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Pollution Characteristics and Health Risk Assessment of Heavy Metals in the
Road Dust of Central Downtown of Linfen City

WEI Zhigiang, KANG Yiging, LI Zixuan, YIN Siqi, LIU Ping, WEI Haiying’
(School of Environment and Resource Sciences, Shanxi University, Taiyuan 030006, China)

Abstract: The aims of this study were to examine the distribution character, ecological and health risk of heavy metals in the central
downtown of Linfen City. The concentrations of heavy metals including Cr, Ni, Cu, Zn, Pb, Cd, and As in the road dust were
determined by inductively coupled plasma mass spectrometry (ICP-MS) and atomic fluorescence spectrophotometry (AFS). The
method of potential ecological risk index and the model of U.S. Environmental Protection Agency (USEPA) health risk assessment
were used to assess the ecological and health risks. The results showed that the mean concentrations of Cr, Ni, Cu, Zn, Pb, Cd, and
As were 88.38, 30.7, 46.69, 319.83, 43.89, 0.53 and 7.94 mg-kg ', respectively, all of which were higher than those of the soil
background of Shanxi Province except for As. Among them, Zn was greatly affected by human activities and severely enriched.
Ecological risk analysis suggested that all elements examined were at low ecological risk except for Cd, and the central downtown of
Linfen city was at middle ecological risk. The total non-carcinogenic index of 7 heavy metals for children and adults were 0.034 and
0.001 5, and the total carcinogenic index of Cr, Ni, Cd, As was less than 10~°. Therefore, there was no health risk to children and
adults. Principal component analysis showed that the sources of heavy metals in the central downtown road dust of Linfen city were
metal smelting, coal combustion (coking) and traffic.
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Fig. 1 Distribution of sampling sites
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Table 2 Ecological risk index and classification of risk intensity
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Table 3 The concentrations of heavy metals in the road dust of central downtown of Linfen City

G /M /(mgekg ) I RAE/(mgekg ™) M/ (mgkg ) SR TS FAE (mgekg )
Cr 67.2 146 88.38+24.24 0.27 73.26
Ni 19.1 48.8 30.70£9.30 0.30 25.72
Cu 27.7 64.8 46.69410.39 0.22 26.15
7n 164 756 319.83+£201.47 0.63 71.86
Cd 0.286 0.956 0.53%0.20 0.38 0.11
Pb 27.4 65.2 43.89412.94 0.29 23.83
As 5.93 9.26 7.94+1.03 0.13 10.65
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Table 4 The classification of heavy metals based on the

index of geoaccumulation (/)

in the road dust of central downtown of Linfen City
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Table 5 The classification of heavy metals potential ecological risk in different sampling sites
SRR HITRNEHEE(ED) ZICR I LE S AR
Cr Ni Cu Zn Cd Pb As TRE(RID)

1 2.59 4.58 6.25 3.50 88.24 9.50 9.97 124.62

2 2.55 4.87 9.26 3.68 161.76 12.96 9.29 204.36

3 3.20 3.51 11.51 11.73 138.24 12.09 9.42 189.69

4 2.75 3.78 10.58 2.72 123.53 13.84 8.40 165.60

) 3.10 6.35 13.17 5.15 266.76 19.71 8.63 322.88

6 4.99 7.71 10.39 3.44 152.65 21.46 6.65 207.29

SR 2.24 5.13 10.19 3.84 136.86 13.50 8.72 202.41
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Table 6 Daily average exposure to heavy metals under different exposure pathways
NHE HEJE A A REEE I (ADD g WA H ¥ 285 5 (ADD g ) Sk A5 5E 1 (ADD )

