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Abstract To evaluate exposure characteristics of the insecticide imidacloprid to apple orchard workers
during treatment on orchard fields and evaluate its potential risk using a whole body dosimetry (WBD)
method, 1,000-time diluted acephate+imidacloprid 25(20+5)% solutions were sprayed on 10 apple orchard
fields in Cheongju with a speed sprayer at a rate of 3,000 L/ha/person, after put on clothes such as inner/
outer clothes, personal air pump with a IOM sampler, nitrile glove and mask. Exposure test included mixing,
loading and application steps. The test pesticide imidacloprid residues in the collected samples were analyzed
with a HPLC-DAD. Recoveries ranged from 81.5 to 108.6% for analytical method validation and from 73.8
to 86.7% for field recovery. Total exposed amounts to mixer/loader and applicator were found to be 0.0014-
0.0279% of total applied active ingredient of imidacloprid. Glove exposure of both mixer/loader and
applicator was higher than the other parts. Margins of safety of mixer/loader and applicator were calculated
to be 97-355 and 46-196, respectively, indicating that exposure risk of imidacloprid to apple orchard workers
by spraying with a speed sprayer was very low.

Key words Apple orchard, imidacloprid, MOS, pesticide exposure, WBD.
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Table 1. Field and wheather conditions of apple orchard during exposure studies
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Field identification A B C D E F G H I J

Height of crop (cm) 280 310 350 330 300 270 280 320 330 270
Intra-row spacing (cm) 360 330 350 300 400 250 220 310 250 250
Inter-row spacing (cm) 140 150 300 250 280 250 300 270 300 280
Temperature (°C) 14.3 14.6 159 165 202 16.9 18.7 19.1 19.1 16.4
Relative humidity (%) 67.6 743 640 774 542 721 613 584 555 73.8

Wind velocity during mix and load (m/s) 0.0-0.5 0.0-0.0 0.0-1.5 0.0-0.5 0.0-0.0 0.6-1.7 0.0-0.7 0.0-0.9 0.0-0.4 0.0-0.0

Wind velocity during application (m/s)

0.0-0.6 0.0-0.0 0.0-2.0 0.0-0.5 0.0-0.0 0.7-23 0.0-0.5 0.5-1.9 0.0-0.8 0.0-0.0

Table 2. Preparation of sample for the analysis of imidacloprid

Sample Solvent volume (mL) Extraction method Extraction solvent Redissolve solvent
Chest 1,000
Back 1,000
Outer Hip 1,000
Thigh 1,000
WBD cloth Other 500
Chest 1,000
Back 1,000 Shaking Acetone Acetonitile
Inner -
Hip 1,000
Other 500
. Glove 1,000
Washing solvent
Hand 1,000
Gauze 200
Glass fiber filter 10
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Table 3. Analytical conditions for the analysis of imidacloprid

Instrument 1200 series HPLC, Agilent Technologies , USA
Detector Diode array detector

Column Supelcosil LC-18-DB, 250 mm L.x4.6 mm L.D.
Wavelength 270 nm

Mobile phase Acetonitrile:water (30:70, v/v)

Flow rate I mL/min

Injection vol. 30 uL

2l ot

AR B 2 5F =E2FS vE o R ADES F
A 38 =Z%(potential inhalation exposure, PIE)S 4t
£33l °]& =& o]-8X|(acceptable exposure, AE)2} H|L
3= WHO 2 Severn (1984)2] MOS (margin of safety) 5*
28 Wy sto] A=t (Kim et al., 2012a; Kim et al.,
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S tHRamos et al., 2010). X3+ 232} Zkzke] Y& &
35 9 42 &9 TS o83t MOSE A=EsA
ou, MOS7} 1 ool P (MOS21, SHAYek Ao = |
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%ATHHughes et al., 2006; Machado-Neto, 2015).
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of YERAQITE LOQ 10812k 2008 HF8o B4 Az W
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Table 4. Limit of detection, limit of quantitation and reproducibility of analysis for imidacloprid

H b ( d
COE;Z}EZ;]OH Peak area Mean area + SD” C(}/i)) (II;I(;/I]();) (;Zggi)
79.16
79.20
0.5 7882 79.08+0.19 023
(10xLOQ) 78.90
79.09
79.30
0.01 0.05
1533.34
152451
10.0 1529.60 1530.41 +3.62 0.24
(200xLOQ) 1528.83
1534.64
1531.51

IStandard deviation. ®Coefficient of variation. “Limit of detection. ®Limit of quantitation.
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Table 5. Mean recoveries of the imidacloprid for glass fiber
filter, gauze, washing solvent and WBD clothes

