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Heavy metal contamination in the street dust due to metal smelting in the industrial district of Huludao city was
investigated. Spatial distribution of Hg, Pb, Cd, Zn and Cu in the street dust was elucidated. Meanwhile, noncancer
effect and cancer effect of children and adults due to exposure to the street dust were estimated. The maximum
Hg, Pb, Cd, Zn and Cu contents in the street dust are 5.212, 3903, 726.2, 79,869, and 1532 mg kg™ !, and
respectively 141, 181,6724, 1257 and 77.4 times as high as the background values in soil. The trends for Hg, Pb, Cd,
Zn and Cu are similar with higher concentrations trending Huludao zinc plant (HZP). The exponential equation
fits quite well for the variations of Pb, Cd, Zn and Cu contents with distance from the pollution sources, but not for
Hg. The biggest contribution to street dust is atmospheric deposition due to metal smelting, but traffic density
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Huludao city makes slight contribution to heavy metal contamination. According to the calculation on Hazard Index (HI), in the
Atmospheric deposition case of noncancer effect, the ingestion of dust particles of children and adults in Huludao city appears to be the
Health risk

route of exposure to street dust that results in a higher risk for heavy metals, followed by dermal contact. The
inhalation of resuspended particles through the mouth and nose is almost negligible. The inhalation of Hg vapour
as the fourth exposure pathway to street dust is accounting for the main exposure. Children are experiencing the
potential health risk due to HI for Pb larger than safe level (1) and Cd close to 1. Besides, cancer risk of Cd due to

inhalation exposure is low.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Heavy metals may come from many different sources in urbanized
areas, including vehicle emissions, industrial discharges and other
activities (Harrison et al., 1981; Gibson and Farmer, 1986; Thornton,
1991). Metal smelting is regarded as one of the most important
anthropogenic heavy metal emission sources (Niragu and Pacyna,
1988). During smelting process, heavy metals in the ores are
evaporated from the matrix, and eventually go into the atmosphere,
if no pollution control technology is applied (Pacyna and Pacyna,
2002). Huludao city was an industrial base in Liaoning province,
northeast of China. Some domestic large industrial corporations, such
as Huludao zinc plant (HZP) and Jinxi petroleum chemical factory
(JPCF), were centralized in the industrial area (Longgang District and
Lianshan District) of Huludao. HZP was the largest zinc plant in Asia.
Metal smelting activities at HZP had seriously contaminated soil,
water and atmosphere (Zheng et al., 2007a,b).

Street dust in urban area is an indicator of heavy metal
contamination from atmospheric deposition (Li et al., 2001). Street
dust makes a significant contribution to the pollution in the urban
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environment (Arslan, 2001; Al-Khashman, 2004). Heavy metals can
accumulate in street dust from atmospheric deposition by sedimen-
tation interception and may affect population health if they reach a
level of being considered as toxic pollutants (Ferreira-Baptista and De
Miguel, 2005). With the increase of population, the tightly packed
buildings limit air circulation, leading to increases of heavy metal
accumulations in the street dust (Madany et al., 1994). Street dust
contaminated by heavy metals poses higher health risk to children
and adults than that of automobile emissions.

Health risk is especially high for children because of their low
tolerance to toxins as well as the inadvertent ingestion of significant
quantities of dust (or soils) through hand-to-mouth pathways (Ljung
etal,, 2005; Acosta et al., 2009). Besides, many residential buildings in
China were close to streets. The inhabitants are frequently exposed to
street dust. Pollutant metals are usually non-degradable and there is
no known homeostasis mechanism for them. Thus, any high levels of
heavy metals will threaten biological life (Tong and Lam, 2000). They
may accumulate in the fatty tissues of our body and affect our central
nervous system, or they may be deposited in our circulatory system
and disrupt the normal functioning of our internal organs, or they may
act as cofactors in other diseases (Nriagu, 1988). Therefore, it is
important to identify the origin and distribution of heavy metals in
street dust, and estimate population heavy metal exposure via street
dust in smelting district. There were many recent investigations on
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heavy metals in street dust reported in developed countries (Madany
et al., 1994; Arslan, 2001; Sezgin et al., 2003; Ahmed and Ishiga, 2006;
Hogervorst et al., 2007; Hur et al., 2007), but few had been done in
China, especially in the smelting district.

