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Abstract This study was carried out to evaluate exposure characteristics of clothianidin for paddy field
workers during spraying the pesticide onto rice plants and evaluate its potential risk using a whole body
dosimetry. Commercial clothianidin+flubendiamide 6(2+4)% SC was diluted 2,000 times and then that was
sprayed separately onto eleven rice-growing paddy fields (1 ha per field) at a rate of 1,000 L/ha with power
sprayer by eleven workers. Pesticide residues in samples, such as outer/inner clothes, gauze, glass fiber filter
and washing solution, were analyzed with an LC-MS/MS after collecting samples. Limit of quantitation of
clothianidin was 0.002 ng and mean recoveries found to be 72.4-105.3% in all samples. Total exposure of the
pesticide to sprayers were 1450.71-4429.38 ng and those were less than 0.03% of total pesticide sprayed in
each field. The highest exposure in body parts found in legs (63.49% of the total application). The amount of
exposure in trunk and hip, arm, hands, inhalation and head were 30.30, 5.66, 0.50, 0.33 and 0.01% of total
application, respectively. Margin of safety of the test pesticide calculated using the amount of the pesticide
exposed found to be 153-466, indicating that exposure risk of clothianidin to paddy field sprayer applied by a
power sprayer was very low.

Key words Clothianidin, MOS, paddy field, pesticide exposure, WBD
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AR, B F AR L wAQA) U A A A woke) BT ol8diel Bk Qom,
5 O RASE BN Tk BAE R B F 4 wohe] x2S A4S e AN ANEgy
FEoRE TEXEA, AFookEekdA, FHs=E 4 (whole body dosimetry, WBD)®] T2 o|tH(Chester,
A2Y 5 B 7oA Ao} A7 A YA 1993; Behroozy, 2013; Cao et al., 2015).
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AREFE AFA FLT %8 I 11709] B AulA|
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Table 1. Plant length, spraying time and whether conditions of paddy fields during exposure studies

Plant length

Wind velocity (m/s)

. Sparying time Mean temp.  Relative humidit
Freld Lom ey Min. Max. o o

A 83.8 52 0.0 0.0 25.8 89.3

B 105.4 49 0.0 0.0 25.7 89.2

C 85.2 110 0.0 0.0 27.0 88.3

D 89.3 61 0.0 0.8 31.1 72.9

E 104.2 59 0.0 0.0 35.9 61.2

F 89.0 81 0.0 0.0 30.1 68.6

G 109.6 65 0.0 0.0 24.8 80.7

H 922 95 0.0 0.0 26.2 84.0

I 94.0 74 0.0 0.0 26.5 84.8

J 102.6 80 0.0 0.0 26.5 83.5

K 97.8 58 0.0 0.0 29.6 82.3
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(0.01 kg aihay® 117] E3] 1198¢] AFA7} 72} AHEs)
Ak Egh vlo] 24 9 A Ay AIZES SA3IG10
Fog 718 4715 olgste] woke AXdhs FeY
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Table 2. Preparation of sample for the analysis of clothianidin
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of] AAISE 2] acetonitrileS 7F8}aL 270 rpmoll A 1A]17F 5
oF A&t FZE3lo] AN 1 mLE FH3IeH, ©o]& 0.2 um
syringe filterZ o243t % Table 39 W2 7]7] BA3}
ATk AlHHe] A Hro] &3 §l0] 0.2 um syringe
filterS ©]-§-3lo] oJ3}3 5 Table 39| WO R 7]7] £4

S5t

3+8 MNE

Agsere] Blg A FElAEE, AZEAHY 4mL
ZA7h, WE 2 AAE (B0 em x 30 cm) 2 AlF o] ko]
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T

Acetonitrile for extraction

Body part (mL) Extraction method Redissolve solvent
Chest 1,000
Back 1,000
Outer Hip 1,000
Thigh 1,000
WBD cloth Others 500
Chest 1,000 ]

faner Back 1,000 Slgilc{;;% ft;)(): \L;%?;gﬁﬁgl? Acetonitile
Hip 1,000
Others 500
Washing Glove 1,000
solution Hand 1,000
Gauze 200

Glass fiber filter 10
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Table 3. Analytical conditions of an UHPLC-MS/MS for the analysis of clothianidin

