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Characterization of chemical composition for fine particle matter
collected in different air quality grades in Xi’an in winter
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Abstract The ambient fine particle matters (PM,s) were collected from November 2008 till March 2009 (wintertime) in an urban site
of Xi‘an to compare with the chemical compositions according to the air quality grades guidelines (HJ 633-2012). All of PM,s mass
concentrations were in excess of the 75 wg/m’ level in the 24 h Ambient Air Quality Standards (GB 3095-2012). The concentrations
of PM,s mass and their corresponding chemical compositions were elevated to show a generally increasing trend of the AQI except for
a few elements. The concentrations of organic carbon (OC) and water—soluble inorganic ions on six—grade days were approximately 4.5
and 2.7 times those of three—grade days. The enrichment factors of anthropogenic elements (e.g., As, Zn and Pb) on six—grade days
were 1.6-2.0 times those of three—grade days, while the elements from crustal sources were not observed along with any surge and
rule of air pollution levels. PAHs and n—alkanes mainly were contributed by anthropogenic sources. During the occurrence of heavy
air pollution in winter, biomass burning and coal combustion emissions showed a larger contribution to PAHs than gasoline vehicle
emissions.
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53 #7 T 18 Fft PAHs F1 24 Ft n—alkanes (n—C17~ n—C40) .
18 i PAHs 43 %Il & fluorene (FLO) , phenanthrene (PHE) ,
anthracene (ANT) , fluoranthene (FLU) , pyrene (PYR) , benzo[a]
anthracene (BaA) ,chrysene(CHR) ,benzo[b]fluoranthene(BbF) ,
benzo[k]fluoranthene (BkF) , benzo[a]fluoranthene (BaF) , benzo
[e]pyrene (BeP) , benzo[a|pyrene (BaP) , perylene (PER) , indeno
[1,2,3-cd]pyrene (IcdP) , dibenzo|a,hJanthracene (DahA ) , benzo
[ghi]perylene (BghiP) , coronene (COR) , dibenzo|a,e]pyrene
(DaeP) .
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Table 1 Air quality index, air quality grades and the
corresponding PM.s mass concentrations
SREES AAE RAIEE XN PM.sBuERE/
(AQI) 05 PR tr (pg-m™)
0~50 —&% e g, 0~35
51~100 ¢ R pigul 35~75
101~150 =% BEmE B6 75~115
151~200 UtESG hEEEYE a6 115~150
201~300 Y mEHR %6 150~250
>300 N FEETGY WL >250

VG211 2008 4 11 A ) 2= 2009 4F 3 H hA) Y PM,s F-1
R R (208.6+77.4) pg/m®, S BLARIZLR H AL, W 1
JIiR o BEHEN 12 AR A5 Y ™, 11 H 13 H g
o W 2 R RAE I E] 23 ST A R T Y S ™
TG YRDL, To— R EBI MR R, PMas 100% A 545 (K
F75 pg/m®) o Hr BREEE Y (S0 LR R 10.5%,
WS e (DU ) B RN 21.1% , T V5 Y (L) A
31.6%, = E 5 9% (N) H 36.8% , X e WFFE I B 25 45,35
FEH B K Fe 22 AR B K I —Fh IS O, B2 R ART5 e
b e d R PR A — AR AL IR TT L, P 42 T 2008—
2009 4F- 44 ZE R PMas 15 YL AR5 7 5, T35 PM,s 0T VR 24
h PM.s H #40 BEBRAE Y 2.8 4%, HA<ZE PM,s B2 LRI A AR
V5 YAt R (12 A AN ) 15 40t J M AR
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Fig. 1 Variations of PM.s mass concentrations and the air

quality grades
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Fig. 2 Constitutes of sampling days according to the air
quality grades

