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WE.HN ST A F7HER PP 4(CD) A (As) Rk (Hg) A (Cu)S HEL2BEAELETATHLEBESFE TR
(ICP - MS) ik 73k KA MOKIE M st 32 AT 69 92 A it AT AT AL 22 R A ICP - MS 3 2 4%, FAL B E A 15 bar, T4k
EOREH 0.80 L/ min, ¥5 3 R 4512 A 30 v/ min, A HFH 1200 W, 4 F & EH 3200 V, Bd EH 1800V, F B TR & ik H
13,1 L/ min, Bk 32 AL X, A B 2020 40 (P B 25 22 (w3R0) Y@ ] 9302 b 25 A F 2% B 1R B 41 2 35 5 R W ST FR B, S 47 MU e
WFAE R Pb,Cd,As,Hg, Cu 89 M EHREH A A 0~20ng/ mL.0~2ng/ mL.0~20ng/ mL.0~20ng/mL.0~200ng/mLEE AL
BB vk FAL P % R BT (r>0.997 8) 3 # i FR 51 24 2.41,0.83,7.54,2.68,11. 08 ng / g; An i =K % 2 %) A 108. 48%,90. 42%,
106. 75%,97. 28%,101. 70%,RSD % %14 1. 15%,2.35%,5. 48%,1. 62%,1. 19%(n = 9) .92 # & 7 H ¥ K ¥ Pb,Cd,As,Cu #94F
A4 0.13~0.62 mg/ kg, 1.94~19.29 wg/keg.0.56~1.26 mg/ kg.1.07~8. 68 mg/ ke, ¥ k& h He LF ;3T L5 HE K F Ph,
Cd, As,Hg,Cu #94 % 4 % R 433t 134,31,78,21,1863 mg/ kg i #Z A F MR AT s Efe B AN G, EATLFTHER
V5 A ERRAAELLG RN
KRR A HEA B RMEF BT RS T2 BAH EAL AT

Content Determination and Risk Assessment of Heavy Metals and Harmful Elements in

Compound Licorice Tablets by ICP — MS
CHEN Ming,YE Xiaomin
(Wuhan Institute for Drug and Medical Device Control - NUPA Key Laboratory for Quality Research and Control of Drug Products,Wuhan,Hubei,China 430073)

Abstract: Objective To establish an inductively coupled plasma - mass spectrometry (ICP — MS) method for the content
determination of five heavy metals and harmful elements [lead (Pb), cadmium (Cd), arsenic (As) , mercury (Hg) , and copper
(Cu)] in Compound Licorice Tablets. Methods A total of 92 batches of samples from 32 manufacturers were pre — treated by the
microwave digestion method. The ICP — MS method was adopted,the atomizer pressure was 15 bar,the atomization gas flow rate was
0.80 L/ min, the peristaltic pump speed was 30 r/ min, the reflection power was 1 200 W,the digital voltage was 3 200 V,the
analog voltage was 1 800 V,the plasma gas flow rate was 13.1 L/ min,and the peak skip scanning mode was adopted. According
to the guidelines for the establishment of limits for harmful residues in traditional Chinese medicine in the general rule 9302 of
the Chinese Pharmacopoeia ( Edition 2020, Volume IV ), the limits were formulated, and the risk assessment was conducted.
Results The linear ranges of Pb,Cd,As,Hg,and Cu were 0-20 ng/mL,0~-2 ng/mL,0-20 ng/mL,0-20 ng/mL,and 0-200 ng/mL
(r=0.997 8),respectively. The limits of detection were 2.41,0.83,7.54,2.68,and 11.08 ng/ g,respectively. The recovery rates of
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Pb,Cd, As,Hg,and Cu were 108.48%,90.42%,106.75%,97.28% ,and 101.70%,with RSDs of 1.15%,2.35%,5.48%,1. 62%,and
1.19% (n =9) ,respectively. The contents of Ph,Cd,As,and Cu in 92 batches of Compound Licorice Tablets were in the ranges of
0.13 -0.62 mg/ kg, 1.94 - 19.29 pg/kg,0.56 = 1.26 mg/ kg, and 1.07 — 8.68 mg/ kg, respectively, and no Hg element was
detected. The content of Pb,Cd,As,Hg,and Cu in Compound Licorice Tablets should not exceed 134,31,78,21,and 1 863 mg/kg,

respectively. Conclusion This method is simple with high accuracy and sensitivity, which is suitable for the quality control of five

heavy metals and harmful elements in Compound Licorice Tablets.

