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1. Objectives
To compare the contents of heavy metals, residual pesticides

2. Methods

and sulfur dioxide before/after decoction.

The heavy metal contents before/after decoction were measured by Inductively Coupled Plasma Atomic Emission
Spectrometry (ICP-AES) and mercury analyzer. In order to analyze pesticides in 3 samples we used simultaneous
multi-residue analysis of pesticides by GC/ECD, followed by GC/MSD analysis to confirm the identity of the
detected pesticide in each sample. In addition, the contents of sulfur dioxide (SO2) were performed by

Monier-Williams distillation method.
3. Results

1) The mean values of heavy metal contents (mg/kg) for the samples were as follows: Yuldahanso-tang (before
decoction - Pb; 1.85, Cd; 0.148, As; 0.042 and Hg; 0.003, after decoction - Pb; 0.096, Cd; 0.006, As; 0.006
and Hg; 0.002), Chongsimyonja-tang (before decoction - Pb; 1.193, Cd; 0.094, As; 0.084 and Hg; 0.008,
after decoction - Pb; 0.053, Cd; 0.007, As; 0.011 and Hg; not detected) and Taeyeumjowee-tang (before
decoction - Pb; 0.878, Cd; 0.078, As; 0.302 and Hg; 0.004, after decoction - Pb; 0.079, Cd; 0.005, As;

0.006 and Hg; not dectcted).

2) Contents (mg/kg) of residual pesticides before/after decoction in all samples were not detected.
3) Contents (mg/kg) of sulfur dioxide (SO2) before decoction in Yuldahanso-tang, Chongsimyonja-tang and
Taeyeumjowee-tang exhibited 6.1, 37.8, 31.5 and 19.7, respectively. However, contents of sulfur dioxide after

decoction in all samples were not detected .

4. Conclusion

These results will be used to establish a criterion of heavy metals, residual pesticides and sulfur dioxide.

Key Words : Herbal medicine, heavy metal, pesticide, sulfur dioxide

- T4 2000 32 82 SO 2009 3 232
- DOKAL : MBI, RN RA71 AN 463 S1=BI0|
5101121 BIQIEBMOISIMIES

Tel : +82-42-868-9464 Fax : +82-42-864-2120

E-mail : hkshin@kiom.rekr

2 o= SIRBIOSIINRININ ARGl H

EBM ZI=AIZ0N Qloh ~&TIACL

SR



238 AIAMHIZICISIS|X] 2009;21(1):237-246

L. % W

el Fago] BEshe BobAl frahEd
(534, Afseho] TYsIo] ke 9122 B
ue S Sel) SRl f5e) el T
ek

Ais 2 FiskE el visse 24 o= A
Sl As, Pb, Cd % Hg 53 22 555 845
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S QAN oejet FEE-E SekAle] S
Q900w A 7159 FellE do71= He, Cd,
Cr 2 Pb 53 22 f5353 FAx) gaks
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U, AlA 02 A Fade] 47585
Cd, Hg, Pb 3 As®] 4-F 717 564-711, 43,
3,000-30,000 2 120,000 1g/60 kg person/day°]tl.
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Aol AR B SR O T R
Kbz E el 7S] 4 (Puerariae Radix),
27 (Platycodonis Radix), %A (Angelicae
Dahuricae Radix), 2FF (Dioscoreae Radix), -5
(Liriopis Tuber), 2]o]Q1 (Cocicis Semen), A&
(Castaneae Semen) 2 WA} (Schizandrae
Fructus)+= (7)Y E. (Yeongcheon, Korea)ol| 4]
TY3ele, S (Scutellariae Radix), 3l
(Angelicae Tenuissimae Radix), YA} (Raphani
Semen), %W} (Cimicifugae Rhizoma), A5
(Nelumbinis Semen), - (Asparagi Radix), ¥
A (Polygalae Radix), 2E (Acori Graminei
Rhizoma), 2F21 (Zizyphi Spinosi Semen), 8<H
(Longanae Arillus), ®AF] (Thujae Semen), A=
3} (Chrysanthemi Flos) & w3} (Ephedrae Herba)
& (HHMAX (Chungbuk, Korea)olA] 212} 9]}
St o5 ZHe] AW Table 13} 20w, 23o|
AREEE] el mAEE R THE oRe oPd BEA|
(standard sieve No. 30, 600 im)S Z2}3F 723k
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olxkslat Algl Al AL Titrator (Metrohm 798
MPT, Metrohm Co, Switzerland)& AH&-815331, 7+
FsF £498 GC 17A system (Shimadzu, Japan)
I} GCMS-2010 system (Shimadzu, Japan)S AR
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Table 1. Combinations of Crude Drugs in Herbal Medicine
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32t} Microwave digestion system= Ethos 1600
(Milestone Co, Italy) & AFESILE 5715 211
13 FE7]E KyungSeo Machine Co.2
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Compounded crude drugs (g)

