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Abstract: Roadside dusts pollutions with heavy metals continue to attract attention as more anthropogenic activities
including urban road construction impacted on the natural metal loads of the environment. This study employed analytical
procedures to investigate the concentrations of arsenic, lead, chromium, cadmium, cobalt, copper, nickel, manganese,
vanadium, iron and tin in the roadside dusts along Katima Mulilo urban road construction. Replicate dusts samples collected
from three different areas of the road and a quiet residential area (control) were digested by EPA method 3050B followed by
Inductively Coupled Plasma-Optical Emission Spectrophotometer (ICP: Perkin Elmer Optima 7000 DV) analysis. The results
of levels of the heavy metals revealed that iron recorded the highest concentration of 7491.134+0.15 mg/kg along the road
construction while tin recorded the lowest value (0.27+0.13 mg/kg). Similar trend was observed at the control area located 1.5
km away from the road: iron recorded the highest concentration of 2327.17+0.12 mg/kg while tin recorded the lowest
concentration (0.20+0.10 mg/kg). The analysis of variance of the heavy metal concentrations across the sample locations were
statistically significant (p > 0.05). However, the levels of the heavy metals recorded cross the sampling areas were less than
their soil maximum permissible concentrations. There are strong positive inter-elemental correlations between the sampling
areas while result of the soil enrichment factors showed significant enrichment; which are related to common and input from
anthropogenically induced sources respectively. The results of single element pollution indexes of the heavy metals showed
low contaminations but elevated levels of arsenic and cadmium in all the sampling areas. These could become a potential
source of health concern following environmental accumulation and non-biodegradation of the heavy metals. Thus, it is
recommended among others that an environmental impact assessment should be carried out on gravel sites to be used in urban
road construction to limit heavy metal contaminations of roadside dusts following their usage.
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building materials, atmospheric deposition [2, 3] and
particulate emission [4]; import of gravels from quarry sites
for urban road constructions represents a significant source
of metal contaminations in the urban environment. In roads

1. Introduction

The release of heavy metals is one of the most significant
environmental problems caused by anthropogenic activities

such as urban road construction, quarrying, agriculture,
waste  incinerations, sewage disposal, automobile
workshops, bush burning etc. The presence of heavy metals
has been considered as useful indicators for contamination
in surface soil, sediment and dust environments [1].
Although, the accumulations of heavy metals on urban
surfaces have been attributed to vehicle exhausts, industrial
discharges, oil lubricants, automobile parts, corrosion of

construction - an important part of urbanization drive;
different kinds of gravels are imported from different
quarry sites naturally enriched with diverse heavy metals.
Thus, there is high potential for increasing the metal loads
of the urban soils following this development.

In recent years, there has been growing concern for the
potential contribution of ingested dust towards trace metal
toxicities in humans. Young children are particularly more
likely to ingest significant quantities of dust than adults
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because of the behaviour of mouthing non-food objects and
repetitive hand/finger sucking [5]. More worrisome; studies
have shown that children have higher absorption rate of trace
metals from digestive system and higher hemoglobin
sensitivity to trace metals than adults [6]. Consequently,
children are more vulnerable to heavy metals toxicities than
adults. Elsewhere, some studies have been carried out on
street dust near places where children play [7, 8] since
children are more sensitive to contaminant-bearing dust [8].
Particulates of smaller sizes are persistent in the environment
and exert negative health impact to the exposed resident
population, especially in the urban settings [9]. Particle size
and chemical composition of dust could decide the
significant impact of dust on air quality, public health, and
climate [10]. Although, there have been considerable number
of studies of heavy metals concentration of street dusts, the
vast majority are carried in developed countries with long
histories of industrialization [11]. However, the effect of
progressive and localised anthropogenic activities on trace
metals concentration of environmental indices also need to
be evaluated periodically in the developing countries to
monitor the trend of the relationship between emission
source and concentrations.

