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Fly ash samples collected from municipal waste incinerator were prepared for proficiency testing of dioxin
analysis. They were used to evaluate the homogeneity and stability through the several steps. Specially, one
way ANOVA was used as analysis method in this study. In case of identified samples, measurement model
equation of target isomer in analysis were formulated. Then uncertainties of results were calculated by selection
of uncertainty cause and by calculation of uncertainty quantification, synthesis uncertainty, and expansion
uncertainty. The portions of the uncertainties resulted from the amount of internal standard, the separation rate
of sample, the relative reaction factor (RRF) of GC/MS, and efficiency of sample extraction were 35.6%,
35.0%, 25.6%, 3.7%, respectively.
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Table 1. Analytic condition of HRGC/HRMS for PCDDs/PCDFs

Condition
. column - SP2331, §0 mx0.32 Ip><0.2
. - Helium : 1mL/min
- carrier gas
GC - injection port temp. . - 260 .
- injection mode - Splitless GOSec., Purgg Off Tlmle : 60sec
- oven temp. programing - 120(1m1n.)10/m1n209(2m1n)
3/min260(20min)
- interface temp. - 275
- ionization mode - EI
MS - electron energy -32 eV
- ion source temp. - 270
- detection mode - SIM 4 function
Table 2. Uncertainty factor in dioxin analysis
step uncertainty factor evaluation method type
sample extraction extraction efficiency reference documents B
balance calibration result calibration certificate B
sample weight balance readability specification from maker B
balance stability repeatability of analyst A
. calibration certificate B
volumetric flask .
.. repeatability of analyst A
sample divide o .
. calibration certificate B
pipette repeatability of analyst A
concentration of standard solution certificate from maker B
standard spike disposable micropipette calibration certificate B
repeatability of analyst A
mean RRF* Calibration standard certificate from maker B
mean RRF SD of RRF A

*RRF: Relative reaction factor
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Table 3. The result of ANOVA for homogeneity evaluation

n mean SD deviation
Between-bottle 5 30.3566 3.4476 11.8857
Within-bottle 6 30.7422 2.8895 8.3490
Source of variation SS F ratio P-value |
Between groups 0.4054 0.4054 0.0409 0.8443 5.1174
Within groups 89.2879 9.9209
Total 89.6933

(Remarks) SD: standard deviation, SS: sum of squares, MS: mean square
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Table 5. The uncertainty of instrument analysis for Dioxin

Tsomer uE)E u(W)/yw u(d)/d u(C)/C, u(GC)/GC uw(CO)/C

2,3,7,8-TCDF 0.0115 0.0001 0.0363 0.0365 0.0309 0.0611
1,2,3,7,8-PeCDF 0.0115 0.0001 0.0363 0.0365 0.0298 0.0606
2,3,4,7,8-PeCDF 0.0115 0.0001 0.0363 0.0365 0.0320 0.0617
1,2,3,4,7,8-HxCDF 0.0115 0.0001 0.0363 0.0365 0.0304 0.0609

Furan 1,2,3,6,7,8-HxCDF 0.0115 0.0001 0.0363 0.0365 0.0318 0.0616
2,3,4,6,7,8-HxCDF 0.0115 0.0001 0.0363 0.0365 0.0303 0.0608
1,2,3,7,8,9-HxCDF 0.0115 0.0001 0.0363 0.0365 0.0306 0.0610
1,2,3,4,6,7,8-HpCDF 0.0115 0.0001 0.0363 0.0365 0.0308 0.0611
1,2,3,4,7,8,9-HpCDF 0.0115 0.0001 0.0363 0.0365 0.0308 0.0611

OCDF 0.0115 0.0001 0.0363 0.0365 0.0451 0.0694

2,3,7,8-TCDD 0.0115 0.0001 0.0363 0.0365 0.0329 0.0622
1,2,3,7,8-PeCDD 0.0115 0.0001 0.0363 0.0365 0.0304 0.0608
1,2,3,4,7,8-HxCDD 0.0115 0.0001 0.0363 0.0365 0.0313 0.0613

Dioxin 1,2,3,6,7,8-HxCDD 0.0115 0.0001 0.0363 0.0365 0.0305 0.0609
1,2,3,7,8,9-HxCDD 0.0115 0.0001 0.0363 0.0365 0.0314 0.0614
1,2,3,4,6,7,8-HpCDD 0.0115 0.0001 0.0363 0.0365 0.0314 0.0614

OCDD 0.0115 0.0001 0.0363 0.0365 0.0302 0.0608

7 ru(C) 2 Table 63} 79 YERNRITE. o] #o] A& o]&3l T}
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B Ao AREE blankES 7AQEsHA] &k& nvjAA¢] C’'=(30.5669+1.2052) ng-TEQ/g
HZFS5797F blanks 7RI HIAMAe] HFSAH/E QIF 7Y 95%, k=1.978)

