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Monitoring of Ergosterol Biosynthesis Inhibitor (EBI) Pesticide Residues
in Commercial Agricultural Products and Risk Assessment
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Abstract

Establishment of simultaneous analysis method and monitoring for individually analyzing residual eight
ergosterol biosynthesis inhibitors, EBI (difenoconazole, diniconazole, fenarimol, fenbuconazole, hexaconazole,
myclobutanil, nuarimol and paclobutrazol) pesticides in commercial agricultural products, were conducted. The
simultaneous analysis method for the pesticides was established using a GC/MS/MS for EBI pesticides. Residual
amount of those pesticides were investigated in 989 commercial agricultural products (fifteen kinds of cereal
grains, vegetables, beans, nuts, fruits and mushrooms) from seven metropolitan cities and eight provinces. In
EBI pesticides analysis, linearity of GC/MS/MS analysis was 0.9974~0.9992, and that of recoveries were
86~135% with relative standard deviations (RSD) <20%. The limit of quantification (LOQ) of the method ranged
from 0.5 to 5.0 mg/kg for eight EBI pesticides. According to the monitoring of the EBI pesticides in commercial
agricultural products, difenoconazole, fenarimol, hexaconazole showed various residual levels (total frequency
of 8/989 detection, 0.8%). Paclobutrazole showed in excess levels of the MRLs (maximum residue limits) for
pesticides in one chard sample by the Korea Food Code. As a result of exposure assessment on the detected
8 individual pesticides, all pesticides (difenoconazole, fenarimol, hexaconazole, paclobutrazole) were evaluated
as safe level in comparison to toxicologically acceptable daily intake.

Key words: EBI (ergosterol biosynthesis inhibitor) pesticides, pesticide residue, exposure assessment
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Fo| triazole(difenoconazole, diniconazole, hexaconazole,
myclobutanil, nuarimol, paclobutrazol) Al &3tH%= o] &
oA d], 19773 fenarimolo] A FE .2 ESA|E 3L o]o]
nuarimol(1980%d), hexaconazole(19891d), paclobutrazol(1986
), diniconazole(1987%d), difenoconazole(1989d), myclo-
butanil(1989'd) % fenbuconazole(1992d) =22 7fRt5] of
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UTHE-10). 23] 2L triazoleA] FHFEeF £ £3] o] &5
= WH & ECD$} NPDE o]§3 GC #47} SIM(selective
ion monitoring)®| 4 full scan mode® A2l GC-MS HAAE
Aol 718 wol AREE I JTh11,12).

wheba] B Ao E HEAEE B4 k2 EBIA
8Fl sl tHd= EAHeE I 227) A FA & F
QA FE F LR, IR IR, ARSAR, AT, oA
Fo AFHS ZYUHHY stoz RTF b gH
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Table 1. Collected sample number of agricultural products

o5 -

o]—

&2 8% 2 Dr. Ehrenstorfer(Augsbug, Germany)oll A 1+
39321 difenoconazole® paclobutrazole?] <=+ 99.5%,
fenbuconazole, nuarimol, myclobutanil< 99.0%, fenarimol
hexaconazole, diniconazole2 Z+ZF 97%, 97.5%, 99.5% %1 t}.
F& 2 AA vl ZF5 2L acetone, methylene chlor-
ide, ethylacetate(Merck Co., Darmstadt, Germany)< AF&
393l GA|§ cartridge= Varian Florisil sepak(0.1 g, 6
mL, Lakeforest, USA)S A&-3FATh 183 F43UE
H(sodium sulfate anhydrous)2 Junsei A3 (Tokyo, Ja-
pan)Ql 5FA|%FS AH&-3F A

A7 1 ke 8 B W2 B3 F 25 g% 3]
Yo} ¥ F2 247180 YT OFHE 100 ML Y& F

Hj&to] ol EYEZ S §38le] 40°ColM 7, H338ta
ZAE gEz2ue 5 mLE At FA T L Florisil
FIEF A (1 )l Plg] S22 5 mLoZ EA48A7]
T ANEE 2Y3la odolhH o lES HEFE 2
37(v/v)e 81 20 mLE §FA)A 40°C 8 FoA
724 B35, At olHE 5 mLE &3t GC/MS/MS
2 APgAor A3 THII).