Crude drugs
Yuldahanso-tang Chongsimyonja-tang Taeyeumjowee-tang

Z+L Puerariae Radix 15.0

2 Scutellariae Radix 7.5 3.75

21 Angelicac Tenuissimae Radix 7.5

=%} Raphani Semen 3.75 3.75 7.5
7173 Platycodonis Radix 3.75 3.75
%1} Cimicifugae Rhizoma 3.75

Wl 2] Angelicae Dahuricae Radix 3.75

A28 Nelumbinis Semen 7.5

AFek Dioscoreae Radix 7.5

HE-5 Asparagi Radix 3.75

W -5 Liriopis Tuber 3.75 3.75
A Polygalac Radix 3.75

A1 ZE Acori Graminei Rhizoma 3.75 3.75
2}2291 Zizyphi Spinosi Semen 3.75

£-9kS Longanae Arillus 3.75

) 2}0] Thujae Semen 3.75

7+=23} Chrysanthemi Flos 3.75

9Jo] ¢l Cocicis Semen 11.25
718 Castaneae Semen 11.25
Q1) 2} Schizandrae Fructus 3.75
u}3} Ephedrae Herba 3.75
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Qbol] GHAIA HA 7}1F AASIAL ST} AR
AR (Microwave digestion system, Ethos
1600, Milestone Co, Italy, Table 2)2 A-g3}o] £
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Table 2. Operation Condition of Microwave Program.
Step Time Power (watt)
1 2 min 250
2 2 min 0
3 6 min 250
4 S min 400
5 5 min 600
6 S min 0 (Vent)
Table 3. Operation Condition of ICP Analysis.
Instruments Operation conditions
Plasma 1350 W
Coolant gas flow 14 L/min
Nebulizer pressure 24.03 psi
pump rate 80 rpm (1.48 mlL/min)
Wavelength(nm) As (189.042),
Cd (228.802),
Pb (220.353)
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85101 BL, 50, 100 ppbs A3 5 AFAde 2Hds)
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374 A% (Table 1)l thale] Zzte] 34
= M e Wi, B8 A]R9 103]]; A
7Fte] 100 Colld 12087 A"s 5 55 2
EAAZ Btk o] ABES 77 k5 ¢S A
gopl o HF Hd 22 Pew F& 9
g A8t

DJ 7(3 xﬂ

(3) 77 ¥4 =4
FEE B APENS GC/ECDA 742 5
Jskal dojxl AZvpeEagde] 7 935 BF
golo] w9} HluEial, GC/MSD 48 5

3 BF }\]7} 9 AgrdEHoz 7+ xok

Lo

-5 ERISISIH (Table 4, 5).

Table 4. Operation Condition of GG/ECD Analysis.

