2 Vol. 5, No. 2
2015 6 Chinese Journal of Inorganic Analytical Chemistry 1~8

doi:10. 3969/j. issn. 2095-1035, 2015, 02. 001

RABREBREMRBRE TR ARG R TR
HiGZMNERRHERRIENITHEE

( , 100029)
top-down s
0657 31; TH744. 1275 N :2095-1035(2015)02-0001-08

Evaluation of Measurement Uncertainty of Mercury in Solid Samples
by Pyrolysis Atomic Absorption Spectrophotometry Using
Quality Control Charting and Robust Statistics

ZHOU Rui,DI Yian, YU Yue.YANG Yongjie,LI Yuwu*

(National Research Center for Environmental Analysis and Measurements, Beijing 100029, China)

Abstract There are broad application prospects for evaluation of measurement uncertainty in
environmental test laboratory by top-down method based on quality control data accumulated in long-term
routine analysis. Quality control charting method and robust statistics are two top-down methods. The
quality control charting method needs no outliers and clearly requires time sequence in measured data
Robust statistics is a type of statistical analysis method where it is unnecessary to identify and delete
outliers but it can also reduce the effect of outliers on the final results based on all measurement data. In
this paper, quality control charting method and robust statistics (iteration method) are used to evaluate
measurement uncertainty of mercury in solid samples by pyrolysis atomic absorption spectrophotometry,
after calculating intermediate precision (sg”) of two quality data sets collected during last two years. The
analysis results of the two methods, the measurement uncertainty evaluated in laboratory and that

recommended by the standard reference materials manufacture are compared. The results show that the
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measurement uncertainty evaluated by two methods is generally in line with each other for solid samples

The values of sz’ from laboratory data are evidently smaller than that recommended by the manufacture,

