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Fig. 1 Flow chart for long-term stability test of ICP-MS
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Table 1 Certified value and standard uncertainty of

analyzed samples pg/g

L& GBWO01619 GSB 03-2457-2008
Element Ho UCRM 0 U CRM
Sn 103 1.4 45 1.1
Sb 204 3.2 22 1.2
Pb 12 0.71
Bi 4.2 0.20
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Bl T AAL BN B R A S B TR RS L),
HAGE IR AW 2 i,

£ 2 GB/T32548—2016 NEEMHRIMENBINIER
Table 2 r and R,, of GB/T 32548—2016 pg/g
T
Element r R

Sn lgr=0.78041gm —0.6577
Sb lgr=0.85251gm —0.8503
Pb lgr=0.78751gm —0.6924
Bi lgr=0.82801gm —0.8448

IgR=0.68771gm —0.1883
1gR,,=0.90071gm —0.497 4
IgR,,=0.69851gm —0.2827
IgR=0.94811gm —0.646 8
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Table 3 Raw measurement data of long-term stability of GSB 03-2457-2008 ng/g
HE Set WA 4 Schedule Sn Sh HAEL Set  BF[E] YT A Schedule Sn Sh
1 1029 57 44.501, 42.628 22.427, 21.821 12 16 : 47 = 56 43.887, 43.432 22.100, 22.002
2 11: 08+ 37 44.861, 43.425 22.641, 21.515 13 17+ 23+ 06 42.933, 43.414 22.070, 21.868
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ZxR3
HEr Set  Bf[E]F & Schedule Sn Sh %L Set  IFIE] T & Schedule Sn Sh
3 1143+ 36 42.878, 43.171 21.595, 21.698 14 17 + 57 = 56 44.372, 43.464 22,114, 22.422
4 12 : 17 = 56 43.436, 43.011 21.970, 22.400 15 18 :32: 52 43.284, 43.182 21.657, 21.278
5 12 : 5256 43.104, 42.828 21.986, 21.938 16 19 : 07 : 52 44,337, 43.084 22.364, 21.514
6 13 #2754 43.599, 43.021 22.076, 21.660 17 19+ 42 ¢ 55 44,237, 43.092 21.898, 22.037
7 14 : 02 : 58 43.610, 42.800 21.990, 21.461 18 2017+ 59 43.867, 42.389 22.148, 21.929
8 14 : 38 : 04 43.591, 42.485 22.146, 21.440 19 20 #5301 42.702, 43.544 21.900, 21.691
9 15:12: 54 43.218, 42.650 21.432, 21.750 20 21+ 27:51 43.759, 43.725 21.881, 22.286
10 1547 : 54 43.449, 43.118 21.864, 21.932 21 22+ 02:54 43.172, 43.612 21.982, 21.840
11 16 : 15 : 07 43.419, 42.527 21.488, 21.763
F 4 GBWO1619 KEIREMMIRB NS B
Table 4 Raw measurement data of long-term stability of GBW01619 peg/g
HEL Set I [E] 15 & Schedule Sn Sh Pb Bi

