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Abstract

The manuscript presents the investigation results on the pollution and risk of metal mines, and it is considered an
important report on environmental pollution near mines in Nigeria, with archival value. The research involved soil
sampling and heavy metal analysis for about 12 months in three metal mines. Based on these results, the paper provides
information on pollution levels and hazards using well-known methods like pollution and ecological risk indexes. The
increasing population in urban communities attracted by various industrial, economic and social activities causes
contamination of atmospheric environment that can affect human health. We investigated heavy metal distributions,
correlation coefficient among elements, ecological indices and probable health risk assessment in street dust and topsoil
from Nkpor and Onitsha urban suburb, Nigeria. The mean concentration of heavy metals in car dust from Onitsha and
Nkpor suburb follows thus: Fe > Mn > Cu > As > Pb > Ni > Cr. The decreasing trend of heavy metal in rooftop dust from
both area: Fe > Mn > Cu > Pb > As > Ni > Cr whereas metal contents in topsoil were: Fe > Mn > Cu > Pb > Ni > Cr > As for
both areas. The degree of pollution indices was characterized by contamination factor (CF), geo-accumulation factor (I-
geo), pollution load index (PLI), Nemerow (PN), ecological and potential ecological risk index (ER and PERI) which
indicated low pollution in the urban street environment. The results of Principal Component Analysis (PCA) and
Hierarchical Cluster Analysis (HCA) showed that the estimated heavy metals displayed sources from atmospheric
deposition, natural origin and anthropogenic sources. Risk assessment revealed that ingestion of dust and soil was the
significant route for heavy metals exposure to the populace followed by inhalation, then dermal contact. Considering
all factors, non-cancer risk was more prominent in children than adults and no significant health hazard could be
attributed to both aged groups as of the period of study except for As and Ni that needs constant monitoring to avoid
exceeding organ damaging threshold limit of 1 x 10-4.
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Introduction

Geometrical population growth, auto - traffic emissions, manufacturing concerns, urban and municipal wastes
issues, have led to severe environmental degradation in built up urban environment that are intermixed with toxic inorganic
and organic pollutants of air, soil, dust and water [1-3]. Potentially toxins and other emerging pollutants are the major cause
of uneasiness in environment, as they considerably deteriorate the ecological quality of the ecosystem [4]. The soil and dust
serve as the sinks for the source, release and accumulation of these pollutants due to their non-degradable nature in the
environment [5]. The evenly distribution of heavy metals in topsoil and dust may pose health threat to humans via long and
short-term exposure by direct oral, inhalation and dermal absorption [6, 7]. The bioaccumulation of heavy metals and
metalloids in the internal body organelles can be persistent and bio-toxic which may demean the biological function of the
kidney, liver and other sensitive organs leading to skeletal and cardiovascular diseases [8, 9]. Previous studies have
documented the level of heavy metals contaminations in urban street and roadside soil and dust [1] [10-19]. In view of the
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aforementioned studies, urban dust and soil are known contributors to high degree of environmental heavy metals that can
damage the ecosystem. The toxicity of these metallic pollutants builds and move up in the body system as in tropic level
via bioaccumulation routes and are known detriment to public health [20, 21]. Therefore, it is important to investigate the
pollution level of heavy metals in urban street dust and topsoil and probable health risk for the safety of exposed subjects
and the existing environment [22]. In order to curb the toxicological effects caused by accumulated heavy metals in dust
and soil, it is paramount to identify and assess the pollution sources, especially those emanating from anthropogenic
activities [23]. Several studies have been conducted in recent years on the spatial distribution of heavy metals in dust and
soil, their source identifications, ecological and public health effects [2][6] [15] [24-28]. Abandoned cars and rooftops of small
buildings of shops, workshops, informal sector buildings harbor dusts, thus heavy metal pollution within and around the
spots of low-income city dwellers may draw serious concern. Topsoil from densely populated urban areas can take up
metallic pollutants which are based on metal chemical fractions. The active physical activities undertaken by children and
adults, especially artisans and informal sector workers such as auto — mechanics, welders, auto — electricians, painters,
welders, brick layers, transporters, market men and women, with questionable hygienic lifestyle and repetitive hand/finger
sucking by children exposes them to environmental pollution from dust and soil. Thus it will be an ideal option to
investigate the heavy metal pollutions from dust and topsoil in the urban streets. The main objectives of the study are to
evaluate the concentrations of heavy metals (Cr, As, Pb, Mn, Ni, Cu, Fe) in dust from abandoned cars and rooftops and
topsoil from urban streets in Onitsha and Nkpor, to identify the anthropogenic source of heavy metals in soil and dust;
explore the ecological availability and assess the human health risk through different exposure routes. The results of this
research can supply vital information needed for environmental quality management in urban streets and thus provide help
for pollution control and urban planning.

Materials and Methods

Study area

Nkpor and Onitsha are two commercial towns in Anambra province, Southeastern Nigeria. Nkpor is located at
Coordinates 6°14'62” N, 6°82'97”E. Nkpor community is the home of schools, and other highly rated commercial business
with a few newly crude oils producing wells in the Omambala and Ogbaru areas that surround it. The climate is hot wet
equatorial with average maximum temperature of 30°C and the average minimum of 24°C depending on the season of the
year. It is a small town in the periphery of Onitsha whereas Onitsha metropolis is located between latitude 06051N and
06°16'N and longitude 06°42'E and 06°53'E, it is bounded by Nkpor to the East (Fig 1). Onitsha and Nkpor are commercial
and historical towns with thriving informal sector businesses, small and medium scale industries. Onitsha and Nkpor are
among the fast-growing economic regions in Nigeria due to their rapid urbanization and enormous business engagements
that attracts rapid population growth. The total population of inhabitants in Onitsha is about 1,553,000 and that of Nkpor is
109,377 [29]. Onitsha is known to house the largest urban market in Anambra State, also a major commercial town East of
the popular River Niger with moribund River port. Over the years, industrial estates and multinational firms have
continued to spring up and city keep expanding leading to a new lexicon ““Greater Onitsha”, skilled jobs, chain of lucrative
businesses, foreign direct investments etc. are springing up, but artisanal and informal sector activities are still dominant.
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Figure 1. Study map showing the sampled locations.
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Sampling and sample preparations

Two (2) streets/roads each from Onitsha (Ukpor and Kara) and Nkpor (Achaputa and Mechanic) with high
concentration of artisanal and informal sector activities were selected for the study. Street dust i.e particulate matters that
accumulated on packed and abandoned vehicles over a period of time, and topsoil samples were collected at some
designated points from the artisanal streets within the urban areas of Nkpor and Onitsha cities considering land use and
the presence of potential polluting sources (residential, industrial, commercial, and high traffic routes).

A total of 24 composite dusts samples of 4 subsamples, 96 at Achalputa and Mechanic streets (Onitsha) dust and
96 at Kara and Ukpor streets (Nkpor), totaling 192 samples. Also, a total of 6 composites topsoil of 3 subsamples, 18 at
Achalputa and Mechanic streets (Onitsha) and 18 Kara and Ukpor streets (Nkpor), the streets consists of closely built houses
of between 18 — 25 buildings. 500 g of topsoil samples were collected from four artisanal streets at depth of 15cm during the
period of January 2021 — March 2021. The sampling points were approximately about 50 m apart from each other. Each of
the soil samples was a composite of 3-subsamples. Topsoil were air-dried, ground, sieved through 2mm pore size, and
stored for further chemical analysis. The dust samples were collected by sweeping the rooftops and car roofs using a clean
plastic brush and placed in polyethylene bags and transferred to the geology laboratory where they were first air-dried at
room temperature, sieved and then stored for further chemical analysis. The total heavy metals (Fe, Mn, Cu, Ni, As, Pb, and
Cr) contents in soil and dust were determined in triplicates using atomic absorption spectrophotometer (AAS, Agilent
FS240AA, Varian manufacturing Co. Ltd, Australia) prior to digestion method in HNOs- HCI- HF at the ratio of 1:3:3
following further standard processing [10].

Chemical analysis

The soil samples were air-dried, ground and passed through 2mm pore size to remove debris whereas dust
samples were only air-dried. In the analysis, 1g of homogenized and powered soil and dust samples was acid digested with
3 mL of 10M HNOs, 9 mL of 10M HCI and HF in Teflon digestion vessel at 180 °C for about 3 h, and allowed to cool at
ambient temperature. Before the chemical analysis, the vessels used were decontaminated using 10 % nitric acid solution
and rinsed further with distilled water. All the solutions prepared were then immediately assayed for potential toxic
elements using Atomic Absorption Spectroscopy (AAS, Agilent FS240AA, Varian manufacturing Co. Ltd, Australia)
equipped with air/acetylene flame were used. The metal standards were prepared from their respective salts and used for
the calibration curve for the elemental determination. The limit of detection (LOD) and the limit of quotation (LOQ) for the
elements were calculated thrice the standard deviation for the digested blanks. The accuracy and precision of HMs analysis
in agricultural soil were checked by analyzing a SRM 2709 standards (certified reference materials of the National Institute
of Standards and Technology) for the respective potentially heavy metals in both soil and dust. The percentage recoveries
of soil after spike analysis were within the range 83.08 - 96 % (Cr = 89.8 %, Fe =91.2 %, Mn =83.03 %, Ni=93 %, Pb=92.1 %,
Cu =95 %, and As =96 %) and average recovery of 93 % for dust HMs in reference, which indicates high accuracy of the
analytical/ method for validation of the quality of assessment.