which is reasonable according to statistics principle,
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s o 0. 999,
’ 1
° - Table 1 Example of calibration data set
R . ’ /mg /ng
y . (heavy tails) No. samples = Weight of sample Concentration Area of peak
of mercury
’ ° 1 10. 0 5 90 2 501
B 2 18 0 10. 6 4 650
- 3 41. 0 24, 2 10 360
x; . x .
4 780 46. 0 19 330
S 4) ( 5 109 64. 3 26 430
1 6 931 54. 9 23 030
, . , 7 130 76. 7 31 900
sg = L 134 X535 = 1 5 X sz’
el =— 3" HVep) :«T‘F.\‘* (4) 2.2
o 1 (61%6) ng/g(GSS-7
x . x ) (280+30) ng/g(GSD-10 )
S o X Xy o 0
sk’ . (5 (n , ) 2 a,
Do 2, , 2
’ ’ 1 °
SR — SR X (1 - i) (5)
n
2
X1 X2 ( Table 2 Measurement data sets of quality control
AL X , sample collected in routine mercury analysis
° ’ 1 GSS-7 2 GSD-10
/(ng+g™) /(ng+g™h)
Series of  Determination results Series of Determination results
o o (6) ° data 1 data 2
sg. = 1 483 X 505 s* = 1 5 X si'; 1 63 6 1 292 9
. . 2 649 2 294 0
o =x—s s x;, =x+s (6) 3 62 3 3 305 4
4 65 4 4 295 7
’ ) 65 9 5 293 2
SR 2 )
6 64. 4 6 281 2
° - 7 65 4 7 295 7
Excel® i 8 61 3 8 302 6
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2
1 GSS-7 GSD-10 . .
' _/(1_1g°g ) ' ./<r.1g°g D MR
Series of  Determination results Series of Determination results
data 1 data 2 A* °
9 62 8 9 306 8 31 3-2
10 590 10 291 1 ) _ )
1 64 1 1 299 0 A" (s) = 0. 658,0. 807;A* (MR) =0, 583, 0. 806,
12 59 2 12 269, 8 L O, o
13 60 8 13 277. 2 GSS-7 GSD-10
14 61 4 14 307. 4
15 65 7 15 307. 7 20 95,
16 66 8 16 308 9 R
17 63 3 17 293 6
18 65 0 18 269 8 ’
19 65 3 19 289, 0 o
20 65 6 20 307. 4
21 307, 7 ’ ’
22 291 5 °
23 308 9 _
24 296 6 1]
25 290 4 ’
26 307 7 [15-16]
27 299 5
28 299 3
29 287. 7 ° ’
30 293 2
31 293 7
32 299. 0 N
33 292 3 [12]
34 302 0 ’
35 287. 0 N
36 299, 0 ,
37 289 2 ] 1 e
38 295 0
39 304 1 4 5
40 295 9
41 307. 3 ’
42 289, 7 SR 5 ’
43 302 6 . 30%-~3 6%,
’
3
31 32 GSS7  GSD-10 ’ ’
31 GSS7
Table 3-1 Example for evaluation of measurement uncertainty by quality control charting method (GSS-7)
(i) s MR
Measurement data Calculation data Calculation data
based on s formula based on MR formula
x(i) / .
Measurement (ng+ gD [MR| Ascending/ w(7) p(D Al w(MR) (7) p (D A
sequence (ng+g ")
1 63. 6 59. 0 —2. 02 0. 0216 —6. 35 —2. 31 0. 010 5 —7. 50
2 64. 9 13 59, 2 —1 93 0. 026 5 —16. 43 —2. 21 0. 013 6 —19. 19
3 62. 3 2.6 60. 8 —1 23 0. 108 9 —19. 67 —1L 41 0. 079 7 —22. 33
4 65. 4 31 61 3 —1 01 0. 155 5 —24. 60 —1 16 0. 1237 —27. 63
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31
s (i) s MR
Measurement data Calculation data Calculation data
based on s formula based on MR formula
x(i) / . . . .
Measurement (ng - g1 [MR| Ascending/ w(i) p() A w(MR) (1) p(i) A
sequence (ng+g ")
5 65. 9 0.5 61. 4 —0. 97 0. 166 2 —29. 94 —L 11 0. 134 2 —33. 43
