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Monitoring and Risk Assessment of Plant

growth regulator Residues in Vegetables
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&4 2Hes)d A AAFETAAAGTS SEHAD S ol &3k
Arket soke] 1dFAAAFEDDS 19473 & FADDZ v]alste] ¢
3 (%ADDS H7Fst ok

ATFZAH : Fokd AFIAE JdyaUE 0003 mgke, FFREEDE
0.008 mg/kg, FUFU}= 0008 ~ 0013 mg/kgo® YEGI IFES
80.0 ~ 110.0 % Aot A A& FolAM dyzyE 77, dFEFEHS

74, wHIUYE 4200 AEHAeH JMFEEe 440

/kg, 0100 ~ 1.002 mg/kg, 0.088 ~ 179 mg/kg ot FHUIY}ES
EPA(Environmental Protection Agency)olA A3 738712 0.01
mg/kg? WA 427 BF 7S 29e ZAo® eyt iR
Lol i FHFAHALFES wotd 73 dyauEd SRS EGEY
%ADI= 0.027 ~ 0.068, FUHIZ U9 %ADI= 0.215 ~ 2.525= YERSEAL,



SHAHAZF5 % tile)dl digt tyzuvEy FFZHEZHEY %ADI=

0152 T 0392, fry3ZUYE9 %ADI= 1.102 ~ 14491 ©o|fth ol E&F
100 %ADIN. T 22 FA 2 g 54 e 92 Zow dddn. 1y
U 238X (MRL, maxinum residue level) @& AAS X33 Algho]
e %ADIE T3 23, FyIauEFe] R 3% AAE AHT AL
4+ 100 %ADIE "= o] AL, 53] SHE AF SHAFANA

AN AN
= FHd 565.2 %ADIE YEF AT

® f
FEEE AR 43, 56204 WREokel WEHAL, U
o

= 4270l BEF EPAVIES Z#sivh 3% w4 FddFrsRE ol &
@ %ADIIA = 1slAdo] srobmel, e84 2obEEe] Ans 4F

F Aol QARFokA 100 %ADIE Wi 7o) AL, 53 Fuy3

2= HUl 5352 %ADIE Ho fldl7bsAdol e AoE Bl

Fool: quaE, AERRENE, FUIE, H2F, R
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Table 1. Analytical conditions of ECD for diniconazole, uniconazole.

Table 2. Analytical conditions of NPD for paclobutrazole, uniconazole.

Table 3. Analytical conditions of MSD for diniconazole, paclobutrazole,

uniconazole.

Table 4. Recoveries of 3 pesticides spiked in mustard green, chard and

korean cabbage and limit of quantification(LOQ).

Table 5. Pesticides residues of mustard green, chard and korean

cabbage(mg/kg) & ADIL

Table 6. Information of pesticides.

Table 7. %ADI of average residual pesticides.

Table 8. %ADI of pesticides over MRLs (for average intake).

Table 9. %ADI of pesticide over MRLs (for 9 % tile intake).
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Figure 1. Calibration curve of diniconazole by ECD.

Figure 2. Calibration curve of paclobutrazole by NPD.

Figure 3. Calibration curve of uniconazole by NPD.

Figure 4. Chromatogram of diniconazole.

Figure 5. Chromatogram of paclobutrazole.

Figure 6. Chromatogram of uniconazole.

Figure 7. Percentage of detected pesticides in each agricultural

products(mustard green, chard, korean cabbage).

Figure 8. Number of detectable samples for each pesticide.
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I BHERHFEHGE fFUIUE] T} o]E2 BT triazoled FFOE
AgAA g7t Holuhar AtAle] a3 1tHO9-10). Al s°F F Y=
U 2R EgGES 20119 A gulol Abgo] T5% wofo=

ool FUAUES T veF s R Ago] FEHA B2
& Bl AT

HuavEe BT 3262 golal A4 CISHISCI2N30 o] v, 7
Shooll A ADI(Y A A #3582 acceptable daily intake)”} 0.02 mg/kg
bw/day = AAE Q3 WHO AR 7 7], World Health Organization)
o} EPA(M =37 ¥ 3 % Environmental Protection Agency)oll 4] class3 &=
AR o, FHASEALS fla, H= 2d A SA/AGd BEAE 4
7 =%% NOAEL#E 0.71 mg/kg bw/dayelth(1l). HF=2REZHH
(Paclobutrazole(1-tert-butyl-2-(p—chlorobenzyl)-2-(1,2,4-triazol-1-yl)etha
nol))< A 2938 golal A2 CI5H20CIN3O o], dloAx ADIZ}
0.02 mg/kg bw/day, FHNAE 0.022 mg/kg bw/day® A H o]l
WHO$} EPACA class39} classdZ Z}7z} A g FH o]l o, wf o]-&

2]
AAFAA = Aol tie FaFe]l AAHA Fdv. FAFEAFE A
HAEE o]gote] HAAT 2d A=A/ A HEA
3 ZAy= =¥ NOAEL#2 20 mg/kg bw/dayelth(1l). FUIYUE
(Uniconazole((E)-(RS)-1-(4-chlorophenyl)-4,4-dimethyl-2-(1H-1,2,4-triaz
ol-1-yl)pint-1-en-3-ol))& Ex}% 291.8 go]al #2241 CI5HISCIN3O ©]
o A EoA ADIZ} 0.016 mg/kg bw/day = A F oI, WHO2} EPA
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O A=z % 4H

1. Ag € E4d4 5
2011 6€ 5B 1297kA s Al ZvufAldQl Zhebs it s A gt
AL ZFAY gy vE 9@ sl SoA] fEHI g BAES g

=

o7 3% w%9

2. AleF 2 717]

duauvEs gE=2FEdEFY §°F EFFS  Dr. Ethrenstorfer
GmbH(Ausburg, German)E& AF&3t%al, FUIUES ZFEFS Waco
Pure Chemical Industries(Japan)S A&3tlod, f7]&we ]
Chemical Co.(Philipsburg, NJ, USA)2] FFFofEd8(x 99 % o4&
AFE-3F T Stock solution 2 aceton:hexane(2:8; v/v)el 120 mg/L. 5%
(working solution)® ¥hHEo] H #3141, ol& AAFLERE FAste] A=
At AEFEA W Ias Aol AMESIATE AA AR EE E47)
(Blixer 5-plus, Robot-Coupe, Burgendy, France)$} 2 ~7] (Omni Macro
Homogenizer, Omni International, Kennesaw, USA)E A}8-3}% a1, F417]

71 2+ GC-NPD(7890A-Blos bead, Agilent Technologies, Santa Clara, CA,



USA) with 7693 Autosampler$} GC- ,ECD(7890A, Agilent Technologies,
USA) with 7693 AutosamplerE Al&3stdom  AHA FAS 93

GC/MSD(6890, Agilent Technologies, USA)E A}-&3}3ith.

gL O
(16)°] &A1 A EARM S Aol ol &8ttt
AAgAE LS o3 2o H
Chamber assembly Hol| H =3¢, oA EUED 100 mLS Y& 5
A712 287 3,800 rpmol A & 5
92 AR (200 mL NW Milk Dilution bottle)oll =& o] §-3te] o 73t
S, 1E3F AEste] Ak 3023 AA ] oMEUERHI =355 1
i A AEHHNEYUEY) 10 mLS 3t 40T &304 2
A3, 20 % ofAE i A 7 mLol AEAA HASFAT A G
Florisil ZFEAIE 20 % okAlE i @itew wlg] SA4SAZ vy o

LE 29 17298 S22 §3AA Adddd 2o

ot
ol
ol
ol
=
ot
o
2,
flo
2
ot
T
m
l

i

,d
off
A
ol

o

m
A, FAarAR S F5% 20 % ofME $HY A 25 mLE &5
of ANlgdgdor it AldgEANS GC-NPD, GC-ECD, GC-MSD& #

At on 7171 BEAZ2ALE Table 1-33 2t
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4. AZE3A (Limit of detection, LOD)¢ A ZF3A (Limit of
Quantitation, LOQ)

