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Abstract The pesticide exposure level to agricultural workers, doing work in the pesticide applied area,
varies depending on the pesticide application methods and personal protective equipments (work clothes,
gloves etc.). In this study, the exposure level of acetamiprid for the agricultural workers in greenhouse was
calculated by the OpEx model, and the risk to workers was assessed. Depending on the application method,
the exposure level was calculated in the order of spray <mist < fog. The level of exposure between products
was in the order of 4% WG =28% SC <2.5% WP =5% WP <6% WG<4% WP=28% WP=28% SG=28%
WG=8% DC=8% SL<5% SL, and there was no difference by formulation type. Compared to non-
wearing, the exposure level of acetamiprid was reduced by 48% while workers put on the work clothes.
Furthermore, the exposure level was reduced by 87% when they wear the work clothes and gloves compared
to non-wearing. As a results of the risk assessment for workers, regardless of the application method and
formulation type, the exposure level was about 4 times higher than the AOEL, when no protective equipment
was worn, and all of 12 pesticides have unacceptable risk to agricultural workers. On the other hand, in case
of wearing work clothes with gloves, the exposure level was lower than the AOEL, and all 12 pesticides
showed acceptable risk to workers. Therefore, it is recommended that farmers who work in the greenhouse
applied acetamiprid, must wear the work clothes and gloves.
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2008 o)A, $-2vtel woF AEA el thE A (risk)
ks % 55 A AESE AETES o838 SR
£ o] &3] fallAd (hazardyS Lol ALk (Lee et al., 2005),
Q=9 & oS Rdg 83l fleide Hrkeke 4
=%tHHong et al., 2007). Z&Th 200935 =) F2
FHE BFT d=d v =FF dE5Ed(Korean
Pesticide Operator Exposure model; Ko-POEM)E- 7123}
o FoF FEWANA FoF AxAe] gk sl Hotl
283} ATHRDA, 2020). Z & 93¢ 55 59 =& 7
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sl A, Az, i BE ] 2G5 o
Sk el wt flside] thEA vebEo] B A tH(Kim et
al.,, 2011; Kim et al., 2012; Kim et al., 2014; Lee et al.,
2019).

g, A Apsel olshd felvet sddTek AW
AL Aadhe Wi Al HA2 AL S8l 2018

4
d 7|20 2 81,195 haoll €t} 53] &5 S7hel 44
(well-being) FT+ 508 AEo] Ho AT 24 AJul7t
solwt=t, 2018 T AAE Auls7] S8k v,
el 5 AAHEAL 51,226 ha® AA AAAH 2=
HA ] 63%S 2FA T A A A FEEZ 2 v
J3h-271 50,876 ha= HA| 24 Au) AlAe] 99.3%E
ZFAGHHKOSIS, 2019). H'E sh-2Alvl= ARkl =
o Ao g 7L tspdt 202 HellE dAo] v
slal wEA FikE7] wel] g4 9l FoF WA= vl
Sh-2~ Afue] Adse} A AETHMAFRA, 1999). sHARE
AR} sk AP S TE ARkl v =&
2 75 A7 s JE, AEY Fol Al g
UIL(Abell et al.,, 2000), LA 717HS 5 Ejolel] 918S
= JOoH(Bretveld et al., 2006), ¥ ZF Hol| =
= Hdete GAA oS Y 33 (Lander et al,
2000), Fofo] AXE =4 He sk FAPAE A
olAa #Ho] e Ao U#A UYrkKamel et al,
2003). Pastar LHE F7rlA] A AYE Fhe v

she-2jo] zHEeFEe] te A5 S5 o3 5=
o2 B3l tKKim, 1994; Lee et al., 1994; Lee et

Table 1. The general information of acetamiprid

al., 1999; Lim and Kim, 2003; Lee, 2004; Kim et al.,
2006; Park and Oh, 2008).

