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Monitoring and Risk Assessment of Pesticide Residues on Stalk
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ABSTRACT - This study was conducted to monitor the residual pesticides on a total of 320 stalk and stem veg-
etables from January 2019 to December 2019 in the Incheon metropolitan area. Pesticide residues in samples were
analyzed by the multi-residue method for 373 pesticides using GC-MS/MS, LC-MS/MS, GC-ECD, GC-NPD and
HPLC-UVD. Risk assessment was also carried out based on the amount of stalk and stem vegetables consumed. The
linearity correlation coefficient for the calibration curve was 0.9951 to 1.0000, LOD 0.002 to 0.022 mg/kg, LOQ 0.005
to 0.066 mg/kg and recovery was 82.0 to 108.0%. According to the monitoring of pesticides, 36 (11.3%) of 320 were
detected with pesticide residues and 3 (0.9%) samples exceeded the maximum residual limit. The detection frequency
for Chinese chives and Welsh onion was higher than that for other stalk and stem vegetables. The frequently detected
pesticides were etofenprox, procymidone, fludioxonil, and pendimethalin. As a tool of risk assessment through the
consumption of pesticide detectable agricultural products, the ratio of estimated daily intake (EDI) to acceptable daily
intake (ADI) was calculated in the range of 0.0062-24.1423%. These results indicate that there is no particular health
risk through consumption of commercial stalk and stem vegetables detected with pesticide residues.
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Materials and Methods

HEx=
20199 15H 129704 1-FGA W Aibeited

Table 1. The list of collected agricultural products

Type Group Commodity olf\Isuarrrrllt:iZS

Been sprouts 1

Bracken 6

Butterbur stalk 4

Celery 9

Chinese chives 62
Dureup young shoot 10

Vegetables Stalk and stem Green garlic 2
vegetables Kohlrabi 12

Salt sandspurry 11

Stem of garlic 3

Sweet potato vines 8

Water-celery 95

Welsh onion 95

Wild chive 2

Qow FAEEL Table 13} 7o}, A%
52 ujyg] 957, I 957, §F 627, ] 127, Al
g 117, F5 107, A 971, k] 87, 7l
EREE-2 18710t

o}
LA, AREAVIE ol8ste] AEEAE F HAEE
off

ZEA 7 (GC-MS/MS)E  268%, WA L& n}E 1)
A 71(LC-MSMS)E 10552 A8
AR At ARESE 373F9] T EEES
AccuStandard (New Haven, CT, USA)2| <==7} 3elH A
FE AHEITE ot ARl ARSE water
(Honeywell, Ulsan, Korea), acetonitrile (ACN, Honeywell,
Muskegon, MI, USA), dichloromethane (DCM, Honeywell),
hexane (Honeywell), methanol (Honeywell), acetone (Junsei,
Tokyo, Japan), sodium chloride (Junsei)2] HPLC grade A]
kS ARESIATE GC, HPLC £42 S8 A9 A9
A18-%F SPE (solid phase extraction)= florisil cartridge (1 g,
6 mL, Bekolut, Haupststuhl, Rhineland-Palatinate,
Germany), aminopropyl (NH,) 6 mL,
BekolutyE AH8-3F3At.

zi

cartridge (1 g,
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s 2MYY v) 2mLe] &3lste] A|ggA o= 15Tt
=1 A He| tgsofrhd LC #48 A 89 ZFEE methanol/DCM (1/99, v/
A Zﬂ2‘%'.|ﬂ‘3)°ﬂ uE} AASIATE tEsdtdE £ v) 11 mLE 718te] &8s &, DCM SmLZ 2] 43}
e <) = 5 A1Z1 amino-propyl 7FEZA|(1 g, 6 mL)ol| #H3l =9 1-
ﬂorlsﬂ 2 amino-propyl 2278730 TXE FFEZAE o] 2% HEE FEAIA AP wgr) vk g5
o] AAGS o2, 7AIAZvEIYHEZ(GC, Gas L 40°C *a%}oﬂxi AdEEsty FHES ACN 2mLE

chromatograph) % HAITZwlEZYZ(LC, Liquid 3llgt & 0.2 um syringe filter (Advantec, Otowa, Tokyo,
chromatograph)2 &4 3l= AlgHo|th HA | kgs w2 Japan)Z 0%440}01] Aggaoz st
ske] oF 50 g& AE3] sl ACN 100 mLE 718t AXE HHE Fote] A2 AFEHS F L AFE

