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Abstract This study was conducted to evaluate the relations between the exposure level of organo-
phosphates (OPs) pesticide and application factors among rural farmers. The urinary dialkylphosphates,
metabolites of organophosphorus pesticides, including DMP, DEP, DMTP and DETP were analyzed by GC/
MSD and GC/MS/MS. The DMP and DMTP were detected more in the use of a speed sprayer without cap
than with a capped one. Also, the less farmers wore the personal protective equipment (PPE), the more these
were detected. The amount of organophosphorus exposure was the highest in the use of a power sprayer.
However, it was low when a farmer applied pesticides with a speed sprayer with cap and wore more PPE. In
this study, the detection rate was analyzed by chi-square test, the exposure level of OPs was analyzed by a
generalized linear model.
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o thet A7 dsle AAARCE Fag B A= S fasleE Zloz dEA oM (Reigart et al., 1999), 5=
7532 Jtk(Sanborn et al., 2004). oF, T AR R BRAEE 2 o 5o B &
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creatinine (crea.), Dimethylthiophosphate (DMTP)= 1 ng/g
crea., Diethylphosphate (DEP)= 0.1 ug/g crea., 8|3
Diethylthiophosphate (DETP)= 1 ug/g crea.0|oH, 22}
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DEP= 0.01 ug/g crea., DETP:= 0.1 pg/g crea.©|th.
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Table 1. General characteristics of study subjects

Male (n=429) Female (n=270)

Age (years) 62.7£9.5 61.3+£9.2
Education

<Elementary school 28 (6.6) 47 (17.5)

Elementary school 160 (37.7) 121 (45.0)

Middle school 86 (20.2) 59 (21.9)

>High school 151 (35.5) 42 (15.6)
Marital status

Living with spouse 407 (95.3) 238 (88.2)

Separation by death 9 (2.1 32 (11.9)

Others” 11 (2.6) 0 (0.0)
Income (10,000 won/year)

<2000 100 (26.2) 70 (30.3)

2000~less than 5000 154 (40.3) 91 (39.4)

>5000 128 (33.5) 70 (30.3)
Type of farming

Green house 180 (42.0) 106 (39.3)

Fruits 207 (48.3) 120 (44.4)

Others 42 (9.8) 44 (16.3)
Years of farming 358 +15.7 340 +13.4
Years personally applied 34.1+14.5 312132

pesticides

Numbers may not sum to total due to missing information.
Values are expressed as N (%) or Mean + SD.

 Included divorce, separation and cohabitation.

® Included rice and dry field.
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Table 2. Distribution of type of applied pesticides and wearing
personal protective equipment

Male (n=429) Female (n=270)
Type of pesticides application

Power sprayer 97 (24.4) 66 (27.5)
Backpack sprayer 81 (20.4) 46 (19.2)
Speed sprayer without cap 153 (38.5) 87 (36.3)
Speed sprayer with cap 49 (12.3) 35 (14.6)
Others” 17 (4.3) 6 (2.5)
Wearing PPE
Gloves 150 (35.6) 65 (35.3)
Goggles 52 (12.4) 94.9)
Hat 235 (56.1) 86 (47.0)
Clothing (top) 176 (42.0) 33 (18.0)
Clothing (bottom) 186 (44.5) 35 (19.1)
Rubber boots 265 (63.4) 92 (50.3)
Mask 184 (43.8) 52 (28.3)
Number of wearing PPE 30+23 20+2.1
<2 145 (34.9) 95 (51.9)
2-3 90 (21.7) 48 (26.2)
>4 180 (43.4) 40 (21.9)

Numbers may not sum to total due to missing information.

Values are expressed as N (%) or Mean + SD.

Abbreviations: PPE, personal protective equipment; SD, standard
deviation.