Instrument Acquity UHPLC H class system (Waters, USA)
Data processing MassLynx software (version 4.1)
Detector Triple-quadruple spectrometer (Xevo TQD, Waters, USA)
Column Acquity UHPLC BEH C18, 100 mm L. x 2.1 mm 1.D., 1.7 um
A : Acetonitrile
B : 0.1% Acetic acid in water
Time (min) Flow (mL/min) %A %B
Initial 0.3 1.0 99.0
Mobile phase 1.0 0.3 1.0 99.0
2.0 0.3 40.0 60.0
4.5 0.3 40.0 60.0
5.0 0.3 90.0 10.0
5.5 0.3 90.0 10.0
6.0 0.3 1.0 99.0
7.0 0.3 1.0 99.0
Injection vol 2uL
Ionization source Electrospray ionization (ESI)
Polarity Positive
Source temperature 150°C
Capillary voltage 2.60 kV
Cone gas flow 100 L/hr
Desolvation gas Temperature 300°C, Flow 700 L/hr
Precursor ion Product ion CV (V) CE (eV) Dwell
MRM method 250.09 132.12 24 14 0.025
250.09 169.11 24 14 0.025
7} ez AEsgon, TFo oF =50 A% A X Fofel uja AR ke Hrlsigon, ebia
Al Abeel 52 1270 Lol 3l A9ell AR o] ATE 1 ofdold hist slo®, 1 mintold PishA] &&
TS 2 L/mine| B2 A8 =270 10.58S Fato] 4 Ao Aslith(Hughes et al, 2006; Machado-Neto,
Z3l9dh. B3 LOQ WTte® AEE 4$E 12 LOQE 2015). AAEAHE ol & =E2AFS U =2%S 4
223} tH(Gropkopf et al., 2013). Al w5 =E2Fo® ARSI, SATE I IS

2laid ot

A&l EoFe] b8 (margin of safety, MOS)= Severn
(1984)°] 415 Wgsto] AU A5 2 F =FFS
HEro 2 AA| 1) =Z % (actual dermal exposure, ADE)
I3 FAA 5§ == (potential inhalation exposure, PIE)
& &S o] =F 3]8-X](acceptable exposure, AE)9}
Hlasks WHo R thd] 45 o] 8dte] A&k tHKim
et al., 2012; Kim et al., 2014; Machado-Neto, 2015).

AE

MOS = x SF
ADE x AF +PIE

(AE: =% 3]8X]; ADE: 24| 3% =Z3; AF: S5
; PIE: FHA13 38 =23, SF: oA
TR} 3F =E2TS vl R SHHIAIS AEslo] A

10%% 483} th(Machado-Neto, 2001; Kim et al., 2014).
A 55 T =29 BN 3371E AF
rZo| 57| wjo] =& HAF-E 4831 tH(Oliveira and
Machado-Neto, 2003; Choi and Kim, 2014). SFAAlS=
clothianidin®] 524 A} =251-8-7<1 0.1 mg/kg - bw/day]]
ol Hat AF 70 kg (Choi and Kim, 2014y 33l
ArEERRom, o] Ao A E oln] A& AFH
5438182 52 YA =E5]-8- T (acceptable operator expo-
sure, AOEL)yS AM&3l9iormz 18 A-&3sIth(Ramos et
al., 2010).

=
HESH, MEsH, 2717 M3y ¥ EF AN
B2 0] 74234 (LOD)E 0.0002 mg/L (0.0004 ng)°l 31
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Table 4. Limit of detection, limit of quantitation and reproducibility of analysis for clothianidin

Concentration (mg/kg) Peak area

Mean area = SD?

CV? (%) LOD?(mg/kg) LOQY(mgkg)

37.781
36.554
0.001 35.767
(LOQ) 33.184
35.492
34.717

35583+ 1.6 44

338.324
338.848

0.01 345.201
(10LOQ) 324.552
325.912

346.507

336.557+9.4 2.8

0.0002 0.001

6543.881
6533.712

0.2 6465.351
(200 LOQ) 6439.060
6541.775

6584.774

6518.092 +54.7 0.8

“Standard deviation, ®Coefficient of variation, ®Limit of detection, “Limit of quantitation.

Table 5. Calibration curve equations of each matrix matched
clothianidin standard for quantitation

Matrix Reression equation R?
Glass fiber filter y=34,590x-1.4379 0.9999
Gauze y=56,778x-3.7451 0.9997
Washing solution y=43,922x-3.0142 0.9999
Outer cloth y=41,303x-2.7490 0.9998
Inner cloth y=38,261x-7.4562 0.9996

on], A2 (LOQRE 0.001 mg/L (0.002 ng)el3iTh. 54
71719 AdAdE glst7] 98kl LOQ, LOQY 108]
200012 EFENS 63] WHE 7|7 EAS & ey v3 W
A, BFHEA 2 HolAFE A& 0T, o] F Table 49
AT 28 B4 Ay v HolAlgee 47

& =
44,28 X 0.8%% 24171712 AL vl F5 3
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= Besiglon, GuRe] A 98 EF AFA)
ML Table 50 AN T vk} 72o] Yz ahivy.

sl+g M
3EZE 9} /1= F clothianidin®] - 3582 Table 6
of A% wket 7‘01 77} 91.1-105.33 77.6-89.0%21 S
o, Al &) 3¢ 85.2-103.4%0130Th T3 W E o} 2=
ra clothlamdm-J 8L 7k}t 78.7-84.99) 72.4-96.3%%
BAamo Aolel Aoz vy},
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S Table 79| A|A|EF Bl9} Zro] &= =

