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Abstract: Objective To establish microwave digestion-inductively coupled plasma mass spectrometry (ICP-MS) method for the
determination of 13 kinds of metals (Pb, Cd, Hg, As, Cu, Fe, Mn, Zn, Ba, Al, Co, Cr, and Ni) in 10 kinds of Chinese materia medica
(CMM) injections which are Carthamin yellow for injection, Breviscapine for injection, Urokinase for injection, Lugua Polypeptide for
injection, Xuesetong for injection, Shuanghuanglian for injection, Tanreqing Injection, Salvia miltiorrhiza Injection, Yinxing Damo
Injection, and Danhong Injection). Methods HNO; and H,O, are as acid digestion system; Samples were conducted pretreatment by
microwave digestion instrument; Sc, In, Rh, and Re were used as internal standard elements, 13 kinds of elements were determined by
ICP-MS at the same time. Results Different kinds of the elements had a good linear relationship (+ > 0.999); The limit of detection
was range from 0.008 to 0.069 pg/L, the average recovery rate was range from 93.61% to 100.79%; RSD values of the repeatability
and precision were all less than 5%, The As and Cd in 10 kinds of CMM injections were all less than the limit of detection, Pb was

ranged from 0.109 to 0.017 mg/kg, Cu was ranged from 0.016 to 0.135 mg/kg, Hg was ranged from 0.005 to 0.018 mg/kg, Fe was ranged
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from 0.335 to 2.081 mg/kg, Mn was ranged from 0.021 to 0.699 mg/kg, Ba was ranged from 0.009 to 0.028 mg/kg, Zn was ranged from
0.005 to 3.186 mg/kg, Al was ranged from 0.518 to 10.012 mg/kg, Co was ranged from 0.003 to 0.028 mg/kg, Cr was ranged from

0.006 to 0.179 mg/kg, Ni was ranged 0.005 to 1.187 mg/kg, five kinds of heavy metals which were needed to control were safe

according to Chinese Pharmacopoeia (2010), the contents of Fe, Mn, Zn, and Al were not too high, but their safe limits were needed to

be further in-depth researched and analyzed. Conclusion This method is simple and fast, and has good accuracy and high precision,

so it can be recommended for the determination of metal elements in CMM injections and provide the reference for its quality control.

Key words: Chinese materia medica injection; microwave digestion; ICP-MS; Pb; Cd; Hg; As; Cu; Fe; Mn; Zn; Ba; Al; Cr; Co; Ni;

Carthamin yellow for injection; Breviscapine for injection; Urokinase for injection; Lugua Polypeptide for injection; Xuesetong for

Injection; Shuanghuanglian for injection; Tanreqing Injection; Salvia Miltiorrhiza Injection; Yinxing Damo Injection; Danhong Injection

2 R TR AR R, e IR
T A G 2577, AR AN . B
RGO IT 7 IS T Ry . g
SR A A T 2T AR iz —, e 5%
TRHIFARLE, GRS B BERG T v XU
o, DRLIHG, b 243 R 500 00 2 A e ) — L [ P
SR P AR, B 2 A R R
FEIIR AR BRI 2 N, A OGAS R RN
G W TR EEI 2, WP EE)E A FH T E
TR D), (R E ) 2010 FEAR
CLE BT 23 S 500 R 8 85 n 77 )i PR P A
TR, IR e rh 253 56 ) 1) 22 A P i) 0K 21 FR R
(FIVEH . b Pb. Cd. Hg. As Al Cu & FH 5 &
FruE e EY, Fe. Mn. Zn. Cr. Ni. Ba ZEHAthoco
RN TEEAA SCiROE, Hid B MRE R TR
SNt AR e AR DY, R, ABTSSE
HET 10 il RAS AT S e R v 23 6 5 SR A
NI AR E AT AL AR Ay, R Padt . HER .
SPEL . 2 o0 R e B EHUR & 9 AT BoR
(ICP-MS) 5 T 45 10 Ffr 259354 57) GRS I 40
et g, WA AR ORI
FAREIRZ A S F 208 . VR T . 3R
TSR SIS ER. WA RS SE. SraE
SO 13 P4 fEoc®E (Pb. Cd. Hg. As. Cu.
Fe. Mn. Ba. Zn. Al. Co. Cr. Ni) &, DI
NG IR 210 2 AR 2 2 51 0 H AT PR AR
TR s R AR A AR
1 UE5IRF

HIERE 5 55 & TR IS (ICP-MS, ICAP-Q
series, Thermo Fisher Scientific, USA); 1y VH fift
% (Milestone, ETHOS A, BEZRIUGH LT,
HRAlKAbEE R g8 (RN, AQS09010031, H I
MR AT A WD s BT R (2RI iR}
NS PR A ], BSA-CW).,

