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Abstract Objective: To study the transfer rates of heavy metals and harmful elements in traditional Chinese

medicines ( TCMs ) before and after extraction and establishing tiered risk assessment models in order to provide basis
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for the formulation of standards. Methods: Szechwan lovage rhizome, golden thread, leech, hedyotis diffusa and
seaweed were extracted by water, 70% ethanol or 95% ethanol, and were concentrated into extraction. The heavy
metals and harmful elements were detected by inductively coupled plasma mass spectrometry ( ICP-MS ) method.
Risk assessment for heavy metals and harmful elements in TCMs before and after extraction was done by tiered risk
assessment approach. The first tiered risk assessment was assessed by maximum residue limits. The second tiered
risk assessment was finished by monitoring data. The third tiered risk assessment was done based on the second
tiered risk assessment and the processing factors were considered. Results: The average transfer rates of heavy
metals and harmful elements in TCMs obtained by different extraction methods were less than 10%. The extraction
rates of heavy metals and harmful elements of 5 kinds of TCMs followed the fact that water decoction extraction
rates were larger than 70% ethanol reflux extraction rates. And 70% ethanol reflux extraction rates were larger than
95% ethanol shake extraction rates. For different elements, the extraction rates of arsenic were higher than those of
other elements. The first tiered risk assessment results demonstrated that the lead and arsenic in szechwan lovage
rhizome and leech, the lead in golden thread and lead and cadmium in seaweed may have certain risks for some
people; The second tiered risk assessment results showed that the arsenic in the leech and the lead, cadmium and
arsenic in seaweed might have risks for certain people; The third tiered risk assessment results displayed that the
arsenic in seaweed might have risks for a part of population. Conclusion: Most of the heavy metals and harmful
elements were reduced after extraction, and the transfer rates should not be ignored. The study established tiered
risk assessment models for exogenous harmful residues in TCMs. For the high risk results got by lower tiered risk
assessment models, a more precise and higher risk assessment model should be used to assess the risks. The
establishment of the tiered risk assessment models provided references for the formulation of standards.

Keywords: heavy metals; harmful elements; transfer rates; tiered risk assessment; standards; szechwan lovage

rhizome ; golden thread; leech; hedyotis diffusa; seaweed ; ICP-MS
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W, ABETE LRAURIERIIR 2RSS g e
2K MFEEE P 2B BTN G, R 1CP-MS 1243531
W5 N5 ( Ligusticum chuanxiong Hort. ), 5 1% ( Coptis
chinensis Franch ), 7K %2 ( Hirudo nipponica Whitman ).
AL 5 5[ Oldenlandia diffusa ( Willd. ) Roxb. |, ¥
# [ Sargassum fusiforme ( Harv. ) Setch |5 Fh 24 #4 o i
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Agilent 7700X ICP-MS ( ZHE(E /3 F ); Mars5 f8TH
fiFAX ( CEM 23] ); Mill-Q #E4E/KAL ( Millipore 23] ),

By B R R BT R BRI O T B R bR
YRR FE s, HRBE R 100 pg - mL™ 5 JHIEA R
SRR B R RS VRS TR A R T TR (R BRI A
HLHE 1 pg - LTS 5185-5959 ) 5 NARATR M 1
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( Sigma-Aldrich 2% 7], it %5 SZBD1060V ), 7K K & 4l
Ko BEEMNIE % KR | AR & ORI s Bk
S o | R S e 7] -0 W B S L PK Y O B X
F 2] A T T K2 5555, H v Bt 24
5 RE A5 B BRE Ui BH BT 5 B3 065
2 UEI1ESH

A S 150 Lomin 3 82512, 020 r-s '3 55
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5mL e min”; SR : 0.8 L min”'; HHHIIIZ 1550 W5
BRI BRI R AR SRAEIREE : 10 mm;
BUCE: 3 UK FHHEREL: 100 1K,
3 AMRBEGERISIE