Instruments Operation conditions
GC-ECD GC 17A system(Shimadzu)
Column DB-17 fused-silica capillary

(0.25 mm x 30 m)
Carrier gas N2
Injector Temp. 260 C
Detector Temp. 280 C
Column Temp. 120°C(@min) - 8°C/min - 60°C(5min)
Split ratio 10:1

Table 5. Operation Condition of GC/MSD Analysis.

Instrument Operation conditions
GC-MS GCMS-2010 system(Shimadzu)

Rex-5 fused-silica capillary

Column 032 mm * 30 m)
Carrier gas He
Linear velocity 444 cm s-1
Interface Temp. 280 C
Injector Temp. 260 C

Oven Temp. 100 C@min) - 10 C/min - 280 C(15 min)
Tonization mode Electron impact 70 eV

Scan range m/z 100 - 400

Split ratio 10:1
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Fig. 1. Modified Monier-Williams Distillation
Apparatus.
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M. #5R = B

1. 334 By
D F% EEe) AR A

7 o] Sud (P, Cd, As % Hp)o] 3s
wA41317] f1ate] Pb 3E-&-<& BL, 100, 200, 500
ppb, Cd+= BL, 50, 100, 200 ppb, As+ BL, 50, 100
ppb % Hg9] =895 BL, 3, 6, 9 ppbS ZAS
T AFAE ATk A A3 Ad Phe y
= 2871x + 4960.83 (R* = 1.00), CdE y = 242.36x
+ 463252 (R? = 1.00), As= vy = 532.71x + 474462
(R* = 1.00) 2 Hgxy = 004x + 000 (R* = 1.00)3}
HE gk Adds Jepiid (Fig. 2).

0
0 100 200 30 400 500
¢ Ph—{%8 (P)
60000 ,
y = 53271 x + 474462
50000 |

R =100

0 0 100

Fig. 2. Calibration Curve of Pb, Cd, As and Hg.
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3 Aw J/F0] T4 (Pb, Cd, As 2 Hg)2 Table
63} 2t} s gl 749- e Ao Ph, Cd, As
2 Hgo] g2 747} 1.85, 0148, 0042 2 0.003
mg/kg 02 7EF W] A8 9 Ph, Cd, As ¥
Hg®] 32 0,006, 0006, 0006 2 0.002 mg/kg O&
AEE] o] Poim AY el v]8] 94.8%, Cdi= 95.9%,
Ast 857% 2 Hgt= 33.3%7}F 242 244990} vk
O T3552 Ae A9 P, Cd, As 2 Hg9] gao]
77} 1.193, 0094, 0.034 2 0008 mg/kg O = HEH
el g 2] Ph, Cd ¥ As9] =k 0,063, 0007
20011 mg/kgl = AEF UM, HgS AT $of
= HAEHA @9t webA Phe A" Al B3
95.6%, Cd= 926%, Ast= 869% 2 Hg= 1000%7}

