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ABSTRACT - This study was conducted to investigate the residue amount of harmful materials on the 153 com-
mercial medical herbs in Gwangju area. It was performed using the GC-ECD, GC-NPD, GC-MSD and the LC-UVD,
LC-FLD, LC-MSD to analyze 200 pesticides. The heavy metals were determined using a Mercury analyzer and AAS.
The sulfur dioxides were analyzed by modified Monnier-Williams method. The residual pesticides were detected in 7
samples, and were over MRLs (Maximum Risk Levels) in 2 samples (1.3%). The mean values of heavy metal contents
(mg/kg) were Pb, 0.570; Cd, 0.081; As, 0.082; Hg, 0.0093. The measured values of Pb, As, Hg showed within MRLs.
The excess samples of MR Ls were 3 samples (changchul 2, cheongung 1) on Cd. The sulfur dioxides were over MRLs
in 7 samples (4.6%), hwanggi and gugija. These results will be used to establish on the regulation of commercial med-

ical herbs in Gwangju area.

Key words : medical herbs, residual pesticides, heavy metals, sulfur dioxide
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S5 FFS ADH FSIIA AFo] A8

SEAL QAITHHO. ofsh bl Fr AVA WielA] whEA) 4

-y
r ;g

B3], ARl e we-g sty old 2wl

g RS 8A &, B8, BE TE, WE, U B

o] 48 o 4= 9k RyE T ™ FAO/WHO

oal= elA] AEA] A F = glo] ofFtd Fol

19 HAs &8 olakatgto 24 0.7 mgke ©)8HE A g
o3}

ooguﬁoﬂw ?7&1 5 60%
& Frtete] F 266350 o}&? OJ

2 3omg/kg91 70@}4 712 HEA T QL
Ay 2 A-poll A e Sujoll Al AR AL 9l &
] <

% 34 @0-}”7] Wate] s, olAsY, FRE £

SEd ARAUE ZAFSRe] ARG FepAel el

# 4ns stm G5 BopAo] I A7)
2

&)
AN AN E ABE AZskust gl

lll‘i-]IHE
2009 3EFE 109704) gFA el fg T =ullat
Zolak (5 ekl & IS3AS

2 FEle] 471 (blixer
5 plus, robot-coupe, France)® H2iste] WarAsid ] A
23 AM85 oH(Table 1),

EEE 9 243

FoF EFEE Dr. Ehrenstorfer (Germany)2t Wako (Japan)
AEE AMESL, 58 A W 2 9] B8 AR

Table 1. The list of commercial medical herbs used in this study

HPLCH old& AME3lRlch A8l AAE s GC 4
o+ SPE-Florisil (8B-S013-HBJ, Phenomenex, USA), HPLC
Aol SPE-NH, (8B- S009-JCH, Phenomenex, USA)7}
EQAE Abgelddth Hg 5 4 &89 S54 15k
2 Wako (Japan) AF-&, 71eF AloFe SFA RS AMS-3L
Rz, oltald Aee Bk AMEEte] Agsii
FHFEoF B AL E A e a2 etE e
21 GC-ECD (electron capture detector, Agilent 6890N, USA)
2} GC-NPD (nitrogen phosphorus detector, Agilent 6890N,
USA) 2 GC/MSD (Agilent 5973, USAYE AM&atgiom
Fgdol o F4do] wor o dis] Beb ek Tk
F A2 LC-UVD, MSD (Agilent 1100 series, USA)YSH
FHp o] BEA] FepdHE H49891 post-column derivatization
system (Pikering, USAye AM&-3kSitt
T T Heel B8 98] Automic Mercury Analyzer
(Milestone S&T, ltalia}& AME-8MR T, Ph, Cd & Ase
Atomic Absorption Spectrophotometer (Perkinelma, USA)
& ARg-Ste] EA st

oFo] AlEAF 2 AA Y él%%Z o} A%
T FRRAIEY F vhEwel opgE , 2
*1*5*1-%9_@, 71718] 4 3712 Table 2 3 Table
A EFA T, GC-ECD ¥ GC-NPDE ©] &3}

