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Source analysis and health risk assessment of heavy metal pollution in
PM,; in Huai’ an city from 2020 to 2022
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Abstract: Objective To evaluate the health risk of heavy metal concentration, source analysis and inhalation pathway of
PM,; in ambient air of Huai’an city. Methods The ambient air PM,; samples were collected regularly at a monitoring site in
Huai’an city from 2020 to 2022. The contents of 10 heavy metals in PM,5 were determined by ICP-MS, and the traceability
analysis of heavy metals was carried out by enrichment factor method and principal component analysis. According to the
national “Technical Standard for Assessing Population Health Risk”, the health risk of heavy metals to the population was
evaluated. Results The annual average values of Al, Mn, Pb, Cr, Ni, As, Se, Sh, Cd and Tl in PM,5 of Huai’an city from
2020 to 2022 were 131.11, 28.52, 20.61, 8.09, 5.95, 4.11, 2.62, 1.84, 0.76, and 0.18 ng/m’, respectively. The concentration
levels of these metals in winter and spring were higher than those in summer and spring (£=2.390-7.182, P < 0.05). The
results of enrichment factor analysis showed that the elements EF of Se, Cd, Sb, As, Pb, and Tl 6 were more than 100. The
principal component analysis showed that the heavy metals in PM,s in Huai’an city mainly came from mixed pollution of
traffic, industrial production, coal combustion, and natural emission. For non—carcinogenic effects, Sh, Al, As, Cd, Cr, Mn, Ni,
and Se 8 were lower than the screening concentration, and the risk of non—carcinogenic effects (HQ) was less than 1. For
carcinogenic effects, the excess carcinogenic risks of As, Cd, and Cr were 1.77 x 107,1.37 x 107 and 9.70 x 107,
respectively. Conclusion The sources of heavy metals in PM,5 in Huai’an city are multiple compound pollution. The non-
carcinogenic effects of Sh, Al, As, Cd, Cr, Mn, Ni, and Se 8 are acceptable, but As, Cd and Cr have potential carcinogenic
risk.
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21 REETARILE A PMys ¥ ERBRESH  M0.18 ng/m’; As Cd Ph AFIEIILT (FREE2
2020—2022 4, WELTTFREEZ S PMys THEEJE AL SFRIE(GB3095—2012)) i 45 11 19 2 7% Wk J3 R,
Mn.Pb.Cr.Ni.As.Se.Sh.Cd. Tl () 4 ¥ {6 4 7l oy ABERTFOCREEV RS TERESE IFH ISR
131.11.28.52.20.61.8.09.5.95 .4.11.2.62.1.84 .0.76 , I G E L (3 P<0.05). L3k 2.

®1 HESIBEWABBIR G - SN SEC L SR R I T — D KU TAl
Table 1 Dose-response parameters, screening concentrations and whether to conduct further health risk assessment for each heavy metal

through inhalation pathway

B | ’ﬁ}ﬁiﬁiﬂﬁﬁ{ﬁ ] i ‘uﬁ‘ﬂmﬁi(sm) i . BRI BEREEENR
JLE HIESEIUR AHOESE R BURBUN TR S0 i L e (ng/m) -
(g fm’) ! (mg/m’) (ng/m’) JE (ng/m’)

Sh — 3.0x10* — 300 1.84 En
Al — 5.0x 107 — 5000 131.11 3
As 43x10° 15%10° 0.23 15 4.11 e
Cd 1.8x 107 1.0x 107 0.56 10 0.76 =
Cr 1.2x10? 1.0x 10" 0.08 100 8.09 =
Pb 12x10° — 83.33 — 20.61 D
Mn — 5.0x 107 — 50 28.52 o
Ni 2.6x 10 9.0x 107 3.84 90 5.95 4
Se — 2.0x 107 — 20 000 2.62 D
Tl — — — — 0.18 En

AT S B PERORIG B CAS 4 FRH As— JEHL As, Cr— 7S Cr, Ph— 8§11 Ph, Ni—Ni (9 A dEEh  TI-TI(] 7R, Hifth o £ 50 &4 4
[\]; “—"IRFERA M RNZ 48 U R I E BB e e e e i

R 2 ML PMs PH GBI ST (ng/m’)

Table 2 Analysis of heavy metal concentration in ambient air PM,5 in Huai’ an city (ng/m?)

. KRFEZ(n=126) KT (n=126) 44 (n=252) o
JLHE = - VAL P1E = PRt
E M(Pss, Pys) x£s M(Pss, Pys) x+£s M(Pss, Pys)
1.98 1.14 1.44
Sh 2.28 +1.57 1.39 £ 0.88 6.059 <0.001 1.84 +1.34 —
(1.23,2.87) (0.80,1.67) (0.97,2.35)
157.12 + 125.50 90.75 131.11 = 107.50
Al 105.10 + 95.48 5.246 <0.001 —
11272 (91.53,184.00) (51.48,131.25) 10746 (71.13,156.00)
4.00 3.20 3.52
As 4.63+£2.76 3.58 +2.68 3.749 <0.001 4.11+£2.76
(2.80,5.82) (1.93,4.76) (2.32,5.23)
0.82 0.43 0.61
Cd 0.93 +0.51 0.59 +0.56 7.181 <0.001 0.76 £ 0.56
(0.57,1.17) (0.30,0.65) (0.38,0.98)
4.19 3.08 3.78
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4.47 3.23 3.83
Ni 7.40 = 8.29 4.50 £ 3.59 2.390 0.017 595 +6.54 —
(2.44,7.62) (2.19,5.91) (2.26,6.75)
2.40 1.97 2.17
Se 3.00 £2.09 224 +144 2.885 0.004 2.62 +1.83 —
(1.54,4.12) (1.11,3.07) (1.31,3.53)
0.18 0.12 0.14
TI 0.22 +£0.15 0.14 £0.11 5.566 <0.001 0.18 £0.14 —

