HOK Division
area. ]

6. 26 July ~ Dr. NN Mr. o L‘rqdemrtad t0 return to Fort
Datrick. [¥E =

7. 14 August — Test plot #4 was made in the 4th Brigade 2nd U.5. Infantry
Diviaion area.

8, 22 August - Test plot #5 was made in the 4th Brigade 2nd U.5. Infantry
Divigion area. ' . .
9. 26-27 hugust - Test plots §6, 7 and 8 werc mads In the 4th Brigade
2nd U.5, Infastry Division,

10, 30 September Hr, and LT @M {ron Fort Detrick returned to'Xo
bo 8> o
4 N
X3

19, 2-3 October - ALl test plots wers reviewed,

12. 3 October - Teat plot §9 was applied ln the 3rd Brigad .
Infaners Division srea.PHAIITTTY e A

P
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SUBJECT: Supmary 1968 Yegetation Control Tests
DESCRIPTION OF TEST PLOTS
Test Plot #1 - 23 July 1968 - AJl listed chendeals applied axgept Urox 0il

concentrats, TWo subplots of 100 sq ft sach were wade .of each concentration
of each chemicsl, Total: 28 subplots of 100 aq ft sach,

" Tast Plot g2 ~ 24 July 1968 - Omly the solids werc yged here. One subplet

of 100 8g ft sach chemlecal. Total: 8 subflots of 100 sq ft each.

rest Plot ff5 ~ 2k July 1968 - Only the liquids were used in this plot except
Urox 01l concantrate, One subplot of 100 8q &t per concent:;rntinn of each -

chemicsl., Total: 6 eubplots of 100 oq £t each,

All 1dsted chemicals applied. Omo subplot

Tagt Plot Fk - 1k August 1966 -
Total: 16 subplets of

af 200 ng ft per concentratiocn of each chemical.

-,

200 sq It euch. LT e
48 - Tast Plot 46, 7 & 8 - 26 & 27 hugust 1968 -

Test Piot (9 ~ 3 October 1968 -~ Hi1 lissted chemicals ap.lied in each plot,
Each plot.contains one subplot of KOO aq Tt per concentration of esch
chemical, Total each plot: 16 subplots of 400 sq ft each.

Test Plot #5 ~ 22 August 19

.

RESULTS
So far, all the test chemicals appear’to o affective, It is impoasible
ts tell the long vangs effoct of thene-chemlicals, but a better ides can .

be had next spring or sumier, The teat plots were selected to cover a
large variety of terrain, vegetation and moisture lavels,

flect sbout the same time and are always
much quicker thas the solids, Chlorosis may begin within two weeks after
spplication of the liguids, "Speed of effsctivenesy seons to vary with.-the
amount of rainfall, Hore rain makas the chemicals eflect more quickly.

Tne liquids all Legan to take

At this point one of these best proapects appears to be tandex in elther
the }iguid or splid furu, fts effectiveneay and the ease with which it

can be used should yesult in a minimum of waste and makes it appjear
excellént. for long range vegetation contyol., However, as atated before
the duration of the effectiveness.will be the key factor in deterudning

which chenieal would sctuslly be pest.,

IS — o

peputy Cml Adviser

.
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GwﬁmﬁﬂP“T"U’E?ﬂV‘T‘f"ﬁ*t'EA 98293 G0=VTA
SUSLE VEGETATION CONTROL |
v, LUY HEFERENCE SECRET M35 JCS 2658+ 5UBJ AS ABOVE DATED

b HAaR bd.

2. (C) THIS HMEADGUARTERS IS STUDYING THE FEASIBILITY OF CONTINUING
JEFULLANT OPERAZIONS AUTHORIZE(D I REF M5G. INFORMAL INFORMATION
LEPORTED HY PERSOANEL OF PLANT SCIENCES LABORATORIESs FORT

CETRICKY “ARYLAND s INDICATES THAT USE OF SoOIL APPLIED HERBICIDES

Wi HAND Ti6 RYN IS NOT CURRENTLY AUTHORIZED.

3. (C) AUTHORIZATION TO EMPLOY DEFOLIANTS CITED IN REFERENCE ABOVE
LOSS WOT PLACE RESTRICTIONS AS 7O TYPES OF HERBICIDES T0 BE ENPLOYED.
KEXEST THIS HEADGUARTERS SE ADVISED QF PGSSIBILITY OF SQIL APPLIED
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SECRRITY CLASSIFICATION

URCLASSIFIED
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RISK ASSESSMENT
COMPARISON OF ASSESSING LEVELS OF 2,3,7,8-

TETRACHLORODIBENZO-p-DIOXIN IN SELECTED POPULATIONS
BY BIOMONITORING AND EXPOSURE INDICES

Larry L. Needham, Donald G, Patlerson, Jr., and Wayman E. Turner

National Center for Environmental Health, Centers for Disease Control and Prevention 4770 Buford
Highway, Atlanta, GA 30341 USA

Introduction

Epidemiologists are frequently concerned with relating human exposure with health outcomes.
Accurate assessment of this relationship requires accurate assessment of both components- exposure
and health outcomes. In this presentation we will examine the assessment of human exposure using
populations potentially exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD or dioxin) as
the example chemical. Traditionally, epidemiologists have developed exposure indices for the
assessment of exposure. These indices consist of at least two primary factors: the concentration of the
dioxin in the media that humans contact and the time (duration or frequency) of that contact. However,
these exposure indices may or may not correlate with the measured levels of dioxin in those humans;
this measured level is generally considered the gold standard for assessing human exposure to
chemicals such as dioxin, which has a half-life that has been calculated as 7.6 years,! and thus can be
measured in heavily exposed people long after undue exposure has ceased. In this presentation we will
relate the exposure index that was derived by epidemiologists with measured levels of dioxin.

Methods and Populations

In our laboratory we have measured the internal dose levels of dioxin in adipose tissue and serum
samples from the general population and in populations potentially exposed fo dioxin. These methods
are based on the most accurate and precise approach for measuring these chemicals- namely, high-
resolution gas chromatography/high-resolution mass spectrometry with quantification using the
isotope-dilution technique.? The potentially exposed populations include selected residents of the State
of Missouri, U.S.; industrial workers in U.S.; U.S. Army ground troops in Vietnam; U.S. Air Force
veterans of Operation Ranch Hand in Vietnam; herbicide sprayers in New Zealand; and residents of
Seveso, ltaly.

The selected adult residents of Missouri centered around the spraying of oily material containing
high levels of dioxin on roadbeds and horse arenas for dust control during the early 1970s; soil levels
were measured at levels greater than 500 parts-per-billion (ppb). The exposure index defined an
exposed individual as one potentially exposed to soil dioxin levels of 20-100 ppb for two or more years
or to soil levels greater than 100 ppb for six or more months, Adipose tissue samples were vollected in
1985.

The U.S. industrial workers were potentially exposed to dioxin as a result of working in plant sites
that synthesized 2,4,5-trichlorophenol, which produces parts-per-million levels of TCDD, or used the
2,4,5-trichlorophenol, which contained dioxin, to make additional chemicals, such as 2,4,5-
trichlorophenoxyacetic acid (2,4,5-T) and hexachlorophene. Various exposure indices were developed
and compared to serum dioxin levels that were measured several years after the occupational exposure

ceased.
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RISK ASSESSMENT

The U.S. Vietnam veterans and New Zealand sprayers were potentially exposed to dioxin from the
spraying process or from residues of the spray on environmental matrices. Seven different exposure
indices, including two based on self-reports, were developed for assessing exposure to the Army
ground troops, who were enlisted men serving in 111 Corps military region in 1967/1968. The exposure
index for each member of Operation Ranch Hand was based on the following equation: concentration
of dioxin in Agent Orange during one’s tour multiplied by the number of gallons of Agent Orange
sprayed during one’s tour divided by the number of men in one’s specialty during that person’s tour of
duty. The serum samples for the initial study of 150 Ranch Hand members and 50 controls were
collected in 1987. The original exposure index and additional ones were later compared to serum
dioxin levels in the entire available Ranch Hand cohort. The exposure index for the New Zealand
sprayers was based on the number of years that one sprayed 2,4,5-T. This cohort consisted of nine
sprayers, but they had a wide range of years spraying.

The residents of Seveso, [taly were potentially exposed to dioxin as a result of a malfunction on
July 10, 1976, at a 2,4,5-trichlorophenol manufacturing plant, which resulted in several kilograms of
dioxin as well as larger amounts of other chemicals being cast over several hectares. The exposure
index was based zones, which, in turn were based on dioxin soil levels and vegetation and animal
deaths. The serum specimens were collected in 1976.

Results

The Missouri incident ™

* Adipose tissue levels ranged from 2.8-59.1 parts-per-trillion (ppt) in residents; 5.0 to 577 ppt in
horse riders in arenas; nondetectable to 20.2 ppt in controls.

* 35 % of those deemed to have been exposed had dioxin levels at or below the 95" percentile of
the controls.

+ There was no significant relationship of dioxin adipose tissue levels and eating homegrown
vegetables, gardening, mowing lawn, playing in yard, walking or other activities related to exposure to soil.

» The only significant variable found (p=0.029) was whether the person resided in the sprayed
area from 1971-1973, which was during or soon after the actual time of spraying.

The U.S. industrial workers:®’
* Levels measured ranged from 2 to 3390 ppt; maximum extrapolated level ranged to over 30,000 ppt.
* In two plants, duration (years) of exposure in plant areas where TCDD contamination was
possible was highly correlated with serum dioxin levels. Thus, duration of exposure was used as the
exposure index for the entire occupational cohort.

The U.S. Army ground troops.*
»  Distributions of measured dioxin levels in 646 Vietnam and 97 non-Vietnam veterans were

similar, with a mean and median in each group of about 4 ppt.
*  Two veterans had levels greater than 20 ppt. Exposure in Vietnam cannot be ruled out.
+ Dioxin levels did not tend to increase with increases in any of the seven exposure indices.
» The low serum dioxin levels were consistent with previously reported serum dioxin levels for

ground troops.”

Members of Operation Ranch Hand:"""
» Dioxin levels of Ranch Hands from initial study: mean- 49 ppt; median- 26 ppt; 62% above 20

ppt; highest value- 313 ppt; in controls, mean and median- 5 ppt.
* Poor correlation of serum dioxin levels and Air Force’s exposure index.
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» Air Force decided to use serum dioxin levels on entire cohort for assessing exposure..

» Revisit of exposure indices on entire Ranch Hand cohort showed best exposure index (R*=0.61)
was from job classification (divided into four categories), the number of days of skin exposure, percent
body fat during tour, and relative change in percent body fat. However, job classification alone had
R*=0.60. Initial exposure index was the poorest predictor of serum dioxin level. Highest 1987 serum

dioxin level was 618 ppt.

Herbicide sprayers in New Zealand:'
* (Good correlation (r=0.72, P=0.03) between duration (months) of spraying 2,4,5-T and serum

dioxin levels, which ranged from 3 ppt to 131 ppt.

Residential exposure in Seveso, Italy:'*'7

+  Zone A (most contaminated zone) residents had highest serum dioxin levels- up to 56,0600 ppt,
median 447 ppt .

+ Zone A residents with chloracne had higher levels on average than nonchloracne residents-
however, there was overlap in levels between individuals in these two groups.

+ Zone B residents showed no indication of continued dioxin exposure by living in this
contaminated area post- July 10, 1976.

* In a large subset of women enrolled in Seveso Women’s Health Study, about only 40% of
women living in Zones A and B had elevated serum dioxin levels.

Discussion

Exposure indices may be of value for classifying exposure status of populations; however, the user
of these indices must be aware that they may lead to a great deal of misclassification that may in turn
lead to in general underestimation of any relationship determined between exposure and health
outcomes. Especially when exposures are to chemicals with long biological half-lives, such as dioxin,
the exposure index should be validated against the appropriate biomarker, such as serum dioxin levels.
In the dioxin examples given here, the only exposure indices that highly correlated with the biomarker
were those in which careful records of exposure were maintained and evaluated and when the exposure
involved actual contact with the dioxin contaminated material and not with an environmental matrix
containing the dioxin. We have also seen high correlations between eating dioxin-contaminated foods
and serum dioxin levels.” However, it appears that there is a big leap in defining exposure in
populations that may contact an environmental matrix that contains dioxin and the absorption and
storage of dioxin in the body. This does not mean to imply that the use of biomarkers does not have
some difficulties, such as individual differences in elimination rates and the occurrence of additional
exposures after the last known exposure. However, we are acquiring additional information regarding
understanding individual pharmacokinetic differences in eliminating dioxin, and although the
elimination rate of dioxin has been shown to be slower as body mass index increases, the half-life is
still lengthy, and thus the biomarker is still the best marker for classifying exposure status. It should be
pointed out that the leap in defining exposure between populations eating dioxin-contaminated foods
and serum dioxin levels may not be nearly as great,

In several studies of adult populations, dioxin levels that were measured many years after exposure
ceased were used to estimate the cumulative levels following the last known exposure. This has
generally been done in highly exposed populations using a 7-year half-life and first order kinetics. One
of the particular problems in assessing exposure retrospectively is that in some populations because of
relatively low initial serum levels and/or time since exposure, current serum dioxin levels may have
decayed to near background levels. This does present some problems, but information on current serum
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dioxin levels may still be relevant. For example, in a recent study of chemical corps veterans, those
who sprayed herbicides in Vietnam had a statistically significant elevation in their mean current serum
dioxin levels compared to non-Vietnam veterans without a spraying history while other 2,3,7,8-
substituted dioxins levels were similar in the two groups.' This mean difference was possible to detect
only becaunse the background levels in the general population are decreasing. Also, because Agent
Orange contained only 2,3,7,8-TCDD and not the other 2,3,7,8-substituted dioxins, we gain additional
information when we ratio levels of 2,3,7,8-TCDD against other 2,3,7,8-substituted dioxins. In the case
of the veterans who sprayed Agent Orange this ratio was higher than for those who did not- thus
indicating that they had been exposed to a product, such as Agent Orange, that contained elevated
levels of 2,3,7,8-TCDD relative to other 2,3,7,8-substituted dioxins; thus, serum dioxin leveis may still
be relevant for validating exposure to Agent Orange even afier 35 years post-Vietnam service. Only
through the use of highly precise and accurate high-resolution mass spectrometric measurements could
we gather this information. Therefore, we still believe that serum dioxin measurements should still be
used to attempt to validate exposures that may have occurred many years in the past.
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Dioxin Traces Found Near U.S8. Base In South Korea

By Mark McbDonald

SEQUL, Scuth Korea - Trace amounts c¢f dioxin have been found in water samples
taken near an American Army base in South Korea, according to a joint
investigation into possibkle chemical dumping that analysts said could have
repercussions for the alliance between South Korea and the United States.

The discovery cof dioxin, a toxic chemical linked to an array cof maladies,
near Camp Carrcll, in southeastern South Korea, was part of an initial report
cn water and soil tests being conducted by both ccountries.

The dioxin was found in three streams near Camp Carroll, investigators said
Thursday, and all the samples were well within safe drinking standards set by
the United States Environmental Protection Agency. Tests of three other
streams and 10 wells were negative for dioxin.

Dioxin, a component of the powerful defoliant Agent Orange, has been linked
to an array of maladies, including cancer, heart disease and birth defects.
Agent Orange was widely used during the Vietnam War to expese the hiding
places of enemy soldiers in jungles, swamps and forests.

A Pentagon cofficial played down the initial findings of the investigation.
"The trace of dioxin was negligible and appears to pose no health risk," the
official said, adding that no indications c¢f Agent Orange were found.

Miiitary officials in Seoul said that Agent Orange also was sprayed along the
heavily fortified border between North and Scuth Korea in 1968. The spraying
lasted about two months, they said, until local supplies of the herbicide
were exhausted.

Political analysts said they had been encouraged by an unusually high level
of cooperation between American and Korean military investigators, in part
because the collaboration could defuse anger among those in South Korea who
resent the BAmerican military presence here. About 28,500 American service
members, primarily Army troops, are currently based in South Korea.

"There has been no delay in conducting investigations of the allegations and
in extending full cooperation to the Korean government," said Evans Revere,
the former No. 2 dipiomat at the Bmerican Embassy in Seoul who is now a
lecturer and diplomat in residence at Princeton University.