3% w99 LOD(mg/L)?t LOQ(mg/L)E 3= Ad2  working
solution& aceton:hexane(2:8; v/v)o. &2 3|Alste] 7zt 0.06, 0.12, 0.3, 0.6,
1.2 mg/L %2 ZAstY 7 w=¥EE 33 yhEste FA% &
International Conference on Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for Human use(ICH)o| Al A A] gk

Q2B guideline®] Text and Methodology(Q2R1)ell we} ZF F=o] wE 7]

=71k ARy Ao xEHRAE ol &ato] SASATAD.

o

5. 7 %A (Calibration curve)™ 3]4& (Recovery)

AZEHAE 3% 599 working solutions aceton‘hexane(2:8; v/v)Co =

5 Aoz AgskAth 3aE&S Foko] A&
Al & AAA, S, A FE AlE dAEE A TSt
50 g& A3 At 3F woF9 working solutions #H7}sle] Alme
EAMHI SdEA AYetE HTEEr dEA wdg FE210.06,

0.12, 0.3, 0.6, 1.2 mg/L 7} ¥== FH7lstlon of& 33 whAe]she]

4% olgete] v HAHARN FHw AHsAon, A48 AR
3

.r-.:: .-l"'-.I —ﬂ‘_
(5 A2



Estimated Daily Intake(mg/kg body weight/day/person) = [(Pesticide
Average Conc.(mg/kg)) x (Daily Vegetable Intake(kg/day/person))/Body
Weight(kg)].

Aol 19 AHEFS A8
AL A57] 22b A AR E &Eete] FASIAT o] A e A 1
H A F A3 295" percentile) S 5ok HE¢ Falo F
oFo] 1Y FAHAZFES T3t olF ADIS vlugt %ADIE At=3ste] 9
S Hrbedt & AAR AAFE AFee A9 e st

= A%

W ooz s Arrt ohd AR AR 4AY

4
AC)

Aol A 2011 d el AAE S dx

e

o

& Abgatglom(18-19), okl AR PARFIN ARHEAL =
B AFFoE o] AMSAL AAwEF AN AGE B

FFEdA AFstE ARE ol&std=d, 197654 T
Ql Al Ht EFAE FA7E 69.6 kg, 37} 56.4 kg o1, B A
2l 63.0 kgs A-E3ATH20). ADI= 2% o] k&< A
(Ministry of Food and Drug Safety, MFDS)ol|l A A& 3st= 475 ¢F Hlo]
Eluo] 2o S5¥ ARE ARESETH11). EDIE ADISE Hlulsto] 9%ADI
2 yeha, 2 A37F 100 %ADI 8kl A AA AFHE 93 Y=
= ordEta ®Bokow 100 %ADIE Z¥dt= Afols AR e 2
A7VsAol dka ®okth ey %ADIS it AslEe] s oy
gt A oy TH2l).

%ADI = (EDI/ADDx 100

[op)

2,
>,
e
o
&Y
of
i
>

o

[«

20119 % =13 @ FAt A57] 2xpd el A AadE 194 ZFY b=

< IBM SPSS 220 Z=1H& A3 T
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m. 2 34

1. =34 (LOD)¢ A ZF3A(LOQ)

Q2B guidelined] wgt F4s 7+ Foke] HAEIHA(LOD) = Y4YzavE
0001 mg/kg, I}FEFE2ZE 0003 mg/ke, FUZHE 0.004 mg/kg(NPD)
2 0.003 mg/kg(ECD)el 1 az, A=3HA(LOQ)E Yy =Zu= 0.003 mg/kg, 3
F2REZDE 0008 mgkg, FUEIE 0013 mgkg(NPD) 2 0.008
mg/kg(ECD)e] %At}

2. 7 %A (Calibration curve)® 3]4*& (Recovery)
oFo] HA=HS Fig 1 - Fig 3 ¥ #on, ¥ e fguymEo)
099932, FE=FZHEZZFL 099980, FUZUE 099899= 5t A=

211—
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Haich
7 oseke] dade dyavE, fEFRPESRE, fUIYE BT 800

T 1100 % fem, ARG 2o, sizolwFelAe AzmEIRL Fig

4~ Fig 63 2tk AR AR A P Hrge] WS B

2

25 3F 5007 disl 3F wofe IFHes A4 Ay dyadE
o] 7, }FRFEHZ 74, FyAUEo] 427 HEHNeH, HEF

= H4Yyau<E 0145 T 1.318 mg/kg, }E=
FHIEUE 0.088 7 179 mg/kg oIt FEEE s HEES AR

1z
(m
ki)
M
(@]
S
¢
S
\]
3
i)}
Py
LS

.r-.:: :l"'-.I —ﬂ‘_
K A2
b il



W Fig 7oA B vpe} o] Azpal 93744 Sy I UE0] 353 %
o 37.6%, YUz Eo] 23] HEH o] 22%, FFZFEZHEL 53]

A= 5]

HER

54%% a1, +tf 2457 M Y sUEoe] 53] HEH o 2.0%, HUAUYE]
28] 7% 08%, FFEHEDGEL 18] AFZ 04%% 3L, slgeluF 1627

ANA FuUFUYEo] 23] HEE 1.2%, dYsaEo] 33 A& 1.9%,

N

o
Hir

2EREHES 13 HE2 06%= YERH o9 22 HEES 49 E 1

kel
T

tE gzl vis) AR FURUEN} RERFELE0]
2

ot

H| ©—

Syl

AE AdsLdAE dgyavsE 0667 mgke, FEZHEHE 0339

mg/kg 2d Hl& FYUYIZUYELS 3388 mg/keR =2 FEE Ho] AREH]
% o]
FRIEHEZY] fUIAUES AEF5E7 gAlZ 1.0 mg/kg mvtol

X RS89 o 4 e Fig 84 et

mg/kgs 9A oy FUIYES 1.0 mg/kg ©1% 50 mg/kg "l
1671, 5.0 mg/kg ©]’¢ 10.0 mg/kg w9kl 671, 10.0 mg/kgS d2 4
5702 Yelyt ol HAlFAA "yzuEy JE2HEZES]

5.0
o)

3 S5 E=7F 0.05 mg/kgel AS FekstH 0.05 mg/kgel 1008 o] A &&=<l

0 mg/kgd W 97 27702 vheht fumtEe] dgol 44T

o 4 vk ©yd EPACA AA@ fUmlEe dREEE

mg/kg¥} BlAEH HEAF 424 BT EPAS 7S 233

o

=52 olf o] 7 owofo] AREAEAR AREE ] wlEel AL

e
w
ofN
off
12
Lo
EI\]
ﬂHN'
rir
—
)
=N
9
()]
1o,
N
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S
d AR WAl FEA0] e Evpthnd Arw 4BE A 5

A FUIYEY gF2REFGZ0] Bol A
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ALF HAS

20110l A aRAGdFEzA A57] 2A3dE A8E FEete] &
dl, dgolm s, AR HAFS FAsIA o, AA HHAAS] 1998+
AAGT S HA95™ percentile)?] 14FFHAFOR Uiro] 43

Atk 3F Arv By 2HoE AlEHER A AY X sHA &S
dRo R AT Fvs AES o (Table 7), L A3 AA AR 1
dFF A ZFS Ld7F 565 g, o5 367 g, AAA 253 golA L
FA H A5 percentile)e] 19 A HAHFS 2d 3183 g, zolujx

188.2 g, AAA 1452 go] At}

5. 5obd 193 RAA T A4

NaFgHo] w2 moko] (ARG AatAS Estimated Daily
Intake(mg/kg body weight/day/person) = [(Pesticide Average Conc.(mg/kg))
x (Daily Vegetable Intake(kg/day/person))/Body Weight(kg)lel™, A<l 191

63 kg 71EOR wEFS AEFAL 1AFIUAY AE0) A8E 5
g FEVFEEE BPEY 7 9

—

SES®
5 LOD9Y 1/2%2 A g3te Axtkst
T SHAAAZFO5 % tile) @ 2+

e F Al 19 BAAF 63 kgl ® YAk O A%E =EH ALF
3 7 69 ng/kg bw/person,

WEEREGE 19FAHFHES 26 T 6.8 ng/kg bw/person, Y I
4 T 404 ng/kg bw/person®Z YE}OW oA FH A}

