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Abstract: In order to evaluate and improve the ability of Korean testing laboratories to measure Polybrominated
diphenyl ethers in acrylonitrile-butadiene-styrene (ABS), a proficiency test was organised by Korea Research
Institute of Standards and Science (KRISS) based on ISO/IEC 17043. The proficiency test material used was
10 g of a granular ABS fortified with a mixture of congeners of PBDE (BDE-154, 183, 206, 209). Homogeneity
and stability were investigated to assess the adequacy of the test material. The certified value established by
KRISS based on the national reference was used for assigned value of each PBDE. The test materials were
distributed to the 16 participating laboratories. The participating laboratories were requested to analyse the
samples employing the methods used in their routine analysis. Each laboratory was given it’s own code to
secure the anonymity. Participants results were evaluated with z-scores according to ISO/IEC 17043. The
standard deviation for proficiency assessment was set by standard deviation of the participants results except
for outlier. The results, the laboratory's performance and improvement of accuracy were discussed.
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Table 1. Chemical identity of polybrominated diphenyl ether
(PBDE) congeners

BZ No Nomenclature (IUPAC) CAS number
154 2)2'4.4'5,6-Hexabromodiphenyl ether ~ 36483-60-0
183 2,2'3,4,4'5'6-Heptabromodiphenyl ether 68928-80-3

2,2'3,3'4.4'5,5' ,6-Nonabromodiphenyl
ether

206 63936-56-1

209 Decabromodiphenyl ether 1163-19-5

Table 2. Assigned values and their uncertainties for each
PBDEs in ABS sample

Assigned value BDE154 BDEI83 BDE206 BDE209

(mg/kg) 8.5 348 12.4 13.1
Uesp 0.8 38 1.5 1.5
kos 231 231 231 231

Usyp : expanded uncertainty
kos : coverage factor at 95% level of confidence
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Fig. 1. Comparison of the participant's results and the assigned
value for BDE-154 in ABS sample.
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Fig. 2. Z-scores of the participant's results for BDE-154 in
ABS sample.
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Fig. 3. Comparison of the participant's results and the assigned
value for BDE-183 in ABS sample.
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Fig. 4. Z-scores of the participant's results for BDE-183 in
ABS sample.
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Fig. 5. Comparison of the participant's results and the assigned
value for BDE-206 in ABS sample.
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Fig. 6. Z-scores of the participant's results for BDE-206 in
ABS sample.
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Fig. 7. Comparison of the participant's results and the assigned
value for BDE-209 in ABS sample.
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Fig. 8. Z-scores of the participant's results for BDE-209 in
ABS sample.
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Table 3. Methods used for determining PBDEs

Lab Method Technique Sample Size, Sample Treatment Standard ISTD
Code g
4 IEC 62321 GC/MS 0.5 Soxhlet, Toluene Commercial STD  decachlorobiphenyl
5 1IEC 62321 GC/MS Soxhlet, Toluene, SPE  Commercial STD D,o-Anthracene
6 IEC 62321 GC/MS 3 Toluene Commercial STD  decachlorobiphenyl
8 IEC 62321 GC/MS 0.3 Toluene Commercial STD  decachlorobiphenyl
9 IEC 62321 GC/MS 0.1~0.2 Toluene, SPE Commercial STD  decachlorobiphenyl
11 1EC 62321 GC/MS ' Toluene, SPE Commercial STD ISTD
12 IEC 62321 GC/MS 0.1~0.5 Toluene-THF(1:1) - decachlorobiphenyl
25 IEC 623.2] GC/MS 0.5 Toluene-THF(1:1), SPE  Commercial STD 13C,-BDE139
Inhouse validated
26 1EC 62321 GC/MS 1 Soxhlet, Toluene - -
27 IEC 62321 GC/MS 0.2 Soxhlet, Toluene Commercial STD  decachlorobiphenyl
29 1IEC 62321 HPLC/LY, 0.2~0.4 Ultrasonic, Toluene Commercial STD -
GC-MS
39 IEC 62321 GC/MS 0.1 THF Commercial STD -
40 IEC 62321 GC/MS 0.4~1.3 Soxhlet, Toluene, SPE  Commercial STD  decachlorobiphenyl
IEC 62321 Toluene- .
41 Inhouse validated GC/MS 0.2 THF(1:1) Commercial STD -
43 IEC 62321 GC/MS 1 Sonication, Chloroform Commercial STD  decachlorobiphenyl

Table 4. Summary of evaluation by z-score

Lab Code BDE-154 BDE-183 BDE-206 BDE-209
4 S S S S
5 S S S S
6 U Q S U
8 S S S S
9 S S S S
1 S S S S
12 S S Q S
16 S U Q Q
25 S S S S
26 S S S S
27 S S S S
29 . S - S
39 . - . S
40 S S S S
41 U S U S
43 S S S S

S: satisfactory, Q: questionable, U: unsatisfactory, —: no participation
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Fig. 9. Improvements of the ability for PBDE measurement
by the successive proficiency test programs coordinated
by KRISS (BDE-183 in HIPS sample).
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