"Transparency is really important here,"” Mr. Revere said, "hecause of the
need to deal with the inevitable conspiracy theories that will arise in the

Korean media and among the political opposition.™

But Mr. Revere, a longtime American diplomat in Asia, said the Agent Orange
issue was a delicalte one and had the "potential to have a significant impact
on popular attitudes toward the U.S.-~Scouth Korea alliance.™

Three former American scldiers - Steven House, Richard Cramer and Robert
Travis - recently said they had helped to bury about 250 drums of waste at
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Camp Carroll in 1978. Their allegations were first broadcast by KPHO, a
television station in Phoenix.

The men said the disposal site was a deep trench near a helicopter pad at
Camp Carroll. The ditch was about 100 yards long and wide enough to
accommodate a dump truck, they said.

Mr. Travis said the 55-galion drums were olive-drab green, marked with a
stripe and labeled "chemical type - Agent Orange." He said some of the
barrels were "dated 1867 for the Republic of Vietnam."

The United States Army has acknowledged that pesticides, herbicides and other
texic compounds were buried at Camp Carroll, but the chemicals and about 60
tons of contaminated soil were later dug up and removed. An American military
spokesman in Seoul, Lt. Col. Jeffrey S. Buczkowski, said the Army was still
searching its records to discover what became of the excavated chemicals and

soil.

Investigators said Thursday that they could not link the discovery of the
dioxin to the chemicals buried in 1978. Meanwhile, the South Korean military
is conducting environmental tests at 85 former Bmerican bases that have been

returned to South Korean control.

The commander of American forces in South Korea, Lt. Gen. John D. Johnson,
held a meeting two weeks ago with South Korean residents who live or work

near Camp Carroll.

"I pledge that I will do everything necessary to determine the truth,"
General Johnson said at the meeting. "My focus 1s to ensure there is no risk
to the health of the people on Camp Carroll or off Camp Carroll. And if there

is, I'11l fix it."

Although the investigation looking into suspicions of chemical dumping is not
yet complete, some analysts saw little chance that public anger here would
reach the level that caused hundreds of thousands of Koreans to take to the
streets in the summer of 2008 to protest - sometimes violently - the lifting
of a ban on imports of American beef. The ban was first imposed in 2003 after
a case of mad cow disease was detected in the United States.

The 2008 demonstraticns, while ignited by the beef controversy, were also
deeply tied to widespread frustrations over the early policies of President
Lee Myung-bak, who took office in February 2008.

"The beef issue was more about Lee Myung-bak and his leadership style, "™ Mr.
Revere said, "and the beef scare provided a convenient pretext to bash him."

The fact that Camp Carroll is well to the southeast of Seoul may also dampen
any nationwide outrage, said Lim Seong-ho, a professor of pelitical science
at Kyung Hee University in Seoul.

"The chemical danger is far away from most citizens,” Mr. Lim said.
"Certainliy, some groups and people will try to reignite anti-American
sentiment. But the chemical dumping is restricted tc a small part of a remote
area and does not bring a terrible sense of danger to the mind of the Korean

public."”

Some analysts saw possible comparisons between the Agent Orange issue and an
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episode in 2002, when an American armored vehicle killed two ld-year-old
Korean girls walking to a birthday party. The accident stirred local
opposition to the 37,000 American service members then stationed in South
Korea. The subsequent acguittal of two American sergeants by a United States

military panel outraged Koreans.

At the time, Mr. Revere said, the South Korean government failed to "defend
the alliance" against news media speculations and "well-organized anti-
Bmerican elements who sought to exploit the tragedy for political ends.”

Elisabeth Bumiller contributed reporting from Washington.
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ABSTRACT

The environmental contaminant 2,3,7,8-
tetrachlordibenzo-p-dioxin (TCDD) belongs to
the category of highly toxic, persistent organic
poilutants that accumulate in animal fat and
plant tissues. Today, background TCDD levels
in human fat are showing a decreasing trend.
The food ¢chain is the main source of exposure in
the human population. TCDD regulates the
expression of a wide range of drug-metabolizing
enzymes and has an impsact on a large number
of biologieal systems. The most pronounced
effects have occurred in occupational settings
following the uncontrelled formation of TCDD
after indusirial accidents, as well as in rare
intentional intoxicatiows. Although the sacute
effects of TCDD exposure are well described in
the literature, the long-term consequences have
been underevaluated. The most well-known
symptoms of severe acufe imtoxication are
chloracne, poxphyria, transient hepatotoxicity,
and peripheral and central neurotoxicity.
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Because of the long-term persistence of
TCDD in the human body, atherosclerosis,
hypertension, diabetes, vascular ovulay changes,
and signs of neural system damage, including
neurgpsychological impairment, can be present
several decades affer massive exposure. Such
chronic effects are nonspecifie, multifactorial,
and may be causally linked tec TCDD only in
heavily intoxicated subjects. This opinion is
supported by the dosc-dependent effect of
TCDD found in exposed workers and by
experimental animat studies.

KEYWORDS
chloracne, porphytia, diabetes, atherosclerosis,
neurotoxicity, chronic effects
INTRODUCTION

Chemical Properties

The chiorinated dibenzo-p-dioxins (CDDs) are
& family of 75 chemically related, extremely toxic
compounds that are commonly referred to as
chlorinated dioxins—colorless solids with varving

harmful effects. Such compounds are divided into
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120 CLINICAL FINDINGS AFTER TCDD EXPOSURE

eight groups of chemicals based on the pumber of
¢hlorine atoms in the molecule. A CDD having
four chlorine atoms at positions 2, 3, 7, and § is
called 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)

(Fig. ).
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Fig. I: Strictwe of 2,3,7.8-tetrechlorodibenzo-p-dioxin {TCDD)

This compound is one of the most toxic chemical
substances known for animals but has an extreme
range (by a factor of 1,000) in lethal effects among
species /1/. Humans appear to be Jess sensitive than
most other mammals to its effecis /2/. The Inter-
national Agency for Research on Cancer (IARC)
has classified TCDD as a hurnan carcinogen /4/.

Environmental Fate

The CDDs are produced in nature from the
incomplete combustion of organic material. by
forest fires or volcanic activity. In the early 1830s,
such compounds were found in samples of
archived surface soils that were collected from
locations around the world before their anthropo-
genic formation from industrial processes began
/3/. Although such compounds are intentionally
prepared in small quantities for research purposes
only, they are formed as unwanted byproducts of
the industrial, municipal, and doemestic incineration
of many materials containing chlorine (plastics,
wood treated with pentachlorophenol, polychlori-
nated biphenyls, and pesticides, for example).
Sunlight and atmospheric chemicals break down
only a small portion of CDDs, with complete
thermal degradutiva usually occurting only at

temperatures =800 °C /4/,

In the environment, CDDs are transported
through air, water, and by migratory species across
international boundaries, where they are deposited
far from their place of release, accumulating in
terrestrial and aquatic ecosystems. These chemicals
can settle to the bottom sediment in cultured fish
ponds, where they enter fish and duck tissues and
then humans. The CDDs tend to be associated with
soil, ash, or any surface having a high organic
content, such as plant tissues /5/. Soil used in
pottery represents another source of recent PCDD
environmental contamination /6/. At low concen-
trations, these pollutants have been detected in
cigarette smoke and vehicle exhaust /7/.

SOURCES OF HUMAN EXPOSURE
Eonvironmental Exposure

Polychlorinated dibenzo-p-dioxins, dibenzo-
furans, hexachlorobenzene, and polychlorinated bi-
phenyls belong to & category of chemicals that
have been classified by the Stockholm Convention'
as persistent organic pollutants—namely, they endure
i the environment, bicaccumulate through the food
web, possess toxic properties, and resist degrada-
tion. Hence, such substances are of high environ-
mental health concern /8/. In the general popu-
iation, intake from food consumption accounts for
well over 90% of the body burden of CDDs.
Because such chemicals accumulate in animal fat,
most non-occupational and non-accidental exposure
human exposure to CDDs ocours through eating
meat, milk, butter, eggs, fatty fish, and similar
products /4~5, 9-10/.

In human tissue, mean beckground lipid levels
of TCDD are presently in the range of about 2 pg/g
body fat. Mean TCDD lipid levels have decreased
by close to a factor of 10 since the late 1970s /1 1/,

! Stockholm Convention on Persistent Organic Poliutants,
Www,pops. int/documents/conviext/convtext_en.pdf
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when the development of sensitive methods
permitted the accurate measurement of exiremely
low levels /12/. In residents of highly Agent
orange-contaminated environments in Vietnam,
TCDD levels increased 135 orders of magnitude
compared with non-poiluted aress /13/. Besides
blood, another preferred matrix for evaluating
human background exposure is breast milk /14—
15/. Regardless of whether they pose = significant
human health risk at current levels of exposure,
CDDs are of considerable interest to toxicologists.

Mechanism of Toxicity
Recent reports are consistent with the hypo-

thesis that TCDI produces most of its toxic effecis
by binding to a gene regulatory protein called the

AhR- arylhydrocarbon receptor

Amt- arvihydrocarbon nuciear transport protain

XRE- xenobictics responsive elemants
DRE - dioxin responsive elements
GST - glutathione-s-transferase

aryl hydrocarbon receptor (AhR), a ligand-activated
transcription factor /16/. The mechanistic model
indicates that binding of TCDD to the AhR,
followed by the dimerization of the AhR with a
nuclear transport protein (AhR nuclear transport
proteln - Amt) and the interaction of this complex
with specific DNA sequences (dioxin-responsive
elements, or DREs), leads to an inappropriate
modulation of gene expression /17/. Exposure to
TCDD induces the transcription of the cytochrome
(CYP) CYPIAL 118/ and IB1 genes coordinately
with dose-dependent and time-dependent increases
in CYP450 protein levels /18-20/. Cytochrome
P450 is a multigene family of enzymes involved in
the oxidative metabotlic activation and detoxifieation
of many endogenous and exogenous compounds,
including carcinogens.

UGT - urldine~diphospho-glucuronosyl transferase

Q&“ﬁﬁa '??*

CYP1B1, GST,

Change of enzymes activities

¥Fig.2: Mechenism of the effect of TCDD

B 13

T
R
=




DANIELA PELCLOVA ET AL. 121

when the development of sensitive methods
permiited the accurate measurement of extremely
low levels /12/. In residents of highly Agent
orange-contaminated environments in Vietnam,
TCDD levels increased 135 orders of magnitude
compared with non-polluted areas /13/. Besides
bloed, another preferred matrix for evaluating
human background exposure is breast milk /14—
15/. Regardless of whether they pose a sipnificant
human health risk at current levels of exposure,
CDDs are of considerable interest to toxicologists.

Mechanism of Toxicity
Recent reports are consistent with the hypo-

thesis that TCDD preduces most of its toxic effects
by binding 1o a gene regulatory protein called the

AhR- arylhydrecarbon receptor

Amt- arylhydrocarbon nuclear transport protein

XRE- xenoblotics responsive elements
DRE - dioxin responsive elements
(38T - glutathione-s-transferase

aryl hydrocarbon receptor (AhR), a ligand-activated
transcription factor /16/, The mechanistic model
indicates that binding of TCDD to the AR,
followed by the dimerization of the AhR with a
nuclear transport protein (AhR nuclear transport
protein - Amt) and the interaction of this complex
with specific DNA sequences {dioxin-responsive
elements, or DREs), leads to an inappropriate
modulation of pene expression /17/. Exposure to
TCDD induces the transeription of the cytochrome
{CYP) CYP1A] /18/ and 1B1 genes coordinately
with dose-dependent and time-dependent increases
in CYP430 protein levels /18-20/. Cytochrome
P450 is a multigene family of enzymes involved in
the oxidative metabolic activation and detoxification
of many endopenous and exogenous compounds,
including carcinogens.

UGT - uridine~diphospho-glucuronosyl transferase

[¥eooT]

CYP1B1, GST,

Change of enzymes activities

Fig. 2t Mechanism of the cffect of TCDD
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Through its interaction with AhR, TCDD
regulates the expression of the genes encoding a
wide range of xenobiotic metabolizing enzymes
that participate in cell-cycle regulation and act as
inflammatory mediators /17, 2122/,

Verifieation of TCDD levels in Occupational
and Accidentsl Exposure

QOccupational or accidental exposures to TCDD
have occurred during the production and use of
various chemicals, including pesticides. During the
years of highest industrial exposures, however, a
method for the detection of CDDs in blood was not
available. Therefore, such analyses could be
performed only several decades later, thanks to the
development of highly sensitive methods on the
one hand (high-resolution gas chromatography/high
resolution mass spectrometry) /23-24/ and to the
long plasma half-life of TCDD on the other. The
high price of the analysis, however, does not favor
frequent TCDD measurement,

Absorption, Elimination, and Half-life of TCDD

in rodents, absorption from the gastrointestinal
tract is in the range of 50% to 90%; pulmonary
absorption is much more limited, and the rate of
skin penetration of TCDE is very slow /25/, In all
vertebrate studies so far, TCDD is retained in all
tissue types, more so in those rich in fat, The
highest distributions of TCDD were found in the
liver and white fat, whereas those in the brain wepe
extremely low 726/,

Because of the high toxicity and carcino-
genicity of TCDD, limited data exist in humans to
assign absorption by a specific route of exposure
{oral, inhalation, dermal). In a male volunteer,
absorption after ingestion of 105 ng TCDD
reached > §7%. The unabsorbed TCDD was
excreted in feces within 3 days, but the elimination
of the absorbed dose by feces, the main route 27/,
was very slow, amounting to only 0.03% /4/ In

trials to enhance TCOD elimination in two patients
during the first 3 years after their exposure to the
compound, the non-digestible, non-absorbable
dietary fat substitute Olestra increased elimination
via the intestinal tract but had only a small effect
on overall elimination /28/.

A single chemical analysis of blood or adipose
tissue provides an appreximate measore of past
cumulative exposure to TCDDs /20-30/. A
regression analysis of half-life measures and body
weight data selected from the literature revealed
the longest TCDD elimination half-lives ever
reported for laboratory mammals and humans and
seemed to be empirically correlated to organism
body weight /31/, The estimates of TCDD half-life
in humans based on measurements in serum
samples taken tens of years post exposure were in
the range of 7 to 10 years /32/. At low exposure
levels, minimal enzymatic induction occurs, and
the elimination of TCDD is very slow.

From 1965 to 1968, approximately 80 persons
in the former Czechoslovakia became ill following
occupational exposure to 2,3,7.8-TCDD. Thirty to
thirty-five years after the exposure, the average half-
iife in four Czech TCDD-exposed chemical workers
corresponded to about 8.0 years, which agrees with
results of other studies (Table 1) /48/, Recent data
on individuals exposed to very high concentrations
have documented that the half-life soon after
exposure is much shorter /28/. At high exposure
levels, induction of CYP 450 1A2 approaches a
maximum, and the elimination rate of TCDD is
faster by an order of magnitude or more /29/,

Highest Exposures with Measured Plasma TCDD

Several occupational exposures to TCDD
occurred during the production of trichiorophenol
{TCP), 2,4,5-trichloroacetic acid (2,4,5-T) and
pentachlorophenol (PCP). The physiotogically
based pharmacokinetic model for TCDD peak
exposuie assessinent, which is not available for
most studies, vielded higher results by one or more
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orders of magnitude, depending on the time delay back-calculated maximum levels of TCDD used a
since the end of exposure. The following published half-life of 7 to 10 years (Table 2). Military

TABLE 1

Repeated plasma 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) measurement (1996, 2001)
and half-life 30--35 years after cessation of exposure in four previously exposed workers /48/

E@ﬁf Body Mess Index {re/e ;il:ri:lipidS) }?:L;lsge
Year 1996 2001 1996 2001
Case 1 | 1967-68 309 28.4 760 517 9.0
Ceosc2 | 1965-67 30.1 277 600 401 2.6
Cast3 | 1966-67 29.4 28.4 420 234 5.9
Case 4 | 1967-68 22.4 259 400 264 8.3

Note: Measurement in 4 controls in 2001 gave a value lower or equal 10 the quantitative limit of 7 pg/g of plasma lipids,

TABLE2

Approximate exposures estimates in selected groups of subjects with the heaviest exposure,
using a half-life of 7-10 years /4, 11, 32, 36, 3941, 44-48, 103/

Place of exposure Years Max. mean back-calculated TCDD leve! in
plasma to the date of exposure (pg/g fat)
USA, Veterans /4/ 1962-1971 50
Vigtnam - population /36/ 1962-1971 120-260
New Zealand /40/ late 19605 00
Seveso, [taly /41/ 1976 3: 80 ::;e;
BASF Ludwigshaven, Germany /3% 1953 400
Netherlands /4/ 1963 1,434
USA, 12 chem. Companies /103/ 1950519708 2,000
Linz, Austria /32/ 1973 2,682
Spolane, Czech Republic /44-48/ 1965-68 6,100
Population level /11/ 2000 2
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personnel in Vietnam who served in the U.S.
armed forces in the years 965 to 1971, when
TCDD-contaminated Agent Orange was widely
sprayed as an herbicide and defoliant (Operation
Ranch Hand) had the back-calculated peak level of
about 50 pg/e fat using a half-life of about 8 years
f4f. The physiologically based model, however,
brings levels that are about two orders higher /35/.

