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Abstract— A study was carried out at different locations in Uyo metropolis where waste plastics are indiscriminately disposed. Five soil 

sampling stations with GPS coordinate were taken, analyzed in the laboratory and compared with control site to assess the level of 

microplastics in the soil and it impacts. Soil samples were collected, sieve to get the microplastic particles present and analyzed using standard 

procedures of Associations of Official Analytical Chemist and American Public Health Association. The stations comparisons and location of 

significant differences were carried out using ANOVA and Duncan multiple range tests, while correlation analysis was done to check the 

differences in parameter relationship. The mean value of the physical and chemical parameter (proximate and ultimate analysis) had a ranges 

value of pH (6.32-6.00), HHV (34870.00-21050.00KJ/g), Moisture content (15.32-9.67%), carbon (37.25-18.89%), Oxygen (45.87-22.03%), 

Nitrogen (0.57-0.21%), Hydrogen (13.21-4.12 %), Sulphur (0.64-0.027%). Fixed carbon, Ash content, volatile matter, residual content from all 

the location were higher than the control and  were also significantly different (with 95% confidence limits)  from each other and were higher 

that the control site and it showed a strong positive correlation with each other. Similarly, heavy metals and ranges as follow; Pb (61.75-16.78 

ppm), Cd(9.65-2.28 ppm), Hg(0.87-0.10 ppm), Cr(71.25-33.85 ppm), As (2.38-0.16 ppm), Cl (2165.31-498.76 ppm), and Br (567.14-89.88 

ppm). The parameters in the location where high and from the contamination degree (10.651-7.993 ppm) and pollution load index (544.40-

81.62 ppm), Anions contamination level was above moderate level but could pose danger to the food chain as some of these beads are picked by 

birds and lower organisms. Pollution index was also high in the soil samples collected. This shows that toxic substances are in large amount 

and is stored for long time as this waste plactic and other organic matter are deposited every day. If proper check and regulation is not taken 

the soil around that region could be completely damaged and useless. The study concludes that, there is high level of plastic disposal in the soil 

of Uyo metropolis which result to high amount of microplastic in the soil. This  trend needs to be reversedso as to safeguard the soil biota and 

food chain. It is therefore recommended that government and legislatures should take proactive step to regulate reduce and recycle single used 

plastic. 
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I. INTRODUCTION  

Humans being depend greatly on their surrounding 

environment for natural and manmade resources they need for 

their existence [1]. Large population growth, which is seen in 

many African countries, has been as a result of a strong 

expansion and uncontrolled urbanization, agricultural 

practices, industrial, land use, which resulted in a tremendous 

increase in pollutant discharge into the environment [1]. 

Nigeria as a country lacks adequate technological and 

sufficient manpower with required technical, managerial 

training skills to properly handle wastes component in an 

environmentally friendly, safe and sound manner. Badly, the 

usual methods and approaches of waste disposal in the country 

are; land filling, dumpsites, land spreads, water disposal, and 

incineration. This waste gets into the environment and stays 

for a long period of time before degrading. Physical forces and 

conditions that cause plastics disintegration in the environment 

are winds, waves and ultraviolet radiation (from sunlight). 

According to [2], microplastics materials or products are made 

from a wide range of polymers of high molecular mass and 

varying density. These materials have broad and wider 

applications temporally and spatially due to their durability, 

ease of production, less cost and relatively less weight. 

Decades ago they have been a tremendous increase in 

microplastic used in a wide range of products manufactured. 

Globally the production of this product increased from 1.5 

million tons (Mt) per year in 1950 to 245 Mt in 2008 as 

reported by [3]. Microplastic produced from plastics products 

originate from petroleum product just like a refined gasoline. 

According to Environmental Protection Agency, production of 

plastic products and it particle account for an estimated 8% of 

global oil production [4]. In Nigeria, the increasing 

production, usage of single use plastics and the uncontrolled 

disposal of plastics debris into the environment (land and 

marine habitat) facilitate widespread plastics pollution and 

subsequence microplastics generation [5]. This microplastic 

particles is transportation as recorded in Early research 

evidence where plastic particles are used to monitor particle 

movement as tracers through porous media from a soil 

physical perspective [6]. However, apart from being the 

producers of bio-pores, soil biota contribute actively to the 
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movement of this microplastic particles in the environment. 

Moreover, micro-arthropods (collembola) in recent study as 

recorded by [7] have been proven to be able to move 

microplastic beads in a laboratory arena. This kind of active, 

incidentally, relatively small-scale movement could enhance 

wide spread of microplastic particles horizontally. It may also 

facilitate their subsequent entrance into the soil surface. 

According to [8], fungal hyphae also serve as preferential 

paths for the movement of microplastic bead in cm-range, this 

has been demonstrated for movement of bacterial cells. Other 

studies on particle transportation in the soil by bioturbation 

process also suggests that, plant processes (e.g., root growth, 

uprooting) and various animals (earthworms, various larvae, 

vertebrates) can contribute to microplastic particle movement 

as reported by according to [9]. Furthermore, [19] noted in 

speculation that, secondary microplastic fibre emanating from 

washing machines could end up in soil biota as a result of 

water treatment plants failure to completely and carefully 

filtration of all microplastic fibers out of it before disposal. 

Therefore, Soil fauna, such as earthworms, mites, and 

collembolan could contribute to the high amount of secondary 

microplastic fibre present in soil by converting consumed 

plastic products into microplastic in the process of digestion 

[19]. The study seek to investigate the concentration of 

microplastics physical and chemical characteristics, heavy 

metal and anion content in studied soil samples of Uyo 

metropolis. 

II. MATERIALS AND METHODS 

Study Area 

The study was at Uyo, the metropolis within the capital 

city of Akwa Ibom State. According to [34], Uyo lies between 

longitudes 7
0
51′ E and 7

0
59′ E, and between latitudes 5

0
40′ N 

and 5
0
59′ N. Uyo is the Capital City and it covers 

approximately land mass area of 188.024 km2 and an 

estimated population of 305,961. Moreover, Uyo metropolis 

comprises the entire Uyo, parts of Itu, Uruan, Nsit Ibom and 

Ibesikpo Asutan Local Government Areas in Akwa Ibom State 

as reported by [35]. Urbanization and economic growth has 

tremendously leads to the infrastructural development which 

thereby extends it to the nearby local government areas of Itu, 

Uruan and Ibesikpo Asutan.  

