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Abstract: TSP samples and gas phase air samples were collected by an improved high volume active air sampler during domestic heating
season in Xi’ an, and the concentrations of polycyclic aromatic hydrocarbons (PAHs) were analyzed via GC-MS. The results showed
that average concentrations of Z ]6PAHS in TSP and gas phase were (108.15 + 41.44) ng/m’, (260.14 = 99.84) ng/m’,

respectively. Two and three ring PAHs dominated in the gas phase, while more than four ring PAHs were mainly adsorbed on the
particle phase. Good correlation was found between gas-particle partition coefficient and the respective sub-cooled vapor pressures of
PAHs. A significant correlation was also found between partition coefficient and temperature, and the regression equation was put
forward by stepwise linear regression method. Ratio analysis illustrated that coal burning and vehicle exhaust were the main source of
PAHs in Xi’ an. Contribution of each source was calculated by factor analysis and multiple linear regression. Partial correlation analysis
was applied to study the relationship between air pollution indexes and some representative PAHs of individual factors, which indicated
some PAH had same source to SO, and NO,.
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iy 4 KK FE 3h F £ W H (China air active
sampling, CAAS) [ 15 il 5 2 —, Bk 2008 4F 11 H ~
2009 4F 3 H X 74 4 R R 2 KRR h 2 30 0 IR i
TV R4 AWESRE. ARV L0 T
%R MR 2 RS BURL A FTAUAE PAHS 1 78 £k R
X PAHs 7 W AH 8] 1 43 Fic A7 A 52 e R 3R 0 A af
W, JFis MO 2 L0 43 M/ 22 Ju 4k [l A 5
Xof 28 B 5 08 ) R DR R AT AR AT AR S 30 KR RN 4508 Y
AT AT LK PG 22 KR PAHs 5 BRI A KB T
it , LS A Y 1l SR %o B U B A A A

1 #8557

1.1 RAf

R bE B TE PG 22 SR B R 2 T B B bR
T60, J&) Bl AT B I 5 4 150 R ey DR B B D, SR R i
28 m, K BE 5 [B] 2008-11-15 ~2009-03-03, >y 1] 4
ANHLERRE T AR, B ARG CRE 24 h
(12:00 ~ % H 12:00) , — M R4 14 A . R
i o et AL g KB-1000 4 K g R B 4%, DL A7 3K
L HEPE N (20 em x 25 cm) WO UKL S AR dh 5 DL &S
BT Ao g RE 2 DR AR
( polyurethane foam plugs, PUF,9. 5cm X 5cm) i 4
ACURTRE & 43 ) AU COR B 3 2 0. 800 m/min. SR
FERT, DR 21 4 98 0 AR S AL 5, A Bk
T 450°CHERET h, v 5 2 505 B A T B
HoF- i 24 h FRE. PUF 78 A8 A 43 00 5 3y
HE R 7K, 3% /K8 PUF 35 V% — i , 9K J5 FH P R A IE
e o3 2R IR 24 h, B8 T HR
1.2 FF S A TIAL BRI 23 B

B ity 18 T Ak BRI 3 A A I K T Tl R 2 [ PR
LA B W) G A 9F 9 0 (TIRC-PTS) 52 56 = it
A, A AR TR I SCHR (S ] Y il . 78 R it 25 47 T4k 2R
mi, 23 9 m A 4 F PAHs {U 5 ( naphthalene-D8 |
fluorene-D10 | pyrene-D10 | perylene-D12 ) , PUF Al ji&
JEAE S 230 R - IE CobSIR AW (1 1 R )
Il M E AR RAC L 24 b, AR 28 9 4 Jim >R Ak
JBTE AL BEAT A 0 B8, P RE 28 R AW, B E R
F 1 mL, FH GC-MS 43#7.

16 ff 3% [ EPA 48 H iYL 4% PAHs 9 E ¥ 5 &
£ Agilent 6890N KIS AH {1 3% /L Al Agilent 5973 Ji
WAL 5E B, (AL 5 HP-5MS % (60 m x 0. 25 mm x
0.25um) , FHREFEJF Hy: AR 90°C R 5F 1min, K5
LA 10°C/min f) 2k B T i 2 180°C, fRFF 1 min,
LA 3°C/min Y3 B FHE 2] 280°C , 1 4F 20 min. fH i

Torim e 2.0 pl, 8 A R 2l He < (99.99% ) ,
W BEE N 0.8 mL/min. PAHs i & 2% J] #h b il £&
PoE it
1.3 Bl S e fr ik

