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W OE: BRY @B EES SE TR RS (Inductively Coupled Plasma Mass Spectrometry, ICP-MS ) #:1ll & #
L A, ML T e, HERAY . B SR . W S MEAENSE. Bk 45 RN A E . RA
ICP-MS 2[R il s FR 25 R v 5 AP 4 Ji i, SRR 1550 W, RAH KED ( Kinetic Energy Discrimination ) filf f#45%
A, MHEACNEAR, HAONEA, HANE 0.8 Umin, FE THSMANE 14.0 Limin, 4R SHTRLN AR
(r0.999), [MISCRTE 84.6%~115.3% Z 1], K[ BR 0.0001~0.0140 mg/kg, 45 HEVBE S Y, GARAEAFAEA BIRE S AR RS o
38 ZnAREER. RErEE, WHTEZMESENENGE, HONILR R RARE AR U 2K .
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Determination of 5 kinds of heavy metal elements in commom TCM by inductively coupled

plasma mass spectrometry

LU Ye', ZOU Dan-Feng, ZHANG Xue-Bo, YU Ai-Ping, CHEN Yun-Zhong
( Shanghai Chongming Institute for Food and Drug Control, Shanghai 202150, China )

ABSTRACT: Objective To establish an inductively coupled plasma mass spectrometry (ICP-MS) method for the
determination of Pb, As, Hg, Cd, Hg in astragali radix, crataegi fructus, lycii fructus, lonicerae japonicae flos and glycyrrhizae
radix et rhizome. Methods After microwave digestion of forty-five batches of samples, the contents of five heavy metals in
commom TCM decoction pieces were determinationed by ICP-MS. The RF power is 1550 W. Kinetic Energy Discrimination
mode is used. The collisional gas was Helium.The carrier gas was Argon with 0.8 L/min, the plasma gas flow rate was 14.0 L/min.
Results Five heavy metal elements showed a good linear relationships (» 0.999), whose recoveries were 84.6%~115.3%, the
detection limit was 0.0001~0.0140 mg/kg. Among the 45 batches of samples, there were individual samples of lonicerae japonicae flos
that exceeded the limit. Conclusion This method is simple, efficient, stable and reliable, which can be used for the quality study of a
variety of heavy metals, and provides more basis for its quality control and scientific supervision.
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iCAP RQ US4 50 TR BT (I Thermo /A7) )
MARS6 BIGGH 4 f#A ( 35 E CEM A ] ); AL204-1C BIRSE (5
1

42—, Mt Mettler A#] ),

B (Pb). 4 (Cd). K (Hg). i (As). i (Cu) HoH
FRUEVETR TR 40 1000 pg/mL (P EH=RIEDIFE R, #t
53 51 4 GBW08619-20061, GBW08612-20072, GBW08617-
20022, GBWO08611-20041, GBW08615-19095 ).

# (Ge). # (In), %% (Bi). & (Au) JCZ b5 fE ¥ W
JT R BE 42 1000 pg/mL ( [FE50A (04 8 K Hi 0 kL 23 B il
iR H L, 5 4 B 5 GSB04-1728-2004., GSB04-1731-2004
GSB04-1719-2004 ., GSB04-1715-2004 ),

ICP-MS ¥ (1 pg/L, Ba, Bi. Ce. Co. In, Li, U,
Alfa Aesar ),

MR ( f g4, £ Merck 2 & ); 8 4lik ( HL B %
=182 MQ-cm, [ Merck AH] ); #HAH 99.999% w4l <o

W MR SHIE. HEAS 10HE, WS, WFR L,
M2 E A, iR SRS R

Table 1  Sample source and batch number
FERL AR P30 ElR=2 FERL AR P30 EilR=2
T S1 1y 220702 Myt S1 W 220403
HE S2 ity 211011 M5 S2 bOE[A 210702
TR S3 ilee] 211005 Hfe¥ S3 1 210510
I S4 HM 210402 HikeF S4 ity 211025
B S5 st 210714 HifdF S5 st 220702
#HE S6 oI 201001 e+ S6 i 211011
R S7 H 220816 Mt 87 ity 211005
B S8 TR 230803 HIFEF S8 iy 210402
T S9 1 230331 Mkt S9 i 210302
W S10 ke 230601 MifeF s10 WL 220710
SHUE S1 Ak 221130 HE S1 (i3 210513
SARAE S2 g 221217 HH S2 1 211110
SHLE S3 i 220801 H# S3 1 210812
BHRAE S4 1 211220 H 5L s4 ik 230112
BHAE S5 1 220801 HH S5 bilIE] 230101
AL S6 i 220907 H# S6 ML} 220114
BHAE ST ity 221201 HErs7 ity 230110
AHRAE S8 ifg 220628 HEE S8 ity 230201
SHRAE S9 i 230301 H# S9 Hif 230210
AL S10 1 230805 H#H S10 tiikea] 231104
1 St ES 210302 1Li# S4 TIn 230611
LI S2 i 220710 1L S5 LR 231104
Ll S3 il 221201
5 KED BAHBRZ IR 70 F T4, S 1550 W, @Ak
0.6 L/min, 1S 140 Lmin, #5 <7 & 0.8 L/min, 251k
2.1 AU 1.0 L/min, Af#ES (Z03) WGt 4.0 mL/min, 551k

