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ABSTRACT

Several US veterans stationed in Korea have told the press that around 250 fifty-five gallon drums of herbicides,
including Agent Orange, were buried at Camp Carroll in 1978. Joint Korean-US Agent Orange investigation and
environmental and hedlth studies were started in July 2011. Korean soldiers and military personnel who served
in Vietnam during 1964-1973 or near the demilitarized zone in Korea during 1967-1970 were exposed to dioxin-
contaminated Agent Orange. The joint Korean-US Agent Orange investigation team found that herbicides,
pesticides, solvents and other chemicas -not Agent Orange- were buried a Camp Carroll. However, there
remains the possibility that Agent Orange was stored and buried a Camp Carroll or other military camps in
Korea. Adverse hedlth effects have not been clearly explained despite a number of health studies among veterans
in Korea with potentid Agent Orange exposure. Although the Korean government has been compensating
veterans and military personnel with 18 presumptive-service-connected-diseases and their offspring with three
diseases, there are many veterans, military personnel and civilians who require the government°@s support. The
environmental study on contaminated sites and health studies among veterans and civilians were initiated three
or four decades after possible Agent Orange contamination and exposure. Several toxic chemicals, including
dioxin-contaminated Agent Orange, could remain in the environment and could have hazardous effects on the
hedlth of exposed people for more than severa decades. Further environmental investigations and health studies
are needed to ensure public safety and health, and government support should be guaranteed for people
potentialy exposed to these toxic chemicals

Keywords: Agent Orange, dioxin, environmental exposure, Korea

] 19784 gh=re] A= A

d(Camp Carrall)ellA o|o]ZE 2=%] (Agent Orange)
HA S FemERge 2FEE ZER o8 FYH= 5549 =35 250 /E H7]st
-, BHA EfH|L, gAE Adive 20114 7] 918l #FeE #a, =xES WSt 3

LM B 54 A2g 3 AMSo

[ —

Corresponding author: Department of Preventive Medicine, Dongguk University College of Medicine, 123 Dongdae-ro,
Gyeongju-si, Gyeongbuk-do, 780-714, Korea, Tel: +82-54-770-2401, FAX: +82-54-770-2438, E-mail: wisewine@dongguk.ac.kr
Received: 23 April 2013, Revised: 13 May 2013, Accepted: 13 June 2013

197



Fe 57 AL A YA WgeISel v Bl
FEEANE AASIZ FelsiArk? BAReIr s
¥ FEOR AE A

2

ste] 2012 99 HF EIA7F AEEHA
JOJHE A= vFAdA FAHEH SR ARE-3)
7] SJal e AzARA HESE Aol HEY,
22, FrHTol F FdolAlo F7tel g2t
A F2 AREEATEY 2,3,7,8-Tetrachl orodibenzo-p-
dioxin(2,3,7,8- TCDD, ©|3} “t}e]SA4l") € 7]e} o}

JSARE P U ololHE U T3
& AL oY APRASH B g Jow
"

AwlollA 2FA =F3 7A7F9s e AEdS
HEa, 1] ZAR 4] Slg BAZ<l 13|
SxAbe 9ol F8H X 20d0] d& 1995
ofof A= 0™ 9 1 o] F 4%} A T]3) o5t
ZAIA] AlSeE ub QLo ) QdA|7E g=jlel]
H x| 717k o] Felo] WA UA= &
IARE ol g olfrstE L JFex B
sla, IPA #E e dddow A &
S dEFS B, o] APAES At AE
stal o9A =EE 7FsAo] AREA AAHRE
Aol 27fE FHol =EIt}h. 53] il v
A (Demilitarized Zone, ©]3t “DMZ” )ollA1 €]
IFA Axdea Pz Y So| 2FA mE}
54 B9 e wxE FHol =ES9r. 19934

AP TLFAFF S AN TSN BN E

pul

BE 5 ok WEYANA ZgA| o) =Fo] F %
[e)
3

il

[

(20134 49 202 Aol TIJAFTRIS 5
AL F GAE Y] B HE olst ‘LA
M7 “Agent Orange Act”)oll &Jste] ZFA Ff
o TS Aol gk BT A A& Sk 9L
ou, dyko g Azbshs AGA 5 - i
o520l JNd3} AFAE el Jidel tEr o]

