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Abstract — By analysing the benzo(a)pyrene concentration using HPLC-FLD and LC-MS/MS, pollution levels of herbal
medicines without permitted benzo(a)pyrene specification were investigated. Average benzo(a)pyrene concentrations were
38.30, 37.46 and 21.22 ng/kg for Amomi Tsao-ko Fructus, Mume Fructus and Coptidis Rhizoma, respectively, which are
4 to 7 times higher than maximum permitted benzo(a)pyrene concentration of Rehmanniae Radix Preparata and Rehmanniae
Radix, i.e. 5.0 ng/kg. Proportion of detected samples exceeding 5.0 pg/kg benzo(a)pyrene concentration was 22% for Cimicif-
ugae Rhizoma and Scrophulariae Radix, 44% for Forsythiae Fructus, 67% for Mume Fructus, 100% for Amomi Tsao-ko Fruc-
tus and Coptidis Rhizoma, and collectively 29% (36 out of 125 samples) in average. In terms of risk characterization results,
human exposure of benzo(a)pyrene were 7.96, 3.49 and 1.61 ng/kg b.w./day and the margin of exposure(MOE) were 1.25
x 10% 2.86 x 10* and 6.20 x 10* for Mume Fructus, Amomi Tsao-ko Fructus and Coptidis Rhizoma, respectively. MOE banding
of those herbal medicines was categorized to ‘low concern’. However, considering that human exposure of benzo(a)pyrene
for food is legislated to 1.4~2.5 ng/kg b.w./day, it was urgent to set up the guideline of benzo(a)pyrene in herbal medicines.

Keywords — Benzo(a)pyrene concentration, Risk characterization, Margin of exposure
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Table I. List of the herbal medicines used for benzo(a)pyrene
analysis

C1a551ﬁcat19n by Herbal medicines No. of
used portion samples
Amomi Tsao-ko Fructus 7
Forsythiae Fructus 9
Fructus
Ligustri Fructus 7
Mume Fructus 9
Coptidis Rhizoma 15
. Cyperi Rhizoma 14
Rhizoma
Cimicifugae Rhizoma
Curcumae Longae Rhizoma 4
Rehmanniae Radix Preparata 19
Radix Rehmanniae Radix 10
Scrophulariae Radix 9
Semen Longan Arillus 13
Total 125
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Osaka, Japan)® 2 G oj3}gt Ty FAbo] oF 2 mL F
W 74A] 45°CoAl A &S 71(EYELA SB-1300, Tokyo
Rikaikai Co. Ltd., Tokyo, Japan)Z 3|&AIHTE FE284S
A7 Yste] Z22)4 7kE21A|(1 ¢/20 mL, Bond Elut-
FL, Agilent Technologies, Santa Clara, CA, USA)°l| t] &
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FEd3} Ao Ez 2 e G0, vv) 20 mLE
MUE YL 2T 2380 S5 §EAF 85895
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USA)E o]&3}o] 35°C -8%0N A7)l ZHFES o}
AEUEZ | mLZ 83$t 5 0.2 um syringe filter(Titan3™,
PTFE hydrophilic, Thermo Scientific, Shanghai, China)=
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71712 = —zajaS A st &
AFZwlE 223 (HPLC)] Thermo UltiMate 3000(Thermo
Fisher Scientific Inc., Germering, Germany)< A}F&-3}$ 3L
AZ&71E d37%71(3400RS, Thermo Fisher Scientific Inc.,
Germering, Germany), A H-> SUPELCOSIL™ LC-PAH
(250x4.6 mm, 5 um, Supelco, Bellefonte, PA, USA)E A}
&3to] A AT MzT)Rle] HAEE As= dAA
ZulE T ZFE2 7] (Vanquish, Thermo Fisher Scientific
Inc., Germering, Germany/TSQ ALTIS, Thermo Fisher
Scientific Inc., San Jose, USA)S ©]-&-35lo] Wz o] &
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3 um, Thermo Scientific, Graiciuno, Lithuania)S AF&-3}31
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50 pg/L HES oK EUELR 343 & JFHET|E &
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Table II. The analytical conditions for quantitative analysis of benzo(a)pyrene by HPLC-FLD

Parameter Analytical Condition
Instrument Thermo UltiMate 3000
Column SUPELCOSIL™ LC-PAH(250x4.6 mm, 5 um)

Mobile phase

A : 100% Acetonitrile B : Distilled Water

Mobile Phase

Time(min)
A(%) B(%)
. 0 80 20

Gradient

10.5 80 20

25 90 10

30 80 20
Flow rate 1.0 mL/min
Column temperature 37°C
Injection volume 10 L

Fluorescence Detector

Detector

Excitation 294 nm/Emission 404 nm
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Table III. The analytical conditions for qualitative analysis of benzo(a)pyrene by LC-MS/MS

