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Abstract The environmental impacts of PM, s are largely controlled by its chemical composition
and abundance. In this study, 3 resource-dependent cities were selected (Hohhot, Baotou, and

Bayannur) to investigate the geochemical characteristics, source apportionment and health risks of
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metal elements in PM, s under different seasons and atmospheric environmental conditions. The
results showed that, the metal element content in PM, 5 exhibited significant higher in the heating
season than the non-heating season in Hohhot, Baotou and Bayannur ,with the heating season
concentration of (1128+1.19), (1787+1.86), and (1069+1.44) ng-m>, respectively and the non-
heating season of (274+17.6), (214.3£10.5), and (168.2+15.0) ng'm, respectively. Concentrations of
metal elements were lower during daylight basically than nightfall. Under different environmental air
quality conditions, dust storm periods always associated with highest metal elements in PM, s,
followed by polluted days and clean days. During the dust storm season, the concentrations of crustal
elements such as Al, Ca, and Fe all increased significantly and similarity to characteristics of crustal
element, while during the pollution season, the concentrations of human-emitted elements such as Sb
and Pb increased significantly. Due to differences in urban functions and development, the
contribution of combustion sources and motor vehicle emissions was highest in Hohhot, industrial
sources contributed most in Baotou, and biomass burning sources contributed most in Bayannur. The
carcinogenic and non-carcinogenic risks associated with metal elements in PM, 5 during the heating
and non-heating season were found to be at acceptable levels for human inhalation. This study
provides important data for investigating the environmental geochemical behavior of metal elements
in PM, 5 in typical coal-dominant cities and provides a scientific basis for regional air pollution
prevention and control.

Keywords metal elements, PM,s, geochemical characteristics, source apportionment, health

risks.

A IR 2023 4F 3 H 28 H AHT I & A 4R IE, 2013 4F & 2022 4EFR [E PM, s SEBL T 34 %,
RAEWRE TFBET 57%, (032 G5 AR RNG e HEBCE n i) SR & 5% ), 38 R 005 Y B A 1 K
PE. S22 SRE MR AETE. T 2021 4E, 2 DL PM, 5 4 8 B 15 Y Wi bR R BT 9R T HAt &% 33 35
Y. PM, s AR /N LRI R SR A5, 55 TR A5 5 2R e, OF i 28 3 Mt s DO AR A il 3 |,
X N R SR Jal B 3. PM 5 1R SRS RI0NE S X 28 6 AR (R g il AR AR KRR B b Az 45 F HoAk 22 21 oy K
FE RN, [ RAE T AY 35 BRI XU i O G NS A B ZE R B, I EREE R PM TS e S 8L
TP 4 DU K MG RS, &8 L RN PM, s I B B4Ry, AR BE%E . A% £k
SR, B9 5 H A5 e & AR P FIVE R, H 2 SO 0. BN, Co. As, Cr(VI), Pb. Cd. Se Fll Ni %51
WITRE U ZEUEY; Cu, Fe, Cr, V S5 HAT 2R LA, nTEILAEY) R 5 s M A (ROS) 1 772,
11 3 B AT P B P 5 R DNA B S8R 010519 [RLIE, Bk PML, 5 75 A 27 B2 95 e S 80 RSB i
FESh, PMy s 4T R A A, F2 5 L SR TR . 215 R B L (e B XU, S5 1oy 75 3] B 22 56 1

KRABRY 28t E R A RRIRE 4 L RS |« AR IR R w2 , i EE RN
Sk S5 AE IR (BB ACHEROREE B ACHERI, W08 3% A A AR 42 R BB 461 . BRI (b A Rkt AR s
A3 LR TP B Cn 42 8 v e . KR )70 i AT ol B HE R B 0 25 57, R[] IX KA
R b E G T TS YRR B I S A A A AR 3 25 . RS ER I, TR R 27 A E T PM, s hE 4R
JCE B A A AR B 20 TR Bk s, HARIL AP b b X5 Y AR B U B Ra T Tolk b
FI3 1T 47 M3l 55 PML s REAS TP 11 FP 4R JC R A0 U9 B, Tl S b il 5019 45 T o0 28 00 0 o Rk
(4.03 pg-m™) IR T 37 M3 00 17 F500; 56 35 78 M 2R 5 R AR U2 A B BRI PM, 5 O/ AP 6B, T
YE B RS TA O T R MR EE X & TR, RS R e R & T -, HA R R,

