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Abstract

To investigate the distribution characteristics and potential health risks of heavy metals in air par-
ticulate matter in a city in northern Anhui. This study selected urban and suburban areas of the city
as the study sites. Atmospheric particulate matter samples were collected in the autumn of 2025.
After grinding, digestion, and constant-volume preparation, the concentrations of heavy metal ele-
ments including V, Mn, Ni, Cu, As, and Pb were determined using inductively coupled plasma mass
spectrometry (ICP-MS). The results indicated that: the concentrations of heavy metals in atmos-
pheric particulate matter were all below the limits specified in the Ambient Air Quality Standard
(GB 3095-2012). In terms of spatial distribution, the concentrations of Mn and Pb in suburban areas
were higher than those in urban areas, while the Cu concentration in urban areas was higher than
that in suburban areas. The health risk assessment showed that the carcinogenic risk values (R) for
the carcinogenic metals As and Ni were all below 10-¢, and the hazard quotients (HQ) for the non-
carcinogenic metals Pb, Mn, and Cu were all below 1, indicating that all risks were within the ac-
ceptable range. This study can provide a scientific basis for the prevention and control of atmos-
pheric heavy metal pollution in the study area, and also serve as a reference for related research in
similar regions.
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1. 53|

G FORL ] E I REIUE R R R R B AL E AR, T R e AR E . KR
HESE S BB R PR IE N, SRR L. EASE EREIE, TIA RS Bl
BZEAT I RS HBOREEA W ZE T . 2000 & 2013 4E[], KI5 RPNEFEHER, XI55 %4 ) #7E 2013
SRR I, B0 EFRE I CHE RO G L R PR OC IV BE AR, 2013 2| 2024 4R AR, 4 E 4080
WL S5 P R R AR L, 2 SRR R ISR T o PL A 5 21.6% %01+ 2 65.5% [1], KA EMGE
R

S 0 AR 4 B A AT R AR AR g R S g AT W SN, PR RIURE ) B AR N [R) A  [) SR
. FERR]E, —BON%ZFE > KFE > FF > B £7A L, B TLX > X > &
FX[2]. ZEETIVX, HEBEKFEERFEAANAGE: £ TX, E&ERNFERERN TS A
RTG R BRI R 22N T AR BRGSO ESEEUE ST, RPESEIKREE 1 x
1076~1 x 1074 I FEAE — 5 I B0 XK [3] . MohseniBandpi 25 % £/ A 4 2% 52 b [X 3355 25 /< b 5 4 Jg 1E A7 XU
T[4, 15 H 18 X As (20 XK 5T Cd A Cr; Satsangi £ 7T 1 ENJE X = A 25 S H PM1o 5 PMas
I E SRR, IR AR RS HEAT TP, 19 H Ni F1 Cd 765 N I 80 XU B i [5]. kB ZExtdb
HT RS H PMyo 1) Cdy Co 5 H & & o &R M BUs MAESUR AT 7RSS, £3 H R B4 T T #2532 a5
LIRSV Pos- AR ST Y i3 895 3 A LGN ] P
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WEFEN ST A 0E DX 2 U e R T 7T, (HR T g AL RS T (AT FU 20 e Fi m] . ASHIT S LA
(e AL T O BIE T X 38, SR X0 [X B 4 P, I AT Rl A 2, Ke P45 080 5 b (G B 3095-2012)
BEATRIEL[7], $RHE S B B AEAR R TR, BE HoRIR. AR SOV RBHA s A2 K, [H
Iy th m] Dy HLAR I T (1 SR SR S5

2. FIRXBARFARS E
2.1, BRALE R HIEER

e L HE T R R IR AT IR AR, 24 TSR 14.3'C~15.6C, 4ERF/KE 850~950 mm HAEH T
6~8 H, EFKINARILR, K RIMRE AR5 5Py 1 it 2019 £ 2023 47K
R AR RIRAE AP A, XIBA PMos S35 FE X A1 4ERFTE 40~50 pg/m®, PMyo SE33K B U 4T 75~84
pg/md 5 (AR SE R H e AL T AR R = R AT T 24{E 42.9 pg/m® [8]). W78 X & RFE s A0 A i 1 TR
ARSI RAE X IR IR FIZBIX, IRXCRFE s A . B di G R A A 75T 3 RBXK
FERRFEERT . NER.

