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Abstract

Heavy metals (HM) emitted from anthropogenic activities pose serious environmental and health risks. However, limited
research has been conducted on their health risks in former tin mining towns in Malaysia, such as Kampar. Therefore, this
study aims to assess the health risk of HM exposure in household settled dust and to investigate the relationships between
residents’ daily activities and the concentration of HM in household dust in Kampar town, Malaysia. Survey questionnaires
were distributed to the respondents (n=200) from 51 households to collect their demographic data, household characteristics,
and daily living activities. Household settle dust was collected from respective households using handheld vacuum cleaner,
and concentrations of 10 HM (As, Zn, Fe, Ni, Pb, Al, Cd, Cu, Cr, Mn) in dust samples were measured using inductively cou-
pled plasma optical emission spectrometry (ICP-OES). Non-carcinogenic risk and carcinogenic risk for HM exposure were
estimated using Hazard Index (HI) and Total Lifetime Cancer Risk (TLCR), respectively. Associations of daily activities and
concentrations of HM were analyzed using multi-level linear mixed model. The findings showed HI of arsenic exposure in
children exceeded the acceptable threshold level (HI: 1.20). The carcinogenic risks of assessed HM were within the tolerable
threshold of 1x 107 to 1x 107%. The presence of houseflies and mosquitoes was positively associated (p <0.05) with concen-
trations of Cd (OR: 1.182) and Zn (OR: 1.757) in household dust. Frequent smoking (OR: 1.173), burning incense/mosquito
coil/candle (OR: 1.202), and pan-frying practices (OR: 1.100) were positively related (p <0.05) with higher concentrations
of HM. However, the mitigation approaches like the use of air purifier (ORs: 0.698-0.763) and frequently vacuuming floor
(OR: 0.899) significantly (p <0.05) reduced the HM concentration. The daily practices and cleaning activities of building
occupants were significantly related with their HM exposure in household settled dust.
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1 Introduction

The growing population, rapid industrial development, and
increasing number of vehicles have elevated environmen-
tal issues to an alarming status, especially in urban areas.
These anthropogenic activities have generated street dust and
fugitive dust that infiltrate into the indoor environment and
settle down as indoor settled dust. Notably, approximately
85% of indoor dust originates from outdoor sources (Hassan
et al. 2015). Thus, indoor air quality is gaining the public’s
concern as adults spend approximately 88% of their time
indoors (Kurt-Karakus 2012).

Rapid urbanization and industrialization in Malaysia
have raised significant concerns regarding heavy metal con-
tamination in indoor environments. Numerous studies have
reported elevated heavy metal concentrations in indoor dust
across schools, nurseries, and residential settings (Latif et al.
2011; Praveena et al. 2015; Abdul Wahab et al. 2012). Vul-
nerable populations, particularly children, are at heightened
risk due to their increased exposure through dust ingestion
and hand-to-mouth activities. Among the detected elements,
Fe and Al are commonly present at higher concentrations,
reflecting their natural abundance in the Earth’s crust (Latif
et al. 2014). However, toxic heavy metals such as Pb, Cd, Zn,
and Cr are primarily introduced into indoor environments
through anthropogenic sources.

In Malaysia, traffic emissions have consistently been
identified as a major contributor to indoor metal contami-
nation, with road dust and vehicular activities facilitating
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the infiltration of Pb, Zn, and Cu into indoor spaces (Abdul
Wahab et al. 2012; Tan et al. 2018). The use of Pb-based
paints in older buildings, industrial emissions, agricul-
tural fertilizers, deteriorating household materials, and
electronic waste have also been documented as signifi-
cant indoor emission sources (Yap et al. 2011; Sulaiman
et al. 2017). Furthermore, studies have shown that indoor
dust often contains higher concentrations of heavy metals
compared to outdoor dust, due to household activities such
as cooking, cleaning, and the use of mechanical appliances
(Latif et al. 2011).

Dust can serve as a reservoir for organic and inorganic
pollutants, including heavy metals. The sources of heavy
metal in the dust could originate from natural sources
or human activities (Kurt-Karakus 2012; Iwegbue et al.
2017). Additionally, building occupants’ habits and daily
activities such as renovations, smoking, cooking, burning
incense, and using cleaning agents, significantly contribute
to the enrichment of heavy metals in indoor house dust
(Hassan 2012; Doyi et al. 2019).

Some trace elements like zinc, copper, manganese, alu-
minum, and iron are essential elements for human well-
being, and they are harmless if in low levels of exposure.
However, humans will face significant health risks when
exposed to dust containing heavy metals due to their
toxicity and excessive doses of exposure. Elements like
arsenic (As), lead (Pb), cadmium (Cd), chromium (Cr),
nickel (Ni) are highly toxic even if humans are exposed
in extremely low dosage because they act as cofactors
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for various cancers and diseases by interfering with the
DNA sequence which cause gene mutation (Chattopad-
hyay et al. 2003).

Ingestion, inhalation, and skin absorption are the three
primary pathways for heavy metal exposure in humans.
Children have higher metabolism rates and lower renal
clearance than adults which results in children facing
higher health risks due to bioaccumulation and persis-
tence of the heavy metals in their bodies (Zeng et al.
2016). According to the previous research findings,
indoor dust exposure is the primary cause of lead poi-
soning among children in developing countries (Shi and
Wang 2021). Lead poisoning will affect the neurological
system, which could lead to neurologic deficit and affect
the children’s intelligence performance, hearing, sight
impairment and behavioral change (Tan et al. 2016).

