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Preparation of Fly Ash for Proficiency Testing of Dioxin Analysis
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Fly ash sample collected from municipal waste incinerator was prepared for proficiency testing of dioxin
analysis. The collected sample was carried out several steps for homogenizing and then analyzed for evaluating
homogeneity and stability. One way ANOVA was used for the evaluation. The uncertainty of each target iso-
mer from whole dioxin analysis procedure was also evaluated and combined. Next, the uncertainties form
repeating analysis and analytical procedure were combined. Finally, the assigned value of the proficiency test-
ing sample was suggested.
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Fig. 1. The result of particle size analysis
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Table 1. Homogeneity between-bottle

(unit : ng-TEQ/g)

C3-BB C6-BB F3-BB F6-BB J4-BB

0.156 0.192 0157 0.181 0.139
0.185 0204 0.160 0.185 0.155
2771 3115 2591 2990 2.432
0731 0.758 0607 0.665 0.610
1716 1812 1559 1592 1443
2,34,678HxCDF 2630 2.737 2200 2413 2.002
1,2,3,7,89-HxCDF  0.151 0.183 0.132 0.158 0.132
1,2,3,4,6,7,8-HpCDF 1.069 1.118 0903 1.000 0.844
1,2,3,4,7,89-HpCDF 0253 0245 0211 0206 0.184
OCDF 0.195 0.188 0.144 0.165 0.144
2,3,7,8-TCDD 3348 3929 3.046 3.882 2975
1,2,3,78PeCDD 6318 6.831 5294 6.083 5.052
1,2,3,4,78HxCDD 1664 1728 1369 1545 1319
1,2,3,6,7,8-HxCDD 2433 2605 2105 2269 2.049
1,2,3,7,89-HxCDD 2494 2620 2021 2272 1986
1,2,3,4,6,7,8-HpCDD 4.824 4923 3915 4.195 3.806
OCDD 1456 1432 1066 1.197 1.019
PCDFs 9.857 10552 8664 9.555 8.085
PCDDs 22.537 24.068 18.816 21.443 18.206
(PCDDs+PCDFs) 32.394 34.620 27.480 30.998 26.291

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
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Table 2. Homogeneity Within-hottle (unit : ng-TEQ/g)
13-1-WB 13-2-WB 13-3-WB 16-1-WB 16-2-WB 16-3-WB
2,3,7,8-TCDF 0.154 0.163 0.183 0.126 0.166 0.161
1,2,3,7,8-PeCDF 0.162 0.178 0.198 0.148 0.167 0.179
2,3,4,7,8-PeCDF 2.523 2.769 3.082 2.485 2.770 2.823
1,2,3,4,7,8-HxCDF 0.610 0.694 0.772 0.637 0.672 0.730
1,2,3,6,7,8-HxCDF 1.455 1.699 1.781 1.495 1.485 1.752
2,3,4,6,7,8-HxCDF 2.126 2.440 2.590 2.205 2.269 2.500
1,2,3,7,8,9-HxCDF 0.132 0.155 0.144 0.110 0.143 0.168
1,2,3,4,6,7,8- HpCDF 0.865 1.026 1.137 0.916 0.893 1.118
1,2,3,4,7,8,9-HpCDF 0.195 0.234 0.246 0.214 0.210 0.226
OCDF 0.134 0.177 0.179 0.155 0.156 0.170
2,3,7,8-TCDD 3.232 3.626 3.853 2.715 3.520 3.430
1,2,3,7,8-PeCDD 5.443 6.003 6.717 5.342 5.739 6.704
1,2,3,4,7,8-HxCDD 1.377 1.779 1.785 1.470 1.527 1.734
1,2,3,6,7,8-HxCDD 2.107 2.539 2.523 2.212 2.186 2.569
1,2,3,7,8,9-HxCDD 2.093 2.649 2.691 2.158 2.137 2.564
1,2,3,4,6,7,8-HpCDD 3.875 4.780 4.947 4.224 4.169 4.904
OCDD 1.025 1.385 1.445 1.174 1.208 1.441
PCDFs 8.356 9.535 10.312 8.491 8.931 9.827
PCDDs 19.152 22.761 23.961 19.295 20.486 23.346
(PCDDs +PCDFs) 27.508 32.296 34.273 27.786 29.417 33.173
o] HQ)oA #Ag Ao HIIEAT #Ag Zo® FrEEAT). ZF o JAE ATt o
3 ZAL8Z Table 39 YeRAATH

3.1.5. ¥-AHLX (analysis of variance)