(95 % tile)o] A dUaIUE 13443 FS 303 7 369 ng/kg

bw/person, IFZHEHE 14FAHFAFS 152 T 392 nglkg
bw/person, F+HIYUE 14dFAHAHFS 176 ~ 2,320 ng/kg bw/person®
e T o] & ADIgF vHlwElEH tyIayuyEy FE=2REHS Hdxd



Frwe WEALgAAE ol &s] I %ADIE 0.027 T 0.068 FolH,
B dFree SHAAFE o g3 73 %ADLE 0152 T 03922 B

=}
)
b
o
N
K
5
v
4
i
b
Lo
ol
&
2
Hu
off
H
K
ol

1 %ADIe| %= Hr A&

TAHAEFS olgdl F3 A Zui7F 09 %ADIL slZoluj37E 0.2

%ADI, AAA7F 25 %ADIZ YENSL, FUIVUE HddFrEe 9

AAFE o) &al 73 Ay Zui7F 51 %ADI, StZolwF7E 1.1 %AD],

Az 7Y 144 %ADIE HERHo] HlysvEely dF2FEtEel Hls)
=

7). ZHF3FEX(MRL)S dolr+= 4ol case by case® H7lst= A
o] mtgAEt R E(22) WFFEAE HolA HEE 3Fwofd el AFwE
2 %ADIE AAFsttH(Table 8-9). B2 EgE] {383 =
T B AL EFS ol &8 3 A3 5.8 %ADI, A FH el
A 299 %ADIZF HdAaL, Uz 788 23 g dd
AALES o] g8 73 A= 42 %ADI, SFHAAFHAA A 21.9 %ADIZ} 2
PAE BHgon B 100 %ADI ol&t= vetwth 22y fyzyEe

i)

ARHGA 2o ARFH BFPAFL o1& T A 2o 10
1003 %ADIE AT, 47884 23 AF2F FOAALL o] gd ¢
Ae Aol AR BFEE 70 meke ololA 100 %ADIE Wo

o ) 1701 %ADI, &t #F%5% 8315 mg/kgolA 2625 %ADIE K
R Hdl 5652 %ADIE WEtWow, SlzdolnF= 5= 5814 mg/kg
oA 1085 %ADIE HATh o] ¥

ol sl T3 %BADI A= fFUIUEe] 3F A EFollA 100 %ADI

& ARt s,

W ARBES 204 AL HAD A
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FUE BF2RELZ %ADIE 0.027 T 0.068, FUZUES] %ADI=
0.215 ~ 25252 uvEbyta, B dRsret FHAaHA 05 % tile)S ol &3}
o 78 tyayEy sF2REZGE] %ADI= 0152 ~ 0392, FUzY
Z9] %ADIE= 1.102 ~ 14491 ©]AtH(Table 7). °o]&= EF 100 %ADIR T}
2 w2 R 54 S 9 Ao gddn. gy woF IR
o] AF3EAE 293 o d&| A Ao FUIYZo] Hit
AFAA A 1003 %ADIE H<l A7 A3, FEAAA A= 100
%ADIE W& 457 3% Aih RFolA BASAS ¥ ooty ool A
= AW 5652 %ADIE Ho 93|7bsA o]l Ao HeltH(Table 8-9). o] #
< A¥de FFERREGEY dyayEd Hd fyIVUEY] IFEE
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Table 1. Analytical Conditions of ECD for Diniconazole, Uniconazole.

Parameter Condition
DB-1701
Column . . . .
(Capillary 30 mx0.32 mm i.d., 0.25 um film thicknesses)
230 T, splitless, Total flow 19.5 ml/min,
Inlet Sepum purge flow 3ml/min,
Purge flow to split vent 15 m¢/min at 0.75 min
Oven 150 C(2 min)— 10 C/min up — 240 C(2 min)—
temperature| 15 C/min — 280 C(20 min)
Detector 320 C, Ny 60 ml/min
Injetion 1 ul
column | N, 15 nt/min

_20_



Table 2. Analytical Conditions of NPD for Paclobutrazole, Uniconazole.

Parameter Condition
DB-1701
Column ] . ) .
(Capillary 30 mx0.32 mm i.d., 0.25 um film thicknesses)
210 T, splitless, Total flow 19.5 ml/min,
Inlet Sepum purge flow 3ml/min,
Purge flow to split vent 15 m¢/min at 0.75 min
Oven 100 C(2 min)— 10 C/min — 200 C(1 min)—
temperature| 10 C/min — 260 ‘C(9 min)
Detector 320 C, Hy 3 m¢/min, Air 120 m¢/min, No 10 m{/min
Injetion 1wl
column 1 N, 15 nt/min
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Table 3. Analytical Conditions of MSD for Diniconazole, Paclobutrazole,

Uniconazole.
Parameter Condition
HP-5MS
Column (Capillary 30 mx0.25 mm i.d.,,
0.25 /m film thicknesses)
230 C, splitless,
Inlet Total flow 24.7 ml/min,

Oven temperature

Injetion

Column flow

Tonization method

Ton source temperature

Transfer line temperature
MSD

Scan range

Ionization energy

Scan rate

Purge flow to split vent 20.1 m{/min
at 0.75 min

100 C(2 min)— 10 C/min —
280 C(12 min)

1wl

He 1.0 mL/min

El

230C

150C

m/z 507500
70 eV

3.21 scans/s
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Table 4. Recoveries of 3 pesticides spiked in mustard green, chard and

korean cabbage and limit of quantification(LOQ).

. Spiking Recovery rate(%)
Pesticides LOQ
(Detector) fevel Korean (mg/L)
(mg/L) Mustard green Chard cabbage g
0.066 106.7 + 5.6 108.2 + 5.1 100.7 + 4.0
0.132 973 + 4.3 100.8 + 4.3 1089 + 2.2
Diniconazole
0.330 105.2 £ 5.1 915 + 4.2 1034 + 3.1 0.003
(ECD)
0.660 1069 + 6.6 88.3 £ 3.0 1047 £ 56
1.320 1056 £ 4.2 995 + 1.3 948 + 1.1
0.058 931 = 20 94.0 = 87 8389 + 73
0.117 86.6 = 45 926 = 39 897 + 13
Paclobutrazole
0.292 976 = 4.2 946 + 3.3 937 £ 1.8 0.008
(NPD)
0.585 1009 = 3.8 106.9 £ 3.1 100.0 £ 2.2
1.170 102.8 £ 0.8 954 + 4.2 964 + 2.1
0.065 108.8 + 5.0 905 + 84 1016 + 85
0.130 101.1 + 16 100.1 + 1.8 1082 + 1.6
Uniconazole
0.325 96 + 19 1025 £ 14 105.3 £ 2.2 0.008
(ECD)
0.650 1026 £ 1.5 987 £ 1.1 104.2 £ 2.6
1.300 979 + 2.8 103.3 £ 25 1081 £ 1.2
0.065 977 + 25 89.0 = 6.0 896 = 58
0.130 998 + 0.8 879 + 94 871 = 2.7
Uniconazole 0.325 986 + 16 93.2 £ 6.7 925 + 4.3 0.013
(NPD) ) 6 £ 1. 2 £ 6. b * 4. .

0.650 9.7 + 2.2 986 + 19 91.3 + 6.9
1.300 8.7 + 15 1044 £ 1.2 104.9 = 3.1
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Table 5. Pesticides residues of mustard green, chard and korean cabbage

& ADIL
Average of Detection value(mg/kg)
. (Detection range)
Commodity
Paclobutrazole Uniconazole Diniconazole
Mustard green 0.292 + 0.222 2.671 + 3.243 0.732 + 0.829
(0.518 ~ 0.039) (11.810 ~ 0.088) (1.318 ~ 0.145)
7901 + 7.668 0.657 = 0.145
Chard 0.261 _ B
(17.900 ~ 0.273) (0.759 ~ 0.554)
4655 + 1.639 0.632 = 0.726
Korean cabbage 1.002 _ ~
(5.814 ~ 3.496) (1.470 ~ 0.241)
ADI" » » 0.02”
0.02 0.016 3)
(mg/kg/day) 0.02
U acceptable daily intake
2 established by Republic of Korea
¥ established by Republic of EU
Y established by Republic of Japan
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Table 6. Information of pesticides.