Quality assurance

Quality assurance and quality control were carried out according to standard reference materials (SRM 2709),
analyzing blank samples and repetitive analysis. Relative standard deviations between triplicate sets of data were less than
10 %. The percentage recoveries after spike analysis were within the range of 83.08 — 96 %, thus indicating good accuracy
and precision.

Estimated intensity of contamination

The intensity of soil and dust contamination by heavy metals was assessed by the following indices;
contamination factor (CF), pollution load index (PLI), the geo-accumulation index (Ig), Ecological risk (ER), potential
ecological risk index, and Nemerow pollution index (Pn). Their principle is based on the comparison of estimated values
against reference values.

Contamination Factor (CF)

The contamination factor is a major tool for identifying the pollution and the contamination level in the
environmental matrix. The level of contamination of the street soil and dust by heavy metal was expressed in terms of
contamination factor (CF) and determined by employing the model [30, 31]:

concentration of the metals in soil (1)

CF =

Target (background values)
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Classes of contamination used to define the contamination factor are thus: CF < 1, low contamination;1 < CF < 3,
moderate contamination; 3 < CF < 6, considerable contamination and CF > 6, very high contamination; Background values
used were from Alloway, [32] and Rahman et al. [33].

_ Cn
Igeo = log 2 Ten 2)

Where Cn is the measured metal concentrations in the examined sample; Bn is the geochemical background while
the factor 1.5 is introduced to minimize the effect of possible variations in the background or control values which may be
attributed to lithological variations [34] [36]. Seven contamination classes are used to define the degree of pollution intensity
based on the increasing value of the index of geo-accumulation as follows: I-geo <0 uncontaminated; 0 < I-geo < 1
uncontaminated to moderately contaminated; 1 < I-geo < 2 moderately contaminated; 2 <I-geo < 3 moderately to strongly
contaminated; 3 < I-geo < 4 strongly contaminated; 4 < I-geo < 5 strongly to extremely contaminated; I-geo > 5 extremely
contaminated [37].

Ecological and Potential ecological risk index (PERI)
The PERI is specially proposed to assess the contamination levels of car dust, rooftop dust and topsoil from an
urban street with respect to toxicity of some selected contaminants [38, 39].

PERI = Y E 3)
Er = Tri X CF; 4)

Tri represents toxicity response coefficient for individual heavy metal. The toxic-response factors for Cr, As, Ni,
Cu, Mn and Pb were 2, 10, 5, 5, 1 and 5, respectively [40, 41]. Er <40, low ecological risk; 40 < Er < 80, mild ecological risk;
80 < Er <160, considerable ecological risk; 160 < Er < 320, high ecological risk; Er > 320, very high ecological risk. PERI <110,
low potential ecological risk; 110 < PERI < 200, moderate potential risk; 200 < PERI < 400, considerable potential risk; PERI >
400, very high potential risk [42].

Pollution load index (PLI)
The pollution load index (PLI) as used by Rahman et al. [33], as shown by equation 5, was used to evaluate the
extent of metal pollution level of each urban street.

PLI= \/CF, XCF; X ......X CE, 5)

Where, CF is the contamination factor and n is the number of heavy metals studied. The PLI provides relative
means for assessing a site quality. In general, (i) PLI <1 is considered as perfection, (ii) PLI=1is considered as only reference
line levels of pollutants are present and (iii) PLI > 1 is considered as worsening of site quality.

Nemerow pollution index

The widespread effect of toxic contaminants and its interpretation at a particular soil and dust environment are
revealed using Nemerow pollution index. The equation for calculating Nemerow pollution index (PN) is as used by Huiying
et al. [43] and given below

R\.‘ — "';’- E}T; +2Cf-mu.r
(6)

Pn is the Nemerow pollution index, Cr the arithmetic mean of contamination factor of all traced elements, and
Cfmax the maximum contamination factor among the metals. The PN Nemerow index can be grouped into these classes:
PN <1 (unpolluted); 1 <PN <2 (slightly polluted); 2 < PN <3 (moderately polluted); PN >3 (highly polluted) [43].

Risk assessment

Heavy metal levels in topsoil and dust can pose severe negative impact to humans and environment. Suspension
of soil and dust particulates in the atmosphere gets absorbed into the internal body system via inhalation, ingestion and
skin contact, therefore, it is important to access the extent of risk to the potential recipient. Non-carcinogenic and
carcinogenic risk assessment of heavy metal contaminations in topsoil and dust was evaluated according to United States
Environmental Protection Agency theory [44-46]. Average daily dose (ADD) (mg/kg/day) of heavy metals in soil and dust
media through ingestion, inhalation and dermal pathways are calculated as follows:
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. __(CS x IRing XEF x ED XCF
ADDing = ( BW x AT ) @)
. €S xIRinh x EF XED
ADDinh = ( PEFXBW XAT ) ®)
CS XSAXAFx DAF XEFx EDXCF
ADDder = ( BW X AT ) ©)

Cs is the concentration of the heavy metals in soil and dusts (mg kg ); IRing is the ingestion rate (100 mg/day for
adult and 200 mg/day for children); EF is exposure frequency of the people (day year?); ED is the exposure duration (years);
CF is the conversion factor in kg/mg, IRinn is the inhalation rate (20 m?®/day for adult and 10 m?%/day for children); PEF is the
particulate emission factors (1.36 x 10° m? kg for both age groups); SA is the skin surface area (cm?); AF is the skin adherence
factor (0.7 mg/cm? for adult and 0.2 mg/cm? for children); DAF is the dermal absorption factor (0.1 for both age groups); BW
and AT are the body weight (kg) and average exposed time (years), respectively.

Hazard quotient was utilized to estimate the non-carcinogenic health risk of heavy metal in soil and dust through
different exposures; hence HQ was computed as the ratio of the average daily dose (ADD) and a reference dose (RfD) as
follows:

HQ = 2 (10)

RID is the reference dose of heavy metal through ingestion, inhalation, and dermal contact pathways (mg (kg
day)"). The RfDing values of Cu, Fe, Cr, As, Hg, Pb, Mn and Ni are 0.04, 8.40, 0.003, 0.0003, 0.0003, 0.0035, 0.046 and 0.02. The
RfDinn values of Cu, Fe, Cr, As, Hg, Pb, Mn and Ni are 4.02E-02, 2.20E-04, 2.86E-05, 3.01E-04, 8.57E-05, 3.52E-03, 1.43E-05 and
2.06E-02 whereas the RfDder values of Cu, Fe, Cr, As, Hg, Pb, Mn and Ni are 1.20E-02, 7.00E-02, 3.00E-03, 1.23E-04, 2.10E-05,
5.25E-04, 1.84E-03 and 5.40E-03. The overall non-carcinogenic risk of selected heavy metals can be evaluated from the HQ
values of threefold exposure pathways and is expressed as a hazard index (HI). HI < 1, means non-carcinogenic health risk
whereas HI > 1, is assumed to be an occurrence of adverse non-carcinogenic health risk.

The equation of HI is as follows:

HI = HQqer + HQing + HQinn (11)

The tendency of an individual developing cancer over prolonged exposure to the potential carcinogen can be
assessed by cancer risk. Carcinogenic risk (CR) is computed using the following equation

CR = ADD X SF (12)
TCR = Y CR; (13)

ADD is average daily dose and SF is cancer slope factor, where i stand for the exposure pathway. Oral SF values
of Cr, As, Pb and Ni are 5.01E-01, 1.50, 8.50E-03 and 1.70; Inhalation SF values of Cr, As, Pb and Ni are 4.20E+01, 4.30E-03,
4.20E-02 and 8.40E-01; and dermal SF values of Cr, As, and Ni are 2.00E+01, 3.66, and 4.25E+01. Carcinogenic risk values
ranging from 1 x 10-¢- 1 x 10 are considered as a safe limit for human health but when CR exceeds 1 x 10+, there is probability
of lifetime cancer risk to the human body.

Statistical analysis

The MS Excel 2010, Origin 2021, and SPSS version 26 software (Inc. Chicago, USA) were used for statistical
calculations, interpretation of data and Pearson correlation matrixes at significance level. Correlation statistics was used to
explain the relationship between the variables and the samples.