Street or urban roadside dusts consist of vehicular exhaust
particles, household dust, soil dust, construction dust and
aerosols that are carried freely by air and water [12, 13, 8].
Katima Mulilo urban roadside dusts investigation for trace
metals contamination is important because the dusts are
easily resuspended into the atmosphere and human exposure
to the heavy metal contents via inhalation, ingestion and
absorption portends potential adverse health effects.
Roadside dusts are freely inhaled by those traversing the road
and also living within its vicinity. The more the dusts are
contaminated with trace metals, the more people become
exposed to the health hazards associated with such metals.
Thus, due to the growing concern for the potential
contribution of ingested dusts towards heavy metal toxicities
in humans — with children being more vulnerable; it is quite
pertinent to investigate the impact of urban road construction
on the heavy metals concentrations of roadside dusts,
especially in Katima Mulilo where there is high human
activities such petty trades along urban roads. This study
provides baseline data of the levels of some heavy metals of
environmental and human health importance in roadside
dusts along Katima Mulilo urban road. The determination of
metal levels in environmental samples: soils and urban
roadside dusts is necessary for monitoring environmental
pollution since such levels can affect the surrounding
ecosystems including bioaccumulation in organisms [14].

2. Materials and Method
2.1. Study Area

This study focused on Katima Mulilo, the capital of
Zambezi Region, Namibia. It is located on latitude
17°30'00"S and longitude 24°16'00"E based on the World

Geodetic System (WGS) 84 coordinate reference system.
Katima Mulilo urban settlement is currently undergoing
tremendous road network and other infrastructural
transformations characterized with diverse and high human
activities. This trend of urbanization has great implication for
anthropogenic  pollution,  especially heavy  metal
concentrations in environmental indices. According to
Namibia 2011 population and housing census preliminary
result, Katima Mulilo urban has a population of 28,200 [15]
and a total land area of 32 Sq.Km. Vehicular traffic
congestion is also on the increase and this has been
associated with the release of particulates into the
environment. Consequently, the monitoring of environmental
pollution indicators such as heavy metals becomes necessary
to check unintended exposure of the populace.

2.2. Sample Collection and Pretreatment

Eight replicate roadside dusts samples were collected on
weekly basis during the peak month of dry season in
Katima Mulilo between Septembers — October, 2013. On
each sampling day, roadside dusts were randomly collected
from four points on both sides of the road by sweeping
surface dusts into plastic waste packer using plastic brush
and then transferred into pre-labelled polyethene bags.
Samples were collect between 6h00 and 8h00 to allow dust
emitted into the atmosphere during the day to settle. The
samples were collected along Pick n Pay — Standard bank,
Cash n Cary — Kamunu shopping mall, and old National
Housing Enterprise urban roads construction in katima
Mulilo metropolis. Control samples were similarly
collected in quite residential areas along Malena Street. The
selected control sites were located 1.5 km from the road
and are areas devoid of the current anthropogenic activities
along the urban road construction.

The roadside dusts samples consisted of a variety of dust
particle sizes ranging from large grit to aerosol particles.
All irrelevant materials like cigarette ends, fallen dry leaf,
pebbles etc were first carefully hand-picked and the dusts
exposed to air-drying under atmospheric temperature for
five days. Thereafter, samples collected at each location
were ground together thoroughly to ensure homogeneity
and filtered through 75 pum stainless steel sieve. This sieve
fraction was selected because it has been reported that dust
particles ranging from 75-125 um contain high levels of
heavy metals and are known to be the very harmful to
humans if inhaled [16, 17]. Three sub-samples were taken
from the large sieved samples and transferred into clean,
pre-labelled polyethylene bags and then conveyed to
Analytical Laboratory Services, Windhoek Namibia, for
further processing and analyses. All materials used for
holding samples, homogenization and sieving were pre-
cleaned to minimize the potential of cross contamination.

