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Source and Health Risk Assessmenl} Of PM, S-Bound Metqllle Elements 1n Road'_.
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China) [

Abstract: To study the pollution characteristics, sources, and ecological and health risk of PM, ;-bound metallic elements in road dust
in Zibo City, a total of 97 dust samples were collected in eight districts between October 2016 and May 2017, and particles smaller than
2.5 pm were suspended filtered using a resuspension system. Inductively coupled plasma mass spectrometry (ICP-MS) and optical
emission spectrometry (ICP-OES) were used to investigate 18 metal elements within the dust samples. The results showed that the
mass fraction of Ca [ (Ca)] was highest with an average of 120307.7 mg-kg™', which was 7.2 times higher than the soil
background values for Shandong Province. The mean values of @(Zn), w(Cu), w(Sb), and @(Cd) were 13.9, 11.7, 13.3, and
29. 6 times higher than the background values, respectively. The geo-accumulation index (1,,,) indicated high levels of Cd, Zn, Cu,

and Sb pollution, especially in winter. Enrichment factors ( EFs) also indicated high concentrations of Cd, Zn, Sb, and Cu in the road
dust, which were notably affected by human activities. Principal component analysis ( PCA) showed that biomass combustion, coal
burning, vehicle emissions, iron and steel smelting, and soil dust are the five main sources of metal elements in road dust in Zibo City.
The potential ecological risk of Cd and the total potential risk were extremely high during three seasons and was highest in winter.
Health risk assessment showed that As and Pb had a non-carcinogenic risk for children, while Cr presents a carcinogenic risk. In
conclusion, pollution from PM, ;-bound metallic elements in road dust in Zibo City is derived from anthropogenic sources and is most
severe during winter. Importantly, the levels of pollution detected represent potential ecological risk as well as some non-carcinogenic
and carcinogenic risks for children. Therefore, the source control of road dust requires particular attention.

Key words:road dust; PM, 5 ; metallic element; source; health risk
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Fig. 1 Distribution of road dust sampling points in Zibo City
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EF da | U F VW) BBk < Bso 350
o i)/ € a | ) 0 Rl "6 / 24
' BW ke R4y R 15 65.7
CF kg-mg ™! LR 1x10°¢ 1x10°°
IngR mg-d ™! BEHLEE 200 100
InhR m?-d-! I I 538 7.6 16.2
PEF m? -kg ! A HE s R 1.36 x10° 1.36 x10°
SL mg- (kg+d) ~! B IR 2 1 2000 700
SA m? Ao B R TR 0.0899 0. 161
ABS Toik 4 BRI IN T 0.001 0. 001
£5 BeRTEENAKNERERERNRSEE(RD) MHBHERT (SF)
Table 5 Daily exposure health risk reference values (RfD) and carcinogenic slope factors (SF) for heavy metal elements entering the human body
i H Zn Mn Cr Pb Ni As Co Cd
RID,,, 3.00E -01 1. 40E - 05 2.86E -05 3.52E -03 2. 06E -02 1.23E-04 5.71E -06 1. 00E - 03
RfD,,, 3.00E -01 4.70E -02 5.00E -03 3.50E -03 2.00E -02 3.00E -04 2.00E -02 1. 00E -03
RID o 6. 00E -02 2.40E -03 2.50E -04 5.25E -04 1. 00E - 03 8. 60E - 05 1. 60E - 02 5.00E -05
SF — — 4.20E +01 — 8.40E -01 1.51E +01 9. 80E +00 6.30E +00
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2.1
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YI(E 40 %1 b 118161.0, 121 187.6 F1 121 574.7
mg-kg ™', K IE w (Al), B{E 53 51723721,
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Fig. 2 Percentages of metal mass concentrations