Cr 3.96X107° 1.12X107% 9.36X10~*
Ni 1.38x107° 3.91X1071% 3.25X107%
Cu 2.09X107° 5.94X1071 4.95X107%
JL3E Zn 1.43<107* 4.07X107% 3.39X1077
Cd 2.35X1077 6.69X107 1 5.57X1071
Pb 1.97x107° 5.59X 1071 4.65X107%
As 3.56 10" 1.01X10 ' 841107
Cr 1.75Xx10°° 1.92x10 ' 5.99x10 7
Ni 6.081077 6.68x10° " 2.08x107°
Cu 9.25X10°7 1.02X10°' 3.16x10 "7
N Zn 6.33X10°° 6.96X101° 2.17X10°°
cd 1.04Xx10°¢ 1.14X10° " 3.56x10 "
Pb 8.69x10 7 9.55X10° "7 2.97x107
As 1.57x10°7 1.73X10°" 5.38x10 1
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Table 7 Health risk index of heavy metals non-carcinogenic and carcinogenesis

I - BAEBORRSTEEL WAAEBURNBSAE R RAEBUEXEG SR JEEUR US54 o WU TR 5L
(HQu,) (HQy; ) HHQ ) (HI) (TCR)
Cr 1.32X1072 3.93x10 M 1.25%10°° 1.44X10°? 3.73x107"
Ni 6.88<10* 1.90x10™* 4.07x10°° 7.28<10 % 2.59X10° "7
Cu 5.23X107* 1.49X10° 1.24x10°° 5.24x107*
. Zn 4781074 1.36X10° 1.13%x10°° 4791074
L Pb 5.62X107° 1.60X10°% 8.77X107° 5.71xX107°
Cd 2.35x10* 6.69>X10" 2.23%10°° 2.58x10* 7.08%x10°°
As 1.19X1072 3.37x107" 2.80X107° 1.19%x107? 4221077
S 3.40X107* 4.29%1077
Cr 5.83X107* 6.72x107" 7.98X107° 6.63<107* 8.07x107"
Ni 3.04X107° 3.24X107° 2.60<107° 3.30X107° 5611077
Cu 2.31X107° 2.54x107" 7.91xX107° 2.32X107°
Zn 2.11X107° 2.32X107" 7.22X107° 2.12X107°
'UN » N N »
Pb 2.48x107* 2731071 5.61X107° 2.54x107*
Cd 1.04X107° 1.14X107% 1.42X107° 1.18X107° 3.97x107"
As 5241074 5761071 1.79X107° 5.26<107* 2.37%1077
) 1.53X107° 2411077
RS HB@mAFTERBGMENL
Table 8 Correlation coefficients among different heavy metals in road dust
E4ER Cr Ni Cu 7n Pb As Cd
Cr 1
Ni 0.760%* 1
Cu 0.270 0.207 1
Zn 0.001 —0.386 0.388 1
Pb 0.763* 0.861* 0.638** —0.196 1
As —0.876% —0.746% —0.393 0.307 —0.868* 1
cd 0.127 0.482 0.788** 0.069 0.676%% —0.246 1

# 7R P<0. 01, *3F 7 P<<0. 05,

RPN T HE— D BRIy T 32 98X T 2R
G R SR IR, A A OGP A B 0y BR Al b, X
Cr.Ni.Cu.Zn.Cd.Pb.As 7FIc K47 T F &
ST AR W R, R IEE R T 1R
[N o S N T e o9 s W S R a9 i % | B
57.22% . 24.45% . 13.28% , fit B¢ T 4 3 48 &= Y
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JEEHRA N 2 ZIR e T, [R) B U T Y
AR AR WA TR FE XIE AR 7 1), AR A A
FEX Cr Ni .Pb As FERE FLBEBRE. 5
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Table 9 The load factor of heavy metals in road dust on the

three principal components

FalE Fior1 Fr2 ;bkéﬂ
(57.22%) (24.45%) (13.28%)

Cr 0.988 0.007 0.125
Ni 0.787 0.315 —0.401
Cu 0.241 0.847 0.391
Zn —0.139 0.119 0.961
Pb 0.79 0.591 —0.157
cd 0.117 0.978 —0.066
As 0.929 —0.177 0.146

A1 108 [ 38 B ZEF 951X, 1% 58 o S L
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R YR T3 15 YL R .