Results and Discussion

Elemental analysis in dust and topsoil samples

The elemental concentration in car dust, rooftop dust and topsoil from a representative area of two towns in
Anambra, Nigeria alongside with generated basic descriptive data were presented in Table 1. The heavy metal levels in both
car and rooftop dust varied widely from 0.000-0.018, 0.160-0.475, 0.000-0.699, 0.000-2.040, 0.000-0.130, 0.000-0.925, 8.484-
23.163 mg/kg for Cr, As, Pb, Mn, Ni, Cu and Fe respectively collected from Ukpor in Onitsha. The mean contents of studied
heavy metals from Kara in Onitsha for car dust and rooftop dust includes (0.002; 0.000 mg/kg), (0.337; 0.339 mg/kg), (0.378;
0.437 mg/kg), (1.926; 2.469 mg/kg), (0.187; 0.374 mg/kg), (0.877; 0.873 mg/kg), (18.391; 18.697 mg/kg) for Cr, As, Pb, Mn, Ni,
Cu and Fe respectively. The mean concentrations of heavy metals recorded in topsoil from Ukpor (Onitsha) and Achalputa
(Nkpor) were far below the acceptable limit which depicts insignificant effect of those analyzed metals in soil. The metal
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contents in topsoil from Achalputa were higher than those from Ukpor except Ni probably because of higher density of
human activities in Achalputa than Ukpor. Again, the level of mean heavy metal contents in car and rooftop dust collected
from Achalputa at Nkpor were: (0.000; 0.008 mg/kg), (0.396; 0.287mg/kg), (0.295; 0.595 mg/kg), (1.853; 2.938mg/kg), (0.023:
0.117 mg/kg), (0.606; 1.289 mg/kg), (18.621; 17.179 mg/kg) for Cr, As, Pb, Mn, Ni, Cu and Fe respectively. Similarly, in
mechanic road (Nkpor), the following mean values were recorded for Cr, As, Pb, Mn, Ni, Cu and Fe in car and rooftop dust:
(0.002; 0.001mg/kg), (0.303; 0.012 mg/kg), (0.284; 1.291 mg/kg), (1.853; 3.128 mg/kg), (0.108; 0.144 mg/kg), (0.578; 1.067 mg/kg),
(18.621, 16.766 mg/kg). The order of heavy metal contents in car dust from Onitsha and Nkpor area was Fe > Mn > Cu > As
>Pb > Ni > Cr. The decreasing trend of heavy metal contents in rooftop dust from both study area was Fe > Mn > Cu > Pb >
As > Ni > Cr whereas metal contents in topsoil appeared in this order: Fe > Mn > Cu > Pb > Ni > Cr > As for both areas of
study. Relatively abundant elements such as Fe and Mn in the Earth’s crust are produced by altercation (friction) and
transport by wind blow and can be associated with dust [47, 48]. The measured heavy metals in different media from both
areas were lower than the background standard outlined by Alloway, [32] and Rahman et al. [33], except for arsenic in car
and rooftop dust. The high concentration of arsenic may be generated from combustion of diesel and gasoline fuel in
automobiles within the sampled locality. The level of Fe, Mn, Cu, As, Pb, Ni and Cr in car and rooftop dust from the sample
areas are lower than similar studies carried out within the vicinity of traffic volume, gasoline stations and school buildings
[25, 26], [33]. The analyzed metals in topsoil were below some similar reports from urban topsoil [49], urban park and school
[5], and park soil [6], and upland soil [22]. Narrow ranges between the minimum and maximum values were observed for
all the heavy metals in sample media due to insignificant variation in composition of materials and natural processes or
similar level of anthropogenic impact.

Source identification of heavy metals

Correlation analysis

Table 2 gave the Pearson correlation coefficient of heavy metals in car and rooftop dust from both Onitsha and
Nkpor. The Pearson correlation analysis of heavy metals in the topsoil was not observed as a result of unavailability of
significant values in most sampled points from both urban areas. The Cr metal recorded no correlation in dust with other
elements due to its negligible content in the sampled points. The correlation analysis also indicated that Mn-Pb, Cu-Mn, Cu-
Pb, Fe-Cu and Fe-Mn were positively correlated with each other at the 0.01 level. Significant correlation indicates common
source of heavy metals. When the strong correlation coefficient between the studied factors is positive, it implies these
factors may have common source, mutual dependence, and identical behavior during the transport [50]. Accordingly, it can
be suggested that the major origin was crustal and anthropogenic contributions. Again, the correlation among Ni-Mn, and
Cu-Ni are statistically significant (**p <0.01), which showed that they might share a common source, such as traffic emission,
decomposed auto parts and tyre wear. The significant negative correlations exist between Pb-As, Mn-As, and Cu-As with
maximal negative correlation coefficient occurring between Pb-As (r = -0.929).

Table 2. Pearson correlation matrix for studied metals in car and rooftop dust from selected streets in both

cities
Heavy metals Cr As Pb Mn Ni Cu Fe
Cr -
As - 1
Pb - -0.929** 1
Mn - -0.758** 0.944** 1
Ni - -0.064 0.223 0.384* 1
Cu - -0.863** 0.986** 0.983** 0.342* 1
Fe - 0.073 0.292 0.566** 0.230 0.408** 1
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Table 1. Heavy metal concentrations (mg/kg) in street dust and topsoil.

. . Heavy Car dust Rooftop dust Topsoil Background
City Locations » . . 1,2
metals Min Max Mean + SD Min Max Mean = SD Min Max Mean = SD value™
Onitsha Ukpor Cr 0.003 0.005 0.015 + 0.005 0.000 0.018 0.009 +0.001 0.000 0.005 0.001 + 0.001 42
As 0.214 0.368 0.273 +0.001 0.160 0.475 0.329 +0.017 0.000 0.000 0.000 = 0.000 0.1
Pb 0.000 0.000 0.000 + 0.000 0.080 0.699 0.355 +0.032 0.084 0.317 0.223 £0.035 25
Mn 0.000 0.178 0.004 = 0.009 1.600 2.040 1.806 £ 0.046 2.148 3.938 2.795 +0.079 418
Ni 0.000 0.050 0.019 +0.003 0.002 0.130 0.055 +0.008 0.079 0.460 0.253 £ 0.440 18
Cu 0.000 0.055 0.021 = 0.007 0.417 0.925 0.620 = 0.017 0.543 0.761 0.652 +0.026 14
Fe 8.484 10.000 9.214+0.182 12.787 23.163 16.908 + 0.353 14.261 23.146 18.335 + 0.205 19,100
Kara Cr 0.000 0.050 0.002 +0.002 0.000 0.000 0.000 + 0.000 42
As 0.266 0.391 0.337 +0.071 0.208 0.373 0.339 = 0.015 0.1
Pb 0.104 0.741 0.378 £ 0.050 0.160 0.793 0.437 +0.036 25
Mn 1.372 2.550 1.926 +0.059 1.824 3.244 2.469 +0.070 418
Ni 0.114 0.305 0.187 +0.039 0.112 0.675 0.374 + 0.080 18
Cu 0.400 1.374 0.877 £0.024 0.480 1.175 0.873 £ 0.091 14
Fe 14.628 21.966 18.391 £1.117 15.857 20.242 18.697 + 0.239 19,100
Nkpor Achalputa Cr 0.000 0.000  0.000 + 0.000 0.000 0.018 0.008 + 0.006 0.010 0.020 0.005 + 0.002 42
As 0.300 0.464  0.396 + 0.023 0.257 0.344 0.287 + 0.016 0.000 0.000 0.000 + 0.000 0.1
Pb 0.200 0.369  0.295+0.038 0.360 0.874 0.595 + 0.035 0.144 0.673 0.353 £ 0.037 25
Mn 0.900 2.040 1.853 + 0.049 2.286 3.844 2.938 + 0.085 2.930 3.450 3.174 £ 0.073 418
Ni 0.000 0.050  0.023 + 0.006 0.058 0.200 0.117 £ 0.022 0.066 0.430 0.176 + 0.031 18
Cu 0.514 0.706  0.606 + 0.027 0.477 1.983 1.289 + 0.235 0.640 1.120 0.805 + 0.024 14
Fe 14798 20.816 18.621+0.231 15.064 18.436 17.179+0.322 18.989 20.496 19.588+0.110 19,100
Mechanic Cr 0.000 0.008  0.002 + 0.001 0.000 0.002 0.001 + 0.001 42
As 0.163 0.382 0.303 £ 0.014 0.000 0.041 0.012 + 0.003 0.1
Pb 0.192 0.454  0.284 + 0.024 0.520 4.200 1.291 + 0.094 25
Mn 0.900 2.400 1.853 + 0.049 2.866 3.488 3.128 + 0.085 418
Ni 0.090 0.143  0.108 +0.015 0.083 0.275 0.144 + 0.030 18
Cu 0.343 0.871  0.578+0.025 0.786 1.184 1.067 + 0.026 14
Fe 17547 20.088 18.621+0.231 14238 18.620 16.766 + 0.219 19,100

! Alloway, 2010; 2Rahman et al., 2021
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Principal component analysis (PCA)

The deduction sources of heavy metals in street dust and topsoil from both cities using PCA analysis (Figs 2 and
3). Two principal components were extracted in dust and soil which explained 86.79 % and 100 % of total variance. The first
principal component in dust explained 66.18 % of total variance with significant loadings of Mn, Pb, Cu with variation
coefficients greater than 0.5 whereas the second component depicted total variance of 20.61 % with significant component
loading of Fe. The results from both PC1 and PC2 suggest anthropogenic and natural enrichment of the metals in the studied
media. Pb and Cu pollutants in dust originate from engine wears, automobile breaking, leaded gasoline, and other traffic
pollutions [51, 52]. In the topsoil, the first component contribution rate was 100 % and no higher loadings of heavy metals
was observed while the second principal component with variance of 0 % experienced a remarkable loading Ni value above
0.5 which indicates influence of human activities. Ni might be associated with natural sources usually present in soil parent

materials.
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Figure 2. Principal component analysis of heavy metals in dust
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Figure 3. Principal component analysis of heavy metals in topsoil
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Hierarchical cluster analysis (HCA)

