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Abstract Urban areas with rapid industrial development
have major impacts on environmental soil quality. This
study was carried out to determine contamination assess-
ment of heavy metal concentration of urban soil from
Klang district (Malaysia). Health risk assessment was used
to determine potential health risks (carcinogenic and non-
carcinogenic risks) in both adults and children. Moreover,
this study was also used to identify the most significant
contaminant and exposure pathway with regard to Klang
urban soil. Mean bioavailability of heavy metal concen-
trations were found in the order of Fe (6.65 mg/kg) > Zn
(5.61 mg/kg) > Cu (2.96 mg/kg) > Co (0.22 mg/
kg) > Cd (0.14 mg/kg) > Pb (0.11 mg/kg) > Cr (0.10 mg/
kg). Maximum values of Cd (0.64 mg/kg), Cu (52.14 mg/
kg) and Pb (9.18 mg/kg) have exceeded some guidelines
and standard values. Study findings showed that total car-
cinogenic risks values of Cd, Cr and Pb are more than
incremental lifetime (1.0E-05). This indicates the likehood
of having cancer threat for adults and children. While for
total non-carcinogenic risk, none of the heavy metals (Co,
Cr, Cu, Pb and Zn) showed Hazard Index values more than
one indicating there is no any potential non-carcinogenic
risks for adults and children in study area. From this study,
Cd is the most significant contaminant as maximum con-
centration value has exceeded soil guidelines and potential
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to have carcinogenic risks to adults and children. Pathway
order for both carcinogenic and non-carcinogenic risks is
ingestion > dermal > inhalation where ingestion pathway
contributed the most to potential health risks involving
urban soil of Klang.
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Introduction

Rapid urbanization is one of the most fundamental demo-
graphics taking place globally (United Nation Millennium
Development Goals 2013). According to the World Eco-
nomic and Social Survey (2013), rapid growth of economic
activities is much more focused in urban areas. World
Health Organization (2013) estimated that urban popula-
tion growth of developing countries will increase to 5.2
billion in 2050. United Nation-Habitat (2004) reported that
urban population increases proportionately with urbaniza-
tion growth. Thus, urban areas have become a geographic
focus of resource consumption and chemical emissions as
well as critical influence on the environment and human
health (Cachada et al. 2012). Major anthropogenic pollu-
tant sources in urban area are industrial discharge, vehicle
emissions, waste from municipal activities, fossil fuel
combustion and non-combustion processes, open burning
and building structure erosion (Karim and Qureshi 2013;
Potsiou 2010). As one of the important component in urban
ecosystem, urban soil is subjected to various pollutant
accumulation, especially heavy metals. Heavy metal
accumulation can remain for a long time and act as a sink
and source of urban soil pollution. Studies done by
Praveena et al. (2014) in Seri Kembangan (Malaysia),
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Olawoyin et al. (2012) in Niger Delta Area (Nigeria), Luo
et al. (2012) in Xiamen Island (China) and Luo et al. (2011)
in Hong Kong have showed that heavy metal accumulation
in urban soil may result in further contamination in vege-
tation, surface and ground water, resulting in potential
human health risk to local population.

In comparison with agricultural soil, urban soil espe-
cially in parks, residential and industrial areas may have
direct influence on public health as it can be transferred
into human bodies (Chen et al. 1997). Heavy metal accu-
mulation in urban soil can be transferred into human bodies
through inhalation of soil dust, soil ingestion and dermal
contact (Guo et al. 2012; Chen et al. 1997). Heavy metals
in urban soil can be transported into human body through
soil dermal and oral ingestion, especially in young children
during outdoor activities (Luo et al. 2011). Outdoor
activities may results in oral soil ingestion from hand to
mouth, while soil dermal adheres more easily to the skin
especially for young children. Soil ingestion due to
mouthing behavior of young children is an important
potential pathway of exposure to estimate the amount of
soil inadvertently ingested and may constitute a health risk.
Additionally, soil can be easily resuspended in air by wind
erosion or by human feet. Heavy metals in the soils can
also generate airborne particles and dusts which can pose
potential human health risk through inhalation (Chen et al.
1997).

