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Pollution Characterlstlcs and Hgal!.h RlSk Assessment of I;Ieavy Metals in Road'_.
Dust from Non-ferrous Smeltlng Parks 'y . p. vV §
FENG Yu-ydo', SHI Jian-wu'*, ZHONG Yao-qaan , HAN Xin-yu’, FENG ¥in-chuan', REN Liang'

(1 Fﬁculty-' of Envirahmental Science and Erilgineeriﬁg, Kunming University of Seience and Technology, Kunming 650500, China;
2. Fachlty"'of Architectural Engineering, Kunming Uniyersity-of §_pi€hce and Technology, Kunming 650500, China)

Abstraét ./In order to explore the pollution characteristis and health risks of heavy metals in dust from roads around non-ferrous
smeltingfactivities in different regions, dust samples from urban roads, non-ferrous smelting industry park roads, and tunnel roads were
collected from the Mengzi area of Yunnan Province. The dust samples were suspended on Teflon filters by re-suspension equipment to
obtain PM, 5 and PM,, samples. Eight heavy metals (Cr, Mn, Ni, Cu, Zn, As, Cd, and Pb) were analyzed by ICP-MS. The results
showed that the average content of the total heavy metals in PM, ¢ was higher than that in PM ;. The average contents of Pb, Cd, As,
and Zn were highest in all three types of road dust, and the difference in the total average content in different types of road dust was
ranked as: tunnel roads > non-ferrous smelting industrial park roads > urban roads. The average contents of Pb and As in PM, ; from
the tunnel road dust were higher than other heavy metals, and reached up to 92 338.3 mg-kg ™' and 12 457.7 mg-kg ™', respectively.
The average contents of Pb and Zn in PM, ,from the industrial park road dust were the highest of all heavy metals (4 381.7 mg-kg™'
and 4 685.0 mg-kg ™", respectively). The average content of Zn and Pb in PM, ,were the highest of all the heavy metals in the urban
road dust (1952.6 mg-kg™" and 1 944. 8 mg-kg ™", respectively). The average contents of Cu, Zn, As, Cd, and Pb in the different
types of road dust were all higher than their background values in Yunnan Province. The results of the enrichment factor analysis and
principal component analysis indicated that Cu, Zn, As, Cd, and Pb were obviously enriched in all three types of road dust, which
were significantly affected by the non-ferrous smelting industry and traffic sources. In contrast, Cr, Mn, and Ni were not obviously
enriched in the three types of road dust and were less affected by anthropogenic sources. The results of the health risk assessment
testified that ingestion was the main exposure route, and that the children’s non-carcinogenic risk was higher than that of adults. In
PM, ,, As, Cd, and Pb in all types of road dust were associated with non-carcinogenic risks for adults and children. In PM,;, As, Cd,
and Pb in dust from the non-ferrous smelting industry park roads and tunnel roads had non-carcinogenic risks for humans. As in PM,,
from the urban road dust was associated with a non-carcinogenic risk for children, whereas As in dust from the tunnel roads had
carcinogenic risks.

Key words : heavy metals; non-ferrous smelting industry; road dust; enrichment factor; health risk assessment
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(PM, ;/PM,)) 12.3/4.5,2.3/2.2,2.4/20, 1.9/
2.6 2.2 /1.4 F‘ Hiﬁcﬂ?ﬁﬂ%"‘qjuf’,b';As\Zn\
Cd Al Cu 4 e o BEAH He o RNV, i i i
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il f‘t%%ujijk X ﬁ&&/" JUHOERR 1A PM2 ST Pb &
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53441.3 mg-kg™ , B i i v [ 25M | E R
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HE R S A AT i K. 3 8 R 4 JE P Fh
e & F /KO- 25 5, — 7 T 32 B AR PR A i AR
”‘“Eiﬁ%f%iﬁﬂﬁ”%%ﬁiﬁﬁﬁm Pb.As.Zn
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3 mg'kg

HER ST & AR ANEUR Y B4R, Bk Mn  Cr AT Ni mi\,?rﬁz Cu. Cr, Mn F1 Ni {75 E4RE.
R4 FRAETERFLFELESELE" /mg-kg™!
Table 4 Comparison of heavy metals contents in road dust among different cities/mg-kg =
5T Ik T Cr Mn Ni Cu Zn As Cd Pb

T 50.6 280.4 12.7 130.0 1952.6 305.2 227.5 1944.8

L PMy s TR IXGE R 78.4 331.9 21.4 288.9 4685.0 702.3 422.2 4381.7
'E{ F% 18 15.1 115.4 6.4 81.6 5054.7 12457.7 2587.1 92338.3
% T 41.6 117.3 7.5 80.6 578.4 85.1 89.2 407.1
PM,, Tl B X3 % 30.5 139.1 7.3 110.9 1147.7 189.6 228.9 1836.0