WERE SRR, 2 50 H i SRR E 8% K
W AR RS 2 0y, B 5 g YRR
J 3,5 1A 70% LR (8 A E ) [ R
30 min, 55 2 2L 7K (8 f5 & ) B 30 min, 55 3 41 H
95% L BEAW (8 5t ) I 30 min, 451K LA
B3ROy AR RN A gL, 2 A A PR 1 IR, A
FEUEWE , R ZE 2 1~2 mL, FIKEBE 5 mL B
FIFER BZI R, W25 R BOR , 4 -
4 HiXRFE.FENBRIEH &

KGR R 0.5 g BB EE <37 FhiyZy
MEEIGR 1 mL, B0 I e b, ISR 8.0 mL, 4%
(i E 2 4 ) 2015 AF R U 305380 D)7 k0 T A A i, o
AR LA [R1 R AR50 28 VAT
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Hy TR 09 07 12 o b [ 24 ) 2015 4 i 1
TSI S P v, O BT R s ) (AR
FERYE | TR 28 AR S Bt A T PO ) sl )y
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5.1 PEFEREE R

G AR 2 B i R R BT RARUEAT, H 5%
PRI A & 4 5 i R BRIk B 231 20,204,
200 pg - ml BIRAPRERT, SRR 5 UK, RIS
JCRIETRYETTE RSD, 4% 58 A 7R Y RSD 43514
4.1% 2.4% . 2.6% . 2.1% . 2.8%
52 [FENR

X AN o R A O R AU MM AN .
R RIS 28 o0 4 7 den 20 R e R 2 A, A
DL A R bR, R LA R R R, 27 SR
SRR DL B R N BRI [R5 7 809%~120%
Z 8] ZERAT A R BRI ELK
53 JEEENBCRIE:

B A6 0 & R R 6 0y, B A 29 05 g, K % R
JE B AR RE T I AR A AR HE W L mL, $% 4 7 T
T H ISR 80 mL” EHRAE, W A2, B AL A1
RO AR R SR AR A [ IR 43 51 R 98.39%.89.1%
89.6%.988%.86.1%, RSD 43 Al 1 31%.27%.1.2%.
3.7%.2.3%:
6 TEEINE

JNE FEE KR | AR R B 2R A
R B B i SRS R A R LR 1

F1 5 HAMRNEIENE B ORANSEREBRER

Tab.1 The contents of lead, cadmium, arsenic, mercury and copper in five types of

TCMs pre—and post—extraction and their transfer rate results

i I E 4 JE Y PRBUG M E 4 )8 i
2kt R JLE ( content of heavy metals in ( content of heavy metals in s A
(TCM) ( extract method ) (element ) TCMs before extraction )/ TCMs after extraction )/ ( transfer rate ) /%
(mg-kg") (mg-kg")
& KA Ph 1.010 0.076 7.5
( szechwan lovage rhizome ) ( decoction by water ) Cd 1.016 0.025 2.4
As 0.165 0.140 84.7
Hg 0.062 0.010 16.1
Cu 6.927 0.669 9.7
70% LBEK Rl Ph 1.010 0.076 7.5
(reflux by 70% ethanol ) Cd 1.016 0.008 0.7
As 0.165 0.196 118.6
Hg 0.062 N.D N.D
Cu 6.927 0.606 8.8
95% ZBKE G Pb 1.010 0.036 35
('shake by 95% ethanol ) Cd 1.016 0.006 0.6
As 0.165 0.083 50.2
Hg 0.062 N.D N.D
Cu 6.927 0.060 0.9
ik K Ph 1.888 0.145 7.7
(golden thread ) (decoction by water ) Cd 0.564 0.087 15.4
As 0.171 0.287 28.1
Hg 0.030 0.003 10.0
Cu 16.041 0.937 5.8