HFAQ dAEe] EIE fldtde dol® A8E Table 3. Confidence interval (unit:ng-TEQ/g)
T Aol AaR97E s el T Eofof st ol , confidence
91fA] sk B (one way ANOVAYS: o] 85 mean SD interval ool
Atk HWUAEe} WA R F IS A B4 2,378 TCDF 0.162 0.019 0.013 0.162+0.013
Azt p%,\“] 0.8448% =3l AJg8o] d=Hgon 1 1,2,3,7,8-PeCDF 0.175 0.018 0.012 0.175+0.012
A= Flg 20 w=AEHAT 2,3,4,7,8-PeCDCF 2.759 0.236 0.158 2.759+0.158

BUAS 3 I e g s1 AHSO d b b amron
Herns A Sggte] JaesN WEZAC] o 934678 HxCDF 2374 0231 0.155 2.374+0.155
3l 7} o)A AFFE7He FETE 1 A A EE 1,2,3,7,8,9-HxCDF  0.146 0.020 0.013 (.146+0.013
95%2 2|77 ol 30.567+2.012 ng-TEQ/g] 9ol 1,2,3,4,6,7,8-HpCDF 0.990 0.110 0.074 0.990 +0.074

1,2,3,4,7,8,9-HpCDF 0.220 0.022 0.015 (.220+0.015
4000 OCDF 0.164 0.020 0.013 0.164+0.013
3500 | 2,3,7,8-TCDD 3.414 0.398 0.268 3.414+0.268
3000 | _— = 123,78-PeCDD 5957 0.632 0425 5957+0.425
0500 | L — 1234,78HxCDD 1572 0.174 0.117 1572+0117
2000 | 1,2,3,6,7,8-HxCDD  2.327 0.210 0.141 2327+0.141

1500 | 123,7,89-HxCDD 2335 0.272 0.182 2.335+0.182
1000 | 1,2,3,4,6,7,8-HpCDD 4.415 0.462 0311 4.415+0311

500 | OCDD 1.259 0.178 0.119 1.259+0.119

000 PCDFs 9.288 0.828 0.556 9.288 +0.556

Albetween-bottle) , B PCDDs 21.279 2.183 1.466 21.279+1.466
(PCDDs+PCDFs) 30.5672.995 2.012 30.567 +2.012

Fig. 2. The result of variance analysis.
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Fig. 3. Flow chart for dioxin analysis.
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Table 4. The Example of calculating dioxin concentration

value  unit calculation
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Fig. 4. Fishborn diagram of the uncertainty factors in dioxin analysis.
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Table 5. Uncertainty factors in dioxin analysis

e - ol - R - S -

step uncertainty factor evaluation method type
sample volumetric flask u(f) calibration certificate B
divide u(@) pipet u(p) calibration certificate B
concentration of standard solution u(Cyg) certificate from maker B
Sp?lzini?rc(?) disposable micropipet u(V,,) calibration certificate B
ability of analyst u(w) repetition A
mean RRF Calibration standard u(Cyys) certificate from maker B
u(GC) mean rrf u(RRF) SD of RRF A
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Table 6. The result of analyst ability

1st 9.9
2nd 10.1
3rd 10.2
4th 10.1
5th 10.0
6th 9.7
7th 9.7
8th 10.0
9th 9.9
10th 9.9
mean 9.95
SD 0.164991
standard uncertainty 0.052175
degree of freedom 9
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Table 7. The result of uncertainty factors for dioxin analysis
evaluation Relative Combinded degree of
step uncertainty factor type  standard standard 8r
method . . freedom
uncertainty  uncertamnty
sample volumetric flask u(f) calibration certificate B 0.001 0.003808 infinite
divide u(d) pipet u(p) calibration certificate B 0.0025 '
concentragon of standard certificate from maker B 0.028868
Standard solution u(Cyg) 0.036477 215
spike u(C) disposable micro pipet u(V,,,) calibration certificate B 0.015 ’
ability of analyst u(w) repetition A 0.016499
mean RRF  Calibration standard u(Cyg)  certificate from maker B 0.028868 0.030865 955
u(GC) mean rrf u(RRF) SD of RRF A 0.010923 ’
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Table 8. The uncertainty of instrument analysis for Dioxin
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u(d) w(C)/C, uw(GC)/GC u(C)/C

