FZRAHE A 168 (A113), 1287~1293, 2007
Journal of the Environmental Sciences

SRE F #RSAN T340 FHY HI}

o

288" YEY ELL
‘TR stE Luusyea, U
(20074 88 27 45 20074 9Y 20 FHH)

The Risk Assessment of Residual Pesticides and Heavy
Metals in Rehmanniae Radix Preparata

Jung-Ho Kim"““, Joon-Young Yang™, and Yung-Soo Moon’
"Department of Safety & Environmental Prevention, Daegu Haanny University, Gyeongbuk 712-715, Korea
"Daekyung Herb Medicine Co. Ltd, Uiseong, Gyeongbuk 769-910, Korea
(Manuscript received 27 August 2007, accepted 20 September, 2007)

To obtain the risk assessment of hazardous materials in Rekhmanniae Radix Preparata, the residual pesticides
and heavy metals in samples on the Korea and China are surveyed. Group I (BHC-8, BHC-B, Fenitrothion,
Penthoate, Endosulfan-a, Dieldrin, Endosulfan-B and Endosulfan-sulfate), Group II(BHC-y, Aldrin, DDD,
DDT-p,p Permethrin and Fenvalerate), Group IM(BHC-a, Chlorpyrifos, Tolyfluanid, Captan and DDT-o,p) and
Group IV(Quintozene, Vinclozolin, DDE and Chlorfenapyr) could analysed on gas chromatography-ECD for eval-
uation of residual pesticides. Qualified detection concentration on the GC-ECD are 0.45 ng/g~2.50 ng/g. Group
I, Group O, Group II and Group IV are not detected in Rehmanniae Radix Preparata on the Korea and
China. Concentration of As, Cd and Pb in Rehmanniae Radix Preparat. on the Korea are 3.06%, 7.00% and
5.78% for Korea Food & Drug Administration(KFDA). Concentration of As, Cd and Pb in Rehmanniae Radix
Preparata. on the China are 5.16%, 5.33% and 6.50% for Korea Food & Drug Administration(KFDA). The haz-
ardous materials in Rehmanniae Radix Preparata on the Korea and China were verified the safety of the re-
sidual heavy metals and pesticides compare with Korea Food & Drug Administration (KFDA) advisory level.
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E 93 A Rehmannia glutinosa)e GRS olg} o] HT Y Afgol wa) <hAAde] A

AAGFEHE), T AS AAEHE, Dhied T4 %S FHA Fol FEESA FYEL 3
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AR LY
Laboratory Practice) — GCP(Good Clinical Practice)
#2 JPA. VN $eFAE B A Z(GAP
: Good Agricultural Practice)= ABIAR}SoA A
Ho g Qhddtn FAo] £ WAE TFE F
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TEA A9 At - FFE A8 vAA, =Y
7, 8 A Foll i kAo ALA FHrpo)
HastP® Mok 45122 34713 2 Ay
< TAT AFYFERAY Al 2005-62F A=
% FF459 HLUIEE AAFT U 53
F71944 5<% 5 DDT, BHC$ Endrin?& 4-$
= 374 FolA us AR} FFEEN FFA 2
AA W 54 $E2 fEidetdae 19709
Zo AHE- 8 Aito] FAHO AMEEIA] P 94
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A F AFELE AEY g o5y AF
A& BAG B4 & Fart o
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A A #5 T A% A AFEdn
FF49 44 R A By} dasyt T,
geia 2 dFdxe seidele AAEE 295
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mLe E3FAA4-E 71Ea 50 mLe] dichloro-
methane2.2 23] Eulst4t. o] dichloromethane
238 50 g9 anhydrous sodium sulfate® ©5A|H
40°C &L FFNA % 2 mLAT &2 W74 7
& 534 B4 gasE o] &3l ¢Hd] TEE}
3 5Z33%F AFEL 5 mLe) hexane/acetone (95/5,
v/v)ol A &8sl SPE Florisil cartridgedld 34
Xﬂ ﬁ}%q_lélwlﬁ)'

222 N8 AA

AA g 9] FHE 3A florisil cartridge(6 mL,
1 g €% supelcoArbdl hexane 6 mLE ¥ 287+
HE & FEAA W3, o] cartridgedl acetone:
hexane(2:8, v/v)&v 6 mLE 99 2 Wyog
&3l W@, olojA Alg FE5HYE cartridge
Aghd] Yu 287 Ao R 3 T A3
£Z A A0 drop/sec) A@HA wedh OA] car-
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o met £398 40T &L X FoA AAE
2o F&o02 FHAINEA SHE EE Hd ¥
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ECD(®Ni-electron capture detector)7} H2¥
6890GC(AgilentAl, USA)E AH88td Fohg 24
F9th 25 FYTE 260CE e, A&V
= 220C=2 39t Column® DB-5(30 m x 0.32
mm LD. x 025 mE AH&-3l9.em, 80C(2 min)—
10C/min—280°C(10 min)& $&&4 3t9%t}. Carrier
gast NoE 100 mL/min® & 3}¥H.2.™, make up
gast 25 mL/ming 3s}s3ch

