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Abstract

Benzo[a]pyrene concentrations in 42 pills containing 26 herbal medicinal products
were analyzed using HPLC-FLD. The average concentration of benzo[a]pyrene was 2.6 ug/kg,
across a range of 0.2 to 10.9 ug/kg. 10 pills had concentrations less than 1.0 pg/kg, 24
pills were between 1.0 and 5.0 ug/kg, 7 pills were between 5.0 and 10.0 pug/kg and 1
pill was greater than 10.0 ug/kg. The dietary exposure, the acceptable daily dose(ADD)
and the margin of exposure(MOE) of benzo[a]pyrene in herbal medicinal products

showed that the health risk from their average levels was considered as a negligible

concern with action minimizing exposure.
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* KHP : The Korean Herbal Pharmacopoeia
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A% (Agilent Technologies, USA)S A8-319)
WEETEAQ 3-HEFHENS 3-methylcho-
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(Fluka, USA)& AH&-3}STt.
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R-2008 AF83lal, 8599 FHde dihs
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3) 4717
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3]5go wlzy ELOl Zﬂ 5g°ﬂ &2k 100 mLE
7¥ek 3 o7l 89 5 ug/kg 1 mLy} 3-vlE
ZFTEA 50ng/kg 1 mLE H7Eske] 919 &A%

W3 sUaA Adsidr ez o8 4

FAe st dAnE AFe sl 33
HHE ARS A, 3e 102.8%°]aL RSD=

3. MOotHMl & HIEIH 2T FAI R 2l
ot

FEE 2,92 ug/kg o¢%7&§i
1.0 pg/keg ©13k7F 107, 1.0~5.0 pg/kgol 247,
5.0~10.0 pg/keol 74, 10.0 pg/kg ol 14
ojltt. R FTFNAAEL 0.3~5.4 ug/kg
(Bt 2.0 pg/keg), AL 0.6~2.6 ug/kg
(31t 1.5 pe/ke), SF71HEAE 2.0~7.9 pg/ke
(B3t 4.5 pg/kg), 2871 H-EF2 0.2~10.9 pg/
kg(Fv 3.4 pg/ke), H]L—J@*—‘Jll 2 E-goF

og-oF, A EA Zh 149 Wz g

o 77+ 1.8, 0.2, 30ug/kg°l9ii 71 AL
Aokt 218 0.2~0.7 peg/kg(Hit 0.5 ng/ke)

Table 2. Comparison in recovery rates of 3-MC* according extraction methods (F4%1: %)
Hexane only Hexane + water
Extracted solution
Sample 1 Sample 2 Sample 3 Sample 1 Sample 2 Sample 3
Mean+SD 29.4+0.7 43.2+1.3 19.8+1.1 31.1+0.9 45.1+1.2 20.9+0.8

* 3-MC : 3-methylcholanthrene

Table 3. The analytical conditions of HPLC for benzo[a]pyrene

Parameters Conditions
Column Xbridge™ Cis (3.5 um, 4.6>250 mm)
Mobile phase Acetonitrile : Water = 80 : 20
Flow rate 1.0 mL/min

Florescene detector

Injection volume

Excitation 296 nm, Emission 414 nm

10 pLL
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Table 4. Content, excess cancer risk and margin of exposure of benzopyrene in herbal medicinal

pills
- Content ADD Excess Dietary Benchmark Margin of
sy A KHP e
s W o ) (mean+SD,  (ug/ke. cancer dose dose limit  exposure
= °c 1g/kg) bw/day) risk (ug/ke)  (ug/kg bw/day) (MOE)
1-1 Z2E 0.3+0.07  2.79x10° 2.04x107  4.67x10° 100 2,140,351
aega  1.50.04 1.18x10*  8.58x107  1.97x10™ 100 508,333
12 Ax 3t 5 7 3
2.0+£0.02  9.07x10 6.62x10 1.52x10 100 658,747
1-3 ot 544042 4.74x10" 3.46x10°  7.94x10™ 100 125,981
=27 ;
R A 1.0£0.10  7.78x10°  5.68x107  1.30x10" 100 767,994
o
g‘; - 1.440.01  3.91x10°  2.86x107  6.55x10° 100 1,526,475
0.5+0.02 1.84x10°  1.34x107  3.08x10° 100 3,250,213
-5 GHAES 4.2+0.18 3.68x10*  2.69x10°  6.16x10" 100 162,277
Bt 2.0 1.52x10%  1.11x10°%  2.54x10™ 100 1,142,546
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Table 4. (Continued)

