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Characteristics of variations of atmospheric pollutants over Xi’an during 2010—2018

WANG Yelin, CHENG Yan, YAN Lu, LIU Shuting, YAN Mengyuan
School of Human Settlements and Civil Engineering, Xi’an Jiaotong University, Xi’an 710049, China

Abstract: Background, aim, and scope With the development of economy, the problem of air pollution is
becoming more and more acute. Because of its special terrain and more anthropogenic emission activities, Xi’an
has become one of the most polluted cities, seriously affecting its tourism development and the image of an
international metropolis. In addition, air pollution also causes harm to people’s health. The goals of this study are
(1) to investigate the variation of atmospheric pollutants; (2) to analyse of the correlation of various pollutants;
(3) to identify the causes of air pollution. This work provides reference for air pollution prevention and control
in Xi’an. Materials and methods The concentration of atmospheric pollutants in Xi’an were monitored at 13
monitoring stations, from January 1, 2010 to December 31, 2018. We discussed the temporal and spatial variation

of atmospheric pollutants, and made correlation analysis of various pollutants. Results The annual concentration
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of SO, decreased significantly during 2010—2018, but the annual concentration of PM,, and NO, did not show
a downward trend. The change trend of PM, 5 annual concentration during 2013 —2018 was the same as that
of PM,,. The pollution situation of PM, ; and PM,, were both serious, the CO annual concentration showed a
downward trend, and the pollution situation of O, from 2013 to 2016 showed a deteriorating trend. Discussion The
annual change of pollutant concentration is related to a series of “pollution control and haze reduction” work
in Xi’an. The reduction of SO, concentration is related to the work of “coal-fired boiler disassembly” since
2013. However, the problem of NO, pollution has not improved because the promotion of “coal to gas” work
effectively reduces SO, concentration, while the combustion of natural gas produces more nitrogen oxides. The
decrease of CO concentration reflects that the promotion of clean energy for automobiles and public transport
in Xi’an has been more effective in recent years. The deterioration of ozone pollution is mainly related to the
increase of volatile organic pollutants (VOCs) and nitrogen oxides emissions. The concentration of PM, 5 and
PM,, is restricted by many factors. It is necessary to coordinate the treatment of various pollution factors in
order to alleviate PM, s and PM,, pollution. Conclusions The large-scale development of industry, tourism,
transportation and catering industry has great influence on air quality in Xi’an. Industrial emission reduction of
SO, has a significant effect on the reduction of SO, concentration in the atmosphere, but the decrease of NO,
and dust emission is not reflected in the decrease of NO, and particulate matter concentration in the atmosphere.
It shows that besides industrial sources, there are other important sources of atmospheric NO, (such as vehicle
emissions and natural gas combustion products). What’s more, it reflects the complexity of the sources of
atmospheric particulate matter. Reducing the emissions of smoke (powder) dust alone cannot effectively reduce
the concentration of particulate matter. High increment speed of motor vehicle ownership and energy consumption
structure have an important impact on air pollution in Xi’an. Recommendations and perspectives The results
indicate that further reduction of motor vehicle emissions and change of energy consumption structure must have
an important impact on alleviating air pollution in Xi’an.

Key words: atmospheric pollutants; spatial and temporal distribution; analysis of pollution causes
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Fig.1 Annual variation of air pollutants in Xi’an during 2010—2018
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3 KRRITEWMEXEST

FIHT SPSS 19.0 X AN [F] 2= 32 75 Y v B2 (Al i 1 7
FZ/Rih (Person) MHSCHESHMT (£ 1), #4412
W (3—=5HNEE, 6—8HNEZE, 9—11 AR
B, 12—2 A% %), PM, 5 PM,; 11 4
KRBT K 0934, 0924, 0974, 0.946, &
PEAKSE 0=0.01 BF, p {EH/NT 001, B8] PM,, 5
PM,, & B F IEM &, PM,s. PM,, 587549

#1114

SO,. CO. NO, ¥IfFTEA AR MIEME, Uil
T PM,s. PM,, 53X 3 R T5 Yoy LA = B (] U5
. HZ PM,s. PM,, 5 NO, BFHICHEAE B2,
B5 O, HXME i E ., IABIFREYWZE, SO,
5 CO B FIEAMNX, BT &2 A EHA
L RMLBNE R AHAE R Mm; NO, 5 CO. SO, #
KRG, WINO, B T 5 AR WIF N &A%
PIAR, sz B HABH Z B, ns5 o, L.