According to [37], the temperature of Uyo metrolis 

correspond with that of the tropical humid climate and it 

ranges between 26.2
0
C and 35

0
C with mean annual 

temperature of 28.4
0
C. [37] also noted that the annual 

precipitation of the city ranges between 2000-3000mm per 

annum. According to [36], this rainfall regime received in 

most parts of the state encourages farming throughout the 

year; therefore, the occupations of the inhabitants reflect the 

economic activity of the area. The settlement pattern and 

structure in Uyo metropolis can be described as nucleated. 

These inhabitants engage in farming and other commercial 

and business ventures within and around as a means of 

augmenting and supplementing family income and food 

supplies [36]. Uyo is characterized by a gentle undulating 

terrain. According to [38] sandstone hills and ravine are 

attributed to most parts of Uruan and Uyo Local Government 

Areas while other sections of the study area are filled with low 

lying undulating plain sandy terrain as reported by [34]. 
 

 
Fig. 1. Map of Akwa Ibom State Showing the Uyo LGA. 

Samples Location and Collection 

In order to obtain composite samples, 10 composite soil 

samples were randomly collected from selected five locations 

where microplastics particles and plastic waste were generated 

and disposed. They were from; Plastics bottle/nylon 

production factories, Waste dump site, Cosmetics factory 

waste disposal site, Laundry waste disposal site and a control 

sample (500 m away from the metropolis). The soil samples 

were collected at a depth of 0-30cm using soil auger into a 

stainless steel core and mixed thoroughly according to [17]. 

The mixed soil was labeled properly using masking tape and 

biro pen and transported to scientific laboratory in Ibadan, 

Oyo State. The samples were stored in a refrigerator at 4°C 

prior to analysis according to [17].  

At each sampling location, GPS coordinates was taken to 

show the positioning of the site in the area (Table 1).  

 
TABLE 1. GPS Coordinates of the Sampling Point: 

Soil locations Latitude/ Elevation Longitude/ Elevation 

Uyo village 

road site 
N5o2’51.888’’/5.04775 E7o56’12.642’’/7.93684 

Akpan-adem 
market site 

N5o1’2.802’’/5.61744 E7o 5’28.266’’/7.92456 

Uniuyo site N5o2’11.814’’/5.03662 E7o 58’50.916’’/7.9801 

Oron road N4o59’20.868’’/4.98913 E7o 58’13.566’’/7.9703 
Control site N5o4’51.174’’/5.08088 E7o55’50.46.638/7.92958 

Soil Sample Preparation and Laboratory Analysis.  

The laboratory analysis of soil samples was in multi-step 

process. This include: sample preparation (such as sample 

homogenization); extraction of microplastics; removal of 
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additional non-microplastic materials, detection of 

microplastics particles and analysis [10]. 

The soil samples were pulverized with  mortar and pestle 

and passed through a sieve as the first step in the isolation of 

microplastics (under 5 mm) from the soil [11][12].  High 

density solution of zinc chloride (density <1.4 g/mL) was 

prepared and used to separate the plastics bead (density < 1.4 

g/mL) in the sample from the rest of the soil sample using a 

density separation step as described by [13][18]. The samples 

were allowed to settle overnight. During the phase of the 

experiment, the liquid portions of the sample containing 

suspended plastics were vacuum filtered and the collected 

solid were exposed to the Fenton reagent to digest the organic 

soil matrix and natural fibers as described by [25]. 

For the Fenton’s reagent reaction, ferrous iron reacted with 

hydrogen peroxide and the liquid sediment of the samples that 

has been pH adjusted to 2−3; the reaction mixture was 

subjected to mild heat with stirring until froth formation 

ceases. The froth formation is a result of carbon dioxide gas 

escaping following secondary oxidation reactions, and it 

indicates the end of the reactions that digest the organic soil 

matrix as described by [21].  

During the phase of the experiment, the solutions were 

vacuum filtered again in order to isolate the remaining debris 

on the nylon filter. The filtrate on the filter was visualized 

under the stereomicroscope, and microplastic are identified 

and classified. 

Spectroscopy was used to confirm and identify 

microplastic in the soil, and their synthetic polymer for 

particles <1 mm in size as described by [10].  

The concentrations of microplastic physical and chemical 

properties were identified in the four soil samples and 

compared to the control to ascertain the status in the soil. 

Heavy metals and anions concentrations in the 

microplastic/polymers were compared with control and WHO 

standard limit. 

Determination of Physical and Chemical Characteristics of 

Microplastic Identified Using Proximate and Ultimate 

Analysis Method.  

After identification of microplastic particles from soil 

samples, they were grinded for size reduction and analyzed 

further for their physical and chemical characteristics. The 

parameters and method used are as follows: 

Physical Characteristic of Microplastics 

Heating value: The heating value of plastics particles was 

calculated using Dulong equation as Stated.  

HV = 33801(C) + 144158[(H) – 0.125(O)] + 9413(S)          (1) 

Where:  

HV (kJ/kg) is a Heating Value whereas C, H, O and S are 

carbon, hydrogen, oxygen and sulfur content respectively in 

the dry basis. Higher heating value (HHV) is important 

properties which define the quantitative energy content and 

determine the clean effective and efficient utilization of the 

plastic products according to [19].  

pH value: the pH value of polymer identified and grinded 

samples  were determined using Digital pH meter as described 

in recent study by [19]. 

Moisture content: the percent moisture content of microplastic 

was determined by weighing the wet microplastic particles 

and drying the samples in oven at 105
o
C for 1 hour using 

desiccators to a constant weight according (ASTMD 3173) 

method. The percent moisture content was calculated as a 

percentage loss in weight before and after drying using 

Equation (2 and 3) as described by[19]. 

% Moisture content =  

[(Wet Weight – Dry Weight)/ Wet weight] x 100          (2) 

Or 

The percentage of moisture content (MC) was calculated as a 

fraction loss in weight of sample before and after drying.  

M1=mass of empty crucible (g)  

M2=mass of empty crucible + sample (g)  

M3=mass of empty crucible + sample after heating (g) 

Moisture content = M2 – M3 

% moisture content = M2 - M3/ M2 - M1 x 100          (3) 

Chemical Characteristics of Microplastic 

Proximate analysis: The parameters analyzed include 

Residual Content (R), volatile matter (VM), Fixed Carbon 

(FC) and Ash Content (Ash). The method used was based on 

the ASTM Standard D 3172 as suggested by [29]. The weights 

of dry samples were measured according to [19]. 

