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Pesticides and Cancer Incidence
- The Kangwha Cohort Study -
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Department of Public Health, The Graduate School;
DEpanment of Preventive Medicine and Public Health, College of Medicine", Yonsei University;
Department of Health Management, Yuhan College?;
Graduate School of Health Science and Management, Yonsei University®

Obijective : Few studies have examined the relationship between
the risk of cancer and exposure to pesticides in Korea or in other East
Asian that have until recently used chlorophenoxy herbicides. The aim
of this study was to evaluate the relationship between the exposure to
pesticides and cancer incidence.

Methods : We conducted a prospective cohort study with a follow-up
period of 13 years (1985-1998). The subjects included 2,687 male and
3,589 female Kangwha Island residents, Koreans aged fifty-five or
more as of March 1985,. who received a personal health interview and
completed a health examination survey. A Cox proportional hazards
models were used {o estimate relative risks(RR).

Results : At baseline, the mean age of the study participants in 1985
was 66.4 for males and 67.1 for females. During the 13 years follow-
up, a total of 300 incidents of cancer in males and 146 in females
developed. In males, the total cancer incidence in the highest group
was RR, 1.4 (95% Cl=1.0-1.9), p for trend=0.041, for digestive organ
cancer incidence in the highest group, RR, 1.5 (95% CI=1.0-2.3), p for
frend=0.057, for stomach cancer-incidence in the highest group, RR,

6 (95% Cl=0.9-2.8), p for trend=0.094, for gallbladder cancer
incidence in the highest group, RR, 9.1 (95% Cl=1.1-77.0), p for
trend=0.014 were elevated according 1o the higher frequency of
pesticide use per year. In particular, the risk of gallbladder cancer was
very high. Although not significant, the risk of fiver cancer was higher
than in the non-exposed group (in the highest group, RR, 2.0(35%
Ci=0.7-5.9)}). In females, although not significant, breast cancer
incidence in the highest exposure group was higher than in the non-
exposed group (in the highest group, RR, 4.7 (95% C1=0.8-27.9)).

Conclusions : This study demonstrates that Korean farmers who
use pesticides, particularly males, have a significantly higher total
cancer incidence, particularly from digestive organ cancers such as,
stomach, gallbladder, and liver cancer. In particular, the risk of
gallbladder cancer was very high.

Korean J Prev Med 2002;35(1):24-32
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Table 1. Consumption by carcinogenic pesticidés in Korea (kg/year)
Active Ingredient quality (1965-1984)
1965 1966 1967 1968 1969 1970 1975 1980 1984 year
of ban
Heavy Metals
Lead arsenate 7,394 12,792 6918 9,558 10,812 50,406 97,137 1979
Mercury 42,748 38,290 8,766 5,018 6,738 3,635 1,335 1976
Herbicides
(phenoxy acid)
24D 3,181 7,962 9,575 12,865 46,985 35,319 29,117 5,892 19,236
24.5-T 8 26 132 126 479 804 489 1984
Organochlorine
Compounds
Aldrine 3,790 12,215 13,437 17,695 18,612 16,610 1972
Endrine 548 840 290 4,737 5437 29,318 1971
Dieldrine 139 7,560 10,645 3,448 2,713 1970
DDT 43,343 18,562 33,617 63,016 71,393 36,707 1971
Hepatochlor 23,307 35,218 39,319 40,175 2,847 5,893 36,359 1979
Hexachloride(BHC) 25,001 58,011 962,293 33,650 75,838 99,026 144,175 1979
Lindane 1,675 441 1,243 678 1970
Tota.l. 1,392,000 3,719,000 8,619,000 16,132,000 16,688,000
pesticide use

Source: Agricultural chemicals Industrial Association. Agrochemical year book in Korea. 1970-85
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Table 2. Distribution of sociodemographic characteristics by pesticide exposure

Characteristics Males Females
Pesticide ~ No exposure tor x* Pesticide No exposure tor »*
Exposure value Exposure value
Mean+SD Mean+SD Mean+SD Mean+SD

Age, year 649+65 692+78 1417 626161 681£87 194
N (%) N (%) N (%) N (%)

Chronic disease 0.936 3.08

Ever 821 (46.0) 396 (44.0) 359 (53.4) 1441 (49.4)

Never 965 (54.0) 504 (56.0) 313 (46.6) 1478 (50.6)

Education 379" 33.5™

No 702 (39.3) 387(43.0) 494 (73.5) 2407 (82.5)

Elementary 961 (53.8) 419 (46.6) 165 (24.5) 482(16.5)

High 122 (6.9) 94 (10.4) 13(1.9) 29(1.0)

Smoking 0.161 10.62"

Current 1325(742) 672(74.7) 120(17.9) 687 (23.5)

Never 327(18.3) 165(18.3) 536(79.8) 2168 (74.3)

