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Regional transport and source analysis of PM, 5 in urban agglomerations along the Yellow River Basin in Inner Mongolia.
WANG Jia-min', YANG Wen-zhu!", JIAO Yan!, YAN Ying-chao', TIAN Li', YUAN Xiao-dong® (1.College of Chemistry and
Environmental Science, Inner Mongolia Normal University,Hohhot 010022, China; 2.Baotou Ecological Environment Technology
Protection Centre, Baotou 014000, China). China Environmental Science, 2025,45(10): 5338~5356

Abstract: To investigate the variation rules, pollution characteristics, and their regional transport of fine particulate matter (PM, s)
components in different seasons from Hohhot and Wuhai cities. In this study, the concentration of PM, s and its chemical components,
such as water-soluble ions, organic carbon (OC), elemental carbon (EC), and metallic elements, and meteorological data, were
obtained from the atmospheric super station in June-August and December of 2022, and January-February of 2023 from Hohhot and
Wuhai. The sources and transport paths were also analyzed according to the Positive Definite Matrix Factor Decomposition (PMF)
model and the Backward Trajectory (HYSPLIT) model. PM, 5 mass concentration in winter was higher than that in summer in both
cities. PM, s mass concentration in Wuhai was higher than that in Hohhot in the same season. PM, 5 in both cities is alkaline in winter
and summer. The alkalinity of PM, s in Hohhot was stronger than that in Wuhai during summer, and weaker than that in Wuhai
during winter. The content of K, Mn, Cu, Ba, Ti, K*, and Cl in PM, 5 in winter was higher than that in summer in the two cities. The
two cities were more affected by biomass combustion, coal-fired emissions, and motor vehicle emissions in winter. PM, s in Hohhot
during summer mainly came from combustion sources, secondary inorganic sources, industrial sources, soil dust sources, and mixed
sources motor of vehicle and road dust, while in winter it mainly came from coal combustion sources, biomass combustion sources,
secondary inorganic sources, soil dust sources, mixed sources of motor vehicle and road dust, and mechanical wear sources. PM,; 5 in

Wuhai during summer mainly came from combustion sources, secondary inorganic sources, industrial sources, soil dust sources,

¥ BHA: 2025-03-05

EEWMB: EXRARPAILE BN H (42175038); 1 52 1 [ VA K A5 HH 5 4R 3646 B I H (2022JQ02); P4 58 37 174 IX e S5 24 K0 T AR M 0 A ST RIIITE

H (NJYT23041) 2025 4F S A 50l T T R RO FE AL TR R AV 9 Bh IR H (2025KTHZ0017); 8 52 7 VA X 1 AR EF 5L 4 % Bh I H (2024MS04026)
THUTLAER, RIH#Z, yangwzh@imnu.edu.cn
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motor vehicle sources, road dust sources, while in winter it mainly came from combustion sources, secondary inorganic sources,
industrial sources, soil dust sources, mixed sources of motor vehicle and road dust, and mechanical wear sources. Hohhot city was
dominated by secondary sources in both summer and winter. Wuhai city was dominated by the mixture of motor vehicle and road
dust in summer, while by secondary inorganic sources in winter. Hohhot City was mainly affected by air currents from southern
Shanxi Province, northern Shaanxi Province, and southern Mongolia in summer, with potential source areas being southern Shanxi
Province, southern Hebei Province, and northern Henan Province. Wuhai was mainly affected by air currents from eastern Xinjiang,
Alxa League, southern Shaanxi Province, and Bayannur City in summer. Hohhot and Wuhai were affected by air currents from Alxa
League and southern Mongolia in winter, with the difference that PM, s transport in Wuhai in winter was also affected by air currents
from northern Xinjiang. The potential source areas for winter in Hohhot are local, Baotou., Bayannur, Ordos, northeastern Alashan
League, and the southern region of Mongolia, while that in Wuhai City during summer and winter were the eastern part of Xinjiang,

Hexi Corridor region, Alashan League, Ordos City, Ulanqab City, and Wuhai City. The research results provide data support for the

prevention and control of air pollution in typical cities along the Yellow River Basin.