Instrument Parameter Analytical Condition
Column Hypersil™ Green PAH (150x2.1 mm, 3 um)
Mobile oh A : 0.1 mM Ammonium formate +0.1% Formic acid in D.W.
optie phase B : 100% Acetonitrile
) . Mobile Phase
Time(min)
A(%) B(%)
0 50 50
HPLC Gradient 10 5 95
15 5 95
16 50 50
20 50 50
Flow rate 0.3 mL/min
Column temperature 37°C
Injection volume 5uL
Ion source ESl(electro spray ionization) positive
Spray voltage 4800V
Sheath gas 45Arb
MS/MS
Aux gas 10Arb
Ion transfer tube temperature 300°C
Vaporizer temperature 500°C
. Product ion
Compound Precursor ion (m/z) - —
Confirm ion (m/z) Collision energy (V)
MRM
252.05 224.12 55.00
Benzo(a)pyrene
252.05 250.12 49.86
(human exposure)S AF=31c}. MOEE 4t&Este] =&k Yepdilth. 543715%

CxDDXETXEF

LADD (ughg baw/day) =5 = M

C (Concentration of benzo(a)pyrene) : A] 2] Wz F=
(ng/kg)

DD (Daily Dose) : ¥ d-5-8-3F(g/day)

: &7 |7H(year)

EF (Exposure Frequency) : =&+ (day/year)

BW (Body Weight) : 5 (kg)

AT (Averaging Time) : 7|t (year)

CF (Conversion Factor) : ©¢|3H:F012}(day/year)

Wl zwjalls} o] nejxz @ dEHolHA wekdg 7t
A= 745 dutd o2 =Zh7 o (Margin of Exposure,
MOE)S- ¢]4-3le flell= A4S gtk shekx) wlzv]ailo
el A% (risk characterizationyS 3171 213} o2l 4] 234
7o) E=A 7153 Reference point)?] X v} -&-2F(Benchmark
Dose Lower Confidence Limit((BMDL, )2 HAH7Idd =
Z 3 (Lifetime Average Daily Dose)(LADD)S.Z Usr #4<l

ET (Exposure Time)

b

rO

BMDL, > JECFA(Joint FAO/WHO Expert Committee on
Food AdditivesllA 2743+ 100 pg/kg b.w./dayS -85
}.20

BMDL,,

MOE = TADD ()]

BMDL,(Benchmark Dose Lower Confidence Limit) :
Reference point(ug/kg b.w./day)
LADD(Lifetime Average Daily Dose) : Human exposure

(ug/kg b.w./day)

SARA - RE APEHL 33 o whE 2ReR,
A3k SPSS 24.0(Statistical Package for the Social
Sciences, IBM SPSS Inc., Chicago, IL, USA)E ©] &3}
F2HEA (1-Way analysis of variance, ANOVA)S 2519
t}. Duncan’s multiple range tests ©]-8314 p<0.05 ==l

A AR 7] Fre1H2 Aol g PF A
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7] Z7rete] 8-S SAsI 3
3835 vrEbd A¥h= Table Ve 2Tt
Ao 34582 88.32~103.00% ¥ 9= UEES

3 Ao wotdEr,
=SR] 1285 125718 U= wizy
Z3= Table VI, Fig. 13} 72t} g3k
) o2 S 49 EAEE AL
12%5 shefAjolA 25 Wizyjgle] A& 2 & o
2R 11874914 0.20~61.83 pg/kg W2 Wizvjo] H&
AT ol 7P =& T2 61.83 pgke’t HEE AT
Z3}, ouf, o] wizd Fas=rF 27 38.30, 37.46,
21.22 pg/kg= VFERY 23] oFEQEAA oA AATBAL =
A8, A)e] wlzsEl Hojs] 82l 5.0 pgkg Bt oF
4~ =4 HEEHASS & 7 AATHFig. 1), Wiz
5.0 pgkg oV AEEL 51 22%(27), T4b 22%24), &
I 44%(470), 2T 67%(67)= YEREo™ 23} 100%(77),
33 100%(157)2 VR AA] 1254 F 3674202 29%2]

Table IV. The correlation coefficient, limit of detection(LOD), limit of quantification(LOQ) and coefficient of variation(CV) of

benzo(a)pyrene by HPLC-FLD

Compound Correlation coefficient (R?)

