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Abstract: Objective To establish an inductively coupled plasma mass spectrometry (ICP-MS) with microwave digestion method for
the determination of 32 kinds of inorganic elements in Qingxue Bawei Tablets (QBT), including Be, B, Na, Mg, AL, P, K, Ca, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Mo, Ag, Cd, Sn, Sb, Cs, Ba, Hg, Tl, and Pb, in order to establish the fingerprint
chromatogram of inorganic elements and analyze characteristic elements. Methods The samples with nitric acid and hydrogen
peroxide system as digestion reagents were digested via microwave, calibrated by internal standard elements, such as °Li, Sc, Y, Rh, In,
Ho, Bi, and Th. The contents of 32 inorganic elements were analyzed by ICP-MS. The content distribution curve of inorganic elements
was plotted. And the principal components were analyzed with the SPSS 19.0 software. Results The 32 inorganic elements showed

good linearity in the selected concentration ranges, with the correlation coefficients over 0.999 5. The detection limits of the 32
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elements were in the range of 0.001—6.390 pg/L. The RSD values of precision, stability, and repeatability all met the demands of

quantitative analysis. The recovery was 94.36%—105.47%, while their RSD was 1.53%—4.56%. The fingerprint chromatogram was

established by the content distribution curve of inorganic elements. Different batches of samples were similar peak shape, and the

amount of inorganic elements content in different order tend to be consistent. The results of principal component analysis showed that
Co, As, Ba, Ca, Sb, Ti, Ni, Fe, Cs, Se, P, Al, and K might be the characteristic elements in QBT. The content of five heavy metals (Pb,

Cd, As, Hg, and Cu) was under the limit requirements of Chinese Pharmacopoeia (2015). Conclusion The method is simple, rapid,

and accurate, and it can be used for the content determination of inorganic elements in QBT. The analysis of inorganic elements can

provide certain reference for the quality control, safety evaluation, and clinical application of QBT.