In 19911902, TCDD levels in the pooled
blood samples of the population from South
Vietnam, who lived in areas that had been heavily
sprayed with Agent Orange during the war, were
15 10 33 pg/g fat. Back-caleulation of levels to the
time that war ended in 1971 yictded about ~120 to0
260 pefe far /36/. As the TCDID exposure, however,
might have originated partly from the food chain in
the contaminated area later on, the back calculation
does not correctly represent the peak level, The
pooled samples of Korgan veterans of the war in
Vietnam have shown that the recent TCDD level is
in the range of only 0.3 to 0.87 pg/g lipids /37/,
placing them among low-level exposed subjects,

In 1953, an uncontrolled decomposition
reaction occwrred in BASF at Ludwigshaven,
Germany. Back-calculation to the time of exposure
reveated a peak blood TCDD concentration of
~400 pg/g lipid /38/. Another group of workers
from a Boehringer-Ingelheim plant in Hamburg,
Germany, which was manufacturing a range of
herbicides, showed mean peak estimated TCDD
plasma concentrations of ~140 pg/z fat /39/. In New
Zealand in the late 1960s, pesticide applicators
involved in ground-level spraylng of the
phenoxyherbicide 2,4,5<trichloro-phenoxyacetic acld
{2,4,5-T) had a back-calculated mean peak TCDD
level of ~300 pg/g fat /404,

The accident involving the largest area
occurred in 1976, caused by a blowout of a TCP
production reactor in Seveso, ltaly /41/. The
chemical clond probably contaminated the
environment with several kilograms of TCDD. For
the first time, TCDD blood levels were messured
early after exposure, ranging betwesn 1,770 and

56,000 pg/g fat in zone A, the most exposed. Yet,
using blood drawn during 1992-1993 and & 7-year
haif-life, the respective average back-calculated
levels in the population from zone A and zone B
were only ~390 and ~78 pg/g fat /4, 41/. For a
1963 accident occurring in a chemical factory in
tite Netherfands, the back-caleulated levels were
1,434 pgfg fat fd/,

In 1991, Fingerhut et al. /103/ published a 12-
plant study of workers in the United States of
America (U.8.) who produced chemicals contam-
inated with TCDD (15-37 years earlier), in which
the back-extrapolated peak level was ~2,000 pg/g
fat. Similarly, u study by Calvert et al. /42/ among
workers exposed to PCDDs 15 years earlier in two
1.8, chemical plants reported a back-calculated
peak level of about 1,900 TCDD pg/g fat
Neuberger e al. reported a back-calculated mean
blood level about 2,682 pg/g fat in 9 Austrian
workers who had been exposed ~17 years earlier
during the TCDD-contaminated production of
2,4,5-T. In another Austrian group of 50 chemical
workers producing 2.4,5-T in 1971 1o 1973, the
mean blood concentration of TCDD reached 466
pp/g fat in 1996; the back-calculated level could be
very high, more than 5,000, but is not given /43/.

Workers from Czechoslovakia belong to the
highest exposed groups. In the years between 1965
and 1968, approximately 80 persons became i} due
to the production of the butylester of 2,4,5-T in the
Spolana plant. As a consequence of a higher temp-
erature and pressure, TCDD originated as an
intermediate product /44/. Early findings in this
group have been described by Pazderova et al. /45/,
and Pazderova-Vejlupkova et al. /46-47/. Most
workers have already died or were lost during the
follow«up. in 1996, the blood analysis of TCDD in
13 workers was performed for the first time, with a
further 3 men being tested in 2004, The back-
caleulated mean concentration of TCDD was
estimated to be ~5,000 pg/g of plasma fat /48/, and
for the total group of 16 subjects ~6,100 TCDD (in
the range of 400 to 17,500) pg/g plesma fat.
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TABLE 3
TCDD levels in 16 Czech patients 30 years after
exposure /48/

Patient Born Yeurof |TCDD (2004)
No Exposure | {pg/g fat)
1 1945 1567-68 380*
2 1943 1965-67 300+
k! 1943 1966-67 2104
4 1944 1967-68 200*
5 1938 1965 172+
6 1945 1966-67 128+
7 1944 1968 115*
8 1944 1968 110"
9 1946 1966-67 105%
10 1944 1969 85+
11 1948 1970 47+
12 1935 1964-67 40
13 1940 1967 37
14 1942 1966-68 204
15 1944 1967 9
16 1947 1965-66 7*

Note: TCDD level measured in 2004* or calculated
from the 1966 measurement using an & years half-life.
* Patient died in 2000.

Using the physiologically bused pharmacu-
kinetic mode! for TCDD peak exposure assessment,
the mean fevel in the group of 16 workers was
74,000. The levels were in the range of 5,000 pg/g
plasma fat (in patient No. 16, Table 3) to 211,000
pe/g of plasma fat {in patient No. 1) Similar to
other countries, background TCDD levels in the
Czech Republic usually do not exceed 2 pg/g fat
1491,

Among the highest directly measured levels in
adults are values of 144,000 and 26,000 pg/g fat,

seen in two Austrian women about half a year after
presenting with the first symptoms of probable
intentional poisonings /f2/. According to the
physiclogical pharmacokinetics model, their peak
levels could have been as high as 507,000 and
87,000 pg/g fat /35/. Another wetlknown level
was experienced in autumn 2004, with the alleged
intentional poisoning of Ukraintan president Victor
Yushchenko, who reportedly had a bloed serum
level of 100,008 pp/g fat /507,

HEALTH EFFECTS IN HUMANS
Initial Symptoms

The outbreak of iliness is usually a gradual
onset of chloracne, fatigue, feeling of sickness, and
weakness in the lower extremities, frequently with
pain under the right costal arch?, an indication of
liver voxicity /45/.

Chloracne

Chloracne is a skin condition characterized by
the presence of comedones’, keratin’ (epidermal)
cysts, and inflamed papules (bumps) with hyper-
pigmentation. Chloracne usually appears within 2
days or weeks to 2 months after exposure to TCDD.
Several studies have reported a positive association
between chloracne and serum and adipose tissue
levels of TCDD /38, 51/, The anatomical
distribution, frequently involving the skin under the
eyes, behind the ears, on the neck, back, and genital
region, reflects skin contact with conteminated
hands, which is probably more important than the
serum level itself /32/. Therefore, a threshold level
sbove which chloracne occurs can not be estab-
lished. A patient showing only mild symptoms does

*Bridge of cartilage connetting ribs 7 through 10 with the
lower portion of the breastbone

? Lesion caused by blockage of pores by dit, debris, bacteria.
* Protein that makes up gkin, hair, and nails
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Fig. 3: Skin changes 35 years afler exposure to TCDI} in
patieat No. § (in descending order of TCDD levet)

not preclude high TCDD serum levels /2/. In the
Czech patieats, 76 out of 80 symptomatic workers
developed chloracne, and the skin involvement
was generalized in five men,

Porphyria Cutanea Tarda

Reduced porphyrins (porphyrinogens) are inter-
mediates in the biosynthesis of protoporphyrin, a
compound that incorporates iron to form heme, the
oxygen-binding portion of hemoglobin in red
bloed cells. Increased synthesis, accumulation in
the liver, bone marrow, skin and other organs, and
urinary excretion of the intermediate product
uroporphyrin results in a condition called por-
phyria. Parphyria cutanea tarda covers a group of
human genetic and acquired skin disorders with
liver dysfunction caused by a deficiency of
uroporphyrinogen decarboxylase, a heme synthetic
enzyme. Halogenated aromatic hydrocarbons are
among the most common chemicals causing
uraporphyrinogen decarboxylase deficiency and the
resulting overproduction and urinary excretion of
uroporphyrin. Besides mediation through AhR
genes, the location of non-Ahr genes responsible
for porphyria and liver injury has recently been
found /52/.

Several groups of exposed subjects have devel-
oped symptoms of acquired porphyria cutanca
tarde—skin fragility, dark pigmentation, excess
hair growth, liver enlargement, reddish-colored
urine, and urinary excretion of porphyrins /4/. In
Seveso residents, the impairment of porphyrin
metabolism in most patients was only transient
/53/. TCDD can induce a hepatic porphyria in mice
that is similar to porphyria cutanea tarde in humans
/109, An underlying genetic abnormality of
uroporphyrinogen decarboxylase might play a role
in the severity of damage in patients exposed to
dioxin, In persons suffering from the chronic
hepatic form of porphyria with no overt porphyria
cutanea tarda, no correlation between the TCDD
fevel in adipose tissue and the level of uropor-
phyrin and coproporphyrin was found by Jung et
al. /54/,

In 19 Czech patients, about 22% of patients
with chloracne, Jirdsek et al, /55/ described solar
hypersensitivity and/or hyperpigmentation, which
correlated with high porphyrinuria during the first
years after the exposure, and hyperttichosis
{excessive body hair} especially in the malar arca
of the cheeks. Fluorescence of the urine and of
liver and bone marrow tissug was described in 7
subjects having both elevated and normal
uroporphyrinuria up to 5 years after the exposure
had stopped /45/. The skin symptoms disappeared
within a few maonths or years /67/. Among the last
15 patients in 2004, tracked about 35 years after
exposure, only mildly increased uroporphyrins
were found in the urine (247 ug/24 h) of 2 subjects
{13%)~patients No. 3 and No. 5 /56/. Patient No.
3 had suffered a mild porphyria cutanea tarda in
the past and medium chiorsene; patient No. 5 had
severe porphyria cutanea tarda and persistent signs
of generalized chloracne (Fig, 3).

Hepatic Effeets

Santostefano et al, /57/ examined the effects of
TCDD in isolated rat hepatocytes and found a
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dose-dependent increase in the distribution of
TCDD in centrilobular hepatocytes, which may be
related to regional differences in P 450 induction.
Although elevations of liver enzymes activity were
found in Seveso children /58/ and chemical
workers /43, 59/, none of the studies identified
clinical evidence of liver disease in the study
population. Elevated liver enzymes were seen
predominantly in workers having a history of high
alecohol consumption /60/ and they normalized
within a few years, About one-third of the Czech
chemical workers had a mild increase in liver test
parameters during the first years after exposure, At
that time, liver biopsy in five subjects showed only
mild steatosis,” periportal fibrosis® or the activa-
tion of Kupfer cells.” Thirty years after exposure,
liver enzymes were not elevated /48/.

Body Weight Loss

Weight loss in humans corresponds to the
“wasting syndrome” seen in animal studies /47,
Nausea, vomiting, epigastric pain, and loss of
appetite in a patient with heavy TCDD intoxication
prompted a weight loss of about 10 kg /2/,
Transient weight loss was reported in two
laboratory workers following an acute exposure to
TCDD /61/, During a short period after exposure,
weight loss was also noted in a group of our
patients. About 30 years after the exposure ceased,
however, the body mass index in the Czech
patients was mostly in the overweight range /62/,

Lipid Levels
Atherosclerosis is a chropic progressive

disease characterized by the accumulation of fipids
and fibrous elements in the inner walls (intima) of

* Abnormally large quantities of intraceliular fit

* Fibrous changes of the: structure of tissues surrourding the
portal vein thet conducts blood from the digestive organs,
splecn, pancreas, and paiibladder to the liver

" pecialized ol in the liver that destroy basteria, forsign
proeins, and warn-out blood cells

the large arteries, including those feeding the heart
and brain. As cholesterol cannot dissolve in blood,
it is transported 0 and from cells by carriers called
low-density lipoproteins (LDL) and high-density
lipoproteins (HDL). High levels of LDL e¢an
combine with other substances to form thick, hard
deposits {plaques) that clog arteries, increasing risk
of heart attack and stroke. Conversely, HDL carries
cholesterol away from the arteries; high levels
appear 1o protect against atherosclerosis. A high
level of triglyceride, ancther form of fat, is also
associated with heart disease and diabetes.

Inflammation, the innate immune response to a
first contact with a foreign substance, also plays a
prominent role in the development of athero-
sclerosis. Following leukocyte® recruitment to the
site of injury, the monocytes imtemalize modified
lipoproteins, thereby acquiring the morphological
characteristics of macrophages known as ‘foam
cells’.

Several experimental studies have supplied
evidence supporting the hypothesis that TCDD
exposure promotes atherosclerosis development.
TCDD treatment in norma! and hyperlipidemie
mice resulted in the increased urinary excretion of
vasoactive eicosanoids’ and mean tajl-cuff blood
pressure, as well as increased serum triglycerides
and cholesterol, but not HDL, The LDL lovel was
increased only in the hyperlipidemic genotype.
Dioxin distribution was highest in LD, particles,
which might deliver TCDD to atherosclerotic
plagues. In addition, subchronic dioxin treatment
caused a trend toward an earlier onset and a greater
severity of atherosclerotic lesions when compared
with vehicle-treated mice /63/.

TCDD promotes the differentiation of macro-
phages into atherogenic foam cells /64/, suppresses
the activity of lipoprotein lipase by downregulating
hepatic PPARs (peroxisome proliferator-activated
receptors), and raises the level of beneficial HDL

“Wishading lymphocytes, newronhils, monocytesimacrophages
9 Compounds that play an Impottant robe in inffammation.
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Fig.4: Correlation of serom 2,3,78-TCDD and highest cholesterol measured in 12 subjects. r=0.74,

p=0.01

in plasma /65/. Lipoprotein lipase is an enzyme
that catalyzes the breakdown of fats, and PPARs
are involved in both lpid metabolism and
inflammation,

Blood lipids were not elevated in several
human TCDD studies /4, 38, 43/, including those
of the Seveso residents /58/. We should mention
that several other factors, both endogenous and
axogenous, could have played 2 role in
normalizing lipid levels, including hypolipidemic
treatment. Cther epidemiological studies did report
significant increases in total cholesterol and/or
triglyceride levels among persons exposed to
TCDD when compared with unexposed controls
/59, 61/, In a follow-up study 15 years after TCDD
exposure, weak associations between TCDD,
increased triglycerides, and abnormally decreased
HDL cholesterol concentrations were noted by
Calvert et al. /66/ and by Sweeney et al. /67/.

Both cholesterol and triglyceride levsls were
elevated shortly after intoxication with TCDD in
two young Austrian women with extremely high
bleod TCDD levels and chloracne /2/, The level of

exposute might be very important, as it Indicated
the dose-dependant increase of cholestero] in the
group of Czech patients /62/ shown in Fig, 4, In
1996 and 2004, hyperlipidemia was found in 92%
and 87% of patients, respectively. After hypo-
lipidemic treatment, both blood cholestero! and
triglycerides, respectively, decreased during this
interval, from a mean of 6.94 and 2.67 mmol/L to
5.24 and 2.46 mmol/lL..