(0.13,0.28) (0.07,0.19) o (0.09,0.24)
12 As (Cd \Ph 78 I R 8L 28 SR AR E(GB3095—2012) HA AE (B bR ; “—"0 348 6 ZbR v 8 JoAH G BB AR

22 HERWHEZA P, PELBETERT W SEICEFHREHEENE A AL Mn Pb.Cr.Ni As,
GRS PMys TR ESBICRAEL SN Se.Sh.CA.TI, 548 M &0 0 64.34% 13.99%
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0.09%. &ENFER LR, JLFOLR EF (HY>10,
YLIALA BT ER 2 NRTEshiG Y, Hid Se Cd
Sh.As.Pb.TI AFICE EF>100, P& 54,7
NRIGB s, ULk 3.

R 3 WELTHEES S PM,s TEREEEEHEET
Table 3 Heavy metal enrichment factors in ambient air PM, 5 in

Huai’ an city

TR EYIE E(ng/m?)  HI5EF I (ue/e) EF {i
Sh 1.84 0.60 1941.37
Al 131.11 83 000.00 1.00
As 4.11 2.20 1 182.66
Cd 0.76 0.20 2 405.61
Cr 8.09 110.00 46.56
Pb 20.61 12.00 1087.27
Mn 28.52 1 300.00 13.89
Ni 5.95 89.00 42.32
Se 2.62 0.08 20 732.59
Tl 0.18 0.40 284.88

23 EHRTHREE X PM,s T £ B £ 855
ARIFFOR T FP & BT ZMARE T8, Bs KMO=
0.804, Bartlett BXJE EEAG 50 (=2 116.457 , P<<0.001), i&
G T30, BOREERAHER >1 4 3 A~ FHF,
VLR PM,s T 48 0K R ZORIE 3 FpeAl, EH T
1 5 22 5Tk N 49.190% , 2 fr 4 WHERL F G E N
Ph(0.878).Se (0.860) . T1(0.812) .Cd (0.782) .Sh (0.769) il
As(0.764); E P+ 2 Jr 22 DTk EE R 20.404% , 4 Aoy 48
SHEF EIICE N Cr(0.987)F1 Ni(0.983); FH 3 )7
2ETTHRFEN 10.098% , i fif e WHER EICER A Al
(0.933). WF# 4.

F4 ML PM,s T EG R EROT T R
Table 4 Principal component analysis of heavy metals in ambient

air PM,5 in Huai’ an city

JLHE EREF1 FHF2 FHF3
Pbh 0.878 -0.060 0.356
Se 0.860 -0.023 0.131
Tl 0.812 -0.145 0.298
Cd 0.782 0.241 0.070
Sh 0.769 -0.044 0.262
As 0.764 0.127 -0.033
Mn 0.586 0.062 0.653
Cr 0.038 0.987 0.000
Ni 0.018 0.983 0.030
Al 0.128 0.013 0.933
EEENR(E 4919 2.040 1.010
J5 25 BTk (%) 49.190 20.404 10.098
SRy 25 DT (%) 49.190 69.593 79.691

2.4 EEWIREEA PMys P As Cd.Cr 4 BRI 3F
£ R RS PEAR 45 S R, As (Cd Cr [ 247 4
o KU 43 51 R 177 x 1075.1.37 x 10 il 9.70 x
10%; XEHRHITA /RS EHERSZE A, As Cd.
Cr MM BUR KT 0.77 x 109~ 1.25 x 104 2
], JfH =Moo RB8uE R EYAHE > Bk,
HERFEANT 1.0x10°~ 1.0 x 10* Z 1], Pk
ZETH RS PMys 1 As Cd . Cr %P AR ELAT T 72 1Y 250
B, WL 5,

R5 WLTHABEZ T PMys 1 As (Cd Cr fil 2 XU PTAT 25 5%
Table 5 Health risk assessment of arsenic, cadmium, and

chromium in ambient air PM,5 in Huai’ an city

e REFEFM=126) H¥FEn=126) 44Fn=252)
As 1.99 x 107 1.54% 107 1.77 x 107
cd 1.67 x 107 0.77 x 107 1.37x 10°
Cr 1.25x 107 6.89x 107 9.70 x 107
3 I it
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T4 A RN T R R N T4 N ORI
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] ATRE SRS AP Ni JCR A R EORE . EHF 3 2%
TTHR % 10.098% , # 7 4L X EH B R LR N Al
(0.933), Al FZERET H AR, Al LA H 2R
FEISEHER ) R o,
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