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Abstract To identify the best material (soil or dust) to be

selected for health-risk assessment studies, road dust and

urban soil from three cities with different population den-

sities were collected, and size fractions were analysed for

metal content (Pb, Zn, Cu, Cd, Cr, Co, and Ni). Results

showed similar distribution of the size particles among

cities, predominating fractions between 75 and 2000 lm in

road dust and particles below 75 lm in soil. Metals were

mainly bound to PM10 in both soil and road dust

increasing the risk of adverse health effects, overall

through inhalation exposure. The risk assessment showed

that the most hazardous exposure pathway was the inges-

tion via, followed by dermal absorption and inhalation

route. Values of hazard quotient showed that the risk for

children due to the ingestion and dermal absorption was

higher than adults, and slightly larger at PM10 comparing

to \75-lm fraction for the inhalation route. Higher risk

values were found for road dust, although any hazard index

or cancer risk index value did not overreach the safe value

of 10-6.

Urban activities release a variety of potentially harmful

pollutants to the environment, especially metals and

organic compounds (Wong et al. 2006). Atmospheric

particles deposition induces metal accumulation in sur-

face soil and road dust causing environmental and

health risk (Acosta et al. 2015). Recent researches are

focused on the concentration of metals in bulk soil and

road dust (Shi et al. 2008; Sun et al. 2010; Duong and

Lee 2011); however, the concentration in different

particles size fractions is critical to estimate the

potential contributions to environmental safety and

health (Han et al. 2008).

Generally, trace metals are found associated with finer

particles, especially PM10 and PM2.5, causing serious

risk on human health because of the incorporation of

metals to the human body through the mouth and nose

(Ljung et al. 2008; Kong et al. 2011; Cao et al. 2011;

Boisa et al. 2014).

Human health risk assessment is the process to esti-

mate the nature and probability of adverse health effects

in humans who may be exposed to chemicals (US-EPA

2016a). Human are exposed to pollutants by three main

pathways: ingestion, inhalation, and dermal absorption of

soil and dust. The health risk assessment has usually been

investigated separately for soil (Izquierdo et al. 2015;

Teng et al. 2015; Huang et al. 2016; Chen et al. 2016)

and dust (Ferreira-Baptista and De Miguel 2005; Kong

et al. 2011; Du et al. 2013; Li et al. 2013; Liu et al. 2014;

Wang et al. 2016; Garcı́a-Rico et al. 2016), and few

authors have investigated both soil and dust (De Miguel

et al. 2007).

The purpose of this study was to assess the health risk of

metal exposure for children and adults in three cities with

different population densities and elucidate which material,

soil, or dust contributed more to increase the health risk. In

addition, inhalation hazard quotient from PM10 and from

\75-lm fraction were calculated and compared between

each other to evaluate the difference.
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Materials and Methods

Study Area

The study area consisted of three different populated urban

settlement located in Murcia Region (SE of Spain). Murcia

city represents high density (HD = 498 people km-2),

whereas Totana and Abaran cities have medium

(MD = 106 people km-2) and low (LD = 27.8 peo-

ple km-2) population densities, respectively.

The climate of the region is Mediterranean semiarid

with 18 �C annual mean temperature and 350-mm annual

mean rainfall. The weather and the social habits invite

people to spend time at streets and gardens, especially

children.

Difficulty collecting soil samples in urban areas limited

the sampling to parks and urban gardens. Most parks from

each city were sampled and were selected based on spatial

distribution, size, and population use. Thirty surface soil

samples were collected in the three cities (Fig. 1). Each soil

sample was taken from the surface (0–5 cm) using a soil

spade and was composed by three subsamples collected

1-m apart from the vertices of a triangle to form a com-

posite sample. We used surface soil, because metal addi-

tions to soils in urban areas occur mostly on topsoil (De

Miguel et al. 1998; Porta et al. 1999).

Fig. 1 Sampling map. Top HD city (left) and MD city (right). Bottom LD city; black speckles represent soil samples and white triangles
represent dust samples
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During the sampling, we tried to collect both materials:

soils and dusts; however, sampling of dust was restricted to

those roads where dust is accumulated in enough amount to

be sampled (Fig. 1). Specifically, 13 street dust samples

were collected by sweeping an area of 1 m2 using a

polyethylene brush and getting three subsamples for each

site. The sweep was slow and directly into the plastic bag

to avoid dust resuspension (Acosta et al. 2011; Zhang et al.