hhiHE i



‘JPA M 4 W 22 & ChinJ Pharm Anal 2017,37(8) - 1401 -

F1(%)
R P A i PRS0 4 i
2kt I IR ( content of heavy metals in ( content of heavy metals in HRR
(TCM) (extract method ) (element ) TCMs before extraction )/ TCMs after extraction )/ ( transfer rate ) /%
(mg-kg") (mg-kg™")
70% LK Il Ph 1.888 0.023 1.2
(reflux by 70% ethanol ) Cd 0.564 0.010 1.7
As 0.171 0.045 26.4
Hg 0.030 N.D N.D
Cu 16.041 1.654 10.3
95% LK Ph 1.888 0.060 3.0
('shake by 95% ethanol ) Cd 0.564 0.003 0.6
As 0.171 0.024 13.9
Hg 0.030 N.D N.D
Cu 16.041 0.181 1.1
Kig KA Ph 1.567 0.278 17.7
(leech ) (decoction by water ) Cd 0.092 0.031 33.8
As 6.477 1.507 23.3
Hg 0.075 0.003 4.0
Cu 16.031 0.225 1.4
70% LK Il Ph 1.567 0.043 2.7
(reflux by 70% ethanol ) Cd 0.092 0.005 5.1
As 6.477 0.996 15.4
Hg 0.075 N.D N.D
Cu 16.031 0.356 2.2
95% LIBEKFE G Ph 1.567 0.039 2.5
( shake by 95% ethanol ) Cd 0.092 0.001 0.9
As 6.477 0.039 0.6
Hg 0.075 N.D N.D
Cu 16.031 0.028 0.2
FIAE I 5 JKRIE Pb 4.958 0.223 4.5
( hedyotisdi~ffusa ) (decoction by water ) Cd 1.920 0.086 4.5
As 0.555 0.207 373
Hg 0.021 N.D N.D
Cu 10.800 0.784 7.3
70% LK i Ph 4.958 0.047 1.0
( reflux by 70% ethanol ) Cd 1.920 0.015 0.8
As 0.555 0.065 11.7
Hg 0.021 N.D N.D
Cu 10.800 1.051 9.7
95% LIKED Ph 4.958 0.104 2.1
('shake by 95% ethanol ) Cd 1.920 0.011 0.6
As 0.555 0.031 5.5
Hg 0.021 N.D N.D
Cu 10.800 0.128 1.2
(302 KR Ph 2.476 0.088 3.6
( seadweed ) (' decoction by water ) Cd 1.026 0.061 59
As 209.769 105.416 50.3
Hg 0.100 0.059 58.8
Cu 2.193 0.139 6.3
70% Z. LK A1 Pb 2.476 0.038 1.5
(reflux by 70% ethanol ) Cd 1.026 0.061 3.9
As 209.769 68.141 32.5
Hg 0.100 N.D N.D
Cu 2.193 0.054 2.5
95% Z.IEKE Pb 2.476 0.045 1.8
( shake by 95% ethanol ) Cd 1.026 0.007 0.5
As 209.769 0.571 0.5
Hg 0.100 N.D N.D
Cu 2.193 0.029 1.3

T (note ) : FPHBAFARIGLER N “ND”, FoRKRH (R R 3% 10°mg - kg™ ) s A8 MAEICRMNEBR = IR P RS LA F
JCEMER A/ 25 B BT T 4 )8 AT E TR MER B I x 100% ( The results of mercury in a part of TCMs were non—detected , which were expressed
as “N.D” ; The transfer rates of heavy metals and harmful elements rate=heavy metals and harmful elements in extracted liquid/heavy metals and harmful
elements in TCMs before extraction x 100% )
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B 5 M2k T i AR RGN E (AR T 0.5
mg * kg™ B Z AT, 5 Fh 254 R 6] S U VA 7
MR BT LG, W3k 2.

B 5 FP2RE R EY B8 B0 R SRESTIE(ER T 0.5
mg * kg™ B Z ST, 5 Fh 254 K 6] B U VA 7
MR PTG, W3k 3.

F2 SHWHMARERNARNEBEZSITER( %)
Tab.2 Results of transfer rate of 5 types of
TCMs with different extract methods

U= (extract method ) T HiE EP{M{E
(range ) (average )  ( median)
7K B (decoction by water ) 1.4~37.3 9.8 7.3
70% L BEKENR (reflux by 0.7~32.5 6.8 2.7
70% ethanol )
95% Z.IEKZE Y (shake by — 0.2~5.5 16 1.1

95% ethanol )

R3I SHAMARRBAEFRTREBRZSGITERL( %)

Tab. 3 Results of the transfer rates of different elements with different extract methods in 5 types of TCMs

