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Abstract Concentrations of metals in household dust sam-
ples from rural, semi-urban and urban zones of the Niger
Delta in Nigeria were measured during both 2009 and 2014
with the aim of providing information on changes in the con-
centrations, distribution patterns, sources and risks of metals
in these zones. The concentrations of metals in the dust sam-
ples were quantified by using inductively coupled plasma
atomic emission spectrophotometry (ICP-AES) after diges-
tion with aqua regia. The measured concentrations
(mg kg ") of metals in the three zones within the study periods
were as follows: <LOQ-21.2; <LOQ-182; 7.90-265; <LOQ-
117; <LOQ-471; 3.37-2310; 0.35-7.9; 4.25-365; 6.78—
61,600; 219-37,700; and 1180-18,000 for Cd, Pb, Ba, Cr,
Ni, Cu, Co, Mn, Zn, Fe and Al, respectively. The results from

Practical implication: This study examined the spatio-temporal distribu-
tion, sources and health risks of metals in household dusts from rural,
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distribution patterns suggested that household dust from the semi-urban
zone contained higher concentrations of the majority of investigated
metals which may be linked to the activities conducted by small-scale
industries. Principal component analysis indicated the significance of
outdoor contamination (traffic, industries and artisanal workshops) and
indoor emission sources and verified the particular kinds of contaminants
from the different zones. The human health risk evaluation indicated low
risks particularly for adult exposure to metals in the household dust from
these zones. The data obtained are useful for designing pollution control
strategies and risk management.
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the two periods indicate significant changes in the concentra-
tions, distribution patterns and risk factors which reflects a
deterioration of the quality of the household environment over
this time span. The hazard index (HI) values calculated for
children were greater than 1 indicating significant non-
cancer risks for these subjects in these areas. The HI values
for adults were less than 1 and consequently do not pose a
significant risk. The carcinogenic risk levels for exposure to
metals for both adults and children in these zones were below
the range specified as safe by the US EPA (x10®and x10™%
thereby indicating a low cancer risk. The sources of metals in
household dust from these zones include emissions from in-
dustries, traffic, artisanal workshops and releases from house-
hold furniture, metal-based fittings, metal roofing and
pesticides.

Keywords Metals - Human exposure - Household dust - Risk
assessment - Niger delta - Nigeria

Introduction

Household dust is a complex matrix that is made up of debris
and particulate matter arising from both anthropogenic and
terrestrial origins. It is composed of a wide variety of organic,
inorganic and biological materials. Household dust particles
have different shapes and sizes that range from large hair and
textile fibres to ultra-fine particles (Pedersen et al. 2001a, b).
Household dust particles are capable of adsorbing pollutants
due to their large overall surface areas, and once adsorbed,
these substances become non-degradable, or degrade at a rate
relatively slower than those adsorbed on outdoor dust (Ong
et al. 2007). Therefore, household dust accumulates various
contaminants including metals, polycyclic aromatic hydrocar-
bons and polybrominated diphenyl ethers. It consequently
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serves as a useful indicator for evaluating chronic exposure to
indoor pollutants.

Indoor dust may accumulate sufficient amounts of contam-
inants that could be of serious health risk to the more suscep-
tible groups living in the home including infants, toddlers
(Latif et al. 2009) and the elderly. Other potential hazards of
household dust are associated with its physical, chemical and
biological composition. The deposition velocities of the fine
or smaller particles are relatively lower than those of coarse
particles, and they therefore could have a relatively longer
residence time in air as suspended matter thereby causing
human respiration problems (Bodin et al. 2000; Matson
2005).

Contaminant levels in household dust are of concern be-
cause people spend significant periods of time per day in in-
door environments including homes, offices and schools. For
example, it has been estimated that adults stay in one indoor
environment or another for approximately 88% of the day
while for children, it is about 71-79% of the day (Ong et al.
2007; USEPA 2011a). Infants and toddlers are considered the
most susceptible groups to the chemical hazards in dust due to
their unconscious ingestion of dust which may arise from
hand-to-mouth habits and through touching and mouthing of
dust-contaminated household items. For this reason, children
are more exposed to greater amounts of dust compared with
their adult counterparts (Beamer et al. 2008).

The distribution of metals in the human environment is of
concern because they are non-degradable under normal con-
ditions, although their speciation may change over time as a
result of changes in environmental conditions (Iwegbue et al.
2009, 2015a), and they exhibit a wide range of toxicity and
long-term health effects, including cancer, impairment of re-
productive and nervous system functions, cardiovascular and
renal system disorders, lung damage, skin problems, brittle
hair and hair loss (Bocca et al. 2014; Iwegbue et al. 2015a,
b, 2016, 2017). Some of them can disrupt the functions of
endocrine systems and act as respiratory toxins (Bocca et al.
2014; Iwegbue et al. 2015a, b, 2016, 2017). Exposure to
metals during early childhood can inhibit maximal brain
growth and differentiation.

Inorganic contaminants such as metals, which are present
in soil and suspended particulate matter, can enter the indoor
environment and adsorb onto household dust through two
main migration routes. These include the infiltration of
suspended particulate matter (PM) contained in outdoor air
and tracking in of soil from soil adhered to footwear
(Thatcher and Layton 1995; Hunt et al. 2006). Unlike the
outdoor environment where persistent contaminants are sub-
jected to dilution and dispersion by the action of rain and
wind, in the indoor environment, removal or dilution of these
pollutants is limited and consequently they tend to accumu-
late. The concentrations of metals in household dust are influ-
enced by outdoor anthropogenic sources as well as other

activities carried out within the indoor environment including
smoking, the types of paints used on the walls or type of
combustible materials (e.g. oil, gas, kerosene, coal, wood)
used for heating within the indoor settings, building materials,
house floor types (plastic carpets, rugs, ceramic tiles,
cemented or bare floors), the use of pesticides, household
hygienic and personal care products, furnishings including
deteriorated asbestos in insulation, types of cabinetry or fur-
niture and household heat control systems and humidification
devices (USEPA 1996; Abdul-Wahab 2006; Turner and
Simmonds 2006; Hassan 2012).

There are a number of studies on metal concentrations of
indoor environments from different regions in the literature
(Latif et al. 2009; Kurt-Karakus 2012; Hassan 2012; Huang
et al. 2014). However, there are few reported studies on the
concentrations and health risks of metals in dust from indoor
environments in Nigeria. Adekola and Dosumu (2001) report-
ed the concentrations of Cd, Pb, Cu, N1 and Fe in household
dust from Ilorin, in the north-central part of Nigeria. The pres-
ent study determines the spatio-temporal characteristics of
metals in household dust from rural, semi-urban and urban
environments in the Niger Delta with the aim of providing
useful information on the changes in concentrations over time,
and the sources and health risks arising from human exposure
to metals in these dust particles. This is the first study
reporting the concentrations of metals in dust from rural,
semi-urban and urban environments and evaluating the health
risks arising from human exposure to metals in household dust
in Nigeria.

Materials and methods
Description of the study area

The study area consists of urban (Warri), semi-urban (Abraka)
and rural (Emu-Uno) zones in Delta State, Nigeria (Fig. 1).
Warri (latitude 5° 31” N and longitude 5° 45” E) has a human
population of over 311,970 (National Population Commission
Census 2006). Warri and its environs are known for
petroleum-related businesses and host the Warri Refinery
and Petrochemicals Company, Nigerian Gas Company, the
sea port, Delta Steel Company and other oil servicing and
food industries. Abraka (longitude 6° 06” E and latitude 5°
48" N) is a university cum tourist town and has an estimated
human population of about 70,000. Abraka is noted for the
beautiful beaches of the River Ethiope. Emu-Uno (longitude
6° 6” and 6° 42" E and latitude 6 °® 31" and 5° 25" N) is the
traditional headquarters of the Emu Kingdom in the Ndokwa
Local Government of Delta State. The Emu Kingdom has a
population of 35,000 people. Emu is a typical rural commu-
nity that hosts the Ebendo/Obedeti oil field. There is a gas
flaring point 4-5 km away from the sampling points.
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Fig. 1 Map of the study area
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The region experiences heavy rainfall in the months of
April to October and a dry season with occasional rainfall in
the months of November to April. The mean annual temper-
ature and rainfall in this area are 32.8 °C and 2673.8 mm,
respectively. The natural vegetation in the region is
characterised by a mosaic of arable farmlands and tree crop
plantations, patches of rainforest and freshwater and man-
grove swamp forests in some areas (Iwegbue 2013).

