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Abstract: This study focused on the variation characteristics of PM, s and PM,, concentrations and general source
types in 2014 ~ 2018 in five typical small-medium basin cities ( Lanzhou, Yinchuan, Linfen, Taiyuan and Nan-
yang) in northern China. Apart from the PM, ; concentrations in 2018 in Yinchuan, the PM,, and PM, 5 concentra-
tions in the other cities are above the level of the 2nd grade standard of the state; The PM,, and PM, 5 concentra-
tions show a downward trend year by year, with the most obvious city being Nanyang; The PM,; and PM, 5 concen-
trations show an increasing trend year by year in Linfen; The PM,, and PM, ; concentrations are stable at a high lev-
el in Taiyuan. Seasonal variation characteristics of PM,, and PM, ; concentrations are similar: high concentrations
in winter and spring, low in summer and autumn. The ratios of PM, ;/PM,, are greater in winter and summer,
resulting from the heating process and frequent rainfall, respectively. The ratios are lower in spring and autumn,
resulting from sandstorms and frequent straw combustion as well as high-strength construction of building, respec-
tively. The PM, s and PM,, concentrations have a good linear relationship, The proportion of fine particles is in

order of Linfen > Nanyang > Taiyuan > Yinchuan > Lanzhou.
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Excess ratio of annual average PM,, and PM, 5 concentrations in the basins of Lanzhou, Yinchuan, Linfen,

Taiyuan and Nanyang during 2014 ~2018

2.2 15 PM,, A PM, iR EBIRRE ST

5 ANFUNE LT 2014 ~ 2018 4 PM,, Al PM, |
WP AR RECNER 1. 3R 1 A7 41,2014 ~2018 4F 5
AN BT PM, R PM, o R AR R B 12 &2
152 RAGE,5 FH P, P34 A R ELE 2 CHl R TG
R 5 5 AR R B A A7 5 W R A Ry — 4 1)

PR RELEZ, FRILS AR 2B s 22 M 18.92%
N 13, 80% I Uy 17. 76% « K J5 28. 36% « # FH
24.66% ,5 A PM, Y FR RBELER K. 22 M
14.50% VA1 11.90% M5 ¥ 29. 1% KR 29. 66%
FFH 29. 60% , LA W, FE A6 TT 5 A7) 78 Hh bk
17 PM, o FITPM, 75 44 R EE) o 4 A 24 K B e gl , K

£1 PM, K PM,  REBREH X
Table 1 The number of days when PM,, and PM, ; exceeded the standard
2014 4 2015 4 2016 4 2017 4 2018 4
l:)MIO PMZAS %g&ﬁﬁ PMIO PMZ,S %&ﬁ%iﬂ PMIO PMZ,S %&&%ﬁ PNIIO PMZ,S %’;&%;ﬂ PMIO PMZ.S %&ﬁ%iﬂ
2N 69 67 - 71 50 - 92 69 - 61 34 27 37 37 40
Nl 52 44 - 68 41 - 71 70 - 46 47 20 12 12 12
vy 32 107 - 52 88 - 77 96 - 74 120 12 89 120 -
N 115 152 - 79 105 - 93 103 - 104 87 9 122 90 6
F 139 152 23 122 147 - 95 92 - 40 56 39 38 72 20




108

iy
m
=
N

& 39 45

&

ay,
S5

RIREA) V5 G S AT B o
3 FOOREAIH FE () ) 1) AR AR AR
3.1 FHAFE
W 2 s, 5 AN 2SR B A 22 . 2014
~2018 4F 5 11 PM , F1 PM,  4F - 29 & A5 AL 5
O 22 5, 2N VR AT R BH PM, A PM, 5
Ve s AR BB AE R B A, M N B 2, 5
2014 FEAHLEL, B FH 2018 4 PM,, % & T % 36. 88% -
PM,  #PEF % 34. 85% , 1 W 1w FH UKL 4 5 4 16 B
PR IR 5 T 2013 AR E KL — R AR
AT P 7 45 e, AN W7 SR Ak X AL BN A R A Tk R
A R T A 2 R e b A T IR R B CRR DY
2, 2019) . iU PM, A1 PM, AF-T-I4 9K B B4k 235
SE TS M TG 2014 4E,2018 4 PM iR JE LT T
30.10% PM, (3K FE ETF 13.02% ; KJ5 PM,, K1 PM, |
PR — HYAER AR — AR BERES . 15 R IE
S5 A T U TR I 3 R0 JEUAR A - 1 P 48, L v A b g
RN, Xt T ) e s A TR M R v
G MU S8 S M = M A 2 7 Tok R v R s A )
WORLA), 5 B0™ 1) S5 R CE MBS, 2010).
2017 AF 1 HANIVE A48 UR S0 i Lo, 1X— 2%
T BRSO AH IR G VA S sk 1
3.2 ATHAE