o AwA oz Artshs 1A At IGA
W ge] wdAe Aol tEne A % o
A

&

3
1% A% PEES Bl 1949 /)12 g
H, @A G AYY 2 A A of

o i e

J Environ Health Sci 2013: 39(3): 197-210

E 7] wjy o)Zof| o]27]71A] d=elo] wuf
T ARG #-ste] 1A =2 EAY =
Z7Fs7d0l = ARl tial] A Ear, Ao
A IGA TH7F, TRF] AHA T I9A =
Zoll gk ge] B B A Ao s 20
staral STt ghRlolA] IPA HAE xES F
2 Uy FARPS B8 30-400 3 o] Fo A
omg JJA ##H AgE vddAlE ZARE,
n=3} S R R Aks, FdwlelAl ]
Hog AFgd s, HE B 74 A5, d8 Bx
U AEEeE T3 o] ARl =ty AlA o]

opd Zlo] Brh= He ng AH3 Er}.
1. TNl §M

1 0¥Mel 71y

IFAEE Bole Gl defoliante] Y= F
A, vl duilolut A2A A AR
st YREARI o Re WERHAAN FAEH R
MRS A Z2AE T8 &ol2 &8 AMgETh AL
Ae FAEEA ] AzAl F tolSle] TR
= AZARRE eJn]ale Zlo] ofvel, BE A
AE EHshs &= Wol o &=t =
Al T3l JezAL AFEME LJAE HET
Ao|A FARRA 072 ARES A 2AE TS 9
n2 F2 ARSI

AFAR M= HEGHNAN AR R A
g A 2A T thelSAle] T3 ANkE v PA
gelstal Aekd wpebA] -2 A wE
AREER AREEE Ao] = EFE(Monuron):
QA7 o, oo]HE EF(Agent Blug®: L
A|7F op e}

n=e] ERleA fEvEtela] duFoR 2=
JIQAIet sl dAshe §ole skl et v
9] AFolM e HEHNA ZAEER AR A%
A (military use of herbicides in Vietnam, herbicides
used in Vietnam for military purpose) 52 %3
ok m=e] EoA sEvEke] agAle 7
TA =ARE AL do]dE Q@A| o]t} ool
E Q3AE 1ol ARER ARSE AxA| S
7P B ol AREHI EA5 Aol Eof Alx

A shtg stE7)E A6 vlze] MERe 24}

H o2
= D?‘J =
T

o2 Bk

i)

&
ol

pries

2
)

o2 RO R

http://www.kseh.org/



=RlolA N 2

TE AN U EAEY 199

L2 AR A ZA 1% %16}% om 2 ol A}
SHh AYE 24D, 2 5o AxAE Y
SolA AREEl] Sl ﬂ] zzﬂ Autof] Agoz 7

= AFEQL, vltollA FAREA O R AN AL
LA T FARE A Z2A] (Military herbicides, Tactical
herbicided® 7HFEA] =TI o 2 S0, ujFo
A= 201195 tiehil=t BRI Y] (Demilitarized
Zong, ©]3} “DMZ”) A GollA ZFAZS AM&3H 7]
Zholl 253k A=A A WEFolA A =
=8 A3 FUA BAS sk, RRE §
FHE AZAE A B 717k tialiA= 294
A

g 7 AMW KPOI Al s=e H) 50 ppme] whsk
=, 1974d "= AHdE AFY §& =
0.05ppme|R ez AE Jo|HE Q#X = v=
38 245T AFS Ao 10009 b= thol&
2ol 2 A= o] AATh= Flo|th?

SISk

ol

9 BirEoltt 24D, oo HE & jed
| AZAE FASER A 4 BE TG
5D

2=
T v

o] FAo4 Beld ngAlE RAow WEY
A 2AIRO2 NST € AAS JuI
o olu) IGAE ToleAle] FRE AW o]
S RE oM, H8OR YUAAA B

o]
=

2. 0N MEn Clo[s

EREd BS Wellske vl s e Az
A= 3l -2 N'-(4-Chloraphenyl)-N,N-Dimethylurea

oltt¥ AEHo] = LAY A F8 HE
£ 24-dichlorophenoxyacetic acid(2,4-01%4 315 54]
oA EAY, ©]3} 2,4-D), 2,4,5-Trichlorophenoxyacetic
xid(2,4 5488 5A] oA EZY, o]t 24,5-T), I
22 (picloram)} 7+ L 2H(cacodylic acid)e] Tt