8 R Cu FCd BAT %5 w 0F 3R



1324

PR AE2A4R (FARBEARR)

47(6) 2024

FE R B Caf1 Cd By VE , H Cu A1 Cd W 35 4
Koo SRHFE X AETE VO 38 £ 40 1L A BR A A il
b BB F 22X a0, BED
S — WY Cd L Cus RIS — F Rl 4]
DI RE R A (AR ©

5= FE R Zn B RS IE #fr, 5T Rk
FTR13.28%, HE HMIT R X AN EKE, KXY
o e 5 HAM TR RE AN, MR FRY, Znw
UL ZnS M A FE TR G s b ™) 45 6
T b TR A Zn B g 0 AS [E) o A R F T Ik R
2P Zn B A R A N T AR v 7R 28 0 BT B
B, HATRE R IR TR AR IR e e . ot
FE X Zn 5 A A E B TR U B AR
FE R RSN T EW X P, H W 52l %
0, VR G IR 22 A B 46t 7 2B 1 0K 4 AT e
I 0 B A T B T 55 0 K A TR AR R R Zn B ]
RESRUE . PN 238 M5 = N5 eI 1.

3 e

A A X I 5 T S XS T s R AT O A AR
BEAY BT, I 2 6 T 2 b 7 RR R 4R R & B Rk
F195 Y RRAE 20 A L 2B 25 A0 A 3 XURS: B , 15 4
AT 4518

(1) AN [7) R B 2 3% 1 2 v /) — FP 4 R %
BEFBER, HbhIn tZERAKR K., 7F
EERNGEYE T RME, b, Zn Cd
AR NE,

(2) I i £ X E 4R AES G FEL T h
LK, Hoh, Cd M Zn R rh &5 Y, Cr. Cu.,
Pb M52 - rp 4575 g NI fll As A TG 4L .

(3) Ak B 0 BUE KU A 3R I oF 5% IX
¥ 1 2 4 R T ASAT T B XU

(4) F WA 2 0, 0F 55 IX 2 4 Js ok R &2
BG4 B R R, 50l AR (B ) .

(5) A BIF 5 & & 1 R AE S A B, 7645 B
FEHY KORBEE L, X8 B 9T X U 4 JE
15 YL RRAE A B 4 i AR

SE Wk

[1T  VERMA A, KUMAR R, YADAV 8. Distribution, Pollution
Levels, Toxicity, and Health Risk Assessment of Metals in
Surface Dust from Bhiwadi Industrial Area in North India
[J]. Hum Ecol Risk Assess Int J, 2020, 26(8): 2091-2111.

(8]

[10]

DOI: 10.1080/10807039.2019.1650328.
TOU F Y, NABI M M, WANG 1 J, et al. Multi-method
Approach for Analysis of Road Dust Particles: Elemental
Ratios, SP-ICP-TOF-MS, and TEM[J]. Environ Sci Nano,
2022, 9(10): 3859-3872. DOI: 10.1039/D2EN00409G.
WI E, PARK E, SHIN H, et al. Overall Distribution of Tire-
wear Particles, Nano-Carbon Black, and Heavy Metals in
Size-fractionated Road Dust Collected from Steel Industrial
Complexes[J]. Sci Total Environ, 2023, 884: 163878. DOI:
10.1016/j.scitotenv.2023.163878.
KLOCKNER P, SEIWERT B, WEYRAUCH S, et al.
Comprehensive Characterization of Tire and Road Wear
Particles in Highway Tunnel Road Dust by Use of Size and
Density Fractionation[J]. Chemosphere, 2021, 279: 130530.
DOI: 10.1016/j.chemosphere.2021.130530.
KIM E A, KOH B. Utilization of Road Dust Chemical
Profiles for Source Identification and Human Health Impact
Assessment[J]. Sci Rep, 2020, 10: 14259. DOI: 10.1038/
$41598-020-71180-x.
LOGIEWA A, MIAZGOWICZ A, KRENNHUBER K, et al.
Variation in the Concentration of Metals in Road Dust Size
Fractions Between 2 pm and 2 mm: Results from Three
Metallurgical Centres in Poland[J].Arch Environ Contam
Toxicol, 2020, 78(1): 46-59. DOI: 10.1007/s00244-019-
00686-x.
GWENZI W, MANGORI L, DANHA C, et al. Sources,
Behaviour, and Environmental and Human Health Risks of
High-technology Rare Earth Elements as Emerging Con-
taminants[J]. Sci Total Environ, 2018, 636: 299-313. DOI:
10.1016/j.scitotenv.2018.04.235.
DUAN X C, YU HH, YE TR, et al. Geostatistical Mapping
and Quantitative Source Apportionment of Potentially Toxic
Elements in Top- and Sub-soils: A Case of Suburban Area
in Beijing, China[J]. Ecol Indic, 2020, 112: 106085. DOI:
10.1016/j.ecolind.2020.106085.
R, H15F 25, APPEL E, 45 . I U TR - REVE I 25 28
HAFIE B H R H 4 SR V5 G ROHE R [0, MR 341,
2016, 59(5): 1729-1742. DOIL: 10.6038/cjg20160517.
CAO L W, HU SY, APPEL E, et al. The Spatio-temporal
Variation of Magnetic Properties of Tree Leaves in Linfen,
China and Its Indication to the Atmospheric Pollution of
Heavy Metals[J]. Chin J Geophys, 2016, 59(5): 1729-1742.
DOI: 10.6038/cjg20160517.
SR AR, JE R, SRR TR R T EEIX g
SR ATEHE S Y [I]. TR IR 5 EREE, 2018,
32(8): 135-140. DOLI: 10.13448/j.cnki.jalre.2018.247.
SHI H Y, YANG P G, ZHOU J C, et al. Distribution