FR ] e 0 R AN B SR HE B T R — AR A R R, DAGR IR TR R SR AT, 4 R i =
DI R AR SR, 55 R WAL S A I T A, 40 S i A S L IR R M AR AR 4 B
S P28 R U A R RN AR AR RBE S KO AR PR AT L Ak T B I R Y S 3R P b A
() AR B ASERE A =8 B SR DR R T, 231 MR AL R A 05 el iz ol . B, A e F R TR IL R
J T 1l DX A O A7) 4 T V5 Y T A e RS T T AT 5 X A /0 AR SC AR R el L Akl B
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WLR T RBIFGEIX, B XA R 2235 AN [A) R A BT B R AIE, 20T 1 3 AT PM, s BT R AN E . £
J&E T B 23 oy A S Bk fE A R AF, b T W AR R VR, PEAN T PM, s P Be. Na, Mg, Al K, Ca, Ti., V.,
Mn, Fe. Co. Ni, Cu, Zn, As, Sr, Ag, Cd. Sn, Sb, Ba, Pb %5 22 Fi 55 4 J& 7T 2 A9 {at Fi KUK, Xof L Uk AR
HERE T AT R PM, s 4B JC R B IR BT bR AL ~A A7 R R0 iF 98 B B R, tnl oy X
SR ATS YR B BRI RA , LA KA R AT5 G BTG T AEAIL N ) e IXURSS: 45 A At AR A 4.

1 SEEGHT (Experimental section)

1.1 WF5E X HEAL

F G DAL PRIV R T L A S T A B 2 el R T, 7 T B L ol ok 7 . A Ll Bk AT | SRR 22 iy
JRE LAY A BRI AT T I, R N S AR IXORATS e i, HARTE XS 9 DX k. Ao DX 3l
J& A R R R 2 KU, BRI 2ZE R, BE TR 2N, H2m8 R HFEWE T, BAZEL T
KBBZE RN 10 A 15 H—IRAE 4 A 15 B, B3 6 S 7. FRARNE R AL 95t 3 18 X g, I
ACFBA T LU RN AR i 8 25 L L Ay Ly b b, i 8 B VG S oy - SR T b IR, s 34 H b 7 1) e G 3
b, AT 1.72 J7 km?; 2021 4F5K, FFANE R E £ A H 349.6 77 A, 8N H L FIK 79.7%,
SR DA P EE 3121.4 /270, ALk T b AR N S FIE X R, R I T, JEAR B Ll ik, AR Pz B
JUPE S AT £ J, 4T G AR 2.78 5 ks Ak TR A N H 271.8 1A, HAE N B IREEAL 3 86.7%,
S A X A 7 A 3293.0 {270, TR T (ML N S8 [ VR X P &R, AU R S h ke B, ko B
Ly, P B A B I, AT B AR 6.51 T35 km?; BV R TR AT 152.8 5N, FHE A 3%
AL IR 60.6%, 44 b X A 7= B H 982.7 {4 JT.
1.2 FEECRES T
1.2.1  FE AR5 R AL ]

W8 XA B =17 3% 18 AN SRAE s o, e P A T 8 AL skl 74~ ELE IR 3 45 5k
o p A JE 125 TG v R S 1, EL BRI TE BRI iR, BRSS9 X P KA A ks 4 1) 75
JOIRBL, RAE 55500 S A7 B L 1 FIER 1.
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Fig.1 The location of sampling sites

RAET [H] 53Ry 2 ZE T Z A I B Hrp A SRR E] Ry 2021 4F 1 H 6 H—1 H 26 H, B 531
KA, AR RAERTEIR 9: 00—17: 00, 21t 8 h, B _F RAERT[H] 24 18: 00— H 8: 00, i1 14 hy B R
FERFTE] R 2021 457 A 3 H—7 H 24 H, REERFEIN 9:00—K H 8: 00, 4 FRAE. KA N K AT 8 m-s™!
BB B AR R A 1R SR A, CORERE AR,
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Table 1 Information of sampling site

Wl S SRR A X /H

City Number Sites Country
1 WS BIR X AESTET (HBT) FEEX
2 FRIE)™ Az 7% X (HFC) FEFEX
3 £IE/VE (HQXX) RIX
4 NE(XZ) FIRX

P IS 4

5 TR 2 T2 (NH) ERX
6 M5 Tk K% (GYDX) B IX
7 A S Tl K2 (8115 1X) (JCGD) A B A
8 FEREAER(TX) g sy
9 ELIX U (KQZF) B#CX
10 #HILE=1E(QSBG) HILX
11 £33\ (BTBZ) R IX

(BN 12 T K JE (BHDS) JUE X
13 M EE R R 2 (KIDX) B IX
14 £33 358 )7 (BTHB) JURIX
15 B3 (SLQ) TEHIETE A2
16 TP KM (HBDL) I g X

