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Abstract — In this study, both of the concentration of benzo(a)pyrene in 5 species (total 50 samples) of medicinal herbs
and their transfer ratios in the preparation steps of water extract(decoction) and soft extract, were measured by HPLC/
FLD. The calibration curve of benzo(a)pyrene shows excellent correlation over the concentration range of 3~40 ng/mL
with the correlation coefficient (R?) of 1.000. The detected benzo(a)pyrene concentrations from the medicinal herbs
ranged from non-detection to 37.54 pg/kg, and their average was 6.73 pg/kg. Among the total samples, 15 samples (i.e.,
30%) exceeded the limit of herbal medicine benzo(a)pyrene criteria (i.e., 5 pg/kg) according to the notification No.
2009-302 from Ministry of Food and Drug Safety. In particular, the concentration of benzo(a)pyrene in Coptidis Rhizome
was turned out to be the highest of 37.54 pug/kg. The detected benzo(a)pyrene concentrations from water extract(decoc-
tion), soft extract and remnant after boiling, ranged from non-detection to 2.31 pg/kg, non-detection to 2.28 ng/kg, and
2.18 to 21.91 ng/kg, respectively. In preparation of water extract(decoction) and soft extract, transferred benzo(a)pyrene
was not detected or, if transferred, the maximal transfer ratios of benzo(a)pyrene were shown to be 8.9% and 9.8%,
respectively. Therefore, the content of benzo(a)pyrene in the samples of herbal medicine used in this study, were reduced
by more than 90% in preparation steps of water extract (decoction) and soft extract.
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Table 1. Medicinal herbs used in this study
Medicinal herbs

Country of Origin (Number of Samples)

Cimicifugae Rhizom China (10)
Asparagi Tuber China (10)
Cyperi Rhizoma China (10)

Scrophulariae Radix Korea (4), China (6)

Coptidis Rhizoma China (10)

Table 2. Chemical structure and properties of Benzo(a)pyrene and 3-
Methylcholanthrene

Description Benzo(a)pyrene

0

3-Methylcholanthrene

0
(0
J

CHs
Structure

Molecular formula CyoHis CyHyg
Molecular weight (g/mol) 252.32 268.35
Density (g/cm® at 25 °C) 1.24 1.28

Melting point (°C) 176~177 176.5~177.5

Boiling point (°C) 310~312 280

(Cimicifugae Rhizom), -5 (Asparagi Tuber), F5-2HCyperi Rhizoma),
A N (Scrophulariae Radix) 2 2= (Coptidis Rhizoma)) 50 1 (sample)
= ez 3181, o] FolA FUAk 4 71o]a YAk 46 1
O] ATH Table 1). & A7l AHS-H gtobAl= 7 W YakA] ol up
£ TUAE SR ¥ A5l A5 diiAE SHoE T
latoiTt. shekA] 5 F(species)?] 2t 7 (sample)d 500 g
242 ol Al & (specimen)S F-2F$ = F51o] 4)17](Hanil HMF-
31008, Korea)® w23+ mesh =717} 850 um?! 185 | =2 o3}
slo] ARg-3H3IT.

A

al

% 7171

il 2 51] &l (Benzo(a)pyrene)(96%, Sigma-Aldrich, USA)3}
2 3-m| &l =2 E #l(3-methylcholanthrene) (98%, Sigma-
Aldrich, USAYE 7§13} ARE-3ISITH Table 2). 418 8l 2 A
oS WkE-(Methanol), t]E 2 2 €H(Dichloromethane, DCM), n-
&1 X (Hexane) 2 o}A| =Y E 9 (Acetonitrile, ACN)(HPLC grade,
Merckye ARSI A5 w387 ] 18k B4171E HMF-31508
(Hanil, Koreaya AME-813 11, A 8.9} =g 0] 7| =792 Mettler
balance (XS204, USA)E ©]-&-t3lth Al R oA Wlxv/ll &5
13l ultrasonicater (JAC-4020, Korea)s AH-31%1 0™, A& ¢
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HEF71(R-215V, Buchi)E AHE-aF1 01, Blf 5 A A S wf AL
43t A 255 7]+ Nitrogen Evaporator (Turbo Vap 11, Caliper LS,
US.A)E AHE-3818l o, Mz 9l #2412 HPLC-FLD (Shimadzu
LC-20AT, Japan)s AH&-513{TH,