o

M
o

Arca Month 3 4 5 6 7 8 9 Total
Seoul 30 58 58 30 26 202
Busan 15 15 15 27 72
Daegu 16 15 14 14 59
Ulsan 15 16 14 45
Gangwon 15 16 31
Gyeongbuk 16 16 13 16 61
Gyeongnam 13 16 14 14 57
Incheon 20 15 20 20 75 75
Gwangju 15 18 12 45 45
DaeJeon 15 15 15 45 45
Gyeonggi 18/13 15/15 16/12 17/15 15/14 150 150
Chungbuk 15 15 30 30
Chungnam 15 15 30 30
Jeonbuk 15 14 29 29
Jeonnam 15 13 15 28 28
Jeju 15 15
Total 13 167 165 130 198 171 145 989
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Table 2. GC/MS/MS ion scan conditions for EBI pesticides analysis

Ion polarity Pesticide Retention time (min) Precursor ion (m/z)  Transition ion (m/z) Collision energy (eV)
Difenoconazole 17.157 323 202 30
265
.. 150
Diniconazole 11.573 268 932 20
Fenarimol 14.452 251 111 25
ena : 139
102
Fenbuconazole 15.892 198 129 20
Positive (+) 5
Hexaconazole 10.693 214 17 15
214
Myclobutanil 10.925 179 125 10
152
. 123
Nuarimol 12.6 235 139 25
Paclobutrazol 10.325 236 }ég 10

247|719t =A

GC/MS/MS Al~®¥l(Varian Inc., Walnut Creek, CA,
USA)& 8200 autosampler7} &2+€ CP-3800 7}~ = 2n}
Eagye} dEFEA7]2 T4 E triple quadruple MS/MS
(1200 L) AF&3FA ). Injectore splitlessE AF&31$3 0
o, B0 AFE3} columne VE-5MS(30 m x 0.25 mm id.,
0.25 pm film thickness, Varian Inc.)& A}&3}l3th &
LET 7] 2% 150°CAA 1873 HERY7T 9 1084
320°C7H A s&dte] 483t MFEs o w dAs.
Collision gas+ °FE2ZZ 20 torrE AFE3}1$1 2.9 injection
volume2 1 uL, carrier gast He, %< 1.0 mL/min®. &
33tk EI ¥ o 2 2235141, inlet X 250°C, source
2 == 200°C, transfer &%+ 250°C, manifolder ==+
40°C 27102 AA3At £4 759 S 93l 3719
segment® U+ ZF segment?] dwell timeS 0.4 sec—
ond(1 segment), 0.3 second(2 segment), 0.2 second(3 seg—
ment) 2 A THTable 2).

74
=

=]

EBIA| s2fol| Chst 5l+=

g AP 2 WE AeA, 5 2] 57 AZA
HZF 7527 & 01 mg/kg I =5 B EF S spikingstd 7
393, ZF peakd S/N HIE F3led HE3IHA(LOD,
S/N=3)9} A ZA(LOQ, S/N=10)F AlLtsttt. 8% F<
difenoconazole, diniconazole, fenarimol, fenbuconazole,
hexaconazole, myclobutanil, nuarimol % paclobutrazol2]
®F8&9S Z+7 0.031, 0.063, 0.125, 0.25, 0.5 & 1.0 mg/L
FTLEE ZA® T GC/MS/MS A48 AT. 4 2o d=p
A2 o7 HE AL RZES 0997356 ~0.999176 % e}

8F % U353 A H Yt (n=6). Difenoconazolee

107.8+2.8~129.6+3.3%, diniconazole< 88.3+1.1~109.4
+2.1%, fenarimol2 98.1+6.9~107.5+3.6%, fenbucona—
zole2 104.7+1.8~134.8+10.2%, hexaconazole< 94.0+1.7
~109.3+3.8%, myclobutanil> 86.1+2.3~107.2+6.6%,
nuarimol< 93.0+£5.1~1059+1.2% % paclobutrazol®] 73
& 955+73~1164+121% HZ Yeht 2+ A8 2 A
ol wet & Afol7t vEbow, 86~135% TS
2 B4 H-g s 5SS BRYtHn=3). A=A
7% sl wt 0.1~15 ng/g, FTA = 05~50 ng/g
HAZ e tH(Table 3).