The distribution of metals in dust and soil samples from combined semi urban area (Nkpor and Onitsha) was
analyzed using cluster analysis as shown in Figs 4 and 5. Cluster analysis (CA) is a method used to classify a group of metals
with reference to variable space into classes. Cluster analysis classified the studied metals into clusters based on similarities
within a group and dissimilarities between different groups. Seven studied metals were classified into two main clusters on
the basis of spatial similarities and dissimilarities (Figs 4 and 5). HCA enabled the differentiation of the metals based on
their composition in the analyzed samples. In summary, the CA results, similarly to factor analysis, can distinguish the
levels of the metals according to their composition, which is important for the assessment of their contamination levels.
Agreement of the results of PCA and HCA demonstrated that Pb, Cu and Mn had the same sources in dusts.
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Figure 4. Hierarchical cluster analysis of heavy metal concentrations in dust

Dendrogram using Average Linkage (Between Groups)
Rescalepme Cluster Combine
0

0 S 1|5 2[0 2I5
cr 1
As 2t
Pl Kl i
= i 5

Cu (5] e
Mn 4
Fe 7

Figure 5. Hierarchical cluster analysis of heavy metal concentrations in topsoil
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Pollution assessment

Descriptive statistical analysis results of pollution indices, CF, ER, and I-geo are presented in Table 3. The CF
values suggested moderate As contamination in car dust at Ukpor/Onitsha and in rooftop dust at Achuputa/Nkpor.
Considerable contamination of As was observed in car and rooftop dust from Kara/Onitsha and car dust from Achuputa
and mechanic at Nkpor; whereas high As contamination was recorded in rooftop dust from Ukpor/Onitsha which depicts
As mobility potential and higher risk to the local environment population [14]. The rest of the metals showed low
contamination in sampled media from different locations.

Table 3. Pollution indices of selected Heavy metals in street dust and topsoil

City Location H. Car dust Rooftop dust Topsoil
M. CF Igeo ER CF Igeo ER CF Igeo ER
Onitsha Ukpor Cr 357E-4 -1240 7.15E-4 222E-4 -1347 2.02E-4 238E-5 -479 4.77E-5
As 2.74 0.84 27.37 6.07 1.02 33.00 - - -

Pb - - - 0.01 -7.13 0.07 793E-3  -7.55 0.04

Mn 1.34E-4 -9.72 1.34E-4 4.32E-3 -844  4.32E-3 6.69E-3 -7.86  6.69E-3

Ni 1.04E-3 -11.66 3.98E-3 0.01 -9.68 0.01 8.34E-3  -7.34 0.05

Cu 150E-3 -10.88 8.69E-3 0.04 -5.16 0.22 0.05 -5.02 0.23

Fe  4.82E-4 -11.60 - 8.85E-4  -10.77 - 9.61E-4 -10.62 -
Onitsha Kara Cr 222E4 873  4.45E-+4 - - - - - -

As 3.73 1.16 33.73 3.38 1.17 33.83 - - -

Pb 0.02 -6.65 0.11 0.02 -6.67 0.10 - - -

Mn 4.61E-3 -839 4.61E-3 590E-3 -8.02 5.90E-3 - - -
Ni 885E-3 -7.24 0.04 9.50E-3  -6.43 0.09 - - -

Cu 0.06 -4.74 0.32 0.06 -4.63 0.32 - - -
Fe 1.01E-3 -10.57 - 9.80E-4 -10.59 - - - -
Nkpor  Achaputa Cr - - - 199E-4 -820 3.97E-4 - - -
As 3.96 1.39 39.63 2.88 0.93 28.80 - - -
Pb 9.72E-3 -7.01 0.05 0.02 -6.05 0.12 - - -

Mn 3.72E-3 -868 3.72E-3 7.03E-3 -7.77  7.03E-3 - - -
Ni 1.26E-3 -1091 8.07E-3 6.89E-3  -7.98 0.03 - - -

Cu 0.04 -5.12 0.22 0.10 -4.16 0.50 - - -

Fe 934E-4 -10.66 - 8.99E-4 -10.71 - - - -
Nkpor Mechanic Cr 394E-5 454 793E-5 793E-6 -531 1.59E-5 1.19E4  -4.01 2.38E-4

As 3.04 0.93 30.37 0.12 -0.7 11.67 - - -

Pb 0.01 -7.31 0.06 0.05 -5.16 0.1 0.01 -6.98 0.06

Mn 443E-3 -853 443E-3 748E-3 -765 748E-3 759E-3 -7.63  5.52E-3
Ni 6.00E-3 -7.97 0.03 6.94E-3  -7.63 0.04 9.50E-3  -7.70 0.05
Cu 0.04 -5.26 0.22 0.08 -4.32 0.38 0.06 -4.75 0.30
Fe 9.77E-4 -10.59 - 8.78E-4  -10.75 - 1.03E-3  -10.52 -

Calculations of I-geo showed that the mean values of studied heavy metals in different locations were mainly
uncontaminated (I-geo < 0) except arsenic metal in car and rooftop dust from all the studied areas that ranged from low
contamination (0 < I-geo < 1) to moderate contamination (1 < I-geo < 2) with tendency of upper than 1 and lower than zero.
Based on the results from correlation analysis, it was expected that As was impacted by anthropogenic origins.

The results of ecological risk assessment obtained from elemental concentrations in the car dust, rooftop dust and
topsoil samples in Onitsha and Nkpor semi urban area are summarized in Table 3. All elements introduced low risks due
to the indicated levels were < 40 for the ER index. Specifically, As has the highest ecological risk among other heavy metals
with total PERI values of 30.72 and 35.22 in car dust for Onitsha and Nkpor; 33.71 and 15.58 in rooftop dust for Onitsha and
Nkpor; and insignificant PERI values in topsoil for both cities (Fig 6). The high As levels in the study area may be the result
of its previous use as farmland, with the application of sewage irrigation; phosphate fertilizers; and As-containing pesticides
and herbicides, such as calcium arsenate and sodium arsenite. Arsenic is more soluble under high or low pH values. In
reducing environment, as arsenate is reduced to arsenite, it binds less strongly to the hydroxide solids, which increase the
bioavailability of arsenic. Again, arsenic may also be bound to the organic matter in soils, in which case it is released into
soil solution as the organic matter is oxidized. Thus, high level of arsenic pollution in the studied area can be related to the
industrial and agricultural activities. After serial combination of ecological risk values of all the metals in each location, the
potential ecological risk index was low for the sampled areas in both cities.
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Figure 6. Potential ecological risk index of overall metals in sampled media

The pollution load index -calculated results of metals in dusts and soil samples collected from different spots in
Nkpor and Onitsha are presented in Fig. 7. The PLI of overall heavy metals in car dust, rooftop dust and topsoil from
individual locations in both cities are less than one (PLI < 1) which depicts perfection i.e no pollution effect was observed.
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Figure 7. Pollution load index of total analyzed metals in dust and topsoil

The results of Nemerow pollution index (Fig 8) showed that the assessment level of terrestrial ecosystem ranged
from unpolluted (PN < 1) to moderately polluted (1 < PN < 3). Topsoil from the studied locations is unpolluted with these
traced elements whereas car dust and rooftop dust are slightly and moderately polluted because of lower retention time of
the metals leading to potential mobility in dust medium. Nemerow index is an incorporated approach for evaluation of
pollutants in study locations as it takes inputs from other pollution indicators. Nevertheless, the assessed soil and dust
environments are safe for societal purposes at the moment but should be monitored within long-term exposure [10].
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Figure 8. Nemerow pollution index of overall metals in dust and soil from different sampled location

Health risk assessment

Air pollution resulting from dust particles, vehicular emission, soot, inorganic particles can exacerbates and
promotes progression of atherosclerosis and elevate cardiovascular events, including regularity of non-communicable
respiratory diseases (NCRDs) with asthma, chronic bronchitis, pulmonary and bronchiole effects, obstructive respiratory
disease, and allergic rhinitis [53, 54] To ascertain the accurate risk assessment of human exposure to heavy metals through
street dust and topsoil; oral, inhalation and dermal route of each heavy metal were taken into consideration for both cancer
and non-cancer risk. The evaluation of health hazard effects of the studied heavy metals in both dust and soil for both aged
groups are displayed. Health risk assessment was evaluated to deduce the risk impact of trace heavy metal (Cr, As, Ni, Pb,
Mn, Cu and Fe) contents in dust and soil re-suspended from a populated busy street using data from Table 1 depicted in
Tables 4-7, which provides enrichment of metals into the bulk soil and dust samples from urban street and the loose fraction
of these soil-dust with its metal content may be in air, occasioned by favorable weather (air/wind) [55], may be inhaled,
ingested or adhere to the skin. The number of particles deposited in body organs is a function of the particle’s air
aerodynamics, resulting in respiratory system cellular tissue damage [56]. The exposed risk consideration on children (1-17
years) and adults (18-70 years) was explained via non-carcinogenic and carcinogenic health risk of the heavy metals to
ascertain possible toxicity to humans. Non-cancer and cancer risk values through ingestion, inhalation and dermal routes
associated with different exposure media at different locations are deduced from average daily dose (ADD) (Table 4).