2012; Du et al. 2013).

Sample Analysis

Soil and dust samples were dried for 48 h at 40 �C and

passed through a 2-mm metal-free sieve. A subsample of

bulk sample is separated for fractionating in three particle

size fractions using two methodologies. For fine particles

(PM10), 50 g of soil/dust was dispersed with Na-

polyphosphate for 8 h by horizontal shaking (250 rpm).

Then, a 1-L glass column was filled with the soil disper-

sion, and the fractions were separated by repeated sedi-

mentation and decanting based on Stokes’ law (Ljung et al.

2008; Boisa et al. 2014; Li et al. 2017a). For particles

larger and smaller than 75 lm, after oven-dry, 75-lm sieve

was used, shaking 10 min for each sample. The weight of

each size fraction (\75 and [75 lm) was determined to

calculate the distribution of each particle size fraction using

a laser diffraction particle sizer (Mastersizer 2000).

One gram of each fraction,[75,\75, and\10 lm, and

the bulk soil/dust sample were grounded and digested using

20-mL nitric/perchloric acid at 210 �C during 90 min.

After cooling, 0.1 N HCl was added to fill a 100-mL vol-

umetric flask (Risser and Baker 1990), and the total

amounts of metals (Cd, Co, Cr, Cu, Ni, Pb, and Zn) were

measured with ICP-OES and ICP-MS. Samples were

analysed in triplicate and reference material (BAM-U110),

and reagents blanks were used as quality control during the

analysis.

Health Risk Assessment

Human health risk assessment consists of four stages: (1)

hazard identification, (2) toxicity assessment, (3) exposure

assessment, and (4) risk characterization (Lim et al. 2008).

The exposure assessment evaluates the type and magnitude

of exposure to chemicals of potential concern at a site (US-

EPA 2004). In general, exposure duration, exposure fre-

quency, and contact rate are likely to be the most sensitive

parameters in an exposure assessment (US-EPA 1989).

Direct ingestion, fugitive dust inhalation, and dermal

absorption are common routes of human exposure to con-

taminant in the residential setting (US-EPA 1996).

The methodology used to calculate the exposure risk of

soil and road dust metals has been recently used in risk-

assessment studies (Dehghani et al. 2017; Gope et al. 2017;

Li et al. 2017a, b) and was based on the U.S. Environ-

mental Protection Agency (U.S. EPA) methodology for

risk assessment. The daily dose received through ingestion

(Ding), dermal (Ddermal), and inhalation (Dinh) routes were

calculated using the Eqs. (1)–(3) adapted from the US-EPA

(1989, 1992a, 1996, 2002a, 2004).

Ding ¼ C � IngR� EF� ED

BW� AT
� 10�6 ð1Þ

Ddermal ¼ C � SL� SA� ABS� EF� ED

BW� AT
� 10�6 ð2Þ

Dinh ¼ C � InhR� EF� ED

PEF� BW� AT
ð3Þ

For carcinogens elements (Cd, Cr, Ni, and Co), the lifetime

average daily dose (LADD) was calculated for the

inhalation route in order to assess the cancer risk (Eq. 4)

(Li et al. 2013; Lu et al. 2014; Dehghani et al. 2017).

LADD ¼ C � EF

AT� PEF

� InhRchild � EDchild

BWchild

þ InhRadult � EDadult

BWadult

� �

ð4Þ

D (mg kg-1 day-1) is the daily dose intake through

ingestion (Ding), dermal absorption (Ddermal), and inhalation

(Dinh).C is the concentration ofmetal (mg kg-1) in the soil or

dust. The ingestion rate (IngR) for this study is estimated at

100 mg day-1 for adults and 200 mg day-1 for children

(US-EPA US-EPA 2002a). The inhalation rate (InhR) is

estimated at 20 m3 day-1 for adults (US-EPA 1986) and

7.6 m3 day-1 for children (Lu et al. 2014). Exposure fre-

quency (EF) is 122 day year-1. The exposure duration (ED)

is 24 years for adults and 6 years for children (US-EPA

2002a). Standard body weight (BW) from US-EPA (1986) is

70 kg for adults and 15 kg for children. Data for dermal dose

were recovered from RAGS part E (US-EPA 2004); SL, the

skin adherence factor for this study, was 0.07 mg cm-2 for

adults and 0.2 mg cm-2 for children. SA is the exposed skin

area in this study: 5700 cm2 for adults and 8000 cm2 for

children. TheABS is the dermal absorption factor, whichwas

0.001 (unitless) for all metals of this study.