1 10 : 34 ¢ 49 106.126, 105.034 212.578, 210.926 13.416, 13.535 4.427, 4.489

2 11:10: 47 105.486, 105.080 210.572, 211.157 13.217, 13.308 4.409, 4.382

3 11:45: 40 104.618, 104.791 211.770, 208.696 13.426, 13.045 4.538, 4.421

4 121959 103.117, 103.521 209.566, 208.842 13.159, 13.655 4.374, 4.488

5 12 # 54 = 57 106.416, 105.311 210.678, 208.796 13.482, 13.607 4.508, 4.447

6 13:29: 54 105.213, 105.645 212.591, 209.961 13.584, 13.438 4.511, 4.377

7 14 : 04 : 59 105.302. 106.951 210.204, 209.777 13.508, 13.535 4.411, 4.466

8 14 240 ¢ 13 107.165, 107.213 211.454, 213.952 13.536, 13.696 4.559, 4.542

9 15: 14 ¢ 54 104.544, 104.558 210.450, 207.196 13.533, 13.741 4.512, 4.505

10 15: 49 : 55 106.852, 106.293 213.178, 211.957 13.653, 13.813 4.569, 4.616

11 16 : 17 = 16 105.829, 104.776 210.978, 211.371 13.562, 13.811 4.507, 4.422

12 16 : 49 = 56 105.309, 104.242 211.613, 211.457 13.718, 13.843 4.562, 4.570

13 17 25: 06 104.962, 107.661 209.951, 214.809 13.622, 14.385 4.569, 4.671

14 17 # 59 + 57 105.561, 105.676 211.004, 210.826 13.928, 14.097 4.639, 4.613

15 18 : 34 = 57 105.162, 105.957 211.870, 210.522 13.905, 14.090 4.618, 4.611

16 19 : 09 : 52 105.226, 106.084 212.125, 214.189 13.859, 14.203 4.652, 4.687

17 19 ¢ 44 = 55 105.353, 106.098 210.901, 211.251 13.935, 14.242 4.609, 4.697

18 20+ 20 : 01 104.423, 104.587 210.332, 207.467 14.128, 14.112 4.640, 4.652

19 2055+ 26 107.110, 103.876 214.227, 207.184 14.253, 14.179 4.797, 4.683

20 21:29:51 104.849, 105.245 211.389, 210.469 14.500, 14.518 4.737, 4.703

21 22+ 04 : 56 105.712, 105.352 213.440, 209.358 14.397, 14.490 4.892, 4.742

‘  Ph 762 A B 1. 2 7 R I I v T

£ i
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F 5 GSB03-2457-2008 F Sn BN HEFEZEREREITELER

Table 5 Results of precision and trueness of periods of Sn in GSB 03-2457-2008 ng/g
IR Set ¥i [yi =il |5 — ol r R. CDy.5 (R CDy.o; (R
1 43.565 1.873 1.436 4.183 8.688 5.777 6.181
2 44.143 1.436 0.857 4.226 8.767 5.828 6.230
3 43.025 0.293 1.976 4.142 8.614 5.728 6.136
4 43.224 0.425 1.777 4.157 8.641 5.746 6.153
5 42.966 0.276 2.034 4.138 8.606 6.427 6.794
6 43.310 0.578 1.690 4.164 8.653 5.754 6.160
7 43.205 0.810 1.795 4.156 8.639 5.744 6.151
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gxs

1B Set Vi lyin—yil |5 —pol r R, CDo.o5 (Rw) CDy.o5 (R )
8 43.038 1.106 1.962 4.143 8.616 5.729 6.137
9 42.934 0.568 2.066 4.136 8.602 5.720 6.128
10 43.284 0.331 1.717 4.162 8.650 5.751 6.158
11 42.973 0.892 2.027 4.139 8.607 5.723 6.132
12 43.660 0.455 1.341 4.190 8.701 5.785 6.189
13 43.174 0.481 1.827 4.154 8.635 5.741 6.149
14 43.918 0.908 1.082 4.209 8.737 5.808 6.211
15 43.233 0.102 1.767 4.158 8.643 5.747 6.154
16 43.711 1.253 1.290 4.194 8.708 5.790 6.194
17 43.665 1.145 1.336 4.190 8.702 5.786 6.190
18 43.128 1.478 1.872 4.150 8.628 5.737 6.145
19 43.123 0.842 1.877 4.150 8.628 5.737 6.144
20 43.742 0.034 1.258 4.196 8.713 5.792 6.196
21 43.392 0.440 1.608 4.170 8.665 5.761 6.167

TE:CDo.os (RW)'= VCD3.o5 (Ru) + 2 Xucrm)? o
F6 GBWO1619 F Ph IR NHIEREEREREITELER

Table 6 Results of precision and trueness of periods of Pb in GBW01619 pg/g

ZH AL Set Vi [yi1—yil ‘y,_po‘ r R CDy. o5 (Ry) CDo o5 (Ry)'
1 13.476 0.119 1.476 1.574 3.208 2.128 2.558
2 13.263 0.091 1.263 1.555 3.173 2.105 2.539
3 13.236 0.381 1.236 1.552 3.168 2.102 2.536
4 13.407 0.496 1.407 1.568 3.197 2.120 2.552
5 13.545 0.125 1.545 1.581 3.220 2.135 2.564
6 13.511 0.146 1.511 1.578 3.214 2.132 2.561
7 13.522 0.027 1.522 1.579 3.216 2.133 2.562
8 13.616 0.160 1.616 1.587 3.232 2.143 2.571
9 13.637 0.208 1.637 1.589 3.235 2.145 2.573
10 13.733 0.160 1.733 1.598 3.251 2.156 2.581
11 13.687 0.249 1.687 1.594 3.243 2.151 2.577
12 13.781 0.125 1.781 1.602 3.259 2.161 2.586
13 14.004 0.763 2.004 1.623 3.296 2.185 2.606
14 14.013 0.169 2.013 1.624 3.297 2.186 2.606
15 13.998 0.185 1.998 1.622 3.295 2.184 2.605
16 14.031 0.344 2.031 1.625 3.300 2.188 2.608
17 14.089 0.307 2.089 1.631 3.310 2.194 2.613
18 14.120 0.016 2.120 1.633 3.315 2.197 2.616
19 14.216 0.074 2.216 1.642 3.331 2.207 2.625
20 14.509 0.018 2.509 1.669 3.378 2.238 2.651
21 14.444 0.093 2.444 1.663 3.368 2.231 2.645

