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Abstract
In this study, the determination of heavy metal concentrations (Fe, Mn, Ni, Cd, Cr, Cu, Co, Zn) in dust samples collected from 
different socioeconomic households in the urban area of Dhanbad city was investigated. Inductively Coupled Plasma-Optical 
Emission Spectroscopy (ICP-OES) was utilized to detect the heavy metal content of the dust samples after digestion and 
filtration. The mean concentrations of Fe found 19,983.25 mg kg−1 followed by Mn (313.03 mg kg−1), Zn (296.05 mg kg−1), 
Cu (62.16 mg kg−1), Cr (37.87 mg kg−1), Ni (33.67 mg kg−1), Co (11.66 mg kg−1), and Cd (5.65 mg kg−1). Contamination 
Factor (CF) for elements Fe, Mn, Ni, and Co obtained values less than 1 signifying low contamination, CF values for ele-
ment Cu ranged between 1 to 3 signifying moderate contamination whereas Zn comes under considerable contamination. 
CF values for elements Cd signify high contamination in all types of households. Cd was found to be highly enriched with a 
mean value of EF greater than 20 followed by Zn, Cu, Cr, Ni, Co, and Mn. The hazard index (HI) of selected heavy metals 
was less than 1 and the carcinogenic risk (CR) values for Cd, Cr, and Ni were found below safe levels (1E-06 to 1E-04) for 
both adults as well as children. The HI value for children was around five times that of adults, suggesting that children are 
at a greater risk of exposure to heavy metals in indoor dust from all socioeconomic type households.

Keywords  Heavy metal · Health risk assessment · Household dust · Contamination factor · Enrichment factor · Geo 
accumulation index

Introduction

Household dust is a primary environmental carrier that 
requires considerable attention due to the increasing 
amount of toxicants to which humans are regularly exposed 
(Pal et al. 2021). Settled dust has the potential to act as a 
worldwide indication of residential pollution (Kumar and 
Jain 2022; Li et al. 2019; Neupane et al. 2020). Humans 
spend the majority of their time indoors which results in a 
link between household dust and their health (Cheng et al. 
2018; Sahu et al. 2018; Shi and Wang 2021; Yaparla et al. 
2019). Indoor dust is made up of suspended particles that 
can act as a carrier for a wide range of organic and inorganic 

substances, which include biological components, differ-
ent heavy metals, polychlorinated biphenyls, and harmful 
polycyclic aromatic hydrocarbons (PAHs), all of which 
are absorbable by humans (Arar et  al. 2019; Melymuk 
et al. 2020; Živančev et al. 2022). Various studies show 
that household dust from various places has a wide range 
of sources, compositions, and particle size distributions 
(Bhardwaj et al. 2017; Gustafsson et al. 2018; Zhao et al. 
2021). As indoor dust has a diverse mixture of natural and 
anthropogenic origins, the common components of that have 
include soil, settled particulate matter, human and animal 
allergens, insect pieces, domestic effluents, and other debris 
of different forms, density, and porosity (Bora et al. 2021; 
Deng et al. 2021; Wan et al. 2019). Pollutant concentrations 
in household dust are likely to be unevenly distributed, espe-
cially if particulates and/or pollutants came from multiple 
sources (eg, indoor activities, air intrusion, or track-ins) (Cao 
et al. 2014).

To enable thorough monitoring of our everyday environ-
ment, reliable measuring methods for determining the basic 
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composition of household dust are necessary. The sources 
of heavy metals in household dust are known to be diverse 
and depend on various factors like household conditions and 
their location, indoor activities as well as outdoor sources 
(Boisa and Odagwe 2019; Cheng et al. 2018; Liu et al. 2021; 
Tao et al. 2021; Underhill et al. 2015). The concentration of 
heavy metals in household dust is greatly influenced by the 
surrounding environment. Heavy metals may be transferred 
through ventilation and by occupants moving from outside 
to inside a residence, which contributes to the accumula-
tion of heavy metals in the dusty environment transported 
in from outside (Cao et al. 2022; Saraga et al. 2017; Zhao 
et al. 2021). The re-suspended particles have adhered to the 
surfaces of food, skin, toys, and furniture, where humans, 
particularly children, consume them (Han et al. 2020; Huang 
et al. 2014).

Moreover, heavy metals in household dust have been 
linked to different day-to-day activities (smoking, cleaning 
frequency, the everyday burning of fuel for domestic cook-
ing, and the frequency of cooking) and the use of air condi-
tioning, various paints, and rubber carpet products (Cheng 
et al. 2018; Shi and Wang 2021; Yaparla et al. 2019; Zhao 
et al. 2021). Heavy metals have numerous negative health 
impacts, including reduced bone density, renal dysfunc-
tion, nervous system injury, and disruption of typical brain 
development (Chen et al. 2019; Men et al. 2018; Zhao et al. 
2021). Heavy metals tend to accumulate in tissue, resulting 
in biological magnification over time. The trace elements 
such as Co, Ni, Mn, Fe, Cu, and Cd have been linked to a 
variety of acute and chronic health effects such as asthma, 
cognitive impairment, irritability, weariness, dermatitis, 
impaired vision, throat or nose irritation, lung cancer in 
humans, among other environmental effects (Bahloul 2020; 
Hou et al. 2019; Men et al. 2018; Rahman et al. 2021a).

The results demonstrated that dust with particle sizes 
of < 63 um may be easily re-suspended into the environment 
and has a higher potential to absorb by people via inges-
tion, inhalation, and dermal adsorption than dust with other 
particle sizes (El-Zahhar et al. 2021; Rahman et al. 2021b; 
Sahu et al. 2016). Additionally, fine particles of dust have a 
very large surface area and were shown to contain greater 
quantities of heavy metals (Cheng et al. 2018; Hassan et al. 
2015). As a result, the focus of heavy metals in household 
dust studies is on fine particles of dust. Various studies 
show that outdoor aerosols have a substantial contribution 
to indoor pollution, with street dust accounting for 20–95 
percent of residential dust (Rasmussen et al. 2018; Torres-
Sánchez et al. 2017). Moreover, the number of storeys and 
building height, the frequency and timing of window open-
ings, pets in the home, and the number of residents and their 
activities (cooking, sweeping), also influence the concentra-
tions of heavy metals in household dust (Gul et al. 2022; 
Kitagawa et al. 2022; Shi and Wang 2021). Indoor activities 

and penetration of outside aerosols indoors are the principal 
sources of heavy metals in the indoor environment. Indoor 
activities such as cooking, cleaning, smoking, and dust par-
ticle resuspension all contribute to household dust pollution 
(Ali 2019). Heavy metals can enter the indoor environment 
by suspended particles in the outdoor air (Rasmussen et al. 
2018), high vehicular traffic outside (Pipal et al. 2021; Rohra 
et al. 2018), and dirt that sticks to footwear (Ali 2019; Cheng 
et al. 2018; Kelepertzis et al. 2019).

