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ARTICLE INFO ABSTRACT

Keywords: Indoor dust is a collection of particles identified as a major reservoir for several emerging indoor
Ind_oor dust chemical pollutants. This study presents indoor dust particles’ morphology and elemental
Children composition in eight children’s urban and semi-urban microenvironments (A-H) in Nigeria.
Preschool . . . .
Chemical exposure Samples were collected using a Tesco vacuum cleaner and analyzed with scanning electron mi-
SDGs P croscopy coupled with an energy-dispersive X-ray (SEM-EDX). The morphology results confirm

SEM-EDX the presence of alumino silicates, mineral particles and flakes, fly ash and soot, and soot aggre-
gates deposited on alumino silicate particles in the sampled microenvironments. These particles
may trigger serious health concerns that directly or indirectly affect the overall well-being of
children. From the EDX analysis, the trend of elements (w/w %) in the dust particles across the
sampled sites was silicon (386) > oxygen (174)> aluminium (114) > carbon (34.5) > iron (28.0)
> calcium (16.7) > magnesium (14.2) > sodium (7.92) > potassium (7.58) > phosphorus (2.22)
> lead (2.04) > manganese (1.17) > titanium (0.21). Lead (Pb), a toxic and carcinogenic heavy
metal, was observed in locations A and B. This is a concern without a safe lead level because of the
neurotoxicity effect on children. As a result, further research on the concentrations, bioavail-
ability, and health risk assessment of heavy metals in these sampled locations is recommended.
Furthermore, frequent vacuum cleaning, wet moping and adequate ventilation systems will
significantly reduce the accumulation of indoor dust-bound metals.

1. Introduction

The World Health Organization (WHO) has classified air pollution as a major environmental concern [1]. More importantly, it has
been scientifically validated that indoor environments are two-five times more polluted than outdoor environments, and most people
across the globe are exposed to poor indoor air quality [2,3]. Dust particles are everywhere and represent chemical use in an indoor
environment [4,5]. This is because most indoor chemicals are semi-volatile organic compounds (SVOCs) which exist in the gas and
condensed phases and redistribute from their original point source, partitioning between indoor air, dust, and surfaces. As a result,
SVOC exposure in the indoor environment may occur through air, dust, or dermal absorption [6]. Dust particles are present in almost
all indoor environments, making them one of the most common sources of indoor air pollution [7]. Settled dust represents an indoor
chemical reaction primarily from combustion sources, heating and ventilation systems, building characteristics and occupants’
behavioural patterns. The human body sheds about 10 g of skin scales daily, contributing to indoor dust particles [6]. Additionally,
indoor dust is a sink for various inorganic, organic and emerging indoor chemical contaminants [8]. One of the most common ways
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children are exposed to these indoor chemical pollutants is via ingestion [9,10]. Dust ingestion is an important entry point for many
chemical contaminants in young children due to their frequent hand-to-mouth activities [9,11].

Furthermore, children’s increased exposure to dust particles in an indoor environment, combined with their developing physi-
ology, can lead to serious health problems like wheezing, sneezing coughing, and asthma [12]. Certain constituents in indoor dust,
such as pollen grains, soot, coarse mineral particles and alumina, have some health consequences, such as asthma, bronchitis, coronary
heart diseases and cancer [13-15]. A high concentration of skin cells in a dust sample, for example, could indicate a malfunctioning or
insufficient heating, ventilation, and air conditioning (HVAC) filtering system in an indoor environment [16]. Dust characterization
can be useful and important for a snapshot evaluation of indoor air quality [17]. Typically, dust components can be broken into four
major categories: human and animal activities (skin scales, dandruff, human hair and cellulose fibre), food particles (salt, sugar and
starch), combustion products/sources (ash, carbon, soot and iron ore), building constituents (fibreglass, gypsum, calcites and paints)
and other non-classified miscellaneous sources such as rubber, plastics, natural soil and air distribution system debris [16,18-20].
There are several techniques for dust characterization [20]. Polarized light microscopy [PLM] is the most commonly used method
because it is simple to set up, fast and inexpensive [20,21]. However, it does not provide information on the elemental compositions of
the dust particles, and it is difficult to identify very tiny particles, especially at trace concentrations [21].