Wil 3 s, 5 AN PM, A ¥R EEAE 65 ~

195.4 wg/m’ Z Ia], PM, ; H ¥ B 7E 30. 6 ~ 131. 4
pe/m’ Z [l PM, A1 PM, (R B H AR L A A [F],
1 ~3 311 ~ 12 HYEReE— N aik K, 4 ~10 H
WREEAR, B e e U7 B A, DY 2R
¥aE.1.2.12 HEAZ,3~5 HAHES,6~8 AN
7,9 ~11 A 5 AN PM,, f1 PM, IR FE
W EFHIAE 1 A1 A2 AKX, B KER
FEATG R A%, AN ) T4 55 45 (2016) il (1) A6 3¢ T
SAEVG YR Y H A M LAE 2 HL,5 ~9 Hig ik
4, 5 Chai 552014 WFFTIR AL J5 36k 113 BORL 420 9 FE 1)
W BLE 1 A3

HI I 3 A LRI PM, o« PM, s MR 52 30 4 2
i, ERKA . A ZR A1 H IR W b 7 & Z IRt
W A 1 % = ORGP L F R R T —
Jii, & A2 458 TR, 3 7 A F AR, B
KD BRI 2, N2 RT3 g 1AL, 5 T 1
WRLZ, AR TG de i B TS R B 2,
Db, &2 ) ok B 5y I B LR . BV KR
JbTT BRI 2, A8 S EE R, KRR IT R £, 75
PRI N A T 422D, 28U i F AR AR X
B o B PM, A1 PM,, S () 20 AT 5 5 e
(BT INAEATE . R A7 0 Ik 0K )5 G (1)
FER I B CRE RS, 2014) .
3.3 PM,, 0 PM, .RIRE LL{E

PM, ,/PM, EACE PM, H PM, (175 &, A2 ik
Hby DX 4 JIURE ) 43 A R AE SR VR (1) T ZEHR AR o P,

160

A [ooiasr BZr01s4 [ 201645 55 20174 20184

140 AR R R

PM, o 4E BT/ (ug m3)
38 8 8 8

]

1[5 4

90

b [ eoia B 20155 BRR2016% B5Z 20174 [20184
”””” PM;_S:?&?&}EW{E

L3
=

PM, ¢ EHTHLHE B/ (ng-m)
] Ly e Lh (=23 ~J
= = = = = (=]

=

P

2 2014 ~2018 =M VARG ¥ K5 Fa B PM Al PM, 4 353 B

Comparison of annual average PM,, and PM, 5 concentrations in the basins of Lanzhou, Yinchuan, Linfen,

Taiyuan and Nanyang during 2014 ~2018



1 W AR I b B NG R T OO P v YRR AR B AT L 109
140 =
200} @ ] — et~ —A kS e —m 24—t 1] —a—Ifi ¥ —A— K —A—F B
6L 120}
B E
;g 160 g 100k
< Y
= 140k g
% = 8o0f
= 120} B
i =
= 100} o Sof
= =
(-9 -9
80 40}k
60..
20