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2.6.3 EEERE B 217 WREHIFE S TR
FRUE L (10.0 ng/mL) K Hg HITEFRHER R (1.0
ng/mL), MEZFFE 6 K, IHHEZITEN RSD 1
0.19%~4.00%, W 1. 45 RLH KSR E RIT.
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Fz1 ERNENEMEXR. RANRRBEEE
Table 1 Linearity, LODs, and precision for test of elements
LR EVEp g r LR (ng L) RBR/(ng L) F& % FE RSD/%
Be Y=425591 X 0.999 8 0.5~100.0 <0.000 1 0.49
B Y=26.453 6 X+34.4833 0.999 8 0.5~100.0 0.486 2.34
Na Y=704.458 0 X+11719.872 6 1.000 0 0.5~100.0 0.745 2.56
Mg Y=263.297 3 X+692.274 4 1.000 0 0.5~100.0 0.582 1.38
YAl Y=82.4209 X+221.276 4 0.999 6 0.5~100.0 0.614 1.11
3p Y=5.091 8 X+71.3183 0.999 5 0.5~100.0 6.390 4.00
YK Y=276.824 0 X+5582.6620 1.000 0 0.5~100.0 0.604 1.17
BCa Y=12693.450 4 X+18.673 3 0.999 6 0.5~100.0 0.002 2.86
BTi Y=1544.643 4 X+164.7553 0.999 9 0.5~100.0 0.040 2.52
Mty Y=5171.7819 X+26.7442 0.999 9 0.5~100.0 0.010 1.40
2Cr Y=7756.2139 X+613.9620 0.999 9 0.5~100.0 0.019 1.42
>Mn Y=4290.401 0 X+441.3776 0.999 9 0.5~100.0 0.016 1.63
Fe Y=7320.413 9 X+20787.138 8 0.999 8 0.5~100.0 0.206 2.87
¥Co Y=14 4465302 X+39.344 3 0.999 9 0.5~100.0 0.001 1.12
ONi Y=3854.959 5 X+482.0520 0.999 9 0.5~100.0 0.007 1.67
8Cu Y=10511.608 6 X+990.348 0 0.999 8 0.5~100.0 0.018 1.08
567n Y=1727.038 1 X+2287.7262 0.999 5 0.5~100.0 0.059 0.96
"Ga Y=2851.4547 X+5.3302 0.999 9 0.5~100.0 0.002 2.11
B As Y=957.648 0 X+13.9772 0.999 9 0.5~100.0 0.012 0.94
8Se Y=145.039 6 X+6.027 1 0.999 9 0.5~100.0 0.110 0.19
%Rb Y=5217.5562 X+49.263 0 0.999 9 0.5~100.0 0.007 0.73
8Sr Y=7392.097 6 X+407.989 3 0.999 9 0.5~100.0 0.007 0.49
Mo Y=8311.3472 X+69.303 8 0.999 8 0.5~100.0 0.005 1.32
Ag Y=35132.611 1 X+149.961 0 0.999 8 0.5~100.0 0.001 1.44
Med Y=5367.896 6 X+8.661 1 0.999 9 0.5~100.0 0.002 2.13
"83n Y=11774.918 8 X+1430.0106 0.999 9 0.5~100.0 0.010 1.93
121Sh Y=10 690.668 0 X+108.659 7 0.999 8 0.5~100.0 0.005 1.51
$¢s Y=30065.277 7 X+14.662 3 0.999 8 0.5~100.0 0.001 1.71
3"Ba Y=5910.246 9 X+494.686 6 0.999 9 0.5~100.0 0.013 1.87
g Y=8299.644 9 X+45.976 3 0.999 8 0.1~ 2.0 0.001 1.56
20571 Y=142 845.635 8 X+697.407 5 0.999 9 0.5~100.0 0.001 2.08
208pp Y=101 739.650 2 X+6 170.406 6 0.999 9 0.5~100.0 0.004 0.90