 Included applied by hands and thermal fogger.
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Table 3. The concentration of metabolites for organophosphates according to sex

Male (n=97) Female (n=64)
DMP (ng/g creatinine)
Mean + SD 17.30 + 81.37 9.41+29.35
GM (95% CI) 0.45 (0.35-0.57) 0.33 (0.25-0.43)
DMTP (ug/g creatinine)
Mean + SD 65.18 + 198.74 31.75+108.78
GM (95% CI) 3.62 (2.94-4.45) 2.52(2.03-3.13)
DEP (ng/g creatinine)
Mean + SD 1.91 +6.47 0.79+2.94
GM (95% CI) 0.21 (0.18-0.24) 0.17 (0.14-0.19)
DETP (ug/g creatinine)
Mean + SD 16.05 + 80.81 6.67 +£27.70
GM (95% CI) 1.89 (1.65-2.16) 1.59 (1.39-1.82)
DAP (pg/g creatinine)
Mean + SD 100.45 +254.61 48.62 +133.03
GM (95% CI) 10.99 (9.06-13.35) 7.12 (5.79-8.75)

LOD: DMP=0.1, DEP=0.1, DMTP=1, DETP=1.

Abbreviations: DMP, dimethylphosphate; DM TP, dimethylthiophosphate; DEP, diethylphosphate; DETP, diethylthiophosphate; DAP, sum of
the DMP, DMTP, DEP and DETP; SD, standard deviation; GM, geometric mean; CI, confidence interval; LOD, limit of detection.



176 0IXF - e

Table 4. The concentration of metabolites for organophosphates according to type of farming

Male Female
Green House Fruits Others Poval Green House Fruits Others Poval
-value -value
(n=180) (n=207) (n=42) (n=104) (n=120) (n=44)
DMP (ng/g creatinine)
Mean + SD 20.74+44.94 1046+96.58 36.28+113.01 1474+38.18  2.09+13.5 16.78+32.86
1.23 0.16 1.04 0.68 0.14 0.64
0,
GM (5% CD) (0.81 - 1.86) 0.13-0.2) 04-2.7) <0.001 041-1.13)  (0.11-0.17)  (027-1.5) <0.001
DMTP (ug/g creatinine)
Mean + SD 113.25+£215.35 17.67+137.02 93.32+305.21 59.79+142.11 1029+81.91 24.01+57.34
9.03 1.51 539 497 1.28 325
0,
OGMORCD 621304y (127-178)  @55-1139) P01 324764 (08-152)  (8s-s7r) OO
DEP (ng/g creatinine)
Mean + SD 1.98+£5.92 1.7+7.13 2.62+529 1.03£2.56  027+1.25 1.63+£5.67
0.23 0.17 0.37 0.21 0.12 0.23
0,
GM (95%CD (0.18-0.3) 0.14-0.2) (0.2-0.68) 0.006 (0.16-0.28)  (0.11-0.14)  (0.14-0.36) <0.001
DETP (ug/g creatinine)
Mean + SD 1144+41.5  595+23.55 85.63+228.67 9.95+363  243+461 1047+38.16
1.92 1.57 447 1.7 1.38 2.03
0,
GM (95%CD (156-235) (135-1.82) (2.19-9.14) <0.001 (131-22)  (1.19-1.39) (1.34-3.07) 0.120
DAP (ng/g creatinine)
Mean + SD 14742 £246.04 35.79+195.68 217.86 +418.47 85.51+17331 15.08+90.39 52.89+£94.2
23.1 4.56 34.99 13.92 3.36 11.31
0,
GM (95%CD (16.68-31.98) (3.78-5.5)  (17.36-70.5) <0.001 (946-20.49) (2.81-4.01) (6.5-19.68) <0.001

LOD: DMP=0.1, DMTP=1, DEP=0.1, DETP=I.
P-value for GLM with log-transformed data and adjusted for age.

Abbreviations: DMP, dimethylphosphate; DM TP, dimethylthiophosphate; DEP, diethylphosphate; DETP, diethylthiophosphate; DAP, sum of
DMP, DMTP, DEP and DETP; SD, standard deviation; GM, geometric mean; CI, confidence interval; LOD, limit of detection; GLM,

generalized linear model.