2.2 AEZEFRELHAITFH PM.sHH TAFIE
221 AREZSEREBLRHNT PMs U FEH S RERTLE

PM.s 3 5 AL ik 4L o3 KL 1 LT R &5
FEAF LT o H IR [A) 28 ST R U0 6 PMLs i Ak 2% 21 43
AT ATHE R IME 2 PR,

£2 SRBHTE PM. . S ASRE SSREER
Table 2 Mass concentrations of PM.s and various chemical components, as well as meteorological factors
BRK PM./ oc/ EC/ BT/ JLE/  PAHY  n-alkanes/ IR/ MIRREEE Ky S/
gl (mg'm?)  (pgrm”)  (ngrm?)  (ug'm?) (ngrm’)  (ng'm)  (ngrm”) C K (m-s™ Pa
1 88.6 12.2 5.4 21.4 2.1 23.7 47.5 8.2 57.3 2.1 97567
WESS 133.1 25.4 8.5 33.9 2.6 29.8 49.2 6.1 50.0 2.0 97586
% 205.4 30.2 8.7 58.0 3.6 73.7 134.5 3.9 66.4 1.4 97404
INH 288.8 55.1 11.5 58.0 33 179 369.4 2.3 63.6 1.0 97906
[ERIER S PR SEE ALY L YA Y R SRR S YT U REE SEAY SN PN R
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B — R HEBL , JUT- AN S R A A2 O F s Y W i)

Il 34
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TR 118 AR 7 e A S A R A R %) 40 TE G A T s e
(RRIZAR AR
222 ARESHRERHNTPM - TEEERTFHTH
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b, R & SR R FIE I T E VRO o IO IR R R R
WG E RIS 0K K PMLFES FP R FIWTGE R R (AR
XFHEFE (C/Cr) e, 5 H0FE TP XF R TC R i F R BIFHXT F B (C/
Ci ) e iAT AR TR i E RN T EF, HHEARY
EF,,=(CIC,),, I(C/IC)), . (1)
SH IR RIEFE Fe TR, & 0 R SHE IR A
FIEGCRITFE, Y EF<I0MF, Al IAChIC R i FEHRH TH
ek 4 2 EFS10 8, IR IZ e £ KA TP 24
8, ZE NG Y EF K, Z 3 A A5 Jes ™ g,
P42 2008—2009 4E 44 25 PM, s 4 TR U B SN T EF
WA 3 7R (Br, Cd 78 #b52 op i 32 B2 AR FAIR, o5, SOk
G ) o i Cr Y & SRR AR, EF 5351 1.5 Fn 1.2, 7] DL
FE K H T HSEIR A TTER . Mn BN B & SEFREE RS A T,
EF 4351120 4.7 F112.6, 7] W Mn 1, 355k [ T Hi5¢ I8 14 Tk,
1M Ni A] ek A T A IR AL RS20 ; Zn  As F1 Pb 7R
PM.s B i H 1 5 AR R BEAE 2 15, EF 53 513k 421.0.827.1 FlI
793.2, 385K ENN T RICR AT KRB A, B —FA T
Cr.Mn FINi, B} EF 3/ N F AR IR EICE, 75— W EF
TR T 10, HE KT 100 19 EZZ N AFEHBEE A Zn, As
FIPb, WMEEHIETCR N EF AL KB 58 —Jn R A2
SEHIN T I EF A B S AR U, A & 90 i ™
FIGYRT EF T LG s 58 280 R W EF 76 5 5 A 8
TS YL A TR, Hod As I FE IR 1 573 405 YL AL a3
SE—EUNHE AT . BB T 2RI0 KN EF 7 B K™ H G Y
R P IS YL A 1.6~2.01% . AT UL, PH LB H I ™
TG, FEOR A KRR TR W EF BN 2k A
HARIE I ICE W EF AR, H A RIAAT FTREAIC,

1000
m BTG R(EH)
W YU %)
100 iR E G D)

B ERGY(NR)

[CECER

Ti Cr Mn  Ni Zn As Pb

B3 PMstEEEETF(SETEANFe)
Fig. 3 Comparison of enrichment factors of various
elements (using Fe as the normalizing element)
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2.2.3 PAHs & n—alkanes B{x 25 {1 451E
VY2717 2008—2009 44 24525 A i W (V5 Je 4 5i1) )
XFIW B PMos 1 PAHs & n—alkanes [ B8RS TN A 4 BT s o

PAHSs B3 ¥ /(ng-m™)

POPFS N PR o o o o o ot R i O

frov RGPS R)
5 Sk

1 30 —o—?ﬁiﬁi(%\z&)

i E

§ 60 20

g 10

%P 0 L= ,vﬁ. g9 9 9%9a oA :A,e-g A OO0 ¢ o
= VORISR AR R

H AP 4 S GEI A B /N EDCHES)

