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Table 1 PBBs and PBDEs used in the experiment
¥ No. k& 4 F Compound name 4 & Purity/ % || %5 No. &% % Fk Compound name 4l & Purity/ %
1 4-TRIE AR 99.80 11 3-TR IR A ik 98.50
2 4,4 - IREER 99.80 12 3.4 - IR BE R 99.00
3 2,2, 5- =R 98.10 13 2,4, 4"~ = PRI R Fik 99.00
4 2,2',5,5 - DU TR A 99.90 14 2,3" 4,4 - DU PR ER K Bk 99.50
5 2,2',4,5",6- IR IBETE 99.90 15 2,2',3,4,4"- 0 IR 15 K 99.30
6 2,2 ,4,4",5,5" - NIRBEIE 98.80 16 2,2',3,4,4", 5" N IRBEIE it 99.80
7 2,2",3,4,4",5,5 L IREBEHE 98.00 17 2,3,3",4,4",5,6-b RIK A BE 99.00
8 2,2',3,3",4,4",5,5 - )\ PRI A 99.90 18 2,3,3",4,4",5,5",6-/\ IR A ik 98.00
9 2,2',3,3",4,4',5,5", 6- JUIR I K 96.20 19 2,2',3,3",4,4',5,5",6- JUIR 15 K ik 98.90
10 FIREE R 99.90 20 [ PR 2K ok 99.90
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Fig. 1 Effect of thermal desorption time on peak area
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2.2 REMBESNERGE 2.3 AIEREMS
TE 1 58 1 S0 45 A T L XL PS MR R 4k 2.3.1 &MSERMEXRE
PBBs fl PBDEs i i 43 803 24 100 mg/kg 2% [H KA 1.3, 1 ikl 4 T ABS. PSS 7 MR G
PERE S UEAT /0T R DL 3,20 AL A e WA R D AR 9 2 5 AR R i BOE 2R 81 (4% PBBs
B IS 1) 60 BT W 0 8 5 0 A L G /) ISR 3 1 PBEDs K J5it & 70 %7351 100,200,500,1000,

3% 3 PBBs #l PBDEs K BB 18 5 U E R 7Tt
Table 3 Retention time and the test mass-charge ratio for PBBs and PBDEs

[l 257 EY R | 5 i far b The test mass-charge ratio
No. Compound Retention time/min M Qualitative 4 Quantitative
1 A-TRIBEOR 3.21 152,234 232
2 4,4 TR 5.30 310,314 312
3 2,2",5- SRR 5.56 230,311 390
4 2,2',5,5" - PUTR BRI 6.78 389,470 310
5 2,2',4,5",6- IR OK 7.55 388,469 548
6 2,2",4,4".5,5" - R IRIEA 9.07 547,628 468
7 2,2".3,4,4",5,5" L REIE 10.21 627,706 546
8 2,2',3,3",4,4',5,5"- IR 11.30 626,786 707
9 2,2',3,3",4,4",5,5" . 6- LI A 12.12 704,863 784
10 AR IS 13.14 864,943 784
11 3-JRLIR K Tk 3.26 547,628 468
12 3,4 TR 5.24 486,644 484
13 2,4, 4" - = R K ik 6.49 627,706 546
14 2,3" 4, 4"-PU PR K i 7.67 564,722 562
15 2,2',3,4,4"- R ik 8.84 626,786 707
16 2.,2",3.4,4" 5 - IR BRI ik 9.71 321,801 642
17 2,3,3",4,4",5,6-L JR Bt 10.62 704,863 784
18 2,3,3",4,4",5,5",6- )\ IR BE 2 ik 11.45 719,879 721
19 2.2',3,3",4,4",5,5" . 6- JLIR B A ik 12.76 864,943 784
20 BRI 14.82 400,797 799
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ABS.PS 4§ 7 FpiA L A 1) 4 PBBs F1 PBEDs i J5t
WA 100 mg/ kg (1957 BV RE & L 4 BREC G O
AT T RN T AR R 22, B IS %
BRC12 T RATE 3 A5 A v A 22 1138 07 3 46 B L 10 £ A
Wefm 2t B L a5 R R 4, E 4 I, Ok
i 4 BR7E 5. 4~24. 8mg/kg Z ] , & & FRAE 18. 0~
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Table 4 Limit of detection and limit of quantification for the method