Ultimate analysis: The parameter analyzed includes Carbon, 

Hydrogen, Sulphur and Oxygen Content. In this study, the 

equipment used is Elemental Analyzer (CHNS Analysis) 

model EA 1106 prepared by Thermo Quest Italian S.p.A. In 

this study, the equipment used was Elemental Analyzer 

(CHNS Analysis) model EA. The weights of dry samples were 

measured according to [19]. 

Neutron activation analysis: The parameter analyzed includes 

total chlorine and total bromine content using Trig Mk II 

Reactor, Rotary Rack, Pneumatic Transfer System and 

detector. For Total Chlorine determination, short irradiation 

process was used and for total bromine, long irradiation 

process was used. The weight of dry samples was measured 

according to [19]. 

Heavy metals Analysis: Heavy metals parameters include Cd, 

Cr, Hg, Pb and As were determined from the identified 

microplastic particles in the soil samples. They were 

determined after extraction by Flame Atomic Absorption 

Spectrometry in accordant with American Society for Testing 

and Material [28] standard test method.  

Determination of Ultimate analysis (Elemental Composition) 

The combustible percentage is shared among nitrogen, 

carbon, oxygen and hydrogen in standard ultimate analysis 

[27]. Nitrogen, Hydrogen, Sulfur and Carbon (NHSC) are the 

elemental composition of the solid waste which was carried 

out at the laboratory in accordance with the procedures of the 

Association of Official Analytical Chemists [33]. The 

composition of waste was determined using wet oxidation. 

1.0-g of the particle sample was weighed into the digestion 

tube and 5W of digestion mixture was added to it. The mixture 
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was left overnight in the fume cupboard. Using a testator, the 

mixture was digested for 2 hours at 170
o
 C and allowed to 

cool. Moreover, to digest the mixture vigorously, 30-ml of 

distilled water was added to the solution and mixed. 50-ml of 

distilled water was added to the solution to increase the 

volume of digested mixture to 80-ml. Atomic Absorption 

spectrometer was used to identify the elements under analysis.  

Volatile Matter Determination: The volatile matter percentage 

was carried out by heating the sample at a temperature of 50
o
C 

for 7 minutes using a muffle furnace. The crucible was cooled 

in the desiccator after it was removed from the furnace and 

weighed. The percentage loss of mass of the sample excluding 

the percentage moisture is the percentage of volatile matter 

according to [27]. This was calculated using this formula; 

% Volatile matter =M2 - M3/M2 - M1 x 100 – MC       (4) 

Where; 

M1=mass of empty crucible (g) 

M2=mass of empty crucible + sample before heating (g) 

M3=mass of empty crucible + sample after heating (g) 

MC=percentage of moisture content 

Ash Content Determination: Ash content is the non-

combustible residue of the sample gotten after combustion 

which contains Sulfur and oxides. The process was carried out 

by burning of the sample at temperature of 750
o
C for an hour 

in a muffle furnace without a lid. The sample was cooled in 

desiccators and weighed and the process was repeated 

constantly until a constant weight was attained according to 

[27]. This was calculated using this formula; 

% of ash content = M3 - M1/M2 - M1 x 100  (5) 

Where; 

M1=mass of empty crucible (g) 

M2=mass of empty crucible + sample before heating (g) 

M3=mass of empty crucible + residue (g) 

Ash content= M3 – M1 

Fixed Carbon Determination: Mass of fixed carbon is 

determined by deducting the percentage of ash content, 

moisture content and volatile content from the total percentage 

according to [27]. 

% FC=100 – % ASH – % MC - % VM    (6) 

Contamination Factor and Pollution Index Determination 

Contamination factor (Cf,): The assessment of soil 

contamination can also be carried out using Cf.  This index 

enables the assessment of soil contamination, taking into 

account the content of heavy metal from the surface of the soil 

and values of pre-industrial reference levels given by [30]. 

Cf was calculated by the following formula: 

Cf = Cm/Cp_i .   (7) 

Where Cm—mean content of at least five samples of 

individual element (like heavy metal)  

Cp-i—preindustrial reference value for the substances 

Contamination factor/level determination 

C
i
 < 1= low contamination 

1 ≤ C
i
 < 3 = moderate contamination 

3≤ C
i
 < 6 = considerate contamination 

C
i
 ≥ 6 = very high contamination 

 

 

Single Pollution Index (PI) 

An index that can be used to determine which heavy metal 

represents the highest threat for a soil environment is the 

Single Pollution Index (PI). This is also necessary for the 

calculations of some of complex indices called Pollution Load 

Index (PLI) 

Pollution load index was calculated using this formula 

described below according to [32]; 

PI = Cn/GB     (8) 

Where  

Cn—the content of heavy metal in soil and  

GB—values of the geochemical background. 

PLI = 
n
√ (CF1xCF2xCF3x…xCFn)     (9) 

Where, CF = contamination factor,  

n = number of metals  

C metal = metal concentration in polluted sediments  

C Background value = background value of that metal. 

The Pollution Load Index (PLI) value of >1 is polluted, 

whereas <1 indicates no pollution according to [31]. 

Statistical analysis: Data collected from the laboratory 

analysis were subjected to descriptive statistical analysis using 

SPSS version 20. Results were presented in tables (mean, and 

standard deviation,) and charts. ANOVA and correlation 

analysis was used to establish it relationship and mean 

separation was done using Duncan multiple range test.  

III. RESULTS AND DISCUSSION  

Physical characteristic of microplastic particles in the soil of 

Uyo metropolis Akwa Ibom State. 

The physical properties of the microplastics from the soil 

analyzed showed that the pH ion of the was highest in Uniuyo 

water waste site soil 6.32 %, followed by Uyo village road 

waste site 6.13 %, Akpan-andem market soil recorded 6.21 %, 

Oron road soil 6.15 % and control recorded the least 6.00 % as 

shown in figure 2. High Heat value of the plastics polymer 

recorded highest in Uniuyo water waste dumpsite soil 

34870.00 Kj/g, followed by Uyo village road waste dumpsite 

soil 33690.00 Kj/g, Oron road soil 29820.00 KJ/g, Akpan-

andem market soil 21050.00 KJ/g while the least was recorded 

in the control.  

 

 
Fig. 2. Shows mean result of physical characteristic of microplastic particles 

in soil of Uyo metropolis. 
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This finding implies that plastic waste disposed within the area 

has high heating energy and may be attributed to the type of 

plastics used. Moisture content of the polymer recorded 

highest in Oron road soil 15.32 %, followed by Akpan-andem 

market 14.26 %, Uniuyo water waste soil recorded 13.77 % 

and Uyo village road recorded 11.39 % while the least was 

recorded in the control 9.67 %. 