2,3,7,8-TCDF 0.0038 0.0365 0.0309 0.0479

1,2,3,7,8-PeCDF 0.0038 0.0365 0.0298 0.0473

2,3,4,7,8-PeCDF 0.0038 0.0365 0.0320 0.0487

1,2,3,4,7,8-HxCDF 0.0038 0.0365 0.0304 0.0477

Furan 1,2,3,6,7,8-HxCDF 0.0038 0.0365 0.0318 0.0485

2,3,4,6,7,8-HxCDF 0.0038 0.0365 0.0303 0.0476

1,2,3,7,8,9-HxCDF 0.0038 0.0365 0.0306 0.0478

1,2,3,4,6,7,8-HpCDF 0.0038 0.0365 0.0308 0.0479

1,2,3,4,7,8,9-HpCDF 0.0038 0.0365 0.0308 0.0479

OCDF 0.0038 0.0365 0.0451 0.0581

2,3,7,8-TCDD 0.0038 0.0365 0.0329 0.0493

1,2,3,7,8-PeCDD 0.0038 0.0365 0.0304 0.0476

1,2,3,4,7,8-HxCDD 0.0038 0.0365 0.0313 0.0482

Dioxin 1,2,3,6,7,8-HxCDD 0.0038 0.0365 0.0305 0.0477

1,2,3,7,8,9-HxCDD 0.0038 0.0365 0.0314 0.0483

1,2,3,4,6,7,8-HpCDD 0.0038 0.0365 0.0314 0.0483

OCDD 0.0038 0.0365 0.0302 0.0475
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Table 9. Expression of fly-ash concentrations with uncertainty

concentration standard expanded
(ng-TEQ/g) u(©ye uncertainty u(C) uncertainty k=2

2,3,7,8-TCDF 0.1616 0.0479 0.0077 0.0155

1,2,3,7,8-PeCDF 0.1746 0.0473 0.0083 0.0165

2,3,4,7,8-PeCDF 2.7592 0.0487 0.1343 0.2686

1,2,3,4,7,8-HxCDF 0.6805 0.0477 0.0324 0.0649

Furan 1,2,3,6,7,8-HxCDF 1.6172 0.0485 0.0785 0.1570

2,3,4,6,7,8-HxCDF 2.3738 0.0476 0.1130 0.2259

1,2,3,7,8,9-HxCDF 0.1462 0.0478 0.0070 0.0140

1,2,3,4,6,7,8-HpCDF 0.9899 0.0479 0.0474 0.0948

1,2,3,4,7,8,9-HpCDF 0.2204 0.0479 0.0106 0.0211

OCDF 0.1643 0.0581 0.0095 0.0191

2,3,7,3-TCDD 3.4142 0.0493 0.1683 0.3366

1,2,3,7,8-PeCDD 5.9569 0.0476 0.2837 0.5674

1,2,3,4,7,8-HxCDD 1.5725 0.0482 0.0758 0.1516

Dioxin 1,2,3,6,7,8-HxCDD 2.3270 0.0477 0.1110 0.2220

1,2,3,7,8,9-HxCDD 2.3350 0.0433 0.1127 0.2254

1,2,3,4,6,7,8-HpCDD 4.4147 0.0433 0.2132 0.4264

OCDD 1.2589 0.0475 0.0598 0.1196

PCDFs 9.2877 0.2016 0.4032

PCDDs 21.2792 0.4343 0.8686

(PCDDs+PCDFs) 30.5669 0.4788 0.9576

Table 10. The concentration of proficiency testing sample with uncertainty expression (ng-TEQ/g)
relative standard relative standard combined relative expression with
. . standard .
uncertalln.ty uncertam@y standgrd uncertainty uncertainty
by repetition by evaluation uncertainty (k=2)

2,3,7,8-TCDF 0.03573 0.04793 0.05978 0.010 0.162+0.019
1,2,3,7,8-PeCDF 0.03079 0.04457 0.05417 0.009 0.175+0.019
2,3,4,7,8-PeCDF 0.02574 0.04607 0.05277 0.146 2.759+0.291
1,2,3,4,7,8-HxCDF 0.02699 0.04499 0.05247 0.036 0.681+0.071
1,2,3,6,7,8-HxCDF 0.02587 0.04591 0.05270 0.085 1.617+0.170
2,3,4,6,7,8-HxCDF 0.02939 0.04492 0.05368 0.127 2.374+0.255
1,2,3,7,8,9-HxCDF 0.04125 0.04512 0.06113 0.009 0.146 +0.018
1,2,3,4,6,7,8-HpCDF 0.03356 0.04525 0.05634 0.056 0.990+0.112
1,2,3,4,7,8,9-HpCDF 0.03046 0.04526 0.05455 0.012 0.220+0.024
OCDF 0.03584 0.05597 0.06646 0.011 0.164 +0.022
2,3,7,8-TCDD 0.03519 0.04672 0.05849 0.200 3.414+0.399
1,2,3,7,8-PeCDD 0.03200 0.04496 0.05518 0.329 5.957+0.657
1,2,3,4,7,8-HxCDD 0.03341 0.04558 0.05651 0.089 1572+ 0.178
1,2,3,6,7,8-HxCDD 0.02724 0.04504 0.05263 0.122 2.327+0.245
1,2,3,7,8,9-HxCDD 0.03507 0.04564 0.05756 0.134 2.335+0.269
1,2,3,4,6,7,8-HpCDD 0.03158 0.04566 0.05552 0.245 4.415+0.490
OCDD 0.04255 0.04483 0.06181 0.078 1.259+0.156
PCDFs 0.223 9.288 +0.445
PCDDs 0.505 21.279+1.010

