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Abstract

In order to prevent and control the air pollution in northwest China, the air pollution characteris-
tics of four typical cities in northwest China from 2015 to 2018 were compared and analyzed by
statistical methods. The results show that: (1) With the decrease of latitude, the air quality is get-
ting worse and worse, the northern part of northwest region is better than the southern city group
and the southeast is the worst. The air quality of each city ranked Yinchuan > Lanzhou > Xi’an >
Urumgqi from good to bad. (2) The pollutants are mainly PM s and PM;,, the average annual con-
centrations of which are positively correlated and have similar seasonal and annual trends. (3)
The primary pollutants in the four cities are PM; 5, PM1o and Os. It is found that other pollutants
have become the primary pollutants in the four-year time series. (4) The statistical analysis re-
sults of the backward trajectory map show that the pollutant trajectory lines with a height of 500
m and 1000 m from the ground are highly consistent, with the same degree higher than 75%. The
transport path of air pollutants is mainly in the northeast and southwest directions, and the direc-
tion of air pollutants is complicated when the air is seriously polluted.
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1. 51§

B NE G KA R Ol T KRBT, RICK SR e S aiia 1], feILE 2], 25 <l & [3]F
NARMERR[A) S5 R &7 A B R REMA[5] . WTFT[6] [7] [B13RHH, mUEESe X IEAE 2 3w UKL IR P 5 v SR Ak
FE A7 I X S B R R A V5 YR AE . PHALHE X & 3 E B A BG4, AT 4 3 Bk B AR
BHOBRBE (LB BRI IE RN, Rk, FRE N & R E A PG AL X SR BT i, A b
T X 12 X KA BRI (K75 Yt A T IR NI 7C S HRFAE S AT

Hal, EAAEROAARMX . fERT T RENZ ISR E[9] [10]. XIS [ R4
IRANG MRS S Y ik B AR AT SR, i 2014~2015 4 RIREHLIX &L B PR TS JREAE s
REBTPT S [12]8R 7T AL 5 LAY F2 4k X AR K05 YRR AE I 52 (R 255 RSk S [13] /0BT 1 At B b X 3 25
e (B 25 ) AT AE RS Yok s 2R 8 S5 [LA] B 25 AN S BERIE 0 T 70 = A 3 T R A K05 SR AIE e
Ak e, P4 [15]%} 2013~2015 EH MM THAZE PM,ys. PMy. SO,. NO,. CO Hdlsdkir 0¥, JHa4ié

DOI: 10.12677/aep.2023.132048 374 IR AT


https://doi.org/10.12677/aep.2023.132048
http://creativecommons.org/licenses/by/4.0/

IZE I

HYSPLIT 4.9 #E A 5 AN RS AR I T 515 S0 P 1R 5 00 SV TR TS el DX 3 AR IR o X SERF
N IR 2 S5 YRR 23 0 A7 J R IR B BB o H H ATET 3R E P AL b X AR SR 7T D

PO G XORARA, TR I AT, Bl - Bl/R Gy AR LG 2 B ORECEE A 5k vg s,
FERH, T EAGEE, HR TS DL S R ek Ty e b B PG Bevh. b, g ARSI
Sxtbas o PHALHE X SEPEE) AT, N 3 BE/N[L], YA R A5 S B X RURL VR B T, At 7T % 2015~2018
ERRARGREAEG TR, I TR EALL PM,s 5 PMyg N BSR4, 0K, R Y
5 PG AL DX 4 3 T 2 R R AT I 7S . B/ MIREE[L]R 2010 AEPEAL =4 X K SIMBE R % 5%
PR SRR EBUIR A AR K ST PHEBOICR JE AR AT T KRG, RIEX T4 ELEHIX, 7§
=B XN RIEHFBOE 5 PMyo 1 PMy s ¥ B2 H AN 1, H 2R 38 2 r i X PM g T PM 5 94 B AH X8
Oz IRIEHIR = E R IEMAHK, SRANGYHIER fAHE, SEMKX &2 AHIX T O HHF A m. I
RIEZE[16]70 8T T 2013~2017 4F VG 22 TSI 25 B VP HNE Rt KA B AT VR, 45K PMyo.
PM,s. RIUERFE NS, 0 BTG BAm#a%, #fais A ¥WEEHEHETHETRE, B Os
HP AR bR E TR AR, A=, TRbRIEEA G EERAR OO . AAFEAE[L7]HRHE 4R )1 T 2009 4[] SO, NO,
HPMyo RIEBERE, SHRNTI MG THRE, 2. H. HERRRRERI B AR (R AT T Gt 4T,
LERFH, SRFERNRY, BXPHBGYCE, KFRE, EERE, ZM5E+H PMy 15545
P, HE SO, NO, TG R iR . ZFEERL[18] I R A 2006~2012 5 & ARG AR5 5% 3 N
AT E E I A PMyg. SO, F1 NO, 55 3 Fis e & AN it S 0 R B AR i 4R, S5 R,
2006~2012 B AT B[R RELAKA L, J5Y RS FREEE, Jubl 2012 BTN R .

