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W £: BEY THRAS R AT DS BORAE 6 R i A T 2 vh 2 3505 12 (polycyclic aromatic
hydrocarbons, PAHs)[#)75 e /K- K HSt ABEERAIFE N . J55k &R 2541 o PAHSs 5% B8 75 YA o SCmk, 1848
2k 5% PAHSs 15 YL 0%, SR 3 E P )R (United States of America, Environmental Protection Agency, USA
EPA) 45 18 2 A= B XU (incremental lifetime cancer risk, ILCR) W 3845, FRATERE XS TEM . &R A&
5 F P24 rf PAHS 5% 4 B A BHEFEY nd~5400.99 pg/ke, #{EH 828.603 pg/kg, T2kt PAHSs F-1uk i
Sy H RS RS B> 1 8>3 > N S (@RS PPN R IR RIS AN S | 50 B0 XU AT L2
WE(ILCR /NF 10°), SEA TR BORAEAFAE AL A BUR XU (ILCR 15 107°~107 Z [i]); AN R ARE 928 A B0 X
BTy BUAE N> L B> AE N>F /DA, 6 b 254152 PAHSs 15 QR EERTR], e R B0 KUy H 5>
BORAE> I E > > N2, & 6 M2y @B Th 25 b thifi A7 7E PAHs 54, X ARHERA —E Mg
F, AR LA BUE R E M IS 2 B PR TR 25 PAHS V5 g OLEEA T, A BT LA 256 o 5
BHOZGE W I S I IF ST, TR A T 256 i PAHS 35 Jeda bR SR IS8 4K

KB HEW; hAM, 205 SRR

Pollution level and health risk assessment of polycyclic aromatic hydrocarbons
in 6 kinds of Chinese medicinal and edible materials
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ABSTRACT: Objective To investigate the pollution levels of polycyclic aromatic hydrocarbons (PAHs) in 6 kinds
of Chinese medicinal and edible materials of ginseng, liquorice, rehmannia glutinosa, eucommia ulmoides, forsythia
suspensa and rose and their effects on people’s health. Methods Literature related to PAHs residue pollution in

Chinese medicinal materials was consulted, and the data of PAHs pollution in Chinese medicinal materials were

EEWE: FRARBAEETH (21966025, 21667023), L HH1F 181700 H (22016068)

Fund: Supported by the National Natural Science Foundation of China (21966025, 21667023), and the Chunhui of Ministry of Education Project
(22016068)

RIEEE: REFR, WL, BIEER, FEIRT I NEMHE 251/, E-mail: jay70281@163.com

*Corresponding author: ZHU Mei-Lin, Ph.D, Associate Professor, School of Public Health and Management, Ningxia Medical University,
No.1160, Shengli Street, Xingqing District, Yinchuan City, Ningxia Hui Autonomous Region, Yinchuan 750004, China. E-mail: jay70281@163.com



3900

B 24 iR AR I 2 4l

collected, the incremental lifetime cancer risk (ILCR) recommended by the (United States of America, Environmental
Protection Agency (USA EPA) was used as the measurement index to conduct health risk assessment. Results The
total content of PAHs residues in medicinal and edible Chinese medicinal materials ranged from nd to 5400.99 pg/kg,
with the average value of 828.603 pg/kg. The average concentration of PAHs in Chinese medicinal materials was:
Glycyrrhiza uralensis>eucommia ulmoides>rose>rehmannia glutinosa>forsythia suspense>ginseng. Health risk
assessment showed that the carcinogenic risks of intake of ginseng and forsythia in different age groups were
negligible (ILCR was less than 10°%), and the intake of licorice and rose had potential carcinogenic risks (ILCR
ranged from 107 to 107*); the lifetime carcinogenic risk of different populations was in the order of adults>
children>elderly>adolescents. The 6 kinds of Chinese medicinal materials were polluted to different extents by PAHs,
and the carcinogenic risks caused by PAHs were liquorice>rose>rehmannia>glutinosa>eucommia ulmoides>forsythia
suspensa>ginseng. Conclusion PAHs pollution is common in 6 kinds of medicinal and edible Chinese herbal
medicines, which is harmful to people’s health to some extent. This study uses a lifetime carcinogenic risk assessment
model to make an early warning of PAHs pollution in medicinal and edible Chinese herbal medicines, which is
helpful to the development and research of medicinal and edible foods with Chinese herbal medicines as raw
materials, and provides a reference for formulating PAHs pollution control standards in Chinese herbal medicines.

