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A Study on the Correlation between Categorization of the Individual Exposure Levels to
Agent Orange and Serum Dioxin Levels Among the Korean Vietnam Veterans

Joung Soon Kim, Han K. Kang®, Hyun-Sul Lim®, Hae-Kwan Cheong?, Min Kyung Lim?

Department of Epidemiology, School of Public Health, Seoul National University,
Environmental Epidemiology Service, Department of Veterans Affairs, U.S.?
Department of Preventive Medicine, CoHege of Medicine, Dongguk University®

Objectives : In an epidemiologic study on the health impact of Agent
Orange exposure, the valid estimation of exposure level is the most
important step. Based on recent studies, we examined the correlation
between exposure levels categorized by personal exposure estimates
and serum 2,3,7,8-tetrachlorodibenzo-p-dioxin {2,3,7,8-TCDD, Dioxin),
exploring the possibility of utilizing the exposure level as a surrogate for
the estimate of exposure to agent orange.

Methods : During the study period (Jan 1996-Feb 1996), biood

. specimens of 745 subjects taken randomly among 1,329 persons and
kept frozen, were analyzed for 2,3,7,8-TCDD and six other dioxin
congeners. The serum dioxin and congeners were measured in 1998
by CDC ,adjusted for serum lipids. We categorized the total exposure
scores into five groups based on Agent Orange exposure data
collected by interview and military records. Pearson and Spearman’ s
correlation coefficients & multiple regression analysis were used to
identify the relationship of the exposure level categorized with serum
concentration of 2,3,7,8-TCDD, and six other dioxin congeners.

Results : Dioxin and the other congeners, except 1,2,4,6,7,8-

HpCDD, showed significant correlations to exposure categories
{p<0.005); 2,3,7,8-TCDD and OCDD showed positive correlations,
whereas the other congeners did negative. The values of 2,3,7,8-
TCDD differed according to exposure category and proportionally
increased from the low exposure group fo the high, a dose-response
relationship, even after other possible confounding variables were
adjusted for. In multiple regression analysis, age(#=0.033), dioxin(#
=0.433), 1,2,3,7,8-PeCDD(f#=-0.998), 1,2,3,4,7,8-HxCDD(8=-0.773),
1,2,3,6,7,8-HxCDD(f=0.255), 1,2,3,7,8,9-HxCDD(#=-3.468),
1,2,3,4,6,7,8-HpCDD(B=-0,109) were found to be significantly related to
the total exposure score(p<0.005).

Conclusion : This study demonstrated that the use of such
categorizations as a surrogate measure of agent orange exposure in
identifying exposure degrees in a health impact study is valid.

Korean J Prev Med 2001;34(1):80-88

Key Words: Korean veterans, Agent Orange, Dioxin, Categorized
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Figure 1. The division of military region in South Vietnam during the Vietnam war.

Table 1. Annual amounts of agent orange sprayed by military regions
(Unit; gallons)

Year IMR* MR MR IVMR Total
1965 37,400 67,250 198,250 67,300 370,200
1966 373,210 312,330 722,050 219,600 1,627,190
1967 270,780 630,404 1,803,340 472,565 3,177,089
1968 $30,370 514,192 714,750 170,520 2,229,832
1969 704,985 671,124 1,640,576 259,440 3,276,125
1970 33,685 323,331 176,972 33,445 567,433
Total 2,250,430 2,518,631 5,255,938 1,222,870 11,247,869

* MR : Military Region

Table 2. Locations of Korean military troops by military region

Military troops Corps

Tigers I MR*

White horse MR

I MR before 12/01/67

Blue dragons I MR after 12/01/67
Pigeon IMR

Holy cross I MR

Munition supports ITMR

Headquarters ITMR

* MR : Military Region

1965 A% E 1970d7}4] 01_‘,:_% HEY  EY 2E dud zAxdd ooHE
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Table 3. Distribution of study subjects by military region

% 9= AEAE F

Military Region Number %
Non-Vietnam veterans 154 11.2
IMR* 73 53
IMR 1,116 81.0
MMR 35 25
Total 1,378 100.0