The particulate emission factor (PEF) relates the con-

centration of contaminant in soil with the concentration of

dust particles in the air. The default value calculated by

US-EPA (1996) 1.32 9 109 m3 kg-1 has been used for this

study. The average time (AT) for noncarcinogens is cal-

culated as ED 9 365 days and for carcinogens

70 9 365 days (US-EPA 1989).

The concentration term (C) in the intake equation is an

estimate of the arithmetic average concentration for a

contaminant based on a set of site sampling results.
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Because of the uncertainty associated with estimating the

true average concentration at a site, the 95% upper confi-

dence limit (UCL) of the arithmetic mean should be used

(US-EPA 1992b). For this study, we used a nonparametric

UCL method: the Chebyshev Inequality (US-EPA 2002b).

Risk characterization was assessed from the hazard

quotient (HQ) for each metal at each site for noncarcino-

gens (Eq. 5) and cancer risk (CR) for carcinogens (Eq. 6).

HQ ¼ D

RfD
ð5Þ

CR ¼ D� SF: ð6Þ

D is the ingestion, dermal, or inhalation calculated dose

from Eqs. 1–3; RfD is the corresponding reference dose

that is defined as the intake or dose per unit of body weight

(mg kg1 day-1) that is unlikely to result in toxic (noncar-

cinogenic) effects to human populations, including sensi-

tive subgroups. For carcinogenic metals, the dose (D) has

been calculated as the lifetime average daily dose that is

multiplied by the corresponding slope factor (SF). It is used

to express the cancer risk as an estimate of the upper-bound

probability of an individual developing cancer as a result of

exposure to a particular carcinogen.

Reference doses and slope factors (Cd, Co, Cr, Cu, Ni, and

Zn) used in the study were taken from the Risk Assessment

InformationSystem (RAIS, accessedApril 2016) and lead (Pb)

values fromDeMiguel et al. (2007).Toxicity values for dermal

absorption were calculated by multiplying oral reference dose

by gastrointestinal absorption factor. The inhalation reference

dose for Cd, Co, Cu, Pb, and Zn were substituted by oral

reference dose, because after inhalation, the absorption of the

particle bound toxicantswill result in similar health effects as if

the particles have been ingested (Van der Berg 1995; Ferreira-

Baptista and De Miguel 2005; Li et al. 2013, 2017a, b).

The hazard index (HI) was the sum of the hazard quo-

tient (HQ) from each pathway. Hazard index values \1

means that there is no significant risk of noncarcinogenic

effects, whereas HI values[1 suggest that adverse effects

may occur (US-EPA 2001 in Lu et al. 2014). For cancer

risk, the acceptable value to ensure no risk ranges from

10-4 to 10-6 (Lu et al. 2014) that means from one addi-

tional case in a population of 1 million to one in 10,000

people is acceptable (Lim et al. 2008).

Results and Discussion

Particle Size Distribution and Metal Concentration

in the Soil and Road Dust

Particle distribution was focused in three specific particles

sizes: (1) [75 lm (coarse fraction); (2) \75 lm (fine

fraction); and (3) particulate matter\10 lm (PM10). The

mass proportion for each particle size fraction is referred to

the total mass of particles in the soil or road dust samples.

Thus, a similar pattern distribution was found for HD, MD,

and LD cities (Fig. 2).

Among the fractions, the highest percentages in the soil

were obtained for fractions below 75 lm in the HD city,

while the coarse fraction (75–2000 lm) ranges 35–50% of

the total particles. Contrary, road dust samples were gov-

erned by the coarse fraction, overreaching 70% of the total

particles in the three cities.

Figure 3 shows the concentration of metals (Cd, Co Cr,

Cu, Ni, Pb, and Zn) in different particle size fractions and

the bulk sample for both soil and road dust. The percent-

ages of metals loadings in different size fractions were

calculated by multiplying metal concentrations with the

mass percentage of each size fraction (Li et al. 2017b).

Highest metal concentration in the bulk soil was found

at MD city for Pb, HD city for Co, and HD and LD cities

for Cu, whereas Zn, Cd, Cr, and Ni showed similar values

for soils of the whole studied cities. Contrary, Pb, Cu, Cd,

and Cr of dust samples reported the highest values at HD

city and Co and Ni for HD and LD cities. Metal values

obtained for the bulk soil were mostly higher than obtained

by Acosta et al. (2011) and Chen et al. (2016) and lower

those reported by Shi et al. (2008) for urban soil of Spain,

Beijing, and Shanghai.