Key words: PM,s; backward trajectory; Positive Definite Matrix Factor Analysis (PMF); compositional analysis
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NH," 1.32 2.89 1.43 3.95
cr 0.0481 1.42 0.383 227
Na* - 0.129 0.262 0.458
K" - 0.630 0.0895 0.465
ca™ 0.723 0.690 0.861 1.19
Mg 0.0638 0.171 0.0773 0.171
WSIIs 6.25 16.1 7.84 18.9
SOA 221 332 3.25 2.83
SNA 5.43 13.0 6.17 14.6
socC 1.58 237 232 2.02
POC 0.448 252 1.42 2.11
TE: “=7 RWIARK HSNA, Z IR AL K [SNAT=[SO,” T+[NO; 1+
[NH,'].
7 —
O RIFERE T 42
6
=0.962x+0.00196
5 R’=0.8687
— 4
£
g3
E
m
<2
l f;{ /_ -
0 i, -
-1
0 1 2 3 4 5 6
CE(umol/m?)
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Fig.3 Analysis of anions and cations in summer and winter in Hohhot and Wuhai
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AT, IR R IO S M AR R S
HE—2L AT RIER .

SO, NO; Fl NH, 8 T & PM, 5 K ik 2
R e 1 AP 1 o v a0 T D W =1
HONH, 5 SO, NO5~« CLRAH 1 i R 30 /N )
G Ay DR R 5 T 5 R S i A F 4l SO >
NO; >CI -, 1fij PF R 35 5 T & 2= i 15 i 5 R 1 00
NO; >SS0, >CI,# ] NH, T% 5 S0,7 . NO;~

GEBAFAE N T TE R T AT 280 08 NH,' 15K
I 2 S5 NH, O TE 57 45 FREAT Hh ™24 NH, L
(NH4),SO4 1 NH,NO; 1 JE XA AE I 445X (14) 1
.34 NH, ' LI NH,HSO, Al NH,NO; K A7 AE I,
F a0 (15) 5.
NH,"=0.38(S04*)+0.29(NO5 )
NH,;"=0.19(S04*)+0.29(NO5 )
TSR 4 FTR.
HH & 4 FT e A X (14).NH, 5 SO,% . NH,
5 NO; 7EWFFITERE i 2 2= 5 g A T A AR B 1)
A, H.NH, PA(NH,),SO4 1 NH,NO; [ A4
FEWPRIVERS T & 25 F1 53 5 7% NH, "5 SO,> . NH,"
5 NOs 2 A M 5 X (1) A X 15 A PR
w4 RER AL T 1LARYE NH, ™5 S0, .
NH, "5 NO; 22 [] [R5 A 5 2 50, 7T LA H NH,
PL(NH,),SO4 F1 NH4NO; B AF L.

(14)
(15)

&3 PMys REKBMEFRRARMEXMERE

Table 3 PM, 5 and its water—soluble ion Pearson correlation coefficient

Fh YR PM, 5 Cr NO;~ N Na* K" NH," Mg** Ca?*
PM, 5 1 - -
cr -0.001 1 - -
NO; 0.101%* 0.248%* 1 - -
IR T SO% 0.140%* 0.158%* 0.620%* 1 - -
NH," 0.130%* 0.220%* 0.850% 0.890% - - 1
Mg** 0.095%* 0.140%* 0.181%* 0.348% - - 0.252%* 1
Ca™ 0.065%* 0.023 -0.050* 0.100%* - - -0.024 0.712%* 1
PM 5 1
cr 0.394%* 1
MPREERETT A2 NOsy 0.217%%* 0.108%** 1
S0~ 0.416%* 0.747%* 0.534% 1
Na® 0.424%* 0.311%* 0.064** 0.318%* 1
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833
B PM, 5 Cl NO; S0,2 Na' K" NH," Mg> Ca®*
K" 0.357** 0.971** 0.016 0.719** 0.267** 1
NH," 0.225%* 0.159%* 0.942%%* 0.606** 0.099%* 0.057* 1
WP Tl A% .
Mg 0.397** 0.785%* -0.002 0.652%* 0.501** 0.836** 0.038 1
Ca** 0.355%* 0.087** -0.057* 0.103** 0.844** 0.052* -0.055* 0.327%* 1
PM; s 1
Cl 0.396** 1
NO; 0.287** 0.516%* 1
iy 0.414%* 0.616%* 0.733%* 1
T 2 Na 0.426** 0.809%** 0.431%* 0.569%* 1
K" 0.202%* 0.431%* 0.325%%* 0.384%* 0.563%* 1
NH," 0.215%* 0.507** 0.888** 0.852%* 0.375%* 0.277** 1
Mg** 0.511%* 0.341%** 0.056** 0.154%%* 0.397** 0.292%* -0.09%** 1
Ca** 0.579%* 0.319%* 0.067** 0.150%* 0.377** 0.258%* —0.14%* 0.740%* 1
PM; s 1
Cr 0.773** 1
NO; 0.660** 0.436** 1
SO42’ 0.806** 0.664** 0.662** 1
LT &2 Na 0.527** 0.443** 0.269** 0.422%* 1
K" 0.367** 0.548** 0.012 0.196** 0.122%* 1
NH," 0.762** 0.629** 0.859** 0.918** 0.335%* 0.006 1
Mg} 0.376** 0.399** —-0.039 0.153** 0.249%* 0.716%* —-0.043 1
Ca™ 0.448** 0.211%** —0.038 0.092** 0.437** 0.126%* —-0.035 0.449** 1
T RTRAE0.OT G S 3 TR AE0.05 S A G 2 3
= (NH,),S0,, NH,NO, o " (NH,),S0,, NH,NO;
e NH,HSO,, NH,NO, . e NH,HSO,, NH,NO, . .
=0.92x+0.209, R*=0.93 ——=0.91x+0.354, R°=0.84
S 3=0.63x+0.118, =091 |- =0.65x+0.133, R=0.86
~ ° ~ 4 ¢ .
£ £ -
EP ES
S 3
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by iy
*= £ 2
1
0
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1=0.95x+0.466, R*=0.775 2 16 1=0.86x+0.411, R=0.97 .
21 3=076x+0.139, B=0.82 . Se e =0.63x+0.176, R*=0.96
14
10 " " o B
o ~ 12 /-,.
E - E e
8 ® 10
H 6 8
& T
= =
4
4
2
2
0 0
0 2 4 6 8 10 12 14 0 5 10 15 20
I A (ug/m?) W& £ (ng/m?)
(Ol RS ORLLIESS