Most indoor studies on the health risks of heavy metal
exposure have focused on settings such as classrooms,
offices, and nurseries in metropolitan cities. However,
limited research has been carried out at indoor home
environment in developing countries, such as Malay-
sia. A previous study done at residential areas near the
mining site in China (Cao et al. 2022; Li et al. 2019)
revealed the enrichment of heavy metals in the house-
hold dust. Another study conducted in a residential area
near a mining site in Pahang, Malaysia, revealed that
Cd poses potential carcinogenic and non-carcinogenic
risks to the local residents (Shafie and Mohtar 2021).
Moreover, some studies also found the impact of per-
sistent contamination of heavy metals in soil and water
in ex-mining towns (Ashraf et al. 2011; Abdul Hamid
et al. 2020). Thus, this study is crucial in identifying the
concentrations of heavy metals in household settled dust
and their associated health risks in ex-mining towns like
Kampar, Perak.

This transition of Kampar from tin mining town into
education hub in recent decades has contributed to popu-
lation growth and increased traffic density which have
affected the local air quality. Despite these developments,
there remains a significant research gap regarding the
health risk assessment of heavy metals in household dust
and their enrichment levels in Kampar town. Therefore,
this research aims to study the socio-demographics and
daily activities of Kampar residents through survey ques-
tionnaires, to determine the heavy metal concentration
(Al, Zn, Fe, Cu, Mn, As, Pb, Cr, Cd, Ni) in the household
settled dust, to assess the carcinogenic and non-carcino-
genic risk of heavy metals exposure among adults and
children in indoor home environments, and to investigate
the significant risk factors that associated with concentra-
tion of heavy metals in the indoor household settled dust.

2 Methods
2.1 Study Area

The study was conducted in Kampar Town, the largest
town in Kampar District, Perak state, Malaysia, between
January 2023 — October 2023. Kampar is an ex-tin min-
ing town that situated within the Kinta Valley (4° 18’
0" N, 101° 9" 0" E), which is surrounded with lakes. It
experiences significant changes after the cessation of tin
mining activities in the late 1980s. The rise of agricul-
ture, commercial activities, and education institutions
has transformed Kampar’s economic landscape. Kampar
has a tropical climate that experiences significant rainfall
even during the drier months, with less rainfall occurring
between June and August. The yearly average temperature
and rainfall in Kampar are 24.8 °C (76.6 °F) and 3189 mm,
respectively (Data Source 2022).

2.2 Study Population

The study population in this study was residents who were
staying in Kampar town. Inclusion and exclusion criteria
were set for households and respondents’ selection to con-
trol potential confounding bias. For housing selection, this
study included landed terrace houses, apartments, condo-
miniums, or residential flats that located in Kampar Town,
while the residential units above the shop lots, industrial
buildings, schools, offices and homestays were excluded
in this study.

A total of 51 households from 17 residential areas in
Kampar were randomly approached. Then, the survey
questionnaires were distributed to 200 Kampar residents
who living in these 51 households through physical or
online questionnaire. Respondents who were not living in
Kampar, younger than 13 years old or older than 64 years
old were excluded from this study.

In the questionnaire, the participants were asked to
provide information about their household characteristics,
daily activities, and habits as investigated in other previous
published studies (Norbéck et al. 2019; Wang et al. 2019;
Liu et al. 2022). The questions on household characteris-
tics included as below “Do your current staying house is
less than 200 m from the main road or highway?”, “Is the
house you currently staying has been renovated in the past
12 months?”, and “Smoker occupant in house” (yes/no).
One question consists of the presence frequency of pest
in the house, followed by list of pest: cockroaches, mice/
rats, houseflies/mosquitoes, each with possible responses
of 'always’, ‘sometimes’, ‘rarely’ and ‘never’. Then one
question regards the frequency of household members
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engage the following activities (switch on air condition-
ing, use of air purifier, spray insect repellent/aerosol, burn-
ing incense/light the candle/ burn mosquito coils, open
burning (include nearby neighbourhood), cooking), given
the possible responses ‘always’, ‘often’, ‘sometimes’,
‘rarely’ and ‘never’. Then, the final part of the survey form
requested their consent for the collection of indoor house
dust samples. For participants who agreed to participate
in dust sample collection, home visits were conducted one
to two times to collect an adequate amount of dust sample
(at least 0.5 g).

2.3 Indoor Settled Dust Sample Collection
and Analysis

A total of 51 household settled dust samples were collected
across Kampar Town between January 2023 and October
2023. The settled dust from each household was collected
from accessible places (floors, windowsills, fans, and fur-
niture) in the living rooms (Boisa and Odagwe 2019; Latif,
et al. 2014) using a handheld vacuum cleaner (Brand:
AmazeFan, Model: 338,000 rpm/min Wireless Vacuum
Cleaner). The vacuumed settled dust was transferred into
resealable plastic bags, and labelled accordingly (Bai et al.
2003). These dust samples were then stored in a laboratory
freezer at -18 °C until further analysis. The samples were
sieved (< 100 pm) to remove large particles such as stones,
insect carcasses, hair (Wahab, et al. 2012), and pet fur. The
remaining dust was dried in a drying oven at 105 °C for
24 h and transferred to desiccator to cool down prior sample
digestion.

About 0.5-1.0 g of dust sample was weighed for each
household dust sample and 30 mL aqua regia solution (65%
HNO;, 36% HCI, v/v, 3:1) were used to digest the sample
(Harrison and Perry 1986; Hassan 2012). The mixture was
digested on the hot plate for an hour under magnetic stir-
ring, and the watch glass was placed on the beaker to moni-
tor the brownish gas emitted. The watch glass was removed
interval to release brownish gas emitted during the heating
process. The halting of brownish gas emitted indicated the
complete of digestion process. The digestate was cooled to
25 °C, followed with top up to 50 mL using Milli-Q water,
before being filtered through 0.45 pm CA syringe filter. Each
digestate dust sample was serially diluted, with all dilutions
prepared in duplicate. The filtered solution samples were
kept in centrifuge tubes and stored under -20 °C prior the
Inductively Couple Plasma Optical Emission Spectrometry
(ICP-OES) (PerkinElmer Optima 7000 DV, USA) analysis.

