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Pollution of Halogenated Polycyclic Aromatic Hydrocarbons in Atmospheric

Particulate Matters of Shenzhen

SUN Jian-lin'*, CHANG Wen-jing', CHEN Zheng-xia®, ZENG Hui'*"

(1. School of Urban Planning and Design, Shenzhen Graduate School, Peking University, Shenzhen 518055, China; 2. Department of
Ecology, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: Concentrations of halogenated polycyclic aromatic hydrocarbons ( HPAHs) in atmospheric PM,; and PM,  samples collected

from Shenzhen were determined using GC-MS. Total concentrations of nine HPAHs in atmospheric PM,;, and PM, s samples ranged from
118 to 1476 pg-m > and 89 to 407 pg-m~°, respectively. In PM,, and PM, , samples, the concentration of 9-BrAnt was the highest,
followed by 7-BrBaA and 9, 10-Br, Ant. Seasonal levels of total HPAHs in atmospheric PM,, and PM, ; samples in Shenzhen decreased
in the following order; winter > autumn > spring > summer, whereas concentrations of individual HPAHs showed different seasonal
levels. Meteorological conditions, including temperature, precipitation, and relative humidity, might be important factors affecting the
seasonal levels of HPAHs in atmospheric PM; and PM, ;. In addition, there were significant correlations between concentrations of
HPAHs and parent PAHs. Finally, the toxic equivalency quotients ( TEQs) of HPAHs were estimated. The TEQs of HPAHs in
atmospheric PM,, and PM, ; samples ranged from 17.6 to 86.2 pg-m ™ and 14.6 to 70.4 pg-m >, respectively. Among individual
HPAHs, 7-BrBaA contributed greatly to the total TEQs of HPAHs. Our results indicated that the total TEQs of HPAHs were lower than
parent PAHs in atmospheric PM,; and PM, ; samples in Shenzhen.

Key words : halogenated polycyclic aromatic hydrocarbons; parent polycyclic aromatic hydrocarbons; atmospheric particulate matter;

toxic equivalency quotients; Shenzhen
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Fig. 1

Concentrations and profiles of HPAHs in atmospheric PM,/PM, 5 samples
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Table 1 Concentrations of individual HPAHs in atmospheric PM,/PM, 5 samples/pg-m =3

i H i [i] 9-ClPhe 2-ClAnt 9,10-Cl, Ant 2-BrFle 9-BrPhe 9-BrAnt 9,10-Br, Ant 1-BrPyr 7-BrBaA
2012-09 11.5 35.5 18.8 10. 8 16. 8 465 12. 1 3.87 69.0
2012-10 7.50 21.3 13.5 6.73 10.2 83.1 3.89 3.85 53.9
2012-11 3.72 16.3 12.3 5.91 14.3 142 5.82 3.22 60. 2
2012-12 7.89 27.7 23.3 11.0 30.9 251 141 7.02 53.1
2013-01 7.85 32.9 54.2 23.5 67.8 1110 101 9.35 69. 6
2013-02 4.25 15.7 18.9 9.71 22.9 250 8.42 2.32 57.6

PM,, 2013-03 6.98 21. 1 13.4 8.68 21.0 162 6.99 2.24 43.8
2013-04 8.89 29.5 24.2 11.8 20.3 183 54.6 2.23 57.2
2013-05 4. 67 13.2 14.4 5.86 13.9 59.0 19.2 1.88 19.3
2013. 06 5.07 13.7 12.7 6.71 20.0 53.4 19.4 1.18 20.0
2013-07 3.83 10.3 9. 06 7.12 14.0 44.7 18.2 1. 06 16.3
2013-08 3.24 10.6 10.9 6. 66 7.97 40.2 14.6 0.99 22.6
P H M 6.28 20.7 18.8 9.54 21.7 237 33.7 3.27 45.2
2012-09 8.85 26.3 22.0 10.0 10. 4 56. 4 36. 8 4.17 48.9
2012-10 6.04 17.5 11.2 5.38 10.7 53.3 20.7 2.96 43.1
2012-11 3.88 11.8 12.8 5.52 11.9 45.6 29.1 2. 66 35.0
2012-12 9. 08 25.5 24.2 9.12 17.9 51.4 103 5.34 40.3
2013-01 7.74 29.2 61.5 17.1 50.0 93.7 78.3 6.56 62.4
2013-02 3.33 11.4 19.1 8.21 19.1 56.8 34.1 3.56 53.7

PM, s  2013-03 3.51 16.0 10.5 7.37 14.7 47.9 15.8 2.10 42.1
2013-04 5.70 20.0 22.9 7.38 15.8 44.8 43.3 2.07 60. 8
2013-05 4.50 12.7 9. 68 4.78 13.4 30.2 18.6 2.42 22.0
2013-06 3.21 8.69 4.02 3.82 14.3 24.5 13.6 2.44 14.4
2013-07 2.95 8.58 5.17 3. 68 13.3 20.5 15.4 1.99 17.1
2013-08 4.70 11.0 7.62 7.59 8.61 41.8 28.8 1.58 25.8
R H M 5.29 16.5 17.6 7.50 16.7 47.2 36.5 3.15 38.8

TEARIFE YIRS PM,, F PM, 3 Fif
ARZHIFIE RS HIFIE (D CIPAHs) 5351
M 45.8 pgem 39,7 pgom . XUE(E I TR
SPM,, 1 PM, 3 FEMRZH SR AT &
( > ,CIPAHs), 43 31 K 2.42 pg-m ™ Hl 2.07

pgem 7 — B S ESMFRH L,
YR > CIPAHSs f 85 ik LG H AR TR
SRBTEROR Y T 3 R Z IR IR & KT
(0.86 pg-m ) Eh A ECRE G A, IR
KA PM,, A1 PM, 511 6 FIRACZ A5 IR 1) B i