Pesticides Uniconazole Paclobutrazol Diniconazole
Classificatio plant growth plant growth plant growth
n regulator, fungicide regulator, fungicide regulator, fungicide
WHO(class
3),EPA(class4) WHO(class3),
WHO(class3), Acute oral LD50 for EPA(class 3)
EPA(class 3) male rat 2000 Acute oral LD50 for
Acute oral LD50 for  Female rat 1300mg/kg male rat 639
Toxicity male rat 2020 ADI 0.01mg/kg Female rat 474mg/kg
Female rat 1790mg/kg b.w./day (Korea) ADI 0.02mg/kg b.w.
ADI 0.016mg/kg ADI 0.02mg/kg /day(Korea, EU)
b.w./day (Japan) b.w./day (Japan. EU)  Acute RfD 0.02mg/kg
Acute RfD 0.1mg/kg b.w.(Korea, EU)
bw (EU)
cl
OH Cl
/ W c_i)H c ﬁ
Formula = fCHC(CHs‘)s o C|]H
C=C N
H/ \N—N cl « N H- %,-CHC(CHg)S
b 4 |
K, N—/ N
N I },
O
Molecular
bt 291.8(C15H18CIN30) 293.8(C15H20CIN30) 326.2(C15H18CI2N30)
weig
Korea : 0.05
mg/kg(fruits), 0.5
Korea : 0.05 mg/k mg/kg(apple)
MRLs 878 g' giapp Korea : 0.05 mg/kg
EPA : 0.01 mg/kg Australia : 1.0 mg/kg
EU, Japan : 0.5
mg/kg
— 25 —



Table 7. %ADI of average residual pesticides.

EDI of pesticides

Daily intake(g)" 9%ADI
Commo (mg/kg bw/day) ?
. Pesticides
dity
Average 9 % tile Average B % tile Average 9D % tile
Diniconazole 5.381E-06 3.031E-05  0.027 0.152

Chard Paclobutrazole  56.5 318.3 2.690E-06 1.516E-05  0.027 0.152

Uniconazole 1462E-04 8.235E-04  0.914 5.147

Diniconazole 6.990E-06 3.585E-05  0.035 0.179

Korean
Paclobutrazole 36.7 188.2 4.660E-06 2.390E-05  0.047 0.239
cabbage

Uniconazole 3437E-05 1.763E-04  0.215 1.102

Diniconazole 6.425E-06 3.683E-05 0.032 0.184

Mustard
Paclobutrazole 25.3 145.2 6.827E-06 3.918E-05  0.068 0.392
green

Uniconazole 4.040E-04 2.319E-03  2.525 14.491

Y Daily intake of real consumption
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Table 8. %ADI of pesticide over MRLs (for average intake").

Commod Pesticides
ity Paclobutrazole Uniconazole Diniconazole
Detected o4 ADI Detected o4 ADI Detected o4 ADI
range range range
0.518 2.080 11.810 29.642 1.318 2.646
Mustard
green 0.100 0.400 6.370 15.988 0.145 0.291
5.040 12.650
0.088 0.221
Detected 94 ADI Detected o4 ADI Detected o4 ADI
range range range
0.261 2341 17.900 100.332 0.759 3.403
12.550 70.345 0.554 2.484
Chard
8.315 46.607
0.469 2.629
0.273 1.530
Detected o4 ADI Detected o ADI Detected o4 ADI
range range range
Korean 1.002 5.837 5.814 21.168 1470 4.282
cabbage
3.496 12,728 0.241 0.702
0.185 0.539
Y Daily intake of real consumption
— 27 —
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Table 9. %ADI of pesticide over MRLs (for 95 % tile intake?).

Commod Pesticides
ity Paclobutrazole Uniconazole Diniconazole
Detected o ADI Detected 04 ADI Detected o4 ADI
range range range
0.518 11.940 11.810 170.120 1.318 15.188
Mustard
green 0.100 2.305 6.370 91.758 0.145 1.671
5.040 72.600
0.088 1.267
Detected 9 ADI Detected o4 ADI Detected o4 ADI
range range range
0.261 13.187 17.900 565.235 0.759 19.174
12.550 396.296 0.554 13.995
Chard
8.315 262.566
0.469 14.810
0.273 8.621
Detected o ADI Detected o4 ADI Detected o4 ADI
range range range
1.002 29.933 5.814 108.551 1.470 21.967
Korean
cabbage
3.496 65.273 0.241 3.600
0.185 2.763
Y Daily intake of real consumption
— 28 —
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Calibration Curwve

uniconazole, ECDT A
Area = 91566 204957 Amt - 172 294283

Area | Ral. Resw(s) 1.237

o-— Cormelation: 0.99932

e e e e e et et e e e e e e
u] 0.5 1Amount[ngful]

Figure 1. Calibration curve of Diniconazole by ECD.
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Calibration Curve

paclobutrazole, HFDZ B
Area = 2833645227 Amt -0.0258109
ATEE_E Rel. Res%iz): 4.472
SD—E
25—5
ZD—E
15—;
1III—§
o
III—E Carrelation: 0.99920
o I D!E - IAmI-:nunlt[n gl.l'ul]

Figure 2. Calibration curve of Paclobutrazole by NPD.
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Calibration Curve

uniconazole, NFDT A
FAurea = 669704023 Amt -0. 767 1516
Ared -|Rel. Res%(5) 1578
20—
G0 —
4|:|_
20—
a-— Carrelation: 0.99299
——— — ————— ————
o 0.5 1Amount[ngful]

Figure 3. Calibration curve of Uniconazole by NPD.
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mustard green chard korean cabbage

Figure 7. Percentage of detected pesticides in each agricultural
products(mustard green, chard, korean cabbage).
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Figure 8. Number of detectable samples for each pesticide.
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ABSTRACT

Monitoring and Risk Assessment of Plant

growth regulator Residues in Vegetables

Choe Bu Chuhl

Division of Public Health Nutrition
Department of Public Health

The Graduate School of Public Health

Seoul National University

A total of 500 samples were analyzed for three Kkinds of
pesticides(diniconazole, paclobutrazole, uniconazole) residues of three
kinds of vegetable commodities collected in Seoul from June 2011 to
December 2011. Dietary intakes of vegetables were estimated using food
intake data from 2011 Korea National Health and Nutrition examination
survey. The limits of quantification(LOQs) of  diniconazole,
paclobutrazole, uniconazole were 0.003 mg/kg, 0.008 mg/kg, 0.008 ~
0.013 mg/kg, respectively. The recoveries were 80.0 ~ 110.0 % for
diniconazole, paclobutrazole and uniconazole. The simultaneous
determination method by using gas chromatography with -electron
capture detector(GC-ECD), nitrogen phosphorous detector(GC-NPD) and
mass spectrometry(GC-MS) was applied. Diniconazole was detected in 7
samples, paclobutrazole in 7 samples and uniconazole in 42 samples out
of 500 samples. The contents of diniconazole in vegetables was 0.145 ~
1.318 mg/kg, that of paclobutrazole was 0.100 ~ 1.002 mg/kg, that of

uniconazole was 0.088 ~ 17.9 mg/kg. All uniconazole residues exceeded
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MRL(maxinum residue level)(0.01 mg/kg) of EPA. The risk assessment
for pesticides were expressed as %ADI(acceptable daily intake) of
diniconazole (0.02 mg/kg b.w./day), paclobutrazole(0.01 ~ 0.02 mg/kg
b.w./day), and uniconazole(0.016 mg/kg b.w./day). The 2%6ADI of person
who have average intake was 0.02770.068 for diniconazole and
paclobutrazole and 0.21572.525 for uniconazole and that of person who
have 95 % tile intake was 0.15270.392 for diniconazole and
paclobutrazole and 1.102714.491 for uniconazole, which were lower than
100 %ADI. But when %ADI was calculated by residue above MRL,
some %ADI of uniconazole was higher than 100 = 535.2 %ADI. This
result means that some residues among those who were exposed above
MRL have possibility of hazard.