Sample collection

A total of 90 household dust samples were collected from the
urban, semi-urban and rural zones through the months of
November to December 2009 while 51 samples were collect-
ed in the months of November to December 2014 from the
same buildings sampled in 2009, except for those buildings
with significant modifications in their structures due to reno-
vation works within the study period. The age of the buildings
sampled in the three zones ranged from 0 to 80 years. The
houses sampled in the rural area were mostly room and par-
lour systems with the kitchens, bathrooms and toilets detached
from the main building. However, for the semi-urban environ-
ment, the houses were a mixture of blocks of flats, room and
parlour systems and bed sitters. In the urban environment, the
houses sampled were mostly blocks of flats, duplex com-
plexes, bed sitters and a few room and parlour systems. The
buildings in the rural zone had cemented floors while those of
the semi-urban and urban zones were a mixture of cemented
floors, floors with ceramic tiles, plastic tiles and floors with
rugs and carpets. The doors of the buildings in the rural zone
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were mostly open during the day as evidence to indicate that
the residents were indoors, while those of the semi-urban and
urban areas were mostly closed during the day. All the build-
ings sampled in the semi-urban and urban zones had painted
walls while 60% of those from the rural zone were painted. A
reasonable quantity of household dust was collected from the
floor area, ceiling fans, cabinetry and other surfaces by gentle
sweeping into a plastic dustpan with a soft plastic brush and
packed in a polyethylene bag. Within the same building, dust
samples were collected from the different apartments and
mixed together as a composite sample for that building. The
brushes and dustpans were cleaned after each sample collec-
tion with a metal-free detergent solution and rinsed with dis-
tilled water. These materials were further rinsed with
0.25 mol L' HNO5 and cleaned with paper towels. The sam-
ples were transported to the laboratory, dried in oven at 105 °C
for 24 h and then filtered to pass through a 100-pm sieve.

Sample digestion and metal analysis

A mass of 0.5 g of the dust sample was placed in a 150 mL
digestion tube followed by the addition of 15 mL of aqua regia
(HCI: HNOs, 3:1 ratio). The tube was covered and the mixture
was pre-digested overnight. On the following day, the sample
was heated to 120 °C for 2 h on a regulated heating block. The
digest was allowed to cool to room temperature, the cover and
side walls of the digestion tube were carefully rinsed into the
digest with a few millilitres of 0.25 M HNOj, and the sample
was filtered through Whatman No. 1 filter paper and made up
to 25 mL with 0.25 M HNOs (Radojevic and Bashkin 1999).
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This was further filtered through a 0.45-um filter before anal-
ysis for Cd, Pb, Cr, Ni, Cu, Co, Ba, Mn, Zn, Fe and Al by
using inductively coupled plasma atomic emission spectro-
photometry (Perkin Elmer DV 5300, Shelton, CA, USA).
The working conditions of the ICP-AES were as follows:
RF power and plasma flow rate 1300 W and 15 L min ",
respectively, while the auxiliary argon, nebulizer, and the
pump flow rates were 0.2, 0.8 and 1.5 mL min ™', respectively.
The quantification of metals in the samples was carried out by
using an external calibration method consisting of six concen-
tration levels. The working standards were prepared by dilut-
ing 1000 mg L' commercial standards with 0.25 M HNO;.
The calibration lines of the metals had R? values ranging from
0.9997 to 0.9999.

Quality assurance/control and statistical analysis

All data were subjected to strict quality control procedures.
After every ten samples, a procedural blank and a sample
spiked with a standard were analysed in order to monitor
interferences and cross-contamination. The average blank
readings were subtracted from the instrument readings before
statistical analysis. The significance of the differences in the
observed concentrations of metals within and among sam-
pling locations and between the sampling periods was deter-
mined by using analysis of variance (ANOVA) and Tukey’s
test at p values less than 0.05 (p < 0.05). The statistical calcu-
lations were carried out by using SPSS version 24.
Relationships between metals were established by means of
principal component analysis.

Contamination/pollution index

The contamination/pollution index (CPI) was calculated by
using the formula given by Lacatusu (2000).
Concentration of metal in soil

Pl = 1
¢ Reference value (1)

The reference values are the guideline values for metals
(Cd = 0.8, Pb = 85, Cr = 100, Ni = 36, Cu = 35, Co = 20,
Ba = 200, Zn = 140 mg kg ') in soil as specified by the
Department of Petroleum Resources of Nigeria (DPR 2002).
In the case of Mn, Fe and Al, their crustal abundance values
were used as the reference values (Turekian and Wedepohl
1961). The conversion factor used for the CPI varies with
the region depending on the regulatory control limits. A CPI
value above 1 is associated with the pollution range whereas
values below 1 are associated with the contamination range.
Metals in the environment may have synergistic, additive or
antagonistic effects on human health. For this reason, the mul-
tiple pollution index (MPI) was derived from the addition of
the CPI values for the individual metals that were above 1.

The interpretation of the computed CPI and the MPI values
was derived from the categorizations of the degree of
contamination/pollution based on the index values as follows:
very slight contamination (CPI < 0.1); slight contamination
(0.10-0.25); moderate contamination (0.26—0.5); severe con-
tamination (0.51-0.75); very severe contamination (0.76—
1.00); slight pollution (1.1-2.0), moderate pollution (2.1—
4.0); severe pollution (4.1-8.0); very severe pollution (8.1—
16.0); and excessive pollution (>16.0) (Lacatusu 2000).

Enrichment factor

The enrichment factor (EF) of a particular metal in the house-
hold dust was calculated as for soils following the equation of
Reimann and De Caritat (2000):

EF — Cy (test element) | B, (test element) 2)
~ C, (reference) = B, (reference)

where C,, (test element) is the concentration of the test metal in
the sample, C,, (reference) is the concentration of the reference
metal in the sample, B, (test element) is the background con-
centration of the test metal in crustal rock, and B,, (reference) is
the background concentration of the reference metal in crustal
rock. In this study, Fe was chosen as the reference element
based on the fact that its concentrations were determined dur-
ing both surveys, i.e. in 2009 and 2014. The crustal abundance
values (CAV) for the metals were Cd = 0.3, Pb =20, Ba =580,
Cr =90, Ni = 68, Cu = 45, Co = 19, Mn = 850, Zn = 95,
Fe = 47,000 and Al = 82,000 (Turekian and Wedepohl 1961)
and were used as the background concentrations for estima-
tion of the enrichment factors and index of geoaccumulation.
Five contamination categories have been suggested based on
enrichment factor values. The categorizations are as follows:
deficiency to minimal enrichment (EF < 2); moderate enrich-
ment (2-5); significant enrichment (5-20); very high enrich-
ment (20-40); and extremely high enrichment (>40)
(Sutherland 2000; Loska et al. 2003).

Index of geoaccumulation

The index of geoaccumulation (/y,) of metals in these dust
samples was evaluated by using the equation:

C
Tgeo = log2 (3)

1.5B,
where C,, is the measured concentration of the test metal in the
dust sample and B, is the background concentration of the test
metal. In this case, the crustal abundance values of the test
metals were used as the background concentrations
(Turekian and Wedepohl 1961). The factor, 1.5, corrects for
possible lithological variations in the background concentra-
tions (Rogan et al. 2010). The Muller index of
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Table 1 Values of the variables

for the estimation of human Variable (unit)  Definition Value Reference
exposure to metals in a residential
area ABS; (unitless) Dermal absorption factor 0.03 for As and 0.001 for other ~ USEPA 2011b
metals
AF (mg cm ) Soil-to-skin adherence factor Resident, 0.2 for child and 0.07  USDOE 2011
for adult
AT, (day) Averaging time for LT x 365 for resident USDOE 2011
carcinogenic effects
AT, (day) Averaging time for ED x 365 for resident and USDOE 2011
non-carcinogenic effects recreation
BW (kg) Average body weight 15 kg for child and 60 kg for MHC 2008
adult
ED (year) Exposure duration 30 for adult resident and 6 for USDOE 2011
child resident
EF Exposure frequency 350 for residential and 75 for USDOE 2011
(day year ") recreation
IngR Dust ingestion rate for receptor ~ Resident, 60 for children and USDOE 2011
(mg day ") 30 for adult
InhR (m® day ™) 20 for children and 7.6 for Van den Berg 1995;
adult Kurt-Karakus, 2012
LT (year) Lifetime 52 years for Nigeria WHO 2006
PEF (m® kg ') Soil-to-air particulate emission  1.36 x 10° USDOE 2011; US EPA
factor 2011b
SA Skin surface area available for Resident, 2800 for child and USDOE 2011
(cm? event ) exposure 5700 for adult

geoaccumulation Iy, has seven classes ranging from unpol-
luted to very seriously polluted. The interpretations for the
geoaccumulation index are given as follows: Iy, < O—prac-
tically unpolluted (class 1), 0—1—unpolluted to moderately
polluted (class 2), 1-2—moderately polluted (class 3), 2—
3—moderately to strongly polluted (class 4), 3—4—strongly
polluted (class 5), 4-5—strongly polluted to very polluted
(class 6) and >5—extremely polluted (class 7).