HH @ REX \’A\iﬁ
FEE
® HHIR  1: 25000
° EfERTRAERAR
3% e
B
@ 2
® XI5 - 7\( é’rﬁl

Figure 1. Sampling site for atmospheric particulate matter in a city in northern Anhui

B 1 BRIERDASHRAIEBRES

22. BIRAE

HRLESHERT

T 2025 FERKIF R R AL TAE, RIS AR BT B 00 T R P I E SR UTIEY . 1 H 30T R
FEAmAEEE 22 100 H . FREX 0.05 g A A, A 3 mIE HNOs 1 5 ml HF, 38 XU A i 130°C I
T 2R I 200°C INAH AR, fFE KR OGS, EMAREATE ANIE, EEET. AL
BEAEDL, AI4REEIN 3mIHNOs 1 5mIHF, HE U FHMEISFE, BEEFRSREM. 55 MR RH
R G S B TR (ICP-MS) Il & 48 u H# % &, Wi Cu. Pby Mn. V. As. Ni. SCE0EFE st
AN PATAEINR DL AR YD R I6AIE B CR 3 AT 45 SR HERF FEAE 10% LA PY o

3. BREHH
3.1. ESBRIREE S HEHER KIRRT
R RS & 55 B TR TUE AL (ICP-MS)IIE Ff i P S B U R & &, 4R WE 1R,
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Table 1. Raw data on heavy metal content in air in a city in northern Anhui (unit: pg/g)
#1 RIEETESESRSERAHIFCERL: pg/g)

[y \% Mn Ni Cu As Pb
oM wx K WK AKX RK AKX WK 8K RK SR MK 8K

A 854 77.9 788 743 118 123 295 99.8 15.4 14.8 143 135
&%/ME 509 62.5 410 484 39.1 53.4 35.1 54.0 7.50 9.40 511 694

HE 60.7 66.6 542 586 62.5 69.2 94.0 73.0 10.4 116 753 937

AR SR B B S5 B T B A (1CP-MS)ill 58 1) B 4 J@ TR I B pglg, K FLR AR BT 5

TCRAT AP (ng/mg), DL EEHEICHE, KU T ARXEN RS BAET PR
Cair = Cparticte X Cpm 1)

Cairr AP HEEEKRE, AL ng/md

Crarticte: BURLY) HH EL & J@ (PR FE i &, 447 ng/mg

Com: Com K BEALIE AT RURI IR Z[8], FAL pg/m?

T ARQ), w3 1 FEaE R A AT E AR, 5E RORE AR IAE 2O B R M BRIR T AR i
hiete, mAMRINTRNTTEELBECRIKESBUEL 2 iR,

Table 2. Heavy metal concentration in air in a city in northern Anhui (unit: ng/m?q)

%2 BARFESELBREEA: ngm)

[y \Y Mn Ni Cu As Pb
Mom?) gk oK MK OBK WK OBK WK OBK RK BK WK SK
IZIN| 367 334 338 319 505 529 127 428 066 064 611 578
R/ME 219 268 17.6 20.7 168 229 1.51 231 032 040 219 298

Tl 261 28 233 251 268 297 403 313 045 050 323 402
BRAM 014 007 015 014 025 031 049 017 019 014 031 024

B 2 051, V JGERIRBERARRAC, EIRRIR AL 2 Ftl/h . R4S, TR R E S .
B SR, WXV AF{EA 2.61ng/m3, A IX H{E A 2.86 ngim®, T EE AT T WX, RBXAEF R
rAlfCh 0.14, 0.07, BSHURREERUC, RV VX RIKREERRE, ZRES IR 5 X e i
NRENREED . GE XK RFHE T, V ZURATRARBEBCAE, THEANNRMAGES, X
WX KRESBITE R A2 7 SR TRHE TSR R 2 L. AT Mn. Cu. Pb S5 171 & I8
Zedty N XN AESEHINESE, V oo R OB IE N TR IR . Sl il Rk E h A gL
XI5 g . ik, ARV e R BT E A THE S AT .