Key words: Diniconazole, Paclobutrazole, Uniconazole, Vegetables,
Pesticides Residues, Plant growth regulator, %ADI

Student Number : 2009-22004
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= FHd 565.2 %ADIE YEF AT

® f
FEEE AR 43, 56204 WREokel WEHAL, U
o

= 4270l BEF EPAVIES Z#sivh 3% w4 FddFrsRE ol &
@ %ADIIA = 1slAdo] srobmel, e84 2obEEe] Ans 4F

F Aol QARFokA 100 %ADIE Wi 7o) AL, 53 Fuy3

2= HUl 5352 %ADIE Ho fldl7bsAdol e AoE Bl

Fool: quaE, AERRENE, FUIE, H2F, R
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Table 1. Analytical conditions of ECD for diniconazole, uniconazole.

Table 2. Analytical conditions of NPD for paclobutrazole, uniconazole.

Table 3. Analytical conditions of MSD for diniconazole, paclobutrazole,

uniconazole.

Table 4. Recoveries of 3 pesticides spiked in mustard green, chard and

korean cabbage and limit of quantification(LOQ).

Table 5. Pesticides residues of mustard green, chard and korean

cabbage(mg/kg) & ADIL

Table 6. Information of pesticides.

Table 7. %ADI of average residual pesticides.

Table 8. %ADI of pesticides over MRLs (for average intake).

Table 9. %ADI of pesticide over MRLs (for 9 % tile intake).
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Figure 1. Calibration curve of diniconazole by ECD.

Figure 2. Calibration curve of paclobutrazole by NPD.

Figure 3. Calibration curve of uniconazole by NPD.

Figure 4. Chromatogram of diniconazole.

Figure 5. Chromatogram of paclobutrazole.

Figure 6. Chromatogram of uniconazole.

Figure 7. Percentage of detected pesticides in each agricultural

products(mustard green, chard, korean cabbage).

Figure 8. Number of detectable samples for each pesticide.
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I BHERHFEHGE fFUIUE] T} o]E2 BT triazoled FFOE
AgAA g7t Holuhar AtAle] a3 1tHO9-10). Al s°F F Y=
U 2R EgGES 20119 A gulol Abgo] T5% wofo=

ool FUAUES T veF s R Ago] FEHA B2
& Bl AT

HuavEe BT 3262 golal A4 CISHISCI2N30 o] v, 7
Shooll A ADI(Y A A #3582 acceptable daily intake)”} 0.02 mg/kg
bw/day = AAE Q3 WHO AR 7 7], World Health Organization)
o} EPA(M =37 ¥ 3 % Environmental Protection Agency)oll 4] class3 &=
AR o, FHASEALS fla, H= 2d A SA/AGd BEAE 4
7 =%% NOAEL#E 0.71 mg/kg bw/dayelth(1l). HF=2REZHH
(Paclobutrazole(1-tert-butyl-2-(p—chlorobenzyl)-2-(1,2,4-triazol-1-yl)etha
nol))< A 2938 golal A2 CI5H20CIN3O o], dloAx ADIZ}
0.02 mg/kg bw/day, FHNAE 0.022 mg/kg bw/day® A H o]l
WHO$} EPACA class39} classdZ Z}7z} A g FH o]l o, wf o]-&

2]
AAFAA = Aol tie FaFe]l AAHA Fdv. FAFEAFE A
HAEE o]gote] HAAT 2d A=A/ A HEA
3 ZAy= =¥ NOAEL#2 20 mg/kg bw/dayelth(1l). FUIYUE
(Uniconazole((E)-(RS)-1-(4-chlorophenyl)-4,4-dimethyl-2-(1H-1,2,4-triaz
ol-1-yl)pint-1-en-3-ol))& Ex}% 291.8 go]al #2241 CI5HISCIN3O ©]
o A EoA ADIZ} 0.016 mg/kg bw/day = A F oI, WHO2} EPA
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O A=z % 4H

1. Ag € E4d4 5
2011 6€ 5B 1297kA s Al ZvufAldQl Zhebs it s A gt
AL ZFAY gy vE 9@ sl SoA] fEHI g BAES g

=

o7 3% w%9

2. AleF 2 717]

duauvEs gE=2FEdEFY §°F EFFS  Dr. Ethrenstorfer
GmbH(Ausburg, German)E& AF&3t%al, FUIUES ZFEFS Waco
Pure Chemical Industries(Japan)S A&3tlod, f7]&we ]
Chemical Co.(Philipsburg, NJ, USA)2] FFFofEd8(x 99 % o4&
AFE-3F T Stock solution 2 aceton:hexane(2:8; v/v)el 120 mg/L. 5%
(working solution)® ¥hHEo] H #3141, ol& AAFLERE FAste] A=
At AEFEA W Ias Aol AMESIATE AA AR EE E47)
(Blixer 5-plus, Robot-Coupe, Burgendy, France)$} 2 ~7] (Omni Macro
Homogenizer, Omni International, Kennesaw, USA)E A}8-3}% a1, F417]

71 2+ GC-NPD(7890A-Blos bead, Agilent Technologies, Santa Clara, CA,



USA) with 7693 Autosampler$} GC- ,ECD(7890A, Agilent Technologies,
USA) with 7693 AutosamplerE Al&3stdom  AHA FAS 93

GC/MSD(6890, Agilent Technologies, USA)E A}-&3}3ith.

gL O
(16)°] &A1 A EARM S Aol ol &8ttt
AAgAE LS o3 2o H
Chamber assembly Hol| H =3¢, oA EUED 100 mLS Y& 5
A712 287 3,800 rpmol A & 5
92 AR (200 mL NW Milk Dilution bottle)oll =& o] §-3te] o 73t
S, 1E3F AEste] Ak 3023 AA ] oMEUERHI =355 1
i A AEHHNEYUEY) 10 mLS 3t 40T &304 2
A3, 20 % ofAE i A 7 mLol AEAA HASFAT A G
Florisil ZFEAIE 20 % okAlE i @itew wlg] SA4SAZ vy o

LE 29 17298 S22 §3AA Adddd 2o

ot
ol
ol
ol
=
ot
o
2,
flo
2
ot
T
m
l

i

,d
off
A
ol

o

m
A, FAarAR S F5% 20 % ofME $HY A 25 mLE &5
of ANlgdgdor it AldgEANS GC-NPD, GC-ECD, GC-MSD& #

At on 7171 BEAZ2ALE Table 1-33 2t

off
-



4. AZE3A (Limit of detection, LOD)¢ A ZF3A (Limit of
Quantitation, LOQ)

3% w99 LOD(mg/L)?t LOQ(mg/L)E 3= Ad2  working
solution& aceton:hexane(2:8; v/v)o. &2 3|Alste] 7zt 0.06, 0.12, 0.3, 0.6,
1.2 mg/L %2 ZAstY 7 w=¥EE 33 yhEste FA% &
International Conference on Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for Human use(ICH)o| Al A A] gk

Q2B guideline®] Text and Methodology(Q2R1)ell we} ZF F=o] wE 7]

=71k ARy Ao xEHRAE ol &ato] SASATAD.

o

5. 7 %A (Calibration curve)™ 3]4& (Recovery)

AZEHAE 3% 599 working solutions aceton‘hexane(2:8; v/v)Co =

5 Aoz AgskAth 3aE&S Foko] A&
Al & AAA, S, A FE AlE dAEE A TSt
50 g& A3 At 3F woF9 working solutions #H7}sle] Alme
EAMHI SdEA AYetE HTEEr dEA wdg FE210.06,

0.12, 0.3, 0.6, 1.2 mg/L 7} ¥== FH7lstlon of& 33 whAe]she]

4% olgete] v HAHARN FHw AHsAon, A48 AR
3

.r-.:: .-l"'-.I —ﬂ‘_
(5 A2



Estimated Daily Intake(mg/kg body weight/day/person) = [(Pesticide
Average Conc.(mg/kg)) x (Daily Vegetable Intake(kg/day/person))/Body
Weight(kg)].

