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Interference elimination of PCB and its ramification in determining
trace PBBs/PBDEs by GC/MS
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Abstract: The normal method to determine the trace brominated flame retardants such as polybrominated
biphenyls (PBBs) and polybrominated diphenylethers (PBDEs) contained in the electronic and electrical
products is gas chromatography/mass spectrometry (GC/MS). However, the method is based on the
determinations of the persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs), and

polychlorinated naphthalene (PCNs) etc. The interferences of those compounds are inevitable. Therefore,
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in order to overcome this problem, two methods e. g. 1) The combination use of gas chromatography
negative ion chemical ionization mass spectrometry ( GC-NICI-MS) and gas chromatography-electron
impact-mass spectrometry (GC-EI-MS) is employed, 2) a matrix solid-phase dispersion (MSPD) method
with YMC ODS-C,; as carrier is developed. The result show that, by the former method, the brominated
isomers or ramifications are distinguished remarkably from other halogen compounds because that anion
fragment retention peaks of [ Br]~, [ HBr, ]~ and molecule chain fragment retention peaks of [M+2]",
[M+4]",[M+6]",[M+8]" are observed simultaneously, and thus the selectivity to determine bromine-
containing retardant flames is greatly improved. Using the latter method, the gas chromatographic peaks of
multiple polychlorinated biphenyls and polybrominated diphenylethers can be efficiently separated. Thus
provides a project to solve interferences of POPs in brominated flame retardants’ determinations. The
standard addition experimental results of 10 kinds of BDEs/PCBs belonging to 8 sorts of electronic and
electrical equipment show this method has a high precision and reliability due to 60% ~98% recovery and
<9. 5% relative error, which meet the needs regulated by the IEC Commission. It provides a technical
support for electronic and eletrical industries in China to further comply with RoHS directive.

Key words: polybrominated biphenyls (PBBs) / polybrominated diphenylethers (PBDEs)/ polychlorinated
biphenyls ( PCBs); gas chromatography/mass spectrometry ( GC/MS); matrix solid-phase dispersion

(MSPD) ; ramifications interference;elimination
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of Hazardous Substances) & 4 i il , 1R 2 FH I 7]
RESHTER TR C Ry RS . HAET. W
(1) J5 ¥ & SOMA 8 351K 43 % 5 3 (gas chromatogra-
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mass spectrometry ( HRGC-HRMS)P | GC/MS/
MS 1w RO AR 3 53 85 12: Chigh performance
liquid chromatography, HPLC)P! {37 41 4p Ot
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SEAEDN E PCBs PVC LRl E570, B i 26 ) 5 1
TS AT ke ., B MR T LW O 2 OREK R
(Polychlorinated biphenyls, PCBs), £ & fk £
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ARy s B AR SR 99. 99900, T
1.1 mL/min; #E4F IR BE 270 C L oo i dEFE . 3
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PR 12 m/z BF AR L™ A B F
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I K oN6 500Da/ s e KRR E R 60 I/ s,
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T ALY o> F e Z s i B R s Mk )G
W B 2 10 2%, 7 AR R — AR BT 5 08 AN — 2 L
J2 (R — Tl 4y BT B[R] — A B G0 I R B (di
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T 2 T S 0 ) 2 WA — e g Joie o R R L o0 28R
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MS ¥ Hp e LI 2 B3 L 2 B 202 NICT A EL
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HIE RS W [Br] ([HBr, | R 88 flik
PEVERE S 5 5 8 RBUE M 2 HX By L 87 A 1
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A RO A B 4§ 254 L 2 Bl oy G
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TR FR BELIA T ] 22 0 110 3 5 R 4 501

EHEBRA X 2 B gy ik 0 — 5 AL R
TRPEEEAT 20 A, L GC-MS i 1 (). 1 ¢ =
12 min {7 & 40 H 3 — A %7 A 0, 5 B EK R Bk
(Octa-BDE) f£ t=11. 99 min &b B T W&, 2 7 5t
#& Octa-BDE R MEWr & . fy 1 i — 25 01A . 6k
GC-NICI-MS 43 #7 1 b 1) J5 5% 0 45 R &1 1(b)
AN IZ RS E A B g SN 79a. m. u Al 161a. m. u,
X 2 A~E[Br])” ([HBr, | B4R B 06, | #5421
[FALZR" Br = A 9 B 5 5 # 2 Br #[E] A &=°' Br
PR BT 3R 2R A T R N AEAE X 2 IR
RGOt DLERR A S At — & A
R T AR HAth g R 25 PCN [/ &4

