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1 ClI-PAHs  Br-PAHs (X Cl  Br)
Fig. 1 Chemical structures of typical CI-PAHs and Br-PAHs ( X indicates Cl or Br) ; PAHs: polycyclic aro—
matic hydrocarbons
Cl-PAHs ( Ohura ) Br-PAHs (
(TCI)) d-PAHs ( Accustandard ) o N (
J.T. Baker ) ( HPLC &K ) ( HPLC
CNW ). (80 ~100 ) 24 h 180 °C 12h 3%
12 h 0 -
(1:1 V/V) .
2.2
2009 8 80 -
(1: 1 V/V) 48 h 2 mL (
2 cm Na,S0,.10 g ) o
- (7: 3 V/V) 2 mL
o 45 mL <50 mL <50 mL
- (7: 3 V/V)
Cl-PAHs  Br-PAHs N o
2.3
: DB5MS (60 m x 0.25 mm i.d. 0.25 pm J&W Scientific CA);
100 C 1.0 min 5 °C/min 300 C 10 min; 1 pL;
(1.0 mL/min) ; 280 C.
tEl .70 eV yEL N
230 C 150 °C 300 C; 1.5 mL/min 2.25 mL/min 1o
2.4 / (QA/QC)
d-PAHs o 3
( Blank) ( Ongoing precision and recovery OPR)
( Standard spiked martrix samples SSM) o
3
3.1
Cl-PAHs.Br-PAHs
8 12

o

CI-PAHs.Br-PAHs
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1 d-PAHs Cl-PAHs Br-PAHs
Table 1 Energy of collision and monitored transition of d-PAHs CIPAHs and Br-PAHs
Compounds Parent ion Product ion  Collision energy Compounds Parent ion Product jon  Collision energy
(m/2) (m/2) (eV) (m/2) (m/2) (eV)
e 3 | eme o x B
dn=Chy 240 240 2 9 10-ChAn 3l 176 20
Py 264 260 % Lochhe 2 176 2
B3 | ewam @ B3
28l i 163 2 Mlflwr 33 200 20
9-BiPhe 236 176 2 1-ClPy: 2% 200 20
IV DI B TR S
v B % B | srame T 0™ B
TRV T B T T
wee BB B | e Bo@m 3
SO T
9-CIFl 200 163 2 7-Clbai 26 26 20
came 3 @ 3| enam B Z R
2-ClAnt 20 6 2 L 26 2
o Y B | ew  m ® 3
Flu: fluorene Phe: phenanthrene Ana: acenaphthene Ant: antlhraceneo Fluor: fluoranthene Pyr: pyrene Chr: chrysene BaA: benz
alanthracene BaP: benzo a pyrene Pry: perylene; PAH: polycyclic aromatic dydrocarbons.
o 25 mL

78% ~120%

Carbonxen 1016

70 mL - (7:3 V/V) Cl-PAHs Br-PAHs.
d-PAHs 82% ~91% Cl-PAHs  Br-PAHs
(75 m’/g) Carbonxen 1000 (1200 m’/g) » Cl-PAHs
Carbonxen 1016 ;
o 100 mL - (7: 3 V/V)
100 mL 0 d-PAHs
CI-PAHs 66% ~95% ; Br-PAHs 62% ~88%
3.2
19 ClPAHs 8 BrPAHs 3  d-PAHs
400) o 20 eV
( Parent ion) ( Product ion) o
( MRM) MRM
d-PAHs CI-PAHs Br-PAHs 1o
3.3 N
( OPR) ( SSM)

Br-PAHs

69% ~ 80%:;

(m/z 50 ~

(OPR 2
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SSM 6 ) o 2 : OPR d-PAHs.Cl-PAHs  Br-PAHs
65% ~82% 63% ~86% 58% ~T75% . SSM d-PAHs 69% ~99%
RSD  5.3% ~11.6%; Cl-PAHs 1% ~118% RSD 1.3% ~9.8%;
Br-PAHs 70% ~117% RSD  2.0% ~8.6% - d-PAHs.
Cl-PAHs Br-PAHs RSD EPA 8270C  EPA
TOH3A PAHs o
2 N N N

Table 2 Recoveries of target chemicals in cleanup procedure standard curve linear ranges correlation coefficients and the
instrumental detection limits

Recovery of cleanup procedure( %)