SR 712 387 743} 3 v oJA|(GE Healthcare — 2]2] 20HA|o] AR 7]7184] &ttt GC 2 LCg 2%
Life Science, Chicago, IL, USA)7} Z& %= F3514720| AHEL7|(MSMS)E 373F2] TS HAEX sl of7
712 e stk 2§ oA sodium chloride 15¢ A HAEE $F w2 AFaHolA 3LAIgH vl wje2t ECD

_/

o] Eo] Jxr EAZAu 7o) FHstd AdA &S e (Electron capture detector), NPD (Nitrogen phosphorus
Hds] F Ut o]FoF wi7kA] HA s, ACN F detector), UVD (Ultraviolet detector) 5 A&H 5 A&
2 GCS LC BHEOE 247 20mLE AT 40C 5 & BA A5 02712 AFsel ST
2| A 74t == T GC-MS/MS (Agilent Technologles Santa Clara, CA, USA)

GC A48 AF59 ZFEN= acetone/n-hexane (20/80, = 7890B°l 7000DE A% A& AFESIHAL, LC-MS/

viv) 9mLE 7}8te] £33k &, n-hexane 5 mL2} acetone/ MS (Thermofisher Smentlﬁc, Waltham, MA, USA)=
n-hexane (20/80, v/v) SmLZE v]2] X3} A1 florisil 7} Vanquish UHPLCS} TSQ AltisE AH&-3F3Ath GC (Agilent)

EfA(lg, 6 mL)l| FH3le] 2T 12929 £22 &&F £ 6890N 242 LC (Dionex, Sunnyvale, CA, USA)E
AA Aol wdt), wke 8 N0S thA] 40°C 84 Ultimate 3000 UHPLCg AH8-5H4 T}
M TdsEstr ZHFES acetone/n-hexane (20/80, v/ B B 373F F 2682 L GC-MSMS, 105ZL

Table 2. Analytical conditions of GC-MS/MS

Part 7890B (GC)-7000D (MS/MS)
Column Agilent DB-5MS (250 pm x 30.0 m, 0.25 pm)
Injection volume 1 uL
Carrier gas : He, 0.8 mL/min
Flow rate Collision flow : N,, 1 mL/min
Quench flow : He, 4 mL/min
Injection temperature 250°C
Split mode Splitless
Oven temperature 70°C — 70°C(2 min) — 180°C(8.5 min) — 300°C(39.5 min)
lon source temperature 250°C

Table 3. Analytical conditions of LC-MS/MS

Part Vanquish (UHPLC)-TSQ Altis (MS/MS)
Column Thermofisher Scientific Accucore aQ (2.1 mm x 100 mm, 2.6 um)
Injection volume 2 uL
Mobile phase A:5mM Ammor}ium formate.in water
B : 5 mM Ammonium formate in MeOH
Gradient condition (%B) 20 — 20(0.5 min) — 70(2.5 min) — 95(9 min) — 95(12 min) — 20(12.1 min) — 20(15 min)
Flow rate 0.3 mL/min
Oven temperature 40°C
Ion source type ESI (Electrospray ionization), Positive ion spray mode (3000 V)

Scan range 50-1650
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Table 4. Analytical conditions of GC-ECD and GC-NPD

Part 6890N (ECD) 6890N (NPD)
Column Agilent DB-5 (250 um x 30.0 m, 0.25 pm)
Injection volume 1 pL
Carrier gas flow N,, 1.2 mL/min
Injection temperature 250°C 270°C
Detector temperature 280°C 300°C
Split mode Split (42.2:1) Splitless

Oven temperature —, 280°C(28 min)