L R/R 17 I 7AT B e (LHFZ) T8 X

18 B RFRTHE(WLT) lig iR

122 RS

AW T T R RE A% A U85 111 7 B ARSI 2050 U723 58 e h i R AE2S, DL 100 Lo-min™ AY1H &
THGBAT, RAEISIE AR B R AR ST - BRI | SRFEAR L) BORAE B 1] 45 S50 SR B A 35 [
PALL 1938 B8 (B8 90 mm) 15 P94 8 A5 ( ELAE 90 mm) . Ay b B0 2% o i 52 i ) &5 21, SR FETIDKS
ATBEYE I E T S i b 420°C SR MRS 4 h, 55 D9 D8 R [ ACE RN =, TR (25+1) C
RH g (50%£2%) -1 24 h, {1175 [ 38 2 F) CP225D Hi T KF-(0.01 mg) FEATHRH, [F]—JE AR fE IR
JE 1 K- 2 oA [ 451 F B4 Th SRR, B 3 YR BCT S(E VR R 5200 st 32 vh B I i) Jo &, 3
HZ2/NT 0.04 mg, RGO ZERHIE IR G DL SRR SRS UG, K BB AR B T A R 25 4 R A TE R E
K2 P RORR o, BRI R A AR A L M — R TR F &, BR T s % (M EE R
PR (PM, ) T T Wai 5 vk (B 0 R BT ) (HI656-2013 ) . SR J 110 08 JBE A 08 58 & v 1 0k
R HEEHY 4°C FRBE N ORAEI S EA TR AL 3.

PM, 5 "4 J@ T 2 A I AR R (s SRR ORE ) b & B oo R i A Bk & 5 B AR R Bl ik
) (HI 777—2015) #E47. B 172 UE B, {7 7 Pa %5 BY 0 % 06 0 B A e bR 1 foie o f 8 2 v, T
20.0 mL A2 -k BRI A W MR, NS R o8 R W IR TP, s, BT e 4 0 Hh O e %,
O B S0 b U T AR TR R 200 °C, T R RESE T (B] A 15 min. T R4S RS, BCH T g LR, V2 A,
VIR MR 0 000 T i 25 4 AL BE, N2 10 mL K, #f 8 0.5 h 171 £ 1 IR P2 W U8 3 100 mL 45 i
o, FHZKGE 252 100 mL Z0 B8, #5300, #5009 # 19 Be. Na, Mg. Al K. Ca. Ti. V. Mn, Fe, Co. Ni, Cu,
Zn. As. Sr. Ag. Cd. Sn. Sb. Ba, Pb % 22 FC % HJ ICP-MS il 5E.
1.3 XS PR R S Sk #R

AT R FH 5 [ PR 358 R 470 38 9 752 1 N AR (R JRUBS: PR AG RS AR, 25 45 vp [ IR b 222 45 2021 42 9 A
30 H A& A i DK IR T G ft B RS 1Ak 5 D) YR DA v, AR B DX S A 455 ¥ e il A 5 s I 85, e Bl
AL A AT A F A 15 P AU 15 e, TG o R PM, 5 38 B 3500 0 AR B0 XU ™.
AR SR BB T P P R @R vk B (EC) Bl B3, B M RN
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THE L NEIRGE T AGRAR A S S5 e R 8 v B, AR (1), £ S8 H L% 2.
ECm;=C”XETXEFXED

ATinh
K EC— WA BB I Y I B EEWRE, pgm™; Cp— 2 M5 R W) S0 MIVE FE, pgrm’™;
ET—Z:#5 M [H], h-d”'; EF —REMI3E, d-a”', ED —JRERRFEITIH], a; AT, —ZEWFIRIE I A CF-Y5 2565 5[], h

(D

R 2 AR e XU 2 5 2 KR

Table 2 Value of health risk exposure parameters for different populations

AFENFEE
RS Categories
Exposure parameters JAEN JLE
Adult Children
ET 8 6
EF 180 180
ED 24 6
AT, BU 70x365%24 70x365%24
AT, AR08 EDx365x24 EDx365x24

AR 7 F e B, s B B4 5 e W 1 1) A 0 RS R 08 XU e P A 7 o (HQ) AR Sy A B0 X
B A B i i s, T AR BUR & F AL (HD 4595 Je ) 16 F 1 (HQ) AN, FSR AL TLAN 5 ety i
AR 1 ST 1. — A, 2 HIST I, 2 B RUR: 450/ N XU 7T L2200 5 2 HI>1 I, S WIA7 e
FoE A, I HLBEE HQ {5k HI{E A3 I, H XS 58 T3 . 820 (2, 3):