2.4 Quality Control and Assurance

The ICP-OES instrument was calibrated using blank and
a standard curve of 50 ppb, 100 ppb, 200 ppb and 500 ppb
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was prepared from multi-element stock solution (Sigma-
Aldrich, Multielement Standard Solution 6 for ICP, Swit-
zerland). The detection limit of ICP-OES for each element
were Al: 0.9 ppb, As: 3.6 ppb, Cd:0.07 ppb, Cr: 0.25 ppb,
Cu: 0.9 ppb, Fe: 0.2 ppb, Mn: 0.03 ppb, Ni: 0.4 ppb, Pb:
1.4 ppb, and Zn: 0.2 ppb.

To minimise cross-contamination, the apparatus and head
of vacuum cleaner were washed with laboratory detergent,
followed by soaked in 1% HNO; for overnight and rinsed
with distilled water (Wahab et al. 2012). Besides, the dust
cup filter was replaced once dust sample collection of each
household was completed, to prevent cross-contamination.

2.5 Enrichment Factor

The enrichment factor (EF) was used to evaluate the degree
of contamination of indoor household dust samples com-
pared to the background value. The formula used was as
below (Li et al. 2019):

[ O ]sam le
EF = Cref P

Cx
[ CTe)‘] background

where, [Cx/Cref] sample represents the ratio of the concen-
tration of the targeted element to the reference element (Al)
in indoor house dust samples, while [Cx/Cref] background
represents the ratio of the background concentration of the
targeted element to the reference element (Al), using the
provided background values. Basically, Al was used as a
reference element for assessing the enrichment factor due to
it is high abundance element and relatively stable compared
to other selective elements in Malaysia (Shaari et al. 2018).
The degree of heavy metals enrichment (Li et al. 2019) was
classified as depicted in Table 1.

2.6 Healthrisk Assessment (HRA)

The non-carcinogenic risk of HM exposure for adults and
children was assessed for Al, Zn, Fe, Pb, Cu, Cr, Mn, Cd,
Ni, and As by computing the Hazard Quotient (HQ) for three
exposure routes (oral intake, dermal absorption, inhalation)

Table 1 Enrichment factor (EF) classification

Enrichment range (EF) Description

EF<1 No enrichment
1<EF<2 Minor enrichment
2<EF<5 Moderate enrichment
5<EF<20 Significant enrichment
20<EF <40 Very significant
EF>40 Extremely enrichment
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as showed in Egs. (1) — (4) (US EPA 2011). Then, the sum
value of the HQ for three exposure routes was calculated as
Hazard index (HI), as showed in Eq. (5). If HI value more
than 1.0, it indicates a significant non-carcinogenic risk. The
reference values and denotations of parameters used in this
study were shown in Table 2. Table 3 shows the reference
doses for HRA estimation, with every element has its respec-
tive reference dose value for different exposure pathways
that used in current study (USEPA, 2002; USDOE, 2011,
USEPA, 2011a; USEPA., 2011b).

(C x Ing X EF X ED)

ADDingestion = x 1076 €))
(BW x AT)
A X SAF x ABS x EF
ADDskin = (CXSAXSAEXABS XBE) (56 )
(BW x AT)
InhR X EF x ED x PEF
ADDinhalation = (&> 1MR X BFXED x PEF) 3)
(BW x AT)
HQ = ADD x RfD @)

HI = Z HQ = HQingestin + HQskin + HQinhalation (5)

Certain elements in this study, for instance Ni, As, Cd, Cr,
and Pb, that possibly pose carcinogenic risk (CR) to children
and adults were estimated (Agency for Research on Cancer
TACR, 2013). Carcinogenic risk of each element was calcu-
lated using Eq. (6) by adopting the cancer slope factor listed
in Table 3. The Total Lifetime Carcinogenic Risk (TLCR)

Table 3 Reference dose and cancer slope factor (mg/kg/day) for each
heavy metal (USEPA, 2002; USDOE, 2011; USEPA 2011a; USEPA
2011b)

Element  RfD oral RfD dermal  RfD inhalation = CSF

Al 1 1 4.00E-04 -

Fe 7.00E-01  7.00E-01 7.00E-01 -

Zn 3.00E-01  6.00E-02 3.00E-01 -

Cu 4.00E-02  1.20E-02 4.00E-02 -

Mn 2.40E-02  1.40E-02 1.40E-02 -

As 3.00E-04 1.23E-04 3.00E-04 1.51E+00
Cd 1.00E-03  1.00E-05 1.00E-03 6.30E-01
Cr 3.00E-03  6.00E-05 2.86E-05 4.20E-01
Pb 3.50E-03  5.52E-04 3.52E-02 4.20E-02
Ni 2E-02 5.40E-03 2.06E-02 8.40E-01

of each element was assessed by total-up the values of three
exposure pathways (Eq. (7)). The TLCR value exceeds the
threshold value 1x 10~ indicates significant carcinogenic risk
posed to humans, if ranges between 1x 10~ and 1 x 107 indi-
cates the TLCR is within the permissible limit, while lower
than 1% 107 indicates the carcinogenic risk posed to residents
is negligible (USEPA, 2002).

CR = ADD x CSF (6)

TLCR = Z CRingestion + CRskin + CRinhalation @)

Table 2 The constant value for

each parameter in health risk
assessment equation (USEPA
2002; USEPA 2011a)

Parameter Symbol Value

Heavy metal concentration C From household dust

Ingestion rate Ing (mg/day) Children=200 mg/kg
Adult=100 mg/kg

Exposure duration ED (years) Children=6 years
Adult=20 years

Exposure frequency EF (days/year) 350 days/year

Body weight BW (kg) Children=32 kg
Adult=60 kg

Average time for non-carcinogenic AT (years) ED %365 days

Average time for carcinogenic AT (years) 70 (lifetime) x 365 days

Expose dermal area SA Children =2800cm?
Adult=5700cm?