6 64. 4 L5 62. 3 —0. 57 0. 282 8 —30. 74 —0. 66 0. 2559 —33. 75
7 65, 4 Lo 62 8 —0. 36 0. 361 2 —32. 39 —0 41 0. 342 5 —35. 16
8 61 3 4.1 63. 3 —0. 14 0. 445 9 —3L 70 —0. 16 0. 438 3 —33. 77
9 62 8 L5 63. 6 0. 00 0. 498 3 —33 14 —0. 01 0. 498 0 —35 00
10 59. 0 38 64. 1 0. 21 0. 5851 —29. 36 0. 25 0. 596 9 —30. 07
11 64. 1 o1 64. 4 0. 35 0. 6355 —27. 99 0. 40 0. 653 8 —28 08
12 59. 2 49 64. 9 0. 57 0.714 2 —23. 60 0. 65 0. 740 8 —22. 75
13 60. 8 L6 65. 0 0. 61 0.729 0 —22. 66 0. 70 0. 756 8 —21 35
14 61 4 0.6 65. 3 0. 74 0. 770 7 —19. 13 0. 85 0. 801 3 —17. 22
15 65. 7 4.3 65. 4 0. 79 0. 783 8 —16. 70 0. 90 0. 8150 —14. 39
16 66. 8 L1 65. 4 0. 79 0. 783 8 —13 19 0. 90 0. 8150 —10. 69
17 63. 3 35 65. 6 0. 87 0. 808 6 —12. 59 1. 00 0. 840 5 —9 97
18 65. 0 L7 65. 7 0. 92 0. 820 4 —10. 97 1L 05 0. 852 3 —8& 39
19 65. 3 0. 3 65. 9 1. 00 0. 842 4 —7. 34 1L 15 0. 874 2 —o. 44
20 65. 6 0.3 66. 8 1. 40 0.919 1 —4. 14 1 60 0. 944 9 —2. 59
Mean=63. 6 MR =2 25
sd=2. 28 sg’ =200
n=20 A* (s) =0. 658 A* (MR) =0. 583
32 GSD-10
Table 3-2 Example for evaluation of measurement uncertainty by quality control charting method (GSD-10)
(i) s MR
Measurement data Calculation Calculation
data based on s formular data based on MR formular
x() / .
Measurement (ng+ g1 [MR| Ascending/ w(7) p(D Al w(MR) (7) p (D A
sequence (ngeg D
1 292. 9 269. 8 —2. 71 0. 003 4 —8& 08 —2.76 0. 002 9 —8 277
2 294. 0 L1 269. 8 —2.71 0. 003 4 —24. 23 —2.76 0. 002 9 —24. 832
3 305, 4 11 4 2717. 2 —1 94 0. 026 1 —29. 12 —1 98 0. 024 0 —29. 742
4 295. 7 9.7 281 2 —1 53 0. 063 3 —34. 57 —1L 56 0. 0597 —35. 245
5 293 2 2.5 287. 0 —0. 93 0. 176 5 —35. 21 —0. 95 0. 171 9 —35. 800
6 281. 2 12. 0 287. 7 —0. 86 0. 195 8 —41. 32 —0. 87 0. 191 4 —41, 986
7 295. 7 14. 5 289. 0 —0. 72 0. 2350 —46. 46 —0. 74 0. 230 8 —47. 181
8 302 6 6.9 289. 2 —0. 70 0. 241 4 —52. 95 —0. 72 0. 237 3 —53. 760
9 306. 8 4.2 289. 7 —0. 65 0. 257 8 —57. 45 —0. 66 0. 2539 —58 298
10 2911 15. 7 290. 4 —0. 58 0. 2817 —58 23 —0. 59 0. 278 0 —59. 015
11 299. 0 7.9 291 1 —0. 51 0. 306 6 —58 50 —0. 52 0. 303 3 —59. 199
12 269. 8 29. 2 291 5 —0. 46 0. 3213 —58 23 —0. 47 0. 318 1 —58 842
13 277, 2 7.4 292. 3 —0. 38 0. 3514 —61. 06 —0. 39 0. 348 7 —61. 662
14 307, 4 30. 2 292. 9 —0. 32 0. 374 7 —62 11 —0. 33 0. 372 4 —62. 671
15 307. 7 0. 3 293. 2 —0. 29 0. 386 5 —57. 31 —0. 29 0. 384 4 —57. 678
16 308 9 L2 293 2 —0. 29 0. 386 5 —60. 60 —0. 29 0. 384 4 —60. 977
17 293 6 15 3 293 6 —0. 25 0. 402 4 —62 14 —0. 25 0. 400 6 —62. 487
18 269. 8 23. 8 293. 7 —0. 24 0. 406 4 —65. 56 —0. 24 0. 404 6 —65. 920
19 289. 0 19. 2 294. 0 —0. 21 0. 418 4 —68 23 —0. 21 0. 416 9 —68 581
20 307, 4 18 4 295. 0 —0. 10 0. 459 2 —59. 39 —0. 10 0. 458 4 —59. 494
21 307. 7 0. 3 295. 7 —0. 03 0. 487 9 —57. 53 —0. 03 0. 487 7 —57. 540