mg/kg

B Ay i HYBR Limit of detection F®# MR Limit of quantification
No. Compound PS ABS PC PMMA PP SBR IR PS ABS PC PMMA PP SBR IR
1 AT OR 149 15,0 147 12.3 10.2 15.0 159 49.7 50.0 49.0 41.0 34.0 50.0 53.0
2 4,4 - IRBER 15.4 16.3 15.2 10.7 14.9 181 12.3 51.3 54.3 50.7 35.7 49.7 60.3 41.0
: 2,2, 5- = RERAR 15.9 18.3 13.6 13.4 19.3 20.6 14.7 53.0 61.0 45.3 44.7 64.3 68.7 49.0
4 2,2',5,5"- DU BRI 13.7 14.7 14.1 12.2 157 16.3 17.1 45.7 49.0 47.0 40.7 52.3 54.3 57.0
5 2,2",4,5", 6-TL IR K 16.8 17.1 16.6 9.9 16.3 22.1 8.2 56.0 57.0 553 33.0 54.3 73.7 27.3
6 2,2",4,4",5,5" - N IRBER 19.3  19.5 15.4 12.4 18.7 12,9 13.4 64.3 65.0 51.3 41.3 62.3 43.0 44.7
7 2,2'.3,4,4",5.5" LRI 21.6 10.6 13.7 24.3 24.8 14.1 8.0 72.0 35.3 457 81.0 82.6 47.0 26.7
8 2,2',3,3",4,4",5,5"- /\REEHE 20,8 15.8 16.2 21.8 159 7.4 6.3 69.3 52.7 54.0 72,7 53.0 24.7 21.0
9  2,2'.3,3',4,4",5,5 6-JUBRBEAE  11.6 104 11.4 9.7 11.1 13.4 6.8 38.7 34.7 38.0 32.3 37.0 44.7 22.7
10 TIREE R 12.8 8.7 12.6 13.8 12.3 9.4 9.8 42,7 29.0 42.0 46.0 41.0 31.3 32.7
11 3T K ik 6.1 6.2 6.8 9.1 88 87 9.2 203 20.7 227 30.3 29.3 29.0 30.7
12 3.4 IR A 12.1 12,2 119 13.1 11.6 9.1 14.5 40.3 40.7 39.7 43.7 38.7 30.3 48.3
13 2.4, 4"- = REKIK Bk 81 82 10.7 9.1 10.4 13.1 15.2 27.0 27.3 35.7 30.3 34.7 43.7 50.7
14 2,3" 4,4 - Y PRI 16.8 16.9 16.6 17.8 16.3 16.0 10.5 56.0 56.3 55.3 59.3 54,3 53.3 35.0
15 2,2',3,4,4"-F R ik 7.8 7.9 7.6 88 7.3 135 124 26.0 26.3 253 29.3 24.3 450 41.3
16 2.2',3.4,4" 5 - IR BRI ik 21.8 12.9 13.7 16.8 14.4 14.8 10.7 72.7 43.0 45.7 56.0 48.0 49.3 35.7
17 2,3,3",4,4",5,6-LIRBEERE 147 14.8 145 157 14.2 13.8 12.8 49.0 49.3 48.3 52.3 47.3 46.0 42.7
18 2,3,3',4,4'.,5,5",6-/\IRBERE 12,2 123 11.1 10.5 10.8 8.9 9.3 40.7 41.0 37.0 35.0 36.0 29.7 31.0
19 2,2',3,3",4,4",5,5',6-JLIRBCAEREE 13.5 9.6 8.9 87 12,5 9.3 81 45.0 32.0 29.7 29.0 41.7 31.0 27.0
20 UK R ik 56 5.7 54 6.1 66 7.2 7.7 187 19.0 18.0 20.3 22.0 24.0 25.7

82. 6 mg/kg ZIH],
3 HERmSH
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1758 43 BT AR T i KR 9 16 & W i 1 43 B T
SRR 5, METR I 7> BIE & 0 #5105 ) 2
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B2 R UEAT HXt, Horp G PBBs 5k PBDEs B #f iy
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X5 BREBEIRMAEYER ERM-EC591 f1 PBBs 1 PBDEs B9\ % & #1 7l 7€ &

Table 5 Certified value and determination results of PBBs and PBDEs in polypropylene CRM of ERM-EC591