Correlation analysis result of microplastics physical 

characteristics parameters in soil samples. 

Correlation analysis of physical Characteristics of 

microplastic polymer assessed in soil samples collected in 

Uyo metropolis of Akwa Ibom state showed that all 

parameters exhibited strong correlation with each other. 

However, the relationships were not significant (P ≤ 0.05). 

According to the results reported in table, the correlation 

coefficient (R2) between concentrations levels of the 

microplastic polymer were quite high and shows strong 

positive correlation. This means that their source may be the 

same as expected but they are not dependent on each other 

(Table 2). 

 
TABLE 2. Correlation analysis of physical Characteristics of microplastic 

polymer 

Correlation 
HHV 

(KJ/g) 
%Moisture 

Content 
pH 

HHV (KJ/g) 1   

%Moisture Content 0.820 1  

pH 0.908 0.996 1 

*Correlation is significant at 0.05 percent 

Chemical characteristic of microplastic particles in the soil of 

Uyo metropolis, Akwa Ibom State. 

Ultimate assay of soil whole microplastic polymer: 

Ultimate assay of soil whole microplastic particles as 

represented in figure 3 showed that 37.25 % Carbon was in 

Uyo village road dumpsite which was the highest of all the 

sampling stations followed by Uniuyo water waste site 27.45 

%, Oron road site 25.87 %, Akpan-andem market recorded 

21.88 % while the least was recorded in the Control site 18.89 

%. This shows that the metropolis has high concentration of 

carbon in the soil microplastic. Oxygen in the soil recorded 

highest in Uyo village road dumpsite soil 51.28 %, followed 

by Uniuyo water waste soil 45.87 %, Akpan-andem market 

soil recorded 39.76 %, Oron road waste site recorded 35.32 % 

while the least 22.03 % was recorded in control site. Nitrogen 

content recorded highest 0.57 % in Uyo village road waste site 

followed by Uniuyo water waste site 0.47 %, Oron road site 

recorded 0.35 %, Akpan-andem market soil recorded 0.32% 

while the least 0.21 % was recorded in the control site 

Hydrogen content in the soil recorded highest in Uyo village 

road waste site 13.21 %, followed by Uniuyo water waste 

dump site 11.23 %,Oron road waste site 10.92 %, and Akpan-

andem market soil recorded 9.63 % while the least 4.12 % was 

recorded in control site. Sulphur content recorded highest in 

0.64 % in Uyo village road soil, followed by Oron road waste 

site 0.59 %, Uniuyo water waste site recorded 0. 47 %. Akpan-

andem recorded 0.27 % while the least 0.22 % was recorded in 

the Control site. 

 

 
Fig. 3. Shows mean ultimate analysis of soil samples microplastic in Uyo 

metropolis. 

 

Correlation analysis was employed to measure the extent 

of the relationship between the concentration of ultimate assay 

of whole microplastics in soil samples collected from Uyo 

metropolis in Akwa Ibom State and the result of the analysis is 

presented in table 3 showed that all parameters exhibited 

strong positive correlation with each other. However, the 

relationships were significant (P ≤ 0.05) for some like Carbon-

Nitrogen (0.923 %), Oxygen-Nitrogen (0.977 %), Oxygen-

Hydrogen (0.936 %) and Nitrogen-Hydrogen (0.956 %) but 

not significant for other. The significant level implied that as 

one element increases, they other increases too and vice versa.  

According to the results in tables, the correlation coefficient 

(R2) between concentrations levels of the microplastic 

polymer were quite high and close to 1, showing strong 

positive correlation. 

 
TABLE 3. Correlation analysis of the Microplastic Ultimate assay of whole 

microplastic in soil samples. 

Correlation % C % O % N % H % S 

% C 1     

% O 0.851 1    

% N 0.923* 0.977** 1   

% H 0.846 0.936* 0.956* 1  

%  S 0.865 0.681 0..812 0.843 1 

*Correlation is significant at 0.05 percent 

 

Proximate analysis of whole microplastic in soil samples of 

Uyo metropolis: 

Proximate analysis of whole microplastic in soil samples 

showed that 29.22 % of fixed carbon was in Oron road soil 

axis and it was the highest of all as shown in figure 4. This 

was followed by Uyo village road dump site (26.12 %), 

Uniuyo water waste site (25.45 %) and Akpan-andem market 

recorded (22.43 %) compared to the least in Control sample. 

Ash content of the soil microplastic recorded highest (2.54 %) 

in Uniuyo water waste site, followed by Akpan-andem market 

(2.15 %), Oron road soil recorded (2.11 %), Uyo village road 

recorded (1.56 %) and the least was recorded in the control 

sample. Volatile matter was higher in Uyo village road (72.38 

%), followed by Akpan andem market soil (70.89 %), Oron 

road soil (69.71 %). Uniuyo-water waste site recorded (60.23 
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%) and the least recorded in (30.23 %). Residual content 

recorded highest inUyo village road waste site soil (1.28 %), 

followed by Oron road waste soil (1.21 %), Akpan andem 

market soil (0.93 %), Control site recorded (0.89 %) while the 

least (0.85 %) was recorded in Uniuyo water waste site.  

 

 
 
Fig. 4. Shows mean proximate analysis of soil samples microplastics in Uyo 

metropolis 

 

This finding showed that the present of microplastic in soil 

of the metropolis was higher than the control. It therefore 

means that civilization and urbanization leads to increase 

pollution of the soil with plastics material by inhabitants. 

Correlation analysis showed the extent and relationship 

between the concentrations of proximate assay of 

microplastics in soil and is presented in Table 4. 

 
TABLE 4. Correlation analysis of the proximate assays in the soil samples. 

Correlation %  FC % Ash 
% Volatile 

matter 

% Residual 

content 

% FC 1    

% Ash 0.593 1   

%Volatile 

Matter 
0.871 0.515 1  

%Residual content 0.608 -0.274 0.562 1 

*Correlation is significant at 0.05 percent 

 

Correlation analysis showed the relationship between the 

concentrations of proximate assay of micoplastic assessed in 

soil samples collected. All parameters exhibited strong 

positive correlation with each other except in the case of Ash-

Residual (-0.274) content relationship which shows negative 

correlation. However, the relationship between fixed carbons, 

ash, Volatile Matter, Residual content was not significant (P ≤ 

0.05). This indicate that the occurrence of the concentration 

may be from through same source but not dependent on each 

other. 