Key words: Compound Licorice Tablets;ICP — MS;heavy metals and harmful elements;risk assessment
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T 202043 & AT TAEIT R 5 H s 7 25 S e - g 2
HLo] 24 i v % B ) E 4 B A B G R T U NS )
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(As) K (Hg) il (Cu) By & AT T #8 oA SCHkHRE
AN AS [] 7= M 3 20 JiEH e, Ph B o RR B
(5 mg / kg) HURE S A 1SHEY B s BE Xt 2 5 H &
TR E 4R KA FE R AT S RO, O 2T AR 43
Br PRI 4 B A F TR 5 2R RO ] A A G
P o FL BRI A 25 B IR T3 (ICP — MS) 325 i i 254 v
W4 R MAETCRN BT, A REE S b
FEP BT HRE Sy s A P s 2 AR S R S TR FH M
T T R A R A T R A B s & 7 H R R HR P,
Cd, As,Hg, Cu & & ICP — MS ¥, 454 2020 4E i
B 24 L (DU )IE ] 9302 2 4k BA W B 1 4
SRS T T I H O 5 Ph, Cd, As, He, Cu 2
FIRE N E T H R R E 4R KA TR 1R
i A 2 R 25 W TR AR AL T 255 BRE I .
1 XBE5RE
1.1 {4z8

Multiwave 3000 %4 134 387 714 i {3 ( 3L Hb 1] Anton Paar
3 ) ) 3 XSERIE2 %1 ICP — MS A% ( 3 [E Thermo 23 7 ) ;
Purelab classic 1 # 21l 7K L ( %€ [ ELGA LabWater 2
A ) 5 XS204 B 51§ K F (% 1 Mettler — Toledo 23 ], 4
FE40.0001g).

1.2 X%

Pb L0 R AR HE I W (Fii "5 5 GBW08619 — 19061,

Jr W 1 000 wg / mL) , Cd FRIC R FRifEIR K [ 95

4 GBW (E)080119 — 19021, i ¥k & 4 100 pg / mL ],
As FRIC R bR EVE W (45 i GBWO8611 — 18021, Jii &
W& 1000 pg/ mL) , Heg *RIC R bRfEIE W (05 R
GBWO08617 — 19041, it £ ¥ & 4 1 000 pg / mL) , CuJG
FFRUEVA W (45 5 GBWO8615 — 19041, [ - e Ji
1 000 wg/ mL) , 30 7 b [E i+ &R 2= o9 B 5 86 (Bi) |
B (Ge) VH (In) bR W (I A €04 & S L 41 8E o
Hriiat vhots , 45 4 GNM — M06097 — 2013, Ji & He JF
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Al 92 4k (45 3RS, | RV 2 1 2B ) o
2 FHESER

2.1 ICP-MS &

S5 AR R T 2 1.5 bar; 2546 : 0. 80 L/ min; i
BN 30 v/ mins RGFINAR 1200 W5 BUFHLE
3200 VLI 2 1 800 V5 A5 B TR IiiH : 13. 1 L/ min;
AR BRI R 20 0K, RFR S B34
2.2 AEHE

TRA PR UET W 3 BIRE % = U Ph, Cd, As, Hg, Cu .
TG R BRI A3 H, I 2% A R VA TRORG R AR 1 mL 75
Pb,As,Hg 0,0.5,1,2,5,10,20 ng, ¥ Cd 0,0.05,0. 1,
0.2,0.5,1,2ng, % Cu0,5,10,20,50,100,200 ng i 5
1) 5 v TR B R VA T o

