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Abstract This study was carried out to survey residual characteristics of pesticide in fresh ginsengs
collected from 45 markets at 15 regions in Korea using multiresidue analysis with a GC-MS/MS and an LC-
MS/MS. After residue analysis was performed, the pesticides detected from ginsengs were quantitated using
their analytical methods validated by recovery tests with a GC-ECD/NPD. As a results of analysis of
pesticide residue, cypermethrin, fenitrothion, fludioxonil, thifluzamide, and tolclofos-methyl were detected
from 16 samples among 45 samples in total, indicating detection rate was 35.6%. Tolclofos-methyl was found
to be highest in detection frequency in ginseng. Fenitrothion that has not established maximum residue limit
and pre-harvest interval for ginseng was detected. The amounts of all pesticides detected were less than their
MRLs. Ratios of estimated daily intakes to acceptable daily intakes of the detected pesticides in ginseng were

found to be from 0.03 to 16.67%.
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7] wiimol Akt HES Hokd & e EAYolth
2003 "|=55F-5-(United States Department of Agriculture,
USDA)IA 718k QUEChERS (quick, easy, cheep, effective,
rugged and safe) YH-> F4 Hxpr} 7HASI] W2 H&
ok ofugl ol mE T4 48 Hlgo] HofEw, aH
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AEAHo] JfEtE T dtkJu 5, 2011; Kwon %5, 2011,
Cho 5, 2013).

QuEChERS #4%o] WHaiA & Al7l= 47n e o
o] AT Wil 7hssk deoltt. 71Ee= GC (gas chro-
matograph)?} HPLC (high performance liquid chromato-
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Table 1. Purification conditions for the analysis of detected pesticides in ginseng by column chromatography

Washing Elution
Pesticide Adsorbent
Volume Mixed solvent Volume Mixed solvent
(mL) (mL)
. Ny n-Hexane:DCM? n-Hexane:DCM:ACNY
Cypermethrin Florisil >0 (80:20, v/v) >0 (49.65:50:0.35, V/v/v)
. . .. n-Hexane:DCM n-Hexane:DCM:ACN
Fenitrothion Florisil >0 (80:20, v/v) >0 (49.65:50:0.35, VIV/v)
Fludioxonil Silica gel 15 DCM 50 DCM
. . .. n-Hexane:DCM n-Hexane:DCM:ACN
Thifluzamide Florisil 30 (80:20, v/v) 30 (49.65:50:035, VAV/v)
.. n-Hexane:DCM n-Hexane:DCM:ACN
Tolclofos-methyl Florisil 50 (80:20, v/v) 50 (48.5:50-1.5, V/v/v)
“Dichloromethane, ®Acetonitrile
OtX M "It

Table 2. Recoveries of the pesticides detected by multiresidue
analysis with a GC-MS/MS and an LC-MS/MS in ginseng

. Fortification Range of recove
Pesticide (me/ke) & (%) Y
Cypermethrin 0.1,0.5 79.5-88.7 (n=6)
Fenitrothion 0.1,0.5 83.1-87.7 (n=6)
Fludioxonil 0.2,1.0 83.0-91.2 (n=6)
Thifluzamide 0.02,0.1 79.0-84.6 (n=6)
Tolclofos-methyl 0.02,0.1 98.7-102.6 (n=6)
Sk, o] BAYOE $Yslel A2 B BT GCE
olgsle] ¥Ho] s Hoplgls] W] GC-ECD/
NPDE o|g31e] /g R4S SYsPon, 358 A
e Fel BAME AFAAt. T £ F A28
wope] ARAL SgE BAYOR INE B sje]
st
HE ot

