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Source apportionment and health risk assessment of metal and
metalloid elements in PM,  in Hefei, 2018 —2022
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Abstract : Objective To understand the air pollution level, to analyze the source apportionment of metals and metalloids in
PM, sand to evaluate its health risk in the city of Hefei. Methods The concentration of 10 elements ( As,Cd,Cr,Ni,Pbh, Mn,
Se, Al and Sb)in PM, ; samples was collected in Hefei city from January 2018 to December 2022, which was used to analyze
the pollution level and source apportionment was determined by inductively coupled plasma mass spectrometer (ICP — MS).
Correlation analysis, principal components analysis and cluster analysis were used to analyze the sources of metals and
metalloids. A health risk assessment model was used to evaluate the health risk of population of 4 carcinogenic elements( As,
Cd,Cr,Ni) and 5 non - carcinogenicelements ( Pb,Mn,Se,Al,Sb). Results The total average concentration of 10 elements in
PM, swas in an order of Al > Pb > Mn > As > Se > Sh > Ni > Cr > Cd > Tl and presented an obvious seasonal variation
characteristic, higher in winter and spring, lower in summer and autumn. The mixed sources of coal burning, traffic and
industry, dust and industrial emissions sources were the main sources of metals and metalloids in ambient PM, 5 in Hefei. The
respiratory pathway exposures of these elements assessed by annual excess risk were between 1. 67 x 10 "and 4.22 x 107" |
which were below the acceptable risk level of population (107°). Conclusion The main sources of metals in Hefei are mixed
sources, soil dust sources and industrial sources. The respiratory pathway exposures of most of the elements assessed by annual
excess risk are below the acceptable risk level of population.

Keywords : ICP — MS; Metal and Metalloids; Source apportionment; PM, 5 ; Source apportionment
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Table 1 Average concentrations, year average concentrations and season average concentrations of metal and metalloid elements in PM,

of Hefei in 2018 —2022

% 20;8—2(?22 1F 2018—2022 AFAFF-44 P JiE 2018—2022 4EZFF-BpyR [
SO 2018 4F 2019 4F 2020 4F 2021 4F 2022 4F H A Tk %

Al 90.2 74.5 100.0 49.3 49.3 145.1 102.0 52.2 101.0 102.0
Cr 1.5 2.2 1.6 1.1 1.1 1.4 1.6 1.3 1.5 1.9
Mn 22.4 23.8 26.2 15.8 15.8 19.0 24.8 15.9 22.8 29.4
Ni 1.7 1.9 1.1 1.2 1.2 3.1 1.5 1.2 1.5 1.6
As 4.9 6.3 5.1 4.5 4.5 4.1 5.5 3.8 4.2 6.2
Se 3.7 4.9 4.9 2.9 2.9 2.6 3.8 3.1 3.0 5.1
cd 0.8 1.2 1.0 0.6 0.6 0.6 0.9 0.6 0.6 1.2
Sh 2.7 3.8 3.0 2.2 2.2 2.0 2.8 2.0 2.5 3.8
Tl 0.2 0.4 0.3 0.2 0.2 0.2 0.3 0.2 0.2 0.4
Pb 26.4 51.5 31.8 13.8 13.8 14.8 25.0 18.7 19.7 44.3

GRMESEIURE T T LFWE LB
BT NEL T R 3RATTRT LA B & Y, B AR T RS
PM, 5 H 2% B 0 3R A9 % 4 2 B LB ]
Mo BRI, i R B I 3R A0 e JEE A S B
WNEFRNE B HHEN, EF R hFZ L&, 5
KRB de e, [ P AR T A e T BT A
DR A AR R AR, O ELAT SCHk A3 4 IE Tl
PM, s LA 2 5 e e S S LA 1 3
ARE S B AT AL b B AL B AR B R R A K, —
PR UL FE A& 2= RIAR 2 [ TR sl /D, RS R A 3
7%, 55 A Y R AR GU B B, T X 25 U i
W S AL AR B4 PV, 5 HR 45 5000 0 3R e JEE B 2> ik 3l
Beido A HLHLIX R 1y 2 AR RO, B R 4
T, R RAEIE i e | K A BIL A A s R A B
5, R A A d A R — B2 B AT .

WP (ng/m®)
N

N
[ —]
e

= A«x-%m
X
=

gl
I

1 Gl £l £l £ & =Sull 4
Al Cr Mn Ni As Se Cd Sb TI Pb
W #= 7] 2% (I %= EE 4%

1 AAET 2018—2022 4F FE SR MK BMIUR IR A
B T LKL (ng/m’)

Season average concentrations of metal and metalloid

elements in PM, 5 of Hefei in 2018—2022
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Table 2 Pearson’s correlation coefficients of metal and metalloid elements in PM, 5 of Hefei in 2018 -2022

Al Cr Mn Ni As Se Cd Sh Tl Pb
Al 1.000
Cr 0.173* 1.000
Mn 0.394* 0.461° 1.000
Ni 0.086" 0.196* 0.055 1.000
As 0.052 0.294¢ 0.316" -0.003 1.000
Se 0. 106" 0.364° 0.577° -0.018 0.648* 1.000
Cd 0.073" 0.280" 0.412° 0.003 0.722* 0.744* 1.000
Sh 0.104° 0.260° 0.436° 0. 000 0.381° 0.537° 0.492° 1.000
Tl 0.096" 0.286" 0.370" 0.030 0.700* 0.739* 0.749°* 0.438" 1.000
Pb 0.098" 0.291° 0.371° 0.025 0.612° 0.704* 0.749* 0.508* 0.867° 1.000
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Fig.2 Tree diagram of cluster analysis of metal and metalloid

elements in PM, 5 of Hefei in 2018—2022
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Table 3

Principal component analysis results of metal and

metalloid elements in PM, 5 of Hefei in 2018 —2022
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Table 4 Evaluation results on human health risk of 9 metal and

metalloid elements in PM, 5 of Hefei

JLHE AR AR LM L3

Sh 2.71 x10 " 2.49 x10 " 7.87 x10 1
Al 8.93x10°1° 8.23 x10°1° 2.60 x10 1
Pb 2.43 x1071° 2.24 x10°10 7.06 x10 !
Mn 2.96 x 1010 2.73 x1071° 8.60 x 10 7!
Se 1.45 x10 1.34 x10 ™ 4.22 %1071
As 1.67 x1077 1.54 x1077 4.86 x10 8
cd 1.17 x10 % 1.08 x10 % 3.41x107°
Cr 1.46 x10 77 1.35x1077 4.25x1078
Ni 3.48 x10~° 3.20x107° 1.01 x107°
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