The possible health consequences of household dust’s 
heavy metals exposure by oral ingestion, inhalation, and 
dermal contact have dependent on the size of the dust par-
ticles, the rate of deposition, and the chemical constitution 
of the dust (Blanchard et al. 2014; Li et al. 2019; Zhao et al. 
2015). Recently, health risk assessment has been utilized 
for diverse environmental media such as playground dirt, 
school dust, road dust, and indoor dust to measure the toxic-
ity of pollutants via multiple exposure routes such as inges-
tion, inhalation, and dermal contact (Agarwal et al. 2019; 
Hou et al. 2019; Rahman et al. 2021a). Children, in par-
ticular, are more impacted by dust contamination because 
of their hand-to-mouth activity (Bahloul 2020; Huang et al. 
2014; Moghtaderi et al. 2020). It also interferes with the 
child's brain development, which is at its peak throughout 
their growing phase and makes them more vulnerable to 
heavy metals (Muhamad-Darus et al. 2017; Parhizkar et al. 
2021). Heavy metals, in particular, nickel, cadmium, and 
chromium are not biodegradable and can have a severe 
effect on public health varying from allergic responses and 
intoxication to lethal cancer disorders (Cao et al. 2022; 
Mostafaii et al. 2021; Safiur Rahman et al. 2019; Shi and 
Wang 2021; Ying et al. 2016).

Many studies in various cities across the globe have 
examined the health risks of exposure to heavy metals 
in indoor dust such as in Chengdu (Cheng et al. 2018), 
and Guangzhou (Huang et al. 2014) in China, Telangana 
(Yaparla et al. 2019), and Asansol (Pal et al. 2021) in 
India, Dhaka city, Bangladesh (Rahman et al. 2021b), 
Istanbul, Turkey (Gul et al. 2022), Malesia (Latif et al. 
2014), Athens, Greece (Kelepertzis et al. 2019), Huelva, 
Spain (Torres-Sánchez et al. 2017), and Iran (Moghtaderi 
et al. 2020). However, there have been limited studies that 
provide extensive information and a database on the heavy 
metals in various household dust and on the health con-
cerns of the resident's actual situation (socio-economical 
status, household activities, exposure frequency, and body 
weight). Therefore, this study aimed to investigate the 
heavy metal contamination in the different household dust 
samples located in Dhanbad city. The primary objectives 
of this study were i) Determination of heavy metal concen-
trations (Mn, Ni, Cu, Co, Zn, Cd, Fe, and Cr) in different 
households, ii) To assess the health risk of household dust 
in different socioeconomic residences.
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Material and methods

Description of the study area

Dhanbad (23.7957°N and 86.4304°E) is popularly known as the 
coal capital of India, located in the Jharkhand state of eastern 
India. Dhanbad has a significant population of 1.16 M due to 
the vast resources of energy from having the Jharia coalfield 
range. Various households in the most populated regions of 
Dhanbad with different socioeconomic statuses were selected 
for this study. Passive sampling for heavy metal contamination 
was performed inside the houses of different socioeconomic 
statuses in Dhanbad city. Figure 1 shows the sampling locations 
in the study area.

Household classification and questionnaire survey

Man's socioeconomic standing influences his manner of life, 
the type of house he lives in, the location of his dwelling, 
and his access to different services and resources. According 
to income earned (Chandramouli and General 2011), low, 
middle, and high–income group dwellings in Dhanbad city 
were chosen for dust sampling. A questionnaire survey was 
carried out in order to classify and quantify the households 
based on their socioeconomic position. The questionnaire 
questions were prepared following a peer evaluation of the 
literature and their suitability in the area of study (Bird 
2009; Kumar and Samadder 2017). In our questionnaire, 
we employed the modified BG Prasad scale and the Kup-
puswamy scale to assess socioeconomic status (SES) (Bird 

2009; Khan et al. 2016). The survey questions pertained to 
a general overview of basic attributes (family income and 
educational qualification), the size of the family, housing 
structures, floor level, kitchen structure/conditions, cooking 
fuel used, indoor conditions (floors, walls, ventilation, air 
conditioning, etc.), and residing time in various locations 
within the house (Kesavachandran et al. 2015; Prabhu et al. 
2019). The information was gathered at the house through a 
direct interview and question-and-answer session. We gave 
them our blank questionnaire (SI-1) and requested them to 
fill it out and return it to us. Some basic questions were like 
"How many family members are there in the house?", "How 
much time do they spend in the house?", “What type of fuel 
do you usually use for cooking?”, "How old your house is?". 
Finally, we chose those houses for the observation that pro-
vided suitable responses in the form of 'Yes,' and they were 
subjected to our examination.

34 households were chosen for the dust sampling from 
the study region. 4 of these did not support or authorize 
sampling. So, after estimating the monthly income earned 
by each household member, we ended up with 30 houses 
in our count. The households were denoted as H1 to H30 
for households 1 to 30. 10 (H1-H10) of the 30 households 
are from the Low-Income Groups (LIG: monthly earning 
INR < 5000) and are largely in slum areas with 1 or 2-room 
houses/hut-type structures. 10 (H21-H30) were High Income 
Groups (HIG: monthly earnings INR > 60,000), while (H11-
H20) the rest were Mid Income Groups (MIG: monthly earn-
ings INR < 60,000), primarily detached residences, often 1 
or 2-storey structures (Singh et al. 2014). In LIG and MIG 
dwellings, slum areas, and detached houses, there was no 

Fig. 1   Sampling location in the study area
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exterior ventilation/exhaust system. Natural ventilation has 
been provided via windows and doors in those houses. HIG 
was equipped with air-conditioning system. In LIG houses, 
coal was utilized in a homemade cook stove for cooking pur-
poses. In the rest groups, LPG cylinders and a few electric 
cookstoves were utilized for cooking. There was no sufficient 
ventilation/windows in the numerous LIG households, and 
there were also no separate kitchens within the home.