KRR G A S T R rp s 4 A
Ytz A (AR B AT 1 min) F1 2 A 5256 % 25 1 (3
A5 ), 1 ELAE R AL R A AR & (10 A4S) a8 B
(]SRS4 RS R o A [R) Y ik e 20 TR R AT 43
Br, LA 22 16 Fh PAHs [ [B] Y 2R, [ 00 265 [
71.36% ~106.37% ;75 1IR30 25 5 32 B A3 > 0 B
AE % K5 ) 2] naphthalene , A Y BT ¥ A K . 4 Fp AR
B B9 [\ U 2R 5 [ 43 3] 87 : naphthalene-D8 (52.9% ~
87.34% ) . fluorene-D10 ( 62.16% ~ 93.53% ) .
pyrene-D10 (70.56% ~ 106.78% ) F1 perylene-D12
(63.53% ~121.56% ). H.v Se i 45 B9 s ¥ 4
it 2 AR [ IE.

h T R AR s e ) 2 E N L, R
H AT — R &S, Horp SRR 55 — A~ 5 em PUF
B E B — 4 3 em F1—4> 2 em Ay PUF, 38 33 3152
5% FHi 2 em PUF SRAE(H PAHs & 5 34 PUF [
o HEOR P Wy S B it B b 2 5 R A 505 SRR,
3G ESL K P 2 em (1) PUF R PAHs (5 &
PAHs B4 LTE 1.5% ~5.6% 28 ,¥/NF 20% , i
WA S g ol o BB R 2 > 5 em PUF R R KA
) PAHs R kAEGFHEIRE.
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2.1 KA PAHs 19 & B 4R1F

F 1A T PE R R KA PAHs 78 BUR AR
AT Y & 5. SRIEWIT, K PAHs (1% & ®
B, K5 T A E . 16 Fi PAHs 78 Uk AR th YA
K, AR AN S = BR PAHSs R fE RS YL ARH R
PAHs (1 ¥k BF J 35.79 ~ 472.76 ng/m’ [ % ¥
(260.14 + 99.84) ng/m3]. Wik A PAHs [/ ¥k BE -8
44.69 ~ 198.84 ng/m’ [ (108.15 = 41.44)
ng/m’ | fKF 2004 4F VG % SR BE 2 (121. 61 ~302. 25
ng/m’) [k I 5 T AR e UG 22 T U KA S
ISR T — ZR G0 Wl HE 5 i A7 OC, i SC45 17 R & V5 G
JE Y R N RUIRBRE SR b, R D HE T R AR AR N T R
BEE ], LA K A ) 4R vh BE B  Y <22 7i7 i) AT
i, R R R R R EA TR S
ZHFFRE(C D PAHs, SUMAITBURLAR ) i 3 B2 31
7 180.48 ~ 619.26 ng/m’, 5 Kt (73.9 ~ 523.8
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ng/m’) "SR R WY A0 5 e B O Y, mg e T b s
(242. 4 ng/m’) 7 53 R IR T LA, TG 2 R
TS L IR S5 e BE LT M (8. 11 ~ 106. 26
ng/m’) MY e E AR £ 0T LA AR SRR, AL r
ST Ll R T i Y R 5 b O R T A SR R
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HRAXERD.

5 [ Sh— B3 T AH L, P 42 SR B 75 A< PAHs
TG YR, T UK (89,29 £74.26) ng/m’ 11
A [(82 £5.9) ng/m' ] W[ (44.8 +
19.1) r1g/m3]LIZJ ZE £ (50 ng/mB)“‘”,

