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ABSTRACT

Global concern is on the rise of ecological and human health risk associated with
unregulated and unabated discharge of potentially toxic elements (PTEs) into the
environment. This work investigated the concentration of PTEs, evaluated the sources
and level of soil pollution and analyzed the level of ecological and human health risks.
The study involves sample size (n =120) of one hundred and twenty soil samples
collected from six spatial different areas of Ebonyi State. Determination of the
concentration of the PTEs was executed using atomic absorption spectrophotometry.
The degree of discrete distribution of the concentration of PTEs and relationship among
them was achieved using descriptive statistical analysis and correlation coefticient.
Automobile sites based on the result proved to have higher concentrations of PTEs in
relation to nonerosive soils. The mean concentration of Zn, Cd, Pb, Ni, Fe and Cu were
689.48, 0.649, 694, 48.84, 6039.82 and 91.02 mg/kg respectively in automobile sites
while in nonerosive soils, it was 8.33, 0.26, 2.82, 1.21, 11.99 and 4.36 mg/kg
respectively. The overall ecological risk index and degree of contamination are 317.21
and 59.69 for automobile sites and 72.22 and 2.76 for non —erosive sites respectively.
This indicates automobile sites to be of high degree of contamination and of high
ecological risk. Evaluation of carcinogenic risk shows that Zn, Cu, Ni and Pb are of high
cancer risks in the automobile sites for children and adults. Among all the studied PTEs,
Zn and Pb poses significant health and ecological risks.

Contribution/Originality: This study is original and available literature indicates that no such work has been
done in the study area. The evaluation of the human health and ecological assessment of the potentially toxic

elements in the studied sites is a plus to the study when compared to existing research.
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1. INTRODUCTION

Potentially toxic elements are natural components of the earth's crust [1, 27 though studies throughout the
world have identified anthropogenic activities such as vehicular traffic, industrial and commercial activities as
responsible for high concentration in the environment [37]. Some authors [1, 87 noted that large
quantities of pollutants have continuously been introduced into ecosystems as a consequence of urbanization
and industrialization. Interest in the levels of contaminants associated with soil has risen in the last decades,
particularly in the concentration and distribution of lead, cadmium, zinc and nickel [1, 47 and other elemental
concentrations such as copper and iron. Studies [57] have shown that environmental threats are associated with
auto mechanic repair activities which include spilling of oils, greases, petrol, diesel battery electrolyte, paints and
other potentially toxic elements containing material unto the soil.

Anthropogenic release of potentially toxic elements through atmospheric particulate deposition, disposal
of metal enriched sewage and metallurgical processes makes soil one of the repositories of anthropogenic wastes.
Consequently, anthropogenic releases result in higher than normal background concentrations of the potentially
toxic elements. Potentially toxic elements are toxic, persistent and non -degradable, and constitute serious harm to
biological organisms including humans [6, 77. It has been noted [1, 87 that potentially toxic elements as a
result of their uncontrolled anthropogenic releases may lead to bioaccumulation, bio-magnifications and geo-
accumulations in the earth crust.

Potentially toxic element (PTEs) as toxicants are deposited in soils in the form of a low solubility compound
such as pyrite, as hydroxides, phosphates and carbonates or Pb-organic complexes [87]. Among the PTEs, cadmium
has the greatest potential for transmission through the food chain in levels that present risk to consumers probably
because of its lower affinity for metal sorbing phases such as the oxides compared to other PTEs like Zn, Mo and
Se. Potentially toxic element accumulation and pollution of soils entails plant uptake which invariably accumulates
in plant tissues leading to change in plant community and phytotoxicity [97]. Metals present in waste dumpsites
according to studies [87] were relatively mobile with the mobility dependent on depth. This suggests that
potentially toxic elements in erosive sites may be less compared to non-erosive sites as a result of mobility factor.

Lead occurs naturally but can anthropogenically be introduced into the environment as dust particles or
aerosols and weathering of lead products from industries and shooting ranges including rocks, animals, soils and
plants as natural sources [107]. Excessive accumulation of lead in living organisms is always detrimental and is
potentially toxic [117. Exposure to lead can lead to mental retardation, behavioural disorder and seizures.
Cadmium toxicity results from its bioaccumulation and absorption in tissues and has toxicological effects on kidney,
liver and gastrointestinal tracts [127]. Potentially toxic elements even in low doses pose a major threat and most of
these metals enter the environment through mining and smelting processes and combustion of fuels [187]. Some
authors [87] observed that potentially toxic elements enter into a water supply by industrial or consumer waste
even from acidic rain breaking down soil and releasing potentially toxic elements into streams, lakes, rivers, ground
water. Nickel and chromium arise from wear of mechanical parts of vehicles while zinc and cadmium are derived
from tyre abrasion [147. Potentially toxic elements could arise mainly from coal or oil combustion, power,
generation plants, incineration, waste disposal and building materials units, agricultural sources and mining and
smelting processes. Some potentially toxic element such as antimony, nickel, silver and tin are known to be released
in significant quantities in the terrestrial environment and have received lesser degree of attention. However metals
such as zinc, lead, iron, copper, cadmium and mercury are essentially toxic, show high geochemical abundance and
receive more attention in terms of source and effect. Some authors [15] have noted that increased allergic
reactions, genetic mutation and increased competition with good trace metals for biochemical sites, killing of
harmful and beneficial bacteria when potentially toxic elements are taken into the body through inhalation,