Analytical methods

Sampling was conducted between February and March 2022 at 
selected households with a temperature range of 16–35 °C and 
an average relative humidity of 45% (Table SI-1). Less windy 
and dry days without precipitation were chosen as sampling days 
for less indoor-outdoor interaction during the sampling proce-
dure. The household dust samples were collected using clean 
plastic brushes from the windowsill, ground surface, slabs, etc., 
in the dry vicinity of everyday activities. Three sub-samples 
according to the equal quantity principle in one household on 
the same day were collected. Three sampling locations, at least 
one meter apart, were chosen from each site for sample collec-
tion (Ugwu and Ofomatah 2021). All samples collected from 
each sampling point in each household were mixed together to 
get a single composite sample for one house. Each household 
dust sample was stored in zipper bags after being wrapped with 
aluminium foil and then transported to the laboratory. The dust 
samples were passed through a 100 μm sieve of nylon mess 
(IS:460, Universal soil equipers, New Delhi, India) to remove 
excess materials such as paving stones, unwanted rubber, 
stumps, mortars, bricks, and other extraneous particle (Cheng 
et al. 2018; El-Zahhar et al. 2021; Kumar and Jain 2022). These 
dust samples were kept at 105 °C in the hot air oven, dried to a 
consistent weight, and finally sieved through a nylon mesh of 
63 μm size for chemical analysis. Dried materials were weighed 
(1 g) and mixed with 20 ml of mixing solution (HNO3-HCl) in 
a 3:1 ratio before being digested. The samples were placed at 
room temperature for 60 min and then heated on a hot plate at 
105 °C for 2 h to complete digestion and obtain a clear liquid 
(Naimabadi et al. 2022). Inductively Coupled Plasma-Optical 
Emission Spectroscopy (Make: Thermo Fisher Scientific, USA, 
Model: iCAP 7400 Duo) was used to determine the metal con-
tent of the extracts after digestion and filtration (42 Whatman 
filter paper). The extracts had also been diluted to 50 ml with 
Mili-Qwater in the volumetric flask before the determination of 
the heavy metal concentration (Co, Cr, Cd, Cu, Fe, Mn, Ni, and 
Zn). The blank experiment was conducted by repeating the sam-
ple preparation procedure without the sample. The elemental 
composition of heavy metals in the household dust was deter-
mined by comparing the composition of the blank and sample 
solutions. The detailed Quality Control (QA/QC) procedure has 
been explained in Supplementary Information (SI-2).

Pollution assessment

The heavy metal concentrations have been measured using 
pollution various indicators/indices in different household 
dust of Dhanbad city. The utilized pollution indices are given 
below.

Enrichment factor (EF)

The enrichment factor (EF) was used to determine the sever-
ity of metal contamination as well as potential natural and 
anthropogenic sources. The following equation is used to 
define EF mathematically (Liu et al. 2021; Rout et al. 2015):

where [Cx/Cref]Sample denotes the concentration ratio 
of a measured metal and the reference metal in the indoor 
dust samples and [Bx/Bref]Background denotes the 
concentration ratio of the same for background mate-
rial (Taylor and Mclennan 1995). Fe was selected as the 
study's reference metal because it is a prominent part of 
clay minerals and has been utilized effectively by vari-
ous studies. EF can also help in distinguishing between 
an anthropogenic and a natural source. The EF was 
divided into five groups (Li et al. 2018; Victoria et al. 
2014), which are detailed in the supplemental material 
(Table SI-2).

Contamination factor (CF)

To evaluate metal pollution in settling dust, Hakanson (1980) 
developed the contamination factor (CF) index (Hakanson 
1980). Many scientists have utilized such indices to assess 
heavy metal contamination in dust samples (Gope et al. 2018; 
Pobi et al. 2020; Tomlinson et al. 1980). The contamination 
factor (Cf) has been expressed as the following equations.

where Cfi denotes the contamination factor, Cm sample 
denotes the metal concentration in the dust, Cref denotes the 
metal concentration in the reference or background sample, 
and n denotes the number of metals analyzed in the study 
(Taylor and Mclennan 1995). The metal enhancement in the 
samples is reflected in the Cfi (Table SI-3).

EF =
[

Cx

Cref
]Sample

[
Bx

Bref
]Background

Contamination factor Cfi =
CmSample

1.5 × Cref
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Geo‑accumulation index (Igeo)

Mueller (1979) developed the Igeo, which has been used to 
assess the degree of heavy metal contamination in the dust 
(Mueller 1979). The Igeo was calculated using the follow-
ing equation:

where Cm Sample denotes the metal concentration in the 
dust samples, Cref denotes the metal concentration in the 
reference or background sample, and 1.5 denotes the back-
ground matrix correction factor owing to lithogenic influ-
ences. Table SI-4 summarizes Mueller (1979) suggested 
Igeo categorization.

Pollution load index (PLI)

The following equation, developed by Tomlinson et al. 
(1980) was used to calculate the pollution load index (PLI) 
for the dust samples (Tomlinson et al. 1980).

where n and CF are the number of metals in the sample 
and the contamination factor of each metal respectively. 
Table SI-5 has more information about the categorization.

Exposure and toxicity assessment

The US Environmental Protection Agency's (EPA) model 
has been used in several studies to estimate residents' 
exposure to potentially harmful heavy metals found in 
indoor dust (Rahman et al. 2021a; Shi and Wang 2021; 
Zhou et al. 2019). Residents (adults and children) may be 
exposed through three distinct routes, including ingestion, 
inhalation, and dermal contact.

Exposure dose

The daily dose intake of each metal computed for each 
exposure pathway is given below.

Ingestion of dust particles (ADDing) via the mouth

Inhalation of dust particles via mouth or nose (ADDinh)

Dermal contact/adsorption (ADDderm) via skin

Geoaccumulation index = log2(
CmSample

1.5 × Cref
)

PLI =
n
√

(CF1 × CF2 × CF3 ×…⋯ × CFn)

ADDing = C ×
IngR × EF × ED

BW × AT
× 10−6

ADDinh = C ×
InhR × EF × ED

PEF × BW × AT

where ADD represents the daily dose (mg kg−1 day−1) for 
each metal and exposure route (ing: ingestion, inh: inhala-
tion, derm: dermal), C is the concentration of heavy ele-
ments in household dust (mg kg−1), IngR is Ingestion Rate 
(mg/d), EF is Exposure Frequency (d/yr), ED is Exposure 
Duration (yr), BW is Body weight (kg), AT is Averaging 
time (d), InhR is Inhalation Rate (m3/d), PEF is Particle 
emission factor (m3 kg−1), SA is Surface Area Exposed 
(cm2), SL is Skin adherence factor (mg cm−2 day−1), and 
ABS is Dermal Absorption Fraction (unitless).

