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Abstract: Background aim and scope Street dust is an important pathway for pollution material in
the urban environment. Street dust often becomes a sink for both industrial and residential pollutants,
including waste incineration residues, vehicle exhaust emissions, and products of tire wear, metallic
fragments, fossil fuel combustion emissions and garden soil. Among the pollutants in street dust,
heavy metals are often more severe than others. Heavy metal elements are often not decomposed by
microorganisms and may become enriched through the food chain, affecting human health, especially
that of children and elderly people. Moreover, heavy metals have more affinity to establish metallic

bonds with ferrous material, which leads to enhancement of the magnetic susceptibility of street dust.
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Many studies have reported excellent relationships between magnetic susceptibility and the levels of
some heavy metals in street dust or industrial/urban soils, this relationship forms the basis for the use of
magnetic methods in pollution studies. Therefore, magnetic susceptibility characteristics of street dust
can be used to reflect a city’s heavy metal pollution. Furthermore, heavy metal enrichment regularity
in street dust research has important significance. Along with the remarkably fast development of the
economy and urbanization of China, environmental pollution is becoming a more serious problem in
many cities. Xuchang City is one core city of the Central Megalopolis of China; industrial pollution and
vehicle exhaust emissions have aggravated the city’s pollution in recent years, especially the particulate
matter pollution. At present particle size effect of heavy metal of Xuchang City street dust has not
been reported. This present research studied the Xuchang City street dust particle size and heavy
metals concentration. Our main aims are to analyze the particle size and heavy metal concentration
and to identify the relationships between them. The results may provide useful information for the
establishment of control policies and environmental risk assessment of street dust in China. Materials
and methods Particle size and heavy metals in street dust samples of Xuchang City were analyzed.
The enrichment regularity of heavy metals in different partical size and the reason of it were discussed.
Twenty two street dust samples were collected around Xuchang. Street dust samples were collected by
ground sweeping with a polyethylene scoop and a brush, and then the sample was put into a pocket-
sized sealable plastic bag. All samples were air-dried in the laboratory for more than 24 hours, and
then passed through a 1-mm sieve to remove leaves, refuse and small stones before measurement in
the laboratory. All sieved samples were finely ground, passed through a 200 mesh sieve and pressed
into a tablet. Particle sizes of samples were determined using Mastersizer 2000 Laser Particle Sizer.
Heavy metal concentrations of samples were determined using a PANalytical PW2403/00 X-ray
fluorescence (XRF) analyzer. Blank samples and the China national reference materials GSD-9 were
used for accuracy control; the analytical accuracy was better than 10%. Results The results showed that
street dust was dominated by silt (average = 57.62%), followed by sand (average =25.18%), and clay
(average=17.20%). Cr, Cu, Zn, Pb, Mn, Ni, and Co content in street dust ranged 60.9—277.4 pg'gfl,
155—116.4 pg-g ', 76.5—398.7 ug'g ', 25.1—63.7 ug'g ', 356 —519 pg-g ', 9.0—25.6 pg-g ', and
7.9—10.4 pg-g ', with an average value of 96.8+42.7 ug'g ', 35.4+23.8 ug'g ', 145.3+67.2 pgg ',
41.9+10.4 pgg ', 408+35.7 pg-g ', 18.5+4.1 ug-g ', and 9.0£0.7 ug-g ', respectively. The average
values of Zn, Pb, Cu, and Cr were 2.42, 2.14, 1.80, and 1.52 times higher than that of soil background
values, indicating heavy pollution of these metals. Discussion The enrichment degree of Mn, Ni, and
Co was relatively low. The results showed that the concentrations of Cu, Pb, Zn, and Cr were relatively
strong positive with coarse silt, while Mn and Ni were relatively strong positive with fine silt. But
these heavy metals content did not further increase with decreasing particle size. The concentrations
of Co were relatively strong positive with clay, and the particle size effect of it was obvious.
The differences in particle size effect of different heavy metals may be related with the relative
strength of adsorption and isomorphous replacement. Conclusions Xuchang City street dust was
dominated by silt, followed by sand and clay. The average values of Zn, Pb, Cu, and Cr were
2.42, 2.14, 1.80, and 1.52 times higher than soil background values, indicating heavy pollution
of these metals. Cu, Pb, Zn, and Cr were relatively strong positive with coarse silt, while Mn
and Ni were relatively strong positive with fine silt. Co was relatively strong positive with clay.
Recommendations and perspectives Initial data and useful information for establishing relevant
pollution-control guidelines are provided.

Key words: street dust; heavy metal; Xuchang; particle size effect
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Fig.1 Sampling sites of street dust in Xuchang City
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#1 VFETTEERARESRARE IR (B %)
Tab.l The particle-size distribution (Unit: %) in street dust in Xuchang City

