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Analysis of inorganic elements in Shexiang Baoxin Pills by ICP-MS
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Abstract: Objective To establish a method for the simultaneous analysis of 26 trace elements in Shexiang Baoxin Pills (SBP),
including Li, Na, Mg, Al, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Sr, Mo, Cd, Sb, Ba, Hg, Tl, Pb, and Bi. Methods The
sample of SBP was digested by microwave with concentrated nitric acid, calibrated by internal standard elements, such as Ge and In,
with bush branches and leaves as the controlled reference standard, and inlet into ICP-MS to analyze the contents of 26 inorganic
elements. Results The detection limits and quantification limits of 26 elements were in the range of 0.010—2.987 pg/L and 0.035—
10.000 pg/L. The 15 trace elements showed the good linearity in the selected concentration ranges (r > 0.999 4), with the average
recovery from 79.88% to 105.76%, while their RSD was below 4.55%. In the 12 batches of samples, the quantities of Ca, Mg, Na, and
Fe were higher than 1.000 mg/g. The quantities of Mn, Cu, Zn, Al, and Ga were also relatively high, while the amount of Sb, Hg, TI,
and Bi was relatively low, which was below 0.050 pg/g. Conclusion The method is simple, rapid, and accurate, and can be used for
the quality control of trace elements and heavy metals in SBP.
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Table 1 Linearity, LODs, precision, and repeatability of 26 elements

ek I 7 ALY R ERRS L BRI
(ugLl™ (ugLl™ RSD/% WIEf/(ngg?) RSD/%

Li Y=2372X10%X—0.010 0.999 8 0.5~25.0 0.047 0.200 2.78 0.713 2.29
Na Y=1.360X10*X-+0.002 0.999 9 1.0~250 0.017 0.570 3.11 1821.773 2.91
Mg Y=3.103X10* X+0.255 0.999 5 7.5~250.0 0.584 2.000 1.84 2 318.351 1.13
Al Y=1586X10"*X+0.048 0.999 4 15.0~250.0 2.987 10.000 2.53 27.673 1.75
Ca Y=1.381%X10"°X+0.003 1.0000 25.0~750.0 1.550 5.400 2.28 5182.422 2.35
Ti Y=2.396X10"°X—0.004 0.9997 5.0~100.0 0.578 2.000 2.52 2.910 3.50
\Y Y=4.931X10"%X—0.015 0.9998 1.0~25.0 0.016 0.600 2.36 1.312 3.14
Cr Y=7.052X10*X+0.014 0.999 9 10.0~50.0 2.545 8.700 3.68 4.797 1.99
Mn Y=4.125X10"*X+0.026  0.999 9 5.0~200.0 0.247 0.870 2.61 120.753 2.27
Fe Y=2.479%X10"°X+0.028 0.9995 15.0~250.0 1.605 5.370 1.87 1318.351 3.48
Co Y=1532%X10"°X+0.041 0.9997 0.5~25.0 0.018 0.063 2.77 0.241 2.44
Ni Y=4.067X10* X+0.063 0.999 8 10.0~125.0 1.178 4.000 3.08 3.222 3.87
Cu Y=1.376X10"*X+0.119 1.0000 10.0~200.0 1.375 4.800 2.74 107.942 2.38
Zn Y=7.985%X10"°X+0.103 0.999 8 10.0~250.0 1.879 6.300 1.34 96.005 3.03
Ga Y=9.948X10°X—0.005 1.0000 0.5~175.0 0.078 0.270 2.43 20.754 2.75
As Y=1.170X10%X—0.003  0.999 8 0.5~10.0 0.049 0.180 3.07 0.701 2.35
Se Y=6.148X10° X+0.015 0.999 9 0.5~50.0 0.015 0.050 2.73 0.244 2.54
Sr Y=3567X10*X+0.026 0.999 9 0.5~125.0 0.078 0.270 2.81 14.891 1.83
Mo Y=8.992%X107°X+0.058 0.999 8 0.5~75.0 0.012 0.045 2.53 0.155 2.25
Cd Y=2378X10"°X—0.002 0.9998 0.5~10.0 0.014 0.050 2.49 0.477 1.89
Sb Y=4.499%X10"°X+0.001  0.999 8 0.1~10.0 0.016 0.060 2.31 0.045 4.15
Ba Y=9.612X10°X-+0.060 0.999 8 1.0~250.0 0.167 0.570 2.13 4.497 2.57
Hg Y=3.179%X10°X—0.002 0.999 8 0.1~ 5.0 0.042 0.140 2.72 0.037 2.04
TI Y=2.319X10*X+0.077 0.9999 0.1~10.0 0.013 0.045 2.40 0.022 4.67
Pb Y=8.718 X107 ° X+0.080  0.999 9 0.5~200.0 0.010 0.035 1.88 0.456 3.96
Bi Y=1.243X10%X—0.061 1.0000 0.1~15.0 2.306 7.800 1.64 0.024 4.55
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Table 2 Results of stability and recovery tests

