REIRIE RS 2025,45(8): 4216~4224 China Environmental Science

Ly P 6 AR R AR, A AR T AR A R R ORE A o SV S A B T T[], P R PRI, 2025,45(8):4216-4224.
Ma X H, Li Z Y, Zhu Y Z, et al. Sources and health risks of heavy metals in winter fine particulate matter in rural areas of Baoding City [J]. China
Environmental Science, 2025,45(8):4216-4224.

RE T RATE SMBRIY B2 BRI R RS BT 5

A AR Y RE AR O B R L R AR R R iR s S
B LEER O AR R (), R 5 TR 2R LA AR Fh SR 2 1 S I ) 2 A S s VL
071003; 240 HL ) K52 BB 5 TR 2B, B S PR B R A MU BUE T S 920 =, 60T 1022065 3.9 [H FR BRI SR,
AR BEAERR e B KU 28 4 B 20 5, B 0 100012 43 B4 0™ SR 5 ARG IR I F A s g %, ) b £/ 58 071051
SR HBA EEFOVIE LA BR A F]LAE R 100029)

HE: 35T 2020~2022 4 ZLHSLLRIE TR I ML, VEAG T PMo.s T 4 KRR L YRR 57 1 4 e A A e JXUR 558 TR 4 B A A, B AE VP B
X AT ML DX KT PR S BRSO R R AR IE THE L PMy s Je 3L 16 FHiE4:JE (Cr. Pb. TI. Ba. Sb. Sn. Cd. Sr. As. Zn. Cu. Ni. Co. Fe.
Mn Fl V)RR EESS T BERa S, 80050 R B 30.4% 1 43.4%. I H 1F 1 5 X -5~ (PMIF YRS 28 fif A 746 J SRR, A (CO) BTR AT 3 B 11.8%, i 2R Tk
BRBBYZEAE LIt IF—ERA 2022 A TE B K TTHRYE(33.7%), A KRR U BANBERE A I sk EZEFR .CC AT As FI Pb RG>
20.7%%1 48.5%,CC X H UTBRAAI T I 15.6%F1 13.5% AR HL,BB AR iATG 3 K I FERI STER A 43 A 4F K 20.6%F1 7.4%. TAVHEK(IE). ZZ HE
(VE)YHI72E(FD)¥ 2 BB AR L TH R A Al B RURS: VEAL 45 2 R, 31— JC 3 AH As Al Cr B0 KU B4E, . As #1 Cr ki T CC # IE,F ik, CC 1 IE
U3 Ay B0 RS (1) 2 SRR PP — 0 38 4 SR R T =l e DR 1) B B LB R £ 2020~2022 A7 B0 A G RE B AR A LA SR UF, ) LEEAEAE 1 S B0 KUK Ay
64%, 76378 1 T IR 36%, AN AE 2020 414775 A S0 JXUR, 1 )L B 46 244 THI I AE 08 KUK As 1F A B0 IR -l B0 AU 1) 3= 25Tk 27, B TRk be
it As HEBURAE TTIROCIE T B T 15.6%, 14545 305 KUK IR S0 KUK I H AT BRI

XA PMas; ELJE: R RIGHT

PESES: X513,X503.1 XHAFRIRES: A XEHS: 1000-6923(2025)08-4216-09

Sources and health risks of heavy metals in winter fine particulate matter in rural areas of Baoding City. MA Xiao-hua', LI
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Abstract: This study evaluated the interannual variations in the sources, source-specific metals, and health risks of PM, s-bound
heavy metals (HMs) based on observational data in heating seasons from 2020 to 2022 in Wangdu County, aiming to assess the
impact of “coal-to-gas” (CTG) policy on air quality at rural areas. The CTG policy continued to play a positive role, both PM, 5 and
16HMs (Cr, Pb, Tl, Ba, Sb, Sn, Cd, Sr, As, Zn, Cu, Ni, Co, Fe, Mn, and V) showed a declining trend year by year with annual
average reductions of 30.4% and 43.4%, respectively. Positive Matrix Factorization (PMF) model was used to analyze the sources of
HMs and results indicated that the contribution of coal combustion (CC) decreased by an average of 11.8% annually. However,
biomass burning (BB) increased year by year and leaped the largest contributor (33.7%) in the winter 2022, primarily driving by
natural gas shortages and heating cost rises at rural areas. The concentrations of CC marker elements As and Pb decreased by 20.7%
and 48.5% annually, and CC fractions declined by 15.6% and 13.5% per year, respectively. Similarly, the concentrations and

fractions of BB marker element K increased by 20.6% and 7.4% annually. Industrial emissions (IE), vehicle emissions (VE), and
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fugitive dust (FD) all exhibited upward trends over the years. For health risk assessment: only As and Cr surpassed threshold of

carcinogenic risks, and there were derived from CC and IE, therefore, CC and IE were identified as the main contributors to

carcinogenic risks. However, individual elements did not exceed the threshold of non-carcinogenic risks, but the total carcinogenic

risks persisted from 2020 to 2022. Specially, the total carcinogenic risks for children were 64%, which was much higher than 36% for

adults. Together, adults only have non-carcinogenic risks in 2020, while children were always faced with non-carcinogenic risks. As a

main contributor to both carcinogenic and non-carcinogenic risks for As, since the annual average contribution of CC to As emissions

has dropped significantly by 15.6%, resulting in a year by year decline for carcinogenic and non-carcinogenic risks.

