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= ABSTRACT =

Objectives: The acute toxic effects of pesticide are well known, Concern has also been
expressed that long-term exposure may result in damage to the central nervous system.
This study was conducted to test the hypothesis that central nervous system symptoms
might occur due to pesticide exposure,

Methods: In a cross-sectional study, [irst, cumulative exposure index (CEI) was
estimated. Neurologic symptoms (Q-16 questionnaire) for 541 farmers (exposed to
pesticides) were compared with 119 non-exposed persons in spraying season nine rural
areas in Korea,

Results: The pesticides poisoning rates for last 3 months were 67.2% for orchard
farmers, 55.3%for dry field farmers, and 205% for husbandry farmers, respectively,
showing significant difference (p{0.001). Compared with non-exposure group, exposure
groups (especially, orchard farmers) reported significantly more neurologic symptorns and
had a higher overall neurclogical symptoms score (p{0.001). Factors related to the positive
neurological symptoms (answers “yes” to six or more of Q-16 questionnaire) adjusted for
age, sex, education level, smoking and alcohcl drinking were type of farming (OR 3.08,
95% CI 150-6.30in orchard farmers vs non-exposure group), CEl (OR 275, 95% CI 112-
678 in Q3 vs Ql), past poisoning (OR 197, 95% CI 121-3.20 vs normal), current mild
poisoning (OR 3.03, 95% Cl 147-622 vs normal) and current moderate poisoning (OR
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6.34, 95% CI 3.03-13.25 vs normal), respectively.
Conclusions: These resulls suggesl lhal long-lerm exposure to pesticides appears to be

associated with subtle changes in the central nervous system,

KEY WORDS: Cumulative exposure index, Pesticide poisoning, Neurological symptoms,

Central nervous system toxicity
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El = exposure index(mg) for individual i
m = type of sprayer(l = hand-held, 2 =
vehicle-nournted)

n = cultivation crops(l = orchard, 2 =
dry field, 3 = husbandry)

E = specific level of potential
exposurc(mg/hr)

F = spray frequency of past 1 year

T = mean time of 1 spraying

Y = sprayer used year
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Table 1. General characteristics of the subjects Unit : N (%)
Variable Non eggure Husbandry Dry field Orchard Total,_
(n=119) (n=127) (n=223) (n=182) (n=182)
Sex* Male 58(54.2) 96(768) 123(55.2) 146(798)  423(66.3)
Female 49(458) 20(232) 100(44.8) 37(20.2) 215(33.7)
Age(mean)* 443(1+94) 448(+92) 534(=*115) 489(+95) 489(£10.8)
Elementary 12(148) 20(16.3) 88(44.2) 33(189) 153(265)
Education* Junior high 6(19.8) 30(24.4) 35(176) 54(309) 135(234)
(School) High 3(28.4) 56(45.5) 59(296) 74(423)  212(36.7)
College 30(37.0) 7(138) 17( 85) 14( 80)  78(135)
Current Male* 8(10.9) 54(62.1) 57(52.3) 83(63.3) 217(57.4)
smoking Female 4(105) 0( 00) 3( 39) 0( 00) 7( 40)
Current Male 32(69.6) 65(765) 71(69.6) 93(727)  261( 72 3)
drinking Fernale 19(475) 9(36.0) 22(31.9) 13(40.6) 63(38.0)

#:p { 005, *:p { 0001 by X test, ANOVA
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Table 2. Characteristics of farm work in relation to different crops Unit @ mean{*sd.)
Iy Husbandry Dry field * Orchard
Variabl Total
e (n=42) (n=204) (n=182) °
Farming career (yr, mean)’  151(£9.1) 245(+156) 224(+11.7) 227(+137)
(yr, n (%))
<9 15(357) 44(216) 25(137) 84(196)
10 - 19 13(31.0) 40(196) 46(25.3) 99(23.1)
20 - 29 10(238) 37(181) 59(32.4) 106(24.8)
30 - 39 4( 95) 31(152) 29(159) 64(15.0)
40 < 0( 00) 52(255) 23(12.6) 75(175)
Agricultural area (m?)
Rice field 8404(43128) 13477(+21,238) 10877(+17.903) 12,137(£19,203)
Dry field 9699(+9547)  7.686(£8085) 6013(+7729)  7.524(+8168)
Orchard 4511(£1890)  4910(+4703) 14.263(£9851) 13,870(£9,854)

