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Heavy Metals and Pesticides with Maturing Process
of Rehmanniae Radix Preparata
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ABSTRACT

To obtain the risk assessment of hazardous materials with maturing process of Rehmanniae Radix
Preparata, the residual heavy metals and pesticides in samples are surveyed. Concentration of As, Cd and Pb
during the maturing process of Rehmanniae Radix Preparata of Korea are 0. 147 £0.007 mg/L, 0.025+0.001
mg/L and 0.19340.021 mg/L., respectively. Concentration of As, Cd and Pb during the maturing process of
Rehmanniae Radix Preparat of China are 0.0145+0.014 mg/L, 0.023 +0.002 mg/L and 0.299+0.013 mg/L,
respectively. Concentration of As, Cd and Hg remain unchanged during the maturing process of Rehmanniae
Radix Preparata. Concentration of As, Cd and Pb in Rehmanniae Radix Preparat on the Korea are 3.53%,
6.66% and 5.16% for Korea Food & Drug Administration (KFDA) advisory level, respectively. The residual
pesticides, such as aldrin, BHC-¢,, BHC-B, BHC-y, BHC-3, captan, chlorfenapyr, chlorpyrifos, DDD, DDE,
DDT-o,p, DDT-p,p, dieldrin, endosulfan-sulfate, endosulfan-c, endosulfan-B, fenitrothion, penthoate, perme-
thrin, quintozene, tolyfluanid and vinclozolin, are not detected in Rehmanniae Radix Preparat on the Korea
and China. The hazardous materials in Rehmanniae Radix Preparata on the Korea and China are verified the
safety of the residual heavy metals and pesticides compare with Korea Food & Drug Administration (KFDA)
advisory level.
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grekale} g2 ofabel] of3hH ‘g e 3
A AE AzsP] St daz AHEEE Y
o2 s 9ofEd dABAdT T 4 Joem, 1
Edo] F33 FAAE slof T (oA,
1993; gt=zqrolstad 74, 1998). 7|4 Fhekal ¥
AP ok AA, AF, A=z, by, 2, A%
of Wt FeAM HAY HYZ YL BEF
Aoz HEA, P, el BAE %
Agng FAo=z = Aol (oldH, 2006, 4
F5 5, 2006).

714 TEA A A - FFE A F
AR, sde4, A AN Tl AT tAAE
AR Bt BeseHFEA 5 20015 A5,
2005; Pillay and Jonnalagadda, 2007; Robinson et
al., 2007). 8] AR5t HE7lE H AEUH
& A A ELFEPHA A 2005-62 5 A M=
ok F349 HEU1EE A U $F
vete] Ak F FF49 HE7|ES Ast 30
mg/kg, Cdx 0.3 mg/kg, Pbx= 5.0 mg/kg, Hge 0.2
mg/kgo 2 At et (2 Fo] HE<LAA, 2005). F
9] 4% Cdsh Pb, He $iibebel SU3bA %
z} 0.3 mg/kg, 5.0 mg/kg, 0.2 mg/kg=. AR 8}g] 2,
Ast Seluelud Yo 20mgkeos A
o} J8l3 WHOX AsE 1.0mgkg, Cdx 03 mg/
kg, Pb= 10.0mg/kgo 2 Asle] FAIS 9lch(e]
A, 2003). 0|9} 2L 7|Fel wet A F FTF
%3} pore] edyge Aetsim Pelsg B7}
spo} FlelM awEE Ao e HuY
227} AFNEF 5 1982 AFS 5, 2002).
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= 2001; ksl B 5 2006; vHE7], 2007). LA &
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Table 1. Operating conditions of ICP-MS for analysis of

225 AzARAN F34 HF5% 257

Table 2. Heavy metals in rice wine, dried Rehmannia gluti-

As, Cd and Pb nosa

Factors Operating condition Heavy metals  Rice Dried Rehmannia glutinosa
RF power 1200 W (mg/L) wine  Andong in Korea Hanam in China
Plasma gas (Ar) 16.0 L/min As 0.004 0.139 0.135
Aux. gas (Ar) LOL/min cd 0.001 0.025 0.023
Carrier gas (Ar) 0.9 L/min Pb 0.006 0.302 0.198
Nebulizer Babington-type
Spray chamber Glass
Sampling depth 7.8~8.0mm
Sampling cone/skimmer cone  Ni/Ni Sz of 2mL A=r} S W7 A w5

Mass

As(75), Cd(111), Pb(208)

it

Po o AARAE Do a3t whAsk
7FE3(95°C) Yol ¥y HHF] L= &S
ZA A 77 AR oS w7k 2a)slT, 30%
s SmLE Yol A~ stae] G iz}
A A5 Fa A o] A& FtARHAA 1~2
mLE 2 W7 $EA7IL AR e 255 10
mLE Yol 1082F 7}498 & Ao *]ﬁf‘{l
t}. 1 o]& Whatman GF/B x| 2 o] 2}3}e] L5
Feazd] Y3 ZR4E Hol AW 229
w5 W9z =57 sl FAoz sigin FF
74 100 mLg H]F ¢ 2o} 100°C o]slellH ¢=
£& 20 A7 T sk 2e gz AP
At

