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Abstract
Background and Purpose  Exposure to heavy metals (HMs) in indoor dusts is a serious public concern that is linked to a 
myriad of deleterious health outcomes. The objectives of this study are to estimate the contamination levels of HMs in indoor 
dusts of different residential areas in Ilorin, Nigeria; identify HMs sources in different residential areas; and evaluate human 
health risks of HMs in selected residential areas.
Methods  Indoor dust sampling was conducted in ten randomly selected from low, medium and high population density 
residential areas of Ilorin, Nigeria. Ten HMs concentration levels, their health risk implication and the associated potential 
ecological risks were evaluated.
Results  The mean concentration levels measured for Fe, Pb, Zn, As, Co, Cr, Cu, Cd, Mn and Ni were 38.99, 5.74, 3.99, 0.08, 
2.82, 2.13, 0.47, 0.60, 6.45 and 1.09 mg/kg, respectively. Positive Matrix Factorization (PMF) model was applied to ascer-
tain sources of HMs in sampled indoor dust. Percentage contribution from oil-based cooking (29.82%) and transportation 
(29.77%) represented the highest source to HM concentrations among the six factors identified. The results of the various 
pollution indices employed showed that Pb, Zn, As, Co, Cr, Cu, Mn and Ni contributed moderately to HMs concentration 
levels in the sampled dusts. Cd had highest potential ecological risk factor 
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 of between 160 and 320. The average values 
of Enrichment Factors (EFs) obtained aside from Fe used as the reference metal, ranged between 8.46 (As) and 2521.61(Cd). 
Health risk assessment results revealed that children are the most susceptible to the risks associated with HMs bound indoor 
dust than the adults. The percentage risk contributions of Hazard Quotient via ingestion route (HQing) in Hazard Index (HI) 
for non-cancer risk of indoor HMs were 93.17% and 69.87% in children and adults, respectively. Likewise, the percentage 
cancer risks contribution through ingestion pathway (CRing) were higher than cancer risks through inhalation and dermal 
pathways (CRinh and CRdermal), accounting for 99.84% and 97.04% of lifetime cancer risk in children and adults, respectively. 
The contamination level of Cd recorded is of great concern and signifies very strong contribution from anthropogenic sources.
Conclusion  This study has further revealed the levels of HMs in typical African residential settings that could be used by 
relevant stakeholders and policy makers in developing lasting control measures.

Keywords  Health risk assessment · Heavy metals · Indoor dust · Pollution indicators · Positive matrix factorization · 
Residential area

Introduction

The presence of heavy metals (HMs) in indoor dusts is of 
great health and ecological concern as people expend about 
90% of their time in enclosed residential and workplace 
environments ([1]; Jamiu Adetayo [2–4]). The exposure risk 
to indoor dust bound HMs also known as potentially toxic 
elements (PTEs) requires more attention due to the longer 
duration of occupants indoor stay and the significant high 
concentrations discovered in indoor dusts [5–7].

Highlights
• Ten heavy metals (HMs) in indoor dusts of residential areas 

were investigated
• Cd contamination varied from moderate to high potential 

ecological risk.
• Six sources of HMs in indoor dust were identified using PMF 

model.
• Health risks of HMs in indoor dust were higher in Children 

than Adults
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Dust is a complex mixture of many chemical contami-
nants from different origins and activities [8, 9]. Sources of 
dusts may include those accumulated from indoor activities 
and those imported from outdoor sources. Indoor accumu-
lated dust may comprise of contaminants from biological 
origins (deposited bioaerosols), toxic elements from the 
use of household chemicals, smoking, burning of incenses 
deposited aerosols from cooking activities, particles from 
materials of building such as asbestos and paints, and those 
from cleaning activities (Jamiu Adetayo [1, 2, 10, 11]). 
Importation of dust via shoes and infiltration of dust parti-
cles from anthropogenic activities such as vehicular traffic, 
industries and solid wastes burning constitute a higher per-
centage of indoor settled dusts [12]. Airborne particles from 
various sources which is comprised of volatile and semi-
volatile components penetrate via openings and building 
cracks and get deposited on surfaces [13].

Contact with toxic metals from indoor dust is a critical 
public health concern that could trigger deleterious health 
outcomes in individuals. Heavy metals have been ascer-
tained as important substances of concern on account of 
their non-degradability and adverse effect they portend due 
to their high toxicity. Major routes of exposure are through 
dermal, ingestion and inhalation. Studies have linked to a 
myriad of health issues ranging from heavy metal poison-
ing, respiratory diseases to cancers [14–17]. Children have 
been reported widely to be at higher risk of ingesting heavy 
metal laden dusts as they play often on ground and thereby 
frequently ingesting dust particles adhering to their hands 
and toys [9]. Body size could be a major determinant for 
dermal exposure pathway. Adults are at higher risk due to 
their bigger body sizes as compared to children [9]. Socio-
economic factors, building type, proximity to major anthro-
pogenic source(s) and regional characteristics are some of 
the major drivers of types and concentration levels of HMs 
in residential dusts [17–19].

Quite a few studies have been conducted to evaluate HM 
concentration levels and human health risks in different 
countries [5, 7, 16, 20–22]. However, studies conducted in 
Africa are still insufficient to establish the risks associated 
to this pernicious threat. Exposure patterns in Africa may 
differ from other regions that have been extensively studied. 
It becomes imperative to carry out more studies in different 
regions and areas of different population density types in 
Africa, which is the major impetus for this study. This study 
intends to estimate heavy metals concentration levels in 
dusts obtained from different population density residential 
areas. Source identification and health risks to human were 
also evaluated. This study aimed to: (1) estimate contami-
nation levels of HMs in indoor dusts of different residential 
areas in Ilorin, Nigeria; (2) identify HMs sources in differ-
ent residential areas; and (3) evaluate human health risks of 
HMs in selected residential areas.

