W5t 4 HIFRIABE 4% Vol.5  No.4
2014 4E 8 H Journal of Earth Environment Aug. 2014

doi:10.7515/JEE201404001

AR KR ITRMIREFHER I E R 5

o4, f2 &, % £, £ ®', ¥ k"
(1. @itﬁCth% BB G H TR HIERIR B RE R, P62 710049;
2. VG EHARG R, P& 710016)

B OE. AR T IRB IR SE AT 69 20102012 5F K 475 W HABAE A o4 T, Se& N
BT AL B Fa S TR 0 05 Fe M R B RCHE £ 5, AT 2010—2012 F-18) 0 &% 7 K A5 F 4 R AT 8] Ae
FE AL, FRAFT FERAE R Rk, Bf, FERAALFREF R F 0 LBHEEY
Mo BREW, PM) R GHETHEETE 5L, LKX2ENO,, SO,. SO, FTLKINETFTHEAHR,
2010 (43.2+26.0 pgm ) >2011 (42.3+35.2 pgm*) >2012 (40.2+£25.6 pygm>) ; NO, K B & 1L
P 5 SO, A RE, 2ATHREHZHHMHE, 20102011 FH 9%, 2011—2012 F % 2.7%;
PM,, % % 4L A # 55 NO, 48 B, 2010 (123.8+20.8 ug'm ) >2012 ( 118.8+40.8 pgrm” ) >2011
(118.4+37.9 pgm™) . AP FHIERRHLTRLFTEMFAELFRIK, £F. AFRE;
BETTE] . I BRFEKRE, g XRIDRFEREZ, BRHE. RagREAREZ KT
FARI, NO, 5 R m Wik ey 48 X R 5%, PM,, 5EMZ MR RE, D@EAA T PM,, £k,
Bk REAAAE PM,, RERIE 445 £ 4, 1235 SO, F2 NO, K ZH K KW ; @E SO,, NO,,
PM,, 4R BEAMKTIE TRRMRE; REFFEETTERES, L+ SO, tREZRENH I AR
X, RHKZEPM,, 82 NO,,
X8iF: %%; PM,,; SO,; NO, % E &
hESES. X51 CHEERERS: A XEHRS: 1674-9901(2014)04-0235-08

Characteristics and affecting factors of atmospheric pollutants in Xi'an
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Abstract: The temporal and spatial characteristics of airborne pollutants (e.g., PM,,, SO,, and NO,)
in Xi'an were studied based on three-year continuous measurements of the air quality monitoring
network of Xi'an Environmental Protection Bureau. Meteorological data such as temperature,
humidity, rainfall, wind speed, and wind direction were used to identify the factors affecting
the air quality in ambient atmosphere. PM,, is the main air pollutant, followed by NO, and SO,.
Annual average SO, concentrations have decreased slightly from 2010 to 2012. PM,, and NO,
have the same trend with 2010 (123.8+20.8 pg'm for PM,, and 45.8+13.6 ug'm° for NO,) >
2012 (118.8+40.8 pg'm for PM,, and 42.7+15.6 pg-m > for NO,) > 2011 (118.4+37.9 pg'm™
for PM,, and 41.6+14.2 pg-m for NO,). The concentration of air pollutants in Xi'an is lowest in

summer and highest in autumn or winter. For the spatial characteristics of air quality, the districts
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of Switchgear Factory and western High-tech are heavily polluted, while the districts of Caotan and

Xingqing community are better. Several meteorological data have been found to affect the loading

of pollutants in atmosphere. Concentrations of pollutants are generally affected by wind speed,

especially for NO,. The concentrations of PM,, decrease significantly after a rainfall, especially

in drizzling time, but increase substantially during a hazy day, with a maximum of four times of a

normal day. Poor air quality has been found during heating seasons and concentrations of SO, are

increased significantly.
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Table 1 The air pollution index and the corresponding pollutant
concentration (ug'm )