* MR : Military Region

Table 4. Group and item weighted value to determine exposure level by the per-

sonal episodes related to herbicide exposure

Group weighted Item weighted

Exposure episodes Number of experience .
value value
Non-Vietnam veterans 0.00 1.20
None 0.17
Direct contacts when 1~3 034
the defoliate being 4~7 051
sprayed 8 ~11 0.68
14 ~ 30 0.85
Over 30 1.00
Non-Vietnam veterans 0.00 1.20
None 0.17
1~2 0.34
Direct spray by himself 3~5 051
6~ 12 0.68
13~ 30 0.85
Over 30 1.00
Non-Vietnam veterans 0.00 1.00
None 0.17
Drinking water in }1 : ?/ gg;"
contaminated area 8~ 11 0.68
12~30 0.85
Over 30 1.00
Non-Vietnam veterans 0.00 1.00
None 0.14
1~3 0.28
Swimming in sprayed 4~7 042
area 8§~11 0.56
12~ 18 0.70
18 ~ 30 0.84
Over 30 1.00
Direct rubbing defoliate on body 1.40
Others 1.00
O X% A
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per year
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Figure 2. Distribution of total exposure scores among Vietnam veterans.

Table 5. Categorization of exposure groups by total exposure scores

Exposure Category Total exposure scores Number of subject ~ Percent(%)
Non-Vietnam veterans 0 154 11.2
Exposure group 1 0.1-159.27 307 223
Exposure group 2 159.28 - 249.67 305 22.1
Exposure group 3 249.68 - 397.42 306 222
Exposure group 4 39742 < 306 222
Total 1,378 100.0

Table 6. Lipid adjusted value of serum 2,3,7,8-TCDD and six other congeners
(pg/g)
Test 2378 12378 123478 1236,78-12378912346,78 OCDD
sample TCDD PeCDD HxCDD HxCDD HxCDD HpCDD
1Set* 03 34 1.5 14.3 22 12.6 180.0
28et! 0.7 28 1.6 133 1.8 13.7 241.0
3Set! 0.8 31 - 1.0 133 20 9.2 173.0
4Set! 03 3.0 1.6 10.7 1.8 9.5 129.0
58et* 04 2.5 1.05 6.1 15 8.8 132.0
6Set* 12 2.0 13 9.8 1.9 14.6 199.0
7Set? 0.25 30 14 14.2 2.1 94 189.0
8Set' 0.35 21 1.1 9.7 1.55 113 115.0
9Set* 1.1 22 14 10.1 1.7 6.9 147.0
10Set* 09 2.7 12 12.1 1.7 10.1 1470
11Set! 0.6 2.5 . 114 22 14.7 284.0
128et! . 11 29 1.1 10.0 14 10.8 186.0
13Set! 0.9 2.6 12 112 1.7 11.0 168.0

* Non vietnam veteran, T Exposure group 1, ¥ Exposure group 2, § Exposure group 3, || Exposure group 4

note : Shaded data substitute with the half value of analytical limit of detection because these sample are not

detectable at the level of analytical limit of detection

Table 7. Correlation of TCDD and six other congeners by exposure level (cat-

egory)
Contents Value of Pearson Adjusted R P-value
correlation square

2,3,7.8-TCDD 0.32 0.10 0.0001
1,2,3,7,8-PeCDD -0.34 0.12 0.0001
1,2,3,4,7,8-HxCDD -0.34 0.12 0.0001
1,2,3,6,7,8-HxCDD -0.26 0.07 0.0001
1,2,3,7,8,9-HxCDD -0.28 0.08 0.0001
1,2,3,4,6,7,8-HpCDD 0.01 0.00 0.8839
OCDD 0.07 0.00 0.0046
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Figure 3. Mean 2,3,7,8-TCDD serum estimate by exposure level.

Table 8. Multiple regression analysis of exposure level and related variables

Contents Parameter estimate  Standard error P-value
Age 0.033 0.011 0.0029
2,3,718-TCDD 0433 0.133 0.0012
1,2,3,7,8-PeCDD -0.998 0.143 0.0005
1,2,3,4,7,8-HxCDD -0.773 0.220 0.0001
1,2,3,6,7,8-HxCDD 0.255 0.033 0.0001
1,2,3,7,8,9-HxCDD -3.468 0.288 0.0001
1,2,34,6,7,8-HpCDD -0.109 0.020 0.0003
Amount of smoke(Pack/Year) -0.003 0.003 0.2956
BMI(Body mass index : kg/m?) 0.018 0.013 0.1391
* OCDD and Amount of alcohol didn’ t meet the 0.05 significance level for entry into the model
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