Key words: PM,s; heavy metals; health risks; source apportionment

P TR N st ST X At T 22—, Hew K,
T Y ) UL N ATT G 1 4 0k B e DR I PR
JE AT HIX PMy s o T 4 v e e 5 H 25 ™08, T
HAE &2 RIEZ T A 5 M PM, 5 R B AR,
HAMEIE G W SR P R B 3 PR <
(¥ fi6 LS55 Pt A0 PML, 5 R A 306 3of 36 T 5 i
ARG O™ T 1 R 85 e P O ) A2,
PM, s H I 5 4 J8 UG 25 RE A% Gl 1 PRI R A8t A A
JIti 508, it 5 B 24 E 5 R AS TR N, 0 N A B (1) &
EBRWT B a4 A DA R B PM, s H1 A EL
S .

RUEF 4 JEICRAE PMys U IRE 10 LR
AP ph 58 20 010 75 R e DL B A (R 1, EL AR
BN PMys R OCBE A B0 T B, Cd Pb A
As 2545 1542 8 0 2, RV B A7 A8 B T A B0
P Ak, ROt AR A F (42 J8 U0 22,100 Cu. Fe Al
Zn S5 BE R Ak S N S AR SR 1) RO I
SO0 [ i 3oL 9 4 G 22 (i N A Zn) g S A
PRAEARAE L R 25 4 (T U PRS2 1, PMy s
T 4 1 EORIE TR SR sk Tk
77 AS TR R, H AR PMy s 4R
FRRFF 5T 5 LA PP T3k T 8, FLE 22 Gy Tk X 35
e AE SR 11, Bt 3k < KR 467(2013~2017) A1
AT 85 R R TR = 4F4T 3 11 K1) (2018~2020) [ 5%
it 3 T R DX ) PMLy s HETSCES 3 T A R L AR A i
Y B AE PMys HETBCh A sk H 250 LR ST R
I AT [ AR IR T ] = Y = 90 PMy s (15T
MR Ik 23%A1 71%, 9 B i1 R i s b &
R 1K 67%! S, DR ke, 3 [ 7 b g AR A AT <
DA R R T R Y R (R I 5 (2017~2021), 54K 45
S AR K BE YR Y B 45 44 1R Ak AR 1T, TR A
FNZUA A 1) PR A, Rl AR Cn SR 2B ) LA
o AT B UL AR AR I R BRI, AR A X

) SRR (A3 2l e L 2 R B A e PO, ] e 40t
R B S 45 R I R v e TR AR R T AN e
DT 1, 1 75 %o b A A b X 17 7 4 J8 HE O AT R4
T, LA A HE R 1 BUR

AHFFEF 2020~2022 FEABAELRE A B AR
FfHLCRAE PMo s HEAS 20 o 16 M JEu s
KA TR R RYE 8 KIS H I e M PR
I3 LAY (PMF) E AT 5 BT . &85 G VR Ad AT 245 5%, A
AN 8 TC R AR FE A T e oT ek o e VRS T
L N A el B P 5 7 IR AT 5 3 3 YR N 40 BT
L JB ()5 GERFAIE « AU R I AU, 60 T AR K
g R b 4R oo A AR, B e
SRR 75 G v B it DA GRS N A fik

1 ARAE

1.1 KA

B FUX AL T3 A6 44 fi o T B A HL (115.06°E,
38.64°N). A% X AL T-Ab 3T R FKIETE R =
£ i b BRSO T RAT 1 M 3P 2
Shy Wi R 24267 [X 455 KR 5 Gl v B g AR BT
2017 FEAZESERT A TR AR, B A KRR
AR B i R MU B (1 1R 4, A2 0 B A B it
Tt v g W 52 AR R A AR TR IR R R O i, A )
PRI A4S 21— R B IR BB i A —
JRE AR AN 55 2 (1 2 T 2 3 b T 240 S S FRIAE AT o 2 e
L, VY AR FH BR800 RS R A, HRAE X 3 B
TC 535 N &5 04 T, 0 DR KA TR AR P R0 40 1)
HERf .
1.2 PMys kit

KHW & B SORFE AR (TH-150C, iR AT
IS BR 2 7)), LA 100L/min (K3 E A PM,.s. KFE
TAET 2020~2022 42 R Z=1E17.2020 FF1
2021 1R HRFED PRI BE: 8:00~17:30 K928



4218 LR 7 A & I 45 %

— I Bt,18:00~K H 7:30 Jhy 55 I Bt.2022 4F (1)K Ff
I BEA 9:00~1K H 8:00. KAF i R 38 4 ] T A7 58
JEL(QF ) FH 2R DY 5 £ 05 6 HEE (TEF ), 5 KA I 6] 8 B
HEATTRALTE,3 45 THAL B R 48 (51— B0 e & AE
2020~2022 F4r HISEE T 40, 88 Fl 35 1 FF i 14
FAA A TEF S8 A G PR 22 A 21
WAL 1 i IS WU T B R AEAE 20 C (R UK AR T, LA
TRUB L JT A e T
1.3 b2 orHr