Materials and Method

Area of Sampling

Ilorin is the state capital of Kwara in the North-central 
zone of Nigeria. Ilorin lies between longitudes 8°30ˊN and 
4°33ˊE and latitudes 8.500°N and 4.550°E, with day-to-
day mean temperature varying between 25 °C and 35 °C. 
The city of Ilorin is the seventh biggest metropolis in 
Nigeria with a population of 777,667 in the 2006 Census 
[23]. According to United Nations, the population of Ilorin 
was projected to reach 974,000 in 2021, a 2.53% growth 
from 2020 prediction [24]. The typical weather is equato-
rial with apparent dry period (October–March) and rainy 
period (April–September). Ilorin has over time undergone 
upsurge in the population of residents as a result of robust 
commercial and industrial activities in the city.

Indoor dust sampling was conducted pre-noon in 
August, 2020 in ten randomly selected one floor houses 
(sampling sites) chosen from low, medium and high 
population density residential areas, evenly and spa-
tially distributed within Ilorin as illustrated in Fig.  1. 
The residences (sampling sites) studied were located at 
Agbo Fulani (A1), Tanke (A2), Oloje Area (A3), Oladosu 
street (A4), Tanke, Pakata Area (A5), Ubandawaki (A6), 
Sawmill/oko-erin (B), Unilorin GRA Quarters (C1), Uni-
lorin PS Senior Staff Quarters (C2) and Offa Garage (D). 
Supplementary Table S1 presents the geographical infor-
mation of the selected ten (10) sampling sites in Ilorin 
metropolis.

Sample Collection and Analytical procedures

Using a modified sampling protocol described by Qi et al. 
[25], indoor dust subsamples from floors, windows and 
fans were collected and blended together into about 20 g 
composite sample at each of the ten residences (sites) 
within Ilorin metropolis. Samples of indoor dust were 
gathered by gentle sweeping action using new pre-cleaned 
polyethylene brushes and plastic dustpans. To ensure that 
there was no cross-contamination of indoor dust samples, 
de-ionized distilled water (DDW) was consistently used to 
pre-clean the brushes and dustpans used for dust sampling. 
All samples were collected and kept in see-through sealed 
nylons, cautiously labelled and conveyed to the laboratory.

Samples of indoor dust weighing 1 g was processed 
in 50 ml conical flasks at 90 °C for 2 h by adding aqua-
regia prepared from analytical reagent (AR) grade (HCl: 
HNO3; 3:1) of 10 ml. De-ionized distilled water (DDW) 
was added to the digested samples up to 50 ml mark in 
a volumetric flask after cooling and filtering at room 
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temperature. The concentration levels of ten heavy met-
als [Fe, Pb, Zn, As, Co, Cr, Cu, Mn and Ni] that were 
established in recent studies to be highly toxic elements 
in municipal environments [26–32] were determined using 
atomic absorption spectroscopy (AAS). The method detec-
tion limits (MDL) for Fe, Pb, Zn, As, Co, Cr, Cu, Cd, 
Mn and Ni were 5 × 10−4, 25 × 10−2, 12 × 10−2, 17 × 10−4, 
9 × 10−5, 4 × 10−2, 4 × 10−2, 1 × 10−2, 4 × 10−2 and 5 × 10−2, 
respectively. DDW was used to prepare all standard solu-
tions. Metallic salts (AR grade) were used to prepare 
1000 mg/L standard solution of corresponding metals 
whereas standard solutions of Cu, Ni, and Zn were pre-
pared by using distilled water to dissolve their pure solid 
forms in either HCI or HNO3.

The quality control observed involved the analysis of 
standard reference material (IDS-1/RDMIL2020), proce-
dure blanks and duplicate samples to authenticate the heavy 
metals determination precision. Blanks containing filtered 
and diluted 50 mL aqua-regia prepared for dust samples 
digestion were validated by attainment of the complete ana-
lytical process without samples. Heavy metals of interest 
were not detected in blank samples, the calibration curve 
was checked on screen after each investigative run and a 
graphical inspection was implemented for linearity and rep-
lication. The percentage HMs recoveries varied from 87% to 

109%, comparative standard deviations of samples analysed 
in triplicates did not surpass 5%, indicating the accuracy of 
the procedures employed.

Source Identification‑ PMF Model

Positive Matrix Factorization (PMF) is a technique used 
for identifying potential sources of various components in 
a mixture using multivariate receptor model [12, 33]. PMF 
model breaks down the sample data matrix into matrices of 
source profile and source contribution. The type of com-
ponents sources are determined using profile information 
acquired and components’ inventories data [33, 34]. PMF 
is considered using Eq. 1 [35]. In this study, PMF 5.0 soft-
ware was employed to quantitatively examined indoor HMs 
sources and contributions in Ilorin residences. Additional 
explanation on PMF model had been reported in other stud-
ies [12, 33, 34, 36, 37].

xij is the measured mass concentration of jth element in 
sample i, p is sources of pollution in each sample, gik is 
the kth pollution source contribution rate in sample i, fkj is 

(1)xij =

p
∑

k=1

gikfkf + eij

Fig. 1   Location of the study area
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the pollution source characteristic value k to the jth element 
concentration. The matrix of residual error eij. is determined 
by minimizing the objective function Q [37, 38]. Q which 
indicates the goodness of modelling is estimated using Eq. 2.