H:CDg o5 (Ry)'= +/CD3% 95 (Ry)+(2Xucrm)? »
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xR7T A AHERBEANESHRIESER
Table 7 Results of repeatability of periods of 21 sets of data

EE & Sample JEE Element v o st sk /o2 Y L2005 (V) /Y
GSB 0324572008 Sn 43.353 2.215 0.395 0.18 21 -
; 7 Sbh 21.904 0.491 0.102 0.21 21 "
Sn 105.435 8.867 0.672 0.08 21
Sb 210.977 23.330 3.508 0.15 21
GBWO01619 1.56
Pb 13.653 0.323 0.043 0.13 21
Bi 4.567 0.032 0.003 0.09 21

3.3 MREABZEEKRR
XF PR AN RE i BT AT JC 2R 19 21 A8 I B ) SOKS
HERRATRME 8 Fron., k8 ATLLIAE W, WA

B Ah 21 ZH 00 A5 KON NG R R R 4 SR A W AL 5K
(6) Ao ke 6 25K, 2 W IF B [ 5N 5 B A 8 5 L G
it 9 R AT AT B8

£8 2AHENREASBEERRER

Table 8 Results of overall precision among periods of 21 sets of data

4 Sample JL#E Element ¥ ol R s 0% 55 /o% Y Xt0.95 (V) /v

. Sn 43.353 2.215 9.564 0.1166 8.457 0.014 20
GSB 03-2457-2008 . B 1.57

Sh 21.904 0.491 3.355 0.0432 3.110 0.014 20

Sn 105.435 8.867 32.471 0.6650 28.038 0.024 20

. Sb 210.977 23.330 198.500 1.4381 186.836 0.008 20
GBWO01619 ~ 1.57

Pb 13.653 0.323 1.337 0.067 1 1.176 0.057 20

Bi 4.567 0.032 0.116 0.0135 0.099 0.14 20

- 1
E:05=0ky *(1*7)655

3.4 BREVEEHERE
XFPASFE S T Sn.Shb.Pb Fl Bi iX 4 NITE M
21 AR o3 R AT ST A I A A S, An SR 9 BT
N. HER 9 W LUE L P HE A T SnSh Fl Bi TR
S Y5 (B I B B e 8 5 () R L {H GBWO01619
Pb JCE S H 8 A 2 A (D ER,

X GWB01619  Pb Ju & 19 21 45040 M A J5 2

R QN AYFELFHEERERRER

Table 9 Results of trueness of grand mean of 21 sets of data
Wi H GSB 03-2457-2008 GBWO01619
Ttem Sn Sh Sn Sh Pb Bi
1o 45 22 103 204 12 4.2
U CRM 1.1 1.2 1.4 3.2 0.71 0.20
m 21 21 21 21 21 21
n 2 2 2 2 2 2
v 43.353  21.904 105.435 210.977 13.653 4.567
o} 2.215  0.491  8.867  23.330  0.323  0.032
ok 9.564 3.355 32.471 198.500 1.337 0.116
|5 —uol 1.647  0.096  2.435  6.977  1.653  0.367
A 2.540 2.520 3.631 8.749 1.520 0.423
F:A= V/(CDg.os(R)/V/m)?+2Xucrm)? =
JRZ —(1—L)r2+8mXu%RM
A 2m n
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FEWE AT R . Rk, W E A B GBWO01619 1 Pb
JCEMJG 9 HBIE BN 17 + 25 + 06 K DL W a] (4 I
U .