23 BEZU 3 22

Wz BEE 10 mgS Hald oPEYEe] 0] 100 mL
2 & Mol|A] 100 uLE Fta cHIEYEZ 100 mLE THA] 34
st TN (100 ng/mL) 0.2 ZAISH T B3t Y mEEdQl
g EdEd 10 mg Ha) oPAEYED ] 30| 100 mLE 3
N4 100 pLE H5FiL oHIEUED 10 mLE thA] 5]415)0] 1]
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Fig. 1. Method of preparing extracts for transfer ratio surveys.
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W %3] A8 &% 715 7](Shimazu RF-10AXL, Japan)7} W14 ¥
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Boj #F Wz ALd 5 ng/mLI} YWHEEFEZ 50 ng/mLo] H
=5 Arleto] 985 SAsIIth A& EA(LOD)9F B £ 04 -
EAI(LOQ)E ICH Q2B 7ho] =Rl [33]el] whe} 242t vh&-h 22 2
]
20 2 2kEsigitk. g
[
w
LOD =33 x o/S (1 02 |
LOQ =10 x /S @
0.1 A
Y714 ¢ ¥ S= 27t 3=HAK(standard deviation of the response)2}
0.0 T T T T T T T !

A 7127 (slope of the calibration curve)©|th.

2-8. WL 2k Ht
73 H(test solution) 10 uLE &

A=717}F W% HPLC/FLD

0 5 10 15 20 25 30 35 40
Benzofalpyrene (ng/me)
Fig. 2. Standard curve of benzo(a)pyrene for the analysis by

HPLC.
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Benzo(a)pyrene concentration of tested sample (pg/kg)

= Benzo(a)pyrene concentration of test solution (ng/mL)
Total volume of test solution (mL)

X

3
Mass of tested sample (g) )
3. Z4u & nEt
3-1. REH A3
¥ A7) faA Pl tie A9k Table 39 2k 3 7B

XS Q)5to] FFgo o 2 Wizu]elS 3, 5, 10,20 9 40 ng/mLE
ZAEF AMESEl on, YR A0l 3-rE Rk E o] 7h7)
50 ng/mL7} ¥ =5 F7Fek 5 A7) 716 Fdste] dofxl it

27 92 Aol vjg Wzslde] 928 v 2 E Fig 29}
T AFAE AT, WA EFEAS YR EFYOR

>~

FRHE 1.0008! A#AAE L)
Z}2} 0.03 2 0.10 ng/mL ©]131.©.
B3l Aol 3552 956
RS 10 ngmlE 7)E=0 R
2} (Relative Standard Deviation,
of| W&k whsk ol ofA] 4]
o] ghekAl el wlzyl gl EA o A Ee-s YenQlct. ek 2 A
ol M o] wlzy|dl 457} Fig. 29} & 7kl W9
£ Z2sAY vgE = 9o, AR S mEs] dd
AN o] Mizw)Yl F oAt o] ARSIt
Fig. 33 5 ng/mLe] WZy Al B =54, Wz
WzI Wl EHE ARl 50 ng/mLE A 3}Fo] 7] (spiking)
Ao FEntE 7o b Wl Edo] glrhs 3S FRlgh
At} wlzv A BFEA 0 A9 oF 18.136%0l FIE Ko
93 EFE=ZR HPLCE BA4138190S o 1l Aaksl 5 Al
of Yehtow Mixaas o7 QJAA &3 Aokl A% W

AFHE Y A2
Ehiglet. W9} B e

RSD)7} 1% o= g2/ 4

EHE A
S B
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m
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T
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Table 3. Results of LOD, LOQ, Linearity and Recovery by HPLC-FLD

Benzo(a)pyrene Mean (Range)
Range (ng/mL) 3~40
Correlation coefficient (R?) 1.000
LOD (ng/mL) 0.03
LOQ? (ng/mL) 0.10
Recovery=SD¢ (%) 95.6+0.03
RSDY (%) 0.10

“LOD : limits of detection.

bLOQ : limits of quantitation.

“SD : standard deviation.

9RSD : relative standard deviation.