In this study, the amount of samples n is 10; Eq. 3 is used 
to calculate Uij which represents uncertainty of jth element 
in sample i, [39].

xij is the concentration of jth element in sample i and σj is the 
relative standard deviation of concentration of jth element.

Pollution Assessment Procedures

Evaluation of HMs ecological risks in residential indoor dust 
samples were achieved using the following contamination 
indicators: enrichment factor (EF), Geo-accumulation index, 
contamination factor (contamination degree), Potential Eco-
logical Risk Index (ERI).

EF is a typical method to assess the impact of anthropo-
genic activities on element distribution in dust or topsoil 
samples [40, 41]. EF helps to understand the enrichment lev-
els of individual elements over their uncontaminated back-
ground estimates [42]. Equation 4 was used to determine the 
HMs enrichments in Ilorin indoor dust.

Where, [Cn / Rref]sample represents the concentra-
t ion ratio of target  HM and reference element in 
indoor dust sample and [Bn/Bref]background represents 
the background concentration ratio of target  HM 
and the reference element.  Zr,  Fe,  Al,  Ti  or  Mn 
are commonly picked as standard tracer, reference 
element to normalize contaminants and to identify 
natural and anthropogenic sources [43, 44]. In this 
s tudy,  Fe character is t ic  natural  r ichness ,  fewer 
anthropogenic impact and low reactivity with other 
HMs made it a suitable reference element [30, 40, 
45,  46].  Although,  there were no evaluated pre-
civil ization topsoil  estimates for Ilor in,  the geo-
chemical background estimates of elements adopted 
for this study were the cor responding continental 
crust mean of elements investigated by Bradl [47]. 
Some studies had used similar method to evaluate 

(2)Q =

n
∑

i=1

m
∑

j=1

(

eij

uij

)2

(3)
Uij =

5

6
×MDL, if xij ≤ MDL;or else,

√

(

𝜎j × xij
)2

+ (MDL)2, if xij > MDL

(4)EF =

[

Cn∕Rref

]

sample
[

Bn∕Bref

]

background

EF [12, 48–51]. The f ive pollution groups of ele-
ment enr ichments are presented in supplementary 
Table S2.

The geo-accumulation index (Igeo) is generally used to quanti-
tatively assess HM contamination of sediments by comparing the 
HM concentration with its corresponding background concentra-
tion in bottom sediments [39, 52]. Similarly, Igeo is applicable for 
evaluating HM pollution in indoor dusts using eq. 5 ([53–55]; 
L. [56]).

Where Cn represents the concentration of indoor ele-
ment n and Bn denotes the concentration of geochemical 
background of element n in the continental crust. The ele-
mental continental crust mean reported by Bradl [47] were 
adopted in this study as background estimates of HMs due 
to the lack of corresponding background values measured 
in the study area [12, 42, 48, 49, 57–59]. Igeo categorisa-
tion is shown in supplementary Table S2.

The potential ecological risk index (ERI) of indoor 
HMs were evaluated using Eqs. 6–8 by Hakanson [60]. 
Environmental hazard of several elements has been com-
prehensively assessed using the five ERI categories given 
in supplementary Table S2 [61, 62].

Where Ci
f
refers to contamination factor or pollution 

index-PI of single element; Ci
0−1

 refers to element concen-
tration in sample; the background concentrations ( Ci

n
 ) of 

HMs (μg/g) in indoor are the concentrations of upper crust 
described by Bradl [47] and stated as follows: Pb = 20, 
Zn = 85, Cu = 50, Cr = 100, Mn = 900 (0.09  wt%), 
Fe = 51,000 (5.1  wt%), As = 13, Co = 20, Cd = 0.3, 
Ni = 60.; the toxicity response coefficient ( Ti

r
 ) for As = 10; 

Cd = 30; Mn = Zn = 1; Cr = 2; Cu = Ni = Co = Pb = 5 [63]. 
ERI equals the addition of potential ecological risk factor 
( Ei

r
 ) for all elements considered. The level of pollution of 

elements in topsoil are investigated using Ci
f
 and contami-

nation degree (Cdeg) [64, 65]. The four classes of Ci
f
 and 

Cdeg according to [60, 66] are reported in supplementary 
Table S2. Cdeg represents the addition of Ci

f
 of all elements 

studied as presented in eq. 9.

(5)Igeo = log2

(

Cn

1.5Bn

)

(6)ERI =

n
∑

i=1

Ei
r

(7)Ei
r
= Ti

r
× Ci

f

(8)Ci
f
=

Ci
0−1

Ci
n
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Health Risk Assessment

The methods for estimating the health risk assessment in 
children and adults are described in supplementary docu-
ment. Non-carcinogenic and carcinogenic risks via inhala-
tion, dermal contact and ingestion exposure routes were esti-
mated. Factors used for health risk calculations are described 
in supplementary Tables S3. Supplementary Table S4 shows 
the cancer slope factor (CSF) and reference doses (RfD) 
for studied HMs. The average daily doses for children and 
adults [in mg/(kgday)] through the three exposure routes of 
ingestion (ADDing), inhalation (ADDinh) and dermal contact 
(ADDdermal) were estimated using eqs. 10–12 [67].