The objectives of the present study were to determine the spatial
distributions of Hg, Pb, Cd, Zn and Cu in the street dust in Huludao
city; and to estimate population health risk due to heavy metal
exposure to street dust according to Hazard Indexes (HIs) and cancer
risk.

2. Materials and methods
2.1. The site of investigation — Huludao city, China

Huludao city (40°56’N, 120°28’E) is in Liaoning province in the
northeast of China (Fig. 1). The climate of Huludao is a typical
continental monsoon with an annual average temperature of 8.7 °C
and an average annual rainfall of 590 mm. The primary wind direction
is from northeast to southwest. The industrial district spans over
180 km? with the urban population of approximately 200,000 in 2007.
HZP is situated at the southeast of Huludao city, near Liaodong Gulf
(Fig. 1). During smelting process, Hg, Pb, Cd, Zn and Cu are emitted
into the environment in large quantities through atmospheric
deposition, solid waste emissions, sludge applications, and wastewa-
ter irrigation. About 260t of mercury was emitted into the
atmosphere from HZP in the decade from 1980 to 1990 (Dong,
1988). The industrial area of Huludao was selected in the present
study to investigate heavy metal contamination.

2.2. Sample collection

The sampling grid is shown in Fig. 1, and 35 street dust sampling
sites around the main streets were selected in Huludao city, including
heavy and low traffic density areas, commercial areas, and residential
districts. Sampling was undertaken over three consecutive days, in the
summer after a dry spell of weather. Approximately 500 g street dust
composite samples were collected using polyethylene brush on
impervious surface (road, pavement, and gutter) within a 1-m?
radius circles around each sampling site. All collected dust samples
were stored in sealed polyethylene bags, labeled and then transported
to the laboratory.

2.3. Preparation for the analysis

Street dust is operationally defined in this study as the particles of
outdoor urban material with diameters below 100 um. They are easily
resuspended and can be inhaled through the nose or mouth during
breathing (as opposed to bigger particles which move mainly by
“saltation” and “creep”) (Nicholson, 1988; Sehmel, 1980; De Miguel
et al., 2007). The equations used as sampling criteria for the inhalable
fraction (IF) of particulate matter are applicable up to aerodynamic
diameters less than or equal to 100 um. There is evidence that the size
range of inhalable particles with systemic toxicity that could pose a
health risk should be extended even further (Kennedy and Hinds, 2002).

All the samples were dried at room temperature for 5 days, and then
sieved through a 1.0 mm mesh nylon sieve to remove refuse and small
stones. After samples were carefully homogenized and sieved through
100 um, and the fraction below 100 um was reduced by repeated
quartering until a 0.5 g sample was obtained. 0.25 g dust samples were
digested using the method of H,SO4-HNOs-V,05 (GB/T 17136-1997) in
order to determine the concentration of total Hg in samples and blanks
by cold vapour AAS. Another 0.25 g samples were digested using the
method of HCIO4-HNO3-HF (GB/T 17138, 17141-1997) to determine Pb,
Cd, Zn and Cu concentrations by inductively coupled plasma mass
spectroscopy, ICP-MS (Thermo Fisher). The accuracy and precision of

the analytical method (accuracies within 4 10%) was estimated by
analyzing a soil Standard Reference Material (GBW 07405(GSS-5)).

2.4. Risk assessment model

Residential exposure of heavy metals to the street dust can occur
via three main paths: (a) direct ingestion of substrate particles (Ding);
(b) inhalation of resuspended particles through mouth and nose
(Dinn); and (c) dermal absorption of trace elements in particles
adhered to exposed skin (Dgermal), O through inhalation of vapours
(Dvapour). The dose received through each of the three paths was
calculated using Eqs. (1)-(3) (USEPA, 1996, 1989). Hg exposure can
also occur via inhalation of vapour, which can be expressed by Eq. (4).
For carcinogens, the lifetime average daily dose (LADD) for Cd
inhalation exposure route was used in the assessment of cancer risk
(USEPA, 1996, 2001).