ingestion and skin absorption.
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The health and ecological hazards associated with the PTEs is currently a subject of discussion. Therefore,
degree of contamination, contamination factor, potential ecological risk factor, geo-accumulation index,
carcinogenic risk and enrichment factor are popular methods used for the evaluation and estimation of the degree of
soil pollution and associated risks. Most studies of potentially toxic element contamination in automobile sites
focused on lead, zinc and cadmium with little attention paid to other elements.

The objectives of this study are to determine average concentrations of PTEs in automobile and non-erosive
sites in Ebonyi State, gauge the relationship between PTEs concentration in automobile sites and non-erosive site,
identify the degree of anthropogenic influence on PTEs contamination of the soil of Ebonyi state and extract the

human health risks associated with interaction of PTEs in automobile and non-erosive sites in Ebonyi State.

2. MATERIALS AND METHODS
2.1. Location of the Study Areas

Ebonyi State is located in the South-Eastern part of Nigeria with a population of over 2 million, an area of
approximately 5, 935 square kilometers and lies between latitude 7°30" and longitude 5° 50'E and 6° 45! [16]. The
mean annual rainfall is between 1,500 mm and 1,800mm and characterized by tropical hot humid climate. The mean
temperature is 30°C between February -April and 21°C between December-January. The soil is Chernozem-like and
ranges from humus, loamy, sandy to clay and sometimes a mixture of both types of soil [167].

There are several mechanic workshops in different towns of Ebonyi State especially the State capital which
houses more than 900 of such. Very close to these mechanic workshops popularly regarded as mechanic site or
village are Ebonyi and lyiokwu rivers and their tributaries. There are residential areas, schools, markets and
agricultural farmlands very close to the site. Some of the activities in the mechanic workshops include 'Panel

beating', auto repair and maintenance, painting, welding, fabrication and casting and sales of spare parts.

2.2. Sampling and Analysis

Samples were collected from sampling location Figure 1 with L1, L2, L3, L4, L5 and L6 representing Abakaliki,
Afikpo, Onueke, Inyimahgu-unuhu, Umuezeokoha and Ezzamgbo respectively. A total of 120 replicate samples (10
from automobile and 10 from non-erosive sites in each area) were collected from these areas of Ebonyi State during
June of 2017, 2018 and 2019. Soil samples were collected using 2.5cm diameter mild steel screw auger at depths
ranging 0-15cm and kept in polyethene bag.

The collected soil samples were dried in ambient temperature on waxed paper in aluminum alloy trays in an
oven at 100°C overnight, ground in agate mortar and homogenized. The samples were sieved through a 200 nylon
mesh sieve (air-bone diameter 66um) [177]. Analysis was carried out using HNOs and HCI (1:8 v/v) extracts of 1.0
g sample diluted to 50 mL with doubly distilled water. The determination of the concentration of the PTEs in the
various sites was performed according to standard procedure [177. In the analytical procedure, sample of weight
1.0 g for each soil was dissolved in 2 mL HNOs and HC1 (1:3 V/V) in Foss Tecator digestion vessel and mixture
further diluted to 50 mL with distilled deionized water. The mixture was heated in an electric hot plate set at 350
°C for 2 h until a clear solution was obtained. The solution was cooled, filtered and transferred to a 100 mL
volumetric flask pending analysis. Concentrations of the PTEs (Zn, Cd, Pb, Ni, Fe and Cu) were determined using
atomic absorption spectrophotometer (Perkin-Elmer, model 460) [167]. Data were assessed for accuracy and
precision using a quality control system integral to the analytical procedure [187. Blank samples, duplicated
samples and spiked samples were simultaneously determined in the analysis as quality control and significant
statistical relationships determined at the 95% level of confidence. Data were processed using statistical Package for

the Social Sciences SPSS 22.0 (IBM, New York, NY, USA).
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Figure 1. Map showing the sampling location.

2.3. Descriptive Analysis and Correlation Coefficient

Data analysis such as mean, median, standard deviation (SD), range, variation coefficient (VC) expressed as

SD/mean were carried out to indicate the activeness and discrete distribution of the metal concentrations.

Correlation coefficient was calculated to determine relationships among different metals.