KEY WORDS: medicinal and edible; Chinese herbal medicine; polycyclic aromatic hydrocarbons; carcinogenic risk
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A JEORHE L A 97 . SRS IIRER i BB Bk
FE (PR R R YA 5 ) HAIA (hH AR
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I o e T BE ARSI AT 55 1 6 Fheh 24 bE (NS . T
Mo RRAT L EREL BORAR), H IR MR 5 o)
B 45, 80, 39, 66. 48, 50, fdifH Excel 2010 #1741t
G3br, HEER P2k PAHs B RVERE . M. (]
BEEE I 24 O AU R BR AR S
1.2 BIREITE

FIRT, FHE R 2iht o PAHs 7% B RAE HBLAE,
i GB 2762—2017 { & hb L EFAME &5 FI5 YR
) BUER B PRIl B PR EEDR, SHRAY). WS, K
77 b SR B b, ZF[a] i REE R : 5~10 pg/ke,
WRAB AR AERR S, X 6 Fh2 & Wi FH Y 20 R 2R [a] 15
e RBRF LA T 50T
1.3 BRI
13.1 PAHs #H L ¥4 F

PAHs a1 Y Al I T 2RI [a] B M Boe Y 7
(toxic equivalency factors, TEF), W Hi%E R 18723 Hfide
B RBA I AL PAHS AR 2 i ABFSTITHE 6 Ffep
25F PAHs HYBEESFROKE (TEQg,p), HHAF A1),
TEQy,, — T o M

1000

K (1)H: TEQp,, N PAHs #5248 I [a] B B 2 &, ng/kg;
Ci M 25H HeE i 4~ PAHs WM, ng/ke; TEF;, MEE i 4~
2 b PAHSs It X1 4 TEF {8, JChE44; 1000, S5 K]
Fy AR 1,

#& 1 157h PAHs i) TEF {&
Table 1 TEF values of 15 kinds of PAHs

ZH 5 s ZWHBRIHR BUEY4ENET
% Nap 2 0.001
A Ace 3 0.001
% Flu 3 0.001
E[B Phe 3 0.001
py Ant 3 0.1
PR Fln 4 0.001
3 Pyr 4 0.001
I [a] B BaA 4 0.1
it Chr 4 0.01
HIF[b]UCE BbF 5 0.1
FIF[K]PE B BKF 5 0.1
I [a]t BaP 5 1
TR [ah] DahA 5 5
HIH[gh,i]HE BghiF 6 0.01
Bigf[1,23-c,d €]  InP 6 0.1

1.3.2 B A [e 4
R HE USA EPA #fi 77 f £ 4 208 JXURS: (incremental

lifetime cancer risk, ILCR)PEMAREAEL, PEAGH 2544 15 F
PAHs XF ABERIMRRE G, ILCR KT 107 HiA K Beh KU
B XU AT DL Z 0, ILCR 7E 1075~107* 22 6] U B A £ 7E v
TERY U KUK, ILCR KT 1074 iF, HA A Al 152 By 30 X
%031 ILCR AR HR(Q2).
TEQBap x DR x CSF x EF x ED 2
BW x AT x 10°
KQ)H: HEFR b b 23500 25 5%, TEQga, K
TR 250 0 SRR HME; DR 2GR H A,
H4E 2015 4FR P EIZL ) B2 AKX 6 Rl 2kt H IR, B
AABAE Sy H Y 25 K5, CSF iy BaP (I SUR AL F,
BOEHE[7.3 me/(kg-d)]PY; EF NEEEE40%, BL 365 d; ED
FEFEIIA, 43 4 IR, JLEERL 7, F/AERUT, BN
1027, A A 4314041 BW Oy AR IR, JLEE . 545
WAL . BAEASIBIN 24.1, 51,1, 63.1M9 55.6 kg™ AT Ny
BRI A, B 25550 AU 100, B R