F=rgo] e AHA A 5‘91 EXE AFEA, o
OJHE HEZL 24D nH¥E o|XZHE9 245 T
o] n-Eg o|2HZE, nHE o] 2O 2AH 27} 5:3:2¢)

http://www.kseh.org/

H &2 et Zoltt? oo E #Ze] A o
o] 19654 oo HE eAAE wAE Y}, o)A
E BEFe 7Y 2 YEFH ARoE 749
o] At} doJHE BFE AHdde 9y =
3 7 EjtEo] AxEHAT o)A vz o
A Fe 2 WA= A}, TG A i K15 o] v
T E2 F7MIASRMER o]Foix glom B
A GA Bt 19659 1957E] oo]HE Q@R
o} slo|EV} mltel] o8| ARE-E]7] AIZTE. ofo]
AE Q#IA= 24-DS} 24,5To nrgdo g 27}
112 E3E Zoz wESHA AMEE A x4
60% 7HgS AABIAL k. AxE oojHdE o
2)9] 90%7}F EgUd 2xle] WHIFAHOZ, 8%
7t A s o2 | 207} ) ZFgol] BT
A 1= 245T nFHo|AHE il o]4dE
d2HEZRE HXE ZAow I ai= H|s=sith A
A oe]dE e#R|9] oF 1007t 2#A] 11 AL
2 FREL YA, FEs Arge & dEA 3l
oth. Slo|Ex 24-Do}t EE2de] A EIE
2 95% o/do] WG AMEEHIUH o] AL
Egol o#ERt 2R wEel w2Eo] ARg-st
£ AL AR AUk
o] tho]&2le 24
s Edolt}, 245T Ax Al Thol
SA19] e Az mEt 2okl g A
AL} So]HE 23] 11—4@1%91 5 0.05ppm
oAl 50 ppmellaL, F AMEAES HFt FE=
1.98, 2.99 ppme] A th.12 1 HE 29, 93, 4=
% 245T= =] vt Young ¢ -
W2 oo]HdE HZo EIE rho]ale] ¥
Wit 32.8 ppme|H, olo]HE FA} o] 23
H ke Ht 656 ppnell otk B sy Aok
19744 wl= oAl AMEE 245-T9] A= ¥4
o)A tho]£Ale 0.05ppm ©]EtE 4T on
2, MEA AR" AZAo] E3E tho] LAl
2 &8 F=° Hd 1,0000 oS =
AT 3H WEYA 77k Eok wE
B tho]&le] ke oF 366kgell 2 A

(3

S

=

5T 24-DE A

1—0

el o ZA Dol S AF Fol 4B
| e ol SAMelgITkT Bad AR Y

J Environ Health Sci 2013: 39(3): 197-210



200 OlYSs - 23F - Adls

245T] LHEAL T2 o] S2lo)A|7E, the-A
nAe] 245T AAE7ge] 274350l PnCDD,
HxCDD, HpCDD, OCDD 5¢] 7]g} tho]&A17 7}
x5 Aol Ry sk

o]l & AxAcks g Aelr A7
ZFvEe et F2 AR Bxdivh vt
712 oy Aol weh 25 HEATE of gdo
2 A7 Qi) gk 20049 -Azteluke] thE

g TR NEE fHAHA} telSAld FEE
o] &% FX7F 108,000 pptol] ¢ol23 o, A3}
Az A ] Wi 154192 HAEQrh
oo wE} tho]gAle] QA W W= 8]
Hol Aol T F-2FEQATE. EgellA o] ¥zt
AR, olgdg|ofe] AW|A] s}t ZEA}
o= odH EY AEFNA tho]SAle Wizt
104 oo s FAEJ WM vl HAASE
5 (Department of Health and Human Services)
oX= 9154, AEZIA = 25-1009]
o7 HY Ju®

L

COrfr A e
s

o
Il
rr
o

k)

el
Fbv

3. IYPNel =4

245TE HFoXE 197095E Algo] AHF st
= FAE ARgo] FAEHAAL, A 9, ¢
A2} FARSE A Aol A ARg-o] FA = ATES 1979
WREHE £olu A A=, 524 AT A
A3, 198500 = A 2A 5Eo0] 3] FHaw
Attt 24-De 19834 ml=F SRS HONA F3t
5ol ARl FAEA U Al FAE, 5
of da] ARS-E I ), HFE oy 7l
T A7 MAR R AzARA dE o]
At o9 A+Ad 24D, HEF=EH, 7I=EE
A o] AL 88| deAA = FUAIE
o] 28] IA e Aow BIHU. 245T
=gt fole 70dt) FEHE) thsle] A}
A =AY, el = AL ARSHS
, 19840] F|ojrjof ARg-o] FA YL FF &
= S Al 2,45-T9 AR 1967 26 kg
Hl8)), 19753 479kg, 1980 804 kg AH-&-3}
, 1960 tio] ®ls) 1970dth = - Fuks} 1980
ARgO] T B2 08 HAEHI 9k
TS TEAYANA LA o] HaE7 = A
T2 17kl tgh Wede RER] kokar, Alg