3. RESULTS AND DISCUSSION

Descriptive statistical analysis of the concentrations of PTEs in automobile sites and non-erosive sites of some

parts of Ebonyi State are presented in Tables 1 and 2 respectively. The mean concentrations of Zn. Cd, Pb, Mn, Fe

and Cu in automobile sites are 689.48, 0.649, 694, 48.84, 6039.82 and 91.02 mg/kg respectively. These

concentration levels are comparable to those of other studies [197. The elevated Zn, Cd, Pb, Ni, Fe and Cu in the

top soils are due to ongoing deposition of the PTEs in soils within the automobile sites and their consequent

retention in the upper layers of the soil. The elevated concentration of the metals reflects the impact of

anthropogenic effects due to past uses of the PTEs in industrial processes and consumer products (for example

© 2022 Conscientia Beam. All Rights Reserved.
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paints, gasoline, diesel, petrochemicals, accumulators), agricultural practices, atmospheric deposition, mining and
quarrying activities [207].

The mean concentrations of Zn, Cd, Pb, Mn, Fe and Cu in non- erosive sites are 8.83 0.26, 2.82, 1.21, 11.99 and
4.36 mg/kg respectively as shown in Table 2. There exists difference between the mean values of the PTEs in
automobile and non-erosive sites indicating that anthropogenic contamination is significant in automobile sites.
Most values from non-erosive sites compares with the allowable limits of PTEs concentrations in soils of countries
like France, Germany, Austria, Sweden, United Kingdom and Netherlands [217 and studies by Nworie and Nwali
[167.

The mean concentrations of the PTEs in automobile sites are higher than the normal and critical
concentrations as proposed [217. Lead for instance is considered a hazard when the concentration is equal to or
exceeds 400 mg/kg in bare soils and for Canadian soils. The concentration of lead in commercial premises should be
within 260 mg/kg [217] but lead in automobile site has a mean concentration of 694mg/kg. The major source of
lead in automobile site is vehicle batteries and alloys. The mean concentration of Ni and Cu Compares with those of
other studies in England and Wales but differs significantly from those from non-erosive site [37]. Some studies
[227 have noted that global input of nickel to the human environment is approximately 150,000 and 180,000 metric
tons per year from natural and anthropogenic sources respectively including fossil fuel combustion and use and
discard of alloys of nickels and its compounds.

Activities like welding, electroplating, grinding, wear of mechanical parts and cutting of nickel and its alloys
take place in automobile shops exposing people to inhalation, ingestion and skin contact. High chances of
developing cancers of lung, nose, prostate and larynx when plants grows in nickel rich soils are consumed.
Accumulation of nickel in plants, sedimentation from the atmosphere and solubilization of nickel compounds from
oils lead to increased nickel in water and its derivation from the biological cycle. Increased consumption causes
respiratory failures, birth defects and heart disorders [27].

Cadmium is highly dispersed by human activities and this affects the background concentrations. Earlier
studies [237] proposed that the range of cadmium concentration in soils even with anthropogenic contamination is
likely 0.07-1.1 mg/kg. The mean concentration of cadmium in automobile soil is 0.649mg/kg. The highly elevated
cadmium content of the automobile site reflects significant anthropogenic inputs like tyre abrasion [147 on its
concentration on the top soils. It has been proposed that the average cadmium content of soils should not exceed 0.5
mg/kg [187. The mean concentration of cadmium is lower than those of other metals may be as a result of mobility
factor. According Njoku and Ngene [247] cadmium tends to be more mobile in soil systems than many other
potentially toxic elements. Some authors [167] noted that chronic exposure to cadmium could result in kidney
damage, bone deformities and cardiovascular problems. Studies [157] have observed that consumption of cadmium
contaminated foods have resulted to human diseases.

The mean concentration of copper in automobile sites is 91.02mg/kg and compares with those of other studies
[57]. Elevated concentrations of copper in automobile site could be as a result of the use of copper wires, tubes,
solders, vessels and alloys in myriads of mechanical and electrical works. Studies [47] have shown that copper does
not travel very far after release and because of its limited mobility, it tends to accumulate in soils. The mean
concentration of zinc in automobile site was 689.48mg/kg. This concentration was far above the critical level of
zinc in the soil as proposed [87]. The high concentration of zinc could be as a result of anthropogenic contamination
from abrasion of tyres [257]. There are low solubility zinc minerals which are increasingly adsorbed by negatively
charged colloidal soil particles and as plants grow in soils, they accumulate zinc to a great proportion in the roots
which could present real health hazards [87. Studies [15, 257 have shown that long term potentially toxic element
contamination of soils has deleterious effects on microbial respiration and enzyme activity of the soil. Potentially

toxic elements such as Zn, Cd, Pb, Fe, Cu and Ni bio-accumulate in plant tissues leading to phytotoxicity and
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change in plant community [9, 127]. Studies [47] have noted that some potentially toxic elements such as Fe and Mn
are found in a variety of physiochemical forms as oxyhydroxides, sulphides or organic matter.