150°C — 150°C(1 min) — 240°C/min(10.5 min)

120°C — 120°C(1 min) — 240°C/min(13 min)
— 280°C(27 min) — 300°C(30 min)

Table 5. Analytical conditions of HPLC (UVD)

Part
Detector
Column

Injection volume

Flow rate
Mobile phase

Gradient condition (%B)

Ultimate 3000 (UHPLC)

UV-VWD (Variable Wavelength Detector)
Shiseido Capcell Core C,4 (4.6 mm x 100 mm, 2.7 pum)

10 pL
0.8 mL/min

A : 5% acetonitrile

B : acetonitrile/methanol (8/2, v/v)
10 — 80(13 min) — 80(16 min) — 10(16.1 min) — 10(20 min)

LC-MS/MSE ®Asl o F9 BA 274 Table 2, 37
2, AFEAT|E o] &gt AR A Fefo] HEHH

Table 4, 5¢] A& AR ste] Felstitt.

08 87
A st fad A AFEdel AEd T
oS o ® AEFH AFEeF B AR s
o] et A s BFee AFEFo] HEHA g
1 2, 1.0mgkg FFo2 A T A

Wt LA 33] whE A st SAgkinh. HE A (limit
of detection, LOD) ¥ 8 %3] (limit of quantification, LOQ)
= A o] oFF A 2 3H] 9 3] (international council for har-
monization of technical requirements for pharmaceuticals for
human use, ICH)o|A] A|AJgE ol o] AHE W o] we} 4
aATh EFHAHE) AFde] 71271(9)E 8k T
2l eJste] ALkttt

LOD = 3.3 &/§
LOQ = 10 &/S
6 =The standard deviation of response

S=The slope of the calibration curve

TRt A% Bt

A28 weke) 9y Wrhs A2E Foke) BFE AR
F(mgkg)? 2t FAHEO] YDA FH K (g/day) S Foto] &

U457 F(estimated daily intake, EDI, mg/kg g/day)S 4t

3 E ARG dAAFEE 20189 AR E
A FNAZFFEZRAE 7] 32 Y A8 E s, 2
2 FoFo] ddH A FHE] & FH(maximum permissible
intake, MPI, mg/man/day) 2]&2] k&b 9] 75k
tlolemo] 21904 AlF-et= U YA F 318 F(acceptable
daily intake, ADI, mg/kg b.w./day) AFZo| =9l He 2|
Q7 658 kg wske] =8t %ADIE= EDIS ADI
2 o] WEEE Yepd

Results and Discussion

=
o
AAR BN AEE ARwo
2]

ofol vt A £
AEAE Table 63 At AAe e 414

3

JHASE 0.9951-1.0000, LODE  0.002-0.022 mg/kg,
LOQE 0.005-0.066 mg/kg .2 UEFHTE I oA E 21 E
o] 79 0.05 mgkg °lste] HAEA7E Q75 5L 3o 7]
=0l A3siith Ao EEH 2K (Relative Standard Deviation,
RSD%)E 0.3-4.6%, 2 5ol tdh 3582 0.2 mgkg
T4 82.0-107.8% HEZ VERES™ 1.0 mgke FE
oA 86.1-108.0%% EFITH

2019 195 129714 AAFIA ] bsitEy
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Table 6. Recovery rate, LOD and LOQ of pesticides detected