As a result, more advanced techniques, such as Scanning electron microscopy or Transmission electron microscope coupled to an
energy-dispersive X-ray, have been developed [22]. These techniques reveal a detailed morphology, surface elemental composition,
and possible sources of indoor chemical pollutants in indoor dust particles [23-26]. Some studies on using scanning electron
microscopy-energy dispersive X-ray (SEM-EDX) for indoor dust characterization have been published in India [17], with some of the
study locations including children’s microenvironments. The SEM micrograph revealed tiny aggregates, sharp edges, crystalline
spores, and spherical particles, mostly minerals, fly ash, and soot particles. These conglomerates are found in indoor dust particles due
to dust resuspension from outdoor construction and traffic activities. The presence of fly ash particles in the SEM micrograph, which is
spherical in shape, contains Si and Al predominantly. Another related study was conducted in northern Nigeria, a region known for its
harsh weather conditions during the harmattan (cold, dry, strong, and dusty winds). The SEM micrograph revealed rectangular,
sharp-edged oxygen, silicon, and aluminium particles [23]. The Shanghai study [27] discovered flake-like, fibrous, rod-like, and
spherical particles. The most abundant elements in the surface elemental analysis were carbon, oxygen, and nitrogen. In Sweden,
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Fig. 1. Map of the study locations.



W.U. Anake and E.A. Nnamani Heliyon 9 (2023) e16419

Gustafsson et al. [6] investigated residential homes, the SEM micrograph showed the respirable dust fraction containing larger flakes
with smaller particles adhered to them while eight [8] elements were detected, with carbon (78%), oxygen (15.7%), and nitrogen
(2.4%) being the most abundant.

Also, in another study conducted in Dhanbad, the coal capital of India and a densely populated area. The SEM micrograph
confirmed that most of the dust particles were symmetrical, with only a few having complicated morphology. Additionally, the dust
samples contained metallic elements Fe, Mg, Al, Si, Ca and Na and non-metallic ones like C and O in varying ration [28]. It is critical to
note that morphological analysis of indoor dust in children’s microenvironments using SEM-EDX is very limited, and more published
studies in this area are needed. The elemental analysis provided by the EDX instrumental technique coupled with the SEM equipment is
important because it provides information on potential sources of these indoor dust particles and their associated health risks. There
have been few studies on indoor dust characterization in other microenvironments such as homes (3, 5, 19, 22, 27), dormitories (18), a
classroom and a laboratory of a technical institution (16) except in a preschool indoor environment. This study is very imperative as
the study’s sample was choosen only from children’s microenvironments (children’s bay in an office environment, children’s ward in a
hospital, and preschool indoor environments). The research’s findings will help policymakers design children’s microenvironments
that will not be health-threatening years later. Furthermore, the study is consistent with the United Nations Sustainable Development
Goals (SDGs) 3, 7, 11, and 13 for significantly reducing air pollution. To the best of our knowledge, this is the first study on indoor dust
characterization in African children’s microenvironments using SEM-EDX. As a result, the findings of this study will serve as a
foundation for future research on indoor dust characterization in children’s microenvironments. Therefore, the objectives of this study
were to (i) assess the morphology of indoor dust, which may indicate the source of the dust particles, and (ii) determine the prevalent
surface elemental composition of indoor dust in children’s microenvironments.

2. Materials and methods
2.1. Description of the study area

The research was conducted in major urban and semi-urban cities, namely Ikeja in Lagos State and Ota in Ogun State, Nigeria. Ikeja
is Nigeria’s commercial centre (60 31’ 46”N; 30 21’ 48” E), home to big private cooperation. The biggest computer software and
hardware market is also in Ikeja, while Ota is Nigeria’s heavily industrialized centre (latitude 6° 32'N, longitude 2° 57’E). Several
multinational corporations and companies have factories or assembly plants in Ota. They have engaged in several industrial processes,
including the manufacturing of chemicals, pharmaceutical products, cooking utensils, galvanized pipes, steel bars (rods), roofing
sheets, melting of aluminium and recycling of metal scraps. Six pre-schools and a pediatric section of an office environment were
sampled in Ikeja, Lagos state while a children’s ward in a hospital microenvironment was sampled in Ota, Ogun state. Fig. 1 depicts a
map of the study locations. Both study sites are known for heavy vehicular traffic and various anthropogenic activities. Also, infor-
mation on the major activities, age of the building and the ventilation type in the different children’s microenvironments is shown in