Studies [26, 277 have shown that the concentration of Fe in abandoned mechanic site at the depth of 20-40cm
is 28.90 mg/kg. This differs significantly with soil of mechanic site that the concentration has a mean value of
6039.82mg/kg. The high concentration of Fe in mechanic site could have emanated from anthropogenic- sources
such as panel beating of vehicle bodies, scrapping of old vehicle body coats, grinding, threading and other working
of metal parts during repairs, depth and mobility factor.

Some studies [1, 28-307 observed that areas that experience intense human activities like mechanic site are
likely to have higher potentially toxic elements than non-mechanic sites. The mean concentration of potentially
toxic elements in automobile site are within the critical levels set by the Government of Taiwan for their soil and
which is lomg/kg Cd,16 mg/kg Cr, 1000mg/kg Ni and 120mg/kg Pb. Certain plants known as hyper accumulating
plant accumulate more than 20,000mg/kg Zn, 40,000mg/kg Zn and I000mg/kg Cd posing serious health hazards
to humans and animals [297. The mean concentration of Zn, Pb, Cu,Cd and Fe in automobile sites exceeds the
approved consumption limits of potentially toxic elements which is 5.0, 0.05,1.0, 0.01 and 0.3mg/L respectively
[297].

The variation coefficient (VC) seems to classify the elements into two groups; those whose source could be
mainly natural with VC less than 0.4 and those highly affected by anthropogenic source whose VCs are above 0.4.
Critical evaluation of Tables 1 and 2 showed that only Cu has VC less than 0.4. This indicates negligible
anthropogenic influence which could be as a result of low use of copper related materials in the study areas. In
Table 3, the mean pH values of the soils of automobile and non-erosive sites are presented. Result indicated that the

soils of automobile sites are more acidic than those of non-erosive sites.

3.1. Correlation Coefficient Analysis

Pearson's correlation coefficients of potentially toxic elements in automobile and non-erosive soils of Ebonyi
State are summarized in Tables 4 and 5 respectively. From Table 4, the potentially toxic elements Zn, Cd, Pb, Ni I'e
and Cu are positively correlated which may suggest a common source in automobile sites. In non-erosive sites
Table 5, Zn is positively correlated to Cd, Pb and Ni indicating that human activities may also have influenced their
concentrations. Fe and Cu are poorly correlated to Fe and Ni is also poorly correlated to Cu showing different
sources of the metals.

The high Pb and Zn concentrations could be linked to vehicular activities due to use of leaded gasoline [3, 197].
Studies [247] noted that Zn may be derived from mechanical abrasion of vehicles and hence it’s high concentration.
Previous studies [[1, 197 observed that Zn compounds act as antioxidants (e.g, Zinc sulphonates), as detergents or
dispersant improvers for lubricating oils and in wear of tyre contributes significantly to high concentration of zinc.
Generally, apart from quasi -poor correlation among some of the elements, there is significant associations between
most of the elements as indicated for both automobile and non-erosive sites suggesting that common processes

govern their distribution.

Table 1. PTEs concentration of automobile sites in Ebonyi State (mg/kg).

PTEs Range Mean Median SD vC

Zn 332.40-901.30 689.48 645.30 494.5710.23 0.717
Cd 0.330-8.90 0.649 0.694 1.215£0.09 1.87
Pb 149.39-1258.0 694.0 693.0 445+0.15 0.641
Ni 3.40-141.40 48.84 70.58 51.92+0.19 1.06
Fe 789.20-11397.10 6039.82 4949.30 4500%0.43 0.74
Cu 81.50-100.84 91.02 90.11 7.61£0.02 0.08

Note: SD = standard deviation, VC = Variation coefficient.
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Table 2. PTEs concentration of non-erosive sites in Ebonyi State (mg/kg).

PTEs Range Mean Median SD VC
Zn 2.20-13.81 8.33 6.33 6.80%0.01 0.82
Cd 0.04-0.48 0.26 0.21 0.15%0.30 0.57
Pb 0.80-4.21 2.82 2.34 2.45%0.09 0.87
Ni 0.41-1.94 1.21 1.04 0.6010.245 0.49
Fe 10.95-18.45 11.99 11.69 5.80%0.34 0.48
Cu 2.88-4.67 4.36 3.67 0.32+0.17 0.08

Note: SD = Standard Deviation, VC = Variation coefficient.

Table 8. Average pH of soils at the depths of 0-15 ¢cm at automobile and non —

erosive sites in Ebonyi State.

Location Automobile site Non-erosive site
Abakaliki 5.62 6.50
Onueke 5.80 6.57
Afikpo 5.78 6.60
Ngbo 5.68 6.55
Umuezeokoha 5.70 6.60
InyimaguUnuhu 5.75 6.58

Table 4. Pearson’s correlation matrix for the PTEs concentration in automobile sites.