Dermal adherence factor SAF Children=0.2 mg cm™>
Adult=0.07 mg cm™>

Dermal absorption factor ABS 0.001

Particle emission factor PEF 1.36x 10°m*/kg

Inhalation rate

InhR (m3/day)

Children: 7.6 m*/day
Adult: 20 m*/day

@ Springer
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2.7 Statistical Analysis

Data analysis was performed using Statistical Package
for the Social Sciences (SPSS) software version 26.0 and
STATA 18.0. The data distribution, skewness and kurtosis
values for concentrations of heavy metals in this study were
found not normally distributed. Thus, the Mann—Whitney
U test was employed to evaluate significant differences in
heavy metal concentrations in house dust between exposed
and unexposed groups. The exposed group was defined as
individuals with frequent exposure to potential risk factors,
whereas the unexposed group comprised those without such
exposure. Correlation coefficients between the elements
were assessed using Spearman’s rank correlation test. The
multilevel linear mixed effect model adjusted with covariates
(200 m away from highway or main road and house with ren-
ovation work in past 12 months) was performed to analyse
the association between household occupants’ activities and
habits with the attribution of heavy metals concentration in
household settled dust. All statistical tests were two- tailed,
and a significance level of p <0.05 was considered indicative
of statistical significance.

3 Results and Discussion

3.1 Socio-Demographic of Respondents and Daily
Living Activities

A total of 200 respondents participated in this survey study,
with 51% of them were female, while 49% were male. The
mean age of the respondents was 30 years (+ 14.4), and their
mean body weight was 60 kg (+12.25). The daily household
activities and habits of study respondents are summarised in
Table 4. Majority (66.7%) of the respondents in this study
lived in terrace house and near to busy road or highway.
Dampness issues of the households were highlighted in this

Table 5 Household characteristics in Kampar Town (n=51)

Parameter n (%)
Buildings type Terrace house 34(66.7)
Apartment/condominium  8(15.7)
Town house 7(13.7)
Flat 2(3.9)
<200 m to highway/ busy road 34(66.7)
Renovated in last 12 months 11(21.6)
LPG as cooking fuel 31(60.8)
Mold odour ? Sometimes 22(43.1)
Weekly 2(3.9)
Visible mold spot * 22(43.1)
Water damage * 21(41.2)
Damp stain * 30(58.8)
Presence of smoker 12(23.5)
Raise furry pets indoor 17(33.3)

2dampness condition in last 12 months

research (Table 5), notably 58.8% of the households had
damp stain on the ceiling/floor/wall. Most of the households
(60.8%) used liquefied petroleum gas (LPG) as cooking fuel,
and the remaining 39.2% of household using electric induc-
tion cooker for cooking.

3.2 Distribution of Heavy Metals Concentration
in Household Settled Dust

The metal loading concentration in the household dust
samples is represented in Table 6. The highest median
concentration in the household settled dust was Al, fol-
lowed by Zn > Fe > As>Pb > Ni> Cu>Mn > Cr. The rela-
tively higher concentrations of Al, Zn, and Fe in house
dust might be due to the abundant earth crustal values
in Malaysia, as similar trends of heavy metal distribution
have been found in previous local studies (Han et al. 2014;

Table 4 Household

. o Activities Frequency, n (%)
anthropogenic activities (n=51) .

Never Rarely Sometimes Often Always
Air conditioning 6(11.8) 2(3.9) 7(13.7) 10(19.6) 26(51.0)
Air purifier 38(74.5) 6(11.8) 2(3.9) 2(3.9) 3(5.9)
Spray insect repellent/aerosol 9(17.6) 20(39.2) 17(33.3) 4(7.8) 1(2.0)
Burning incense/mosquito coil 33(64.7) 4(7.8) 3(5.9) 3(5.9) 8(15.7)
Open burning 27(52.9) 16(31.4) 5(9.8) 1(2.0) 2(3.9)
Cooking activities 2(3.9) 9(17.6) 14(27.5) 13(25.5) 13(25.5)
Pan frying 8(15.7) 9(17.6) 9(17.6) 15(29.4) 10(19.6)
Deep frying 17(33.3) 19(37.3) 8(15.7) 6(11.8) 1(2.0)
Boiling/steaming 2(3.9) 6(11.8) 14(27.5) 14(27.5) 15(29.4)
Baking 32(62.7) 13(25.5) 6(11.8) 0(0) 0(0)
Roasting 38(74.5) 12(23.5) 1(2.0) 0(0) 0(0)
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Table 6 The heavy metals

o Elements Mean=+SD Median Min Max 25th 75th

concentration in household (mg/kg)

settled dust (n=51)
As 63.93+41.68 56.55 1.06 204.59 34.23 89.17
Zn 7515.84+10,876.40 4223.25 18.64 63,469.97 2440.13 7759.39
Fe 2918.10+3452.670 1609.46 6.79 15,688.96 782.25 3696.02
Ni 70.53+49.14 56.24 30.14 367.82 46.053 75.73
Pb 60.31+33.97 56.31 0.31 165.32 34.48 80.70
Al 37,992.65+70,192.54  24,397.00 1676.76  518,440.82 11,148.59 34,614.80
Cd 6.07+3.19 5.53 1.52 16.77 3.92 6.74
Cu 176.48 +615.00 43.23 11.84 4596.73 25.98 64.68
Cr 22.66+32.19 13.14 0.19 175.53 5.98 27.29
Mn 46.44+41.28 35.85 0.18 203.31 17.59 56.55

