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®1 EHEEERESENELEREBIRETHER

g %f‘ O o, || e VVERCO ek | e N Uﬂ‘"%f‘ D s
1 9.79 15 9.53 0.23 29 9.65 0.07
2 9.62 0.17 16 9.52 0.01 30 9.81 0.16
3 9.87 0.25 17 9.84 0.32 31 9.75 0.06
4 9.88 0.01 18 9.45 0.39 32 9.86 0.11
5 9.86 0.02 19 9.69 0.24 33 9.59 0.27
6 9.75 0.11 20 9.81 0.12 34 9.72 0.13
7 9.74 0.01 21 9.84 0.03 35 9.46 0.26
8 9.70 0.04 22 9.79 0.05 36 9.50 0.04
9 9.79 0.09 23 9.68 0.11 37 9.76 0.26
10 9.78 0.01 24 9.56 0.12 38 9.62 0.14
11 9.60 0.18 25 9.69 0.13 39 9.80 0.18
12 9.48 0.12 26 9.83 0.14 40 9.72 0.08
13 9.88 0.4 27 9.76 0.07 41 9.79 0.07
14 9.76 0.12 28 9.72 0.04
PR X 19T 9.71%: bRifE2z S, o 2
5 0.124%, HF st 22 4% BN X MR=| X, ,-X, [iT n
B, AR SIS TR MR 0.134%, B bR _Zh @icD) [Pt (1-P)] g
WEZE S,:0.102% , 31 1)K 4 1 T P o A2 4 % T "
Sp = MR/1.128 1, Z55L S, 4 0.119%, 22 =A2(1 +0'n75 +2"§5j (4)
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®2 ERREERESEVNEMNENEEESSH

Anderson—Darling #3845 1

NWE  #%3h T S e MR 35
F5 fEH (%) HZE NIEE n (1=
X, MR, (%) W; P, P In(P) (1P...) A; Wiy Pivk  Pooir In (Pyg) A

1 9.79 9.45 -2.126  0.017 0911 -4.089 -2421 -6.510 -6.549 -2.215 0.013 0.920 -4.315 -2.524

2 9.62 0.17 9.46 -2.045  0.020 0911 -3.892 -2421 -18.936 -19.050 -2.131 0.017 0.920 -4.102 -2.524

3 9.87 0.25 9.48 -1.884  0.030 0.897 -3.513 -2.277 -28951 -29.125 -1.963 0.025 0.907 -3.696 -2.371

4 9.88 0.01 9.50 -1.722  0.043 0.882 -3.158 -2.139 -37.077 -37.299 -1.794 0.036 0.892 -3.314 -2.223

5 9.86 0.02 9.52 -1.561  0.059 0.882 -2.825 -2.139 -44.675 -44943 -1.626 0.052 0.892 -2957 -2.223

6 9.75 0.11 9.53 -1.480  0.069 0.847 -2.667 -1.879 -50.003 -50.303 -1.542 0.062 0.857 -2.788 -1.946

7 9.74 0.01 9.56 -1.237  0.108 0.847 2226 -1.879 -53.362 -53.682 -1.289 0.099 0.857 -2.316 -1.946

8 9.70 0.04 9.59 -0.995 0.160 0.827 -1.833 -1.757 -53.851 -54.174 -1.037 0.150 0.837 -1.898 -1.816

