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Abstract: Objective To establish an inductively coupled plasma mass spectrometry (ICP-MS) with microwave digestion method
for the determination of the amounts of trace elements (Mg, Ca, Fe, Cu, Zn, Mn, Al, B, Ba, Co, Cr, K, Li, Mo, Na, Ni, P, Pb, Sr, Th,
Ti, V, As, Cd, and Hg) in Mailuoning Injection. Methods The conditions of microwave digestion and test were studied
respectively. After the microwave digestion, 25 kinds of minerals in the samples were determined by ICP-MS, and the methodology
was investigated. Results The optimal digestion conditions were 3-step slowly heating: 400 W 80 C to heat up for 10 min and
keep 5 min; 600 W 120 C to heat up for 10 min and keep 5 min; 900 W 200 C to heat up for 20 min and keep 20 min. The
determination results of 25 kinds of mineral elements all have a good linear relationship, » > 0.999 6. The RSD values of the
precision, stability, and repeatability all met the demands of quantitative analysis. The recovery was 94.7%—106.1% and RSD was
0.34%—2.79%. Mg, Ca, Fe, Cu, Zn, Mn, Al, B, Ba, Co, Cr, K, Li, Mo, Na, Ni, P, Pb, Sr, Th, Ti, and V were detected in Mailuoning
Injection, and there was no detection of As, Cd, and Hg. Conclusion This method is simple, sensitive, and precise, and could
satisfy the simultaneous determination of minerals in Mailuoning Injection.
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Table 2 Element isotopes, internal standards, and standard curves

WA ICP-MS 18 “2.2.27 R4 T #E4TR,

g LK 4,

JLE i R / (mgL) ElEpgE r Krb B / (ugl™) AR
Al 26.98 0.05~5.10 Y=373831.834 5 X+7 132.632 7 0.999 6 2.60 ¢
B 10.81 0.05~5.10 Y=16274.195 5 X+7.712 0 0.999 9 0.000 5 Li
Ba 137.3 0.05~5.10 Y=43740.528 2 X+5 576.825 6 0.999 9 0.01 1%Rh
Ca 40.08 148.74~294.15 Y=2177.980 9 X+7 209.937 0 0.999 8 0.23 ¢
Co 58.93 0.01~10.00 Y=197 223.442 7 X+541.432 9 0.999 7 0.000 5 ¢
Cr 51.94 0.01~10.00 Y=173 818.078 2 X+3 358.367 1 0.999 9 0.002 3¢
Cu 63.55 19.72~102.55 Y=142245.769 1 X+3 239.015 3 0.999 9 0.02 ¢
Fe 55.85 19.72~102.55 Y=2692103.726 4 X+10713.3624  0.999 6 0.09 3¢
K 39.10 242.19~393.77 Y=22224.374 5 X+416.709 3 0.999 9 11.50 ¢
Li 6.94 0.05~5.10 Y=45 228.063 6 X+20 142.087 3 0.999 8 0.02 Li
Mg 24.31 24.79~98.88 Y=146 986.360 0 X+3 408.621 9 0.999 6 0.02 3¢
Mn 54.94 0.01~10.00 Y=208 308.769 1 X+ 1 356.409 8 0.999 9 0.009 3¢
Mo 95.94 0.05~5.10 Y=20994.570 9 X+21.148 7 0.999 9 0.001 1%Rh
Na 22.99 96.68~256.48 Y=458 936.810 0 X+3 613.654 3 0.999 8 15.50 3¢
Ni 58.69 0.01~10.00 Y=177003.720 0 X+2 558.836 7 0.999 6 0.003 ¢
p 30.97 79.14~241.19 Y=241448.320 0 X+43.054 9 0.999 9 0.000 1 3¢
Pb 207.20 0.05~5.10 Y=135418.323 6 X+5 482.094 0 0.999 8 0.007 ¥Re
Sr 87.62 0.05~5.10 Y=199 560.598 2 X+26.163 2 0.999 9 0.003 18Rh
Th  232.04 0.01~10.00 Y=1120.622 7 X+85.768 8 0.999 9 0.03 ¥Re
Ti 47.87 0.01~10.00 Y=146 463.442 7 X+59.034 7 0.999 9 0.002 3¢
\Y% 50.94 0.01~10.00 Y=177 176.684 5 X+521.800 1 0.999 9 0.001 ¢
Zn 65.41 19.72~102.55 Y=33383.940 9 X+7 724.542 5 0.999 7 0.04 3¢
As 74.92 0.01~10.00 Y=174321.910 0 X+109.348 3 0.999 6 0.000 1 ¢
cd 11241 0.01~10.00 Y=207 169.371 8 X+19.047 0.999 9 0.000 1 18Rh
Hg  200.59 0.01~10.00 Y=105 578.500 0 X+17.094 6 0.999 8 0.000 1 ¥Re