Table 4. Benzo(a)pyrene concentration in medicinal herbs in this study
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5 10 15 20 25 0 kH 40
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L,
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@
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[=}
Q =
S S
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o 3]
8 E
100 S iy
=
U
2 |
ol raln A bl L
1 ' i T i U U
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1 DetAChl/ 294am - 4dam
Fig. 3. Chromatograms of Benzo(a)pyrene: A. Benzo(a)pyrene stan-
dard of 5 ng/mL: B. Benzo(a)pyrene negative sample; C. Benzo
(a)pyrene 50 ng/mL-spiked negative sample.

[e]
™

2 3ol

= s

T A 33T

3-2. Y= S| ML &2

5 SR 5F-5(5 PN Cimicifugae Rhizom), A5 (Asparagi
Tuber), -2 Cyperi Rhizoma), @ (Scrophulariae Radix), 2 3
®(Coptidis Rhizoma))°] 5071 g0 2 Wiz AS #2351 d9&
Table 49} Fig. 40 VERAISITE. &A1 0.1 ng/mL #]%FS] 53]

Medicinal herbs Number of Number of detected Detection” Detection” Median Detected range (ug/kg)
Samples Samples (ng/mL) (ngke) (ng/kg) Min Max
Cimicifugae Rhizom 10 10 21.35£0.55 427+0.11 2.47 0.72 12.46
Asparagi Tuber 10 10 6.25+£0.65 1.25+£0.13 0.91 0.21 4.65
Cyperi Rhizoma 10 10 15.85+0.30 3.17+0.06 1.78 0.17 10.25
Scrophulariae Radix 10 9 9.65+0.25 1.93 +0.05 0.21 0.16 12.10
Coptidis Rhizoma 10 10 115.7+£6.75 23.14+1.35 21.93 743 37.54

“Detection : Mean concentration of test solution.
bDetection: Mean concentration of tested sample.
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Fig. 4. Benzo(a)pyrene concentration of 10 samples, from each which three specimen of 5 g were randomly collected, out of each species of

medicinal herbs in this study.
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Table 5. Transferred amounts of benzopyrene in decoction, soft extract, remnant after boiling for the samples of the highest and 2" highest

benzo(a)pyrene concentration, in triplicates

Medicinal herbs Crude Drug (ng/kg) Decoction (png/kg) Soft Extract (ug/kg) Remnant after Boiling (ng/kg)
. . 12.46 £ 0.05 0.73 £0.01 0.77 £0.02 7.70+0.11
Cimicifugae Rhizom
11.77£0.04 N.D“ N.D“ 6.46 +0.02
. 4.65+0.11 0.12+0.01 0.14+0.03 3.85+0.01
Asparagi Tuber
2.73+0.01 0.07 £0.01 0.07 £0.01 2.18+0.01
L 10.25+0.06 0.51+0.01 0.39+0.01 6.13+0.01
Cyperi Rhizoma
8.78 £ 0.07 0.60 +0.01 0.43 +£0.02 5.20+0.02
. . 12.10+£0.10 1.06 £ 0.01 1.08 £ 0.01 9.21+0.05
Scrophulariae Radix
3.05+0.05 0.27 +£0.02 0.30+0.01 2.35+0.04
. . 37.54+1.24 2.31+0.02 2.28+0.04 21.91+0.09
Coptidis Rhizoma
31.42+0.83 2.22+0.03 1.90 +£0.02 19.57 £ 0.08
“N.D.: Not Detected.
Table 6. Transfer ratios” of benzopyrene in Decoction, Soft Extract, Remnant after Boiling
Medicinal herbs Crude Drug (ng/kg) Decoction (%) Soft Extract (%) Remnant after Boiling (%)
Cimicif Rhi 12.46 £ 0.05 5.9 6.2 61.8
imicifugae Rhizom
& 11.77+0.04 0.0 0.0 549
A Tub 4.65+0.11 2.6 3.0 82.8
sparagi Tuber
parag 2734001 0.0 0.0 799
Cvperi Rhi 10.25 +£0.06 5.0 38 59.8
eri Rhizoma
P 8.78 +0.07 6.8 49 592
12.10£0.10 8.8 8.9 76.1
Scrophulariae Radi
crophuiatiac Hadix 3.05+0.05 8.9 98 77.0
37.54+1.24 6.2 6.1 58.4
Coptidis Rhi
ophdis Khizoma 31.42+0.83 7.1 6.0 623

“Transfer ratio(%) = Benzopyrene amount in each drug preparation-stage (e.g., decoction, soft extract or remnant after boiling)+Benzopyrene amount in

crude drug x 100
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