B4 A& %9 EFFES Dr. Ehrenstofer
A FHstA AR oH, zt FeHEE 1,000
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Table 1. Group for analysis of pesticides in Rehmannia glutinosa on the gas chromatography-ECD
Group 1 Group O Group I Group IV
1. BHC-6 1. BHC-¥ 1. BHC-a 1. Quintozene
2. BHC-8 2. Aldrin 2. Chlorpyrifos 2. Vinclozolin
3. Fenitrothion 3. DDD 3. Tolyfluanid 3. DDE
4. Penthoate 4. DDT-pp 4, Captan 4. Chlorfenapyr
5. Endosulfan-a 5. Permethrin 5. DDT-op
6. Dieldrin 6. Fenvalerate
7. Endosulfan-8
8. Endosulfan-sulfate
HAIZ "o sy A3 718 /(5T) 9 3. A3 9 %
29T AW LEE o 2NAA7} BASR 31 o) B4z
XS W7tA Bafsti, 30% T}*&ﬂ#i 5mLE ¥ 2714w 47N groupE Urol #43IA

o] mFA~gMo] & wrx) W3 Essgc).
o] H& ANAB|NA 1~2 mLE 2 f71A FEHA
713, 43 g 255 10 mLE 9o] 1087 719
g F Aoz AAFAUY. 1 °]%F Whatman
GF/B AR oFsle] §FEef2Td Y FH
FE go] AHA xF9Y %5:_ HIAZ HA Fo
Adog IFFth FFo AL 100 mLE HFA &
o} 100°C o] 3fol| A %ﬁ—g—% fﬁg Al O 99 2
L gz ¥R, 285 2L ICP-MS

(Agilent ICP-MS 4500, USA)E AH&-3t4th
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Dieldrin, Endosulfan-8 % Endosulfan-sulfate® z}
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Fig. 1. (A): GC-ECD chromatogram of standard pesticides for 1. BHC-8, 2. BHC-B, 3. Fenitrothion, 4.
Penthoate, 5. Endosulfan-a, 6. Dieldrin, 7. Endosulfan-8 and 8. Endosulfan-sulfate such as 0.lng.
(B): GC-ECD chromatogram of standard pesticides for 1. BHC-%, 2. Aldrin, 3. DDD, 4. DDT-pp,
5. Permethrin and 6. Fenvalerate such as 0.lng.

1289



oy

‘Abundance

=B "

30 1260 14100 16.00 18,00 20.00 2250 2400 26.60
Thne (min)

A)

N

of
M
off

Abundencs
i

i

BC 1700 14/00 16:00 18.06 20.00 22.00 ZAOD 26

Tirne {min}

(B)

Fig. 2. (A): GC-ECD chromatogram of standard pesticides for 1. BHC-q, 2. Chlorpyrifos, 3. Tolyfluanid, 4. Captan
and 5. DDT-o,p such as 0.1ng. (B): GC-ECD chromatogram of standard pesticides for 1. Quintozene,
2. Vinclozolin, 3. DDE and 4. Chlorfenapyr such as 0.lng.

(Fig. 1-A).
Group 019 7%+ DDD$ DDT-ppd £I=
A3ti=  BHC-y, Aldrin, DDD, DDT-pp,

Permethrin @ Fenvalerate?} Wo]28174A ¢4
£ 5JHFig. 1-B). Group MeIME Tolyfluanid
I} Captan2 £EE AQsre 1 & ZE =z
2, BHC-qa, Chlorpyrifos, Tolyfluanid, Captan %
DDT-op& Wo]2g174A] ulF-& SdEy HA
tHFig. 2-A). ®% Group INIA= DDE #
Chlorfenapyr= &3 EE&HA Ao 1 99
Quintozene, Vinclozolinnh DDE 2 Chlorfenapyr&
Hlol 221714 i HAKFig. 2-B)

FAEY GC-ECDAZ7]0) U3t & AEH
& Table 29} 2tk Group 19 7% BHC-S,
BHC-B, Fenitrothion, Penthoate, Endosulfan-a,
Dieldrin, Endosulfan-B ¥ Endosulfan-sulfate”} z}
Z+ 161 pg, 250 pg, 125 pg, 204 pg, 45 pg, 45
pg, 51 pg 2 7.2 pgel3dth Group I, Group II &
Group V= HA 66 pgH-E i 9.8 pgoldh. o]
o} o] A AEFo| pgAHE olF Wgtomz
GC-ECD AZ&717} 53] #7184A 33Ed 2%
Ao] uj$ aAtke AL RgFa Yg»,