When focusing on differences among particles larger

and smaller than 75 lm, the highest concentrations of Pb,

Zn, Cu, and Cr were observed in fine particles (\75 lm)

for soil and dust, except for Pb in HD city and Cu in LD

city dust where both metals are mainly bonded to the

coarse fraction ([75 lm). The same has been observed

with Co for dust in the three cities and Ni in HD and MD

cities dust.

Highest metal concentration in the fine fraction

(\75 lm) of soil was found at MD city for Pb

(75.5 mg kg-1), Co (35 mg kg-1), and Cr (43 mg kg-1)

and at HD city for Cu (123 mg kg-1), whereas Zn, Cd, and

Ni showed similar values for soils of the whole cities

studied. Those values were higher than reported by Tang

Fig. 2 Particle size distribution (%) in soil and dust samples
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and Han (2017) for urban soils of Beijing and Dehghani

et al. (2017) for urban soils of Teheran. Contrary, the

highest metal concentrations in the fine fraction of the road

dust were reported for the HD city, whose dust concen-

trations of Cu, Co, and Ni were higher than reported by

Tang and Han (2017) and Li et al. (2017a) for road dust of

Beijing and Chengdu (China).

Particles \10 lm (PM10) represented approximately

20% of weight in the bulk soil samples and approximately

10% in the road dust samples. The impact of PM10 on

human health have been acknowledged to reduce car-

diopulmonary function and increase mortality from car-

diovascular disease, the occurrence of asthma in children,

and the risk of cancer (Hou et al. 2016). As a consequence,

this fraction could become more hazardous for human

health than the amount of harmful elements bound to others

fractions.

Highest concentrations of trace metals were reported for

dust samples in the fine fraction, especially in PM10,

suggesting that road dust is a more interesting media than

soil to understand the risk assessment for human health in

urban environment, especially on this particle fraction. The

accumulation of metals in fine particle fractions might be

contributed to the increased surface area and negative

charges (Luo et al. 2015; Qin et al. 2016).

HD city showed the highest values of Pb and Cu for the

soil and road dust samples within the PM10 fraction (91/

170 and 146/217 mg kg-1, respectively), whereas in HD

and MD cities the values of Zn reach 130 mg kg-1 in soil

and 450 mg kg-1 in dust samples of PM10. Similar values

among cities were found for Cd (0.4 mg kg-1) and Cr

(45 mg kg-1) in soil while for dust HD city showed the

highest values for both metals Cd (0.97 mg kg-1) and Cr

(85 mg kg-1). Results obtained were higher than those

reported by Acosta et al. (2009) but lower than obtained by

Amato et al. (2009) at different Mediterranean regions.

Fig. 3 Metals concentration by particle size in soil and dust

Fig. 3 continued
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Human Risk Assessment

After the particle size distribution analysis showed that most

metalswere bound to the finer fraction (\75 lm), thepotential

adverse effect to human health was assessed. The Upper

ConfidenceLimit (UCL) from totalmetal in the fraction below

75 lm, toxicity values, and results fromhazard quotient (HQ),

hazard index (HI), and cancer risk (CR) are shown in Table 1.

Results of HQs for noncarcinogenic effects showed the

ingestion route as the main contributor to the total risk,

followed by dermal absorption and inhalation of particles

from the soil and road dust samples. Similar results were

found in previous studies for soil and road dust samples

(Ferreira-Baptista and De Miguel 2005; De Miguel et al.

2007; Du et al. 2013; Li et al. 2013; Lu et al. 2014; Gope

et al. 2017) in urban environments.

Conversely, the inhalation route for Ni in soil and road

dust showed an HQ 10–100 times higher than dermal,

suggesting higher contribution of the inhalation route to

the total risk for Ni. The contribution of the particulate

matter could reach more than 50% of importance for some

metals, such as Ni, whereas for others is less than 1%

(Boisa et al. 2014).

Observed children risk values for trace metals were one

order of magnitude higher than for adults from ingestion

and dermal absorption routes in the three studied cities

(Table 1), which is the same as observed Li et al. (2017b).