LAPI TS RIB HIREEIRE (24 /NP5
PM,, SO, NO,
500 600 2620 940
400 500 2100 750
300 420 1600 565
200 350 800 280
100 150 150 120

50 50 50 80

2 KRSz T HFE
2.1 KRSGFEYEEITH

T A X6 VG 22 T A A A T 3 8 A7 Y 2010—2012
BTG AT, 25 (W 2) R, %
MRRGRYREE TR, 45 FFERE.
PM,, WPY LT E S I 9, PM,, i shii 2
70.8~215.8 ugm >, HKSENO,. SO,, HikzhitkH
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Abdeen et al (2014 ) XFELE)raH . DL FZy B
LN AWM SRR R, B2 (40 —6 1,
37.3 pgm OPM, s FHH B R TAZR(10 H —12 7,
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W SRR | SRR RIS RAEEIT
KEREA K, ZHN . Z5FARIEHELm,
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H SO,. NO, 1) 3.12, 4.82 1%; /% H HME T
PAE 201149 H, 43 5lE 25 H SO, NO, W) 4.27
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5 YL E R A 2010520122011 (AEFI{E: PM,,:
118.4£39.9 pgm™, SO,: 423+352 pgm>, NO,:

41.6+14.2 pgm™) . PM,,, NO, V5 4 ¥ #8 [FH K —
RhRUE ( CRBEZS TEPRIE ) G3095-2012) K%K,
2010>2012>2011 ( PM,,: 288 K; NO,: 135K ) ;
SO, 8 5 B & — 9 b5 i K %, 2011>2010>2012
(SO,: 59 K ) . M 2010 4F 7] 2012 4F, SO, fU4E
PIueiErh 43.2 pgm® BAF RS 40.2 pgm®, JhfE
ik 6.9%; NO, FY4F- 253 i e i 45.8 pgm™ T [ |
41.6 pgrm >, FFFE F]42.7 pgrm ™, 2011 4FT5 YL i ig,
PM,, B4R B2 1E L 5 NO, #H[], 2010 4E95
el U R, FWRE 123.8 pgm, EEK ZHbR
M (70 ngm™) B 177 4%, #bR 331 K, WARRE
ik 90.9%. SO, W5 AR A B MAFAH AT
RIGZEH], X FEIE P Ry A Ze Il DXCR B SRR A1 ]
AR IRBE S IR FIT S0 (TRIR245E, 2009)
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Table 2 The month average concentration of main pollutants of Xi'an from 2010 to 2012 ( pugrm™ )

A 2010 2011 2012
SO, NO, PM,, SO, NO, PM,, SO, NO, PM,,

1 7794237 58.6+11.6 13524442 101£363 61.8+15.7 159.9+482 104.6+42.4 78.5+23.9 160.4+74.4
2 603+19.9 48.1+163 1224489 106.3+33.5 66.7+16.9 1958+73.8 59.8421.7 58.8+18.6 119.7455.6
3 43.6+13.8 462+7.01 142.6+55.6 53.1423.1 55.6+13.4 141.3£552 44.5+£10.5 58.8+12.5 116.8+35.8
4 311450 40.0£6.1 126.6+57.8 32.849.0 48.9+133 144.6+36.1 304+55 424+65 10584264
5 268+63 351465 12024324 184468 342486 90.6+33.1 23.5+£57 36.6+11.0 99.9+25.7
6  224+64 33.5+9.1 99.7+27.6 187457 31.8+9.1 8574264 28.9+44 319462 79.4+14.6
7 149+56 299459 98.0425.1 187452 29.7+82 90.9+30.6 22.3+4.1 264+50 7214223
8  163+63 309460 99.5+30.0 164+3.7 29.6+63 96.0+34.1 229438 285+4.6 83.0+25.0
9  254+8.6 359+103 101.1+30.5 16.6+59 27.846.2 70.8+33.0 22.5+3.1 28.6+44 9224363
10 345+86 59.5+21.9 131.6£52.1 17.6+2.5 31.7+55 97.5+334 239+1.8 39.8+52 143.7+37.0
11 81.7432.0 69.5+17.0 154.7+402 22.5+84 303+7.2 100.8+44.0 30.6+9.3 37.1+9.3 136.8+49.1