Correlation Concentration

.. " o
Pesticides coefficient (R?) (mg/ke) Recovery=RSD (%) LOD (mg/kg) LOQ (mg/kg)
0.2 94.4+0.8
Azoxystrobin 0.9997 0.005 0.015
1.0 88.9+2.5
0.2 101.04£3.6
Boscalid 0.9998 0.017 0.052
1.0 90.9+1.8
0.2 85.9+4.6
Chlorfenapyr 1.0000 0.022 0.066
1.0 86.1+4.1
ifos- 0.2 102.8+1.4
Chlorpyrifos 0.9997 0.002 0.005
methyl 1.0 107.2£0.5
0.2 107.8+0.9
Etofenprox 0.9973 0.006 0.019
1.0 105.4+0.8
0.2 101.5+0.9
Etridiazole 0.9994 0.006 0.020
1.0 96.0+1.4
0.2 84.4+3.1
Fludioxonil 0.9983 0.016 0.049
1.0 89.3+1.9
0.2 99.5+1.5
Indoxacarb 0.9951 0.010 0.032
1.0 98.4+3.1
0.2 82.0+2.9
Isoprothiolane 0.9998 0.016 0.049
1.0 89.1+3.6
0.2 92.3+0.7
Lufenuron 0.9989 0.005 0.014
1.0 93.4+4.3
0.2 86.5+3.2
Metconazole 0.9998 0.017 0.050
1.0 86.2+4.2
0.2 107.5+1.3
Pendimethalin 0.9989 0.010 0.031
1.0 97.3£1.0
0.2 100.5+0.3
Procymidone 0.9997 0.002 0.007
1.0 108.0+0.7
0.2 88.5+1.7
Pyridalyl 0.9996 0.008 0.018
1.0 91.8+3.1
0.2 91.0+0.5
Tebuconazole 0.9999 0.004 0.011
1.0 95.4+1.4
A, HEELE 9 2RFEAPAN FEET A 97 & ¥ 138, 9 128, Ve 63 g H4kEd v
AT AR AN ARt He2Al A3E Table 8 TR AR, Feb), 3Ake, 3T01EY) 5 47
7o) LT, 1455 3207 F 6% 36A(11L3%p0IA 2 oA ARsok] AEHA 29T AR A2
Fiorl AZHUOM o F & 147 % 2do] I AFUEES s 2 o AasTt AL g, Az
FoF 71 E 2t FAR HH(0.9%)EAS AEF FES At FF, 3, vyl gk AAg 1
oo S Aol meh BReE @A 0%l 313 o #el7t Wag Aow »}E}wu}
(77.5%), A-&NA 3F0°] 33](7.5%), &5A 2% 33| FAANFT FEAAN HEE FFHERE @%Li&

(7.5%), AZA 150] 38](7.5%) AZH e} AwAt 7H
Zo] A== 7’1 oz ‘.L]—O]'Q ]:], ;q._ﬁ_%—_g_']: Azge ]:]_EH
(50%), B 2(33.3%), FF(21.0%)Z Ekom HEW =

Table 89 LJEFATH 373*4 HHWJ

ok 155°] 403 HEHAAL
methyl, 3} 271914 isoprothiolane®] 75

B3 149

chlorpyrifos-
oF5 87122
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Table 7. Detection rate(%) of pesticides in stalk and stem vegetables

Commodity No. of analysed samples No. of detected samples detection rate(%) No. of violated samples

Celery 9 3 333 0
Chinese chives 62 13 21.0 1
Dureup young shoot 10 1 10.0 0

Water-celery 95 6 6.3 0

Welsh onion 95 12 12.6 2

Wild chive 2 1 50.0 0
Others 47 0 0.0 0
Total 320 36 11.3 0.9

Fste] HAEEHIAT 7 T TolA 7P RIMsHAl A=
H TS etofenprox 102](0.040-1.630 mg/kg), procymidone

83](0.280-3.730 mg/kg), fludioxonil 53](0.110-3.260 mg/
kg), pendimethalin 33](0.023-0.047 mg/kg)= LEFSTE
Etofenprox= W, Atz Wi, 7H, w3, 20|, 3} Fof A}