K3 2014 ~2018 4 2= M VAR ¥ K D5 F B PML, Fl PM, o H ST 389 5 4 R B 704k
Fig. 3 Monthly average PM,; and PM, 5 concentrations in the basins of Lanzhou, Yinchuan, Linfen, Taiyuan and Nanyang

during 2014 ~2018

2N R, PM,, 2 0k — IR ORI 96 45,
2017) . FHE 4 AT IR B BH PM, /PM,, {4 5 5
3K 0.57 ~0.65.0.52 ~0.62, ¥ KT 0.5
6, I 273 R e BH 400K 4 ¥ s 5k P R G
PM, o/PM, 18 52 [ 52 3% 8)) I 4F A2 4k A 35, 2014 4F
K, M 0.65; BB PM, o/PM, {5 U BUAR fk it 3,
2018 “Ef . M 0,620 KR 2017 4 LLAT LA 41 ik

l:_." = el —e—ilniy —A— KR —*—pgH

0.65F

045}

0.40 F

2014 2015 2016 2017 2018
o

B4 PM,s/PM, ik LLIHIBFEAR
Fig. 4 The variation of ratio of PM, ;/PM,, year by year

AR KPR LU AR AL IR O 7 52 b 47 24
MR, YR B EORRAR KT 2.5 wm (KR RURE
Py Ak 32 3 U TR0, T H b AR A&7 258 K

Wi g, e D BORLYITG 3  Fo 22 N AR
JI| PM, o/PM, {E 5T 0.5, 6B P9 17 0B 75 e LA
KSR 3o B S a1, PM, 5/ PM, o {0 A 3= 22
HELE 1 .2 Ho7 A1l Ho12 A& 5D,
PM, ./PM,, & fH L 75 4 J1.10 H (&, #KO.
PM, o/PM, (HAZ AR AR AR B W7 I, &2 > 2
> K> HE.

0.75

—u— M eI -l - KR —— M
070 f

0.65F

0.40 F

035

0.30

Hir

P55 PM,,/PM, 3RRE LLAE & H 2B 4k
Fig. 5 The variation of ratio of PM, ;/PM,, month by month

P T A5 il TSR RO, 38 R AL UK ) 75
Bk U AR R A, 2006 , I AMK R IE AR A& A4
JRFAI N, AR SRR LR AL, 7 AR 2 1K) PM, (3



Ly

110 o

oW

/]

22

2z Ju

P -+

Ny

39 %

{ZZR5E, 2015), YO AR IR FNFE A48 e dil B 246 T+ PM,,
WEE, T30 PM, o/ PM, K B2 LUAE PG . B FRIR AL LE
B e A TR O B B A 2 M 25 22 O, e il 0 O Y
ARF BRI 1) A2 B TR I B 2 R 2 f K
Bk S PM, R BRAE L A8E PM, 115 55 B K &6
R S LU AR AL iy A R R b 7 A& R SR B I 1o T
) SO, NO, Fl NH, &5 A& V5 Y438 i 72 KRRz
YT A A AR S A S N AE BB 1R A6 A5 BRI A,
R h e K AUBURL I 22y 2 — 3R P,
H B 10% ~30% ( Yang et al. , 2011) . M T 40455
T NARAd JE 1) £6 55 5K (Ma et al. , 2011), JiT A
INE NP SEW NG bk FiR ey ISP O R Wi )
et ARG
3.4 PM,, 0 PM, fEXMESH

K6 Al UL, PM,, Al PM, s 94 5 2 0] 4776 K 4 i A

RME, AH G R R ¥ B 22 0. 826 24 )1
0.805 9. IIfi¥ 0.936 0+ K Ji 0.747 3. F5FH 0.947 6, R
CRERD >R URE) >R CEMD > RPCGR)ID > RPCK
J5O) U5 e B T 1 KL 240 SR 42 T A O P e S, K
SR AN o J7 RREREERARER w W N SR 49 v 4 FL 1
(1) F5 i, e n] DA R SURL ) (175 B 7K, ROk ) v 4
WORL 7 LR, 75 Gk Pl o 30 Ak 7 R R
H7E30% ~40% J& T35 FEi5 4%, 75 50% ~70% . [H]
JE G Y FEE 5, 2014) . 2014 ~2018 4 [A] %4117
PM, ;i PM,, 1) 5t & 234 53 501 K 56. 74% 65.28% -
85.57% \75.06% ~78.70% » 41K ¥ 1E PM, (48 T
— DL B LR, B0 HE ARG By BT R BT K
AN I > B BH > KR > 8L > 2200, BV ¥y
TR 4 v 40 R o L e R, 22 M BN e AR
b B, DUDGE A AARIER S5 1) 9 A 52 A K