Mr ool ot ¥ i
SA
i
oo ox rE M

oX
L

A

9

[e5

r o do 8 oo dr 4t e
E T
oX

rLor
=4 ol

E

J Environ Health Sci 2013: 39(3): 197-210

o he flolt f B
STk 24-D2) A% T
A JFS Fe AR FeA YnP v
2

o =SHS W, 7 AR, A, Bk &4

S Zoh= Bt Qg 245 TollA #Ao)] By
AL BHS 0P HAHES To] SAle] o oz
A= 9}

HE

&
53] 245 T Az FAHER 23HE = tol&
Aot} to]S4le] 248714 ol sl a-8-4)
(aryl hydrocarbon receptor : ©]3} AhR)ell A3 st
o] NI EA oY 7HA] 54 28-S U
e Zloz Ruwy ok?

to] &8 A A F 2 (International  Agency
for Research on Cancer, ©]3} IARC)IX L& 1
HEE S 7N e Yol EEE A
Hol glom  m= =A8 L7 33 (US National
Toxicology Program)oll = <&zl a7hdetEd e

I glet, 2 DNA H71MEZAAe F3FE w
A AL 7 EEo EFE A= A
AUFC] Helsale] F=glM Tad At

2 me=y gt

o] 9l F7A7} qlgirh

http://www.kseh.org/



Tablel. Summary of literature review findings of
veterans, occupational, and environmentd studies
regarding associations between exposure to
herbicides and specific health outcomes®

Sufficient evidence of an association

Non-Hodgkin's lymphoma
Chloracne

Limited or suggestive evidence of an association
Chronic lymphocytic leukemia : Including hairy cell
leukemia and other chronic B-cell leukemias
Chronic myelocytic leukemia
Soft-tissue sarcoma
Hodgkin's lymphoma
Respiratory cancer (lung and bronchus, larynx, trachea)
Prostate cancer
Multiple myeloma
AL amyloidosis
Early-onset peripheral neuropathy
Parkinson's disease
Porphyria cutanea tarda
Hypertension
Ischemic heart disease
Type 2 digbetes(mellitus)
Spina bifida in offspring of exposed people
*Based on Yi et a. (2011)"
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Table 2. Military use of herbicides by United States miilitary forces in Vietnam (1961-1971)*

Amount sprayed

Concentration of  Years

) . . . —
Code name Chemica constituents active Ingredient’  used VAO Estimate Revised estimate
o 60% n-butyl: 40% isobutyl  961-L0B1glL acid 1961, 4648171 4135353215 ;ﬂ?{ﬁﬁ; o
ester of 24,5T equivalent 1965 (122,792 gdl) '
procurement records
1961, 31,071L 31,026 L on procurement
Green n-butyl ester of 2,4,5-T - 1965 (8,208 gal) records

50% n-butyl ester of 2,4-D, 30%
Purple n-butyl ester of 2,4,5-T, 20%
isobutyl ester of 24,5-T
50% n-butyl ester of 2,4-D, 50% 1,033g/L acid  1965- 42,629,013 L 45,677,937 L (could

1033¢glL acid  1962- 548,883 L

equivdent 1965 (145000 gd) 1892,733L

Orange nbutyl ester of 245T equivalent 1970 (11,261,429gal) include Agent Orange I1)
Orance I 50% n-butyl ester of 2,4-D, 50% 910 g/L acid After i Unknown; a least
9 isooctyl ester of 24,5 T equivaent 1968 3,591,000 L shipped
By acid weight,

Acid weight basis: 21.2%

i . } 240 g/L 1966- 19,860,108 L
White trllsopropa"lolamme sdts of 2,4-D, 24D, 65g/L 1971 (5246502 gd) 20,556,525 L
5.7% picloram .
picloram
Acid, 65% active
Cacodylic acid (dimethylarsinic ingredient; 1962- )
Blue powder ™) sodium cacodylate slt, 70% active 1964 25650L
ingredient
Blue  21% sodium cacodylate + cacodylic . .
aqueous acid to yield at least 26% total acid Acg%a’vgel'fht’ 11%6741’ (14’12;5’3%5;2 ;) 4715731 L
solution equivalent by weight el g
Totd, al 67,789,844 L 76,954,766 L
formulations (17,908,238 gal)  (including procured)
*Based on |IOM (2005)%
Based on Stellman et al. (2003)®. *Based on IOM. (1994)?
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Table 3. Herbicides sprayed by Capital division* and Ninth divison* in Vietnam by year’

Year

Herbicide Uniit (gallony Sul:_)total
name 1967 1968 1969 1970 1971 1972 pound) (Liter)
24-D gallon 805 10,995 4,475 310 . . 16585 62,781

