2015 43 2
198 EARTH AND ENVIRONMENT Vol. 43. No. 2,2015

PM: s

1 1 1 1 1.% 2
b 9 b 2 2
(1. . 030024;2. .
. 510630)
PM, (PAHs) . . . ,
PM, ; 70.7~274.2 pg/m*,90% ( »(GB 3095-2012)
PM, ; (75 pg/m’), PM,; 16 PAHs 282.7~1 398.6 ng/m’, 915.7 ng/m?*,
(Fla) ., PAHs 20. 4%, (Pry) (Phe), 14.5%  13.2%,
PAHs 4 >5~6 >2~3 (a) (Bap) Bap., 75.5  100.0
ng/m?*, WHO  Bap ( 2.5 1ng/m’). . PAHs
PAHs s
sPM,. 5 5 ;
: X51 : A :1672-9250(2015)02-0198-07  doi:10. 14050/j. cnki. 1672-9250. 2015. 02. 009
(polycyclic aromatic hydrocarbons, o
PAHs) . . , , (TSP) 8 PAHs( (Phe),
. PAHs (Ant)), (Fla)., (Pyr)., (Chr), (k)
. , PAHs (BkF) . (e)  (Bep), (a) (Bap))
,70% PAHs 1 500 ng/m?"%,
PM,, [, PM, ; , (PM,. ;) PM, ; ,
R . PM, . PM, . 246. 8 pg/m’t
115.3  130.1 pg/m’™ %, PM. ;.
{ »(GB 3095-2012) EPA PM, PAHs
PM, ( 75 , PM, ;
35 pg/m*HH, , . .
PM, ;
EPA -1 . !
PM,; PAHSs 1.1 PM,;
PM, ; PAHs , ,
2.2 10.7 ng/m**, 1 . PM, ;
110. 2 ng/m*t, ('TH-1000, ),
407.6 701 ng/m?b 1 2012 1 4 2012 1 13 ,
:2014-06-14; :2014-09-04
(41172316) . (211026) (2011021025-2) ,
(2011080),
(1990—), , . E-mail; yujianmeihao2012@163. com.

* : 1977—>, . E-mail: heqs@tyust. edu. cn.



2 : PM; 5 199

08.00~19.00, 20.00 — (a,h) (DahA).,6 (g, h,1)
07.00, N . (BghiP) . (1,2,3,c,d)  (IedP), GC-MS
. ( GCMS-2010 plus) PAHs,
112.4 27" B RTX-5MS(30 mX0.32 mmX1 pm),
v ' 65 C, 2 min, 5 °C/min
N
A 290 °C, 20 min., EI,
SIM,
* RHFA 0. 025.0. 05.0. 1.0. 25.0. 5
ILRES —#H@E 1 ng/yL, PAHSs i
2K S ek
3k R E R
A E A msa_ﬁﬂ ’ PAHs
KEE—HE)
-d8  66+7%. -dlo 85+4%. -dl0o 108
+5%. -d12  126+10%. -d12 115+12%.
2
2.1 PM,-
2012 PM, ;
70. 7~274.2 pg/m’ ( 167. 4 pg/m’) .,
EPA PM, ;
37.5°F L Skm (35 pg/m*HH, 2~7.8 (
2), PM, ; (75
! pg/m*) ) (GB 3095-2012))
Fig.1 Location of the sampling site 1 10
(Whatman QM-A., 20. 3 cm 20012005 2009 ’
[13—14]
X 25.4 cm) PM, , . 2012 PM, ; .
4 h(450 C), , h °
24 h, . b PMZ.S
’ 04 | . ( | 81. 2
h A OC ‘ug/ms) (5’\’10 97 pg/m'g),
1.2 ( 115. 3 pg/m’) (
' 3 y[z=s.15-16] M,
18 ’ PAHS 130. 1 pg/m*) P2 )
( -d8, -dlo, -dlo, -di2, -dI2) (8 1277 pg/m?)
[17] o b PM? 5
2 3 b o
1 mL, v i S
PM, ; 5.7.13. 14 BT
, 70 mL / (7:3,v/v) 3.3
PAHs . : ’
PMZ‘S o
1 mL, ( )7 o
USEPA 16  PAHs, '
PMZ.S o )
:2 (Nap),3 (Acy). (Ace),
(—6.4~0.6C) . (<1.5
(Flu). (Phe). (Ant).4 (Fla) . /o
m/s
(Pyr) . (a) (BaA)., (Chr).5 (b)
PM, ; C 2.

