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Abstract This study was carried out to compare the risk assessment of the stationary power sprayer and the
remote-control sprayer of the fungicide difenoconazole in mandarin orchards. Commercial pesticide, difenoconazole
10% WP was diluted 2,000 times. After spraying 1,000 L using the stationary power sprayer and the remote-control
sprayer, samples for each body part were collected and pesticide residues were analyzed by GC-MS/MS. The limit
of quantitative was 0.005 mg/L, and the recovery rates were 85.7~101.9%. As a result of residual pesticide analysis,
the total exposure level was 14,168.6 and 2.108.8 pug for power spraying and remote-control spraying, respectively.
And the total detection amount is 0.028 and 0.004% of the spraying amount. The margin of safety of difeno-
conazole calculated based on the exposure amount was 55.23 and 8.32 for remote control and power spraying,
respectively. When difenoconazole 10% WP was sprayed, the risk assessment of farm workers was evaluated to be
low. It has been proven to be 6.6 times safer when sprayed using the remote-control sprayer than the stationary
power sprayer.
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Table 1. Physico-chemical properties of difenoconazole

2014 ol F FAAAY] =2F H7HE flste] WBDHLS
2 9 37 9 =& =S 3l th(Lee et al,
2016, Noh et al., 2017, Cho
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FAS A5k WAoR EHES sy, FHole
IOM (The Institute of Occupational Medicine) X5 7]l f-
e S FAsle] 43810 9lth(Katinka et al., 2004;
Grobkopf et al., 2013; Kim et al., 2014; Noh et al., 2017).
£ A7t g9 g A2 AlFre] SRR Al
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< o] g3l =F HIHE AAISIAL A mE v

BN

L:

AleEore gt dlol WiA|o] ARE3h= difenoconazole

Common name

Chemical structure

Cl

TUPAC name chlorophenyl ether
Molecular weight 406.3
Log K., 4.36
Vapor pressure 3.32 x 10° mPa (25°C)

In water 15.0 (mg/L, 20-25°C)
Solubility

toluene (>500) (in g/L, 20-25°C)
Stability Stable up to 150°C. Hydrolytically stable

T
0

3-Chloro-4-[(2RS,4RS;2RS,4SR)-4-methyl-2-(1H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan-2-yl]phenyl 4-

In acetone (>500), dichloromethane (>500), ethyl acetate (>500), hexane 3, methanol (>500), octanol 110,
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10% FSHAIFEA, @735 )eInem, TA4d AEE 5%
& difenoconazole (1,000 pg/ml}S Accustandard (New
Haven, CT, USA)Z7H st ARSIt S/Te =
&= A2 Zeneer Power 11 (Seoul, Korea)E ©]8-3}o]
182MQ°] AdS Zk= 33 SHRTE ARSIt 9%
& =48 91X (Dermal patch)?] a-cellulose %:©](17CHR,
46 x 57 cm)= cytiva(Marborough, MA, USA)E %3t
ARSI R HlE Folux] EAe FE A st
Nitrile 472 SafeTouch (Medicom, Quebec, Canada)E A}
Sttt gk SF=EF S AMSE QS 5=
£ GilAir 3RC (Sensidyne, St. Petersburg, FL, USA)E A}
B3I, frel 2 E (25 mmy7t 4EE 10M E5171(225-
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AE BAE(KF94yE ARSIt 248 A& Aol ARE-
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MI, USA)S AH&-315it.
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Table 2. Plot design for spraying pesticides onto mandarin
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24995, 49 FE § 7 BANESS 392 ol
A

o e9o] HA| FE=F AvHd] Hol WedEz ddde

2Rbste] 20°CE BAsigith. T8 =& 542 fleiA A
A8 TFHZE woF A= A slgo e, dHE &
7190 7HA 2B F FEE AFAA 37 F 5
S G 2 £452 2LUmin%E BY $ AP
Paglom, A4 T8 F ee Y UL FHo &
o YEHE APAR eulsle] -20°CE BT

EAANEER, 2A, nitile 37 2 fEARZE)E
Table 39 3%7]% %2 acetonitrileS 3 7Fsled 700 rpmoll A
60353 FFFE38te] 5 1 mlE F 31, syringe filter
(0.2 um, PTFE)Z ofz}sle] #4819} AlE 5 difenoco-
nazole®] 41L& GC-MS/MS(TQ8040, Shimadzu, Tokyo,
Japan)= TA8}1 M, 717]2402 Table 49} 21t}
HAESHA, HESH, 228 =N ¥ AM Y

