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Table 1 Operating parameters of No Gas-ICP-MS
2 BEE (H
RF power 1550 W
Cool gas flow 15.0 L » min !
Auxiliary gas flow 0.90 L« min~!
Plasma gas 15 L« min~!
Nebulizer pump 0.1 re¢ min !
Carrier gas 1.05 L » min~!
Resolution Standard
Sample lifting speed 0.30res !
Sample uptake time 25 s
Dwell time 28 s
Replicate measurements 3

Acquisition mode Mass spectrogram

Extract lens 2 voltage —200 V
Omega bias voltage —80V
Omega lens voltage 6.4V

Deflect 13.8V
Tuning mode No Gas
Atomizer type MicroMist
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Fig. 1 Effect of ultrasonic extraction

conditions on the results
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and its compounds in workplace air by ICP-MS
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Table 2 Precision and accuracy of proposed method

DEE/ pg

T PR RSD/ % SHEAd/

5T 25 A 5 3 1 5 6 7 Ty 0 22| ng
ZK147 5.68 5. 67 5.63 5. 64 5.71 5. 60 5.72 5. 66 0.77 5.9£0.4
ZK148 10. 74 10. 72 10. 68 10. 67 10. 88 10. 86 10. 65 10. 74 0. 86 11.440.8
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Table 3 Effect of other elements on the determination of thallium

ARG B — Bk, EL I i) A 7 9 vk R

FERFES NIBR e MR : WA/ g e/ %6
ik éi“i/ug
1 0. 30 As, Pb, Mn, Cd, Hg 1. 00 0. 32 106. 7
1 10 As, Pb, Mn, Cd, Hg 30 9.72 97.2
3 60 As, Pb, Mn., Cd, Hg 180 59.1 98.5
4 IHREHERIWER(n=17)
Table 4 Analytical results of samples (n=7)
B AT HE i EAr kT HE "
ng * mL ! pgem ° ng * mL ! pgem *®
1 3. 14 0.21 3. 34 0.22 6. 37
2 18. 22 1. 21 17.77 1. 18 2.47
3 35.61 2.37 35. 32 2.35 0. 81
4 44.58 2.97 44. 35 2.96 0.52
S 12.32 0. 82 12.68 0. 85 2.92
6 22.49 1. 50 22.98 1. 53 2.18
7 38. 17 2. 54 38.42 2.56 0. 65
8 9.12 0.61 9. 34 0.63 2.41
9 0. 94 0. 06 0.97 0. 06 3.19
10 33.74 2.25 34. 22 2.28 1. 42
bR TAES) B 23 SME s EAT A DN — 5 A I 45 R B AR 4T i —
34 ® Bbk . FL%O7 A O AR . AT R B Kt PR L £
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Determination of Thallium and Its Compounds in Workplace Air by
Ultrasonic Extraction-Inductively Coupled Plasma Mass
Spectrometry Using No Gas Mode
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Abstract  Thallium (Tl), an extremely toxic metal element, was mainly used to manufacture semiconductors, electronic
equipment, pesticide, and rodenticide. The determination of thallium and its compounds in workplace air was of great
significance to ensure the health of the occupational people because they posed a potential threat to their physical health.
Although trace amounts of thallium were more toxic than other toxic metals in the workplace air, little research was done. At
present, atomic absorption spectrometry (AAS) was the main method for thallium assay in workplace air, but this method had
some shortcomings. Therefore, we proposed a new method for the determination of thallium and its compounds in workplace air
by ultrasonic extraction-inductively coupled plasma mass spectrometry (ICP-MS) using No Gas mode. At the sampling point,
the short sampling workplace air was sampled by a microporous membrane with an aperture of 0. 8 pm according to GBZ 159—
2004 method. The effect of ultrasonic extraction conditions on the result was investigated, and the interference and elimination of
mass spectrometry were analyzed. The optimized experimental conditions were 3% HNO; for ultrasonic extraction of the filter
membrane samples for 10 min at room temperature and No Gas mode for ICP-MS analysis. Under the optimal conditions, good
linearity was obtained in the range of 0. 087 to 80 ng « mL ', with linear calibration curves of Y=10.009 2X—0.001 8 (R=
0.999 9). The detection limit (LOD) was 0.026 ng « mL~'. When the sampling volume was 75 L, the minimum detected
concentration was 0.001 7 g * m °, and the minimum quantitative concentration was 0.005 7 g + m °, The precision and
accuracy of the method were verified by the quality control samples (thallium quality control samples ZK147 and ZK148 in the
filter membrane). The results showed no significant difference between the measured value and the reference value, and the
relative standard deviation (RSDs) was 0. 77% and 0. 86%. Interference analysis of the new method was carried out by adding
standard method (common interfering elements with 3 times the thallium content in membranes), and the recovery rate was
between 97.2% and 106. 7%, indicating that the method had strong anti-interference ability. Comparing with the national
standard method of “Determination of toxic substances in workplace air-Part 25: Thallium and its compounds” GBZ/T 300. 25—
2017 solvent elution-graphite furnace atomic absorption spectrometry ( GFAAS), the results of 10 samples were basically
consistent. And the proposed method exhibited a simpler operation, lower detection limit, wider linear range and higher
accuracy, which met the needs of accurate, rapid. trace and high-throughput determination of thallium and its compounds in
samples. The new method is expected to be a new method for the determination of thallium and its compounds in workplace air

and can provide reference and basis for health monitoring of specific occupational groups more effectively.

Keywords Ultrasonic extraction; Thallium and its compounds; Workplace air; Inductively coupled plasma mass spectrometry
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