in PM, 5 in road dust during three seasons
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60 | ¥ ‘ ]
o A i WT1 WF2 WF3 WF4 KWTFS
50 t ﬁ P Ca 0.192 0.152 -0.338  0.632 -0.185
§ Al -0.015 -0.287  0.027 0.705 0.317
@ \ Fe 0.063 -0.22 0.03  0.724 -0.04
& 0 § K 0.896 0.102  0.102 -0.042 0.184
§ Mg -0.008 0.197  0.013 0.819 -0.109
20 | .-J§ Na 0.847 0.035  0.181  0.094 -0.043
ﬁi ﬁ§ Zn 0.26  0.479  0.535 -0.219 -0.097
0 N
10 N i§ Mn 0.923  0.046  0.043  0.069 —-0.004
14
N A Cu 0.168 0.881  0.098 -0.021 —-0.084
0 5 — B e | [ et | [N
Ca Fe K I\12 NaZn MnCu Cr Pb Ni As Sn Co Sb Mo Cd Cr 0.071 0.631 -0.052  0.239 0.349
TLH Pb 0.27 0.089  0.818 -0.129 0.149
E4 3MFETHLTRELEATER Ni 0.361 -0.007 0.38  0.213 -0.63
Fig. 4 Enrichment factors of metals during in three seasons As 0.178 0.113 0.117 0 0. 832
Sn 0.335 0.654  0.336 -0.171 0.115
K+ 4 (TEkAE R 13. 11%, Ca, AL, Fe Fl Mg #J2 0.647 0.255  0.368 0.106 —0.173
HFETCE, Ca N HIEEE A B bRE D | K 30 Sh -0.171  0.741  0.373 -0.165 0.047
T IS TR 9 I e
‘ . [47] .. ) ) . . -0.
AT 0. 832, IR bt , LAY Jr 2 TRA/ % 18.58 1712 14.04 13,11  9.25
HF 5 BRI, 2% b FrR | IS TE g4 h 48 oo SRS TORSE /% 18.58  35.70  49.74  62.85 72.10
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Table 7 Potential ecological risks from metals in road dust during three seasons in Zibo City
I

i‘l—.— T R[

- Zn Cu Cr Ph Ni As Cd

% 11.3 44.4 8.5 29.1 9.1 73.0 551.0 726.4
& 11. 1 48.4 6.6 28.8 13.9 23.6 615.8 748.0
X% 19.4 82.9 10.0 47.5 12.8 46.8 1501.2 1720.6

2.4 XSO EESE, ZFEEN 1.75 x10 775 FERFI&RAE T

8 & 3 W H A B ILR B AR EUR FIEUE K
B RO AR, NPl 1 3 Fh R Er kAt
HR AT - B A AR i T R A 4 T 1 KU
sy, FLUCN BERRAZ fi, I W0 A2 A A1G, iX SRR

[39 JMIBFITE R —5 3 D FT qﬂﬁlﬁl/%%ffﬁl%
0 AU AN B0 AU 2 2 B LEE = T A B

F A T CHHEA 12
ASHE SR LA RIL (R A ﬁ&iﬁ%ﬁ%&&#

'43 JL#E HQ ﬁLlﬁ}ﬂU\h*‘ ;

Mn [ HQ {Hfis , &% 1.91 x 10 ° fE4%, JL#
FUSA B HI EHEFEEI0 As > Cr > PhsNMa> Ni >
Zn > Cd > Co, i T As 78 LEH HI'TEI_J:F‘ 1
AFAEARBOR U, H A2 0% T Ak B KU JEE,
L AR HI fﬁﬁﬂﬂ-ﬁﬂ]j{l As > Cr' > Pb > Mn >
Zn>Cd >Ni > co,ﬁci: As 7EJLEE T RY HL{EmJP 1
ﬁﬁtﬁzﬁsﬂ&,_ H A TE SR SO AR, 145,
JLEE R A HI {Eﬂﬁf?ﬂ]ﬁ As > Pb > Cr>Mn’ >: ,