B4 PAHs ¥ n—alkanes B4,
Fig. 4 Distribution of PAHs and n—alkane homologues
during sampling periods
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e i 55 7 1Y PAHs B4 DaeP .CHR . PYR I BKF, ¥ &
WK K 8.5.7.3.7.1.7.0 ng/m’, FRIGEAE] PAHs BAIR S A R4S
4 B0 B B A 5T Y 18 B PAHs 42 4 3.4.5.6 73R 5
%o KEHFE LR, BRI PAHs (3 31 4 38 )48 R AT IR
(YRR 1 2 HE R SRR BBCR B A R HEL, AR A | REAE:
AT RS , ST R BEHE R , DL RS A AR IR (R SR AR
SNHEN ; I ER ) PAHs (6 BRFN 7 BR) AEFEAR 240 1 R i S R
Bl 3N, WP AAL I A BB SE 5 T 5 24 PAHSs SR IR 43
A RARKEIT , K Z2IA R F ok [ TR R, R sz
T Ak A AR HE R DTER . 4% 21 PAHS (7 & PAHs (19 F 43 1L
(431 PAHSs [ JF 080 W3 3 s . 4 38 PAHs B T5 Y
FEVE IR, BT (7 L) 320 384 o, o 389 e 7™ o s Y
FRRETGYLIN 9 1.2 70 1.3 4%, JUHIE: 4 35 PAHs AR AE W U
95 KA IR AR HER 09 FLU A PYR A9k BERS N T 104351 117,
RIS, AC 2T AR SRR Y 6 2R PAHSs Bl S 75 e AL BE 1 i
L, B o E A 2R T D, EE T R S e i R R TS 19 0.8
0.7 5. LT L, Bl KA PMLs Y5 YRR RE A IR, A= 90 5
R AR MRS ) BTN, YT 4 HE S o ks
B, HEBR G IR Z B, PG 22T 44 2% PMas Y F 5 YL AR KRR
JE St AE P R e A TG TR AR 5 | S 11

®3 AEFHEEHXEARREINPAHs B R E 5T # % BaP E3H 1%

Table 3 Percentages of individual PAHs and BaP equivalent toxicity for different air quality grades

o SR PAHSs Y380/ % K PAHSs 1Y BaP 23035/ (ng - m”™)
V5 4L
3% 434 5 63 73 3 43 5 6%
=% 7.1 29.0 37.1 14.1 12.8 0.00 0.18 2.08 1.50
e 4.4 25.6 30.5 12.1 27.4 0.00 0.22 2.77 1.77
Tk 7.1 33.5 33.2 11.1 15.2 0.01 0.53 5.95 4.03
N 7.7 36.1 29.7 103 16.2 0.03 1.35 14.14 8.78

RN SV Y SN E YA ST E A 3 G T E- Y S

M PAHs B2 Witk LAE T LUE 1, FEZ T A ERIB KA
5 G AR B G, PAHs 252k B T N 15 4 (5 40 ANT/(ANT+
PHE)) , FZR G AT BRRE G Al FA= 9 5 ORAE
FF AR RS ) SR8 14 L R HE AR (8140 Ted P/(IedP+BghiP))",
WA SCHR AT %, FLU/AFLU+PYR) 9 A 4 0.4~0.5, 18 324k
AIRABHR B HE T , T 0.5 1R 2 A2 W SR B8 AN BRI HE ik BT
B, AT MR TS e (= %) B 5 e (N2 ) , FLU/
(FLU+PYR)AY HEAE 3514 0.49 .0.47 .0.52 F10.51, A DL, i
PM..s 75 B2 (IR , A5 0 SR e FUBR SR HE SOV PAHs 1) BTk 4
5, X 5 A PAHs % R IERHE T 4518 — 3L

NATWFFE W, 45 PAHs PRI AT R IR RE R A BUm 1,
Hodr BaP (U VE R ABFFTH BV 4 (=20 |
JEETG Y (SN, BaP M EAKIK R 1.6.2.3.4.6..11.4 ng/m’, M
HPER B ™ EE S Y BaP Vi RO 8 [ P A AU AR T
(GB 3095—2012) By FLAE (FRifERLE PM,o 1 BaP e 24 hF-
Bk BEBRE R 2.5 ng/m’; BT B i [ i A O T PM.s 1 BaP (1)