(£
Green house 990(0.0) 5,013(+5976)  2,640(£0.0) 4.877(£5884)

Other crops cultivation at
the same time (%)

333 647 412 -

T p (005 by ANOVA

- 270 -



T F FoF ATATE 167 WA Rt
13 A2 B ATE Fste] 2 A
1A FoF ARAZRS B 54077l
on, 5o w} ES o F5FT 6994]
Zh Rl 410A7h FAbERIo] 258M 7k R
A ZHEFol et FAHNCE £o8 o]t
AATHpC0.001) (I 3).

FALEAT(CEDE ARFFez A4S
Chlorpyrifos®] S| ¥WZ 2] 7|8 78 %

sl PaSIT AL 55
F3E A% AFFVL 188 me/h, ¥
161 me/h, 259 BAgl0] S84 A

749- 475 mg/hre] A 1
&L Ay 19 Fot /\PE}\

Lia

do 2 o My o Hz X rlo o
ﬁgmi_ﬂ.kr‘mlm

}._Q. 3].._,_

A %‘Eﬂ% A

17kl

R

Table 3. Estimation of pesticide exposure index

o |y i
off tlo jm
2 o
o g o
o i od
w2 S oy
R ox w2
@ &

wlo l‘)'N

o>' Jp
o
oY
o XN
o
o)
o
=2
u)
m

FAHe) 399%7} ok
@3t HEdE
97%Z 7+ B
glo] 238%0°lA°H, EA
ol7b AATHP001). FHE FEstd HGHE
wﬂ G E e 562%, W 390%,

2T 03%E Fo§ Aol7F A2t o
ZMV = WEvle] 303%7 7 BRI Hat
FUE FUXES AET Hol A e
on, A Aok Holz] USITHE 4).

O{N
off Qﬁ, ok
r2 o
o
&

IS
o of

T
|o
hy
H
Jo
o
o
_>|4_,

Unit : mean (+sd.)

Spray parameters Husbandry Dry field Orchard T
otal
(n=22) (n=123) (n=140)
Spray frequency V-m"  162(% 98) 102(%£105) 186(x 74) 175(% 83)
(past 1 year) H-h? 153(i 35) 119(4104) 154(+104) 1'32(i107)
Mean time (hour) V-m" 1.4(1+09) 27(+28) 36(x£19) 33(£21)
during 1 spraying H-h? 19(£15) 35(+30) 50(%32) 37(£31)
Pesticide exposure (hour) 258 411 69.6 540
of past 1 year™” (£277) (+499) (£59.3) (+558)
Cumulative exposure index 237 639 1195 88.7
(CEL: g)¥~ (+342) (+965) (+£1590) (£1329)
p < 001, ¥** : p ( 0001 by ANOVA,

Y V-m : Vehicle mounted sprayer. 2 H-h : Hand-held sprayer.
. EI} = X Z:mn(Emn*me' * Tmni * mn)

El = exposure index(g) for individual i

m = type of sprayer(l hand-held, Z = vehicle-mounted)

n = cultivation crops(1l orchard, 2 = dry field, 3 = husbandry)

E = specific level of potential exposure(mg/hr)

F — spray frequency of past 1 year

T = mean time of 1 spraying

Y = sprayer used year
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Table 4. Experience rate of pesticide intoxication Unit : N (%)
Experience of Husbandry Dry field Orchard Total
intoxication (n=42) (n=231) (n=183)

No 32(76.2) 150(64.9) 92(50.3) 274(60.1)

Yes* 10(238) 81(35.1) 91(49.7) 182(39.9)
Male Number 33 123 146 302
Yes* 10(30.3) 48(39.0) 52(56.2) 140(46.4)
Female Number 8 99 37 144

Yes' 0( 00) 30(30.3) 9(24.3) 39(27.1)