LOD" (ng/kg)

LOQ” (ng/kg) CV (%)

Benzo(a)pyrene 0.999

0.061 0.185 1.8

DLOD=3.3x(c/S), 2LOQ=10x(c/S)

o: standard deviation of the response, S: slop of the calibration curve

Table V. Recovery of benzo(a)pyrene by HPLC-FLD in herbal medicines

Herbal medicines

Spiked conc. (ug/kg)

Recovery (%)

2 90.9+1.0"
. . 5 89.7+1.8
Scrophulariae Radix
10 96.7+0.7
15 98.5+0.5
2 100.5+0.5
Lo 5 102.1+0.5
Cyperi Rhizoma
10 100.0=1.6
15 103.0+1.8
2 98.3£0.7
. 100.7+0.5
Longan Arillus
10 98.1£1.0
15 100.6+0.4
5 95.4+0.3
10 97.6+0.1
Mume Fructus
20 88.3+0.4
40 99.8+0.1

YMean+SD(Standard deviation), n=3
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Table VI. Contents of benzo(a)pyrene and detected proportion of herbal medicines exceeding 5.0 pg/kg concentration

Herbal medicines No. of Benzo(a)pyrene Detection range Detection rate.of
samples contents (pg/kg) (ug/kg) 5.0 ng/kg® exceeding (%)

Amomi Tsao-ko Fructus 7 38.30+9.4590 24.32~51.12 100
Cimicifugae Rhizoma 9 4.60+4.639 1.25~14.62 22
Coptidis Rhizoma 15 21.22+5.82° 11.92~30.25 100
Curcumae Longae Rhizoma 4 0.20+0.40% ND?~0.79 0
Cyperi Rhizoma 14 2.09+0.519 1.10~2.82 0
Forsythiae Fructus 9 4.27+1.909 1.80~7.86 44
Ligustri Fructus 7 1.5420.56 0.93~2.46

Longan Arillus 13 2.45+1.16Y ND~4.64 0

Mume Fructus 9 37.46+25.539 3.86~61.83 67
Rehmanniae Radix Preparata 19 1.48+1.01% ND~4.20

Rehmanniae Radix 10 0.71+0.82% ND~2.50

Scrophulariae Radix 9 2.78+3.91% ND~10.63 22

Each group(a to c) has statistically significant difference by Duncan’s multiple range test at p<0.05.

DAIl values are MeantRSD(Relative Standard Deviation), n=3

IND : Not detected

95.0 ug/kg : Officially admitted benzo(a)pyrene content specification of Rehmanniae Radix Preparata and Rehmanniae Radix
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Fig. 1. Contents of benzo(a)pyrene in herbal medicines. Each group (a to c) has statistically significant difference by Duncan’s mul-
tiple range test at p<0.05. All values are MeantRSD(Relative Standard Deviation). 5.0 pg/kg : Officially admitted benzo(a)pyrene
content specification of Rehmanniae Radix Preparata and Rehmanniae Radix.

AZEeS Uehldeh & 59 Aolx 23 2049 Wz 30 % 5 20 Ht 1097 pgkeol AEHATL
HAS AR A7 92955 pgkg EEE 100% HEEA B QoM o] Fo] Rz 3} 50%14 5.0
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concern, negligible concern with action

¥0

Table VII. The estimated human daily exposure and MOE value of benzo(a)pyrene for risk characterization in herbal medicines

Concentration of

1) Estimated human daily exposure

Herbal medicines benzo(a)pyrene Daily dose of benzo(a)pyrene?” MOE?
(ngke) (gday) (ng/kg_b.w/day)
Amomi Tsao-ko Fructus 38.30 6 3.49 2.86x10*
Cimicifugae Rhizoma 4.60 11 0.76 1.30x10°
Coptidis Rhizoma 21.22 5 1.61 6.20x10*
Curcumae Longae Rhizoma 0.20 11 0.03 2.99x10°
Cyperi Rhizoma 2.09 15 0.47 2.09x10°
Forsythiae Fructus 427 19 1.23 8.11x10*
Ligustri Fructus 1.54 15 0.35 2.84x10°
Longan Arillus 2.46 19 0.71 1.40x10°
Mume Fructus 37.46 14 7.96 1.25x10*
Rehmanniae Radix Preparata 1.48 30 0.67 1.48x10°
Rehmanniae Radix 0.51 30 0.23 4.30%10°
Scrophulariae Radix 2.78 15 0.63 1.57x10°

DGuideline of National Institute of Food and Drug Safety Evaluation(2018)

DEstimated human daily exposure of benzo(a)pyrene :

LADD(lifetime average daily dose)

MOE : Margin of Exposure = BMDL, (benchmark dose lower confidence limit)/LADD
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