£ 5%9 HE 24

T4 Al 20 g& 300 mL tall beaker®l] %3 acetone 100
mLE 7Fsted 10,000 rpmol|A] 1327} blendingsh= W o2
FE3 F Celite 5455 SHAA 2 AFHsIR o™, 50
mL2| acetone®.Z &7] © ZALE Mo ¢e] of 3ol 3} 35
Atk AAAE 100 mLe] 3} A9t 400 mLo] S/
7} 201%= 1L &9l &7]132 50 mLe] dichloromethane
(fenitrothion n-hexane)2 713t & 270 rppmolA] 5%7¢
el WHog 23] EHjsli e,  dichloromethane
(fenitrothionS n-hexane) WS 4 MW EFOZ &
8to] 35°CoAM Zst 5T 53 A= 130°C|
A SAIZE o’ E/98)t Florisil &% silica gel 5 g2 $4
3t glass column (1 cm 1D. x 35 cm L.y& o]-&3}e] A3}
Hom, A WL Table 19] A 3IATH 3 SHE &
A el 3|82 Table 20 AAIF vke} ZFe] 79.0-102.6%
2 A BAY e AdE

MY ¥

A A AEE w2 4 T ok R 4
AIHAFS Fsta vt =7 Bt A (G55 ke

2 5te] YU FHF7 P (estimated daily intake, EDI)E A

=3 & A4 358 F(acceptable daily intake, ADI) THH]

h: =] —

[e)

i}
ZHEeF B4 A3 Table 390 A|AI S vie} 7ho] 1%, o
3 JollA A3 A FolA tolclofos-methylo] 7
Rom, g 4 3-A EF tolclofos-methyl®]
A} 2449 AJOA fenitrothiono] ZHZEH

g, =2k, FANA A FakelAE fludioxonil
o] AZH AT}, Hgk o4 75=9] F4tollA thifluzamide
7t AEEIeH, AANA 2NFH e 44elA cypermethrin
o] AZH ] F 35.6%] AEES HAth o5 v 3
A Q3 oAM= tolclofos-methylZ} thifluzamideZ} 7
AT &l AE 2 7IEddA 98¢ AR F 33
o] AlFEAA tolclofos-methyl¥} thifluzamide?} 7Z&E 12
), ZHE, b L@ 3)eIAE 684 AR F 24
o] AFXM Z+Z fludioxonil# tolclofos-methylo] HEF
ATk AollA AT 68 A5 F 480A tolclofos-
methyl, fenitrothion, fludioxonile] A& FoH, HE9] 7
- 684 F 4894 tolclofos-methyls} cypermethrin®] 72
vk F59 7 68 F 18004 fenitrothion®] &
Rom, AEAA AFH 659 ABAAM= BF AEHA
AT
HEsYe &7 54

Cypermethrin

AANA A 1742 AEAM cypermethrin®] 0.04-
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Table 3. Residual concentration in ginseng collected from traditional markets in Korea

Pesticide Sampling area (No. of pesticide-detected sample) Residual concentration (mg/kg) Detection rate (%)
Cypermethrin Gimje (1) 0.04-0.05 2.2
Fenitrothion Yeongam (2), Eumseong (1) 0.06-0.30 6.7
Fludioxonil Yeonggwang (1), Nonsan (1), Geumsan (1) 0.04-0.20 6.7
Thifluzamide Yeoju (2), Paju (1) 0.07-0.27 6.7
Tolclofos-methyl ~ Gochang (3), Yeoju (2), Yeonggwang (1), Hoengseong (2) 0.06-0.48 17.8

0.05 mg/kg®| M= AEHA oY 1751871 0.
kg PIRHOIRITE Leest Jo (2012)2 AM2A A fra=L
J =
o

O,
o
=i
@

VT T AR 1188 S TR EAIEA WHoE s
S 4% A3} cypermethrin®] AEE-E 4.2%01%020H,
FHE 0.09-0.147 mg/kgo] Ak R8T T3k A4t
(1033 SHQ4d)elIM e 25 BdEoldttal Hask

t}. Pyrethroiddl A5A|91 cypermethrin® 35 o]gAJo]
9171 wl &l (Zawiyah &, 2007) 74 QAL Fofo]
A AEE 7R vl Yok AR 2 AellA
n)Fe] cypermethrin 8710 1t AE
A} 7|2 HE EYoR "olAe FPoA EF
o =% HFd s Fol dF RIS 7ol
Tl Atk Hwang &, 2011; Lee 5, 2015). %t
22|k Foll HAA 28 cypermethring °FA] 4k
T 109Ake] Rkl ofA] AR o] R oF
70%%r ZHFsiAthe Bale] o8k A& % cypermethrin
o AFF e vwd Wt ATE Itk (Abdullah,
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Fenitrothion