y = 24236 x + 463252
R =10

¢ Cd— 13 (Cd)
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02 r
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Table 6. Result of Pb, Cd, As, Hg Analysis and SO2 Residual Contents.
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Std. R'T. (min) Std. RT. (min)
L. Allowable standard L. Allowable standard
Pesticide Pesticide
GC/ECD (mg/kg) GC/ECD (mg/kg)
a-BHC 14.828 0,0/-DDE 19.850
B-BHC 15972 ,0-DDD 21.015
0.2 0.1
y-BHC 15.798 2,4-DDT 21.051
6-BHC 16.869 4,4-DDT 21.621
Aldrin 17.310 0.01 Dieldrin 20.089 0.01
Endrin 20.794 0.01
* N.D. : Not Detected
Table 7. Retention Time of Standards and Allowable Standard.
Heavy metals (mg/kg) SO2 residual
Materials
Pb o As Hg (mg/kg)
Before decoction 1.85 0.148 0.042 0.003 6.1
Yuldahanso-tang
After decoction 0.096 0.006 0.006 0.002 0.5
Before decoction 1.193 0.094 0.084 0.008 315
Chongsimyonja-tang
After decoction 0.053 0.007 0.011 N.D. N.D.
Before decoction 0.878 0.078 0.302 0.004 19.7
Taeyeumjowee-tang
After decoction 0.079 0.005 0.006 N.D. N.D.
* N.D. : Not Detected
Table 8. Result of Residual Pesticides Analysis.
Pesticides (mg/kg)
Materials e B ¥ & 24 44 pp- pp- . o .
BHC BHC BHC BHC DDT DDT DDE Dppp ‘din  Dicdrin  Endrin
Before
R ND. ND. ND. ND. ND. N.D. ND. NUD. N.D. N.D. N.D.
Yuldahanso decoction
-tang After
i ND. ND. ND. ND. ND. N.D. ND. ND. N.D. N.D. N.D.
decoction
Before
. ND. ND. ND. ND. ND. N.D. ND. NUD. N.D. N.D. N.D.
Chongsimyonja-tan decoction
8 After
i ND. ND. ND. ND. ND. N.D. ND. ND. N.D. N.D. N.D.
decoction
Before
. ND. ND. ND. ND. ND. N.D. ND. ND. N.D. N.D. N.D.
Taeyeumjowee-tan decoction
8 After
i ND. ND. ND. ND. ND. N.D. ND. ND. N.D. N.D. N.D.
decoction

* N.D. : Not Detected
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W2y s Q) Kbk E 5] 79 A" e Ph,
Cd, As ¥ Hg9] gl 27} 0878, 0.078, 0.302 2
0.004 mg/kg o2 A& Whdo] Mgk 3-9] Ph, Cd
2 As9 g2 0,079, 0.006 2 0006 mg/kgS-& 7
590, Hg2 A9 Foll= HEsA) &our) uf
24 P A8 Aol Blal] 91.0%, Cdi= 9B.6%, Ast=
B0% 2 Hge 100027+ 242 2145tk o= 25
2o 71591 30 mg/kg B S AEENeS &
T AT
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GC/ECD®}F GC/MSDE ©]€3t4 BHC (q 8 ¥
4 §BHC), DDT (pg-DDD, pg-DDE, 24-DDT
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-DDD, pg-DDE, 24-DDT % 44-DDT)7} 0.1
mg/kg, aldrin®] 0.01 mg/kg, endrin®] 0.01 mg/kg
2 dieldrin®] 001 mg/kg 2.2 TAEo] Yt Table
7). oI5 skl digh HMFEARRS o-BHC
(14.828 min), y-BHC (15,798 min), S-BHC (15972
min), §-BHC (16869 min), aldrin (17.310 min), pg
-DDE (19.850 min), dieldrin (20.089 min), endrin
(20.794 min), p/-DDD (21.015 min), 24-DDT
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Hg®] g2k 717} 1.85, 0148 0.042 2 0.003 mg/kg
o= AZE vhHe| WY 29 Pb, Cd, As % Hg®J
BFR2- 0,096, 0.006, 0.006 2 0.002 mg/kg O-& A%
Hof Phiz A Fol| ]sf 94.8%, Cdi= B.9%, As
&6.7% 2 Hg= 33.3%7}F 22t 4% 0k

2. W OE T2 e 79 Pb, Cd, As 2 Hg2l
skko] Z}7} 1,193, 0,094, 0.084 2 0.008 mg/kg o=
AEE WhHo] Hg 9] Pb, Cd 2 As9] T
0.053, 0.007 2 0011 mg/kg 0= &% oH, Hg
& A o= A=A @94t web P A%
o) Hlal 95.6%, Cd= R.6%, AsE 869% & Hoe
100.09%67F 27} ZFA= A
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Hg?l 3fFo] 212+ 0878, 0078, 0302 2 0004 mg/kg
o= 7= Wkl A% 5] Ph Cd % As9] g
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