e b c hi#
g0} a =M = &0 g 120 L
= -
5 o £
g o g n . 100
2 = / =
= 60 = 60 pex!
o = =
5 & g "
% 50 y=056743-6.5495 | 350 J'=0-??522:30A'£;2054 & ”=°ﬁ5£;-‘3';:-4203
= R?=0.8262 3 ’ 90 =4
=5 L
40 40
wf ©
30 e S S —
80 W00 120 140 160 180 70 8 90 100 110 120 130 140 60 80 100 120 140 160 180
PM, B AT/ (g ) PM, it HEAIT/ (ng-m3) PM, e {1/ (ng-m3)
140
wop d KE e mi .
-
120
90 =
g E
o = 100
= 80 )
s =
= 70 ;Q:I; 80
¥ . - -
=i 60 y=0.7506 x-16.7927 | "4 gp y=0.7870 x~19.4807
z R?=0.7473 s R*=0.9476
50 =
40
40 L]
20
80 100 120 140 160 180 60 80 100 120 140 160 180 200
PM, g3 {1/ (ng-m3) PM, e FEAIT/ (ng-m™)
Bl 6 PM, il BEAT PM, o FEAHR[ANIAC R
Fig. 6 Correlation and regression of PM,, and PM,  concentrations
3 — - 22 ] :
i@m}ggé&*f_ﬁ{ﬁ BE{EO :JI[\ %E}”*”F‘é IKH PM]Q —‘]j
> M (= 5 = I
4 é]ﬂ:ﬁ/t\, PM, ¥R B S 4F T B A BIRH T B f I 55 IR Oy

FHE I T7 5 A e 7Y v/ 2 o T 2014 ~ 2018
T PM, A PM, (i EARAAT DL ARFAIE -

(1) B T H)I 2018 4 PM, ¢ 4 35 & 55 A 38 b
Ab, HARITT S0 PM A PM,, 3 B 38T [ 1 4

PM,, 5 PM, W JE BB 4 ETHEH: KIE PV, 5
PM, 58 HEFRFAE AN mR EEIRES

(2) PM, o FlI PM, o ¥ S8 1) 2= 15 AR AL R AR AR [R] « 4
T KA & TR B v B AT U S AR
R BTG F W TR =R TR



o510 A

A o R G T SR N R TR UURE S G AIE B A L 111

PRIV AR A EMORJEACZ th T B K 2, R
WU 2

(3) X PM, s/PM, o3 422 A0 5 5 M 3 AT e B
OB R K, 39K T 0.5 22 IR I B 38 /8 T 0.5,
KIERKTHNT 0.5 F 0 A PM, /PM, HIZ=T1
Al K78 > H > B > B, X J R HAH E 2 I
I A1 B 7K TR 5% W), A K 78 52 b 20 FVRS 148 I I it 300
Tt AR s HL S AN T = SRR )7 Y R AN )«
22 PNRIAR )T DARH RSORE ) A 32, 11 3 FH R BH DL 4 0k
Wk A, ORI 2017 A2 Wi LAl UKL ) 4 = 2 ) 2
FHLRE , 3% 2 B A0 M st B e Ak IR 22 L )
S

(4) 5 DNTT PM, AT PM, ¥ 5 (1) AH 56 P 1Y [
U, KIEAIERECH 0.747 3, AR KT 0.8, it
B PM, s o K005 YW i 5 S B 53 s 4 1T 40 BURL ) o
EER/NBT s vy > FE B > K50 > AR T > =5 M5 40 50
KL e RO, WIS AR5 PR 0 A 5 e gl K

References

An Junling, Li Ying, Chen Yong, et al. 2013. Enhancements of major
aerosol components due to additional HONO sources in the North Chi-
na Plain and implications for visibility and haze[ J]. Advances in At-
mospheric Sciences, 30(1): 57 ~66.