( > BrPAHs) X {H 43 51 350 pg-m ™ Fl 150
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Table 2 Spearman correlation coefficients between concentrations of HPAHs in atmospheric PM,,/PM, 5 and meteorological factors

i H 5 Rk A AR X PM,, 1) HPAHs
KK 0.692*

PARES 0.269 0. 506

AEXTE B 0.527 0.848** 0.412

PM,, " Y HPAHs -0.713** -0.727"* -0.183 ~0.654"

PM, s H1f#) HPAHSs ~-0.734** -0.706* -0.151 -0.700* 0.923**

1) # #F/RP <0.01, * F/R P <0.05

2.3 HREHIFRGEHAZ IR LR
W R AN IR SRR Z IR O7 IR Z A 5 5

A DA — A A HE ROR B 202 IR R
PM,, Fll PM, s 11 5 FlREAR Z 2855 18 1) F 7K F- Fi 4l



1518 AN 5%

Fl 36 &

Ay,
=

BUULIE 3. FERFEHAN], PM, Fll PM, ; T EEK £ 3505
Kol (D) PPAHs) HYZAS (KL 43521 110 ~
8 120 pg+-m F1868 ~ 7380 pg-m >, Hifg K AH I
BULTE 2013 45 1 A. 7E PM, BE &, Pyr BT i 1) EL B
B (39.9%, 30.8% ~ 48.8%), H: K J& Phe
(30.4% ,18.7% ~39.9% ). 7E PM, (FEdn )2
Pyr BT (5 B Fe 49 5% 757 (40. 0% ,28.4% ~51.0% ) ,
K& Phe(30. 1% ,18.8% ~40.4% ). IAh, PM,, Al
PM, ;1 5 FiBEAR 2 3R 05 18 1) & B KOE 4 R B0 A&
Z(5160 pgem ™) > FkZFE (3050 pgem ™) > FZE
(2310 pgem ™) > HZ=(1180 pg-m ) B ZFE AL

L.

SRS, K PM,, Fl PM, K AR 3R 55 1%
) KT LR R Z 05 I — g . RS
PM,, Fl PM, P i (R A5 12 5 A Z 3 05 f2 2 1]
f) Spearman AH3¢ REUEFE LS 3. SR ERH KL
WG SRR 2 055 18 2 AR B 38 B A G 6 R
(P<0.01). BLAbh, kAR5 R4 Bk 2 )t &
PR B AT AR EE (P <0.01 8% P <0.05). AHEHE
R KR AR SRR Z 55 @] R HA A
] AR HE AT 200 ok, B B 98 R I B AR Z 30
FRENEE KRR R AR TR R TG
E@ig%%lz 25,26] .

I Pl N Ant N Fle — Pyr N BaA
100
80
S 60
Y]
R
T 40t
20 +
0
10 000 - J PMg-bound PPAHs PM: s-bound PPAHs
8000 F l
£ so00
E]
#®
4000
™ |l‘ ﬂ ’L‘ ’L‘ ’l‘ ﬁ ﬁ
) [0 Hla
= o
("Il :'.'.}

HIW (45-H)

B3 XS PM,,#PM,  FEESIHFRNREMAER
Fig. 3 Concentrations and profiles of PPAHs in atmospheric PM,,/PM, 5 samples

2.4 WIREZHG R GRHAZIIFIRNENE Y &

KR IF I AT A s i A
KA PM,o Fl PM, s 1 i i AR 22 36 05 ] R 2 i I
W 7 g TR AR A NAAR 32 T X A AR 3 7 A A 1 Y
s R (1) EE MR T KA PM,, A
PM, i85 55 K A9 B 24 i (toxic equivalency
quotients, TEQs) .

TEQs = > [¢,] x REP (1)

VG LR T N A R AVE 225 - S AR NTUR S s v/ S O
REP ( relative potency values ) 7~ < {822 P55 48 HL{A
FHXTF BaP BYAHXIRL N ,9-ClPhe | 2-ClAnt, 9,10-
Cl,Ant, 2-BrFle, 9-BrPhe, 9-BrAnt, 1-BrPyr #
7-BrBaA ) REP {H 435l J& 0.03, 0.1, 0.2, 0.02,
0.02,0.01,0.04 F10. 84" 27 {4k B4 F5
9,10-Br, Ant T Y it K A /b L REP {A.
YT RS PM, B PM, i A R I35 ke a1



54 PIVEARAE . DRI AUBURL) v 5 2 0 5 5 Yt 7 1519

®3 KRS PM, 1 PM, AR ERFREEBELIRFEZ ER Spearman % REY
Table 3  Spearman correlation coefficients among the HPAHs and PPAHs in atmospheric PM,,/PM, 5 samples

k&Y 9-CIPhe  2-ClAnt 9,10-Cl,Ant  2-BiFle ~ 9-BrPhe  9-BrAnt  9,10-BryAnt 7-BrBaA  1-BrPyr Fle Phe Ant Pyr
2-ClAnt 0.855 " *

9,10-CLAnt (. 661 * 0.764**

2-BrFle 0.654™ 0.740™"  0.803 ™

9-BrPhe 0.321* 0.394™  0.571™  0.522™

9-BrAnt 0.595 ™ 0.745™  0.736™  0.736*"  0.597**
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Ant 0.603* 0.740™  0.733™  0.746™ 0.517™ 0.720 ™
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1) * *FRP <0.01, * FEmR P <0.05
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