PTEs Zn Cd Pb Ni Fe Cu
Zn 0.245 0.894 0.09 0.821 0.725
Cd 0.931 0.028 0.05 0.121 0.211
Pb 0.739 0.913 0.714 0.925 0.872
Ni 0.739 0.817 0.884 0.478 0.570
Fe 0.803 0.934 0.996 0.945 0.287
Cu 0.582 1.000 1.000 0.898 0.972

Note: Zn = zinc, Cd = cadmium, Pb = lead, Ni = nickel , Fe = iron, Cu = copper.

Table 5. Pearson’s correlation matrix for the PTEs concentration in non-erosive sites.

PTEs Zn Cd Pb Ni Fe Cu
Zn 0.042 0.992 0.211 0.434% 0.942
Cd 0.988 0.250 0.159 0.020 0.020
Pb 0.830 0.739 0.053 0.585 0.245
Ni 0.668 0.815 0.795 0.124 0.364
Fe 0.194 0.606 0.519 0.539 0.716
Cu 0.202 0.918 0.912 0.151 0.553

Note: Zn = zinc, Cd = cadmium, Pb = lead, Ni = nickel, Fe = iron, Cu = copper.

3.2. Assessment of Human Health Risk, Geo-Accumulation, Potential Ecological Risk and Pollution Indices

3.2.1. Geo-Accumulation Index (LGEO)

The data from the mean concentration of the PTEs in automobile and non-erosive sites were subjected to geo-

accumulation index evaluation using Equation 1[307].

Ci

Igeo = Log, 1.531'(1)

Ci = concentration of PTEs in the automobile and no-erosive sites.

Bi = background concentration values of PTEs in the reference soil.

1.5 is the background matrix correction factor.

Result as shown in Tables 6 and 7 indicated that the Igeo increased from Ni -»Cu—Cd—Zn—Fe— Pb for

automobile sites with values of 0.174, 0.652, 1.183, 1.53, 3.93 and 4.49 respectively while for the non -erosive sites,

the Igeo increased from Ni »Fe—>Zn—>Pb—Cu— Cd with values of 0.0044, 0.007, 0.018, 0.019, 0.03 and 0.473

© 2022 Conscientia Beam. All Rights Reserved.
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respectively. Based on the results, Fe and Pb qualified for class 4 and 5 showing strongly contaminated and
strongly to extremely strongly contaminated respectively. The automobile sites are moderately contaminated by
other PTEs apart from Ni and Cu that are of class 1 based on the Igeo rank [1, 37. For the non-erosive sites, results

indicated that the soils were uncontaminated (less than 0) as it falls in class 1.

3.8. Potential Ecological Risk Index (RI)
The study evaluated the RI and Ei values of the studied sites using Equations 2 and 3 [127].

Ci
Ei: Ti X C_O(Q)

Ci
R; = X (T; X C_o)(3)

C; = measured concentration of PTEs.

C, =reference background value.

T; = Toxic response of individual element (Cu=Pb=Ni=5, Zn=1, Cd= 30).
Ei= potential ecological risk factor of a single element.

Ri = potential ecological risk index of the PTEs.

Results of the study is presented in Table 6 and 7 for automobile and non-erosive sites respectively. The RI
values for the automobile and non-erosive sites are 317.21 and 72.22 respectively. The RI values shows that the
automobile site is of considerable ecological risk and polluted as values is in the range of 300<RI<600 [8, 287. For
the non-erosive sites, the low value of RI indicated low ecological risk with value in the range of RI<150 [31]

The Ei values of Cd and Pb in automobile sites are 177 and 111.95 respectively indicating considerable risk.
Cadmium and lead are highly harmful, toxic and carcinogenic. Other PTEs studied in the automobile sites are of
Ei<40 and as such of low ecological risk. In the non-erosive sites, only cadmium has Ei within the range 40< RI <
80. The Ei of cadmium is 70.8 indicating moderate ecological risk. Other PTEs have Ei less than 40 and as such are
of low ecological risk. Cadmium and lead bio-accumulate and man and other animals eat plants such as vegetables
grown in the automobile and non-erosive sites. The consumption of such plants poses serious health concern for

humans and other animals as the PTEs are mutagenic, carcinogenic, corrosive and deleterious.

3.4. Health Risk Assessment of Ptes in Automobile and Non-Erosive Sites

Evaluation of the health risks associated with PTEs in both automobile and non-erosive sites were executed
using Equations 4-9 [30, 317 and results presented in Tables 8-10.