2 HER55H

2.1 #HERMWATZEM PAHs HISEIER

F2HHT 6 FhepZik e 15 Fi PAHs 1Y S 2T AN
KA, 2 2 A 6 Firh 2k PAHs #R5A AR R EE
HIA Y, PHAs Sk E N nd~5400.99 pg/kg, FHI1E Ny
828.603 pg/kg. TE, HuE . fhAP, BERIET 15 1 PAHs
R LR, NS EACE BE, B A h. Em
AL Phe MIVS YRR I, MAS &P BKF.
BaP,DahA . BghiF . InP AiE 2K T RR; H# | Hh 3 PHAS

ILCR =

i
TR,

SWAY . WIS K75 AR B I & BaP IBR
HILHEI(5~10 pg/kg), HEF R BaP #id T R, #ir
2 60%; HiwE . HAP . BOEIEH BaP ke, HARBT
ARBRMERR HE; ASFIE M KK H BaP, 6 Fih s
PAHs (1) F S5 JE 3 Ay > >0 B 78 > Hh 3 > 34
> A, TR PAHs & &5 = B BaP ks, Huwg Ahff
BURALNY BaP BARCKER, (HIE R, 17 BaP /E5REL
FE, AR B S Yt OO (B AR O A58 WS4 . PAHSs £E 2y
MR A B2 AT RO R R R R A, —BOTTE,
AR . ZEMER BT RS B, HE R R 1.
AL, R AT RS M E) 2 5R T R, Bl PAHs 1)
TR, MM, 2501 PAHs JEdn HIE-REERS, FhF 02
T &SRR A YT S8 PAHs MEM, AR
HEEFASIENRIE 254, PAHs B & R AAEILAEAL, 7T
BB R R RE B R 2504 77 - 3 b PAHs 8%, 2y
MR SZ 05 Y I RR RN