12 84.0£26.6 61.9+£17.5 153.8+£48.7 85.3+23.0

50.6+16.2 146.5+56.2 69.1+£20.8

44.8+14.0 215.8+120.3
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PAMAFAEGERARI 225 (HERARSE, 2008) , %3
F L E 6 W A 2010—2012 4 SO,. NO,. PM,,
WREE(E . 6 AW p = FETF R T 1 SO, V5 YAt
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M 33.0 pgm”, HIAAFEE HARrifE. SO, TG

FERE, TolkIX >Rk X > i RIX > SR8 . s
PEIX . /NEE =43RI SO, V5 YL it ek T, /%l
45.8 ng'm° FEARF) 38.4 pgm ™, 49.4 ng'm’ FEALE
42.1 pgm”, FEIRHREIL 16.2%, 14.7%. 2405

FRRETERT . 4PN S W S ) SO, 15 YR
2011 4F 8, 2010 4Fd e, S JEREARE T
ks, SHARFMRZ, BN SO, 15 R R — 1
TENNEE, 2012 4EiA%] 36.4 pgm ", /NFER NO, V5L
RO, 15499 ngm”, BT ER _Hbrifl;
HE S RO NO, 1o YRR B B fiR, h 363 pgm®, KT
R ZHbrif, NO, 5 YRR, FilkIX > TolkX >
JEREIX . /NEER) NO, Wk i =4k — EAERFIK,
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15 YR AT B4 R, R 2010 4F 552 pgm” [
R3] 2012 4 45.3 pgrm ™, BEALHRIL 18.1%., 5
WARRZ , FERERY NO, V5 YRR A RIS N, H 2010
4 34.6 pg'm B9 i F] 2012 4F 38.8 ugm, i
JIGK 10.9%, FHER PM, 15 YL 72 8 B i, ik
125.5 pg'm >, L8N PM,, 75 QL B BE AR,
117.4 pgm™>, #H5F EHE YARHE(L 70 pgm ™,

PM,, 75 R, XTREE > Tk X > kX > &
R, RORE PM, W& & T REZEUEM S, 24
PRI A Ak 22 AF P52 T PM 15 G4 R O 1 T T
X RE G, X P O B Sy 1 e Bk Ak b
B i DXCH, R JLARE | T R B OB
v, ERRIAL R PR, A S DL R e R R s 1 H
AT S,

23 20102012 4F 6 Wil f 3 s Yk (ngm”)
Table 3 Three pollutants concentration in six monitoring
stations from 2010 to 2012 (pug'm™)

J=tivi SO, NO, PM,,
i 33.0£24.7 363+15.6 125.5+55.9
LEAR 39.1432.5 4814233 117.4+59.5
EPVEX 43.0434.0 46.0+21.6 121.6+60.2
EETF)T 48.5+36.9 4924213 12434574
MPURX 3794327 39.3+20.8 118.5+57.5
JNgE 46.6+41.1 49.9+232 118.7+60.5

Jiv i W I A5 T S RE X B 225 5, PM 5
SO,. NO, FyH I A Pt ANTa], R e de I e,
FETFE) 1) PM,, 5 SO, MR EE L/, 97481
[ PM,, 5 NO, IR Ho RN