Chai Fahe, Gao Jian, Chen Zhengxing, e al. 2014. Spatial and temporal
variation of particulate matter and gaseous pollutants in 26 cities in
Chinal J]. Journal of Environmental Sciences, 26(1): 75 ~82.

Chen Fang, Yan Zhihui, Rao Qinghua, et al. 2019. Analysis on pollu-
tion characteristics of different size particles in Fuzhoul J]. Journal of
Anhui University( Natural Sciences), 43(3): 85 ~93 (in Chinese
with English abstract).

Duan F K, He K B, Ma Y L, et al. 2006. Concentration and chemical
characteristics of PM, 5 in Beijing, China: 2001-2002[ J]. Science
of the Total Environment, 355(1 ~3): 264 ~275.

Hao Mingtu, Hou Wanguo, Zhou Xuehua, et al. 2006. Study on PM,,,
PM, 5 concentration level of Jinan, Chinal J]. Journal of Shangdong
University( Engineering Science), 36(3): 108 ~ 111 Cin Chinese
with English abstract).

Huang Rendong, Tong Huixian, Liu Kang, et al. 2015. Pollution charac-
teristics concentration and forecast model for PM, 5 in Xi’an[ J]. Chi-
nese Journal of Environmental Engineering, 9(6): 2 974 ~2 978(in
Chinese with English abstract).

Kong Shaofei, Ji Yaqin, Liu Lingling, et al. 2013. Spatial and temporal

variation of phthalic acid esters ( PAEs) in atmospheric PM;, and
PM, 5 and the influence of ambient temperature in Tianjin, China
L], Atmospheric Environment, 74: 199 ~208.

Ma Yanjun, Chen Renjie, Pan Guowei, et al. 2011. Fine particulate air
pollution and daily mortality in Shenyang, Chinal J]. Science of the
Total Environment, 409(13): 2 473 ~2 477.

Peng Yanmei, Zhong Yuting, He Qing, et al. 2013. Research progress
on fine particles of atmospheric aerosols[ J]. Desert and Oasis Mete-
orology, 7(1): 69 ~74(in Chinese with English abstract).

Qin Guorong. 2014. Study on Pollution Characteristics of PM, and PM, 5
in the City of Baoding[ DJ. Hebei University(in Chinese with Eng-
lish abstract).

Qu Deye, Zhou Wei, Chen Leihua, et al. 2013. Pollution analysis of
PM, 5 and PM,, Urban air aerosols in Lanzhou[ J]. Journal of Arid
Land Resources and Environment, 27(1): 70 ~74(Cin Chinese with
English abstract).

Sosso G C, Li TS, Donadio D, et al. 2016. Microscopic mechanism and
kinetics of Ice Formation at complex interfaces: Zooming in on kaolin-
ite[ ] 1. Journal of Physical Chemistry Letters, 7 (13): 2 350 ~
2 355.

Wang Tao, He Haoqi, Xia Zhonghuan, et al. 2017. Pollution character-
istics of PM, 5 and PM,y in 2015 in Nanjing, China[ J]. Chinese
Journal of Environmental Engineering, 11(11): 5 978 ~5 985 (in
Chinese with English abstract).

Wang Yonghong, Liu Hao and Peng Jingquan. 2016. Study on the variation
characteristics of PM, 5 and PM,, concentrations between urban and
suburban areas of Gui Yang in winter[ J]. Journal of Green Science
and Technology, 8(16): 37 ~39 (in Chinese with English abstract).

Xiao Yue, Tian Yongzhong, Xu Wenxuan, et al. 2018. Study on the spa-
tiotemporal characteristics and socioeconomic driving factors of air
pollution in China[ J]. Ecology and Environmental Sciences, 27
(3): 518 ~526(in Chinese with English abstract).

Xu Mi, Wang Guangpu, Shang Hongzhong, et al. 2016. Characteristics
of mass concentration variation of PM, 5 in Beijing[ JJ. Journal of
Environmental Engineering, 10(8): 4 396 ~4 402(in Chinese with
English abstract).