A b 4 B T VG b X K05 YR A T B A S (U, DL RE AR R B N BN T
I IERBE(L LAY BRI [P0 (5 5 7 5) DS XS A I TR ROBE(L 4F), % T IX e, K
6] 7 B SO 2, X DAASTHT T A P b DX 1 2 AR B 0 AT S AR ARRAE o ASHIE FUAURI F P 22 . 220
BEARF. BRI 4 NI TT 2015~2018 4E PMys. O i BEIREEHE, 204 76 b Hh X i 28 g 1 25 <
HAFEAR DL B ATRFIE, A BT VEAR PE A X Bk 2 SRR I, b X 1R K05 Y iR LR Pl
IR R P 8 S

2. BHRALIE
2.1, HIRAIE

B FE T o [ 2 S R B AE 2% W 23 M7 T 6 (hittps://www.agistudy.cn/), % & BN A A — IR &S5
GR35 PMys. PMy. CO. NO,. O3l SO, HI/NN-FEIME, A HIEEE aIE =M. )1, 7§
T TR B RS ERE VAL IX 48 AT, TS A R A — B, AR AN G i A
I 4 FE =2 B P, TE A EARF 4 /> U117 (2015-03-01~2019-02-28), JH4ET HFIME
BTG, FWEVINE, BdRE LRI T R 0.

2.2. MM s r 7

T ST EHE R T PE AL L IX 4 A48 2 48 /b2 1l [ 42 2 S = R b $ k1 1 2015 4 1 H 1 H~2018
12 A 12 H 4 FRNTEETEE(AQNF 6 N5 4T FR(PMas. PMyps CO. NO,. Oz Fll SO,)IZT 3
. S8 WD 2 B0 BN H TR 14 4~ 78 54 Bt 10 AN, Brsdge s /R 11 4. M5 B fi
w1 TR,

2.3. F3RAbTE

s AR 2 AT B el quality index, AQDYEDT . AQIIKIEFRHEA “C I kbR 4 517 4
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Pk FERRT AL B — BB SRR BB K, IR 2 RIS R N S ORI R, 8 & Rl iy 2= Uik
RGAAAES . tHEITEIT .

AQI =max{1AQI,,IAQI,,IAQl,, -+, 1AQI, } @)
IAQI,, —1AQI
IAQI, :W(CP—BPLO)HAQILO )

X, n REEWTHEG IAQI AR TREL, Co NS HE P M EIREM: BPy AL
) JE A HE 5 Cp AHIL 075 Gk FEAE IO R A48 s BPLo NUCER I JEEE B h 5 Cp AL VR VR (1075 Yk
FEBRAE FARALAE : LAQIy AR GG HEE 1 55 BPyi X BL K 2 s B 7 SR B i L 4E s 1AQI L, AYRER I
SR A E R 5 BP o X B 2 ST FR AR AL B [19]

FRIE IR [E 2012 3 [F Hi] 5 1) (522 S EArdE) (GB3095-2012) [20]7H 2 [ B AR HUN 2, ¥ AQI
55359 6 Z%: 0~50. 51~100. 101~150. 151~200. 201~300. >300, 73X} R 2R EEHA. RIF.
BREG e, rREG Y. EEEG YRS Y FREOROR, OnBim, ULBATE gl L, o A\ A RN A
Rzl B S5 [21] -

