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Abstract: Objective To evaluate and verify the methodological performance of Inductively Coupled Plas-
ma Mass Spectrometry (ICP-MS) in the detection of 19 trace elements (Ca,Mg,Fe,Cu,Zn,Cr,Se, Mo, Mn,
Li,Sr,Pb,Cd,Hg,Bi.V,As,Co,Tl) in whole blood. The clinical value of monitoring these 19 trace elements
in pregnant women was also explored. Methods The detection accuracy,quantitative limit, precision, detection
limit,linear range as well as stability of this method for these 19 trace elements were investigated, which were
then compared with accepted quality indices and manufacturer-declared performance indices. Additionally,
whole blood samples from 358 pregnant women from 2019 to 2020 were analyzed by this method to investigate
its efficacy in practical work. These samples were collected in heparin sodium anticoagulant coated tube and di-

luted for 40 times to meet the requirement for ICP-MS detection. The levels of 19 trace elements in non elderly

x BEUIB.ERARRFEIESE LWE 81772920 ; W EAEHFE A IE R W (JCYJ20180306172209668) ; TR T A Fi+H 4 & %
RS2 E R RE T T A (SZXJ2017018) s TRINTT BE Y7 TAE =4 T8 (SZSM201601062) ,

EB N 200, o H 00, TG R A A 1 5 B A I RESE . © BIEHEH . E-mail: zxm0760@163. com,

A5 AR N, BN AL S TCP-MS 35T A 4x il 19 Fh il i o0 28 10 2 BE D7 4 B i PRS2 A LD . [ B K 36 IS 2 4 3, 2020, 41
(20) :2438-2444.



E PR 3h I 2675 2020 48 10 A % 41 %% 20 #1  Int J Lab Med,October 2020, Vol. 41,No. 20 o 2439 .

group (lower than 35 years old) ,elderly group (higher than 35 years old) ,early pregnancy group (lower than
13 weeks) and late pregnancy group Chigher than 13 weeks) were compared. Results The verification interval
of 19 trace elements all included the target values,and the accuracy was verified. The intra-batch and intra-lab
total CV were both lower than 15% ,which means the precision of this method matched request. The limits of
detection (LOD) also fulfilled the requirement of clinical testing and the Bias and CV of them were all lower
than 15%. The concentration and the ratio of relative intensity existed a linear relationship for all 19 trace ele-
ments (r==0. 995). Whole blood samples for elemental analysis through ICP-MS could be stored for 5 days at
2—8 °C ,and for 3 days at room temperature (20—26 “C),which was consistent with the routine practice. With
this method,the Mg, Cu, Mn and Co levels in samples had statistical differences (P <C0. 05) between the
women in early and in late pregnancy group. Meanwhile, the levels of Mg and Tl were statistical different
The ICP-MS method evaluated in

this study displays excellent performance by its high precision, good accuracy,wide linear range,accurate and

(P<C0.05) between the non elderly group and elderly group. Conclusion

reliable clinical sample results. Age and gestational age are important factors that lead to the difference of
some trace elements in pregnant women. By investigating the clinical samples using this method, the results
indicate that the periodical element testing for pregnant women could help monitoring the nutritional status

and studying the elemental related diseases in practice,and also have values in the guidance of nutritional sup-