Soil Microplastic Heavy metal and Anion concerntration 

The heavy metal and anion content of the soil microplastic 

polymers in Table 5. showed that 61.75±0.03 %) of Lead 

concentration in whole microplastic was in Uyo village road 

soil and was significantly (p>0.05) different from other 

locations like Akpan-andem market soil (37.89±0.03 %), 

Uniuyo-water waste disposal soil (34.77±0.01 %), Oron road 

dumpsite (28.45±0.01 %) and Control site (16.78±0.01 %) 

which was 500 meters away. Similarly, Cadmium 

concerntration in Uyo village road soil (9.65±0.04 %) was 

significantly (p>0.05) different from Akpan-andem market 

soil (5.31±0.02 %), Uniuyo-water waste disposal soil 

(4.78±0.02 %), Oron road dumpsite (3.98±0.01 %) and 

Control site (2.28±0.01 %).  

Mercury concentration in Uyo village road soil (0.87±0.04 

%) followed the same trend and was significantly (p>0.05) 

different from other locations like Akpan-andem market soil 

(0.52±0.03 %), Oron road dumpsite (0.48±0.02 %) Uniuyo-

water waste disposal soil (0.32±0.02 %) and Control site 

(0.10±0.01 %). Chromium concerntration obtained in Uyo 

village road soil (71.25±0.02 %) was not an exception, the 

same observation was seen. It was significantly different 

(p>0.05) from sampling location like Uniuyo water waste 

disposal site (49.89±0.01 %), Oron road dumpsite (38.29±0.02 

%), Akpan-andem market soil (33.85±0.03 %) and Control 

site (12.12±0.03 %). Arsenic concentration obtained from Uyo 

village road soil (2.38±0.02 %) was significantly (p>0.05) 

different from Akpan-andem market soil (1.05±0.04 %), 

Uniuyo water waste site (1.03±0.01 %), Oron road dumpsite 

(0.95±0.01 %) and Control site (0.16±0.01 %).  

In terms of anion concentration, Chlorine value in Uyo 

village road soil (2165.31±0.03 %) was observed to be 

significantly (p>0.05) different from other locations like 

Akpan-andem market soil (1928.44±0.03 %), Uniuyo-water 

waste disposal soil (1867.21±0.08 %), Oron road dumpsite 

(1822.78±1.38 %) and Control site (498.76±0.79 %).  

Moreover, Bromine found in the whole microplastics in Uyo 

village road soil (567.14±0.03 %) was significantly (p>0.05) 

different from Oron road dumpsite (389.87±4.10 %), Akpan-

andem market soil (296.44±0.02 %), Uniuyo water waste 

dump site (256.23±0.01 %), and Control site (89.88±0.90 %).  

Correlation analysis was employed to measure the extent 

of the relationship between the concentration of heavy metals 

in microplastics particles in soil samples collected from Uyo 

metropolis in Akwa Ibom State and the result of the analysis is 

presented in Table 5. 

The result of the correlation analysis showing the 

relationship between the concentrations of heavy metals in 

whole microplastics in soil samples collected from Uyo 

metropolis of Akwa Ibom state indicates that most of the 

heavy metal elements exhibited a strong correlation with each 

other. However, some of these relationships were significant 

(P ≤ 0.05) while other were not significant (P ≥ 0.05). 

According to the results reported in Tables 6, the correlation 

coefficients (R
2
) between heavy metal concentration levels in 

the whole microplastics are quite very high.This is a clear 

indication that all pollutants have the same origin, as expected. 

The relationships that were significant are Pb-Cd (0.997), Pb-

Hg (0.939), Pb-Cr (0.926), Pb-As (0.987), Cd-Hg (0.939), Cd-

Cr (0.915), Cd-As (0.988), and Hg-As (0.958). This indicates 

that as one increase, the other increases too and vise versa. 

How ever they was a relationship check between heavy metal 

and anions in the analysis and it shows that there was a 
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significant (P > 0.05) relationship between Lead Pb-Bromine 

Br (0.885),  

Cd-Br (0.889), Hg-Br (0.969), Cr-Br (0.887), Cr-Br 

(0.887) and As-Br (0.940). These indicate that there is a 

dependent and strong positive relationship between them. This 

relationship also shows that their source of origin is the same.  

 
TABLE 5. Shows the Soil Microplastic Heavy metal and Anion concentration 

 
TABLE 6. Shows the Correlation Analysis the Microplastics Heavy Metals and Anions Relationships in the Soil Samples of Uyo Metropolis, Akwa Ibom State. 

Correlation Pb Cd Hg Cr As Cl Br 

Pb 1       

Cd 0.997** 1      

Hg 0.939* 0.939* 1     

Cr 0.926* 0.915* 0.856 1    

As 0.987* 0.988** 0.958* 0.951 1   

Cl 0.786 0.744 0.822 0.842 0.799 1  

Br 0.885* 0.889* 0.969** 0.887* 0.940* 0.827 1 

*Correlation is significant at 0.05 percent 

 
TABLE 7. Shows Contamination factor/degree and Pollution load index (PLI) of  Heavy metal and Anion in the soil of Uyo Metropolis. 

 

Contamination factor/degree and Pollution load index (PLI) 

of Heavy metal and Anion in the soil of Uyo Metropolis. 

Contamination factor/degree and Pollution load index 

(PLI) of Heavy metal and Anion in the soil of Uyo Metropolis 

in Table7. show that Lead Pb recorded highest in Uyo village 

road site (3.68), followed  by), Akpan andem market soil (2.36 

ppm),  Uniuyo water waste dump site(2.07ppm) and the least 

was recorded in Oron road site (1.69ppm). Similarly, Uyo 

village road dump site soil recorded highest (4.23ppm) 

contamination rate of Cadmium Cd in the soil, followed by 

Akpan andem market (2.33 ppm), Uniuyo water waste site 

contamination factor (2.10 ppm), and the least was in Oron 

road waste site (1.75 ppm). Mercury Hg contamination factor 

was higher in Uyo village road waste soil site (8.7 ppm), 

followed by Akpan andem market soil waste soil site (5.20 

ppm), Oron road waste site (4.8 ppm), Uniuyo water waste site 

recorded the least (3.20 ppm). Moreover, Chromium- Cr 

recorded highest contamination factor in Uyo village road 

dump site soil (5.88 ppm), followed by Uniuyo water waste 

dump site recorded (4.12 ppm), Oron road waste dump site 

soil (3.16ppm) while the least (2.80ppm) was recorded in 

Akpan andem market soil. Arsenic-As contamination in the 

soil was highest (14.88 ppm) in Uyo village road site, 

followed by Akpan andem market soil (6.56 ppm), Uniuyo 

water waste dump site recorded (6.44 ppm) while the least 

(5.94 ppm) was recorded in Oron road waste dump site soil. 