Y4 P43 TEF BE0) oAt S5 1w e, 2o —2F 3t
AT 26 Fhos 2 AWK P IR D) PR A 4y, 43 il
ICP-MS (Agilent 7500a,3 [E)#l ICP-OES (Agilent
5100,26[F) 0T 19 FocEM 7 ooz sess b B
FARFIEA Merck 2 F] $E AL ) B 4l 2 ). REIR 73
T dE 1 AN FAS R 3 AN RIS [, HACBEFR 7
L3R o A AR TR A 00 2 B LB A T 80%~
115% 2 ] KE BES T 5%(n = 302,
1.4 Hab B
1.4 IEERFERFEAY(PMEF)  IE g R 15
fif(PMF) 2 1 35 [ PR SE AR 4 B T I i — e it 1) 2
TG T B TR 2 B G R AR AR A R 2 A B
SR AR5 e HEHOR IR K L BTk, H A2 N R
AR (RIS TR PMy s h AR
FIHEBORIE, AT 50K PMF 5.0 B30T T 16 Fl
H B I HE KAV TURERRIRTE T HE K IR 1%
1 PMF MRS AT ZER V5 17 Bl &8 7o R iRk B 4L
38 SCAE AN AN 2 J3E SRS A AR 5 P TS
R

Unc= % xMDL Conc<MDL (1)

Unc=4/(EF x Conc)’ +(0.5x MDL)? Conc>MDL  (2)
A Hr:Une Ao A € B2 MDL o It 2 A H
{H;Conc AT IR EEF e 3 1R 2 R AL

1.4.2 EAEPE TR HTVE(PSCF)  PSCF 22— H
T3 BT S FEARE e 2 P 5 G P 485 7 Ry TR P TS
P B3R KA 2 n] B ME 1 7 v A% p s IS T A A
W% BTG IR PSCF {E 52 B PSCF {15 A X R

m..
PSCF=—L 3)

1

Ay 28t WA (7 Qe i 1B my b RS
T FR L i 5 K

1.00(80 < n,)
0.70(20 < n; << 80)
0.42(10 < n; <<20)
0.05(n; <<10)

{HZ T PSCF & — M4k, i PSCF fii<>
AEAE— 5 AN o P A5 22, DR B 7 5 | NS R 5K
Wy KB PSCF (115 2, UL & Wy ik A 50
1.4.3  fEEERESPEAS  7EEREfd B AT, 0] 54
HEAT B0 A0 AR B0 XS PP AS 2 H B R B8 XU 43
Tk B % 6 P4 JE(Cry Asy Cd. Niv Pb Al
Co)BEAT 2500 KU VAl A S0 XU DAk )0 46 5 )
Z W4 EFZE(V. Mn, Fe. Co. Ni. Cu. Zn. As.
Sr. Cd. Sn. Sb. Ba. TI. Pb il Cr).ZEu X AIE
B0 AU 43 31 T 3 i XU (CR) Al 55 1 (HQ) 2k
X AMRIRITEEEIE T 3 MR
N IR RN SL P, CR KT 10 © RoRA7 A
o KL HQ (H AT 1 SR WAL AE R 20 K
6 1237241 i e IR (0 AR S 5540 R T 2 % 452 A1)
PRI

Wi — “4)

2 HR5WE

2.1 PMys fll 16 Fh & Jm (AR FRAE 1k
2020~2022 AR T AR EL PM, s P HIIR B 2
PS5 (0 R ka3, N 2020 4K 80.7ug/m’ B A
2021 4E[1) 57.6ug/m’ F5 5 2022 4 (¥ 39.1pg/m’ HI
Hi,16 Bl E 42 (1 MR 1.6pg/m’ (% 1.0pg/m’,
FEBRZE 0.5ug/m’ AES T 43.4% M4 F 5K 055
A TR FRAE(GB3095-2012),PM, s 11— 2% PRLAH ¥
52 M TSug/m’ AE 2020 4E, 4 60%UL R EEE L T

— eI 4 29.5%, FE7E 2022 FEE— D% A 17.1%.
UBAN R T LRI T RO BUR SE S % As
HTPb [RI9 BE7K T ARHE BLAT (1 v 6] ] S 23 A<
B FRAE(GB3095-2012) A1 HH 7 1A 1 2k A
FUXT As FIPb [ BEEAT T VAN A5 v ] [ 58 0
EFRE(GB3095-2012) R iEl(As & 6ng/m’Pb K
48.7ng/m’)AH L BT FT0110) As 258 T B E 18, Pb
A 2020 I T B E(E, PR IR Y RIEET
B [ a3,

X W 12 b X 2+26” SR W S it (1 BB M R A
SV, O TR AN T DX A R T AR R I R A



8 Ly RS Do T AR 7 A0 U T e AU f R U PR B 9 4219

PM, s FHH & 8 iR B 1) W 25 B4, ] e 5 BB 2R 45
PR AR A O
2.2 FELJERIFETTIR )AL
AWEFCELE PME X EAT T 0B Fa A, fe
e R ECh 5 BB I B LA Rk 2 T
PR~ R AT A B 5 BRI e LA i 1) 5 A
A1~ 23 0l A A HETI(VE) s BERIAKE(CC) Tk HE
JR(IE). A4 Btk Be(BB) A2 (FD). & 1 24 PMF [¥)
fiF b 4 AR .