Kl 4 BT SEAE R B AF 2 A) FR AR G

Fig.4 Correlation between calculated and measured values of ammonia



5346 o

OB R

2
%

45 %%

222 WA T R TIEE A AL,
s PMas BRI 20%~50%0 42 [l 2y 3
ANTR] AT LK 323 A B (OC) Fl It # ik (EC), 11 ML
T R0 TG 25 1 8 R A9 il ot 0 e Al o s e (CA)
o o M AR X 38 A 5 i B 1 T s e T A B Lk
SEFRBURLAY) T LA SAEE B oC % & &
FWiat LA TR AR AE R ik (A 850, [7] B s 25 A /D>
HOEV 2 T A HLA R . G E i DL TR X
EAEIER 73 E R BAAIREL . BV RS AR 4
%%%[28 )

OC/EC 2 HIWr & 75 7 A2 A ML TG G 1) B 22
FEFR.OC AMUES T HEAAH POCEHF Tl
etk A A A R ) SOC.EC 1 —k OC HE
TR 7S BR 4, 32 2 fR 2R ) TR HE T A AR
FarERe .2 OC/EC & 2.0 I, KA R AFAE RS

1.129,36
ﬂ&[ ]_

()RR T B 5

1) . —eocCEC
g ;v
S 20 I
S ol . S ! A .
...... e e e T e el el T il e
3 ? —e—pOC
i
2 I\
M
|
assesse o®%000e"%, * o° Pogy, esens, o \osess
0 —4—50C
o
3 o oo, o e |00 PN o
X u.,o no.ﬂo PR, o [ [ O
o o n'q..b a0t RERCR SRR AN

&

SOC/IOC(%)  SOC(ug/m?) POC(ng/m?)

1008 1 S000Cy—FOC0C 100
8 M‘AAAAAA‘A AMAA A aka AM‘AA“ M _ MAMA .“ AAMA“ A AA‘AA“AMAMAA Al80 &
2 0 O
4 v ) A 40 O

=]

R . -
A SO E S vv"" S A T '"'w',vvr'v'w',v Yy rereY, £
fnil Y

RS

SOC/OC(%) SOC(ug/m?) POC(ug/m*)

SV FLERIERF TR . &2 OC/EC [H iRk
55 EE AR YO BB 20 5 s 1.18~39.5CFI{H N 6.57)F1
2.96~54.8CT-HME K 8.51); % E . 4% OC/EC
(1) J5 5 v B2 U ARV Bl 23 30l oA 1.50~19.5(CCF 31 R
5.14)F1 1.83~39.05CF¥{H K 5.05),0C/EC Z=HI1H
B1>2, K WIAFAE SOC WG, VRS A7 48 k5
G T % PO AR B &, — A WL I IR v bk 7
Kl OC/EC I ELAAE — @R LREFRIN PMys
B B AL 23 10 R PO AR A DU (T 59T 28 5 ,OC/EC
OB R 1.0~4.28" 36 WA SE i Ry 4 6 R < FE
B OC/EC 1 2.5~10.5 I, 357575 4 kUi LABR I
HEBON 32575 16.8~40 B35 7575 YLK 5 DL A9 i %
$6 0 F;0C/EC Hy 13 LeAi I FR 7y Yook Ji LLIE 4%
#20 A PRI OC/EC AR AE 40 7, W 1 i
TR 3 17 B 425 PM s "R ST ZH 23 FiR s v YU LA