IngR x EF x ED

_ IngR < EF < ED -6
Dipg = Cx —Cp s x 10 (1)
InhR x EF x ED
Dion = € ppr s W x AT @
SL x SA x ABS x EF x ED 6
Dgermar = C X BW x AT x 10 3)

InhR x EF x ED )
VF x BW x AT

InhR x ED
+ adult adult) . 5
B Wadult ( )

Dvapour =Cx

_ CxEF  (InhRyjy % EDyyg
IADD = 7 pEF * ( BW nia

IngR: ingestion rate, in this study, 200 mg day ™! for children and
100 mg day~! for adults (USEPA, 2001). InhR: inhalation rate, in this
study, 7.6 m*>day ™! for children and 20 m*day~ ! for adults (Van den
Berg, 1995). EF: exposure frequency, in this study, 180 day year ™!
(Ferreira-Baptista and De Miguel, 2005). ED: exposure duration, in this
study, 6 years for children and 24 years for adults (USEPA, 2001). SA:
exposed skin area; in this study, 2800 cm? for children and 5700 cm?
for adults (USEPA, 2001). SL: skin adherence factor, in this study,
0.2mgcm~2h~! for children and 0.7 mgcm~2h~! for adults
(USEPA, 2001). ABS: dermal absorption factor (unitless), in this
study, 0.001 for all elements. PEF: particle emission factor, in this
study, 1.36x10°m> kg~ ! (USEPA, 2001). VF: volatilization factor, in
this study, for elemental Hg, 32675.6m> kg~ ! (USEPA, 2001). BW:
average body weight; in this study, 15 kg for children and 70 kg for
adults (USEPA, 1989). AT: averaging time; for non-carcinogens,
ED x 365 days; for carcinogens, 70 x 365 = 25,550 days.

C (exposure-point concentration, mg/kg) in Eqgs. (1)-(5), com-
bined with the values for the exposure factors shown above, is
considered to yield an estimate of the “reasonable maximum
exposure” (USEPA, 1989), which is the upper limit of the 95%
confidence interval for the mean. Since the concentration of most
elements in the street dust samples has an approximate log-normal
distribution, the 95% upper confidence limit (UCL) was calculated as
shown in Eq. (6) (USEPA, 1996). Calculation of the exposure-point
concentration term for log-transformed data:

_ H
CosxucL = €XP {X +05xs + \s/:j} 6)

where X is the arithmetic mean of the log-transformed data, s the
standard deviation of the log-transformed data, H the H-statistic
(Gilbert, 1987) and n the number of samples.

According to EPA's guideline on risk assessment, we have separate
discussions for carcinogenic and noncarcinogenic effects because the
methods used are different for these two modes of chemical toxicity.
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Table 1
Heavy metals in street dust from industrial area of Huludao City (mg kg™ ").

lons Mean Median Min Max StDev Skewness Kurtosis Background in soil* EF

Hg 1.222 0.612 0.119 5.212 1.40 1.585 1.631 0.037 331

Pb 533.2 2354 96.71 3903 815.4 3.374 11.58 21.6 247

cd 72.84 19.72 5.559 726.2 159.9 3.482 11.84 0.108 674

Zn 5271 1374 517.8 79869 13403 5.034 27.49 63.5 83

Cu 264.4 161.6 58.02 1532 286.3 2.985 10.23 19.8 133

* China National Environmental Monitoring Center.