Hdale-2 Auledl A 2A] w2d ke 1d 5
o SRR 3= e 23.795]2 Unk FUFe] 8.363] K
o} oF 3uf ©tiden, 1996). =3+ vids-2 F7) S 2
HAIZEE OAIZE ool L, soF AE T thA] Hdshe-2
of A PR 1-2A7F ol W7} 45.5%, 3AZE o7t
54.5% ©]tHKim and Park, 1994). o]& v]d3}9-2 &7}
o] FoF Aot A FPAE sHAAY o =5
7Fs/e] EAEY 58 F USS o4E Aok 22y
AR 7 A=y skaL

mebA 7 AFe B9 FIGES WA
ZFA| oFM el Z 2] = (acetamiprid)E TIFLE FH
&% 2 29 OpEx(Occupational Exposure)s &
sto] FoF AP Q) RS | Zgo] mE F2Y
4] FoF =& Fotal flside Bkt

off

s MEFE
Table 1914 Bz uje}l Fho] B7)¢] BE3RIGES WA}
£ acetamipride= YFTSHA(WG), 347314 (SC), T34
(WP), 4/d=841(SG), #AH3AA(DC), 28]aL AHA|(SL)
5 10 F5S ddo= st 124159 1ha & 94 &
S 0.024~0.060 kgo] A TL(KCPA, 2020), 1ha & AHE
< 1,200 L= SFATHRDA, 2020).

Mo B of

¢}

Formulation

Formulation dose/20 L

Application dose

type A2 (%) water (mL, g) Spray volume (L/ha) (kg a.i./ha)
wWG” 4 10 1,200 0.024
Sc? 8 5 1,200 0.024
wp9 2.5 20 1,200 0.030
WP 5 10 1,200 0.030
WG 6 10 1,200 0.036
wp9 4 20 1,200 0.048
Wp? 8 10 1,200 0.048
SGY 8 10 1,200 0.048
WGY 8 10 1,200 0.048
DC? 8 10 1,200 0.048
SLP 8 10 1,200 0.048
SLP 5 20 1,200 0.060

YWG: water dispersible granule, ¥SC: suspension concentrate, “WP: wettable powder water dispersible, “SG: water soluble granule, “DC:

dispersible concentrate, "SL: soluble concentrate, ®A. I.: active ingredient.
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SEUX wET M

OpExA e SAUR FoheBFS ME5) AT 7Y
FFEL 100%, FAYAEE A7), AERAL 1ha, £
7] 75 (dislodgeable foliar residue; DFR)S 3 g
ai/em’® AAH At} 4G FRe s W e
9, HEPRE ARo] AF LTI spray, S ¥ &
7Bol7t #5714 " s W 371 Foll i8Sl mist,

FF AAE ok Aok A iy A7) 22 fog T 37F
A g Adested AAsiald.

of AR AT WY FAAWE A us g
AFga e o, 93} el 9 AYRe 48T W,

aEl 4GRS AL W AET WS TFske] FAY

SEX flsid "ot

OpEx=2d S 53| 2F=3h acetamiprid =& #7 5244}
==3]-8-%(acceptable operator exposure level; AOEL)S
Hasle], =& o] AOELET 39 flside] 9, =%
o] AOELET} oW fsiie] fle Zox Hrsiitt
(RDA, 2020). iHHC= FoFe] AOELRE 7Nt AAF7
59 o}gA =AAIE A A HhF-28-F(no observed
adverse effect level; NOAEL) A E4&, SHAA+Z ut
gste] AAITHEC, 2006). E ATl acetamipride]
AOELZES 57213947 (european food safety authority;
EFSA)S] H7FRIA A AQket 0.025 mg/kg bw/dayS At
43I THEFSA, 2016).

nE

4n o
Spray &% F S&UX} &

=
v 3l-2~ Ul 7] acetamipridE 2
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Ze] Afel BE gn] Zgo] wE 127 FHAEFL] =EF
< Fig. 1] YR

1 ha & acetamiprid 222 30] 0.024 kg &2 1271 A& 5
A o] 71 AL 4% WG 8% SC 270 AlEL w3dAH
7 7HR1 BE S AEekA] S A =E2 S 0.05568
mg/kg bw/day] ATt ¥HA, F2GA L A 8-S 248 A
¢ =TS 0.02880 mgkg bw/dayel 2, 2HdEs} Azt
A A& A= =E7°] 0.00720 mg/kg bw/day -
UERTh SRR A9 ES T A 9 B
RS 2 A G o Hoh 5 =32 48% Ua
AA53 A A 2E T W i BE )
A o Bt} 87% FF =& A &3t
Krieger¢} Dinoff (2000)2] 2F A-¥2] ¢
< ke A AW AERUER
g FAAAT RS 2L B2 &