0.77%~4.83%, Z5RFIRINTTEELMER L
2.6.5 Fam MRS BOE M\ A AR kS
20150702) #£10.5 g, %M, &R “2.37 BiFJ7
LA A, 3T 04 24 44 8. 12 24h
BEREI S, S5RIE 2. IFHFICEM RSD 1E
0.94%~5.14%, 4iREW], M iEw SR E 24
h MR E I R4 .

2.6.6 NAEEICR LS HOH M\ AR ala (it
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FRF1 2 mL iE5HALE, A 100 pg/mL PR G ITER
FRAEAI 100 uL, AU 1 pg/mL ) He HICEbRAE
TR 300 uL, %M “2.37 TR v PAT I 6 it
A [FVER &2 Bl RRADE, i
HAITCRMELE L RSD, W3 2. &ILEHIF
YIRS N 94.36%~105.47%, RSD £ 1.53%~
4.56%, JTiEHERIE RIT.
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F2 EEM. BEMERMHEEWERIEER (n=26)
Table 2 Results of repeatability, stability, and recovery tests (n = 6)

_ HEM R EPvES _ HEMN R B

R FIME/(ugg) RSD/% RSD/% “FIYME/% RSD/% = FIME/(ugg) RSD/% RSD/% “F¥JMt/% RSD/%
°Be 0.056 279 282 9556 436 |%Zn 99.681 228 245 99.36 2.97
B 6.044 3.83 3.88 101.79 3.18 |"'Ga 0.232 3.40 3.45 102.84 2.72
»Na 1 440.760 196 233 103.31 277 | "As 0.259 479 378 96.70  4.49
Mg 1 136.406 1.22 1.97 98.53 3.55 | 7*se 0.050 4.16 4.06 104.60 3.21
SN 344.915 3.53 5.14 105.33 3.48 | *Rb 28.911 1.94 1.46 105.06  4.10
3p 560.221 2.66 3.46 99.81 3.48 | %sr 208.718 3.38 1.15 95.78 3.65
YK 9238.817 1.57 1.32 100.61 1.53 | * Mo 0.431 2.85 2.75 101.30 2.78
BCa  225562.322 1.51 0.96 98.63 3.88 | '7Ag 0.003 3.02 3.25 103.38 4.56
48y 535.356 1.97 1.21 101.51 2.89 | '"cd 0.020 4.55 425 105.47 3.96
Sty 0.360 291 2.46 94.36 450 | "3sn 0.220 4.74 3.61 99.42 3.30
2Cr 6.561 2.72 2.90 10236 2.53 | '*'sb 0.022 354 373 102.35 2.86
>Mn 22.015 0.77 1.07 99.75 3.51 | 'BCs 0.437 2.79 0.94 94.83 4.02
Fe 2103.348 326 440 102.55 2.03 | "“Ba 18.403 4.07 1.18 100.47 2.36
YCo 0.359 0.89 1.05 100.30 1.96 |*Hg 0.012 4.51 4.45 98.98 2.78
ONi 1.254 4.83 3.60 97.99 391 [Tl 0.046 2.88 1.51 96.00 3.39
$Cu 0.352 3.80 4.32 101.31 434 |*%®pb 0.267 1.63 4.64 101.09 2.81

&3 SHLRBM/\IRFHIRNER (n=3)
Table 3 Measurement results for eight kinds of different batches of QBT (n =3)
R H (g )
9Be g BN, 2Mg 2751 31p D B0y 48Ty sty S20r
20150702 0.056 6.044 1440.760 1136.406 344915 560.221 9238.817 225562.322 535.356 0.360 6.561
20150804 0.009 5.778 1490.533 1246.838 244.307 376.386 6780.928 129 166.307 285.489 0.228 1.696
20150901 0.010 5.554 1471.681 1246.838 303.850 391.462 6741.220 143202.378 317.640 0.330 7.520
20160101 0.013 6.890 1456.591 1246.838 306.175 333.570 6126.989 140419.677 314.503 0.308 4.055
20160102 0.083 4.908 1466.079 1208.785 301.938 409.885 6778.293 176 154.465 394.702 0.908 4.670
20160301 0.060 5.794 1341.493 1249.483 327.284 400.870 7763.393 179 034.162 404.049 0.743 3.842
20160302 0.079 6.316 1522.406 1322.045 333.871 460.787 8 808.180 188311.356 424.121 0.744 5.774
20160401 0.058 6.707 1417.584 1372121 332.379 503.219 9498.093 195457.509 441.645 0.858 11.862

RS B (ngg )

=

s SSMin 6Fe 900 6ONj; 830y 66711 Ga BSAs 8ge 5Rb 88Gy
20150702 22.015 2103.348  0.359 1.254 0.352  99.681 0.232 0.259 0.050 28.911 208.718
20150804 13.989 1354.201 0.112 0.414 0.409  63.525 0.039 0.058 0.009 25.033 145914
20150901 19.344 1576.731  0.188 0.848 0.790  77.091 0.051 0.090 0.014 25.460 199.627
20160101 13.384 1516.697  0.135 0.447 0.528  74.853 0.052 0.076 0.012 22907 198.824
20160102 30.030 2027.750  0.302 1.059 0.812  72.082 0.117 0.201 0.022  17.437 195.077
20160301 23.612 1992371 0.283 0.917 0.700  80.747 0.107 0.214 0.024 22278 248.316
20160302 29.006 2008.174  0.315 1.067 0.852  78.569 0.107 0.206 0.029 25253 241.227

20160401 41.283 1880.534  0.371 1.506 1.220  85.610 0.111 0.259 0.028 26.968 218.701
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g&R3
e JREDHU (ugg™)