<10 pm 0—100 pm b silt 100—2000 pm %} sand
Bedh WOE ey KL P i HHay )
Samples Clay Fine silt Coarse silt Fine sand Middle sand Coarse sand Mega sand
10—50 pm 50—100 um 100—250 pm  250—500 um ~ 500— 1000 pm  1000—2000 pm
LC-1 7.80 20.51 19.23 28.73 14.08 9.35 0.00
LC-2 15.10 29.69 32.00 23.21 0.00 0.00 0.00
LC-3 16.65 32.98 23.40 26.97 0.00 0.00 0.00
LC-4 12.30 28.86 21.57 35.77 1.50 0.00 0.00
LC-5 17.88 47.89 30.97 3.26 0.00 0.00 0.00
LC-6 25.83 36.76 20.77 10.17 4.34 2.13 0.00
LC-7 15.71 45.43 33.62 5.24 0.00 0.00 0.00
LC-8 10.01 30.09 37.43 22.47 0.00 0.00 0.00
LC-9 20.94 22.50 22.53 31.89 2.14 0.00 0.00
LC-10 18.91 31.21 32.84 17.04 0.00 0.00 0.00
LC-11 30.10 57.68 12.22 0.00 0.00 0.00 0.00
LC-12 16.21 40.63 29.46 13.70 0.00 0.00 0.00
LC-13 14.25 29.73 31.97 24.05 0.00 0.00 0.00
LC-14 20.04 29.71 27.55 22.70 0.00 0.00 0.00
LC-15 17.01 33.46 30.82 18.71 0.00 0.00 0.00
LC-16 16.00 36.46 31.74 15.80 0.00 0.00 0.00
LC-17 25.34 41.52 20.99 12.15 0.00 0.00 0.00
LC-18 21.75 21.54 14.08 23.66 14.23 4.74 0.00
LC-19 11.29 14.30 16.48 28.06 17.27 11.18 1.42
LC-20 10.10 16.04 21.52 27.79 16.68 7.79 0.08
LC-21 14.60 25.01 19.34 24.19 13.67 3.19 0.00
LC-22 20.78 33.93 31.10 14.19 0.00 0.00 0.00

#2 OVFRMHERAERESE S E (PO ngg')
Tab.2 The concentrations of heavy metals (Unit: pg-g') in street dust in Xuchang City

JLER L P GEiEl SFIE /R i 22 BRFRE(CV)
Elements Scope Average Background values Average/background values Standard deviation Variable coefficient (CV) /%

Cr  60.9—2774 96.8 70 1.38 42.7 44.1

Cu 155—1164 354 18 1.97 23.8 67.2

Zn  76.5—398.7 1453 55 2.64 67.2 46.2

Pb 25.1—63.7 419 21 2.00 10.4 24.8

Mn 356—519 408 451 0.90 35.7 8.8

Ni 9.0—25.6 185 22 0.84 4.1 222

Co 7.9—10.4 9.0 9.0 1.00 0.7 7.8

23 WETHERLELBSBIORMAMAAT  Cu. Pb. Zn Ml Cr 55 50— 100 um HETHHI X
B RAE BRI AT 0 E B2 M. Rifesy &, HDRREIY 0.62, 058, 0.46, 0295 Mn
T REPCE TR T R, WSS FING S 10— 50 pm ATBHPHDCHERIN SRR, A1
Yl I SE, BT RA P ES R SR BB 042, 044; i Co 55 <10 pm K RL
SRR E O R (R 4) R UMHIEERSR, HICRE M 030,
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Tab. 3 Pearson’s correlation coefficients of heavy metals in street dust in Xuchang City

Cr Mn Co Ni Cu Zn Pb
Cr 1.0
Mn 0.66 1.0
Co 0.02 0.34 1.0
Ni 0.14 0.54 0.45 1.0
Cu 0.16 0.04 —0.09 0.44 1.0
Zn 0.22 0.26 0.38 0.35 0.14 1.0
Pb —0.004 0.05 0.24 0.30 0.40 0.68 1.0

HOCZELE 0.01 HERKE I B3,

The correlation coefficient at the 0.01 probability level significantly.

F4 HEKAESE S E SRR

Tab.4 The relationship between heavy metals and particle size in street dust in Xuchang City

Cr Mn Co Ni Cu Zn Pb

<10 um ( Aikr Clay) 0.12 0.41 0.30 021 -0.19 0.08 —0.06

10—50 pm ( 4ii¥3b Fine silt ) 0.23 0.42 0.26 0.44 0.38 0.00  —-0.06
50— 100 pm ( AH¥37 Coarse silt ) 0.29 0.09 -0.03  0.29 0.62 0.46 0.58
100—250 um ( Zi#> Fine sand ) -0.18 -037 -032 —-047 -038 —-0.03 —0.08
250—500 um ( 1% Middle sand ) -037 -037 -0.10 -034 -038 -0.34 -0.20
500—1000 pm (¥Hf> Coarse sand ) -031 —0.41 -0.13 —-034 -033 —-035 -0.30
1000—2000 pm ( F.f) Mega sand ) -0.06 —-027 -0.17 -028 -0.14 —0.18 —0.29

A EREE 0.01 BERACOE |2,

The correlation coefficient at the 0.01 probability level significantly.
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I Cr 555 50— 100 pm A EREAR AH S 1 A
F, X 5ET MBS A — 3 (Al-Rajhi et al,
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7 R4, 2009; Zheng et al, 2010; X {45
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EV I T 8 N LY R 0 WP A= N B
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J& B RN AR Y, (BAE <63 pm 5 <75 pm
R, BEAERAEN, HAeE S EBEH

TCiEASH
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WA 0.02—2000 pm, 7] AT AR 2310 15
AR R LI, HHE AR E—2L N, Cu,
Zn, Pb I Cr &5 10—50 pm 40¥3H5 . <10 um kY
WL R AR DGR IR A N, Ul E KR
GBS HATE 10—50 pm 40A5E . <10 pm AliA FIf
WAL 50—100 pm fUYED & . VR B T BTIE K2R
t Cu, Zn M1 Pb 7 & F 273 A £ 50 — 100 pm
Kb, Mn FINi FEZOMAAEAR RS 1T Co 7
o Bl AR A — 2D NI RS, PR LR A
/N, Co it .

Cornell and Schwertmann ( 1996 ) [ffF5E 201 ,
HEEJETTR FEEN 2 Fhsit s S EE KA,
— R EH, Rl [F] e e AT
TE R A R ERREPER P A A v o — A kL
Yrkifedk /)y, H LR AU, W st e
SR, R R o fH [N R BRI S [ e A



2

o

B, % FRWENEKATE SR SR SITRAUY 189
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