2.3. Sample Digestion

The dust samples were digested according to EPA
method 3050B for Inductively Coupled Plasma-Optical
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Emission Spectrophotometer (ICP-OES) analysis. A known
amount (1.00g) of each sieved dust was transferred into a
digestion vessel and 10 mL of 1:1 nitric acid (HNO3) was
added, mixed thoroughly and covered with a watch glass.
Then, the samples were heated to 90°C and refluxed at this
temperature for 10 minutes after which they were allowed
to cool for 5 minutes under room temperature. Thereafter, 5
mL of concentrated HNO; was added to each, covered and
refluxed again at 90°C for 30 minutes. Then, the solutions
were allowed to evaporate without boiling to approximately
5 mL each and cooled again for 5 minutes. This was
followed by the addition of 2 mL of deionised water plus 3
mL of 30 % hydrogen peroxide (H,0O,) to each. The vessels
were covered and heated just enough to warm the solutions
for the peroxide reaction to start [18]. This was continued
until effervescence subsided and the solutions were cooled.

The acid-peroxide digestates were covered with watch
glasses and heated until the volume reduced to
approximately 5 mL again. Then, 10 mL of concentrated
hydrochloric acid (HCI) was added to each, covered and
heated on a heating mantle, then refluxed at 90°C for 15
minutes. After cooling, each digestate was filtered through
Whatman No. 41 filter paper into a 100 mL volumetric
flask and the volume made up to the mark with deionised
water [18].

2.4. Sample Analysis

Ten (10) mL of each digestate was taken and mixed with
equal volume of matrix modifier [18] and then analyzed
using ICP-OES (ICP: Perkin Elmer Optima 7000 DV) for
the levels of lead, arsenic, chromium, cobalt, nickel,
cadmium, copper, vanadium, manganese, iron and tin.

2.5. Data Analysis

Data generated from triplicate analyses were subjected to
treatment of mean and standard deviation, inter-elemental
correlations as well as analysis of variance and t-test at P >
0.05 error protection to determine the significance of data
variation between sample locations.

2.6. Assessment of Site Contamination

Topsoil geochemical quality in urban environment
depends not only on the concentration of pollution sources,
but also on time-span of urbanization and density of the
population. It is expedient to compare heavy metal
concentrations in the topsoil with their guideline limit
values upon which informed decision about the site quality
could be made. Depending on the type of use, soil
composition needs to fall within given limits. In this study,
site contamination was assessed using the criteria of Single
Element Pollution Index (SEPI), Combined Pollution Index
(CPI), [19], and soil Enrichment Factor (EF), [20]. Each of
these assessment criteria was calculated using the following
equations.

SEP] = Soil metal concentration (1)

Soil permizsible limitof the metal

Soil metal concentration/ Itz Soil PMC

CPI =

MNumber ofthe metale investigated

C/Feizample)
EF = C/Feiearth crust) )

Where PMC is the permissible maximum concentration
used [21], C/Fe(sample) is the ratio of the metal to Fe
concentration of the sample and C/Fe(earth crust) is the
ratio of the metal to Fe concentration of the earth crust. The
earth’s crust Fe concentration used in this study was the
value reported in the ‘“Nature’s building blocks: an A-Z
guide to the element” [22].

3. Results and Discussion

3.1. Concentrations of the Heavy Metals in the Roadside
Soils

Table 1 presents the concentrations (mg/kg) of some
heavy metals (arsenic (As), lead (Pb), chromium (Cr)
cadmium (Cd), cobalt (Co), copper (Cu), nickel (Ni),
manganese (Mn), iron (Fe), vanadium (V) and tin (Sn))
determined in the roadside dusts along Katima Mulilo
urban road construction and a residential area as control.
The levels of the heavy metals showed wide variations;
iron (Fe) recorded the highest concentrations among the
metals with a level of 7491.13+0.15 mg/kg at Pick n pay —
Standard bank axis of the road construction while a record
of 2327.17+0.12 mg/kg was obtained at the residential area
located 1.5 km away from the road. Sn recorded the lowest
concentration with a record of 0.27+0.13 mg/kg at the old
National Housing Enterprise (NHE) part of the road
construction while 0.20+0.10 mg/kg was recorded at the
control area. The results of the analysis of variance of the
heavy metal concentrations across the sample locations
were statistically significant (p > 0.05). This may be
attributed to the variation in intensities of anthropogenic
activities at each sampling area. The concentrations of the
heavy metals at Pick n pay — Standard bank axis, Cash n
carry — Kamunu shopping mall axis and the old NHE route
where there were high anthropogenic activities due to urban
road constructions were higher than the results obtained at
the residential area of Malena street sampled as control.
However, the levels of the heavy metals recorded cross the
sampling areas were less than their soil maximum
permissible concentrations (Appendix 1) [21].