In this study, quantified risk or Hazard Indexes for both carcinogenic
and noncarcinogenic effects was applied to each exposure pathway in
the analysis. The doses thus calculated for each element and exposure
pathway are subsequently divided by the corresponding reference
dose to yield a hazard quotient (HQ), whereas for carcinogens the
dose is multiplied by the corresponding slope factor to produce an
estimate of cancer risk. Hazard index (HI) is equal to the sum of HQ.
The approach assumes that the magnitude of the adverse effect is
proportional to the sum of the ratios of the simultaneous subthreshold
exposure to acceptable exposure for each chemical (US Environmen-
tal Protection Agency, 1989). If the value of HI is less than one, it is
believed that there is no significant risk of non-carcinogenic effects. If
HI exceeds one, then there is a chance that non-carcinogenic effects
may occur, with a probability which tends to increase as the value of
HI increases (USEPA, 2001). In this study, Hazard Index methods and
cancer risk methods were used to assess population health risk of
heavy metal exposure to street dust in Huludao city.

3. Results and discussion
3.1. Heavy metals in street dust

3.1.1. Heavy metal contents in street dust

All heavy metal contents in street dust have approximately log-
normal distributions. Their concentrations are listed in Table 1. The
maximum Hg, Pb, Cd, Zn and Cu concentrations in the street dust,
which occur near HZP, are respectively 5.212, 3903, 726.2, 79,869, and
1532 mg kg™ !, and they are 141, 181, 6724, 1257 and 77.4 times as
high as the background values in soil (China National Environmental
Monitoring Center, 1990). In relative term, Cd is the biggest
contributor to heavy metal contamination. Although the absolute
heavy metal concentrations in the street dust decrease in the order of
Zn>Pb>Cu>Cd>Hg, the enrichment factors (EF, i.e., the ratio of
current to background concentration) of heavy metals decrease in the
order of Cd>Zn>Hg>Pb>Cu. The average contents of heavy metals in
the street dust were higher than those of other cities which were
affected by traffic density and population, but similar to those of cities
contaminated by zinc smelting (Table 2).

3.1.2. Spatial distribution of heavy metals in street dust

Spatial distributions of heavy metal concentrations in the street
dust in Huludao city were separately shown (Fig. 2). The trends for Pb,
Cd, Zn, and Cu are similar with higher concentrations near HZP. Pb, Cd,
Zn, and Cu contents in street dust correlate linearly with each other
(Table 3). We believe that heavy metal emission from HZP is the main
source of heavy metal contamination in Huludao city.

Only part of the Hg spatial distribution is similar to that for other
heavy metals of Pb, Cd, Zn, and Cu. This suggests that, besides HZP, there
are other pollution sources which give relatively large contributions of
Hg to the street dust. We know that Wuli River through Huludao was
contaminated by Hg from chlor-alkali production prior to 1998, when
the use of mercury cathodes was terminated. As a result, the soil along
Wauli River had been contaminated by Hg (Zheng et al., 2007a,b). It is
generally accepted that the two main sources of street dust, and
consequently of the trace elements found therein, are deposition of
previously suspended particles (atmosphere aerosol) and displaced
urban soil (Ferreira-Baptista and De Miguel, 2005; Han et al., 2007). Soil
particles is easily resuspended back into the atmosphere aerosol, to
which it contributes a significant amount of trace elements (Maxwell
and Nelson, 1978), or precipitation washes it away, becoming an
important component of the suspended and dissolved solids in street
run-off and in receiving water bodies (Vermette et al., 1991). Therefore,
the contaminated soil is an important Hg pollution source to street dust
in S14 and S25 sampling sites. Meanwhile, the street around Longbei
Mountain (at site S18) is the third hot spot for Hg due to its hypsography.

Pb, Cd, Zn, and Cu concentrations in the street dust decrease with
distance from HZP. Feng et al. (2006) used an exponential equation to
fit such spatial variation of heavy metal contents. We have also used
exponential equation to fit the spatial variations of heavy metal
concentrations with the distance as shown in Fig. 3. The curves and
the parameter were listed in Table 4, respectively. The fits to Pb, Cd, Zn
and Cu concentrations with distance from the pollution source are
relatively good, but not for Hg. The Pb, Cd, Zn, Cu contents decrease
exponentially with distance from HZP, and drop rapidly within 2 km.
It further proves that atmospheric deposit is the main source of heavy
metals in the street dust. Hg, on the other hand, has multiple sources
which make contributions to street dust.