Contamination degree and pollution load index was higher in 

the soil of Uyo village road dump site (37.366 ppm and 544.40 

ppm respectively) compared to other locations (Table 7). 

Anions pollution shows that Chloride-Cl contamination was 

highest (4.341 ppm) in Uyo village road soil, followed by 

Akpan andem market soil (3.866 ppm), Uniuyo water waste 

dump site recorded (3.744 ppm) while the least level of 

contamination (3.655 ppm) was recorded in oron road waste 

dump site soil. Bromine contamination rate in the soil 

recorded highest (6.310 ppm) in Uyo village road soil, 

Parameter 

Soil Sample location 

Uyo village road Akpan-andem market 
Uniuyo-water waste 

site 
Oron-road dumpsite Control 

Pb (ppm) 61.75±0.03a 37.89±0.03b 34.77±0.01c 28.45±0.01d 16.78±0.01e 
Cd (ppm) 9.65±0.04a 5.31±0.02b 4.78±0.02c 3.98±0.01d 2.28±0.01e 

Hg (ppm) 0.87±0.04a 0.52±0.03b 0.32±0.02c 0.48±0.02b 0.10±0.01d 

Cr (ppm) 71.25±0.02a 33.85±0.03d 49.89±0.01b 38.29±0.02c 12.12±0.03e 
As (ppm) 2.38±0.02a 1.05±0.04b 1.03±0.01b 0.95±0.01c 0.16±0.01d 

ANIONS CONC.      

Cl (ppm) 2165.31±0.03a 1928.44±0.03b 1867.21±0.08c 1822.78±1.38d 498.76±0.79e 
Br (ppm) 567.14±0.03a 296.44±0.02c 256.23±0.01d 389.87±4.10b 89.88±0.90e 

Parameter 

Soil Sample location 

Uyo-village road dumpsite 

soil 
Akpan-andem market soil Uniuyo-water-dump site soil Oron road dump site soil 

Pb (ppm) 3.68 2.36 2.07 1.69 

Cd (ppm) 4.23 2.33 2.10 1.75 
Hg (ppm) 8.7 5.20 3.20 4.8 

Cr (ppm) 5.88 2.80 4.12 3.16 

As (ppm) 14.88 6.56 6.44 5.94 

Contamination degree 37.366 19.243 7.922 17.337 

PLI 544.40 114.59 96.06 81.62 

ANIONS 

Cl (ppm)SS 4.341 3.866 3.744 3.655 

Br (ppm) 6.310 3.298 2.851 4.338 

Contamination degree 10.651 7.164 6.598 7.993 

PLI 10.467 7.141 6.534 7.964 
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followed by Oron road soil (4.338 ppm), Akpan andem market 

soil recorded (3.298 ppm) while the least (2.851 ppm) was 

observed in Uniuyo water waste soil. However, contamination 

degree (10.651 ppm) and pollution load index (10.467 ppm)  

was significantly higher in Uyo village road soil compared to 

other locations as shown in table. 

Discussion 

This study reveals the present and concentration of 

microplastic particles and their heavy metals in the soil of 

some selected locations in Uyo metropolis of Akwa Ibom 

State. From the research study, there are high concentrations 

of microplastics particles in the soil as a result of 

indiscriminate waste disposal which has become a problem to 

the society. From the analysis of the proximate and ultimate 

components of the plastic representing the physical and 

chemical component of the particles found in the soil, it 

showed that the pH level were slightly acidic in all locations 

ranging from 6.32 % (highest) to 6.00 % the lowest which is 

the control site, the calorific energy (High heating value) of 

the plastic were very high in all the locations recording the 

highest 34872.00 KJ/g concentration and low moisture content 

was 14230 KJ/g which was in the control site.  Moisture 

content in the microplastic was higher than the control. This 

shows that some particles which were thermoset must have 

absorbed moisture in the process of disintegration since it was 

deposited in the soil. Also like the ultimate parameters 

analyzed, the microplastic particles Carbon, Oxygen, 

Nitrogen, Hydrogen, and Sulfur were higher than the control 

site showing that there is much deposition of plastic waste in 

those study locations. From the correlation analysis, it showed 

that all parameters exhibited strong positive correlation with 

each other. However, the relationships were significant (P ≤ 

0.05) for some like Carbon-Nitrogen (0.923), Oxygen-

Nitrogen (0.977), Oxygen-Hydrogen (0.936) and Nitrogen-

Hydrogen (0.956) but not significant for other. The 

significance difference implies that as one element increases, 

they other increases too and vice versa and that the 

microplastic particles are from the same source. High heating 

values recorded agrees with the report of [19] that due to the 

existing of carbon and hydrogen content which led plastic to 

have higher energy content of the plastic particle, the particles 

from waste dump site is a potential fuel to recover energy.  In 

general, the product of combustion is carbon dioxide, water 

and a good deal of energy. Hence, alternative options such as 

recycling and thermal treatment need to be incorporated into 

the waste management concept in order to address the solid 

waste disposal [24]. A study found that the greater the 

percentage of plastic in the refuse burned in a garbage 

incineration, the more efficiency the burning, the greater the 

quantity of energy released and the lower the emission of air 

bone pollutant (Othman et. al., 2008). Proximate analysis also 

showed that the fixed carbon concentration were 29.22, 

26.12,25.45, 22.43 %, and 14.45 % for Oron road, Uyo village 

road site, Uniuyo water site, Akpan-andem market site and 

control respectively. This shows the high present of 

indiscriminate disposal which may affect the soil if not 

control. Ash content, Volatile organic matter and residual 

content were in high amount compared to the control site. The 

increase concentration and amount of one parameter led to the 

increase in another. This agrees with this report that ash 

content represents the part of the microplastic that wills not 

combust [26] and can be influenced by the high heating 

capability of the microplastic recorded in the result. High 

heating values of the microplastic can yield high ash content 

when there is low moisture content and volatile matter. 