"1 p 00l by X test, *: p ) 005 by Exact test

EOFEE ZAMS AYY GA Tk AX AE 34%F RAEO] 534%7F EWE A8 E 3R

& u 317%, B 312%, LAE 210%, AN 9= Ao ® FAbEdch
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S5 SAS 48 3o gy g 2 55 4 Al d) Z:Ahs}ﬁidr. V28
Fo| oM Aot 98 A7 365%, 4 AT E 7P Bo] 54800 (38%). F

< A Fvt 169%, B AE 275%, FF E 204%, AABE 205%, A AY 170%

ol A <kg HME3ltirt 157%. TI7EQ ol ok AuztEE g HY AxgHegy i

Table 5. Prevalence(%) of reported symptoms in spraying during past 3 months
Unit : N (%)

Husban Dry field Orchard N
Symptom (n=3§)ry (ne231) (n=183) Total
Tiredness 1(2.6) 84(36.4) 87(47.5) 172(38.0)
Headache 2(5.1) 49(21.2) 46(25.1) 97(21.4)
Dizziness 1(2.6) 44(19.0) 48(26.2) 93(20.5)
Tingling 3(7.7) 40(17.3) 34(186) 77(17.0)
Nausea 1(26) 42(18.2) 32(175) 75(16.6)
Blurred vision 3(7.7) 35(15.2) 34(186) 72(15.9)
Excessive sweating 0(0.0) 35(15.2) 37(20.2) 72(15.9)
Dry throat 1(26) 39(16.9) 27(14.8) 67(14.8)
Itchy skin 1(2.6) 38(16.5) 27(14.8) 66(14.6)
More drowsiness 0(0.0) 31(13.4) 35(19.1) 66(14.6)
Conjunctiva injection 1(2.6) 17(11.7) 35(19.1) 63(13.9)
Sleeplessness 1(26) 24(10.4) 29(15.8) 54(11.9)
Facial flushing 0(0.0) 22( 9.5) 29(15.8) 51(11.3)
Sore throat 0(0.0) 19( 8.2) 21(115) 46(10.2)
Abdominal pain 0(0.0) 9( 39) 10( 55) 19( 4.2)
Salivation 1(2.6) 5( 2.2) 12( 6.6) 18( 4.0)
Pallor face 0(0.0) 5(22) 12( 66) 17( 38)
Numbness limbs 0(0.0) 22( 9.5) 24(131) 46(10.2)
Muscle cramp 0(0.0) 25(10.8) 27(14.8) 52(11.5)
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Table 6. Classification of intoxication by symptom severity Unit : N (%)
Classification Husbandry Dry field Orchard Total
Normal* 31 (795) 98 (44.7) 40 (328) 169 (44.5)
Intoxication* 8 (20.5) 121 (55.3) 82 (67.2) 211 (555)
Suspicious 1 (26) 20 (9.1) 12 (9.8) 33 (87)
Mild 4 (10.3) 49 (224) 26 (21.3) 79 (20.38)
Moderate 3 (77) 52 (23.7) 44 (36.1) 99 (26.1)
Total B 40(100) 219(100) 122(100) 380(100)

*: p{0.001 by X? test.
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Table 7. Wearing of protective equipments while spraying

Unit : No (%)

. . Husbandry Dry field Orchard
Protective equipments (n=38) (n=183) (n=174) Total
Wear™ 13(34.2) 82(46.3) 128(736) 220(56.6)
Not wear 28(63.6) 95(53.7) 46(26.4) 169(434)
Type
Hat™ 10(26.3) 93(50.8) 129(74.1) 232(58.7)
Mask™ 14(36.8) 109(59.6) 130(74.7) 253(64.1)
Protective cloth(upper)™ 6(15.8) A5(24.5) 108(62.1) 159(40.3)
Protective cloth{(lower)™ 10(26.3) 52(284) 87(50.0) 149(377)
Gloves ™ 9(237) 82(44.8) 105(60.3) 196(49.6)
Boots™ 8(21.1) 80(43.7) 95(54.6) 183(46.3)
Goggles 1( 26) 12( 68) 18(10.3) 31( 78)
Wristlet 1( 26) 12( 66) 12( 69) 25( 6.3)