Table 1
Description of the study locations.
S/ Sample Ventilation Type Age of the Major Activities Mass Area
N Location Building Collected Coordinate
Code ®
1. A Mechanical [fan] and natural 26 The school is near a busy road and a mini construction 8.98 6° 35’ 48"
ventilation site. The sampled classrooms were about 100 m away N;
from the gate; the entire compound is unpaved, so the 3°20' 50" E
classrooms are dusty.
2 B Mechanical ventilation 24 The pediatric area of the office is located behind the 4.17 6° 35" 11”
trash cans. It is located near a busy road and a N;
supermarket. 3°21' 28" E
3. C Mechanical [fan] and natural 10 The school is near a major road. 4.08 6° 35' 48"
ventilation [although the N;
window is small] 3°20 43" E
4. D Mechanical [fan] and natural 27 The school is located in a residential apartment 6.67 6° 35’ 57
ventilation [although the complex, close to the road, and near a busy restaurant. N;
window is small] 3°20' 47" E
5. E Mechanical [air conditioner] 16 The children’s home is located in a large compound 11.86 6° 35’ 39”
and natural ventilation [the about 100 m from the road. The environment is N;
windows are big] relatively calm. 3°20' 41" E
6. F Mechanical [fan] and natural 18 The sampled classrooms are near the restroom. 5.56 6° 35’ 52"
ventilation N;
3°20' 48" E
7. G Mechanical [fan and air 16 The daycare centre’s location is large. The school is 9.51 6° 35' 57"
conditioner] and natural located near a busy road N;
ventilation 3°20'51"E
8. H Mechanical [air conditioner] 6 The pediatric section of the medical centre is situated 6° 40’ 05”
and natural ventilation. near a higher institution along a major road leading to N;
the border of another country [Benin Republic]. 3°09'19”E




W.U. Anake and E.A. Nnamani Heliyon 9 (2023) e16419

Table 1.

2.2. Dust collection and preparation

A Tesco VCBL17 vacuum cleaner was used to collect indoor dust samples from December 2021 to January 2022 during the peak of
the dry season. Indoor dust samples were collected from classrooms, playrooms, children’s ward floors, walls, curtains, window and
door frames, shelves, and heating and ventilation system surfaces of each location [29]. The list of samples collected is presented in
Table 1. All sample locations were divided into four strata, and composite samples from each of the different strata were merged,
wrapped in labelled aluminium foil and sealed in an airtight ziploc bag in preparation for analysis. The vacuum brush was pre-cleaned
with methanol before and after the collection of samples to avoid cross-contamination of samples and ensure the integrity of the results
[27]. Since most floor polishing products contain corrosive metals and non-metals like Fe and Si, it was verified that they were not
utilized throughout the sampling time to prevent a deceptive portrayal of the sampled areas. Afterwards, the samples were transported
to the laboratory and sieved with a <150 pm mesh sieve to remove all unwanted substances. The particle diameters of <150-ym mess
size were used because the fine fractions (e.g. < 150 pm or <63 pm) adhere more easily to exposed body parts (e. g children’s hands)
due to their frequent hand-to-mouth activities and are more likely to be dissolved, increasing their capabilities to pass through the
gastric mucosa (11, 23, 28). To prepare for SEM-EDX analysis, 2 g of the sieved indoor dust samples were weighed precisely using a
pre-calibrated analytical weighing balance and stored in an ice chest bag in the freezer at —20 °C to prevent thermal degradation,
microbial activities and evaporation of volatile components before further analysis [9,29].