FKIZTHEHE, CuFHEER 18.29 mg/kg, Pb s 20.84 mg/kyg, As i 10.29 mg/kg, V A& 82.27 mg/kg
[9]; AAUFESED H EEE 4 Mn, (EWRSECE RN MBS i #% 2 8 B L%, S 80 Bl L8 Mn & 2 AR
BE[10]. WX SRS EAMAF: Mn (23.3 ng/m3) > Cu (4.03 ng/m3) > Pb (3.23 ng/m3) > Ni (2.68
ng/m?) >V (2.61 ng/m®) > As (0.45 ng/m®); ZBIX KS0R & &EHF N: Mn (25.1 ng/m®) > Pb (4.02 ng/md) >
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Ni (2.97 ng/m®) > V (2.86 ng/m3) > Cu (3.13 ng/m3) > As (0.50 ng/m3). i ELIas0 W %4k 7T %0, Min. Cu.
Pb =FhE S BRI MREZR, H=FRERERTHAXAXRESE TR, FEANME
@RS WNEEE 2o, Mn JoER BIB XK & T 7 E AR fE. KX Mn HEN
23.3 ng/m®, ZFIXH{E A 25.1 ng/m3; 3 X I B R AH 33.8 ng/m3, AT IX B KAH 31.9 ng/m3. Mn 35 [X A%
FH0CH 015, XA FRECH 0.14, FIEAEIA T BACAL, S HHFFEIX Mn 3 EEAE & RAE A 2 18]
B MmZED, 25 B EFR UK. A RRB DXRAE AL AT I R SR Hp A X 8, X R HZ R AR Mn oG
EAESERE, 2K, MKMIERMSE Mn ERZ2 LS4, RERITR. YWz R
HERTHB R B 1 KA Mn {5 349)[10], BEREEGERRE X Mn KR TIIX . 456 X gl
MR T A, RS Mn AR S 3% Mn S B AR e A — B, IS otk DL B X5
RN, NRANEE NG G5k S AR . Cu iR EMEE WX E 4. 5 DX AR 2 0] 5 k5
fE. AUIEMEERF, WX Cu iEZHR AN 12.7 ng/m®, 1t 4.03 ng/m3; #FIX Cu H AN 4.28
ng/md, H{EN 3.13ng/m3. JRIX Cu A8 5 RH0E 0.49, BIECFLRER s, IR X AN A A AT Cu ik %
EZEEECR, FEBAMALEL, ZREBNAHBOENF W8 . CAPRIUES, KT Cu E2k
WETHBEERZE R BlBhE . RENHLE A DU 14 [11] . 1 M 7 300 DX T B o X 2 B, LB 2R 08
ATHRIR E, HARIX R AR O R A 3, ORI B AR UTRE 59 Bk 32 IR, HLBh 22 B4 A2 1 Cu 48 i
WL oy FEIT IO TR SRS R, AT IRIX. Cu W 3 3 T 2B IX IR 20 A FiAE . Pb JC 3R R I RB X i
T I X A A AR, AU IX Pb A 3.23 ng/m3, B IX B A 4.02 ng/m3; 35 XK e KA 6.11
ng/me, BIX R KAH 5.78 ng/m®, AR S EAIER R . KR Ph A IR S INALS Qe SRIEH B E
o XIEFRZ IR AFA A S R BR B 1 Ph 414y, mrid s KUk I A AT S KA RIRTALE)
g @A AW B A I A2 2 R S 1) K ORI Pb 5 e[ 11] . i M 1T 50 X = iR FH S
LR N, LRV EESI R R, KIARBHE AT 15 P AN 247, LI X it — P AT X
KA P e . 456 3 MIEEE PTUESE, KA Ph AR5 3% Pb 5 (8] 0 A BAT 3 QM 32 1%
PN = O | RS SV R N G 1 E A 6 S P i ] 8

3.2. SRILADWH L R RE DT

321 BESRBREMEE
e b T 5 I3 T 4 R 4 2E o B B 3 BT

Table 3. Heavy metal concentration in air in a city in northern Anhui and surrounding cities (Unit: ng/m?3)