™ PLO00L by X test

A 712807 oAolM FofsA ATt w3k 8404, EFR 746
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Table 8. Frequency of neurological symptoms in subjcts

._7}‘_/\]- r:r__g_

wET 6228, HA4%

i)

g ako] 7k AATHPC0.001).
APFERA (midtiple comperison) A7
ztol7b gIglen, v

o
WEEe BE Wrust e

Unit © N (%)

Symptoms Non exposure  Husbandry  Dry field Orchard P value
(n=85) (n=107)  (n=191) (n=166)
Abnormally tired 63(74.1) 75(70.1) 126(66.0) 128(77.1) 0121
Headache (a week) 24(282) 24(22.4) 55(28.8) 47(28.3) 0.656
Perspire 33(38.8) 24(224) 93(48.7) 85(51.2) 0,001
Painful tingling 27(31.8) 26(24.3) 109(57.1) 73(44.0) 0.001
Palpitation 20(235) 23(215) 53(217) 39(235) 0.628
Chest oppression 18(21.2) 22(206) 63(33.0) 54(325) 0.033
Feel irritated 3( 94) 10( 9.3) 37(194) 31(18.7) 0.031
Feel depressed 10(11.8) 16(15.0) 41(215) 35(21.1) 0.152
Short memory 62(729) 72(67.3) 143(74.9) 123(74.1) 0532
Relatives notice trouble remembering 28(32.9) 27(25.2) 58(304) 46(27.7) 0.640
Trouble concentrating 54(635) 43(402) 114(59.7) 117(705) 0.001
Go back & check things 44(518) 51(47.7) 94(49.2) 81(488) 0953
Make notes 39(459) H5(514) 103(53.9) 95(57.2) 0.378
Hard to get the meaning 14(165) 14(13.1) 55(28.8) 38(229) 0.009
Less interested in sex 30(35.3) 19(17.8) 87(455) 81(48.38) 0.001
problems with buttoning? 1(12) 2( 19 10( 52) 7( 4.2) 0.274

"¢ P value by X° test, T: p value by Exact test
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Table 9. Mean score of neurologic symptoms

Bls] TEgw £l
057(95% CI 036-089)¥} 74 s

ehdon A Fdg st Aol 2AHH
064(%% CI 045-02)u) ZhAstes AoZ o

hitek A 1920 SRHEA ] G Aol
S QoY FAEFCEARE A 1

~r°1 BeE o 5% WTe] R EATT
o BiE) 75% o)At & kE:X|gwo]l T
Al o] @bl 7h 216(%% Cl 105-446)8) ©]
AoH, A FHFEE AP Ao 2A
H7b 15(%% C1 100-225)8) 7 Uebstt
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Unit : mean (+sd.)

Variable Non exposure  Husbandry Dry field Orchard Total
Male” Number 39 30 105 134 358
Mean 459(4219) 423(+270)  565(4305) 600(+290) 535(+292)
Female' Number 41 26 78 32 177
Mean 622(+300) 596(+326) 746(+325) 840(£294) 712(+323)
Topd001, T : p0.001 by ANOVA
Table 10. Frequency of answers “yes” to six or more symptoms" Unit : N (%)
Variable Non exposure  Husbandry Dry field Orchard Total
Male' Number 39 80 105 134 358
Frequence 13(33.3) 23(28.8) 50(47.6) 73(545) 159(444)
Female Number 41 Zb 78 32 177
Frequence 25(61.0) 14(53.8) 52(66.7) 27(844) 118(66.7)

T pC0.01 by X test,

Y Answers "yes” to six or more of these questions, referral for more in-depth

evaluation may be indicated.