Table 5. The detection rates of metabolites for organophosphates according to type of applied pesticides

Male Female
Speed Speed
Power  Backpack sp?ayer s?)rr)z;gr Power  Backpack spI;ayer sp?z?)elgr
sprayer sprayer  without with cap P-value  sprayer sprayer  without with cap P-value
cap cap
m=97) (m=81) (©=153) (n=49) n=64) (m=46) (=87) (n=35)
DMP (ug/g creatinine)
detection 45(46.4) 34(42.0) 20(13.1) 5(10.2) <0.001 22(344) 18(39.1) 12(13.8) 3(8.6) <0.001
non detection 52 (53.6) 47(58.0) 133 (86.9) 44 (89.8) 42 (65.6) 28(60.9) 75(86.2) 32(91.4)
DMTP (ug/g creatinine)
detection 44 (454) 34(42.0) 26(17.0) 6(12.2) <0.001 21(32.8) 19(41.3) 12(13.8) 5(14.3)  0.001
non detection 53 (54.6) 47(58.0) 127 (83.0) 43 (87.8) 43 (67.2) 27(58.7) 75(86.2) 30(85.7)
DEP (ng/g creatinine)
detection 23(23.7) 23(284) 21(13.7) 8(163) 0.034 15(234) 10(21.7) 12(13.8) 2(5.7) 0.091
non detection 74 (76.3) 58 (71.6) 132 (86.3) 41 (83.7) 49 (76.6) 36(78.3) 75(86.2) 33(94.3)
DETP (pg/g creatinine)
detection 19(19.6) 20(24.7) 30(19.6) 8(163) 0.677 12(18.8) 8(17.4) 13(149) 8(22.9) 0.766
non detection 78 (80.4) 61 (75.3) 123 (80.4) 41 (83.7) 52 (81.3) 38(82.6) 74(85.1) 27(77.1)

LOD: DMP=0.1, DMTP=1, DEP=0.1, DETP=1.
P-value for chisquare test.

Abbreviations: DMP, dimethylphosphate; DMTP, dimethylthiophosphate; DEP, diethylphosphate; DETP, diethylthiophosphate; LOD, limit

of detection.
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Table 6. The detection rates of metabolites for organophosphates according to the number of wearing personal protective equipment

Male Female
<2 2~3 >4 <2 2~3 >4
P-value P-value
(n=145) (n=90) (n=180) n=95) (m=48) (n=40)
DMP (ug/g creatinine)
detection 49 (33.8) 34(37.8) 36(20.0) 0.002 28(29.5) 12(25.5) 7(17.5)  0.348
non detection 96 (66.2) 56 (62.2) 144 (80.0) 67 (70.5) 35(74.5) 33(82.5)
DMTP (pg/g creatinine)
detection 51(35.2) 36(40.0) 38(21.1) 0.002 28(29.5) 13(27.7) 7(17.5) 0344
non detection 94 (64.8) 54 (60.0) 142 (78.9) 67 (70.5) 34(72.3) 33(82.5)
DEP (ug/g creatinine)
detection 25(17.2) 23(25.6) 37(20.6) 0308 21(22.1) 10(21.3) 6(15.0) 0.634
non detection 120 (82.8) 67 (74.4) 143 (79.4) 74 (77.9) 37(78.7) 34(85.0)
DETP (pg/g creatinine)

detection 24(16.6) 20(22.2)

non detection 121 (83.5) 70 (77.8)

43(239) 0257
137 (76.1)

17(17.9) 9(192) 12(30.0) 0271
78 (82.1) 38(80.9) 28(70.0)

LOD: DMP=0.1, DMTP=1, DEP=0.1, DETP=I.
P-value for chisquare test.