Non‑carcinogenic health risk assessment

To quantify non-carcinogenic health risks from toxic 
heavy metals in dust particles, the hazard quotient (HQ) 
and hazard index (HI) are used. The following equation 
can be used to calculate HQ.

where ADD represents the daily dose (mg kg−1  day−1) 
for each metal and exposure route and Ref represents 
the reference dosage (mg kg−1  day−1) for particular 
heavy metals. HI is the total of the HQ exposure path-
ways of inhalation, ingestion, and dermal absorption 
(HI = HQinh + HQing + HQdermal).

If HI < 1, there should be no non-carcinogenic risk. If 
HI > 1, it is assumed that there would be a danger of non-
carcinogenic consequences, with the chance increasing 
as HI rises.

Carcinogenic health risk assessment

Three elements (Cr, Cd, and Ni) were classified as carci-
nogenic. Cancer risks (CRs) have been calculated as the 
likelihood of a single individual developing cancer as a 
result of overall exposure to the possible carcinogen over 
a lifetime. The following equation can be used to deter-
mine the cancer risk (CR)

where ADDinh is a daily dose (mg kg−1 day−1) for inha-
lation exposure and SF is slope factor (mg kg−1 day−1)−1. 
There is most likely a significant risk of serious carcinogenic 
consequences if CR > 1 × 10–4, whereas a range of 1 × 10−6 

ADDderm = C ×
SA × SL × ABS × EF × ED

BW × AT
× 10−6

HQ =
ADDing∕inh∕dermal

Ref

HI =

n
∑

i=1

HQi

CR = ADDing∕inh∕dermal × SF
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to 1 × 10−4 can be considered as acceptable/tolerable risk 
(USEPA 2001). Health risk parameters for each exposure 
route have been mentioned in Table SI-6.

Statistical analysis

The software programs SPSS 20.0 and Excel 2013 were used 
to run statistical analyses on the data. Pearson's correlation 
coefficient analysis was employed to investigate the relation-
ships between household environmental characteristics and 
heavy metal concentrations. The link between 8 metals in 
home dust and their likely origins was discovered using prin-
cipal component analysis (PCA). PCA has been routinely 
employed in dust-containing heavy metals in recent years 
(Pal et al. 2021; Siddiqui et al. 2020; Zhou et al. 2020). To 
make the findings more interpretable, PCA was performed 
using the varimax rotation of Kaiser normalization. The 
PCA loadings were displayed to examine the source simi-
larities in this study.

Result and discussion

Heavy metal analysis

Table 1 shows the mean heavy metal contamination (Mn, 
Ni, Cu, Co, Zn, Cd, Fe, and Cr) in different samples col-
lected from the sampled houses (in mg kg−1). Variation of 
metal concentration at LIG households was Fe > Mn > Zn 
> Cu > Cr > Ni > Co > Cd, at MIG households was Fe > Z
n > Mn > Cu > Cr > Ni > Co > Cd whereas HIG households 
were Fe > Zn > Mn > Cu > Cr > Ni > Co > Cd (Table SI-7). 
Overall, the trend of concentration in different households 
was found as Fe > Mn > Zn > Cu > Cr > Ni > Co > Cd. Fe 
was found to have the highest concentration with an aver-
age value of 19,983.25 ± 6155.31 mg kg−1 followed by Mn 
(313.03 ± 89.04 mg kg−1), Zn (296.05 ± 125.69 mg kg−1), 
Cu (62.16 ± 25.19 mg kg−1), Cr (37.87 ± 11.07 mg kg−1), 
Ni (33.67 ± 13.35 mg kg−1), Co (11.66 ± 5.12 mg kg−1), 
and Cd (5.65 ± 8.74  mg  kg−1). There were substantial 
differences in Fe concentrations in various households 
between the study locations (p < 0.05). Fe concentrations 
across the samples ranged from 8837.43 mg kg−1(H17) to 
35,116.14 mg kg−1(H19). It was discovered that the dust 
samples collected in this study had a lower average Fe 

content than the dust samples from Asansol, India (Pal et al. 
2021), Dhaka, Bangladesh (Rahman et al. 2021a), Doha, 
Qatar (Mahfouz et al. 2019) whereas higher than Chennai, 
India (Agarwal et al. 2019), Malaysia (Latif et al. 2014), and 
Athens, Greece (Kelepertzis et al. 2019). Simultaneously, 
changes in Fe concentrations in household dust recorded 
at different houses were computed to account for the influ-
ence of outside dust entering the inside environment through 
occupants' movement as well as the impact of wind blow-
ing from the outside. It has been reported that the primary 
sources of Fe in the selected households are natural, which 
is consistent with some previous findings (Rahman et al. 
2021a).

Mn concentrations across the samples ranged from 
139.84 mg kg−1(H29) to 492.78 mg kg−1(H7). Major sources 
of Mn in household dust could be the use of household wash-
ing agents, and outdoor sources for automobile emissions 
(Iwegbue et al. 2018). Mn is the main raw material used in 
steel plants and is the main source of Mn contamination in 
an outdoor environment (Gope et al. 2018), and Mn-contam-
inated dust enters indoors from the outdoor environment. 
Mn is the primary raw material used in steel plants and the 
primary source of Mn pollution in an outdoor environment 
(Gope et al. 2018), and Mn-polluted dust enters the inte-
rior environment from the outdoors. Mn concentrations are 
mostly from natural soil sources that are carried or blown 
into homes, where they accumulate (Isley et al. 2022). This 
is corroborated by greater Mn concentrations in detached 
houses, which have a larger potential for track-in due to out-
side soil areas and shorter track-in lengths than apartments/
multy storey buildings. Mn concentrations were greatest in 
metal-framed homes, most likely because Mn is an addi-
tion to steel (Kaar et al. 2018). Additionally, increased Mn 
concentrations in indoor dust samples were linked to the use 
of wood fuels for heating and indoor smoking. Manganese 
is also used in a broad range of consumer items, including 
fireworks, dry-cell batteries, fertilizer, paints, medical imag-
ing agents, cosmetics, and so on (Isley et al. 2022; Kraepiel 
et al. 2015).