&3t= pyrethroid Al ¢] Aol 252 ANAAILH
S WA A T FH Fd It YE Aoew
o)
=

et o Wit g, 4710 Pgelel BB F3
\n

Fol = Axd 7 oA a7t AAfs] W E o]

ofA| o] A AEVF =9 Aol 3l ZoE dHAL

Rnoem ol EAFo= Q) AE F HFRAHC =i HAE

ol ¥4 veore Aoz d#HA A, Fludioxonil=

fusarium® 59 AFEEE 7HAA7]E g2 L=
A

phenylpyrrole A2 9] AR Fx|Fol de] AHEEIL 3
AL AV ThSo Hla A AEA o R dHA ot
B AHEEAL e B g AAlE ERUE o] 87d
o). Kang 72 Aol wWEW  procymidoned}
fludioxonil& =1 #& Thad] gikEolM w2 RER
AZET Bgk v lom 2 2dzk 1A fF
9l FAHEO|M % etofenprox$} $HA| E=&
9tk Pendimethalin® W), B, 73,
nls, w3 5o AF8-3l+= dinitroaniline Al€ 2] A ZA| =

REE AAP A3l GFF SaE0) A5 5

HIAO=
o),
FFo| A R 3to] WS chlorpyrifos-methyl2 B, Hj
F, &}, vl Bol, ¥ 5ol ARS-3R= organophosphate
AGe] FA|, AgofAYolm so A A Gro] WA
isoprothiolane2 W, A3}, wls, &3} 5o Al&3l=
dithiolane AlE 2] AHAPZE 2] F 2 ekZok =] 2] 2019
T FAHE FAY A B4 AT nER FAgte] A
sk FAE T shuE dEA ok 2017dE F
HEAA FHO A Barsk sUjolA] &8t SR =

)
At M= A=A 31.3%, AZA 30.7%, Al 29.4% 2

R
3

71l 8.6%= AFA7E 7Y ol oA AlakE A
o2 BIFJL, o]& ZAR Feks|] B oA &
A Aujol] Azt A ZA| 7 A BT Bol ALgH
3L o JAAT FAE el e Al 7E Bol A
SHAY FAENA Y] 2R o] A7t ol ¢S Wl
WA AEEE Aoz Aad.

+Tr o -

FAAAF FAEANN AEE DFES 1550 gt 9
F7HE AAIE] Table 99 YERT 2 wofol] e
Al Hrte dYHAAFEFHEDDE LA EHF
(ADDE Yo] %ADI (Hazard index)S 4t&3F A}
0.0062~24.1423%% BE A} FAHEA] QS 52

2 HrtE At FeA HEE etofenprox’t 24.1423%=
7 =y BRAIE ZH S %MPIRES 0.3669%= o
Bl el e vt Ao w eyt vl oA
isoprothiolane$} chlorpyrifos-methyl®] 7]EX& %33}
AZE Ao %ADIZES Z+7F 1.2269%, 3.2560%%F LE}
1 wie} AFT] e fEide B Ae® ¥
7HE| ATk, o] FAHEAA FHRE 87 (MRL)S
Fald gt A8l Hrhe v ddH 38 HADD),
2HE dd ddsinz fejge v
T} dutE o2 %ADIZ}F 100%
S felstittar Atz B AFoA A
Hdsithal AlRE T
sto] HFHtEE Al

A =4 F U
d Ao o FHET. A3

o
FAES] A9 o Fofo] AEHUEie
a) ]

H==
TTT=

=
=
[e)

0

o
AN
ot
ol
to
o

gome A% AREF RUHY U NGBS 4
Aol RS A BE vt Bag Aoz
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Table 8. Detected pesticides in stalk and stem vegetables