Agent Blue gallon 825 21,984 22,809 86,340
Agent galon 17,719 31466 10,854 60,038 227,270
Orange
Cv%?:; gallon 6235 25105 3654 34904 132,467

Dowpon pound 4,150 2,305 1,700 . 8,155
Telvar pound 900 10,065 2,800 8,200 . . 21965 83147

Unknown  gdlon . 42,245 15,983 26,840 . 55 85,123 322,226
Total galon 805 77194 77,029 42483 21,984 55 219549 831,083
Total pound 5,050 12,370 4,500 8,200 30,120

*One of infantry divisions in the Republic of Korea Army
Based on Vi et al. (2011)7
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Table 4. Herbicides sprayed near demilitarized zone in Korea by year*

Year

Data source Herbicide name Unit Subtotal
1967 1968 1969
Vegetation Control 24-D Unknown
Program CY 68* Agent Blue gdlon' 34,925 Unknown
Agent Orange gdlon' 20,900

Monuron (Urox 22)  drum 7,800 Unknown

Monuron (Telvar) Unknown Unknown
Press release from Agent Blue galon 34,375 3,905 38,280
Ministry of Nationd ~ Agent Orange galon 55 21,000 21,055
Defense’ Monuron pound 1,000 7,800° 1,377 10,177

*Based on Buckner (1976)*
™ drum was converted to 55 gallon
‘Based on News articles™?

8 ater corrected to 7,800 drum (390,000 pound) by Ministry of National Defense, assuming that Buckner’s report was correct.

Based on News articles™
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Table 5. Diseases* supported by Agent Orange Act in Korea (As of 15" of May, 2013)

Presumptive service connected diseases

Disability pension awarded diseases without presumptive service

connection

In the veterans or military personnel who were served in Vietnam war from 18th of July in 1964 to 23th of March in 1973,
or served near DMZ from 9th of October in 1967 to 31th of July in 1970.

1. Non-Hodgkin's lymphoma
2. Soft-tissue sarcoma
3. Chloracne
4. Periphera neuropathy
5. Porphyria cutanea tarda
6. Hodgkin's lymphoma
7. Lung cancer
8. Laryngeal cancer
9. Tracheal and bronchial cancer
10. Multiple myeloma
11. Progtate cancer
12. Buerger's disease

1. Solar dermatitis
2. Psoriasis vulgaris
3. Seborrheic dermatitis
4. Chronic urticaria
5. Xerotic eczema
6. Central nerve disorders except Parkinson's disease
7. Cerebral infarction
8. Multiple nerve pasy
9. Multiple sclerosis
10. Amyotrophic lateral sclerosis
11. Muscular diseases
12. Malignant neoplasms except presumptive service connected

13. Diabetes mellitus except congenitd diabetes mellitus  cancers.

14. Chronic B-cell leukemias including chronic
lymphocytic leukemia and hairy cell leukemia
15. Chronic myelocytic leukemia

13. Liver diseases except hepatitis B or C infection.
14. Hypothyroidism
15. Hypertension

16. Parkinson disease except secondary parkinsonism 16. Cerebral hemorrhage
and parkinsonism in diseases classified elsewhere. 17. Arteriosclerosis

17. Ischemic heart diseases
18. AL amyloidosis

18. Avascular necrosis
19. Hyperlipidemia

In the offspring of the veterans or military personnel with presumptive service connected diseases.

1. Spina hifida except spina bifida occulta
2. Periphera neuropathy

3. Paraplegic spondylopathy

*Trandated by Yi SW
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Table 6. Numbers* of beneficiaries by diseases group
and disability grade by Agent Orange Act (As
of 31th of March 2013)

Diseases - Disabili

group Beneficiary o adety %
Presumptive  Veterans’ First 85 0.2
service Second 245 04
connected Third 2116 38
diseases Fourth 272 05
Fifth 3978 7.2

Sixth 13525 246

Seventh 13416 244

Other 1 0.0

No disability 13,316 24.2

S‘]f;r"r']}’l';g 8014 146

Subtotal 54,968 100.0

Offspring®  Severe 7 8.0

Moderate 20 22.7

Mild 37 420

No disability 24 273

Subtotal 88 1000

Disability Veterans Severe 13,009 15.0
pension Moderate 4,262 4.9
awarded Mild 30347 351
diseases Other 17 0.0
No disability 38,881 44.9

Subtotal 86,499 100.0

* Based on interna statistics by Ministry of Petriots and
Veterans Affairs [accessed 15 May 2013]

"Veterans and military personnel

*In the offspring of the veterans or military personnel with
presumptive service connected diseases
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