Abbreviations: DMP, dimethylphosphate; DMTP, dimethylthiophosphate; DEP, diethylphosphate; DETP, diethylthiophosphate; LOD, limit

of detection.
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Table 7. The concentration of metabolites for organophosphates according to type of applied pesticides

Male Female
P Backpack Speed Speed Power Backpack Speed Speed
ower sprayer sprayer sprayer Poval spraver soraver sprayer sprayer Poval
pray withoutcap ~ withcap P-value  SPray PrAYE \yithoutcap  withcap P-value
(n=97) m=81)  (m=153)  (n—49) (=64)  (n=46)  (m=87)  (n=3)
DMP (ug/g creatinine)
Mean SD 2017+ 2306+ 1417+ 624+ 064+ 272+ 173+ 44+
can 74.76 4928 1163 314 23 54.08 7.81 23
1.08 1.05 0.19 0.16 0.54 1.02 0.17 0.15
0
GMOS%CD  62-188) (0.55-199) (0.14026) (010025 201 (0207101) (041-252) (0.12023) (0.09-025) ~000!
DMTP (ug/g creatinine)
Mean SD 10209+ 12302+ 2074+ 4786+ £I13+ 5896+ 2423+ 662+
197.19 300.13 8714 26897 10573 14785 12332 2062
822 6.60 1.84 1.57 361 465 1.62 1.52
0,
GMOCD  495.1367) 3.77-11.56) (145235) (1.02242) 201 (017.600) 44-888) (120-2.19) (1.02:228) 0!
DEP (ug/g creatinine)
Meana SD 187+ 244+ 17+ 234+ 1.06+ 1284 036+ 0124+
ean 536 6.81 6.69 9.04 298 2.93 147 0.07
023 026 0.17 0.19 021 022 0.13 0.1
0
GMO%CD  016032) (0.18-039) (0.14022) (0.12:030) P (0.14-029) (0.14-036) (0.11-0.16) (0.10-0.12) 007
DETP (ug/g creatinine)
Mean- SD 2996+ 1637+ 1168+ 581+ 887+ 1151+ 219+ 267+
137.36 55.39 6345 2543 32.62 314 429 451
2,03 227 177 1.47 176 1.92 1.30 1.50
0,
GMOACD  (147080) (160321) (144218) (1.09-197) *3%  (127243) (124299) (L11-152) (1.122.02) 1
DAP (ug/g creatinine)
Meana SD 15400+ 16485+ 4829+ 6225+ 6169+ 9895+ 2852+ 1381+
can 271.01 3876 16319 33214 12082 20213 13028 4453
2262 21.06 6.06 420 10.62 15.89 412 373
0
GMOS%CD (144035 54) (12.83:34.58) (466-788) (276-637) ~*-001 <0.001

(6.65-16.98) (8.68-29.09) (3.13-542) (2.53-5.50)

LOD: DMP=0.1, DMTP=1, DEP=0.1, DETP=I.
P-value by GLM with log-transformed data and adjusted for age.

Abbreviations: DMP, dimethylphosphate; DMTP, dimethylthiophosphate; DEP, diethylphosphate; DETP, diethylthiophosphate; DAP, sum of
DMP, DMTP, DEP and DETP; SD, standard deviation; GM, geometric mean; CI, confidence interval; LOD, limit of detection; GLM,

generalized linear model.