Tay, et al. 2021). The descriptive statistics of metal con-
centrations in indoor dust are presented in Table 6. Among
all elements, Al exhibited the highest mean concentration
(37,992.65 mg/kg), consistent with its natural abundance
in soil-derived particulate matter. Zinc showed the sec-
ond highest mean concentration (7515.84 mg/kg) with
a notably wide range (18.64-63,469.97 mg/kg), indicat-
ing substantial variability likely driven by site-specific
anthropogenic inputs. Arsenic presented a high mean
value of 63.93 mg/kg, with concentrations ranging from
1.06 to 204.59 mg/kg, suggesting potential anthropogenic
activities contamination. Copper and Cr also demon-
strated elevated variability, with Cu ranging from 11.84
t0 4596.73 mg/kg and Cr from 0.19 to 175.53 mg/kg. Cad-
mium, present at lower absolute concentrations (mean:
6.07 mg/kg), Mn, Ni, and Pb with mean values ranging
from 46.44 to 70.53 mg/kg. Overall, the high standard
deviations observed for most metals imply heterogeneous
distribution patterns, reflecting differences in household

Fig. 1 Enrichment factor of
heavy metals in household dust

Mn  0.13
Cr | 043
Cu 0 243

Pp HEE 1357

Element

Ni T 226
Fe 0.1

characteristics, occupant activities, and surrounding envi-
ronmental sources.

3.3 Enrichment Factor

The enrichment factor of each element in household dust
was determined in Kampar Town, ranging from insignifi-
cant enriched to extremely enriched. The purpose of this
analysis is to identify the heavy metals were enriched by
anthropogenic activities or origin from natural resources.
Zinc was found to be extremely enriched (EF =203.52),
which indicated the Zn concentration in house dust were
mainly attributed by inhabitants’ daily activities or other
anthropogenic activities. High Zn loading in indoor
household dust samples can be explained by the wide-
spread application of Zn in building materials and daily
use items such as paint, wood preservatives, batteries,
alloy-coated materials, utensils used for culinary activi-
ties, and outdoor sources. Moreover, As and Cd were
extremely enriched, while Pb was significantly enriched

Enrichment Factor

Cd I ———— 124.25

Zn I ———203.52
As I———— 105.97

100 150 200
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(Fig. 1) due to anthropogenic activities by building occu-
pants or from outdoor sources like automobile emissions,
tire wear, road dust, construction, and factory emissions
(Kurt-Karakus 2012; Rivero et al. 2023; Chattopadhyay
et al. 2003). As Malaysian practice open window and door
routinely for natural ventilation, the outdoor atmospheric
metal-deposited grime can be transported into indoor
dwellings via open windows and doors or entryways.
Besides, a significant amount of heavy metals in house
dust could be brought in by occupants’ footwear from out-
side (Rivero et al. 2023). This is supported by the USEPA
(2004) statement that up to 70% of indoor house dust
originates from outdoor soil. Thus, the heavy metals in
household settled dust in this study could be transported
from the outdoor environment and indoor anthropogenic
activities.

3.4 Correlation Matrices between Elements

The spearman ranking correlation test shows elements
Mn-Fe-Zn-Al-Cu-Cr-Pb in the household settled dust
were positively significant (p < 0.05) correlated with
each other (Table 7). The Fe and Mn were strongly cor-
related (p <0.01) with correlation coefficients of 0.903,
suggesting they are from the natural background elements
concentration (Jadoon et al. 2020). Most of the elements
display a significant correlation with each other, which
indicated they might originate from the same source.
There were negative correlations between elements tabu-
lated in Table 7, which suggested they might come from
different sources of pollutants. Arsenic is significantly
correlated with Cd, which could be originated from com-
mon anthropogenic sources, such as vehicular emissions,
fossil fuel combustion, and household product usage. This
indicates that indoor dust contamination is influenced by
human activities rather than purely geogenic inputs.

3.5 Health Risk Assessment

Notably, the non-carcinogenic risk assessment indicates no
significant non-carcinogenic risk was identified for children
for other elements, except HI of 1.20 for As exposure in
household dust among children in Kampar, which exceeds
the acceptable threshold (HI> 1) that suggests a potential
non-carcinogenic risk. As summarized in Table 8, the HI
values for adults were below the critical limit (HI < 1) for
all elements, which indicated minimal non-cancer risk for
the adult population. For children, ingestion was the pri-
mary exposure route, with HQ of 1.12 for As exposure.
According to a study by Diami and colleagues, the risk of
arsenic exposure was found to be higher in former mining
areas compared to active iron ore mining sites in Pahang,
Malaysia, and suggested that the adverse effects of arsenic
in the environment may persist long after mining activities
have ceased (Diami et al. 2016). Besides, another study con-
ducted at an inactive mining site in Thailand reported that
4.5% of the children’s urine contained inorganic As level
that exceeded the range set by Agency for Toxic Substances
and Disease Registry (ATSRD) (Kunwittaya et al. 2022).
Moreover, 16% of the drinking water in a former mining
area located in Mexico was contaminated with As, above
0.025 mg/L, which is the standard limit of Mexican regu-
lation (Wurl et al. 2018). Arsenic pollution in these areas
was due to historical mining activities (Diami et al. 2016;
Kunwittaya et al. 2022; Waurl et al. 2018). Chronic As expo-
sure could lead to skin conditions such as hyperkeratosis and
Bowen’s disease (Li et al. 2016).

The carcinogenic health risk assessment for each carci-
nogenic element was assessed through calculation of Total
Lifetime Cancer Risk (TLCR). The TLCR values in this
study were within the tolerable range (1x 107 to 1 x 107%),
suggesting no significant cancer risk from exposure to heavy
metals in household dust through ingestion, dermal contact,
or inhalation for both children and adults in Kampar Town
(Table 9). The TLCR values for elements were ranked in

Table 7 Correlation matrices of As 7n Fe

- Ni Pb Al Cd Cu Cr Mn
elements in house dust samples
(=51 As  1.000
Zn —0.353*% 1.000
Fe —0.45% 0.766**  1.000
Ni 0.129  0.248* 0.253* 1.000
Pb 0.168 0.517**  0.288* 0.406** 1.000
Al —0.332%*% (.634%*  0.744%%0.094  0.265* 1.000
Cd  0.274* 0.125 —0.156  0.356** 0.409** —0.100 1.000
Cu —0.350%* (0.518**  0.595%*0.545%* (.390**  0.380** 0.044 1.000
Cr —0.494%*% (0.574%%  (.704%*%0.439%* (.297* 0.557** 0.061 0.639** 1.000