© — 100
10 (@) B
107 180
ol T 160
140
103+ H ﬂ - Hfzo
10 1= e ﬂ!_\.l. ol 0
10° ey 100
ol (b) BRI 80
o . 160
. . " w| |40
.l
10-4 L] " ﬂ / |_| 0
0 100
10 © TALFR
“e 10 180~
2 .- 160 &
g 107F . al |a e .= "@420 m
10412 HH Hﬂ o P I I—I 0
o 100
0 @ TR
107 |, 180
| 160
140
B el I
10.4 [ b ITIVLHT\HITI L] = 0
10° 100
7N
ol © ik 150
102 * - 1%
= 440
HH Li..-Los
10 -mm..i-m!rh.fm‘."‘ 0

K V CrMnFeCoNiCuZnAs Sr CdSnSbBa T1 Pb

K1 PMF fENT AP 7 & KR ik
Fig.1 Factor spectrum and contribution by PMF modelling

SKEEIAT] 5 AN SKUR ) TRk 17T 53 b R DRIk BE T
FERRARATSE B K 2 FEzR. 2020 42,1 COVID-19
B (AW BRI, VE TR 7 49 B A 2 B A, 1Y
N 15.7%.1 %) 2022 4, VE ik 21.7%, 5T 2020 4
KT AR 17.25%P9 X 3 554 107
] 308 ) A T8 HE R D AH 5 AR, B I 2= UK
(1) S Jith, T 4 e TR S AT T R I, 80 VE sk
JEE 2T LR AN (] PR A8 A A 5 ] I ot 2 A2 308 1) 38 o, 4
Lok A BT LT

A Sy — A T BRI e SR e 10 A7 H I 5 AT
PIARATHL X 7 2020 AF AR BRBE I DTk 1 23 EE oA

31.9% 3 {I% TR HIH 2017 A2 KR T AKS (1)
60.66%>7), ] LI A B AR B AR A X AR T )
(10 R TR AR e R e 44 T H 2 T 4 Je o YR 119 3 ik
& Bt BRI RS K 1,2020~2022 4F 3 8], HE % vt
BR T2 b BRI T s N 2020 AFE) 31.9%F4F
22021 1 21.7%, FraE— 2B A 2022 4 (1) 8.4%.
IR T M A BUR Sl S 2020 4F 72 &2
(1) 45.2%, 2021 FERETT A2 1 31.5%%7, 2022
AEAE BT 10.8%!" 1L K 2022 4EH M T A AT & 25
#1 9.4%13%.

[ VELLLJ ccEJIEX_]BB_JFD|
(a) PR TTHRIR

25

-0.01 Hj

-0.31.0.02 -0.03 2001 .03

% -027-0.02 .5 970701

7 7

A

2020 VE CC IE BB FD 2021 VE CC IE BB FD 2022

[S]
o
T

54
in

e
=3

WY (ng/m?)
s &
(=]

(b) VETTHR A 70 Ll
+2.8 +3.2

2.1 +4.6
100 - +4.0 § , +
A A== ~ 18 P2
“ -10.2 C -13.3 Y
) 8.4%
< 31.6% 21.7%
Se0r /
= ) N
a0t 3379
26.0% [ 0% o
B 0
0 - -
77 // /
L/ / / /]
L/

o

2020 VE CC IE BB FD 2021 VE CC IE BB FD 2022
2 YETTHRI BERI TR 7T 23 LU 4 R ARk
Fig.2 Interannual variation in source contribution

concentrations and contribution percentages

XM R B A 2 A T Ol B
20 EE B BV U RS YR 1 A T AR H bR A7 22 .
A NESMAZBB DTk 20 b2 3 JH 78 2022
FEIR IR KA 33.7%, B 2 T 4 R R ) 32
TURRA L T 2020 FEARILRAT H DI R AR
A RS ) AT 32.11% P03 2 th T2 i e <
NI k2D 1R AR A A I R 118 O ), > R
TF Ui 1) A= 40 ST A DAy R R 22 AT (R e [ B 5 1
PRBRIE (B — 20 i) T X A EH AR
(1, I 500 BRI A P e, A5 8



4220 H H

B 45 45

PR TR Y B D B, Mt A e FE B
TH RS BRSO D (K TR .
T Z AT B G B, A SR 300 AR T
FRBEAT 1 St i £, 45 R W RS A oy 2 i
AR I B A,

REUSE 45 4] 1D 532 M0, A SO RS S 1 <6 Jes )R JSE AN o
R P12 BEEAT 7O, Z5 Rk 1 A1 3 s,

x1 BREFEERMKENE

Tablel The mean concentrations of source—depend metals

12013 4 LUK, A7k 55 R 40 IE Tk o 0% ik 2m
: 5 Oy T g _ WellEng/m’)  WKE(ng/m’)  WE(ng/m’)
FE 4T I,2010 4EF RN FECT TE SO — - o o
L 2022 SRR LT AR e R BT Pb 492 262 136
IE Siikif b7+ BHIE,2020 4F TE STk 7 45 LA A, if o iy o .
1 . . .
1E 2022 52 T 13.9% I IEAH. K 631.4 808.2 915.8
23 YRS RIE SRR co 64 87 102
. T o . Z 14.2 23.1 34.4
B S5 < o 4 A S Ok YR T 51 . 0a s i
FHDX 3 (1) 4 DRI I, A T S R AVt 8054 S it %o
120 (a) HEBeEE @I, 55 115
+8.4
-18.6 ol +8.6
- -11.7
i’ 80 F -12.6
?5 153 8o
& g
B 40t
40 +
9 2020 A‘s l;b 2021 A‘s l’lh 2022 2020 C‘o T\:Ii 2021 C‘o I\Ali 2022
@ s Wi (@) EMIT
120 F g 427 3.1 ol 57 ; oL +6.5
+8.3
g sl 40t 40} ]
é 40 + 20 - 20+