oF w& A7 aHE Btk Byet &

Ojl,
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1 ha F acetamiprid 23E%F] 0.03 kg?l 2.5% WPt 5%
WP 2l AF 529271 iRl B Au|E 2881A] &
S A4 =T 0.06960 mg/kg bw/day ©]tt. ¥ &
AAA7E AJES 8T A =E3FS 0.03600 mekg
bw/day ©]aL, AHEF A3HS 2L 7= 0.00900
mg/kg bw/dayS. 2 YERITH 4% WG 8% SCHT} 1ha
F acetamiprid 22 F°] 0.006 kg O Eol 5894} =&
T 20% S7Fetdnh A BE AgH] Zgo] mE 2R}
&2 A 9= 4% WG 8% SCeF L3I 1 ha
o acetamiprid AFE #Fo] 0.036 kgl 6% WGE E24A7}
MRl BE AHE FgeRA] ¥S AT =EFS 0.08352
mg/kg bw/day°] At WA, F2 A7 A E-S 28 7
& =ZTo] 0.04320 mgkg bw/dayol A, ZE 3} F
e A 24 A9E 0.01080 mg/kg bw/day> 2 LiE}

Na. PPE
0.14 - ®Work wear
B Work wear and gloves

01
0.08

0.06

Dermal systemic exposure a/kg bv/day)

LahiLLLLLLLL

4% WG B%SC 25% WP 5% WP 6%WG 4% WP 8% WP B8%56 38%WG B8%DC 8%5L 5%S5L

Fig. 1. The dermal systemic exposure of sprayed acetamiprid calculated by OpEx depending on the personal protective equipment.
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e} 2.5% WPSF 5% WPETH 1 ha 3 acetamiprid A3 &
o] 0.006 kg Eolgol Wt YA =EFE 17% 7}
S, iRl B gu] 2o wE FAP =5 Azt
GIR= 4% WGS 8% SCoF 53Tt

lha & acetamiprid AE3Fe] 0.048kgdl 4% WP, 8%
WP, 8% SG, 8% WG, 8% DC, 8% SL 5 ¢/l A& 5%
HA7E A BE GHE S| BE Y =EEFS
0.11136 mg/kg bw/dayo|itt. ¥, 2427t A
243 79 =E2FS 0.05760 mgkg bw/day©] 3L, 2
B3t 47he 3 26T 79+ 0.01440 mg/kg bw /dayo
Z Yelth 6% WGHETE 1ha B acetamiprid AH3E o]
0.012kg Sofel wet T4 =E5FE 25% S8k
3, 7091 B ] 2hgo) w2 FAR) wE Y A7t a3
£ 919 FYsIAh 1 ha T acetamiprid AE 3] 0.06 kg
°F 7 Be 5% SLE F&9AE A BE s &
5] &S A =EFS 0.13900 mg/kg bw/day©] At}
A, AR AdES 28T A =EFE 0.07200
mg/kg bw/dayel AL, A EH 3 A A8 A=
0.01800 mg/kg bw/day® = YE}SITE 4% WP 5 67) A&
BT} [ ha 3 acetamiprid AHE o] 0.012 kg S0l wat
TSGR =2 HE 20% S7FSIR L, AR S AgH] Zgof
0 s =5 Y A7 G UE FUAEEY 5Y
SIoATh. ol el AxE A5 acetamiprid AlF2] AR
7wt $HYA =2 FE ST s o 98 s g
e UATE. ARETO] e =
sdste] s AP T AR =& Aol jllth

Mist & Z £ SHYUKN L&Y
HE 82 ] 7] Foll acetamipridE w7 § 242
o il BE ] Ago] mE 127] TOAES =EFL

Fig. 20 WP,

4% WGS 8% SC 27l AlF-L A} 719l Be &
H|E 2H85hA] e A9 =& 0.055776 mg/kg bw/day
ojth. ¥H, FAUAF A E-S A8 A =EFS
0.028896 mg/kg bw/daye| L, AA &} F7HE s 24
gk A5 0.007296 mg/kg bw/dayo 2 UERITE AR
ztole] wE FAUA} =EFTFS Mist 2227} Spray HU}
03% =71 297, AT A8 24 °
MRl RS gHIE G oA @5 W Hoh &
48% Zraatial, AdE grts A A8 g
B3 S gk Fue W Boh 87% 5o =& A

o

AAE Al Be gHE ZAEeA] &g A =EFL
0.069720 mg/kg bw/dayelAtt. ¥H, F2AAAF7F 251k
288 79 =272 0.036120 mg/kg bw/dayel AL, 2]
B3} A7k8 2ast A-9E 0.009120 mgkg bw/dayo] k.