Mn —0.482%* (.722%%*

0.903**(.245

0.299% 0.823** —0.0128 0.543** 0.691** 1.0000

“p<0.05,%%p <0.01, n=sample size

@ Springer



Aerosol and Air Quality Research (2025) 25:71

Page9of16 71

Table 8 Non-carcinogenic risk associated with the heavy metals exposure in household dust among adults and children in Kampar, Perak

Adults As Zn Fe Ni Pb Al Cd Cu Cr Mn
ADI_oral 8.97E-05 6.70E-03  2.55E-03  8.92E-05 8.94E-05 3.87E-02 8.77E-06 6.86E-05 2.09E-05 5.69E-05
ADI_dermal  3.59E-06 2.68E-04 1.02E-04 3.57E-06 3.57E-06  1.55E-03  3.50E-07 2.74E-06  8.33E-07 2.27E-06
ADI_inh 1.32E-08 9.86E-07 3.76E-07 1.31E-08 1.31E-08 5.69E-06 1.29E-09 1.01E-08 3.07E-09  8.37E-09
HQ_oral 2.99E-01 2.23E-02  3.65E-03 4.46E-03 2.55E-02 3.87E-02 8.77E-03  1.71E-03  6.95E-03  4.06E-03
HQ_dermal 2.91E-02 446E-03  1.46E-04 6.60E-04 6.47E-03 1.55E-03 3.50E-02 2.28E-04 1.39E-02 5.98E-07
HQ_inh 4.40E-05 3.29E-06  5.37E-07 6.37E-07 3.73E-07 1.42E-02 1.29E-06  2.52E-07 1.07E-04  5.98E-07
HI=YHQ 3.28E-01 2.68E-02  3.79E-03  5.12E-03  3.20E-02 5.45E-02 4.38E-02 1.94E-03 2.09E-02 4.06E-03
Children

ADI_oral 3.36E-04 2.51E-02 9.56E-03  3.34E-04 3.34E-04 1.45E-01 3.28E-05 2.57E-04 7.80E-05 2.13E-04
ADI_dermal  9.40E-06 7.02E-04 2.68E-04 9.35E-06 9.36E-06 4.06E-03  9.19E-07 7.19E-06 2.18E-06  5.96E-06
ADI_inh 9.38E-09 7.01E-07 2.67E-07 9.33E-09 9.34E-09 4.05E-06 9.17E-10  7.17E-09  2.18E-09  5.95E-09
HQ_oral 1.12E4+00 836E-02 1.37E-02 1.67E-02 9.55E-02 145E-01 3.28E-02 6.42E-03 2.60E-02 1.52E-02
HQ_dermal 7.64E-02 1.17E-02  3.82E-04 1.73E-03  1.70E-02 4.06E-03  9.19E-02 5.99E-04 3.64E-02 4.25E-07
HQ_inh 3.13E-05 2.34E-06  3.81E-07 4.53E-07 2.65E-07 1.01E-02 9.17E-07 1.79E-07 7.62E-05  4.25E-07
HI=YHQ 1.20E4+00 9.53E-02 1.40E-02 1.84E-02 1.12E-01 1.59E-01 1.25E-01 7.02E-03 6.25E-02 1.52E-02

Table 9 Carcinogenic risk associated with the exposure of heavy metals in household dust among adults and children in Kampar, Perak

Adults As Ni Cr Cd Pb
ADI_oral 2.56E-05 2.55E-05 5.96E-06 2.50E-06 2.55E-05
ADI_dermal 1.02E-06 1.02E-06 2.38E-07 9.99E-08 1.02E-06
ADI_inh 3.77E-09 3.75E-09 8.76E-10 3.68E-10 3.75E-09
CR_oral 3.85E-05 2.14E-05 2.50E-06 1.58E-06 1.07E-06
CR_dermal 1.53E-06 8.55E-07 9.98E-08 6.30E-08 4.28E-08
CR_inh 5.65E-09 3.15E-09 3.68E-10 2.32E-10 1.58E-10
Y TLCR 4.00E-05 2.23E-05 2.60E-06 1.64E-06 1.12E-06
Children

ADI_oral 2.88E-05 2.86E-05 6.69E-06 2.81E-06 2.87E-05
ADI_dermal 8.06E-07 8.01E-07 1.87E-07 7.87E-08 8.02E-07
ADI_inh 8.04E-10 8.00E-10 1.87E-10 7.86E-11 8.01E-10
CR_oral 4.32E-05 2.40E-05 2.81E-06 1.77E-06 1.20E-06
CR_dermal 1.21E-06 6.73E-07 7.86E-08 4.96E-08 3.37E-08
CR_inh 1.21E-09 6.72E-10 7.85E-11 4.95E-11 3.36E-11
Y TLCR 4.44E-05 2.47E-05 2.89E-06 1.82E-06 1.24E-06

descending order as follows: As, Ni, Cr, Cd, and Pb for both
adults and children. Arsenic exhibited the highest TLCR,
particularly among children (4.44 X 1077), with cancer risk
(CR) values of 4.32 x 107> for ingestion, 1.21 x 10~° for der-
mal contact, and 1.21 x 10~? for inhalation.

Hazardous metalloids pollutions were mainly linked with
the anthropogenic activities such as mining, urbanisation,
wastewater discharge, and application of pesticides and fer-
tilisers in agriculture practice. In developing countries, weak
environmental regulatory enforcement and limited education
on safe handling practices of hazardous chemicals contribute

to HM exposure in workers, contamination and pollution to
the environment. These heavy metals could accumulate in
the food chain and pose a significant public health concern.
Some previous research work reported high As content was
found in rice (0.11-53 mg/kg), fish (0.01-50.34 mg/kg),
meat (0.002—44.6 mg/kg), and vegetables (0.004—27.3 mg/
kg) (Machate 2023).

