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Characterization of Indoor/Outdoor Settled Dust and Air
Pollutants in Damaturu, Nigeria
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Abstract—This paper presents results of on-going
experiments being undertaken to characterise the composition
of settled dusts and some airborne contaminantsin homes and
outdoors in Damaturu, north-eastern Nigeria. These have
involved the physical analysis of the dust samples collected from
different homes by scanning electron microscopy (SEM) which
showed images of particles of 2pm to 50pm and fragmented
filamentous particles of 50pm to 200pm.Microbiological
analysis conducted include media culture and microscopic
observations where a range of fungal and bacterial colonies
were identified with colony forming units in settled dust and air
of between 1.02 x 10*t01.18 x 10°CFU g*and 1.07 x 10* 1.69 x
10°CFU m(for fungi)and 7.70 x 10°to1.14 x 10° CFU g%, 1.90 x
10° to 1.13 x 10° CFU m3(for bacteria) . Metal analysis by
ICP-MS (total quant method) of the settled dusts revealed the
presence of metal elements in the range of
Al>Na>Mg>Ca>K>P>Si>Mn>Ti and indicated the maximum
concentration of Lead, Copper, Cadmium, Nickel and Zinc (mg
kg?) to bePb-89.7, Cu-68.4, Cd-15.6, Ni-14.9, Zn-1.15.The
results also revealed the presence of organic chemical
pollutants in varying concentrations in the indoor and outdoor
dusts and airborne samples within different homes; eight
semi-volatile and volatile organic compounds(SVOCs/VOCs);
benzene, hexanal, nonanal, diethyl phthalate (DEP),
diisobutylphthalate (DIBP), dibutylphthalate (DBP), and
diethylhexylphthalate (DEHP) and limonenewere quantified
among the numerous organic chemicals present in the samples
analysed based on their frequency of occurrence inthe samples
collected, as well as their potential health effects arising from

short term and long term exposure as reported in earlier studies.

The results suggested that the indoor environments contain
considerably more organic chemical pollutants than the
outdoors.From the results obtained so far on the chemical,
metal, and biological pollutants present as well as the physical
characteristics of indoor dusts from Nigerian homes, it can be
ascertained that the dusts act as a reservoir of pollutants that
can increase peoples’ exposure and be a risk to the health of
residentsof the community.

Index Terms—House dust, indoor air, harmattan haze, dust
storm, pollutants.

. INTRODUCTION

People in the Damaturu community of north-eastern
Nigeria spend most of their time indoors because of the harsh
weather conditions: cold, dry, strong, and dusty wind during
winter (Harmattan); thick dust during storms and heavy down
pours during the rainy season. Activities like the burning of
local and assorted incenses, cooking with wood and other
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combusted fuels, burning of mosquito coils and application
of aerosols as insect repellents indoors and outdoors also
generate particulates and other pollutants such as organic
compoundsthat may linger in the air or cling to dust particles.
These natural and anthropogenic sources of airborne and
deposited dusts may pose risks to the health of the local
population. There is however, a general acceptance of the
adverse outcomes locally as it is considered as arising from
naturalphenomena, thus the need to conduct research on the
composition of the dust particles as well as other sources of
indoor pollution to improve understanding of the possible
risk to health for the Damaturu community.

Dusts are solid particles, ranging in size from below 1pum
up to at least 100pm, which may be or become airborne,
depending on their origin, physical characteristics, and
ambient conditions [1]. Dust is found either suspended in the
air or settled onto a surface, and originates from a number of
sources including soil, abrasion of materials, pesticides,
asbestos, pollen, bacteria, shed skin, cigarette smoke and dust
mites [2].

Air pollution both indoor and outdoor, is a significant
cause of health problems worldwide in both urban and rural
environments and is said to be as a result of pollutants which
can be classified as(i)- biogenic pollutants which include
aerosols of viruses, bacteria, fungal spores and mycelial
fragments containing toxic metabolites, pollen, animal
dander, dust mite residues and other particles of biological
origin[3],[4];and (ii)-anthropogenic pollutants that emanate
from a range of sources which include those that are emitted
by the fabric of buildings or as a by-product of the activities
that are undertaken within them including combustion of
substances for heating or cooking, and for some contaminants
infiltration from outside, either through water, air or soil[5],
[6].Common house dust is said to contain a mixture of
particulateswhichmay form an invisible toxic hazard that
scientists have only just begun to study [7].From previous
studies, settled dust has been found to be a good surrogate for
indoor air pollution and is collected for health monitoring
purposes because it represents a direct pathway of human
exposure to pollutants through inhalation of re-suspended
airborne particulates [8] and ingestion of settled dust that has
contaminated food or by hand to mouth contact [9].

