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Monitoring and Risk Assessment of Pesticides Residues
in Pre - Harvest Ginseng (Panax ginseng C. A. Meyer) in Jeollabuk-do
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Abstract This study was done to investigate the pesticide residues of ginseng cultivated in Jeollabuk-do
from 2009 to 2016. The total number of samples were 1,942 cases in the production stage and 189
compounds for pesticides. These were analyzed by multi-residue Analytical method using GC-ECD/NPD and
LC-UVD/FLD. There were 680 cases detected the pesticide residues. Among the 1,942 samples, residual
pesticides were detected in 680 samples. The ratio of detection was 25~46% and the average was 36%. 31
pesticides were detected in ginseng, and Tolclofos-methyl was the most frequently detected in 525, followed
by Azoxystrobin 80, Thifluzamide 43, Boscalid 22, Difenoconazole 17 and Cypermethrin 13. In addition, 10
components that do not have safety guideline for ginseng, including Chlorpyrifos, Diazinon, and Procymidone,
were detected. The rate of two or more compounds detectded was 17%. The total number of samples
detected over MRLs was 40 cases which was 2.1% on average. And Tolclofos-methyl was detected 15 times
and the concentrations were in the range of 0.36 to 3.55 mg/kg. Followed by Boscalid 5 times, 0.44-2.05 mg/
kg, Cypermethrin 5 times, 0.19 to 6.14 mg/kg, and Azoxystrobin 5 times, and 0.20 to 0.43 mg/kg. The risk
index for Tolclofos-methy was 1.7 x 10*% and the detected over MRLs was 1.8 x 107'%. Although the result
of the risk assessment is low, safety management should be continuously carried out considering the steady

increase in the pesticide ratio of detection.
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F5oF RUEHY AR AF R, 585
FASEY, BASEATY 59 S/pIHg RkTA
= BYEY AekKim et al,
2008). F-EverEnt ot fH el 7 sAsolM =
Ao oziol] wet o wokt Aes AR st ARsof
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(Quick, Easy, Cheap, Effective, Rugged and Safe) ¥4

‘ Weighing ‘ ‘ 30 g of sample in a polyethylene bottle ‘
l
‘ Homogenization ‘ ‘ Add 90 ml of Acetonitrile and grind for 3 minutes at 5,000 rpm in a homogenizer ‘
\:
Centrifugation After 20 ~ 30g of NaCl was added, shaken in a shaker for 30 minutes and
J Centrifuged Centrifugation at 3,000 rpm
)
1 GC: 45 ml of the supernatant was concentrated and then re-dissolved
Concentration with 3 ml of methylene chloride containing 5% methanol
2) HPLC: 12 ml of the supernatant was concentrated and then re-dissolved
with 2 ml of methylene chloride containing 5% methanol
\:
1 GC
- SPE cartridge(Amino-propyl, 2 g) conditioning : methylene chloride 5 ml
- 2 ml of the sample solution is taken, and 6 ml of methylene chloride
containing 5% methanol
- After concentration, redissolve in 2 ml of acetone and analyze by
instrument (ECD, NPD)
Clean up 2) HPLC
- SPE cartridge(Amino-propyl, 2 g) conditioning : methylene chloride 5 ml
- 1 ml of the sample solution was loaded and eluted with 6 ml of methylene
chloride containing 5% methanol
- After concentration, redissolve in 1 ml of acetonitrile and analyze by
instrument (UVD, FLD)
3 Dilution : GC , HPLC 0.2

Fig. 1. The serial processes of the sample preparation for injection.
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FZ 2 A 0|3 F718m acetone, methanol,
dichloromethane, acetonitrileZ} sodium chloride 5 Merck
Ab ZHseF 48 (pesticide residue analysis grade)©]™,
A o] ARE3F 7452 (solid phase extraction, SPE) &
2]X]+= PhenomenexAF2] Amino-propyl (2 g)Al&°|AT &
FE234 189%L Dr. Ehrenstorferr}e] R i3S 7+

Z} acetonitrile 2 acetone®Z =4 1,000 mg/L XTI Z

ZA|8AY, AccustandardAFe] oF 1,000 mg/LE ZA|E %
TS SAste] A 2ol ARt e E% EE
E4S ZAIsIA
FE % HH