F 3 RARTEEAHTESESRRENERENA: ng/md)

JER e AL S T3 X e AL T X il i) S
Mn 233 25.1 18.2~215 16.8~20.1 15.3~19.2
Cu 4.03 3.13 2.8~35 25~3.3 2.6~3.4
Pb 3.23 4.02 4.1~4.8 3.0~3.8 2.9~37

NERFUBEALRETT RS PM2s 1 Mn. Cu. Pb =R 5 4 J8 1 25 18] 0 A 5 X I s AR A, AR 908
FZRIX . ZRBXCRAE SR G, SHkdb. HERE . S = e e d b Mk A0 8 T fr 1] 0 1 0 A I F A
XL AT, BT 4 T G I X S AR AL

WEAEE SRR, Mn. Pb P B &8 IR DN AR X B & i T30 DX (R 25 [R] /) AR, S 00 301X 2 1)
. Hod Mn RIS B BEE, Z X, 28X Mn &8558 23.3ng/m3. 25.1ng/m?3, ¥%JHE
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i (18.2~21.5 ng/md). #ER(16.8~20.1 ng/md). BEIR(15.3~19.2 ng/m3) ¥ [X [R]YE [, 7E fi b X 808 A
AT KT XI5 PRHAE 22 AL 2.2 o Pb TG 38 S IIRI DX W6 e PR A AR e, 21X 43R DX 55 54353l 2 4.03
ng/m3. 3.23ng/m?®, {Hi%ii Pb BB kLT, Sikrd . SRR KT AR, KRB H X
LG, fFEidbiX Ph LR E M A H 5t

5 ERPIRITR AR, Cu JTEREINIMIX B ERHE, WIXIKE 4.03 ng/m® @& TA6X 3.13
ng/m3. XARRE A0S FL R R, ZTTIX 538X Cu & &4 5 Tk (2.8~3.5 ng/m®). R (2.5~3.3 ng/m?), &
15(2.6~3.4 ng/m®) =7 I X 18], BERAARE T e AC FARI T, T IX TAiE sl Atk S i i 5046
N AIEENR RS Cu BN SRR o

3.2.2. LRRIMEXRES T

W 7, Mn Al Pb JCER Z AL A IE R ORHR,  AHSCIEKC T8, RERS Ui W I S e (Y
FERPFHET 2. XA Mn B ERRIECUE R HZ KA R L3R 4208 3, Ph 32 A IR fEL AT
TN AE =g S S RIS . PR G ARSI X IR FE 2 W S 7, e m] DU, X 47428 L
MR 3 KU F A2 X3 My Ph (3L TS Gkl

(A AL Z T, Mn 5 Ph IR AR IR A [0, Sk S B S X BT i TIRIX R e AR
AAEFEARNE S BT A Bk R HER AR NS S, LR XN Mn.y Pb IR R A BRI, W
KEE BTG RYNEZN R

AFTF ERPIFICER, Cu s Mn. Pb BISRIBPEMN 2, DORBNRESH R B OGHHIE, 780 ATl
Cu HIV5 RV AA R AL, 55 Mn. P IR R RAHE 70 2. Ml 45 AR W], Cu £E3R X i il A I
FERE T, S8 XIS YT, B ZORIRTHLEN P AT B R R M R B 45 R R R I A&
PH5FE, JLT AR BERR. B ITAOE RN, RSB R I E SRR .

LRE B WICER AR S 5 23 R 0 Af FUER T 45 HE B IR 4518 e B2 TiT R OAE ) Min. P H 4
J&, s AR EARRIE A B TT A AP AE P A5 NSRBI [FIR ;- Cu ¥ e sRIE i — HAhSr, #%
RPN AEHR . BARRE, ZXEKTE S RIGRIFAERLAORE AR LA, il &K
AR IR AR S RN ONTES), REIE R E R R LR R

4. RRMBEIE(

N E BN A E @ AR VSR G EE, AR 535 ) 26 [ R (R 47 28 (USEPA) HE 15 1) 5 73 1 7Y
[12], KA F NN IS FE AL, I 5 5 B 50 % B4 8 B 0 BUm AR SR 4 &
HEAT A8 R AU VP Al o

AWK FH 35 E EPA ZR5 fa b A B [ Brois iE W FEM LA (ORI 78 SR A DG B k), 335 444
KI5y NBUED AR SRR . A ABUEYZ: Asy Nis dEBUEYHZ: Pb. Cu. Mn.