Table 2

Heavy metal contents in street dust of different cities (mg kg™ ').
Location Factor Hg Pb Cd Zn Cu Literature
Huludao, China Zinc smelting 1.222 533 72.84 5271 264 In this study
He Zhang, China (soil) Zinc smelting - 9000 43 11,000 - Bi et al. (2006)
Shenyang, China Traffic density - 106 435 334 81.3 Li et al. (2008)
Dhaka, Bangladesh Traffic density - - 169 105 Ahmed and Ishiga (2006)
Birmingham, UK Traffic density - 48.0 1.62 534 466 Charlesworth et al. (2003)
Oslo Traffic density - 180 14 412 123 De Miguel et al. (1997)
Kara Industrial Estate, Jordan Industrial pollution - 11.2 - 13.1 113 Al-Khashman (2004)
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Fig. 2. Heavy metals spatial distribution in street and staircase dust (mg kg~ 1).

3.1.3. Heavy metal contamination in different use scenarios

The geometrical means of heavy metal contents in the street dust
of different use scenarios were calculated (Table 5). HZP appears to
the most seriously contaminated site, followed by service station. But
each heavy metal in street dust of other sites is in the same order of
magnitude, significantly lower than that of HZP and service station.
Pb, Cd and Zn contents near HZP are 10 times as high as other
sampling sites, and 3-5 times for Hg and Cu. Except sites near HZP,
heavy metal contents in the street dust from other sites are much
higher than those of other cities, such as Shenyang. Huludao city is
near Shenyang city (Fig. 1), and they have similar climate character-
istics and geographical location. The main roads of Shenyang city are
marked by high traffic and heavy commercial vehicles subjected to

Table 3
Correlation coefficients between heavy metals in street dust.

Hg Pb cd Zn Cu
Hg 1 0.625 0.566 0.537 0.603
Pb 1 0.869 0.809 0.825
Cd 1 0.828 0.810
Zn 1 0.965
Cu 1

Significance to 0.01%, n=38.

frequent stop-and-go situations (Ren et al., 2006). Moreover, the
population of Shenyang city is higher than Huludao city. However,
heavy metal contents in the street dust of Huludao city are
significantly higher than those of Shenyang city, even excluding the
data near HZP. This suggests that the major contribution to street dust
in Huludao city is from atmospheric deposition originated from HZP,
and traffic density and population make relatively insignificant
contributions to the overall heavy metal contamination.

Piron-Frenet et al. (1994) found a correlation between traffic
density and heavy metal deposited in roadside soil. Moreover, there
was a relationship between population and heavy metal contents in
the street dust (Charlesworth et al., 2003). In fact, this is not the case
for Huludao, where the mean concentrations of heavy metals in the
street dust are much higher than those of other cities with similar size
of population (Tables 2 and 5). Moreover, there seems to be no
obvious correlation between traffic density and heavy metals contents
for the street dust. In smelting district, heavy metal contamination in
the street dust due to smelting activities poses much higher risk than
that from the automobiles.

3.2. Health risk assessment of heavy metal exposure to street dust

The relative toxicity values used in the analysis were taken from
the US Department of Energy's RAIS compilation (U.S. Department of



N. Zheng et al. / Science of the Total Environment 408 (2010) 726-733 731

Hg contents in dust (mg/kg)

. "
0 B . ﬁ'.-.l [
4 6 8 10

2

12
Distance (km)

Pb contents in dust (mg/kg)

Distance (km)

Cd contents in dust (mg/kg)

Zn contents in dust (mg/kg)

0 2 4 & 8 10 12 0 2
Distance (km)

Distance (km)

g8 § &

Cu contents in dust (mg/kg)
g

6 8 10 12

Distance (km)

Fig. 3. Exponential variety of heavy metal contents with distance.