(b) il il
2
15 . i
10 e ,‘\\ .
Spane RN -
o u
45 POC
sof \ . .
. \
\ \ o/ .
15 . Voo o g NaS
00
6
N —+—soc
45 o
3.0 .ot d . Ao T e, Rone
* { A 0 P '/
150 ST et e e e Poge %4 e o
00 %
100, —TSogoC——Jococy {100 £
A S
o ay, N - Ay aabsbagans, d At [ o &
e R D R TN A M asaty o vn“ wo 8
br, ad, o & * J S
s Ao S e Ao e v“vv'v'"v" 'Vv' APy

(o) WFRERETT

50| —a—OC/EC
luj 40 T
S i
8

10} hagag™ e
s
VE 12 .
® 9 \
= \
s 3 .
£ olesess -
o 'k - -
ool + o N +—soc

.ot i . N .

EREIAY, . IR % e |
z ST AV WS

2 AR 200000087 00s®s, *
2 N W 0' ., “‘t Yoreatd (RIS X AN
Z
S 100fEREay T A TS0C00 v O] 00
S 80 “ v‘ v e a/
SR DATRY v,' "
< Q
g ® ""‘ Jeetatn g
2 v =

SOC/OC(%) SOC(ug/m?) POC(ug/m?)  OC/EC

6 +
4 b o] ” o d D
e 4 Q2
/ e
‘0 o wte® ‘ \ \ o st
2 0 o4 Pe% 0 * . b, e ® U\ eeey e
Por % teas®t * 000, *0 T #0000 | 4 see, 0
0 H 02000 et Y LR
lgg N N\ 4, S0C/0C—v—POC/OC 1o &
A S
'V'v'vw‘A A . Tvyad T, s v Tty AN " o 9
AT }t- oo L e 31.'2 S 8
Y 4
POt APV A“v. e AN 20 3
| =

K5 PM,sH OC/EC,POC/OC,SOC/OC HI{EA! POC,SOC K ik FE
Fig.5 Values of OC/EC, POC/OC, SOC/OC and mass concentrations of POC and SOC in PM, s

m s 5, PP RETT A 2% SOC K &
N 2.37ug/m’,SOC/OC A 51.7%:; A1 e T 5 7
SOC W E N 1.58ug/m’,SOC/OC Ky 79.2%,
RFEFRETI A Z SOC Rtk g m T E & HILAER
AR R T B ST A2 SOC e

WPk 2.02pug/m’,SOC/OC 2l 52.4%; 5 2 SOC Jit
FE h 2.32ug/m*,SOC/OC Jy 61.7%,H: SOC 1)
WIE R ILAE OC F iyt bedb o 5B 2> 42 ) 46, R
FH OC F1 EC Z [] () AH S w] LL S| T OC F1 EC 1)
Y5 A BB S 52T OC I EC FRIAH e, fun ]



10 3

FE AR SO BRI T R PM, 5 DXIsRAaTs S A

5347

6 Fi % WA TIT 547 OC Al EC &84
F15:(0.405 Fil 0.600). 317 57 OC Al EC %3
JRBERIZR(0.154) g1 4 2 OC Al EC &L
5 AH 9 (0.870), 2% W I 1 385 45 1l 0 1% 34 T B 2=
OC fil EC Z Il i U8 22,4 % OC Il EC Z[i]
F ) 0 . 46 2 B R R AT 0 — 5,

EOK AR DA B B T3 3T 1) <

Ui 2%, R I & A

SOC 7£ OC W 7 =k F, 2 ZF SOC HIR M1 ot
Mk, T EC BohFa e ok H — W HEI BT U 27 OC fi
EC B Z W [RPEYE,—J5 T i T OC %2 3] SOC 1%