FE SME Z9| BB =2 FF ZLEE
989719 FAFEC WS EBIAl w<F

T 2
08%(B) AEEE YENAL, N1ETAE 20T 27
4 =

A
a2 % 1709 AANA paclobutrazole®] 71 (FAFSAHE &
F HFA71E FE) 0.05 ppmoll HIS 38 o] F
Frete AR et £ A4 9891 v FAFES
0.1% A HEE(0.8%)2 2HA(1.87%) HI3)] Bol
o, BALEL H=3 FFo|UtHTable 4).

15%9 FAHE F o] HEE F52 4 2, 2 &,
AFutE7IReH YA AAoM = ko] AEHA &
SAY A o3t AEEH AT 71719 & HA F 40
ol A hexaconazoleo] 22t HEH UTH A&7 0.02(27),
012, 0.01 mg/kg® 7]F74 olakl Aoz yepgth Az
ATulE7] 4974 = 174904 difenoconazole®] 0.01 mg/kg
AZEH Ak ZFut=7)o Y8l difenoconazoled H ) #F
& 7]1F(MRL)°] AA = o] A ol FAHSE&71F 0.05
mg/kgS F&3A ) M E A= fenarimol® hexaconazole
o] z+7} 0.05 mg/kg, 0.04 mg/kgE 71F +2 °]|3HMRL: fe-
narimol: 0.1 mg/kg, hexaconazole: 0.05 mg/kg)Z HZ%
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Table 3. Recoveries and limit of quantification (LOQ) of EBI pesticides in agricultural products
Recovery (%)” and LOQ (ng/g)”

Pesticide Rice Chestnut Spinach Lemon Melon

Paclobutrazol 95.5+7.3(1.0) 1125+4.7 (1.1) 116.4+12.1 (1.3) 100.3+7.0 (0.9) 95.9+1.0(1.2)
Hexaconazole 94.8+6.6 (3.0) 108.9+6.2 (3.3) 109.3+3.8 (5.0) 98.8+6.8 (2.7) 94.0+1.7(3.1)
Myclobutanil 90.0+6.8 (1.2) 98.0+9.8(1.4) 107.2+6.6 (2.0) 95.2+4.0(1.5) 86.1+2.3(1.4)
Diniconazole 89.9+2.0(1.5) 94.2+6.4(1.5) 109.4+2.1 (2.1) 979+55(1.2) 83.3+1.1(1.4)
Nuarimol 99.0+10.5 (1.0) 103.4+15.8 (1.2) 1059+1.2 (1.2) 101.9+1.2 (0.9) 93.0+5.1 (1.0)
Fenarimol 100.0+8.4 (1.3) 105.1+17.8 (1.7) 107.2+6.6 (1.4) 107.5+36 (1.2) 98.1+6.9(1.4)
Fenbuconazole 114.6+6.9 (0.6) 119.4+7.3 (0.6) 134.8+10.2 (0.8) 116.5+5.0 (0.5) 104.7+1.8 (0.7)
Difenoconazole 124.3+7.3 (1.0) 129.6+3.3 (0.7) 122.6+5.2 (1.0) 119.2+7.6 (0.9) 107.8+2.8(1.1)

‘I)Meanistandard deviation, added standards amount of respective concentration (n=3).
“Parenthesis values are limit of quantification (ng/g). signal/noise=10.

Table 4. Detection ratio of pesticides residue in agricultural products

Commodity No. of No. of No. of detected Ratio over Detection
samples detected samples over MRL MRL (%) ratio (%)
Rice 71 4 0 - 5.6
Corn 63 - 0 - -
Pea 48 — 0 — —
Chestnut 72 — 0 - -
Orange 64 — 0 — —
Lemon 67 - 0 - -
Pineapple 66 — 0 - -
Chard 71 1 1 14 14
Spinach 70 — 0 — —
Sweet potato stalk 49 1 0 — 2.0
Onion 70 — 0 - -
Burdock 66 — 0 — —
Pumpkin 72 — 0 — —
Melon 73 2 0 - 2.7
Button mushroom 67 — 0 - -
Total 989 8 1 0.8

tH(Table 5). B} AFolM = 104079 28 QUEChERS 32 T TrEol3tE kA Ao R I 1 ZHielA
24 i{ﬂ]‘é}cﬂ GC-MSZ #2413 43 61719 A 5lA & 7AE % paclobutrazole U] 155502 FoFQhdAL
¢ko] A& E QL 1 F hexaconazole©] 0.05~1.7 ppmoZ So U3t A7t 2o d Aoz AZHAT. GC/MS/MSE
2471 A2E Ao 2 BuHAT(14,15). HEE 5 RESF o] &3 AR AU e AI7H22E) Wl 8% TS
& hexaconazole(571)°] 7} =92 ™ paclobutrazole, di- A - AT ZHN 989719 B2 AIEE TR #4T
fenoconazole, fenarimol®] z}Z} 1742 HAZEF AL nuar- T AAh