HPLC-UVD % HPLC- FID & o] &-8la] 5639 HoH
2L BAgig on BASH & 20082 B REE.S Table

49} 7o,

534
AR 10g% AP Hste] skl Hgel A5
Table 591 715} ol AFEHERUNE olgle] 1%, B

Name of medical herbs

Domestic product Imported product

Angelica gigas Nakai {danggwi) 9 2
Astragalus membranaceus Bunge (hwanggi) 10 8
Atractylodes macrocephala Koidz (bekchul) 7 7
Atractylodis Rhizoma {changchul) 7 8
Citrus unshiu S.Marcov. Cortex (jinpi) 9 -
Cnidium officinale Makino {cheongung) 9 9
Curcuma longa LinnE{woolgeum) 5 6
Ganoderma lucidum Karst (youngji) 5 2
Lycium chinense Mill (gugija) 9 9
Poria cocos Wolf (bekbokryeong) 6 6
Rehmarnnia glutinosa var. purpurea Makino (sukjihwang) 5 8
Zizyphus jujuba var. inermis Bunge (dechu) 7 -

Total 88 65
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Table 2. Analysis condition of residual pesticides by GC-ECD and GC-NPD

GC-ECD GC-NPD
Column DB-5MS (30 m x 0.25 mm x 0.25 um)

Carrier Gas flow 1.0 mL/min 1.0 mL/min
Inj. Temp. 250°C 250°C
Det. Temp. 300°C 300°C

Inj. Vol. 1.0 pl 1.0 ub

Oven Temp.

140°C (0 min)-3°C/min-280°C (10 min)

150°C (0 min)-5°C/min- 250°C (5 min)-9°C/
min- 290°C (5 min)

Table 3. Analysis condition of residual pesticides by HPLC-UVD and HPLC-FLD

HPLC-UVD
(254 nm)

HPLC-FLD
(Em 455 nm/ Ex 340 nm)

Synergi 4 p Fusion-RP 80 C

‘ol
Column (250 x 4.60 mm, 4 pum)

Mobile Phase
Post Column Reaction -

At Acetonifrile B: Water

Pickering C,q
(150 x 4.6 mm, 5 pm)
A: Methanol B: Water
O-Phthaldialdehyde, 0.05 N NaOH

Flow rate 1.0 mL/min 1.0 mL/min
Inj. Vol. 20 uL 10 ul
Time (min) A (%) B (%) Time (min) A (%) B (%)

0.0 35 65 0.5 20 80

Gradient 3.0 35 65 5.0 45 55
10.0 55 45 22.0 62 38
40.0 70 3 23.0 100 0

ol B fAskE AR FASITH Ph, Cd B AsE 2F

3 o
FA5] 5 HEARY 5

1 A4s|shg ] Fato] A
@ F, WATAREAL 0158 Table 69] 2702 4
A o] 247}e] P TEATH,

sl

0l4tsts

o]2balgke 2Faxle] o}3Ak, Afolsat Wl 1 AF A
1 (Monnier-Williams' ¥ )ol] Z28}o] u}%ga}gq] A&
°F 50 g% 5% EtOM 100 mLE %31 A 47F~5 021 Limin
2 FYsiiA ol gty 1 3, & a}iﬂoﬂ 4N
HClL 90 mLE ¥l | ] b 457k HEer $, 3% H,0, 8
30mLE ¥We 47o) 2Ae & o] g 0.01 N NaOH
= Abg-ste] 2027 &3k o] & wzkx] H sk
om, ofefo] FAel wet ojqkslgre] S L&A
0.0IN NaOH 1 mL =320 pg SO,

S50, (mg/kg) =(320x Vx1)/S

V : 0.0IN NaOH AHl& (mL)

f: 0.0IN NaOH factor

S : sample (g)

R B n ks
TR 2M
FEAS Aual 2 deF AEadA fEEL e

ekl sk 2Bk 491 7'1*} 7%11& Table 73} 7t}
= 71¢] = 704 /Qwﬂ—%
o] AZF o, ywqbﬂgw 1,11414 57, =2k 2
Atk olF HF 242 endosulfan?] X}Tr?ﬂ“‘;'“ 71554
Zbzh 2w, oulf zafste] R o2 s Eglow, v

2] 540 ZZ% chlorothalonil 5 8§52 FeRAES &
A 7150l A= A ¢ ‘q?’r‘oﬂ #gol BrFesiaitt

B AT FARE AT AHES ARy, 2 B 9
3t AEAIA % 5l A 16% 251/4°ﬂ o3l
1852 wokg A8 A, 97dolA] weo] HEHC
] o]F BHCE A&t vpmA] ke shekaje] ojgh
ZlEEe] AAER @8 FEEIT B3, 7 9 uh
2 A ST F 427AS U0 R 1059 o
= A% A3, 3079 FefA oA endosulfan 5 639
FeEo] AEHYT. F BV olshd Y 67 A3}
F YA 2ol A HES J 222719 tiE] 1052 F
oFS BA S A3, DDTVE 7710041 HEE o] ko7l &
AgE 7P Be HAENnE L}b}lﬂ t}h. olelst ookt 4
IE2 Y A, ghebA], 4] tate] FpAEEe]