AEHSREREFTRANSHEINESE/ng - m >

m
Table I Concentrations of PAHs in gas and particle phase/ng + m ~
PAHS AR R e TBURLAH Y vk B
HAR(E e E - ¥ {H bRt 22 HARE Femifl R bR 2
2% (Nap,2 ¥f) 7.00 32.90 15.55 8.75 0.25 1.08 0.48 0.22
7 (Acy,3 ) 1.12 99.23 31.58 28.12 0.07 1.76 0.39 0.43
5 (Ace,3 ) 1.90 16. 44 6.45 4.51 0.02 0.16 0. 06 0.03
% (Flo,3 3f) 23.42 94.01 51. 68 19.21 0.17 2.48 0. 64 0. 60
3 (Phe,3 31) 57.34 151. 28 91.87 30. 73 2.17 31.89 8.20 7.92
& (Ant,3 3) 2.74 25.26 12.90 6.77 0.21 3.57 0.82 0.87
P4 (Flu,4 3f) 17.58 44.30 29.41 8.75 4.41 63. 60 19. 02 16. 06
it (Pyr,4 3F) 10. 74 32.72 20. 20 8.04 312 21.65 10. 47 5.34
S [ al 4 (BaA 4 3) 0.05 1.37 0. 42 0.34 2.60 15.95 8. 60 3.54
Jii (Chr,4 3 ) 0. 09 1.84 0.73 0.46 6.19 20.90 13.07 4.30
HIf:[b] 9% 8 (BbF,5 3) 0. 00 0.07 0.02 0.01 5.70 20. 62 13. 66 4. 46
H3t[ k|92 8 (BKF,5 ) 0. 00 0. 05 0. 02 0. 01 3.57 12.93 8.67 2.53
$ I [al i (BaP, 5 ) 0. 00 0. 02 0.01 0.01 2.91 16.21 8.31 3.42
%[ ah] B (DahA 5 3F) 0. 00 0. 00 0. 00 0. 00 0.72 2.33 1.65 0.41
B[ 1,2,3-cd] £ (IedP,6 3F) 0. 00 0. 00 0. 00 0. 00 3.10 7.99 6.39 1.48
J3:[ ghi 196 ( BghiP,6 ) 0. 00 0. 00 0. 00 0. 00 3.90 9.89 7.71 1.76
> PAHs 35.79 472. 46 260. 14 99. 84 44. 69 198. 84 108. 15 41.44
B 1 SR ABURE AH e PAHSs A X A . A 30
AT LA ORI TR PAH (5 A B i L S 2 | i O R
RiAH, S PAHs &1 71% . Hofr, S AH ' PAHs 20 -

FEEHS TR SELN2 ~3 AN EWA
A, X Sl & 438 8 E 2 DR BIBAHEE T KRR
o R TR R m ik 25%  HE SRR
LS IR A 25 8 5B M A, — 2 4 3R
L& W 5 A B &P (7.99% )
(5.48% ) , T fm AL &9 R A 0.05% {78 TS AH.
Wik AHH 16 A PAHs t r fE XA Rt Hp 4 ~ 6
WG R F, X E A~ A5 B LAY 4
e o 4 Ak AW b BURLA PAHS f9 47.30%
5~6 % 42.94% , i K3 PAHs H A7 9.76% f£1F
TR A . 4 ~6 PR R 85 [ah | B w AR AT
(1.65 % ), & 8 M b-& W i A X & & A0 Y, &
10% e 47, 1 BB 20 TR 2 ~3 L& 7E
SURLAH b B 4G I ok, Horb 3 AL G W1 3E (7. 58% )
TR BUR Tk R ) R OT (a) B8 DLBURL
JEAAETE, 5 M PAHs 1 2. 26% .

2.2 PAHs BAH 4> #i

X & E/%
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Fig.1 Relative abundances of PAHs in gas and particle phase
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AR R B AR /DN, K B/ 5 A R UKL A AR R R Y
PAHs S Hm, K, HECR AFEA G« RS
FEMAAEER D AZEW 12 AM2 Am, X E%52
H TP 22l B 25 S 3 ), P 22 A2 1 R B A AR
I3 ATy ¥ S UBORLIE sUAF 7, K, (B, Herh 4 3%
PAHSs 473 Bic 2 B0 A AZ AL S 2, &l 2 foR.
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Fig.2 Monthly changes of gas particle coefficients of 16 PAHs
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R - 17 AT SR A A% A AT LA
g 3 o, WAHSCHE BT AT LUE 70 I R 4K
5 A R 2SR A R R A G (R =
0.93) ,m )y - 1.23, fw &5 73 B - 7 iy 1) 298 E
(=1) U AP Y PAHSs I 350A 18 3 R0 3)
BV, m B2 -1 ATRE W TRLF 3 AR O
KA 18] 1F 4 O 74 42 R e 2=, KB 7 2R T R R Y
PAHs , {fi SR AF b 72 v AS W A B 975 e PR A @ &
= RAENTER IR 58 42, (0 B 555 4 W i
A PAHs; @A WL 7 BUR P L (4 W B A 356 50 &8 1
A3 B, G R — 26 5 5 R 1 W) B A T G 5 RE I
R R R RRYRL B MO ) B A B b R B
B s =K.