AR Apold] ME A &Y e A RS
gr] 2go] mE FoF = A A= 4% WG 8%
A3 6% WGE S2AA} 719 B AuE

g 749 0.010944 mg/kg bw/dayo] ATt AHEHPH xjo]o]
W S22 =27 T iRl B ] 2] mE
T =E A T 99t TSI 4% WP, 8% WP,
8% SG, 8% WG, 8% DC, 8% SL 5 67} AF2 H23A7}
MRl BE AHE LA @S A =EFS 0.111552
mg/kg bw/day°] 3tk ¥HH, F2AA7E 28-S 283 7
¢ =ZHE 0.057792 mg/kg bw/dayel AL, 253} 47t
S A FgT A9E 0.014592 mg/kg bw/dayel ATt 4
EH Apolel] wE AR 22T F7IeE JHQl RS A
H] 28] 2 ¥ =& A7 E3= 6% WG 5Y3k3

_{

fl

2

No. PPE

0.14 - mWork wear

B Work wear and gloves
01 -

0.08 -

0.06

Dermal systemic exposure (ngflg bw/day)

Sphhbntienel

4%WG B%5C 2Z5% WP 5% WP 6% WG 4% WP 8% WP 8%5G6 8%WG 8%DC 8%5L 5%S5L

Fig. 2. The dermal systemic exposure of misted acetamiprid calculated by OpEx depending on the personal protective equipment.
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0.16
No. PPE
014 m work wear

0.1z -|™ Work wear and gloves

0.08 -

Dermal systemnic exposure (ng/kg bw/day)

EEgJ.J.J.J.J.].].J.U.J.Jl

4% WG 8% SC 25% WP 5% WP 6% WG 4% WP 8% WP 8%5G 8%WG 8%DC B8%SL 5% 5L

Fig. 3. The dermal systemic exposure of fogged acetamiprid calculated by OpEx depending on the personal protective equipment.

Th 5% SLe w232 /9 B A 28R S
739 =222 (.139440 mg/kg bw/daye] It} v 2]
A7 AQEE ZAHEE A =E2F2 0.072240 mgkg bw/
day°l L, ZFE} A1He 3 e A= 0.018240
mg/kg bw/dayel Tt AW zfold] mE =E7F 57kt
MRl B Au] 28] mE o xF A7 g3

rr
K}
i

l p=4
AFES LA AFS] BEF] 2L A3 BT
2 AR

Fig. 39 JeRfSITE.

4% WGSt 8% SC 20 AlF-2 &G 719l Bs %
H1E 2851 &S 4% =EF2 0.056160 mg/kg bw/day
olith. ¥H, TAAAF AYES &Y Ay =EFS
0.029280 mg/kg bw/day°ol )2, 243 Z7He A 2
& 9= 0.007680 mgkg bw/dayS 2 VeI, AR
Zpolof] wWe FAPA =EHE Mistet SprayHth zbzt
0.7%, 1% <7t 3FATh /NS BE AH] 2go s 5ok
=2 A7 a3 Spraydt Mists} v IR 2 2R}
AAE-S 288 A9 el 23 A4S e 5H EE
o B} FOF mE2 48% 1A, AP ES S o
A 2g & e e BE FuE 2Ee] wkS u B
o} 87% ¥ =& A7 37 JERTE 2.5% WP 5%
WP 7l AlEL w2 A1 B An| 5 24381K) &
739 =222 0.070200 mg/kg bw/daye] it} ¥HH | 2]
A7 AQEE e A5 =E2F2 0.036600 mgkg bw/
dayel AL, A9 5T Ak A A8 A9 0.009600
mg/kg bw/dayelAch. AW zfolo] mE FAAA}; =F

2 710

g S7ht 7iQl B gH] Fgo] mE o =% A &
= Y9t L&A 6% WGE F2AAA7E 71 BE
HIE ZHgobA] & 7% =E %2 0.084240 mg/kg bw/day
ojitt. ¥h, FAAAL A9 ES 8T AY =EFS
0.043920 mg/kg bw/dayol A3, 2483 7+ A 24
g 7= 0.011520 mgkg bw/day ©|ATh. Aol o
2 497 &2 7R i B ] Zeef mE F
°F =2 A7 a3k 99 FYsisith
4% WP, 8% WP, 8% SG, 8% WG, 8% DC, 8% SL %5 6
N AEL FAGAE N e AU E 245k S S
=S 0.112320 mg/kg bw/dayel ATt ¥ | F2H A7}
2JEnk 288 49 =53 0.058560 mg/kg bw/day©]
R, A&} At A 28 H9= 0.015360 mg/kg
bw/day°| ATt A2l me AU}t 2E T S/t N
T eE AL g9 = Yo F
ATt 5% SL= AT A9 HE RS 2814
e AT =FFS 0140400 mgkg bw/dayel it wH,
FAUATE AAES A8 A =EFES 0.073200 mg/
kg bw/dayela, AdE 43S A AEF A9=