_ Ecinh
HQu = RfC x 1000 2
HI:ZHQi (3)
A HQu— V5 Yo W 5 W W W N IR AR B fE R, o 99 REC — 75 Ye W) 5 5% 1) VWG W N 225 Wk

mg-m”.

i FH 28 A s 0 B0 AU (CRO) A= DAy B30 XU, DAk 0 4 6 915 . ARG 5 [ B0 28 XU 4 PR A e, 24
CR<107* Fif, ANAFAE 35 B BUR KBS 2 CR AT 107°—107* Z 8], 1249 o7 i B0 XU AL 7E T LA A2 (938
FElN; 24 CR>107 I, 3220 SR A B ELAS T 252 i) B0 KRS, Wiz s R E L. 715 A (4).

CRinh = Ecmh X IUR (4)
1 CRuy—15 YW 22 WP I A IR A% B 28 A R A0 XU, JC 3 45 TUR —3%5 YLy 2 5 1) P I I AL B
AL -, m* mg ™. BRI RIS SRS HEH I 3.
R3 IGRMAIFRI NGB R G S
Table 3 Exposure parameters of pollutants through inhalation route
1Y)

Pollutants RfC IUR
Al 5%107° —
\Y 1x10* 8.3x107°
Mn 5x107° —
Co 6x10°° 9x107?
Ni 9x107° 2.6x10™*
As 1.5x107° 4.3x107°
Cd 1x107 1.8x107°
Sb 3x10™* —
Ba 5x107* _
Pb — 1.2x10°*

Kl
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2 ZER 5450 (Results and discussion)

2.1 PM,s P& JRITR M5 YR E
211 HFa5ZEVRE

AT G XS ORI R T A STl L R T B R ASUBORL I R T R SR, W 2 T 3 MR
FvEmtB, B, o 101 H 6 H—9 H, PM, s PR 14.42 pg'm™, AQL 41T 31—47 ) A X i iy
Bt(cL) ., &7 2(1 A 11 H—15H, PM,s F Xk [ 4 158.08 pg'm™ H PM, s/PM,,<0.3, AQI 4 F
103—500) R 7b 2RI B (DU) | i 72 3(1 A 20 H—24 H, PM, s F ¥R &y 81.83 pg'm™, AQI A F
79—118) NERFEVS YL it B (LP) . SRARIIA], BF 5 X A4 A7 42 v /K S AN 8] 2 7R . SR g Z UL 34 P, 7
FNE R L AL TR 2 R T PM 19 H X9 BE 43531 24 (95.50445.02) pgrm™, (97.13+44.00) pg'm™
1 (78.67+46.84) pg'm, PM,s (19 H 4%k J& 73 5] Oy (43.81+£25.25) pgrm™, (39.00423.20) pg'm™ Fl
(31.92+22.88) g'm”, ¥ PR ML 2= 5 i 1 2 8 TR R R A Z 1 M A A R Ak Ak, 3 /38T R g 22
PM, s T 2804 BT R M & i B R R MR 22 5 TAER MR =0 40 A REIE (3R 4). [FIES, Pkl N5
IR X E A E T, REZFESLT PM, s P4 R TR BiE & & 5 (1787+1.86) ng-m>, 434
24 Shy WP R AR T A B 2 YL R T A9 1.58 A5 A 1.67 475, Min il Fe J&: 89015 BR HE LA AR AiF K U9 K| As,
Sb Fl Pb 4352 A W AR B PR B A bs e P e 23R U7 80 PR T L Akl L B RT3 8 T A i
6T MBI T, SRIBEZE PM, 5 o IR H8 7R 4 s 0 38 T VR B K v TR R A7 I T A R R 5
M. BEAb, A WF5E 2B, Cu 1 Zn AR Tk AR 7= i BB, BT 8 YR Al SR T | SR AR g A o200,
WP AR L Akl L RUR T KA PMy s TS E A Cu, Zn W) =225 K F 4 ZR 05 (9 AL 3 22 HE .
A ZERAR N FZ AR HL 0 S 0 I AR i, WSS T TS e AR R ), AR — R RN T
KB RA RS, IR 4 8 JC R B G 7E PM, s 3845 T4 Al 250k TR B 31 5% 25 S0 2 A i (GB 3095-
2012) #%E T Pb( 500 ng-m™) ) ¥ & — g BR{E, R B 76 55 Rk B & P 45 T As(6 ng'm™) Al
Cd(5 ng'm™) (IS Z W FEBRAA, ABFFEIX = IRTH PM, s 1 Pb M A T 0.32—14.15 ng'm>, As W EA
F0.45—2.79 ng'm>, Cd ¥ JEAF 0.01—0.52 ng-m>, K HPLBEIR L.