3 HIMEZRZH
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BRI, TR BT G 1 HE R RS
Pruae I E CSRER A, 2003) . FET5 4
VAR E LT, 155 RSP H#
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A, KB EX KI5 YWk B 15k 22 14
RIKATEH (ZHRE, 2010) , Wise % kIS
G AR AL RE 2 3 [ PG R 7 20%~ 50% 11Tk
Yk E AR Ak ( Wise etal, 2005) . 3% HIRFEK .
AR e, AR Rl T SR s G 7
2N 55 ARG, AR S R s S5 G
#, PR RE, K. AR KRR XFRE
e ANPSESOE T b A RSt Wi A NG RCE S <]
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3.1 XEXGE
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, BRSSP EBER R AN, KRR
KR8 5 1), BBk T e i i 19 7 ) AR i
XF 2010—2012 4F P42 iy KU s i geit, xunl
LA KL (33.75~56.25) R E, 5 19.7%, B
K PHZERT G R 24.3%., 19.3%, dbARI—HEAEK
At (11.3~78.7) KUy ik 43.74%; HUOEVPE P RS
(236.2~258.7), WU A 14.1%, &P Z & e
B0 17.4% ., 11.1%;  Fe/b Rnl 47 R vE g b —-k
(281.2~360.0) , A=K 0, V42T Tl X AR
ST PR ], REA KRR, i as
S5 Y2 R AL B SE R /N, AH XS T T X P
B 7 ) R & X AR B IX S M e s i X 23 <0 e
32 V9 PG R KU B SE R R, P R Il ) A Tl
X A B T YL 0 2 A6 V8 P R XUl VE T ) T X
P ARSI AT AY AU 5 5 YL W iR JE Pearson
RSB s, KaS PM,,, SO, FI NO, ik
FEAH AN 5.

IR SR A BN B[] PN 28 SUAE K F 5 1) 132 3l
FEE], B KRB BEE RN (BT
BRI Hi By, 1995; #3Cig, 2001) o KU/,
ARV YE, REK, SRR 8 X
HAE 1 mes 2 A, SR Ts YR E (FARE,
REAFLMES, SRS —ERRE) ;3 K
BRTE 2~6 mes ' B, BEERGHEINK, 23S I5 Yz
WA CETIEMBEZ 4, 2009) o P4 T —4F
HIRGE R 1.3 ms™, HAF o (0~02ms') K
Bt 128 K, 5 11.7%, 12K (03~1.5ms ")
KH886 K, 1 80.9%, 24K (1.6~3.3 ms ")
KE8L K, 74%, BENEESTLAE, EF
ARG N 1.3~1.6 mes', Bk 4% 2= 7 2 KU Ny
1.1~12 ms™' . #3583 2010—2012 A ] KU 4%
TSGR BRI 5 W RN R B, A
KRS TG RO N TF TR A, Bl KT 3
SR, S TS YV RGN 1) 2 A B
N Gmy, =530 ik B 5 b ifE ol — b
WM S . Wk 4 Frs, KUk 2 1 8 K%k
81 K, WG 2 BB E R s s R
R 63 K, XN A IAAR LU R ik 77.8%, 1 0 2%
FU L 0 i SRR EL /N T IR 2 W e,
BHR 70.3% ., 76.5%. BLAN R TS RGE XA TS
YeWsem 22 S TR BRI e PR 4



5544

2, AFe PELETRATS YR R AR SR N 2 239

XX 5 ¥ e BE AT IR AE DG 3 b (A DG 3 B
JEHE ARt R S = AR A DG, R =
AAEREAISEMa SR, R HT oI SR i Z [ AH DG
PR R ) o 53R, W5 PM,,. SO, fl
NO, B HH & 2 %00 & —0.071 (p<0.05) . —0.083
(p<0.05) . —0.142 (p<0.05) , K# 5 NO, 19 +H