INFRIAT K5 25 I B, Ge, In TR A BR VA TOE 5,
2% TEFR A W BB 1 mL A% Bi, Ge, In#4°4 0. 01 pg 4
PIFRIE R

At VA VR < R L AR TR AT L B0, 15 g R R
JE B R VU AT ERE D INEIR 5 mL 1 30% it Ak
AW 0. 5 mL, IRAT B, B T AN T A
SEA WU i 9 O P PR D 7 08 A 2T A 0 2
SR, YRS N8 e 46 2 3 mL, F /DB K PR 4% T it B
U KT RS 25 mL BB , FHKE R 74T,
HIFE

25 VAR AR VR R A T A H B R IR S
95 TH e v RS %, BAS
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Tab.1 Results of the linear relation test,determination of LOD,precision test,and recovery test

3 . LML Hai] P M E R Mt E K3 (%,n=9)
& ] )2 7 A —

(ng/mL) (ng/g) RSD(%,n =6) X RSD
Pb Y=3.261 x 10°X + 19. 275 0~20 0.9999 2.41 1.43 108. 48 1.15
Cd Y=7.832% 10°X + 1. 009 x 10? 0~2 0.9999 0.83 3.78 90. 42 2.35
As Y=1.727x 10°X + 1. 039 x 10° 0~20 0.9999 7.54 1.81 106. 75 5.48
Hg Y=9.769 x 10°X + 3. 189 x 10° 0~20 0.9978 2.68 1.58 97.28 1.62
Cu Y=3.499 x 10°X + 4. 327 x 10° 0~200 0.9999 11.08 1.20 101.70 1.19

W BEIR A AR METS I, ¥ 2. 1 T0 R ICP — MS &5 F LI
JE 2 fIARHE e A5 MR T AR OC 2R 80 e 2. 2 8
FAVATR T2 2. 1300 R ICP — MS £ 2L EREI -2 13 Y%, )
S AR AT I B, AR 4R AR ot BBURE: SRR R A BT 5 O vk
R R 2 SR WL 1

K % B0 - B 2. 2 00 R VR A AR HE VA W (Pb, Cd,
As,Hg, Cu JF W34 2,0.2,2,2,20 ng / mL) , %
2. 1R ICP — MS &4, #E 2L FE I E 6 4k, 115345 7T
HIRSD LR W 1, RIS T R AT

A TS 65 < BORE i (L5 R 19091701) 9 {7, 42
[ RN i 87 35 i e o) [ NS ST DL TR B
L& 30y, 11 2. 20T Jr vk il A A U, 4 2. 1
T ICP - MS & FHERENNE , TR R S5 R L3R 1.
2.4 #&™ Pb,Cd,As,Hg,Cu SEE

U324 M 92 HEAE i, 4% 2. 2 00T ik il & ik
TRV, 32 2. 1700 F 1CP — MS 2Rl 2 45 59542 |
R Cu, As, Cd, Pb Y& L0000 1. 07 ~ 8. 68 mg / kg,
0.56~1.26 mg/ kg. 1.94~19.29 pg/ kg. 0.13 ~
0.62 mg / kg, YJARK H He TG E E £ 2.
2.5 R

Z: 82020 4F f € H 25 8 (DU ) )3d ) 9302

*2

ik

A AR YRR e e S R ST AR R E LR
AIRR bR F5 A 3 (D) R R PR PR (.
_AXW. AT 1 (1)
Mx10 EFXED i

X LN KBR PRI AA (mg / kg) 4 R A H R
A B (mg / kg bw) 5 W AR 35 0K, — 4%
63 kg it ;M hEE A AR IRFH A R 2 (kg) sAT R P
FFAREL,— R 365 X T0; EF NIRFASIER (K 1 4E) s ED Hy
— R R R AR 5 M EE & IR T R SR (%)