Human exposure and health risk assessment

Evaluation of the risks arising from human exposure to con-
taminants in the environment involves a multi-step procedure
such as the collection and analysis of primary data, exposure
and toxicity assessment and risk characterization (USDOE
2011; USEPA 1989). In this study, Cd, Pb, Cr, Ni, Cu, Co,
Ba, Mn, Zn, Fe and Al were identified as the potential hazard-
ous elements that can affect human health due to their toxico-
logical profiles (USDOE 2011; USEPA 2011a), some of
which are carcinogenic (e.g. Cd, Cr, Ni, and Pb) while the
others exhibit non-carcinogenic risks only. The carcinogenic
metals can also exhibit non-carcinogenic risks (USEPA
2002b, 2011b).

Human exposure to metals in household dusts can occur
through three main exposure routes: direct oral ingestion of
substrate particles (CDlipgestion), inhalation of re-suspended
dust particles through the nose (CDIypajation) and dermal ab-
sorption of metals in the particles adhered to exposed skin
(CDIgerman)- In this study, we considered the carcinogenic
and non-carcinogenic risks of the three exposure routes. In
the evaluation of the risk, a typical scenario for human expo-
sure to dust in homes was followed, taking cognisance of the
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non-carcinogenic hazard exposure for children. The carcino-
genic risk was determined as the incremental probability of an
individual developing cancer, or cancer-related diseases, over
a lifetime from exposure to a potential carcinogen (Salem et al.
2014). The model equations (Egs. 5—11) of the USEPA (1989,
1997, 2001) and the USDOE (2011) were used to evaluate
chronic daily intake, CDI, i.e. average daily dose, ADD, and
the carcinogenic and non-carcinogenic risks of metals via the
three exposure routes. The CDIycr (exposure-point upper
confidence limit content, mg kg ') is the upper limit of the
95% confidence interval for the mean that gives a measure of
the “reasonable maximum exposure” (Hu et al. 2011; USEPA
1989; Zheng et al. 2010a, b). Since the concentrations of most
metals in our samples have an approximately non-normal dis-
tribution, the 95% upper confidence limit (UCL) was evaluat-
ed by using the “adjusted central limit theorem (CLT)” ap-
proach (Singh et al. 1997; USEPA 2002a). Although the
CLT approach was designed for large normally distributed
data sets, it can be applied to a small- or moderate-sized
skewed data set. The theorem does not give any information
on the required number of samples necessary for attaining
normality. However, for a small- or moderate-sized data set,
the mean will generally not obey the normal distribution, and
skewness of the distribution gives rise to the non-normality
(USEPA 2002a; Kurt-Karakus 2012). The 95% UCL concen-
tration (Cycr) was evaluated by using Eq. (4).

STD
W “)

5 2
C =X Zo+—— (1+2xZ
ucL + +6\/ﬁ(+ x Z2)| x

where Xis the arithmetic mean, STD is the standard deviation,
(s the skewness, « is the probability of making a type 1 error
(false positive), Z. is the (1 — «)th quantile of the standard
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normal distribution, and » is the number of samples. Z. = 1645
for the 95% confidence level.

The definitions of the terms used and the values for
Nigerian specific variables and parameters are provided in
Tables 1, 2 and 3. The Cycr term in Egs. (5) to (10) was based
on the Cycros9 of the data set. The CDI values for the three
main exposure routes were calculated as follows:

CUCL X IIlgR X EF x ED

CDIingestion = BW < AT X 1076 (5)
CUCL x InhR x EF x ED
CDIin ion — 6
halatio PEF x BW x AT (6)
CucL X SA x AF x ABS x EF x ED
CDIdermal = BW x AT
x 1076 (7)

The hazard quotient (HQ) or non-cancer risk (Eq. 8) for the
three exposure routes was obtained by dividing the CDI value
for each metal by their corresponding reference dose. For the
carcinogens, the excess lifetime cancer risk value was estimated
as the product of chronic daily intake and the corresponding
slope factor (Eq. 9). Since synergistic interactions between
some metals may also occur, all risks due to metals are assumed
to be additive. Therefore, it is important to evaluate the cumu-
lative non-carcinogenic and carcinogenic risks expressed as the
hazard index (HI) (Eq. 10) and total cancer risk (Eq. 11).

CDI,,
HQ = 8

Q=%m (8)
Risk = CDI,, x CSF (9)

HI = EHQ = HQingestion + HQinhalation + HQdermal (10)
Total Cancer Risk = XRisk

= RiSkingestion + RiSkinhalation + RiSkdermal (1 1)

As a rule, the higher the HQ value is above one (1), the
greater is the level of concern. Thus, HQ < 1 depicts unlikely
adverse health effects, whereas HQ > 1 denotes the probability
of adverse health effects. In general, excess cancer risks <10~
are considered to be negligible, and cancer risks >10™* are
considered unacceptable by a number of international regula-
tory authorities (Guney et al. 2010; USEPA 1989). The
USEPA considered a value of 10 as the carcinogenic target
risk (a probability of one chance in a million of equally ex-
posed persons developing cancer) (USEPA 2011b).

Results and discussion
Concentrations and distribution of metals

The results of the determination of metals in household dusts
sampled in 2009 and 2014 and their descriptive statistics are
displayed in Table 4. The concentrations of most of the metals
in the household dust from the three zones of the Niger Delta
have approximately non-normal distributions; therefore, the
median concentrations of the metals were adopted for the dis-
cussion of the results in this study because they are less sen-
sitive to outliers and are a better measure than the mean for
highly skewed distributions. Analysis of variance shows that
the differences in the concentrations of the studied metals are
significant within a given zone and between zones. There are
significant temporal changes (p < 0.05) in the characteristic
concentrations and distribution patterns of metals in the
household environments of the three zones between the two
study periods except for Cd and Mn in the urban zone. These
changes were more pronounced in the semi-urban and rural
zones than the urban zone which point towards a deterioration
of the quality of the household environment. The differences
between the spatial characteristics of the zones may be attrib-
uted to the different geological backgrounds and differences
and changes in indoor activities and potential pollution

Table 2 Definitions of

parameters for the assessment of Symbol (unit)

Definition

human health risk
ABSg;

C(mgkg "
CDIingestions CDIinhalations and
CDIdcrmal

CSFingestion
(mg kg ' day )"’
CSFdennal

TUR (ug m )"
R(Cinhalation (Mg m73)
RDjngesiion (mg kg ' ™)
RDgerrmat

Gastrointestinal absorption factor
Concentration of metal in soil

Chronic daily intake or dose contacted through oral ingestion (mg kg ' day ),
inhalation (mg m™> for non-cancer, and ug m > for cancer) and dermal
contact (mg kg ' day ") with soil particles, respectively