The overall mean concentrations of the heavy metals
across the study area (Fig. 1) indicated significantly higher
levels along the road construction than the residential area.
This has significant implication for the metal inputs from
the construction works and other anthropogenic activities
along the urban road. The import of gravels from rock sites
previously enriched with diverse metal elements no doubt
contributed immensely to the elevated heavy metal
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concentrations recorded in the roadside dusts. Furthermore,
heavy trucks and machineries used at the construction site
are important factors to the increased metals load of the
roadside dusts due to burning of heavy duty oils, wear and
tear of brake pads and tires which released particulates that
are subsequently deposited on to the surface soil. Roads
generally have been identified as the second largest non-
point source of pollution in urban environment [23]. Traffic
congestions associated with high rates of stop and starts of
motor vehicles have been reported to increase heavy metals
concentrations of roadside soil. In the first few minutes of a

motor vehicle engine being engaged, the largest source of
catalytic converter particulates are being deposited onto the
road surface during which several heavy metals are
released [16]. In a similar study elsewhere in the Hilla city
of Iraqi, high contents of metal elements in roadside dusts
were also attributed to anthropogenic effects related to
traffic sources [24]. The stop and start pattern of motor
vehicles are very high occurrence along the Katima Mulilo
urban road construction, and this situation was further
aggravated by the narrowness of the road.

Table 1. Concentrations (mg/kg) of some heavy metals along Katima Mulilo urban road construction and residential area (control)

Heavy metal PnP - StB CnC - K mall Old NHE RA
As 5.10°£0.20 2.50°+0.20 4.77%+0.52 2.30%0.10
Pb 2.37°+0.12 2.26°+0.52 2.17°+0.21 1.57°£0.18
Cr 5.60°£0.10 3.70°£0.10 4.13°£0.15 2.10%0.10
cd 1.23%+0.06 0.93%+0.15 0.87°£0.13 0.40%+0.13
Co 3.20+0.17 2.47°+0.50 2.43%£0.15 0.87%+0.13
Cu 16.07°£0.21 15.47°+0.65 8.40°+0.17 4.57°£0.50
Ni 5.83%40.15 5.07°+0.12 4.80°+0.17 2.17%0.12
Mn 108.10%£0.10 85.3%£0.10 73.57%0.12 37.40%£0.53
Fe 7491.13+0.15 6575.17°+0.29 4376.60+0.20 2327.17°40.12
Y 19.27%+0.23 12.33%+0.15 11.23%0.12 5.63%40.15
Sn 0.40°+0.10 0.37°+0.18 0.27°+0.13 0.20%+:0.10

Within rows, data with different alphabets are significantly different at p > 0.05. Data presented are mean+standard deviation of triplicate analyses
Key: PnP — StdB = Pick n pay — Standard bank axis, CnC — K = Cash n carry — Kamunu shopping mall, NHE = National housing enterprise, RA =

Residential area

Table 2. Contamination categories based on Single Element Pollution Index (SEPI) [19] and soil Enrichment Factor (EF) [20]

Single Element Pollution Index

Enrichment Factor

Classification Degree of contamination Classification Degree of enrichment
SEPI<1 Low EF <2 Deficient to minimal
1 <SEPI<3 Moderate 2<EF<5 Moderate
SEPI >3 High 5S<EF<20 Significant
20 <EF <40 Very high
EF > 40 Extremely high