The probability risks of non-carcinogenic heavy metals 
in indoor dusts were determined by estimating the Hazard 
Quotient (HQ) and Hazard Index (HI) using eqs. 13 and 14, 
respectively; the carcinogenic risks (CR) assessment were 
considered using eqs. 15 and 16.

where: HQ is the single pathway non-carcinogenic risk, 
RfD [68] is the reference dose in mg kg−1 day−1 which is 
the highest dose necessary to escape an adverse situation 
when absorbed, per unit time per unit weight, CRi is car-
cinogenic risk for pathway i, SF is the carcinogenic slope 
factor, and i denotes pathway. The Hazard index (HI) is the 
non-carcinogenic risk from various routes. HI is equal to 
the addition of HQ for separate exposure pathways. HI > 1 

(9)Cdeg =
∑

Ci
f

(10)ADDing =
C × IngR × EF × ED

BW × AT
× 10−6

(11)ADDinh =
C × InhR × EF × ED

PEF × BW × AT

(12)

ADDdermal =
C × SA × AF × ABF × EF × ED

BW × AT
× 10−6

(13)HQ =
ADDi

RfD

(14)HI =

3
∑

i=1

HQi

(15)CRi = ADDi × SF

(16)CR =

3
∑

i=1

CRi

denotes the possibility that non-carcinogenic risk is signifi-
cant, whereas HI ≤ 1 shows insignificant non-carcinogenic 
risk. For regulatory purposes, the international threshold 
limits permitted by United States Environmental Protection 
Agency (USEPA) and International Agency for Research 
on Cancer (IARC) were followed. Cancer risk (CR) values 
between 1 × 10−6 to 1 × 10−4 indicates acceptable or toler-
able level. If the CR value is higher than 1 × 10−4, the risk 
is unacceptable, whereas values lower than 1 × 10−6 shows 
no significant health hazard [39, 69–71]. CR of Fe, Zn, Co, 
Cu and Mn were not analysed in this study because of the 
lack of SF values.

Statistical analysis

The SPSS 20, OriginPro 2021 and Microsoft Excel were 
applied to achieve the statistical analyses of the indoor dust 
data and human health risk assessment calculations.

Results and Discussion

Concentration Distribution of Heavy Metals

The HMs concentrations (mg/kg) statistics in indoor dust of 
Ilorin metropolis are described in Table 1. The distribution 
of HM indoor concentration at ten houses located in residen-
tial areas of Ilorin are shown in Fig. S1. Among the ten HMs 
studies, only Cd indoor concentration was 2 times higher 
than its background concentration, demonstrating intense 
impact of anthropogenic operations on Cd concentrations 
on indoor dust within Ilorin metropolis. All the background 
concentrations of Fe, Pb, Zn, As, Co, Cr, Cu, Mn and Ni 
were higher than their respective measured concentrations 
in indoor dust samples. The mean concentration of HMs 
were ranked in the declining sequence Fe > Mn > Pb > Zn 
> Co > Cr > Ni > Cd > Cu > As. Concentrations of HMs in 
indoor dusts of this study were lower than those found in 
indoor dusts studies conducted in many metropolitan areas 
of the world (Table 2).

Positive Matrix Factorization (PMF)

The identification of HM sources in indoor dust of Ilorin was 
achieved using Positive Matrix Factorization model. Nine of 
the HMs studied were defined as ‘strong’ having a signal to 
noise (S/N) ratio varying between 3.4 and 9.0 while Cr was 
defined ‘weak’ with small S/N ratio of 0.4. The PMF model 
runs was fixed at 20. A six factor solution gave acceptable 
absolute scale residual after testing the PMF model with 
four to eight factors. The six factor simulation was selected 
as the perfect fit that impacted the deposition of the ten HMs 
studied as all the residuals were between −3 and + 3 and the 
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Q estimates were at the least value. Figure 2 presented the 
PMF source profile, factor contribution and fingerprints of 
HMs in indoor dusts of Ilorin.

In factor 1, As, Mn and Pb accounted for 72.9%, 16.6%, 
21.4% and 19.1%, respectively. As is associated with smoke 
from meat cooking (charboiling) [90]. Cooking fumes con-
sist of Mn and Pb [91]. Cr is released from utensils made of 
stainless steel [92]. Taner et al. [93] stated that Cr in high 
concentration was found in a barbecue canteen. As, Mn, Cr 
and Pb are released in tobacco smoking microenvironment 
[94–96]. Pb, Cr and Mn are associated with incense burning 
used for indoor fragrance and worship purposes in Ilorin 
[97]. Thus, factor 1 is considered smoke from heating or 
combustion (cooking) source.

In factor 2, Cd, Cu and Co were predominant, accounting 
for 81.30%, 31.1% and 15.0%, respectively. Cd and Cu are 
used in tyres production [98], Cu are released from vehicle 
brake linings, Co and Cu are related to vehicular body wears 
[99], Co are emitted from fumes of cooking [91, 100]. Cd 
are associated with oil combustion, batteries, and plastics 
[85]. Hence, factor 2 is Cd, Cu and Co considered to be 
cooking fumes and non-exhaust traffic emission sources.

In factor 3, the proportions of Co, Zn, As, Mn and Ni 
were 61.3%, 67.1%, 21.4%, 25.7% and 14.2%, respectively. 
Zn are released during oil frying food preparation [101]. Co, 
As, Mn and Ni are found in cooking fumes from Oil-based 
cooking [102]. As is emitted from cooking smoke [101]. 
Therefore, factor 3 is considered to be emission from Oil 
frying or Oil –based cooking.

In factor 4, major elements Mn, Cu and Zn contributed 
27.8%, 20.9% and 23.1%, respectively. Building construc-
tion materials and wall paints consist of Mn, Cu and Zn. Zn 
is discharged into the atmosphere from indoor construction 
materials comprising paints, plastic, windows and doors [34, 
102]. Yellow wall paint could be connected with Cd, Cu, 
Pb, and Zn while green colour is linked to Zn (S. T. [77]). 

Consequently, factor 4 could be indoor building materials 
and paint coating source.