Il. METHODOLOGY

A. Sample Collection

Settled house dust samples were collected from vacuum
cleaner bags in homes, sieved and the <150 fractions were
used in all the analyses.

Air samples were collected directly on prepared Agar
media plates with a Buckard biological monitor.
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Vapours/gases were collected diffusively by exposing Tenax
tubes for 14 days (at elevated positions) in living rooms,
kitchens, and bedrooms of the homes sampled. Q-Tenax
sampling tubes were used to collect air samples actively by
attaching a pump (TSI sidepak) to the end of each of the tubes
and four liters of air was drawn at the rate of 200ml per
minute for 20 minutes per sampling period during
anthropogenic activities; some tubes were kept closed as field
blanks.

A novel method of extracting chemical emissions from
dust was carried out by heating of the settled house dusts
collected from vacuum cleaner bags of homes directly in a
micro chamber (Markes International, CTE™) and
Q-Tenax tubes were used to absorb the chemical emissions
released from the dusts.

The initial investigations focussed on samples collected
from indoors and outdoors of 5 homes in Damaturu. The
settled dusts were collected from living rooms and bedrooms
where people tend to spend much of their time, and the
outdoor samples were collected from verandas (frontage of
homes), while the air samples were collected (diffusively and
pumped) indoors during cooking using firewood, kerosene
stove and gas cooker use in kitchens; during burning of
incense and after insecticide sprays in bedrooms and living
rooms. Outdoor air samples were collected (pumped) during
electricity generation with petrol and diesel as well as
cooking with firewood and during dusty events: Harmattan
and sand storm episodes. The airborne sampling using the
Burkard biological sampler was done indoors (in bedrooms,
living rooms, and kitchens) and outdoors (from verandas).

B. Analyses

The sizes and shapes of particles in the settled house dust
samples were observed with scanning electron microscopy
(SEM).For fungal and bacterial cultures approximately
100mg of each of the samples were weighed and diluted in 9
ml of water, 200l of each of the sample suspensions were
smeared on malt extract and nutrient agar respectively.
Observed colonies of microbial growth were recorded for
both the airborne samples and the dust cultures as colony
forming units. The screening for the presence oforganic
chemical pollutants (SVOCs/VOCs) was carried out by
weighing 1g of each of the <150pm fractions of the settled
dust samples and heating in a micro chamber thermal
extractor (u-CTE)at 120°C (maximum temperature of the
equipment) for 120 minutes in duplicates, and chemical
emissions were collected on Q-Tenax tubes over three
periods of 40 minutes each. The airborne samples and blank
tubes which accompanied the exposed tubes were also
analysed using the same method. All tubes were spiked with
0.5 of internal standard (d8-toluene) prior to analysis. The
tubes were analysed by thermal desorption/gas
chromatography/mass spectrometry (TD/GC/MS) using a
method developed for the determination of emissions of
VOCs from materialsbut with somemodifications.

The metal pollutant analysis was performed whereby0.5¢g
of the sieved dusts were acid extracted using a microwave
assisted procedure (in triplicates), and the acid extracts were
analyzed for the presence of individual metal analytes
byinductively coupled plasma- mass spectrometry(ICP-MS)
multi element analysis, and the concentration of the metals

obtained were blank corrected.

The scanning electron micrographs of the settled dust
samples revealed the presence of a variety of particle sizes
and shapes, including PMyq and sub-PMy, that are respirable
fractions which have the potential of passing through the
respiratory tract to potentially cause health problems (Plate
1).

RESULTS

Electron Image 1

200pm
Platel.SEMimage of settled house dust.

Elemental analysis of selected regions of the sample was
undertaken. Rectangular,sharp-edged particles were more
conspicuous containing mainly oxygen (O), silicon (Si)and
aluminium (Al), and filamentous particles having mainly
silicon (Si) and iron (Fe) peaks followed by calcium (Ca),
sulphur (S), potassium (K) andaluminium(Al), as in Table I.