Figure 1. Distribution of Monitoring points

B 1 SnssasmE

3. &R5118
3.1 SRR

W AR RS aE S AR B B, e AT, M. T2, )1 2015~2018 fE K
AQI H¥MES it M7 4 T EES L S ESAT S KRB R R E 1. Wk 2. Wk 3. Wk 4, 4
REW, WA ERL, FBELT | FHREERE 220d PLE, FEH4F | R ECN 245d, F4
FIAR KR BT 60%, IR F N 68.9%, BT & ARFHZ AR EMELUNEEAR NS, Hih
3 TR 2 T PR . BEARSE. T, M R AR R AR VE 5 3N 61.7%~54.1%- 67.4%~43.8%.
71.0%~62.2%, 3 Wit REIRKBONIZE T, SERFEENPINREN 57%, FHEE I ZLL L
KEUCN 30 d; T2 K FERR 2 Z RN R RA I 50 i K52 2015 -5 2016 i By, FRE 4% N 18.8%,
2016~2018 FHAEFiaEEE, ZMSFERTRREMN BFTBMMERDN, BARE;, 4 THZRTRE
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Fiah iz, 2015~2016 AL K F M 67.4%F4 5 48.6%, FF& T 18.8%, & 3 fFEIEAFE E 40%~50%
Fetio g b, POALHLIX 7305 G Stk 200t BEAE 45 B kB R Z i AR PadbHb X ZR AR T
TR, ARz, 4 AR ERES Y R > 2N > U > SRS, HEINAE AR
R, ARMHSZTHEEN AQI A WM, (HARMX I RAEZER, Hd, KE.
AR AR . SRR B P I AN TS SRR A S 25 IR o P AL T 1 AQI FRE
Wi d5e 2 35 [22] o VAL X AR R 30 5 Rk T A e i, RO DXOR FRIEFE R, Tl RE, FRI5RBN™
H, 52 ATE KA RS G K 2 s e ) 7 L PR T X

Table 1. Distribution of days and excellence rate of air quality at all levels in the four cities in 2015

= 1.2015 F 4 MEH R REZSRERAFEREMARES

SH 2015 4
ol L&EKRFE i3 =Pl
I 2 261 210 246 259
12 18 30 14 10
I 63 67 67 82
IV % 14 25 18 12
V 2% 8 25 19 1
VI 2 1 8 1 1
R %% 715 57.5 67.4 71.0

Table 2. Distribution of days and excellence rate of air quality at all levels in the four cities in 2016
% 2. 2016 £ 4 MATH BRI S REBRIF & XYM RE S

2016 4
5L H
)1 LBERF (i3 =3
I % 249 198 178 230
12 10 49 15 10
2 73 39 98 91
IV % 25 22 39 27
V 4 8 44 29 2
VI 1 14 7 6
R %% 68.0 54.1 48.6% 62.8

Table 3. Distribution of days and excellence rate of air quality at all levels in the four cities in 2017
% 3. 2017 £ 4 MATH BRI S RBRMFT & XA RE S

TH 2017 4E
)1 L& RS [k =3
I % 223 200 160 227
1% 9 41 18 10
1113 104 54 103 105
IV 2% 21 21 42 12
V % 5 34 26 2
VI % 3 15 16 9
R %1% 61.1 54.8 438 62.2
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Table 4. Distribution of days and excellence rate of air quality at all levels in the four cities in 2018
% 4. 2018 £ 4 MATH BRI S RBRMF & XYM RE ST

—_— 2018 4
)1 &R (i3 =9l
I 2% 249 216 185 216
2% 29 52 30 33
1 2 30 35 87 68
IV % 1 22 25 0
V 4 0 25 17 0
VI 2 0 0 2 0
R 2% 90.1 61.7 53.5 68.1

3.2. BiSRMEFBREMHFE

RAE 1 2(a) K 4 NI A B, IRIEIRIE 2012 42 1 H 1 HSEHil RS2 ST EbRiE)
(GB 3095-2012) 5, PMyss PMyg Oz —Z0 A1 2 HIME (24 h 391E, O Hik 8 h H1E) IRk B IR{E 7
4 35/75. 50/150+ 100/160 (pg-m ). H1E 2(a)il & Hi, 6 4K PM, 5 1A BE 3 dh v 1 1 58— Guwitt,
FUGAR)IAE 2018~2019 4E ) PMys i FE KT 35 pg-m . B[] 2(b) A WL 4 NI oA it — bt 8 h
FRAE, MR Oz R RitBhR, HP B8 AR Os 7 2014~2018 AR & —Zbnitk, A WL Oz 75 YL1EV
JEHb X B AR AR o B 2(0) R B PMyg £EFE IS A4 IR 1T 1B) 22 BE AN, 4 ANIRTH PMyg 3R FE #02 SEFRE 0 bs
HEEARE N . TRIGYAAEMESEM . 2014~2018 4E ) PMys IR IZI AR K, KZLAT PR, H
1 2015 4F R 2018 4F 5 HAI AT AHEL PMos W EEA EABEaH . T DU 5 A b, 15 944 PM,s
WEE O WIEMEMAKR, HiBEAKRFM O IR FEIEIX/NHEFH L H AL =N AT AR LB R AR . Bkl
WL, AR DXl AR I 71 1 25 S e R KSR (PM 2 s) o
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Figure 2. (a) Interannual variations of PM,s; (b) Interannual variations of O3; (c) In-
terannual variations of PMy,