Chronic oral slope factor

Chronic dermal slope factor = CSFjpgesion/ABSi
Chronic inhalation unit risk

Chronic inhalation reference concentration

Chronic oral reference dose

Chronic dermal reference dose = RDingesiion X ABSgr
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Table 3 Toxicological

parameters of the investigated Elements  CSFingestion IUR ReDingestion R(Cinhalation ABSg;
metals used for health risk (mg kgﬂ dil) (ng m73) (mg kgﬂ dil) (mg m73)
assessment
cd 18x10°  1.0x107° 1.0 x 107 0.025
Cr 50x1073 12x102  30x107° 1.0 x 107 0.013
Ni 26x10% 2.0 x 1072 9.0 x 107 0.04
Ba 20x 107" 5.0 x 107
Al 1.0 50107
Fe 7.0 x 107" 1
Zn 3.0x 107" 4.0 x 1073 1
Co 3.0x 107* 6.0 x 10°¢ 1
Pb 8.5 x 1073 12x10°  35x%x10° 2.0 x 10 He 1
Mn 14 % 107! 5.0 x 107% 1
Cu 40 %1072 1.4 x 107 1
Reference  USDOE 2011 USDOE USDOE 2011 USDOE 2011 USEPA
2011 2011c¢

sources (Han et al. 2012). There were considerable variations
in the concentrations of metals in the dust samples collected
from residential apartments within the same zone (Table 4),
which may be associated with the differences in house deco-
ration and domestic heating and lifestyles. In this study, the
dust samples from painted apartments had higher concentra-
tions of metals than those from unpainted apartments, while
those apartments floored with ceramic tiles had lower concen-
trations of metals than either those with plastic carpets/rugs or
cemented/bare floors. More so, dust samples collected from
apartments closer to major roads and those located near work-
shops or with a workshop within their premises (e.g. mechan-
ical, welding/fabrication and electrical/electronic workshops)
showed higher concentrations for the majority of the studied
metals. Generally, the concentrations of the majority of the
investigated metals in dust samples from the semi-urban zone
were higher than those of the rural and urban zones. The
reason for this trend may be related to emissions from small-
and medium-scale enterprises (SMEs) and artisan workshops.
The activities of these SMEs may release significant concen-
trations of a wide spectrum of pollutants to the environment
since most of these SMEs have no pollution control measures
and are not under any serious scrutiny by the regulatory agen-
cies compared with their bigger counterparts in the urban
zone. Until now, there are no regulatory control limits for
metals in dust. Thus, it would be appropriate to use the max-
imum allowable limit in soil as a basis for comparing our
results. Table 5 provides information on the number of sam-
ples that exceeded the maximum allowable limit in soil for
each metal during the survey periods.

The median concentrations of Cd followed the order:
urban > semi-urban > rural in 2009 while in 2014, the
order was semi-urban > urban > rural area. The difference
in the Cd concentrations between the two sampling pe-
riods was not significant. However, in the case of rural
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and semi-urban zones, the median concentrations of Cd
increased remarkably. The median concentrations of Cd in
these dust samples were below the regulatory control limit
of 0.8 mg kg~' Cd in soil except for the dust samples
collected from the semi-urban area in the 2014 sampling
campaign. The concentration range for Cd is comparable
to Cd levels found in indoor dust in Istanbul, Turkey
(Kurt-Karakus 2012), and in the Sydney metropolitan area
(Chattopadhyay et al. 2003). Cd in the indoor environ-
ment arises from sources including outdoor dust, paint,
automobile tyres and/soot attached to these particles, au-
tomobile oil and smoking (Hassan 2012).

The median concentrations of Pb in the dust samples varied
from 6.57 to 28.5 mg kg ' and from 17.5 to 67.7 mg kg ™' for
the 2009 and 2014 sampling campaigns, respectively. The
difference in the concentrations of Pb between the two sam-
pling periods was significant. The concentrations of Pb in the
rural and semi-urban areas in 2014 were approximately three-
and fivefold higher than the concentrations observed in 2009,
respectively, whereas, in the urban area, there was a depletion
in the median concentration of Pb between the two study
periods. The elevated concentrations of Pb in the rural and
semi-urban zones may be related to the Nigerian govern-
ment’s policy to encourage rapid development of small- and
medium-scale enterprises (SMEs) in these zones to curb rural
to urban migration. The median concentrations of Pb in these
dust samples during the study period were below the
85 mg kg ' limit of Pb in soil specified by the Nigerian
Regulatory Authority (DPR 2002). Nevertheless, the concen-
trations in 12 of the studied dust samples were above the
regulatory control limit for Pb in soils (Table 5). The major
sources of Pb in household dust include the use of lead-based
paints, lead solder, lead pipes (Chattopadhyay et al. 2003;
Spalinger et al. 2007), infiltration of lead-contaminated out-
door particulate matter and cigarette smoke (Yocom and



14047

Environ Sci Pollut Res (2017) 24:14040-14059

] 9duapryuod 1addn 9,66 T10N

Se0s (UN SI'1 006°€1 0811 09¥C 00Sy 08LY - - - - - - - v
0869 T L9'1 081°4¢ Ly91 090% 0€€9 0S¥9 8209 L0- oro 009°11 08¢l 0v6S STLT 0209 od
L6T 61'0— w1 33 €09 4! 6vc [4:14 0Ly Sl 96'0 0eel 9y 10% G8¢ 65y uz
SOT 10— €'l 6T §'0C 'S¢ L96 €86 8L 0ce s8Iy LSE 8'CC 809 V'LS 89 UN
e S8°0 6C'1 SO'L Se0 00°1 96’1 S6'l - - - - - - - o)
I'vS 801 8C'1 191 S9'6 cee 0t 9'6¥ 0'9¢ wo 10T 8¢C 901 e L'Ly I'1s no
49! €91 6¢'1 9Ce 0L'1 0€'8 4! 6Cl 8y T8¢ 86V Iy aN 8 ¥'€8 ¥'8¢ IN
ele ¥6'9 we L11 S¥'9 €Ll L'st 8'9C (494 6l'¢ or'l 6 aN €9°C w0 LLT D
oL 9¢'¢ eL’] S9¢ 06°L $'6C v'L9 879 - - - - - - ed
9y 8C'S (48! 81 So'S SLI (1594 08¢ re 901 (x4 6¢l1 €19 G'8¢ (44 [4us ad
¥0°€ (4% L6'1 019 020 S50 [ 4! €5°¢ 8'8¢C 90°S 60°C aN L9°0 LTe Il PO
IT=N 0€ =N ueqin)
€201 - €C0- 000°81 0€ce 000°1T 0s¥s 009°01 - - - - - - - v
SES91 06°S e 00L°LE 080¢ 00S°€1 0968 00S‘v1 1289 SL'T L9l 00T°1¢C 0L91 0€0s 0L9% 0€S9 °d
€8y 4Nt 61°0— 929 Gee 514 01 8y (43 LT'9 80C 09¢1 059 981 0s¢C ¥0¢ uz
L91 9¢'1— 9T 0— (74 YL 691 €9 L91 1'€9 65°0— 620 141! 8T 6'6S 6'vC [ar UAN
€Ts LT°0 SS0 00°L S6°0 8¢ 181 8¥'¢ - - - - - - - o)
124 w6 80°¢ €68 8Pe 801 124 €LT 101 08¢ 867 00TT 0r'9 el 861 0°€9 no
8'CC 1T0- S0°0- cee 008 6'0C I'8 cle 8CTL €L'S 9CC ¥'0¢ aN e8¢ L ¥0°S IN
6°S¢ 1870 00 67S ad! I'LE I'T1 re 1489 4974 06'1 I'SI aN See 3 vs'e D
€06 6¥'S 81°C Sec 0°6C L'09 '8¢ I'SL - - - - - - - edq
6'69 Ly'0— 8C0 ¥01 44! L'L9 (443 I'L9 081 8L9 9CC 6'6S £9°¢ 8CI 911 149! ad
99°¢ 00¥ o'l 8¢ SLO €81 6L°0 06'1 e 98¢ 90°S 081 110 IS0 6l'¢c LT'T PD
0l =N 0€ =N ueqIn-rusg
899¢ 10 811 0€I°T1 08LI1 0scy 0Ive 09¥S - - - - - - - v
LT69 LT w1l 00T°81 019L 08¢S 090¥% 089 y19% 0cs 4% 001°81 61¢C 0¥6C 0¥8¢ 0cey °d
009 9¢'8 09°C 09LT 6'8L 949 9¢9 [489 89L €L9 ¥9'C 009°19 8L9 YLE 00S°ST 0229 uz
vl 1€l 9T'1 S9¢ €ly IC1 8'88 yel I'19 6Ty 8¢'1 0S1 STy 6'¢s 9T '8¢ UN
LEY 809 €eC 6'L S6°0 ee’l 69°C 6¢°C - - - - - - - 0D
0y 8C¢ €81 S91 S8 £0¢ 6’y ¥'6¢ 991 00¢ 0cs 01€T LEE L9'6 (484 9'L8 ny
0¢l 0€'1 el 8¢ S0¢C 0¢’L 058 L0l Is°¢ SO¢ 96’1 L'11 aN 000 Sv'e €91 IN
(474 LYl oyl 0¥s ¥'6 081 Sl 9'cC 1404 0T [ 601 aN (U40] e €T D
L'Ly IL1 LET 1€l 9Tl T8¢C 943 L'ey - - - - - - - edq
¥'8¢ 66'¢ (43! €el Se'8 6'81 0ce L'ee 6'¢e yee L0T 8LI1 aN LS9 6'6Y 98¢ qd
L9T ¥€0 49! SLT S1°0 €L0 9L'0 860 £9°¢ S'6l 90 ¢lc aN LT0 90y or'1 PO
0C=N 0E =N eIy
10N Hyy MIANS XeN WA UBIPON as UBd #$70N | MIAS XeN U UBIPIN as UBIN
¥10T 600¢