E 1 LRGSR

Tab.1 Correlation analysis of air pollutants in Xi’an

=S V5YL) YY) Pollutants
Season Pollutants SO, NO, PM,, coO 0, PM,
SO, 1
NO, 0.515 1
Fes PM,, 0.869 0.648 1
Spring CcO 0.822 0.405 0.712 1
O, —0.478 —0.113 —0.461 —0.621 1
PM, 0.855 0.735 0.934 0.750 —0.475 1
SO, 1
NO, 0.371 1
HZ PM,, 0.755 0.513 1
Summer (60} 0.535 0.090 0.558 1
©; 0.404 —0.008 0.654 0.340 1
PM, 0.868 0.403 0.924 0.626 0.600 1
SO, 1
NO, 0.309 1
& PM,, 0.630 0.775 1
Autumn CcO 0.759 0.478 0.808 1
©; 0.263 —0.100 0.144 0.111 1
PM, 0.599 0.795 0.974 0.801 0.168 1
SO, 1
NO, 0.328 1
&S PM,, 0.718 0.671 1
Winter CcO 0.794 0.242 0.758 1
(0); 0.607 —0.272 0.289 0.616 1
PM, 0.594 0.657 0.946 0.661 0.198 1

# FE 0.01 7K CBUIN ) A, *: 7F 0.05 ZKF OB ) I &A%,

**: significant correlation at 0.01 level (bilateral); *: significant correlation at 0.05 level (bilateral).

4 SEEESSHT

T b DX b PR B T 1, BRI
i ] RUBE S ATF 5% 5 Ml i) KA T5 e Il m] LUIAH
ZHIX RGN . WO PE L X 5
VL AFSR H 25 7™ 5 (1075 Y15 00 5 75 Y ) B9 HE U Bl
G NI
4.1 g

2010 —2017 4F P4 22 17 22 9% o A J, AR
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SUE M 2010 4 19 3242.86 12 7€ F THF) 2015 4E 1
7471.89 1270, ZitHE K 130.41%., P9 Z 10§~
W gE R SR F R = = —" WaRsh. 1E
2010—2017 4F, =Ky Az = B34 A Frss i,
WA T INE 5 S OUE, A =G e
FLIPZE K, 2010 4F19 53.82% N3] 2017 4
1 61.49%, X555 T-2CiH iz HRE L FiR I L
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2010—2018 4 P52 KI5 Py L AL FAE A

N S T A S, R T b
BATFRE (2R 7.11%) , B T8 il
BN 4 R, 2017 455 = 7= ) 0 fin s AR A
2010 4R3I T 163.24%, WCE — =i K1k &,
XFPREE ), R S 2 TS Yl (] A AN ] 2R 1)
S, S AR b B AR, B 2017 4F,
FEVG % T A 7 BB S e TP A 7 3.76%. R,
GG T2 S e ) R B TN, R AR R A
W M A = Pl X 28 ARG Y n) B S
55 BB T AR S, i A
FEREPRDIE Y, NR2 AT LIE H, 84F
AR D It R BIMKIR by R e X >
JHEE DX > 4K 22 X > FE I DX > 37 3 X > I8 X >
PRIX > X > A R IX, Ho, 7EiX 8 42, 2
THH IR XA K2 X (195.33% ) . [ R IX
(133.62%) . FRARIX (110.64% ) ; HEK %
X, 2014 4FRIRSE 7= i ol 2 e P Bk &%
DX SURL ) T e 1 R ™ R EE 2R A (2015 —2016
4F PM,, HBEHATIN T 32.94%, 2016—2017 4 PM, 5

WERINT 35.86% ) .

8000 & # ==k Tertiary industry
7000 + © =k Secondary industry
m i —7 ) Primary industry

6000
ER] ]
\Si 5000 —
=5 o
== 4000
I
e
A 3000
_H(D
2000
1000
0
S 2 g9 2392y
> = < (= = < =3 <
[S R O B oN B o YN BN oN | IS\
4y Year

Kl 4 2010—2017 4EPGL AR L 250 A 7 B H AL 1k
(PHLgeitJRME R R RMAR, 2011, 2012,
2013, 2014, 2015, 2016, 2017, 2018)
Fig.4 Gross Domestic Product (GDP) change of different
industrial structures in Xi’an during 2010—2017 (Xi’an
Municipal Bureau of Statistics and NBS Survey Office in
Xi’an, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018)

# 2 2010—2017 4P EEATECE Mg E (12o0) (WS RMER SRR, 2011,
2012, 2013, 2014, 2015, 2016, 2017, 2018)

Tab.2 Value added of the secondary industry in main administrative regions of Xi’an during 2010—2017 (Billion Yuan)