AolelA Ho Atz Aztac

A, Selke dok %
dobol sl 67710 Aol 7
TR 5 309959 ekl
10 7E 9 A 3 s
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Table 4. Selected pesticides list for this study

Acetamiprid Acrinathrin Aldicarb Aldrin Anilofos
Azinphos-methyl Azoxystrobin Bendiocarb Benzoximate BHC
Bifenthrin Boscalid Bromacil Bromopropylate Butocaboxim
Cadusafos Captafol Captan Carbaryl Carbofuran
Carbophenothion Chinomethionat Chlordane Chlorfenapyr Chlorobenzilate
Chlorothalonil Chlorpyrifos Chiorpyrifos-methyl Cinosulfuron Clothianidin
Cyazofamid Cyflufenamid Cyfluthrin Cyhalofop-Butyl Cyhalothrin
Cymoxanil Cypermethrin Cyproconazole Cyprodinil DDT
Deltamethrin Diazinon Diclofluanid Dicloran Dicofol
Dieldrin Diethofencarb Dimepiperate Dimethenamid Dimethoate
Dimethomorph Dimethylvinphos Diniconazole Diphenamid Diphenylamine
Dithiopyr Edifenphos Endosulfan Endrin EPN
Esprocarb Ethaboxam Ethiofencarb Ethion Ethoprophos
Etoxazole Etrimfos Fenamidon Fenarimotl Fenazaquin
Fenbuconazole Fenhexamid Fenitrothion Fenobucarb Fenothiocarb
Fenoxanil Fenoxycarb Fenpropathrin Fenpyroximate Fenthion
Fenvalerate Ferimzone Fipronil Flonicamid Fluacrypyrim
Fluazinam Fludioxonil Flufenacet Flufenoxuron Flumioxazine
Fluquinconazole Flusilazole Flusulfamide Flutolanil Fluvalinate
Folpet Forchlorfenuron Fosthiazate Fthalide Heptachlor
Hexaflumuron Imazalil Imibenconazole Indanofan Indoxacarb
Iprobenfos Iprodione Iprovalicarb Isazofos [sofenphos
Isoprocarb Kresoxim-methyl Lufenuron Malathion Mecarbam
Mepanipyrim Mepronil Metconazole Methabenzthiazuron Mefenacet
Methidathion Methiocarb Methomyl Methoxychlor Methoxyfenozide
Metolcarb Molinate Myclobutanil Nitrapyrin Novaluron
Nuarimol Ofurace Oxadixyl Oxamyl Oxaziclomefon
Paclobutrazol Parathion Parathion-methyl Penconazole Pendimethalin
Pentoxazone Permethrin Phenthoate Phosalone Phosmet
Phosphamidone Pirimicarb Pirimiphos-ethyl Pirimiphos-methyl Probenazole
Prochloraz Procymidene Profenofos Promecarb Propisochlor
Propoxur Prothiofos Pyraclofos Pyraclostrobin Pyrazolate
Pyrazophos Pyributicarb Pyridaben Pyridaryl Pyrimethanil
Pyrimidifen Pyriminobac-methyl Pyriproxyfen Pyroquilon Quinalphos
Quintozene Simeconazole Spirodiclofen Tebufenozide Tebufenpyrad
Tebupirimfos Teflubenzuron Tefluthrin Terbufos Terbuthylazine
Tetradifon Thenychlor Thiacloprid Thiadinil Thiamethoxam
Thiazopyr Thifluzamide Thiodicarb Thiometon Tolclofos-methyl
Tolylfluanid Tralomethrin Triadimefon Triazophos Tricyclazole
Trifloxystrobin Triflumizote Triflumuron 3.4.5-Trimethacarb Vinclozolin

Pb: Lead)ye AFd Aol

oF ol AR mE «
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Table 5. The analysis conditions of Hg by Mercury analyzer