plementation.
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13.46 %, LOQ 45 R R BOR IEIL AT, 19 il JCE MW LOD WL 3,
*1 ICP-MS #&ill 19 #ELEMERELER (n=5)
iRk K
x s HE B IE X (7] x s HE B IE X (7]
LiCpg/L) 21. 64 1.25 21.85 15.83~27. 45 44,48 3.33 46. 58 30. 87~58. 10
Mg(mmol/L) 1.02 0.02 0.99 0.80~1. 24 2.09 0.09 2.07 1.59~2. 60
Ca(mmol/L) 0.92 0.03 0.93 0.71~1.13 1.97 0.08 1.96 1.49~2. 44
Cr(pg/L) 16.01 0.79 20. 74 11. 09~20. 94 22.53 1.88 26.03 14.88~30. 17
Mn(pg/L) 18. 28 0.47 19.53 13.91~22. 62 38.27 1.70 38.77 28.76~47.78
Fe(mmol/L) 5.05 0.09 5.17 3.93~6.17 8.02 0.34 8. 65 5.96~10.09
Cu(pmol/L) 8.21 0.19 8. 68 6.30~10.13 27. 30 0.21 27. 94 21.35~33. 24
Zn(pmol/L) 44.43 1.10 45.76 34.27~54. 59 88.99 1.96 86. 83 69.81~108. 18
Se(pg/L) 99. 95 3.24 97. 74 77.34~122.57 219. 70 4.32 249. 64 165. 49~273. 91
Sr(pg/L) 27.54 0. 90 27.47 21.19~33. 88 54.38 0. 90 55.48 42.37~66. 39
Mo(pg/L) 7.84 0. 20 8.55 13.94~22. 62 14. 28 0.15 15.39 11.00~17. 57
Cd(pg/L) 10. 09 0. 30 10. 20 7.78~12.41 16. 95 0.45 17.39 13.06~20. 85
He(pg/1) 7.20 0.37 7.84 5.24~9.17 10. 47 0.42 12.15 7.63~13. 30
Pb(pg/L) 45.87 1.58 50. 81 34.24~57.51 97.67 2.11 117. 36 72.14~123. 20
V(pg/L) 9.59 0. 30 10. 06 7.29~11. 88 15.73 0.82 15. 88 11.65~19. 81
Co(pg/L) 9. 89 0.16 10. 41 7.64~12. 14 19.87 0.92 20. 35 14.84~24. 89
As(pg/L) 16. 67 0.82 17.17 12.37~20.98 24. 34 0.46 28.42 18.19~30. 49
Tl(pg/1L) 9.54 0.21 9.99 7.35~11.73 17. 00 0.46 17. 86 13.00~20. 99
Bi(pg/L) 9.09 0.24 10. 00 6.87~11.30 12.69 0. 38 15. 37 9.27~16.12
*2 ICP-MS#&ill 19 #ETENBEEER (n=1)
KK BKE
TCHF
it Cv ey B CV%) S it Cv%) BV S
Li 6.07 5. 87 1.25 pg/L 3.38 5.77 2.51 pg/L
Mg 1.75 1.76 0.02 mmol/L 1.72 4.01 0.08 mmol/L
Ca 1.55 2.4 0.02 mmol/L 1.7 4,27 0.08 mmol/L
Cr 3.9 7.72 1.24 pg/L 3.94 6.67 1.44 pg/L
Mn 3.44 4.58 0.84 pg/L 1.77 4.97 1. 86 pg/L
Fe 1.13 1.83 0.09 mmol/L 2 4.6 0.36 mmol/L
Cu 1.56 1.92 0.16 pmol/L 2.65 1.72 1.30 pmol/L
Zn 1.33 1.93 0.83 pmol/L 2.7 3.94 3.53 pmol/L
Se 2.62 3.33 3.39 pg/L 2.42 4.85 11.14 pg/L
Sr 2.05 2.3 0.64 pg/L 1.38 3.56 1.96 pg/L
Mo 1.99 5.67 0.46 pg/L 3.06 6.13 0.92 pg/L
Cd 1.47 2.48 0.25 pg/L 1.99 4.74 0.81 pg/L
Hg 7.08 7.03 0.54 pg/L 2.96 5. 34 0.57 pg/L
Pb 2.05 1.93 0.87 pg/L 3.05 4.49 4.41 pg/L
A% 2.15 2.19 0.21 pg/L 2.47 4.73 0.74 pg/L
Co 2.58 3.26 0.32 pg/L 1.59 4.72 0.92 pg/L
As 2.6 2.73 0.46 pg/L 2.69 4.55 1. 14 pg/L
Tl 2.74 2.82 0.26 pg/L 1.32 4.94 0.82 pg/L
Bi 2.5 2.3 0.21 pg/L 2.82 3.88 0.50 pg/L
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x3 ICP-MS I 19 MEE TR LIEEE.LOD M LOQ &R (n=10)