AR e AFeEbdA A tesdEsAlEA

"1]?-13
(Multi class pesticide multi residue methods) #| 2ol <=3}
of TP ThFig. 3). WEH E AEE &2 7HHA ==
Aoy AAT & #5stA FHste] et AR 30 g2
Zzjogd ol A8t 5 acetonitrile 90 mLE 751
28 7](homogenizer)S ©]43ke] 5,000 RPM (revolution
per minute)-E 337F FZ38kAL sodium chloride °F 30 g&
A7t stod FGAIZ] & A48t GC (Gas Chroma-
tograph) #4718 A5 45mL 3 5 40°C T84 (water
bath)ol| 4] 739t 53194 5% methanol 3+ methylenechloride

—

Table 1. GC operating condition for residual pesticides in ginseng

3mLZ €383}, LC (Liquid Chromatograph) %418 %5
M 12mL FHdtd Y 5% F 5% methanol
methylenechloride 2 mLZ £3]3lo] A& A5 |43}
At A= SPE Cartridge (Amino-propyl, 2,000 mg, 12
mL)E GC ¥ LC 3522 AR5 3, methylenechloride
6 mLZ conditioningd}ith. 13 7%t 5= & £33 A5
o GC2mL, LC 1 mL & Ztz+ 29 & ¥k 5% methanol
M+ methylenechloride 6 mLZ 854171 & v]A| F531o
AXE ANFEE GC E48E acetone 2 mLol &35k,
LC #4182 acetonitrile 1 mLell #-8-3l3te] syringe filter
(0.22 pm, 17 mm)E o 7ste] 7]7] A8kt

7171 =H

#4144 = Gas Chromatograph (Hewlett-Packed 6890,
7890 Series GC System, U.S.A.) ECD (electron capture
detector) 3 NPD (nitrogen phosphorous detector)2} High
Performance Liquid Chromatograph (1100, 1200 series)
UVD (UV absorbance detector) 2 FLD (fluorescence detector)
E olgsto] EAskslen, 7+ 717] 4 272 Table 1, 2
9} 7t} Thifluzamide 5 1324%& GC (ECD 4 group,
NPD 4 group), Boscalid & 5733 HPLC (UVD 3 group,
FLD 2 group)& #4313t}
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Seld Brke AFeIFE A (Korea  Food  Drug
Administration. KFDA ZH7-52F to]Ej#|o] 298] 194 # 5]
&2 (acceptable daily intake, ADI)Z} B7HFaS vigko
2 19544 %] F(estimated daily intake, EDI)S AFE3}o]
774g ZAEeke] HoldHH o R Skl o] & vl sty
Byl AE RS B2 Y= EPA (Enviorn-
mental Protection Agency)®] 9134 B/ wel A&
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gol g3t = HA AEFE Uro] Faksih
23 E ko 193443 HF(mg/kg bw/day)ye AHE38H7] flst

NPD

ECD
GC GC-7890 series
Column DB-5, DB-17 30 m x 0.25 mm (i.d), 0.25 pm)
Temperature : 260°C
Inlet Il split ratio 50 ; 1
Temperature : 320°C
Detector Make up (N2) : 60 ml/min
Oven

% Total run time : 40 min

Temperature : 260°C
1 pl splitless

Temperature : 320°C

H2 : 3.0 ml/min

Air : 60 ml/min

Make up (N2) : 10 ml/ min

80°C (2 min hold) — 10°C/min — 200°C — 2°C/min — 220°C (4 min hold) — 10°C/min — 300°C (4 min hold)
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Table 2. HPLC operating condition for residual pesticides in ginseng