In factor 5, Cr, Cu, Pb, Mn and Co in high concentra-
tions are responsible for 70.8%, 40.1%, 31.6%, 23.7% and 
12.2%, respectively. HMs such as Cr, Cu, Mn and Pb are 
discovered in wood which may vary based on the type of 
forest and climate [103, 104]. Cr is leached into air at high 
temperature from stainless steel kitchenware. Co and Mn are 
emitted from kitchenware [102]. Thus, sources of Factor 5 
could be emissions from kitchen ware indoor, furniture and 
paper products.

Factor 6, Ni, Pb, Mn and Cd contributed 76.5%, 35.5%, 
15.8% and 10.5%. Ni and Pb are emitted during combustion 
of leaded gasoline [66, 105]. Pb, Mn and Cd are associated 
with emissions from vehicle which consist of brake wears, 
tyre wears and vehicle exhaust [106, 107]. Ni and Pb are 
characteristic elements of coal combustion(J. [108]). There-
fore, sources of Factor 6 could be emissions from coal and 
leaded fuel combustion.

The six sources of HMs accounted for smoke heating or 
combustion (0.36%), Cooking fumes and Non-exhaust traf-
fic emission (2.62%), Oil frying emission (Oil-based cook-
ing) (29.82%), Indoor building materials and paint coatings 
Emission (27.78%), Kitchenware, furniture and paper prod-
uct emission (9.65%) as well as emissions from coal and 
leaded fuel combustion (29.77%).

Oil frying emission (29.82%) had the highest percentage 
source contribution followed closely by coal and leaded fuel 
combustion (29.77%) while smoke from heating or combus-
tion were responsible for the smallest percentage factor con-
tribution of 0.36%. In this study, cooking and transportation 
sources were the highest contributors to HM concentrations 
in residential areas of Ilorin metropolis. Result showed that 
HMs deposited in indoor dust potentially pose huge human 
health and ecological risks. In addition to outdoor emissions 
from transportation (Exhaust and Non-exhaust emissions) in 

Table 1   Descriptive statistics 
of indoor dust heavy metals 
concentrations (mg/kg)

Sample Code Fe Pb Zn As Co Cr Cu Cd Mn Ni

A1 40.79 4.43 3.42 0.03 1.24 2.19 0.31 0.51 5.97 1.32
A2 32.02 5.71 4.06 0.08 1.03 1.39 0.45 0.02 6.83 1.46
A3 41.63 5.38 4.79 0.02 4.17 0.06 0.92 2.47 6.63 1.37
A4 44.29 7.11 3.42 0.08 3.52 4.63 0.62 0.01 5 1.68
A5 38.03 4.47 7.45 0.09 5.6 2.56 0.42 0.04 9.86 0.97
A6 41.42 1.72 5.36 0.11 3.96 0.39 0.31 1.3 3.84 0.1
B 40.63 6.74 2.41 0.14 0.93 3.11 0.52 0.03 8.1 0.005
C1 41.15 8.72 4.27 0.03 4 4.51 0.49 0.09 8.62 1.7
C2 31.42 5.17 4.09 0.06 3.18 1.65 0.26 0.14 4.27 0.69
D 38.52 7.94 0.64 0.19 0.52 0.85 0.4 1.38 5.41 1.6
Mean 38.99 5.74 3.99 0.08 2.82 2.13 0.47 0.60 6.45 1.09
SD 4.20 2.02 1.79 0.05 1.75 1.59 0.19 0.84 1.95 0.63
Median 40.71 5.55 4.08 0.08 3.35 1.92 0.44 0.12 6.30 1.35
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the study area, HMs accumulation in indoor dust of Ilorin 
may be influenced by lifestyle of inhabitants which encom-
pass incense burning for religious purposes and as perfume, 
smoking habit, cooking method and type of cooking fuel 
used such as wood, charcoal, kerosene, liquefied petroleum 
gas (cooking gas), the type of indoor building materials, 
furniture, kitchenware and paper products in residences.

Most residences in Ilorin are not air-conditioned, they 
therefore used fans and open windows for ventilation which 
may explain the high HM concentrations in indoor dust. 
Open windows are likely routes of atmospheric metallic 
particulate from street or road dusts [109], a large propor-
tion of HMs in indoor dust begins from outdoor sources 
for well aerated houses while some HMs starts from indoor 
sources with low ventilation. Frequent cleaning of indoor 
environment could reduce the quantity of HMs ([85, 110]; 
Susanna TY [78]). By tradition, it was observed that most 
residents in Ilorin clean their houses every morning using 
dry cleaning technique. Ground surfaces are swept at least 
once in a day while fan and windows cleaning might not 
be regular, this is consistent with report of Praveena et al. 
[85] that HM concentrations are highest in the windows and 
least in the building floors. Sweeping in the indoor environ-
ment may trigger re-suspension of indoor dusts from floors 
and furniture [111]. Sweeping and brushing (Dry cleaning 

methods) might remove about 91% of indoor dust while 
mopping (wet cleaning methods) could remove indoor dust 
completely [112].

One major way to alleviate the indoor dust pollution 
challenge include: reducing the airborne particulates dur-
ing cooking by using cleaner fuel; regular housekeeping 
which include cleaning of indoor surfaces, furniture, walls, 
floors, windows and doors; improving outdoor environment; 
ensuring air cross-ventilation in rooms; reducing oil based 
cooking and production of meat meals. Other ways of reduc-
ing indoor dust include trashing of expired kitchenware, fur-
niture and paper products, reducing indoor incense burning 
and prohibiting tobacco smoking in indoor spaces.