PAHs 7£ [ W AR 18] 1) 23 Be AT+ o0 S 2%, 2 <
G SISk il i PAHs (AL RS K438
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Fig.3 Relationship between gas particle

coefficients and vapor pressure

HEAT Qi AH 5 43 AT, & B0 43 T 2R 805 TR B R R
(0.05 BEMKFET). X PAHs DI ER 5545
AT Z e M M, o 43 e 2R 8K00E) g 25 R
K, 3 FL LB B A T 1A, 45 30 H [ )3 05 A2 A
lg K, =-0.031 x T -3.049

FE A 43 T Z2 KU B 2 TR 00 T R R R X R
JE i TR Tt R S R PAHs T i T R A
(5 SEBR AR Rl DURR 8 AR B K, A, AT
A DAAR 55— A b PAHSs A 5T & ik J32 8 4 00 55 — AR
14 o R
2.3 WA T PAHs 0 TRf# AT

F 5% 2 B, SRR JE R BE 25 1 i AR Tl & 3 3L
A= LY PAHs 28 BCRTAR DG & s A AN ], PRk, AT DAAR
P A Y & B L E R TS 0. R 25
359 (0 20 1 3% 22l R 25 AR B TR LS R/ Rk
BU A% i 3k B v PR B A R I AR AL 5 H — B8 2 IR 05
Sk 22 B R X A A b R e, UL, T DAAR I £
TR 35 K 10 SREAE B R R S 1 4 DB RS 2 38 35 J 1 R
U5 A (B L 2R 1T PAHS EARAT TAER )2, 2
AU ZARE" K2 M TH AN M " I E
3T P9 2R R R PRI W HE

2 P BE R ST X Y PAHs SRR, 3=
FEDURIGE VR B TS YR R . P A T U R
A Tl R AR 3 78 43 B e HE R TR A O R BB 2 N AR U
SRR ARE B, 3% 5 SR [ 19 ] 19 4538 A0 ). Gl
I ERAE AL A W AR T TR, 38 R AL S S 3k AT
P, U6 B A8l T HAHE IR R A IR L T RA
Hrf PAHs BTk AR i Z 9. X 5 Wang 2 9 #f
FELE FR R, O R 7 b X B & 2= b PAHs 1Y
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Table 2 Summary of diagnostic indicators

Iﬁi H Clhp/cllghil’ C]’I\(:/Cr\nvt CI}aA/CChr CBM‘/CBH‘ C[('(ll’/< Clull’ + Cl}ghll’)
tasli 0.30 ~0. 40 3.40 ~8.00 0.28 ~1.20 1.07 ~1.45 0.18

B 0. 46 ~0. 81 7.60 ~8. 80 0.17 ~0.36 — 0.35 ~0.70

e 0. 90 ~6. 60 3.00 1.00 ~1.20 3.53 ~3.87 —
7PN 1.05 8. 69 0.63 3.55 0.45

VR IEAT T ff BT, 45 F 2 BB (5 5L PAHSs HE il it
M 72% , 338 RS HE T 20% .
2.4 FRGsr N/ Z e A T PAHS 5 i BT
XF 16 Fr PAHs 9 4 B2 80408 ok FH 3 40 4 B0k
PEICE F I 25 6 T 25 W K B ik 47 B 7 40 B, 2 B
FRAEME > 1 M 738 3 A, &2 stk FIK IR A
61.6% . 23.9% f 7. 1% , {0& T 545515 20
90% LA I, It 3X 3 A K 43 Bt PAHs 9 %
JERATIY. 2 3 RIS T 16 B PAHs 1) M 1 2%
fuf 45

®I FEMAEBRRHERFHS

Table 3 Rotated component matrix

PAHs EHWF1 FHF2 FHF3

Nap 0. 904 -0.304 -0.197

Acy 0. 904 0.024 0.307

Ace 0.933 -0.042 0.268

Flo 0. 859 0. 346 0.300

Phe 0. 895 0.590 0.132

Ant 0. 886 0.413 0. 148

Flu 0.878 0.293 0.285

Pyr 0.613 0.731 0.091

BaA 0.283 0.919 0.185

Chr 0.138 0. 897 0.282

BbF -0.139 0. 409 0. 683

BkF -0.087 0.320 0. 547

BaP 0.295 0. 608 0. 464

DahA 0. 467 0.396 0.743

IedP 0.187 0. 340 0. 891

BghiP 0. 402 0. 440 0.724

PRI E W5 T 25/ % 61.570 23.893 7.130

BRI /% 61.570 85. 464 92. 594
FRAE K TR W+ g KRR i}

55— = 2 1 Phe , Ant (Flu 1 Pyr J2 14
BARBEAE S B, Ace #1 Flo S #2409 £ B8R
P20 R W2 DR T R B R T e AR e A A
HE A TR A V. VG 22 Hi [X B IR 45 AL Hp MR 0 K R
FH 2P 42 25 S PAHs (9 B otk I 2 — , I 4811,
2005 4E 742 TiTRRABEE 2 By 500.73 7 v, FEET
bR AP M X R R X R TR
HER I 75K  AFFE Qa2 R Ak S R AV IR, SR &