Xue Guogiang, Zhu Bin and Wang Honglei. 2014. Size distributions and
source apportionment of soluble lons in aerosol in Nanjing[ JJ. Envi-
ronmental Science, 35(5): 1 633 ~ 1 643Cin Chinese with English
abstract) .

Yan Yulong, He Qiusheng and Qian Tianwei. 2010. Status of atmospheric
pollution and optimization of monitoring sites in urban area of Taiyuan

[J]. Journal of Taiyuan University of Science and Technology, 31



112 = A W

mo¥ A

Wz o ;ﬁ 39 7:%

(5): 427 ~431(in Chinese with English abstract).

Yang F, Tan J, Zhao Q, et al. 2011. Characteristics of PM, 5 speciation
in representative megacities and across China [ J ]. Atmospheric
Chemistry & Physics, 11(11): 1 025 ~1 051.

Yang Fumo, He Kebin, Ma Yongliang, et al. 2002. Variation character-
istics of PM, 5 concentration and its relationship with PM,; and TSP
in Beijing[]]. China Environmental Science, 22(6): 27 ~31(in
Chinese with English abstract).

Yin Yanzhen, Wang Miao, Wang Jingyuan, et al. 2018. The relation-
ships of pollution characteristics of PM,;,, PM, 5 and meteorological
parameters in Nanyang City[ J]. Arid Environmental Monitoring, 32
(1): 12 ~18Cin Chinese with English abstract).

Zheng Runqin. 2015. Research on pollution status and characteristics of
PM, s in northern cities[ J ]. Resources Economization & Environmen-

tal Protection, 33(1): 121 ~121Cin Chinese with English abstract).

Mt o 32 5% 3Tk

MR %, BUEME, BEIEAE, A%, 2019, RN TIIRIX AR RS WU 4 S
PERFIELT]. Z2BORE R CARBIERRD . 43(3): 85 ~93.
AOIE, BITHE, RS, S 2006, BFRGT PM,, Fl PM, 575 4 K1

WEFELT]. AR K2R C T2 » 36(3): 108 ~111.
VAR, AEW, X L, 2% 2015, TULTH PM, ¢ V5 B AL K Ho A

DAL )T, FREE TR 2R, 9(6): 2 974 ~2 978.

MM, PREEE, T, S 2013, KK 40 R 5T
[J]. YBEEIIL, 7(1): 69 ~74.

BIIE . 2014, fRETT PM o 1 PM, 75 PR RS D], Tk K22,

MmN, A F, MRE A, S 2013, 5 M TR X S AU R
PM, s Fl PM o V5 YR UL #TL 1] FRIX B 55T, 27(1): 70
~74.

T ¥, fisdE, BB, SF. 2017, 2015 4ER AT PM, 5 PM,, )
TTQRRAELT]. BREE AR, 11C11): 5 978 ~5 985,

EKLL, X 5, @A 2016. STRHTTAZE PM, o 5 PM, MR BEI K
ARFAE A HTL )], G ERHE, 7(16): 37 ~39.

MoOBE, EUKT, VESCER, 4. 2018 TR R/ TVT YRR Rkt 4
VM LT AESIEER, 27(3): 518 ~526.

%, TS, MZER, % 2016, JLRTTT 2014 F PM, § RREIR)E
AARFAEL T ], PR TR 2R, 1008) 1 4 396 ~4 402.

BRI, R M, B4 2014, A0TSR KB B F 10
RLAR S ATRIRIEARITLT ], RBEREE, 35(5): 1633 ~1 643,
IR, AR, BRRA. 2010, KT RS YR R M 0k 5 AR

HLTT. RERHE RS2, 31(5): 427 ~431.

WSk, BT, DAREE, S5 2002, b5t PM, s W ISR AF K
35 PM TSP X RLT]. tEERERE, 22(6): 27 ~31.
FHERE, F T, FiE, S 2018, BB PM, o PM, 5 75 G4HAE K

HE5A8WTmRRL].
AL, 2015, JLJFIRTT PM, o 5 YR L A0S AR AE e[ 7], %
WAL HIMR, 33(1): 121 ~121.

FRIRE I, 32C1): 12 ~18.