For heavy metal determination in soil, total heavy
metal concentration is commonly measured and assessed
by comparison with soil quality standards (Scancar et al.
2000). However, total heavy metal concentration will
overestimate pollution level and impacts of heavy metals
on soil and water (Lee et al. 2006). Moreover, according
to Karim and Qureshi (2013), total heavy metal concen-
tration is insufficient for exposure and health risks
assessment as well as inadequate for toxic effect deter-
mination. Therefore, a better appropriate method in soil
analysis is crucial to determine its bioavailability. Heavy
metals are present in various chemical forms with dif-
ferent solubility or bioavailability in soils. Using bio-
availability of heavy metal concentration via in vitro
digestion model provides more realistic exposure and
health risk assessment. Using in vitro digestion model,
bioavailability of heavy metals from soil to human in
gastrointestinal tract can be investigated as an aspect of
internal exposure. Among all in vitro digestion models,
PBET is one of the most widely used models today that
simulate contaminant mobilization in acidic conditions
within stomach (Yuswir et al. 2013; Environment Agency
2002). By examining the bioavailability concentration of
ingested heavy metals, exposure assessment from differ-
ent exposure pathways can be determined (Luo et al.
2011; Imperato et al. 2003). Potential health risk involves
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Health Risk Assessment (HRA) with four main compo-
nents, namely hazard identification, exposure assessment,
dose-response and risk characterization (Lee et al. 2006).
Hazard identification is achieved by examination of con-
taminant properties in terms of mobility and point of
exposure. Exposure assessment requires possible expo-
sures such as on air, water, and soil monitoring to avoid
underestimating actual human exposure. Dose-response
analysis evaluates information obtained during the hazard
identification and estimates amount of a chemical likely
to result in a particular health effect to human. Risk
characterization brings together information developed in
previous three steps to estimate health effects in an
exposed population. Risk characterization represented
quantitatively by carcinogenic and non-carcinogenic risks
values to adults and children. Carcinogenic risk is often
expressed as the maximum number of new cases of
cancer projected to occur in a population of one million
people due to exposure to the cancer-causing substance
over a 70-year lifetime. Non-carcinogenic risk is usually
determined by comparing the actual level of exposure to a
chemical to the level of exposure that is not expected to
cause any adverse effects, even in the most susceptible
people (Man et al. 2010; Lee et al. 2006; Versantvoort
et al. 2005; Alaska Department of Environmental Con-
servation 2000).

So far, many studies have examined the quality of urban
soil (Guo et al. 2012; Olawoyin et al. 2012; Manta et al.
2002; Li et al. 2004). However, most of these studies
applied total heavy metal concentration and performed in
small urban areas (Cachada et al. 2012; Gallego et al.
2002). It is difficult to compare these with other studies due
to methodology, contaminants studied and extraction dif-
ferences. Past aspects of environmental research focusing
on urban soils have involved total concentration, pollution
extent and source identification of heavy metals. However,
studies on bioavailability heavy metals concentration
incorporation with HRA are still limited. So far, limited
studies on bioavailability heavy metals concentration
incorporation with HRA using urban soil were done in
Karachi Pakistan (Karim and Qureshi 2013), Xiamen
China (Luo et al. 2012), Sao Paulo city Brazil (Figueiredo
et al. 2011). Incorporation of bioavailability of heavy
metals in urban soil with health risk assessment is con-
sidered to be the most reliable and accurate method to
estimate potential human health risk (Ruiz-Cortes et al.
2005). There are also little studies on heavy metals of
urban soil in Malaysia, especially in main cities. A few
studies associated with heavy metals contamination in
urban soil in Malaysia have focused on total heavy metals
concentration, contamination levels, spatial distribution,
and sources (Najib et al. 2012; Engelsman et al. 2002).
Knowledge of the total concentration of heavy metals is not
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enough to fully assess the human health risks and envi-
ronmental impacts of urban soils. However, heavy metals
of urban soils related to human health impacts, especially
in rapidly growing urban areas surrounded by industrial
activities, are still sparse in Malaysia. Earliest study to date
on bioavailability of heavy metals in urban soils related to
human health impacts is done by Praveena et al. (2014) in
Seri Kembangan (Malaysia). Klang district is a rapid
developing urban area with high population density in
Malaysia. Although Klang district (Malaysia) is one of the
busiest urban areas surrounded by various land and sea
activities, studies of urban soil have been limited and
comparative contributions of anthropogenic sources to
heavy metals pollution in soil are also unclear.

Specific objectives of this study were to (1) examine
bioavailability and contamination of heavy metal concen-
tration of urban soil from Klang district (Malaysia) using
soil guidelines and (2) characterize potential health risks on
both adults and children and (3) evaluate the most signif-
icant contaminant and exposure pathway with regard to
human health. Furthermore, output of this study will also
help the state and federal government to plan their policy
related to urban planning.