Non-carcinogenic risk

The absorption fractions of the heavy metals in the dust and soil samples were used to estimate the average daily
dose for the risk assessment exposure of the metals (Table 4). Considering Onitsha/Ukpor street, Average daily dose (ADD)
in adult ingestion exposure via car dust range from 3.96 x 10 — 1.85 x 10%; rooftop dust (1.97 x 10-° — 3.57 x 10-%), topsoil
(2.11 x 1010 — 3.87 x 10:%), for children, contact through car dust is the range of 2.96 x 10-% — 1.85 x 10-%, rooftop dust (1.84 x
1008 — 3.33 x 10-%®°) and topsoil (1.97 x 10 — 3.62 x 10-%) as via inhalation and dermal contact. Similar range results were
depicted in Onitsha/Kara, Nkpor/Achuputa and Nkpor/Mechanic streets via the three exposure routes as applicable with
insignificant variation. From non-carcinogenic risk results, ingestion of soil and dust particles appear to be the major
pathway for exposure risk to heavy metals to both populations in urban street dust and topsoil among the residents of
Ukpor and Kara at Onitsha and Achuputa and Mechanic areas at Nkpor. Inhalation adsorption is next in hierarchy of
exposure risk pathway, and the dermal absorption of suspended particles tend to be least risk pathway. The order of
exposure route (ingestion > inhalation > dermal) is consistent with Ma et al. [57] for non-cancerous health assessment in
children.
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Table 4. ADD of all the metals via ingestion, inhalation and dermal contact on adult and children at different

locations.
Exposure Heavy Adult Children
Locations Cardust Rooftop Topsoil Cardust Rooftop  Topsoil
route metals
Dust Dust
Onitsha Ingestion Cr 1.83E-5 1.97E-9 2.11E-10  2.96E-8 1.84E-8 1.97E-9
/Ukpor street As 5.78E-8 6.97E-8 - 5.46E-7 6.51E-7 -
Pb - 7.52E-8 4.71E-8 - 7.00E-7 4.39E-7
Mn 1.18E-8 3.76E-7 5.91E-7 3.80E-6 3.56E-6 5.52E-6
Ni 3.96E-9 1.67E-8 4.34E-8 3.68E-8 1.09E-7 4.05E-7
Cu 1.86E-7 1.31E-7 1.38E-7 4.14E-8 1.22E-6 1.29E-6
Fe 1.89E-6 3.57E-6 3.87E-6 1.82E-5 3.33E-5 3.62E-5
Onitsha Ingestion Cr 1.83E-5 - - 1.84E-4 - -
/Kara street As 7.13E-8 7.15E-8 - 6.65E-7 6.67E-7 -
Pb 1.02E-7 9.01E-8 - 9.48E-7 8.63E-7 -
Mn 4.07E-7 5.22E-7 - 3.80E-6 4.87E-6 -
Ni 3.95E-8 7.90E-8 - 3.69E-7 7.39E-7 -
Cu 1.85E-7 1.84E-7 - 1.73E-6 1.72E-6 -
Fe 4.09E-6 3.95E-6 - 3.82E-5 3.69E-5 -
Nkpor/Achalputa Ingestion Cr - 1.76E-9 - - 1.64E-8 -
As 8.38E-8 6.09E-8 - 7.82E-7 5.68E-7 -
Pb 6,24E-8 1.27E-7 - 5.83E-7 1.18E-6 -
Mn 3.29E-7 6.21E-7 - 3.07E-6 5.80E-6 -
Ni 4.79E-9 2.48E-8 - 4.47E-8 2.31E-7 -
Cu 1.28E-7 2.92E-7 - 1.20E-6 1.60E-6 -
Fe 3.77E-6 3.63E-6 - 3.51E-5 3.39E-5 -
Nkpor/Mechanic  Ingestion Cr 3.53E-10  7.03E-21  1.06E-9 3.29E-9 6.57E-10  9.87E-9
As 6.42E-8 2.47E-9 - 5.99E-7 2.30E-8 -
Pb 6.00E-8 2.73E-7 7.46E-8 5.59E-7 3.80E-6 6.97E-7
Mn 3.92E-7 6.61E-7 6.71E-7 3.42E-6 6.17E-16  6.27E-6
Ni 2.28E-8 3.24E-8 3.71E-8 2.13E-7 3.02E-7 3.47E-7
Cu 1.22E-7 2.26E-7 1.70E-7 1.25E-6 2.10E-6 1.59E-6
Fe 3.94E-6 3.54E-6 4.14E-6 3.50E-5 3.31E-5 3.86E-5
Onitsha/ukpor Inhalation Cr 1.55E-12  6.25E-12  1.04E-13  2.76E-12  1.71E-12  5.17E-13
As 2.84E-11  3.42E-10 - 5.03E-11  6.06E-11 -
Pb - 3.68E-10  2.31E-11 - 6.52E-11  4.09E-11
Mn 5.80E-12  5.80E-9 290E-10  1.03E-11  3.32E-10  5.13E-10
Ni 1.94E-12  5.69E-11  2.13E-11  3.43E-12  1.01E-11  3.77E-11
Cu 2.18E-12  643E-10  6.76E-11  3.49E-12  1.14E-10  3.23E-11
Fe 9.55E-10  1.75E-8 1.90E-9 1.69E-9 3.11E-9 1.39E-10
Onitsha Inhalation Cr 897E-10 - - 1.70E-12 - 3.37E-9
/Kara street As 3.50E-11  3.51E-10 - 6.20E-11  6.21E-11 -
Pb 5.01E-11  4.52E-10 - 8.88E-11  8.01E-11 -
Mn 2.00E-10  2.56E-9 - 3.54E-10  454E-10 -
Ni 1.94E-11  3.88E-10 - 3.44E-11  6.87E-11 -
Cu 3.54E-11  9.03E-10 - 3.62E-5 1.60E-10 -
Fe 2.00E-9 1.93E-8 - 3.55E-9 3.43E-9 -
Nkpor/Achalputa Inhalation Cr - 8.63E-12 - - 1.53E-12 -
As 410E-11  299E-10 - 7.28E-11  529E-11 -
Pb 3.06E-11  6.17E-10 - 543E-11  1.09E-10 -
Mn 1.61E-10  3.04E-9 - 2.86E-10  5.40E-10 -
Ni 2.35E-12  121E-10 - 416E-12  2.15E-11 -
Cu 6.28E-11  1.43E-9 - 1.12E-10  2.53E-10 -
Fe 1.85E-9 1.78E-8 - 3.28E-9 3.16E-9 -

Copyright © 2024 The Korean Society of Environmental Health and Toxicology/Korea Society for Environmental Analysis This is an Open Access article
distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/ licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Environmental Analysis Health and Toxicology 2024, 39(1):e2024005

Table 4. Continued

Nkpor/Mechanic  Inhalation Cr 3.45E-12  3.47E-14  9.20E-13  3.06E-13  6.13E-14  1.84E-13
As 2.46E-11 1.21E-11 - 5.60E-11 2.14E-12 -
Pb 2.91E-11 5.67E-10  3.59E-11 5.21E-11 2.37E-10  6.48E-11
Mn 1.92E-10 3.24E-9 3.29E-10  3.35E-10  5.75E-10  5.82E-10
Ni 1.09E-11 1.59E-10  1.82E-11 1.98E-11 2.82E-11 3.23E-11
Cu 5.97E-11 1.11E-9 8.34E-11 1.06E-10 1.96E-10  1.48E-10
Fe 1.93E-9 1.81E-6 2.03E-9 3.43E-9 3.08E-9 3.60E-9
Onitsha Dermal Cr 3.10E-19 1.93E-19 2.07E-20 7.10E-21 442E-21  4.73E-22
[Ukpor street As 5.66E-18  6.82E-18 - 1.30E-19  1.56E-19 -
Pb - 7.32E-18  4.60E-18  4.16E-12 1.68E-19  1.05E-19
Mn 1.16E-18  3.73E-17  5.78E-17  2.65E-20  8.56E-19  1.32E-18
Ni 3.85E-19 1.14E-18  4.24E-18  8.84E-21 2.61E-20  9.74E-20
Cu 4.31E-19 1.28E-17 1.35E-17  9.95E-21 441E-19  3.09E-19
Fe 1.93E-16  3.49E-16  3.79E-16  4.36E-18  8.03E-18  8.68E-18
Onitsha Dermal Cr 1.93E-19 - - 4.42E-21 - -
/Kara street As 6.97E-18  6.99E-18 - 1.60E-19 1.60E-19 -
Pb 1.00E-17  9.04E-18 - 2.29E-19  2.07E-19 -
Mn 3.98E-17  5.10E-17 - 9.14E-19 1.17E-18 -
Ni 3.87E-18  7.75E-18 - 8.87E-20 1.77E-19 -
Cu 1.81E-17  1.80E-17 - 4.16E-19  4.14E-19 -
Fe 4.00E-16  3.86E-16 - 9.17E-18  8.86E-18 -
Nkpor/Achalputa Dermal Cr - 1.72E-19 - - 3.95E-21 -
As 8.19E-18  5.95E-18 - 1.88E-19 1.36E-19 -
Pb 2.37E-13 1.23E-17 - 1.40E-19  2.82E-19 -
Mn 3.21E-17  6.07E-17 - 7.27E-19 1.39E-18 -
Ni 4.68E-19  2.43E-18 - 1.07E-20  5.56E-20 -
Cu 1.25E-17  2.85E-17 - 2.87E-19  6.54E-19 -
Fe 3.69E-16  3.55E-16 - 8.45E-18  8.14E-18 -
Nkpor/Mechanic ~ Dermal Cr 3.43E-20  6.90E-21 1.03E-19 7.90E-22 1.58E-22  2.37E-21
As 6.28E-18  2.41E-19 - 1.44E-19  5.53E-21 -
Pb 5.86E-18  2.67E-17  7.30E-18 1.34E-19 1.79E-18  1.67E-19
Mn 3.83E-17 6.46E-17  6.56E-17  8.79E-19 1.48E-18  1.50E-18
Ni 2.05E-18  3.17E-18  3.63E-18  5.12E-20  7.28E-20  8.32E-20
Cu 1.19E-17  2.21E-17  1.66E-17  2.73E-19  5.05E-19  3.81E-19
Fe 3.85E-16  3.46E-16  4.05E-16  8.82E-18  7.95E-18  9.28E-18