PMo YPM,5s  —— PM,5/PMy,
[ ¥b4 % Dust storm period T 7 %2 JE{5 ¥Light polluted period
Heating season Non-heating season

= 14001 Hohhot T 11.0 = 100r Hohhot =71 1 1.0
S | | = .S I | | o
= L I | ] EER=PN | | 1 1
§7¢1200 Lol 08 = gT 75k A 08 =
S E 800 Colm eSS 8E b o 06 %
2 %o 1 P g 50, I}('\ ot N o B
g3 600 olo—ee” | g3 \ | . M e\ s E
= ; ! S 25 e | 7 Zi
= ‘ ® R MR ARt -

0 NI KRS N, Q N1
E 1400 Baotou I I 1.0 E 1001 Baotou |~ '; 1~ '; 1.0
=1 | | S . S
£ ~1200] 7 Lrn 8 Esor R 08 3
= I
5 'e 800t | | 5 % 'Eeor I LS 5
§50 ? | ! }.\ 06 = 55} 1 - //\.\. . 06 =
g 3 600) % Lty = 340k, A A e, ot z
< A L LN (A _es o) oo g =
ol al R

ol e : i Q N NIV
g 14001 Bayannur 1.0 Ei 100 Bayannur i 1.0
= s 2 I E
Ee1200 7| 1085 E~80r L 08 s
5 £ soofs % 5= oeoF 7 7 5
% & \ . 106 7 § 5 " ?7 1 I 0.6 2
8= 600, | 7178 A Z §340r % ’f?’// 77 z
= AN o eett \ R . ,,5'4” 7 104
£ 2000 , \ A 2 20 9% PR 2%%

0 02 o KK RN RN SNSRI

1-9 1-13 1-17 1-21 1-25 7-4 7-8 7-12 7-16 720 7-24
Date Date

B2 RBEFFARR B PR R % H ARl
Fig.2 Daily variation of PM concentration in heating season and non-heating season
Mk 4 Frow, =iREFEMAERBERL LRI Na, Mg, Al K, Ca, Fe S5 7¢ LR B-F- X i 5
FIrE JE 3R B 90% LI b, 3X 5 4GHE B9 58 T 3R AR RAUBURLY) 4 Jm T R P I ROR IS5 AH —
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N, Z DRI T RE A B FREIRSS M B R, — AN R BE FE PM, s 1 Sn. Pb Fll As SEBRIH R R P 72 I
M52 TR AT A T 2 B A RCR ), DR RSk T PMy s T As JTTER A R (2.79 ng'm ™),
FEWR A B R T (1,63 ng'm ™) | ELEE LR T (1.17 ng-m™) . 7EAE R BEZ, U3k PM, s i As B
)& 1.92 ng'm”, Zr HIUEAEFITERET . WK PM,s Y As TR &Y 1.81 £5 1 4.26 %, X /&
T As o Tolb AR = o R DL ROBR B R = A, B Sk iR M N S8 F IR X LAY Tl kT, H A
WA B MU Tl A 3 A T T A A5 4 S T e AR e A, 1T S B8 R R B A R R
KW 2 PM, s 1Y As 19 8 5 35 i T LA R T 5 WP AR0TEk A5 T A Sy A0 A 3 i A ) oo BT, Bk BRI
I8 ARG BUE H PM, s Hh Cu JCE B (0.59 ng-m ) B, e 3k T B BER T PM, s Hh Cu e
R L74A5F 9.83 % 2 50 Kk 1 Al 52, 525 B4 A 4 SR e o B 2 T R T AR SR IR
PM, s ' K JCER & 1 (20.5 ng-m ) AUZIFAE R . A3k 1.54 £% . 0.85 4%, 1M & =i
ME—3R MR 2 7 LR T, 2 7F T 0.7%. Z5 BT, IR I Re A R R ) 22 b S B T = AN T
PM, s 45 & JB TR M f /0 A 10 25 5.