PTEs have access to human body through ingestion (Ding), inhalation (Dinn) and dermal penetration (Dderm).
The average daily dosage of PTEs contacted through the processes are

Ding = € x L2202 5 1076(1)
Dinn = € X a2 ee(5)
Dyorr, = C X SLXEF;fVL:(:iAXABS x 107(6)
3.5. Non-Carcinogenic Risk
Hazard quotient (HQ;)
Q=p5(7)

Hazard Index (HlIson)
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HIsoil:Z HQ; (8)

3.6. Carcinogenic Risk (CR)
CR =D X SF(9)

The result of the study of non-carcinogenic effects of the PTEs indicated that the route of intake of the PTEs
follows the increased order of inhalation — dermal — ingestion. This suggests that ingestion is the main and
primary route of contact and exposure and the result is consistent with results of other studies [17]. As shown in
Tables 8 and 9, ingestion and dermal contact are the main exposure contact of PTEs for adult persons. In the study,
inhalation is in a two to three decreased orders of magnitude in comparison with the ingestion and dermal exposure
contact. Similarly, in HQ values as shown in Table 10, the values for the children are lower than those of the adults
up to one magnitude. This shows that children are prone to greater risks than adult in both the automobile and
non-erosive sites. The result is consistent with those of other studies and indicated that children easily pick and eat
soil contaminated food [17. Assessment of the HI values for both the automobile and non-erosive sites indicated
that they are less than unity implying that there is absence of non-carcinogenic eftects for adults and children. The
HQi values of the PTEs in non-erosive sites for adults increases from Zn— Cd — Cu - Ni - Pb — Fe while for
children, it increased from Ni— Zn — Cd — Cu — Pb — Fe. For automobile sites, the HQi values for adults
increased from Cu— Ni —» Zn — Cd — Pb — Fe while for children, it increased from Ni— Zn —» Cu —» Cd —» Fe —
Pb. Critical evaluation of the HI values for both automobile and non-erosive sites in Table 10 indicated that the
children are better exposed to risk than the adults. Therefore, operations that will decrease ingestion and dermal
contact of PTEs as a way of reducing potential health risks is advocated.

Results of carcinogenic risks as shown in Table 10 shows that some PTEs have values higher than the
internationally acclaimed precautionary level of 10-6. The PTEs that are of cancer risk are Fe, Zn, Pb and Cu in the
automobile sites and follows the decreasing order of Fe—Zn—>Cu—Pb and Zn—>Fe—>Pb—Cu for adults and children
respectively.In the non-erosive site, only Zn is of risk to children as the CR is higher than 10-¢. The exceedingly
high CR values of some PTEs in automobile sites calls for serious attention as the PTEs are corrosive and cancer
causing. The implication of continual ingestion and dermal contact of persons with the soil especially in automobile
sites entails increased incidence of common health deformities such as cancer and other mutagenic occurrences

common among PTEs contamination.

3.7. Pollution Indices
3.7.1. Contamination factor ( Cfl) and Degree of contamination (Cu)
The mean values of the contamination factors and degree of contamination of the PTEs are shown in Tables 6

and 7 as evaluated using Equations 10 and 11 for the automobile and non-erosive sites [37.
Cf'==10)
Co
Ci = Measured concentration of PTEs.
C, = Background concentration of PTEs.
Cieg = =1 Cf'(11)

With range from < 8to > 32 where <8, 8 — 16,16 — 32, and> 32 represents low, moderate, considerate
degree and very high respectively

Based on the results of the study, all the PTEs have average elevated contamination factor above 1 except Ni
whose Cft was 0. 87 in the automobile sites. The average contamination factor of Pb and Fe are 22.39 and 19.625
respectively indicating considerable degree of pollution. Other PTEs are within contamination factor of 8.25 to 7.66
indicating moderate degree of contamination. Results from the non-erosive sites indicated that the contamination

factor for all the PTEs is less than 1 apart from cadmium with Cf' of 2.86. Therefore, the Cf' of Cd is between 1 and
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3 (1 < Cf< 3) implicating moderate pollution of the non-erosive site. For other PTEs, there is observed low
contamination and low pollution. For the automobile sites, the estimated degree of pollution evaluated from
Equation 11 was 59.695 which is > 32 implicating very high degree of contamination and pollution [17. Result of
the degree of contamination from non-erosive sites is 2.76 which is <8 implicating low degree of contamination and

pollution.

3.8. Enrichment factor (Ef) and Percentage enrichment factor (Ef %)
Enrichment factor and percentage enrichment factor were evaluated from Equations 12 and 13 [8] and
presented in Tables 6 and 7.

Ci
5 = (.S

Ef (%) = ——%_x 100(13)

max~Cmin
Where (Ci/CFe)s is the ratio of concentration of PTE in sample to concentration of iron at the sampling point

and (Ci/CFe)r is the ratio of concentration of PTE with reference
The Ef values of the PTEs in automobile sites are less than 1 except Pb with Ef of 1.14 in 49.12% of the soil.
Therefore the PTEs present are mainly of background concentration emanating from automobile activities such as
welding, smelting, painting and other activities. In the non-erosive sites, the Ef values of Cd (60.728)was very high
above 40 (Ef> 40) implicating extremely high enrichment in 50% of the soil. The enrichment factor of Zn, Ni and
Cu is within Ef 2-5 implicating moderate enrichment. The enrichment factor of cadmium is elevated because of its

high mobility potentials in comparison to other [87.

Table 6. Assessment of geo-accumulation index, potential ecological risk index, contamination factor enrichment factor and percentage
enrichment of automobile sites in Ebonyi State.