TABLEI: ELEMENTAL CONSTITUENTS IN SETTLED DUST (%).

Spectru (e} Na Al Si S Cl K Ca Fe
m

Spectru 585 19 59 235 07 17 17 24 33
ml 1 9 0 1 7 5 9 0 8
Spectru 662 37 38 150 04 49 21 16 19
m2 9 4 0 6 9 4 3 4 3
Spectru 62.0 44 255 08 05 23 42
m3 1 4 1 6 0 9 9
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Fungal colonies were physically observed and various
species present were identified based on their colours and
shapes. The fungal species identified include, Alternaria,
Aureobasidum, Aspergillum Niger, Aspergillum flavus,
Cladosporium, Fusarium,Penicillium, Pink yeast, White
yeast, unidentified white colonies, and unidentified yellow
colonies. The bacterial species were observed physically and
also under a microscope and were found to be predominantly
gram positive which include; Cocci filamentous bacilli and
gram negative species-Staphylococcus aureus(Plates 11-2a
and 11-2b).
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Plate I1-2a and 11-2b: Fungal and bacterial cultures of settled dust.

A

TABLE Il: AVERAGE, MINIMUM, AND MAXIMUM FUNGAL AND BACTERIAL
COLONIES

Fungal colonies Bacterial colonies

Dust Airborne Dust Airborne

(CFUg?) (CFuml') CFug!) (CFUml")
Average 1.89x10°  1.69 x 10° 114 x10° 113 x10°
max 1.18x 10°  1.01 x 10° 6.45x 10*  5.96 x 10*
min 1.02 x 10 1.07 x 10 7.70x 10°  1.90 x 10°

The inductively coupled plasma- mass spectrometry
(ICP-MS) analysis (total quant method) of the settled dusts
revealed the presence of metal elements in the range of
Al>Na>Mg>Ca>K>P>Si>Mn>Ti. Heavy metals were
present with the maximum concentration of lead, copper,
cadmium, nickel, and zinc in mg kg* (Pb-8.7, Cu-68.4,
Cd-15.6, Ni-14.9, Zn-1.15).The relative standard deviations
(RSD) of the mean concentrations were between 14.6% for
Zn and 82.7% for Cu. The calculatedgeometric mean (GM),
mean, median and maximum values of metals concentrations
are shown in Table I11.

TABLE I111: CONCENTRATION (MG KG-1) OF METAL POLLUTANTS IN
SETTLED DUSTS.

samples, the suitability of the analytical method and the
quantification limit of the analytical equipment used. The
chemicals are benzene, hexanal, nonanal, diethyl phthalate
(DEP), diisobutylphthalate (DIBP), dibutylphthalate (DBP),
and diethylhexylphthalate (DEHP) (Fig. 2).

o mce e

DIBP

TIC 401Z0Tene 49_10_30_dbc .o dete.~m

benzene

nonanal

DBP
DEHP

— hexanal

TIC: 101005ieha08_10_40_dbc d\ data.ms

B
B

_——— DBP

5.00 10.00 15.00 20.00 2500 30.00 35.00 40.00 4500 50.00 5500

Fig. 1. Chromatograms indicating the presence of chemical pollutants in (a)
housedust and (b) air samples.

B mean indoor

H Outdoor

Chemical concentrations ng g-1
=)
3
IS]

Metals GM Mean Median  Min Max  SD RSD%
Zn 0.95 0.96 0.91 083 115 0.14  14.66
Cu 2452 3387 18.86 8.16 68.40 28.04 82.79
Pb 42,72 50.82 50.79 1543 89.72 30.81 60.62
Ni 8.92 953 10.41 575 1499 3.82  40.08
Cd 6.19 7.11 5.15 4.22 1566 4.85 68.15

Zn had the minimum concentration in all the samples with
least RSD percentage followed by Ni with RSD<50%.
However, Pb, Cu, and Cd have RSD above 50% indicating
differences in the respective metals among the different
houses sampled.

The TD/GC/MS analyses revealed the presence of many
organic chemical compounds covering a broad volatility
range and varying concentrations in all the dust and air
samples analysed as shown by examples of the TD/GC/MS
chromatograms obtained (Fig. 1). The more volatile
compounds elute with a shorter retention time (x-axis).