Cardiovasculsr Effects

Disorders of lipid metabollsm are major risks
factors for the development of coronary heart
disease /68/. Most early data indicated that
exposure to TCDD does not induce cardiovascular
effects /7/. No evidence of an effect of TCDD on
morbidity due to ischemic heart disease or on
overall mortality or deaths due to circulatory
discase was found in chemical workers at BASF,
Germany /6%/ or among Operation Ranch Hands
Air Force veterans /70/, namely, groups having
lower TCDD exposure. Calvert et al. /42/ found no
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significant association beiween ischemic heart
disease and TCDD; in any event, the statisticat
power of this study was too low to detect it,
According to Sweeney and Mocarelli /71/,
mortality from cardiovascular diseases appeared to
be elevated among coheris of TCDD-exposed
chemical workers and Seveso residenis. An
international study comprising 36 cohorts from 12
countries, with a total of 21,863 chemical workers,
detected an incremsed risk for death from
cardiovascular disease, especially ischemic heart
disease, among TCDD-exposed workers /72/, Kim
et al. /37/, found that among those with higher
levels of exposure, Korean veterans of the war in
Vietnam during the period 1995 to 1996 had an
increased frequency of hypertension and of
ischemic heart disease as well. In this study,
however, pooled blood samples were examined
with assessment of exposure based on question-
naires, which might represent a certain bias.
Among the 15 Czech subjects, 9 were treated
for hypertension (60%), 5 fell il with myecardial
infarction (one twice), three with angina pectoris,
and one with a stroke in the years 1995 to 1999 (30
years after exposure, but still with very high TCDD
plasma levels). Echocardiography performed in
2004 showed abnormal relaxation and diastole
filling of the left cardiac ventricle as the most
frequent ipairment in nine patients. A worker with
the highest TCDD plasma level required surgery for
severe stenosis (narrowing) of the carotid artery,
which supplies blood to the head. In 2004, 73% of
patients had atherosclerotic plagues in the carotids.
Unlike in 2001, intima-media'® thickness did not
differ from that of the control group of the same age
and body mass index, probably thanks to lipid-
lowering therapy, which reverses the progression of
early arteriosclerosis of the carotid artery /73/.
Accordingly, no myocardial infarction was noted
after 1999. In addition to that, a finding of endo-
thelinl dysfunction in our TCDD-exposed patients
supports the hypothesis that oxidative stress is the

® The middie coat of the blood vessel wall

main reason for this dysfunction, which can lead to
pro-atherosclerotic events (Pelclovd ¢t al., submitted).

Ocular Effects

Experimental results support the hypothesis of
a causal relationship between eye capillary changes
and hypercholesterolemia /74-75, /. High levels of
exposure to TCDD among Vietnam veterans were
associated with incrensed frequency of retinopathy
f37. In 2001, 32 yearz after TCDD exposurs,
degenerative changes of the ocular fundus'' were
present in 67% of the Czech workers, In 2004, 35
years after the exposure ceased, retinal angio-
sclerosis’> and chronic conjunctivitis” were
present in afl 15 workers /56, 52/,

Fig. 5: Ocular changes 35 ycars after exposure in a Czech
worker (patient No, 9), Left: chronic confunctivitis
with hyperemia and papiliary hypertrophy inthe
lower tarsal conjunctiva. Right: change of the celiber
of vessels in the eye fundus - constriction of arteries,
ditatation of veins, and pathological arterin-venous
crossings with compression of veins,

Neurological and Neuropsychaological Effects

Despite its low molecular weight and highly
lipophilic character, TCDD does not penetrats well
into nervons tissue. Correspondingly, several authors

11 Phe part of the eye opposite the pupil
2-Thickening and hardening of blood vesse] walls in the retina
g Eyc infection, also known s *pinkeye’
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have expressed doubts that TCDD can cause any
neurological damage /7677, /. On the other hand,
other authors suppose that exposure to TCDD
might be associated with certain adverse
neurological effects. This view applies especially
1o high levels of exposure. In experimental studies,
rats exposed to TCDD developed polyneuropathy ™
in a dose-dependent manner /79-79, /. Klawans
/80/ and Thomke et al. /81/ reported peripheral
neuropathy in chemical workers, as did Michalek
¢t al, /82/ in Operation Ranch Hand and Kim et al,
f37/  in Korean veterans of the Vietnam War.
According to Bertazzi et al. /8384, /, peripheral
neuropathy was an early and reversible effect in
the Seveso accident victims, In our patients, the
respective frequencies of a polyneuropathic pattern
in nerve~-conduction studies in the 1970s, 1996, and
2004 follow-ups were 38%, 23%, and 20% /109/.
Severe neuropathy was confirmed by histology in
one Czech patient with severe imtoxication who
died 2 years after the exposure stopped /45/,

Damage to the central nervous system is a
more controversial issuse. The hypothalamus and
pituitary gland have been identified as potential
sites of TCDD action, with corresponding altera-
tions, especially 1o the dopaminergic system, which
plays a crucial role in role in motor function and
neurclogical and psychiatric disease processes.
{85/, Further, TCDD can damage nervous tissue by
inducing oxidative stress /86/, which has been
associated with blood-brain barrier disruption
/110~111/, In addition to direct neurotoxic effects,
indirect damage to nervous tissue can be induced
by vascular impairment /197,

Neuberger et al. /43/ found sleep disturbances
in 44%, headaches in 32%, and neuralgia (nerve
pain) in 30% of 159 TCDD-exposed herbicide
production workers. Recently, Ingel et al, /8%
noted a significant correlation between individual
plasma TCDD levels and emotional stress in
Russian women. On the other hand, findings in
UL.S. veterans of the Vietnam War with relatively

" The simultansous malfunction of many peripheral nerves

low serurn dioxin levels exhibited only small
differences and of uncertain clinical significance,
due to interference with post-traumatic stress
disorder /88/.

in our patients, dysfunction of the central
nervous system could be inferred from neuropsy-
chelogical, neurological, and neurophysiotogicai
examinations. In 1996, impairment of cognitive
performance {Memory Quotient, see Fig, 6, Verbal
1Q, subtests Vocabulary, Arithmetic and Similarities,
Benton Visual Retention Test) correlated with
TCDD concentration and with an elevation of
plasma cholesterol and tiglyceride levels /487
Meurasthenic syndrome and/or organic psychosyne
drome were found in 85% patients. Eight years
later, In 2004, sbout 38 years afler exposure,
neurasthenic syndrome was found in 47% of our
patients; the EEG, VEP, and the Lanthony test were
gbnormal in 53%, 33%, and 47%, respectively.
These findings can be interpreted as a manifestation
of an incipient diffuse encephalopathy. In 2004,
only few significant correlations were found
between TCDD end neuropsychological variables
{Category Test of the HRNB end percentage of
Nonperseverative errors on the Wisconsin Card
Sorting Test (Urban et al, submitted). Lowering the
blood lipids in these patients might have improved
the vascular dysfunction /89/,

All the findings described above were observed
in highly exposed subjects but were etiologically
non-specific. In our subjects, however, high alcohol
consumption does not seem to Interfere with the
TCDD dose-dependent association with neuropsy-
chologien] impairment. Only two subjects with
lower TCDD levels admitted a higher daily intake
of alcohol {patient No. 11 in descending order of
plasma TCDD level, 1.5 liters of beer, and patient
No. 15, 2 liters of beer), Four patients (No. 1, 5, 7,
and 9) were moderate daily alcohol consumers (0.5
L beer), seven subjects admitted occasional alcohol
intake only, and one man was abstinent. According
to Stampfer et al. /90/, moderate consumption of as
much as one drink per day may actually decrease
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Fig. 6: Correlation of serum 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and Memory Quotient in 1996, + = -0.78, p =001

the risk of copnitive decline, which is plausible
given the strong link between alcoho! and
decreased risk of cardiovascular disease,

Diabetes Meilitus

Several studies have found a possible link
between TCDD and diabetes. The development of
Type 2 diabetes meliitus usually begine with
‘insulin resistance’, meaning that the body does not
respond properly to insulin, such that blood sugar
levels are high even when insufin Javels are high.
The insolin resistant state increases the chances of
developing diabetes and heart disease. Activators
of PPAR, a key regulator of systemic insulin
sensitivity, delay the onset of type 2 diabetes by
lowering plasma, hepatic, and intramuscular tri-
glycerides. One possibility for TCDD-mediated
diabetes: could be an inhibition of PPAR through
the Al receptor. A plausible molecular connection
between dioxin-like compounds and Type 2
diabetes was proposed by Remillard and Bunce
91/, who suggested that dioxin exposure might be
a risk factor for diabetes through an antagonism of
PPAR functions.

Four decades after the BASF Ludwigshaven
accident, mean fasting glucose levels in the
exposed workers were elevated and associated with
current levels of TCDD A2/, Korean veterans of the

war in Vietnam had an increased frequency of
diasbetes /37/. On the other hand, no positive dose.
response was found in the NIOSH population of
267 chemical workers /93/.

In Operation Ranch Hand veterans having a
serum TCDD level above 333 pg/g fat, the
adjusted relative risk for fasting serum glucose
tevels, diabetes prevalence, and the oral glucose
tolerance fest was significantly elevated /94/.
According to Kern et al. /95/, high blood TCDD
levels could promote an insulin-resistant state, but
the magnitude of this effect appeared to be small.
An [8-fold increase in blood TCDD resuited in
only a [0% change in insulin sensitivity in 29
matched pairs. Twenty percent of Czech patients
were diagnosed with Type 2 diabetes up to 2 years
after exposure. Among the last 15 patients in 2004,
4 (27%) were diabetics, 2 of whom were treated
with oral medications to control disbetes, and a
further 2 were treated with a diabetic diet only /56/,

Other Hormonai Effects

Androgens and estrogens induce cell-cycle
progression and regulate gene expression by very
similar molecular mechanisms /96/. In vivo studies
in experimental enimals suggest a cross-talk
between the signa} transduction pathways of AR
and steroid hormone receptors, including estrogen,
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androgen, and thyroid hormone receptors. The
transcriptional activities of TCDD and AhR may
be linked to estradiol and the estrogen receptor
7.

Hormonal effects were not studied in most
groups having high exposures, and no clinical
effects have been described. Sweeney et al. /67/
found a relation among gerum levels of TCDD,
prolactin, luteinizing, follicle-stimulating hormone,
triiodothyronine (T3), thyroid-stimulating hormone
(TSH), testosterone, end glucagon levels, The
mean serum TCDD concentration in exposed
sprayers was between 2.6 and 8.1 pg/g fat. As such,
TCDD levels are commonly found in the general
population, suggesting that background levels of
TCDD couid pose a risk to human heaith /98/. A
hypothesis has been put forth that in the developed
world, TCDD exposure is associasted with an
increased incidence of endometriosis, an estrogen~
dependent reproductive and endocrine disorder
involving dysfunction of the immune system /99/,

Tmmunologicai Effects

In the BASF accident study, immunologic
changes following TCDD exposure have been
examined in only a few studies. Levels of immune-
globulins (Ig) IgA, IgG, IgM, and complement C4
and C3 were higher In exposed workers than in an
unexposed control population /93/. In the NIOSH
medical study of workers exposed to chemicals
contaminated with TCDD, Sweeney et al. /67/
found 2 relation between serum TCDD levels and
counts of helper T-lymphocytes.

Pulmonary Effects

In a study of TCDD-exposed persons with
clinteal evidence of chloracne as a late effect,
Suskind and Hertzberg /100/ observed that pul-
monary functions in exposed smokers were fower
than in nonexposed smokers. This finding was not
confirmed in other studies, including our patients.

Death

In experimental animals, TCDD-induced mor-
tality does not occur immediately after exposure
but rather only after several days or weeks. In all
mammalian species tested so far, ‘wasting syn-
drome’, a progressive body weight loss and re-
duced food intake, was consistently observed.
Other characteristic signs of toxicity were atrophy
of the thymus, bone marrow, and testicles, gastro-
intestinal hemorrhage, hyperplasia or metaplasia of
gastric, intestinal, urinary, and bile tract mucosa,
liver lesions, and porphyria /4/. No human study
reported an acute instance of death /7/.

Pazderova-Vejlupkova et al, /45/ described one
case of probable TCDD-induced death, This 55-
year-old healthy man was exposed for 9 months as
& chemical worker; he died 2 years after the end of
exposure. Pathological anatomy findings showed
unusually severe atherosclerosis of the brain (diffuse
status lacunaris, i.c., muiltiple small infarcts), liver,
pancreas and Kidneys, cardiac hyperirophy,
porphyria with ultra-vielet light fluorescence of
liver, kidney, and bone marrow tissue, as well as
peripheral neuropathy. The immediate cause of
death was aspiration bronchopneumonia caused by
an impaired swallowing mechanism. Death was
atiributed to TCDD and compensated as an
occupational disease. Unfortunately, as TCDD-
level measurement was not available in 1970,
direct proof for this conclusion was unobtainable.
Based on_experimental data, however, lethal
TCDD intoxication is plausible with the course and
pathological findings of this case.

Cancer

The TARC /4/ evaluated TCDD in 1997 as &
compound carcinogenic to humans, based on
evidence that TCDD is a multi-site carcinogen in
experimental enimals through a mechanism invol-
ving the AhR, which functions in the same way as
in humans. Similar tissue concentrations were
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found in experimental animals and in heavily
exposed human populations, in which an increased
overall cancer risk was observed, as well as in
animal bioassays. Certain studies, including the
study on U.S. Vietnam War veterans /101/ and that
of Bodner et al. /102/ or Dow Chemical Company
workers, did not find a cancer association. Never-
theless, the four most important human studics for
the evaluation of the carcinogenicity by the JARC
were those on herbicide producers with relatively
severe exposures—one in the U.S. /103/, one in the
Netherlands /104/, and two in Germany /105-106/,
in addition to one extensive international cohort
/107 and one case in the Seveso population in
Italy /108/. An incre¢ased risk for lung cancer, soft-
tissue sarcoma, and non-Hodgkin lymphome was
found. Overall, the sirongest evidence for the
carcinogenicity of TCDD was for all cancers
combined /4/.

CONCLUSION

TCDD is an important chemical having high
toxicity and long persistence, both in the environ-
ment and in the human body. In the past, the most
serious intoxications came from industry, Recently,
TCDD has also been used intentionally with
harmful intent, the most well-known case being
Ukrainian president Yushchenko. The acute effects
of TCDD exposure are well described in the
fiterature, yet the long-term consequences, except
carcinogenicity, scem to be rather underevaluated,

Chloracne is one of the most obvious
symptoms of acute intoxication, in addition to
porphyria, transient hepatotoxicity, hypertension,
hypertipidemia, diabetes, and peripheral and
central neurotoxicity. On the other hand, athero-
sclerosis, hypertension, diabetes, ocular vascular
changes, and signs of neural-system damage,
including neuropsychological impairment, can be
present several decades afler massive TCDD
exposure because of its fong-term persistence In

the humsan body. Such chronic effects are non-
specific and multifactorial and may be causally
linked only to severely intoxicated subjects. This
opinion is supported by the dose-dependent effect
of TCDD in experimental studies and in heavily
exposed groups of subjects, such as Czech
chemica!l workers. TCDD toxicity can be mitigated
by symptomatic pharmacological treatment, in-
cluding hypolipidemic drugs. As a specific remedy
to decrease TCDD levels iz not yet available,
patients with severe exposures should be followed-
up and treated symptomaticaily.

ACKNOWLEDGMENT

We would like to express thanks fo the
Ministry of Education MSM 0021620807 for the
support of the research project, to the Axys Varilab
laboratory in Czech Republic, and to Professor
Steve Diskin for linguistic assistance,

REFERENCES

I, Institute of Medicine of the National Academics,
Board on Health Promotion and Disease Pre-
vention, Committes to Review the Health Effects
in Vietnam Veterans of Exposure to Herbicides:
Veterans and Agent Orange: update 2002, Wash-
ngton, DC, USA: National Academy Press,
2003; 1~619.

2. Geusau A, Abraham K, Geissler K, Sator MO,
Stingl G, Tschachler E. Severe 2,3,7,8-tetra-
chlorodibenzo-p-dioxin  (TCDD) intoxication:
¢linical and laboratory effects. Environ Health
Perspect 2001; 109: B65-869,

3. Green NJ, Hassanin A, Johnston AR, Jones KC.
Observations on historical, contemporary, and
naturat PCDDV/Fs, Environ Sci Technol 2004; 38:
715-723,

4. Intemnational Agency for Research on Cancer.
Polychlorinated dibenzo-pera-diokins. In: Poly-
chlorinated Dibenzo-para-dioxins and Poly-
chlorinated dibenzofurans. Lyon, France: IARC
Monographs 1997; 69: 33-341,

5. Dwemnychuk LW, Cau HD, Hatfield CT, Boivin
TG, Hung T™, Dung PT, ¢t al. Dioxin reservoirs

6787 |




134

13.