PTEs | C(mg/kg) | Co* | Ti* | Ci/Co Ei St* Igeo EF EF% Af Cf
Zn 689.48 90 1 7.66 7.66 0.0075 1.58 0.537 62.76 7.66 7.66
Cd 0.649 0.11 30 5.90 177 0.0005 1.183 0.299 3.7 5.90 5.90
Pb 694 31 5 22.39 111.95 | 0.0036 4.49 1.14 49.12 22.39 22.39
Ni 48.84 56 5 0.87 4.85 0.02 0.174 0.044 32.92 0.87 0.87
Fe 6039.82 307.75 - 19.625 - 0.007 3.93 - 49.49 19.625 19.625
Cu 91.02 28 5 3.25 16.35 0.037 0.652 0.165 49.22 3.25 3.25

Note: * indicates reference values as adapted [30, 317, Ef= enrichment factor, Ef % = percentage enrichment, Af = anthropogenic factor, Igeo = geo-
accumulation factor, Ti* = toxic response of individual element, Ei = potential ecological risk factor of a single element, Ci = concentration of element in the
soil/site, Co* = reference concentration background value, Sf¥*=Slope function of inhalation, Cf = contamination factor. The potential ecological risk index of
PTEs (RI') and degree of contamination (Cdeg) are 317.21 and 59.69 respectively.

Table 7. Assessment of geo-accumulation index, potential ecological risk index, contamination factor, enrichment factor and percentage

enrichment of non-erosive soils in Ebonyi State.

PTEs | C(mg/kg) Co* Ti* | Ci/Co Ei St* Igeo EF EF% Af Cf
Zn 8.33 90 1 0.09 0.09 0.0075 | 0.018 2.37 55.17 0.09 0.09
Cd 0.26 0.11 30 2.36 70.80 | 0.0005 | 0.473 | 60.72 50 2.36 2.36
Pb 2.82 31 5 0.09 0.45 0.0036 | 0.019 2.33 48.90 0.09 0.09
Ni 1.21 56 5 0.022 0.11 0.02 0.00% 0.55 52.28 0.022 0.022
Fe 11.99 307.75 - 0.088 - 0.007 0.007 - 41.60 0.038 0.038
Cu 4.36 28 5 0.155 0.775 0.087 0.03 4.04 82.60 0.155 0.155

Where * indicates reference values as adapted [317, Ef= enrichment factor, Ef % = percentage enrichment, Af = anthropogenic factor, Igeo = geo-

accumulation factor, Ti* = toxic response of individual element, Ei = potential ecological risk factor of a single element, Ci = concentration of element in the
soil/site, Co* = reference concentration background value, St*=Slope function of inhalation, Cf = contamination factor. The potential ecological risk index of
PTEs (RI) and degree of contamination (Cdeg) are 72.22 and 2.76 respectively.
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Table 8. Carcinogenic (Carc) and non- carcinogenic (non-carc) risks for individual PTEs and average daily dose in automobile
sites contacted through ingestion, inhalation and dermal pathways.

Parameter | Zn | Cd | Pb | Ni | Fe | Cu

Ding (Aduly)

Non-carc 1.18 X 10 | 1.11 X 10 | 1.19 X 10 | 8.38X 107 | 1.04X 102 | 6.50X 106
Carc 4.05X 107t 3.81X 107 | 4.08 X 10* | 2.87X 105 | 3.55X 102 | 1.16X 10
Ding(Children)

Non-carc 8.80X 1073 8.29X 1076 8.87X 1073 6.24X 107t | 6.61X 10 | 1.16X 107
Carc 3.02X 103 2.84X 106 7.6X 107t 5.835X 10 | 1.59X 10 | 9.97X 107
Dinn(Adult)

Non-carc 1.82X 1077 1.71X 101 | 1.83X 107 1.29X 108 | 1.59X 106 | 2.40X 108
Carc 6.20X 1078 5.8X 1071 6.27X 108 4.42X 1079 | 5.4X 107 8.23X 108
Dinh(Children)

Non-carc 2.58X 1077 2.42X 10719 | 2.59X 1077 1.88X 108 | 2.25X 106 | 3.40X 108
Carc 2.20X 1078 2.08X 101! | 2.22X 108 1.56X 109 | 1.98X 107 | 2.92X 107
Dgerm (Adult)

Non-carc 3.60X 106 3.88X 109 | 8.62X 106 | 2.51X 107 | 8.15X 107 | 4.756X 107
Carc 1.28X 106 1.16X 107 1.24X 106 8.74X 108 | 1.08X 107 | 1.62X 1077
Dderm(Children)

Non-carc 1.14X 106 1.832X 1079 1.42X 105 | 9.96X 108 | 1.28X 105 | 1.85X 1077
Carc 1.20X 1077 1.18X 101 | 1.20X 107 8.50X 109 | 1.05X 106 | 1.59X 108

Table 9. Carcinogenic (Carc) and non- carcinogenic (non-carc) risks for individual PTEs and average daily dose in non-
erosive sites contacted through ingestion, inhalation and dermal pathways.