2.3. SEM-EDX analysis of indoor dust particles

The scanning electron microscopy with energy dispersive x-ray [JOEL-JSM 7600F SEM-EDX] was used to determine the
morphology and elemental composition of settled indoor dust in children’s microenvironments. Exactly, 2 g of the sieved dust sample
was placed on adhesive tape and mounted on the specimen stubs, and a 10 nm platinum coating with an electrically conducting
material was deposited on the sample by low vacuum sputter coating. This was done to improve vacuum durability and conductivity.
The SEM instrument places the specimen in a relatively high-pressure chamber where the working distance is short, and the electron
optical column is differentially pumped to keep the vacuum sufficiently low at the electron gun. SEM analysis was carried out by
scanning the electron beam [20-30 kV accelerating voltage] with a beam current of 10 pA over the sample and observing the secondary
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Fig. 2a. Morphology of indoor dust particles in locations A, E & G: alumino silicates.
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or backscattered signals generated. Coated specimens were observed as they were placed in the corner of the SEM-EDX chamber, and
three unique images were captured with magnifications of 8000X, 9000X, and 10000X. EDX spectra with peaks of various elements
were obtained and identified using the computer software programming’s quantifying function for further elemental composition
interpretation [17,24].

3. Results and discussion
3.1. Indoor dust morphology

The morphological analysis of indoor dust particles is presented in Fig. 2a-d. The detailed SEM micrograph of indoor dust samples
collected from the investigated locations (A-H) revealed miniature collections, sharp edges, crystalline structures, spores, and
irregular and regular mineral particle shapes. Other studies have reported similar results [4,17,24]. According to the indoor dust
characterization result, four categories of particles were found, detailed as follows:

1. Alumino silicate: Locations A, E and G as shown in Fig. 2a indicated the presence of alumino silicate. The primary makeup of
alumino silicate includes aluminium, silicon and oxygen, and they are usually in irregular form. This result corroborates other
research findings [17,24,27]. Typically, aluminium-silicon-oxygen comes from two sources: natural such as soil (irregular-shaped
fly ash particles) and anthropogenic (spherical-shaped fly ash particles) [27]. Previous research shows that indoor dust particles are
mainly a result of infiltration from outdoor sources and road dust resuspension caused by vehicular and traffic activities. The
sources of alumino silicates in these study areas may be attributed to outdoor infiltration due to the location of the study sites near
unpaved and busy roads.

2. Mineral particles and flakes [irregular and coarse large particles] : Locations B, C, and D (Fig. 2b) have both natural sources of
irregular and regular mineral particles as well as skin-flaked-like particles. The presence of mineral particles may be from the
infiltration of outdoor dust particles and the resuspension of soil dust in an indoor environment. Anthropogenic activities such as
building construction, building characteristics, and automobile emission all contribute to the presence of mineral particles in in-
door environments [17,21]. In addition, the occurrence of silica and mineral particles in an indoor environment is primarily
attributed to building constituents and flooring patterns [20,29,30]. This result corroborates with research findings from a tech-
nical institution classroom indicating the presence of irregular or roughly spherical particles [17]. Also, Kolluru et al. [30]
documented irregularly shaped and elongated mineral particles that form from natural and secondary reactions in the atmosphere,
respectively.

3. Fly ash and soot: Location F comprises fly ash and soot particles as shown in Fig. 2c. Fly ash particles have spherical shapes and are
primarily composed of Si and Al. They are typically generated from synthetic sources such as incomplete coal combustion and
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Fig. 2b. Morphology of indoor dust particles in locations B, C & D: mineral particles and flakes.
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Fig. 2d. Morphology of indoor dust particles in location H: soot aggregates deposited on alumino silicate particles.

vehicular and traffic activities [17,24]. Soot particles in this location are largely emitted from automobile discharge and incomplete
combustion of diesel and fuel oil used in powering generators [16,31]. Also, a previous study on the exposure of fly ash in children’s
homes by Zierold et al. [32] describes fly ash particles as being smoothly spherical and characterized by silicon, sulphur, potassium,
calcium and iron [33]. The soot particles indicated in Pietras’s [14] work had elongated and branched shapes that are different
from this study’s micrograph. This variation in the micrograph of the soot particles depends on the type and source of fuel used, the
combustion process, and smog reactions in the atmosphere [14].

