i

o o 5 06 i o W Vol 42,No. 9,pp2870-2874
Spectroscopy and Spectral Analysis September, 2022

5l

Hh R R 2%

it
i

i

R HF-ERABEEE TS ENE R #2451 £

Kook, A FP D BFRES, B, A, T WY, REEt

o DO AR B T L DY) AR 610041

o PO 2 TR R A I PG 1 R 610017
CORE R, PN #ES 610032

o UL B TR P L. DI L 615000

- BURREESEBE . DU AR 610500

Ul W b =

HPAD 2 fih A B30 v v R T S e G0 PN R 5 £ R . RO s S v i RE R T O v B R

HUERE L, BHET, B APkl oA B Z sk, B A SCRRIGE /Y 5 R AR TE —E B A . O TR

EAG A ER 2 i BRI A MR, ST T 3 R R AR (CHMD - B A 55 3 7 R B3 (ICP-MS) ) 52 BR b 332
ke A BRI A A o S A T A R i A B YR AT T R 0. 20 mL U AEA 0. 1% Triton X-
100+0. 5% S BRI A W AL 31 )5 . R FIZE M A P AR 1 7 X3 e & S alb A7 TR, A EEM e T 45 1 °F
25 TIHE 0. 02~4. 00 pg « L {ERI ML PE R R R, Y=0.010 33X+0.000 12, KR F(R)H 0.999 9, A
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Table 1 Instrumental parameters for HMI-ICP-MS
ZH BE
RF power 1550 W

15.0 L min~!

0.90 L * min !

Cool gas flow
Auxiliary gas flow
-1

Plasma gas flow 15 L+ min

Nebulizer pump speed 0.1 1+ min~

1

Carrier gas flow rate 1.05 L+ min

Acquisition mode Mass spectrogram
Tuning mode No Gas

Plasma mode HMI

2 HRHVHE

2.1 EEFHEXERE
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PR it o3 AT B0 HE AR PR D A B A AT e R, AR AR B
AT AL L 43 AT A0 PR R B R R A BT O . BE R HMIT 45
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i — %58 HMI %5 TR T . ok 1 4 i i &t 2
FE b AN [R) 2% A4 4k B 4 ICP-MS I 5 45 S 52 Wi . 49 i)
WHAEHL 0. 20 mL ¥ ff 4 1 R T 4 I 5T 6 45 i BE A W 2 15
mL BLOEF, Rl M UUT ik AT AR B 5k 1L I AH
fifi2 500 pL T A LA 200 pL, #3810 min J5, HEO0H
HCE T 90 COKIRTH R 1 hQH MR R b 25 RS S0P A o 1T
1 58 e o 0 T ARV T R IR TSR ORI TG R IR
FEFE LA, MKEA R 5.00 mL Fi; ik 2, i AK
W 500 pL, HABRRE I 1 rik 3, A 4.8 mL 0. 1%
Triton X-100+0. 5 UIEMRIE S . WIEIR% S, 8 000 r »
min ' B0 5 min JFECEERME s k4, IIA 4.8 mL 1%
Triton X-10040. 5 % i BRI &V W . HARF 7k 35 ik 5,
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FE L BRI 2, ru 1 RTJ5vE 2 D E 25 R B A BE B R
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A AL B R TS e rE B . TR 3L IR A I S X 3

Tt o 38 7 A T ALk R ik ) E 4 SR 4 T B R P AR B 2 5
SR . SR W3 Tl 8 VA 2% BB 605 U ik 240 N S 001 4 v ) 6 R
TR o L T R R T ALk B ik A R T g U T TR B D R
ELV5 PR BN, SRy BRAT 43 45 SR 0 R A R T R E R
AR 8 U7 3 HEAT A LR b 2 AT
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Table 2 Analytical results of thallium in blood under different treatments by HMI-ICP-MS (n=6)

VR 4 o

K R Tk MEE/ (pg « L7 W#E/ % w’E/N SHEJEH/ (pg+ LD

1 11.7, 10.9, 11.0, 11. 4, 11.0, 12.8 6. 28 11.9
2 11.0, 10.5, 11. 5, 10. 2, 10.7, 9.75 5. 77 4.79