Heavy metals recorded from the particles analysis shows 

highest concentration of 61.75ppm, 9.65ppm 0.87ppm 

71.25ppm 2.38ppm all from Uyo village road dumpsite. These 

concentrations were higher than the controls showing that the 

particles with high amount of moisture content and residual 

matter contain high level of heavy metals. These 

concentrations are hazardous to microorganism and food 

chain.  The same observation was recorded in the anions 

content which was high in Uyo village road site and other 

locations compared to low amount recorded in control site. 

This finding may be attributed to the report from [20] that 

some metals and anions are additive in the production process 

but due to environmental factor like pH and temperature of the 

environment, additional quantity of the metals and anions are 

added to the microplastic surface area. [15] Also added that 

these heavy metals get absorbed in the plastic surface area and 

find their way into the environment. 

This study finding agrees with [16] who reported that 

additive chemicals substances are commonly added to plastics 

and are therefore likely to be present in microplastics in the 

environment, representing a potential harm. Examples of these 

substances include polybrominated diphenyl ethers (PBDEs) 

and other brominated flame retardants as well as Bisphenol A 

(BPA). Several EU risk assessments for phthalates show that 

plastics accumulated in the natural environment are one of the 

main sources of phthalates releases to the environment. 

Ingested microplastic laden with polybrominated diphenyls 

(PBDEs) may transfer to birds and to lugworms [23]. The 

contamination levels from this study could be due to the large 

amount and types of waste materials deposited over the years 

which may contains heavy/trace metals substances. Anions 

contamination level was above moderate level but could pose 

danger to the food chain as some of these beads are picked by 

birds and lower organisms. 

Pollution index was also high in the soil samples collected 

but shows that toxic substances are in large amount and is 

stored for long time as this waste plastic and other organic 

matter are deposited every day. If proper check and regulation 

is not taken the soil around that region could be completely 

damaged and useless. 

IV. CONCLUSION 

Indiscriminate waste disposal is a major problem in 

Nigeria and there is need to address the trend especially the 

way plastic waste is disposed to our environment. The study 

finding concludes that greater percentage of waste disposed to 

our environmental media are plastic in nature and this waste 

has slow breakdown process which may allow it to remain in 

the soil for decades before its breakdown. From all the 

locations of the study, microplastic particles in the sampled 
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soils were higher than the control site soil. The analyzed 

microplastic has high calorific energy which can be converted 

to useable energy. Therefore, proper thermal treatment 

operation is important to control emissions of these 

compounds so as to reduce the quantity of plastics disposed. 

Carefully monitored and controlled thermal treatment can lead 

to large reduction in plastic waste, generate much needed 

energy and have little negative impact on environment.  

Recycling opsyen and thermal treatment offer benefit of 

material recovery and energy recovery so as solving the waste 

disposal problem. 

Recommendation 

From the study findings, the researcher recommends 

thermal treatment technology such as refuse derived fuel 

(RDF) power plant or thermal depolymerization as the best 

practicable environmental option (BPEO) for plastic waste 

when carried out to the latest standards with energy recovery 

followed by land filling of the solid residues. 

The researcher also recommends for legislative body to 

formulate policies and regulations to control plastic usages in 

the country and encourage recycling reuse and reduce plastic 

product in our society. 

REFERENCES 

[1] O. K. Adeyemo, ―Consequences of Pollution and Degradation of 
Nigerian Aquatic Environment on Fisheries Resources‖. The 

Environmentalist, Kluwer Academic ublishers. Manufactured in The 

Netherlands·4037–4044. Vol 23, 297–306, 2003. 

[2] J. O. Babayemi, M. B., Ogundiran, R. Weber, O. Osibanjo, ―Initial 

Inventory of Plastics Imports in Nigeria as a Basis for More Sustainable 

Management Policies‖. Journal of Health & Pollution Vol. 8, No. 
1815pp, 2018. 

[3] BEC ―Green paper: on a European strategy on plastic waste in the 

environment‖. Brussels: European Commission; 20 p, 2013.  
[4] V. Merino, and D. Ayer, ―Plastic Pollution Primer & Action Toolkit‖. 

Earth Day Network for the End Plastic Pollution Campaign, 2018. 

March 7th, 2018.pp 53, 2018.  https://www.earthday.org/wp-
content/uploads/Plastic-Pollution-Primer-and-Action-Toolkit.pdf 

[5] E. W. Dumbili, ―Plastics Polution in Nigeria‖. A Review Department of 

Sociolgy and Anthropology, Nnamdi Azikiwe University, Awka, 
Anambra State, 2009. 

[6] L. M., McDowell-Boyer, J. R. Hunt, and N. Sitar, ―Particle transport 

through porous media‖. Water Resour. Res. 22, 1901–1921, 1986. 
[7] S. Maaß, D. Daphi, A. Lehmann, and M. C. Rillig, ―Transport of 

microplastics by two collembolan species. Environ. Pollut. 225, 456–

459  2017. 

[8] L. Y., Wick, R., Remer, B., Würz, J., Reichenbach, S., Braun, F., 

Schäfer, ―Effect of fungal hyphae on the access of bacteria to 

phenanthrene in soil‖. Environ. Sci. Technol. 41, 500–505. 2007. 
[9] E. J., Gabet, O. J., Reichman, and E. W. Seabloom. ―The effect of 

bioturbation on soil processes and sediment transport‖. Ann. Rev. Earth 

Planet. Sci. vol 31, 249–273. 2003 
[10] GESAMP ―Sources, fate and effects of microplastics in the marine 

environment: A 

globalassessment‖(Kershaw,P.J.,ed.).(IMO/FAO/UNESCO/IOC/UNID
O/WMO/IAEA/UN/UNEP/UNDP Joint Group of Experts on the 

Scientific Aspects of Marine Environmental Protection). Rep. Stud. 
GESAMP No. 90, 96 p, 2015. 

[11] S. L. Wright and F. J. Kelly,  ―Plastic and Human Health: A Micro 

Issue‖. Environ. Sci. Technol. 2017, 51, 6634−6647, 2017. 
[12] D. Yang; H. Shi, L. Li,  J. Li,  K. Jabeen,;, P. Kolandhasamy 

―Microplastic Pollution in Table Salts from China‖. Environ. Sci. 