Materials and method
Study area and soil sampling

Klang district is a central urban area with a long history as
royal city and former capital of the state of Selangor,
Malaysia. Klang District comprises two sub-districts,
namely Klang and Kapar, located 34 km away from
Malaysia’s capital, Kuala Lumpur. Klang district is also one
of the main gateways to Malaysia via sea where Port Klang is
the 13th busiest transhipment port and the 16th busiest
container port in the world. Rapid development including
residential, industrial and other intensive commercial acti-
vates took place between 2000 and 2008. Since then, rapid
development and increasing population have led to various
environmental pollution problems. A total of 76 urban sur-
face soil samples (at 0—10 cm in depth) were sampled ran-
domly in September 2013. Global positioning system (GPS)
was used to identify the locations (Fig. 1). The sampling was
done based on the accessibility of the sampling locations.
Surface soil was chosen for this study as this layer controls
the exchange of metals between sediments and water. Sur-
face soil samples were taken randomly using stainless steel
scoops, placed in a polyethylene bag and labeled. Surface
soil samples were kept cool in an icebox during transporta-
tion to laboratory. Surface soil samples were air-dried,
homogenized, sieved through 2 mm mesh screen and stored
in polyethylene bags.

Bioavailability of heavy metal determination

For determination of bioavailability of heavy metal,
in vitro digestion model described by Man et al. (2010) was
adapted in this study. This PBET in vitro digestion model
is a static model where heavy metals in urban soil were
extracted in acid conditions to simulate human stomach
and intestinal conditions.

For bioavailability of heavy metals determination,
physiologically based extraction test in vitro digestion
model described by Man et al. (2010) was adapted in this
study. This type of in vitro digestion model has been
developed as simple, inexpensive tool to investigate the
bioaccessibility of soil contaminants (Oomen et al. 2003).
Simulations of both stomach and intestine conditions in
human are the most important part in this study. Gastric
solution for this model was prepared by adding 3 mL of
NaCl, 0.5 g of malate, 0.430 mL of lactic acid, 0.5 mL of
acetic acid and 1.25 g of pepsin (Sigma Chemical Co.) into
1 L of deionized water. This gastric solution has a pH of
about pH of 1.5 adjusted using 12 M HCI. One gram of soil
was added into 50 mL plastic centrifuge tube and 30 mL of
prepared gastric solution was added and shaken with shaker
using 55 rpm for 1 h at 37 °C. Simulation of gastric con-
dition was changed to intestinal condition by adjusting pH
to 7.0 using 1 M NaOH and 0.06 g of porcine bile extract
and 0.018 g of porcine pancreatin (Sigma Chemical Co.)
was added. During the intestinal condition simulation, the
soil samples were shaken with same shaker used previously
at 3300 rpm for 10 min at 37 °C. Then, the supernatant
was filtered through a 0.45-pm Millipore filter to reduce
any effects from microbial activity. The filtered superna-
tant was analyzed for heavy metal determination (Al, Cd,
Co, Cr, Cu, Fe, Pb, Zn) using inductively coupled plasma
atomic emission spectroscopy (ICP-AES) Pelkin Elmer
Optima 8300. Bioavailability of heavy metal concentra-
tions is defined as fractions which are bioavailable and-
mobilizable to human.

All the laboratory apparatuses were cleaned with 5 %
(v/v) HNO3 and then rinsed with deionized water. The soil
samples were digested in an airtight environment with
closed digestion system to avoid volatilization and cross-
contamination among samples. The operational condition
was a cost-effective acid digestion method using closed
polypropylene tubes as showed by Wheal et al. (2011).
Screw-cap polypropylene (PP) tubes provide an alternative
closed digestion vessel with several advantages over open
digestion method. These PP tubes can tolerate temperatures
of up to 130 °C without deforming and becoming trans-
lucent. Moreover, PP tubes are not re-usable, are inex-
pensive and costs of disposal are offset against time spent
cleaning vessels. Significant disadvantages of microwave
digestion are labor intensive cleaning, limited lifetime and
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Fig. 1 Map showing the
location of Klang district and
urban soil sampling locations
(n ="176)
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replacement cost of vessels, need of additional decanting to
correctly make to volume, with risks of sample loss and
contamination (Sun et al. 2000). All reagents used were of
analytical grade or equivalent and free from any contami-
nants that may have interfered with the analysis. Stock
standard solution (Multi-element Calibration Standard 1,
Perkin Elmer) was used to obtain calibration curves. Soil
samples were analyzed in triplicates to assess the precision
and accuracy of the analysis process. A method blank and a
spiked blank were processed with each batch of 10 samples
during sample analysis. Standard Reference Material
(SRM) Montana II Soil (2711) obtained from National
Institute of Standards and Technology (NIST) was included
with every 10 samples to validate the accuracy of heavy
metal analysis.