2324 7)7]8A L ICP-MS (Agilent ICP-MS
4500, USA)Z Apgate] o 71712748 Table 13}

1-’ﬂ-’
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4, xt
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A& 20¢& 500 mL homogenization cupel] 21,
Zz22 20 mL$} acetonitrile 100 mLE 7}3}e]
homogenizerefj A 12,000 rpmo 2 3E7t vld3}gg
o} 22822 o 5g A9 celite 5457} 2% biich-
ner funnel’}ell A Toyo No 6 {3 x| & o|&3le] 7}
o}, 75} o)w) 50 mL2] acetonitrile® 7] H

abg Aol gel oAstelat etelet of izl
gol7h S0mL = ge WA sEeted 1L

separatory funnelell &4 ZF4= 450 mL9} 50 mL
o] E3AFS4E 718k 50mLe dichloromethane
o= 23] Hujslsg e} o] dichloromethaneZ=£ 50¢g
2] anhydrous sodium sulfate 2 &4=A1# 40°C §-&

sledch Aa gasE o] 43t @A) FH3L F
223 Z2F-E-L 5mLe] hexane/acetone (95/5, v/v)
o) A} &s)3led SPE Florisil cartridgeoll A} A3}
9TH(AOAC, 1975). )5 FAgol-& ECD (“Ni-
electron capture detector)”} ¥-Z® 6890GC (Ag-
ilentAl, USA)E AM4-3te] FokE A5MH &=
L o2 260°CE slglom, 71&7]E 280°C=
34} Columne DB-5 (30 m x0.32 mm LD. X
0.25 um)S Al23}e] o, 80°C (2 min) — 10°C/min
—280°C (10 min)=2 5-2-%-4 8}gc}. Carrier gas:=
N>Z 1.00mL/mino 2 8}% 9, Make up gast 25
mL/min= 8}

RN
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=g & 35

A8 Aol AHEE HFe) AR NN FF
%3 Table 23} 2o} X3 Alzze] AREF
B3 Z As,Cd g Pb: Z+7+ 0.004 mg/L, 0.001
mg/L ¥ 0.006 mg/Lelglet. £ $-eluvet 52
AN F 2FE Tt As7l 0139 mg/L, Cde
0.025 mg/L, Pbx= 0.302 mg/Le]glom, 2= 32
AAE F 22 2E As7} 0.135mg/L, Cd:
0.023 mg/L, Pb= 0.198 mg/L o) i},

A Az 9 7AARE FFz oH F5
3= & AR 1714, Figs. 1~3r+ Zeo] 4
Amel AR 0oz 3tT 9 =43 AL 1o
A 97 ®A] 3t Ase] 734 —rEMB} °P% ksl

A5 As7} 0.139 mg/Lelgich 1¥l 2% 3
0.137 mg/Lo] gl om, o] & 2ol A 58 Z4 & %
Z+zt 0.144 mg/L, 0.144 mg/L, 0.152 mg/L, 0.155
mg/LolGieh 2% 6ol 9 4 & F 47
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Fig. 1. Heavy metals for As on manufacturing process of
Rehmanniae Radix Preparata.
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Fig. 2. Heavy metals for Cd on manufacturing process of
Rehmanniae Radix Preparata.

0.142 mg/L, 0.148 mg/L, 0.158 mg/L, 0.147 mg/L°]
Aok 534 F Ase FEpHIE 79 dde
o, 0ol A 9 F<3 A& AAS B2 0.147
+0.007 mg/Lelge}. 7 o] ABdME 0
Al 9l 253 Alm AA Y FFL 00145+
0014 mg/Lelgom, 2344 2 FEAIE 93
c}. o]} o] e} 1% AlRS F= 3hd Al
87} 72e Aoz &3 F y=Hde
o} (Fig. 1).

g9 Cde $Evet ks AlBelA 107] A&
AAS BHFo] 0.0254+0.001 mg/Lo|glew, FZ
g Alse 107] Alg AAe o] 0.023+
0.002 mg/Lo| e} =3t $ehte} &5 H £ 3t
g AE BF 3 F exwde dsled,
o] As¢} 22 Hgke]glet (Fig. 2). Pox $-2uiet
ol A=A 107] A& AA2 o] 0.193+

Maturing time

Fig. 3. Heavy metals for Pb on manufacturing process of
Rehmanniae Radix Preparata.