R4 PM,s TE&JEICRWEE

Table 4 Concentrations of metal elements in PM,

PRI % LUK

Hohhot Baotou Bayannur
Rl IR Rl 7 IR Rl P IR
Heating Non-heating Heating Non-heating Heating Non-heating

He/ o He/ e/ e/ e/ =34 Hepg/ i H/ e/ o e/ e/ e/
(ng: m?) % (ng: m>) % (ng: m?) % (ng m?) % (ng: m>) % (ng: m?) %
Be 0.003+0.0008 0.00 — 0 0.63+0.62 0.032 — 0 0.001+0.0002 0 — 0

Na 203.7£15.04 149 66.16£9.69 24.8 280.82+17.85 14.1  32.83+3.36 15.7 203.28+45.62 169 17.46+£3.26 10.8
Mg 195.88+12.35 143  28.08+4.51 10.6 283.66+20.62 142 37.40+3.72 17.9 190.03+£26.62 15.8 21.90+4.30 13.5
Al 187+17.37 137 68.85+£22.56 25.8 240.75+17.94 12.1 36.58+4.28 17.5 143.75£19.16 12.0 21.96+6.06 13.5
K 194.81+19.32 14.2  13.30+2.42 5.00 250.37+£21.76 12.6  23.99+3.13 11.5 143.33+24.38 11.9 20.50+3.47 12.6
Ca  312.02£19.41 22.8 58.84+20.14 22.1 461.18+36.17 23.2  42.09+4.17 20.2 294.97+£54.12 24.6  42.05£9.11 259
Ti 5.74£0.35 0420 0.74£0.14 0279  7.7£0.57 0387 0.42+0.04 0.204 4.42+0.83 0.369 0.35£0.08 0.220
v 0.83+0.05 0.061  3.50+0.55 1.32 1.28+0.06 0.065 2.13+0.22  1.03 0.77+0.08 0.065 1.87+0.16 1.16
Mn 10.92+2.55 0.798  0.67+0.15 0.252 1797145 0903  0.03+0.01 0.018 6.15+0.88 0.513 — 0

Fe  214.56+12.87 15.7 18.52+2.24 6.95 376.49+26.53 18.9 24.35+3.15 11.7 179.41+£25.93 14.6  30.59+£5.02 18.8
Co 0.12+0.01  0.009 — 0.003  0.17+0.01  0.009 — 0 0.15+0.04 0.013 — 0.004
Ni 1.73+0.62  0.13 0.43£0.09 0.165 1.17+0.11 0.059  0.34+0.10 0.167 0.77+0.19 0.065 0.35£0.19 0.216
Cu 2.67+0.27 0.195 0.59+0.08 0.224 3.48+0.29 0.175 0.34+0.06 0.168 1.14£0.19 0.095 0.06+0.02 0.039
Zn 9.56+0.76  0.699  1.74+0.56 0.656 21.79+2.26 1.09 3.04+0.5 146  7.75t1.41 0.646 2.39+£0.39 1.48
As 1.63+£0.14  0.120  1.06+0.16 0.401 2.79+0.2  0.14 1.92+0.22 0922  1.17£0.15 0.098  0.45+0.06 0.281
Sr 2.77+0.16 0202  0.06+0.01 0.024  3.4+£0.23 0.171 0.25+0.03 0.122 2.48+0.47 0.207 0.21+0.03 0.131
Ag 0.12+0.04 0.009  0.16+0.14 0.063 1+0.27 0.050  0.15+£0.03 0.074 0.88+0.49 0.074  0.10+£0.09 0.066
Cd 0.36+0.05 0.027  0.02+0.01 0.008  0.52+0.04 0.026  0.01+£0.00 0.006  0.35£0.07 0.029 — 0.002
Sn 11.3741.92 0.831 3.21+£0.29 121 14.48+1.53 0.727 2.18+0.19 1.05 11.77+2.22 0.981 1.76+0.52 1.087
Sb 0.78+0.11 0.057 0.03+0.004 0.014  0.6£0.06 0.031 0.02+0.004 0.013  0.24+0.04 0.020 — 0

Ba 5.36£0.43 0392 0.04£0.02 0.015 6.43+0.45 0323 0.01+0.01 0.005 2.75+0.37 0.229 — 0.002
Pb 6.71+0.57 0.491  0.32+0.03 0.122 14.15+1.12 0.711 0.36+0.07 0.174 4.43£0.82 0.369  0.32+0.08 0.202

Total ~ 1128+1.19 100 274.5+17.6 100  1787+1.86 100 2143+10.51 100  1069+1.44 100 168.2+15.0 100
PM, o
(ngm™)
e R ARA

43.81+25.25 12.09+3.35 39.00+£23.20 15.3243.94 31.92+22.88 12.76+2.93
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AT, T 5T X AR R B 2 PM, 5 43 8 o0 3 00 i W B I I, SRAF IR T2 KRR, BUTE AR SC
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AP JEAk, RBR ZERCIR] 5 T B 35 Y2 BELAS T 05 e i ak, iAok B Tl AR = | Alsh 4 R A HE
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Fig.3 Diurnal variation of metals in PM, s