The probability distribution of calculated hazard quotient (HQ), total hazard quotient (THQ) and hazard index
(HI) were as depicted in Tables 5 and 6. Hazard quotient (HQ) (Table 5) shows that for adult exposure via ingestion of car
dust particulates ranged from 1.11 x 107 — 1.93 x 10%; rooftop dust (4.25 x 107 —2.32 x 10%), topsoil (7.03 x 108 - 1.35 x 10-
05). Children: car dust (1.40 x 10-%° — 1.80 x 10-%%), rooftop dust (3.97 x 10-% - 2.21 x 10-%) and topsoil (6.57 x 10-7 — 1.25 x 10-04)
observed at Onitsha/Ukpor street via ingestion, no significant variation was found for inhalation and dermal contact (as
applicable) and at Onitsha/Kara, Nkpor/Achuputa and Nkpor/Mechanic streets. Total hazard quotient (THQ) of adult in all
the studied area via ingestion of car dust ranged as 7.03 x 107 — 4.31 x 10%, rooftop dust (6.59 x 107 — 4.79 x 10-%), topsoil
(7.03 x 1098 — 1.35 x 10%). Children show minor variation of ingestion via car dust (6.70 x 10-% — 4.02 x 10-%%), rooftop dust
(6.15 x 10 — 4.43 x 10-%%) topsoil (6.57 x 107 — 1.25 x 10-%#), same for inhalation and dermal contact (as applicable) for other
areas of study. Hazard index (HI) for Onitsha area, adult via car dust (1.81 x 10-% — 4.31 x 10%), rooftop dust (8.76 x 1077 —
4.72 x 104, topsoil (7.39 x 10 — 3.28 x 10-%), children via car dust (1.62 x 10-% —4.02 x 10-%), rooftop dust (6.21 x 100° — 4.43
x 10%) and topsoil (7.39 x 10-% — 3.28 x 10%). Similarly, hazard index (HI) for Nkpor area, adult via car dust (1.23 x 10-7 —
4.93 x 10-%), rooftop dust (9.14 x 107 — 4.67 x 10-%4), topsoil (8.84 x 10 — 6.75 x 10-%), children via car dust (1.11 x 10% — 4.60
x 10-0%), rooftop dust (4.67 x 10-% — 8.25 x 10-%%) and topsoil (3.32 x 10-% — 1.99 x 10-%#). The HQ and HI values of the heavy
metals (Tables 5 and 6) implied that ingestion and inhalation pathways are the major risk exposure to the local populations
via soil and dust. Evaluation of car dust, rooftop dust and topsoil, the heavy metals were found safe to human exposure
through different exposure route and none of the metals was associated with non-cancer risk, also, the mean HI values were
below the USEPA’s guideline value of 1 (HI < 1) for all the age groups indicating no potential non-carcinogenic risks.
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Meanwhile, the non-cancer risk from all the pathways in both dust and topsoil are higher in children than in adult. Children
might suffer from a prolong accumulative non-carcinogenic risk when compared with adults owing to inadvertently display
of hand-to-mouth behavior [6, 8, 57], therefore children’s hygiene while playing in an urban street is important.

Table 5. Hazard quotient of all the metals via ingestion, inhalation and dermal contact on adult and children at
different locations

Exposure Heavy Adult Children
Locations Cardust Rooftop Topsoil Cardust Rooftop  Topsoil
route metals
Dust Dust
Onitsha Ingestion Cr 1.06E-6 6.59E-7 7.03E-8 9.86E-6 6.15E-6 6.57E-7
/Ukpor street As 1.93E-4 2.32E-4 - 1.80E-3 2.21E-3 -
Pb - 2.15E-5 1.35E-5 - 2.00E-4 1.25E-4
Mn 2.52E-7 7.99E-6 1.26E-5 2.35E-6 7.58E-5 8.85E-5
Ni 1.97E-7 1.37E-5 2.17E-6 1.84E-6 5.41E-6 2.03E-5
Cu 1.11E-7 3.28E-6 3.45E-6 1.40E-6 3.06E-5 4.83E-5
Fe 2.25E-7 4.25E-7 4.61E-7 2.16E-6 3.97E-6 4.30E-6
Onitsha Ingestion Cr 6.57E-7 - - 6.14E-6 - -
/Kara street As 2.38E-4 2.38E-4 - 2.22E-3 2.22E-3 -
Pb 1.54E-4 2.64E-5 - 2.73E-4 2.46E-4 -
Mn 8.67E-6 7.55E-6 - 8.08E-5 1.03E-4 -
Ni 1.98E-6 3.96E-6 - 1.84E-5 3.69E-5 -
Cu 4.63E-6 4.61E-6 - 4.33E-5 4.31E-5 -
Fe 5.05E-7 4.70E-7 - 4.54E-6 4.39E-6 -
Nkpor/Achalputa Ingestion Cr - 5.87E-7 - - 5.48E-6 -
As 2.79E-4 2.03E-4 - 2.61E-3 1.89E-3 -
Pb 1.78E-5 3.59E-5 - 1.66E-4 3.35E-4 -
Mn 6.99E-6 1.32E-5 - 6.53E-5 1.23E-4 -
Ni 2.40E-7 1.24E-7 - 2.24E-6 1.16E-5 -
Cu 3.20E-6 7.30E-6 - 2.99E-5 6.81E-5 -
Fe 4.49E-7 4.32E-7 - 3.19E-6 4.04E-6 -
Nkpor/Mechanic  Ingestion Cr 1.17E-7 2.35E-8 3.53E-7 1.10E-6 2.19E-7 3.29E-6
As 2.14E-4 8.23E-6 - 1.99E-3 7.67E-5 -
Pb 1.71E-5 7.80E-5 2.13E-5 1.60E-4 6.99E-4 1.99E-4
Mn 8.32E-6 1.41E-5 1.43E-5 7.78E-5 1.31E-4 1.33E-4
Ni 1.14E-6 1.62E-6 2.37E-5 1.06E-5 1.51E-5 1.73E-5
Cu 3.04E-6 5.63E-6 4.25E-6 2.84E-5 5.26E-5 3.97E-5
Fe 4.86E-7 4.22E-7 4.93E-7 4.37E-6 3.94E-6 6.90E-6
Onitsha/ukpor Inhalation Cr 5.43E-8 2.17E-7 3.63E-9 9.64E-8 5.99E-8 6.43E-9
As 9.43E-8 1.14E-6 - 1.18E-7 2.01E-7 -
Pb - 1.04E-7 6.55E-9 - 1.85E-8 1.16E-8
Mn 4.06E-7 1.31E-4 2.02E-5 7.20E-7 2.32E-5 3.59E-5
Ni 9.37E-11 2.76E-9 1.03E-9 1.67E-10  4.90E-10 1.83E-9
Cu 5.43E-11 1.60E-8 1.68E-9 8.69E-11 2.84E-9 3.47E-9
Fe 4.34E-6 7.97E-5 8.65E-6 7.69E-6 1.41E-5 1.09E-5
Onitsha Inhalation Cr 3.38E-8 - - 5.99E-8 - -
/Kara street As 1.16E-7 1.16E-6 - 2.06E-7 2.06E-7 -
Pb 1.42E-6 1.29E-7 - 2.53E-8 2.28E-8 -
Mn 1.39E-5 1.79E-4 - 2.47E-5 3.17E-5 -
Ni 9.40E-10 1.88E-8 - 1.67E-10  3.34E-9 -
Cu 2.26E-9 2.25E-8 - 4.01E-9 3.99E-9 -
Fe 9.10E-6 8.81E-5 - 1.62E-5 1.56E-5 -
Nkpor/Achalputa Inhalation Cr - 3.02E-7 - - 5.35E-8 -
As 1.36E-7 9.91E-7 - 2.42E-7 1.76E-7 -
Pb 8.71E-9 1.75E-7 - 1.54E-8 3.10E-8 -
Mn 1.13E-5 2.13E-4 - 2.00E-5 3.77E-5 -
Ni 1.14E-10  5.90E-9 - 2.02E-10 1.05E-9 -
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Table 5. Continued