Mean recovery + SD (%)

Matrix Fortification level (mg/kg)
0.05 0.5 5.0

Glass fiber filter ~ 97.6+2.6 96.0+4.3 93.7+4.4
Gauze 91.4+5.7 933+6.5 86.4+54
Washing solvent 101.3+9.8 98.8+4.9 88.3+3.2
Inner cloth 882+1.3 96.8 £ 1.1 92.4+0.9
Outer cloth 108.6 £5.4 81.5+0.1 93.5+0.5

Table 6. Mean field recoveries of the imidacloprid for glass
fiber filter, gauze, washing solvent, glove and WBD clothes

Mean recovery+SD (%)

Matrix Fortification level (mg/kg)

0.5 10.0 100.0
Glass fiber filter ~ 822+23  824+25 2
Gauze 83.9+0.9 83.7+£53 -
Washing solvent ~ 84.5+0.5 73.8+3.3 -
Inner cloth 86.7+£0.9 77.2+4.8 -
Glove 2 80.8 £3.2 83.1£3.6
Outer cloth - 742 +3.1 78.7+1.0

“Field recovery tests were carried out at two concentration levels
depending on matrices
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Table 7. Rate of the detected amount to total pesticide used during mixing/loading and application on apple orchard

Detection rate” (%)

Worker

A B C D F G H I J Mean
Mixer/loader 0.0062 0.0014 0.0026 0.0050 0.0041 0.0198 0.0147 0.0055 0.0019 0.0279 0.0089
Applicator 0.0095 0.0021 0.0160 0.0048 0.0038 0.0105 0.0150 0.0164 0.0077 0.0096 0.0096

“Detection rate = (amount of pesticide detected / total amount of pesticide applied) x 100.
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Table 8. Distribution rate of exposure dose for mixer/loader
Mixer/loader (%)
Body part
A B C D E F G H I J Mean
Outer  Left Upper arm 013 061 032 011 014 078 006 0.10 043 003 027
Forearm 013 061 032 046 014 175 134 039 213 017 074
Right Upper arm 013 061 032 011 014 037 006 126 043 003 035
Forearm 038 061 032 034 014 101 031 033 132 003 048
Chest and stomach 124 676 291 225 027 475 170 065 475 108 2.64
Back 027 122 064 022 027 1.11 083 057 086 006 061
Hip 027 122 064 159 268 136 071 096 566 074 158
Left Thigh 013 061 032 028 062 004 030 021 043 010 030
Shin 027 122 064 022 027 008 0.1 020 08 006 039
Right Thigh 013 061 032 011 055 012 006 079 043 003 031
Shin 027 122 064 022 027 008 011 020 08 006 039
Inner  Left Upper arm 013 061 032 011 014 004 006 0.10 043 003 020
Forearm 013 061 032 011 014 004 006 0.10 043 003 020
Right Upper arm 013 061 032 011 014 004 006 0.10 043 003 020
Forearm 013 061 032 011 014 004 006 0.10 043 003 020
Chest and stomach 027 122 064 022 027 008 0.1 020 08 006 039
Back 027 122 064 022 027 008 0.1 020 08 006 039
Hip 027 122 064 022 027 008 0.1 020 08 006 039
Left Thigh 013 061 032 011 014 004 006 0.10 043 003 020
Shin 013 061 032 011 014 004 006 0.10 043 003 020
Right Thigh 013 061 032 011 014 004 006 0.10 043 003 020
Shin 013 061 032 011 014 004 006 0.10 043 003 020
Head and face 0.11 049 026 009 011 0.09 005 008 034 002 0.16
Glove 9435 7437 87.11 92.17 9220 86.58 9192 91.76 7429 97.10 88.19
Hand 027 122 064 022 027 1.05 153 095 086 0.06 0.71
Glass fiber filter 0.03 013 007 002 003 023 013 0.14 032 001 0.I1
o MmO WE AER -E S Agisote| o= Sz
OB AL A AR mEAL A F o] 00021 WS SR =EAR el A9 el ¥ o)
0.0164%°] W92 it 0.0096%C]1ATHTable 7). F-8 Aol @ Tk T4, 2447 flsi%7Fe 2l 9
w2 ), 2 1) SAR Egon], RESS A7 BERRS %1%23 10%8 7)%02 AXFSHITHPOEM,
36.52, 9.39 2 8.44%C]ATHTable 9). AEA}e] A7t A 1992; Choi et al., 2006). 347+ WBDE ARE-dhs =34

zE ZIL@ZMW 7P B &S HYe ol oln 4
Follo] 9HH speed spraye 1‘% 2 3]'“47\1 ZHAoH,
speed sprayer«] z19)e] o o 3 4