- 275 -



: =4 AFY wA
nlx]= A %}o}y] 8 #d WbF
Zrzbol] it ohH# EAE AYEArH(E
15), Fgg el UFEY AEde) ¢y g
2a) 7} 30848 (95% CI 150-630) E¢I, &
AL AR AeEvlog A4E Qs =

7}sh=

olatAl Eom,

HAHp=0065).
a}a}- SAEA o Aol

EAF(CEDE 4898 U5o HuL
= EFael] ve] 75% )4t e)
o] EZ}lﬂ 7} 275%0(%5% Cl 112-
Z7MeeE 2

259 F1)
e x%

678)01%10 W, & & X427}

B p for trend
EAL ]71}"} 10‘d Bk el mis) 200 dFe] 215
W) (95% CI 104-445)8 ZAHsb 7 pu) 7}t &
30 o] 237u)(%5% CI
0955902 F7Istlovt A9 fo49
At 17 FAE A7

fAo 7

Table 11. Factors related to the neurological symptoms (univariate analysis)

OR(95% Cl)

Variable Category
Age 1()2(0 99-1.03)
Sex Male vs Female 2.50(1.72-3.64)
Education level Elementary  vs Junior high 0.64(0.39-1.06)
(school) vs High 0.57(0.36-0.89)
vs College 0.61(0.34-1.09)
Current smoking No vs Yes 0.64(0.45-0.92)
Current drinking No vs Yes 1.24(0.86-1.80)

Cultivation type

Non exposure vs Husbandry

vs Dry field

vs Orchard
Farming carcer =9 vs10 - 19
(years) vs 20 - 29
vs 30 - 39
vs 40 <
Spraying time in
past 1 year(hour)” {Ql vs = Q1 and {Q?
vs 2 Q2 and {Q3
vs 2 Q3
CEI"?Y { Q1 vs 2 Q1 and {Q2
vs 2 Q2 and <{Q3
vs 2 Q3
Experience of pesticide No vs Yes

intoxication
Current pesticide

intoxication level vs Mild

Normal vs Suspicious

vs Moderate

Wearing PPE' No vs Yes

0.56(0.32-1.01)
1.36(0.82-2.27)
1.55(0.92-2.63)
1.70(0.90 3.21)
1.71(0.92-317)
1.81(0.89-3.66)
1.19(0.61-2.34)

1.03(0.53-1.99)
1.09(0.55-2.14)
1.30(0.68-2.49)
0.94(0.47-1.88)
1.30(0.65-2.62)
2.16(1.05-4.46)
150(1.00-2.25)

1.59(0.72-3.48)
2.43(1.35-4.39)
4.89(2.71-8.83)
0.95(0,62-1.46)

CEI' : Curnulative exposure index
PPE' : Personal protective equipment

Y Divided into four levels by quartiles(Q1, Q2, Q3)

- 276 -



Table 12. Factors related to the neurological symptoms(Q-16>6)

Variable Category OR(95% CI)' P value P for trend
Cultivation type Non exposure vs Husbandry 1.10(053- 2.28) 0.085
vs Dry field 1.98(0.98- 399) 0.056 0.001
vs Orchard 3.08(1.50- 6.30) 0.002
Farming career = 9vs10-19 1.49(0.73- 3.03) 0276 0,193
(ycars) vs 20 29 215(1.04~ 4.45) 0.040
vs 30 - 39 2.37(0.95- 591) 0.065
vs < 40 1.33(047- 382) 0.591
Spraying time in {(Ql vs = Q1 and <Q2 1.15(0.53- 2.50) 0.720 0275
past 1 year vs 2 Q2 and {Q3 1.44(0.65- 3.20) 0.364
(hour)? vs = Q3 1.46(0.68- 3.12) 0.330
CEIY {Qlvs 2 Q1 and <{Q2 1.07(0.48- 2.38) 0.865 0018
vs 2 Q2 and {(Q3 1.64(0.72- 376) 0.240
vs = Q3 2.75(1.12- 6.78) 0,028
Experience of No vs Yes 197(1.21- 320) 0,006
intoxication
Current pesticide Normal vs Suspicious 1.87(0.73- 4.74) 0192 0.001
intoxication level vs Mild 3.03(147- 622) 0003
vs Moderate 6.34(3.03-13.25) 0.000
Wearing PPE? No vs Yes 161(094- 2.76) 0.994

"1 Adjusted for age, sex, education, smoking and alcohol drinking.

CEI': Cumulative exposure index.
PPE": Personal protective equipment.
1) Divided into four levels by quartiles(Q1, Q2. Q3)
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