KT 70% LK 95% LIsIKED
JLHE (decoction by water ) ( reflux by 70% ethanol ) ( shake by 95% ethanol )
(element ) [ e Rl JH ¥ LR IVE 4 JH ¥ifE LREVE
(range ) (average ) ( median ) (range ) (‘average ) ('median ) (range ) (‘average ) (‘median )
Pb 3.0~17.7 8.2 7.5 1.0~7.5 2.8 1.5 1.8~3.5 2.5 2.5
Cd 2.4~154 7.1 5.2 0.7~5.9 2.3 1.2 0.5~0.6 0.6 0.6
As 23.3~50.3 37.0 37.3 11.7~32.5 19.9 154 0.5~5.5 2.2 0.6
Cu 1.4~9.7 6.1 6.3 2.5~10.3 6.7 8.8 0.2~1.3 0.9 1.1

1R 2 et 2 ] WL, JRTE 5 Rkt b i 5k
B/ NTEEET 0.1 mg - kg ™', 3 Ry B4R BUS 3
RIJARKGH (KPR 3% 107 mg - kg™ )o R THYAHY
EERSR VEIE R T R O P A IR BT BK
B ARICK T 95% LBEKZRHEBUR T 70% LB
K LR R B A . X TR A RS RS 2 1 i
BR G 70% £ T R4 BUR F /K ji S UK F
95% LRGP AL . X T8 i 5 5 5, KE |
B AR L BTG 70% LK Rl fi
HUR T K B R IR T 95% £ T 7K 7% T 42 B R
o SR, X 5 FhZpt b 4 BT R IRBOR K25
FEA K BLEARIBUR T 70% 2 BEK R HUR T 95%
KRG A . 3 3 AT UL AR e R
7, PR R T IHAOTER AT R SR
IFL 2R
7 MFSHAMESEREETZRIGIENS %

XU 1

AR TGO G AL Jr 6T 5
P2 R BEEAT 5 T 0 i SRS TCR A TR
Gy TR e MAR R (4 5 1 %o 2 8 AR PRI EA T4
YA JE 7 B2 TR = DAL G, 256 R A S
754, J2 H R A AEOM B i KU ik
40, LR 2242 J5) (EFSA ) 2009 4Rk H i) =k
Heqe 2 1) EAXG A ARSI 45 1 GOFAE R
FHA 25 (e K AR B PR A ( MRL ) T2 87 i A T3F
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i, 55 2 GOk FH W AR AR MRL PFAL 56 3 P27
55 2 SR SERE A R TR AR R BORITAG L 5 4 2
RPN i o AR SCH SRV AT — Al
7.0 — GNP
711 fEFE VNG FRERA 2010 4555 73 K
JECFA 2 WL 4 SRR 4 ) f R4S B e o BT
SO EE A AT A (PTML) 4 25 g kg,
B 1 i BRE 5 S E T 2010 4E B8 WHO BUH I 3 57 1F
il B EEs SEA REgh o T, SR 1999
A 7 114 T v A g S T A2 A (PTW)
25 pg-kg ' B MERESS SE T 2010 4EHE WHO
BT I 5B PE A, A SCR T 1988 41 il 52 1) G AL A
(4 1t e 48 18, PTWI 7 15 pg - kg2 THLR MY
PTWI H 4 pg-kg 2,
7.1.2  BEEVEAL  THRE AR SR A TR EE
SRR AL, AN Exp=F x Cx 7 5, 30/W (1)

Hor: Exp W AR E S A ST AR TSR
AR, AN pg kg F R R A R, T
S IR MHLE B T KBRS Bl g d7'5 € AhZY
W 4 R ) e KB B PR i, 2 R 2 LR S b, BT
N mg kg WOREEA PRI, — %R 60 kg; 75X
30 R F-H4 R R R H R

— GVVAR B AW B 2GR 0 e B TR A T A
DR G AN DA 24 44 45 BT o 4 s oA 5 e K AR R
PEATPPAN . DAEEH R AR B oA B, F S IR 2
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U B A H KA, S g ds ZHRRT T
B A B MR FHIOTR IR AR e, S
] 245 W) 2015 AFRUAE 4 24 Bt bt C{ER 03 mg - kg
MWRIE A1) B ANEH S Tk ERNRE AR
Exp=5 x 0.3 x 30/60=0.75 pg kg