Difenoconazole 3E-89(1,000 ug/ml, in acetonitrile)S
acetonitrile® THA|F S 2 343t 0.005, 0.01, 0.02, 0.05
g 1.0 ug/ml] working solutionS ZA|3FS ). ZA¢H %
F8de AR (FZE AF/acetonitrile, 1/1, v/iv)S 3F
GC-MSMSell 1 ul FYste] Aol 2048 g<lst
At A=3(limit of detection, LOD)= A2 r[EIHA}
9] signal to noise ratio (S/N)7} 3 o342l =& A&

Pesticides ALY Formulation Spraying method Spraying time Dilution rate
. " Stationary Power spray 35m4ls
Difenoconazole 10% WP 2,000
Remote-control spray 38m21s
 Active ingredient
® Wettable powder
Table 3. Preparation of sample for the analysis of difenoconazole
Body part Acetonitrile for extraction solvent Extraction method
volumes (mL)
Head Chest and stomach 1,000
Back and hip 1,000
Upper arm 1,000
Patch PP
Forearm 1,000
Thigh 1,000 Shaking for 1 hour at 700 rpm
Shin 1000
Glove (Hand) 1,000
Mask (Face) 1,000
Glass fiber filter (Inhalation) 10
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Table 4. GC-MS/MS conditions for difenoconazole

Instrument GCMS-TQ8040 with GC-2010 (Shimadzu, Japan)
Injection mode Splitless mode
Injection volume 1 ul
Injection port & Tranferline temperature ~ 280°C
Flow rate Const flow, 1.5 mL/min
Column DB-5MS UI (30 m x LD 0.25 mm, 0.25 um)
Oven temperature 50°C (1.1 min) — 25°C/min — 235°C — 10°C/min — 300°C (3.5 min)
Ionization source Electron ionization (EI)
lonsource temperature 230°C
Nebulizing gas flow 3 L/min
CID Gas 230 kPa
MRM condition
Compound Precursorion  Quantifier ion CE Qualifier ion CE
(m/z) (m/z) V) (m/z) V)
Difenoconazole 323.0 265.0 15 267.0 20
2 AAs 32, A=A (limit of quantitation, LOQ)= 7 AE
Z3A)e) sH) 5 %E AT £ 14171719 A MOS =— = pE_ *F &
4 H45E 98k LOQ ¥ LOQY 10v]¢] F&=E 63] W
Bt 717] &A% ? JJEL ] Pt T B (AE: :=%3]-8-%F; ADE: 2A| 94 =& AF: A1,
OJAIFE A&t AEde SR PIE: A4 5 =27 SF: FAlF)
38 MY Tl 3F kEHS ulEOE SRHTAIE 2)(1)F 2ol
AldEere] 3¢ AP 3R], vk, nitrile 4 B ZFEste] QRFAIZE 1 ool Qg Ae®, 1 m|who]
FeldrEEo sty Fastdon, 7t £4 g sl ke 2 AoE dAdste] 4x wofl g w4
EFEAL LOQ, 10xLOQ ¥ 100xLOQ FFo& A7t dze] ¢S H7slth. £¢ LOQ Mo R HEH
F ABRA s $Us B A9E 12 LOQE A8k ol sy B} A, ghol
s A e Y %’iP—Ei BHFIAE EFAY
CEY ME AEHA(0.005 mg/L)e] 125 A-&3te] H7kE AAreitt
TR =2 ug)e AR B AEE5d & e (GroBkopf et al.,, 2013). 2A JJT =57 A, ST

sfo] 2k epa[eel, T, Slel, A, s, Su,

o], SRR, £ ABAIOH, A9 7

Kim et al. Q01P1A AN 2Rk Fe510] 5 9]
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K1m et al., 2014; Kwon et al.,, 2018), &4 3§ =&
< 35 wE53F] B4 35712 AF =F0] o]FoA7]
<] ol FE 100%E A-838k3ieh. 3k eEs] &2 8