Mo 7pg g nsgy 12igp 1330 1378, 0y 205y 208py,
20150702 0.431 0.003 0.020 0.220 0.022 0.437 18.403 0.012 0.046 0.267
20150804 0.218 0.007 0.014 0.205 0.008 0.111 4931 0.071 0.025 0.228
20150901 0.273 0.004 0.016 0.073 0.012 0.128 6.122 0.012 0.027 0.264
20160101 0.160 0.003 0.014 0.086 0.010 0.121 6.006 0.011 0.024 0.214
20160102 0.171 0.003 0.023 0.141 0.017 0.271 14.967 0.012 0.039 0.658
20160301 0.233 0.004 0.026 0.113 0.018 0.233 12.966 0.014 0.029 0.409
20160302 0.223 0.004 0.032 0.119 0.015 0.258 13.372 0.012 0.029 0.421
20160401 0.208 0.003 0.031 0.152 0.022 0.270 16.389 0.017 0.041 0.578

2.8 FEHITRENHEE ST

HH2 3 W LAE Y, 32 FhRF I 76 2R 1 & 22 080K
H Ca THRHTRIOKATHFEE TR, FrLE
B IL\R i B ECAR M, £E 20% B R E);
Hw, FRESBEE 1.00 mg/g MTREH 4 f,
P HESP- 35 03 2 2 B = B BT AR I K>Fe>
Na>Mg; FHIR, s E0HEE 100 pg/g FITHE A 4
F, 230 Al Py Ti A Sr; 4 23 FotREY
/T 100 pg/gs

R EENE T RER, HSHEUES, B
B ATE SRR RO ITEY, E K
32 FRIEHLIC FR 3% H 5 H00 5 4 o & o oy
fiizk. HTLEIE, LR BEERN T
A AR /N KA RS S 2 R/ — 2 E g (K. Ca
45/ 1 000 f%, Na. Mg. Al. P. Ti. Fe 4i/)v 10
f%, V. Co. Ga. Sn. Cs. Pb 7K 10 i%, Be. As.
Sev Ag. Cd. Sb. Hg. TIH K 100 £5), MififE—

ANAARR 28 DX 3PN 2216 1 I\ BR LT &R 1 =
SEOAM S RN 7T IR, T BN 8 Rt
m N R A2t T ES (B D, 84k
J\IR B A b 20 R W T , v 7 31 R SRR A (A,
JRREE 2R, EAFKITRERNZZENTET
— 3, B DA T B 23 0o A B T AR S R A i
FREFR SRS, i I\ R F i %5 5l A0 o & PPN 2
WSEKIE. R, FrEsrm eyl R EfRaE
A EDULE N AN [RGB 22 A5 8, Rl Rt
KIR R T 2T A s, BT
KK IR, e 25 e e k.

29 FEHITREERSZH (PCA)

SEW R, JZ. R ALBIA T ERE TR
(R4 772224, R SPSS 19.0 bt bk 8 4t
I\ R AR 5 A Y 32 FhOE LG 2 B 51T PCA
g (R 4) KW, 715 DR RHIEES KT 1,
SRRUTHR A IR 94.888%, WLHHIX 5 Mo AT LUERE
——20150702
—20150804
——20150901
——20160101
20160102
——20160301

—+—20160302
——20160401

|

Mo Ag Cd Sn Sb Cs Ba Hg Tl Pb

TEHLILER
1 FBM\RFFENTERES B ik

Fig.1 Content distribution curves of inorganic elements in QBT
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Table 4 Initial eigenvalues and contribution rates of

principal components

94.888% ) JFUR IR AT B AS 2. PILIRIGX 5
B R T REAT 0. DR TR ARRE (GRS, %
Guar BN EATHET ) ATA, 5 1 AR

U WHRHFEE 1 Co. As. Ba. Ca. Sb. Ti. Ni. Fe. Cs. Se. P.
&it Ti %1% ZHTTHRE/% Al K TR, TE 0.85 UL . Frbl

1 18.097 56.553 56.553 %€ Co. As. Ba. Ca. Sb. Ti. Ni. Fe. Cs. Se. P.