0.021 mg/Lelgem, 2 g Alar 10/ Ala
AA L) HgFo] 0.299+0.013 mg/Lo)get =8k £
el 3 Ala 25 534 F wEHIE
dglem, o] Ass} Cdo} 2 7ol (Fig.
3).

A Az B RA7) Fo) FEE F
gA o] #A3 nuo) oJspd el wefoz
A 34 F22 I3 vu)EHa e, B
kg FEeta P AN L3818 Ha g
Fx9 FF&0] AR e (71, 2007).
gtekAl A zFAAN FIIHRLEEAMY TFE
rxrt ZA s g ez RyFHT Qo
o|glzte] B APoAE HAA e FF= oW F
S3te] A3 Az AL F55 =
o ¢33ke m|X|A] g Aoz eyt

o

ot AEe| X8 & S5

St Qe B3 shd AL o8 &
ATl A2 SRR Ak AFelA AEH
T 9JE A% F 334 FHE viasds

see) o, 3R AelA 2T 33
528 AF FolA Ast Table 3ojl4j8} 3Fe] 72
7} 0.032 mg/L, 0.148 mg/L, 0.138 mg/Lo 2. S
0.106 £0.052 mg/L o]t} 5+ Table 402 2}
o] A, BBA, APAGIN A7 0.143 mglL,
0.144 mg/L, 0.120 mg/Lo]gl o™ HisE+E 0.135
+0011 mg/Lolgieh. $ehie} +Es 23 shg
ANGE ol4atd AxT SARe 47t PF
0.147+0.007 mg/L=} 0.0145+0.014 mg/Lo]glo=
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Table 3. Heavy metals in Rehmanniae Radix Preparata on

Korea
Heavy
metals Daegu Yeongcheon Uiseong MeantSD
(mg/L)
As 0.032 0.148 0.138  0.106+0.052
Cd 0.019 0.021 0.020  0.02040.001
Pb 0.112 0.454 0208 0.258+0.144

Table 4. Heavy metals in Rehmanniae Radix Preparata on

China
ﬁ:glz Honam Hobuk Sachn Mean+SD
(mg/L) -sung -sung -sung
As 0.143 0.144 0.120  0.135%0.011
Cd 0.022 0.015 0.011  0.016£0.004
Pb 0.448 0.323 0.408 0.393+0.052

2 (Fig. 1) ¥ 971 AAH A= 283 Uyt
A% $A8 F AsTHE fARsS

Cdx vt 33 A 7A¢ 3 0020+
0.001 mg/Lojgl o™, S 33 A&g HFd
0.016+£0.004 mg/Lo|¢ich. 18|37 Pb: $2viet
AES] ZAe FF 0258+0.144 mg/lelQ o, F
= A8 FHFL 0.39340.052 mg/Lo| it (Table
3,4). Cds} Poe} A= & ATl A Az
A3 i) A% F FFL ¥ssd
o}.

gl 0] (1998) Mol ojEld T=3Al 4439
oAl e] FF4&S AT A Ase 3452+
1.041 ppm, Cd-2 1.346+1.041 ppm, Pb& 2.854+
3.135ppme 2 FAEHUTT RIHPT. AF
5(2002)& 1059 gepie] W 770 A Hel|A
Z224£S B3 A3 As: 0.07~1.9 ppm, Cd-2
0.01~0.38 ppm HEH T} webr s-2uitst F
oMY XY F FIFE T I A9
ekl o] IS En veE Y G Fo
Rt

SEvele A 34 F HeT)E B A
S AT AEe kg A 1A A12005-62
3 (2005K0) 23k Ak F FFE9 HEME
<€ As: 3.0 mg/kg, Cd¥E 0.3 mg/kg, Pb= 5.0
mg/kg© 2 AT (A F2] FFAIHA, 2005).

Ast $Evel AsE Fi 0.106+0.052 mg/L

olglene As9| #8-7)%l 3.53%0]%0 o™, T
A8E 0.135+0.011 mg/Lolgloma Ase] 387)
Foll 4.50%°)%c}. Sevietet 3o A% F
Cdizx 3471% 0.3 mgkgel 247 6.66%2}
5.33% v} Pbe] #4715 5.0 mgkeldl $-2)
vl FFe] &£A3 F Pbye: 34759
5.16%2} 7.86%%ct. |2} o] $-ejuele}l F=2
A% F FF5Y =) #4712 3~8% &
Fog wj$ wgten, o) FILHozRE UA
e om| .