L L L L 0
2020 Cu  Zn 2021 Cu Zn 2022 Cu

L L 0 L L
2020 Ba2021 Ba 2022 2020 K 2021 K 2022

3 SRR R TRk T 2 B SRR AR A

Fig.3 Interannual variations in contribution percentages of source—specific metals

ity PMF fRNT45 K As Rl Pb 125 T CCP?;
Co M1 Ni 425 T IEPYK 1725 F BB Cu Al Zn 17
T VEPY:Ba 92T FDPY. [ 20 tH42 80 4EARYAIK
& Pb VUM LI AR BRBENT Pb 1T Rz A 1 e,
Pb B N KR SR IAR IR 0 3 A SO S As
H1Pb IR J8E 2 25 T B L TTHR T 43 LU A3 20 0 T R
T 15.6%A1 13.5. 58t th IR 0 BUR I A vk It
H TR 1R B DL S R AR S DT kAN A2 45 J R, A

VI FIRBEOARIRTE S 8 KWz Tt ook vy
4y EEAE 2020~2022 SE4EY LTF T 7.0%, K AR
PR DTk 7T 4 LAl 2284 LT E# 54k Co.
Ni. Cu. Zn fl Ba ¥ LTk (1 43 bbb dE—28
EE T VE. IE Ml FD O 5amk & 2 e BTt
2.4 EAEIEIARS 4B

AHFFCRH TrajStat BAFEMIZ: T CC. 1E.
BB. VE I FD [¥3#8 7595 Hh B X ko A 5 Dl () 4).



8 31

Iy At PR AR A TR ARUREA) b o < AU A A R XU O

4221

) )
2020 . *
)i )

2021

T HERR

/\ s - N N
2022 * ' )

2020

) ) '
2021 ‘w |

2022

4 SR PSCF S3ARFALE

Fig.4 PSCEF distribution characteristics of potential sources

ik CC T, X 8T8 F A 2020~2022 4 Wi 4 /N,
LR R R T Rk 9, 2 — 2 U I RO BUR IR
P£.2020 4,IE S 5438 10 5% W AH AL/, R SR 40
8] () B AR /K X E 3 S COVID-19 S UK R AR
T RPAHIE S 2020 EAHLE WAL 1E XA
DK PR P RV R A TR, T A IR DA
S COVID-19 A ) fo HF e ity 34 n e U AH ¢
[F] I, BB (1) DX 8 R i B 52 08 4 F T 34 .2021
SE,BBAE UL X 5k 1) EE kBT R T 4 R R
2022 AFERE—IDIGAE TIX— L 2 AR T
A8 TR AE 1S 0, L ok 75 4 8 SR U5 1) = ZE DTk . VE
M FD [#a#s5 1E AL Y5 i AR R 2 3
JIT 1IN, 23 W AZ A 55 55 AR 088 A0 1 ik I e &5 LR 5T
TG IR A AR T K.

2.5 N ER XS
251 FuEKEE  7Eidd 3a G EEEE PMy s T
G e VAR AT Al B AU VP A T T RN L B SE

B3 FOR RN 3847 1 TE 4 S0 XU, HL Ak gh ]
WLPE 5 AE S0 A 7T 6 Fh A7 £ 208 XU ) = 4 8
TG % 3a [l R 80 XU (CR )G 42 10 '~10 * 22 1),
HARSKF,Cd. Ni. Pb I Co EE KA 25 K it
10,8 W13X 4 Fh T 4 8 1) 08 XU i) LLZIE AT
ifii Cr Fl As [¥] CR {H7F 3a W T 10°,28 Cr
H As (K180 X RFEA7 7 AT I 16 2, B A
S BOR IHEAT R A = (s D1 As 3
a8 AU SR B3R S TR A SRS Cr 3R
g RS S I A T H 34 3a LRI LEE 3447
A5 S0 U, H T 4 R e P I RE 4 B 149 30
JRVS th BB A B A 30 1) ) L3 F0 B0 XU 4R
T RO RO LE RS B oK, 2 B 4R
SR HLS 5

252 T RFEMEDE BRSO ARBTE K,
AN T SR Y58 P S50 4 e %) LB R0 R N 3l 1 B809 IX
G 5 A7 S8 35 2 S 1O A 8 1R A J3E A TR el LA AT 2



4222 L 7

R 45 %

DX 73 B AR KU 55 N A A 5T Al B XS DA v ) 4
FHU 421 A S5 T PMF 2555, LW 30 6 Fil
B0 4 0] ) L EE R N s P B0 U B B (B 6).
FART 3 NI CroCd 1l Co 25k [ TAHER(IE)™Y,
1M As F1 Pb W) =25 TR BE(CC). £l W, )L
I 1 %) 0 KUK 2 v T RO, 2 i 64.0% A1
36.0%, M Cr Fl As J&2 EZE DTk .5 Niv Co.

2 cr R As
< AN JPb
¥ (@) 76 7 B KBS
s ' |
2 !
s
A
& |
o
g$
.
N
ST
N q |:= i %:
S RA JLE RA LK RA LK
2020 2021 2022

Pb HI Cd AH I 1) 300 RS ARG, Fe b P 1 XU
AKX 5 H 2000 4 LAk b EE VRIS P VO
Pb Y JE (1 5535 B A S8 B S R (CO) R T
MU HE BT DA Sk A2 3500 AU P O B el o 225
M PA1 25 H T~ 2020~2022 4 18],CC DTk 714 ELi R
Bee il B B Yk = 1 TE Dk T 20 e 1) b A TR ik 1%
B B B0 IR S L H R B34

\
A LI A JLE A LK
2020 2021 2022

K5 2020~2022 RN 5 LFE 3 BBk g2 N (15 5 B0 XU
Fig.5 Carcinogenic risks from heavy metals posed by three pathways for adults and children from 2020 to 2022