Al (PCDDs+PCDFs) 0.552 30.567+1.104
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Table 11. The evaluation of stability after 7 days

Table 12. The evaluation of stability after 30 days

B7-7 B2-7 E2-7 E7-7 B7-7 H7-30 K2-30 K7-30

day day day day day day day day

2,3,7,8-TCDF 0.197 0.157 0.176 0.165 2,3,7,8-TCDF 0.197 0.200 0.157 0.191
1,2,3,7,8-PeCDF 0.177 0.154 0.201 0.170 1,2,3,7,8-PeCDF 0.177 0.209 0.167 0.203
2,3,4,7,8-PeCDF 2.784 2577 3.457 2.625 2,3,4,7,8-PeCDF 2.784 3312 2903 3.424
1,2,3,4,7,8-HxCDF 0595 0.581 0.730 0.615 1,2,3,4,7,8-HxCDF 0.595 0.669 0.580 0.691
1,2,3,6,7,8-HxCDF 1.506 1.420 1.709 1.496 1,2,3,6,7,8-HxCDF 1506 1.644 1408 1.692
2,3,4,6,7,8-HxCDF 2212 2121 2554 2114 2,3,4,6,7,8-HxCDF 2212 2417 2263 2.712
1,2,3,7,8,9-HxCDF 0.140 0.136 0.174 0.138 1,2,3,7,8,9-HxCDF 0.140 0.269 0.160 0.236
1,2,3,4,6,7,8-HpCDF 0.762 0.791 0.970 0.804 1,2,3,4,6,7,8-HpCDF 0.762 0.807 0.764 0.895
1,2,3,4,7,8,9-HpCDF 0.214 0.189 0.226 0.187 1,2,3,4,7,8,9-HpCDF 0.214 0204 0.192 0.231
OCDF 0.134 0.135 0.160 0.158 OCDF 0.134 0.120 0.139 0.165
2,3,7,8-TCDD 3.318 2.832 3.877 3.024 2,3,7,8-TCDD 3318 3.739 3.237 3.835
1,2,3,7,8-PeCDD 5705 4989 6349 5512 1,2,3,7,8-PeCDD 5705 6.081 5.048 6.299
1,2,3,4,7,8-HxCDD 1382 1254 1.604 1.369 1,2,3,4,7,8-HxCDD 1382 1459 1299 1.566
1,2,3,6,7,8-HxCDD 2.146 2.082 2502 2.261 1,2,3,6,7,8-HxCDD 2,146 2278 2.038 2.455
1,2,3,7,8,9-HxCDD 2.031 1944 2463 2.075 1,2,3,7,8,9-HxCDD 2.031 2115 1942 2239
1,2,3,4,6,7,8-HpCDD 3992 3.774 4409 3.877 1,2,3,4,6,7,8-HpCDD 3992 3512 3.675 4.115
OCDD 0.957 0970 1.158 0.993 0OCDD 0.957 0.780 0.948 1.097
PCDFs 8.721 8.261 10.357 8.472 PCDFs 8.721 9.851 8.733 10.440
PCDDs 19.531 17.845 22.362 19.111 PCDDs 19.531 19.964 18.187 21.606
37| (PCDDs+PCDFs) 28.252 26.106 32.719 27.583 317 (PCDDs+PCDFs) 28.252 29.815 26.920 32.046

Table 13. The result of ANOVA for stability evaluation
n mean SD SS MS F-value p-value
reference 11 30.5669 2.9949 13.3052 13.3052 1.7299 0.2059
sample 8 28.8720 2.4218 130.7508 7.6912
total 144.056
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