=
Y

I
=

B Road construction

=
I~}

B Residential area

=
=

Concentration (mg/kg)

As Ph Cr cd Co Cu Ni v Sn Mnx10

Figure 1. Overall mean concentrations (mg/kg) of the heavy metals at the
study area Different alphabets on bars indicate significant variations (p >
0.05) between sample locations

The relative mean concentrations of iron across the study
area (Fig. 2) also indicated significantly higher levels at the

areas where urban road construction is in progress
compared to the residential area sampled as control.
Although, iron concentration was determined because of its
choice as the element of normalization to determine the soil
enrichment factors, the obvious elevated levels along the
road construction has implication for anthropogenically
induced sources.

3.2. Pollution Indexes

The Single Element Pollution Indexes (SEPI) of the heavy
metals across the study area (Fig. 3) indicated elevated
levels of arsenic and cadmium. Generally, the ranges of the
pollution indexes of the heavy metals (0.022 - 0.510 and
0.020 — 0.230) along the urban road construction and
residential area (control) respectively, revealed low
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contamination (SEPI < 1) as classified in Table 2 using
established guideline [19]. However, some of the heavy
metals (e.g Pb, Cr, Cd) have been identified among the
toxic elements that will continue to accumulate in urban
environment due to their non-biodegradability and long
residence time. Many heavy metals accumulate in one or
more of the body organs with differing half-lives. These
metals apart from acute or chronic poisoning can be
transferred to next generation with potential toxicity from
the viewpoint of public health [25]. Human exposures to
trace metal elements have been noted with great concern,
particularly because of the classification of some (e.g, As,
Cd, Cr, Ni) as potential carcinogens. Carcinogenic
substances are those that induce tumors (benign or
malignant), increase their incidence or malignancy or
shorten the time of tumor occurrence when they get into the
body through inhalation, injection, dermal application or
ingestion [26]. Prolonged exposure to Cd can affect a
variety of organs with the kidney being the principal target
[24]. It was also reported that populations exposed to Cd,
Cu, and Zn pollutants are at risk of developing nervous
system alterations which can lead to health hazards [27].

9000 -
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7000

a
| b
6000 -
5000 - C
4000 -
3000 - d
2000
-1
0 - T T T

Old NHE

Pick n pay- Residential area

Standard bank

Cash n carry -
Kamunu
shopping mall

Figure 2. Relative mean concentrations (mg/kg) of iron at the study area
Different alphabets on bars indicate significant variations (p > 0.05)
between sample locations
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Figure 3. Single pollution indexes of the heavy metals at the study sites

Cd is a widespread environmental and industrial
pollutant, which has been declared carcinogen by
International Agency for Cancer Research [28].

Chronic exposure to inorganic arsenic have been
associated with various health effects such as irritation of
the stomach and intestines, decreased production of red and

white blood cells, skin changes and lung irritation [29]. It
was also reported that absorption of significant amounts of
inorganic arsenic can increase the chances of cancer
development, especially skin cancer, lung cancer and liver
cancer. Other cancers liked to arsenic toxicity include
kidney and bladder [30]. The toxicity of arsenic and its
inorganic compounds has been classified as: acute toxicity,
sub-chronic toxicity, genetic toxicity, developmental and
reproductive  toxicity [31], immunotoxicity [32],
biochemical and cellular toxicity [33]. It has also been
reported that arsenic-induced oxidative stress causes DNA
strand breaks; an alkali-labile sites which eventually results
into DNA adducts [34]. Report also indicated that arsenic
mediation can alter methylation status of oncogenes and
tumor suppressor genes and in the processes enhancing
carcinogenesis [35].