14,

CLINICAL FINDRNGS AFTER TCDD EXPOSURE

in southern Viet Nam—a= legacy of Agent Orange.
Chemosphere 2002, 47;: 117-137.

Ferrario J, Byrne C. Dibenzo-p-dioxins in the
environment from ceramics and pottery pro-
duced from balf clay mined in the United States.
Chemosphere 2002; 46: 1297-1301.

Agency for Toxic Substances and Disease Regis-
try. Toxicological Profile for Chlerinated Dibenzo-
mDioxins, Atlants, Georgia, USA: ATSDR,
www.atsdr.cde.gov/toxprofiies/tp1 0d. html.
Renwick AG, Barlow SM, Henz-Picclono I,
Boobis AR, Dyhing E, Hdler 1, et al. Risk
characterisation or chemicals in food and diet.
Food Chem Toxicol 2003; 41: 12111271,

Fries GF: Transport of organic environmental
contaminants to animal products. Rev Environ
Contam Toxico) 1955; 141: 71-109

. Weiss ), Pipke O, Bergman A, A worldwide

survey of polychiorinated dibenzo-p-dioxins, di-
benzofurans, and related conteminants In butter.
Ambio 2005; 34: 589-397.

Aylward LL, Hays SM. Temporal trends in
human TCDD body burden: Decreases over three
decades and implications for exposure levels. J
Exposure Anal Environ Epidemiol 2002; 12:
319-328,

. Young AL. TCDD biomenitoring and exposure

to Agent Orange: still the gold standard. Environ
Sci Pollut Res 2004; 3: 143146,

Schecter A, Cao D, Papke O, Prange J, Con-
stable JD, Matsuda M, et al. Recent dioxin con-
tamination from Agent Orange in residents of &
Southern Vietnam city, JOEM 2001; 43: 435-443.
Hooper K, Chuvakova T, Kazbekova G, Hayward
D, Tuienove A, Petreas MX, et ol Analysis of
breast milk to assess exposure to chlorinated
contaminants in Kazakhstan: sources of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) exposures
in an agricuitural region of southern Kazakhstan.
Environ Health Perspect 1999; 107: 429-430,

. Bencko v, Cernd M, Jech 1., Smid J: Exposure

of breast-ted children in the Czech Republic to
PCDDs, PCDFs, and dioxinelike PC8s, Environ
Toxicol Pharmacol 2004; 18: §3-90,

. Gu YZ., Hogenesch JB, Bradfield CA. The PAS

superfamily: sensors of environmental and de-
velopmenta! signals, Annu Rev Pharmacol Toxicot
2000; 40; 519-561.

. Nebert DW, Roe Al, Dister MZ, Solis WA,

Yang Y, Dalton TP, Role of the sromatic hydro-
carbon receptor and {Ah] gene battery in the
oxidative stress response, cell cyele control, and
apoptosis. Biochem Pharmacol 2000; 59: 65-85.

18,

19.

20.

21

22,

23,

24,

25,

26.

2.

28,

29,

Whitlock JP, Jr. Induction of cytochrome P450
1AL, Annu Rev Pharmacol Toxicol 1999; 30:
103-125.

Filbrandt CR, Wu Z, ZJokovic B, Opanashuk [.,
Gasiewicz TA. Presence and functional activity
of the aryl hydrocarbon receptor in isolated
murine cerebral vascular endothelial cells and
astrocytes. Neurotoxicology 2004; 25; 605-616.
Hakkola J, Pasanen M, Pelkonen O, Hukkanen J,
Evisalmi 8, Anttila 8, ¢t al. Expression of CYP
IB1 in human adult and fetal tissues and differ.
ential inducibility of CYP1BI and CYP 1Al by
Ah receptor figands in human placenta and cultured
cells. Carcinogenesis 1997; 18: 391-397.

Lai ZW, Pineau T, Esser C. Identification of
dioxin-responsive clements (DREs) in the §
regions of putetive dioxin-inducible genes. Chem
Bioi Interazt 1996; 100, 97-112,

Puga A, Xia Y, Elferink C. Role of the ary
hydrocarbon receptor in cell cycle regulation,
Chem Bioi Interact 2002; 141, 117-130.

Plpke O, Ball M, Lis ZA, Scheunert K. PCDDY
PCDF in whole blood samples of unexposed
persons, Chemosphere1989; 19: 941-8.

Rappe C, Nygren M, Marklund S, Keller LO,
Bergpvist PA, Hansson M. Assessment of
human exposure to polychlorinated dibenzo-
furans and dioxins. Environ Health Perspect
1985 60: 363-304.

Weber LW, Zesech A, Rozman K: Penetration,
distribution end kinetics of 2,3,7,8-tetrachloro-
dibenzo-p-dioxin in human skin in vitre. Arch
Toxicol 1991; 65: 421428,

Weber LW, Ernst SW, Stah! BU, Rozman K:
Tissue distribution and toxicokinetics of 2,3,7,8-
tetrachlorodibengu-p-dioxin in rats after intra-
venous injection. Fundam Appl Toxicol 1993;
21; 523-534,

Rohde §, Moser GA, Plipke O, McLachlan MS,
Clearance of PCDD/Fs via the gastrointestinal
tract in oceupationally exposed persons. Chemo-
sphere 1999; 38: 3397-3410.

Geusau A, Schmaldienst 8, Derfler K, Papke O,
Abraham K. Severe 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) intoxication: kinetics and irials
to enhance elimination in two patients. Arch
Toxicol 2002; 76: 316-323.

Aylward LL, Brunet RC, Carrler G, Hays SM,
Cushing CA, Needham LL, et al. Concentration-
dependent TCDD elimination kinetics in humans:
toxicokinetic modeling for moderately to highly
exposed aduits from Seveso, Italy, and Vienna,
Austrin, and impact on dose cstimates for the




30.

EER

32

33.

34,

35

36.

31

38.

39,

40.

DANIELA PELCLOVA ET AL, 135

NiOSH cohort. J Exposure Anal Environ Epi-
demiol 2005; 15; 51-65,

Neuberger M, Rappe C, Bergek S, Cai H, Hansson
M, Jager R, et al: Persisient health effects of
dioxin contamination in herbicide production.
Environ Res 81; 1999: 206-214,

Miniero R, De Felip E, Ferri F, di Domenico A:
An overview of TCDD half-life in mammals and
its correlation to body weight. Chemosphere 2001;
43: 839-844,

Neuherger M, Landvoigt W, Demntl ¥ Blood
levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin in
chemical workers after chloracne and in com-
parison groups, Int Arch Occup Environ Health
1981; 63: 325-327.

Michalek JE, Pirkle JL, Needham L1, Patterson
DG Jr., Caudill SP, Tripathi RC, et al. Pharma-
cokinetics of 2,3,7,8-tetrachiorodibenzo-p-dioxin
in Seveso adults and veterans of operation Ranch
Hand, J Expo Anal Environ Epidemiol 2002; 12:
44.-53,

Emond C, Michalek JE, Birnbaum LS, DeVito
M. Comparison of the use of & physiologically
based pharmsacokinetic model and a classical
pharmacokinetic model for dioxin exposure
assessments. Environ Health Perspect 2005; 113:
16661668,

Emond C, Birnbaum LS, DeVito MJ, Physio-
logically based pharmecokinetic model for de-
velopmental exposures to TCDD in the rat.
Toxicol Sci 2004; 80: 115-133.

Dai LC: Agent Orange in the Viet Nam War;
History and Consequences. Hanoi, Vietnam:
Yietnam Red Cross Society, 2008; 1~202,

Kim J-8, Lim H-8, Cho 8-1, Cheong H-K, Lim
M-K. Impact of Agent Orange exposure among
Korean Vietnam veterans. Ind Health 2003; 41:
149157,

Ott MG, Messerer P, Zober A. Asscssment of
past occupational exposure to 2,3,7,8-tetrachior-
odibenzo-p-dioxin using blood lipid analyses. Int
Arch Occup Environ Health 1993; 65: 1-8.
Flesch-Janys D, Becher H, Gum P, Jung D,
Konistzko J, Manz A, et al. Elimination of
polychiorinated dibenzo-p-diaxins end dibenzo-
furans in occupationally exposed persons. )
Toxicol Environ Hezlth 1996; 47: 363-378.
Smith AH, Patterson DG Jr, Warner ML, Mac
Kenzie R, Needham LL. Serum 2,3,7,8<tetra-
chiorodibenzo-p-dioxin levels of New Zealand
pesticide applicators and their implication for
cancer hypotheses. J Natl Cancer Inst 1992; 84:
104-108,

41.

42,

43.

4.

45.

46.

47.

48,

49,

50.

51,

Landi MT, Consonni D, Patterson DG Jr, Need-
ham LL, Lucier G, Brambilla P. 2,3,7,8-tctra-
chlorodibenze-p-dioxin plasma levels in Seveso
20 years after the accident. Environ Health
Perspect 1998; 106: 273277,

Calvert GM, Well DX, Sweeney MH, Fingerhut
MA  Eveluation of cardiovescular outcomes
among V.S, workers exposed to 2,3,7 8-tetea-
chlorgdibenzo-p-dioxin, Environ Heaith Perspect
1998; 106 Suppl 2: 635-643,

Neuberger M, Rappe C, Bergek 8, Cai H,
Hansson M, Jager R, et al. Persistent heaith
effects of dioxin contamination in herbicide
production, Environ Res 1999; 81: 206-214.
Zemek A, Xolan A. 2,3,7, 8-tetrachlorodibenzo-
p-dioxin in soil samples from a srichiorophenoi-
producing plant. Chemosphere 1991; 23; 1769-
1776,

Pazderova J, Lukéd E, Némcovi M, Spalilovs M,
lirdsek L, Kalensky J, et al. Chronic poisoning
by chlorinated hydrocarbons, formed in the
production of 2,4,5-sodivm trichlorophenoxyace.
tate. Pracov Lék 1974; 26: 332-339. {in Czoch,
English abstract}

Pazderové-Vejlupkovd 1, Lukéd E, Némcové M,
Pickova J, Jirdsek L. Chronic poisoning by 2,3,7,8-
tetrachlordibenzo-p-dioxine. Pracov Lék 1980; 32:
204-209, [in Czech, English ebstract)
Pazderovi-Vejlupkovd J, Lukat E, Némcovs M,
Pickovd J, Jirdsek L. The development and prog-
nosis of chronic intoxication by 2,3,7.8-tetra-
chiordibenzo-p-diexine in men. Arch Environ
Health 1981; 36: 5-11.

Pelelovd D, Fenclova Z, Dlaskova Z, Urben P,
Lukéd E, Prochézka B, et el. Biochemical, neuro-
psychological, and nourological abnormalities
following  2,3,7,8-tetrachlorodibenzo- p-dioxin
{TCDD) exposure. Arch Environ Health 2001;
36: 493500,

Cernd M, Bajgar L, Crhové §, Gradic R, Kozak
J, Krat¥nova 1, et al. Levels of PCDDs, PCDFs,
and PCBs in the blood of the non-occupationally
exposed residents living In the viginity of a
chemical plant, comparison with a background
level for the Czech population. Organohalogen
Compounds 2004; 66: 2637-2641.

Young AL Regens JL. Serum TCDD levels and
health effects from elevated exposure: Medical
and scientific evidence. Environ Sci Pollut Res
2005; 12: 1~4,

Mocarelli P, Needham LL, Marocchi A, Patter.
son DG Jr, Brambilln P, Gerthoux PM. Scrum
concentrations of 2,3,7,8-tetrachlorodibemeo-pe




136

52.

53.

54,

55,

56,

37

38,

59.

60,

6L

62,

CLINICAL FINDINGS AFTER TCDD EXPOSURE

dioxin and test results from selected residents of
Seveso, Maly. J Toxicol Environ Health 1991;
32: 357-66.

Robinson WS, Clothier B, Akhtar RA, Yang AL,
Latour 1, van ljperen C, et al. Non-Ahr gene
susceplibility loci for porphyria and liver injury
induced by the interaction of 'dioxin’ with iron
overload in mice. Molecul Pharmacol 2002; 61;
674681,

Doss M, Sauer H, von Tlepermann R, Colombi
AM. Development of chronic hepatic porphysia
(porphyria cutanea tarda) with iInherited uro-
porphyrinogen decarboxylase deficiency under
exposure to dioxin. Int J Blochem 1984; 16;
365-373.

Jung D, Konietzko I, Reill-Konietzko (3, Muttray
A, Zimmermann-Holz H), Doss M, et al
Porphyrin studies in TCDD.exposed workets,
Arch Toxicol 1994, 68: 595398,

Jirdsek L, Kalensky J, Kubec K, Pazderovd J,
Lulkd§ E. Chlorakne, Porphyria cutenea tarda und
andere Intoxikationen durch Herbizide Hautartzt
1976; 27: 328-333. [In German, English abstract]
Pelctova I), Fenclov4 Z, Preiss J, Skrha J, Prézng
M, Spa&il J, ot sl Damage during chronic intoxin
cation with 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD). Abstracts of the conference “Framing
the Future in Light of the Past: Living In a
Chemical World", Bologne, Italy, 2008; 118.
Santostefanc MJ, Richardson VM, Walker NJ,
Blanton J, Lindros KO, Lucler GW, et al. Dose-
dependent localization of TCDD in Isofated
cenirilobular and periportal hepstocytes. Toxicol
Sci 1999; 52: 9-19.

Mocarelli P, Marocehi A, Brambilla P, Gerthoux
P, Young DS, Mantel N, Clinical laboratory
manifestations of exposure to dioxin In children.
A six-year study of the effects of an environ-
mental disaster near Sevesoe, Italy, JAMA 1986;
256: 26872695,

Martin JV. Lipid abnormalities in workers
exposed to dioxin, BrJ Ind Med, 1984; 41: 254—
256.

Calvert OM, Homung RW, Sweeney MH,
Fingerhut MA, Halperin WE Hepatic and
gastrointestinal effects in an occupational cohort
exposed to 2,3,7,8-tetrachlorodibenzo-para-dioxin,
JAMA 1992; 267: 2209-2214.

Oliver RM. Toxic cffccts of 2,3,7,8 tetrachloro-
dibenzo 1,4 dioxin in laboratory workers. Br J
Ind Med 1975; 32: 49-53.

Pelctava 1), Feactové 7, Preiss J, Prochdzka B,
Spdtil J, Dubska Z, et al. Lipid metabolism and

63.

64.

65.

66.

67.

68,

69,

70.

.

72

73.

neuropsychological follow-up study of workers
exposed to 2,3,7,8-TCDD. Imt Arch Occup
Environ Health 2002; 75 Suppl: 60-66.

Daiton TP, Kerzee JK, Wang B, Miller M,
Dieter MZ, Lorenz JN, et al., Dioxin exposure is
an environmental risk factor for ischaemic heart
disease. Cardiovaseu! Toxicol 2001; 1: 285-298.
Vogel CFA, Sciullo E, Matsumura F Aclivation
of inflammatory mediators and potential role of
Ah-Receptor lgands into foam cell formation.
Cardiovasc Toxicol 2004; 4: 363-373.

Shaban Z, El-Shazly S, Abdethady S, Fattouh |,
Muzandu X, Ishizuka M, et al, Down regulation
of hepatic PPARe function by ADR {igand. J Vet
Med Sci 2004; 65: 13771386,

Calvert 'GM, Willie XK, Sweeney MH, Finger-
hut MA, Halperin WE, Eveluation of serum lipid
concentrations among U.S, workers exposed to
2,3,7,8-fetrachlorodibenzo-p-dioxin. Arch Environ
Health 19965 51: 100107,

Sweeney MH, Calvert GM, Egeland GA, Finger-
hut MA, Halperin WE, Piscitelli LA. Review
and update of the results of the NIOSH medical
study of workers exposed to chemicals contams
inated with 2,3,7,R-tetrachlorodibenzo-dioxin.
Teratog Carcinog Mutegen 1997/98; 17: 241-247.