W R ) . 4, 43T H=200 (1) 2 36 PAHs — % L 4> T H <
200 AYIRFR PAHs #A7 BE 58 A9 3508 1 L (K38 PAHs — R 9L
AR Y ZPEFEME | TN 25 3R PAHSs BERE X AR 4 P AR 1B M T ¢ =
HOVEH . P, 3 B SRR T TEF 45 1 PAHs 5
RAGEEPE™, 0 BaP FYEETESE AL R T TEF=1, HAth PAHs {4k
HIFEPESERA T TEF W25 BaP (AR EEME . BaP 25550351
BEQ Wit /AAN

BEQ = Y(C,-TEF )’ (2)
K, COFA PAHs HiK o WU s TEF, % AR B2
SHF .

N2 A5G % 7 4% 38 PAHS Y BaP S50 251 (7 25
PAHs ¥ TEF fiziB 3¢ /0 , Hudik A— K50 ) . 3304,
-1 PAHSs (98534 Bl 05 YRR BE A e i g i, Herp 5 34
PAHs B REPE R SR , FEAN R RS T5 Y R B T, % B PAHSs A
P BTk 24 M 3 50% (57.1%+1.4% ) 5 LYk M 6 3R PAHS, (5 i
BaP S5 30 B M 11 37.9%+1.6% . & HE B R VS Y R
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T, &P PAHs [ BEQ 2R TS L 1 1.1 2.8 Fl6.9 %, H
TEJ"™ 55 Yt IRFR PAHs 1) BEQ 38 INF5 55 (7.4 £%) KT i B0
PAHs(6.31%) . AT UL, ™5 {5 4B PAHs BEPEIG R IR 7 B i,
HVE Z R AR PAHs 51 & 1 & kRt .

C29 1 ¥ Ji 76 T BF 5% n—alkanes [A] 28 9y v vk & %
(Cmax) , FII{H K 16.7 ng/m’*, 5 K n—alkanes B9 11.1% ; Hik
k1 €23.C24 F1 €25, 43 51l 15 & n—alkanes [ 10.5% . 10.0% il
9.6%. HEEAWIIT, #77 F 53 ) n—alkanes HL4& C27~C34
e vy, R WA D (R HE O n—alkanes B — € DUHK ; 543
TR n—alkanes P& C23~C25 WL =, #e 0 n—alkanes
FEORIE T A BB R HET . AR 4% 28 ST 93]
XJ N7 ) n—alkanes BRI A5k R g — 30, An &l 4 Fros, C29 1k
i f e , VG 22T 4428 B AR AL B HE O n—alkanes ()3
FEA —E TUER, RIS, AT SRR 7 — B2k

K CPIE— 2548718 n—alkanes SRR TE F SR IR A1 A R
ZIP KRR CPLEFE IER B & 27 B B0 AL 5 ik 1
JInFNS S ARBEREL SR EE R INMZ L. CPISm R A
SRR DT R (R T 5, £ 2R T 10), ez MR Z ANl
URRYSEI R (CPIHEIT 1) o VHR RN, ASBESE H CPTRF
{8 1.3, AU 1.2~1.5, AT 0L, PH2E 4 2RI S PMas
5 AR BE AN, n—alkanes HVAEH F AR HEAX SR IR A —
INERGY, AT N R i S

3 LAk

el

=R
G R TR N, bR | EE R K™ S YL PM.s [
BRI 1.5 2.3 F13.3 1%,

2) Bz SRR G AL, PV OC EC A ZE L #
B3, KR TOML B e TR ™ 5 Yo AL, PAHs &
n—alkanes 75" 55 {5 YL Iy B Bt ) 20, 40 ) A 52 B Y5 e 1)
7.6 F17.81%

3) R EGY, EEOR A AHE TR EEF TR
I (1.6~2.01%) , 2k A ASRFC R & HE£ M TR K,

4) PAHs Fll n—alkanes 4 3= 23k [ A J5 HE i o1 1k o
PAHs ) 2455 R A RN A 4 SR e HE S 174 3 [ 4
o AW ke AR SR HE IR 575 YL 301 1] PA Hs JG 3 1
FEHE . PAHs £5 R0 B Bl 2 A0 1t 2 01 114 184 Jon i 48
T ARER PAHs BIFEPERE IR T 34
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