Parameter | Zn | cd | Pb | Ni | Fe | Cu

Ding (Aduly)
Non-carc 1.42X 107 4.44X 107 4.82X 1076 2.07X 10°¢ 2.05X 107 7.45X 1076
Carc 4.89X 107 1.5683X 1077 1.66X 106 7.11X 107 7.05X 10 2.50X 106
Ding(Child)
Non-carc 1.06X 10* 3.30X 106 3.58X 107 1.54X 10 1.52X 10* 5.50X 107°
Carc 3.65X 107 1.13X 10 1.24X 107 5.29X 10°¢ 5.25X 107 1.91X 107
Dm},(Adult)
Non-carc 2.19X 10° 6.86X 10711 7.44X 10719 | 3.19X 10710 3.16X 107 1.15X 107
Carc 7.568X 10710 | 2.35X 107! | 2.55X 10710 1.09X 107 1.08X 107 3.94X 10710
Dinn(Child)
Non-carc 3.10X 10 | 9.69X 107!! 1.056X 107 4.51X 10710 447X 107 3.40X 1078
Carc 2.66X 10710 | 8.32X 1072 | 9.02X 107! 3.87X 107! 3.83X 10710 1.89X 10710
Dgerm (Adult)
Non-carc 4.34X 107 1.35X 106 1.47X 107 6.31X 107 3.15X 1076 6.26X 10
Carc 1.49X 108 4.65X 10710 5.04X 107 2.16X 107 2.14X 1078 7.80X 107
Dgerm(Child)
Non-carc 1.69X 108 5.30X 10710 5.756X 107 2.46X 107 2.44X 1078 8.89X 107
Carc 1.46X 108 | 4.55X 1071 | 4.93X 107 2.11X 107 2.09X 1078 7.63X 107

Table 10. Hazard quotient values (HQi) and carcinogenic risk (CR) of the PTEs in automobile sites and non-erosive sites.

Parameter | Zn | Cd | Pb | Ni Fe | Cu
Automo(HOQ1i)

HI (Adult) 1.68X 10°!?

HI(Children) 1.49X 1077

Adult 3.93X 10 | 2.20X 10 | 8.41X 10! | 4.19X 107 | 1.48X 10° | 1.62X 10
Children 2.93X 102 1.65X 102 | 2.53%X 10° 3.12X 1072 | 1.82X 10° | 2.90X 1072
Non ero(HQi)

HI (Adult) 2.07X 102!

HI(Children) 2.23X 1077

Adult 473X 107 8.88X 10 | 1.87X 10 | 1.08X 10* | 2.90X 102 | 1.86X 10™*
Children 3.50X 10+ | 6.60X 10~ | 1.02X 10 | 7.70X 10°* | 2.17X 107! | 1.837X 10
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Automo(CR)
Adult 2.02X 1072 1.18X 107! | 9.50X 10+ | 2.68X 107 | 1.48X 10° | 1.87X 10
Children 1.49X 107! 8.83X 101! | 1.77X 107° 5.01X 1075 | 2.67X 102 | 3.48X 10™*
Non-ero(CR)
Adult 2.92X 1076 1.90X 10712 | 1.57X 108 1.64X 108 | 5.67X 106 | 3.86X 1077
Children 2.18X 10 1.40X 10711 | 1.17X 1077 1.22X 107 | 4.22X 1077 | 2.95X 106

Note: CR< 1 X 10_6(negligible), CR> 1 X 10_4 (unacceptable or cancer risk). Automo = automobile site, Non-ero = non -erosive site,
CR = carcinogenic risk, HQi = hazard quotient.

4. CONCLUSION

Based on the result of the study, higheraverage concentrations of PTEs (Pb, Zn, Cd, Cu, Fe and Ni) were
observed in automobile sites in comparison to non-erosive sites and with permissible standards. Descriptive
statistical evaluation using mean, standard deviation, variation coefficient and correlation coefficient indicated the
source identification of PTEs to be natural or anthropogenic. The health and ecological hazards associated with the
PTEs were assessed using common diagnostic tools of degree of contamination, contamination factor, potential
ecological risk factor, geo-accumulation index, carcinogenic risk and enrichment factor. The PTEs in the
automobile sites especially Pb, Fe, Cd and Cu are of high human health risk. The high concentration of Fe, Pb and
Zn are significant and a major source of concern especially to farmers who plant crops close to the mechanic
villages. These vegetables and other crops are also sold to the public for consumption. Other animals such as cows,
goats and sheep drink water from lyiokwu and Ebonyi River which may be significantly polluted by PTEs from
mechanic sites. Phyto-remediation of these mechanic sites and enforcement of regulatory limit of PTEs in sludge,

application of phosphate, drainage of wet soil and adjusting soil pH to 6.5 or above 307 are recommended.
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