Past 134 (7.5) 63 (7.0) 16 (2.4) 64 (2.2)

Alcohol consumption 11.5™ 4237

Ever 1206 (67.5) 548 (60.9) 83(124) 281 (9.6)

Never . 580(32.5) 352(39.1) 588 (87.6) 2638 (90.4)

Total Number 1787 900 672 2919

* p<0.05, " p<0.01

* missing data: pesticide use(1), chronic disease(1), education(3), smoking(1),drinking(2)

Table 3. Cox proportional hazard model analysis of the relative risk of cancer
incidence by the experience of pesticide exposure in the Kangwha

cohort, 1985-1998

Cause of death ICD10 Males Females

Case RR (95%CT) Case  RR (95%CI)
All cancer 00-97 300 1.3(1.0-1.7) 145 0.9 (0.6-1.3)
Digestive organ 15-26 191 1.5(1.0-2.1) 79 0.9 (0.5-1.6)
Stomach 16 95 1.4 (0.9-2.3) 39 1.2(0.5-2.5)
Liver 22 27 1.7(0.7-4.3) 9 -
Gallbladder 234 13 5.3(0.7-42.0) 7 1.5(0.3-8.3)
Respiratory organ 30-9 66 1.4 (0.8-2.6) 15 23(08-6.9)
Lung 34 64 1.3(0.7-2.4) 12 2.5(0.7-8.3)
Connective tissue, skin 40-50 5 0.2 (0.0-1.5) 12 1.0 (0.3-3.8)
Breast 50 - - 7 2.3(0.5-10.7)
Genitourinary organ 51-68 16 1.6 (0.4-5.8) 21 0.3(0.1-1.2)

* Adjusted variables: age(recruit year), the history of chronic disease, smoking habits, drinking habits, education

status. RR = relative risk; CI = confidence interval.
+ : more than 100.
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Table 4. Cox proportional hazard model analysis of the relative risk of cancer 22 :=obr} wal E opda= JAq|
inci icide ex re in mal »
incidence by the frequency per year of pesticide exposure ales A 9ok, Thgel zhek} 2o Ad]7)

Cancer Relative risk (95% confidence interval) o}, Fok B AA| A ok Sol|A] Eoka}

No Low Moderate High 43} olsto] BeAo| gtk B3] thy
exposure exposure exposure exposure P for trend ~
oo e =2 AHAHL BRY
(0=911) (n=486) (n=594) (n=694) = T TEGE =X
— 5 i [¢]

All cancer 1 12(09-18) 13(09-18)  14(10-19) 0041 (RR=9.1). o]2]gt #udL dF o=

Digestive organ I 15(1.023) 140921 15(1023) 0057 ARME RuE vl 9lx| ghjo} b

Stomach 1 1.2(0.6-23) 13(0.7-24) 1.6 (0.9-2.8) 0.094 Aol 71 s} Bo %%golgiq_. ool H]

Liver 1 1.8 (0.6-5.5) 1.2(044.1) 2.0(0.7-5.9) 0.216 N o o e U o A

Gallbladder 1 1.8 (0.1-29.7) 4.2(04-41.9) 9.1(1.1-77.0) 0014 0}0% T‘j/] A7l 17: uo ]HL 134

Respiratory organ 1 12(0527) 16(08-32) 140728 0307 o] ddol o] gloit), 39, Foks

Lung 1 09(04-23) 16(08-3.1) 1.4 (0.7-2.8) 0.275 AFL3 Ao M= gulete] ¢ 5&0] v

Genitourinary o .

ro =] 0} 0 A To}lo

Organ 1 1.7(03-86)  0.7(0.1-4.4) 230692 0232 e AREaHA o LA I

Prostate 1 100+ 100+ 100+ 0.366 FAXNCE FYAE AT FA

Bladder 1 - 0.6 (0.1-6.6) 23(04-134) 0.178 o B YE & o7} %—_g'k/\}% HE7} =

“ Adjusted for age (recruit year), the history of chronic disease, smoking habits, drinking habits, education status. 7].81- 4‘,:% E:-:_o].x]E 736(‘)]:.% y_gﬂ}\ KU TAY

+ : more than 100. 1 H]_‘n%i%ﬂ H]E]»O% %Zﬂ;ﬁ,p_i

" low exposure (frequency of <6), moderate exposure (frequency of <10), high exposure (> 10)

aHA =3tk
ol A3k 71EY FHE daew @
Table 5. Cox proportional hazard model analysis of the relative risk of cancer 979 Aok 4 Wil 71Ee o
incidence by the frequency per year of pesticide exposure in females TAXE 2354 % o] & A gl
Cancer Relative risk (95% confidence interval) PHRIET W Fo] thFol3lth [2]
No Low Moderate High o At Ay ]— FHE gAto g 3
exposure exposure exposure exposure P for trend 93] AL AT} XA BE b3
(n=2932) n=199) (n=255) n=210) O]Tr 7]—%] AN ‘ZSH o 023 2,
=