9 9.79 0.09 9.60 -0.914  0.180 0.783 -1.713 -1.528 -55.095 -55.426 -0.953 0.170 0.792 -1.770 -1.573
10 9.78 0.01 9.62 -0.753  0.226 0.783 -1.488 -1.528 -57.299 -57.643 -0.784 0.216 0.792 -1.530 -1.573
11 9.60 0.18 9.62 -0.753  0.226 0.758 -1.483 -1.421 -61.087 -61.453 -0.784 0.216 0.768 -1.530 -1.459
12 9.48 0.12 9.65 -0.510  0.305 0.733  -1.188 -1.319 -57.655 -58.001 -0.532 0.297 0.741 -1.213 -1.351
13 9.88 0.40 9.68 -0.268  0.394 0.733 -0.930 -1.319 -56.237 -56.574 -0.279  0.390 0.741 -0.942 -1.351
14 9.76 0.12 9.69 -0.187 0.426 0.733 -0.854 -1.319 -58.668 -59.019 -0.195 0.423 0.741 -0.861 -1.351
15 9.53 0.23 9.69 -0.187 0.426 0.733  -0.854 -1.319 -63.013 -63.391 -0.195 0.423 0.741 -0.861 -1.351
16 9.52 0.01 9.70 -0.106  0.458 0.705 -0.782 -1.222 -62.115 -62.487 -0.111 0.456 0.713  -0.786 -1.249
17 9.84 0.32 9.72 0.055 0.522 0.647 -0.650 -1.042 -55.853 -56.188 0.057 0.523 0.653 -0.648 -1.059
18 9.45 0.39 9.72 0.055 0.522 0.647 -0.650 -1.042 -59.238 -59.593 0.057 0.523 0.653 -0.648 -1.059
19 9.69 0.24 9.72 0.055 0.522 0.647 -0.650 -1.042 -62.623 -62.999 0.057 0.523 0.653 -0.648 -1.059
20 9.81 0.12 9.74 0.217 0.586 0.617 -0.535 -0.960 -58.283 -58.632 0.226 0.589 0.622 -0.529 -0.972
21 9.84 0.03 9.75 0.298 0.617 0.617 -0483 -0.960 -59.146 -59.500 0.310 0.622 0.622 -0.475 -0.972
22 9.79 0.05 9.75 0.298 0.617 0.586 -0.483 -0.881 -58.666 -59.018 0.310 0.622 0.589 -0.475 -0.890
23 9.68 0.11 9.76 0.378 0.647 0.522 -0.435 -0.738 -52.782 -53.098 0.394 0.653 0.523 -0.426 -0.740
24 9.56 0.12 9.76 0.378 0.647 0.522 -0.435 -0.738 -55.128 -55.458 0.394 0.653 0.523  -0.426 -0.740
25 9.69 0.13 9.76 0.378 0.647 0.522 -0.435 -0.738 -57.474 -57.818 0.394 0.653 0.523 -0.426 -0.740
26 9.83 0.14 9.78 0.540 0.705 0.458 -0.349 -0.612 -49.003 -49.297 0.563 0.713 0.456 -0.338 -0.609
27 9.76 0.07 9.79 0.621 0.733 0.426 -0.311 -0.555 -45.801 -46.166 0.647 0.741 0.423  -0.300 -0.549
28 9.72 0.04 9.79 0.621 0.733 0.426 -0.311 -0.555 -47.623 -47.908 0.647 0.741 0.423  -0.300 -0.549
29 9.65 0.07 9.79 0.621 0.733 0.394 -0.311 -0.501 -46.320 -46.598 0.647 0.741 0.390 -0.300 -0.494
30 9.81 0.16 9.79 0.621 0.733 0305 -0.311 -0.364 -39.818 -40.056 0.647 0.741 0.297 -0.300 -0.353
31 9.75 0.06 9.80 0.701 0.758 0.226 -0.276 -0.256 -32.474 -32.669 0.731 0.768 0.216 -0.265 -0.244
32 9.86 0.11 9.81 0.782 0.783 0.226 -0.245 -0.256 -31.539 -31.728 0.815 0.792 0.216  -0.233 -0.244
33 9.59 0.27 9.81 0.782 0.783 0.180 -0.245 -0.199 -28.825 -28.998 0.815 0.792 0.170  -0.233 -0.187
34 9.72 0.13 9.83 0.944 0.827 0.160 -0.190 -0.174 -24.367 -24.513 0.983 0.837 0.150 -0.178 -0.162
35 9.46 0.26 9.84 1.025 0.847 0.108 -0.166 -0.114 -19.323 -19.439 1.068 0.857 0.099 -0.154 -0.104
36 9.50 0.04 9.84 1.025 0.847 0.069 -0.166 -0.072 -16.883 -16.984 1.068 0.857 0.062 -0.154 -0.064
37 9.76 0.26 9.86 1.186 0.882 0.059 -0.125 -0.061 -13.611 -13.693 1.236 0.892 0.052 -0.115 -0.053
38 9.62 0.14 9.86 1.186 0.882 0.043 -0.125 -0.043 -12.657 -12.733 1.236 0.892 0.036 -0.115 -0.037
39 9.80 0.18 9.87 1.267 0.897 0.030 -0.108 -0.030 -10.664 -10.728 1.320 0.907 0.025 -0.098 -0.025
40 9.72 0.08 9.88 1.348 0911 0.020 -0.093 -0.021 -8.982 -9.036 1.404 0.920 0.017 -0.083 -0.017
41 9.79 0.07 9.88 1.348 0911 0.017 -0.093 -0.017 -8.907 -8.960 1.404 0.920 0.013 -0.083 -0.013

T 971 013 971 Y A4,=-1720.612 YA yu=—1724.631
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®3 EREEERESEVENENREBSI - SRZEEIERER