DobiSova M. ATP-—atherogenic index of plasma
like significant predictor of cardiovaseular risk:
from research to practice. Vnitr Lek 2006; 52:
64~71. {In Czech, English Abstract)

Zober A, Messerer P, Ot MG: BASF studies:
Fpidemiological and cllnical investipations on
dioxin-exposed chemical workers. Teratog
Carcinog Mutagen 1997/98; 17: 249-256.

Wolfe WH, Michalek JE, Miner IC, Rahe A,
Sitva J, Thomas WF, et al. Health status of Air
Force veterans occupationally exposed to herbi.
cides In Vietham. 1. Physical health, JAMA.
1990; 264: 18241831,

Sweeney MH, Mocarelli P. Human health effects
after exposure to 2,3,7,8-TCDD. Food Addit
Contam 2600; 17: 303-316,

Vena J, Boffetta P, Becher H, Benn T, Bueno-
de-Mesquita HB, Coggon D, et al. Exposure 1o
diexin and nonneoplastic mortality in the ex-
panded IARC internmational cohort study of
phenoxy herbicide and chloraphenot production
workers and sprayers. Environ Health Perspect
1998; 106 Suppl 2: 645-653.

Spadil 1, Ce3ka R, Petralek, Sobra J. The effect
of four-year hypolipldaemic treatment on the
intimal thickness of the common carotid artery in
patients  with familiar hyperlipidacmia, Imt

(770




74.

75.

76.

77,

78.

79.

80.

81

82,

83.

84,

85.

DANIELA PELCLOVA ET AL. 137

Angiol 1999; 18: 313-319

Zenker M), Beer EM. Early changes of the
vascular system of the eye in hyperlipoprotein.
emia, Klin Monatsbl Augenheilkd. 1989; 195; 7-
13. [In German, English abstract]

Yamakawa K, Bhutto A, Lu Z, Waianabe Y,
Amemiya T. Retinal vascular changes in rats
with inherited hypercholesterolemia—corrosion
cast demonstration. Curr Eye Res 2001; 22: 258
265.

Assennato G, Cervino D, Emment EA, Longo G,
Merlo F. Foltow-up of subjects who developed
chloracne following TCDD exposure at Seveso.
Am ] Ind Med 1989; 16: 119125,

Sweeney MH, Fingerhut MA, Arezo IC,
Hornung RWY, Connally BL. Peripheral neuro.
pathy afler occupational exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD). Am J Ind
Med 1993; 23: 845-858,

Grahmann F, Claus D, Grehl H, Neundorfer B.
Electrophysiologic eovidence for a toxic poly-
neuropathy in rats after exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD). J Neurol
Sei 1993; 115: 71-5.

Grekl H, Grahmann F, Claus D, Neundorfer B.
Histologic evidence for & toxic polyneuropathy
due to exposure to 2,3,7.8-tetrachlorodibenzo-p-
dioxin (TCDD} in rats. Acta Neurol Scand 1993;
B89: 354-357,

Klawans, H.L.: Dystonia and tremor following
exposure (o 2,3,7,8-tetrachlorodibenzo-p-dioxin.
Mow Disord 1987; 2: 255--261.

Thomke F, Jung D, Besser R, Rider R,
Konietzko J, Hopf HC. Increased risk of sensory
neuropathy in workers with chlorecne after
exposure to 2,3,7,8-polychioringted dioxins and
furans. Acta Neural Scand 1999; 100: 1-5.
Michelek JE, Akhtar FZ, Arezzo JC, Garabrant
DH, Albers JW. Serum dioxin and peripheral
neuropathy in veterans of Operation Ranch Hand.
Neurotoxicology 2001; 22! 47990,

Bertazzi, P.A.: Long-term effects of chemical
disasters. Lessons and results from Seveso, S¢i
Total Environ 1991; 106: 5-20.

Bertarzi, PA, Bermucel {,, Brambilla G, Consonni
B, Pesatori AC, The Seveso studies on early and
long-term effects of dioxin exposure: a review.
Enviren. Health Perspect 1998; 106 Suppl 27 625~
633.

Russell DH, Buckley AR, Shah GN, Sipes IG,
Blask DE, Benson B, Hypothalamic site of action
of 2,3,7,8etrachlorodibenzo-p-dioxin (TCDD).
Toxicol Appl Pharmacol 1988; 94; 496-502,

86.

87.

8.

9.

90.

9L

9.

93,

94.

95.

96.

97

98.

Hassoun EA, Al-Ghafri M, Abushaban A. The
role of sntioxidant enzymes in TCDD-induced
oxidative stress in various brain regions of rats
after subchronic exposure. Free Radicals Biol
Med 2003; 35: 1028-1036,

Ingel F, Platonova V, Katosova L. Human emo-
tional stress, dioxin blood contents and genetic
damage in Chapaevsk town, Chemosphere 2001;
43: 989908,

Barrett DH, Morris RD, Akhtar FZ, Michalek JE
Serum dioxin and cognitive functioning among
veterans of Operation Ranch Hand, Neurotoxi-
cology. 2001; 22: 401-502,

Whitmer RA, Sidney S, Selby J, Johnston SC,
Yaffe K. Mildlife cardiovascular risk factors and
risk of dementia in lete life. Neurology 2005; 64:
277-281.

Stampfer MJ, Kang JH, Chen J, Cherry R, Grod-
stein F. Effects of moderate alcohol consumption
on cognitive function in women. N Engl J Med
2003; 352: 245-253.

Remillard RBJ, Bunce NJ, Linking dloxins to
diabetes; Epidemiology and biologicsl plausibility,
Environ Health Perspect 2002; 110: 853858,
ot MG, Zober A, Germann C. Laboratory
results for selected target organs in 138 individuals
occupationatly exposed to TCDD. Chemosphere
1994; 29; 2423-2437.

Steenlund K, Calvert G, Ketchum N, Michaick J.
Dioxin and diabetes mellltus. An analysis of the
combined NIOSH and Ranch Hand Data. Oeeup
Environ Med 2001; 58: 641-648.

Henriksen GL, Ketchum NS, Michalek JE, Swaby
JA. Serum dioxin snd disbetes mellitus in
veterans of Operation Ranch Hand. Epidemiology
1997, 8: 252-258.

Kern PA, Said S, Jackson WR Jr, Michalek JE:
Insulin sensitivity following Agent Orange ex-
posure in Vietnam veterans with high blood
levels of 2,3,7,8-terrachlorodibenzo-p-dioxin, J
Clin Endocrinol Metab 2004; 89: 4665-72,
Barnes-Ellerbe S, Knudsen KE, Puga A. 2,3,7,8-
Tetrachloradibenzo-p-dioxin blocks androgen—
dependent cell proliferation of LNCaP cells
through modulation of pRB phosphorylation Mol
Pharmacol 2004; 66; 502-511,

Matthews I, Wilhen B, Thomsen J, Gustaffson
JA. Aryl hydrocarbon receptor-mediated trans-
cription: ligand-dependent recruitment of estrogen
receptor alpha to 2,3,7,8-tetrachlorodibenzo-p-
dioxin-responsive promoters. Mol Cell Biol
2005; 25: 53175328,

Johnson E, Shorter C, Besterveh L, Patterson D,




138

100.

101,

102,

103,

104,

105,

106.

CLINICAL FINDINGS AFTER TCDD EXPOSURE

Needham L, Piper W, et al. Serum hormone
levels in humans with low serum concentrations
of 2,3,7,8-TCDD. Toxicol Ind Health 2001; 17:
105112,

. Bimbaum LS, Cummings AM: Dioxins and

endometriosis: A plausible hypothesis. Environ
Heelth Perspect 2002; 110: 15-21.

Suskind RR, Hertzberg VS. Human health
effects of 2,4,5.T and its toxic contaminants.
JAMA 1984, 251: 2372-2380.

Mahan CM, Bullman TA, Kang HK, Selvin 8. A
case-control study of lung cancer among
Vietnam veterans, JOEM 1997, 39: 740-747.
Bodner KM, Collins I, Bloemen LJ, Carson
ML. Cancer risk for chemica! workers exposed
to  2,3,7,8-tetrachiorodibenzo-p-dioxin, Qcoup
Environ Med 2003; 60: 672675,

Fingerhut MA, Halperin WE, Marlow WE,
Piacitelli LA, Honchar PA, Sweency MH, et al.
Cancer moriality in workers exposed to 2,3,7,8-
tetrachiorodibenzo-p-dioxin. New Engl J Med
1991; 324; 212-218.

Bueno de Mesquita HB, Doombos G, van der
Kuip DAM, Kogevinas M, Winkelmann R.
Occupational exposure to phenoxy herbicides
and chlorophenols and cancer mortality in the
Netherlands. A J Ind Med 1993; 23 : 285-300,
Oy MG, Zober A, Cause specific mortality and
cancer incidence among employees exposed to
23,28-TCDD after a 1953 reactor accident,
Oceup Environ Med 1996; 53: 606-616.

Becher H, Flesch-Janys I), Kauppiren T, Koge-

107.

108,

109,

110.

111

112,

vinas M, Steindorf K, Manz A, et al. Cencer
mortality in German male workers exposed (o
phenoxy herbicides and dioxins. Cancer Causes
Control 1996; 7- 312-321.

Kogevinas M, Becher H, Benn T, Bertazzi PA,
Boffeita P, Bueno de Mesquita HB, et al. Cancer
mortglity in workers exposed 10 phenoxy herbi-
¢ides, chiorophenols and dioxins: An expanded
and updated intemational cohoet study. Am J
Epidemiol 1997; 145: 10611075,

Bertazzi PA, Pesatori AC, Consonni [3, Tironi A,
Landi MT, Zocchetti C. Cancer incidence in a
population accidentally exposed 10 2,3,7,8-tetra-
chlorodibenzo-para-dioxin. Epidemiology 1993;
4: 398406,

Haorah 3, Knipe B, Leibhart J, Ghorpade A,
Persidsky Y. Alcohol-induced oxidative stress in
brain endothelial cells causes blood-brain barrier
dysfunction. J Leukoe Biol 2005; 78: 1223-1232,
Lukds E, Urban P, Pefclova D, Fenclovd Z,
Rappe C. Neurological and neurophysiciogical
follow-up on werkers exposed to 2,3,7,8-TCDD,
J Neurol Sci, 2001; 187 Suppl 1: 291,

Kim GW, Lewen A, Copln 1, Watson BD, Chan
PH. The cytosolic antioxidant, copper/zine sup-
eroxide dismutase, attenuates blood-brain barrier
disruption and oxidative cellular injury afer
photothrombotic  cortical ischemia in mice.
Menroscience 2001; 105: 1007-1018.

Pe Matteis F. Porphyria cutanes tarda of the
toxic and sporadic varieties, Clin Dermato) 1998;
16: 265-267. .




Available online at www.sciencedirect.com
o g

“=.* ScienceDirect

!::."- 2
ER Crop Protection 26 (2007) 266-269

BLSEVI

wanw.clsevier.comy/locale/cropro

Regulatory progress, toxicology, and public concerns with 2,4-D:
Where do we stand after two decades?

James S. Bus™*, Larry E. Hammond®

YThe Dow Chemical Company, Toxicology and Environmental Research and Consulting, 1803 Building, Midland, M1 48674, USA
"Inrz'u.s'fry Tusk Force Il on 2,4-1} Research PDara, Carmel, [N 46033, USA

Received 10 January 2005; accepted 14 June 2003

Abstract

2.4-D is member of the phenoxy family of herbicides and has major uses in agricullure, forestry, turf, non-crop and aquatic weeds.
Since its introduction in 1946, the toxicology of 2,4-D has been studied extensively and repeatediy. Beginning in 1980, regulatory apencies
in North America and Europe initiated re-registration/re-evaluation activities for 2,4-I, which resulted in the formation of the Industry
Task Force 1T on 2,4-D Research Data, and has resulted in the submission of 60 toxicology studies conducted to GLP standards using
2,4-I> acid and its dimethylamine salt and 2-cthylhexyl ester forms. The various forms of 2,4-D were toxicologically equivalent. 2,4-D in
all three forms has low-to-moderate acute oral toxicity (rat LD, 699-896mg/ke) and is not well absorbed through skin. In rat and
mouse subchronic and chronic studies, overall dietary no-observed-adverse-cfiect-levels (NOAEL) were 5 and 5Smg/kg/day,
respectively. 2,4-D was nol carcinogenic in either rodent species, consistent with a lack of genotoxicity in in vitro and in vivo test
systems. Mild kidney toxicity was the primary toxic effect in these studies. 2,4-D> was not a developmental toxicant in rat (overall
NOAEIL 25mg/kg/day) and rabbit (overall NOAEL 75 mg/kg/day) studies, had a low potential for multi-generation reproductive
toxicity and neurotoxicity (NOAELs 5mg/kg/day, respectively). When compared o estimated human exposure levels, the overall
toxicology NOAEL of 5mg/kg/day represents a margin of exposure (MOE) of 1700 {or commercial applicators and 50,000 for home and
gavden users. Thus, coupled with the extensive toxicology data, 2,4-1) meets safety standards for all countries where it is regisiered.
Additional 2,4-D information is available on the Industry Task Force Il on 2,4-P) Research Data website www.24d.org.

@ 2006 Elsevier Ltd. All rights reserved.
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to good laboratory practice (GLP) standards using 2,4-D
acid and its dimethylamine salt and 2-ethylhexyl ester
forms.

The toxicology and human health effects of 2,4-D have

1. Infroduction

2.4-Dichlorophenoxyacetic acid (2,4-D) is member
of the phenoxy family of herbicides and has major uses

in agriculiure crops, {orestry, turf, non-crop and aquatic
weeds. Since its introduction in 1946, the toxicology
of 2,4-D has been studied extensively and repeatedly.
Beginning in 1980, repulatory agencies in North America
and Europe inftiated re-regisiration/re-evaluation activities
for 2,4-D which resulted in the formation of the Industry
Task Force 11 on 2,4-D Research Data, and has also
resulted in submission of 60 toxicology studies conducted

*Corresponding anthor, Tel: + 1989 6364557; fax: + 1 989 638 9863,
Eemail addresses: jbusta:dow.com (J.5. Bus), thammondauindy rr.com
(L.E. Hammond),
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been extensively reviewed (Munro et al, 1992; Bus and
Leber, 2001; Gingell et al., 2001; Kennepoh! and Munro,
2001; Garabrant and Philbert, 2002). Although there are
thousands of studies describing (he potential woxicily and
health effects of 2,4-D, the purpose of this review is to
overview the findings of animal and human health studies
primarily conducted or sponsored by the Industry Task
Force 11 on 2,4-D Research Data (2,4-D Task Force) with
the three forms of 2,4-D (acid, dimethylamine salts, and
2-ethylhexyl ester). These studies serve as key data elements
used by regulalory agencies Lo assess the polential human
health risks associated with the use of 2,4.D,
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2. Acute toxicology

The acute oral toxicity of 2,4-D in rats is represented by
LDs, values of 699, 949 and 896 mg/kg, respectively, for
the acid, sall and ester forms (Munro et al., 1992; Bus and
Leber, 2061; Gingell et al., 2001). At these high dose levels
clinical signs include ataxia and myotonia. In rabbits, LDs
values of all three forms of 2,4-D following dermal
application were all greater than 2000mg/kg (Munro
et al, 1992), and are consistent with a reported fow skin
absorplion of less than six percent (Kennepohl and Munro,
2001, Maibach and Feldmann, 1974; EPA, 2004). Lethality
also is not seen in rats following acute inhalation
exposures, with LCsy values greater than 1.8, 3.5 and
5.4mg/L for the respective forms of 2,4-1 (Munro et al.,
1992).

All forms of 2,4-D are slight to minimal skin irritants in
standard rabbit skin irritation tests. In addition, 2,4-D is
not reported as a skin sensitizer in guinea pig sensitization
studies (Kennepoh! and Munro, 2001; EPA, 2004).

Both the acid and dimethylamine salts are severe eye
irritants while the ester form is a minimal eye irritant
(Munro et al., 1992; Gingell et al, 2001; Kennepohl and
Munro, 2001; EPA, 2004).