mz%ﬁﬂzﬁﬁﬁz . T&Hﬂ%ﬁw Gr 19 HQAEK AL Cd > Zn »/Nigs Go HEi As Al Pb 41 JL sy ML
; RS B MMZFELETENIERE B R RS KU v
I /| Table 8= Non-carcinogenic risks and carcingenic’ risks of heayy metals in road dust during spring, autumn, and winter
ml ¥ o 7= 7, T e Ni As Co Cd
= HQ,, 9.06E-07 1.82E-02 4.40E=03 1.65E-05 1.36E-06 1.62E-04 9.29E-04 5.99E -07
L %)I HQ;,, 3.24E-02 1.94E-01 8.40E-01 5.93E-01 5.00E-02 2.38E+00 9.49E-03 2.15E-02
HQ germ 1.46E-04 3.42E-03 1.51E-02 3.55E-03 8.99E-04 7.47E-03 1.07E-05 3.86E-04
HI 3.26E-02 2.16E-01 8.59E-01 5.97E-01 5.09E-02 2.39E+00 1.04E-02 2.18E-02
HQ;, 4.41E-07 8.88E-03 2.00E-03 8.02E-06 6.60E-07 7.90E-05 4.52E-04  2.92E-07
HQ;,, 3.70E-03 2.22E-02 9.59E-02 6.77E-02 5.71E-03 2.72E-01 1.08E-03  2.45E-03
'UNE-3) HQ e 2.08E-05 4.90E-04 2. 16E-03 5.09E-04 1.29E-04 5.74E-06 1.53E-06 5.52E-05
HI 3.72E-03  3.16E-02 1.00E-01 6.82E-02 5.84E-03 2. 72E-01 1.54E- -03 2.50E-03
Risk — — 1. 24E - 06 — 5.93E-09 7.61E- -08 1.31E-08  9.54E-10
HOQ;.. 9.17E-07 1.72E-02 3.09E-03 1.66E-05 4.18E-07 2. 77E-04 8.80E-04 6.76E-07
L3 (B HQ;,, 3.28E-02 1.83E-01 6.32E-01 5.96E-01 1.54E-02 4.06E+00 8.99E-03 2.42E-02
HQ e 1.47TE-04 3.22E-03 1.14E-02 3.57E-03 2.77E-04 1.27E-02 1.01E-05 4.35E-04
HI 3.30E-02 2.03E-01 6.47E-01 6.00E-01 1.57E-02 4.07E+00 9.838E-03  2.46E-02
HOQ;.. 4.46E-07 8.35E-03 1.50E-03 8.06E-06 2.03E-07 1.35E-04 4.28E-04 3.29E-07
HQ;, 3.75E-03  2.09E-02 7.22E-02 6.80E-02 1.76E-03 4.63E-01 1.03E-03  2.76E -03
L PNE ) HQ jerm 2.11E-05 4.61E-04 1.63E-03 5.11E-04 3.97E-05 9.79E-06 1.45E-06  6.22E-05
HI 3.77E-03  2.97E-02 7.53E-02 6.86E-02 1.80E-03 4.64E-01 1.46E-03 2.82E-03
Risk — — 9.37E -07 — 1.83E-09 1.30E-07 1.24E-08 1. 08E -09
HQ;,, 1.L9IE-06 1.91E-02 4.76E-03 3.77E-05 8.11E-07 2.61E-04 1.17E-03  2.80E -06
(&) HQ;, 6.83E-02 2.03E-01 9.74E-01 1.36E+00 2.99E-02 3.83E+00 1.20E-02 1.00E-01
HQ erm 3.07E-04 3.58E-03 1.75E-02 8.13E-03 5.38E-04 1.20E-02 1.35E-05 1. 80E - 03
HI 6.86E-02 2.26E-01 9.96E-01 1.36E+00 3.04E-02 3.84E+00 1.32E-02 1.02E-01
HQ,,, 9.29E-07 9.27E-03 2.32E-03 1.83E-05 3.95E-07 1.27E-04 5.71E-04 1.36E-06
HQ;, 7.80E-03 2.32E-02 1.11E-01 1.55E-01 3.41E-03 4.37E-01 1.37E-03 1. 15E-02
L'INED) HQ e 4.39E-05 5.12E-04 2.51E-03 1.16E-03 7.69E-05 9.23E-06 1.93E-06  2.58E -04
HI 7.84E-03 3.30E-02 1.16E-01 1.56E-01 3.49E-03 4.37E-01 1.94E-03 1. 17E -02
Risk — — 1. 44E - 06 — 3.54E-09 1.22E-07 1.66E-08  4.46E -09
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