S T k25 B R W B B E] 12,0 min B A LY
sk T GC-ET-MS 774 B, an &l 1Ceo) s, &
I T 642,723, 804, 806, 808, 810a. m. u & &
T, H 642a. m. u & BDE203(2, 27, 3, 4, 47,
5,57, 6-/\JRIEALREE 2K L — 4" Br, ' Br 57 4EW
WER B T, 723a. m. u ;& BDE203 2 — 4" Br
S BB R RRAE I, B S T B A LR o R R
FigE[M+-2]" , [ M+4]",[M+6]",[M+8]",#
— Ul B[R] 2R W 2 T A LA ) BDE203.,
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() ZMSPDER 5 FIARYI 2 O s eI 5 I UM a3 18

E 3 MSPD LI H]/5 PCB 5 BDE 43 #ff E i&

K 3(a) & R 2 MSPD 525 /32t KE A 14 W 1
s R LLE .7 B BDE [R] & 9 22 I H 0
B, A 2 Fh BDE g &, 7] & PCB Al
BDE W 2Z [8] JLF- 43 5 A H0 R o 2 [ vl i 958 B 2 fik-4.7
(tetra-BDE-47) 51 & 4-180 (hepta-CB-180) , Y
TRIER K i£-66 (tetra-BDE-66) 5 )\ & B¢ 45-199 (octa-
CB- 19D ALkt ok ki & . XA IR AE
GC-MS s &5 2 3, I ] F PCBs fil BDEs
SERY AR L . B U 4T MSPD SE G, 45 8 &
3(b) i . MR AL, HA5 PBDE [ &4 8 1 . 1%
4 PCB AR B 7, £ C 405Kk T PCB %I PBDE

T, B 3(c)j& MSPD S5 J , W B £E [ AH A 5T
Y A VR IS 7 AR Y 1B 2 B PCB B A
W], H e W, R MSPD [ A 43 #0i% 7] LAA 4%
i PCB/PCN %f PBBs/PBDEs 43+ #7 i T4 .
2.3 BREBFIBFBAUBTIREESFIE

o T VAL R I e Ty YA 2R A ds B R 4 SRR ff
S L e R RoHS 484 FRE MY 8 KIS 1 i< b
HEATBIE S A SO 2 HAE L H ST i T R I
(9 10 Ff 5 28 BHAR ) GC-MS #6i Hh ) 4 B g - o 32
JEE LR X A 8 O SO K Y B U AR i S W o
(A RAAIE B 0 S5 SR L3R 2 B

x2 0HERNRREE/BEBASTEREES FI&
¥ i FRAE I PR B IR
: RO Ig/min ER /a. m.t E/a.%rn. u '
1 — R (Mono-BB) 3.17 233 152 234 232 152
2 TR (Di-BB) 4.81 312 152 312 310 314
3 ZRBEZE(Tri-BB) 6.65 391 232 392 150 232
4 DU IR B % (Tetra-BB) 7.51 470 389 470 310 390
5 FLIRBE 7 (Penta-BB) 8. 30 549 469 550 390 467
6 JNIREEE (Hexa-BB) 9.85 628 550 628 468 546
7 + R BEZE (Hepta-BB) 10. 97 707 146 706 233 306
8  JNIRIEZE (Octa-BB) 12. 06 786 146 785 466 544
9  JLIREEIR (Nona-BB) 12. 67 864 112 864 705 703
10 FREEZE (Deca-BB) 13. 20 944 144 943 783 623
JHE By == ot e BT
1 —REAEE (Mono-BDE) 3.23 249 141 250 168 141
2 TIREEZERE(Di-BDE) 5.56 326 168 139 328 168
3 ZIREEZEEE(Tri-BDE) 7.16 407 246 408 406 248
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4 PURBEEREE (Tetra-BDE) 8.27 486 326 488 223 326
5 HIREEIRf# (Penta-BDE) 9.27 565 404 564 406 297
6 NI (Hexa-BDE) 10. 16 644 484 643 484 375
7 - R 2R ik (Hepta-BDE) 10. 96 723 562 722 562 456
8  J\URBEAEE (Octa-BDE) 11.99 802 642 723 806 808
9 JURBEA N (Nona-BDE) 13.00 881 720 881 721 719
10 B (Deca-BDE) 13. 94 960 400 959 799 795

2.4 [EIKEDH

TR A BB ARE AL PR 4, B IR B 2 G 2
i 1) [0 e 38 2 Y M B AT AR . 55 R OR R 2
975 1 (US EPA Method 1614) i #1 % RoHS #§
A FRGE B 10 Fl SR I R B R Tk Y e R AR
500 ~1250 Z M A FF & 25K . AR R 8 Fiv ¥
HL 0™ b #E 17 BDEs/PCBs il b [a] Yz 52 55 o 5K AH X%
B2E G YCFHD AR IR 3, R R AR