KMk, WS PM,, M A e, Rl XL
(3 R . KGR 1.6~3.3 mes™, fwA s
Mrigss, Wk PM,, VR 2 BLEAC (=051,
p<0.05) , BXHEFE AR REG | K 14 1 7 20 55 i PR v
BIR) PM AR BE T, b G T AAS I 28] XUk 5
SO, Fll NO, #H5HE (p>0.05)

e NG WA F S C R e s /N
Table 4 The air quality level in different weed speed

W4t Kk (ms™) BREL 2SR R e
| 2% 5 3.9%

0 0~0.2 128
%% 90 70.3%
|3 59 6.66%

1 0.3~1.5 886
13 678 76.5%
I 9% 8 9.88%

2 1.6~3.3 81
T %% 63 77.8%

* I ES 4R, hitp://www.cma.gov.cn/2011xwzx/2011xqxxw/2011xqxyw/201407/t20140718_252716.html

32 BWE

R T X 25 05 Gl B v e A AR/ E T, i 3
T B WUR W B AR C R E, 19815 o 4EHE,
2003) . [T AR AR AE FH 5 B T o R AR TR Aep 2k B
[ AHOCHR, FRZKE K. Rrgef 4, Hib Ve At
MR, R, WA EAER, B2 mYL,
FRYEXF 2010—2012 P52 i1 H B R 488 i e it
SRR ECREL 207 K, AEFRRE TN KA 69 K,
Hi AR REL 18.9%, [ 2 AR /& 2011 4 (77
K, B 20124: (64 K) , LI/ RE,
R HE A TP 7E 0.1~9.9 mm [ KRB BBk K
B LA =38 73.4%, BRI 225 o0 A 2 AR
FE5—10 H, HRAFEREM AR 91.3%, PRI
23 R T ARBE RN R, BRI R = A Ts Yl ak
B E R RFRUER) REGER 198 K, i 94.2%, it

o TARERKE, 5 580 T 2010—2012 FET A
J& SO,, NO,, PM,, =Fi5 ek iEAx b, 455 8
N, BRI S S E ey LR AT B A, Bl
VRO B e, SRS R AW R, S
SR IAAR KRB WG 22, [ 9 B 38 31 K B
WL, BRI LR S TR,
20 77.80%, AN, R T WS AR IR RN A T R
FROREAS [F] 75 e ) L BRAIOR & S A e 22 = ik, )
B GE it 1 AN [R5 G ) I 3 T i 1 58 118 25 BRSO
g N, PRI PM, 19 R BREBCR B (/N
84.7%; WE: 77.8%; KF: 77.8%) , NO,RZ
(/INFH 69.4%; . 69.4%; K. 77.8%) ,
X SO, Mt /N (/N : 62.5%; HRN: 50.0%;
KW 77.8%) , /N A HF PM,, 15 YRR FE 1
FEAR

5 OAIRIFERTREE T 23 UBTAR B
Table 5 The air quality level in different rainfall

R R AR REL PN S Fy
GRS p=!
—% —% ZHRULE SO, NO, PM,,
0.1~9.9 mm 152 144 22 94.7% 62.5% 69.4% 84.7%
10.0~24.9 mm 44 43 8 97.7% 50.0% 69.4% 77.8%
25.0~49.9 mm 10 10 7 100%
77.8% 77.8% 77.8%
50.0~99.9 mm 1 1 0 100%

* I ES 4R, hitp://www.cma.gov.en/2011xzt/2012zhuant/20120928 1 _1_1_1/2010052703/201212/t20121212_195616.html
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B RN DR ARG UTe) L TR L AR X AR
G A 23 X015 Y vk B i B AR AT — 2 1 T
BRAVEF, AR 2/ M R B i 5 SO,, NO,,
PM,, Ml #H 3¢ F % 43 51 2 —0.156 (p<0.05) ,
-0.166 ( p<0.05) , —0.265 (p<0.05) , 5 [& W
X5 G e BE 2 BRSO M HE P A Ao X
(10.0~24.9 mm) #1710 FE W & 5 SO,, NO,,
PM, o (iAW 45 S 7, W ik 5 NO, A
ZH (r=-0.430, p<0.05) KTFEME S5 PM,, 1Y
FHX 2%k (r=—0430, p<0.05), /NFRAT (0.1~9.9 mm)
RN 5 = s ek BE AN G (p>0.05) o K
WREL (25.0~49.9 mm) 3/, K I 2 & 5
SO,, NO,, PM,, ST YW AR S
33 DAERERXK