(BbF) | (k) (BkF) . (a) (BaP),



200 2015

1998 TSP 8
> L5 - u - PAHs (Phe, Ant, Fla, Pyr, Chr, BkF,
é i - / .‘I\I,I - 3[12]
< 10 _.\ - . Bep.Bap) 1500 ng/m ,2010
) / [

| PM,; 16 PAHs
= o5k "ammy /\/ S
y " g 830. 2 ng/m’'", 16 PAHs
80 l\ 915.7 ng/m’,
X 60 / o PAHs .
P \ PM,. PAH: :
iﬁg OF m om /'—l LN SN - g' '
e ./ o w R I L (1002 2 ng/m?) (829.2 ng/m?®),
20
. 0L . .\./I = | | s
| ] . 2
= .l / / \ n / PM,, PAHs (R*=0.68) .
B WAV \ /\ \' PM PAH
E 4lm \ u u | \ 2.5 S
\/ : PAHs
~ 6F ] ( )
£ 7]
2 300 - a ) 2012
2 200 ? 6 995.7X10't, 80
% g
> wigll DAde] | )
& % g o % SO, .NOx  PAHs
72 2000 £ -
21500
@ i ’
K 1000 ; PAHs
T 500 |- (
< ) N N N
= OZoZRZRZNZoZoZ0Z0ZOZ )
T T RN XX RS~ = & > >
= R=R=R== ==k == R =R R P
H # PAHs (
. . )
2 PM,; PAHs
C D,
(D~ S N- )
. . . 2.3 PAHs
Fig.2 Concentration of PM, ;, SPAHs in PM, ;and
. . . PAH
meteorological parameters during the heating season
in Taiyuan City (D-day, N-night) ’ PAHs
, (toxic equivalency
2.2 PAHs factors, TEFs) Bap,,
PM,. PAHs PAHs e PM, ;
282.7~1 398. 6 ng/m’, 915.7+343.7 PAHs Bap,, 2,
ng/m’. Fla . PAHSs SBap., 75 5410.6  100.0+14. 4 ng/
20.4%, Pry  Phe, PAHs m’, WHO  Bap (
14.5% 13.2%, Bap , 2.5 1ng/m®), PAHs
PM, ; Bap 14. 7~77.1 . >BaP., ,
ng/m’, 50.1 ng/m’, 4 o ,
) (GB 3095-2012) L8l SBap., PAHs Bap,
Bap ( 2.5 1 ng/m*), 55 % , PM,; Bap
C D, PM,; Bap , PM, . PAHs
N 1~2 2.4 PAHSs