RIS MME Ano| F

of ME|ZA U Sy Tt 57

UvD FLD
HPLC HP-1100 series
Column  Phenomenex Gemini NX (15 cm, particle size 3 um, C18)
Injector Injection volumn : 10 pl
Detector ~ Wavelength : 254, 230 nm (UV-3group) E:rfi]sfit(l)(r)]n: : 41%0;;:1“
Time water Acetonitrile Flow (mL/min)
0 70 30 0.8
5 70 30 0.8
Mobile Phase 20 40 60 0.8
40 40 60 0.8
50 20 80 0.8
60 5 95 0.8

of AE4E AR FHmgkeel el 19 AAZke)
Sk dele] BHAIF(55 kg)o& vHre] T3t
Tk 1934977 S=rele] HaAlFS ws)
of Qi HFHE 59 =Y ARES 1LFEHEFT
(EDI, mgkg/dayye Talint. gt AF-gek 19471518
FHmg/kg bw/day)ell e=%1¢] BHAFS o] =219
275 191194358 %(ADI, mgkg/day)s T3
Ao 2 ZHREel 1RNYF8AATS 119AdFHE &
FOF Wpral Mg Uehfo, ek A3 68 o
H] 2o]4FHES% ADIE A3l th(Ahn et al, 2013,
Jang et al., 2011).

* ADI (1911941 7151 & %, mg/kg/day) : 1041 7151 & %
(mg/kg bw/day) x 55 kg
- 194 3 5] & FH(mg/kg bw/day) : KFDA 755 o)
o] Ef uf| o] 2=
* EDI (19119 +3 A 5 &, mgkg/day) : 19545 &
(mg/kg bw/day) x 55 kg
- 19574 A # F(mg/kg bw/day) : [*3 ++ 2HF FH(mg/
kg) x 192 54 3 F(kg)] / 55 kg
* % ADI(Hazard Index) = (EDI / ADI) x 100

==
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(coefficient of correlation, R?)7} 0.9982-0.9999% <3
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Table 3. Residual pesticide detection compounds by year

o
ol

0

No. of samples

Vear No. of sample ~ No. of sample  Detection Jetected Detection over Detection Types of
. o L
analysis detected rate (%) over MRLs MRLs rate (%) compounds pesticides
2009 236 71 30.1 12 5.08 72 10
2010 301 88 29.2 7 2.33 126 12
2011 252 135 53.6 5 1.98 143 8
2012 269 67 24.9 5 1.86 77 11
2013 272 84 30.9 0 0.00 86 5
2014 242 86 355 4 1.65 97 12
2015 188 66 35.1 5 2.66 90 12
2016 182 83 45.6 2 1.10 113 6
sum/
(average) 1942 680 (35.6) ) (2.08) 101) (10)
160
140
120
H No. of detection
pesticides
100 -
 No. of detection
to Iclofos-methyl
80 -
60 -
a0
20
o
2009 2010 2011 2012 2013 2014 2015 2016

Fig. 2. Number of pesticide detection and Tolclofos-methyl detection by year.