Assessment of heavy metals contamination 
in indoor dust

Enrichment Factor (EF)

The enrichment level of HMs investigated in residential 
areas of Ilorin extended from deficiency to extremely high 
enrichment using the EF classification criteria in supple-
mentary Table S2. EFs of indoor HMs in Ilorin are shown 
in Table 3, the highest enrichment values of all the HMs 
were all higher than 2, apart from reference element Fe 

Fig. 2   (a) PMF model source profiles, (b) Percentage factor contributions of heavy metals, and (c) Fingerprints of heavy metals in Ilorin indoor 
dust
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suggesting that they originated from man-made origins [90, 
113]. The mean EFs of the nine HMs in Ilorin indoor dust 
fluctuated between moderate to extremely high enrichment. 
The maximum enrichments of indoor Pb, Zn, Co, Cr and Cd 
were extremely high while that of As, Cu, Mn and Ni ranged 
from significant to very high enrichment (Supplementary 
Fig. S2a). Mean EFs values of indoor Zn, Pb, Co and Cd 
were extremely high, raising potential pollution concern 
and suggesting a close monitoring of their concentrations 
in Ilorin indoor environment. HM concentrations and pollu-
tion indices calculated in this study are presented in Table 4.

Geo‑accumulation Index (Igeo)

Igeo results (Table 3) showed that Ilorin indoor environment 
were practically uncontaminated by all the HMs studied 
except Cd with various contamination levels at A1 (0.18), 
A3 (2.46) and A6 (1.53) which amounts to 30% of sampling 

sites (residences) studied. A1 indicated Cd varied from 
uncontaminated to moderate contamination, A3 showed Cd 
fluctuated from moderate to heavy contamination while Cd 
contamination at A6 had moderately contamination. Sup-
plementary Fig. S2b shows the geo-accumulation indexes 
of indoor HMs in Ilorin.

Contamination factor (Cf) and Contamination Degree 
(Cdeg)  The Pollution indices estimates of Ilorin indoor dust 
HMs presented in supplementary Table S5 shows Cf results 
were comparable to the Igeo outcome. Low contamination 
was generally observed in the indoor dusts of Ilorin resi-
dences with regard to Fe, Pb, Zn, As, Co, Cr, Cu, Mn and Ni 
except Cd (Table 4). Moderate Cf and very high Cf of Cd was 
obtained at A1 and A3 sampling sites respectively, although 
considerable high Cf of Cd were detected in (A6 and D) 
accounting for20% residence sampled. The degree of con-
tamination of indoor dust samples studied in Ilorin varied 

Table 3   Enrichment factor (EF) 
and geoaccumulation index 
(Igeo) of heavy metals from 
indoor dust

Upper crust concentration (μg/g) or ppm Pb = 20, Zn = 85, Cu = 50, Cr = 100, Mn = 900 (0.09  wt%), 
Fe = 51,000 (5.1 wt%), As = 13, Co = 20, Cd = 0.3, Ni = 60 [47].

EF

Sample Code Fe Pb Zn As Co Cr Cu Cd Mn Ni

A1 1.00 276.94 50.31 2.89 77.52 27.38 7.75 2125.52 8.29 27.51
A2 1.00 454.73 76.08 9.80 82.03 22.14 14.33 106.18 12.09 38.76
A3 1.00 329.55 69.04 1.88 255.43 0.74 22.54 10,086.48 9.02 27.97
A4 1.00 409.36 46.33 7.09 202.66 53.31 14.28 38.38 6.40 32.24
A5 1.00 299.72 117.54 9.28 375.49 34.33 11.26 178.81 14.69 21.68
A6 1.00 105.89 77.64 10.42 243.80 4.80 7.63 5335.59 5.25 2.05
B 1.00 423.01 35.59 13.52 58.37 39.04 13.05 125.52 11.30 0.10
C1 1.00 540.36 62.26 2.86 247.87 55.90 12.15 371.81 11.87 35.12
C2 1.00 419.59 78.10 7.49 258.08 26.78 8.44 757.48 7.70 18.67
D 1.00 525.62 9.97 19.35 34.42 11.25 10.59 6090.34 7.96 35.31
Mean 1.00 378.48 62.29 8.46 183.57 27.57 12.20 2521.61 9.46 23.94
Minimum 1.00 105.89 9.97 1.88 34.42 0.74 7.63 38.38 5.25 0.10
Maximum 1.00 540.36 117.54 19.35 375.49 55.90 22.54 10,086.48 14.69 38.76
Igeo
Sample Code Fe Pb Zn As Co Cr Cu Cd Mn Ni
A1 −10.87 −2.76 −5.22 −9.34 −4.60 −6.10 −7.92 0.18 −7.82 −6.09
A2 −11.22 −2.39 −4.97 −7.93 −4.86 −6.75 −7.38 −4.49 −7.63 −5.95
A3 −10.84 −2.48 −4.73 −9.93 −2.85 −11.29 −6.35 2.46 −7.67 −6.04
A4 −10.75 −2.08 −5.22 −7.93 −3.09 −5.02 −6.92 −5.49 −8.08 −5.74
A5 −10.97 −2.75 −4.10 −7.76 −2.42 −5.87 −7.48 −3.49 −7.10 −6.54
A6 −10.85 −4.12 −4.57 −7.47 −2.92 −8.59 −7.92 1.53 −8.46 −9.81
B −10.88 −2.15 −5.73 −7.12 −5.01 −5.59 −7.17 −3.91 −7.38 −14.14
C1 −10.86 −1.78 −4.90 −9.34 −2.91 −5.06 −7.26 −2.32 −7.29 −5.73
C2 −11.25 −2.54 −4.96 −8.34 −3.24 −6.51 −8.17 −1.68 −8.30 −7.03
D −10.96 −1.92 −7.64 −6.68 −5.85 −7.46 −7.55 1.62 −7.96 −5.81
Mean −10.95 −2.50 −5.20 −8.19 −3.77 −6.82 −7.41 −1.56 −7.77 −7.29
Minimum −11.25 −4.12 −7.64 −9.93 −5.85 −11.29 −8.17 −5.49 −8.46 −14.14
Maximum −10.75 −1.78 −4.10 −6.68 −2.42 −5.02 −6.35 2.46 −7.10 −5.73
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from low to moderate with the highest and lowest HM con-
tamination degrees of 8.82 (A3) and 0.51 (A2), respectively, 
the indoor dusts in residential areas of Ilorin are generally 
classified as having low degrees of HM contamination with 
mean HM contamination degree of 2.53.