. Linear ranges Curr(?l'c.llior{ Instr_umer_lta_l
ompounds . . . Standard curve coefficients detection limits
Ongoing precision Sland_ard spiked (pg/pL) (R?) (pg inj.)
and recovery martrix samples
5-BrAna 58 70 y=0.0024x +1.9631 0.5 ~100 0.999%4 0.7
2-BrFlu 67 99 y=0.0025x +2.3191 0.5 ~100 0.9995 0.7
9-BrPhe 72 83 y =0.0062x +2.3626 0.5 ~100 0.9993 1.5
9-BrAnt 70 91 y =0. 0068« +2.6325 0.5 ~100 0.9947 1.5
2 7-Br,Flu 68 80 y=0.0105x +2.9849 0.5 ~100 0.9966 3.6
9 10-Br, Ant 71 75 y =0.0023x +2.3048 0.5 ~100 0.99%4 0.6
1-BrPyr 75 116 y=0.0025x +2.4784 0.5 ~100 0.9945 0.7
7-BrBaA 74 117 y=0.0038x +2.4610 0.5 ~100 0.9927 1.0
9-ClFlu 71 76 y=0.0014x +2.0769 0.5 ~100 0.9995 0.6
9-ClPhe 79 86 y =0.0022x +1.5950 0.4 ~80 0.9975 0.8
2-ClAnt 70 71 y=0.0028x +9.3484 1.5 ~300 0.9975 1.1
9-ClAnt 70 78 y =0.0026x +3.2093 0.7 ~140 0.9995 0.9
3 9-Cl, Phe 85 82 y =0.0070x +3. 6786 0.8 ~128 0.9993 2.2
9 10-Cl, Ant 84 79 y =0.0029x +2.5578 0.5 ~100 0.999%4 0.9
1 9-Cl, Phe 84 80 y=0.0015x +1.5530 0.3 ~60 0.999%4 0.4
9 10-Cl, Phe 86 85 y=0.0013x +0.7571 0.2 ~40 0.9991 0.4
3ClIFluor 81 83 y =0.0052x +1.7245 0.5 ~100 0.9992 1.9
8-ClFluor 75 96 y =0.0062x +2.8033 0.6 ~120 0.9993 2.3
1-CIPyr 78 103 y=0.0110x +2.2811 0.6 ~120 0.9993 3.6
5 7-Cl, Fluor 83 86 y =0.0045x +3.0786 0.7 ~140 0.9993 1.4
3 8-CL, Fluor 82 77 y =0.0042x +2.2997 0.7 ~140 0.9991 0.7
3 4-Cl, Fluor 66 90 y =0.0073x +3.2223 0.7 ~140 0.9992 2.1
6-ClChr 73 118 y=0.0035x +3. 1754 0.6 ~120 0.9934 1.2
7-CIBaA 81 103 y =0.0040x +5.3975 1.1~220 0.9951 1.5
6 12-Cl,Chr 33 110 y=0.0031x +1.9633 0.5 ~100 0.9952 0.9
7 12-Cl,BaA 84 115 y=0.0058x + 1. 1964 0.5 ~100 0.9992 1.5
6-CIBaP 63 87 y=0.0193x +2.8653 1.0 ~200 0.9958 5.0
3.4 .
Cl-PAHs.Br-PAHs 0.5 ~100 pg/pL ( 2)s
Cl-PAHs 200 pg/uL
Br-PAHs Br-PAHs
0.2 ~300 pg/uL ( 2). Cl/Br-PAHs 8 .
2.3 5
2, 0.9927 ~0.9995 °
Cl-PAHs  Br-PAHs 5 6
. CI-PAHs  Br-PAHs 0.4~5.0pg 0.6~3.6pg(  2).