13 E

B P

27 4

;I

107

e

2R

o

&

3902

L9SS0TL S0°6591~89°06 e8eee 8'1€5~6'S¢El SLSEESET S'LEGE~PU EEIELIY YO OLTI~V'IE 916°020C  66°00¥S~PU €9°6C1  98°661~PU SHYdX
LIIL'T S1'8~pu 0 pu £56°0 18°¢~pu €91’y 6¥'CI~pu 9Ts el LE0T~PU 0 pu dur
£€0C9 19°81~pu 0 pu 8¢V'C SL'6~pu £€59°9 96'61~PU Ly'el 8y "ce~pu 0 pu Ay3g
£€56'9¢ 98°011~pu 0 pu ¥8'1 9¢'L~pU 197 £8°¢I~pu CIL91 £6 'SL~pu 0 pu vyed
S1°0 Sy’ 0~pu 0 pu €6L°0 LT'e~pu LOLL'T £e'e~pu 68°¢l 09°LT~pu 0 pu ded
L999°1¢C 00°S9~pu 0 pu €05°01 00°¢y~pu £€8TIT G8'€9~pu Yoy Sy "891~pu 0 pu 4394
LOLT LT £8'15~pu 0 pu S66'8L 86°S1E~PU L986°01 96°CE~pU £8°€0C S0'8¥9~pu SLOO'T €0'y~pu 494
SE6 S0'8¢~pu 09°01 (NN S¥8°6 SELI~PU £ETr'8 LS ST~pU 89¢°L9 0091 1~pu 9414 £¢’L~pu )
L9TI'V1 0¥ 9¢~pu oy'L 0y'8~0¥'9 8199 8¢°01~pu Sy'ce §9'88~pu 8°LOT 09°LTT~pPU SL190 LY'T~pu ved
08°9L £6'8¢1~pU SL'Ty 05°85~00°S¢ seLeel 00°C8C~pu 65°SS L9 ISI~L'T 9T’ elE 8L°0L9~91 SLOY'61 06'S¢~pu 1Kq
£€69°CC 0L Ty~pu 06°6¢ 05°9¢~0¢€°€C £69°6L 01°991~pu LILE9 £r'61~pu 781°00C 06'8S€~91 §T8T61 00°6¢~PU uld
G811 80VC~6'¢ 06'v¢C 0L°LT~01"CC Serel 8T 9¢~pU Le 9L’ L~pu 9Py 001 0€9LT~pU SLIS'S 0L'L~pu uy
11T 0T SEY~8L98 0L9ST 0L°08C~0L'CE 86°L19 Ty I~pu LIET'LY Ie0l~vv ¥97°89¢ 0€° 1€9~pU SLST'TY 08°L8~PU aud
£€99°08 6£'8¢I~pPU 344 09'yL~01'T1 S0'$8T 05'886~PU €EEL’] 0T’ s~pu [48% %] £1'0eT~pu §789°6 08°L1~pu g
11°€81 0y'cTS~pu 0€'ClI 0¥'61~0T'S 10°0¢ 0€°L9~pU £EV8'961 £2°986~pu 965ty 8¥'90TT~pU 0T'e 0L’L~pu NV
L9LS'ST 00°6E~PU SY'L 06'v1~pu S6LIL 0€°69¢~pu L9991 0T Sy~pu 918°0¢ 8'L8~PU SLS'T €r'oI~pu deN
R&r HREEY R HREL B HREY B HRES R HREY R HREEY v
wroen F HENE (os'gr*1 11 terorcrznthh B sreren S wroverz-m W orsreE Y

(84/31i) s[er1a)eW [RUDIPIW ISUIYD) JO SPUDY 9 UI SHVJ JO SPUDY G JO S[PAI] UOREUIWIEIU0) T I[qEL
(3/31) A NORE LU HBY ST Btk ST ch 457 chdik 9 T2



5512 4]

BT, 2 6 B2Y I TP 25 b Z IR0 IR TS HOK T B AR R RS Al

3903

2.2 PAHs %5 %

6 Firh 2t PHAs MIFRE0MH L3R 3. R4S PAHs
SRR E ISR T SR, & 4 1K 4 LU R
FRONEE T PAHs, &4 4 LA PAHs #FR b R
PAHsP! e 3 FF Al 1, M 15 % PAHSs SR AL RE, A
2: 3 3K PAHs e, 4 30k Z, JG 5 31 6 3K PAHs; HHHI
HLHE PAHs S aLlL 336, 4 3K, 6 N E, 2 AL f
v, R, BORIET 3. 4 WA RERE. AS. fHh,
. BURAET 3 SR RN 64.64% ., 70.36%.
70.92% . 67.60%, iX 4 R 24 = SRS T
50.00%, Ui ZiR R 3 3R PAHs (5 EEERS, KoOF
PAHs (5~6 )& 5N 16.00%, %4585 ISHIZAKI
N ZHAN 2502008 po 45 SR — 30, B 25 b P G 14

PAHs LI/NyF5 R %

2.3 RN TR
2.3.1 PAHs &M oAk

6 Fh Zip LT BaP (WEEM Y 25 R I3 40 IHEE
K EF, 6 Firdh 25 b4 i A S A Ant KRR HEKE s,
i T DahA B 245 [T TEF 57, TEQg. (AVG)HHE
ESHMEK, HE, Wi, e+ DahA 1
TEQgr (AVG)Z: 35 83560.00 . 23050.00 . 9200.00
184766.67 ng/kg, MiH® . ¥, Fip, EBLLR T BaP
g, BaP WEMYES G ILEER 9.47%. 5.47%.
3.45%. 0.08%, BIR G ILIHTE 10%LLT, X AT RERTEE
il & 5 i PAHs & & 7T, FREDKE BaP /AT B ARRIIK
iz — BRI