Commodity Pesticides Concentration (mg/kg) MRL" (mg/kg) Suitability
Fludioxonil 1.490 5.0 Suitable
Celery Etridiazole 0.043 0.05 Suitable
Pyridalyl 1.490 7.0 Suitable
Azoxystrobin 0.060 3.0 Suitable
Boscalid 1.400 20 Suitable
Chlorpyrifos-methyl 0.110 0.05 Unsuitable
0.560 7.0 Suitable
Etofenprox
0.450 7.0 Suitable
0.120 7.0 Suitable
Fludioxonil
3.260 7.0 Suitable
Lufenuron 0.110 0.2 Suitable
Chinese chives
3.320 5.0 Suitable
3.730 5.0 Suitable
1.330 5.0 Suitable
Procymidone
3.180 5.0 Suitable
3.450 5.0 Suitable
0.280 5.0 Suitable
Pyridalyl 0.700 10 Suitable
Tebuconazole 0.110 5.0 Suitable
Dureup young shoot Pendimethalin 0.023 0.05 Suitable
Chlorfenapyr 0.310 1.0 Suitable
0.220 2.0 Suitable
0.260 2.0 Suitable
Water-celery Etofenprox
0.237 2.0 Suitable
0.040 2.0 Suitable
Fludioxonil 0.180 5.0 Suitable
Azoxystrobin 1.630 2.0 Suitable
0.290 2.0 Suitable
1.630 2.0 Suitable
Etofenprox
0.620 2.0 Suitable
0.140 2.0 Suitable
Fludioxonil 0.110 7.0 Suitable
Welsh onion Indoxacarb 0.060 2.0 Suitable
0.038 0.01 Unsuitable
Isoprothiolane )
0.189 0.01 Unsuitable
0.047 0.05 Suitable
Pendimethalin
0.029 0.05 Suitable
0.660 5.0 Suitable
Procymidone
1.880 5.0 Suitable
Wild chive Metconazole 0.090 3.0 Suitable

DMRL : Maximum residue limit.
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Table 9. Risk assessment for pesticides detected in stalk and stem vegetables

Commodity Pesticides Average concen- Food daily ADD EDI” MPP? %ADIY  %MPI”
tration (mg/kg)  intake(g/day) mg/kg b.w./day (mg/man/day)

Fludioxonil 1.490 0.19 04 0.00028 26.320 0.0708  0.0011

Celery Etridiazole 0.043 0.016  0.00001 1.053 0.0511  0.0008
Pyridalyl 1.490 0.028  0.00028 1.842 10111 0.0154

Azoxystrobin 0.060 2.96 02 0.00018 13.160 0.0888  0.0013

Boscalid 1.400 0.04  0.00414 2.632 103600 0.1574

Chl;rept{lryilfos' 0.110 0.01  0.00033 0.658 32560 0.0495

Etofenprox 0.505 0.03  0.00149 1.974 49827  0.0757

Chinese chives by dioxonil 1.690 04 0.00500 26.320 12506 0.0190
Lufenuron 0.110 0.015  0.00033 0.987 2.1707  0.0330

Procymidone 2.548 0.1  0.00754 6.850 7.5431  0.1146

Pyridalyl 0.700 0.028  0.00207 1.842 7.4000  0.1125

Tebuconazole 0.110 0.03  0.00033 1.974 1.0853  0.0165

D“i‘;ﬁ)(—‘ft"““g Pendimethalin 0.023 0.35 0.13  0.00001 8.554 0.0062  0.0001
Chlorfenapyr 0310 1.01 0.026  0.00031 1711 12042 0.0183

Water-celery Etofenprox 0.189 0.03 0.00019 1.974 0.6371 0.0097
Fludioxonil 0.180 04 0.00018 26.320 0.0455  0.0007

Azoxystrobin 1.630 10.81 02 001762 13.160 8.8102  0.1339

Etofenprox 0.670 0.03  0.00724 1.974 24.1423 03669

Fludioxonil 0.110 04 0.00119 26.320 02973 0.0045

Welsh onion Indoxacarb 0.060 0.01 0.00065 0.658 6.4860 0.0986
Isoprothiolane 0.114 0.1 0.00123 6.580 12269 0.0186

Pendimethalin 0.038 0.13  0.00041 8.554 03160  0.0048

Procymidone 1.270 0.1 001373 6.580 137287 0.2086

Wild chive Metconazole 0.090 0.09 0.04  0.00001 2.632 0.0203  0.0003

YADI : Acceptable daily intake (mg/kg b.w./day).
2EDI : Estimated daily intake, average concentration (mg/kg) x food daily intake (g/day) / 1000.
YMPI : Maximum permissible intake (mg/man/day) = ADI x 65.8 kg.

Y9%ADI : %Acceptable daily intake (Hazard index) = (EDI/ADI) x 100.

9%MPI : %Maximum permissible intake = (EDI/MPI) x 100.
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