T GBWO01619 ' Pb JC & AYJ5 9 41 & X 4%
BB R F AR ok Ut L J5 9 20 8504 34 75
BTGB AR A AT 12 dU8cHE . 4P ET 12 4 B s kAT
ST S5 D 0 B A 5 A 10 IR,

w10 " RVE L ARG 9 HEWE 5 A FE
A TR DT AT 12 2B Y SOF A IE A RE X RE
AR (DK ER

9 MR 10 itk gs5 R kM, B4 GSB 03-
2457-2008 1 Sn,Sb W™ JT Z I 25 8 1 f 2=
il GBW01619 H Sn,Sb.Pb #l Bi i% 4 4~Jc & Wl &
4B IE R 2% . H GBW01619 1 Pb.Bi i IC &
B 15— e |5 0 S A AR 23T, 2 B S 34
HOTREAAE—E M RG R 2. TR 2 1]
A A A 3 YA R A A B K L TR i GBWO01619 Sy 4k 47
S A A R AR X — R SR =
A G SR R T A R Y B AR AN

I, G AE & AR B0 Ph ST R LR 12 4 80

39



YANG Guo-wu,SUN Xiao-fei, HOU Yan-xia,et al. Measurement of long-term stability of inductively coupled

plasma mass spectrometer.Metallurgical Analysis,2019,39(6) :34-41

F10 B R2AHBELEFHEEHERRER
Table 10 Results of trueness of grand mean of

the first 12 sets of data

WiF ~ GSB 03-2457-2008 GBWO01619
Item Sn Sb Sn Sb Pb Bi
2o 15 22 103 204 12 1.2
U CRM 1.1 1.2 1.4 3.2 0.71 0.20
m 12 12 12 12 12 12

n 2 2 2 2 2 2
5 43.277  21.879 105.391 210.822 13.534  4.484
ol 2.209  0.490  8.861  23.300 0.318  0.031
ok 9.541  3.349  32.453 198.237 1.321  0.112
|F—pol 1723  0.121  2.391  6.822  1.534  0.284
A* 2766 2.607  4.145 10.157 1.550  0.438

“tA= +/(CDg.os(R)//m)?+ (2 Xucgm)? =

J%JR%V*(I*%)VZ+SWIXlt?‘k_v{o
ST A H TE R R T A B R R AN Ph T K
D) 2 23000 ek Sl T B (I A T R A R
3.5 KHBRE MR E LR

KA E PERT ] b BT v PRI St B9 BT A 25080
WG E 1.2 2 1.5 LR T ke g 2ok . BB Bt
PR % B B T i B L s BE DN AT PE L A B ) RORS
B T 289 6 IE B B A Al RS i N e
SR, E UGB A 1 L JERE S S B R O R AR I R DU A
WE GB/T 32548—2016 [a] i il & 13 & 4 89 GSB 03-
2457-200 Ak R £ = A 4 GBWO01619 A6l oo
W] RRES R R 11 R,
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Table 11 T y,x of long-term stability test
FE S TLHE i 1] Tmax/ T'max/
Sample Element Time h h
GSB 03- Sn 10: 29 57~22+:02: 54 11.5 6.0
2457-2008 Sh 102292 57~22:02: 54 11.5 '
Sn 10 : 34 2 49~22: 04 : 56 11.5
. ) Sh 102345 49~22: 04+ 56 11.5 X
GBWO01619 6.0
Pb 10 : 34 2 49~16 ¢ 49 : 56 6.0
Bi 10 : 34 : 49~22: 04 : 56 11.5

R 11 A LVE W IEA S8 TAE T . H g
F A 55 B R DT 05 AE AT — b o VRN 5, 223 1
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0
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Measurement of long-term stability of inductively
coupled plasma mass spectrometer

YANG Guo-wu'?,SUN Xiao-fei'’? , HOU Yan-xia'*?
JIA Yun-hai'?,LI Xiao-jia"'**

(1. Central Iron and Steel Research Institute, Beijing 100081, China;2. Beijing NCS Analytical Instruments
Co., Ltd., Beijing 100081, China)

Abstract: The long-term stability of inductively coupled plasma mass spectrometer (ICP-MS) for the deter-
mination of Sn, Sb, Pb and Bi was measured by the repeatability and reproducibility precision within labo-
ratory as well as X? statistic according to standard GB/T 32548-2016. The certified reference materials of
microalloyed steel and high temperature alloy with two matrixes were used for tests. The results showed
that the long-term stability of ICP-MS was not the same during the determination of various elements in
different matrix samples. Under experimental conditions, the statistical parameters such as precision,
trueness and repeatability within periods, overall precision among periods and the trueness of general mean
could meet the detection standards and statistical requirements for 11. 5h continuous measurement of Sn,
Sb and Bi and 6. 0h continuous measurement of Pb. Therefore, the upper limit of long-term stability of
ICP-MS under experimental conditions was 6. 0h for Pb. When Pb was not measured, the upper limit could
be extended to 11. 5h. Within the upper limit of long-term stability, the measurement and correction of
calibration curve was not necessary for the instrument, which saved time and cost.

Key words:inductively coupled plasma mass spectrometer (ICP-MS) ; long-term stability; trueness; precision; re-

producibility within laboratory; X* statistic