X EEF ST 2 B, WF 5T X =Nk TT PM, 5 TP ARG YO0 E W M, Cu. Zn, As., Sb #l Pb S5 354 T [
PO T (32 5). RV IF RN RETT L A3k 17 RN B 229 R 1T 358 T b 7 SR G5 AU T, o O AR i S
REVRIEAT A H . Tolk Ay | i R REmE S5 76 o1y, H U000 30 [ 8 38 B0k ¥4 2 R B8, s i P b XUl 25
SPWTE AR T L Z R MR MY AR e R LR R T RIS R LG
M 208 0 R A A R F 05 G 0 0 B ORI B s iR b, UL 1 a) BF 5% DX = AN 3k KR
PM, 5 T4 JE 0 3 1975 YR AR T [ N A [RI3 T Ak F 3 K-

x5 AFLTT PM, s T4 IR TR WX (ng'm ™)

Table 5 Comparison of Metal Element Concentrations in PM, 5 in different Cities(ng-m™)

it "
iﬁ.ﬁi j.ﬂ Be Na Mg Al K Ca Ti V Mn Fe Co Ni Cu Zn As Sr Ag Cd Sn Sb Ba Pb ICHk
City Time
MEANYE  2021.01 0.00 204 196 187 195 312 5.7 0.8310.9 215 0.12 1.7 2.7 9.6 1.6 2.8 0.120.3611.40.78 54 6.7
202107 — 66.228.168.9 13.3 58.8 0.7 3.5 0.67 185 — 043059 1.7 1.1 0.060.160.02 3.2 0.03 0.04 0.32
s 2021.01 0.63 281 284 241 250 461 7.7 1.3 18.0 376 0.17 1.2 3.5 21.8 2.8 3.4 1.000.5214.50.60 6.4 14.2 ;L;
2021.07 — 32.837.436.6 240 42.1 04 2.1 0.03 244 — 034034 3.0 19 0.250.150.01 2.2 0.020.010.36 5
ELgzs 2021.01 0.00 203 190 144 143 295 4.4 0.77 6.1 179 0.150.77 1.1 7.8 12 2.5 0.880.3511.80.24 2.8 4.4
R 202107 — 17.521.922.0 205 421 04 19 — 306 — 035006 2.4 045021 0.1 — 1.8 — — 032
Gy 2016.06-
B 01705 — — — — 900 493 — — 37 738 — 16 32 174 1l — — — — — 7365 [34]

- 20184 0.02 331 119 162 880 217 5.5 0.8 23.3 310 02 1.6 194 145 46 59 02 1 3.7 39211113
3 [35]
20195 0.0170217.227.8 89.9 74 14 2 89 144 01 2 49 89518203 02 03 1 1 1.6 303

e 20206 — — — — 4 92 — 1 11 205307 6 16 06 3 3 9 53 113 [36]
X 2001912 — — — — 797 477 140 8 89 582 — 11 32 199 7 — — — — — 19 50 [13]
HK 2015 — — — 429 718 824 465 — 377 586 — 42113 113 — — — — — — — 503 [37]
B 2009 — — — — 70571864 — 0.5 5646303 — 3.4 20.3136.7 3.4 — 3.6 3.7 — — 233352 [38]

JHi] 2021 — — — 212 332 195 20 12 179 301 — 2.8 88 846 34 — — — 49 — 8 11.1 [39]
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jédi.ﬁj‘ ].LI—J BeNaMg Al K Ca Ti V Mn Fe Co Ni Cu Zn As Sr Ag Cd Sn Sb Ba Pb SCHik
ity Time
B/R  2017.11-
EEE) 201804 — — — — — — — 258 661 — — 132 757 382 — — 069 — 208 — 218 [17]
A2\ 2012-2013 1132 1015 396 43 53 183 484 2.4 32 185 246 22 123 66.1 [40
(EE) - - — 3 18. 432 18. . 33— — — — — 661 [40]
=
(PPFFBT 201801 — — — 2420 — — 76.6 8 25.6 1054 0.7 17 372 — 0.6 146 — — 273 55 209 30.8 [41]
EA(ED)