Characteristics and Assessment of Soil Heavy Metal



TR AR < 17 T SRR DX S T 24 P < 9 R A S L PRI e XU

1325

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Pollutions in Different Functional Areas of Linfen[J]. J
Arid Land Resour Environ, 2018, 32(8): 135-140. DOI:
10.13448/j.cnki.jalre.2018.247.

AT, SR . I T XA SRR T LS i R T
AN 53 AR AE[T]. 17 K HEEE, 2014(12): 40-44. DOIL:
10.3969/j.issn.1007-4929.2014.12.011.

DONG M, ZHANG Y Q. Soil Heavy Metal Distribution
Characteristics and Pollution Assessment of Wastewater
Irrigation Farmland in Liucun Towns of LinFen City,
Shanxi Province[J]. Water Sav Irrigation, 2014(12): 40-44.
DOI: 10.3969/].issn.1007-4929.2014.12.011.

Wi, J5 W1, BB, 45 . 28N T X 4 S T e i A
AL BT, REERE, 2014, 35(5): 1901-1908.
DOTI: 10.13227/j.hjkx.2014.05.038.

CHEN Q, FANG Y M,YAN'Y, et al. Assessment of Heavy
Metal Contamination by Moss-bag Method and Road-dust
Method for Taizhou Urban Area[J]. Environ Sci, 2014, 35
(5): 1901-1908. DOI: 10.13227/j.hjkx.2014.05.038.

MR T, SRR, FIHSAR, 55 RJUTTRIRB X 118 8 Fih i
G IRICET SAHRIBE . ILPELOL R, 1994(2): 32-
35. DOI: 10.7666/d.y1137824.

CHEN H X, WU J H, BAI Z S, et al. Environmental
Background Data for Agricultural Soil in Taiyuan South-
suburban[J]. J Shanxi Agric Sci, 1994(2): 32-35. DOI:
10.7666/d.y1137824.

ZHAO Z J, LIU Q, LIAO Y B, et al. Ecological Risk
Assessment of Trace Metals in Sediments and Their Effect
on Benthic Organisms from the South Coast of Zhejiang
Province, China[J]. Mar Pollut Bull, 2023, 187: 114529.
DOI: 10.1016/j.marpolbul.2022.114529.

AL, mE A RER ST EE SRS RS
R FEXUBS AT A1 (7] FRBE AL, 2017, 36(1): 62-71. DOIL:
10.7524/j.issn.0254-6108.2017.01.2016051705.