-

3
A £ I3 AFEE 10%S Z-83519 L (Nachado-Neto, 2001;
o
ki

352 1270 L/hrO] Aol AFRSF B fFS 2 L/ Frore] A=A no observed adverse effect level,
mino] 2&2 A=E w2k 10.58S 2ake] A=sath. NOAEL) 0.16 mg/kg bw/dayell 20203 7|5 =94
B2 73.8kg (KOSIS, 2022)8 #-gato] A&aiglon,
QA =Wt Jﬂﬁl T 15 A&t
A8 522 OL 4?}74](Margin of safety, MOS)= Severn
(1984)9] 215 WHFAHTF=ZF At w297 Zdq gl nE
g xEd F ig%hg vEo 2 AA| 9 =2 (actual
dermal exposure, ADE)Z} A4 3& =Z(potential HEsHA, HYHA, B2 AN
inhalation exposure, PIEyS 4F=3lal o2 =% 3|84 2 AgloA e HAESE= SN 3.020 0.001 mg/L (1ng)

(acceptable exposure, AE)9} H|wale WHO R th2-9] 2 oo, GFeHAl= o]l sElZ 0.005 mg/L (5 ng)°l Tt
& 0|43l AEFYTHKim et al, 2012; Kim et al, 2014;  MS/MS 41< 9158te] 7} 2™ matrix matchedZ 83}
Noh et al., 2017; Cho et al., 2018; Kwon et al., 2018). o MAEAYEZLNS BAlsle] Aol AL Stols
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Table 5. Linear equations of calibration curves and limit of quantitation

e

Pesticides Linear equation R LOQ (mg/kg)
Patch y=13,514,804.8x —36,441.7 0.9999
Glove y =13,928,587.5x — 18,491 .4 0.9997 0.005
Mask y =14,949,850.1x —22,734.6 0.9999
Glass fiber filter y =48,033.6x — 1,808.2 0.9998
Table 6. Recoveries of the analytical method of difenoconazole from exposure matrices
Matrices  Fortification Replicate (Peak area) Average cw
(mg/kg) 1 2 3 4 5 6 (o) (%)
Patch LOQ 61191 61846 62648 61346 61645 61345 61670.2 0.9
10 LOQ 634693 645367 635697 636548 636512 642136  638492.2 0.7
Mask LOQ 73592 73694 73589 74695 74632 76952 74525.7 1.7
10 LOQ 743695 753649 756485 756632 754698 765368  755087.8 0.9
Glove LOQ 113415 122564 123524 113695 116458 117895 117925.2 3.7
10 LOQ 1365418 1362544 1324658 1365221 1321856 1345621 1347553.0 1.5
Glass fiber LOQ 10741 10654 11362 11264 11236 11468 11120.8 3.0
filter 10 LOQ 123648 122364 120364 126524 124628 126324 1239753 1.9
* Coefficient of variation = (standard deviation/average) x 100
Table 7. Recoveries of the analytical method of difenoconazole from exposure matrices
Matrices F()(ﬁfg’l;:l?g)on 1 replicate 2 replicate 3 replicate A\Egoa;ge %X;
LOQ 89.2 93.5 952 92.6 33
Patch 10 LOQ 96.3 91.4 93.5 93.7 2.6
100 LOQ 100.2 99.5 94.6 98.1 3.1
LOQ 92.1 93.4 88.0 91.2 3.1
Mask 10 LOQ 95.4 100.6 103.5 99.8 4.1
100 LOQ 943 91.2 95.4 93.6 23
LOQ 84.3 88.6 88.2 87.0 2.7
Glove 10 LOQ 90.3 95.4 92.3 92.7 2.8
100 LOQ 99.6 95.4 96.6 97.2 22
LOQ 83.3 88.4 85.4 85.7 3.0
Glass fiber filter 10 LOQ 101.1 105.2 99.4 101.9 29
100 LOQ 95.6 99.5 94.7 96.6 2.6

2 Coefficient of variation = (standard deviation/average) x 100

20
LOQ«l IOHHJ Jm:‘-’—‘”“g 6Q “”1 7171—5‘:4?'& %, s
|3 WA HOAFE 0.7-3.7%% 24171719 A&
-9 Fogk ZoR &%El 2ATH(Table 6).
3|8 AE

T Y =2 AEHEA, nkaa, 3 2 fEA
2 H) difenoconazole] Het 3|4E&2 Table 73} 7o] Ho
85.7~101.9%°1 A1, HOJAIFE 22~4.1%% =& 4]