Potential human health risk assessment

HRA is a model developed to estimate the risk posed to
human caused by contaminants. Risk assessment is a multi-
step procedure comprising data collection and evaluation,
exposure assessment, toxicity assessment, and risk charac-
terization (Luo et al. 2012). Exposure of humans to heavy
metals in urban soils can occur via three main pathways:
direct oral ingestion of substrate particles, inhalation of
resuspended particulates emitted from soil through the
mouth and nose and dermal absorption of heavy metals in
particles adhering to exposed skin (Luo et al. 2012). As a step
of exposure assessment, a specific approach characteristic of
human exposure to urban soil was applied to the non-car-
cinogenic hazard exposure for both children and adult. The
carcinogenic risk was calculated for the lifetime exposure,
estimated as the incremental probability of an individual
developing cancer over a lifetime as a result of total exposure

to the potential carcinogen. In order to evaluate health risk
assessment through ingestion, inhalation and dermal expo-
sure pathways on children and adults, the chronic daily
intake (CDI) (mg/kg/day) of a contaminant was applied and
Egs. 1, 2 and 3 were used in the estimation of CDI via the
three routes of exposure pathways. Exposure Factors
Handbook (USEPA 2002), US Department of Environment
(2011) and Department of Statistic Malaysia (2014) were
used as a main guide to obtain the IngR, InhR, EF, ED, SA,
AF, ABS and AT values in CDI calculation for soil
(Table 1). Meanwhile, the RfD and cancer slope factor
(CSF) values were taken from Integrated Risk Information
System (USEPA 2012), and World Health Organization
(2010) as shown in Table 2. For carcinogenic health risks,
International Agency for Research on Cancer (IARC 2012)
has classified heavy metals (Cd, Cr and Pb) as can induce
carcinogenesis. According to [ARC, Cobalt (Co), Chromium
(Cr), Copper (Cu), iron (Fe), Plumbum (Pb) and Zinc (Zn)
are classified as non-carcinogenic to humans.

Csoii X IngR x EF x ED

CDlijgest = BW < AT x CF (1)
Cso X InhR x EF x ED
CDlinpae = = lPPEF X BW x AT @)
Csoil X SA X AFSOilABS x EF x ED
CDIdermal - BW x AT
x CF,
3)

where Cg; is the concentration of the contaminant in soil
(mg/kg), IngR is the ingestion rate of soil (mg/kg), EF is the
exposure frequency (days/year), ED is the exposure duration
(years), BW is the average body weight (kg), AT is the
averaging time (days), CF is the conversion factor (1 x 107°
kg/mg), SA is the surface area of the skin that contacts the

Table 1 Values for parameter

Reference

Symbol Value
used for non-carcinogenic risk
IngR 100 mg/day: adult, 200 mg/day: children
ED 24 years: adult, 6 years: children
EF 350
AT 365 x ED child or adult
BW 15 kg: children, 70 kg: adult
SA 5700 cm? event™'
AFi1 0.07 mg cm™>
ABS 0.001
InhR 20 mg cm™?
PEF 1.36 x 10° m® kg™!
ATcancer LT x 365
IngR,; 113
LT 74 for Malaysian
EDcancer 30

USEPA (2002)
USEPA (2002)
USEPA (2002)
USEPA (2002)
USEPA (2002)
USEPA (2002)
USEPA (2002)
USEPA (2011)
USEPA (2002)
USEPA (2002)
USDOE (2011)
USDOE (2011)
Department of Statistic Malaysia (2014)
USDOE (2011)
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Table 2 RfD and CSF values Elements RfD

Reference

CSF Reference

for HRA calculation

Al 0.0004
Cd 0.001

Co 0.02

Cr 0.003

Cu 0.0371
Fe 7.00E-01
Pb 0.0035
Zn 0.3

Integrated Risk Information System
(USEPA 2012) and World Health ¢ 3
Organization (1993)

Integrated Risk Information
System (USEPA 2012)

5.00E-01

8.50E-03

soil (cm?), AF,; is the skin adherence factor for soil (mg/
cm?), ABS is the dermal absorption factor (chemical spe-
cific), InhR is the inhalation rate (m3/day) and PEF is the
particle emission factor = 1.36 x 10° m¥/kg.