Children may ingest significant quantities of the soil due to

their tendency to play on the ground outdoors and to mouth

objects or their hands, whereas adults also may ingest soil

or dust particles adhered to food, cigarettes, or their hands

(US-EPA 2011a).

The Hazard Quotient from inhalation route was in the

same order of magnitude for adults and children although

higher values for children were observed. The inhalation

HQs for Pb and Ni were 100 times lower than HQs for

dermal and ingestion routes (Table 1). A similar behaviour

was observed for the other noncarcinogenic metals. Thus

for adults, the HQinh value of Zn range from 104 to 106

times lower than dermal and ingestion HQs, Cu among

110,000, Cd from 103 to 104, Cr range from 10 to 100 and

Co from a hundred to a thousand time lower than the others

HQs.

For children, the difference of the HQ inhalation with

the ingestion and dermal HQs of noncarcinogenic metals

was increased one or two orders of magnitude than adults

mainly due to the higher values of the ingestion quotient.

Similar results have been observed by Gope et al. (2017).

Hazard Index soil values for adults and children in HD,

MD, and LD cities decreased as follows:

Zn[Cr[Ni[Cu[Co[Cd[ Pb. The highest soil

risk values for adults and children were found for Cu

(2.94E-03/2.74E-02) and Ni (4.70E-03/3.20E-0) inT
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HD city, Zn (2.43E-02/2.25E-01), Cr (1.19E-02/

1.05E-01), Co (1.19E-03/1.11E-02), and Pb (2.03E-04/

1.87E-03) in MD city, and Cd (4.25E-04/3.63E-03) in

LD city. Those values were below the safe level (HI B 1)

suggesting nonadverse health effect derived to the metal

exposure.

For dust samples, the HI values decreased as

Zn[Cr[Cu[Ni[Co[Cd[ Pb in HD and LD

cities for adults and children and in MD city for children,

whereas for adults in MD city the metal distribution was as

showed for the soil. Highest risk values in dust samples

were found at HD city for both subpopulations, although no

value indicates adverse effects for human health. The HI

values shown by soils and road dust were one order of

magnitude higher for adults than children. This behaviour

also has been observed on previous researches (Wang et al.

2016; Li et al. 2017b).

Cadmium, Cr, Co, and Ni involve a cancer risk because

of the exposure to soil and dust by inhalation route. Table 1

showed CR values (10-8–10-11) lower than the maximum

value accepted, 10-6 (US-EPA 2002a; Li et al. 2013; Lu

et al. 2014). Cancer risk (CR) values decreased as

Co[Ni[Cr[Cd in soil from HD, MD, and LD cities

were slightly higher than the risk for Co in HD city and for

Cr in MD and LD cities. The CR values for the other

metals were similar in all studied cities.

In dust samples, cancer risk values decreased as

Co[Ni[Cr[Cd in HD and LD city, whereas in MD

city Cr showed higher risk than Ni. Hence, soil or dust

cancer risk values never overreached the tolerable values

(10-4–10-6), indicating no adverse health effects.

This model has been proved to be a useful tool to assess

the human health risk, although some uncertainties exist

due to the exposure to hazard pollutants in urban pathways.

Those uncertainties are linked to the missing or incomplete

information needed to define exposure and dose fully

(scenario uncertainty), regarding some parameter (param-

eter uncertainty) and gaps in scientific theory required to

make predictions on the basis of causal inferences (model

uncertainty) (US-EPA 2011b; De Miguel et al. 2007; Li

et al. 2013). Regardless, human risk assessment is useful to

supply information for public agencies and government

about the potential risks associated with trace metals

exposure in a given location.

Inhalation of Particulate Matter (PM10)

PM10 is mainly primary in origin, having been emitted as

fully formed particles derived from abrasion and crushing

processes, soil disturbances, plant and insect fragments,

pollens, and other microorganisms (US-EPA 2009). The

size of particles is directly linked to their potential for

causing health problems. Particles smaller than 10 lm pose

the greatest problems, because they can get deep into the

lungs and some may even get into the bloodstream (US-

EPA 2016b). According to US-EPA and due to higher

concentrations of trace metals that were found in particle

size below 10 lm (Fig. 3), only the inhalation exposure

route was studied for particulate matter in the fine fraction

(Table 2).