713 KRR EEEZE PA RS2 (NSF) I
H i b 7 R e T Joc R & 5 H B R 5
it (VB K PREE S 25 Rl A2 rh A MUY S5 Yot
i) 1 10% NEnlRMERKE . Hik, 6 b2

XD A BT RE S H s S EM 10% #H17
FL#, B 0.75 /NTF 2.5, TA Sk B — G4 45 21 9 o 142
HR A BN

R AR T RN 2 24 ML T R O LB R T
KU PFAT o 2Rl 1125 B 2 IR o 24 8 ) 2015
AR R A 24 BR B RR U, K IR TR 0 2 R (b [ 2
M) 2015 A RUALAE 1Y FR AR E , JFRHR Y PTMI{E 25
Pr& 8 PTWI BHEZ R 6,18 N\ 8 45 T sk &
BEAZIM Y S A ORI, L 4,

R4 AMBHPETRAESARLRABANESERAELZNESBFESEMLE ( ng-kg')

Tab.4 Comparison of theoretically weekly maximum intake of heavy metals and harmful elements per kilogram of

body weight in 4 types of TCMs with health guidance value

B JE PRSI R & (theoretically weekly maximum intake )

PN PTWI ) 10% —
(‘element ) (10% of PTWT ) %
('szechwan lovage rhizome )
Pb 2.5 5.8
Cd 0.6 0.4
As 1.5 2.3
Hg 04 0.2

B Kig s
(‘golden thread ) (leech ) ( seaweed )
2.9 35 7
0.2 0.4 5.6
1.2 1.8 /
0.1 0.4 0.1

TE Cnote ) = 25 1L 30 A7 X0 1 388 o A0 0 R W05, B0 06 0 L R AT

pharmacopeia, so its first level risk assessment was not included )

M1 4 GoiT 2 SR n] WL, 15 v i s A, 3554
PRV , 7K ) A R T 3 v A A A T BB X T
A3 NBEEAT — 52 ARV , DAL 5 2R SRS 1 O 5080
HE— 1A
72 YRR
721 fEFEBUIFIG FRHER A
Fg SAH A “7.1.17 T TR
722 BEEVAL GO — G R IR L
X L AU 358 v (A I 00, AT U PEA o TR B, ALK
2 B R U A ) PR, BOTETEx HE A T
— B VAR, B TR T Al . A
B W I 2R G RS TR T S5 nl i, ot LAY L 2 41 42

T £t B

— e KUBE EAl, LA ¢/ #27R (There was no arsenic limit for sargassum in

WU 4 R A H TR R B i Tl . DL
HET IR B A B, 7E A R AR () [RERE
T itE g NG R ] B0 T IREE 48 A%
TCRIMEEA G, (AR Y& C {5 R SEBRI {1 1.888
mg - kg MRAEAT (1) B AR BT SOR B AR
Ad Exp=5x 1.888 x 7/60=1.1 pg-kg'o
723 ARHEAR KrE AR (D) SR S
M {dt R FE (A 1Y 10% 47 Hed, B 1.1 /T 2.5, 9
R R A AR B A A A R XU o

) 3, ST 525 rp B R KO v i R
BT R Y R T R E A, DL
%5,

®5 BTRAESATHBENESERAELENESBRESEMLR (ng-kg™)

Tab.5 Comparison of weekly average intake of heavy metals and harmful elements per kilogram of

body weight with health guidance value

B & (weekly average intake )

PIVE 3 PTWI Y 10% — - —
(element ) (10% of PTWI ) NS i i e
( szechwan lovage rhizome ) (golden thread ) (leech ) ( seaweed )
Pb 2.5 1.2 1.1 0.5 35
Cd 0.6 / / / 1.4
As 1.5 0.2 / 2.3 293.7