0.019200 mg/kg bw/day 0|tk AEH zho]o] whE 2
A w2 2R} 1ol B QY] Aho] BE HoF w3
A% E3e 919 FASA Aol B AT B4

‘ o

rl
>
br
(o}
ki
offt
©
o
ol &
<
g -
i
=
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=y
o
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Y
fu

= I‘
A oPHd FAGA Ui B AgH] FHgel mE
acetamiprid H+ 5°F =& AOELE Fig. 4o Ueh]
% | SZHAE A RS E 2
o &S A9 ¥ =FF2 0.09512~0.09594 mg/kg
bw/day® 2 AOEL 0.02500 mg/kg bw/day:.th 3.88] =7
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m MNo. PPE

0.1 ~ mWork wear

mWork wear and gloves

0.08

0.06

0.04

0.025
0.02

Dermal systemic exposure (ngfkg bw/day)

Spray

Mist Fog

Fig. 4. The dermal systemic exposure of acetamiprid for different application methods depending on the personal protective

equipment.

Uehdo g2 sadat FoF AZ Ao Yex] 3 § 5
A4S A 120 AF 2F 98l 7Rl e Ae®
vrebsith, =3, 927 23 vElrt 9l AdES &
48 A9olx Hit =EFE 0.04920~0.05002 mgkg bw/
day© 2 AOELWTE 28] o} Fof 23X 2| oojx] FA&
& 73 120 AF BT 98 7ol e AoR vEhst
oA, AR A el g3k &Y Aee B
=Zo] 0.01230~0.01312 mgkg bw/day.>-Z AOEL 0.02500
mg/kg bw/day Bt} B UEh S24A7F woF A A
o WellA F20E sted® 120 AF BF el fle
Ao R sttt

2 A7E B3 SAAAE ARl B gHE g
o ¥Ho| & ;

H & 5‘“"“0}%] ates Woﬂ H]OH 7H°] ke Xm]% 218}
I AYS A o s £ 9 FE Y sEe B
Al YEP(Bradman et al., 2009; Salvatore et al., 2008)=
& F U T, Foko] AEE AGA 9] Y RS
] Zge FoF Fo 9IS FE= F2 29l(Sankaran

et al., 2015; Kasiotis et al., 2017)°]2h= A& A &el & 4=

AR SEolg AFH=AE e )
%)E %f?} ig} =5 AL e {5 B 9E
o] =R} npaTE 28T Ao
o EH?‘} %‘%k L‘—% A ad= & F ok e, woF A
EAYG Y sAYA] 5 =& IR ol 3 F
ol HAHE FdHxE dojubAItHAprea et al, 2002;
Cherrie et al.,, 2006) T¥-5 53+ 20| 7M Fa3% =&
7J 2 (Brouwer et al., 1992; Jurewicz et al., 2009)g= ¥

II

l‘

2 725ld OpExREE B3] 4&d 9f wEao w3
A2 AA| EF w2FPow By Y5H HrE sl 2
AT IS AoR Azet. ol OpEx=ds &8¢
acetamiprid 22 A U] 23S e YA =

3 fald W Ak wHdAre] A7 nEs el
Byl Az 2o] Aol vE Au] 2o FgAe dul=g)
23 A8s 2 otk ok FAYA FF =22

Zo17] S8l NSl B3 M) 2L 7ol wof AE §
A U712 Aol tigh ARt ohyet s2luel wHe
73E ukgE 3=y FAAA =2 9o 2 S %
Z|zAEE 283 ¢ S Zlolnh @A feuet w9
o BEASH A%e frAls] f18 o2 7] Z2a9E
S S7HH s Jfekal Qlov A4 $83 FOHEE A
A F2AE ke wARA] AdET i 142 of
2 BE5g AAolnt. mekd, dF] Y AYHes B
A= FoF Faloll sl Fof LA Wl T et
Aide HESL Hriste] Forde] ARl utgiv
FEARBERE o2l =7t ARSIAQ] MR ol Tadt
71015 & Aeolrk

Ul 2

)

B AtE 20189%E 20218714 359 wEAE
o] «aldahe-2 Auj RN FF wE: F7P (AN,
PJ01346603)2] A1) Aol e]5}e] o] F 7 AYPL ).
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