Ecological Risk Index

Ecological Risk Factor ( Ei
r
 ) of Pb, Zn, As, Co, Cr, Cu, Mn 

and Ni were below 40 indicating low ecological risk fac-
tor. Only Cd had Ei

r
 ranging between 160 and 320 at one 

sampling site (A3)(see supplementary Table S6), suggest-
ing a potential high risk at the sampling sites. 20% (A6 and 
D) of the sampling sites had Ei

r
 of Cd between 80 and 160, 

indicating considerable ecological risk while one site (A1) 
had moderate potential ecological risk of Cd. 90% of sam-
pled residences had low potential risk with ERI estimates 
less than 150. The value of Potential ERI were higher than 
150 at only one sampling sites (A3) which potentially poses 
moderate to very high ecological risks. Sampling sites A2 

(4.00) and A3 (249.67) had the highest and lowest ERI, 
respectively.

The estimates of Igeo and Ei
r
 for Cd were greater than 

that of other HMs in this study as shown in Table 4. Conse-
quently, Cd indoor concentration should be given more con-
sideration. The elevated concentrations of Cd might be from 
vehicular traffic in Ilorin. Cd are discharged from motor oil 
combustion, batteries, and plastics [85]. Cd is associated 
with tyre wears and lubricating oil leakage [39] signifying 
the influence of transportation (outdoor) emission on indoor 
environment.

Pollution Indices evaluation

The outcomes of the various HMs pollution indicators 
used in this study were comparable (Table 4). The similar 
outcomes of EF, Igeo, Cf or PI, and PERI of Pb, Zn, As, 
Co, Cr, Cu, Mn and Ni showed low or no contamination in 
indoor dust of Ilorin residences. Mean EFs of Cd revealed 
extremely high enrichments. Igeo estimates signified that 

Table 4   Heavy metal 
concentrations and pollution 
indices

Heavy metals Statistics Concentration 
(mg/kg)

Pollution Indicators

EF Igeo Cf Er

Pb Mean 5.74 378.48 −2.50 0.2870 1.4348
Minimum 1.72 105.89 −4.12 0.4360 0.4300
Maximum 8.72 540.36 −1.78 0.0860 2.1800

Zn Mean 3.99 62.29 −5.20 0.0470 0.0470
Minimum 0.64 9.97 −7.64 0.0876 0.0075
Maximum 7.45 117.54 −4.10 0.0075 0.0876

As Mean 0.08 8.46 −8.19 0.0064 0.0638
Minimum 0.02 1.88 −9.93 0.0146 0.0154
Maximum 0.19 19.35 −6.68 0.0015 0.1462

Co Mean 2.82 183.57 −3.77 0.1408 0.7038
Minimum 0.52 34.42 −5.85 0.2800 0.1300
Maximum 5.60 375.49 −2.42 0.0260 1.4000

Cr Mean 2.13 27.57 −6.82 0.0213 0.0427
Minimum 0.06 0.74 −11.29 0.0463 0.0012
Maximum 4.63 55.90 −5.02 0.0006 0.0926

Cu Mean 0.47 12.20 −7.41 0.0094 0.0470
Minimum 0.26 7.63 −8.17 0.0184 0.0260
Maximum 0.92 22.54 −6.35 0.0052 0.0920

Cd Mean 0.60 2521.61 −1.56 1.9967 59.9000
Minimum 0.01 38.38 −5.49 8.2333 1.0000
Maximum 2.47 10,086.48 2.46 0.0333 247.0000

Mn Mean 6.45 9.46 −7.77 0.0072 0.0072
Minimum 3.84 5.25 −8.46 0.0110 0.0043
Maximum 9.86 14.69 −7.10 0.0043 0.0110

Ni Mean 1.09 23.94 −7.29 0.0182 0.0908
Minimum 0.01 0.10 −14.14 0.0283 0.0004
Maximum 1.70 38.76 −5.73 0.0001 0.1417
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only Cd fluctuated from moderate to heavy contamination. 
Cf or PI values of Cd only ranged from very moderate to 
high. Similarly, ERI of only Cd varied from moderate to very 
high in Ilorin indoor dust. In this study, the various pollution 
indicators applied revealed that out of the ten HMs studied in 
the indoor dusts of Ilorin, only Cd pollution showed varying 
levels of contamination and requires great concern.

Human Health Risk Assessment

Human exposure risks of residents (Adults and Children) 
to HMs in indoor dusts via the three contact routes were 
considered using Eqs. 10–16. Out of ten HMs investigated, 
nine HMs (Pb, Zn, As, Co, Cr, Cu, Cd, Mn and Ni) were 
considered as non-carcinogenic while five (Pb, As, Cr, Cd 
and Ni) were classified as cancer-causing HMs.