=3 6 MhZhikt 15 ¥ PAHs D #H FH & B (ng/ke)
Table 3 Distribution average content of 15 kinds of PAHs in 6 kinds of Chinese medicinal materials (ng/kg)

PAHs A& i B A P BB
2PAHs (2C) 2.58 30.82 16.47 76.80 7.45 25.58
2PAHs (3C) 80.56 995.62 248.53 952.16 236.75 487.08
2PAHs (4C) 41.49 688.63 102.84 228.88 89.65 122.93
2PAHs (5C) 0.00 278.86 38.66 92.13 0.00 76.05
2PAHs (6C) 0.00 967.49 141.50 3.39 0.00 8.92
: YPAHs (2C)F 31y PAHs, DAZEHE,
4 6 Mh i ch PAHs BT BaP HE 14 X 2 (ng/kg)
Table 4 BaP-based toxic equivalents of PAHs in 6 kinds of Chinese medicinal medicines (ng/kg)
A& e B A L) Bt
PARS TEQsr TEQpwr»  TEQmwe  TEQser  TEQewr  TEQewr  TEQewr  TEQew  TEQse  TEQpw  TEQme  TEQgw
(AVG) (MAX) (AVG) (MAX) (AVG) (MAX) (AVQ) (MAX) (AVG) (MAX) (AVG) (MAX)
Nap 2.58 10.13 30.82 87.48 16.47 45.20 76.80 265.30 7.45 14.90 25.58 39.00
Ace 3.20 7.70 442.60 2206.48 196.84 586.23 30.01 67.30 12.30 19.40 183.11 522.40
Flu 9.68 17.80 84.31 230.13 1.73 520  285.05 988.50 42.85 74.60 80.66 138.39
Phe 62.16 87.80 368.26 631.30 47.24 103.11 617.98 1622.22 156.70 280.70 211.46  435.20
Ant 551.75 770.00 10044.60 17630.00  272.00 776.00 1912.50 3628.00  2490.00 2770.00 1185.00 2408.00
Fln 19.28 29.00 200.18 358.90 6.38 19.13 79.69 166.10 29.90 36.50 22.65 41.70
Pyr 19.41 25.90 313.26 670.78 55.59 151.67 132.73 282.00 41.75 58.50 76.80 138.93
BaA 61.75 247.00 10782.00 22760.00 3245.00 8865.00  661.75 1038.00 740.00 840.00 1412.67 3640.00
Chr 21.83 73.30 673.68 1160.00 84.23 155.70 98.45 173.50 106.00 111.00 93.50  280.50
BbF 100.75 403.00 20383.00 64805.00 1098.67 3296.00 7899.50 31598.00 0.00 0.00 1727.67 5183.00
BKF 0.00 0.00 4442.40 16845.00 2128.33  6385.00 1050.25 4200.00 0.00 0.00 2166.67 6500.00
BaP 0.00 0.00 13890.00 27600.00 1776.67  5330.00  792.50 3170.00 0.00 0.00 150.00  450.00
DahA 0.00 0.00 83560.00 379650.00 23050.00 69150.00 9200.00 36800.00 0.00 0.00 184766.67 554300.00
BghiF 0.00 0.00 134.70 324.80 66.53 199.60 24.38 97.50 0.00 0.00 62.03 186.10
InP 0.00 0.00 1352.60 2037.00 416.33  1249.00 95.25 381.00 0.00 0.00 271.67 815.00