A 2P DA, I A LA AR T BR AR RN

FIRE 2.7°C, R SAGENE 40 v/min, SREERE 15 mm, HE
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BERC3 WK, U] 0.03 s
2.2
221 RAERR
ARG RI 1000 pg/mL Pb, As, Cd. Cu. Hg #ICEprifE
VRIS T, 5% AR AR T S S VR BE 34 43 S0l Pb. As 1. 2.
4. 8. 16, 20ng/mL, Cd0.5. 1. 2, 4. 8, 10 ng/mL, Cu25.
50, 100, 200, 400, 500 ng/mL, Hg ( 5445 1 : 20 Bkl ) 0.25.
0.5. 1. 2. 4. 5ng/mL WRINKEIRGEE, WITEFINEH,
222 RFRER

BAGHHEI 1000 ug/mL Ge, In, Bi JTCEFRUEIRHBGE I, 5%
TR TR B B B B R VR B2 121K 5 ng/mL F9R-& WNARIATR . LA "Ge
HPIARIE “Cu Al PAs; L P7Bi R AARIGE **Hg A1 **Pb; LA
In S PARIE MCd.
223 HEIER

45 SRR ML T B e 2 S0, K% AR 0.5 g, B S0 mL
RV LAEME T, IiEiR 7 mLIRA), 35 LN, 110°C
IHH A 30 min, HUH, WEIEREE, FESANE, BB

3

by, P ILEE 2, JHEER)E, BHIZE 60°C LI, HUh
THMRE, BN R 50 mL FHHT, Ak R 2R EE,
VR — I A K e R B 208, $857, 1 0.22 pm LR uE
RIS A1V A R AR AR 25 (AR

2

Table 2 Microwave digestion program

B TRW) R (C)  FHRET (min) AR (min)
| 1200 120 5 6
2 1200 160 5 10
3 1200 180 5 20
23
231 H&HEXAER
B “2.2.17 WURIRAAMERT, 15 “2.17 WA T bRRm

FE, “2.227 WURNFRMEIRAE, (&g ferh, WARE IR
A PBRIET, A IO R B B RS (X)), BTl
BERIAER (V) #EAT RIS (0BRZE AT, 29R AR 3, &o0
FEARRE r 0999, UWHIAITCRIES AILFNLIECR R,

Table 3 Linear ranges and detection limits of various elements

JLHE B Epz AHCREL - LM (ug/L) Kt R (mg/kg)
Pb ¥=128950.4883X+67590.8059 0.9991 1~20 0.0022
As Y=2154.1207X+127.3198 0.9997 1~20 0.0015
Hg Y=15837.2807X+402.4289 0.9992 0.25~5 0.0069
cd Y=10288.5788X+212.5113 0.9998 0.5~10 0.0001
Cu Y=28146.4779X+82636.3525 0.9999 25~500 0.0140
232 AFE R eI 3 ORI TR &5, Fa o (4t . &

B 2207 WURRGPAMERW, 6 “2.17 WU SRR
SE 6K, SRR 4, LR R AT,
233 EEMAR

KB FREL 0.5 g FESL (BEHE S1) ByoR, i “2.2.37 W Ry
BT 6 Oy Hb R, FE 2,17 TR R BRI, 45
W 4, ATHZITEEEERY
234 AR MR

KSR 0.5 g FEAL (BEEE S1) BEK, 8 “2.23 T F ik
TSR, T 0. 4. 8, 12, 16, 24 h 78 2.1 WZAF ik
FEIGE , SRR 4, WIHIVARAE 24 h NASE TE R EF .
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Table 4 Results of precision repeatability and stability