Zn concentrations ranged from 133.26 mg kg−1(H17) to 
703.56 mg kg−1(H5), with considerable differences across 
locations (p < 0.05). H5, a home in the LIG households had 
the highest concentration of Zn, whereas H17, a residen-
tial complex belonging to HIG households had the lowest 
concentration. People are generally exposed to Zn through 

Table 1   Descriptive 
characteristics of heavy metal 
concentration (in mg kg−1) 
(n = 30)

Parameters Fe Mn Co Cu Zn Cr Ni Cd

Max 35,116.14 492.78 21.61 141.18 703.56 66.86 66.88 39.86
Min 8837.43 139.84 3.44 39.87 133.26 16.61 7.61 1.19
Mean 19,983.25 313.03 11.66 62.16 296.05 37.87 33.67 5.65
Sd 6155.32 89.04 5.12 25.19 125.70 11.03 13.36 8.74
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food however, oral intake might be excessive due to non-
dietary causes. Unquestionable levels of Zn may disrupt 
the equilibrium of other essential components (Rahman 
et al. 2021b). Household dust can include Zn from the 
flooring of rubber/vinyl/leather, galvanized iron roofs, and 
carpets (Rahman et al. 2021a). Depreciation of vulcan-
ized rubber tyres, breakdown of galvanized vehicle parts, 
and lubricating fluids all release Zn into the environment, 
which may be tracked back to the indoor environment via 
outdoor particulates (Hou et al. 2019; Muhamad-Darus 
et al. 2017). Furthermore, Zn contamination in household 
dust is caused by various domestic brass and bronze uten-
sils, dry cell batteries, wall and furniture paints, rubber 
toys, and ceramic materials (Iwegbue et al. 2017; Pal et al. 
2021; Pobi et al. 2020).

Average Cu concentrations were 61.08 ± 28.44, 
72.80 ± 26.66, and 52.58 ± 13.33 mg kg−1 in LIG, MIG, and 
HIG households respectively (Table SI-7). The sources of Cu 
contamination in households are the use of wood preserva-
tives and bactericides, which contain Cu (copper arsenate, 
copper sulfate, etc.) (Iwegbue et al. 2017). Outside vehicu-
lar emissions and the use of coal as a fuel indoors could 
enhance Cu concentration outdoor as well as in households 
of Dhanbad (Gope et al. 2018). The mean Cu concentration 
in different household dust samples was equivalent to the 
previous studies in the global range (Rahman et al. 2021a).

Cd levels ranged from 1.19  mg  kg−1(H17) to 
39.86 mg kg−1(H27), with significant differences between 
sample locations (p < 0.05). When compared to other house-
holds, a house (H10), which is located in a quiet neighbor-
hood distant from main roadways, has an extremely low 
Cd level. In contrast, the values for the remaining stations 
were nearly equal to the highest concentration recorded 
at H9. Cr contents in different dust samples ranged from 
16.61 mg kg−1(H17) to 71.49 mg kg−1(H5). The lowest con-
centrations of Cr, like Cd, were found in the H10 household. 
The high concentration of Cd in household dust is caused 
by the influence of outdoor dust which comes from a variety 
of activities such as fossil fuel combustion, engine oil, bat-
teries, and tire wear (Matt et al. 2020; Pal et al. 2021). The 
main indoor source for the contamination of indoor dust with 
heavy metals was ornamental items. According to several 
studies Zn, Cu, and Cd may accumulate as a result of wall 
paint and coating materials (Bao et al. 2019; Cheng et al. 
2018; Zhang et al. 2022). Additionally, the most important 
element for the contamination of indoor dust with heavy 
metals is the color of the wall paint. In contrast to purple and 
green paint, which have been documented to contain signifi-
cant amounts of Zn and Cu, yellow paint is frequently linked 
to contamination with Zn, Cu, and Cd (Liu et al. 2021; Wang 
et al. 2023). Additionally, waste incineration, chemical engi-
neering, electroplating, printing, and dyeing are the main 

sources of Cd and Cr emissions (He et al. 2017; Zhou et al. 
2022).

Ni levels ranged from 7.61  mg  kg−1(H17) to 
66.88 mg kg−1(H5), with significant differences between 
sample locations (p < 0.05). Mean Ni concentrations 
(33.67 mg  kg−1) in the current study were found to be 
higher than those reported in the Toronto study (23 mg kg−1) 
(Hejami et  al. 2020), but lower than levels reported 
(43.2 mg kg−1) in dormitory buildings of Lanzhou City, 
China (Bao et al. 2019). Indoor Ni pollution is mostly caused 
by coal combustion, which is widely utilized as a home 
cooking fuel in Dhanbad (Gope et al. 2018; Li et al. 2014).

The concentrations of Co in dust from different house-
holds ranged from 3.44 mg kg−1(H17) to 21.61 mg kg−1(H7). 
Elevated levels of Co were observed in dust from a MIG 
household nearby roads (H14: 20.01 mg kg−1) and a LIG 
household (H3: 17.47 mg kg−1). Co is widely utilized in 
alloys, coatings, paints, and pigments. Because of their high 
gloss, flawless color, and aesthetic effect, Co containing 
construction materials are frequently employed in modern 
structures (Alotaibi et al. 2022). Cobalt is utilized in glazes 
as well as the production of pottery, ceramics, and even roof 
tiles. It is used to make a variety of alloys, including stain-
less steel. The average value of Co (11.66 mg kg−1) is sig-
nificantly higher than that reported by Patel and Jain (2021) 
for the outdoor dust samples of Dhanbad (7.50 mg kg−1) 
(Patel and Jain 2021). The primary contributing factors of 
Co in indoor dust were building construction or remodelling, 
as well as weathering and corrosion of the building elements 
(Zhao et al. 2015).