WRRA TR . AR
FIUZ, DI BT A A A R, A
RAEMKRBANBNETER, BRIPOLERIUL
WELEREZTEWN 35 A4, Fh BRI —F
U, HFREMLRFLRIZTHY,
M ZEMKENH D RIZL TIRE (TS,
2005 ) o IXPEVD AR BN S PM, 5 B A 1R

Fs i ( Abdeen et al, 2014) o Vb2 KA ffizs
SISYE, RV BT RS PM, WRIEAEAE R
FERIT R N B i 3 A% A AT, 3 R™ EE A ORE )
( EAESSE, 2004 ) o 25 ik B I IR )
TEF A, R AERER R A EAE, %
o5 RN R, HARFI R DX 5l KA
Y28 SO AL ( EOE4E, 2003) o K64
11T 2010—2012 A=V 2 i #f /v A R LA A
TG PM, VR EE AR RS L . 2010-4-26—30
Vb 22 KA PM,, H B4R 55 T 214.4 pgm
VAR R R AERIREER) 3.27 £, SO, il NO, i
JE AR E A, T2 H & e
H L ER b XT 9 AP ik Y — IR V2R B R R R
Wi, 2010-4-26 P4 % 11 >4 H PM,, H ¥ B T 2 &
ik 574.0 pgm >, VR RS LT — K H W E
140.0 pg'm™ 1Y 4.1 %, 2012-12-12—17 PM,, H ¥
JER T 249.4 pgm”, R KR LERTIREN
2.71%, SO, MINO, EEH KA E . ZHX .
WO SRR, 2012-1-1 (1) PM,, H
W BEIAF 362.6 pgrm ™, 8. 14 BFfig WL EE R
£ 0.6 km. 0.8 km, J& THEEES.

6 20102012 AFPYL AT MR R s TR DL

Table 6 The concentration of PM,, increase in the fog and haze or desert storm weather from 2010 to 2012 in Xi'an

e B T SRR T e T
(pgm™) (pgm™) (km)

2010-1-9—10 235.0 131.2 9.0 1.79 EHE
2010-4-26—30 308.8 94.4 17.2 3.27 AN
2011-2-3—4 319.0 140.0 10 2.28 L5
2011-2-19—24 266.7 144.2 7.5 1.85 S
2011-12-27—2012-1-1 251.4 122.8 2.8 2.05 5
2012-12-1—4 275.4 108.7 125 2.53 %5
2012-12-12—17 397.4 148.0 5.4 2.69 e

e oa Ll PM,, HYREEHRSFASE]; b LI 14 0 3 G W (#5155,

34 REFAAMEER

PO T 98938 L X i I AR b X, &
AR 4 4 H EERETE (11 7 15 H 2RAER
3AH IS H) , HHrBOEHABEHER (Li et al,
2008 ) , R R A A S R
BTG g Sl e — D EZEFE R (Xia et al,
2006; Chan and Yao, 2008) . W 1 ¥ T & K&
FERT™ 0 PR/ /NFESE W s =TS e ik

FEVERBERERT S, Zeiil T oRIEZE 5 AR R R 215 YL
Y BEXT ELIEL . R 1 AT, A W R R 2
T YR ) T AR B TR TS YY), /NI S e
FEE T ERIFRT . MIR/NX, /NJE PM,, fil SO,
WA R 2, SRR VR B A3 i R Al SR 2R 1)
1.58, 3.47 fif, MP/NIX NO, ¥ AR fb el 35
SRR ZE e AR R R 20 1.68 %, HoRIEZT5 Y
Y s Y T F s SRR bR,
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