§H Ag 25 gs He HFHAE 2 mlE 3}
FE w, H2AEFEE Group 019 79 BHC-y,
Aldrin, DDD, DDT-p,p ¥ Permethrin®] Z+2} 1.16,

Table 2. Detection limit and qualified detection con-
centration on the gas chromatography-ECD
for evaluation of residual pesticides

Common name Detfection Qualified Fietection
limit {(pg) concentration(ng/g)
BHC-6 16.1 161
BHC-B 25.0 250
Fenitrothion 125 125
Penthoate 20.4 2.04
Endosulfan-a 45 0.45
Dieldrin 45 045
Endosulfan-B 51 051
Endosulfan-sulfate 7.2 0.72
BHC-y 11.6 1.16
Aldrin 45 045
DDD 83 033
DDT-pp 6.0 0.60
Permethrin 19.2 192
Tolyfluanid 25.0 2.50
BHC-a 6.1 061
Chlorpyrifos 74 0.74
Tolyfluanid 6.6 0.66
Captan 166 166
DDT-o,p 46 1.46
Quintozene 188 1.88
Vinclozolin 20.4 2.04
DDE 45 045
Chlorfenapyr 153 153
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=A% T IiedH FEEY A4 3

045, 0.83, 060 ¥ 192 ng/geldtt. B2 Group I,
Group I ¥ Group V= HA 045n g/go a2 HE
3 250 ng/gH A G THTable 2). AA4A Ag =
B AR F 5F 520t H4272% ¥Ry e
e B A3 EHzAdM FAEHA gorpz
EHEND)E g,

32. €A% F A5 5%

T FHAY 5T dE £XF 2 A8y
eF& Table 33 2ttt #7944 ¥ 2 BHC
¢} ©o]AAA|(BHC-a, BHC-B8, BHC-6, BHC-Y),
DDT9] ©]’§ &2 (DDT-o,p, DDT-p,p, DDD, DDE),
Endosulfan®] ©]A2A| (Endosulfan-a, Endosulfan-
B, Endosulfan-sulfate)’} A% %A &t ® ot
£ $71947 %90.2E Aldrn, Dieldrino] A%
HA @gt. frUdAsge g
Penthoateo] H& A &sith 1 9 Ad=
Permethrin, Chlorpyrifos, Tolyfluanid, Captan,
Quintozene, Vinclozolin, Chlorfenapyrso] 7% g
A &gtk ol A= A ¢F AE BF
YA BAEE Yehygth

Table 49X ¢} o] T3 HNA SAFAM=

Fenitrothion,

Table 3. Residual levels of pesticides in Rehmanniae
Kadix Preparata in Korea

o,

Group I, Group I, Group I ¥ Group V 2F
EHEHAT. 23 T3 A, AFAY A=
M= BF FUA EAEFZ Uehsich

o]9} Zo] I 3 FHAR 3E £AF A
5 ET E AEHJAT A AL ol AF
= 7

<Euet g, I g hEolN 1% 3R &
A AFE FoA Ast Table 548} o] ztz}
0032 mg/L, 0116 mg/L, 0128 mg/LoZ HF
0.092+0.042 mg/LoIYth. =& 34, 584, AL
AQolM Zz 0098 me/L, 0154 mg/L, 0214
mg/LolYon BAEEE 0.155+0.047 me/Lo) o).
Cde S8uet 32 AF9 A% HF 0.021+0.008
mg/LolRer, F= 3% A8 HE2 0.016:0.006
mg/LelAth. 283 Phe Y} AE AL o
T 0.289+0.091 mg/LolQen, 3 Al59 HFL
0.325+0.082 mg/L.°] AtHTable 5).

SEuete A% FE4& FF HEUFE 2 A
AHE FAT AFAFEFSHFIAl A2005-62
so o3t A F FFEHY 3E7EE Ase 30