The concentrations of indoor HM could be influenced by
building occupants’ activities such as cooking activities, the
flaking building materials or transport from outdoor fine par-
ticles by wind or shoes, mining activities, use of pesticides
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and herbicides. Our research findings are in line with find-
ings of other studies in which a health risk assessment of
heavy metal study conducted in Hubei, China reported
carcinogenic risk of Asc exposure posed to children aged
3-5 years old in urban residential indoor dust was around
4.00%x 1072, and the indoor As concentration was signifi-
cantly (p <0.05) higher compared to outdoor As concentra-
tion (Liu et al. 2016). In this study, we found that the TLCR
values of As, Ni, Cr, Cd, and Pb were higher for children
compared to adults, reflecting the greater vulnerability of
children due to their lower body weight and higher inhala-
tion rates in the exposure models.

The ingestion route was identified as the predominant
exposure pathway for heavy metals in dust particles, fol-
lowed by dermal contact and inhalation, which were consist-
ent with previous findings (Shabanda et al. 2019; Tashakor
et al. 2022; Jadoon et al. 2020). This pattern is particularly
pronounced in children due to behaviours such as crawling
on the floor and frequent hand-to-mouth activities, which
increase the likelihood of ingesting dust particles contain-
ing heavy metals (Tashakor et al. 2022; Xu et al. 2021; Tan
et al. 2018).

3.6 The Risk Factors Attributed to Heavy Metals
in Indoor House Settled Dust

The results shown in Table 10 revealed the factors and daily
activities engaged by occupants that significantly associ-
ated with the increase of heavy metals in household settled
dust in Kampar Town using both bivariate (Mann—Whitney
U test) and multivariate (Multilevel Linear Mixed Effect
model) analysis.

3.6.1 Pest Presence

Mann-Whitney U identified a significant association
between the presence of houseflies and mosquitoes and
increased concentrations of Pb (p <0.001, U-value =283.00)
and Zn (p=0.003, U-value =257.00), suggesting that pest
presence is linked to higher heavy metal levels in house
dust. Multilevel linear mixed model analysis, adjusted
with <200 m proximity to heavy road/ highway and under-
went renovation in last 12 months, refined these find-
ings, showing that only Cd (p=0.041, OR: 1.182, 95%
CI=1.007-1.219) and Zn (p=0.021, OR: 1.757, 95% CI:
1.089-2.834) remained significantly associated with more
frequent pest presence. This highlights the potential role of
confounding factors in the observed bivariate relationships
and underscores the need for adjusted models to identify
significant independent predictors. Poor hygiene and waste
management practice create favorable conditions for the
pest’s infestation, especially in urban areas. The waste and
garbage that is contaminated with hazardous substances

@ Springer

attract houseflies and mosquitoes. Hence, mosquitoes and
houseflies act as the vectors to contaminate the household
environment (Gutberlet and Uddin 2018). Mosquitoes and
houseflies’ infestation may increase the usage of insecticides
and mosquitoes’ sprays by residents to kill the pest. These
insecticides and mosquito sprays contain heavy metals such
as Zn, Cd, Pb, Cu which may increase the concentration of
heavy metals in the household settings (Alengebawy et al.
2021).

3.6.2 Furry Pets Ownership

Households with furry pets showed lower concentrations of
several heavy metals, including Zn, Fe, Ni, Pb, Al and Cd,
compared to those without pets. Bivariate analysis revealed
a significant negative association between pet ownership and
copper (Cu) levels (p=0.040, U-value = 186.00), possibly
reflecting more frequent cleaning practices by pet owners
(Xu et al. 2021). However, this association was not signifi-
cant in the multivariate analysis, suggesting that pet-related
cleaning may interact with other household factors that influ-
ence heavy metal accumulation in the settled dust.

3.6.3 Burning Practices and Heavy Metal Exposure

The burning of incense sticks and mosquito coils was sig-
nificantly associated with elevated Pb levels in both bivari-
ate (p=0.003, U-value =348.00) and multivariate analyses
(p<0.05, OR: 1.202, 95% CI: 1.028-1.405). These findings
are consistent with prior studies linking incense burning to
increased indoor lead exposure (Lee et al. 2021). Burning
mosquitoes’ coil in spiral shape is usually used as insect
repellents while incense for ritual purpose, both emitting
smoke containing trace elements such as Cd, Zn, Pb (Liu
et al. 1987; Lee et al. 2021). Conversely, open burning,
which was significant in bivariate analysis (p <0.05), did
not remain significant in the multivariate model, indicating
the influence of confounding variables such as outdoor air
quality or ventilation practices.

3.6.4 Air Purifiers and Air Conditioning

The use of air purifiers significantly reduced Al levels in
the bivariate analysis (p =0.049, U-value =53.00). Multi-
variate analysis confirmed these results, showing signifi-
cant reductions in concentrations of Al (p=0.034, OR:
0.763, 95% CI: 0.594-0.980) and Mn (p=0.014, OR:
0.698, 95% CI: 0.525-0.929). These findings support the
effectiveness of air purifiers equipped with high efficiency
particulate air (HEPA) and electrostatic filters in mitigat-
ing indoor heavy metal pollution (Fazlzadeh et al. 2022).
In contrast, frequent use of air conditioner was associated
with higher Cu levels in the bivariate analysis (p=0.043,
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U-value = 172.00), and this finding aligned with the
research done by Tashakor et al. (2022). Air-conditioner
can act as air filter or sink for air pollutants if they are
infrequent cleaned and maintenance (Zainal et al. 2019).
This research finding emphasizes the importance of proper
cleaning and maintenance of indoor air pollution control
devices in mitigating potential air quality impacts.