AellA AEE TS BT 31509, A&y
AFA| tolclofos-methyle] 52538]2 71 ©okom F
=47 7 B2 AR tolclofos-methyl2 & 14
TEE 0.365-3.550 mgkee] HHZ HEHUT. Kim
5(2014)% tolclofos-methyl A33&0] 14l EUEE 9 <F
A% AAA BAG ARORE AEH Y AEWE g Fo}
7ol ddol dasiial sl 200997 201090
AR E71ES 2% i 1970 FolA 11719 58%7)
tolclofos-methyl A3+-0]%12.™ 2011dF-F tolclofos-methyl
2 013 1A} v o] 74T o]& tolclofos-methyl2]
Z738]-87150] 0.3 mgkeold 2011d%0] 1.0 mgkgS &
dek 2AE A FEE Aog Rojuh AEFOZ 2008
W3k 200939 tolclofos-methyl <14} SFHAJ AL A F-
A3 st 7P w8 ARoE HyEh Itk EEAE
FAAEY oPAAZRAE A72009, 2010). Choi (2010)=
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1914 €] 43, &4k 9 M4-S QUEChERS WO R -5
oF mUHH 3 Ay} 7899 A59A tolclofos-methyl®]
0.01-1.26 mg/kg®] MHE AZE] 40%] AEES B
©m, Han 5(2012)& 2011d%0] AR FolM FEEE
14t 3580l st 2ok RUEE 23} 13394 tolclofos-
methy /33%0] AEEA0™ 9= 0.025- 3.732 me/kg
o] o]FoA 5HL FIEIES BT Bl
3otk oAk ek RAIA 20119 AE AR 91%,
20139 HEAE2] 95%7} tolclofos-methy®] A=H] 20143
FH AE RErE A fgaste] 201590 HEEEC
33%, 2016\ 19%= 1 H]&o] Haf Wolxrh. A=4og
T 20119%E 24 F tolclofos-methy?] HEE3} F-43
Eo| AL itk HASITHINAQS, P A A3,
2009, 2010, 2011). F=35 A= 20129) tolclofos-
methy 3419 F58 55 HALsI%, A= A%
2 BAEWS s Qlate] EY £33} AslEs AE
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HoA A 55 =] UThFERISAIX A, 2017).
Tolclofos-methyl Th-2.2 &o] A&¥ -2 azoxystrobin
80(10.6%), thifluzamide 43(5.6%), boscalid 22(2.9%), dife-
noconazole 17(2.3%), cypermethrin 13(1.7%), tebuconazole
11(1.5%), procymidone 9(1.2%), pyrimethanil 8(1.1%),
cadusafos 4(0.7%)3] o2 YET IF3L7ES
Z338F F2 AELS  tolclofos-methyl 15, boscalid 5,
cypermethrin 5, azoystrobin 5, chlorpyrifos 43] &©]31t}.
Azoxystrobin> {14+e] HFHHol 8 7447HA] 43] o]
W2 AMsle dHIZ 201437145 719 AEEA ste
v 201593} 2016991 F2o F2 AEEHAT. Azoxy-
strobin®] <U4tell gt ZHF4]8-7]52 0.1 mgkeo|H, 4
A3} 0.01-0.074 mg/kg®] HZ HAEHALH 8071 FolA
572 0.20-0.74 mgkge] FEE 387|FS 2T AoR
UEbstth. Thifluzamide= 254 LAIE 918 EF A2 st
= SHAIE 0.01-0.92 mgkgd] FFELE BT AR LIIE
1.0 mg/kg I E ZZH At} Thifluzamide GA] & 42719)
AEAA HEEAOH 36710] 2016100 HEE Z1O0E
o) Bo] ARS-E A= AZHHT Boscalids HF-HH
Aglgoly Aol ARgshe obdete|= AlFe] HFold
3 SHAIE 0.067-2.048 mgkg HAZ AEEAS™ MRL
(Maximum residue limit) 0.3 mgkgs Z3sh= A8+ 57
© 2 et} Difenoconazole AFHW Aol A8}
£ EfolEA HFolgA HA=Z 0.02-0.35 mgkg 7O
2 22710014 AEHN e 76 871E 0.5 mgkes 23
SHA] &kt FHAg2o|=A AFAl cypermethrin 0.03-
6.14 mgkg TELE HASHUL 4719 FHollA 5871+
0.1 mgkgs =33t AEH AT} Tebuconazole 113] 7
ZH = tiFaEo] trifloxystrobin} azoystrobinzte] &9t
AAAE AR S Al AREe HEA
WA ol sh= ofA|olt}. Tebuconazole®] & ee

Etc

Cadussfos
Pyrimathanil
Procymidone
Tebuconazole
Cypermethrin
Difenoconazole
Boscalid
Thifluzamide
Azowystrobin
Tolclofos-methy|

18 10

1
(x E) 100

FEXI] MNEh] 440 MRS MEEA Y 9l ot 59

=

0.11-0.42 mg/kg 502 25 5187152 0.5 mgkg W]
AT}, Pyrimethanil 4] 355 WA oFolm] AHlgo]
HAE Qs BAtl 3A] £58 08 AREHI|E gt &
7132 1.0 mgkegol™ 0.036-0.585 mg/kg?] TEE & 8
3] AZ=AH. Cadusafos JE-2 HISH5 YAE 23
M B A 13] oy EY] Mejske JAR 81871
0] 0.05 mgkeg= RFoH, A& T 0.015-0.1562= 4
A % 170] 887158 2333t Procymidone 9719]
FAlA AZEAEHE Qe tigk BARE 7] AR
2 e S E F2 7ol AMEshe AtAlolt R
T2 0.01-0.05 mg/kg= YEREOH Q14He] 2H73-871%
o] AA=lo] QA o} AT AFA ZAF U} 5871
T 02 mgkgs A-&ate] A WP UARE PLS (Positive
residue limit)7} =¥ 8oz 0.01 mgkg E71F0]
AgEo] 97 BF FAgte] He 7|tk Procymidone
Qe Qlatell gk SFAARE7IFEe] AR HA & AR
chlorpyrifos, diazinon, carbofuran, fenthion, fenitrothion, 2.
AT ARAECE FU AREEA B FEHA AR
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Fig. 3. Number of pesticides residues detected in ginseng (2009-2016).
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Table 4. Risk assessment of pesticides detected from ginseng

Pesticide No. of Average conc. MRL

EDP ADI?