Technol. 2015, 49, 13622−13627, 2015. 
[13] Vianello, A. Boldrin, P. Guerriero,.; V. Moschino, R. Rella,. Sturaro, A.; 

Da Ros, L ―Microplastic particles in sediments of Lagoon of Venice, 

Italy: First observations on occurrence, spatial patterns and 
identification‖. Estuarine, Coastal Shelf Sci. 2013, 130, 54−61. 2013. 

[14] http://nigeriaroute.com/akwaibom.php#top 

[15] Z. L., He, X. E., Yang and P.J., Stoffella. Trace elements in 
agroecosystems and impacts on the environment. Journal of Trace Elem 

Med Biol.  Vol 19 (2–3):125–140, 2005.   

[16] C., Lassen, S. F. Hansen, K., Magnusson, N. B., Hartmann, P.,R Jensen, 
T. G. Nielsen, and A. Brinch, ―Microplastics - occurrence, effects and 

sources of releases to the environment in Denmark‖, Danish Environ 

mental Protection Agency,  2015. 
[17] S. A., Mamun, F. Rahman,. F. Yeasmin, and M. A. Islam, ―Suitability of 

the Physical Properties of Soil for Crop Production‖. A Study in Tangail 

Sadar.  J. Environ. Sci. & Natural Resources, 4(2): 121-125, 2011 ISSN 
1999-7361. 

[18] J. Masura, J. Baker, G. Foster, and C. Arthur, Laboratory methods for 

the analysis of microplastics in the marine environment: 
recommendations for quantifying synthetic particles in waters and 

sediments. NOAA Technical Memorandum NOS-OR&R-48. NOAA 

National Oceanic and Atmospheric Administration: Silver Spring 
Marine Debris Division 1305 East-West Highway Silver Spring, MD 

20910 USA. 39pp. 2015. 

[19] N.  Othman, N. E. A., N. M., Basri, Yunus, and l. M. Sidek, 
―Determination of physical and chemical characteristics of electronic 

plastic waste (EP-waste) resin using proximate and ultimate analysis 

method‖, in International Conference on Construction and Building 
Technology. ICCBT 2008 - D - (16) – pp169-180. 2008. 

[20] N. Oz, G., Kadizade, and M Yurtsever,. ―Investigation of heavy metal 

adsorption on microplastics‖. Applied Ecology And Environmental 
Research 17(4): 7301-7310, 2019. 

[21] S. Pilli, S. Yan, R. D. Tyagi,. And R. Y. Surampalli, ―Overview of 

Fenton pre-treatment of sludge aiming to enhance anaerobic digestion‖. 
Rev. Environ. Sci. Bio/Technol. vol 14, 453−472. 2015. 

[22] M. C. Rillig,. ―Microplastic in Terrestrial Ecosystems and the 

Soil‖ Environmental Science & Technology. 46 (12): 6453–6454. 2012.  
[23] C M Rochman ―Ingested plastic transfers hazardous chemicals to fish 

and induces hepatic stress‖. Science Report 3:3263, 2013. 
[24] M. Rozainee and, S.P.  Ngo. ―Role of Thermal treatment Technology in 

integrated solid waste‖ pp154 2002. 

[25] S. Sahinkaya. ―Disintegration of municipal waste activated sludge by 
simultaneous combination of acid and ultrasonic pretreatment‖. Process 

Saf. Environ. Prot. 2015, 93, 201−205. 2015. 

[26] L. Thomas, ―Handbook of practical coal geology‖: New York, Wiley, 
338 p 1992. 

[27] A. Durogbitan ―Evaluation of Impact of Solid Wastes and Its Potential 

as ASource of Renewable Energy. A Case Study from Minna and his 
Environs, Nigeria‖. Acta Scientific Agriculture 3.5 (2019): 145-152 

2019. 

[28] ASTM, ―Annual book of ASTM standards, volume 05.06, Gaseous 
fuels; coal and coke; catalysts; bioenergy and industrial chemicals from 

biomass‖: American Society for Testing and Materials, 880 p 2013. 

[29] R. Brunner, ―Hazardous Waste Incineration‖, Mc. Graw- Hill 
International Editions, pp 460 1994. 

[30] Y., Guan, Ch., Shao, and M. Ju, ―Heavy metal contamination assessment 

and partition for industrial and mining gathering areas‖. International 
Journal of Environmental Research and Public Health, 11, 7286–7303, 

2014. 

[31] P. S., Harikumar, U. P Nasir, and M. P.  Mujeebu Rahma, ―Distribution 
of heavy metals in the core sediments of a tropical wetland system‖, 

International Journal. Environmental Science Technology, Vol. 6, No. 

2, 2009, pp.225-232, 2009. 
[32] M. Varol, ―Assessment of heavy metal contamination in sediments of 

the Tigris River (Turkey) using pollution indices and multivariate 

statistical techniques‖. Journal of Hazardous Materials, vol195, 355–
364, 2011. 

[33] Association of Official Analytical Chemists (AOAC). Official Methods 

of Analysis of AOAC International, 17th ed.; AOAC International: 
Gaithersburg, MD, USA, 2000. 

[34] J. Ituen and N. Nyah, ―Flood Hazard Assessment And Decisions Support 

Using Geographic Information System: A Case Study of Uyo Capital 
City, Akwa Ibom State, Nigeria‖. International Journal of Geography 

and Geology 2014 Vol. 3, No. 4, pp. 56-67 ISSN(e): 2305-7041,  2015. 

[35] S. E., Etuk , O.,  Ebuka, and E. S. Edet, ―Spatial Distribution of 
Government and Donor Organization Provided Public Water Facilities 



 International Journal of Scientific Engineering and Science 
Volume 5, Issue 1, pp. 18-27, 2021. ISSN (Online): 2456-7361 

 

 

27 

http://ijses.com/ 

All rights reserved 

in Uyo Metropolis, Niger Delta Region, Nigeria, Using Geographical 
Information System‖. World Scientific News WSN 94(2) (2018) 217-

235, 2018. 

[36] N. A. Etim, and S. Okom. ―Sources of technical efficiency among 
subsistence maize farmers in Uyo, Nigeria‖. Discourse Journal of 

Agriculture and Food Scienc, Vol. 1 (4), pp. 48-53, April 2013. 

[37] I. E., Ukpong, ―Perspectives on environmental management. Uyo‖.  
Environmental Systems Club Inc. pp: 222-225. 2009. 

[38] E .J. Usoro and A. P. Akpan. ―Akwa Ibom State, A geographical 

perspective‖. Immaculate Publications Ltd. Enugu: pp 654. 2010 

 