3.6.5 Cleaning Practices and Heavy Metal Reduction

Multivariate analysis identified frequent vacuuming (>4
times per week) as a significant predictor of reduced
Cd concentrations (OR: 0.899, 95% CI: 0.842-0.959,
p <0.001) in the household settled dust. This finding cor-
roborates previous research highlighting the effectiveness
of vacuuming in removing heavy metal particles from
indoor surfaces (Naimabadi et al. 2020).

3.6.6 Cooking Methods and Heavy Metal Emissions

Cooking with liquid petroleum gas (LPG) or natural
gas was significantly associated with higher levels of
As (p=0.022, U-value=429.00) and Pb (p =0.027,
U-value =425.00) in bivariate analysis. Utilization of liq-
uid petroleum gas as cooking fuel could increase the heavy
metals concentration in house (Pal et al. 2023), heavy met-
als are contained in the combustion as by-products of the
fuel and deposited in the particulate matter which may
be emitted during the cooking process. Besides that, the
metal surface of cooking appliances while contact with
high temperature also could be the possible source of
indoor heavy metals at household. Although the asso-
ciation between cooking using LPG and higher Pb con-
centrations in household settled dust remains significant
(p=0.014, OR: 1.804, 95% CI: 1.129-2.882) in the mul-
tilevel linear mixed model, there was no evident found
using LPG for cooking activities associated to Pb and As
contamination in house dust. These results may therefore
be influenced by other factors like residential locations of
the respondents in this study. Most of the respondents who
were using LPG for cooking were living in Old Town resi-
dential areas. In this study, the Old Town areas revealed
significantly higher concentrations of Pb (p=0.007) and
As (p=0.006) in the household settled dust compared
to New Town. This could be due to old aged residential
buildings in Old Town. Besides that, pan-frying was sig-
nificantly associated with higher nickel (Ni) concentra-
tions in both bivariate (p=0.028, U-value =441.50) and
multivariate analyses (p=0.018, OR: 1.100, 95% CI:
1.017-1.190), likely due to the release of pollutants from
heated cookware (Pal et al. 2023).

3.6.7 Smoking and Indoor Heavy Metals

Smoking was associated with significantly higher concentra-
tions of Cd and Ni (p <0.05) in multivariate analysis. These
results are consistent with the known contribution of ciga-
rette smoke, which contains heavy metals such as Cd, Pb,
and Ni, to indoor dust contamination (Caruso et al. 2014).
According to Willers et al. (2005), one tobacco cigarette
containing 1-2 pg cadmium and blood lead concentration of
children had increased because of parental smoking behav-
iour in that study. Hence, tobacco cigarette smoking is one
of the risk factors that increase the heavy metals exposure of
the building occupants. Thus, smokers are advised to smoke
outside of the house to reduce the occupants exposed to sec-
ond-hand smoke.

3.7 Strengths, Limitations and Recommendations

This study has several notable strengths. Researcher con-
ducted indoor home environment inspections while settled
dust sample collection which complemented the question-
naire survey and allowing verification of building charac-
teristics data reported by the respondents. Potential infor-
mation bias was minimised by follow-up with participants
to address the missing information in the questionnaire. In
addition, the quantitative measurements of HM concentra-
tions provided objective evidence which reflected the indoor
home HM exposure levels, thereby enhancing the study’s
validity.

There were some limitations in this study, including
reliance on self-reported data for the daily activities of the
respondents, which is subject to response bias, as respond-
ents may underreport or overreport their activities. Another
limitation is the lack of information on the use, characteris-
tics and efficiency of range hoods used for cooking among
the respondents. The dust sampling strategy in this study
targeted long-term accumulated dust rather than short-term
cooking emissions, in which the absence of ventilation-
related data could introduce residual confounding in the
observed HM concentrations. This study had defined its
scope of study due to time and funding constraints, which
may have excluded other potential variables that may influ-
ence the concentrations of heavy metals in the indoor resi-
dential environment. Lastly, another limitation of the study
is cross-sectional study design can only identify possible risk
factors and cannot establish cause-and-effect relationships.

For future research, it is recommended to have longitu-
dinal study designs to establish causal relationships of the
study variables, Detailed assessments of the household ven-
tilation can be carried out to elucidate the roles of mechani-
cal and natural ventilation in influencing the indoor HM
exposure profile. Evaluating the effectiveness of specific
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interventions in the long term also recommended to evalu-
ate their effectiveness in reducing the indoor air pollutants.

From a public health policy perspective, these findings
highlight the importance of strengthening indoor air quality
standards and enhancing community awareness about the
indoor air quality issue and appropriate intervention meas-
ures. Regular vacuuming or cleaning are recommended to
minimize the accumulation of dust and heavy metals. The
use of air purifier and air-conditioning system can help fil-
ter the indoor air pollutants, provided that their filters are
cleaned and maintained regularly. Maintaining household
cleanliness is also crucial to prevent pest infestations and
reduce the need for pesticide use that may contain heavy
metals. Furthermore, it is advisable to avoid or minimise
pollution-emitting household activities, such as indoor
smoking and burning practices.

4 Conclusions

This study indicated no carcinogenic risk of heavy metals
exposure in the household settled dust to the Kampar Town
community. Arsenic posed a non-carcinogenic risk (hazard
index [HI]=1.20) for children, with oral intake identified
as the predominant pathway of heavy metal exposure from
household settled dust. The findings of this study highlight
the complex interplay of household activities, environmen-
tal factors, and building characteristics in influencing heavy
metal concentrations in household settled dust. Human activ-
ities, building occupants’ habits, and household character-
istics such as cooking fuel and methods, smoking, incense/
mosquito coil burning practice and presence of houseflies/
mosquitoes, were significantly (p <0.05) influenced the
concentrations of these elements in household settled dust.
Interventions aimed at reducing indoor heavy metal con-
centrations should prioritize improving household hygiene,
adopting cleaner energy sources, and reducing reliance on
combustion-based activities.
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