o RasEME EMTERme | et ERCR%
TLE TOE T
RSD/% -“F#{H RSD RSD/% “F#{E RSD
Li 223 10206 455| zZn 247 9347 4.44
Na 179 8454 249| Ga 2.63 8484 393
Mg 168 10147 194| As 273 8761 371
Al 210 10576 385 Se 215 9815 254
Ca 224 10357 299| Sr 162 9274 221
Ti 1.68 10438 3.63| Mo 211 9536 3.1
\Y; 218 8517 312 Cd 194 8658 2.26
Cr 132 8908 347|Sh 223 79.88 1.88
Mn 167 9229 406| Ba 1.89 9453 282
Fe 185 8937 435| Hg 247 8659 3.75
Co 203 7995 371| TI 249 87.03 1.62
Ni 221 8498 415|Pb 141 9070 281
Cu 199 10233 207| Bi 229 8275 1.77

%3 ESEYRANELR (Xts,n=3)

Table 3 Measurement results of certificate reference substances (X £ s, n =3)

TLE o/ (uge ) WEMR/ (uge ) | TR bonfi/(ugg ) ME/ (ugg ) JLE bonl/(ugeg D) MEE/(ngg )
Li 24+04 2.438+0.196 Fe 1020+67 1022.871+40.429 | Mo 0.26+0.04 0.273+0.039
Na 110001000 11301+697 Co 0.39+0.05 0.407 £0.037 Cd 0.14+0.06 0.128+0.052
Mg 2870+180 2818+126 Ni 1.7+£04 1.664+0.269 Sh 0.078+0.020 0.083+0.015
Al 0.214+0.022 0.209£0.027 Cu 5.24+0.5 5.310£0.327 Ba 1943 19.316+1.950
Ca 2.22+0.13 2.192+0.098 | Zn 20.6+2.2 22.043+1.526 Hg — —

Ti 95+18 92.887+2.651 Ga — — TI — —

\Y 24%0.3 2.348+0.235 | As 0.95+0.12 1.0074+0.101 Pb 71£11 6.89+0.82
Cr 2.3%+0.3 2.341+0.199 Se 0.184+0.013 0.177£0.014 Bi 0.022+0.005 0.023+0.002
Mn 58+6 61.250+3.094 | Sr 345+11 338.019+14.647




¢ %% Chinese Traditional and Herbal Drugs 25 49% % 4 #i 201842 A + 851
K4 TEHRABEROALNTREEMNER (n=3)
Table 4 Measurement results for different batches of Shexiang Baoxin Granules (n = 3)
FRESH/(ngg ™)
Eiifes ) ) )

Li Na Mg Al Ca Ti \Y Cr Mn Fe Co Ni Cu
(160201 0.797 1824.874 2315.237 37.175 5180.008 2.578 1.460 4.811 123.894 1341.489 0.292 3.303 104.951
G160203 0.791 1828.354 2306.350 37.823 5188.141 1.724 1.361 4.762 127.374 1328.906 0.317 3.116 111.312
G160204 0.843 1819.268 2305.832 26.952 5175.961 1.749 1.388 4.954 118.278 1320.333 0.299 3.127 101.007
G160205 0.874 1810.320 2323.780 24.079 5169.783 1.695 1.284 4.618 109.340 1337.407 0.302 3.366 108.994
(160802 0.866 1818.746 2334.556 20.954 5199.015 1.720 1.378 4.745 116.766 1 329.596 0.301 3.601 105.364
(160803 0.724 1823.556 2313.016 20.703 5190.745 1.416 1.371 4.713 121.566 1319.011 0.201 3.559 103.378
G160804 0.669 1819.584 2315274 23.814 5185.559 2.807 1.354 4.682 117.564 1315.274 0.288 3.497 110.011
G160805 0.713 1821.773 2318.351 27.673 5182.422 2910 1.312 4.797 120.753 1318.351 0.241 3.222 107.942
G170303 0.794 1816.169 2320.745 30.055 5176.753 1.994 1.289 4.891 115.159 1 320.745 0.295 3.189 104.224
G170304 0.817 1824.337 2311.125 34.408 5173.149 1.818 1.296 4.924 122.357 1311.125 0.222 3.355 106.766
G170305 0.830 1815.862 2310.973 29.901 5171.749 2.469 1.305 4.835 113.852 1310.973 0.278 3.422 102.998
G170306 0.758 1824.157 2316.147 32.289 5179.101 2.228 1.346 4.687 125.147 1316.147 0.239 3.337 106.117