22 291 5 16. 2 295. 7 —0. 03 0. 487 9 —59. 64 —0. 03 0. 487 7 —59. 637
23 3089 17. 4 2959 —0. 01 0. 496 2 —61 66 —0. 01 0. 496 1 —61 642
24 296. 6 12. 3 296. 6 0. 06 0. 5250 —59. 17 0. 06 0. 5255 —59. 062
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32
L () s MR
Measurement data Calculation Calculation
data based on s formular data based on MR formular
x() / )
Measurement (ng+ gD | MR | Ascending/ w(i) pCi) A w(MR) (7) p () A(D)
sequence (ngeg b
25 290, 4 6. 2 299. 0 0. 31 0. 6219 —49, 83 0. 32 0. 624 2 —49. 526
26 307. 7 17. 3 299. 0 0. 31 0. 6219 —50. 82 0. 32 0. 624 2 —50, 484
27 299. 5 8 2 299. 0 0. 31 0. 6219 —52. 45 0. 32 0. 624 2 —52. 103
28 299. 3 0. 2 299. 3 0. 34 0. 6337 —51. 96 0. 35 0. 636 1 —5L 563
29 287. 7 11. 6 299. 5 0. 36 0. 641 4 —53. 16 0. 37 0. 644 0 —52. 737
30 293 2 55 302 0 0. 62 0.7325 —46. 06 0. 63 0. 736 4 —45, 536
31 293. 7 0.5 302. 6 0. 68 0. 752 5 —43. 76 0. 70 0. 756 6 —43, 174
32 299. 0 5 3 302 6 0. 68 0. 752 5 —42. 33 0. 70 0. 756 6 —41. 696
33 292. 3 6.7 304, 1 0. 84 0. 798 8 —38 40 0. 85 0. 803 3 —37. 728
34 302. 0 9.7 305, 4 0. 97 0. 834 4 —34. 30 0. 99 0. 838 9 —33. 592
35 287. 0 150 306. 8 1L 12 0. 867 9 —30. 35 L 14 0. 872 3 —29. 630
36 299. 0 12. 0 307. 3 117 0. 878 6 —28 81 1L 19 0. 883 0 —28 068
37 289. 2 9.8 307. 4 1L 18 0. 880 7 —28 84 1L 20 0. 8851 —28 073
38 295. 0 58 307. 4 1 18 0. 880 7 —25. 88 1. 20 0. 8851 —25. 088
39 304. 1 9.1 307. 7 L 21 0. 886 7 —24. 21 1L 23 0. 8911 —23.407
40 295. 9 8 2 307. 7 1 21 0. 886 7 —14. 66 1. 23 0. 891 1 —13. 977
41 307. 3 11 4 307. 7 1 21 0. 886 7 —11 88 1 23 0. 8911 —11 306
42 289. 7 17. 6 308 9 1 33 0. 908 8 —8 22 1. 36 0. 912 9 —17. 810
43 302. 6 12. 9 308 9 1. 33 0. 908 8 —8 42 1. 36 0. 912 9 —7.998
Mean 296. 0 MR =10. 72
sd 9. 68 sg’ =9 50
n=20 43 A™* (s) =0. 807 A* (MR) =0. 806
(61 +6) ng/g(GSS7) +1
(280430) ng/g(GSD-10) : /(ng- ")
1 2 3 4 5
(63.7 297) ’ t ’ No. data Ascending  First 2nd 31 4th 5t
o round round round round round
6 62 3 62 3 62 3 62 3 62 3 62 3
7 62 8 62 8 62 8 62 8 62 8 62 8
’ ° 8 63 3 63 3 63 3 63 3 63 3 63 3
. 9 63 6 63 6 63 6 63 6 63 6 63 6
10 641 64 1 64. 1 64 1 64 1 64 1
’ 11 64, 4 644 644 644 644 644
12 64 9 64 9 64 9 64 9 64 9 64 9
13 65 0 65 0 65 0 65 0 65 0 65 0
° 14 63 3 65 3 63 3 63 3 63 3 63 3
41 GSS-7 15 65 4 654 654 634 634 634
_ 16 65 4 65 4 65 4 65 4 65 4 65 4
17 65 6 63 6 63 6 63 6 63 6 63 6
Table 4-1 Example for evaluation of measurement uncertainty by 13 65 7 657 657 657 657 657
robust statistics-iteration method (GSS-7) 19 65 9 629 639 639 639 639
/(ng.g_l) 20 66 8 66 8 66 8 66 8 66 8 66 8
1 2 3 1 5 T 63 6 63 7 63 7 63 7 63 7 63 7
No. data Ascending  First 2nd 3 4th 5th s 2 28 216 210 2. 08 207 207