T FE (HBGV) $5 N AE— s B 4k A T
G ) B AT T FE HAS 7= A m ARG I ) i B A 5 ) 2 4 PR
(B, DA T 5o M 5 i A9 338 A i 327K o Pb, Cd,, As, Hg, Cu
K PG & AR B R ARl g 21/ i 5 10 A= 4 21 (FAO /
WHO) £ 5 3 IR K A & K 2 51 23 (JECFA) fe o i 1T
TR g —Pr 8 A H RV AR (ADD 2 31
50,2.1,0.83,0.57,3.6 pg/ kgo

S22 30wk [15 ], il 570 v ot 2 09 3 B F L 100% . AR
PEy bt B 207 H R B H R IR R A H 3K,
B AR, 7 d A TATTRR AR5 v ) IR FH A3 236 LA 4
IR FH 90 d, — A= iR B TA] B 20 4F ARFE A28 (1) 80T &
75 H & Frdh Pb, Cd, As, Hg, Cu A 51t 134,31,78, 21,

A HER % Pb,Cd,As,Hg, Cu S ENELE R

Tab.2 Results of content determination of Pb,Cd,As,Hg,Cu in Compound Liquorice Tablets

EFTE #5  Culmgl/kg) As(mg/kg) Cdlpg/kg) Helmg /ke) Phlmglke) | £F7%  #%5  Culmg/kg) As(mg/kg) Cd(pg/kg) Helmg /kg) Phlme/ke)
F&1 19091701 219 0.92 5.55 - 0.33 2103231 2.9 0.89 7.38 - 0.25
21030101 3.29 0.86 5.19 - 0.33 %5 T10004 214 0.77 4.37 - 0.19
21030901 2.98 1.01 8.97 - 0.36 T10016 2.31 0.79 4.59 - 0.17
T %2 2190337 2.81 1.10 9.57 - 0.31 T10018 2.43 0.62 3.31 - 0.15
2200227 2.64 1.09 6.86 - 0.30 | JR6 200203 3.02 1.22 5.81 - 0.28
2210208 2.29 0.92 5.49 - 0.23 201201 3.28 0.80 8.25 - 0.27
73 19043020 2.84 1.02 5.54 - 0.29 T #1 PEGI210 273 0.82 4.05 - 0.16
20082110 5.2 111 10.07 - 0.31 PEG1218 3.28 1.08 8.11 - 0.27
21010710 414 0.95 8.09 - 0.28 PEHO0107 2.08 1.05 6.27 - 0.30
F#4 1904221 4.97 0.92 5.67 - 0.29 |J%8  C€G00215 1.95 0.63 4.45 - 0.21
2003301 2.34 1.07 6.85 - 0.20 (6210305 1.86 0.66 4.38 - 0.14
E: - ARMEH,
Note: — refers to not detected.
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Continued Tab.2 Results of content determination of Pb,Cd,As,Hg,Cu in Compound Liquorice Tablets