4. Soot aggregates deposited on alumino silicate particles: The SEM micrograph in location H (Fig. 2d) indicates the presence of
soot aggregates mixed with alumino silicate particles containing 0.21%, 20.5%, and 40% by weight of Ti, Al and Si. Location H is
near a higher institution located in an industrialized area along a major road leading to the border of another country (Benin
Republic) and near a very busy café in the University. The occurrence of alumino silicate could be due to the breakdown of flooring
materials (tiles), dust infiltration, and transboundary atmospheric particles. Also, vehicular emissions and coal combustion have
been identified as precursors of soot particles, and the sampled location has a very high rate of automobile emission [3,17]. Isaxon
et al. [34] reported that soot particles resulting from vehicular emission may contribute to the development of aggregates on
silicate particles, while Bharti et al. [26] identified alumino silicates in every of their study sites, and documented that they mainly
composed of Si and Al with a variable amount of Na, K, Mg, Ca, Fe and Ti. These corroborate with the presence of soot and the
elements reported in the morphology of location H, thus attesting to the presence of soots and alumino silicate particles in location
H.

3.2. Elemental analysis of indoor dust particles

The EDX spectra peaks for location A to H depicted in Fig. 2e as Edx A to Edx H and Table S1 show the elements and their atomic
percentages in various children’s microenvironments. From the EDX result, the ascending trends for the elements in the dust particles
were Si > O > Al > C > Fe > Ca > Mg > Na > K > P > Mn > Pb > Ti. Six elements (Si, O, Al, C, Fe, and Ca) were identified in all the
sampled locations (A-H). The abundance of Si, O, C, and Ca in various sample locations indicates the presence of silica, calcite, and clay
minerals [35,36]. Aluminium and silicon make up 72% of the earth’s layer, since Si and Al were the two most abundantly detected
elements in all of the locations, they could be attributed to particles of crustal origin due to infiltration from the ambient surrounding
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and household indoor materials [16,30]. Moreover, Al, Si, and Ca particles are clay and can also come from construction and
road-paved dust [37]. A previous work by Gustafsson et al. [6] highlighted talc, paints and geological materials as possible sources of
aluminium in the indoor environment. Ca indicates the presence of gypsum and cement on the wall and floor surfaces from all sampled
locations and the usage of gypsum materials such as chalkboards in location A [5,17,18]. Carbon and oxygen are major elements
present in polymers used in the production of plastic [38]. Table S2 presents information on the observed indoor characteristics and
materials which account for the high usage of plastic materials [toys, chairs and tables] in all sampled locations. Hence, the abundance
of carbon and oxygen can be attributed to the abrasion of plastic materials and the emission from agricultural soil [29,35,38].

The main contributing elements in locations A to H were Si, O, and Al It is worth noting that in locations A and B, sampled
classrooms were located near the school playground, which was filled with quartz sands for construction purposes. Locations C, D, E, F
and G were due to their proximity to a major road with heavy automobile emission, infiltration of outdoor dust, and the use of a fossil-
fuelled generator as an alternative source of power, while location H’s contribution was as a result of infiltration of outdoor dust,
vehicular emission, and human-induced activities due to industrial presence. This finding is consistent with recent studies which
employed SEM-EDX to observe different indoor dust particles [33]. The presence of Fe could be attributed to natural and anthropo-
genic sources such as dust from the unpaved road, infiltration of iron impurities from coal or fossil fuel burnt in the outdoor envi-
ronment and incomplete combustion from automobiles [3,5,17]. An increased percentage of elemental Al and Fe in location H is
associated with anthropogenic origin, as reflected in Fig. 2e. This is attributed to the emission of Al and Fe from industrial processes
such as cooking utensils, galvanized pipes, steel bars (rods), roofing sheets, melting of aluminium and recycling of metal scraps.

Titanium and phosphorus were only recorded in location H (the hospital’s pediatric section). This can be attributed to dust re-
suspension and the alloy materials used in the production of medical devices [16,35]. Other studies from Saudi Arabia and India
have reported Ti-burdened particles in household indoor dust as a function of certain alloys from domestic practices and also linked it
with infiltration of outdoor soil [26,32].