i1} 14.0 121.5 5.1 60.7 2975.7  9676.1 1736.8 53441.3

F L Dhaka 78 144.3 261.5 37.0 49.7 239.2 8.1 11.6 19.0

v [ 5 T L) 112.9 410.3 — 27.5 225.3 — — 45.2

H P22 Lublin A0 86.4 — — 81.6 241.1 — 5.1 44.1
Lﬁj o [ R 1) — 630.0 82.0 626.0 811.0 — 2.4 131.0
X p E e T — — — 264.0 5271.0 — 72.84 533.0
o [ # A T 13 216.3 — — 3564.2 1054.4 — 37.4 662.9

v [ 7 g R (i (23 65.2 626.0 4.5 46.3 89.7 18.4 0.218 40.6
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Fig. 2 Enrichment factors of heavy metals in PM, 5 and PM,, from three types of road dust
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Table 5 Prmmpal component analysis of heavy metals in PM, 5
and PM,, of three types of road dust
PM, 5 PM,
HEJ®
EER 12 T1 T2
Cr 0. 893 -0.308 -0.145 0. 916
Mn 0. 989 -0.010 0.016 0. 687
Ni 0.974 -0.191 -0.084 0. 871
Cu 0. 964 -0.118 0.031 0. 923
Zn 0.711 0. 649 0. 957 0.277
As -0.239 0. 959 0.981 -0.170
Cd -0.053 0. 969 0.994 -0.101
Pb -0.180 0.983 0.998 -0.146
TERETT 22/ % 53.17 42.38 48. 40 38.24
R I %/ % 53.17 95.55 48.40  86.64
K THEASCEERE Rl RSl YRR
1) AR TFERE T 0. 650 M{H
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= i Table 6 Non Larcmogemc rl%k of heavy metals'in PM2 5
I 3%3;' IigH U Mg A M Zn As cd Pb
i HQ;, el LLIIE-01 3.96E-02 4.17E-03 2.31E-02 4.14E-02 6.69E+00 1.50E+00  3.65E +00
;;ﬁfh— HOQ,. 2.14E-04 2.37E-03 7.66E-08 3.93E-07 7.87E-07 1.19E-04 2.75E-05 6.72E-05
B HQuma 1.55E-02 2.81E-03 4.32E-05 1.99E-04 5.99E-04 4.57E-02 4.19E-01 6.82E-02
HI 1.27TE-01 4.47E-02 4.21E-03 2.33E-02 4.20E-02 6.73E+00 1.91E+00  3.72E +00
HQ, 1.72E-01  4.68E-02 7.02E-03 5.13E-02 9.94E-02 1.54E+01 2.78E+00  8.23E +00
I g HQ;,, 3.31E-04 2.81E-03 1.29E-07 8.73E-07 1.89E-06 2.74E-04 5.10E-05 1.51E -04
W HQ germal 2.40E-02 3.32E-03 7.28E-05 4.43E-04 1.44E-03 1.05E-01 7.77E-01 1. 54E -01
HI 1.96E-01 5.30E-02 7.10E-03 5.18E-02 1.01E-01 1.55E+01 3.55E+00  8.39E +00
HQ;,, 3.31E-02 1.63E-02 2.09E-03 1.45E-02 1.07E-01 2.73E+02 1.70E +01 1.73E +02
Bt HQ,,, 6.39E-05 9.76E-04 3.85E-08 2.47E-07 2.04E-06 4.86E-03 3.13E-04 3.19E-03
HQ jermal 4.64E-03 1.15E-03 2.17E-05 1.25E-04 1.55E-03 1.86E+00 4.76E+00 3.24E +00
HI 3.79E-02 1.84E-02 2. 12E-03 1.46E-02 1.09E-01 2.75E+02 2.18E +01 1. 77E +02
HQ;,, 5.55E-02 1.98E-02 2.08E-03 1.16E-02 2.07E-02 3.34E+00 7.48E-01 1. 83E +00
e HQu, 1.83E-04 2.03E-03 6.57E-08 3.37E-07 6.74E-07 1.02E-04 2.36E-05 5.76E-05
B HQ 2.37E-02 4.28E-03 6.60E-05 3.05E-04 9.15E-04 6.97E-02 6.39E-01 1. 04E -01
HI 7.94E-02 2.61E-02 2 15E-03 1.19E-02 2.16E-02 3.41E+00 1.39E+00 1.93E+00
HQ;,, 8.59E-02 2.34E-02 3.51E-03 2.57E-02 4.97E-02 7.70E+00 1.39E+00 4.12E +00
WA g HQ,. 2.84E-04 2.40E-03 1.11E-07 7.48E-07 1.62E-06 2.35E-04 4.37E-05 1. 30E - 04
W HOQ jermal 3.67E-02 5.07E-03 1.11E-04 6.77E-04 2.19E-03 1.60E-01 1.19E+00 2.35E-01
HI 1.23E-01 3.09E-02 3.62E-03 2.63E-02 5.19E-02 7.86E+00 2.57E+00 4.35E +00
HQ,, 1.66E-02 8.14E-03 1.05E-03 7.25E-03 5.36E-02 1.37E+02 8.51E+00 8.67E +01