N DU E A X, N . .
¥ (%) X— i iR W2 %3 % W4t 055 %65t
1 9.79 0.30 9.557 9.543 9.535 9.530 9.527 9.526
2 9.62 0.29 9.557 9.543 9.535 9.530 9.527 9.526
3 9.87 0.27 9.557 9.543 9.535 9.530 9.527 9.526
4 9.88 0.25 9.557 9.543 9.535 9.530 9.527 9.526
5 9.86 0.23 9.557 9.543 9.535 9.530 9.527 9.526
6 9.75 0.22 9.557 9.543 9.535 9.53 9.53 9.53
7 9.74 0.19 9.56 9.56 9.56 9.56 9.56 9.56
8 9.70 0.16 9.59 9.59 9.59 9.59 9.59 9.59
9 9.79 0.15 9.60 9.60 9.60 9.60 9.60 9.60
10 9.78 0.13 9.62 9.62 9.62 9.62 9.62 9.62
11 9.60 0.13 9.62 9.62 9.62 9.62 9.62 9.62
12 9.48 0.10 9.65 9.65 9.65 9.65 9.65 9.65
13 9.88 0.07 9.68 9.68 9.68 9.68 9.68 9.68
14 9.76 0.06 9.69 9.69 9.69 9.69 9.69 9.69
15 9.53 0.06 9.69 9.69 9.69 9.69 9.69 9.69
16 9.52 0.05 9.70 9.70 9.70 9.70 9.70 9.70
17 9.84 0.03 9.72 9.72 9.72 9.72 9.72 9.72
18 9.45 0.03 9.72 9.72 9.72 9.72 9.72 9.72
19 9.69 0.03 9.72 9.72 9.72 9.72 9.72 9.72
20 9.81 0.01 9.74 9.74 9.74 9.74 9.74 9.74
21 9.84 0.00 9.75 9.75 9.75 9.75 9.75 9.75
22 9.79 0.00 9.75 9.75 9.75 9.75 9.75 9.75
23 9.68 0.01 9.76 9.76 9.76 9.76 9.76 9.76
24 9.56 0.01 9.76 9.76 9.76 9.76 9.76 9.76
25 9.69 0.01 9.76 9.76 9.76 9.76 9.76 9.76
26 9.83 0.03 9.78 9.78 9.78 9.78 9.78 9.78
27 9.76 0.04 9.79 9.79 9.79 9.79 9.79 9.79
28 9.72 0.04 9.79 9.79 9.79 9.79 9.79 9.79
29 9.65 0.04 9.79 9.79 9.79 9.79 9.79 9.79
30 9.81 0.04 9.79 9.79 9.79 9.79 9.79 9.79
31 9.75 0.05 9.80 9.80 9.80 9.80 9.80 9.80
32 9.86 0.06 9.81 9.81 9.81 9.81 9.81 9.81
33 9.59 0.06 9.81 9.81 9.81 9.81 9.81 9.81
34 9.72 0.08 9.83 9.83 9.83 9.83 9.83 9.83
35 9.46 0.09 9.84 9.84 9.84 9.84 9.84 9.84
36 9.50 0.09 9.84 9.84 9.84 9.84 9.84 9.84
37 9.76 0.11 9.86 9.86 9.86 9.86 9.86 9.86
38 9.62 0.11 9.86 9.86 9.86 9.86 9.86 9.86
39 9.80 0.12 9.87 9.87 9.87 9.87 9.87 9.87
40 9.72 0.13 9.87 9.88 9.88 9.88 9.88 9.88
41 9.79 0.13 9.87 9.88 9.88 9.88 9.88 9.88
WG X =med X, 9.75 — — — _ _ _ o
med |X—X'| — 0.07 — — — — — —
WG S'=1.483 x med | X-X"| 0.104 — — — — — —
Faldr 20 X — 9.722 9.721 9.720 9.719 9.719 9.719
b2 SE — 0.105 0.109 0.112 0.113 0.113 0.114
FaldtbrifEzs S'=1.134 x SE — 0.119 0.124 0.127 0.128 0.129 0.129
¢=15x5" 0.156 0.179 0.186 0.190 0.192 0.193 0.193
Xi= T390 - 9.557 9.543 9.535 9.530 9.527 9.526 9.525
X= "V + e 9.869 9.902 9.907 9.910 9911 9912 9.912
3 mp S BAT — 1Y), AT R R — B )
=R
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Evaluation on measurement uncertainty of nitrogen in fertilizer by quality control chart and robust statistics-
iterative method

LI Xu-ran" %, LIU Mi "2, MENG Yuan-duo’, ZHANG Yu-wei'" >, WANG Hong" > [ 1. State Key Laboratory of
Efficient Utilization of Arid and Semi-arid Arable Land in Northern China/Institute of Agricultural Resources and Regional
Planning, Chinese Academy of Agricultural Sciences, Beijing 100081; 2. China National Center for Quality Supervision
and Test of Chemical Fertilizers ( Beijing ), Beijing 100081; 3. National Agro-Tech Extension and Service Center,
Beijing 100125 |

Abstract: Based on laboratory accumulated quality control data, the top down method can be directly used to evaluate
measurement uncertainty, which is more convenient than traditional bottom up methods. Our laboratory accumulated 41 data
on the nitrogen content of fertilizer quality control samples determined by the Dumas combustion method. The Anderson-
Darling test for normal distribution of data and the ¢-test for bias from theoretical reference were conducted. Result indicated
that the measured data was randomly distributed. The quality control chart according to the average and exponential weighted
moving average values confirmed that the measurement system was controlled. The extended measurement uncertainty of
0.24% and 0.26% were calculated using the quality control chart method and robust statistical iteration method, respectively.
The measurement uncertainty of the Dumas method for determining fertilizer nitrogen content obtained by the two methods
had good consistency. The top down method can be practicality carried out through the quality control data accumulated in
the laboratory. Moreover, the evaluation of measurement uncertainty of detection methods is linked with laboratory quality
control work.

Key words: fertilizer; nitrogen; quality control chart; robust statistics iterative method ; measurement uncertainty
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