Bl 2. (a) PMos SERREEILE]; (D) O3 FRREEMLE; (c) PMyo FRREEILE

3.3. HESEY

THHEAR] 6 TU5 F M SR E R EUS, AQI A& TN SR & /- FR 8 i KME, 24 AQI KT 50
B, TAQI B K HITE 4 v B Ei5 e [19]. W72 5 1AL 6 %1 oK 2015~2018 4 4 17 % 15 BLi5 Y r o5
RECELH], ATH1 4 T PMyo BONTE B35 3V R B %, Horh 2015 4 22 MR 1 AR~ 2 R EEE 5
15177 F1 174 d, BT AP B S e R LB IS 47%: R PMos B Os, 22N AR I O5 E44
B PMos HER S =0, RPN TR PMys 88 A7, O3 2 =7 MK E PMy Fl PMys N 1 2
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R REOBE I O3 IBFIRIGHESY, H PMys bR Z MBI &S, HAh 3 Tk
BIAGE, AT FRE@E. 75 PMy NEEEHE T, TH% PMyy NFEREUIEE 40K, 2018 4 [F Lk 2015
HRFE T 30.4%, I BEATFE. 2N 3 T 2018 E[F] L 2015 4F R FERAK KN 19.7%. 15.9%. 29.3%;
£ PMys 1) N a5 T, 221 2018 4E[A] L 2015 4F T FE3A 12.4%, R SEAKRFE. 764 3 1 PAF “ V™
B, SeTtIalE. WifE O i &, M) LUEY) 7.1%0)34 K% EFF, 2016 fE[ALL 2015 4F, &
KRFFLL 2.4%PE K, 2018~2016 LLE 6% M H A K, 2016 [/ EL 2015 4, VG2 1L 10.6%M 2
K, 22PN LL 9.3% R, M 2017 4E[AIEL 2016 4F, G2 MR K ARG I K K N 0.3%, Z/HHEK
AN 13.2%, T 2018 fE[A] L 2017 4, PH2 AL N U 4> B LA 1.6%F0 1.1% [ IE 2 R . 75 4 FFR a7 51
HOR B A S Y G A N B e, 0 5 22 MR KRR S BT, RN LD v RARE,

FelEETE, SEARFUME V7 B, St ERE, (RIS LU, BTl 4 T E B )

IEé PM2_5\ PMlO}FH 030

Table 5. Days and proportions of major pollutants in each year of the four cities from 2015 to 2018

5% 5. 2015~2018 £F 4 & E R EE T & R EFNLL 51

) PM; 5 PMyg O3 HAh
o R¥ LA51/% RE Lt A1l1% R L 51/% RE Lk A1l1%
) 53 14.5 225 61.6 33 9.0 54 14.8
ER= &8 116 318 209 57.3 21 5.8 19 5.2
2015 4 \
[lif7S 77 21.1 215 58.9 63 17.3 10 2.7
=) 71 19.5 231 63.3 33 9.0 30 8.2
1 90 24.6 163 445 91 24.9 22 6.0
2016 4 L&A 136 37.2 169 46.2 30 8.2 31 8.5
(73 114 311 138 37.7 102 27.9 12 3.3
=P 47 12.8 204 55.7 67 18.3 48 13.1
R 58 15.9 156 427 124 34.0 27 7.4
ER-5 i 139 38.1 139 38.1 65 17.8 22 6.0
2017 Fa% 131 35.9 72 19.7 103 28.2 59 16.2
= 43 11.8 147 40.3 115 315 60 16.4
= 26 7.1 153 41.9 150 41.1 36 9.9
L&A 109 29.9 151 41.4 87 238 18 4.9
2018 i3 100 27.4 104 28.5 97 26.6 64 175
= 26 7.1 124 34.0 111 30.4 104 28.5
Table 6. Days and proportions of each major pollutant per year in the four cities from 2015 to 2018
% 6.2015~2018 £ 4 B B ESRYFEHTER S REALL G
. PMzs PMyq 0 HAth
b R¥ L A51/% R Lk A1l1% RE LA51/% RE LA51/%
£ 57 15.5 174 417 100 27.2 35 9.5
LEARF 125 34.2 167 45.7 51 13.9 23 6.2
[iiR7 106 28.9 132 36.2 91 25.0 36 9.9
=\ 47 12.8 177 48.3 82 22.3 61 16.6
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4. PMysy PMyo 1 O3 TALHFE
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Figure 3. Seasonal average of PM, s in the typical cities of northwest region from 2015 to 2017
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Figure 4. Seasonal average of O3 in the typical cities of northwest region from 2015 to 2017
[& 4. 2015~2018 F AL X BB TH Oy FFTIE