AP % "5 Culmg/kg) As(mg/kg) Cd(pg/kg) Hglmg /kg) Phlmg/ke) | £77%  #F  Culmg/kg) As(mg/kg) Cd(pg/kg) Helmg /kg) Phmg/kg)
F%9 20181012 1.35 0.87 19.29 - 0.55 0220091 3.60 0.88 6.48 - 0.22
20200511 .31 0.88 4.98 - 0.22 FRA 191233 2.88 0.78 5.58 - 0.28
20210209 L.15 0.82 15.19 - 0.43 201210 318 1.02 12.70 - 0.23
FR10 20200307 1.63 0.94 9.01 - 0.39 210348 2.24 0.69 9.08 - 0.29
20200630 1.57 1.23 7.23 - 0.19 | J%2 200622 3.58 1.04 6.90 - 0.31
20210420 1.29 0.79 8.22 - 0.33 200721 3.33 1.09 7.83 - 0.31
TR 20210101 .73 1.24 7.26 - 0.25 F%23 20190318 4.7 0.98 10.18 - 0.27
20210209 1.54 1.08 1.32 - 0.32 20201210 3.51 0.93 9.50 - 0.38
20210212 1.61 1.05 6.87 - 0.30 20210104 8.68 1.04 17.19 - 0.62
JZE12 3201205 2.28 0.72 8.27 - 0.17 FRU 1905283 2.26 1.25 6.22 - 0.27
3210203 2.65 0.66 4.78 - 0.14 2011004 3.30 1.16 9.72 - 0.54
3210406 2.19 0.56 5.39 - 0.13 2101027 2.4 1.04 6.98 - 0.31
FR13 20180905 1.07 1.20 7.69 - 0.27 | T%25 20190307 1.88 0.95 8. 04 - 0.4
20210101 3.39 1.01 8.4 - 0.29 20200514 2.43 0.96 6.96 - 0.36
20210105 3.62 1.03 8.29 - 0.35 20210408 2.87 0.98 1.94 - 0.22
F 14 2003103 2.51 0.96 6.75 - 0.30 | %26 19050901 2.46 0.9 12.94 - 0.26
2003104 2.49 0.99 7.47 - 0.30 20052701 3.08 0.90 10.21 - 0.30
2004105 1.97 0.86 5.97 - 0.32 21030601 3.59 0.81 8.77 - 0.30
FZ15 2000111 2.88 0.91 6.00 - 0.30 | J&27  OM4IT 2.65 1.26 5.87 - 0.20
2011171 3.45 0.96 5.39 - 0.34 OM46T 2.22 0.93 6.38 - 0.20
2102041 2.31 0.85 5.39 - 0.24 OM47T 2.21 0.89 6.25 - 0.24
FZ16 21010204 224 .18 6.91 - 0.21 JZR28 2011041 3.35 1.23 6.71 - 0.36
21010206 2.38 1.05 6.12 - 0.22 2012060 1.59 1.25 6.40 - 0.41
21030203 2.06 0.89 5.49 - 0.17 2012063 1.68 1.26 5.87 - 0.35
FR17 201203-08 2.96 0.76 6.36 - 0.19 | I%29 1909246010 3.51 0.95 7.23 - 0.28
201203 - 09 2.81 0.71 5.34 - 0.18 1911320010 3.46 1.02 1.52 - 0.35
201203 - 10 271 0.70 6.63 - 0.19 1912320040 3.49 0.92 6.88 - 0.33
FR18 190515 2.41 L.17 6.47 - 0.20 | JTF30 191207 2.22 0.95 1.24 - 0.29
201217 2.73 0.90 6.07 - 0.21 200202 2.20 0.92 6.21 - 0.32
210133 2.76 0.98 5.49 - 0.20 210304 215 0.93 7.96 - 0.41
FR19 18091401 2.08 0.74 12.98 - 0.36 FR3 201107 2.25 1.00 7.16 - 0.28
19103101 .21 0.75 8.35 - 0.33 210102 2.69 1.14 1.55 - 0.30
21032001 1.22 1.01 7.70 - 0.28 FR3 190333 2.91 111 8.24 - 0.60
FR2 0219011 3.18 1.02 7.85 - 0.50 201108 331 0.86 8.16 - 0.35
0220019 4.32 0.91 7.10 - 0.20 210307 4.99 0.86 6.78 - 0.22

1 863 mg/ kg 25K M, & )5 H ® f b Pb, Cd, As, Hg,
Cu & B BICFITARBREE , i KU AL
3 itig

AHIE ST A S T R E 5 7 H B R P, Cd,
As, Hg, Cu &5 1Y ICP — MS¥L, 07 iE 24 100IE % 7 ik
TR A U7 BRL ORGSR R 1 X 92 LA
HEAT 48 Mo A FE I ZE Pb, Cd, As, Hg, Cu 5% B8 2 7
Z: [ 2020 47 RRCH 25 ML (P00 ) )i | 9302 A E
5% FA P B 5t o o R RN, BT & O H R e P, Cd,
As,Hg, Cu iUBRFE(H .
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