212 ARZSFRARD PM, s H 4RI E 1922 SRR

/AT Bt Ca. Fe, Mg, Al. Na %51 5¢ 70 3 19 724 ik B 205 15 I BE i 23.67 5. 25.43 1%, 18.41 1i%.
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S 1 47 2 1 0 S AR K W R I A TR R B A i, DT 3 A IR b DXl 56 T 2R VR
PEC; V| Co. Ni 455 42 J& J0 22 78 1 1 I B 9 7 38 o i Wk B2 4331 4 0.66., 0.15. 1.14 ng-m™, V5 JLfif Bt
(V-S4 B MR B A 51 R 1,17, 014, 1.57 ng-m?, Vo2 BE () F-34 b Wk 5 4051 R 8.16. 2.61, 9.25 ng'm ?,
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Fig.4 Daily variation of total metals concentration and proportion

a, b, ¢ corresponding to Hohhot,Baotou and Bayannur, respectively
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Fig.5 Comparation of Metals contents between PM, 5 and soil background (layer A)
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R B S T >R R T > 0 22 2Rk T A Sk T A D 3 I W Tt DX SR 4 T ek T, 2021 4F
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Fig.6 Analysis Results of PMF during the Heating Season in Hohhot(a), Baotou(b)and Bayannur(c)
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FREJCE M K. As. Sn il Pb, X L8R HA 50% LA b A ¥ 5 3 Bl 2 X AN b BF9E £, K 2B R
PRBENY EZUREERIU. As FEOR AR AR, R HEBO bR T 2 L Sn By TERMIE BT AR
KR R R0 H 2000 A JCE RIS 1 S SRR BRI R Ph Y R IR, P A T
2 JRBE R, HE BT R A 38.32%. [KF 3 71 Fe, Co. Ni Ik 44 . A5 58 & W, Fe J& Mk A M HE L 19
FRIETCER DY Co EZRIE T4 IR (M TR Bk, 408 57 W 1R 46 Tolk A = i #E92, Jf m g Az 240 1
TP IR T A 04 JE SR RNG B A R A Ni r AR SRR RS Tl R R AR,
WA E R T 3 8 Tl PR, H5imkR N 24.67%. N7 4 Cu Fll Zn B2 885, Sb WAL T 41.23% )ik
JERX AR Cu, Zn B E A HLSh 2R A HERL . W HE A IR L A8 G R Sl A s 4 A B, SRR
RN R 8o BALSh 2 R AR A HERL SO, HOk T 4 A ML A HEROR, H DTk R 27.87%.

A3k TR B Z LT R BRI . TR . ALah VR A A U5 3k 4 295 Yl (B 7). BT 109 B2
oA K. As, Cd, Sb Al V, X TLFIC R A 50% LA b8 5 vk BE A B 1) 73X VR . KOS A W) ik be
() SR R B2 5 Cd 2 T BURE B AR AR PE T 25 Sb Il As £ R IR A2, J2 SRR HE i A9 bk Z T
KOOIV AT SE A T R R A S RO AR %) FE AR A B DRI AT TR 1 e AR e
U8, H BTl A 37.86%. K1 2 RAEICZ 4 Mn., Fe, Co. Ni 1 Sn. Mn J& T8k A4 1 /R i o X, il
WEAENG SN S 5 WPIR Hr B Sn AT 1o 2 R AR B R A A A e AR 1 IR BT s S HE
T TR G IA S TR F 2 R AR ok 3 B8 Tk U8, FE 5Tk R0 28.34%. [ F 3 H Cu il Zn B 2K far 44
=, A DY Ba. 5T W, Ba 38 R AL 8l 25 09 A0 42 e RN G B 5 T HE IR A o L, ok
3B MHLB G HERCIR, HTTlkR o 27.56%. AT 4 d £ 4w 8 Mg, Al il Ca 720 R, X =FhoC
FEH 50% LA_E 1 T v A B Bk N IR, PR e BT 4 452 8, HTTikR ol 6.24%. HoAth ) 51
WA RIS, ARAS T &, RSk T RN R LU T 20 oA N St B TR DR 6 48 B Tk kT, 4 Zqit
B, HLA T PM, s H 4R OC A Tk IR ARG IR 5 HE 34K, (B4 Sk T TAL IR XS PM, 5 1
& B ICER M TTERALN 2016 4755 1L T (46.12%) 1 =43 2 — 10, W] 8 5 2 07F 5 W0 199 PR . 3k ol 28 05 T 4
QUZAE LT P S

28452 E Combustion Tk I Industry HLEh ZEHEL IR Vehicle
ES# 42 Dust (AR ¥ S #4438 Biomass burning

N\
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B 7 =iREFEATGIIRL

Fig.7 Proportion of pollution sources during the heating season in three cities
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Fig.9 Carcinogenic risk of different populations through respiratory inhalation pathways
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3 %518 (Conclusion)
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