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Abstract: This study was performed to validate reference materials (RMs) for proficiency testing (PT) in waste

inter-laboratories. Dioxin RMs were prepared from fly ash in industrial incinerators. The relative standard
deviations (RSDs) of analytical results were 2.6~15.7% for the dioxin RMs in 10 replicates (between and within-
bottles). Data were collected and statistical analysis was performed by the One-way ANOVA test. The combined

uncertainties of target isomers in dioxin analysis were 0.114~7.091.
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Fig. 1. Analytical procedure of Dioxin in fly ash.
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Fig. 2. Particle size distribution of fly ash.
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Table 1. Homogeneity between-bottle and within-bottle
Dioxin (ng-TEQ/g)

Test 1 Test 2 Average
Average 82.817 79.980 81.399
SD 33 4.4 3.6
RSD (%) 4.0 5.5 4.4
Swb 2.944 2.9%
Sbb 8.440 10.4%
U*bb 1.392 1.7%

Swb : within bottle variance, Sbb : between bottle varianc, U*bb :
between standard uncertainty
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Table 2. Analysis of variance for Dioxin
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Fig. 3. Comparison with short-term stability (3 months).
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Factor level Observation Sum Average Variance
Column 1 10 828.168 82.8168 11.0273
Column 2 10 799.802 79.9802 19.5912
Dioxin Analysis of variance _
& Furan Souljce. of Sum of Degree of Mean Fovalue P-value Critical F
variation squares freedom squares values
Treatment 40.2315 1 40.2315 2.6279 0.1224 4.4139
Residual 275.5663 18 1.406073
Total 315.7978 19

Analytical Science & Technology



Table 3. Uncertainty factors in analysis
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F T
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Table 4. Standard uncertainty of congener
Step Congener RRF uRRF u(RRF/RRF) u(GC)/GC
2,3,7,8-TCDF 1.075 0.041 0.038 0.048
1,2,3,7,8-PeCDF 0.988 0.024 0.024 0.038
2,3,4,7,8-PeCDF 1.009 0.037 0.037 0.047
1,2,3,4,7,8-HxCDF 1.188 0.048 0.040 0.049
1,2,3,6,7,8-HxCDF 1.143 0.046 0.040 0.049
2,3,4,6,7,8-HXCDF 1.146 0.041 0.035 0.046
1,2,3,7,8,9-HXCDF 1.114 0.057 0.051 0.059
o 1,2,3,4,6,7,8-HpCDF 1.369 0.055 0.040 0.050
D‘F"X‘“ & 1,2,3,4,7,8,9-HpCDF 1.203 0.056 0.046 0.055
uran OCDF 1511 0.097 0.064 0.071
2.,3,7.8-TCDD 0915 0.034 0.038 0.047
1,2,3,7,8-PecCDD 0.988 0.038 0.039 0.048
1,2,3,4,7,8-HxCDD 0.992 0.041 0.042 0.051
1,2,3,6,7,8-HxCDD 0911 0.044 0.048 0.056
1,2,3,7,8,9-HxCDD 0.977 0.050 0.051 0.059
1,2,3,4,6,7,8-HpCDD 1.023 0.045 0.044 0.053
OCDD 1.427 0.077 0.054 0.061

RREF : relative response factor, uRRF : SD of RRF, u(RRF/RRF) :

Vol. 23, No. 4, 2010

standard uncertainty, u(GC)/GC : combined uncertainty
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Table 5. Combined uncertainty of congener

Step Congener u(d)/d u(Cl/Cl1 u(GC)/GC u(Cs)/Cs
2,3,7,8-TCDF 0.001 0.029 0.048 0.056
1,2,3,7,8-PeCDF 0.001 0.029 0.038 0.048
2,3,4,7,8-PeCDF 0.001 0.029 0.047 0.055
1,2,3,4,7,8-HxCDF 0.001 0.029 0.049 0.057
1,2,3,6,7,8-HxCDF 0.001 0.029 0.049 0.057
2,3,4,6,7,8-HxCDF 0.001 0.029 0.046 0.054
1,2,3,7,8,9-HxCDF 0.001 0.029 0.059 0.066

o 1,2,3,4,6,7,8-HpCDF 0.001 0.029 0.050 0.057

813 ;’l’]‘r‘;‘n 1,2,3,4,7,8,9-HpCDF 0.001 0.029 0.055 0.062
OCDF 0.001 0.029 0.071 0.076
2,3,7,8-TCDD 0.001 0.029 0.047 0.056
1,2,3,7,8-PeCDD 0.001 0.029 0.048 0.056
1,2,3,4,7,8-HxCDD 0.001 0.029 0.051 0.058
1,2,3,6,7,8-HxCDD 0.001 0.029 0.056 0.063
1,2,3,7,8,9-HxCDD 0.001 0.029 0.059 0.066
1,2,3,4,6,7,8-HpCDD 0.001 0.029 0.053 0.060
OCDD 0.001 0.029 0.061 0.068

u(d)/d : relative standard uncertainty, u(Cl)/Cl : combined uncertainty for internal standard, u(GC)/GC : combined uncertainty for instru-
ment, u(Cs)/Cs : relative combined standard uncertainty