442938 pgelAeH, 117 =4 w5% & 4
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vlgte] HEHANT. 3 AA FeE i%of_’_ Table 8

Table 6. Mean recoveries of clothianidin for glass fiber filter, gauze, washing solvent and WBD clothes

Mean recovery £ SD (%)
Matrix Fortification level (mg/kg)
0.001 (LOQ) 0.01 (10 LOQ) 0.1 (100 LOQ)

Glass fiber filter 91.1£79 985+ 1.1 1053£73
Gauze 77.6£3.5 89.0+ 1.6 853+23
Washing solvent 103.4+9.5 94.1+3.7 852+2.0
Inner cloth 78.7+22 814+£28 849+25
Outer cloth 963+ 1.7 724£0.9 76.5£0.6
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Field
Body part Mean
A B C D E F G H | J K

Left Upper arm 852 3570 487 406 807 213 31.01 515 797 1948 7.10 12.19
Forearm 11.17 101.11 436 793 7998 729 7420 1932 3924 56.04 22.13 3843

Right Upper arm 426 4374 407 288 538 246 3534 384 1688 11.88 5.69 1240
Forearm 9.68 111.77 4.64 3836 53.15 7.63 5657 2494 3781 4931 443 36.21
Chest and stomach 1893 165.82 82.09 97.35 256.77 162.28 160.22 128.68 201.78 112.06 110.46 136.04

Outer  Back 9.50 103.55 24.12 20.00 74.10 26.01 123.88 31.75 15846 58.64 4395 61.27
Hip 213.39 218.84 582.87 398.34 604.66 323.11 224.57 421.95 406.27 200.46 446.92 367.40

Left Thigh 131.65 66.80 191.59 160.87 380.62 155.00 68.13 165.19 106.49 47.67 183.16 150.65

Shin 200.74 105.90 264.34 313.96 413.07 172.11 110.59 181.36 138.85 95.58 192.42 198.99

Right Thigh 132.70  76.70 224.30 196.09 318.77 15444 7028 139.04 90.78 47.77 181.92 148.44

Shin 218.85 104.39 268.81 277.86 555.49 163.97 10529 252.86 124.18 99.57 164.22 212.32

Left Upper arm 050 050 050 050 050 050 1409 050 112 7.80 050 246
Forearm 0.50 18.83 050 0.50 2090 050 4796 2.01 2024 42.19 050 14.06

Right Upper arm 050 456 050 050 050 050 867 050 1.01 654 050 221
Forearm 0.50 5581 050 050 1508 050 3854 252 2330 39.18 0.50 16.08

Chest and stomach 1.00 4465 2609 1.00 91.64 442 1499 3506 7229 8588 30.69 37.06

Inner  Back 1.00 1998 758 1.00 27.72 1.00 395 1597 4739 1814 6.73 13.68
Hip 4843  1.25 171.33 88.48 135.30 100.43 101.48 123.39 131.53 8590 133.45 101.91

Left Thigh 163.87 70.19 342.36 178.61 186.19 193.42 77.72 126.18 142.77 66.66 218.28 160.57

Shin 23246 151.23 405.36 304.12 458.69 273.39 150.93 212.14 196.43 107.18 229.64 247.42

Right Thigh 156.88 76.32 236.55 199.48 265.62 182.75 76.76 129.26 162.71 77.89 132.22 154.22

Shin 241.85 142.14 255.52 267.07 454.38 253.93 14537 239.90 196.72 103.17 234.88 230.45

Head and face 020 020 020 020 020 020 020 020 069 020 020 0.24
Glove 580 650 830 420 1790 1030 1060 11.70 17.00 820 920 9.97
Hand .00 770 100 1.00 290 100 100 100 100 270 1.00 1.94
Glass fiber filter 011 027 087 035 180 066 061 077 0.87 062 0.82 0.70

Total exposure

1813.991734.45 3113.222565.21 4429.38 2199.93 1752.95 2275.18 2343.78 1450.71 2361.51 2367.30

Table 8. Distributions of clothianidin on body parts including
inhalation after spraying in rice-growing paddy fields

Body part  Mean exposure £ SD (ng)  Distribution (%)
Head 0.24+£0.15 0.01
Hand 11.91 £4.52 0.50
Arm 134.04 £ 124.29 5.66
Trunk-+hip 717.36 £247.30 30.30
Leg 1503.05 + 694.11 63.49
Inhalation 0.70 £ 0.44 0.03
Total 2367.30 £ 825.17 100.00
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Table 9. Margins of safety for risk assessment of workers to clothianidin during spraying in rice-growing paddy fields

Margin of safety by field
A B C D E F H | J K Mean + SD
385 401 219 270 153 311 299 290 466 288 316+ 89
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