DMTP®] 7%, TAIA o2 £-2]3FAtH(p=0.040). ¥+, DEP, ToFS Wol AREEhaL SHAITE B4, FoF Al 79}
DETPE= B 287079 marae #adS Il WA E AHAZIE AATIA] ZgE Holt}, & AT o
o2 I th(Table 8). =u] HYAFx BEAH| o] 28747 3ALe] miA|et Fopd U RTE AHAIE AFH A7 9
o} gy &Ro|EA =24FTT 59 FAEE Helvke 4 717F RS 7ol o), 11-129 AR 2 okt
% B8 v} Jok(Kim et al., 2015). X el grte] g o2 HFS oF 29.9+117.2¢ ©]
B e AsHozE AN, ATUAAE §71904 = Qo Yo AL 19.4J_r36.0?—5‘°]9113‘r. 7107 Fke
oF AME OidRtE SAsle] RAbeRA] Ratlthe ZlelH, A5, trte e A Er mER R Aok A4S 5]
AT F2A G| FetE g A= sl duks} sl of AMe AE S2HE M‘MH AFA 9] AIZHE FUSHAl &
0] Atk Aot} ol& AA H7 o] PR oA} Alsof ol Estal, & AFolxe PR AR 3o
& B3, A AE TR AREShe FoFo] Adolsl] AE e R AMAIRE AlFsIHoH, tidat B2 o]
o &l FYole] AE Fof FEAES EAlste 2e o ot TR JEHE Hola 101 of#fgol AATH HE, b
Atk B AFoA iR AEAle] FoF fFEES 2A AR W& sl AR g woF *wz}{% &
SFA] ZBPAIT, WA Bol ARk woF EHl tis A2 AlskA] Bkt
SHE BAE A3}, oF 15% (1078)7H0] F7190A A=A SEA R, o2t AlgH o= Betal, & Aela e B
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Table 8. The concentration of metabolites for organophosphates according to the number of wearing personal protective equipment

Male Female
<2 2~3 >4 Poval <2 2~3 >4 Poval
-value -value
(n=145) (n=90) (n=180) (n=95) (n=48) (n=40)
DMP (ng/g creatinine)
Mean+SD 20.41+6822 203+£56.19 14.16+102.29 15.21 £40.27 8+22 10.8 +31.18
0.68 0.69 0.27 0.50 0.35 0.27
0,
GM (95% CD) (0.43-1.08) (0.39-1.21)  (0.20-0.38) 0.172 (0.29-0.84)  (0.18-0.68)  (0.13-0.57) 0.376
DMTP (pg/g creatinine)
Mean+SD 91.56 £ 196.64 92.25+261.64 33.82+ 164.57 50.61 = 148.45 21.14 +52.26 41.78 + 140.1
5.57 5.30 2.17 3.29 2.72 2.10
0,
GM (95% CD) (3.71-8.35) (3.23-8.69)  (1.69-2.78) 0.040 (2.16-5.01)  (1.61-4.58)  (1.17-3.78) 0.559
DEP (ug/g creatinine)
Mean+SD 1.57+4.7 341+1022  1.52+536 1.2+4.15 09+242 0.82+2.99
0.19 0.26 0.20 0.20 0.19 0.15
0,
GMO%CD (015025 (018039 (016025 4% (15027 (0130290 (.11-023) 0!
DETP (ug/g creatinine)
Mean+SD 19.41£110.92 15.83+51.89 14.6+65.94 553+16.8 4.03+825 14.89+4584
1.67 2.15 2.03 1.60 1.60 2.28
0,
GM (95% C1) (1.34-2.08) (1.55-2.99)  (1.64-2.51) 0210 (1.27-2.01)  (1.17-2.19)  (1.39-3.74) 0.182
DAP (pg/g creatinine)
Mean+SD 132.94 £259.34 131.8+316.51 64.11 +218.59 72.55+£178.24 34.07 +65.3868.29 £ 171.63
14.57 16.01 7.63 9.94 8.17 6.33
0,
GM (95% CD) (10.08-21.05)  (10.19-25.15)  (5.89-9.89) 0252 (6.73-14.66)  (5.05-13.21) (3.48-11.52) 0.569

LOD: DMP=0.1, DMTP=1, DEP=0.1, DETP=1.

P-value for GLM with log-transformed data and adjusted for age and type of applied pesticides.

Abbreviations: DMP, dimethylphosphate; DMTP, dimethylthiophosphate; DEP, diethylphosphate; DETP, diethylthiophosphate; DAP, sum of
DMP, DMTP, DEP and DETP; SD, standard deviation; GM, geometric mean; CI, confidence interval; LOD, limit of detection; GLM,
generalized linear model.
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