L-2 3 10.6, 10.8, 10.2, 9.91, 10.7, 10.6 3.26 3.52 10.1¢8. 1~12. 1)
4 11.2, 11.2, 11. 9, 10. 9, 11.6, 10. 8 3.71 10. 4
5 10.3, 11.1, 11. 3, 11.1, 10.7, 10. 2 4.25 6. 34
1 32.7, 31.5, 34.4, 33.8, 30.9, 34.2 4. 45 3.39
2 34.4, 33.9, 31.1, 33.8, 34.7, 32.6 4.02 4. 84

L-3 3 33.4, 31.9, 33.8, 31.8, 32.4, 32.5 2.47 2.55 31.8(29.0~34.5)
4 33.8, 32.9, 34.3, 34.5, 31.3, 32.2 3. 80 4.12
5 33.5, 34.5, 32.1, 33.1, 34.2, 33.2 2.56 4. 89

2.3 kMR
2.3.1 &KMERLHER

F 5% HNO; BLfil ¥ 0. 20 pg « L1 TR HERL &
Woo MRS A 1% HNO, 2 900 B, L ik B2 0. 00,
0.08, 0.20, 0.40, 0.80, 2. 00 Fl 4. 00 pg « L' T 5k R 5
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J90.005 pg e L0, RN 0.02 pg « L1 AJ5EE R 7
J90.20 mL, & MFN 5. 00 mL, FkKHERA 0.12 pg -
L', HEEERETNRHK0.42 pg - L7 MEFERH 0. 42~100
pg s LT CRLMAE 25 (5 F B .
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AT bR [0 5 S 36 FOHE PORG B5 BE 5 ZESCIR B TR 7 K HUAL 2R

T . TEARAL B TAE 244 7 10 5 48 B oE 2R 50 3 30 A0 P9 A 19
CPS s B[ & 1(a) ], JFLL =3 CPS LA N IALFR . LLEE R
PR bR, AR L LE 1], MHFREA Y=
0.010 33X-+0.000 12, R=0.999 9, A BRIFMLIELEZ,

¥=0.010 39X+0.000 15 (b)

0.04 R=0.999 9
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E 0.03 1
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E
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RERTIFNNIREEE (a); SERIAREH 2 (b)

Mass spectrogram of standard series and internal standard (a) ; Standard curve equation of thallium (b)

5 R AT 0 Il WS ST 6 A [ A e YRR AR 5 R (3R 3)
FIAL, LR Y S Xy R R AE 92,726 ~103. 8%, RSD 2k
171 % ~4.77% , FEWA . AR J5 v ) 0 B BORS 6 1 R AT

7 HMI-ICP-MS {4 F il i % 22 Wl 50 ASFE 5l CRL 3%
B MEVE VR S5 4 o R O R R A ILAE D AR T R B
19 CPS 5 5 AL PP % J7 ik M Fa e 1k . CPS {55 1 A8 4k (&
2R +7.7% , T IR E R
2.3.4  FIRAESA R