Classification Conditions

Light source Low pressure mercury lamp

d5e Aoz duid qiot. ghekafel] ek CdehEe] &
43, Table 83 7ol #H4& B4E, Ad] 0373 mgkg
: o H 0.081 mghkgl ® Ve Cd

j ol
ZHF S B9 0.3 mgkes

Wavelength 253.65 nm &) } a/k Zibalo] BRATFO ®
Interference filter 254 nm, 9 nm bandwidth AAE AAls 3deR, Hd 1A (0373 mghkg), & 27
' Detector ' Si-photodiode sensor (0.364, 0.351 mgkg)elP.om, 34 BF 222k o]t
Drym% %emp, and tlme‘ af)(i(‘,, 60 sec W2 (As: Arsenic)?] A4 B, & = Falgo) o
Decomposition temp. and time 836°C, 180 sec d2 ol Bheu]o] Yot o oS g% @ &
Catalysis temp. and time 600°C, 180 sec 2 alm o Fehwel ejekEolch A%e] K W)
Amalgam temp. and time 900°C, 12 sec £ B e H, S S e A
S E-F EAjo] He frHAR et "ﬂ Ak o Bl
e A e edE Baolad AbExbr gk Abd
o] 2.556 mgkg W2l A3E Ao, HiF 0.570 mgke of flow, ZFake T Fo i &7, A 54, A7
S8 LERSITE Phol h—fﬁ ?{a%:—% HAle & (2356 mg ZA B doy)E Aow By dupd gl
k), M2 (2,092 mgkg) =olRlen], lata 2elake] B i3 Ase] B4 Table 99F 7o} 4 0.001, Huj
28 Aol Holx] % %&u} AA BRI Aok A 2009- 1254 mghkg Welel AoE d9len, Ha 0.082 mykgS
355 Aloke] FE% /1% % Pbel 839 smpkg o5t = uebuth Asgol EYE AAE £X% (1254 my
2 W ko), BE (0.980 mgkg) o190, Ase] GepA 115
FFEH (Cd: Cadmium)®] % ofdA B A ofdE %2 3mgkeE FH4T FAAE fSivh
oo w BHEol vhego] AW S LdEe 2 1 42 (Hg : Mercury)®| 3% @Al @A Ex5of 3}
B 09 doylty, uAoE ok ek A BE, GJobE, £B Fol AlgHe] & 2Hor e,
b wony sl AL 7, AdA Az, L8 Az 584, ofdyl, A, #2214 FelA odEHd, ¥
SoeNE U w24E Au) A AHEshs vlaold o o] td e AnHo 4o ok olg wey
Table 6. The analysis conditions of Pb, Cd and As by AAS
o Conditions
Classfication
Pb Cd As
Wavelength 283.3 nm 228.8 nm 193.7 nm
Grating 1,900 grooves/min 1,900 grooves/min 1,900 grooves/min
Slit width 0.7 nm 0.7 am 0.7 nm
Carrier solution 10%-HCI
’ 0.2%-NaBH,
Reductant in 0.05%-NaOH
Cell temp. 900°C
Note Flame method Flame method Hybride method
Table 7. Concentration of residual pesticides in dried agricultural products
Sample Detected Pesticides MRLs (mg/kg) Result (mg/kg)
Chridium officinale Makino Endosulfan 0.2 1.8
(cheongung, domestic) Endosulfan 0.2 0.4
Teclion o Nakai
Iigc;’zcaé/gczs aka; Phenthoate - 6.5
(danggwi, domestic)
Curcuma l(m‘ga LinnE Tolyfluanil ) 33
(woolgeum, imported)
Indoxacarb - 0.1
) . Chlorothalonil - 0.6
Lyveium chinense Mill
.. . Novaluron - 0.5
(gugija, domestic) o )
Tebufenozide - 0.3
Trifloxystrobin . 0.8
it e 7 3
Poria cocas Wolf Penconazole ) 0.05

(bekbongryeong, imported)
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Table 8. Determination of heavy metal (Pb, Cd) contents in the various kinds of herbal medicines