Assessment of heavy metal pollution

Enrichment factor (EF)

As Fe is a significant component of surface soil, it can affect 
Fe levels in interior dust. Figure 2 shows the enrichment 
factor (EF) in various socio-economical households. Most 
of the heavy metals investigated in all types of households 
had an enrichment factor of more than 1.0, suggesting that 
they came from coal and other linked sources. In the data 
collected, Cd has the highest EF value, followed by Zn, Cu, 
Cr, Ni, Co, and Mn. According to these findings, Cd is more 
abundant in indoor dust than the other heavy elements inves-
tigated. Because there is no major industry near the sample 
sites, the Cd levels might be generated by the burning of oil 
and coal/LPG during cooking, incense and candle burning, 
lubricating fluids, and/or worn tyres outside roads (Hassan 
2012; Kulshrestha et al. 2014; Liu et al. 2021). Outdoor road 
dust is likely to have impacted the level of Cd in the inte-
rior dust gathered from the selected households. Significant 
enrichment was found for the element Cd (EF > 20) in all 
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types of households uncovering that these components in 
Dhanbad household dust are primarily derived from anthro-
pogenic sources. Moreover, Cu signifying moderate enrich-
ment as their mean values of EF were found between 2 to 
5, which are reported to be primarily derived from natural 
sources, for example, outdoor dust, and soil mineral dust car-
ried by the wind. Zn comes under the significant enrichment 
category which can be caused by various domestic brass and 
bronze utensils, leather, and carpets. The EF value showed 
the following diminishing pattern in LIG households: Cd > 
Zn > Cu > Cr > Co > Ni > Mn, whereas Cd > Zn > Cu > Cr > 
Ni > Mn > Co for MIG and HIG households.

Contamination factor (CF)

The contamination factor (CF), geo-accumulation index 
(Igeo), and pollution load index (PLI) were among the 
pollution measuring indicators utilized to analyze dust 
in the study region. Figure 3 displays the contamina-
tion factor (CF) calculated values. The results reveal 
that the elements Fe, Mn, Ni, Cr, and Co obtained values 
less than 1 signifying low contamination from anthro-
pogenic sources in different households. CF values for 
element Cu ranged between 1 to 3 signifying moderate 
contamination in all types of households whereas Zn 
comes under considerable contamination. CF values for 
elements Cd signify high contamination in all types of 
households. A similar study conducted in the Kumasi 
metropolis of Ghana found that in dust samples, the CFs 
for heavy metals varied from low contamination (CF < 1) 
for Co to moderate contamination (1 < CF < 3) for Cr. 
However, indoor dust samples from the export process-
ing zone (EPZ) region of Dhaka City (Bangladesh), 
showed considerable pollution (1 < CF < 3) with Zn and 
Cu (Rahman et al. 2021a). The LIG households carry a 

significant amount of coal inside the house for cooking. 
The fine coal ash from domestic stove combustion is 
typically dumped in residential neighborhoods. Depend-
ing on the ash content in the coal used, the fly ash has a 
5–10 fold more enrichment in heavy metals (Rout et al. 
2015). Higher dust pollution is a result of particulate 
matter emissions from domestic stoves burning coal and 
the resuspension of residual coal ash, in LIG and MIG 
households utilizing coal as cooking fuel.

Geo‑accumulation index (Igeo)

Igeo has been widely employed in various heavy metal studies 
and it is a key method for determining the amounts of heavy 
metal pollution in dust samples from households. The average 
Igeo values for various metals in dust samples collected from 
various households are displayed in Fig. 4. Dust samples from 
LIG households' Igeo values showed that Cr, Zn, and Cu fell 
into the unpolluted to moderately polluted category, Cd into 
the moderately to highly contaminated category, and Fe, Mn, 
Ni, and Co into the unpolluted category. After that, Igeo values 
for samples of home dust from HIG households showed that 
Mn and Cu were in the unpolluted to the moderately polluted 
category, Cr and Zn were in the moderately polluted category, 
Cd was in the highly contaminated category, and Fe, Ni, and 
Co were in the unpolluted category. Similar results for Igeo 
were found in previous studies (Rahman et al. 2021a).

Pollution load index (PLI)

To compare whether the different types of households are 
contaminated or not, the pollution load index was calcu-
lated. The PLI aims to quantify the total level of contami-
nation at a sample location. According to the findings, the 
eight metals are overall contaminated in the following order: 

Fig. 2   Enrichment factor (EF) 
of different heavy metals in 
various households (LIG, MIG, 
and HIG) (n = 30)
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LIG > HIG > MIG (Fig. 5). Regardless of the systematic con-
tamination, the PLI value for all of the dust samples (n = 30) 
was between 0.5 and 1.9, suggesting that only baseline con-
centrations of pollutants are present. In a similar study in the 
Kumasi metropolis of Ghana, PLI values were found in the 
range of baseline levels of pollutants (Nkansah et al. 2015).

Probable source identification

Pearson correlation analysis

Pearson's correlation coefficient was utilized to evaluate the 
link between heavy metal concentrations in dust samples, 

and the findings are provided in Fig. 6. The Shapiro-Wilk 
normality test was used to determine whether the data were 
suitable for correlation analysis at first. Fe, Mn, Co, Ni, and 
Cr values were found to be greater than the threshold value 
(0.005), indicating that their data is normal, but Cu, Zn, and 
Cd values were found to be below the threshold, indicating 
that their data is not normal. Box-Cox was found to be the 
best normalizing transformation approach for Cu, Cd, and 
Zn data, while Arcsinh was found to be the best for Fe data 
after the investigation. The correlation coefficient was cal-
culated using converted findings with normality distribution 
in the data. Figure 6 shows the relationship between heavy 
metals in various substrates. Zn with Cu (r = 0.835, p < 0.01) 

Fig. 3   Contamination factor 
(CF) of different heavy metals 
in various households (LIG, 
MIG, and HIG) (n = 30)
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Fig. 4   Geo-accumulation index 
(Igeo) of different metals in 
various households (LIG, MIG, 
and HIG) (n = 30)

-3

-2

-1

0

1

2

3

4

Fe Mn Cd Cr Ni Co Zn Cu

G
eo
-

)oegI(
xedni

noitalu
mucca

LIG MIG HIG



1556	 Air Quality, Atmosphere & Health (2024) 17:1547–1564

and Ni (r = 0.726) for example, showed a substantial sig-
nificant association between the metals in various homes. 
This suggests that Zn and Cu may come from the same con-
tamination sources. Some of the heavy metals in residential 

dust are strongly connected, for example, a very significant 
association was discovered in indoor dust between Ni and Zn 
(r = 0.726, p < 0.01). Cr and Zn also exhibit a positive cor-
relation with other heavy metals (p < 0.01). The correlations 

Fig. 5   Pollution Load Index 
(PLI) of different heavy metals 
in various households (LIG, 
MIG, and HIG) (n = 30)
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were weaker in the case of Cd and Fe (r = 0.272), which 
suggests that the quantity of Fe in the households may not 
be connected to the sources of Cd in the household dust. The 
other metals, on the other hand, were not connected. Accord-
ing to Suresh et al. (2011), a positive correlation coefficient 
between heavy metals indicates their shared origin, whereas 
a negative correlation reveals a variety of variables, which 
might include a mixture of geochemical processes and/or 
dominating lithological sources, as well as their mixed con-
nection (Suresh et al. 2011).