Single element pollution indexes of Co, Cu and V also
revealed potential area of concern due to the possibility of
their geo-accumulation in the environment. The
International Agency for Research on Cancer (IARC) has
listed cobalt and cobalt compounds within group 2B
(agents which are possibly carcinogenic to humans).
Humans with implants of cobalt containing prostheses are
reported to be at increased risk of sarcomas and blood
neoplasm. Occupational exposure epidemiological studies
also reported increased risk of lung cancer in humans [36].
Exposures to high concentration of copper may cause metal
fume fever in which symptoms may include metallic taste
in the mouth, dryness and irritation of the throat, cough,
feeling of weakness, fatigue with fever, chills and profuse
sweating. It was also reported that excessive exposure to
vanadium may result in irritation of the respiratory tract
and conjunctivae, skin pallor, greenish discoloration of the
tongue, eczematous skin lesions, cough, bronchitis and
chest pains. Long term exposure may cause pulmonary

edema, pneumonia, chronic  bronchitis, anemia,
albuminuria and nervous complaints.
0.018
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Figure 4. Combined pollution index of the heavy metals at the study sites

Key: PnP — StdB = Pick n pay — Standard bank axis, CnC — K = Cash n
carry — Kamunu shopping mall, NHE = National housing enterprise

The Combined Pollution Index (CPI) of the heavy metals
at each location (Fig. 4) was less than one (1) which
indicates that average levels of the metals are below the
selected standards but does not necessarily indicate that
there are no anthropogenic sources of enrichment over
background level, and suggested single metal
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contamination [37]. The trend of the CPI revealed that Pick
n pay — Standard bank axis > old NHE > Cash n carry —
Kamunu shopping mall > residential area (control). This

trend suggested that the locations along the urban road
construction received more heavy metals input from
anthropogenically induced sources.

Table 3. Enrichment factors of the heavy metals metals at the study sites

Heavy metal PnP - StdB CnC-K mall Old NHE RA
As 5.67 6.33 9.08 16.50
Pb 5.33 5.67 10.00 16.75
Cr 5.36 6.22 9.40 18.00
Cd 533 7.00 10.00 17.00
Co 5.38 6.33 11.20 18.50
Cu 5.51 6.18 9.60 17.82
Ni 5.57 6.42 9.16 18.60
Mn 5.47 6.24 9.39 17.66
v 5.47 6.27 9.52 14.24
Sn 5.00 6.00 6.00 17.53

Key: PnP — StdB = Pick n pay — Standard bank axis, CnC — K = Cash n carry — Kamunu shopping mall, NHE = National housing enterprise, RA =

Residential area

Table 4. Inter-elemental correlation analysis of the sampling points

As Pb Cr Cd Co Cu Ni Mn v Sn

As 1.0000

Pb 0.7236 1.0000

Cr 0.8466 0.9441 1.0000

Cd 0.7180 0.9784 0.9745 1.0000

Co 0.7362 0.9955 0.9663 0.9932 1.0000

Cu 0.3229* 0.8475 0.7748 0.8899 0.8637 1.0000

Ni 0.6763 0.9976 0.9313 0.9796 0.9936 0.8804 1.0000
Mn 0.6540 0.9657 0.9540 0.9958 0.9829 0.9271 0.9732 1.0000

\Y% 0.7235 0.9145 0.9751 0.9775 0.9486 0.8651 0.9151 0.9765 1.0000

Sn 0.4066* 0.8784 0.8296 0.9256 0.8984 0.9954 0.9058 0.9563 0.9093 1.0000

Data with asterisk (*) showed less correlations between paired metals

3.3. Soil Enrichment Factors

The enrichment factors of the heavy metals at the study
sites (Table 3) showed that along Pick n pay — Standard
bank axis, the result varied between 5.00 to 5.67 while
along Cash n carry — Kamunu shopping mall axis, a record
varying between 6.00 to 7.00 was obtained. At old National
Housing Enterprise road construction, the soil enrichment
factor ranged from 6.00 to 11.20 while the result in the
residential area showed a record of 14.24 to 18.60. The
current values of the roadside dusts enrichment factors of
the heavy metals indicated that the areas have significant
enrichment (5 < EF < 20) as classified in Table 2 above
using established guideline [20]. This level of soil heavy
metals  enrichment is related to input from
anthropogenically induced sources. The concept of
enrichment factor was used in this study to assess the level
of contamination and the possible anthropogenic impact
along Katima Mulilo urban road construction. Comparisons