Non cancer risks

The percentage of HQing in HI of indoor HMs were 93.17% 
and 69.87% in Children and Adults, respectively (supple-
mentary Tables S7 and S8). This shows that the foremost 
exposure route of indoor HMs in Children and Adults in this 
study were through ingestion pathway, then dermal contact 
and inhalation routes. Comparable trends were described by 
Dashtizadeh et al. [114], Jafarzadeh et al. [115] and Praveena 
et al. [85]. The non-cancer risks of indoor HMs in Ilorin 
residents are shown in Fig. 3a.

The HQchildren via ingestion, dermal and inhalation routes 
were 9.33, 0.49 and 2.78 times that of HQAdult, respectively 
throughout this study. Supplementary Fig. S3 presents the 
box plots of Ilorin indoor HIs. The HIchildren were higher than 
HIAdults in this study. The indoor HIs for children and adults 
for all indoor HMs studied in residential areas of Ilorin were 

insignificant (HI < 1). Moreover, HIchildren of Pb, Cr and Cd 
as well as HIadult of Cd exceeded 0.01 at some sampling 
sites (residences). The HI exceeding 0.01 implied that Adults 
and Children over a long interval may amass HMs in their 
body systems due to exposure to indoor dust in the city, 
which could result in health ailment. Cd toxicity damages 
the kidney, high Cr body accrual causes neurological dis-
order, renal infection and developmental illness. Thus, the 
emerging potential HMs non-cancer risks in indoor dusts of 
Ilorin cannot be overlooked.

Cancer risks

The HMs cancer risks in Ilorin indoor dust for residents are 
shown in Fig. 3b. The cancer risks of only five HMs (Pb, 
As, Cr, Cd and Ni) were calculated and presented in sup-
plementary Table S9 using Eqs. 15 and 16. Out of the five 
HMs examined for risk of cancer, Cd had the uppermost 
value (Fig. 3b). Cancer risk via ingestion pathway (CRing) 
accounted for 99.84% and 97.04% of total cancer risk (CR) 
in children and adults, respectively. CRing, CRdermal and 
CRinh in children were observed to be 9.33, 0.49 and 2.78 
times that of Adults in this studied. The box plots of indoor 
CRs in Ilorin are demonstrated in supplementary Fig. S4. 
Using the international standard endorsed by USEPA and 
International Agency for Research on Cancer (IARC) 
[69–71], the indoor lifetime cancer risks of the five HMs 
studied in residential areas of Ilorin were either acceptable 
or insignificant with CR ranging between 10−4 and 10−6 or 
below 10−6 respectively for both children and adults (sup-
plementary Table S10).

Furthermore, the human health hazard contribution 
through ingestion HQing and CRing to overall HI and CR in 
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this study were 81.52% and 98.44%, respectively, signify-
ing generally that ingestion route contributed more to can-
cer risk than non-cancer risk in this study. Risk assessment 
result revealed that children are exposed to greater indoor 
HM health risks (cancer and non- cancer risks) from indoor 
dust of Ilorin than adults (Fig. 3a and b). Similar outcomes 
of children susceptibility to exposure hazards of HMs in 
indoor dust have been described in several cities [14, 53, 81, 
85]. Children are habitually involved in various plays indoor 
and outdoor, which are typically hand to mouth deeds, caus-
ing their rate of respiration per unit body weight to increase. 
Children possibly inhale indoor particles containing signifi-
cant HMs into their respiratory systems ensuing in exposure 
hazards.

Conclusion

This study investigated contamination levels, sources, health 
and potential ecological risks of 10 major heavy metals 
(HMs) in indoor dusts of low, medium and high population 
density residential areas in Ilorin, a major city in central 
region of Nigeria. The mean concentration of HMs were in 
the decreasing sequence of Fe > Mn > Pb > Zn > Co > Cr > N
i > Cd > Cu > As. All HMs concentration were all lower than 
their respective concentrations in the background except for 
Cd whose concentration is in two folds of the background 
value. The outcome of EF, Igeo, Cf or PI, and potential ERI 
of Pb, Zn, As, Co, Cr, Cu, Mn and Ni were similar showing 
low or no contamination in indoor dust of Ilorin residences. 
Cd mean EF estimates revealed extremely high enrichments. 
EFs of indoor sampled dust indicated that Pb, Zn, Co and 
Cd were extremely high, raising potential pollution concern. 
Nine of the HMs studied were defined as ‘strong’ having a 
signal to noise (S/N) ratio varying between 3.4 and 9.0 while 
Cr was weak with small S/N ratio of 0.4. Apart from refer-
ence element Fe, the maximum EF values of the remain-
ing nine HMs were all higher than 2. Low contamination 
was observed in the indoor dusts as the mean contamination 
degree of 2.53 was estimated. Ei

r
 of Pb, Zn, As, Co, Cr, 

Cu, Mn and Ni were under 40 except for Cd which has a 
high ecological risk factor. The contamination level of Cd 
measured is of great concern and calls for concerted mitiga-
tion efforts. The HIchildren and HQchildren exceeded the values 
obtained for adults in manifolds. HQchildren via ingestion, 
dermal and inhalation routes were 9.33, 0.49 and 2.78 mul-
tiples of HQAdult. Estimated overall risk via ingestion HQing 
and CRing to HI and CR were 81.52% and 98.44%, respec-
tively, thus, Ingestion pathway contributed more to cancer 
risk than non-cancer risk than pathways of dermal contact 
and inhalation. The result obtained has raised attention and 
understanding of the populace on the possible concentration 
levels and human exposure levels of HM in indoor dusts 

continuous monitoring of air pollutants and risks assess-
ment would play an important role in reducing exposure 
and formulating control strategies that could mitigate the 
identified negative impacts. Nevertheless, it is necessary to 
further study the impacts of meteorology, air trajectories 
and indoor activities on HMs concentrations in residential 
buildings of Ilorin.
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