Inhalation HQ values for noncancer trace metals in the

soil decreased as follows: Ni[Cr[ Pb[Cu[
Co[Cd[Zn for both adults and children at the three

cities, except for MD where Zn showed a slightly higher

value than Cd for adults. Although no large differences

among cities were found for inhalation HQs, the highest

risk values were observed for adults and children respec-

tively at HD city for Cu (5.36E-7/5.65E-6) and Ni

(1.03E-3/1.83E-3), at MD city for Pb (3.19E-6/

5.65E-6), Zn (4.59E-8/8.13E-8), Cd (4E-8/7.09E-8),

and Co (1.49E-7/2.6E-7), and at LD city only Cr

(1.64E-4/2.9E-4).

In road dust samples, the HQ inhalation values

decreased as Ni[Cr[ Pb[Cu[Co[Cd[Zn for

both adults and children at HD city and as

Ni[Cr[ Pb[Cu[Co[Zn[Cd in LD city. In MD

city, a similar order as HD city was observed, although the

Zn place is inverted with Co. All metals showed highest

hazard quotients (HQ) for adults and children at HD city,

except for Pb and Zn, which was higher at MD city.

Comparing results of hazard quotient for inhalation

exposure from particle size below 75 and PM10 (Tables 1,

2), it can be observed that in adults, the hazard quotient

derived to inhalation of trace metals was slightly higher for

all the metals in the 10 lm fraction for the soil samples in

HD and LD city and road dust of MD city.

Regarding children, the main difference between 10- and

\75-lm fractions was observed for the Pb hazard quotient

in MD city which presented one order of magnitude higher

in PM10. In the same way as adults, Zn, Cu, Cr, Co and Ni

showed slight increments in the 10-lm fraction for soil

samples at HD city, road dust samples in LD city, and both

the soil/dust in MD city.

Cancer risk (CR) values calculated for PM10 decrease in

the soil samples as Co[Ni[Cr[Cd in HD, MD, and

LD showing Co in HD city the highest CR value. In road

dust samples, the CR values decrease as Co[Cr[
Ni[Cd in MD and LD cities, whereas in HD city showed

similar distribution to the soil. In both type of samples, CR

values never reached the accepted maximum range values

(10-4–10-6), suggesting noncancer effects in the exposed

population.

Comparing CR results from PM10 and the \75-lm
fraction showed that both fractions are in the same order

of magnitude, except Cd and Cr in the road dust from

the MD city, which was one order of magnitude higher
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than in the fraction \75 lm. Also, Cd and Cr showed

values slightly high in the PM10 fraction for the soil and

road dust of HD and LD cities despite being in the same

order of magnitude. Contrary, Ni and Co showed slightly

lower values in the PM10 fraction, especially in the HD

city.

Conclusions

The predominance of fine particles sizes (\75 lm and

PM10) in soil samples and the link to a major concentration

of metals showed that this soil represents a higher risk for

human health. However, dust samples have been shown to

be the most hazardous, because dust is more prone to

accumulate trace metals than soil (Acosta et al. 2015).

Consequently, major HI values were reported.

The health risk analysis of the fine particles showed that

the most hazardous exposure route was ingestion, followed

by dermal absorption and inhalation for all metals except

Ni. Therefore, the inhalation exposure route is relevant as

shown by the HQ for the inhalation route (HQinh) in both

fractions (\75 lm and PM10). Results from the HQ

showed that the risk for children due to exposure to

ingestion and dermal absorption pathways is higher than

for adults, whereas the HI for noncancer trace metals

pointed to Zn, Cr, and Ni as the most hazardous trace

metals at the studied urban sites.

The largest risk index values and the highest concen-

trations of metals were found in road dust, indicating that

road dust is acting as a sink of metals and a source of

potential hazard for human health. Fortunately, the

Hazard Index and the Cancer Risk Index showed that the

exposure to the soil and road dust for children and adults

at studied sites is not a cause enough to induce harmful

health effects.

Particulate matter below 10 lm (PM10) reported

slightly higher values of inhalation HQ than the fine frac-

tion (\75 lm), which suggests that metals in PM10 must

be monitored in urban areas to evaluate the metal affect on

human health. However, because some factors, such as

weather conditions (especially wind) or the feet action of

people walking, could mobilize respirable particles (larger

than PM10), monitoring fractions \75 lm can help to

evaluate the health risk in urban environments.

Results from hazardous equations should be taken

carefully because of the uncertainties that influence them.

Despite this, the human health risk model is a useful tool to

supply the government to identify the elements and the

pathways more relevant in urban sites and to develop the

most suitable actions as remedial responses or feasibility

studies.
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