were made to background concentrations in the earth’s
crust using Fe as reference element following the
assumption that its’ content in the crust has not been
disturbed by anthropogenic activities, and it has been
chosen as the element of normalization because natural
sources (98%) vastly dominate its input [38]. Furthermore,
iron was proposed as an acceptable normalization element
in the calculation of enrichment factors since its
distribution was not related to other heavy metals [39]. In
this study, iron concentration was indeed far higher than the
level obtained for any of the other metals.

3.4. Correlation Analysis of the Heavy Metals
Concentration

The result of inter-elemental correlation analyses (Table
4) indicated that apart from Cu and Sn which showed less
correlation with As, all the other metals showed strong
positive correlation across the sampling areas. This
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suggested common source of anthropogenic input across
the study area. The trend of this inter-elemental correlation
reflects the possible aerial deposition of dusts emitted from
the urban road construction sites onto the residential area,
thus transferring adhered trace metal contaminants. It has
been reported that trans-boundary air pollution is a major
source of exposure to heavy metals and because of their
persistence and potential for global atmospheric transfer;
pollutants emitted into the atmosphere from a particular
source could affect even the most remote areas [1]. A major
challenge for the identification of background
concentrations in urban geochemical studies is the fact that
urban soils are typically disturbed by human activities or
imported into the city from surrounding areas, and may not
exhibit the natural stratification found in the undisturbed
areas [40]. Thus, environmental pollutants such as heavy
metals will continue to play important role as their
concentrations in soil, water and air are significantly
increasing due to anthropogenic activities.

4. Conclusion

The results of this study revealed significant presence of
arsenic, lead, chromium, cadmium, cobalt, copper, nickel,
manganese, vanadium, iron and tin in the roadside dusts
along Katima Mulilo urban road construction. Although,
the results obtained showed lower levels than the reported
soil maximum permissible concentrations of the heavy
metals; accumulations in the environment is possible and
people traversing the road as well as living within its
vicinity are exposed to this potentially contaminant-bearing
dusts via inhalation, dermal contact, ingestion and
absorption. Furthermore, the upsurge of petty trades along
the road construction also present another exposure route
with children being more vulnerable because of their
reported higher absorption rate of trace metals and higher
hemoglobin sensitivity than adults. The single element
pollution index of the heavy metals showed elevated levels
of arsenic and cadmium in all the sampling areas and this
may become a great source of concern following
accumulation in the environment; more also, that these
elements are classified as potential human carcinogens. All
the heavy metals are positively correlated which suggested
common source of anthropogenic contamination.
Furthermore, the values of enrichment factors in the
roadside dusts indicated significant enrichment, which is
also related to input from anthropogenically induced
sources. Thus, it is recommended that environmental
impact assessment should be carried out on gravel sites to
be used in urban road construction to lower heavy metal
contaminations of roadside dusts following their usage.
Furthermore, petty trades along urban road construction
should be discouraged by government policy to limit
prolong exposure to contaminant bearing-dusts during road
construction or it should be made incumbent on the
contractor to immediately suppress dusts emission with
water spraying after laying the gravel prior to asphalting.
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Appendix 1.

Maximum Permissible Concentrations (MPC) of the heavy metals in soil

[19]

Heavy metal CAS. No MPC (mg/kg)
Pb 7439-92-1 100
Mn 7439-92-1 1500
Ni 7440-02-0 75
Sn 7440-31-5 10
As 7440-38-2 10
Cd 7440-43-9 3
Cr 7440-47-3 100
Co 7440-48-4 30
v 7440-62-2 150
Cu 7470-50-8 100
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