Energy, 2004). Reference doses for Pb have been taken from the
WHO's (1993) Guidelines for Drinking Water Quality. Intake rates and
particle emission and volatilization factors for street dust can be
approximated by those developed for soil. Inhalation-specific toxicity
data are available only for Cd. For the other four elements included in
the risk analysis, the toxicity values considered for the inhalation
route are the corresponding oral reference doses and slope factors,
with the assumption that, after inhalation, the absorption of the
particle-bound toxicants will result in similar health effects as if the
particles had been ingested (Van den Berg, 1995; Naturvdrdsverket,
1996; De Miguel et al., 2007).

Table 4
Estimated exponential equation of heavy metals in street dust.

Heavy metals y=ax" R? Sampling number

For noncancer effect, in the case for children, ingestion of dust
particles appears to be the route of exposure to street dust that results
in a health risk for Pb, Cd, Zn and Cu, followed by dermal contact
(Table 6). Similar results were obtained by Ferreira-Baptista and De
Miguel (2005) in a study of exposure to heavy metals in street dust.
HQ (noncancer risk) due to inhalation of dust particles is 2-4 orders of
magnitude lower than the other two exposure pathways, and it is
unlikely that this exposure route would pose a higher risk than
ingestion. Therefore, inhalation of resuspended particles through the
mouth and nose is almost negligible compared with the other routes
of exposure. However, inhalation of Hg vapour as the fourth exposure
pathway to street dust is significant, accounting for the main exposure
in the street dust of Huludao city.

HIs for Hg, Pb, Cd, Zn and Cu to children decrease in the order of
Pb>Cd>Hg>Zn>Cu. Regarding noncancer effects, Pb exhibit Hazard
Indexes larger than safe level (1), which if contacted by children in large
enough doses can trigger neurological and developmental disorders

He y—=1.8615x 0351 0.0798 35 (Ferreira—Bapt?sta gnd De Miguel., 2005). The children in Huludao city
Pb y=1169x %8171 0.4672 35 are also experiencing the potential health risk from Pb exposure from
cd y= 203-7X:‘;°;15117 04675 85 street dust. Though, HI for Cd (0.6) is lower than the safe level (1), Cdis a
éz V= ;;gﬁix, 07299 g'gggi ;g cumulative toxic metal and the kidney is the main target for Cd toxicity
J = - (De Burbure et al., 2003). So Cd exposure to the street dust in Huludao
Table 5
Heavy metal contents in different use scenarios.
Location Hg Pb cd Zn Cu
HZP 2,011 (1.530)° 1156 (1252) 176.6 (250.0) 15714 (28289) 729.1 (399.6)
Shopping center 0.797 (0.812) 188.2 (72.85) 12.68 (7.559) 1148 (362.5) 141.6 (29.50)
Residential area 0.358 (0.153) 196.7 (98.71) 29.52 (18.80) 1650 (1267) 136.4 (81.25)
Schools 0.709 (1.661) 257.0 (270.9) 19.41 (47.09) 1579 (3217) 163.3 (155.8)
Service station 1.143 (0.889) 890.6 (125.3) 28.92 (15.23) 2093 (532.1) 2244 (112.1)
Suburb 0.242 (0.290) 2143 (56.58) 17.80 (11.26) 1490 (732.7) 135.0 (44.29)

2 Geometrical mean (standard deviation).



732 N. Zheng et al. / Science of the Total Environment 408 (2010) 726-733

Table 6
Hazard quotient and risk for each element and exposure pathway.

mg/kg Hg Pb Cd noncanc. Cd canc. Zn Cu

C (95% UCL) 1.628 565.91 73.19 73.19 4966 286.3

Oral RfD 3.00E — 04 3.50E—03 1.00E—03 3.00E — 01 4.00E — 02

Dermal RfD 2.10E— 05 5.25E — 04 1.00E — 05 6.00E — 02 1.20E—02

Inhal. RfD 8.57E—05

Inhale. SF 6.3E+00

Child
HQing 3.57E—02 1.06E + 00 481E—-01 1.09E—01 4.71E—-02
HQinn 9.97E—-07 2.97E—05 1.34E—05 2.36E—08 3.04E — 06 1.31E—06
HQ dermal 1.43E—03 1.98E —02 1.35E—01 1.52E—03 4.39E — 04
HQvapour 1.45E—01
HI=}_HQ; 1.82E—-01 1.08E + 00 6.16E — 01 1.11E-01 4.75E — 02
Cancer risk 2.36E—08