Ni
IE & | JLE
Cr
O“ M 64.0%
=% !
‘\\ Co
* N - L \
ccC \/\’ i ca
4 3
; / 26~ CIN
//' - As u
I] £ - 36.0%
0

Z 5 3

6 JLEEAT A S KU KK U AT
Fig.6  Source apportionment of carcinogenic risks for adults

and children

253 FEFUEMAKE AW H G HQ) ik
St ARSI MU EAT T PR AR € B2 IR PP A b
7afaM) PMys TR 4 JE 0 3 1 T A7 A B0 KUK
I A HQ=1.45HE 70 # M HQ (H AR 1,03
FEEER X R 5 v FE

JCr A Po [[[[[]Tr [0 TBafl 7 | Sb g sn B Cd [ ]Sy
[ JAs[ [ []zaJcu[l[[INi F—JCo X JFe N\ |Mn[~ AV

— N
— Bk
BA KX
2
o \
g | %
- %6 i
I ‘% ’.:.’ g “0‘0‘
<X
o B
%% <l i 7
= 5555 \ = B
0 T Nl N A BSS NN (e
JLE N N | JLE N |
2020 2021 2022
7 2020~2022 FER NS JLER 3 MR AN E SR A

i RS L
Fig.7 Comparison of non—carcinogenic risks of heavy metals
via three exposure pathways for adults and children from 2020
to 2022

7 R T BN« BRIARFIR A 3 Fligts
Xt ) LEE AN R R PUS: P 45 38, S 16 B AN o
IR T HQ fEE AL 1,8 W] A G @A AT L
RIAE S0 USSR AR 11, U R AR S0 KU HQ fEK



8 31

Iy At PR AR A TR ARUREA) b o < AU A A R XU O

4223

A,JLELE 3a MR RESRESEAALE, 1SR 2020
SETHII R APF 7 R IR, ) LT (1 = E 3850 XU 85 30 1 -
N, HaE S N A i 4R3O XS 7E 2020~2022 47453
TR 74.1% 70.1%H1 72.1%, 2 B ) LEE RS
Jees DRV FA) = R YL 3K — 45 L 5 78 22 () AH S U AT
XA R Rt T LE AR R B RN E LR
BRI A A, 2 e B LR T BEAEAE R LA )
RO, S o 3 5 NS AR 1 AR B0 KUK ] e B LTS
45 A I S B X A (1) IR 2 A S s e it T o A
MR, UL ok D> T 4 i oy XU 2 i [ 4 Tt

3. BEE RS BUR ) S, AR IR W
RN 2020 4 1) 1.6pg/m’ B4 2021 4E (1) 1.0pg/m’,
It — BB E 2022 M 0.5ug/m’ EY R T
43.4%, [ I PMy s [PIRFEAER R FE T 30.4%.

3.2 BORIABEIREIDTER T 2 LEAE 2021 AFEAT 2022
FE IR T 10.2%F1 13.3%. 4K 110, A= 00 TR BE I BT
BRFAE 2022 4FE ETFE 33.7%, 1180 B 48 HERUT
T B[R I TV 5 R4 28 (1 DT ik A
A T 0, AH T A SR R AT B LR E
TR LN B S AR FE YR AL A X Ak o M ik — D 4R
BT SISO R =k

3.3 AR KBS VR AL &5 R B, L IR 30 KRS
(64.0%) 5t 2 =1 T N (36.0%), Heh Cr AT As & 3288
TURRE, BRIV T IE 1 CCLIK I, IE AT CC 4R 51
Shy S0 R 1 32 R IR. LFEAEIX 3a J 1) — ELIHI I
A0 KU, 1 e AN AE 2020 SRR T 22 4B,
N 1A Al S0 KRG 14 52T B 3, e it H 45 ok
BRI AR .

EpuN

[1] Zhang Z Z, Wang W X, Cheng M M, et al. The contribution of
residential coal combustion to PM, s pollution over China's Beijing—
Tianjin—Hebei region in winter [J]. Atmospheric Environment, 2017,
159(31):147-161.

(2] ARWEAR AR I, A IS, 55 A E VS R RS PMys THOKIETERS 1)
FRAEFNJEAENT [7]. FREEALA, 2022,41(5):1661-1672.
Niu X D, Xie J J, Li Y P, et al. Characteristics and source
apportionment of PM,s water soluble ions in Baoding City under
pollution weather conditions [J]. Environmental Chemistry, 2022,
41(5):1661-1672.

[3] Wright L P, Zhang L M, Cheng I, et al. Impacts and effects indicators
of atmospheric deposition of major pollutants to various ecosystems: a
review [J]. Aerosol and Air Quality Research, 2018,18(8):1953-1992.

[4]

[3]

(6]

(7

(8]

[

[10]

(1]

[12]

(13

[14]

[15]

[16]

[17]

Huang C, Moran A E, Coxson P G, et al. Potential Cardiovascular and
Total Mortality Benefits of Air Pollution Control in Urban China [J].
Circulation, 2017,136(17):1575-1584.

Liu S H, Tian H Z, Luo L N, et al. Health impacts and spatiotemporal
variations of fine particulate and its typical toxic constituents in five
urban agglomerations of China [J]. The Science of the Total
Environment, 2022,806(4):15145.

& WA W, SR A RIE T PMys T G (175 BLRAAE « KU
P RS SR [T]. AR5 L2E4R, 2024,19(4):294-310.

Peng X, Yang M, Wang X H, et al. Characteristics, sources and health
risk assessment of PM,s bound metal elements in Dalian [J]. Asian
Journal of Eco toxicology, 2024,19(4):294-310.