JLEARE HEEE RSD (%) EEM RSD (%)  FUEME RSD (%)
Pb 0.27 1.38 2.86
As 0.46 3.55 4.13
Hg 1.75 4.68 2.97
cd 0.25 0.84 1.66
Cu 1.36 3.87 3.72
235 AR

Vel PR AT AR I, KEAREL 0.5 g #edh (3
e,

5]
T S1) MYFAT 12 4y, $ “2.2.37 TR 5 el 4 kit sy

3AMMIERREINA “2.3.17 U FARMERRGE =, 76 “2.17 Tk
PR HEREIN S, TPREISCR, G5 ILE 5, A onE AL DR
TF 84.6%~115.3% JuFE N .
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Table 5 Results of recovery tests
TEE AR Jdr R (ug) IR (%)
Pb 0.05/2.5/3.75 97.1/107.1/115.3
As 0.05/1.0/1.5 90.8/107.8/101.7
Hg 0.05/0.1/0.15 102.5/101.6/84.6
Cd 0.025/0.5/0.75 103.5/104.8/97.0
Cu 1.25/10/15 85.9/98.6/87.8

2.4

B 45 HEBES 2 “2.2.3” TR 7 il & B i, 7 “2.17
T T HERRI G, b SARAE T 1R &R 0.32 mg/kg,
BB (0.2 mg/kg ) 160%, AR NS R GH8E05XT 5 AR
LRI YIS I TLR AT, SR AR B0 R E 4 V5 YR
DUBE, SR 6,
2.5

AR 0.5 g B AR (PR THLRS AThRIEY)
GBWO08589 #it5: 1206 H E it B 5E b ), % “2.2.37 W
ORI, BRI T, RTINS BRI AR IS
FAHMEIN, I RER 5,
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Table 6 Five heavy metals determination and pollution assessment in TCMs (mg/kg)
N Pb As cd Cu ZEAHREL
e (1041) 0.01~0.93 0.005~0.10 0~0.095 0~0.05 3.2~9.1 0.213
HE (104t) 0.01~0.29 0.003~0.18 0~0.067 0~0.045 2.2~7.7 0.219
ReF (10 4it) 0~0.62 0.004~0.05 0~0.084 0~0.12 5.4~7.9 0.26
1A (541t) 0.01~0.31 0~0.22 0~0.10 0~0.05 3.1~13.1 0.229
SARAE (104i) 0.3~3.7 0.07~0.23 0~0.32 0~0.34 6.7~10.6 0.576
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Table 7 Element in Barrenwort

JLE FRfESHAH (ng/g) SME (ng/g)
Pb 3.6140.15 3.67

As 0.3630.014 0.344

Hg 0.060£0.004 0.064

cd 0.339+0.021 0.322

Cu 7.5£0.3 7.34

ARSI FERT G Ry B R B 5 T2 RS T 24
o, FEARHER NSRRGSR AT AR BRAE R, R AR T A 1)
SIS, BWAEECN R AT, 8 P AR
it —20/0 T Hg. As TR MR LR, SR80 B BT
AbE gy M,

AT CREZH) 2020 PR E SRR EARERDE . H5<5 mgke;
<2 mgkg; K<02mgkeg; <1 mgke; Hl<20 mgkg,
SEHREEIR, AR 25 TR AL 434 5 AR R I 43 s v A L
M (BHAE) fem, HUOERITIFF38 (SRl ),
RFIIRZEZE (BRCRH D) &, MERTH, Wbt
AR E SRR IS, PR HEN AT ReAT LT LR R ,
TEA MR, R RAS [R5 0 6] 5 4 14 5 SR RE AR T
fhidg U ST AR ARHER (S ZAREA)E )
Hg. As &3 m TALHMAA (25, . R, Btk
FEIRZGHE, el b 35 0 4RI R b Hg As I b2y
JHEBAL LGB 48 s dAE X4 ey, 58 =, AR RO L 2
T T SR BN TR &R REFEOR AR, MAMER
BTG BREE T, SR T E AAVE R A BRI T
WS, B RN AR B TR A R s AT e

ARSI R 4 A U E TS YR PR S AR R AL T —
FE VBRI, AAFFANEEAN R, R ESIER, N
N2 EANEE AR M EE R/ R, DLIG IR 25072
FE . ST REAEAS TS o 256 4B AL U PEAG 19 2R 1
il BR AR U PR AR AR AT B it v 24 rp 4 R V5 G
THFFE, FT XA R RS 0 2458 AR R il 2 L0 B0 B 1Y PR
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