FIE Tk B WP 2 2 S0 PAHs A AR K

B

o
% N T E AT A Chr BaA Pyr 1 Phe J2& K

SRAIRBE R T BAE R 0 R T R AR TR

TR AT KR AR RE IR #E L] b AR o

55 = X 7 4 i 80 (1 BDF (BKF [ ledP  DahA Fil
BehiP S 5 i HE U 1 S B R 4. A8 U Y
TR IS 1 AR R V4 22 T X HL B 4 PR A B DLAE S
P2y 12, 7% (¥ 3 AR HE R

LA o Al 5 N 45 00 2 42 O i R AR 4, A EAE
(19 PAHs 2 o #ff B s i, b A7 Z2on 2k [l 19, >R
R 25 1ml VA (9 75 3, B Bk A J7 B 9 48 45t Y 2 25 K
-2 005, AT R v i Bk A2 A 9 ek 3 K- 0. 10,
HT I R A T R 4 B o AL 0] 050 28 K0T LR Bk 4% T oy
DR, B0 % 3 S A R X SRR R 2 7 4 s o [l 0 07
TN

p > PAHs = 0.884f, (4 + fp)
+0.388f, (KIR"T) + 0.256f, (523H)

HT A B SRR Z= fR r + 50 R AR ORI 2 3l 119 BT
Bk R 23 51 49 57.9% | 25. 4% K1 16. 8% .

JHR R 2 K 9 28 05 G APL 18 80 (PM, . SO,
NO, ) 5 $2 BN 7~ 1 AR My o e JE2 b A A OG0 #
ZERIFE 4 FroR. SO, 5 T — KR RY T (Ace,
Phe) i EIEAH G (p <0.05) , X /& i T8 b SO,
FEEOR AR, R R , 5 T — R
FW TR FUA TR 135 G 8. NO, 55 B — () R I
AR (Ace) M T =i UR Y 5t (1edP) &35 IE
S (p <0.05) , Xt T NO, £ ZEK A BT
BABERIR A R HE . PM, 5 A2 i E 235 A
K, X5 PM R LR I A oK.

3 i
(1) VU2 RME RS PAHs {97 2k JE

4 260. 14 ng/m’*, ki AR o PAHs (4 3 34 ¥ £ 4
108. 15 ng/m’. S AH ™ PAHs [y 8 & 8 5 55 T Wik
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Table 4  Partial correlation analysis for specific PAHs representatives of the individual factors and API index
K1 K2 K3
i H Ace Phe BaA Chr TedP BghiP
S0, 0.126 0.042 0.321 0. 048 0.236 0.484 0. 580 0. 345 0.394 0.230 0.439 0.176
NO, 0.226 0. 050 0.254 0.078 0.458 0.157 0. 625 0.456 0.444 0. 032 0.353 0.287
PM,, 0. 448 0.167 0.378 0.252 0.305 0.362 0.387 0.240 0. 186 0.583 0. 058 0. 866
F ORI PAHS S 40 T RIS 5048 % 1 2 ~ 3 FF AT 0] i BT A2 4 ,2003,43(2) :160-163.
[10] Park SS, Kim Y J, Kang C H. Atmospheric polycyclic aromatic

i) PAHs ZH 1, BURLAHH I L 4 ~6 719 PAHs 2 5.

(2) SRL A3 e 2 500 5k ¥ 1 RN 78 SR A AR 4
IR PERIE (R =0.93) , I R & 4 1715 5 2545
Ay HL R BCS 2 SR A D5 RN 1g K, = - 0.031
x T —3.049.

(3) RITFRAE AL A P Eb A 1 360 78 22 T KA
PAHs R IR 34T T A, 45 R EBW], 152 KA
PAHs 2R 5 T 18 1R 52 @R, A A1 24 3 5
e TR R AR

(4) 33 F 55 43 B/ 2 o0 4k [l )3 32 fd BT v
LT RA T PAHSs J5 Yy (1 35 Bk U5 N I8 R Ik be/ 22
W HERC L AR DA, TR S 5 5 Dk 48% (28% FI
24% . 5 Y AR B 45 T 10 A 3R W Bk E O A OG 43

[11]

[12]
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(17) :2917-2924.
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