Also, potassium and magnesium were present only in locations A, B, D, F, G, H and C, D, E, and H, respectively. This is attributed to
some geological materials in the building stemming from the building materials and characteristics such as paints, soil and cement [17,
18,36]. In addition, the cleaning materials (detergents and liquid soap) used in these locations could account for the presence of Mg.
Mg and Ti are the crustal elements used as tracers for soil dust. However, a higher concentration of Ti is an indication of anthropogenic
contribution [39]. Only locations A, B, F and H recorded Na and Mn. Natural sources, such as soil constituents in construction materials
and anthropogenic sources, including Mn in steel and cement, maybe the probable sources. An earlier report by Emenike [40]
attributed the emission of Mn in Ota to anthropogenic contributions from industrial processes such as plastics and metalliferous
extraction. Isley et al. [5] have equally reported higher Mn concentrations in detached homes due to soil track-in, smoke, and the use of
Mn as an additive to steel and concrete floors. Lead (Pb), one of the ubiquitous toxic metals, was found in locations A and B. This may
be associated with vehicular emission and the chipping of lead-based paint from the wall surfaces as these preschool centres are very
old buildings [36,41,42]. The age of the sampled locations (buildings) is shown in Table 1. This study’s results corroborate other
indoor dust results for Pb in older homes [5,43-45]. Lead is highly toxic and non-degradable, exposure to lead, even at trace levels, can
result in neurodevelopmental disorders (NDDs) in children [28,46-48]. As such, the service of a certified professional to carry out
proper renovation of these facilities is required [5].

In an attempt to improve the health and education outcomes of children, the United States Environmental Protection Agency
(USEPA) has made a substantial effort to reduce lead-burdened dust in homes, schools and childcare facilities through a progressive
downward review of the standard lead levels in the dust on floors and window sills [43,44]. Furthermore, it is worth noting that
excessive exposure to some of the elements in the sampled locations may result in mild to severe adverse health outcomes such as lung
diseases, sinusitis, coughing, wheezing, nose irritation, shortness of breath, slowed growth and development in children [48-53].
Comparatively, there are scanty research publications in the studied microenvironments [preschool centres, office and hospital] at the
time of this write-up. As such most comparison is done with studies in other indoor environments, such as homes or residential areas.
Although sulphur [S] was recorded in Stockholm and Sodertalje in Sweden [6], this study did not contain any S. On the contrary, while
C was the most abundant across the indoor residential areas, Si was the most abundant across all sampled indoor microenvironments in
this study. Additionally, this study reported more elements, including Ti, P, Mg, Mn, Pb, and Fe than were identified in the Swedish
study.

Some limitations of this study that should be considered are as follows: the number of sample locations was small due to difficulties
in securing approval from daycare centres administrators; only indoor dust was examined, subsequent analysis of both outdoor and
indoor dust from the same microenvironment to understand the influence of the outdoor pollutants on the indoor air quality is sug-
gested; and for precise quantification of the elements, more sensitive detection approaches should be used. The major strength of this
study is that it is the first study to measure and identify children’s indoor exposure to fly ash and soots, alumino silicates, mineral
particles and flakes and soot aggregates deposited on alumino silicate particles and surface elemental composition (Si > O > Al > C >
Fe > Ca > Mg > Na > K > P > Mn > Pb > Ti) in different children’s microenvironments (preschool centres, office and hospital) in
Africa.

4. Conclusion and recommendation

In this study, SEM-EDX was used to characterize the morphology and elemental composition of indoor dust in various microen-
vironments. The finding from this study reveals the presence of fly ash and soots, alumino silicates, mineral particles and flakes and
soot aggregates deposited on alumino silicate particles in different children’s microenvironments, a pointer to some health conse-
quences. Gypsum from classroom materials and building features such as wall decoration and paints has been identified as a probable
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source of indoor chemical pollutants. All the examined study areas revealed the presence of C, O, Si, Fe, Al and Ca, with Si being the
most detected element across all the sampled locations. Lead, a toxic and carcinogenic heavy metal, was observed in locations A and B.
This outcome calls for further investigation of the concentrations, bioavailability and health risk assessment of heavy metals in these
sampled locations using a more sensitive analytical instrument to ascertain the concise levels of exposure and health implications. Also,
a consistent cleaning pattern, including frequent vacuum cleaning, wet moping and adequate ventilation systems will significantly
reduce the build-up of dust particles in an indoor environment. Furthermore, effective regulatory measures should be enacted and
enforced to ensure the appropriate use of building materials during the construction process, as it will significantly reduce the
emergence of indoor chemical pollutants from indoor dust particles.
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