(,_85 Bw) sajdwes Jsnp poyasnoy ur sjejour 10y sonsnes aanduosaq  § dqEL

pringer

Qs



14048

Environ Sci Pollut Res (2017) 24:14040-14059

Table 5 Number of samples with

concentrations above the Metals 2014 2009
respective permissible limit in soil
Rural Semi-urban Urban Rural Semi-urban Urban
(n = 20) (n=10) (n=21) (n = 30) (n = 30) (n = 30)
Cd 7 (35) 9 (90) 7 (33) 3(10) 6 (20) 12 (40)
Pb 2 (10) 3(33) 2 (10) 4 (13) 0 (0) 13
Ba 0 (0) 1(10) 0 (0) N/A N/A N/A
Cr 0 (0) 0 (0) 1(5) 0 (0) 0 (0) 0 (0)
Ni 0 (0) 0 (0) 15 0(0) 0 (0) 3(10)
Cu 525 9 (90) 9 (43) 13 6 (20) 14 (47)
Co 0 (0) 0 (0) 0 (0) N/A N/A N/A
Mn 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
Zn 17 (85) 10 (100) 12 (57) 26 (87) 22 (73) 27 (90)
Fe 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0(0)
Al 0 (0) 0 (0) 0 (0) N/A N/A N/A

The values in parentheses represent the percentage

McCarthy 1991). Generally, in the urban environment, coal
combustion, vehicular emissions, and industrial activities such
as the manufacture of vehicle batteries, glass, radiation shields
and soldering, are the main sources of Pb pollution (Ajmone-
Marsan and Biasioli 2010; Mielke et al. 2011).

The concentrations of Ba in the household dust ranged
from 12.6 to 131, 29 to 225 and 7.9 to 265 mg kg_l for rural,
semi-urban and urban zones, respectively. The median con-
centration of Ba in dust samples from the semi-urban zone
was higher than those from rural and urban zones. The differ-
ence in the median concentrations of Ba in dust samples from
urban and rural zones was not significant (p < 0.05). The
concentrations of Ba in our samples were below the maximum
permissible limit of 200 mg kg ' (DPR 2002). The concentra-
tions of Ba in these samples were lower than previously re-
ported values for household dust (Rasmussen et al. 2001;
Turner and Hefzi 2010; Zibret and Rokavec 2010) (Table 6).

The median concentrations of Cr ranged from 0.4 to 2.63
and 17.3 to 37.1 mg kg ™' for the 2009 and 2014 sampling
periods, respectively. The median concentrations of Cr in the
rural and semi-urban zones in 2014 were 15-fold higher than
the median concentrations of Cr observed in these zones dur-
ing 2009. The concentrations of Cr observed in the two sam-
pling periods were below the maximum 100 mg kg ' allow-
able concentration of Cr in soil specified by the Nigerian
Regulatory Authority (DPR 2002) except for one sample col-
lected in the urban zone in 2014 (Table 5). The sources of Cr
and Ni in household dust include outdoor dusts, the use of Cr-
and Ni-coated household items, Cr and Ni plating in automo-
biles, and from yellow paints on roads (Madany et al. 1994).
The burning of mosquito coils and incense are other important
sources of Cr and Ni in household dust (Lin and Shen 2003,
2005).

@ Springer

Nickel was found in the dust samples during the two sam-
pling periods at concentrations that varied from not detected to
471 mg kg~'. The concentrations of Ni in the household dust
samples from the three zones were below the maximum al-
lowable concentration of Ni in soils (DPR 2002) apart from
four samples from the urban area (Table 5). The difference in
the median concentrations of Ni in the urban area during the
two sampling periods was not significant (p < 0.05). However,
the mean concentration decreased twofold during the study
period. The median concentration of the dust samples from
the semi-urban zone increased ninefold over the study period.
The concentrations of Ni were less than the limit of quantita-
tion (LOQ) in the majority of indoor dusts from the rural area
in 2009; however, nickel was found in six samples at concen-
trations in the range of 4.64 to 11.7 mg kg™ in this year.

The median concentrations of Cu in the three zones
during the two sampling periods varied significantly
(» < 0.05). The 2014 median concentrations of Cu in the
rural, semi-urban and urban zones were two-, six- and
twofold higher than concentrations of Cu observed in
2009, respectively. Sources of Cu in the indoor environ-
ment include outdoor dust, attrition from automobiles
(diesel engines) (Al-Rajhl et al. 1996) and the use of
copper-based germicides or biocides in homes. Other
sources of Cu, Cr and Zn in household dust include
leaching of these metals from Cu-based wood preserva-
tion chemicals, including copper sulphate, and mixtures of
Boliden salt (BIS-salt), zinc sulphate and chromated cop-
per arsenate (CCA) typically used in the preservation of
wood for furniture, cabinetry and roofing (Bhattarcharya
et al. 2002; Iwegbue et al. 2012; Iwegbue 2014). Copper
concentrations surpassed the regulatory control limit of
35 mg kg_] for Cu (DPR 2002) in 25% (rural), 90%
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(semi-urban) and 43% (urban) of the dust samples collect-
ed in 2014 as against 3% (rural), 20% (semi-urban) and
47% (urban) in the 2009 survey (Table 5). The concentra-
tions of Cu found in the dust samples were comparable to
Cu levels reported for indoor dust in the literature (Kim
and Fergusson 1993; Rasmussen et al. 2001; Lisiewicz
et al. 2000; Tong and Lam 2000; Chattopadhyay et al.
2003; Zibret and Rokavec 2010; Hassan 2012; Kurt-
Karakus 2012).

The levels of cobalt in the household dust samples
varied from 0.35 to 7.05, 0.95 to 7.00 and 0.95 to
7.9 mg kg ' for the urban, semi-urban and rural zones,
respectively. The Co status of the household dust sam-
ples was not studied in the 2009 survey; however, the
difference observed in the concentrations of Co from the
three zones was not significant (p < 0.05). The levels of
Co found in the indoor dust samples were below the
control limit of 20 mg kg ' Co in soil specified by
the Nigerian Regulatory Authority (DPR 2002). The
concentrations of Co found in dust samples from these
zones were lower than the levels of Co detected in
indoor dust in the literature (Table 6) (Turner and
Hefzi 2010).

The concentrations of Mn in the dust samples followed the
order: urban > semi-urban > rural in the 2009 survey, but the
concentrations were higher in the rural and urban areas in
2014. On average, the concentrations of Mn in the dust sam-
ples were below the crustal abundance value of 850 mg kg™
(Turekian and Wedephol 1961). The principal sources of Mn
in household dust include the use of housechold cleaning
agents, automobile emissions and outdoor dust.

The concentrations of Zn varied significantly with re-
spect to the three zones during the two sampling cam-
paigns. The concentration range of Zn in the household
dust samples varied from 6.78 to 61,600 mg kg ' in 2009
and from 78.9 to 2760 mg kg ' in 2014. The median
concentration of Zn decreased threefold in the urban zone
but increased threefold in the semi-urban zone over the
study duration. However, there was no significant varia-
tion in the median concentrations of Zn in the rural zone
during the two sampling periods. The sources of Zn in
household dust include attrition from tyres, outdoor dust
and leaching of Zn from rusted or corroded zinc roofing
materials. Other important sources in the household envi-
ronment include rubber underlay, galvanised iron roofing
and carpets (Kim and Fergusson 1993). The concentra-
tions of Zn in a significant proportion (57 to 100%) of
the samples collected from the three zones during the two
surveys (Table 5) were above the maximum allowable
limit of 140 mg kg™ ' Zn in soil (DPR 2002).