2 AFFEAN T =23 Ho=
9] =Z°] 7§ speed sprayer®] T2 }b %ﬁ’ﬂ % o=z
A7) w el efoljo] AEEHEA AN 1=Fo]
A 2o s AAEITE 2 9] YA AYE 919 F
Li%k—a— 3.76-5.05%°] MAZ AZHIL
3] f1g A = 0.07%

o] 7% 7é ﬂ?ii bl &S A3l =& SHS
APt o] 24 o S At & &5 =
2o oz =2xl Y IIE Tsﬁa}ﬂ- o] o]
Me Ak A5 i woF k&S ulEgo R 9
B E3lg9 AEsom, 7 AE Table 109 A3
t}. WBDE AHESF 5393 &3 A4S a2 d B
9] YEEHEL 1.56-6.09%2] HAE HAoH, Ha o5
B8 278%E VERGTE A A9 A ZEe]
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Table 9. Distribution rate of exposure does for applicator

Applicator (%)
Body part
A B C D E F G H I J Mean
Outer  Left Upper arm 528 129 449 335 567 410 443 381 3.07 284 383
Forearm 460 1.13 591 3.00 457 7.66 538 10.03 575 250 505
Right Upper arm 092 11.13 874 513 362 733 340 397 195 397 5.02
Forearm 1.67 516 557 422 659 299 390 534 441 515 450
Chest and stomach 1224 511 11.17 553 7.68 11.12 7.10 1144 481 816 844
Back 858 688 635 1041 990 463 1672 1057 788 12.02 9.39
Hip 528 080 598 355 1074 570 460 618 349 379 5.01
Left Thigh 650 156 7.67 580 252 692 287 269 355 190 420
Shin 6.09 080 571 332 244 627 436 10.18 331 450 470
Right Thigh 834 298 581 505 320 770 424 423 400 346 490
Shin 233 080 3.12 167 396 493 341 656 329 751 3.76
Inner  Left Upper arm 043 040 005 012 014 008 006 003 0.1 0.09 0.15
Forearm 069 040 0.5 012 014 008 0.06 1.05 0.11 0.09 029
Right Upper arm 0.09 040 0.15 012 014 0.18 0.06 003 0.11 0.88 022
Forearm 0.09 040 0.16 012 014 008 0.06 003 0.11 0.66 0.18
Chest and stomach 0.18 080 0.10 023 029 0.6 011 007 022 035 025
Back 0.18 080 0.10 023 029 0.16 o011 007 022 017 023
Hip 0.18 080 0.10 023 029 0.6 011 007 022 017 023
Left Thigh 0.09 040 040 012 014 008 0.06 007 0.I1 0.09 0.16
Shin 0.09 040 024 0.12 014 008 0.06 009 0.11 0.09 0.14
Right Thigh 023 040 005 012 014 008 006 007 011 0.09 0.13
Shin 0.09 040 005 012 014 040 0.06 010 0.11 033 0.18
Head and face 0.07 032 0.04 009 012 006 012 003 0.09 0.07 0.10
Glove 3470 48770 27.07 46.62 36.02 2744 34.66 1776 5196 4030 36.52
Hand 085 764 074 062 085 159 402 546 092 082 235
Glass fiber filter 024 008 006 002 012 004 002 007 0.02 002 007

Table 10. Penetration ratio of WBD clothes for exposure measurement of applicator

Applicator
Body part - :
Outer (ug) Inner (ug) Penetration ratio (%)
Left Upper arm 653.86 17.39 2.66
Forearm 998.34 60.80 6.09
Right Upper arm 763.58 27.88 3.65
Forearm 733.87 23.44 3.19
Chest and stomach 1,516.07 27.52 1.82
Back 1,599.29 25.00 1.56
Hip 869.81 25.00 2.87
Left Thigh 707.93 22.35 3.16
Shin 960.03 18.85 1.96
Right Thigh 819.29 15.79 1.93
Shin 706.31 23.56 3.34
Total 10,328.39 287.57 2.78
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Table 11. MOSs (margins of safety) for risk assessment of workers on apple orchard

Margin of safety

Worker

A B C D F G H I J Mean
Mixer/loader 125 103 97 151 169 355 145 218 133 130 163
Applicator 196 59 111 128 160 71 46 70 76 56 97
SXAX s £ Qa| ™It greenhouses in China, Human and Ecological Risk

=27} YEHNE Yste] 2Axpe AEA Y] EoF - Assessment, Hum. Ecol. Risk Assess. 21(4):972-985.
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