MR (ARgkat, FRMEREL A PR A D 4
R (R al, TRNVTALSARF D LB Pkl
FH# 18.25 MQrem); £ 0 IR A RUEME A (NS
KEEM A AT, 10 ug/mL, S130615011), &4 Pb.
Cd. As FERFIINE 13 FhoGER s PARPRTEEGE 2 %5 Sc.
In. Rh Al Re C|H ZARAED T 5T 0, 100 pg/mL);
ZERBRAED) BT (GBW-10016, [ K FRAED) T 5%
HULD) ;s e bRvERE &R (100 pg/mL, [ Agilent
/NCIDE

WA @z, Wik T2l RA A,
fIL'5 1401229; VRS AT SALER, HIEFESRA,
JerE NI AR A F], #b'5 20140727-2; VESTH
PR, REEWHFERAAGRAR, #t5
041412023 ; yES R Z K, B eiTir 2l A7 R
o], ks 1404303; S HIMIEE, PR/RIEE S
HIZGA PR AT, #5 D14051892; VEHS FH XL i%E,
Wy EE TR 2y ), S 1409101 HEHGEE SR,
PR 2R AT, b5 13112165 FHSHEF
W, BRI cBmENAGRAA, #Y
1409196; HAVIK SLIF R, Bt i Ai ) 24 1 4 7 PR
AN, HES 201311325 PRESHE, (ARSI 2
HIRAHA, fits 13111021,
2 HEEHR
21 NEIESHY
211 ICP-MS U TAEZH e rThE 1.2
kW HHBSMAE 0.9 Liming AHSARE 1.4
L/min; #< & 0.80 L/min; KFFESE 5.0 mm; &F
SRR 20 ms; FEAEEEALE 1.8 mm; AEEK
SALE 0.6 mm; Z5ALE L 0.98 L/min; S5 465 Js
77 2.85X10° Pas
212 WA TAES S B 3 min AFF
A 100 °C, TR A 500 W 44 R LR 5 min;
A 5 min ATHEZE 120 C, AEIIFE K 800 W
4AF F R FE 10 min; 2P —: 5 min W T A 150



+ 2570 - ¢¥d

Chinese Traditional and Herbal Drugs 55 46 % 25 17 ¥ 20154 9 H

‘C, {EThE N 1000 W 144 45 5 min.
22 EIEBER

W IO S () S b MEA 50, SO IR FR RS A&
IR N 10 pg/mL, BIAF, BT IUKFEAIARAT o
23 ZRRBEEMERR

K2 S Pby Cdy As 25 13 R4 J8 e
(RIARAEGE S BOE B, T S%M R B R S
1.0 pg/mL [PFRAERE R, I IS S% i R AR RS ik
- ICE R TR IR L R S AR HER R, Al Ba. Mn,
Cu. Zn. Fe. Cd. Ni. Co. Pb. As. Cr (0.5, 1.
5. 10, 20. 50. 100 pg/L). Hg (0.1, 0.5, 1. 2.
5. 10, 20 pg/L).
24 WIRAERTIE

Fi 3 B HLE Sey Iny Rh Al Re FIFRUERS £ B0RT
€227 TR M4 TAERWIE =, SRR IE IR
Pl N4, DRI E 45 R HER L, H 5%/
PR AR RE R SRR N 1.0 pg/mL IR E N
10 pg/L IRV E AR -
25 HiXEARNE

Rl TR 51 SR FH TP 25 SR OBy 5RDD 29 0.5

g, MRS GRIE) Z2g, B TRERMDEH
i, NN 6 mL fiSfR. 2 mL H,0,, AiHit5h
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Table 1 Regression equation, linear range, detection limit, precision, repeatability, stability, and recovery rate of 13 kinds of elements