Table 4. Residual levels of pesticides in Rehmanniae
Radix Preparata in China

— Pesticides Sunsu- Changhae- Kiju-
Pesticides Daegu  Youngchen Andong Sung Sung _ Sung
BHC-6 ND” ND ND BHC-6 NDY ND ND
BHC-B ND ND ND BHC-B ND ND ND
Fenitrothion ND ND ND Fenitrothion ND ND ND
Penthoate ND ND ND Penthoate ND ND ND
Endosulfan-a ND ND ND Endosulfan-a ND ND ND
Dieldrin ND ND ND Dieldrin ND ND ND
Endosulfan-8B ND ND ND Endosulfan- ND ND ND
Endosulfan-sulfate ND ND ND Endosulfan-sulfate ND ND ND
BHC-~y ND ND ND BHC-y ND ND ND
Aldrin ND ND ND Aldrin ND ND ND
DDD ND ND ND DDD ND ND ND
DDT-p,p ND ND ND DDT-pp ND ND ND
Permethrin ND ND ND Permethrin ND ND ND
Tolyfluanid ND ND ND Tolyfluanid ND ND ND
BHC-a ND ND ND BHC-a ND ND ND
Chlorpyrifos ND ND ND Chlorpyrifos ND ND ND
Tolyfluanid ND ND ND Tolyfluanid ND ND ND
Captan ND ND ND Captan ND ND ND
DDT-op ND ND ND DDT-op ND ND ND
Quintozene ND ND ND Quintozene ND ND ND
Vinclozolin ND ND ND Vinclozolin ND ND ND
DDE ND ND ND DDE ND ND ND
Chlorfenapyr ND ND ND Chlorfenapyr ND ND ND

UND: not detected

UND: ot detected
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ARz FFd-+3F
Table 5. Heavy metals in Kehmanniae Radix Preparata
Heavy Korea China
Flnfgt?lﬁ Daegu i%lglg Andong  MeantSD Sélﬁrslg_ Chaé?lgn};ae— Iéﬂ;g Mean+SD
As 0.032 0.116 0.128 0.092+0.042 0.098 0.154 0.214 0.155+0.047
Cd 0.01 0.031 0.022 0.021+0.008 0.009 0.014 0.025 0.0160.006
Pb 0.234 0.418 0.216 0.289+0.091 0.208 0.391 0.376 0.325+0.082

mg/kg, Cd& 0.3 mg/kg, Pbe 50 mg/kgo. 2 A3} AsE U AlBE B 0.092+0.042 mg/Lo]

93‘:]'19).

Ase $EuE AEE FF 0.092+0.042 mg/Lo)
Rovg Ase §871F9 30 mg/keol 3.06%°]2
o FF ANZE 015520047 mg/lolonz
516%°1 A}, elustst 59 A% F Cd¥E
= 34712 0.3 mg/kgel 22 7.00%} 5.33% ATk
Pbe] 3871F2 50 mg/keldl $-2lvetst 39
&A% F Phete 27 3L7FY 578%%
650% %t ol9} Zo] SEetet T3 A F
Fe5Y s/t AFAGENAA A FEI|FY
3~T7% FELE "W o, ole FFEHOEYR

B st

4 A =

= T

2 A7dye e FHAFY A% F &
& HAE S REIAY.

5 T 2714 & dALE, Group I
(BHC-6, BHC-B, Fenitrothion, Penthoate,
Endosulfan-a, Dieldrin, Endosulfan-8, Endosulfan-
sulfate), Group II (BHC-¥, Aldrin, DDD, DDT-p,p,
Permethrin, Fenvalerate), Group II(BHC-a,
Chlorpyrifos, Tolyfluanid, Captan, DDT-op) %
Group IV(Quintozene, Vinclozolin, DDE, Chlorfenapyr)
o8 FEs GC-ECDE EAsded, Z2nE
a9 2yt 458A =t GC-ECDAA A
AEFEe A 045 ng/g S2RH H3 250
ng/g A A

A% F YUY SIFAE BEF f7192A §
°ko 2 BHCY ©]A A (BHC-a, BHC-B, BHC-§,
BHC-v), DDT9] o]A&A(DDT-o,p, DDT-pp,
DDD, DDE)¢} Endosulfan®] ©]4 @ 3)(Endosulfan-
a, Endosulfan-B, Endosulfan-sulfate)?} A& ==X
Ztt, = g {79404 FHOEE  Aldrin,
Dieldrin®] Z& HA 43th F7QAFSFL2=
Fenitrothion, Penthoate©] A& ¥ A &3ttt 1 ¢
AQ=E Permethrin, Chlorpyrifos, Tolyfluanid, Captan,
Quintozene, Vinclozolin, Chlorfenapyrso] #& =

A gkt
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donz Ase §€71ZF9 30 mg/kgol 3.06%°] %
oW ZFZT ANEBE 015:0047 mg/LolRorZ
516%0°1 At $euetst 59 SAF & Cdex
E Az 3471F9 7.00%9 533%Hh v
s} F39 %A% F Pbekt 77 FHEIIEY
5.78%% 650% Atk ol Zo] Ut} T3¢
&g F 3£ et AEFGELAATA
58719 3~7% FEoE ulg Hgton oE
FTFEo2HE AL

gty 2 Ao AER $Yvetet $3AY
o &AL ATy FTFEFO] HEFFENA
A N3 AFS AT A= AgHTh

Al 2
B dfe 20043 ~20073 AFFAL R0 (9Y

EAAIARIS: R-04-035)9] d#oz2 3315
on o] ZAt=HYTh
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