Aol 19 AHEFS A8
AL A57] 22b A AR E &Eete] FASIAT o] A e A 1
H A F A3 295" percentile) S 5ok HE¢ Falo F
oFo] 1Y FAHAZFES T3t olF ADIS vlugt %ADIE At=3ste] 9
S Hrbedt & AAR AAFE AFee A9 e st

= A%

W ooz s Arrt ohd AR AR 4AY

4
AC)

Aol A 2011 d el AAE S dx

e

o

& Abgatglom(18-19), okl AR PARFIN ARHEAL =
B AFFoE o] AMSAL AAwEF AN AGE B

FFEdA AFstE ARE ol&std=d, 197654 T
Ql Al Ht EFAE FA7E 69.6 kg, 37} 56.4 kg o1, B A
2l 63.0 kgs A-E3ATH20). ADI= 2% o] k&< A
(Ministry of Food and Drug Safety, MFDS)ol|l A A& 3st= 475 ¢F Hlo]
Eluo] 2o S5¥ ARE ARESETH11). EDIE ADISE Hlulsto] 9%ADI
2 yeha, 2 A37F 100 %ADI 8kl A AA AFHE 93 Y=
= ordEta ®Bokow 100 %ADIE Z¥dt= Afols AR e 2
A7VsAol dka ®okth ey %ADIS it AslEe] s oy
gt A oy TH2l).

%ADI = (EDI/ADDx 100

[op)

2,
>,
e
o
&Y
of
i
>

o

[«

20119 % =13 @ FAt A57] 2xpd el A AadE 194 ZFY b=

< IBM SPSS 220 Z=1H& A3 T

_7_



m. 2 34

1. =34 (LOD)¢ A ZF3A(LOQ)

Q2B guidelined] wgt F4s 7+ Foke] HAEIHA(LOD) = Y4YzavE
0001 mg/kg, I}FEFE2ZE 0003 mg/ke, FUZHE 0.004 mg/kg(NPD)
2 0.003 mg/kg(ECD)el 1 az, A=3HA(LOQ)E Yy =Zu= 0.003 mg/kg, 3
F2REZDE 0008 mgkg, FUEIE 0013 mgkg(NPD) 2 0.008
mg/kg(ECD)e] %At}

2. 7 %A (Calibration curve)® 3]4*& (Recovery)
oFo] HA=HS Fig 1 - Fig 3 ¥ #on, ¥ e fguymEo)
099932, FE=FZHEZZFL 099980, FUZUE 099899= 5t A=

211—

off
il

gl
i

Haich
7 oseke] dade dyavE, fEFRPESRE, fUIYE BT 800

T 1100 % fem, ARG 2o, sizolwFelAe AzmEIRL Fig

4~ Fig 63 2tk AR AR A P Hrge] WS B

2

25 3F 5007 disl 3F wofe IFHes A4 Ay dyadE
o] 7, }FRFEHZ 74, FyAUEo] 427 HEHNeH, HEF

= H4Yyau<E 0145 T 1.318 mg/kg, }E=
FHIEUE 0.088 7 179 mg/kg oIt FEEE s HEES AR
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W Fig 7oA B vpe} o] Azpal 93744 Sy I UE0] 353 %
o 37.6%, YUz Eo] 23] HEH o] 22%, FFZFEZHEL 53]

A= 5]

HER

54%% a1, +tf 2457 M Y sUEoe] 53] HEH o 2.0%, HUAUYE]
28] 7% 08%, FFEHEDGEL 18] AFZ 04%% 3L, slgeluF 1627

ANA FuUFUYEo] 23] HEE 1.2%, dYsaEo] 33 A& 1.9%,

N

o
Hir

2EREHES 13 HE2 06%= YERH o9 22 HEES 49 E 1

kel
T

tE gzl vis) AR FURUEN} RERFELE0]
2

ot

H| ©—

Syl

AE AdsLdAE dgyavsE 0667 mgke, FEZHEHE 0339

mg/kg 2d Hl& FYUYIZUYELS 3388 mg/keR =2 FEE Ho] AREH]
% o]
FRIEHEZY] fUIAUES AEF5E7 gAlZ 1.0 mg/kg mvtol

X RS89 o 4 e Fig 84 et

mg/kgs 9A oy FUIYES 1.0 mg/kg ©1% 50 mg/kg "l
1671, 5.0 mg/kg ©]’¢ 10.0 mg/kg w9kl 671, 10.0 mg/kgS d2 4
5702 Yelyt ol HAlFAA "yzuEy JE2HEZES]

5.0
o)

3 S5 E=7F 0.05 mg/kgel AS FekstH 0.05 mg/kgel 1008 o] A &&=<l

0 mg/kgd W 97 27702 vheht fumtEe] dgol 44T

o 4 vk ©yd EPACA AA@ fUmlEe dREEE

mg/kg¥} BlAEH HEAF 424 BT EPAS 7S 233

o

=52 olf o] 7 owofo] AREAEAR AREE ] wlEel AL

e
w
ofN
off
12
Lo
EI\]
ﬂHN'
rir
—
)
=N
9
()]
1o,
N
i

S
d AR WAl FEA0] e Evpthnd Arw 4BE A 5

A FUIYEY gF2REFGZ0] Bol A
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ALF HAS

20110l A aRAGdFEzA A57] 2A3dE A8E FEete] &
dl, dgolm s, AR HAFS FAsIA o, AA HHAAS] 1998+
AAGT S HA95™ percentile)?] 14FFHAFOR Uiro] 43

Atk 3F Arv By 2HoE AlEHER A AY X sHA &S
dRo R AT Fvs AES o (Table 7), L A3 AA AR 1
dFF A ZFS Ld7F 565 g, o5 367 g, AAA 253 golA L
FA H A5 percentile)e] 19 A HAHFS 2d 3183 g, zolujx

188.2 g, AAA 1452 go] At}

5. 5obd 193 RAA T A4

NaFgHo] w2 moko] (ARG AatAS Estimated Daily
Intake(mg/kg body weight/day/person) = [(Pesticide Average Conc.(mg/kg))
x (Daily Vegetable Intake(kg/day/person))/Body Weight(kg)lel™, A<l 191

63 kg 71EOR wEFS AEFAL 1AFIUAY AE0) A8E 5
g FEVFEEE BPEY 7 9

—

SES®
5 LOD9Y 1/2%2 A g3te Axtkst
T SHAAAZFO5 % tile) @ 2+

e F Al 19 BAAF 63 kgl ® YAk O A%E =EH ALF
3 7 69 ng/kg bw/person,

WEEREGE 19FAHFHES 26 T 6.8 ng/kg bw/person, Y I
4 T 404 ng/kg bw/person®Z YE}OW oA FH A}

(95 % tile)o] A dUaIUE 13443 FS 303 7 369 ng/kg

bw/person, IFZHEHE 14FAHFAFS 152 T 392 nglkg
bw/person, F+HIYUE 14dFAHAHFS 176 ~ 2,320 ng/kg bw/person®
e T o] & ADIgF vHlwElEH tyIayuyEy FE=2REHS Hdxd



Frwe WEALgAAE ol &s] I %ADIE 0.027 T 0.068 FolH,
B dFree SHAAFE o g3 73 %ADLE 0152 T 03922 B