L HOQu, 5.48E-05 8.36E-04 3.30E-08 2.11E-07 1.75E-06 4.16E-03 2.68E-04 2.73E-03
B HOQ jermal 7.09E-03 1.76E-03 3.31E-05 1.91E-04 2.37E-03 2.85E+00 7.27E+00  4.94E +00
HI 2.37E-02 1.07E-02 1.08E-03 7.44E-03 5.60E-02 1.39E+02 1.58E+01 9.17E+01
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Table 7 Non-carcinogenic risk of heavy metals in PM,,
FA TiH Cr Mn Ni Cu Zn As Cd Pb
HQ,,, 9.11E-02 1.66E-02 2.45E-03 1.43E-02 1.23E-02 1.87E+00 5.86E-01  7.65E -01
s HQu, 2.86E-05 1.43E-05 2.00E-02 4.00E-02 3.00E-01 3.32E-05 1.00E-03  3.50E -03
R HQ g 1.27E-02 1.17E-03 2.54E-05 1.24E-04 1.77E-04 1.27E-02 1.64E-01  1.43E-02
HI 1.LO4E-01 1.77E-02 2.25E-02 5.45E-02 3.12E-01 1.88E+00 7.51E-01  7.83E -0l
- HQ,, 6.68E-02 1.96E-02 2.40E-03 1.97E-02 2.43E-02 4.16E+00 1.51E+00  3.45E +00
L ;Jf HQ,,, 1.29E-04 1.18E-03 4.41E-08 3.35E-07 4.62E-07 7.39E-05 2.77E-05  6.34E -05
s MQuma 9.35E-03 1.39E-03 2.49E-05 1.70E-04 3.52E-04 2.84E-02 4.21E-01  6.44E -02
HI 7.62E-02 2.22E-02 2.43E-03 1.99E-02 2.47E-02 4.18E+00 1.93E+00 3.51E +00
HQ,,, 3.06E-02 1.71E-02 1.66E-03 1.08E-02 6.31E-02 2.12E+02 1.14E+01  1.00E +02
_— HQ,,, 5.90E-05 1.03E-03 3.06E-08 1.84E-07 1.20E-06 3.77E-03 2.10E-04 1.85E -03
HQ yorma 4.29E-03 1.22E-03 1.73E-05 9.32E-05 9.13E-04 1.45£+00 3.20E+00 1.87E+00
HI 3.50E-02 1.94E-02 1.68E-03 1.09E-02 6.40E-02 2.14E+02 1.46E+01  1.02E +02
HQ,, 4.55E-02 8.28E-03 1.22E-03 7.16E-03 6.13E-03 9.33E-01 2.93E-01  3.82E-01
i HQun 1.51IE-04 8.50E-04 3.86E-08 2.09E-07 2. 00E-07 2.84E-05 9.24E-06 1.21E-05
R HQ g 1L9SE-02 1.79E-03 3.88E-05 1.89E-04 2.71E-04 1.94E-02 2.51E-01 2. 18E=02
HI 6.52E-02 1.09E-02 1.26E-03 7.35E-03 6.41E-03 9.52E-01 5.44E -0l -4.'04E =01
- HQ,, 3.34E-02 9.81E-03 1.20E-03 9.85E-03 1.22H-02 2.085+00 7.53E -0l ,"* 72E_+00
A ;Jf HQ,,, 1.1I0E-04 1.01E-03 3 78E-08  2.87E-07 3.96E 07" 6/34E05 2.37E-05 5.43E-05
strge HQuema 1L43E-02  2.12E-03 370E-05 2.60E-04 5.38k-04 433802 6.44F -01‘_,--“'” 9_;,_‘;33% 02
HI 4.78E-02 1.29£-02 1,24E-03 1.01E-02 1. 27E 02 _2]12E+00 1.40E+00 4. 82E.400
HQ;ng.._...-‘ | 1.53E-02 8,57E-03 | 8132604, 5.40E-03 3,,16E 02 1OEL02, 5. 71E +00 5. oz,g;+61
i HO, | 5.06E-05 8/80E 704 / 26REL08 1.57E -07 1 Q3E.“ 064 3.23E-03" 1.80E-04 158K 03
) HQuinfi /1 6.54E-03  1.,86E 103 ’,.fz 63F -05 1.42E-04 1. 39E-03 |2.21E+#00 4.88E+00 . 2.86E +00~ .
H;[ "4 219E-02 #138502° 8.'5&E 204 5.54E-03 3.30E-02 [1.08E+02 1.06E+01 5. 315+ 01"
7 T 7 r '.{d ._ﬁ T T T
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Table 8 Carcinogenic risk of heavy metals in three types of road dust

itz H A Cr Ni As cd
I T 9.75E - 08 4.89E - 10 2. 11E =07 6. 68E —08
PM, Tl bl X # 1.51E -07 8.23E-10 4.87E -07 1. 24E - 07
(2311 2.91E -08 2.45E-10 8. 63E - 06 7. 60E - 07
T 3A 8.01E -08 2.87E-10 5.90E - 08 2.62E - 08
PM,, Tl el X GE 5.87E -08 2.81E -10 1.31E -07 6.72E -08
%18 2. 69E - 08 1.95E - 10 6. 70E - 06 5.10E =07
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4 it
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