5 o PAHs



201

PM; 5

£ 1 BEASMET PM.; (FHkA TSP) th PAHs iR Bk
Table 1 Concentration of PAHs in PM. ; of domestic and foreign cities ng/m’
11 5 - p:
i KR (ATFEE) Jegeted F ke B it hmwm@_ #mew_ meMME
2012. 1 2005, 12~
i i) - B 2012,12 2000, 11~2001,3 2002 & 2003.12 2008~2009 &
HAl B H &k 2006, 1
Nap 2.440.03 2.4£0.03 2.440.4 2.2 ) 0.3 <1.0OD 0.02 NA NA
Acy 2.640. 06 2.040.07 2.340.7 0.3 1.1 0.5 <1.0OD 0.09 <1.0D NA
Ace 0,540, 01 0.5+0.01 0,540,090 0.5 NA 0.2 <1.0D 0.35 0.07 NA
Flu 6.0+0.1 6.240.3 6.142.4 3.8 1.4 0.4 0.3 NA <L.0D 0. 04
Fhe 117.6£2.7 124,0%4.8 120, 8446, 0 11,6 4.2 2.2 0.6 0,18 < 10D 0.5
Ant 18.0%0,5 27.6+1.4 22,8+11.5 1.2 4.5 0.8 0,01 NA 0,007 0.6
Fla 174, 4+4. 3 199, 4+7.5 186.9+72.3 185.5 103, 5 6.1 6.0 NA 0.1 0.6
Pyr 120. 1+2.9 144, 6+5.4 132,4451.0 16.2 844 2.7 6.4 0.52 0.1 0.9
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2 PM2.5 PAHs (ICdP"‘thl) O 42JLO Ol s
Table 2 BaPeq of PAHs in PM, ; of Taiyuan City PAHs
ng/ms
TEFs Bapeq PMZ 5 PAHS .
(Nap) 0.001 0.002 440.000 4  0.002 440. 029 °
(Acy) 0.001 0.002 640.0008  0.002=0. 066 3 PAHs [25—26]
(Ace) 0.001 0.000 540.000 1  0.000 540.009
« B Table 3 Value of molecular diagnostic ratio of PAHs
(Flu) 0.001 0.006=0. 002 0.006 240. 250 T
(Phe) 0.001 0.118-0.038 0.12444.786 for source identification™™
(An) 0.01 0.180-0. 063 0.27641. 357
(Fla) 0.001 0.174-0.061 0.199-+7. 485 ol
(Pyn) 0.001 0.120%0, 041 0. 1455, 405 Ant/(Ant+Phe) — 0.16£0.03 ~0.1,
(a) (BaA) 0.1  8.016+2.900 11.250+4.119
(Chn) 0.01 0.7440.276 0.935+3. 493 0<(2)~?<> .
(b)  (BbF) 0.1  8.955-+3.141 11.19143. 957 BaA/(BaA+Chr)  0.59%0.01 o
(k) (BkP) 0.1  3.172-+1.067 3.533+1.219 >0.35;
(a) (Bap) 1 42.627+15.124  57.582+2.066 ot
(1,2,3,¢sd)  (IedP) 0.1  2.61340.874 3.026+£10.53 Fla/ (Fla+Pyr) 0.5340.02 0.4~0.5;
(a,h)  (DahA) 1 8.532+30.53 11.17140. 393 >0.5.
(g h,D  (BghiP) 0.01 0.345+0.113 0. 4341, 489 <0.2,
S16-PAHs 75.5+10.6 100.0+14. 4 0.2~0.4:
IedP/(IedP+BghiP)  0.42+0.01 0.4~0.5;
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Pollution Characteristics of Polycyclic Aromatic Hydrocarbons
in PM, ; during the Heating Season in Taiyuan City, China

GUO Lili', CUI Yang', ZHANG Guixiang', YAN Yulong',
HE Qiusheng"*, WANG Xinming®
(1. School of Environment and Safety, Taiyuan University of Science and Technology, Taiyuan 030024, China;

2. State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry,

Chinese Academy of Sciences, Guangzhou 510630, China)

Abstract; This study investigated the concentration, composition, health risk and sources of PAHs in PM, 5 sampled during the
heating season in 2012 in Taiyuan City, China. The daily average concentration of PM, ; ranges from 70. 7 to 274. 2 pug/m’,
and 90% of the samples exceeded the Grade II standard value of daily concentration of PM, 5 (75 pg/m’) according to China’s
“Ambient Air Quality Standards” (GB3095-2012). The concentrations of 316-PAHs in PM, ; range from 282. 7 to 1 398. 6
ng/m’, with average concentration of 915. 7 ng/m’. The Fla is the most abundant of PAHs, accounting for 20. 4% of 316-
PAHs, followed by Pry and Phe, accounting for 14.5% and 13. 2%, respectively. The concentrations of PAHs based on ring
numbers are ranked as 4 rings>>5—6 rings>>2—3 rings. The toxicity equivalence concentrations (Bap,,) using benzo[ a |pyrene
(Bap) as the primary representative for PAHs are 75. 5 ng/m’in the day and 100. 0 ng/m’ in the night, higher than the recom~
mended safety standards of China and WHO (2.5 and 1 ng/m?*), indicating the potential risk of PAHs to human health. Rings
distribution and the diagnostic ratios of PAHs indicate that PAHs in Taiyuan City are primarily derived from coal combustion,
and also with small part from biomass combustion and petroleum combustion.

Key words: Taiyuan; PM, 5 ; polycyclic aromatic hydrocarbon; characteristics of pollution