JR Ay HU(ug-g )

fit's .

Zn Ga As Se Sr Mo Cd Sb Ba Hg Tl Pb Bi

(160201 95.255 25.388 0.715 0.272 15.895 0.152 0.483 0.030 4.407 0.040 0.028 0.463 0.026
G160203 96.991 25.559 0.706 0.297 13.418 0.163 0.494 0.029 4.096 0.044  0.027 0.415 0.023
G160204 92.247 21.979 0.692 0.310 15.068 0.157 0.440 0.041 4.500 0.049 0.039 0.352 0.029
G160205 102.761 23.973 0.711 0.265 15196 0.145 0.484 0.039 4.543 0.039 0.031 0.331 0.028
(160802 100.089 20.987 0.702 0.257 15.459 0.149 0.431 0.044 4.611 0.041 0.030 0.472 0.026
G160803 97.773 22.380 0.714 0.279 16.313 0.148 0.481 0.047 3.868 0.038  0.037 0.297 0.020
G160804 94911 24.563 0.710 0.256  14.007 0.150 0.429 0.033 4.372 0.034 0.024 0.380 0.021
G160805 96.005 20.754 0.701 0.244 14891 0.155 0.477 0.045 4.497 0.037  0.022 0.456 0.024
G170303 93.438 25.157 0.704 0.291 13.895 0.156 0.463 0.032 4.510 0.035 0.034 0.364 0.027
G170304 98.182 22.359 0.707 0.285 14.494 0.159 0.437 0.035 4.165 0.042 0.036 0.451 0.022
G170305 101.096 23.842 0.703 0.277 15713 0.161 0.458 0.044 3.957 0.036  0.033 0.385 0.025
G170306 95.775 22.148 0.698 0.308 13.762 0.152 0.449 0.038 4.079 0.033  0.025 0.467 0.018

R FER)HEICE, Fe. Zn. Cu. Mn. Cr. Co.
Ni. Ga fll V ixX 9 Fhisl & o 20t AR R H )
WEERH, BAX IMMETRERED. H—HIrE
Al RS TRMETCER; Li 20 R F M E
JGZ; 1M Cd. Ti. Pb. Sb. Hg. TI N AH EME
JLFR .

SEZB6 AT O T AN, R B R B AN IR
R WRERER, IEPRIRAEIR A2 R A H AR 4
TN, HEHAD 2 P & A 2 R BT
B o DUWRE R R e A R N Tahs, BER TR
HIR A& 10, 20, 30 mL (S MAFERE, 255K 10
mL WS ER T A 5245, 20 mL 5 30 mL MRS FRTH
file R 22 e AN, B OBk iR F &8 20 mL.

TEHAT TAER AR BERT, EBX AR TR S A
FA AT EUA, Al AR R A 2 [ e e
=, T DAAR SIS v BEA AR AR

(HhEZ5 ) 2015 AR —F i BERALE T VKA
th& 4 B AR T 5 mg/kg. & R ANE T 2 mglkg,
ANz B B8 Pb AMFid 3 mg/kg. Cd AT 0.2
mg/kg. As AfEit 2 mg/kg. Hg A~ 0.2 mg/kg-
Cu A7t 20 mg/kg?, (HRA KAL)
PR FEARMMH AR OGN E o ARSI K ICP-MS 741
EBREROATZMICER, &INERE ., REE X
ERA R, WS T B A OO AL TE LG 3R I E .

9T R BT Lo R R N JT 3 Cus Mg IR
MK, HIE R B E 2 Culzn (HIFEP.
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