Pb (mg/kg) Cd (mg/kg)
Name of medical herbs
domestic imported domestic imported
Angelica gigas Nakai (danggwi) 0.202-1.013 0.020-0.618 ND-0.127 ND-0.162
Astragalus membranaceus Bunge (hwanggi) ND-1.216 ND-1.048 ND-0.085 ND-0.097
Atractylodes macrocephala Koidz (bekchul) 0.531-2.092 0.359-1.973 0.027-0.290 0.018-0.254
Atractylodis Rhizoma (changchul) 0.377-2.146 0.445-2,556 0.030-0.244 0.075-0.364
Citrus unshiu S.Marcov. Cortex (jinpi) 0.156-1.049 - ND-0.227 -
Cnidium officinale Makino (cheongung) 0.265-1.637 ND-1.508 ND-0.122 ND-0.373
Curcuma longa Linné {woolgeum) 0.419-0.818 ND-0.572 0.037-0.151 ND-0.173
Ganoderma lucidum Karst (youngji) ND-0.661 ND ND-(.262 ND-0.064
Lycium chinense Mill (gugija) 0.202-1.013 0.020-0.618 ND-0.127 ND-0.162
Poria cocos Wolf (bekbokryeong) ND-0.333 ND-0.221 ND-0.033 ND-0.074
Retmannia glutinosa var: purpurea Makino ND-0.561 0.164-1.232 0.045-0.092 ND-0.103
(sukjihwang)
Zizyphus jujuba var. inermis Bunge (dechu) ND-0.185 ND - -
Total average 0.570 0.081
Table 9. Determination of heavy metal (As, Hg) contents in the various kinds of herbal medicines
Name of medical herbs As (mghke) Hg (me/ke)
domestic imported domestic imported
Angelica gigas Nakai (danggwi) 0.005-0.570 0.015-0.098 0.002-0.008 0.005-0.007
Astragalus membranaceus Bunge (hwanggi) 0.002-6.085 0.604-0.080 0.001-0.017 0.061-0.006
Atractylodes macrocephala Koidz (bekchul) 0.002-0.922 0.003-0.099 0.001-0.007 0.001-0.015
Atractylodis Rhizoma (changchul) 0.002-0.880 0.005-0.980 0.001-0.083 0.001-0.007
Citrus unshiu S.Marcov. Cortex {(jinpi} 0.001-0.070 - 0.001-0.002 -
Cnidium officinale Makino {cheongung) 0.002-0.688 0.008-0.655 0.002-0.006 0.005-0.040
Curcuma longa Linné (woolgeum) 0.001-0.030 0.008-0.100 0.001-0.005 0.001-0.004
Ganoderma lucidum Karst (youngji) 0.002-0.081 0.020-0.052 0.017-0.045 0.013-0.056
Lycium chinense Mill (gugija) 0.004-0.200 0.002-0.211 0.001-0.002 0.001-0.012
Poria cocos Wolf (bekbokryeong) 0.032-0.080 0.002-0.050 0.002-0.007 0.003-0.009
Rehmamliag/utino%z var: purpureq Makino 0.006-0.300 0.010-1.254 0.001-0.003 0.002-0.072
(sukjihwang)
Zizyphus jujuba var. inermis Bunge (dechu) 0.005-0.056 - 0.001-0.162 -
Total average 0.082 0.009
o8, g%, mAss ol ARGl RUPoRA & S He® AR &Y ook ehdnh. B, & 50
AL dogitky dejA ArkY. 58] RN Fow oalel AgA g FFHUA ShebA] 54% 315%1e] oSy
olsl AR Abd o R 3 Zr”ﬁ ZolE o7 Minamata  F9% TS SAS Ay, @E, 55 5 57 dsiA
He ol F 2R stk fiAA R £ €7 Pbel VIEE 2Aeled, WE e, AT T 29709 o
Qo] ofsl ghefagol w‘w’bcl‘“ 73371 ofa ol we] v Al Cdol 71Eg 2HSte] B A A st vas
© e goz GeA Aok Gl A el BAA £ ¥AT A8 Melr o)
7}, Table 99 7+o] &4 0.001, At 0.162 mgkg < il W Feiste 9ls) wiEEe 4E 2984 T
AHE Aglon] HF 0.009 mgkee 2 FERGTH He 8 A Pb, Cd, As, Hg 53} 2-& 234 B8 By o
ol =9kl ZAlE E(0.162 meke), BE (0.117 mgkg)  F480] B2 FH7J0] ¥7] wEe] E¢E 29t 2
Golglonl, Heol el FALHI 02 meke® 23 PN Dok Tl FEE FAL EPom AW 29U
¢ AAlE gl 7Fergel vk FEde] AR ol A7 Al
2007 A= Aol HEAYR qmza 7949t FHHo] WA FEFHE AUS, OE RS EE ¥
o5 e YT dad W}w b Cdel 713 7173 AFE Agsivis BaEo] luPh upeba, geka)
2 23k dopizt WE, AR 87305 Uelskon, As o] HEdd Ba 57 welE 98 599 At 2
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Lycium chinense Mill
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Lyvcium chinense Mill
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Lycium chinense Mill

Lycium chinense Mill
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Table 10. Concentration of sulfur dioxide in medical herb products
Astragalus membranaceus Bunge

Astragalus membranaceus Bun
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