Principal component analysis

PCA is a multivariate approach that separates meaningful 
data from a dataset by processing numerous intercorrelated 
quantitative dependent variables (He et al. 2019; Liang 
et al. 2020). The data were examined to determine whether 
they were appropriate for the PCA using the Kaiser-Meyer-
Olkin (KMO) and Bartlett's sphericity tests. By estimating 
the proportion of variation across variables that may have 
a common variance, the KMO test determines how much 
data is acceptable for factor analysis. The KMO test result 
(0.66) indicated that the data on trace metal contamination 
is suitable for analysis (Park 2021; Siddiqui et al. 2020). 
Similarly, in this study, Bartlett's test level was close to 
0. Principal component analysis (PCA) was performed 
to establish possible factors that contribute towards the 
metal concentrations and source apportionment. All data 
set was subjected to factor analysis (FA). The number of 
significant principal components (PC) was selected based 
on Varimax orthogonal rotation with Kaiser normalisation 
with an eigenvalue greater than 1. The rotated component 
matrix is given in Table 2. Table 2 shows the % of overall 
variance as well as the heavy metals component matrix. 

The PCA was used to assess the associations between eight 
heavy metals in all household dust samples, and the results 
indicated that the three components (PC1, 38.8%; PC2, 
22.1%; PC3, 16.3%) accounted for 77.2% of the total vari-
ance. Zn, Cu, Cr, and Ni were significantly weighted in 
Factor 1; Fe, Mn, and Co dominated in Factor 2; and Cd 
dominated in Factor 3 (Table 2). The statistical data and 
EF values can be used to determine the most likely emis-
sion sources. Factor 1's heavy metals profile corresponded 
to the emission characteristics of the Cu, Zn, and Ni com-
position from indoor cooking/smoking and indoor activi-
ties. This implies that the first group elements Cu, Ni, Co, 
Cr, and Zn share a common source; the coal burning for 
cooking, indoor facilities with their conditions, and their 
anthropogenic origins.

The second groups show the natural elements of out-
side soil and dust inside. The main sources of Fe include 
soils and resuspended dust, as well as vehicle exhaust 
(Rahman et al. 2021a; Rout et al. 2015). Crustal ele-
ments Mn and Co have also been found in the second 
group implying that it was a component of the combined 
source of atmospheric deposition and wind-borne dust, 
suggesting a mixed origin (natural/anthropogenic). For 
the third group, the presence of Cd in household dust 
is caused by a variety of factors, including the burning 
of oil and coal/LPG during cooking, and candle/incense 
burning which may also contribute to Cd deposition in 
indoor dust (Shi and Wang 2021). In this investigation, 
potential Cu sources included fuel and oil leaks. Cd and 
Cu may also accumulate as a result of wall paint (Iweg-
bue et al. 2017). Latex underlays, carpets, and galvanized 
steel roofs are all thought to be significant Zn sources 
in residential spaces (Marinho Reis et al. 2018). As a 
result, factor 1 appeared to be derived in part from indoor 
activities sources and in part from latex paint chemi-
cals. Cd was shown to be an independent cluster with 
no connection to other metals in the PCA. Invertors and 
any other batteries may be the sources of Cd. Cd is uti-
lized as a catalyst, binder, or coloring agent in interior 
plastic construction materials and plastic components 
(Turner 2019), so old plastic items in the home can be a 
potential source of Cd in household dust. Furthermore, 
older homes typically have worn and warped windows 
and doors, as well as fissures in the flooring, which can 
allow heavy metals to build in household dust (Rasmus-
sen et al. 2018; Zeng et al. 2020). Particles rich in Cd, 
Fe, Mn, and Zn are produced by combustion sources like 
cooking, smoking, and candle burning, whereas Cd, Cu, 
Fe, and Ni are released into the home's microenviron-
ment by sources like personal care products, cleaning 
agents, and soil resuspension from human activities (Shi 
and Wang 2021).

Table 2   Loading of selected chemical species in the factors resolved 
by the PCA

Elements Component

PC1 PC2 PC3

Fe 0.222 0.700 0.359
Cu 0.861 −0.212 −0.006
Co 0.511 0.662 −0.147
Ni 0.748 −0.389 −0.129
Cd 0.185 0.158 0.877
Mn 0.101 0.742 −0.547
Zn 0.912 −0.229 −0.177
Cr 0.788 0.108 0.192
Eigenvalue 3.109 1.765 1.304
% of overall Variance 38.861 22.062 16.302
Cumulative % 38.861 60.923 77.225
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Health risk assessment

Assessment of cancer and non-cancer hazards might be ben-
eficial in determining the health risks faced by residents at 
various households who may be exposed to harmful heavy 
metals. Cr, Ni, and Cd have been designated as probable 
human carcinogens by the International Agency for Research 
on Cancer (IARC) by the USEPA (USEPA 2001). The find-
ings of a carcinogenic and non-carcinogenic health risk 
assessment of exposure to household dust are shown in 
Table SI-8 to Table SI-12. Figure 7 has shown that Fe had 
the greatest ADDing value of 8.21E-03 and 6.56E-02, while 
Cd had the lowest value of 2.32E-06 and 1.86E-05 for adults 
and children respectively. It was discovered that residents of 
low socioeconomic status (households nearby the road) had 
a greater chance of having non-cancer hazards. The presence 
of heavy metals in dust from roadside vehicular movement 
might be the cause. Socioeconomic status greatly influences 
ADD values. The quantification based on different socio-
economical houses shows a variation in different metals-
related ADD. The HIG houses were ADDing values (child) 
for Fe ranges from 4.15E-02 to 1.02E-01 whereas for the 
LIG houses it varies from 4.05E-02 to 8.49E-02 showing 
the variation of Fe there (Table SI-9). There is a little bit of 
difference in MIG and LIG houses ADDing values for Cd. 
The ADDing for Cu and Zn for adults as well as children 
shows the maximum for MIG among them showing the dis-
proportionality between different houses.