All cancer 1 1.0 (0.5-1.9) 0.9 (0.5-1.7) 0.7(0.4-1.5)  0.365 H N&Ee 9T pE 9] )z
Digestive organ 1 0.8(0.3-2.3) 1.3(0.626) 05(02-17) 0521 OA o ] ]L o s -
Stomach 1 12044.1) 210952 - 0.723 T YAl dha glon FdE A
Gallbladder 1 - 1.9(02-168) 22(0.3-20.5) 0435 A Qg Yoz 3 YE AFE
Pancreas 1 1.8 (0.2-14.5) - 29(0.6-15.00 0.387 T i} gulol s Ao 2 3198 uje]
Respiratory organ 1 3.8 (1.0-14.0) 2.1(04-10.0) 1.2(0.2-103) 0423 gAo Eolsl AT ABLAE 1O
Lung 1 33(07-161) 2705135 1.6(02-140) 0314 TheeEv 8% Aguds °r
Connective . S}X] %?‘l’q’t‘ ;go] ‘:]' 131 "]'s T ?irl‘Lt
Tissue, skin 1 - - 1.9(0.492) 0817 U3 FEAAY YARENA Tk}
Breast 1 - - 4.7(0.8-27.9) 0.185 L£95 9 7Mook} A T A=k}
* Adjusted for age (recruit year), the hi:story of chronic disease, smoking habits, drinking habits, education status. %7]{} %Oﬂ 37‘:]_:} ?i ;1(:']1 Z /\} LH _g__% H]—%
** low exposure (frequency of <5), moderate exposure (5 to <8), high exposure (>8) o % e (CXpOSllI'C group) _\,}, ] - %
TH(non-exposure group)2 AAse] F
: Qe #Asigonz s)E A7 o
o ob8713bol e o 2 A o wETol MeETan $A4 2P0 2% BANE U H4Y Ao

(1) &4 - SR oA w2 0 HEe Hle 2 ARG
SN Foalgr|zke WE o U4 A FH(rend)e BolA @t A, $eudE 24D} 24,5TE

Aol AAE Coxd vlHAP3]A & (Table 6) 198437}, lead arsenate®} hepta-
3ol o3 AEEA3 Aotk A o gt chlor, 712|322 BHCEZ 19799717 A}&
AYPL 15994 209 Aol Fek AL 1 & 9k 24,D9 24,5TE 1 AZ A
L7HRR: 1.4, 95% CI=1.0-2.1)9H & o] A TCDD(2,3,7,8- tetrachloro-
Aoz folobA o A%y $eud 28000 wA9TE O dibenso-pdioxinth s S0] E&
(rend)& Ho|7] odgith Al GHEEE 02 ¢ B AT G4 A ¢ F  EEES @A [31]. ©] TCDDS} ¢
FOAME 7MY G WHF(category)d]  AANFL A FUARE HIESF TUME o 3 A7 W Sk #EALS o



Table 6. Cox proportional hazard model analysis of the relative risk of cancer
incidence by the duration of pesticide exposure in males

Cancer Relative risk (95% confidence interval)
No Low Moderate High Highest

exposure  exposure exposure exposure  exposure P for trend

n=924) (n=325) (n=354) (0=437) (n=645)
All cancer 1 14(0.9-2.0) 14(1.0-20) 14(1.0-2.1) 1.2(0.8-1.6) 0.359
Digestive organ 1 1.6 (1.0-2.6) 1.6(1.0-25) 14(09-23) 14(0.9-2.1) 0210
Stomach 1 130727 120.6-25) 13(0.7-25) 1.509-27) 0176
Liver 1 1.8(0.5-64) 1.6(0.5-59) 2.0(0.6-6.6) 1.5(0.54.6) 0473
Gallbladder 1 2.5(0.2-40.3) 7.1(0.7-70.1) 7.7 (0.8-72.3) 4.6 (0.5-42.9) 0.135
Respiratory
Organ 1 14(0.6-3.3) 120529 17(08-3.6) 1.2(0.6-25) 0489
Lung 1 14(0.6-3.3) 120.5-2.8) 1.7(0.8-3.5) 1.10.5-22) 0.744
Genitourinary
Organ 1 - 4.0(1.0-16.5) 1.9(04-8.7) 09(0.2-49) 0.735
Testes 1 - 3.7(0.3-42.8) -- 0.381
Bladder 1 - 3.0(0.5-183) 0.7 (0.1-8.1) 0.9(0.1-69) 0990

* Adjusted for age (recruit year), the history of chronic disease, smoking habits, drinking habits, education status.

+ : more than 100.

“low exposure (period of <10 years), moderate exposure (10 years to <15 years), high exposure (15 years

to <20 years), highest exposure (>20 years)
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