H (note ) « R GRS PTAR 6T — 20 XU 1Aty JRUBS: A5 AEG A 175 L TE 7 DA T34 L 8L 7" 227K (' There was no need to assess the low risk results got

from first level risk assessment, by the second level risk assessment. And these circumstances were expressed as “/” )
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HIZR 5 GEVTAE R AT UL, K v BB, T P A5
R AT REXS TR AR RAT — i IR, R I s 22
SR A B (0 Rt — 2D A
7.3 SHRITAG
7.3.1  fEFE R BIMEERFIL T A
PP “7.0.107 TR
7.3.2  BREEHAL ZZOPAEXET T GOPAG XU
TS DLREA TITAR , TRT 3 K B 25 B B IBUS B RS P9 1
S5 IR, (R L2 4 SR HUR 56 78 B P I E R
LA FHICR R B ST VAL . DK RS 5 i b
Y 5k B RO, A =GP Al e, A () TR
BRI RSYN I L RE R RN RN W I YN E Sl

Y 5 T R

RIRA R BT E C H 032 BUS %5 98 )
FREA R 105416 mg - kg ' MRIEA (1) B AR H &
Ty AR 148 A Exp=12 x 105.416 x 7/60=147.6
g kg
723 KA KA ) BT R S
() it e 4 1 1Y 10% #E47 Lh R, B 147.6 KF 1.5,
NA = GOPE AR A5 31 A T b B L — s X
578

) B, S5 TR 4R O 2045 21 A 7Kl v e 1
PR RN AT R E A AR AR, LR
6o FHF 6 GEitah o n] W, , i 38 v (4 ] X 138 43
NHEHEA — 2 B

*6 BREABTRAEFHENESERAETZNESRFESENLE( pg-kg)

Tab. 6 Comparison of weekly average intake of heavy metals and harmful elements

per kilogram of body weight with health guidance value

B JE 3% A ((weekly average intake )

L JKI% (leech ) W35 ( seadweed )

JLHR PTWI (¥ 10% — — Say— g P p— ~ ”
Celoment ) ( 10% of PTWI) IKFE 70% ZEIKIR  95% LREKEG KR 0% CESKENL  95% LBIKES
clement o0 (decoction by (reflux by 70% ('shake by 95% (decoction by (reflux by 70% ('shake by 95%

water ) ethanol ) ethanol ) water ) ethanol ) ethanol )
Ph / / / 0.01 0.1 0.05 0.06
Cd / / / 0.0004 0.09 0.09 0.01
As 1.5 0.5 0.3 0.01 147.6 954 0.8

7 (note ) : KA =20 KU PEAR %o T 2 XU P XU B BB I G T R T PEAR L /" 3671 ( There was no need to assess the low risk results which

were gol from second level risk assessment, by the third level risk assessment. And these circumstances were expressed as “/” )

8 HEHLEIE

b A T EEAE 2 R E R LA T
RN RANR . Ham LA E LRI 5
WOk e A el A v AT SO0 e A2 SR U b e
T2 B R S E R BRAE AR B L XURS: A D 2
filh, I AEIE 2215 B0« W 85075 R 24 A R A B
i 75 AEF AR, LA FOC R AE R AR O 52
AR B RF L RV 107 25 5 I 246 -5 34 551 ) AN ] LA
LTRSS 2575 2 AR T AR SF I R

AR PRGBS A A (49777 2K, T o0 o s A 20 Af
R PR AL R DAl . ARGE AL 9253 P 70 4 A
Folo oG I UL A 78 [ P 2 — >4 i 7
[ 100 ASBRSE B R S O AL SR
17T 2 P e LA U R B KR A, 2y
HNRPEA EF Y RS SR AR A S8 B . — . =
GG IR R0 T ] R A DB, , PR T B 45 SR
ST =GOl Bt TEGE SEEIORS 8, A ROR T R
e BB, B B R G R N TS5 N R AT IEAS,
PRI S

hhiHE i

TEJR ST TE T, ISR E R R IIEAS M EARE,
HHPEATE 7, Ol RS RIS M S L
FARIEZS 28 Z 0] B R At AT itk — 2B B 58 MY
filio TR, AU ST AN TR] AR B Hh 24 2B UL
e 65 [ o s A XU VP Aty 38, % 2R A o I i 114
oA AR PP BN A ITAL R, DU AR
WHO HERA ISR SRR EAN L € By & B
g JE oA FH TR R bR

Sk

Cr] WAME W9 BV, SO0, 45, OB % -1CP-MS 3: 015 3 Fhrh 2l
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