TLE L AETL r LOD Wil LOQ W H4 18 Bias( %) CV(%)
Ca 0.003 125~0. 125 mmol/L 0.999 8 0. 000 2 mmol/L 0.003 1 0.003 2 mmol/L 2.26 6. 44
Mg 0.002 075~0. 083 mmol/L 0.999 9 0.000 1 mmol/L 0.002 1 0.002 2 mmol/L 4.03 5.43
Fe 0.013 4~0.535 7 mmol/L 1.000 0 0.006 2 mmol/L 0.013 4 0.014 5 mmol/L 8.22 4.95
Cu 0.078 75~3.150 pmol/L 0.999 3 0.002 9 pmol/L 0.078 8 0.088 6 pmol/L 12.51 3.68
Zn 0.152 7~6.106 9 pmol/L 0.999 4 0.061 0 pmol/L 0.152 7 0.171 7 pmol/L 12.46 5.89
Cr 0.5~20.0 pg/L 1.000 0 0.010 7 pg/L 0.500 0 0.541 9 pg/L 8.38 6.00
Se 1.25~50. 00 pg/L 0.999 8 0.229 5 pg/L 1.250 0 1.319 0 pg/L 5.52 5.03
Mo 0.25~10.00 pg/L 1,000 0 0.016 7 pg/L 0.250 0 0.250 2 pg/L 0.09 4.49
Mn 0.5~20.0 pg/L 1.000 0 0.002 5 pg/L 0.500 0 0.518 0 pg/L 3.59 5.27
Li 0.5~20.0 pg/L 0.999 9 0.051 0 pg/L 0.500 0 0.562 0 pg/L 12.39 13. 46
Sr 0.5~20.0 pg/L 0.999 9 0.013 6 pg/L 0.500 0 0.508 7 pg/L 1.74 4.35
Pb 0.5~20.0 pg/L 1.000 0 0.010 7 pg/L 0.500 0 0.530 6 pg/L 6.12 4.21
Cd 0.5~20.0 pg/L 1.000 0 0.089 9 pg/L 0.500 0 0.529 6 pg/L 5.91 1.87
Hg 0.25~10.00 pg/L 1.000 0 0.129 3 pg/L 0.250 0 0.240 1 pg/L 10.19 10.19
A 0.5~20.0 pg/L 1.000 0 0.011 3 pg/L 0.500 0 0.527 8 pg/L 5.56 4.98
Co 0.5~20.0 pg/L 0.999 9 0.009 1 pg/L 0.500 0 0.563 2 pg/L 12.64 4.96
As 0.5~20.0 pg/L 1,000 0 0.097 5 pg/L 0.500 0 0.514 5 pg/L 2. 90 3.99
Tl 0.25~10.00 pg/L 1.000 0 0.012 0 pg/L 0.250 0 0.266 4 pg/L 6.58 4.31
Bi 0.5~20.0 pg/L 1.000 0 0.068 7 pg/L 0.500 0 0.515 8 pg/L 3.16 3. 64

2.4 £RMEVEHE

ICP-MS il % Z it 50 & 14 £k 1k 1
SR ILAR 3,19 sl 7o & # 7K 7 55 AR X W B L A H.

BHRIFMLMERR,r=0.995,
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DRI B AG IU Rl  OT 3R B A AR AT AR AT 5 d SR R AT

3 d KR KR L B L T R SR AR AN — R AT

2.5 fEME ICP-MSWE 19 Mo R mfeEtt 2k,
154 15,
L ]
'. A L
L) A Y [ L
L] L L] .l
-
. " ——
—~ —~ A
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8 'Eif L AA 8 . L) A, .a
o l- o L] AA
1 °® am A
5 o0 " | 54
oo : T S _E_—
o, A, .:.o
. A o . uA
Aa Y A‘A
0 T T * 0 * T 4
A A3 d AR5 d =83 d B A3 d AR5 d =B3d
A RIKOF MR AR AS s B 2 185 KPR FR A%
A 1 ICP-MSTE 19 i ETENREME (n=56)
x4 ICP-MS M 358 $1Z243 19 M ETHEKFHELE
A Ca[ mmol/ L, Mg(mmol/L, Fe[ mmol/L, Cul pmol/ L, Zn[ pmol/ L, Crlpg/L,
215
¢ M(P,,P,)] xts) M(Py; . P;5)] M(Py . P;5)] M(Py;,P)] M(Py; .Ps5)]
et 285 1.58(1.51,1. 64 1.53+0.15 6.75(6.37,7.18) 21.10(19.02,22.97) 92, 48(85. 44,102, 22) 0. 33(0. 00,0. 86)
izl 73 1.58(1. 52,1, 64) 1.57+0.13 6.89(6.55,7. 28) 21.14(18.49,23.41)  95.91(87. 13,102, 41) 0. 32(0. 00,0. 85)
P 0.933 0.036 0.165 0.731 0.130 0. 969
MR 276 1.58(1. 51,1 64) 1.56£0.15 6.80(6.50,7. 23) 20.58(18.05,22.39)  94.59(85. 94,102, 84) 0. 290. 00,0. 80)
IRz 82 1.57(1.51,1. 63) 1.48+0.13 6.70(6.17,7.09) 22.29(20, 62,24. 41) 91. 28(84. 57,99, 63 0. 49(0. 00,1. 02)
P 0.975 <0001 0. 091 <<0.001 0.095 0.216
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&gk 4 ICP-MS MEFI 21 19 HMETEAPEHLER
) Sel g/ Ls Mol pg/L, Mn[ g/ L, Lilpg/L, Sl pg/Ls Pblpg/Ls
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