Iron and aluminium are the most abundant elements in
these dust samples. The maximum concentrations of Fe and
Al observed in these dust samples from the three zones were

@ Springer

below their respective crustal abundance values. In the 2009
survey, the distribution pattern for Fe followed the order: ur-
ban > semi-urban > rural area whereas in 2014, the concen-
tration of Fe and Al followed the order: semi-urban > rural >
urban area. Apart from natural sources of Al and Fe in the dust
samples, other sources of Fe include iron works and leaching
of Al and Fe from household materials.

Despite the variations in the sampling designs and statis-
tics, sampling units and number of samples investigated, a
comparison of the concentration ranges of metals found in
household dust from this study with those reported for other
regions (including those from arid, temperate and tropical en-
vironments) showed that for most metals, the data correspond
with those obtained in different urban and suburban settings
with no specific point sources of metals, and where different
analytical procedures (digestion) or methods of instrumental
analysis of dust samples were carried out (Table 6). It has been
shown that household dust in arid regions is characterised by
lower metal concentrations than that from temperate and trop-
ical environments because of the diluent effects of trace metal-
impoverished desert sand grains on contaminated indoor and
outdoor particles. This dilution makes the effects of heteroge-
neous indoor metal sources not as pronounced as in the case of
temperate or tropical environments (Turner and Hefzi 2010).
Cd, Pb, Ni, Cu and Fe concentrations in the present study were
higher than levels previously reported in the north-central part
of Nigeria (Adekola and Dosumu 2001). Lower concentra-
tions of Co were found in our samples compared with those
reported in the literature (Rasmussen et al. 2001; Zibret and
Rokavec 2010; Kurt-Karakus 2012).

Contamination/pollution index

The CPIs estimated for the metals in the three environments
are displayed in Table 7. The CPI values obtained for Pb, Cr,
Ni, Co and Ba in the majority of the dust samples from these
three zones were less than 1 which indicates that these dust
samples were contaminated with these metals. On the con-
trary, the CPI values for metals such as Cd, Cu, and Zn in
most of the samples examined were above 1. The CPI pro-
vides information on how the measured concentrations of
metals in the environment relate to the country’s regulatory
control limits. It can also be useful in ranking polluted sites
and determining the contribution of an individual metal to the
extent of pollution at the site. The CPI for cadmium in the
majority of these dust samples falls within the slight contam-
ination to severe contamination range with 33% of the urban,
22% of the semi-urban and 10% of the rural samples having
CPI values greater than 1 (i.e. pollution range), but in the 2014
sampling campaign, the CPI values of Cd were above 1 in 35,
90 and 33% of the samples from urban, semi-urban and rural
zones, respectively. For Pb, only six samples had CPI values
greater than 1. Only 17 and 24% of the samples had CPI
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Table 7 Descriptive statistics for the contamination/pollution index of metals in household dust samples
2009 2014
Mean SD Median Min Max % > 1 Mean SD Median Min Max % > 1
Rural
Cd 1.75 5.07 0.34 0.00 26.5 10 1.22 0.93 091 0.19 3.44 35
Pb 0.34 0.59 0.08 0.00 2.09 13 0.40 0.37 0.22 0.10 1.57 5
Ba 0.22 0.16 0.14 0.06 0.65
Cr 0.02 0.03 0.00 0.00 0.11 0 0.23 0.12 0.18 0.09 0.54
Ni 0.05 0.10 0.00 0.00 0.33 0 0.31 0.24 0.21 0.06 0.90 0
Cu 2.43 11.46 0.27 0.09 64.1 1.09 1.19 0.56 0.17 4.58 25
Co 0.12 0.13 0.07 0.04 0.56 0
Zn 44.4 111 2.67 0.05 440 87 3.66 4.43 2.45 0.56 19.68 85
MPI 55.6 123 3.20 1.14 469 87 6.11 6.77 3.52 1.07 26.95 85
Semi-urban
Cd 1.46 3.99 0.64 0.14 22.5 21 2.37 0.94 229 0.94 4.75 90
Pb 0.18 0.14 0.15 0.04 0.70 0 0.79 0.44 0.80 0.14 1.62 30
Ba 0.38 0.27 0.31 0.15 1.12 10
Cr 0.04 0.04 0.02 0.00 0.15 0.34 0.11 0.37 0.14 0.55
Ni 0.14 0.21 0.08 0.00 0.87 0.61 022 0.60 0.23 0.95
Cu 1.75 5.51 0.53 0.18 30.69 21 4.80 6.34 2.99 0.97 23.68 90
Co 0.18 0.09 0.18 0.05 0.35 0
Zn 2.17 1.78 1.33 0.46 9.00 72 3.46 0.69 3.47 2.39 4.47 100
MPI 5.03 7.10 2.57 1.06 33.0 86 10.9 7.47 9.45 2.39 3191 100
Urban
Cd 1.64 3.96 0.83 0.00 22.80 37 1.56 1.86 0.69 0.25 7.63 33
Pb 0.36 0.30 0.34 0.06 1.63 3 0.45 0.49 0.21 0.00 2.14 10
Ba 0.31 0.33 0.15 0.04 1.33 5
Cr 0.03 0.02 0.03 0.00 0.10 0 0.27 0.25 0.17 0.06 1.17 5
Ni 0.81 2.38 0.23 0.00 13.46 13 0.37 0.34 0.24 0.05 1.34 5
Cu 1.42 1.33 0.62 0.29 6.61 47 1.38 1.19 0.92 0.27 4.47 43
Co 0.10 0.10 0.05 0.02 0.35 0
Zn 3.28 2.04 2.86 0.33 9.47 90 2.01 1.74 1.06 0.43 5.96 57
MPI 6.38 527 5.75 1.17 29.0 90 6.97 5.72 5.44 1.03 16.8 62

MPI multiple pollution index

values for Zn in the contamination range for the 2009 and
2014 sampling campaigns, respectively. In the case of Cu,
23% of the samples in 2009 and 45% of the samples in
2014 had CPI values in the pollution range. The multiple
pollution index (MPI) for these metals ranged from 1.06—
469 for 2009 and from 1.07-31.91 in 2014 with a significant
contribution or with greatest impact from Zn followed by Cu
and Cd. The MPI values indicate that Zn, Cd and Cu are the
major pollutants in these dust samples.

Enrichment factor
The enrichment factors for metals in the dust samples

are displayed in Table 8. The degree of enrichment or
depletion of specific metals in the dust samples was

evaluated relative to the concentration of Fe as the ref-
erence element and the average crustal rock concentra-
tions as the background levels. An EF value close to 1
can be considered as of natural origin while values
greater than 10 indicate anthropogenic origins (Nolting
et al. 1999; Pekey 2006). An EF value <10 is less
critical because such small enrichment may be associat-
ed with variations in the sample composition and that of
the reference material used in the EF calculation (Pekey
20006). In the current study, the EF values of Cd and Zn
in the majority of the investigated samples from the
three zones were greater than 10 which suggested non-
crustal origins of these elements. In the case of Pb and
Cu, 4-22% of the samples in 2009 and 33-71% of the
samples in 2014 had EF values exceeding 10. The

@ Springer
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Table 8 Descriptive statistics for the enrichment factor of metals in household dust samples