g T 5 UE HE ST VA A S B R i S R X
SRAENG 30 3 HR b 45 fih A DR 4 Il 4 AT v BE U E L B RE
WA 3 Y. M B4 B 10 %6 (4 e il A7 4700 a2 » 9 L
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Table 3 Recovery and precision of the method (n=7)
/(;ujﬁf*' ) /(;L:u‘ﬁ;‘ﬂ ) WA/ (g = L7 IE]/[%IA%; * W/*iﬁg j:H:IEH/J\‘i%‘E?
<o0. 42 2. 50 2.63, 2.70, 2.60, 2.59, 2.55, 2.61, 2.49 103. 8 2.52 —
2.71, 2.45, 2.61, 2. 44, 2.57, 2.38, 2.64 101. 7 - 4. 77
<o0. 42 15.0 15.2, 15.7, 16.3, 15.3, 15.2, 15.6, 16.1 104. 2 2.81 —
15.4, 14.0, 14. 2, 15. 4, 14.9, 15.1, 13.9 92.7 — 4. 44
<0. 42 750 75.6, 74.8, 73.7, 72.9, 75.2, 72.1, 74.3 98. 8 1.71 —
75.4, 76.5, 77.3, 72.9, 71.2, 74.6, 73.6 99. 3 — 2.84
BEPEAT 10 AR I 52 J5 AT BT o 2 A A RE . AR S AR
L AL R T B B 1SR R R
2 a0l T 10% 30 GYRERR AT 4 G4 A Bt (A5 0,198, 0.234, 0.212 F
g P 0.292 pg + L™ N
p 4550001 4ud A‘ & A‘K A 26 {3 AR R T Or Bk th BR . H 30 fﬁﬁﬂﬁ?”‘*ﬁf?i@
“ . A A L4 4 ORI, 28 30 AL HE A B 4 R B KT ARAG .
““““““““““ e A 35 i e o N A B A T ¥ 7 ) 4 R XL
3850001, : . : : . .
° 10 égmplesr?umbejO ¥ A 3 zé': _L/t\‘
M2 mETEESHEL ‘
Fig. 2 Variation of internal standard element signals SEL T HMIICP-MS 0 5 UMl A5 fil A 53 L o A7 35 9
T FAGL I 5 7 A o 4 R T AR R i T Ak B Y
B 08 TOrEEROMERG L . OREE BE AR E M AT MR AR 1
P, SRR, X RO Al A 514 i b g A I E
SRR .
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Determination of Thallium in Blood of Occupational Exposed Population
by Inductively Coupled Plasma Mass Spectrometry With High Matrix
Introduction
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Abstract Tallium in the blood of occupationally exposed population may reflect their exposure in vivo. Therefore, it is very
important to establish a method to determine thallium in blood. At present, there is no national standard method for the
determination of thallium in blood in China, and the methods reported in domestic and foreign literature have some shortcomings.
In order to obtain accurate thallium concentration in the blood of occupationally exposed population, a new method was developed
for thallium in blood by inductively coupled plasma mass spectrometry with high matrix injection. In this study, plasma mode
and pretreatment method were selected. After the 0. 20 mL sample was pretreated with the mixed solution of 0. 1% Triton X-100
and 0. 5% nitric acid, the thallium content was detected by adding internal standard online. Under the optimal conditions, good
linearity was obtained in the concentration range of 0.02~4.00 pug * L™' with a linear calibration curve of Y =0.010 33X+
0.000 12 (R=0.999 9. The detection limit (DL) and the quantitative limit (QL) were 0. 005 and 0. 02 pg « L™'. When the
sample volume and constant volumes were 0. 20 and 5. 00 mL respectively, the method detection limit (MDL) and the method
quantitative limit (MQL) were 0.12 and 0.42 pg+ L', and the analytical range of this method was 0.42~100 pg+ L™'. The
average recoveries at three fortified levels (2.50, 15.0 and 75.0 pg « L ') were 92.7% ~ 103. 8%. The relative standard
deviations of in-batch (RSDs of in-batch) ranged from 1.71% to 2.81%, and the relative standard deviations of interbatch
ranged from 2. 84% to 4. 77% , which indicated the accuracy precision of the method were good. The signal variation of > Bi
internal standard isotope in 50 samples(including standard solution, quality control samples and whole blood samples) was less
than 7. 7%, which showed that the method had good stability. The established method was successfully applied to the analysis of
30 whole blood samples in the occupational exposed population. Four samples were above the MDL, but below the MQL. The
other 26 samples were below the MDL and all the 30 samples were within the average background range. This method was
simple. rapid, accurate and stable and suitable for analysing of large quantities of actual samples. The results showed that the
exposure level of thallium was shallow in vivo, and there was no potential health risk of thallium to 30 professional contacts in

their workplace.

Keywords High matrix introduction; Aerosol dilution; Inductively coupled plasma mass spectrometry; Occupationally exposed

population; Whole blood; Thallium
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