Nkpor/Mechanic  Inhalation

Onitsha Dermal
/Ukpor street
Onitsha Dermal

/Kara street

Nkpor/Achalputa Dermal

Nkpor/Mechanic Dermal

1.57E-9
8.40E-6
6.04E-9
1.04E-7
8.36E-9
1.34E-5
5.43E-10
1.48E-9
8.77E-6
6.18E-15
4.60E-14
6.28E-16
7.16E-17
3.61E-17
2.75E-15
3.84E-15
5.67E-14
1.90E-14
2.03E-14
7.17E-16
1.51E-15
5.72E-15
6.66E-14
1.16E-14
1.75E-14
8.53E-17
6.50E-16
5.27E-15
6.9-E-16
5.10E-14
1.12E-14
2.08E-14
4.13E-16
9.91E-16
5.50E-15

3.56E-8
8.09E-5
1.21E-9
4.00E-7
1.61E-7
2.27E-4
7.70E-9
2.75E-8
8.21E-5
3.86E-15
5.54E-14
1.40E-14
2.03E-14
2.11E-16
3.25E-15
4.99E-15
5.67E-14
1.71E-14
2.77E-14
1.43E-15
1.50E-15
5.52E-15
3.44E-15
4.84E-14
2.34E-14
3.30E-14
4.49E-16
2.38E-15
5.07E-15
1.38E-16
1.96E-14
5.08E-14
3.51E-14
5.86E-16
1.83E-15
4.95E-15

1.81E-8
1.02E-8
2.30E-5
8.83E-10
2.08E-9
9.22E-6
4.31E-16
8.79E-15
3.14E-14
7.86E-16
3.74E-16
5.41E-15

2.07E-15
1.39E-14
3.56E-14
6.72E-16
1.39E-15
5.78E-15

2.77E-9
1.49E-5
1.07E-8
1.86E-7
1.14E-8
2.38E-5
9.62E-10
2.63E-9
1.56E-5
6.82E-17
1.05E-15
1.44E-17
1.64E-18
8.30E-19
6.23E-17
8.83E-17
1.30E-15
4.37E-16
4.96E-16
1.64E-17
3.46E-17
1.31E-16
1.52E-15
2.67E-16
4.01E-16
1.99E-18
2.39E-17
1.21E-16
1.58E-17
3.18E-15
2.56E-16
2.04E-14
9.33E-18
2.27E-17
1.26E-16

6.31E-9
1.44E-5
2.14E-9
7.31E-8
6.73E-8
4.02E-5
1.37E-9
4.88E-9
1.40E-5

3.21E-8
1.84E-8
4.08E-5
1.57E-9
3.68E-9
1.64E-5

8.84E-17  9.47E-18
1.27E-15 -

3.21E-16  2.01E-16
4.65E-16  7.20E-16
3.82E-18  1.80E-17
2.45E-17  2.57E-17
1.14E-16  1.24E-16

1.30E-15 -
3.95E-16 -
6.36E-16 -
3.29E-17 -
3.45E-17 -
1.27E-16 -
7.90E-17 -

1.11E-5

5.37E-16 -
7.57E-16 -
1.03E-17 -
5.45E-17 -
1.17E-16 -
3.16E-18  4.73E-17
4.50E-17 -
1.17E-15  3.19E-16
8.05E-16  8.17E-16
1.35E-17  1.54E-17
421E-17  3.18E-17
1.14E-16  1.33E-16

Table 6. Total Hazard Quotient (THQ) and Hazard index (HI) of all the metals via ingestion, inhalation and
dermal contact on adult and children at different locations

Exposure Heavy Adult Children
Locations Cardust Rooftop  Topsoil Cardust Rooftop  Topsoil
route metals
Dust Dust
Onitsha Ingestion Cr 1.72E-6 6.59E-7 7.03E-8 1.60E-5 6.15E-6 6.57E-7
As 4.31E-4 4.70E-4 - 4.02E-3 4.43E-3 -
Pb 1.54E-4 4.79E-5 1.35E-5 2.73E-4 4.46E-4 1.25E-4
Mn 8.92E-6 1.55E-5 1.26E-5 8.32E-5 1.79E-4 8.85E-5
Ni 2.18E-6 1.77E-5 2.17E-6 2.02E-5 4.23E-5 2.03E-5
Cu 4.74E-6 7.89E-6 3.45E-6 4.47E-5 7.37E-5 4.83E-5
Fe 7.03E-7 8.95E-7 4.61E-7 6.70E-6 8.36E-6 4.30E-6
Onitsha Ingestion Cr 8.81E-8 2.17E-7 3.63E-9 1.56E-7 5.99E-8 6.43E-9
As 2.10E-7 2.30E-6 - 3.24E-7 4.07E-7 -
Pb 1.42E-7 2.33E-7 6.55E-9 2.53E-8 4.13E-8 1.16E-8
Mn 1.43E-5 3.10E-4 2.02E-5 2.53E-5 5.49E-5 3.59E-5
Ni 1.03E-9 2.16E-8 1.03E-9 3.34E-10 3.83E-9 1.83E-9
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Table 6. Continued

Cu 2.31E-9 3.85E-8 1.68E-9 4.10E-9 6.83E-9 3.47E-9
Fe 1.34E-5 1.68E-4 8.65E-6 2.39E-5 2.97E-5 1.09E-5
Onitsha Dermal Cr 1.00E-14 3.86E-15 4.31E-16 1.57E-16 8.84E-17 9.47E-18
As 1.03E-13 1.12E-13 - 2.35E-15 2.57E-15 -
Pb 1.90E-14 3.11E-14 8.79E-15 4.37E-16 7.16E-16 2.01E-16
Mn 2.09E-14 4.80E-14 3.14E-14 5.10E-16 1.10E-15 7.20E-16
Ni 7.89E-16 1.64E-15 7.86E-16 1.80E-17 3.67E-17 1.80E-17
Cu 1.55E-15 4.75E-15 3.74E-16 3.54E-17 5.90E-17 2.57E-17
Fe 8.47E-15 1.05E-14 5.41E-15 1.93E-16 2.41E-16 1.24E-16
Nkpor Ingestion Cr 1.17E-7 6.11E-7 3.53E-7 1.10E-6 4.61E-6 3.29E-6
As 493E-4 2.11E-4 - 4.60E-3 8.22E-5 -
Pb 3.49E-5 1.14E-4 2.13E-5 3.26E-4 1.03E-3 1.99E-4
Mn 1.53E-5 2.73E-5 1.43E-5 1.43E-4 2.54E-4 1.33E-4
Ni 1.38E-6 1.74E-6 2.37E-5 1.28E-5 2.67E-5 1.73E-5
Cu 6.24E-6 1.29E-5 4.25E-6 5.83E-5 1.21E-4 3.97E-5
Fe 9.35E-7 8.54E-7 4.93E-7 7.56E-6 7.98E-6 6.90E-6
Nkpor Inhalation Cr 6.04E-9 3.03E-7 3.21E-8 1.07E-8 5.56E-8 3.21E-8
As 2.40E-7 1.39E-6 - 4.28E-7 2.49E-7 -
Pb 1.71E-8 3.36E-7 1.84E-8 2.68E-8 9.83E-8 1.84E-8
Mn 2.47E-5 4.40E-4 4.08E-5 4.38E-5 7.79E-5 4.08E-5
Ni 6.57E-10 1.36E-8 1.57E-9 1.16E-9 2.42E-9 1.57E-9
Cu 3.05E-9 6.31E-8 3.68E-9 5.40E-9 1.12E-8 3.68E-9
Fe 1.72E-5 1.63E-4 1.64E-5 3.05E-5 2.84E-5 1.64E-5
Nkpor Dermal Cr 6.90E-16 3.58E-15 2.07E-15 1.58E-17  822E-17  4.73E-17
As 1.18E-13 6.80E-14 - 4.70E-15 1.16E-15 -
Pb 2.28E-14 7.42E-14 1.39E-14 5.23E-16 1.71E-15 3.19E-16
Mn 3.83E-14 6.81E-14 3.56E-14 2.08E-14 1.56E-15 8.17E-16
Ni 4.98E-16 1.04E-15 6.72E-16 1.13E-17 2.38E-17 1.54E-17
Cu 1.64E-15 4.21E-15 1.39E-15 4.66E-17 9.66E-17 3.18E-17
Fe 1.08E-14 1.00E-14 5.78E-15 2.47E-16 2.31E-16 1.33E-16
Onitsha HI Cr 1.81E-6 8.76E-7 7.39E-8 1.62E-5 6.21E-6 6.63E-7
As 4.31E-4 4.72E-4 - 4.02E-3 4.43E-3 -
Pb 1.54E-4 4 .81E-5 1.35E-5 2.73E-4 4.46E-4 1.25E-4
Mn 2.32E-5 3.26E-4 3.28E-5 1.09E-4 2.34E-4 1.24E-4
Ni 2.18E-6 1.77E-5 2.17E-6 2.02E-5 4.23E-5 1.73E-5
Cu 4.74E-6 7.93E-6 3.45E-6 4.47E-5 7.37E-5 3.97E-5
Fe 1.41E-5 1.69E-4 9.11E-6 3.06E-5 3.81E-5 1.78E-5
Nkpor HI Cr 1.23E-7 9.14E-7 8.84E-8 1.11E-6 4.67E-6 3.32E-6
As 4.93E-4 2.12E-4 - 4.60E-3 8.25E-5 -
Pb 3.49E-5 1.14E-4 2.13E-5 3.26E-4 1.03E-3 1.99E-4
Mn 4.00E-5 4.67E-4 3.73E-5 1.87E-4 3.32E-4 1.74E-4
Ni 1.53E-5 1.75E-6 2.37E-5 1.28E-5 2.67E-5 1.73E-5
Cu 6.24E-6 1.30E-5 4.25E-6 5.83E-5 1.21E-4 3.97E-5
Fe 1.81E-5 1.64E-4 6.75E-5 3.81E-5 3.64E-5 2.33E-5