MER FF LA A FY RN k)
(SJ/T 11365—2006) F 2 » HL F HL ™ il o 1% 25 4
JEBER N AT G MRS T ARAS 1 5 WO S 3R 4
SRS 25 R X 5 22 (H NS R I 1000, [T SE G
7R, 10 FhisRE i B RAE 60 %0 ~ 98 %6, AH X % 22
TE 9. 5% LAY 7 4 [ Br e T %% 51 2 (IEC 62321) 42
H 14 X 75 R BELJR 00 RS T SR

R3 SHEFESFRANMREKRELRRER

S ) % a5
i BDE047 BDE066 BDE153 BDE209 BDE203 PCB-118 PCB-138 PCB-180 PCB-153 PCB-199 /%
il — 75.3 — — — — — — — 78.1 3.4

FL IR

UL 70. 2 — 87.4 — — — — — — — 4.5
JTH 80.1  80.3 78.6 6.7
gk A 90.5 — 97.4 — 86.5 — — — — — 9.1
BBRHL 96.3 — — — — — — 70. 4 — — 9.3
PCBH#R — — — — — — — 92.1 — — — 6.7
A — — — — — — 78. 4 — — 74.6 4.5
HL A A 74.3 7.8

2.5 HBEERKHR R 4, Kol P& e 5~10" pg/ke YU BN &

e IR TS/ Bl R A AT 0 5 A TR
2R HEAT Z3 AT o A5 R L Y R G R R AN e R R
(5 YCF-24) Ak i B . 4% B HI/T 168—2004 Je H
BT Hid (2009) o A7 & ML 7 T VT B e IR ARG H R L 445

RUAFRYZEME 5C 2R L 2R T R AR HE BRI 3% 3 B .
FHEHRWAACE R r 2 0.999~0.999 9. £l
P 1) e AR H FRAR T 10 pg/ke.
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R4 WDHBRRRFIRABEBMEMEXR BAXRY. RREHR(=D5)

BB AR AR HIRAR ) R ARK R/ (pg « kg D)
BB002 Y=125 258.23X+1 215 0.999 3 6.7
BB007 Y=533 115.32X+1 111 0.999 5 3.2
BB026 Y=353 611. 15X+2 356 0.999 1 4.5
BB049 Y=193 125.33X+1 220 0.999 7 6.4
BB103 Y=351223.71X+1 546 0.999 2 3.5
BB153 Y=498 723.12X+2 712 0.999 7 3.1
BB194 Y=254 145. 17X+5 678 0.999 5 1.5
BB206 Y=421 345.12X+3 201 0.999 3 3.7
BB209 Y=122 089. 45X +2 253 0.999 0 4.1

RALIIR i APER R LIPRES ¢ RARKIH R/ (pg « kg™

BDE002 Y=128 569. 45X +1 245 0.999 5 1.3
BDE008 Y =254 536.77X+1 541 0.999 4 1.2
BDE028 Y =325 522.15X+5 641 0.999 8 8.3
BDE047 Y=457 895. 36 X+1 023 0.999 6 4.6
BDE099 Y =258 945.33X+2 013 0.999 2 6.5
BDE153 Y=451 262.26X+1 278 0.999 3 9.2
BDE183 Y=657 812.56X+3 212 0.999 8 3.3
BDE203 Y=214 589. 44X+3 926 0.999 4 7.1
BDE206 Y=312 546.21X+1 285 0.999 1 6.4
BDE209 Y=294 516.37X+2 115 0.999 1 6.5

3 & iE

B XF GC-MS 3 43 #1 H LA™ v BEL IR 57
PBBs/PBDEs [E Frbr fE #2 77 oh A7 75 1) 1] 8, 26 45 $2
T R R T v B SR B GC-NICI-MS 1 GC-EI-
MS Bk A 0 R R i 2335 43 B v xR 2 B R
B 5 B 5 SR FH 2 T [ AH 49 10 (MSPD) 7] 388
U b4 B F B PCBs/PCNs % PBBs/PBDEs [+
PE - DT 2 55 0 BT 19 58 08 5 3 3 [l ISR 5 IRE
IR AF X 35 22 4 A e TRTISCR FE 6090 ~ 9820 Z ]
AEXT R 227 10 %6 LAPY K I 40 ) 75 HEAE 5~10" pg/kg
WHENERIFMEME LR AL RE »H 0,999~
0.999 9, FFI P 1) S AR A 8 FRAE F 10 pg/ kg, 150 B
J7 vk B B RS % L X O BB EE L% 5F RoHS
TF A e S B AR I T LAt AR S
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