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Abstract: An inductively coupled plasma mass spectrometry (ICP-MS) method based on matrix matching combined with a total matrix
introduction system was established for the determination of aluminum content in compound sodium acetate Ringer's injection. This
method was developed primarily to mitigate severe matrix interference arising from the high salt and sugar content of pharmaceutical
formulations while enabling direct sample introduction without complex pretreatment, thereby reducing the risk of external
contamination and improving detection efficiency. In this system, a total matrix introduction device was employed to introduce a dilution
gas for online gas dilution before the sample aerosol entered the plasma. This approach effectively reduced the matrix load on the plasma
and stabilized the ionization conditions. The instrumental parameters were systematically optimized to achieve robust performance with
a nebulizer gas flow rate of 0.79 L/min and a dilution gas flow rate of 0.20 L/min. To correct for non-spectral matrix effects caused by
variations in sample viscosity and transport efficiency, “*Sc was selected as the internal standard element. To further reduce residual
matrix interference, 0.2% anhydrous glucose was used for matrix matching in both the calibration standards and sample solutions.
Additionally, tandem quadrupole (ICP-MS/MS) technology combined with helium (He) collision mode was adopted to effectively
eliminate polyatomic ion interference, particularly from chloride- and carbon-containing species. Methodological validation
demonstrated a good linear relationship between the mass concentration of aluminum and response intensity within the range of 5 to 50
ug/L, with a correlation coefficient greater than 0.999. The average recoveries of spiked samples at three different spiking levels ranged
from 97% to 104%, and the relative standard deviation for repeatability was 2.5%, indicating satisfactory accuracy and precision of the
proposed method. Quantitative analysis of six batches of samples revealed relatively low aluminum content, suggesting a negligible
safety risk for clinical applications. In summary, the established method, which integrates total matrix introduction with matrix matching,
enables direct sample introduction for the determination of aluminum in high-salt and high-sugar matrix injections, effectively
controlling both matrix and spectral interference. The method is simple, accurate, and reliable, making it suitable for routine
determination of aluminum content in compound sodium acetate Ringer's injection and providing a valuable methodological reference
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for rapid batch analysis of other complex matrix injections in pharmaceutical quality control laboratories.
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Tab.3 Recovery rates using different elements as internal standards at a dilution gas flow rate of 0.1 L/min
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12.5 13.102 12.952 13.028 102 101 101
°Be 0.381 25.0 24.752 25.078 25.024 97 99 99 88 25.7
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125 10.466 10.251 10.326 82 80 81
Sc 0.205 25.0 19.721 19.799 19.823 78 78 78 70 25.8
375 28.583 13.278 16.015 76 35 42
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Tab.4 Recovery rates using different elements as internal standards at a dilution gas flow rate of 0.2 L/min
g
AR/ PN W5E W/ ElVES
WA TR EEERT 2 fE/
(pg'LH (pg'L'H (pg'L'H " RSD/%
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375 34.541 33.772 32.550 91 89 86
125 13.103 13.087 12.570 102 102 98
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375 39.249 38.409 36.965 104 101 98
12.5 13.941 14.005 13.583 108 109 105
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37.5 41.711 40.862 39.486 110 108 104
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Tab.5 Recovery rates using different elements as internal standards at a dilution gas flow rate of 0.3 L/min
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12.5 13.368 12.711 13.467 105 99 106
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375 40.392 39.125 38.992 107 104 103
125 12.739 12.222 12.898 100 96 102
Ge 0.200 25.0 24.709 24.759 26.463 98 98 105 101 3.1
375 39.668 38.932 38.343 105 103 102
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Tab.7 Results of sample determination
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