AR PE AL X S AEEFAE, K DUF R0 R FZ PMosIKE S O ik EEMIME N 3. 4. 5 AT, LA
PRIsHE, HHEHE. KEWE, £F PMysiRIZ. Oz IREEIME N 12 ARKA 1. 2 AP, b 2013
AN 2013 4F 12 A #f, 2019 Rk 2019 4F 8 HEfH. MIE 3~E 5 ATLLEH, PMys 1 PMy B A 5
FEMI—3E, H 4 W1 PMas. PMy BTIMEBIERS, ERRIRH T 858 XA ST PMys. PMy,
MZETARRHE, SWHRIE TRENER. BARRICVERRIEE, EFETE, KERIIBS, &
ZETt, RUEFREERG, TR, EREARMZENAIE, BT 220 PR R B0 B & 2
BT, CPHRGEIN R TR, B 0 RGE B R K R R s ST 8 23], A ZE S KA
WA b ST RA[24], 1 HBK B RGE S K ERRI[25]. 2015~2017 4 PM, s fF 217 5 {5
PR RIS, b S EARFEN RN, BRGNS . B 4 BRI TR
XN &I O3 IR ARANAFAE, SINTHT R T @R —8k. O RINEFIRE ferm, TR,
BRI . BTEELEESRK S, ZAMRES A, FE IR A P Sl = N
EI[26], SBUEZE O IR M . BFMAIRT EZE MR B, b X . FEAbH X AR
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Figure 5. Seasonal average of PMyy in the typical cities of northwest region from 2015 to 2018
5.2015~2018 P LB X B BV T PMyo FET5HME

4.2. PM,s. PMyoF1 O, SET4L

K 6~8 REIUMIMTTAE 2014 5 2018 SF4E 554 PMys. PMy 5 O HIIREET-29ME, MIE 6. 8 W]
LA N PMps il PMyo SEIERHSR, RECH “U” BAZL, 1~7 HiBM FFE, 7~12 AZ#EJt, Hd 1 A
RV, 7 ARJR, BUOKRE 4 DT AR E, A RRMEEh, LRBUBOLH; KAy
AN (K BRSBTS MR 1T PMys Rl PMyo 3 S ER4ERELE 80 #1150 pg/m® LA AR 4K,
HRPIAS T2 SR A H BHEWR L m ZZ RS . M8 7 AT, OgiRZYE PMas. PMyo IRFEERI I, #%
KELT 7 H, 1 A5 12 ANERE, B2 V7 @R, I X g TR KRR, W
TN 6~9 H, ZWFEWHIETRE RGN, 5EHE27]. ERoH[28]. rE%[29] 3
RIBEFLA R — B Og IR SR EZ RO RIS, P 2B I OHSGE, T E R4 4 it
NERAR . 3R, Oz A BMEMRE S T RAGVERIE 12 7, XN KGRIG. KRS
59, TR

160.00

14000 -
120,00 7
Z B
& o000 —— |
=
= 8000
el
X s ——
2 w0
20,00 —a— B

0.00

Figure 6. Monthly average of PM, in the typical cities of northwest region from 2015 to 2018
[ 6. 2015~2018 F A Lt X AU 7 PM, s E R IIME
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Figure 7. Monthly average of Os in the typical cities of northwest region from 2015 to 2018
7.2015~2018 FF ALt X BRI T O, FHHME
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Figure 8. Monthly average of PMyj in the typical cities of northwest region from 2015 to 2018
8. 2015~2018 4F Ph Jbth [X S AL 117 PMyo 4F H M8

5. REFES

s (BTSSR ERAE) (GB3095-2012)i 7€ = Ul EIREE, F AQI {7 N 6 Z&: 0~50.
51~100. 101~150. 151~200. 201~300. >300, 73 AlAf NS EEHN . BRI BTG H RS Gy,
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