2009 2014
Mean SD Median Min Max % >1 %>10 Mean SD Median  Min Max % >1  %>10

Rural

Cd 41.1 101 14.12 0.00 530 23 63 26.9 872 28.8 5.70 414 5 95

Pb 13.0 23.2 4.68 0.00 125 77 20 14.9 10.7 11.0 4.70 47.8 40 60

Ba 0.71 0.48 0.54 0.29 2.15 10

Cr 0.37 0.60 0.05 0.00 237 10 2.35 0.73 2.13 1.49 4.67 100

Ni 0.29 0.65 0.00 0.00 228 13 1.34 0.51 1.36 0.57 2.73 70 0

Cu 18.2 75.9 2.95 0.78 426 87 7.39 7.62 5.07 2.65 38.1 85 15

Co 0.98 0.45 0.83 0.52 249 30 0

Mn 0.99 0.45 1.02 0.30 2.55 50 1.38 0.38 1.33 0.66 2.02 85 0

Zn 580 1646 63.5 2.88 8698 3 97 70.7 422 57.65 26.7 209 0 100

Al 0.48 0.09 0.48 0.38 0.67 0 0
Semi-urban

Cd 42.6 115 16.5 1.08 642 24 76 35.1 18.4 29.3 17.4 73.5 0 100

Pb 8.53 11.7 5.67 1.50 66.3 76 24 14.9 442 131 8.90 24.0 10 90

Ba 0.66 0.47 0.49 0.31 2.00 10

Cr 0.40 0.48 0.23 0.00 2.14 10 2.05 0.87 1.76 1.16 393 100

Ni 0.84 1.30 0.29 0.00 510 24 2.10 2.01 1.20 0.69 6.88 60 0

Cu 13.2 41.2 3.49 042 230 76 17 18.0 15.8 10.8 6.02 57.7 40 60

Co 0.87 0.24 0.87 0.56 1.31 50 0

Mn 0.64 0.29 0.61 021 1.62 10 0.99 0.28 0.87 0.70 1.64 40 0

Zn 27.3 18.9 24.1 322 83.9 7 93 52.0 339 342 17.4 123 0 100

Al 0.47 0.21 0.49 0.14 0.77 0 0
Urban

Cd 40.2 98.9 18.0 0.00 567 17 80 373 17.5 34.1 12.3 92.0 0 100

Pb 13.2 11.7 9.82 2.58 64.6 50 50 20.9 252 14.6 0.10 103 29 67

Ba 1.06 0.51 1.01 0.41 2.88 52

Cr 0.28 0.24 0.20 0.00 1.12 3 3.28 1.12 3.09 1.59 6.27 100

Ni 3.12 6.53 0.95 0.00 34.6 40 2.04 0.84 2.15 0.59 371 86 0

Cu 13.7 26.9 6.70 1.33 153 60 40 13.0 8.55 9.38 438 40.6 57 43

Co 0.97 0.25 1.00 0.44 1.52 48 0

Mn 0.70 0.47 0.59 031 2,60 17 1.11 0.25 1.13 0.48 1.54 67 0

Zn 432 29.8 38.2 5.00 149 3 97 58.6 37.0 49.1 14.6 181 0 100

Al 0.45 0.14 041 0.27 0.78 0 0

sources of these metals include a variety of pollution
emission sources, including vehicular emissions, inciner-
ation, construction works, and fossil fuel combustion.
Because Pb has been phased out as an additive in pet-
rol, vehicular Pb emissions principally come from wear
rather than fuel combustion, although there are trace
levels of Pb in fuel (Smichowski et al. 2008). In the
2009 survey, 48 to 57% of the dust samples were sig-
nificantly enriched with Cd; 13-27% were highly
enriched with Cd, while 3-6 samples from each zone
were extremely highly enriched with Cd. This indicates
that the concentration of Cd in these dust samples arose
from non-crustal sources. The EF values for Ba, Cr, Ni,

@ Springer

Co and Mn in our samples were less than 10 which
suggest that crustal sources were the main contributors
of these metals in the household dust.

Index of geoaccumulation

The index of geoaccumulation (/y.,) is another useful
tool for evaluating metal contamination in the environ-
ment by comparing the post-industrial metal inputs with
pre-industrial concentrations. As shown in Table 9, the
calculated /4, values for Ba, Cr, Ni, Co, Mn, Fe and Al
were less than 1 in all the samples collected during the
two sampling campaigns. This implies that the dust
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Table 9  Descriptive statistics for the geoaccumulation index of metals in household dust samples
2009 2014
Mean SD Median Min Max % > 1 Mean SD Median Min Max % > 1
Rural
Cd —0.65 2.32 —0.66 —5.49 5.56 10 0.72 1.10 0.69 -1.59 2.61 30
Pb —-1.51 1.94 —2.13 —4.32 2.57 13 —0.30 1.10 —0.67 —-1.85 2.15 15
Ba —4.64 0.93 —4.95 —6.11 —2.73
Cr —3.33 3.23 -3.95 —10.40 0.00 0 —2.75 0.68 —291 —3.85 -1.32
Ni -0.99 1.89 0.00 —7.00 0.00 0 —-3.60 0.98 —3.81 —5.64 -1.70 0
Cu —2.60 1.64 —2.80 —4.32 5.10 10 -1.39 1.24 -1.74 —3.43 1.29 10
Co —4.06 1.02 —4.43 —5.25 -1.35 0
Mn —4.63 0.83 —4.56 —8.23 -3.09 0 —3.52 0.87 -3.40 —4.95 —-1.80 0
Zn 2.06 2.83 1.39 —4.39 8.76 63 1.24 1.20 1.27 —0.85 427 65
Fe —4.47 1.17 —4.58 —8.33 -1.97 0 -3.63 0.73 —3.66 —4.76 -1.96 0
Al -4.70 0.80 —4.83 —6.08 -3.15 0
Semi-urban
Cd 0.36 1.15 0.18 —2.03 5.32 17 1.97 0.56 2.02 0.74 3.08 90
Pb -1.27 0.91 -1.23 -3.05 1.00 0 0.86 1.04 1.16 -1.30 2.20 50
Ba -3.83 0.87 -3.86 —4.91 —-1.95 0
Cr —4.67 2.08 —5.27 —=7.35 0.00 —2.06 0.50 -1.87 -3.23 -1.30
Ni -3.03 228 —3.88 —6.48 0.00 —2.38 0.62 -2.29 -3.67 -1.62
Cu —1.57 1.41 -1.82 -3.40 4.03 3 0.76 1.10 0.68 —0.96 3.66 20
Co —3.24 0.81 —-3.05 —4.91 —2.03 0
Mn —4.52 0.65 —4.41 —5.86 -3.49 0 —3.04 0.59 —2.92 —4.10 —241 0
Zn 0.72 1.00 0.38 -1.13 3.15 41 1.73 0.30 1.77 1.23 213 100
Fe -3.73 0.90 —3.81 —5.40 -1.74 0 —2.48 0.75 —2.38 -3.79 —0.90 0
Al -3.75 0.90 —3.46 -5.22 —2.74 0
Urban
Cd 0.70 1.11 0.56 —0.97 5.34 23 0.67 1.45 0.29 -1.17 3.76 29
Pb -0.39 1.09 —-0.07 —2.45 221 7 —0.96 2.61 —-0.78 -9.23 2.60 19
Ba —4.47 1.38 —4.88 —6.78 -1.71
Cr -5.79 1.68 —5.67 —9.81 0.00 0 —2.78 1.08 -2.97 —4.39 —0.21
Ni —2.78 1.71 —3.47 —4.98 221 3 —3.53 1.25 -3.62 —5.91 -1.12
Cu —0.94 1.24 —-1.61 —2.67 1.82 3 —0.94 1.19 -1.03 —2.81 1.25 10
Co —4.50 1.32 —4.83 —6.35 —2.02
Mn —4.46 0.73 —4.39 —5.81 —-1.84 0 —4.30 1.28 —4.53 —5.96 —2.13
Zn 1.36 1.05 1.49 —1.64 3.22 63 0.47 1.20 0.06 -1.24 2.55 38
Fe -3.74 0.80 —3.57 —5.67 —2.60 0 -3.95 1.14 —4.12 —5.42 —-1.54
Al —5.18 1.18 —5.61 —6.68 -3.12

samples from these three zones were practically uncon-
taminated with these particular metals. However, there
are a few points in the data set that have ., values
above 1, especially for Cd, Pb, Cu and Zn. For exam-
ple, three samples of dust collected from the rural zone
in 2009 had /4, values for Cd in the strongly polluted
to extremely polluted category, while 40% of the dust
samples from the urban zone had I ., values for Zn
between the range of 2 and 4 (moderately to strongly

polluted category), and 13% of the dust samples from
the rural zone had Ig., values for Zn in the extremely
polluted category.

