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Gaseous Polycyclic Aromatic Hydrocarbons in Harbin Air
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Abstract: Polyurethane foam passive air samplers ( PUF PAS) were fixed at eight sampling sites in Harbin Region concurrently to research
atmospheric concentration and distribution of polycyclic aromatic hydrocatbons (PAHs) in Spring of 2007 ( January to April) . Results showed
that the PUF PAS mostly absorbed the 3-4 ring PAHs, which accourted for 91. 22%-96. 37% comparing to total concentration. Total PAHs
concentration had cbvibus area difference from urban to remote areas, such as 356. 49 ng d for urban, 162. 65 ng d for subutban, 278 35 ng d
for rural and 183. 99 ng d for background, with ratios of urban atmospheric concentration to rural concentration more than 2, three times higher
than that of remote area. The atmospheric concentration was significantly affected by sources. Sources of PAHs in air of Harbin Region were
investigated by diagnostic ratios, which indicated that coal and biofuel combustion were the main sources of PAHs in air of urban and rural
area, respectively. The toxic equivalence factor (TEF) was used for health risk assessment, with similar area difference to concentration
distribution, which implying bigger potential heath risk for utban and rural people than other areas. Good reproducibility of PUF passive air
sampler was confimned by one pair of passive samplers deployed at an urban site. The results of the study demonsirated the capability of PUF
PAS to monior amospheric PAHs in a city scale at the same time.
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(semipermeable membrane devices, SPMD)M

( polyurethane foam, PUF) 4

(XAD filled tubes) ", ;

( Acy ), acenaphthene ( Ace), fluorene ( Flo),
phenanthrene ( Phe ), anthracene ( Ant), fluoranthene
(Flu), pyrene( Pyr), benz[ a] anthracene( BaA), chrysene
(Chr), benzo [ b] fluoranthene ( BbF ), berzo [ k]

fluoranthene( BKF) , benzo|[ a] pyrene( BaP) , indeno 1, 2,

, PUF 3 cd] pyrene( Ind) , dibenz[ a, h] anthracene ( DahA),
R benm|[ g, h, 1] perylene ( BghiP), Supelco
[6,7] [8,9] [10]
PTSs 1.2
, 5 , 2007 1 ~4 s ,
’ 8 B : 3
, PAHs R (Urban, UR) , 1 (Suburban, SU), 3
PAHs , (Rural, RU) , 1 ( Background, BA),
) , PUF
, PUF 2007 >1.5m,
1 ~4 ,8 PUF 1 1
( _ _ _
) , PAHs
’ Py PAHS
1
1.1
s J. T. Baker
Dikma s
(130C) 16 h, ; ,
, 600C 6
h, . PAHs R 1
16 PAHs: naphthalene (Nap) , acenaphthylene Fig.1 Locations of sampling sites in Hatbin Region
1 2007 PUF
Table 1 Description of the PUF sampling sites in Harbin Region in 2007
/m -
RU2 4549 N 2640 E 21 OF 26~ 0427 (  91d) , 20 km
U1 4548 N 12831 E 6 OF 26~ 0427 (  91d) , 10 km
URI 4545 N 2640 E 6 OF 25~ 0429 ( 94d)
UR2 4543 N 12637 E 18 O30~ 0427 ( 894d)
UR3 4543 N 12640 10 OF 28~ 0426 ( 88d) ,
RUI 4537 N 12636 E 10 OF 29~ 0426 ( 87d) , 20 km
RU3 4521 N 2644 E 8 OF 27~ 0428 ( 91d) , 40 km
BA1 4853 N 12709 E 20 OF 27~ 0428 (  91d) , 115 km
1.3 2 R ,
PUF , 6 s
[11] PAHs PUF, s s
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PUF ,
PAHs,
e PUF 15 em,
1.45 am, 420 em’, 512¢, 256 an’,
0.02 g/ cm’. , PUF ,
PUF ,
24 h, 24 h,
, PUF ,
-20C .
PUF PUF
, PUF ,3
PUF, , ,
(URG-PIS), -207C
1.4
PUF [6].
4 naphthalene-D8  fluorene-D10
pyrene-D10 perylene-D12 , PUF
(11, ) 24 h,
( Tg ,2 an ), 170
ml, (11, ) ,
) 1 mL, GG-MS
1.5
16 PAHs  Agilent 6890N
Agilent 5973 , HR-5MS (60
m X 0. 25 mmx 0.25 Hm) , : 90T
1 min, 10 ¢/ min 180°C,
1 min, 3 C/min 280 C, 20
min. 16  PAHs
1.6
.8 3
2 ;
NaP  Phe, 4 :
naphthalene-D8 ( 104.40 % 16.25)% fluorene-D10

(74.95 £21.07) % pyrene-D10 (63. 12 £10. 15) %
perylene- D12 ( 37.001+5.59) % .