round round round round  round s/ =1 134X s 2 59 245 238 236 234 234
1 590 597 60. 0 60 1 60, 2 60, 2
2 59 2 59 7 60 0 60 1 60 2 60 2 15X 58’ 3 88 3 67 3 58 354 351 351
3 60. 8 60 8 60 8 60 8 60 8 60. 8 7 —15X% s 59 7 60, 0 60 1 60 2 60 2 60 2
4 6L 3 61 3 61 3 61 3 61 3 6L 3 B
5 6L4  6L4 6L4 6L4 6L4  6L4 R S 6r3 w3 6n3 6Lz 6ne
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4-2 GSD-10 5
- Table 5 Comparisonof result from quality
Table 4-2 Example for evaluation of measurement uncertainty control charting and robust statistics
by robust statistics-iteration method (GSD-10) /
/(ng+g™") (ngeg 1)
1 9 3 1 5 Quality  Standard Number  The results of QC method The results
First 2nd 3d 4th 5th samples  values of . ofrobust
No.. data Ascending round round round round  round determination U/ (s) (MR) statistics/
1 26908 2795 2821 2830 2833 2834 (ng-g 1) (ng-g D)
2 2608 2795 2821 2830 2833 283 4 Gssg OIS 20 63 640 o (s 03 TELS
3 2772 2795 2821 2830 2833 283 4 4 9% @ Uo @60
4 2812 2812 2821 2830 2833 2834 sy 280E0 3 2619 er g gog ZTEIS
5 2870 2870 2870 2870 2870 2870 S G220 (3 020
6 2877 2877 2877 2877 2877 2877
7 2890 2800 2890 2890 2890 2890 ,
8 2802 2802 2892 2892 2892 2892
9 2897 2807 2897 2897 2897 2897 °
10 2004 2004 2004 2004 2004 2904 s
11 2911 2911 2911 29.1 2911 2911 99. 7% 100 0%. 3 2%,
12 29L5 2915 29L5 2915 2915 2915
13 2923 2923 2923 2923 2923 202 3 ’
14 2929 2929 2929 2929 2929 2929 0 032, .
15 2932 2932 2932 2932 2932 203 2 . .
16 2932 2932 2932 2932 293 2 203 2 CMA( ) CNAS(
17 2936 2936 2936 2936 2936 293 6 )
18 2937 2937 2937 2937 2937 2937
19 2940 2940 2940 2940 2940 294 0 °
20 2950 2950 2950 2950 2950 2950 , . \
21 2957 2957 2957 2957 2957 2957
22 2957 2957 2957 2957 2957 2957 . . °
23 2959 2959 2959 2959 2959 2959 Top-down ’
24 296 6 206 6 296 6 296 6 296 6 296 6 5 CNAS-GLO06 s
25 2990 2990 2990 2990 2990 299 0
26 2990 2990 2990 2990 2990 299 0
27 2090 2990 2990 2990 2990 299 0 ,
28 299 3 2993 299 3 2993 2993 299 3
29 2095 2995 2995 2995 2995 209 5 . " ‘
30 3020 3020 3020 3020 3020 3020 Top-down
31 3026 3026 3026 3026 3026 3026 s
32 3026 3026 3026 3026 3026 3026
33 3041 3041 3041 3041 3041 3041 ’
34 3054 3054 3054 3054 3054 3054 o ,
35 3068 3068 3068 3068 3068 3068
36 3073 3073 3073 3073 3073 307 3 ' ' °
37 3074 3074 3074 3074 3074 3074 0
38 3074 3074 3074 3074 3074 3074
39 3077 3077 3077 3077 3077 3077 4
10 3077 3077 3077 3077 3077 3077
11 3077 3077 3077 3077 3077 3077
12 3089 3089 3089 3089 3089 3089 _ B
43 3089 3089 3089 3089 3089 3089
Mean 296 0 296 5 296 7 2968 2968 296 8 o
s 97 &5 81 79 79 79 , 3 0%~3 2%.

sg=1134Xs 110 96 92 90 &9 &9
15X 3 16 5 144 137 135 134 134
z—15Xs’ 2795 2821 2830 2833 2834 2834

z+15 X sg” 3125 3109 3104 3103 3102 3102
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