Wiy 52 K, 55— J7 T A] g OC F1 EC Z 3 —

YR 5 0t A7 7 22 S ),

4.0 20
y=1.42x+1.49 (a) WP ATE R T H 2= 181 y=2.80x+2.51 (b) u?‘*”‘]%ﬁ‘ﬁi‘_%é
350 R=0.405 - 16l R*=0.600
3.0 n 14}
E2st . g2 : -
b LR 010+
= 3 . = -
8 2.0 .n,—'i': 8 8 . -~ "
L[] ! -
sl P 6t HI'}.“. .
1.0 'Iﬂ ot
0.5 s - s : s s Or P —
20 05 00 05 10 15 20 25 30 -05 00 05 1.0 15 20 25 30 35 40
EC(ug/m?) EC(ug/m®)
14
W ¥ 7:&
71 y=0.836x+2.95 () SIEE | 26504108 (d) Bt &2
R*=0.154 R*=0.870 -
6f n " 10 TR T
gE\ ". = A " T\E 8 " " -.»' -
=3 - . B - =,
= . . =6 el
O . n . " 8 . b '--
o4 = 0 - gm r '-.' " 4 u .-”"-. -
LI . n " "l
3t amu " l'-l ‘l % - 2¢ .?-:
[] " . ... -. 0 I=
2 0.

05 10 15 20 25

EC(ng/m?)

500 05 10 15 20 25 30 35 40 45 5.0

Kl 6 PM,sth OC. EC Z gkttt R
Fig.6 Linear relationship between OC and EC in PM, 5

223 &ElEcE WK 4 P, Wil E AR RN
H ALL K. Ca. Fe. Si 255 o & 1P i &
MEICFERE 80% LA I, X HiRiE 58 0 FA4E
RABRE Y 4 I8 e 2 P B K I g i A — 5B,

EC(ng/m’)

RHER

TR EE T A1 2 1 PMys ' K. Mn. Cu. Ba.

Ti %5703

VEHI PN A2
FRAHBGE K.

T4 PMysHERBTTERE

Table 4 Concentration of metal elements in PM, 5

HEAXFRTEF A
SIEWURRE . RIBHEIRAILE)

SERERE EATEL

PRI T g
JGE FES X% HFE X7
W (ng/m’) (%) WS (ng/m’) (%) W E(ng/m’) 07 (%) W (ng/m’) i H (%)
Al 339+444 17.2 33542542 10.7 952+1983 16.7 1439+2007 16.7
Si 7761093 39.4 102244470 325 2682+4677 46.9 376544707 43.8
K 90.5+93.1 4.60 878+5610 27.9 297+513 5.19 730+£1997 8.50
Ca 230+342 11.7 396+1110 12.6 1088+1534 19.0 1552+1560 18.1
\Y 0.63+1.57 0.032 0.543.13 0.0159 0.45+1.37 0.0079 1.09+1.98 0.0127
Cr 4.19+13.1 0.213 1.95+12.7 0.062 1£2.24 0.0174 1.61+3.89 0.0188
Mn 9.83+13.2 0.500 11.6429.8 0.369 21.6+33.4 0.377 37.3+41.4 0.434
Fe 212+246 10.8 346+1158 11.0 621+993 10.9 856+962 9.97
Co 2.63+3.35 0.134 - - - - - -




5348 LR 7 A & I 45 %
Gk 4
I AR T 5y
TCH EES A% e A%
WS (ng/m?) dH%) W (ng/m’) HrH(%) WS (ng/m?) 07 (%) W (ng/m”) 47 (%)
Ni 14.9+16.9 0.758 0.78+2.84 0.0249 0.59+1.62 0.0103 0.83+0.89 0.00965
Cu 9.55+13.0 0.486 17.0+£195 0.540 1.86+22.6 0.0325 9.89+58.2 0.115
Zn 188+1753 9.57 26.9+41.1 0.855 22.2+32.1 0.388 48.0+£57.2 0.559
As 3.24+7.56 0.165 3.23+2.92 0.103 1.84+1.31 0.0321 4.84+7.56 0.0563
Se 3.11+£2.91 0.158 0.6+£0.92 0.0191 1.06+1.15 0.0186 1.49+2.02 0.0173
Ag 5.2+8.82 0.264 0.83+1.24 0.0265 0.7+4.46 0.0122 0.66+1.37 0.00769
Cd 5.7+£11.3 0.290 1.88+1.78 0.0598 2.21+2.01 0.0386 1.61+3.89 0.0188
Sb 12.4+37.5 0.630 3.61+32.9 0.115 3.91+3.91 0.0684 4.24+6.72 0.0489
Ba 11.9£17.2 0.605 57.0£717 1.81 10.3£19.4 0.180 36.4+245 0.424
Hg 1.88+1.99 0.095 - - - - - -
Pb 32.1+£34.7 1.63 9.39+29.0 0.299 10.9+15.6 0.191 26.6+£32.1 0.310
Ti 14.3+£20.6 0.729 32.0+108 1.02 - - 72.0+84.5 0.838
V-7 REIRKIH.

11 5 2% WP RS R T A by W6 50 Ak i 0 f o
OV TN R IE IASIE R L PM, s Cu ot
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