Table 6. Standard uncertainty of homogeneity within and between bottle (ng-TEQ/g)

Standard uncertainty

Step Congener Mean Within Between Within
Swb % Sbb % U*bb % /Between

2,3,7.8-TCDF 2078 0083 40 0464 225  0.039 1.9 0.464
1,2,3,7,8-PeCDF 1.027 0105 102  0.093 90 0050 48 0.105
2,3,4,7,8-PeCDF 27333 1353 50 3207 117 0640 23 3.207
1,2,3,4,7,8-HxCDF 4778 0173 3.6 0631 132 0.082 1.7 0.631
1,2,3,6,7,8-HxCDF 8.034 0304 38 0761 95  0.144 1.8 0.761
2,3,4,6,7,8-HxCDF 3745 0157 42 0348 93 0074 20 0348
1,2,3,7,8,9-HxCDF 10783 0341 32 0910 84  0.161 1.5 0.910
o 1,2,3,4,6,7,8-HpCDF 4549 0262 58  NC. NC. 0124 27 0.262
8]3;’1’]‘:; 1,2,3,4,7,8,9-HpCDF 0.637 0.041 6.4 0.037 58 0019 3.0 0.041
OCDF 0.603 0059 99  0.187 310 0028 47 0.187
2,3,7,8-TCDD 4853 0189 39 1230 253 0.089 1.8 1.230
1,2,3,7,8-PeCDD 8426 0282 34  0.88 117 0.133 1.6 0.988
1,2,3,4,7,8-HxCDD 0962  0.040 42 0.058 60 0019 20 0.058
1,2,3,6,7,8-HxCDD 1261 0057 45  0.093 74 0027 21 0.093
1,2,3,7,8,9-HxCDD 1011 0179 177  NC N.C.  0.085 8.4 0.179
1,2,3,4,6,7,8-HpCDD 1.046 0082 79  NC N.C. 0039 37 0.082
OCDD 0244  0.035 1440  0.034 139 0017 68 0.035

*N.C.; not calculated

o) W7 BEe u(RRF)):0.027: 1] H E(U(Cs)): (u(Cvs))z +(u(RRF))2
RRFe] H+ &8 ( RRE) ~ 005 0028 sHA 23 & ~ T
714, 2714 AAS sk =4/0.0297+0.028" =0.04
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Table 7. Expanded uncertainty of congener (ng-TEQ/g)

g thol 41| SR shE 7t 369

Expanded uncertainty Expanded
Step Congener Conc. u(Cs)/Cs within u(Cs) uncertainty
Measurement _
/between (k=2)
2,3,7,8-TCDF 0.015 0.056 0.116 0.464 0.482 0.963
1,2,3,7,8-PeCDF 0.045 0.048 0.049 0.105 0.116 0.231
2,3,4,7,8-PeCDF 0.070 0.055 1.512 3207 3.545 7.091
1,2,3,4,7,8-HxCDF 0.175 0.057 0274 0.631 0.688 1.376
1,2,3,6,7,8-HxCDF 0.206 0.057 0.461 0.7610 0.890 1.779
2,3,4,6,7,8-HxCDF 0.306 0.054 0.246 0.348 0.426 0.853
1,2,3,7,8,9-HxCDF 0.059 0.066 0.584 0.910 1.081 2.162
L. 1,2,3,4,6,7,8-HpCDF 2.152 0.057 0.261 0.262 0.370 0.740
8]3‘};’;‘:2“ 1,2,3,4,7,8,9-HpCDF 0205 0.062 0.039 0.041 0.057 0.114
OCDF 1.740 0.076 0.046 0.187 0.193 0.385
2,3,7,8-TCDD 0.004 0.056 0.270 1.230 1.260 2.520
1,2,3,7,8-PeCDD 0.037 0.056 0.475 0.988 1.097 2.193
1,2,3,4,7,8-HxCDD 0.049 0.058 0.056 0.058 0.081 0.162
1,2,3,6,7,8-HxCDD 0.070 0.063 0.079 0.093 0.123 0.245
1,2,3,7,8,9-HxCDD 0.052 0.066 0.066 0.179 0.191 0.381
1,2,3,4,6,7,8-HpCDD 1.214 0.060 0.063 0.082 0.104 0.207
OCDD 5.460 0.068 0.017 0.035 0.039 0.078
u(Cs) : combined standard uncertainty
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