2 5584 17.449 74.001 Al K AT L\ P BRE LT R

3 208 9151 83.153 210 ESERAETENREMM

1 2571 8036 91.188 B A TR P 2 % T 1 T 9

5 L4 3700 94.888 FR, CPREZG) 2015 ERIIRHR, PEES s

6 0.984 3.075 97.963 bt R R I TE IS . R HEEE P R E S

7 0.652 2.037 100.000 JRAA FE IR 7 UHAE, B Pb ANE

&5 w15 MEMSRIETFEHEER
Table S Factor loadings matrix of first five principal components
. TR s ER %y
1 2 3 4 5 1 2 3 4 5

Co 0.990  —0.095 —0.054 0.077 0.002 Be 0.793 -0.311 —0.420 0.039 0.227
As 0.983 —0.053 —0.091 0.055 0.101 Mn 0.766 —-0.530 0.038 0.335 —-0.137
Ba 0.974 0.037 —0.193 0.061 0.017 Cd 0.751 —-0.510 0.073 0.212 0.332
Ca 0.972 0.207 —0.035 —0.009 0.082 Sr 0.659 —-0.356 0.204 —0.447 0.407
Sb 0.970 0.019 —0.024 0.004 -0.077 Ag —0.649 0.209 —0.086 0.574 0.348
Ti 0.954 0.279 —-0.030 —0.026 0.073 Cr 0.632 —-0.255 0.536 0.141 —0.466
Ni 0.943 —0.145 0.084 0.169 -0.197 A% 0.631 —-0.702 —-0.301 0.091 0.092
Fe 0916  —0.057 -0.297 -0.177 0.159 Hg —0.583 0.270 —-0.121 0.712 0.180
Cs 0.909 0.358 —0.190 —0.002 0.014 Pb 0.564 —0.660 —-0.409 0220  —0.158
Se 0.890 0.438 —0.008 —0.045 0.071 Mo 0.452 0.819 0.109 —0.053 —0.055
P 0.874 0.358 0.129 0.279 —0.060 Cu 0.401 —-0.819 0.249 0.211 —-0.209
Al 0.860  —0.048 0.267 —0.414 0.086 Na -0.315 0.074 0.026 0328 —0.174
K 0.859 0.122 0.310 0.334 0.191 Sn 0.270 0.643 —0.266 0.617 0.064
Tl 0.851 0.242 —0.198 0.168 —0.353 Rb 0.254 0.555 0.729 0.274 0.037
Ga 0.849 0.484 -0.177 —0.087 0.008 B 0.076 —0.007 0.819 —-0.032 0.228
Zn 0.820 0.420 0.284 —0.245 —0.066 Mg 0.044 —0.740 0.521 0.393 0.157

T 5 mg/kg, Cd AfFHIE 0.3 mg/kg, As AT
i 2 mg/kg, Hg AR 0.2 mgkg, Cu ANMEHEE
20 mg/kgo A LA E 1) 8 HLIH ML)\ Bk - BF it - Pb.
Cd. As. Hg. Cu5 ffi HEEE TR EHAL,
A PR FEEER, UiBTE I\ R E SR e R 1)
BT A IRE 2 A A bR .
3 i
3.1 Bk mBET IR AR

[ P ot PRV AR T VAT I 45 T s 5 A
B THARE AR A . 5 AT AR TR AR L,

TR R A B R R BRI, W RCR
s WA AR FE & R R T G Ny
WMTC R M R AR DAL, Rl T 75 ZR 1
Jiids BT CAAS S0 R FH A T A iy A R
3.2 RURIEBRATERE

ARSI LT SCRR A SR FH PR IR A 2 R A
i ik A A SR R P RO . R IR F A IR A
RIHAR, PSR BRI sk, MR 4, M
- A S R TS T RO BB B, TR AR
. WO AR PR R i S LR R T RRE
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