Cumulative non- carcinogenic risk, expressed as the
hazard index (HI) is equal to the sum of hazard quotient
(HQ) as expressed in Eqs. 4 and 5. 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 risks effects may occur, with
a probability which tends to increase as the value of HI
increases (USEPA 2002).

ADD
HQ for non - carcinogenic risk = RF 4)
HI = ZHQ = HQIng + HQun + HQuermal (5)

The total lifetime cancer risk (LCR) is expressed as the
sum of the carcinogenic risk from each exposure pathway
(Egs. 6 and 7). The acceptable or tolerable LCR for regu-
latory purposes is in the range of 1 x 107°-1 x 107*
(USEPA 2002).

Results and discussion
Contamination assessment

Bioavailability of heavy metal concentration found in
urban soil of Klang (Malaysia) is presented in Table 3.
Mean bioavailability concentrations of these heavy metals
were found in the order of Fe>Zn>Cu>
Co > Cd > Pb > Cr. Land use types influenced the heavy
metal exposure corresponding to human health. Thus,
comparison with soil guideline values is crucial to under-
stand contamination of heavy metals in urban soil. How-
ever, according to Najib et al. (2012) and Ghazali (2010),
no soil standards and protocols have been developed in
Malaysia to evaluate contamination level in soil using
bioavailability of heavy metal concentration. This situation
is different for countries such as Canada, United Kingdom
and United States of America in which soil guideline val-
ues of pollutants have been proposed based on bioavail-
ability of heavy metal concentration and different land use
types. Soil guidelines used based on different land use

Cancer risk = ADDj,, X SFipg (6)  typesare namely California Human Health SSLs (Cal/EPA
2005), Dutch Soil Guidelines (VROM 2000), Tolerable
Z Cancer Risk = LCR = Cancer riskjpg Daily Intake (TDI, Baars et al. 2001) and Maximum Per-
+ Cancer risky,, + Cancer riskgermal (7) missible Level (MPL, USEPA 2008). From all the heavy
Table 3 Bioavailability of cd Co Cr Cu Fe Pb 7n
heavy metal concentration (mg/
kg) in urban surface soils of Minimum <DL <DL <DL 0.06 0.68 <DL 0.28
Klang, Malaysia (n = 228) Maximum 0.64 0.75 0.45 52.14 1276 918 35.73
Median 0.12 0.22 0.11 0.95 4.15 0.06 3.50
DL detection limit, NA not Mean 0.14 0.22 0.10 2.96 6.65 0.11 5.61
available . SD 0.01 0.14 0.072 6.88 14.47 1.23 6.06
Bl s ooy o5 0w % w
standard Intervention® 12 240 380 190 - 530 720
@ Values of Dutch Soil TDI” (ug/day) 0.5 14 SE4 1400 - 36 5000
Guidelines (VROM 2000) MPLS 10 280 1E6 28000 - 720 1E5
" Tolerable Daily Intake (TDI, California Human Health SSLs (Cal/EPA 2005)
Baars et al. 2001) Residential area 1.7 6.6E2 1.0E5 3.0E3 NA 1.5E2 2.3E4
° Maximum Permissible Level Industrial area 75 3.2E3 1.0E5 3.8E4 NA 3.5E3 1.0E5

(MPL, USEPA 2008)
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Fig. 3 Potential carcinogenic risks induced by heavy metals (Cd, Cr
and Pb) in urban soil of Klang for children

metals, maximum values of Cd (0.64 mg/kg) and Cu
(52.14 mg/kg) have exceeded the TDI and target values
(Dutch Soil Guideline), respectively, while maximum
values of Cu, Pb and Zn have exceeded California Human
Health SSLs (Cal/EPA 2005) for residential and industrial
areas.