3. SX[g & dFsY
1

sepdel Q5% 2% 39 A4 F DR
o2 Table 59} 7Z+¢te}. Aldring =& 23714 &
oke] WEUAL 0.5nglgsl A 250 nglg WA
A7\ AERA o5k A AEHA hom o
5 E4&IND)E el (Araoud et al., 2007).
ARG M= §7194A o R aldrin, dieldrin
o] 1% HA Ut 53] F7IdaA o=
BHC®] o}42 %] (BHC-0,, BHC-B, BHC-8, BHC-),
DDT2] o)A (DDT-0,p, DDT-p,p, DDD, DDE),
endosulfan®] ©)AJ A A (endosulfan-o, endosulfan-J3,
endosulfan-sulfate)7} 74& =A] okttt §71¢04
=oko 3 X fenitrothion, penthoate o] & HA| &
ok} 1 9] A 9= captan, chlorfenapyr, chlorpyri-
fos, permethrin, quintozene, tolyfluanid$} vinclo-
zolin E¢] AZ HZA &k} (Martin et al., 1993;
Tomlin, 2002).

A% Az Y BF AsoE BREF
o) 2% FUshl BAZE et g ol
o] g3to] AT £AYoIE Table 5% o] 27
2 9o

2

2

2 AFdME ARZE F&5] AR &
A% Az Feke] FFEI Fge] HAAdE
37hshc

SA3E Az o HAARE dFe 0l T5
e Y BU 248 D3 A FTE Ast
0.147+£0.007 mg/L.o]gl e, Cd¥x 0.025+£0.001
mg/Le]$la, Pbx 0.193+0.021 mg/Le)siv}. =3
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Table 5. Pesticides in rice wine, dried Rehmannia glutinosa and Rehmanniae Radix Preparata

Quahfled Dried Rehmannia glutinosa Rehmanniae Radix Preparata
Pesticides detecttrlotr} Rice wine
conzelg y 5 on Andong in Korea Hanam in China Andong in Korea Hanam in China

Aldrin 0.45 ND" ND ND ND ND
BHC-o 0.61 ND ND ND ND ND
BHC-§ 2.50 ND ND ND ND ND
BHC-y 1.16 ND ND ND ND ND
BHC-8 1.61 ND ND ND ND ND
Captan 1.66 ND ND ND ND ND
Chlorfenapyr 1.53 ND ND ND ND ND
Chlorpyrifos 0.74 ND ND ND ND ND
DDD 0.83 ND ND ND ND ND
DDE 0.45 ND ND ND ND ND
DDT-o,p 1.46 ND ND ND ND ND
DDT-p,p 0.60 ND ND ND ND ND
Dieldrin 0.45 ND ND ND ND ND
Endosulfan-sulfate 0.72 ND ND ND ND ND
Endosuifan-o 0.45 ND ND ND ND ND
Endosulfan-3 0.51 ND ND ND ND ND
Fenitrothion 1.25 ND ND ND ND ND
Penthoate 2.04 ND ND ND ND ND
Permethrin 2.50 ND ND ND ND ND
Quintozene 1.88 ND ND ND ND ND
Tolyfluanid 0.66 ND ND ND ND ND
Vinclozolin 2.04 ND ND ND ND ND
" not detected

F2 A5 HFL As, Cde} Pbrt 2H2; 0.0145+
0.014 mg/L, 0.023+£0.002 mg/Le} 0.299+0.013
mg/Lelgw. AR &-E A5 Az 59 F
F49 sEE 2 HE) ook

Auk AlF A7 FollM AsE $Eve) Alae
HF 0.106+0.052mg/Le]gl e n 2 Ase) 87|
3.0 mg/kgol] 3.53%0lg]low, 3 A]a: 0.135+
0.011 mg/Lo]Q]om 2 As® 3L7)F0) 4.50%0°]
At $2vete 2 £A% T Cdy=r 3
2712 03 mg/kgdll 27t 6.66%9} 5.33%g ) Pb
9] #471%& 50mgkgld SEiiele} e
%28 Z Pbyxt 347159 5.16%2) 7.86%%]
o} o]g} Zro] fEietel FFo] X% F FF
%2] s=rt 475 3~8% o Wl ¢
kom, o] FE& o2 RE| kA

St b 3 sy A% F Abgs
¢k 2 Aldrin, BHC-0,, BHC-B, BHC-y, BHC-3,
Captan, Chlorfenapyr, Chlorpyrifos, DDD, DDE,

DDT-o,p, DDT-p,p, Dieldrin, Endosulfan-sulfate,
Endosulfan-o,, Endosulfan-3, Fenitrothion, Pen-
thoate, Permethrin, Quintozene, Tolyfluanid®} Vin-
clozolin 5] A& HA| dstch. £33 Alzd A}
43 BAF Agelx o]E Foo| BT FUsM
A&z vehdd detd o5 o]8sld Azt
SA|Fel| = o] & Fofo] BAHZE HH

et B AT RAEE SHElel 33
o] Aoz AxH A FFEH AR
o] AFFEIAA 71l At A ol

gl

date] 2
E A7 20043 ~2007 AbAHA RS 2]
h=3

AEHHALY (RIS: R-04-035)8] Aoz +ahst
Aen oo FHAbEII.
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