3. Subchronic and chrenic toxicity including carcinogenicity

The subchronic and chronic toxicity of 2,4-D has been
characterized in rats, mice and dogs. Al studies included
evaluation of an extensive series of test parameters during
and at termination of the studies. Parameters studied
included: clinical observations, body weights, food con-
sumption, ophthalmoscopic examinations, hematology and
clinical chemistries, gross necropsies, organ weights, and
complete organ histopathology evaluations,

In 90-day subchronic studies, rats were administered
either 2,4-D acid and its salt and ester {orms daily in the
diet at 0, I, 15, 100 or 300 mg/kg/day, salt and ester forms
given as acid equivalents to 2,4-D (Charles et al., 1996a).
Minimal histological alterations in kidney, liver, testes, and
adrenals were mostly observed at the top dose level, a dose
clearly that exceeded a maximum tolerated dose (MTD) as
represented by body weight gain depressions of 37-88
percent of control values. Retinal degeneration was noled
only in feinale rats treated with 300 mg/kg/day. Based on
minimal histological alterafions and minimal changes in
hematology and clinical chemistry responses (ed blood cell
mass; thyroxin 73 and T; values, platelet counts), the
overall 1o observed adverse elfect luvel (NOAEL) dose for
these studies was 15mg/kg/day. Importantly, comparable
toxicity was observed for all three forms of 2,4-D. The
slight effects on thyroid hormone levels, which were limited
to high - doses of 2,4-D, sugpest 2,4-D has only minimal
potential to alter thyreid endocrine function,

In chronic toxicity/carcinogenicity studies, rodents were
administered the 2,4-DD acid form only daily in the diet,
female and male rats at 0, 5, 75 and 150 mg/kg/day, and

female and male mice at respective dose levels of 0, 5, 150
and 300mg/kg/day and 0, 5, 62.5 and 125mg/kg/day
{Charles et al., 1996b). Paralleling observations in the
subchronic toxicily studies, 2,4-D exhibited a low potential
for chronic toxicily, with minimal effects noted in rats in
kidney, liver, thyroid, and eyes that were limited to the
high-dose levels. Both the rat and mice studies found no
evidence of carcinogenicity, even though the top dose
groups of both studies achieved MTD dose definitions. The
overall NOAEL value for the combined rat/mouse studies
was Smg/kg/day. Mild effects in kidneys were common to
both species.

The findings of the carcinogenicity studies reported
above have been evaluated by several regulatory and
international agencies. The United States Environmental
Protection Agency (EPA) concluded “2,4-D acid was not
carcinogenic in male or female Fischer 344 rats.._ (and) was
not carcinogenic in male and female B6C3F1 mice.” (EPA,
1996). Both the World Health Organization (WHOQO) and
the European Union Commission Health and Consumer
Protection Directorate (EU) stated “There was no evidence
of carcinogenicity ...in mice...(and) in rats.” (WHO, 1996;
EU, 2001).

In genotoxicity assays, all of the various 2,4-D forms
tested negative in genotoxicily assays including an in vivo
mouse micronucleus assay (Charles et al., 1999a), Salmonella
{Ames) reverse mutation assays both with and without
metabolic activation (Charles et al, 1999b), and a rat
hepatocyte unscheduled DNA synthesis assay (Charles et al.,
1999h). In additon, 2,4-D did not produce chromosomal
aberrations in primary cultures of rat lymphocytes, or
forward mutations at the hypoxanthine guanine phospho-
ribosy] transferase (HGPRT) focus of Chinese hamster ovary
cells {Gollapudi et al, 1999). The lack of carcinogenicity
of 2,4-D in chronic animal toxicity studies is consistent with
the overall lack of genotoxicity for 24-D and its salt and
ester forms.

In a number of epidemiologic studies, conducted during
its lengthy and extensive use in agriculture, 2,4-D has been
evaluated for potential carcinogenicity in humans. Despite
carly associations of 24-D use with non-Hodgkin's
lymphoma, a comprehensive review and evaluation of the
epidemiologic literature concluded: “Epidemiologic studies
provide scant evidence that exposure to 2,4-D is associated
with soft tissue sarcoma, non-Hodgkin’s lymphoma,
Hodgkins disease, or any other cancer.” (Garabrant and
Plilbert, 2002). This conclusion is consistent with a recent
study conducted by the United States National Cancer
Institute (NCI), in which a large case control study
of farmworkers in the American Midwest polentially
exposed to 2,4-D found no evidence of an association
between non-Hodgkin’s lymphoma and “ever having used
2,4-D” (DeRoos et al., 2003).

Hayes and coworkers at the US NCI described a case
control study claiming a link of residential use of 2,4-D 1o
malignant lymphomas outcomes in pet dogs with access to
treated areas (Huayes et al., 1991). However, a re-evaluation
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of the raw data from this study did not confirm either a
dose-response relationship or actual association between
2.4-D use and occurrence of canine malignant lymphoma
(Kaneene and Miller, 1999).

Knowledge of the dose and species-dependent pharma-
cokinetic behavior of 2,4-D significantly enhances the
understanding of the relevance of toxicity findings of 2,4-D
in rodents, and particularly in dogs, to predicting potential
human health risks. Once absorbed, 2,4-D is rapidly and
completely excreted in urine by both rats and humans, but
not dogs (Van Ravenzwaay el al., 2003; Timchalk, 2004),
In rodents and human, remal excretion of 2,4-D is
facilitated by a saturable organic anion active transporter
focated in the renal tuwbules (Timchalk, 2004). The
transporter does not effectively function in dogs. Studies
in rats indicate the renal clearance of 2,4-D is clearly
saturated at oral dose levels of 50 mg/kg, resulting in non-
linear increases in 2.4-D blood concentrations at this dose
and above (Gorzinski et al,, 1987; Van Ravenzwaay et al.,
2003), Given this non-linear behavior, saturation of 2,4-D
renal clearance at S0 mg/kg suggests that animal toxicity
findings observed at this dose level and higher overestimate
potential human risks. In the case of dogs, both subchronic
and chronic studies indicate this species, with an overall
NOAEL of I'mg/kg/day (Charles el al., 1996¢), is more
sensitive to 2,4-D-induced toxicily than rodents, with an
overall NOAEL of Smg/kg/day (Charles et al., 1996b),
Since the dog is lacking an effective renal organic anion
clearance mechanism, this differential species response has
been attributed to an inability of the dog to effectively clear
2,4-D [rom the body, resulting in significantly higher 2,4-D
blood concentrations in dog relative to rats and humans at
an equivalent oral dose of 5mg/kg (Van Ravenzwaay et al,,
2003; Timchalk, 2004). Recently, the EPA has concluded,
that the rat represents a better predictor of potential
toxicity in man than the dog (EPA, 2004).

4. Teratogenicity, reproductive toxicity and neurotoxicity

The potential for 2,4-D to produce birth defects and
alter reproductive and neurological function also has
been assessed in a series of GLP-quality studies. The
teratogenicity of 2,4-1 and its various salt and ester forms
has been evaluated in both rats and rabbits (Charles et al.,
2001). Mild fetal developmental toxicity was observed only
at doses which also produced evidence of maternal toxicity,
indicating developing rats and rabbits fetus are not
uniquely sensitive 1o 2,4-D toxicity. The overall NOAEL
fur developniental toxicity in these studies was 25 mp/ky/
day.

The potential 2,4-D reproductive toxicity has been
assessed in a {wo-generation reproduction study in rats
(oral dietary doses of 0, 5 20 and B0mg/kg/day,
summarized in Munro et al., 1992; Bus and Leber, 2001;
Gingell el al, 200F). The top dose resulied in excessive
foxicity in the offspring and was not further evaluated.
Minimal decreases in pup body weights in an absence of

effects on fertility were reported at the mid-dose level,
resulting in an overall reproductive toxicity NOAEL of
Smg/kg.

The neurotoxicily poteniial of 2,4-D has been evaluated
in both a single-dose acute and a l-year chronic dietary
study in rats {(Matisson et al., 1997), These studies included
assessmenis of a functional observational batiery, motor
activity, and comprehensive neurohistopathology of per-
fused tissues. In the acute neurotoxicity study, 2,4-D acid
was administered at nominal dose levels ¢, 15, 75 and
250 mg/kg (0, 13, 67 and 227 actual). The top dose of
227 mg/kg caused slight transient alterations in gait and co-
ordination and decreased motor activity l-day after
treatment that was fully reversible by day 8 post-treatment.
The overall acute NOAEL was established as 67mg/kg
based on a mild locomotor response noted in a single
animal at the mid-dose of 67 mg/kg. In the chronic dietary
assessment the study NOAEL was 7img/kg/day based
on retinal degeneration in high -dose, 150mg/kg/day
female rats.

5. Margins of exposure {MOE) between animal toxicity
findings and human exposures

Characterization of the potential human risks to
pesticide exposures can be estimated by calculation of
MOEs, the ratio of NOAEL values obtlained from animal
toxicity studies to estimated human exposures. As shown in
the information above, the overall lowest NOAEL from
animal toxicity studies is 3 mg/kg/day based on the findings
from chronic rat and mouse studies. Since 2,4-ID is
completely and rapidly excreted in urine in humans,
collection of total 24-h urine samples provides reasonable
estimates of immediate 2,4-D exposures. For professional
workers employed as commercial yard sprayers, total 2,4-D
exposure has been estimated as 0.003 mg/kg/day, resulting
in a calculated MOE of 1700 (Yeary, 1986). For non-
professional home and garden 2,4-D users, exposure is
estimated at 0.0001 mg/kg, resulting in an MOE of 50,000
(Solomon et al., 1993). In both cases the large MOE
between a dose causing no toxic effects in animals and
actual estimates of human exposures under real-world use
conditions suggest a high margin of safety for approved
uses of 2.4-D.

6, Summary

Studies conducted or sponsored by the Industry Task
Force 1T on 2.4-D Research Data provide a package of
GLP-quality toxicity studies that characterize the range of
toxicily potential of 2,4-D as required by the United States
and European regulatory authorities. Details of these
studies and others can be obtained at the 2,4-I Task
Force website, www.24d.org. Overall, these studies indicate
that 2,4-D has only low-to-moderate toxicity. Chronic
and other toxicity responses are generally limited to high
doses, well above those known io result in non-linear
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pharmacokinetic behavior. 24-D is not an animal
carcinogen or genoloxicant, does not cause birth defects,
and has low potential for reproductive toxicity and
neurotloxicity. The various acid, salt and ester forms of
2,4-D show toxicologic equivalence. Thus, 2,4-D meets
safety standards for all countries in which it is registered.
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Serum 2,3,7,8-Tetrachloro-
dibenzo-p-dioxin Levels of New
Zealand Pesticide Applicators
and Their Implication for
Cancer Hypotheses

Allan H. Smith,* Donald G.
Patterson, Jr., Marcella L.
Warner, Ron MacKenzie,
Larry L. Needham

Background: The phenoxyherbicide
2,4,5-trichlorophenoxyacetic acid (2,4,5-
T) has been widely used by professional
pesticide applicators in New Zealand
since before 1950. Epidemiologic
studies of the risk of cancer and birth
defects have been conducted in this
group of workers, but little is known
about the extent of their exposure to
the 2,4,5-T contaminant 2,3,7,8-tefra-
chlorodibenzo-p-dioxin (TCDD), a po-
tent carcinogen in animals. Purpose:
The objective of this study was to
defermine whether the hlond serum
levels of TCDD in a group of profes-
sional 2,4,5-T applicators in New
Zealand were greater than those of a
matched control group not involved in
2,4,5-T spraying. Methods: Of 548 men
employed as professional pesticide ap-
plicators in New Zealand from 1979
through 1982, nine were selected who
had sprayed pesticides, although not
necessarily 2,4,5-T, for at least 180
months. These applicators had sprayed
2,4,5-T for a range of 83-372 months.
We measured the blood serum levels of
polychlorinated dibenzo-p-dioxins and
dibenzofurans, which were substituted
with chlorine af the 2,3,7,8 position, in
the nine pesticide applicators and in a
matched group of nine control subjects,
Results: The average serum level of
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TCDD for applicators was almost 10
times that for the matched control sub-
jects, while the average levels of all
other congeners and isomers measured
in the two groups did not differ sub-
stantially. TCDD levels in eight of the
nine applicators were higher than those
in the control subjects (mean dif-
ference, 47.7 parts per trillion), The
variation in TCDD levels among the
applicators was related to their dura-
tion of work exposure to 2,4,5-T. Con-
clusions: On the basis of our findings in
these subjects in New Zealand, we con-

“clude that increased risks of cancer

from brief exposure to phenoxyher-
bicides reported in other countries are
probably not attributable to the TCDD
that contaminates 2,4,5-T. We cannot
determine from these results, however,
whether TCDD exposure from pro-
longed use of 2,4,5-T poses significant
health risks. [J Natl Cancer Inst
84:104-108, 1992]

The results of epidemiologic studies in
Sweden have indicated that exposure to
phenoxyherbicides and their contam-
inants may induce soft-tissue sarcoma (/-
5Y and malignant lymphoma (6}, although
conflicting evidence from Sweden has
also been presented (7-9). The results of
studies in New Zealand have not shown
an association between these cancers and
exposure to phenoxyherbicides (/0-14).
Epidemiologic studies in other countries
have produced mixed results (/5-2/), The
main weakness in these studies has been
exposure assessment involving subjects
attempting to recali short periods of her-
bicide use many years previous to the
time of the study (22).

The phenoxyherbicide 2,4,5-trichioro-
phenoxyacetic acid (2,4,5-T) has been
widely used in New Zealand since before
1950, During its manufacture, 2,4,5-T be-
comes contaminated with 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (TCDD), a potent
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carcinogen for some animal species.
Since 1970, the fevels of TCDD in 2.4,5-
T manufactured in New Zealand have
been steadily decreasing from approxi-
mately | part per million (ppm) in 1971
to approximately 0.005 ppm in 1985 (10).
No measurements of the levei of contam-
ination were available for 2,4,5-T pro-
duced before 1971,

Professional pesticide applicators in-
volved in ground-level spraying of 2,4,5-
T in New Zealand are perhaps the group
most heavily exposed to agricultural use
of 2,4,5-T in the world. Many of the ap-
plicators spray for more than 6 months
per year, and some have been spraying
for more than 20 years, Various epi-
demiologic studies of cancer and birth
defects and use of 2,45-T in New
Zealand have been conducted (10-
14.2324), but little is known about the
actpal extent of human exposure to
TCDD.

The objective of this study was to com-
pare blood serum levels of TCDD be-
tween a group of professional 2,4,5-T
applicators in New Zealand and a
matched control group not involved in
2,4,5-T spraying. To determine whether
TCDD levels were elevated in the ap-
plivators, we measured, in both groups,
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the serum levels of ail polychiorinated

dibenzo-p-dioxins (PCDDs) and poly-
chlorinated  dibenzofurans  (PCDFs),
which weré substijuted with chloririe at
the 2.3,7.8 position. Here, we present the
findings as they relate to TCDD exposure
levels and use this information to inter-
pret earlier epidemiologic findings re-
garding 2,4,5-T use and the hypothesis
that TCDD causes cancer in humans.

Study Design and Methods

Study Subjects

From a file of 548 men actively em-
ployed as professional pesticide appli-
cators in New Zesland at any time from

- 1979 through 1982 (23,24), we identified

11 men aged 65 years or less with the
greatest number of years and months per
year of pesticide application experience.
The file was originally estabiished for
studies of reproductive outcomes and is
composed of all chemical applicatars
registered with the Agricultural Chemi-
cals Board in 197% and who were able to
be located (23). Data in this file were
based on exposure to pesticides in general
and were not specific for the use of 2,4,5-T.

All 11 applicators identified had started
spraying pesticides, although not neces-
sarily 2,4,5-T, before 1960, were still
spraying in 1984; and had sprayed pes-
ticides for at least 180 months. A current
address was located for nine of the 11 ap-
plicators. All nine applicators were in-
vited in writing and by telephone to
participate in the study, and ail responded
and signed a consent form agreeing to
participate. Applicators were interviewed
by telephone about their work histories,
which included questions concerning
lifetime use of 2,4,5-T in terms of years,
months per year, and days per week. The
applicators then donated one unit (500
mL) of blood at the blood bank nearest
their homes. The blood was drawn by
qitalified New Zealand hinnd bank tech-
nicians.

