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Proficiency Testing of Heavy Metals (Cr, Ba) in Water
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In this study, the analytical techniques of 51 domestic and international institutions were assessed based on
the proficiency testing of heavy metals. The proficiency testing samples that were prepared and distributed for
this study were barium and chromium, of which their homogeneity and stability in water were ensured. Thirty-
eight institutions and 45 institutions participated and submitted their results obtained from the analysis of bar-
ium and chromium, respectively. A statistical assessment on the proficiency test was conducted on the basis
of the z-score and the results obtained are as follows: for barium, 1 institution was assessed as unsatisfactory
and 6 as doubtful, and for chromium, 6 were assessed as unsatisfactory and 4 as doubtful. The testing insti-
tutions that had doubtful or unsatisfactory results need to consider the cause of causal analysis inaccuracies,
including reference materials, glassware, inspection of the testing equipment and recalibration, test procedure
reviews, tester training, and continuous participation in proficiency tests of relevant areas in order to promote
efforts for improving and taking preventive measures for performance improvement.
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Table 1. The analytical conditions of ICP-OES
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Cr 267.72 15 0.2 0.65 1300 15.0 Axial

Ba 455.40 15 0.2 0.65 1300 15.0 Radial
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Fig. 1. Preparation of proficiency testing samples.
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Table 2. The homogeneity data for proficiency testing
samples (Cr, Ba)

Cr Ba
Mean 0.994 0.824
Standard deviation 0.010 0.006
Relative standard deviation 1.018 0.676
S, (between groups) 0.008 0.002
S, (within groups) 0.013 0.005
ref. for &, Horwitz ~ Horwitz

Target 6', 0.159 0.136
F 0.174 1.177

F critical 2.717 2.717

F < F critical Pass Pass

Sy/ & 0.050 0.012

Critical Sy/ 6, 0.3 0.3
Ss/ 6 <critical Sy/ 6, Pass Pass
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Table 3. Analysis of variance table (ANOVA)
Elements Item SS df MS F P-value F crit
Between groups 0.000 32 11 2.9E-05 0.174 0.997 2.717
Cr Within groups 0.002 03 12 0.000 17
Total 0.002 35 23
Between groups 0.000 37 11 3.4E-05 1.177 0.390 2.717
Ba Within groups 0.000 34 12 2.9E-05
Total 0.000 71 23
Table 4. Estimation of stability of Cr, Ba
Formular Cr Ba
Ave. of homogeneity X... 0.994 0.824
Ave. of stability y... 1.001 0.826
Difference F...-3..) 0.007 0.003
Target & 0.159 0.136
036 0.048 0.041
difference < 036 Pass Pass
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Table 5. Estimation of assigned value and standard devia-

tion
Cr Ba
Assigned value 1.001 0.831
Uncertainty on 0006 8 0008 1
the assigned value
Standard deviation (&) 0.032 6 0.036 3
03 X & 0.009 8 0.010 9
U, <036 Pass Pass
Table 6. Interpretation of z-score
Range Assessment
|z| <2 Satisfactory or acceptable
2 < |zl <3 Questionable
|z| >3 Unsatisfactory or unacceptable
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Table 7. Result of performance assessment for proficiency testing

Element Satisfactory Questionable Unsatisfactory Participants
|z| <2 2 < |zl <3 |z| =3
Cr 35 6 45
Ba 31 1 38
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Fig. 3. Range of MU (measurement of uncertainty) of participants.
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