g ij ]jf’_]— KHP Content ADD Excess ;
S wy  (mean#SD.  (ug/ks. . Dietary  Benchmark Margi
1g/ke) bw/day) I"isckel (dose dose limit expii of
k re
2-1 1.0£0.02  1.68x10"  1.23x10° 2 gzg/ g)% (/s bu/day) (MOE)
st ' 04X
w EARd 1.210.23 1.20x10"  8.75%x107 2 leigﬂ 100 355,167
ox - .
011  351%10°  2.56%107  5.87x10° 100 498.366
s 144013 2.92x10° 87x10 100
o 22 o6 92x10°  2.13x107  4.89x10° 1,703,911
£ 2) A A 5= 8 1' +£0.05  1.42x<10*  1.04x10° 2438 5 100 2,046,980
3+ -5 ' lef :
S 1 0.04 503x10° 367<107 841x10° 100 420,458
(9 HERAd 020.07 9.69%105 707107 1o 10 100 1,189,084
2.1+ -5 ’ 62x10 :
o 018  2.95%10° 2.15x107  4.93x10° 100 616,909
264041 2.71x10" 9310 100
gt 5 T1x10" 1.97x10°  4.53x10™ 2,026,578
: L05%10° 764107  1.75<10" 100 220,894
2.1+0.04 651x10° _ 1.75x10 100
5577 1, 6920 5110 A75%10°  1.09%10° 1,008,705
gokb (4) AR ss 0T 16 4.54x10%  3.31x10° . 100 91.768
N 204004 1.51x10™ ‘ 7.60x10 100
7.9£014 1L <107 110107 2.5210° 131,607
AT E 1.50x10"  1.09x10°  2.51x10" 100 396,748
4-1 - 5 5+O T 2.52%10™ 1.84x10° 191%10° 100 398.693
L e 26s01t 3355107 2.4410°  5.60%10° 00 309,016
43 © oo 1.93x10"  1.41x10°  3.23x10™ 100 178,598
i ) 0.210.0? 135%10°  9.87x10°  2.96x10° 100 309,645
s A 24001 2.43x10°  177x107  4.07x10° 100 4,420,290
v 05£0.03  6.67x10° 0710 100
4-6 - 5940 .67x10 4.87><10’7 1412><1074 2,459,677
o TEENR T 14 1.88x10"  1.37x10° - 100 896,531
245029  2.36x10™ 3.14x10 100
s 3610 179%10% 3 » 318,133
23718 10.940.80 1.21x10° 39510 100
aot 21x107  8.85x10° 5 253,217
o - 8.4+0.54 1.03x10° 2.0310 100
O:]‘—JJ.};:}_ 0310 7.54><1076 1.7 -3 49,302
5 AR 8.0£0.09  8.43x107  6.15x10° 1310 100 57.841
6.740.07  8.31x10" 6.06x18’6 1.41x10° 100 s
5.0+0. 4, 1.39x10° '
PERET] 14 576x10%  4.21x10°  9.64x10° 100 71,936
= 0.7+0.04  6.58x107 .64%10 100
4-9 . 58x10°  4.81x107  1.10x10" 103,720
1.240.03  5.13x10° o L10x10 100
a0 - 14£0.03 1. 107 3.74x107  8.58x10° 907,755
11 mE8 14101 L7AX10" 1.27%10°  2.91x10" 100 1,165,234
EE E 1 1.29x10"  9.41x107  2.16x10" 100 343,352
o) 3 4 2] : 373107 2.79x10°  6.2410" 100 463,808
713 2 5-1 © ZLEF - 100 754 370
I g of =7 1.840.05 1.29x10™" 9 X '
o)y & 3910 2.156x10"
s aok 61 AvAEs 092+ 100 464,762
I A = 240.07  1.08x10°  7.87x10% 1.80x107
H A A 7-1 dA¥IELG 304009 5.01x10" 010 100 5.545.455
! < 3.6610°° : ’
Q]i—q—]l 8-1 &HARE  0.240.04  2.04x10° 8.39x10" 100 119,173
4 g9 @mABB 0740 04x107  1.49x10" 75 '
ojopE ;;: 1378 0.74£0.03  5.09x10°  3.72x10 z:;xiga 100 2,932,692
O O — N . e P ’
AR it ; 2 142<10°  1.04<10°  2.38x10" 188 L0
: 9 44x10"  1.78x10°  4.08x10" 2,047,032
100 989,110
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5.0~10.0 pg/kgel 774, 10.0 pg/kg oS 174
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Table 5. Margin of exposure(MOE) banding index by food standard agency

MOE band
< 10,000 Possible concern
10,000~1,000,000 Low concern
> 100,000 Negligible concern with action minimizing future exposure
> 1,000,000 Negligible concern
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