Table 6. Expression of fly-ash concentration with uncertainty (except blank uncertainty)

. relative standard expanded
concentration . . .
Isomer (ng-TEQ/2) uncertainty uncertainty uncertainty U
u(C)/C u(C") (k=1.978)

2,3,7,8-TCDF 0.1616 0.0611 0.0099 0.0195
1,2,3,7,8-PeCDF 0.1746 0.0606 0.0106 0.0209
2,3,4,7,8-PeCDF 2.7592 0.0617 0.1702 0.3366
1,2,3,4,7,8-HxCDF 0.6805 0.0609 0.0414 0.0819
Furan 1,2,3,6,7,8-HxCDF 1.6172 0.0616 0.0995 0.1969
2,3,4,6,7,8-HxCDF 2.3738 0.0608 0.1444 0.2856
1,2,3,7,8,9-HxCDF 0.1462 0.0610 0.0089 0.0176
1,2,3,4,6,7,8-HpCDF 0.9899 0.0611 0.0604 0.1196
1,2,3,4,7,8,9-HpCDF 0.2204 0.0611 0.0135 0.0266
OCDF 0.1643 0.0694 0.0114 0.0225
2,3,7,8-TCDD 3.4142 0.0622 0.2122 0.4198
1,2,3,7,8-PeCDD 5.9569 0.0608 0.3625 0.7169
1,2,3,4,7,8-HxCDD 1.5725 0.0613 0.0964 0.1907
Dioxin 1,2,3,6,7,8-HxCDD 2.3270 0.0609 0.1417 0.2803
1,2,3,7,8,9-HxCDD 2.3350 0.0614 0.1433 0.2834
1,2,3,4,6,7,8-HpCDD 4.4147 0.0614 0.2709 0.5359
OCDD 1.2589 0.0608 0.0765 0.1513
PCDFs 9.2877 0.2563 0.5069
PCDDs 21.2792 0.5528 1.0934
(PCDDs+PCDFs) 30.5669 0.6093 1.2052
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Table 7. Expression of fly-ash concentration with uncertainty (including blank uncertainty)

concentration standard combined concentration &

Isomer (ng-TEQ/g) uncertainty standa.rd expand uncertainty

uncertainty
fly ash blank u(C) 1,(C) u,(C) CctU

2,3,7,8-TCDF 0.1616 ND 0.0099 - 0.0099 0.16164+0.0195
1,2,3,7,8-PeCDF 0.1746 0.0010 0.0106 0.0001 0.0106 0.1736+0.0209
2,3,4,7,8-PeCDF 2.7592 0.0220 0.1702 0.0014 0.1702 2.7372+0.3365
1,2,3,4,7,8-HxCDF 0.6805 0.0020 0.0414 0.0001 0.0414 0.6785+0.0819
Furan 1,2,3,6,7,3-HxCDF 1.6172 0.0040 0.0995 0.0002 0.0995 1.6132+0.1969
2,3,4,6,7,8-HxCDF 2.3738 ND 0.1444 - 0.1444 2.373840.2856
1,2,3,7,8,9-HxCDF 0.1462 ND 0.0089 - 0.0089 0.1462+0.0176
1,2,3,4,6,7,8-HpCDF 0.9899 0.0010 0.0604 0.0001 0.0604 0.9889+0.1196
1,2,3,4,7,8,9-HpCDF 0.2204 0.0010 0.0135 0.0001 0.0135 0.2194+0.0266
OCDF 0.1643 ND 0.0114 - 0.0114 0.164340.0225
2,3,7,8-TCDD 3.4142 ND 0.2122 - 0.2122 3.4142+0.4198
1,2,3,7,8-PeCDD 5.9569 ND 0.3625 - 0.3625 5.9569+0.7169
1,2,3,4,7,8-HxCDD 1.5725 ND 0.0964 - 0.0964 1.5725+0.1907
Dioxin 1,2,3,6,7,8-HxCDD 2.3270 ND 0.1417 - 0.1417 2.3270+0.2803
1,2,3,7,8,9-HxCDD 2.3350 ND 0.1433 - 0.1433 2.335040.2834
1,2,3,4,6,7,8-HpCDD 4.4147 0.0010 0.2709 0.0001 0.2709 4.4137+0.5359
OCDD 1.2589 0.0010 0.0765 0.0001 0.0765 1.2579+0.1513
PCDFs 9.2877 0.0310 0.2563 0.0014 0.2563 9.2567+0.5068
PCDDs 21.2792 0.0020 0.5528 0.0001 0.5528 21.2772£1.0934
(PCDDs+PCDFs) 30.5669 0.0330 0.6093 0.0014 0.6093 30.5339+1.2052

note; C: (fly ash conc. - blank conc.), U: kxU,(C) (k=1.978)
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