Park S'Y, Jeon J I, Jung Y, et al. PM» 5 and heavy metals in urban and
agro—industrial areas: health risk assessment considerations[J]. Asian
Journal of Atmospheric Environment, 2024,18(1):16.

I W HEEAL IR RUTTRS PMys T4 @ 75 QLR AE K 18
PEAERERESTEAN (1], PR3 S B A, 2024,41(4):328-331.

Wei L, Tang Y Z, Sun F X, et al. Pollution characteristics and chronic
health risk of heavy metals in atmospheric environment PM,s in
Nanjing city [J]. Environment Science, 2024,41(4):328-331.

Bruno A, Isabelle S, Olivier P, et al. Zn impacts Cu coordination to
amyloid—-f, the Alzheimer's peptide, but not the ROS production and
the associated cell toxicity [J]. Chemical communications (Cambridge,
England), 2013,49(12):1214—-1216.

Saffari A, Daher N, Shafer M M, et al. Global perspective on the
oxidative potential of airborne particulate matter: a synthesis of
research findings [J]. Environmental science & technology, 2014,48
(13):7576-7583.

PR e RV D, T B 2 T 5 5 B () R B B BRI S (D).
B SRR, 2024,5(16):121-123.

Lu Z F, Zhao H L, Ma Q X, et al. Study on causes of urban haze
pollution and treatment measures [J].
Environmental Technology, 2024,5(16):121-123.

Guo J, Tilgner A, Yeung C P, et al. Atmospheric peroxides in a

Leather Manufacture and

polluted subtropical environment: seasonal variation, sources and
sinks, and importance of heterogeneous processes [J]. Environmental
science & technology, 2014,48(3):1443-1450.

TRIBEL, AL R 5 T 2 ) R 50K PMys TG R K
PEEJARS [J]. hEFREERFE, 2016,36(1):1-11.

Zhang X R, Sun S F, Yin Y, et al. Sources and risk assessment of heavy
metals in ambient PM, s during Youth Asian Game period in Nanjing
[J]. China Environment Science, 2016,36(1):1-11.

BRI B TR PMays YT 45 T8 3R AE AU B s A AR 2 XU
PR [0, FREREHE, 2020,26(6):11-15.

Jin C X. Heavy metal characteristic sources and ecological risk
assessment of atmospheric PMa s in Luoyang City [J]. Environment
Protection and Technology, 2020,26(6):11-15.

gk MR E XA, AE AL RTTT PMy.s B0 48 V5 YR L SR
T A FE B AR AL 5 BOR RO PR (], FRIRERE A, 2024,45(11):
6229-6237.

Zhang W, Lu T, Liu J W, et al. Characteristics, sources, and health risk
changes of heavy metal pollution carried by PM>s in Beijing and
evaluation of policy effectiveness [J]. Environment Science, 2024,
45(11):6229-6237.

Cheng J, SuJ P, Cui T, et al. Dominant role of emission reduction in
PM;s air quality improvement in Beijing during 2013~2017: a
model-based decomposition analysis [J]. Atmospheric Chemistry and
Physics, 2019,19(24):6125-6146.

Shen G F, Ru M Y, Du W, et al. Impacts of air pollutants from rural

Chinese households under the rapid residential energy transition [J].



4224 HOE

R 45 %

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

B1

[32]

[33]

Nature Communications, 2019,10(1):1-8.

Yun X, Shen G F, Shen H Z, et al. Residential solid fuel emissions
contribute significantly to air pollution and associated health impacts
in China [J]. Science advances, 2020,6(44):7621.

Song C B, Liu B W, Cheng K, et al. Attribution of air quality benefits
to clean winter heating policies in China: Combining machine learning
with causal inference [J]. Environmental science & technology, 2023,
57(8):17707-17717.

Li ZY, Ren Z Z, Liu C, et al. Heterogeneous variations in wintertime
PM, s sources, compositions and exposure risks at urban/suburban
rural/remote rural areas in the post COVID-19/Clean—Heating period
[J]. Atmospheric Environment, 2024,326:120463.

Li ZY, Liu J X, Zhai Z, et al. Heterogeneous changes of chemical
compositions, sources and health risks of PM,s with the "Clean
Heating" policy at urban/suburban/industrial sites [J]. The Science of
the total environment, 2022,854:158871.

Tao J, Gao J, Zhang L, et al. PM, 5 pollution in a megacity of southwest
China: source apportionment and implication [J]. Atmospheric
Chemistry and Physics Discussions, 2014,14(4):5147-5196.

Megido L, Sudrez—Pefia B, Negral L, et al. Suburban air quality:
Human health hazard assessment of potentially toxic elements in PM;,
[J]. Chemosphere, 2017,177:284-291.

Eh 3 RIS SN S TE 2ol = (R P B NG oy -8
T S R A (7). EIERIERLE, 2023,43(12):6270-6280.

Wu K Z, Liu M, Luo Z H, et al. Sources apportionment and risk
assessment of atmospheric heavy metals in the vicinity of Dabao
Mountain polymetallic mining area [J]. China Environment Science,
2023,43(12):6270-6280.

Zhang J Z, Zhou X H, Wang Z, et al. Trace elements in PM,s in
Shandong Province: Source identification and health risk assessment
[J]. Science of the Total Environment, 2018,621:558-577.

Wang W J, Wang M 'Y, Wang M S, et al. Quantifying the health risks
of PM,s—bound heavy metals for rural populations with different
energy use types during the heating season [J]. Exposure and Health,
2023,16(3):759-774.