(Xi’an Municipal Bureau of Statistics and NBS Survey Office in Xi’an, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018)

e B IX TEARIX TEW X i I RALX JERE X fia) R I I X KA2ZX
Year Xincheng Beilin Lianhu Bagiao Weiyang Yanta Yanliang Lintong Chang’an
district district district district district district district district district
2010 132.45 85.08 174.84 97.54 218.78 211.34 50.33 79.15 136.07
2011 152.99 110.42 199.48 120.53 244.40 255.65 59.79 102.03 160.06
2012 174.54 92.89 212.22 134.69 265.08 311.46 75.16 120.43 160.16
2013 190.16 106.71 224.67 157.45 318.24 354.85 94.95 126.49 168.63
2014 186.67 120.03 193.90 141.61 371.00 389.82 105.61 116.26 217.23
2015 178.21 134.23 183.47 124.24 357.71 365.07 102.71 81.20 261.90
2016 192.05 151.36 194.55 117.98 379.68 338.05 102.39 59.25 332.60
2017 216.83 179.21 239.80 140.22 405.79 331.31 117.58 66.76 401.86

2010—2017 AEPG 2T 55 =7 Mk i S 8 A
WAl . Bl . s, #B
SRAEE A — W sg ), Je R A,
3T LIAE N, 8 ARSI = LG ME i K #|
MR« R IX > PR IX > FEE 3 X > o e [X >
B I > K 2 DX > A X > I T X > A R X
Hodr, 20102015 4 2138 i B K 2 /MK IR &
i 7 X (174.46% ) > M 35 X (106.74% ) > fift
MOIX(98.49% ) > K X (97.76% ) > 3% ibf]

X (9299%) > K % X (91.22%) > [@ B X
(7897% ) >IfiEIX (77.92% ) >HIIX (63.14% ) ,
2015 —2017 4F 2 1+ 3 I i R B /MR IROZ K 2 X
(64.87% ) >HtFIX. (56.75% ) >EIRIX (54.60%) >
IIf 7 X (5043% ) > JE B X (48.75%) > 3% i)
X (30.64%) > i bk X (27.74%) > B 3 X
(2644% ) >AR KX (24.33%) o FXAHE ==
AR A e P 248 % St RN PR ) 3 K B2 1T B R O

15 Y AR INEE R A
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3 2010—2017 AFPYLTH EBATEIXEE =3 h{E (f258) (PHZmgeitmmE RS RvaZE4E, 2011,
2012, 2013, 2014, 2015, 2016, 2017, 2018)
Tab.3 Value added of the tertiary industry in main administrative regions of Xi’an during 2010—2017 (Billion Yuan)
(Xi’an Municipal Bureau of Statistics and NBS Survey Office in Xi’an, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018)

P B IX FRARIX FEHX I AKX JHERE IX I R X I8 [X. KX
S, Xincheng Beilin Lianhu Bagiao Weiyang Yanta Yanliang Lintong Chang’an
district district district district district district district district district
2010 193.57 273.82 202.15 61.90 182.63 386.91 35.56 45.88 112.67
2011 226.90 326.29 237.70 72.13 222.29 468.52 42.37 54.45 135.89
2012 254.38 374.07 267.18 82.53 250.74 525.11 46.63 61.47 150.68
2013 281.59 419.05 302.01 93.26 281.32 581.61 52.00 67.34 166.35
2014 280.41 497.87 345.63 149.98 331.08 723.02 56.43 74.36 194.53
2015 315.79 543.51 390.13 169.89 361.17 799.90 63.64 81.63 215.45
2016 348.61 590.32 427.36 192.07 392.14 897.38 68.99 93.27 236.95
2017 399.27 694.28 509.67 266.31 438.08 1189.84 98.39 122.80 355.22

42 TAisH

T LR B A B Tl A 7 2 HE TS e
KAWAEYR, M), H4e. 1T, Kk
AT A A 7 A B ) R ARHER T R AR
B B JH Al B R AT el ., R4 R
2010 —2017 4E 7§ 22 11 Tl R HERLRE O, 483t
B R, 2010 —2015 4 SO, Fl1 NO, #) HE it i
TRET 50% A, AHIE (k) AHERCEAE ST
B JC W S - 5 Bl VO 2 TR TS 80sE TAE T BE Y

hnsk, 2015 —2017 4F, SO,. NO, Fl4H ( #) &
Heom W2 TR, 3 FRE T 88.91%. 66.90%.
83.23%. SO, 1y Tk i HEXT K< SO, ¥ BE7K P
BRI, H NO, Al (#) 2R HERCE 9 T 1%
HIEA I WAE RS NO, FIRI Pk 5 F R o Bt
B NO, SR IEBR T Tl R IE SN, A4 Hofth 5%
KU Can: ML EHE . RIS ) , [H]
A S e T RKARBURE oR IR B B 4k, LAl SE R
IRKE CH ) ZRHERCE A BERE AR URL v

4 2010—2017 FFPGLH TR HIB A (PLgit RMERG R LRAR, 2011, 2012, 2013,
2014, 2015, 2016, 2017, 2018)
Tab.4 Emissions of industrial exhaust gs in Xi’an during 2010—2017 (Xi’an Municipal Bureau of Statistics and NBS
Survey Office in Xi’an, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018)