Seven chemicals of interest were quantified (ng g™*) from
the settled dust sample data and limonene was additionally
quantified in the airborne samples. This selection was done
based on the health hazard of the chemicals as reported in
other studies (mostly found as irritants and causes of allergic
diseases), their frequency of occurrence in the various
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xanal  Nonanal DEP DIBP
Target chemicals(SVOCs/VOCs) in settled house dusts

Benzene He: DBP DEHP

Fig. 2. Mean chemical concentrations ng g™in settled dusts released by
heating to 120°C

The organic chemical concentrations released by heating
ranged from a mean 36ng g™ for benzene having the least
concentrationto 10000ng g™ of dust for nonanal with the
highest concentration in the indoor samples. Generally the
indoor samples had more chemical emissions than the
outdoor veranda samples as shown in Fig. 2.Surface soil
(predominantly sand) samples were collected at a distance
from the township buildings by using the same vacuum
cleaner that was used in the sample collection and analysed to
check any possible contamination of the samples and the
results analysed (in duplicates) did not show the presence of
any detectablechemicals.

During active air sampling, DEP had the highest
concentration of 1630ng I™*(concurrent with use of a petrol
driven electricity generator) with most of the quantified
chemicals having concentrations of <1 in air sampled during
Harmattan haze and sand storm.In the diffusive samples
nonanal had higherconcentrations of 366ng I*followed by
hexanal 276ng I*and limonene 136ng I*in samples that were
collected from living rooms during the Harmattan period.
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Total volatile organic compound concentrations (TVOCS)
which are the sum of all VOCs found with volatilities
between those of n-hexane and n-hexadecane were quantified
using the calibration factor for toluene in the air samples. The
highest TVOC value was 18,060ng I™in a sample collected
during the use of adiesel generator, followed by petrol
generator and kerosene stove cooking, while a Harmattan
haze sample had a TVOC concentration of 152ng I*whichis
an indication that human activities generate more chemical
pollutants than the natural weather events.

IV. DISCUSSIONS

House dusthas been used as a medium for assessing human
exposures to a constellation of indoor contaminants including
radionuclides[10], persistent organic pollutants [11], [12],
metals[13], [14], [15], [16],and allergens[17],[18]. From the
results obtained so far on the chemical and biological
pollutants present as well as the physical characteristics of
dusts from Nigerian homes, it can be ascertained that dust
could be an important cause of health effects to the
communities.

The SEM images were shown to constitute particles of
2um to 50pmin size (respirable) fractions thus, can
potentially cause health hazards as described by[19],
[20],[21].

The colony counts on both bacterial and fungal plates
indicated the presence of various microbial entities inthe
settled dusts as well as the airborne samples which ranged
from a few hundred to several thousand colony forming units.
The spores of fungal and bacterial species were present in all
samples at varying concentrations. The microbial flora
identified are similar to those reported by other researchers
as indoor air pollutants that cause short term respiratory and
inflammatory health effects, which may potentially lead to
chronic, long term health impacts[22], [23].

The ICP-MS analysis revealed the presence of several
metal elements in the indoor dusts. The heavy metals were
found to be present in all the samples analysed and in varying
concentrations; other researchers have reported similar
results [7], [13], [ 24], [25] and suggesting potential health
hazards related to elevated trace metal elements levels in
house dusts[26].

The TD/GC/MS results showed numerous organic
compounds collected on the adsorbent tubes, which conforms
with studies that reported the presence of VOCs and SVOCs
in indoor settled dusts and air [27], [28],[29],[30],[31],
[32].The dust data shows that the indoor environment
contains considerably more organic chemical pollutants than
the outdoor[33],[34].Burning of fossil fuels (petrol, kerosene,
and diesel) showed higher benzene and aldehydes emissions
than the normal indoor activities and these could
infiltratefrom outdoors e.g. use of generators, due to strong
Harmattan wind and the chemicals may accumulate and
persist indoors.

Studies are on-going on the determination of metal
contaminants in the settled dust samples as well as
SVOCs/VOCs analysis in 52 settled dust samples collected
from indoors and outdoors of homes in Damaturu, Nigeria
based on the type of buildings and occupancy.
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Studies are also being undertaken in order to assess the
health risk of the dusts by comparative study on the types and
levels of pollutants determined with those obtained in other
studies. The exposure assessment will also be carried out by
consideration of the exposure limits ascertained by the
regulatory agencies such as EU, WHO, US-EPA etc. and
compared with the levels analysed in the dust samples.
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