=}
)
b
o
N
K
5
v
4
i
b
Lo
ol
&
2
Hu
off
H
K
ol

1 %ADIe| %= Hr A&

TAHAEFS olgdl F3 A Zui7F 09 %ADIL slZoluj37E 0.2

%ADI, AAA7F 25 %ADIZ YENSL, FUIVUE HddFrEe 9

AAFE o) &al 73 Ay Zui7F 51 %ADI, StZolwF7E 1.1 %AD],

Az 7Y 144 %ADIE HERHo] HlysvEely dF2FEtEel Hls)
=

7). ZHF3FEX(MRL)S dolr+= 4ol case by case® H7lst= A
o] mtgAEt R E(22) WFFEAE HolA HEE 3Fwofd el AFwE
2 %ADIE AAFsttH(Table 8-9). B2 EgE] {383 =
T B AL EFS ol &8 3 A3 5.8 %ADI, A FH el
A 299 %ADIZF HdAaL, Uz 788 23 g dd
AALES o] g8 73 A= 42 %ADI, SFHAAFHAA A 21.9 %ADIZ} 2
PAE BHgon B 100 %ADI ol&t= vetwth 22y fyzyEe

i)

ARHGA 2o ARFH BFPAFL o1& T A 2o 10
1003 %ADIE AT, 47884 23 AF2F FOAALL o] gd ¢
Ae Aol AR BFEE 70 meke ololA 100 %ADIE Wo

o ) 1701 %ADI, &t #F%5% 8315 mg/kgolA 2625 %ADIE K
R Hdl 5652 %ADIE WEtWow, SlzdolnF= 5= 5814 mg/kg
oA 1085 %ADIE HATh o] ¥

ol sl T3 %BADI A= fFUIUEe] 3F A EFollA 100 %ADI

& ARt s,

W ARBES 204 AL HAD A
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FUE BF2RELZ %ADIE 0.027 T 0.068, FUZUES] %ADI=
0.215 ~ 25252 uvEbyta, B dRsret FHAaHA 05 % tile)S ol &3}
o 78 tyayEy sF2REZGE] %ADI= 0152 ~ 0392, FUzY
Z9] %ADIE= 1.102 ~ 14491 ©]AtH(Table 7). °o]&= EF 100 %ADIR T}
2 w2 R 54 S 9 Ao gddn. gy woF IR
o] AF3EAE 293 o d&| A Ao FUIYZo] Hit
AFAA A 1003 %ADIE H<l A7 A3, FEAAA A= 100
%ADIE W& 457 3% Aih RFolA BASAS ¥ ooty ool A
= AW 5652 %ADIE Ho 93|7bsA o]l Ao HeltH(Table 8-9). o] #
< A¥de FFERREGEY dyayEd Hd fyIVUEY] IFEE

7F wl§- =3 (Figure 8), <tUle] v F Fol B2dA 7% oz A
ZhEn), B A Ans F Fol Baudk 2007dRE 2009974 A A F
o 9 H7F Akl 2 0.00570.01 %ADI, SlZolu]F 0.971.8 %ADI,
A2k 0.000470.001 %ADIe} Hlastd et ztolE ®elth oy &
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Table 1. Analytical Conditions of ECD for Diniconazole, Uniconazole.

Parameter Condition
DB-1701
Column . . . .
(Capillary 30 mx0.32 mm i.d., 0.25 um film thicknesses)
230 T, splitless, Total flow 19.5 ml/min,
Inlet Sepum purge flow 3ml/min,
Purge flow to split vent 15 m¢/min at 0.75 min
Oven 150 C(2 min)— 10 C/min up — 240 C(2 min)—
temperature| 15 C/min — 280 C(20 min)
Detector 320 C, Ny 60 ml/min
Injetion 1 ul
column | N, 15 nt/min
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Table 2. Analytical Conditions of NPD for Paclobutrazole, Uniconazole.

Parameter Condition
DB-1701
Column ] . ) .
(Capillary 30 mx0.32 mm i.d., 0.25 um film thicknesses)
210 T, splitless, Total flow 19.5 ml/min,
Inlet Sepum purge flow 3ml/min,
Purge flow to split vent 15 m¢/min at 0.75 min
Oven 100 C(2 min)— 10 C/min — 200 C(1 min)—
temperature| 10 C/min — 260 ‘C(9 min)
Detector 320 C, Hy 3 m¢/min, Air 120 m¢/min, No 10 m{/min
Injetion 1wl
column 1 N, 15 nt/min
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Table 3. Analytical Conditions of MSD for Diniconazole, Paclobutrazole,

Uniconazole.
Parameter Condition
HP-5MS
Column (Capillary 30 mx0.25 mm i.d.,,
0.25 /m film thicknesses)
230 C, splitless,
Inlet Total flow 24.7 ml/min,

Oven temperature

Injetion

Column flow

Tonization method

Ton source temperature

Transfer line temperature
MSD

Scan range

Ionization energy

Scan rate

Purge flow to split vent 20.1 m{/min
at 0.75 min

100 C(2 min)— 10 C/min —
280 C(12 min)

1wl

He 1.0 mL/min

El

230C

150C

m/z 507500
70 eV

3.21 scans/s
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Table 4. Recoveries of 3 pesticides spiked in mustard green, chard and

korean cabbage and limit of quantification(LOQ).

. Spiking Recovery rate(%)
Pesticides LOQ
(Detector) fevel Korean (mg/L)
(mg/L) Mustard green Chard cabbage g
0.066 106.7 + 5.6 108.2 + 5.1 100.7 + 4.0
0.132 973 + 4.3 100.8 + 4.3 1089 + 2.2
Diniconazole
0.330 105.2 £ 5.1 915 + 4.2 1034 + 3.1 0.003
(ECD)
0.660 1069 + 6.6 88.3 £ 3.0 1047 £ 56
1.320 1056 £ 4.2 995 + 1.3 948 + 1.1
0.058 931 = 20 94.0 = 87 8389 + 73
0.117 86.6 = 45 926 = 39 897 + 13
Paclobutrazole
0.292 976 = 4.2 946 + 3.3 937 £ 1.8 0.008
(NPD)
0.585 1009 = 3.8 106.9 £ 3.1 100.0 £ 2.2
1.170 102.8 £ 0.8 954 + 4.2 964 + 2.1
0.065 108.8 + 5.0 905 + 84 1016 + 85
0.130 101.1 + 16 100.1 + 1.8 1082 + 1.6
Uniconazole
0.325 96 + 19 1025 £ 14 105.3 £ 2.2 0.008
(ECD)
0.650 1026 £ 1.5 987 £ 1.1 104.2 £ 2.6
1.300 979 + 2.8 103.3 £ 25 1081 £ 1.2
0.065 977 + 25 89.0 = 6.0 896 = 58
0.130 998 + 0.8 879 + 94 871 = 2.7
Uniconazole 0.325 986 + 16 93.2 £ 6.7 925 + 4.3 0.013
(NPD) ) 6 £ 1. 2 £ 6. b * 4. .

0.650 9.7 + 2.2 986 + 19 91.3 + 6.9
1.300 8.7 + 15 1044 £ 1.2 104.9 = 3.1

_28_



Table 5. Pesticides residues of mustard green, chard and korean cabbage

& ADIL
Average of Detection value(mg/kg)
. (Detection range)
Commodity
Paclobutrazole Uniconazole Diniconazole
Mustard green 0.292 + 0.222 2.671 + 3.243 0.732 + 0.829
(0.518 ~ 0.039) (11.810 ~ 0.088) (1.318 ~ 0.145)
7901 + 7.668 0.657 = 0.145
Chard 0.261 _ B
(17.900 ~ 0.273) (0.759 ~ 0.554)
4655 + 1.639 0.632 = 0.726
Korean cabbage 1.002 _ ~
(5.814 ~ 3.496) (1.470 ~ 0.241)
ADI" » » 0.02”
0.02 0.016 3)
(mg/kg/day) 0.02
U acceptable daily intake
2 established by Republic of Korea
¥ established by Republic of EU
Y established by Republic of Japan
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Table 6. Information of pesticides.