Carcinogenic risk

The sensitivity of the heavy metals exposure in dust and soil to children was confirmed and reflected by higher
cancer risk (CR) and total cancer risk (TCR) as seen in Table 7. The calculated values for As in car dust (1.10 x 10-) and
rooftop dust (1.98 x 10%) in children and Ni in rooftop dust (1.44 x10-) in children via ingestion pathway at studied area of
Onitsha were at the edge of acceptable carcinogenic risk: USEPA; 1 x 107 - 1 x 107 estimate, whereas at Nkpor, the calculated
values for As (2.07 x 10-°) and Ni (2.39 x 10) in car dust for children via ingestion are also within the acceptable limit but Ni
could shift on either side. Total cancer risk (TCR) of all the studied sites (Table 7) for selected carcinogenic heavy metals (As,
Cr, Ni, Pb) for Onitsha, TCR for adult from car dust ranged from 8.72 x 10-10 - 1.94 x 10", rooftop dust (1.25 x 10-° — 2.11 x
107) and topsoil (1.10 x 101 — 7.39 x 10-%), considering children via car dust (8.12 x 10-%° — 1.10 x 10-%), rooftop dust (9.29 x
10 —1.44 x 10-%), topsoil (9.95 x 10-10 — 6.88 x 10-7). For Nkpor vicinity, the TCR for adult from car dust ranged from 1.77 x
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10-10 - 2.52 x 10", rooftop dust (1.28 x 10 — 9.73 x 10-%) and topsoil (6.38 x 101 — 6.30 x 10-%), considering children via car
dust (1.65 x 10 — 2.39 x 10%), rooftop dust (8.66 x 10 — 9.07 x 10%7), topsoil (5.32 x 1010 — 5.88 x 10-%). Total cancer risk
(TCR) estimations also depicted similar results for As and Ni at both location for children through ingestion due to wide
margin of values of the metals in both inhalation and dermal contacts. Results above indicate that children are more
susceptible to cancer risk of As and Ni than adults in dust and could be as a result of incessant ingestion of substantial
quantity of non-food objects from soil and dust during several game activities, soil eating habit (geophagy), weak immune
system and relatively developing body system [16] [58, 59] resulting in their inability to detoxify and excrete contaminants
[57]. As and Ni can influence the skin, liver, kidney, respiratory tract, cardiovascular tract, gastrointestinal tract,
hematopoietic and sensory systems [60, 61]. Therefore, strict attention should be focused on heavy metals exposure
especially to children living in urban street especially As and Ni towards prevention and control of health risk. The
carcinogenic risk assessment results generated from the study emphasized that the risk of human exposure to these heavy
metals should not be ignored and neglected as long-term public health impact will be intense if remedial action were not
considered.

Table 7. Cancer risk (CR) and total cancer risk (TCR) of all the metals via ingestion, inhalation and dermal
contact on adult and children at different locations

Exposure Heavy Adult Children
Locations Cardust Rooftop  Topsoil Cardust Rooftop  Topsoil
route metals
Dust Dust

Onitsha CRing Cr 2.58E-9 9.89E-10  1.06E-10 2.40E-8 9.22E-9 9.87E-10
As 1.94E-7 2.11E-7 - 1.10E-6 1.98E-6 -

Pb 8.70E-10 1.39E-9  4.00E-10 8.12E-9 6.11E-12  3.73E-9

Ni 7.39E-8 1.62E-7 7.39E-8 6.90E-7 1.44E-6 6.88E-7

Onitsha CRinh Cr 1.06E-12  2.63E-10  4.37E-12 1.53E-12  7.20E-11 7.70E-12
As 2.72E-13  2.91E-12 - 5.63E-13  2.63E-10 -

Pb 2.11E-12  3.45E-11 9.69E-13  3.73E-12 9.89E-9 1.72E-12

Ni 1.79E-11 7.01E-10  1.97E-11 3.18E-11 6.63E-11 3.17E-11

Onitsha CRdermal Cr 1.01E-17  3.86E-18  4.13E-19  9.51E-20  8.84E-20  5.68E-20
As 4.62E-17  5.05E-17 - 1.06E-18  1.16E-'8 -
Pb - - - - - -

Ni 1.80E-9 3.77E-17  1.80E-10  4.15E-19  8.64E-19  4.13E-19

Nkpor CRing Cr 1.77E-10  9.18E-10  5.30E-10 1.65E-9 8.59E-9 4.93E-10
As 2.52E-7 9.49E-8 - 2.07E-6 8.87E-7 -

Pb 1.04E-9 3.36E-9 6.36E-10 9.71E-9 1.45E-11 5.93E-9

Ni 4.69E-8 9.71E-8 6.30E-8 2.39E-5 9.07E-7 5.88E-8

Nkpor CRinn Cr 727E-14  3.64E-10  2.18E-10 1.29E-13  6.68E-11 3.87E-11
As 3.11E-13 1.34E-12 - 554E-13  2.37E-13 -

Pb 2.53E-12  4.97E-11 1.51E-12  4.47E-12 3.17E-8 2.72E-12

Ni 1.14E-11 2.36E-10  1.53E-11 2.02E-11 4.18E-11 2.71E-11

Nkpor CRdermal Cr 6.90E-19  3.58E-18  2.07E-18 1.58E-20 1.11E-19  4.73E-20
As 5.30E-17  2.27E-17 - 1.22E-18  5.20E-19 -
Pb - - - - - -

Ni 1.15E-17  2.38E-17  1.54E-17  2.63E-19  545E-19  3.54E-19

Onitsha TCR Cr 2.58E-9 1.25E-9 1.10E-10  2.40E-8 9.29E-9 9.95E-10
As 1.94E-7 2.11E-7 - 1.10E-6 1.98E-6 -

Pb 8.72E-10 1.42E-9 4.01E-10 8.12E-9 9.90E-9 3.73E-9

Ni 7.39E-8 1.63E-7 7.39E-8 6.90E-7 1.44E-6 6.88E-7

Nkpor TCR Cr 1.77E-10 1.28E-9 7.48E-10 1.65E-9 8.66E-9 5.32E-10
As 2.52E-7 9.50E-9 - 2.07E-6 8.87E-7 -

Pb 1.04E-9 3.41E-9 6.38E-10 9.71E-9 3.17E-8 5.93E-9

Ni 4.69E-8 9.73E-8 6.30E-8 2.39E-5 9.07E-7 5.88E-8

Conclusions

In this present study, geochemical indices, statistical analysis, and health risk assessment were exploited to
estimate the level of heavy metals in street dust and topsoil from Nkpor and Onitsha cities, Nigeria. The results of the mean
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concentrations showed that the selected spots from the cities have lower heavy metal contents in both dust and topsoil than
the background values except arsenic in car and rooftop dusts. The Pearson correlation analysis also indicated that Mn-Pb,
Cu-Mn, Cu-Pb, Fe-Cu and Fe-Mn were positively correlated with each other at the 0.01 level while significant negative
correlations exist between Pb-As, Mn-As, and Cu-As. In addition, two main source identifications for heavy metals in soil
and dust were ascertained with PCA and HCA analysis. Assessment of pollution indices indicates that most dust and soil
samples were unpolluted by metals. Factor and cluster analysis depicted atmospheric deposition, natural and anthropogenic
(traffic emissions, engine wears, automobile breaking and leaded gasoline) enrichment of the metals. Hazard index values
for children and adults were more projecting for children than that for adults. No carcinogenic health risk was found for
both aged groups except for Ni and As with carcinogenic values occurring within the range of 1.0E-04 to 1.0E-06 for possible
cancer effects.

Nevertheless, there is need for continuous heavy metal monitoring in urban street dust and soil from the studied
locations to assess the cancer and non-cancer effects due to intake of these toxic metals that can deteriorate the internal body
organs.
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