. . LM H KR AR RUEPE RSD/%  EEE Eifg
JLHE EYEpaF r I — -

(ng/mL) (ng/mL) RSD/% 1h 48h RSD/% “F¥{H/% RSD/%
Pb  Y=86739.083 6 X+1474 0.9991 0.5~100.0 0.026 3.60 1.81 689  4.24 1.97 98.62
Cd Y=4152.5825X+4033 0.9995 0.5~100.0 0.029 3.67 097 3.03 462 1.02 98.88
Hg Y=1961.8 X+3.566 0.9992 0.1~ 20.0 0.008 442 198 998 498 1.17 97.67
As  Y=8312.041 6 X+4 605 0.9990 0.5~100.0 0.012 409 126 729  3.95 0.81 100.79
Cu Y=31852.09 X+50446.17 09994 0.5~100.0 0.013 215 156 756  0.34 1.03 100.20
Fe Y=12180.3194 X+4838.28 0.9992 0.5~100.0 0.017 463 2.00 5.14  1.68 1.24 98.54
Mn Y=94292.149 0 X+5 394.6 0.999 6 0.5~100.0 0.015 456 1.72 606  4.66 0.90 98.13
Zn Y=2377.3247X+5 351 0.9993 0.5~100.0 0.017 120 183 378 143 1.31 96.35
Al Y=57889.151 3 X+40 629.20629 0.999 1 0.5~100.0 0.069 0.80 1.99 771  3.75 1.99 99.19
Cr Y=4152.582 X+4033.1318 0.9992 0.5~100.0 0.026 086 1.84 6.03 1.44 1.72 99.73
Co Y=53847.080 8 X+2 830.33 0.9995 0.5~100.0 0.019 486 093 476 422 1.38 93.61
Ni  Y=10778.704 6 X+22 159.79 0.9997 0.5~100.0 0.035 145 1.13 3.97 1.52 0.76 96.97
Ba Y=17050.096 8 X+5 411.18 0.9990 0.5~100.0 0.019 038 1359 773  2.04 1.37 98.25
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Cu » 0.016~0.135 mg/kg, Hg & 0.005~0.018
mg/kg, Fe 4 0.335~2.081 mg/kg, Mn 4 0.021~
0.699 mg/kg, Ba 4 0.009~0.028 mg/kg, Zn A
0.005~3.186 mg/kg, Al % 0.518~10.012 mg/kg,
Co 4 0.003~0.028 mg/kg, Cr 4 0.006~0.179
mg/kg, Ni K 0.005~1.187 mg/kg. 7 HT4E HA& A
AT 2347 (40 10 Fefrp 243 5 7 v bk 5 T B ff 75 22
FEHIMA HESE TR ENRIN (SR (T EZA
#)y 2010 AR E, Pd. Cd. As. Hg. Cu kB A
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x2 WEYMRPELREENESER (n=23)
Table 2 Quantitative determination of each element in

standard substance (n = 3)

US> H/(mgkg ™)

S em e
208pp 1.5+0.2 1.492+0.1 Y
Med  0.062£0.004 0.061£0.002 Y
Hg  0.038+0.008 0.03940.002 Y
As 0.23+0.03 0.23140.05 Y
5Cu 18.6+0.7 19.08740.02 Y
7 Fe 242418 246+ 1 Y
3Mn 500420 508+2 Y
2Cr 0.45+0.1 0.448+0.3 Y
7n 51%2 52.027+1 Y
PTAl 940+9 946+2 Y
8Co 0.2240.02 0.212+0.06 Y
*Ni 3.4+03 3.500+0.1 Y
¥7Ba 9.6+0.5 9.603+0.2 Y

Y RESBWE SR, BT 5%, BEHIZ I ] 5
Y represents metal measurements and anastomosed with marking value
error less than 5%, shows that method is accurate and reliable
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Table 3 Contents of metal elements from 10 kinds of different CMM injections (n = 3)

. B (mgkg ™)

i Cd As Pb Hg Cu Cr Mn Zn Al Ba Ni Fe Co
ST J|AER nd nd 0056 0.009 0.135 0.093 0237 0331 10.012 0.028 0.812 1.973 0.021
A R IE nd nd 0033 0011 0037 0107 0274 3.18 3.967 0.009 0.019 0.851 0.007
S R B nd nd 0017 0018  0.129 0.127 0239 1353 4.150 0.009 0.005 1.827 0.027
WSO EGZ nd nd 0022 0010 0.085  0.063 0.699 0.449  0.819 0.016 0.091 2.019 0.003
RIS TN nd nd 0129 0012 0126 0.179 0285 1403 1736 0.019 1.187  2.081 0.017
TS 1M ZE TE nd nd 0072 0015 0078 0.051 0249 0.005 8281 0.027 0.092  1.348 0.009
FH A nd nd 0109 0.007  0.091 0.021 0481 0.009 0.678 0.009 0.008 0.993 0.016
A A A SR nd nd 0017 0.013  0.121 0.071  0.021 0.017 0902 0.013 1.103  1.934 0.025
FHZ nd nd 0018 0.009  0.117 0006 0.037 0.145 0.518 0.015 0.099  0.335 0.028
R ATE ST nd nd 0019 0012  0.073 0.132 0227 0.078 0546 0.023 0.027  1.873 0.028
iz 1 0.063 0.232 1.521 0.0382 18.902 245.028 509.108 52.072 948.102 9.803 3.509 242.091 0.229
JRAE 2 0.061 0231 1.503 0.0385 18.723 240.397 512.322 51.028 945.923 9.602 3.227 245.071 0.236

“nd” {74 M LN TA H

“nd” on behalf of metal measurements is less than detection limit
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