2.1 PAHs
2 2007

PAHs .
(UR3),
(BA1) , PAHs )
: 356.49 ng/d, 162.65 ng/d,
278.35 ng/d, 183. 9 ne/d.
PAHS il
PAHs ,
PAHs ,
4 15 s PUF
1 ~ 4 9 )
PAHs,
PAHs
PAHs s
PAHs UR3,
PAHs
, 2 (UR1 UR2)
(SUl),
PAHs .
PAHs .3 (RU1
RU2 RU3) PAHSs,
R PAHs
[12]
115 km
(BA1), s
’ PAHS
PAHs
, PUF
PAHS N 9
, PUF

30 4m/d,
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2 16  PAHs /ng d-!
Table 2 Concentrations of 16 PAHs in the gaseous phase of Harbin/ ngs d™ !
UR1 UR2 UR3 SU1 RU1 RU2 RU3 BA1
Nap 336 6. 48 4.39 155 333 3.92 2.41 2.54
Ay 08 1. 91 1.70 029 Q76 0.67 0.44 0.28
Ace 6 87 8. 81 11. 37 381 10 33 9.93 6. 87 5. 66
Flo 17 63 15. 27 20.47 15 12 24 56 25.19 14.22 17.98
Phe 112 26 153. 17 210.71 82 37 131 73 117.26 153. 05 95.07
Ant 35 6. 02 7.51 203 434 4.32 3.76 2.29
Flu 4725 .21 83.26 29 23 49 12 38.09 65.52 34.25
Pyr 36 4 49. 37 80. 52 18 53 35 8 32.51 33.70 17.37
BaA 37 6. 47 7.31 163 3% 3.53 3.10 1.33
Chr 6N 10. © 12. 47 335 714 5.65 6.17 3.08
BbF 48 7. 89 8.62 219 563 3.85 3.85 1.91
BKF 139 2.4 2.49 0 58 1 60 1.06 1.08 0.52
BaP 08 1. 90 1. 89 024 122 0.78 0.63 0.14
ledP 232 5. 98 5.09 0 85 2 66 1.96 2.02 0.78
DahA 0 45 1. 21 1.01 017 052 0.47 0.39 0.16
BghiP 209 5.39 4.61 070 250 1.82 1.71 0.62
ZmPAHS 250 76 355. 27 463. 44 162 65 285 13 251.00 208.92 183.99
3
3.5m7/d, 26 PAHs 46.47 ~ 132.41 PAHs R 5 6 PAHs
ng/m’ , (3.3~ 6.4 2.24% ~ 6. 5% , PAHs
3, [13 3.1
ng/m’) ", (492 ng/m’)"™ PUF , [15, 16]
PUF , URI
R 2 ,2 1002% P27 3% [0 4%  [EE 5K B3 65
2 THTHE Feee] FEgee oy P [ P Fr
R R > 0.997, 90 I
PUF s 80 1
70 H
PAHs . . HE;:H 60 I
(oneway ANOVA analysis),  95% g 0
2 PAH's iz 40y
30
R PUF
20 [
’ 10
2.2 PAHs 0
UR1 UR2 UR3 SUlI RU1I RU2 RU3 BAl
PAHs PEI
2 R PAHs
2 PAHSs
, 3 4 PAHs 91.22% ~
Fig.2  Compositions of PAHs with different rings in the air of Harbin Region
96. 37%, 2005 3
[15]
4 s Phe Flo Pyr , 2.3 PAHs
PAHs > , PAHs )
, PAHs PAHs R
lgK o
PUF R PUF PAHs . Fly/
2 ; ; (Flu+ Pyr)  IedP/( IedP+ BghiP)
PUF R PAHs R
PAHs PUF ,  Flu/(Flu+ Pyr) > 0.5 ,PAHs

9 9 ,Flll/(Flu+ PYT) < 04
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, PAHs , Flu/ (Flu+ Pyr) 19% 10 1 « »
0.4 0.5 (GB 3095 1996) 10 ng/m”’.
; ledP/ (IedP+ BghiP) >05 Bap DahA IedP BaA BbE  BkF
PAHs o , , PUF
,Fly (Flu+ Pyr)  TedP/ ( TedP+ BehiP) PAHSs,
:0.59%0.05 0.53%0.01, 3 PAHs
. PAHs , PAHs s
R 2.1
i , 3 PAHs BaP, /ng'ni’
Table 3 Value of BaP  of PAHs in aiy ng m~ 3
PAHs TEFs
08 g Nap 0.001  0.00 0.00 000 0. 00
0l § Acy 0.001 000 0.00 000 0. 00
’ : Ace 0.00L 0.00 000 000 0. 00
£ o6l Flo 0.0 0.0l 000 00l 0. 01
E" : Phe 0.001 0.05 002 004 0. 03
% 0.5 oo N ] Ant 0. 01 0.02 001 00l 0. 01
S : Flu 0.0l 002 0.0l 00l 0. 01
& o4 Pyr 0.001 002 001 001 0. 00
B § BaA 0.1 0.17 005 010 0. 04
03} Chr 0. 01 0.03 001 002 0. 01
: BbF 01 0.20 006 013 0. 05
02 . x i s s BKF 0.1 0.06 002 004 0. 01
02 0.3 °'4Fl N ‘1"5 i 0.6 07 08 BaP 1 045 007 025 0.04
val/(Floa + Pyr) DahA 1 .28 024 063 0.2
TedP 01 0.03 000 00l 0. 00
3 PAHs BhiP 0.0l 00l 000 00l 0.0
Fig.3  Comparison of diagnostics in air for source of PAHs ZBaP"I _ 2.32 0.50 127 0. 4
2.4 PAHs
, PAHs , 3
PAHs ( ) . PAHs (1) PUF
’ 20 5 PAHs
PAHs 2 PAHs
Nisbet " 1992 (toxic , R*> 0.997,
equivalence factor, TFF) PAHs PAHs
, PAHs .
s PAHs Bap TEF, TEF (2)PUF 3~ 4
, , TEF PAHs, PAHs.
PAHs (BaPy)
Nisbet TEF PAHs
BaP, 3 (3)TEF
PAHs
PAHs ’ PAHs

?

(1.27 ngm') >

ng/m3) ,
PAHs

(0.50 ng/'m’) >

(2.32ngm’) >
(0.44
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