According to Naji and Ismail (2011), surface sediments
close to industrial and urban areas were more metal-enri-
ched than those in other areas in Klang. Similarly, findings
by Naji and Ismail (2011) showed that Cd enrichment in
surface sediment of Klang river indicated high anthropo-
genic discharge and should be of major concern. Moreover,
Klang district experienced rapid commercial and industrial
development, which caused an increase in population,
leading to contamination and deterioration of the envi-
ronment (Sany et al. 2013). Cd is highly toxic and exposure
to this metal is known to cause carcinogenic effects. On the
other hand, Cu is considered to be probable cause of non-
carcinogenic risks to children and adults. However, these is
insufficient to elaborate carcinogenic and non-carcinogenic
risks without a proper potential health risk assessment
HRA. Moreover, there are also countries such as China and
India which still use single soil guideline which may lead
to misleading interpretation in human health risks. Thus, a

ways. Carcinogenic risk corresponds to an incremental
lifetime of 1.0E-05. Non-carcinogenic risks with combined
pathways (ingestion, inhalation and dermal pathways)
correspond to hazard quotient of 1. Tables 4 and 5 show
both carcinogenic and non carcinogenic risks of each heavy
metals, cumulative HI and total risk values of combined
heavy metals.

Heavy metals (Cd, Cr and Pb) have possibilities of
inducing carcinogenic risks in adults and children. Carcin-
ogenic risks of Cd, Cr and Pb are expected to be potential
total cancer risk in Klang. Mean total carcinogenic risk
values of Cd, Cr and Pb have exceeded incremental lifetime
of 1.0E-05; thus the likehood of having cancer is evident for
adults and children (Table 4). Suzana et al. (2008) and
Shahar et al. (2010) showed that breast cancer remains the
most common cancer among women in Malaysia, which
accounted for 29.9 % of newly diagnosed cancer cases in
Malaysian women registered in the national cancer registry.
As shown in Figs. 2 and 3, children are more likely to have
adverse effects of carcinogenic risks due to higher HI com-
pared to adults. For the combined exposure pathways, total
carcinogenic risk for children is nine times higher than that
for adults for Cd, Cr and Pb (Figs. 2 and 3). For Cd, cumu-
lative HI ingestion children to adult ratio is 9 to 1, while
cumulative HI ingestion children to adult ratio is 9 for Cr and
Pb. The study findings are similar to those of the study done
by Luo et al. (2010), where ingestion pathway contributed
most to the overall carcinogenic risk where probable toxi-
cological risks are expected. Dermal and ingestion pathways
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have lower influence compared to ingestion pathway. Car-
cinogenic risks are disturbing and still need further toxico-
logical study as these values suggest high risk to children
health in this study area.

Table 5 shows that HI values are lower than one indi-
cating that there is no potential non-carcinogenic risks
associated with exposure of Co, Cr, Cu, Pb and Zn
expected in study area. For average non-carcinogenic risks
in adults, heavy metals’ order of HI is Cu (0.0028) > Cr
(0.0012) > Pb (0.0011) > Zn (0.00065) > Co
(0.00058) > Fe (0.00033). For average non-carcinogenic
risks in children, it is Cu (0.03) > Cr, Pb and Zn
(0.01) > Co (0.0004) > Fe (0.003). The HI values lower
than one incorporating three pathways suggested that there
are no non-carcinogenic risks from exposure to these heavy
metals for children and adults in study area. The pathway
order for these heavy metals is ingestion > der-
mal > inhalation. Similarly to findings by Luo et al.
(2012), for the three exposure pathways, obviously,
ingestion was the dominant pathway contributing to HQ
values although it is lower than one.

Conclusion

Bioavailability of heavy metal concentrations of Klang
urban soil is generally in the order of Fe, Zn, Cu, Co,
Cd, Pb. Among these heavy metals, Cd and Cu con-
centrations have exceeded soil guidelines and values.
Potential health risks (carcinogenic and non-carcinogenic
risks) in both adults and children were calculated using
USEPA human health risk assessment. This study found
that there is potential health risk from cumulative car-
cinogenic risks (Cd, Cr and Pb) on lifelong adults and
children of Klang district. For non-carcinogenic risks,
there is no potential non-carcinogenic health effects for
both adults and children. This study has identified Cd as
the most significant pollutant as its concentration has
exceeded soil guidelines and potentially can cause car-
cinogenic effects on adults and children. Ingestion path-
way was found as a major route with high HI and
carcinogenic risk values in urban soil of Klang district.
Moreover, these findings are capable of providing a
direction to Klang district urban planning and policy.
This study output also opens a wide direction on clinical
toxicological research, especially on heavy metals which
can cause carcinogenic risks (Cd, Cr and Pb) on children
and adults living in Klang district.
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