The individually matched control
group was composed of nine New Zea-
land men selected according to the fol-
lowing criteria: voluntary blood donation
at the same blood bank where an appli-
cator's blood had been drawn, age within
§ years of that applicator's age, no pre-
vious employment as a farm worker, no
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previous spraying of 2,4,5-T or any other
agricultural chemical, and written permis-
sion for use of the blood drawn for re-
search purposes, aftera letter-describing
the stucly was read, These criteria ensured
that the control group was similar in sex,
age, and geographic distribution to the
applicator group and that identical proce-
dures were used to collect blood from
both groups. Blood samples were pro-
cessed and sent to the Cenlers for Disease
Control in Atlanta, Ga., where researchers
in a blinded evaluation measured levels of
PCDDs and PCDFs in serum,

Laboratory Analysis

Centers for Disease Control researchers
measured levels of PCDDs and PCDFs in
serum, using the Centers for Disease
Control serum method, which has been
previously described for TCDD (25} and
validated for the other PCDDs and
PCDFs (26). A mixture of carbon 13-
labeled PCODs and PCDFs was added to
the serum, and the mixture was allowed
to equilibrate at room temperature for 30
minutes, The serum was next extracted
with a mixture of saturated ammonium
sutfate, ethanol, and hexane, and the
hexane layer was separated.

The aqueous phase was further ex-
tracted with fresh hexane, and the com-
bined hexane layers were then treated
with concentrated suifuric acid. The
hexane exiract was then washed with
water, dried, and applied to column 1 of a
five-column cleanup procedure developed
by Smith et al. (27) and modified by the
Centers for Disease Control (28,29) for
human samples. The total lipid content
was calculated by summing the analyti-
cally determined concentrations of the
individual lipids {total cholesterol, free
cholesterol, phospholipids, and tri-
glycerides) (30).

The same mixture of carbon 13-labeled
standards was added to each sample,
which was then analyzed with two blank
samples, two unknown samples, and one
quality control sample. The samples were
analyzed by high-resolution gas chroma-
tography (model 5850; Hewlett-Packard
Co., Palo Alto, Calit.) and by high-resolu-
tion mass spectromelry (model 708; Fisons
Instruments, Manchester, England) by the
same operator. Concentrations were calcu-
fated, using the standard curves developed

for each congener by the isotope-dilution
mass spectrometry technique (25).

" Results

In {988, the average age of the nine ap-
plicators was 53 years, (range, 43-62
years), which was similar to that of the
control subjects (average age, 53 years,
range, 44-64 years). Results of the
anatyses for PCDDs and PCDFs in serum
for the applicators and the matched con-
trol subjects are summarized in Table 1.
Average concentrations are expressed as
parts per trillion {ppt), on 2 lipid-adjusted
basis, and standard error of each congener
and isomer measured is presented for
each group. “Lipid-adjusted basis” means
that the level of each congener or isomer
is expressed as grams of congener or
isomer per gram of total lipids in serum.
The ratio of the averages for applicators
to those for matched control subjects for
each congener and isomer measured is
also presented in Table . The average
level of TCDD measured among the nine
applicators was greater than that mea-
sured among the matched control subjects
by a factor of 9.5, The average levels of
the other congeners and isomers mea-
sured among the two groups did not differ
by more than a factor of 1.4,

Serum levels of TCDD for applicators
and matched control subjects are pre-
sented in Table 2. For purposes of iden-
tification, each applicator was assigned a
letter {A through D), according to decreas-
ing concentration of TCDD in the serum.
As indicated in Table 2, the levels of
TCDD in the serum of eight of the nine
applicators were higher than those of the
matched control subjects. The mean dif-
ference for all nine pairs was 47.7 ppt
(P<.01).

In Table 3, TCDD levels for the ap-
plicators are presented with the duration
of work exposure to 2,4.5-T, Initial ap-
plicator selection for the study was based
on eXpostire to pesticides in general, since
information for 2,4,5-T use was unavail-
able. As indicated in Table 3, some ap-
plicators did not start spraying 2,4,5-T
until after 1960, and they reported a wide
variation in total months of spraying.

Fig. | depicts the relationship between
TCDD level in the serum of the ap-
plicators and their total duration of work
exposure to 2,4,5-T. In general, serum

6 79%
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Table 1. Leveis on a lipid-adjusted basis of PCDDs and PCDFs in serum of
nine 2,4,5-T applicators and nine matched control subjects

' Average level pptd SBt -

Congenes' Applicator dalched control Ratiof

Dibenzodioxins
TCRDD 533% 140 56ttt 9.5
1,2,3.7.8-PeCDD 124x .1 82407 1.4
1,2,3.4,78-HxCDD 68+05 37404 t.2
1,2,3.6,1.8-HxCDD 28.6x5.1 233449 1.2
1,2,3,7,88-HxCDD 2909 82106 1.2
1,2,.3,4.6,7,8-HpCDD $21.0£28.5 1194+ 184 10
QCLD 7R8.6£82.3 758.7+928 10

Dibenzofurans
2.3.7.8-TCDF 16403 1.7+£0.3 0.9
1.2,3,7.8-PnCDF Q1§02 <20§£0.2 It
2,3,4,7.8-PrCDF 8.0x0.9 74%08 1.1
1,2,3,4,78-HxCDF 54x03 5.1%03 1.1
1,2,3.6,18-HxCDF 55+£04 5.6+0.6 1.0
1,2,3,7,89-HxCDF <088%0.1 <0.8§£0.1 1.0
2,3,4.6,7.8-HxCDFl <l 1§%04 <.7§+0.2 1.t
1,2,34,67 8-HpCDF 14.2+£0.7 16.0£23 0.9
1,2,34,78 9-HpCDFl <l.6§10.1 <1.9§10.3 0.8

#1.2.378-PnCDD = 12,37 8-pentachlorodibenzodioxin; 1,2,3,4,7.8-HxCDD = 1.2,3,4.7 &-hexachiorodiben-
zodioxin; 1.2.3,6,78-HsCDD = 1,2,36,7.8-hexachioredibenzodioxin; 1,2,3,7,8,9-HxCDD = 1,2,3,78,9-hexa-
chlorodibenzodioxis; 1,2.34.6,7,8-HpCDD = 1,2,3,4,6,7,8-hepiachlorodibenzodioxin; OCDD = octachloro-
dibenzodioxin; 2.3.7.8-TCDF = 2,3,7 8-tetrachiorodibenzofuran; 1,2,3,7.8-PrCDF = 1,2,3,7 8-pentachiorodiben-
zofuran; 2,3.4,7,8-PrCDF = 2.3,4,7,8-pentachlorodibenzofuran; 1,2,3,4,7.8-HxCDF = 1,2,34.7.8-hexachlonudi-
benzofuran: £2,3.6.78-HxCDF = 1,2,3,6,78-hexachlorodibenzofuran; 1,2,3,7,8,9-HxCDF = 1,2,3,7,8,9-hexa-

chlorodibenzofuran, 2,346, 78-HsCDF =

2,34.,6,7 8-hexachlorodibenzofuran;

1,2.34.6,7,8-HpCDF =

1,2,3,4.6,7,8-hepatochiorodibenzofuran; 1,2,3,4,7,8,9-HpCDF = 1,2,3.4.7.8.9-heptachlorodibenzofuran.

+Values are adjusted for toral lipids in serum.

fRatio = average for applicatorsfaverage for matched control subjects.

§Not desected, Values are detection limits.

itA number of positive signals were below limit of quantification.

Table 2. Levels of TCDD in serum of nine 2,4,5-T
applicators and nine matched control subjects

TCDD level
B serum, ppt*

Applicator ivatched  Absolute
designation  Applicstior  control  difference
A 131.0 8.8 122.2
B 113.0 29 i1o.1
c 94.8 3.6 912
D 355 52 50.3

E 376 9.3 283
F 218 3 18.7
G 14.% 36 10.5
H 8.5 24 6.l
[ 30 1.3 ~3.3

Mean 533 3.6 417

*Yatues are adjusted for total Hipids i serum.

tevels of TCDD in applicators increased
Hnearly with total duration of exposure to
245.T (r = 72, P = .03, and slope =
0.39). We do not know why the level for
applicator B is elevated more than ex-
pected—113 ppt after 137 months of ex-
posure.

Diseussion

The tevels of TCDD measured in the
appticators in our study were clearly
elevated, although they were lower than
those reported for other subjects with
known exposure. In a U.S. study, 2,4,5-T
production workers with heavy exposure
to TCDD had ar average lipid-adjusted
serum level of about 250 ppt, measured
15-37 vyears after exposure had ceased
(31-33). Based on a 7-year half-life, the
mean level at last occupational exposure
for the production workers was estimated
at about 2240 ppt (33). Vietnam war
veterans involved with Operation Ranch
Hand had a median level of about 12 ppt
(range, O-618 ppo) at least 15 years after
the last exposure of each (34). Although

~most of the applicators in our study were

still spraying 2,4.5-T at the time of the
blood donations, the levels measured are
predominantly from exposures occurring
prior to 1970 when TCDD contamination
was more than 200 times the present
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level. Based on a 7-year half-life, the
serum TCDD levels of these applicators
may have averaged about 300 ppt 18
years ago,

The levels of TCDD in our control
group were simifar to those found in most
population studies (31}, The means and
ranges of the levels of other PCDDs and
PCDPFs for the applicators and matched
control subjects were somewhat lower,
however, than those reported for the
general population in other industrial
countries (37,

The vartation in levels of TCDD in the
serurn of professional applicators was re-
lated to the duration of work exposure of
each to 2,4,5-T. Fingerhut et al. {32) and
Sweeney et al. (33) also correlated the
duration of workplace exposure with the
serum levels of TCDD in U.S. workers
who produced 2.4,5-T and 2,4,5-tri-
chlorophenol.

Our findings have important implica-
tions concerning the hypotheses that ex-
posure to TCDD through use of phen-
oxyherbicides results in various cancers
such as soft-tissue sarcoma and non-
Hodgkin’s lymphoma. Our results indi-
cate that the use of 2,4,5-T over many
years in New Zealand resulted in substan-
tial exposure to TCDD,

In this study, applicators had average
seram TCDD levels 47.7 ppt higher than
control subjects (Table 2), resulting from
an average of 193 months of spraying
2,4,5-T (Table 3). Thus, on average, each
4 months of spraying resulted in a I-ppt
increase of TCDD in the blood of the ap-
plicators, up to 35 years fater. On the
basis of these figures, we can infer that
after | year of spraying, the applicators’
TCDD levels would increase by just 3
ppt, still below the 5.6-ppt average found
in the control subjects. The increase
would be greater if the extrapolation in-
corporated a half-life estimate for TCDD
in hurnans, back to the time when the ap-
plicators had " their heaviest exposiires,
Even so, since the half-life for TCDD is
5-10 years (35), these results suggest that
the increase in serum TCDD would be
modest among workers who sprayed for
only 1 year. Thus, if exposure to 2,4,5-T
containing TCDD causes cancer in hu-
mans, the epidemioctogic evidence would
likely come only from individuals with
eXposure gccurring over many years.

Journal of the National Cancer Institute




Table 3. Levels of TCDD in serum of rine professional applicators
with history of work exposure to 2,4,5-T*

Yeéars sprayed 24.5-T

Applicator TCDD level Total mo
destgnation in serum, ppt Started Stoppedt sprayed 2.4,5-T
A 1310 1953 1988 i72
B 1119 1954 1088 137
o 94.8 1960 1988 278
D 55.3 1960 985 232
£ 316 1951 1987 165
F 218 1958 1987 165
G 14.1 1959 1988 180
H 8.3 1959 1988 121
I 3.0 1661 1988 83
*Values are adjusted for total lipids in serum.
+1988 indicates applicator was still spraying at the time of study,
140.0
E
e 120.0 ¢ ™ Fig. 1. Concentration
2 y00.0 . of TCDD in serum of
g applicators in relation
E 80.0 te total months spent
c  60.0 . spraying 2,4,5-T. Lev-
a el of TCDD is ad-
g 40.0 x justed for total tevel
F o004 " of lipids in secum.
. "
0.0 -} + + 4
0 50 100 150 200 250 300 350 400
Months

Evidence that exposure to TCDD
causes human cancer, however, is largely
based on studies of subjects with aston-
ishingly short exposure. Swedish case-
control studies have involved very short
durations of exposure. (¢) In one case-
control study (1), only two of 13 persons
with soft-tissue sarcoma were exposed to
phenoxyherbicides for more than 1 year,
producing a relative risk estimate of 5.3,
(b)Y In another study of soft-tissue sar-
coma (2), a relative risk estimate of 5.7
was reported for persons with less than 30
days of exposure. (¢) In the most recent
case-control study (4), the relative risk es-
timate was 2.1 for persons with the
longest duration of exposure—more than
8 weeks. {d) The Swedish case-control
study of matignant lymphoma {6} yielded
a relative risk estimate of 4.3 for persons
with fewer than 30 days of exposure. On
the basis of our present findings, it seems
unlikely that exposures of such short
duration would substantially increase
serum levels of TCDD beyond back-
ground levels,
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Qur conclusions are supported by at
least two other research efforts. First,
Norstrom et al, (35) found no-evidence
that the 2,4,5-T used in Sweden had
higher levels of TCDD contamination
than that used in New Zealand. The levels
of TCDD contamination in Sweden were
measured at 1.1 ppmin 1952 and 0.4 ppm
in 1960, compared with 1 ppm in 1971 in
New Zealand (/0). Second, a little-cited
Swedish study (37) of dioxin and furan
Jevels in human adipose tissue reported
no difference between the mean level of
TCDD in patients with cancers attributed
to phenoxyherbicide exposure (2 ppt) and
that in other cancer patients (3 ppt).

Case-controt studies conducled w New
Zealand did not identify any professional
pesticide applicators with soft-tissue sar-
coma or malignant lymphoma, although
brief exposure to 2,4,3-T was reported in
some case subjects and control subjects.
The overall relative risk estimate for soft-
tissue sarcoma with any exposure to
phenoxyherbicides was 1.1 (30% confi-
dence fimits, 0.7-1.8) (/0), and no

evidence of an increased risk associated
with durarion of exposure was found, The
cormesponding relative risk estimate for
non-Hodgkia's lymphoma was 1.3 (90%
confidence dimits, 0.7-2.3) (/3). The
results of this study indicate that the sub-
jects in these earlier case-control studies
probably had not experienced substantial
exposure to TCDD.

If TCDD causes human cancer, epi-
demiologic associations should be sought
in persons with substantial cccupational
exposures, Although some Operation
Ranch Hand personnel have experienced
substantial exposures, only the cohort of
chemical plant workers in the National
Instiate of Occupational Safety and
Health {(NTOSH) study (38) is known to
have had substantiai exposures to TCDD
as well as increased cancer risks, When
measured several years after exposure
had ceased, average levels of TCDD were
high—about 250 ppt.

Fingerhut et al. {39} previously te-
ported a cluster of soft-tissue sarcoma
cases in the NIOSH cohort. Their recent
report (38} confirmed an increased risk of
soft-tissue sarcoma with an estimated
relative risk of 9.22 (95% confidence -
Hmits, 1.90-27.0) for more than | year of
exposure, The average duration of work
in processes involving exposure to TCDD
contamination was 6.8 years. The results
of the Swedish case-control studies
(1,24) are inconsistent with these find-
ings with respect to the hypothesis that
TCDD causes cancer in humans, The
Swedish studies reported relative risk es-
timates between 2 and 6 for exposures to
TCDD that were trivial compared with
those of the chemical production workers.

The NIOSH cohort study (38} did not
reveal an increased risk of other cancers
that have been postulated to be refated to
TCDD exposure (3,15), including cancers
of the lymphatic and hematopoietic tis-
sues. The possibility, however, that per-
sons with TCDD exposure have an
increased risk of cancers at a variety of
sites, e.g., the lung, raises an important
hypothesis. Resuits that could support this
hypothesis were reported in a study of
German workers exposed to TCDD afier
a 2,4.5-trichlorophenot reactor accident in
953 (40). For a subset of workers who
nad developed chioracne and had at least
a 20-year latent period, a refative risk of
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