S A% PAMOR AFE Ao AL

Lo.:glk )é";‘,_-'-_ A' I_R%I: ==X-I 71]!_[.
Difenoconazole 10% T3HA1& AXd of, 72|
(ug) Table 87} Fig. 1o v} = A 71%01
T3l FE8uEE Fetd A= 3}911:}
E319E u, difenoconazole?] & =& H 14,16&6 HgO-=
Z ¥ giv] 0.028% oI E¥EE BFE(G1.1%), 2
(24.3%), TH(39%), B2 2 M2 (3.5%), £(2.2%) w01
. YAZZRIEINE o]&ate] AESIHUE w, difenoco-
nazole®] % & A tiv] 0.004%

L5 21088 ugl 2 &
Sl BEE v (35.5%), B5(29.9%), 9= 2 o
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Table 8. Exposure level and Distributions of difenoconazole on body parts including Exposure level of difenoconazole during
application

Stationary power spray Remote-control spray
Body part Exposure level Distribution Exposure level Distribution

(ng) (%) (ug) (%)
Head 497.6 3.5 366.6 17.4

Chest and stomach 2,515.3 17.8 545.1 4.1

Back and hip 1,878.2 133 86.4 9.8

Patch Upper arm 2,2028.8 14.3 206.9 7.2
Forearm 1,413.3 10.0 151.0 20.0
Thigh 4,053.8 28.6 420.9 15.5

Shin 1,472.0 10.4 326.0 0.1

Glove (Hand) 306.8 22 2.59 0.1

Mask (Face) 2.59 0.0 2.59 0.0

Glass fiber filter (Inhalation) 0.26 0.0 0.85 0.0

Total (Dermal + Inhalation) 14,168.6 100.0 2,108.8 100.0

¥ As not detection, applied 1/2 LOQ

5000 -
I Stationary power spray
[ Robotic spray
4000 ~
o0
S
= 3000
>
=
g
=
8
S 2000 -
4
=
1000 A
0 IH T T T
¢ Qo ¢ ¢ % 3 ¢ o Z ©
DY VN % % %
Cd % )
v % 2 % e %
y R’
2, %
d 2
%
%
2
2
Fig. 1. Dermal and inhalation exposure on body part during application.
2](17.5%), (17%), £(0.1%) oItk sHAEr|2 & 24 Ao/t o A= AdeH, dAZFET7|E o883
TS W RARFER|2 AEAUS urk wEYe] & o) WFeEYo] R olfi op IS 93t} 4
2] (1.440), B-%5(7.080), ZH9.640), Tkl (7.4u0), £(122.740) U Ao]2 TR 7] giEo s Aden w2 35
=okom, S F=EFL UE 03uE Uigkth 53] <Al =E2FE AXTETVIE XSS Wt o =4 34
EAXE o AY BE AMshe A 942F 1R HA=, AldAEE B30 uket nlgel] ofgh JEke
o] FAXF7IE AR Wt 08 =EHE o] 7HE uEg 2o ® Aoy, YR AT ve Al
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HE 0|3ct 38 ¥ HH4XxF &% F AT Difenoconazoledf| CHSt
Z42 ot sEYPXe L Hlu I}
BE . ZHS MEE - BED
S TAAT, A0 ARG SLYEAERAAY, A S AEAA LA

o 2 dve 7 FrdollA A+tAl difenoconazole®] FHE-719 YAZRE T flEA B HlwE

sto] =R AlFEF difenoconazole 10% 3F40191.0H, 2,0004 2414, 1,000 LS SH&47]9F €44
ZZET7NE olgsle] AxF F AARNE AFEE AF st GC-MSMSE FFsoks B4t AldEere
AEFMAE 5ngolor, S8 857~101.9%C131t}. st £4 A, F =E T FHYT} AAXTUT
747} 14,168.6 3 2,108.8 pgol A or, F AEF2 A iH] 0.028 B 0.004%010 . =EFE IO R AEd
difenoconazole®] P SHAl= FEAES}L YAZFTAE 7H7F 552332 832% difenoconazole 10% T3S A
well F2AA] Y B W JloR HiEflon, FHER|E ol 8E T 92T ET|E o]8-8to]
FESNE W 6.68 B PR Aoz ASEIU.
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