E: TEQswr (AVG): HA4> PAHs -2 2t Firtd )i A5 1k 24 s TEQgor (MAX): B4~ PAHs

i AR i I T 0 T 2
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6 Rl 241 PAHs 7544 f ILCR WA 45 SR L2 5. R[]
R AIEA NS | R B0 XS AT L2 (ILCR /N T
10°%), $RAH 55 ECAE A7 A5 W AE 1) BOm KU (ILCR 7
107°~107* 2 Jal); AT A0 FH b 36 Ak Ay T 7 1 3808 K
W, TLE ., A AR T B AL i S0 XU
AT A2 o AN R B4R LT, 4 AR BEA AR BUR X
B R/ g AR N> LE> AR A>T /D4R, 4 BAHEH
AR AT A R 286 5 S ) 0 RS B3 g, TR A AR A H) J
TR GEI A, 1L R E AT AR, JLE AT
2 O KU AR X B, AT IS R BRL B 7 A fed
JRURSE B9 175 G ) 2 BRI ABORR, )L RRE [ 5000 75 38 5 22 Y
T M6 Fhrh2ibt 2 20 RS YRR AT, B
A B SR XU WU Sy - > B B AR > 1l B> A >34 5 >
ANZ, ULHIARE R R AN BCAE N s ek 4 25 £ TR IR B
sl RO XU A 8, I 32 i A B R B B AE Sy JEUR Y 24
AP A PAHS 5k B2 15 S B R A £

3 4 1

AFgEh, ZiE PRI 6 Fih 25kt PAHs #4 A [H A2
FERRH, oA g KR EERAEH 15 Fh PAHS
A I ke, 3% W 22 oK VR A HR 2 b R AR I A T
PAHs FJ154%, PAHs BB IRZL AL 3 WA 4 8k 32, SRR
SATE—ERRE _EHUR T HISFERRIE, 3 3RF1 4 38 i (R 3,
oA HE AT RE TS el T A1 i A IR R . R 244t B PAHS

A DLIE G PR ORI AR, T DLEAR M (A D s A A
Hefl, HAEMT A nl fE4Em PAHSs, BTl sR2itt s
PAHs 5% A 52 M 3R A2 24 ZFE 11, PAHSs IR IEAT ¢
SROAHGENE, T B —HIRAMIT . LR, A
TIHEE H LR 250 22 sOR B & S, Smp it &
FHRZS, LRI — R 2580 PAHs 5L fiE B 27K
W T #2372, ANREREF 253 B G P R ) e XU
LA BRIGZ AN, R rh 2 Tk
FHE AR, AR AR BAENEZER, A
YA ARG 72 1 Rt A AR ], e LAAS RIS 114 feke
RIS AT 45 50T R S SE PR e — 222 5 . Th 2 ME N2,
16 SRR A2 B 0 SE 0K, (R e 2 b A o i
B2 T e kLR T, B, (P E
2L ) 2020 A HLE T 258 K IR R TR A 2% BR B
He RIS YRR, 78 GB 2762—2017 HHLE T BaP 7E4%
A R I R PR, A A DG TR R L T 2
eI e il i PAHS 3R B8 TS Ye bR &, atk—2 583 PAHS
ARG 9 AR R A B

AT R LA EUR XS PERE R, X252 B 6
PRI P26 52 PAHs 15441 LR T 808 KU PEAR, 45
R IAR AR AR AT 5 BORAEAFTE AR I BU (e B
JRURSE, - FRCAF N FH ot R ot o 7 v T 1 B0 XU,
ZINER P26 PAHs BRI YL IR IEE, PRIBELL 254 K
RS E MR E % 4.

£S5 6 MM PAHs iSHA ILCR
Table 5 ILCR of PAHs contamination in 6 kinds of traditional Chinese medicinal materials

SRR B A& S Hh #E A 5 WAL
JLE 1.5x10°® 2.9x10°6 9.8x10” 4.6x107 1.1x107 2.3x10°¢
HAE 7.3x107 1.4x107 4.6x107 2.2x107 5.1x107° 1.1x10°°
AEN 3.6x10° 6.9x10° 2.3x10°° 1.1x10°° 2.6x107 5.5x107°
EAIN 9.6x107° 1.8x10°° 6.1x10” 2.9x1077 6.8x10°* 1.4x10°°
%%j{ﬁk modern application of Chinese traditional medicine Qingguo [J]. Chin
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