HQ = ADD/Rfd = [(C x IR x EF x ED)/(BW x AT)]/RfD )
P = LADD x SF (3)

HQ: AEBUmMM N A G K ;. ADD(LADD): 28 M0 52 52 i 47 0k 5 25 4 1) H 1 2 5 771
&, mg/(kg-d); Rfd: % 7#|&E, mg/(kg-d); C: MHImESPZAEWREIKRE, (mg/md); IR: FRIHE
R, (m¥d); EF: BREMFE, (dIFF); ED: FFEREENE; BW: LfAE, (kg); AT: “FHIEREEN (A,
K G EUE B BRI (BN 70a; FEBUE S EE N A 30a, JLE N 10a; P: 7 LADD 75 %75 %A+ T 1)
NBEAA: BB A G s SFONBUR LS 1 B0 55 % R 4 [kg-d/mg] [13]. 5 4 Jm WP 52 #6 VP4l i FH AH
KSHHE WL 4 P
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Table 4. Respiratory exposure parameters

T4 FRRBESH

24 £ AR A B 1 JLE
IR (m?/d) IR SR e 11.2 15.2 8
EF (d/4F) TP 121 121 121
ED (%) F PR 30 30 10
BW (kg) RSl 60 70 30
AT i (d) -4 5 FR N [ 70 x 121 70 x 121 70 x 121
AT =8 (d) SP-35) 5 5 B [ 30 x 121 30 x 121 10 x 121
H 48 IL R SF 5 RID BUE 41F2 5 FioK.
Table 5. Toxicological parameters
=5 BEFEY
TR As Ni Pb Mn Cu
SF 20.07 0.84
RfD 43x10* 3.0x 104 25% 1073

KH EPA HEFRIAE R AR - 20 (% 6): # R < 108 iF, MY HAAESE ASEML, & R AT
x10~x10°%, WA SRR KR, # R > 1074, WAy 51 AE A9 AR H s FREUE T T (£ 7),
H HQ<1, FoRBHEMET AN RKMISRHEE, WEARAZEANRKN, & HQ>1, FonEikE

e TARMEAE, 7T REXS A AAH) e ™ A S [ 14] o

Table 6. Lifetime incremental cancer risk of heavy metals (R)

#* 6. EERHNASEERENK(R)

BeR  KH  BEXD SRR g kg )
B FRAE T 1 JLE
Ik IX FUE(LADD) 121 x107~2.49x 107 1.31x107~2.69x 107 5.74 x 108~1.19 x 10~/
he X FUE(LADD)  1.51x107~2.41%x 107 1.64x 107~2.61 x 107 7.16 x 108~1.15 x 107
) X HUE(LADD)  2.65x 108~7.99 x 108 2.87 x 108~8.65 x 10® 1.26 x 108~3.81 x 108
N ZBIX FUE(LADD)  4.31x108~9.96 x 108 4.67 x 108~1.08 x 107 2.05 x 108~4.75 x 108

7: LADD NHBREE.

Table 7. Non-carcinogenic risk (HQ) of heavy metals
# 7. EERAVIEBEXK(HQ)

FEAE (ng kg'd?)
2R X35, £ St
R RER JLE
- WX AFEUEADD)  6.33x 10°~1.77 x 10°  6.84 x 10°~1.91 x 105  3.00 x 1075~8.37 x 1078
X EEUE(ADD)  8.60 x 105~1.67 x 105 9.30 x 105~1.81 x 105 4.09 x 105~7.93 x 106
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WIX  AEEUE(ADD)  7.27 x 10°~1.39 x 104  7.87 x 10°~1.51 x 10*  3.43 x 105~6.63 x 10°°
Mn X AEBUE(ADD) 857 x 10°~1.31x 10* 927 x 10°~1.42x 10*  4.07 x 105~6.23 x 10°°
WX EBUE(ADD)  7.48x107-6.28x10° 8.08x 107~6.80 x 10® 3,55 x 107~2.98 x 10°°
e ZBX FEBUE(ADD) 114 x105-212x 10 1.24x 106229 x 10° 544 x 107~1.00 x 10

vE: ADD NHIREBERIE.