Health risk assessment
The health risks (both non-carcinogenic and carcinogenic)

associated with exposure to metals in dust samples from the
study areas in the Niger Delta are presented in Tables 10 and

@ Springer
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11, respectively. A number of studies in the literature have
adopted the USEPA model equations for the estimation of
the HI of metals, including for Pb (Olawoyin et al. 2012;
Chabukdhara and Nema 2013; Salem et al. 2014; Kexin
et al. 2015; Yang et al. 2015; Islam et al. 2016; Ying et al.
2016). The HI values for the exposure of adults to metals in
the dusts from the three zones were less than 1 during the two
survey periods. This indicates no significant non-carcinogenic
risk due to the concentrations of metals in the household dust
from these zones for adults. However, in the case of exposure
of children to these metals in the household dust, HI values
greater than 1 for the rural and urban zones in 2009 and in all
the three zones in 2014 were obtained. This indicates a con-
siderable non-cancer risk for children in these zones and also
implies that children would suffer a much higher risk than
their adult counterparts in these household environments.
This can be explained by children’s hand-to-mouth habits
and crawling behaviours which make them more susceptible
to contaminants in dust (Robert et al. 2009). In 2014, Pb, Cr,
Co, Fe and Al were the main contributors to the HI values as
opposed to Pb, Zn and Fe in 2009. The HQjngestion term made a
greater contribution to the HI values than the HQgerma and
HQjnhatation terms for the different subject groups. Based on
the three exposure pathways, all the individual metals showed
HI indices less than the safe level of 1. The HI values obtained
in this study were comparable to HI values reported for metals
in indoor dust in the literature (Kurt-Karakus 2012; Huang
et al. 2014). Even though the Hls based on the UCLgsq, were
within the safe limit or not of human health concern, exposure
to high concentrations of Pb can impair growth and neurolog-
ical functions (Ferreira-Baptista and De Miguel 2005).
Additionally, Cd is a cumulative poison that can impair kidney
function and reproductive development (de Burbure et al.
2003; Kurt-Karakus 2012). Although Zn is required for plant,
animal and human metabolism, long-term exposure to Zn-

contaminated dust is associated with anaemia, bloody urine,
kidney and liver dysfunctions, icterus and vomiting
(Tahmasbian et al. 2014). However, in this study, the HI
values for Cd, Cu and Zn were less than 1.

The total and individual carcinogenic risks arising
from ingestion, inhalation and dermal contact of these
dust particles were lower than 107° for the different
subject groups (Table 11). The individual cancer risk
values for both groups followed the order: ingestion >
dermal > inhalation. The USEPA (1996) expressed the
belief that an excess cancer risk value smaller than
1 x 107® can be considered negligible for incremental
lifetime cancer risk (ILCR) whereas ILCR values greater
than 1 x 10~* are sufficiently large enough for remedial
actions. Therefore, cancer risk is considered significant
when the values are greater than 1 x 10™* (Hu et al.
2011). Since the carcinogenic risk levels due to metal
exposure from household dusts from the rural, semi-
urban and urban zones in this study were all much
lower than the range considered safe by the USEPA
(1 x 10® and 1 x 10°*), we can conclude that there
is a negligible cancer risk from metal exposure in in-
door dust in these zones. However, human exposure risk
to metals may be increased through other sources (not
accounted for in this study) such as ingestion of foods,
water, and exposure to exterior soils and street dust.
Kurt-Karakus (2012) obtained similar safe limit results
from exposure to indoor dust in Istanbul, Turkey. Since
there are no Nigerian specific exposure parameters, the
uncertainty in the risk assessment undertaken in this
study is associated with the limited number of house-
hold dust samples investigated and the assumed values
of receptor parameters in the USEPA models, which
may not be the same as in the Nigerian situation.
However, this does not rule out the need to provide

Table 12 PCA factor loadings after varimax rotation with Kaiser normalization for household dust samples
Metals Rural zone Semi-urban zone Urban zone

Component Component Component

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3 Factor 4 Factor 1 Factor 2 Factor 3
Cd 931 —-.050 .091 -216 .660 -.019 -.375 940 -.097 -014
Pb .873 —119 317 135 871 —-.042 .097 938 176 —.028
Cr —.249 .626 .082 112 .044 916 .063 -232 .667 .034
Ni —112 .881 165 —.443 -319 519 .080 133 .075 788
Cu 101 789 —116 -.069 -.076 .076 .804 —.165 -.056 7159
Mn 107 —-.022 .920 795 -.018 460 —-.081 .065 .568 -269
Zn .949 -.127 167 702 251 —-.180 .355 .073 .700 .049
Fe 376 173 .800 .690 —.345 -.069 -313 157 758 118
Variance (%) 41.18 24.27 13.18 23.40 20.73 15.90 15.70 41.18 24.27 13.18

@ Springer
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information on the likely potential human health risks
associated with human exposure to metals in household
dust in the study area.

Principal component analysis

The PCA factor loadings of metals after rotation with Kaiser
normalization for the rural, semi-urban and urban zones are
displayed in Table 12. Principal component analysis is used to
reduce the complexity in the data set and provides useful in-
formation about the relationships between the variables and
their source contributions. In this study, PCA was used to
study the correlation between the metals in the household dust
samples collected from each of the zones. The data were not
log transformed before the principal component analysis.

Rural zone In the rural zone, three factors were extracted and
were responsible for 78.63% of the total variance. Factor 1
accounted for 41.18% and had significant loadings in Cd, Pb
and Zn. Factor 1 represents anthropogenic metals that are
associated with tyre attrition, traffic emissions, combustion
processes, incineration, paint, etc. Factor 2 represents
24.27% of the total variance and had significant positive load-
ings in Cu, Cr and Ni. These anthropogenic metals are asso-
ciated with different pollution sources such as agriculture,
industries, traffic as well as leaching from wood preservatives
used in household furniture. However, in the rural zone, traffic
activities are of very low consequence in the pollution status
of the environment. Therefore, factor 2 relates to emissions
from agricultural activities and emissions from SMEs as well
as that of oil industries. Factor 3 accounted for 13.18% of the
total variance and was heavily dominated by Fe and Mn.
Natural weathering is the most important source of these ele-
ments in the environment, although anthropogenic sources of
Fe and Mn do exist, which include leaching from metallic
scrap, iron works and iron-based household items. The use
of Mn compounds as ingredients in household cleaning
agents, and as additives to increase the octane rating of fuel,
are the main anthropogenic sources of Mn (El-Hassan et al.
2006; Iwegbue et al. 2012). Therefore, factor 3 consists of
metals that are both of natural and anthropogenic origin.

Semi-urban zone In the semi-urban zone, four components
were extracted and accounted for 74.92% of the total variabil-
ity of the data set. Factor 1 represented 23.4% of the total
variance with significant positive loadings in Fe, Mn and
Zn. Natural sources are the common sources of Fe and Mn
in the environment. The correlation of Zn with Fe and Mn
may possibly indicate that the occurrence of Zn in the Fe-
Mn oxide/hydroxide surfaces is the main retention mechanism
of Zn in the dust samples. Zinc and Mn are also associated
with traffic emissions. As mentioned earlier, anthropogenic
sources of Mn include its use in household cleaning agents,

and as an additive used to increase the octane rating of fuel
especially diesel, while Zn is associated with attrition of vehi-
cle tyres and its use as an additive in lubricating oil in the form
of zinc diphosphate. Factor 2 accounted for 20.73% of the
total variance and was heavily weighted by Cd and Pb.
Factor 2 represents metals that are associated with traffic emis-
sions as mentioned earlier. Factor 3 accounted for 15.09% of
the total variance and had significant positive loadings in Cr
and Ni. Factor 4 represented 15.7% of the variance with a
significant positive loading in Cu. Factor 4 indicates that the
sources of Cu in the dust from the semi-urban environment
differed from those of the other metals.

Urban zone In the urban zone, three components were iden-
tified representing 78.63% of the variability of the data. Factor
1 constituted 41.18% of the total variance and was heavily
weighted by metals such as Cd, Pb and Zn. These anthropo-
genic metals are related to traffic emissions as discussed ear-
lier. Factor 2 represents 24.27% of the total variance with
significant positive loadings in Fe, Mn, Cr and Zn. Apart from
anthropogenic sources of these metals, such as traffic/
industrial emissions, leaching of Cr and Zn from wood pres-
ervation chemicals used in household furniture, Fe and Mn
from household metallic substances, and household cleaning
agents respectively, factor 2 suggests the occurrence of Cr and
Zn in the Fe-Mn oxide/hydroxide forms in these dust samples.
Factor 3 represents 13.18% of the variability in the data set
and was dominated by Cu and Ni.

Conclusions

The results of this study indicate that the concentrations of the
investigated metals were below their respective maximum al-
lowable concentrations in soil as specified by the Nigerian
regulatory authority except for Cd, Pb, Cu and Zn in some
samples. However, the observed changes in the concentrations
and distribution patterns of the studied metals between the two
study periods were significant, and more pronounced in the
rural and semi-urban zones than the urban zone. The risk
factors (cancer and non-cancer risks) were within acceptable
limits for the adult scenario while the non-cancer risk factors
were below the acceptable limit (1) in the case of the child. It is
pertinent to note that there was a considerable increase in these
risk factor values between the two periods which points to a
deteriorating household environmental quality.
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