ADIRFD

detected sample detected (mg/kg) (mg/kg)  (mg/kg) (mg/person/day) %ADI”
Tolclofos-methyl 525 0.0018 1.0 0.064 1.10E-07 3.52 1.7E-04
Azoxystrobin 80 0.0099 0.1 0.2 5.96E-07 11 3.0E-04
Thifluzamide 42 0.001 1.0 0.014 6.02E-08 0.77 43E-04
Difenoconazole 17 0.0015 0.5 0.01 9.27E-08 0.55 9.3E-04
Boscalid 22 0.01 0.3 0.04 6.06E-07 22 1.5E-03
Cypermethrin 13 0.003 0.1 0.02 1.97E-07 1.1 9.8E-04
Tebuconazole 10 0.005 0.5 0.03 3.01E-07 1.65 1.0E-03
Procymidone 9 0.0005 - 0.1 3.01E-08 5.5 3.0E-05
Pyrimethanil 8 0.005 1.0 0.2 3.01E-07 11 1.5E-04
Cadusafos 4 0.0005 0.05 0.0003 2.83E-06 0.0165 9.4E-01

a) Estimated daily intake: Average concentration x daily food intake 3 Total number of samples : 1,942
b) Acceptable daily intake: ADI x 55 kg (average body weight of Korean adult)
¢)Hazard index : (EDI/ADI) x 100 3% Daily food intake of ginseng (g) : 3.31 (KHIDI, 2013)

22 AAZAR e W ol gk =8 A
AE-E2] QA= azoxystrobin 3.0 x 10°*%, thifluzamide
43 x 10%, difenoconazole 9.3 x 10™%, boscalid 1.5 x 10°%,
cypermethrin 9.8 x 10™%, tebuconazole 1.0 x 10°%2.2 1}
1228 R e R R i s ei=

Ao HAEZAL A3 AEE Fofo] FE MRL ©lst
o]7A} e A< (Hazard index)7} Sol &Aje ¢hdsitha
AP EA T, QEAARE 7]l AR E o] IA] &2 Foke]
ZH A o] o] & e AlFeA FAll HAEEHA
T AEE] 9] SUHAL e A ARtete] A&54
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0

O

=
e
Q

¢

Literature cited

Ahn, J. W., Y. H. Jeon, J. I. Hwang, J. M. Kim, D. R. Seok, E.
H. Lee, D. H. Chung and J. E. Kim (2013) Monitoring of
Pesticide Residues and Risk Assessment for Fruits in
Market. Korean J Environ Agric. 32(2):142-147.

Choi, D. S. (2010) Development and monitoring of
simultaneous analysis for the multiresidual pesticides in
ginseng using QUEChERS sample preparation method,
Dongguk University Master's Degree Thesis.

Han, S. H., S. K. Park, O. H. Kim, Y. H. Choi, H. J. Seong, Y. J.
Lee, J. H. Jung, Y. H. Kim, I. S. Yu, Y. K. Kim, K. Y. Han
and Y. Z. Chae (2012) Monitoring of pesticide residues in
commercial agricultural products in the northern area of
Seoul, Korea. Korean J. Pestic, Sci. 16(2):109-120.

Kim, J. H. (2007) Residue of Organophosphorus and
Organochlorine Pestcides in Fresh Ginseng and Red
Ginseng Extract. Korean J. Environ Agric. 26(4): 337-342.