Tabr Ay Year
Item 2010 2011 2012 2013 2014 2015 2016 2017
SO, HEjif it
. 81505.83  97884.02 83062.90 64664.15 62604.03 38691.36  4913.89 3904.20
Emissions of SO,/t
NO, HEjil &
. ,'ﬁkﬁii 41857.70  34921.76  31823.37 2236426  6168.56 7402.60
Emissions of NO,/t
K] b VAN =N
8 (8) LiFR 17462.58  13658.34 2198540 16443.53  2853.13 2757.50

Emissions of Smoke and dust / t

43 BT

Bt 4T S BF B9 K, BT A 38 MOk &
ik, 2010 —2017 4 V9 % ML 8 R A & ey il 3
£, 2010 —2017 45 P4 % T WL 3l A2 A- A 1t 4 434
5 12.67% (& 5) o Mlah ezt TH,
HE R & A 2 MR Y, XE mE vy
G RAIG RN E LR 22—, LA RVE %
TP T UL 495 Y 38 TAE, | CO HEltR 1)
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S 2 2 R R R 2 A5 A, S 2 T Y BE
TR TR LRSI 2o 5 . WIERER 5 R,
JEBCIE PRAE 2010 4R BE(E, Z S RAERA T T
R, HAE2016—2017 447 38 KFEIE (9.08% )
PERIE R E R T RS2 B R e T
YER R I IFJRAT G, X W ffifq pi i SO, M 7E
FEIRARE TAE LA W TR, FEe 124 ne i
R el s, SRR (R T RE I LR AL e 2
Mg - HARE . RIVIH 9 AE 2010—2016 4
0.74 /251 J7 K EFF & 3.23 /237 07K, 2016—2017
AP JEE T B I R T R, XL RS2 R AR AT 9%
HRIE EF (B 3.23 423070k 153 14.5 1257
Ik, FHigk 348.92% ) , HILRE T VEE T NO,
WIEAKFI BT, YRS 2T A OCHER TR “BR
SR E NS, DL B R AR R SR AT
HRIM NO, 15 Y [l
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Fig.5 Annual variation of vehicle number in Xi’an during
2010—2017 (Xi’an Municipal Bureau of Statistics and NBS
Survey Office in Xi’an, 2011, 2012, 2013, 2014, 2015, 2016,
2017, 2018)

F 5 2010—2017 FEPHL AR SR F 00 (PTG R E AR GHR P2 A,
2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018)
Tab.5 Energy consumption in Xi’an during 2010 —2017 (Xi’an Municipal Bureau of Statistics and
NBS Survey Office in Xi’an, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018)

AETR 4y Year
Energy 2010 2011 2012 2013 2014 2015 2016 2017
SRR B it/ 7
A %i 789.18 826.91 837.65 802.49 793.70 781.71 740.95 673.70
Coal consumption /10000 tons
RIRAIH A /AL TR
Natural gas consumption /100 0.74 1.43 1.60 1.77 2.55 2.56 3.23 14.50
million cubic meters
5 #ig IR o

(1) IWHEPRAZ AL F, 2010 —2018 4 SO, i
B R E AR, PM,, Al NO, AR B S AR S 31
TREBES, BT HABTE Y (PM,;. CO.
0;) 2010 —2012 4F () Zds, HAEULH] 2013 4F 2
— A5 YA B0 ™ H I RR IR AR . 2013 —2018 4F
PM, s i B2 5 Ak i 34 5 PM,, ¥k B2 28 1k ok [v]
CO W Ji S0/ NEa#, 2013—2016 4F O, (75 4Ltk
A B T, B RA T EM ., N
YR E AR, £155Y (B 0,4 ) B4R
FAR RS Fe e —3k, YR TF O B2,
PRI RRE RERA 12 A0 LA 2 H, 6
AL 7R 8 AikBgRfE; O HWREZERIE
A, SO R Mk, 757 Hei 8 A
KRB, ZE ARtk 225 0w, B O, /K E
T THALTAY, HAYS e 40 & TR

(2) WIS YIMBERE , P24 X
SO, M B NI S, EAFRENTILEHIX Y
FERIGIY); NO, IR shie kK, HIG
PUE LR PR Ti45 X8R CO MAFI Mk
PIRTNREE Oy B EEKEAAE1E B 8 1 25 1]
257, Aol SR BE AR sk T 05 1544 H
JEH YRR, PM,, Fll PM, s /5 R 76 22 1l X 32 275 G
Yo s B e, PSS, WK
R, ARz B 2R R R A LRI
HAR BRI T 0TS YRR R B R, A
TH BRI B R T A A AR Ok
FRAE, AT 2 SCHBI T RIa#E ) B

(3) 3B AR YW E T, B
PM,, 5 PM,; £ B EIEAHE, H PM,s. PM,, 55
ABI5%Y) SO,. CO. NO, HA7 = [ TR .
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