WRIEAK(Q2). QML 4. & 5 R AhEE R & By E S 8 A BUE R 5 IR0 XS I 34T
AR DA o

MR T AR AT LA, BUSE SR As A Ni 7235 DOMIZE XA [FEE i 28 B 8o KB
LT 10°°, %M EPA BUPFATARAE[12], #JE T AT A2KCT I 22 i fa 0 T e W3 A 32 i 3K A vl
HpJE TR AR T REE AR DN, Bk TR, WAREERKRE, R TR RS 0% T R L
P, LR, X BRI AR | AR AF SO [RGB, AN AR S — ST T s P i e XS
Tt

EBUEEEJE Pb. Mn. Cu BRI 28 /N T 1[12], WM LRTIRE T, XILMEEEAS
XN . et JEALSE R GG R A RN, L8 KE, Bt R UBRAY) h 6 e 8 AT
USRS E I 3F RN 2 R E b P S R B VA A R A

B2 B RNGE AL FE ER ™ AS B HRBORARM S S KIAAAE, BRI T BA R, KK
SRRl REAF RIS AE IS LR BERE W, DRI L)) 5 B ST PR B, iy s Gl 4%, S AT RERRAIK
HE A, REEE R R 24

5. &

AW FE LA AL T X 550 X O L X3, 5T 2025 AFAKZE KSR, /00 T IX oK< E 4
JER B A I3 AGRFAE I J8 WP 28 R i R XU 1Ay, 1 BRI AL S50 T T

1. WM BA, BFFEIX V. Mn. Niv Cus As. Pb AR RE S BRI G (AT Uit EARHE)
(GB 3095-2012)FR{AZER, ToHibatEol, & E4JET5 MM ERmRIK, REIHEEENSR.

2. WFIT DXORAUH 4 J A7 AE I 0 2 8] 7 SRR AE o TS H o, X e R IREEHFF 9 Mn (23.3
ng/m®) > Cu (4.03 ng/m®) > Pb (3.23 ng/m?®) > Ni (2.68 ng/m?) >V (2.61 ng/m®) > As (0.45 ng/m3); X7 K
Mn (25.1 ng/m®) > Pb (4.02 ng/m?) > Ni (2.97 ng/m®) >V (2.86 ng/m®) > Cu (3.13 ng/m®) > As (0.50 ng/m°®).
Mn. Pb 7EXBIX VR B 5, E 2R B AR B X724 AT A KA B I AR5 % 358 XU 2 0
Cu S e S TIIX, YT I0X % EALBD 4 <o R TR, B X R R L E IR R . V 3k
AW EERE AR — 3, A AS), RZWR ARG GRS,

3. ARUARFE RIS PN 25 R LB, BEFEIX As. Ni B ARESCT 108 24 B{E, Pb. Mn. Cu. V
RS R R /N T Lo AEA YRR B, XK S H <5 i 8 WP ARt il i 250« AR B0 XU 3 R
2 A RAE, o E NIRRT

AT 585 T e bR B T A & 2= KA 5 R I BT 7 8, kb 1 XU S S A, AT
K TE SR ITRP I SIS E R BRSO SR 2% . AT UUE S KRR, AR
—ERMRYE. JFEEA AN BRI R, 56 T G R A [RGB ke Al L TR
RGBT, S5 AN BOR IS IR TTmR, Dy R S BT IR A T ORS00 PR 4 el 4 S 4t
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CEIEEES IS o
E&ME

AHEFRIET L TTH, 1) ZBE RKAECIHNGIE,  “fE N i s SR h E @ e R o

FFAE B B PEAT 7, T H 45 S202510379080. 2) I M R A R B TAEWH, “TREAFIA

ik

B NET OBE &M (Hipkfb2Z) WMFEEI” , WHS 5 : 2024jyxm0436; 3) RKFEWFIH ,

CO(HERIL ) RFEBBUER” . BIHZ%S: szxy2026jyjf38.
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