GU Y G, GAO F D. Spatial Distribution and Health Risk
Assessment of Heavy Metals in Provincial Capital Cities,
China[J]. Environ Chem, 2017, 36(1): 62-71. DOI:
10.7524/j.issn.0254-6108.2017.01.2016051705.
KARIMIAN S, SHEKOOHIYAN S, MOUSSAVI G.
Health and Ecological Risk Assessment and Simulation
of Heavy Metal-contaminated Soil of Tehran Landfill
[J]. RSC Adv, 2021, 11(14): 8080-8095. DOI: 10.1039/
DORAO8833A.

Wi, o, RIEFHAE, . matiE AR B
JE 15 YRR B A R U AN [T, IABEAE A2, 2022, 4(6):
1-8. DOI: 10.11654/jaes.2018-1491.

CAOWQ, CULY X, ZHAO X Q Z Z, et al. Character-

[19]

[20]

(21]

(22]

(23]

[24]

istics of Heavy Metal Pollution and Evaluation of Health
Risks from Road Dust in Nanjing[J]. Environ Ecol, 2022,
4(6):1-8. DOI: 10.11654/jaes.2018-1491.

12324 O 5 1 S e ot R L1 B S 1 8 NS
Fr[D]. Eif: BHFIIE R, 2010.

XIE X J. Spatial Distribution Characteristics and Genetic
Analysis of Soil Heavy Metals in Shanghai Area[D].
Shanghai: Shanghai Normal University, 2010.

E/INGE, BEAERL, 25 TUUL, 45 . ISl R - e 4
JE I SRV, TR, 2010, 31(3):768-774.
XIE X J, KANG J C, LI W J, ef al. Analysis on Heavy
Metal Concentrations in Agricultural Soils of Baoshan,
Shanghai[J]. Chin J Environ Sci, 2010, 31(3):768-774.
MRS, XY, I A6, 5 JTMIE KA 4 23 (8] 43 A
L5 RN [I]. BREERE S5 HOR, 2011, 34(10):89-92.
DOI: 10.3969/j.issn.1003-6504.2011.10.020.

LIN J J, LIU D, FANG W, et al. Spatial Distribution and
Pollution Assessment of Heavy Metal in Street Dust of
Wanzhou[J]. Environ Sci Technol, 2011, 34(10):89-92.
DOI: 10.3969/j.issn.1003-6504.2011.10.020.

RUTH A, ANNING ALEXANDER K. Heavy Metal
Enrichment and Potential Ecological Risks from Different
Solid Mine Wastes at a Mine Site in Ghana[J]. Environ
Adv, 2021, 3: 100028-100035. DOI: 10.1016/j. en-
vadv.2020.100028.

GUO G H, WU F C, XIE F Z, et al. Spatial Distribution
and Pollution Assessment of Heavy Metals in Urban Soils
from Southwest China[J]. J Environ Sci, 2012, 24(3): 410~
418. DOI: 10.1016/s1001-0742(11)60762-6.

MEN C, LIU R M, XU L B, et al. Source-specific Eco-
logical Risk Analysis and Critical Source Identification
of Heavy Metals in Road Dust in Beijing, China[J]. J
Hazard Mater, 2020, 388: 121763. DOI: 10.1016/].
jhazmat.2019.121763.

B o, P3O, XS, 45 . KA T i 3 kb E
SIRTERRIRRATI]. TR X IR SRR, 2010, 24(12):
155-160. DOI: 10.3969/j.issn.1001-6996.2004.01.011.
YANG Z P, LU W X, LIU X R, et al. Heavy Metal Iden-
tification for Near-surface Urban Dust in Changchun City
[J]. J Arid Land Resour Environ, 2010, 24(12):155-160.
DOI: 10.3969/j.issn.1001-6996.2004.01.011.

W KA T H a1 5 Y i A SR R hE B
HERVEAHT[D]. KA &M, 2008.

YANG Z P. Eco-geochemical Characteristics and Sources
Identification of Heavy Metal Contamination in Changc-
hun City, China[D]. Changchun: Jilin University, 2008.