AE H ) 5 {8 FHHE A X A
JF ey N o
N c : Certified/ Found/ Average/ s 2
oO. .Ompouns
P (mg/kg) (mg/ke) (mg/kg) RSD/ %
1 2,4,4"- = B OR Bk 2.55+0.6 - —
2 2,2" 4, 4" DY IR A 245423 249,273,362,318,360,291,310 309 13.7
3 2,2" 4,47, 6- 0 I I K ik 667 69,73,100,88,93,75,88 83 13.9
4 2.,2",4,4" 5~ T PR IR K Fik 320440 355,362,468,415,423,377,416 400 10
5 2,2',4,4",5,5 - N IR A EE 4441.0 Kt AR EE R LT
6 2,2",4,4",5,6"-75 LK K i 26+0.6 K th AR AEE B BR LR
7 2,2',3,4,4",5", 6L IR Tk 8748 88,94,123,109,114,96,109 104 11.9
2,2".3,3",4,4",6.,6"- )\ IREE A FiE -+
8 , e 52+9 60,61,86,76,82.63,69 71 14.7
2,2",3,4.,4",5,6,6"- )\ TR Bk Ak 7
9 R IR 740+ 80 740,777,911,812,851,788,800 813 6.8
10 IR R ik 780490 821,853,982,888,927.864,876 889 5.9
Fo6 MMAEMNBFESTRESYWH A+ PBDEs BYill £ 4 R bk 3¢
Table 6 Determination results comparison of polybrominated diphenyl ethers in polymer materials of
electronic and electrical products by two methods
S8 ¥ Proposed method 5 22
e ety : — mmmEs O
" . H W 5E 1 FHMH X A i Found by standard ¢ dtw/e
Sample Compound Found/ Average/ {22 method, (mg/kg) ceror,
(mg/ke) (mg/ke)  RSD/% %
2,3" 4, 4"~ U PRI ik 350,398,449,412,445,361,356 396 10.5 4167 15.2
2.2" 3.4, 4"- T PRI TR ik 338.390,436,403,433,349,348 385 12.7 333 15.7
N nrd
S B 2.3.3".4.4" .5, 6--L BB K ik 440,432,376,430,472,380.382 416 8.9 453 8.2
| 5 A ik 1068.872,1150,981,998,824,809 957 13.4 1100 13.0
2 A Sk A 2 | TSI O gk 469,597,557,631,581,462,455 536 13.6 498 7.6
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Determination of polybrominated biphenyls and polybrominated diphenyl
ethers in polymer materials of electronic and electrical products by gas

chromatography-mass spectrometry with thermal desorption
YU Shu-yuan'?, YANG Jun-fan',SU Dan',WU Jing-wu'
XIE Tang-tang' ,REN Cong "'

(1. Shenzhen Customs, Shenzhen 518067, China;2. Shenzhen Inspection &.Quarantine Research
Institute, Shenzhen 518045, China)

Abstract; Polybrominated biphenyls (PBBs) and polybrominated diphenyl ethers (PBDEs) belong to persistent
organic pollutants, so it was of great significance to determine and control the contents of PBBs and PBDEs in pol-
ymer materials of electronic and electrical products. In traditional methods, the sample should be pretreated before
determination, which was cumbersome or relatively large amount of samples were required. After the target com-
pounds were desorbed from the sample by thermal desorption and analyzed by gas chromatography-mass spectrom-
etry (GC-MS), the determination of PBBs and PBDEs in polymer materials of electronic and electrical products by
GC-MS with direct solid injection was realized with only mg-level amount of sample required. The thermal desorp-
tion conditions such as thermal desorption temperatures, thermal desorption time and heating rate were optimized.
The results showed that the linear range was 100-2000 mg/kg with correlation coefficient higher than 0. 996 under
the optimized experimental conditions. The limits of detection were between 5. 4 mg/kg and 24. 8 mg/kg, and the
limits of quantification were between 18. 0 mg/kg and 82. 6 mg/kg. The contents of PBBs and PBDEs in certified
reference material of polypropylene (ERM-EC591) were determined for parallel 7 times according to the experi-
mental method. The determination results were basically consistent with the certified values for PBBs and PBDEs
when their contents were higher than the limits of quantification. The relative standard deviation (RSD, n=7) was
less than 15%. Qualitative and quantitative analysis of PBBs and PBDEs in 20 batches of polymer materials of elec-
tronic and electrical products were carried out with the experimental method. The determination results were com-
pared with those obtained by GC-MS with soxhlet extraction in appendix A of standard method of GB/T 26125-
2011. The results showed that the contents of all PBBs and partial PBDEs in polymer materials of electronic
and electrical products were below the limits of quantification. The relative errors of determination results
of other PBDEs with those obtained by standard method were between 3. 7% and 15.7%.

Key words: polybrominated biphenyls (PBBs) ; polybrominated diphenyl ethers (PBDEs) ; electronic and electri-

cal product; polymer material; thermal desorption; gas chromatography-mass spectrometry