Non‑carcinogen risk

Different residents in Dhanbad City, India, were evaluated 
for their exposure to household dust to identify non-cancer 
causing hazards for exposure to both children and adults. 
The observed results declared that the non-cancer risk (HQs) 
of Ni, Co, and Zn for ingestion was significantly greater than 
for inhalation and dermal adsorption (Fig. 8). The findings 
of this research are consistent with prior studies reported 

in the literature (Pal et al. 2021; Rahman et al. 2021a). The 
greatest HQing value for children while taking into account 
the non-cancer risk of ingestion was determined to be 1.28E-
01 for Co, and the lowest was discovered for Zn (3.24E-03), 
following in the order of Co > Fe > Mn > Cr > Cd > Ni > Cu 
> Zn. Descriptive characteristics of the overall hazard quo-
tient (HQ) for adults and Children of each metal in various 
socio-economical households have been provided in the sup-
plementary file as Table SI-12.

The hazard index (HI) value has been determined using the 
non-cancer risk (HQ) values for the defined three exposure 
routes (ingestion, inhalation, and dermal adsorption) (Agarwal 
et al. 2019; Rahman et al. 2021b). Except for Fe, Cr, and Cd, 
exposure pathways for both children and adults decreased in 
the following order: ingestion, dermal contact, and inhalation, 
suggesting that the primary exposure route to impair human 
health is household dust ingestion. HI values in the house-
hold's dust for the studied heavy metals decrease in the order 
Cr > Cd > Fe > Co > Mn > Ni > Cu > Zn. Oral consumption 
has already been established as the primary human exposure 
route for dust particles (Cheng et al. 2018; Gope et al. 2018). 
It might be accounted for by the fact that bigger size particles 
are difficult to resuspend inside and that residents' exposure 
to heavy metals through home dust is probably more depend-
ent on hand-to-mouth contact (especially by small children) 
than on inhalation and dermal contact. Moreover, HQing had 
a greater impact on HI in children than in adults. In contrast 
to ingestion and inhalation, dermal contact had higher HQs 
for Cr and Cd. The outcome may be partially attributed to 
the kids' unique behavioral tendencies, such as their frequent 
mouth-to-hand or finger contact (Bahloul 2020; Wang et al. 
2022). All of the metals examined in this study had HI values 
under 1, which shows that none of them pose non-carcino-
genic dangers for kids and adults. According to Fig. 9, which 
was determined to be the critical value of noncarcinogenic 
effects (USEPA 2001), the overall HI values for both adults 
and children were less than 1, suggesting that no significant 
noncarcinogenic effects would be experienced by residents. 

Fig. 7   Average Daily dose (in 
mg kg−1 day−1) of each metal 
for different exposure pathways 
(ingestion, inhalation, and 
dermal) (n = 30)
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The HI value for kids was approximately fifth fold than adults, 
indicating that kids are more likely to be exposed to heavy 
metals in indoor dust from all types of families, regardless of 
socioeconomic status.

Cancerous health risk

The heavy metals Cd, Cr, and Ni have been classified 
as carcinogenic by the IARC. According to the cancer 
risk assessment (Table 3), Cr (adult: (5.34E-08 – 2.15E-
07), child: (5.62E-07 – 2.26E-06)) has the highest cancer 
risk, followed by Cd (adult: (5.75E-10 – 1.92E-08), child: 
(6.05E-09 – 2.02E-07), and Ni (adult:(4.89E-10 – 4.38E-
09), child: (5.14E-09 – 4.52E-08) which are consistent with 
previous studies. Children are substantially more vulnerable 
to the cancer health effects of household dust since their 

carcinogenic risk is larger than that of adults (Gope et al. 
2018).

The CR values for Cd, Cr, and Ni were found below safe levels 
(1E-06 to 1E-04). Therefore, Cd, Cr, and Ni in dust samples do not 
pose a cancer risk to the residents. Nevertheless, since those harm-
ful metals influence several human organs, a random evaluation of 
cancer risk in children and adults should be conducted.

Conclusion

This study presents an analysis of selected heavy metals 
(Mn, Ni, Cu, Co, Zn, Cd, Fe, and Cr) and their health risks 
found in indoor dust in different socioeconomic residents of 
Dhanbad city. Fe had the highest average concentration of 
the chosen heavy metals in the household dust followed by 

Fig. 8   Hazard quotient (HQ) for 
different exposure pathways of 
each metal in various socio-eco-
nomical households (n = 30)
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each metal for Adult and Child 
(n = 30)
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Mn > Zn > Cu > Cr > Ni > Co > Cd. The inherent heterogene-
ity of the different urban areas was reflected by the consider-
able variations in total concentrations of heavy metals.

The major route of heavy metals exposure to humans, 
according to health hazard assessment, is ingestion, fol-
lowed by dermal absorption and inhalation. HI values in the 
household’s dust for the studied heavy metals decrease in the 
order Cr > Cd > Fe > Co > Mn > Ni > Cu > Zn for the child, 
whereas for adults the sequence is Fe > Cr > Cd > Co > Cu 
> Mn > Ni > Zn. Various indoor sources (cooking/smoking/ 
personal care/domestic appliances) have caused to increase 
in Cr, Ni, Cu, and Co levels and their enrichment. HI also 
indicates that household dust poses a greater risk to human 
health, particularly for young children. The overall CR val-
ues for Co, Cr, and Ni were found below Tolerance levels 
(10–4—10–6). The CR values were observed in the decreas-
ing order of Cr > Cd > Ni. It was discovered that residents of 
low socioeconomic status (households nearby the road) had 
a greater chance of having non-cancer hazards. The results 
of the PCA complemented and supported the findings of the 
Pearson Correlation Analysis adequately. The coal burned 
for cooking and various indoor facilities served as the com-
mon source for the elements Cu, Ni, Cr, and Zn, although 
Cd was influenced by a variety of sources. This study has 
demonstrated that residents are exposed to heavy metals from 
a variety of indoor and outdoor sources. However, due to the 
abundance of Cd, Cr, and Ni in the study area, children are at 
a considerably higher carcinogenic risk than adults. Although 
the hazards associated with many metals are within accept-
able limits for adults, they shouldn't be disregarded because 
their concentration might soon be lethal to adults' health.
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