Adult
HQing 3.82E—-03 1.14E—-01 5.16E —02 1.17E—02 5.04E —03
HQinn 5.62E — 07 1.68E —05 7.58E — 06 2.36E—08 1.72E—06 7.41E—07
HQ dermal 2.18E—03 3.03E—-02 2.06E — 01 2.33E—-03 6.71E— 04
HQuapour 8.19E—-02
HI=}_HQ; 8.79E — 02 1.44E—-01 2.58E—01 1.40E — 02 5.71E—03
Cancer risk 2.36E—08

cannot be overlooked, and its ecological and health implications need
further detailed investigations. Hg and Zn show HI larger than 0.1. Hg is
the only element for which inhalation (of vapours) seems to pose the
highest risk due to significant vapour pressure of Hg at ambient
temperature (Meza-Figueroa et al., 2007). Moreover, especially high
exposures to inorganic mercury may result in damage to the
gastrointestinal tract, the nervous system, and the kidneys (Ye et al,
2009; Cheng et al., 2009). The potential health risk from Cu is the least.
The most sensitive subpopulation is the young children, because of their
hand-to-mouth activity, whereby contaminated dust can be readily
ingested (Meza-Figueroa et al., 2007). Therefore, the exposure of the
street dust to children could exhibit more potential health risk.

Compared to children, adult health risk due to heavy metal exposure
from street dust is lower. The ingestion of dust particles appears to be
the route of exposure to street dust that results in a health risk for Hg, Pb,
Zn and Cu, followed by dermal contact. But HI for Cd through ingestion
of dust particles is lower than dermal contact. Moreover, adult health
risk due to dermal contact as the route of exposure to street dust is
higher than children. HIs for Hg, Pb, Cd, Zn and Cu to adults decrease in
the order of Cd>Pb>Hg>Zn>Cu. Pb and Cd exhibit HI larger than 0.1,
and Cd potential health risk is higher than Pb. HIs for Hg, Pb, Cd, Zn and
Cu on street dust exposure to adults in Huludao city are lower than 1,
indicating that there is little adverse health risk due to street dust.
However, heavy metals could be accumulated in body for a long time,
and especially the noncancer adverse effects of Cd, Pb and Hg to the
tissues of adults are quite serious.

For cancer risk, the only carcinogen risk for inhalation exposure
modes was considered in the model, and the aggregate risk is
calculated by Eq. (6). In Huludao city, cancer risk of Cd due to street
dust exposure is low.

4. Conclusions

Thirty-five street dust sampling sites were selected to investigate
heavy metals in the street dust contamination due to metal smelting
in the industrial district of Huludao city. Spatial distributions of Hg, Pb,
Cd, Zn and Cu in the street dust in Huludao city were elucidated. The
trends for Hg, Pb, Cd, Zn, and Cu are similar with higher concentra-
tions trending HZP. The exponential equation fits quite well for the
variations of Pb, Cd, Zn and Cu contents with distance pollution
sources, but not for Hg. The atmospheric deposition due to metals
smelting from HZP is the main source of pollution to the street dust.
Traffic density and population make slight contribution to heavy
metal contamination.

The risk assessment to population exposure to street dust in the
industrial area of Huludao city is affected by a significant degree of
uncertainty. Now, in developing countries, especially, in China,
reports and investigations on the estimates of toxicity values and
exposure parameters are scanty. In order to estimate the health risk
clearly, there is a need for further research of street dust exposure
parameters and transport factors that would help reduce the
uncertainties associated with the risk calculations. In Huludao city,
the exposure pathway which results in the highest levels of risk for
children and adults exposed to street dust is ingestion, and Pb and Cd
are regarded as the most possible culprits to health risks.
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