Pesticides Uniconazole Paclobutrazol Diniconazole
Classificatio plant growth plant growth plant growth
n regulator, fungicide regulator, fungicide regulator, fungicide
WHO(class
3),EPA(class4) WHO(class3),
WHO(class3), Acute oral LD50 for EPA(class 3)
EPA(class 3) male rat 2000 Acute oral LD50 for
Acute oral LD50 for  Female rat 1300mg/kg male rat 639
Toxicity male rat 2020 ADI 0.01mg/kg Female rat 474mg/kg
Female rat 1790mg/kg b.w./day (Korea) ADI 0.02mg/kg b.w.
ADI 0.016mg/kg ADI 0.02mg/kg /day(Korea, EU)
b.w./day (Japan) b.w./day (Japan. EU)  Acute RfD 0.02mg/kg
Acute RfD 0.1mg/kg b.w.(Korea, EU)
bw (EU)
cl
OH Cl
/ W c_i)H c ﬁ
Formula = fCHC(CHs‘)s o C|]H
C=C N
H/ \N—N cl « N H- %,-CHC(CHg)S
b 4 |
K, N—/ N
N I },
O
Molecular
bt 291.8(C15H18CIN30) 293.8(C15H20CIN30) 326.2(C15H18CI2N30)
weig
Korea : 0.05
mg/kg(fruits), 0.5
Korea : 0.05 mg/k mg/kg(apple)
MRLs 878 g' giapp Korea : 0.05 mg/kg
EPA : 0.01 mg/kg Australia : 1.0 mg/kg
EU, Japan : 0.5
mg/kg
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Table 7. %ADI of average residual pesticides.

EDI of pesticides

Daily intake(g)" 9%ADI
Commo (mg/kg bw/day) ?
. Pesticides
dity
Average 9 % tile Average B % tile Average 9D % tile
Diniconazole 5.381E-06 3.031E-05  0.027 0.152

Chard Paclobutrazole  56.5 318.3 2.690E-06 1.516E-05  0.027 0.152

Uniconazole 1462E-04 8.235E-04  0.914 5.147

Diniconazole 6.990E-06 3.585E-05  0.035 0.179

Korean
Paclobutrazole 36.7 188.2 4.660E-06 2.390E-05  0.047 0.239
cabbage

Uniconazole 3437E-05 1.763E-04  0.215 1.102

Diniconazole 6.425E-06 3.683E-05 0.032 0.184

Mustard
Paclobutrazole 25.3 145.2 6.827E-06 3.918E-05  0.068 0.392
green

Uniconazole 4.040E-04 2.319E-03  2.525 14.491

Y Daily intake of real consumption
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Table 8. %ADI of pesticide over MRLs (for average intake").

Commod Pesticides
ity Paclobutrazole Uniconazole Diniconazole
Detected o4 ADI Detected o4 ADI Detected o4 ADI
range range range
0.518 2.080 11.810 29.642 1.318 2.646
Mustard
green 0.100 0.400 6.370 15.988 0.145 0.291
5.040 12.650
0.088 0.221
Detected 94 ADI Detected o4 ADI Detected o4 ADI
range range range
0.261 2341 17.900 100.332 0.759 3.403
12.550 70.345 0.554 2.484
Chard
8.315 46.607
0.469 2.629
0.273 1.530
Detected o4 ADI Detected o ADI Detected o4 ADI
range range range
Korean 1.002 5.837 5.814 21.168 1470 4.282
cabbage
3.496 12,728 0.241 0.702
0.185 0.539
Y Daily intake of real consumption
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Table 9. %ADI of pesticide over MRLs (for 95 % tile intake?).

Commod Pesticides
ity Paclobutrazole Uniconazole Diniconazole
Detected o ADI Detected 04 ADI Detected o4 ADI
range range range
0.518 11.940 11.810 170.120 1.318 15.188
Mustard
green 0.100 2.305 6.370 91.758 0.145 1.671
5.040 72.600
0.088 1.267
Detected 9 ADI Detected o4 ADI Detected o4 ADI
range range range
0.261 13.187 17.900 565.235 0.759 19.174
12.550 396.296 0.554 13.995
Chard
8.315 262.566
0.469 14.810
0.273 8.621
Detected o ADI Detected o4 ADI Detected o4 ADI
range range range
1.002 29.933 5.814 108.551 1.470 21.967
Korean
cabbage
3.496 65.273 0.241 3.600
0.185 2.763
Y Daily intake of real consumption
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Calibration Curwve

uniconazole, ECDT A
Area = 91566 204957 Amt - 172 294283

Area | Ral. Resw(s) 1.237

o-— Cormelation: 0.99932

e e e e e et et e e e e e e
u] 0.5 1Amount[ngful]

Figure 1. Calibration curve of Diniconazole by ECD.

_29_

(s A atst

Al SECUIL MATICMAL |_MNERSITY



Calibration Curve

paclobutrazole, HFDZ B
Area = 2833645227 Amt -0.0258109
ATEE_E Rel. Res%iz): 4.472
SD—E
25—5
ZD—E
15—;
1III—§
o
III—E Carrelation: 0.99920
o I D!E - IAmI-:nunlt[n gl.l'ul]

Figure 2. Calibration curve of Paclobutrazole by NPD.

_80_

SECUL MATCMAL LIWINWERSTY

2 M &8t



Calibration Curve

uniconazole, NFDT A
FAurea = 669704023 Amt -0. 767 1516
Ared -|Rel. Res%(5) 1578
20—
G0 —
4|:|_
20—
a-— Carrelation: 0.99299
——— — ————— ————
o 0.5 1Amount[ngful]

Figure 3. Calibration curve of Uniconazole by NPD.
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Figure 6. Chromatogram of Uniconazole.
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mustard green chard korean cabbage

Figure 7. Percentage of detected pesticides in each agricultural
products(mustard green, chard, korean cabbage).

_35_

i A =t 8 W

SECUL MATIONAL LIMMERSITY




Paclobutrazole

. ~10
Wo-50
151 ~100
oo -
A& ESime/ke)

Diniconazole

Uniconazole

Figure 8. Number of detectable samples for each pesticide.
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ABSTRACT

Monitoring and Risk Assessment of Plant

growth regulator Residues in Vegetables

Choe Bu Chuhl

Division of Public Health Nutrition
Department of Public Health

The Graduate School of Public Health

Seoul National University

A total of 500 samples were analyzed for three Kkinds of
pesticides(diniconazole, paclobutrazole, uniconazole) residues of three
kinds of vegetable commodities collected in Seoul from June 2011 to
December 2011. Dietary intakes of vegetables were estimated using food
intake data from 2011 Korea National Health and Nutrition examination
survey. The limits of quantification(LOQs) of  diniconazole,
paclobutrazole, uniconazole were 0.003 mg/kg, 0.008 mg/kg, 0.008 ~
0.013 mg/kg, respectively. The recoveries were 80.0 ~ 110.0 % for
diniconazole, paclobutrazole and uniconazole. The simultaneous
determination method by using gas chromatography with -electron
capture detector(GC-ECD), nitrogen phosphorous detector(GC-NPD) and
mass spectrometry(GC-MS) was applied. Diniconazole was detected in 7
samples, paclobutrazole in 7 samples and uniconazole in 42 samples out
of 500 samples. The contents of diniconazole in vegetables was 0.145 ~
1.318 mg/kg, that of paclobutrazole was 0.100 ~ 1.002 mg/kg, that of

uniconazole was 0.088 ~ 17.9 mg/kg. All uniconazole residues exceeded
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MRL(maxinum residue level)(0.01 mg/kg) of EPA. The risk assessment
for pesticides were expressed as %ADI(acceptable daily intake) of
diniconazole (0.02 mg/kg b.w./day), paclobutrazole(0.01 ~ 0.02 mg/kg
b.w./day), and uniconazole(0.016 mg/kg b.w./day). The 2%6ADI of person
who have average intake was 0.02770.068 for diniconazole and
paclobutrazole and 0.21572.525 for uniconazole and that of person who
have 95 % tile intake was 0.15270.392 for diniconazole and
paclobutrazole and 1.102714.491 for uniconazole, which were lower than
100 %ADI. But when %ADI was calculated by residue above MRL,
some %ADI of uniconazole was higher than 100 = 535.2 %ADI. This
result means that some residues among those who were exposed above
MRL have possibility of hazard.

Key words: Diniconazole, Paclobutrazole, Uniconazole, Vegetables,
Pesticides Residues, Plant growth regulator, %ADI

Student Number : 2009-22004
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