Liu K K, Shang Q M, Wan C Y, et al. Characteristics and sources of
heavy metals in PM, s during a typical haze episode in rural and urban
areas in Taiyuan, China [J]. Atmosphere, 2017,9(1):2.

Xiao K, Yao X Q, Ren X C, et al. Transmission characteristics, source
apportionment and health risk assessment of PM,s in a typical
industrial city in Northwest China [J]. Urban Climate, 2023,47.

Zhang J W, Feng L H, Liu Z H, et al. Source apportionment of heavy
metals in PM, s samples and effects of heavy metals on hypertension
among schoolchildren in Tianjin [J]. Environment Geochemistry and
Health, 2023,45:8451-8472.

Liu J W, Chen H, Qiao S, et al. Indoor/outdoor relationships of
PM, s—associated toxic metals/metalloids at a rural residence in North
China: Sources and probabilistic health risks [J]. Atmospheric
Pollution Research, 2023,14(5):101753.

Li Z Y, Liu C, Ren Z Z, et al. Unintended side effect of the
coal-to—gas policy in North China Plain: Migration of the sources and
health risks of ambient PAHs [J]. Science of the Total Environment,
2025,958:178050.

Dong D M, Qiu T, Du S S et al. The chemical characterization and
source apportionment of PM, s and PMj in a typical city of Northeast
China [J]. Urban Climate, 2023,47:101373.

Kong S F, Li L, Li X X, et al. The impacts of firework burning at the
Chinese Spring Festival on air quality: insights of tracers, source
evolution and aging processes [J]. Atmospheric Chemistry and Physics,
2015,15(4):2167-2184.

[34] Xu H, Xiao Z M, Chen K, et al. Spatial and temporal distribution,
chemical characteristics, and sources of ambient particulate matter in
the Beijing-Tianjin-Hebei region [J]. Science of the Total
Environment, 2018,658:280-293.

[35] SiRR, XinJ Y, Zhang WY, et al. Environmental and health benefits
of establishing a coal banning area in the Beijing-Tianjin-Hebei
region of China [J]. Atmospheric Environment, 2021,247.

[36] Das R, Mohtar A T B M, Rakshit D, et al. Sources of atmospheric lead
in and around an Indian megacity [J]. Atmospheric Environment,
2018,193:57-65.

[37] Fsteke, ik SEMRREIA S EZA T 2020~2022 4 PMys TS @5 41
SRR ARENTRE R AR PG [3]. DRI B2, 2024,51(11):1962-1967.
Luo S C, Zhang W, Chen G C et al. Source analysis and health risk
assessment of heavy metal pollution in PM, s in Huai’an city from 2020
to 2022 [J]. Modern Preventive Medicine, 2024,51(11):1962-1967.

[38] Qi X, Han Y, Che H X, et al. Characteristics and health risks
assessment of PM» s—bound heavy metals during winter in urban areas
of northern China: A case study in Kaifeng [J]. Science of the Total
Environment, 2024,955:177050.

[39] Zhang J Z, Zhou X H, Wang Z, et al. Trace elements in PM,s in
Shandong Province: Source identification and health risk assessment
[J]. The Science of the total environment, 2018,621:558-577.

[40] MJJ, Yan'Y, Chen X J, et al. Incorporating bioaccessibility and source
apportionment into human health risk assessment of heavy metals in
urban dust of Xiamen, China [J]. Ecotoxicology and Environmental
Safety, 2021,228:112985.

[41] SunJ X, Zhao M L, Huang J L, et al. Determination of priority control
factors for the management of soil trace metal(loid)s based on
source-oriented health risk assessment [J]. Journal of Hazardous
Materials, 2022,423(PA):127116.

[42] K Z0UE, TR, HIARAE, A5 SN TR PMas AT #8 J8 J0 3 1R
BEARPAT ()], HUERS IR, 2018,46(5):456-462.

Zhang Y F, Yu R L, Hu G R, et al. Environmental risk assessment of
toxic metal elements in PM,s of Quanzhou City [J]. Earth and
Environment, 2018,46(5):456—462.

[43] Wang Y S, Chang L C, Chang F J, et al. Explore regional PM, 5
features and compositions causing health effects in Taiwan [J].
Environmental Management, 2021,67:176-191.

[44] Guo F J, Tang M L, Wang X F, et al. Characteristics, sources, and
health risks of trace metals in PM,s [J]. Atmospheric Environment,
2022,289.

[45] FEEARAEER, 5K 550 42 117 AR RN Th T 4 S T Gy

TE R AR R VRO [J]. P8 A2, 2019,37(1):176-181.
Yuan H L, Yang M N, Yang Y, et al. Assessment of pollution
characteristics and health risks of heavy metals in winter atmospheric
particulate matters in Xi’an [J]. Environmental Engineering, 2019,37
(1):176-181.

[46] Ozkaynak H, Glen G Cohen J, et al. Model based prediction of
age—specific soil and dust ingestion rates for children [J]. Journal of
Exposure Science & Environmental Epidemiology, 2022,32(3):472—480.

[47] Jayant N, Diksha H, Akanksha S, et al. Concentrations, transport
characteristics, and health risks of PM,s—bound trace elements over a
national park in central India [J]. Journal of Environmental
Management, 2021,293:112904.

B A RE R AR TG AR 7S B AR A PR M 7 A
S0 P I 56 1L E S A

TEZ BT 4 #2000-). 9, WAL 52 A AL i K2 LR o,
WIS T K KT Y 5 B3 R RS 2 75.1025076704@qq.com.