#3 BMTERAMARE IR
Table 3 Recovery of each kind of mineral
. ZL\‘FEQ{% / buﬁ% / WsEAE / (ugL™) SER AN RSD /%
(gl  (ugl™ 1 2 3 4 5 6 K /%
Al 3336 5000 8399 8376 8392 8 387 8383 8395 100.6 0.89
B 2538 5000 7571 7583 7562 7557 7569 7575 100.4 122
Ba 1267 5000 6235 6233 6276 6252 6241 6229 99.6 2.79
Ca 2458 5 000 7508 7497 7516 7501 7513 7505 100.6 0.96
Co 5 500 487 489 491 495 493 479 96.8 1.08
Cr 46 500 553 539 552 559 545 549 100.6 1.26
Cu 31 500 565 553 570 557 576 561 106.1 1.50
Fe 398 500 862 853 857 868 860 845 95.4 0.92
K 5253 50 000 55039 55101 55021 55047 55079 55060 99.6 0.05
Li 7 500 501 499 508 502 505 500 99.1 0.67
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Gk 3
P ZI—UEET:E;L / bu*i;i / WsEds / (ngl™ V-2 Bl RSD /%
(gLl (ugL™) 1 2 3 4 5 6 %
Mg 196 500 689 670 657 683 661 690 96.9 2.12
Mn 12 500 537 519 548 530 524 531 103.8 1.91
Mo 135 500 603 587 590 615 606 604 94.6 1.74
Na 2720000 50000 2761539 2766120 2770033 2753462 2739907 2749 648 99.5 0.41
Ni 66 500 587 570 585 572 567 563 101.4 1.71
P 2763 5000 7 590 7 565 7578 7601 7 546 7562 97.5 0.26
Pb 13 500 535 539 521 530 527 529 103.3 1.18
Sr 23 500 507 513 519 509 505 511 97.6 0.97
Th 850 500 1321 1297 1330 1319 1308 1314 97.3 0.87
Ti 175 500 653 647 660 658 651 655 96.8 0.72
v 54 500 586 579 597 581 590 584 105.8 1.12
Zn 166 500 649 653 636 655 660 648 97.6 1.26
As 0 500 503 500 501 499 498 500 100.0 0.34
Cd 0 500 501 498 502 500 496 495 99.7 0.56
Hg 0 500 500 493 499 500 497 501 99.6 0.59
R4 10 #EEKETIEHRD 25 T YR E
Table 4 Contents of 25 kinds of minerals in 10 batches of Mailuoning Injection
Wk iU 58/ (mgkg ")
Al B Ba Ca Co Cr Cu Fe K Li Mg Mn Mo
20090609 27.280 17.932 16.106 27.705 0.002 0.059 0.071 1.523 14305 0.017 0.470 0.048 0.114
20100517  3.336  2.538 1.267 2458 0.005 0.046 0.031 0.398 5253 0 0.196 0.012 0.135

20110221 29381 16.431 18.600 22968 0.002 0.034 0397 1.788 23.355 0.052 1344 0.051 0.148
20131251 27353 17.097 18545 22.109 0.001 0.029 0.293 1.530 23.127 0.049 1.209 0.045 0.120
20140101 26.579 17.634 16.153 23.287 0.003 0.045 0.094 1.345 22.885 0.038 0.837 0.037 0.093
20140103 25.845 16.503 14.338 24345 0 0.021 0.076 1.276 19986 0.019 0912 0.024 0.147
20140105 27.410 17.438 18.060 22.673 0.001 0.050 0.328 1.698 23420 0.034 0.745 0.029 0.103
20140106 26.082 17.036 16.028 23.902 0.003 0.037 0.279 1.407 20.723 0.033 0.640 0.033 0.276
20140108 24.547 15975 13.104 20.546 0.002 0.033 0.097 1.451 17.934 0.009 0973 0.057 0.164
20140111  26.046 17.082 15976 25.781 0.005 0.048 0.175 1.624 20.337 0.037 0.736 0.028 0.172

B E / (mgkg ™)

#Lk

Na Ni P Pb Sr Th Ti v Zn Cd As Hg
20090609 1754  0.109 1.559 0.007 0.287 0.608 0.137 0.054 2.898 0 0 0
20100517 2720 0.066  2.763  0.013  0.023 0.850 0.175 0.054 0.166 0 0 0
20110221 1352 0281 0905 0.042 0.697 0.497 0.144 0.077 0.069 0 0 0
20131251 1810 0.247 1.309 0.021 0.560 0.501 0.150 0.031 1.084 0 0 0
20140101 2017 0.194 2.472 0.033 0.472 0736 0.162 0.062 1.037 0 0 0
20140103 2265 0.205 1.931 0.019 0.386 0.642 0.128 0.048 2.390 0 0 0
20140105 1412  0.183 2378  0.026  0.098 0.563 0.165 0.053 1.775 0 0 0
20140106 1979  0.178 2.664 0.034  0.451 0.487 0.184 0.065 1.851 0 0 0
20140108 2376  0.092 1450 0.009 0.368 0.835 0.110 0.048 2.463 0 0 0
20140111 1901  0.176  2.077 0.026  0.294 0.544 0.171 0.069 1.722 0 0 0
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