Gl Ui AlEek A AFE 31 e] A FellM 14t
| S=5A %2 fenitrothion®] 0.06-0.30 mg/kge] M=
AZEHY 6.7%2] &8-S BT} FenitrothionS F+7]21A]
AFAR F7, HEF, TF 5ol FHHH AHEEHE F
oFo] x| 2H(Diagne &, 2002) S14tolE AR SE2EA
ko, FRsld7IE AN A IA Frt
fenitrothion F-7]1Q1A] AFAZ 5 ol do] 1oL
7VsAdo] Ythe B (Sarikaya 5, 2004)0] &&H 3
of Q1fste] AE3 Fofo] Qi 715 BIAL QI =%
EHAAY doll AxE sofo] E¢FOR Hojxe A
EY 39 =39 Q4 HFel B HEE ZoE A
= THHwang 5, 2011; Lee &, 2015).
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Fludioxoni

Fludioxonil& %%, =4, F4bol|A] 433k 332 A5
A1 0.04-0.20 mg/kg HHZ AEEACH, 6.7%2] HEES
BT Aol fEH e 74k 11888 AFst GC-
MS/MSE o] 43 CHREA RAH 0 2 2isoke T

g3t A7 fludioxonil®] AEE 49.2%C10 0, ZHH <
= 0.008-0.06 mg/kgo] A= H.37(Lee?} Jo, 2012)9F H]aL
S o] A At HE S e wh ZFHE =it
E3F Leet Jo (2012)= 2449] 74 1089] S4kIM =
fludioxonile] AZEASH, HEES 7212t 57.99F 37.5%0]
ok B 73T}, Fludioxonile HIZEA Eoko]mA] wb
A7 7} Fot 1Ak F 5 717ke] AA] &L Q1Ake] ti A
Al Wl BAEY WAl grde a3 QB EHA A4t
H29 B o] 3= lold tolclofos-methyle] A <A
2 gy ARET e Aot A4t F tolclofos-
methyl®] HE&3 FA3HE0] ARs87E AT 249
£ o AT A Al fludioxonild] AR Z71E
olste] <14t & tolclofos-methyl®] AZE7 F-2¢-g0]
AaEny ddEdn. AAE FYPFAEEAARYY
(NAQS, 2009, 2010, 2012)°IA= mid Q14 Z tolclofos-
H

methyl®] FZE&3} F-4 o] Hasta sl Basisiv,

Thifluzamide

oJFo} mFoflA AFHE AR 3HolA  thifluzamide?}
0.07-0.27 mg/kgel HEHNH, 6.7%%] HEES BT
%3 14t 5 thifluzamide®] H781-87152 1.0 mgkgS &
4 5 7A&9 thifluzamides 25 314715 mto|9)
t}. Leed}t Jo (2012)= GC-MS/MSE o]&3lo] Qi 5 &
oFe] THREBAREAH S ST F A2AAN f8EE
FAH(118%), 7A4H(10%]), 44t AREF EUEH
st A3t 3 Al S thifluzamided] AEE2S
6.8%°1aL Al E EAZCINCH, 4] 2 |
£ 0.007-0.047 mg/kgo| Atk RIEAT ol 2 A
Aot AR AEES HIAT FRFS W Ao
ok AE oA EAS A thifluzamides FAARE7]
I} 7788710l Aol o] Qlatell ARge] 7hsdt
ofo]7] wiell G Feko] A st A

¥ o= A= Uok(Klittich &, 2008).
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Tolclofos-methyl

s 4 A3} Table 20 AAF wpo} 7o) 1% 5
w7l A2 87 AlZAA tolclofos-methylo] 0.06-0.48 mg/
kgol MHIZ AEH] 17.8%] AE&LS nylon, & &
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Table 4. Ratios of estimated daily intake to acceptable daily intake of the pesticides detected in ginseng

Pesticide Sampling area Residual concentration  Food daily EDIY ADI? % ADI®
(mg/kg) intake (g) mg/kg b.w./day