imol, myclobutanil, diniconazole, fenbuconazoles A& 2 A2s=or LEmI}

ZHA otk A8H o2 taH Y 75 ke tis wore Ao] HHe} 3 WA O T w2H o9l 7
EBH #F5eF 2447 A& 08%= o *E%em 71 =¥ o 93 A= o= A=A Ldolr 7] 93|
9] AZ&F %k (difenoconazole, fenarimol, hexaconazole)®] 7] Azzok RUE Y Azl I == Hrl= AN sk

Table 5. Detection frequency of residual EBI pesticides in commercial agricultural products collected from 7 metropolitan
cities and 8 provinces

Commodity (No. of detected Detected pesticide Detecion range MRL" Detection
and analyzed samples) (No. of detected samples) (mg/kg) (mg/kg) frequency (%)
Rice (4/71) Hexaconazole (4) 0.02, 0.12, 0.02, 0.01 0.3 5.6
Chard (1/71) Paclobutrazole (1) 0.17 0.05 14
Sweetpotato stalk (1/49) Difenoconazole (1) 0.01 0.05 2.0
Melon (2/73) Hexaconazole (1) 0.04 0.05 2.7
Fenarimol (1) 0.05 0.1
Total (8/989) 0.8

YExcess MRLs (Maximum residue limits): Detected in 1 chard samples.



T #F wAE

% EBIA w<F

TUHHY 9eix FHr} 1783

Table 6. Exposure assessment of pesticides in agricultural products

Pesticide ALD (mg/kg) AFC (kg/day) ADE (mg) EDI (mg) (EDI/ADE) (%)

Difenoconazole  Sweet potato stalk: 2.0108E-04 0.0011 0.55 2.2449E-07 4.0816E-05

Fenarimol Melon: 6.8493E-04 0.00045 0.55 3.0822E-07 5.6040E-05

Hexaconazole Rice: 2.3944E-03 0.2366 0.275 Rice: 5.6652E-04 2.0610E-01
Melon: 5.4795E-04 0.00045 Melon: 2.4658E-07

Paclobutrazole  Chard: 2.3944E-03 0.0004 0.55 9.5776E-07 1.7414E-04

AFC: average food consumption, ALD: average level of detection, ADI: acceptable daily intake. ADE (acceptable dietary exposure,
mg/person/day)=ADI (mg/kg) x Korean average adult weight (55 kg). EDI (estimated daily intake, mg)=AFC (kg food/per—

son/day) x ALD (mg/kg). %ADI (%)= (EDI/ADE) x 100.

7} 59Fo] 1Y 4% 3]-8%F(acceptable daily intake: ADI, <!
A A 74 A= 4o S AR &= 19 44
383y AEFS ntgoz 19 F44FH HF(estimated
daily intake: EDD-& AlAFetaL, =71 19 Ha 2 FA4HF4
TR HTAF (55 kg)S AH st 2 %o sFsle 7S
AFHA HeA ALe Aot EBIA 59 &
butrazole, fenarimol, difenoconazole, hexaconazoleol] tf gt
191 19 384 ZFHADE) th¥l FHA3FAFEDD] WE-&
£ 1.7414E-04, 5.6040E-05, 4.0816E-05, 2.0610E-01% = 4]
uf§- o} obH 3 4250l Ao E YELYTH(Table 6). 715
TA0 238 29 A% %ADIV} 1.7414E-042 e}
v AAsido] vl wtar wj e s of-$- HA HHstE A
A2 AF MAdE A S VA s AR A
Ho} E=3 A4tEo]7] EDIE 4 zﬂ AAHEYE 25 =7
A= 017 Aol djvtald FFEek B4 A AlAdg w4t
=5 A3E AAY =9HA 3}10] a2 EA=olH Y] o
ol A EDIgt= 2z Apol7t & Ao =2 AzZtEr

7AZ 9 paclo-

m. £ YRR

A ol 2
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7
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AR, AT ABAF, AT, FAF,
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