HRGC-HRMS *  GC x GC-HRTOF-MS " GC-MS’ o
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3.5
/ Cl-PAHs  Br-PAHs o 2
Cl-PAHs Br-PAHs GC-QQQ-MS/MS ( 2A Cl-
PAHs  Br-PAHs 2B Cl-PAHs Br-PAHs ) o ( 3)
Br-PAHs ND ~2440.7 pg/g Phe.Ant  Pyr 9-BrPhe 9-BrAnt 9 10-
Br,Ant  1-BrPyr 90% o CI-PAHs ND ~495.5 pg/g Phe. Pyr
9-ClPhe  1-ClPyr o Cl-PAHs  Br-PAHs
6 /
20p A
= 15t 5
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S
‘é 1.0 - 12 3 1 19 »
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Fig.2 GC-QQQ-MS/MS Chromatogram of C1-PAHs and Br-PAHs in the standards ( A) and soil sample ( B)
1. 9CIFlu; 2. 5-BrAna; 3. 2-BrFlu; 4. 9-ClPhe; 5. 2-ClAnt; 6. 9-ClAnt; 7. 9-BrPhe; 8. 9-BrAnt; 9. 3 9-Cl,Phe;
10. 9 10Cl, Ant; 11. 1 9-Cl,Phe; 12. 9 10-Cl,Phe; 13. 2 7Br,Flu; 14. 3-ClFluor; 15. 8-ClFluor; 16. 1-ClPyr;
17. 9 10-Br,Ant; 18. 5 7-CL,Fluor 19. 1-BrPyr; 20. 3 8-ClL,Fluor; 21. 3 4-ClL,Fluor; 22. 6-ClChr; 23. 7-ClBaA;
24. 7-BrBaA; 25. 6 12-Cl,Chr; 26. 7 12-Cl,BaA; 27. 6-ClBaP.
3 ClI-PAHs  BrPAHs (pg/g )
Table 3 Concentration levels of CI-PAHs and Br-PAHs in the soil samples ( pg/g dry weight)
1 2 3 | 2 3
Compounds Soil sample- Soil sample2 Soil sample-3 Compounds Soil sample- Soil sample2 Soil sample-3
5-BrAna ND 120 2.4 9-ClFlu 6.4 9.3 2.3
2-BrFlu ND 146 4.4 9-ClPhe 479 496 149
9-BrPhe 402 2241 68.5 9-ClAnt 69.4 68.0 20.7
9-BrAnt 1636 620 29.2 3 9-Cl, Phe 36.3 58.4 21.2
2 7Br, Flu ND 212 ND 9 10-Cl, Ant 11.5 ND 8.9
9 10-Br, Ant 1499 801 31.6 1 9-ClL,Phe 14.0 26.0 5.8
1-BrPyr 512 1576 157.4 9 10-Cl, Phe 35.9 89.5 8.2
7-BrBaA 75.8 208 59.6 3-ClFluor 63.7 64.4 49.7
> BrPAHs 4125 5924 353 8—ClIFluor 18.3 19.1 12.2
1-CIPyr 164 181 208
6-CIChr 25.4 ND 28.3
7-ClBaA 42.6 ND 40.7
6-CIBaP ND ND 170
> Cl-PAHs 967 1012 725
ND: ( Not detected) o
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Cl-PAHs  Br-PAHs. ClPAHs Br-PAHs N
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Determination of Chlorinated—and Brominated—Polycyclic Aromatic
Hydrocarbons in Soil Samples by Gas Chromatography Coupled
with Triple Quadrupole Mass Spectrometry

MO Li-Gui' > MA Sheng-Tao ' > LI Hui-Ru' YU Zhi-Qiang"' SHENG Guo-Ying' FU Jia-Mo'
'( State Key Laboratory of Organic Geochemistry Guangdong Key Laboratory of Environment and Resources
Guangzhou Institute of Geochemistry Chinese Academy of Sciences Guangzhou 510640 China)
*( Graduate School of the Chinese Academy of Sciences Beijing 100039  China)

Abstract In this study simultaneous determination of Cl-PAHs and Br-PAHs was developed by gas
chromatography coupled to triple quadrupole mass spectrometry ( GC-QQQ-MS/MS) . Soil samples were
exacted and cleaned through silica gel column dualdayer carbon reversible column respectively after that

19 congeners of CI-PAHs and 8 congeners of Br-PAHs were quantified. The GC-QQQ-MS/MS analysis
condition was: El and Multiweaction monitoring( MRM) model the electron emission energy was 70 eV,
DB-5 MS fused silica capillary column (60 m X 0.25 mm 0.25 pum) ; the temperatures of injection ion
source quadrupole and transfer line were 280 230 150 and 300 °C  respectively. The collision and
quenching flow were 1.5 and 2. 25 mL/min respectively. The carrier gas was Helium with the flow
1.0 mL/min. The results showed that the relative standard deviation ( RSD) of parallel standard reference
sample were <12.0% and the recoveries of d-PAHs Cl-PAHs and Br-PAHs were between 70% —118%.
The instrument detection limits of Cl-PAHs and Br-PAHs were between 0.4 - 5.0 pg. Concentrations of
> CI-PAHs and 3 Br-PAHs in the soil samples from a certain industrial area were in the range of 725 —
1012 pg/g and 353 —5924 pg/g respectively.

Keywords Chlorinated—-polycyclic aromatic hydrocarbon; Brominated polycyclic aromatic hydrocarbon; Gas

chromatography-triple quadrupole mass spectrometry; Soil
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