Cypermethrin Gimje A 0.04 0.1581 0.0001 0.02 0.57
Yeongam A 0.29 0.1581 0.0008 0.01 16.67

Fenitrothion Yeongam B 0.06 0.1581 0.0002 0.01 3.45
Eumseong A 0.06 0.1581 0.0002 0.01 345
Yeonggwang B 0.04 0.1581 0.0001 0.40 0.03

Fludioxonil Nonsan A 0.20 0.1581 0.0006 0.40 0.14
Geumsan B 0.08 0.1581 0.0002 0.40 0.06
Yeongju A 0.27 0.1581 0.0008 0.01 5.54

Thifluzamide Yeoju B 0.08 0.1581 0.0002 0.01 1.64
Paju A 0.07 0.1581 0.0002 0.01 1.44
Gochang A 0.09 0.1581 0.0003 0.07 0.37
Gochang B 0.09 0.1581 0.0003 0.07 0.37
Gochang C 0.06 0.1581 0.0002 0.07 0.25
Yeoju A 0.48 0.1581 0.0014 0.07 1.97

Tolclofos-methyl .
Yeoju B 0.15 0.1581 0.0004 0.07 0.62
Yeonggwang C 0.03 0.1581 0.0001 0.07 0.12
Hoengseong A 0.09 0.1581 0.0003 0.07 0.37
Hoeseong C 0.15 0.1581 0.0004 0.07 0.62

“Estimate daily intake = residue concentration x food daily intake. ®Acceptable daily intake. ®(EDI/ADI) x 100.

Fol871E mwrolfitt. AAFol|A] AFHT FakellA 0.48
mgkgl 2 7P} =2 AREFS HIoH, I
TatlAl 0.06 mg/kgol AEH o] 7P @ ARFS B
t}. Tolclofos-methyl> =H-siHEF2 A U] g =
A A3 7E 2 BRAET Ner)t B FYoR 200833
20099l tolclofos-methyl®] 2 §H&0] 717 =Qkrhal B
FBIATHNAQS, 2009; NAQS, 2010). Yu 5(2003) %%
A9 8] 4k 7588 s B4 A3 73589 AlEeA
tolclofos-methyle] AZEo] 97%2] HEE&S HIoH,
) 6.68 mgkeel FFFS BTk Bslqith T3 Choi
(2010y= 19139 74, &4 2 WAHS QuEChERS RS
2 e ZUEHS A3 7889 AlF9)A tolclofos-
methyl°] 0.01-1.26 mg/kg®] HAZ HAEH o] 40%S A&
&S BT HEkch 3 Han 5(2012) 20119 %
of A& 57 Ao Wk, g 9 AujA el F
EHE 11559 T4 2941478 tide s et
YEs A3 3589 QsolA 13800A skl HEHAE
tl 25 tolclofos-methylo] o™, ZHFH91= 0.025-3.732
mg/kgol AL o] T FAFE7ES e A4k 5701
o B3I Tolclofos-methyl 914+ AfulA] 7H8 &
A7t == Wl BAEY S WASE] fste] g ARSE
o] SA|TF FAtellA Tl E FeFolHA FAFEo] =
of TEATHAAN T MAIRI F3HE FE AL
& TH(Noh 5, 2012).
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o] Aol AMEE 4t T FHFE ko] dUdFE & o
H] A FHFg F2] H8(%ADI) Table 401 A4 u}
7] 0.03-16.67%210 T}, FgolA AF e 4tel AEE
fludioxonil®] %ADI7} 0.03%Z 7Hg w2okom, geteiA]
ANFF M AEE fenitrothion®] %ADIZ} 16.67%=
7P =t G9e] 2l AR 23] R AR CA JH
3l At A ASE fenitrothionS 1|52 F0ko 2 W5H35)
§710] AAEY A 7] el FA3 sAEol AN
AT S HFHPE % %ADIE 3.45-16.7%C1 At &
3 7} = ARES HAY oFoM AH3 A F
tolclofos-methyl®] 74 &°F A3 ADI®] °F 2% w|%t
A A2 eIt

#Ae 2

o] =F2 20139 FEUEY AT AYAE Y] o

TH) X Pog PR o A 2o A=t
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