Kim, J. Y., H. N. Kim, M. S, S. J. Heo, H. N. Jeong, J. E. Kim,
K. R. Kim and J. H. Hur (2014) Translocation of Tolclofos-

methyl from Ginseng Cultivated Soil to Ginseng and
Residue Analysis of Various Pesticides in Ginseng and Soil.
Korean J. Pestic. Sci. 18(3):130-140.

Kim, M. O., H. S. Hwang, M. S. Lim, J. E. Hong, S. S. Kim, J.
A. Do, D. M. Choi and D. H. Cho (2010) Monitoring of
residual pesticides in agricultural products by LC/MS/MS,
Korean J. Food Sci. Technol. 42(6):664-675.

Kim, M. R., M. A. Na, W. Y. Jung, C. S. Kim, N, K, Sun, E. C.
Seo, M. E. Lee, Y. G Park, J. A. Byun, J. H. Eom, R. S.
Jung and J. H. Lee (2008) Monitoring of pesticide residues
in special products, Korean J. Pestic. Sci. 12(4):323-334.

Korea Crop Protection Association (2017) Agrochemicals use
guide book pp.274, 1553-1555.

Korea Health Industry Development Institute (2015) National
Food & Nutrition Statistics pp. 36.

Lee, K. W. and E. K. Jo (2012) Multiresidue pesticide analysis
in Korean ginseng by gas chromatography-triple quadrupole
tandem mass spectrometry. Food Chemistry 134(4):2497-
2503.

Ministry of Agriculture Food and Rural Affairs Horticulture
Industry Division, Statistics of ginseng (2016) Cultivation
area of ginseng in Metropolitan and provinces pp.118-119.

Ministry of Food and Drug Safety (2017) Korean food standard
codex, Pesticides MRLs in Food, Notificication No. 2017-57.

National Agricultural Products Quality Management Service
(2014) 2013 Annual Report for Quality Management of
Agricultural Products, pp.22-46.

Noh, H. H., I. Y. Lee, S. H. Park, K. H. Lee, H. K. Park, J. H.
Oh, M. H. Im, C. H. Kwon, J. K. Lee, H. D. Woo, K. S.
Kwon and K. S. Kyung (2012) Residual characteristics of
tolclofos-methyl treated by seed dressing in ginseng.
Korean J. Pestic. Sci. 6(3):217-221.

Park, J. D. (1996), Recent studies on the chemical constituents
of Korean ginseng. Korean J. Ginseng Sci, 20(4):389-415.



2 % 2009d7H 20169714 Ml A e Qite] st AEE ZARIIT EotE A e A
b SAL] FAE 1,9427000 diEte] FHRESF tHRSAIEARH 2 GC/ECD/NPD, LC/UVD/FLDE ©]&3ld &
18995 w4 a3lth. 1,942 F sofo] AEE T F 680022 vid 25-46%7F HEHAL Ht 36%3AT.
HEd HES F 31F01eH, AEF= tolclofos-methyle] 5253](69.8%)% 7 B3kSH, azoxystrobin 80,
thifluzamide 43, boscalid 22, difenoconazole 17, cypermethrin 133] 52 <=0 2 LEptth, T3k ol4bef] tjat QkdA}
|710] AR 282> A& chlorpyrifos diazinon, procymidone, fenitrothion 5 1050] HAE= . 2714 /<]
Aol I AEE AEe AA AR 79 17% Tl SFERE71ES 2343 A 5E B 407102
et 2.1% 2 YERRA, FA3 WsF7t 7P B A2 tolclofos-methylZ 1532, F%+= 0.36-3.55 mg/kge] ¥
A7 AZEEYLeH 2 9] boscalid 53], 0.44-2.05 mg/kg, cypermethrin 53], 0.19~6.14 mg/kg, azoxystrobin 53],
0.20~0.43 mg/kg5°1th AN L7} 714 =& tolclofos-methy] $I31A14~(Risk Index)y= 1.7 x 107%0]1%1.2.H, 3]
27158 2338 A5 tolclofos-methy2] HFIATE 1.8 x 107'%E {3142 @ Aoz yehg o), A4 9l
SRS AESES FF3] ST e AHE Absle] A&2Q1 e E]ol] thigk thAlo] BT Zlo = ek

61



	전북지역 생산단계 수삼의 잔류농약 실태조사 및 위해성 평가
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	Literature cited
	요약


