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Abstract:  
Sediments deposited along roads are dust particles found along road surfaces, recognized as an important source of 
contamination in urban environments. Eighteen deposits were collected from the six major roads leading into Owerri 

town. Samples were characterized for physicochemical parameters including- particle size distribution, electrical 
conductivity, pH, organic matter, temperature, moisture content, etc and digested with H2SO4 for heavy metal analysis 

using Atomic Absorption Spectrophotometer. Data obtained were compared with the Department of Petroleum Resources 
(DPR) standard and interpreted using chemometric models to check extent of pollution. In this work, the particle size 

distribution result indicates that clay has the highest percentage 58%, seconded by silt 22% and then sand 20% in Onitsha 
Road. The heavy metal contents in RDS are in order of decreasing concentration: Zn> Ni> Mn> Co> Cu. Correlation 
results revealed that all the metals exhibited weak positive relationship with temperature, they also had weak positive 

association with soil organic matter except copper (-0.01) and manganese (-0.15) which have negative associations. The 
value of pollution index is 0.00 which signifies that the RDS were not polluted but in the long run could cause multi    

element contamination. 
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INTRODUCTION 

Sediments on road surfaces and along walk-ways are very 

prevalent in urban and sub-urban watershed. These deposits 

are easily sampled, and give useful evidence of the extent of 
pollution of a location (Stone and Marsalek 1996), road-

deposited sediments and associated contaminants are 

typically available for mobilization and transportation to sub 

surface drainage system by storm water run-off. Research has 

shown that with charging environmental conditions, 

sediments and dusts transported and stored in the urban 

environment have the potential to provide considerable 

loading of heavy metals to receiving water and water bodies 

(Pereira et. al., 2007). Road-deposited sediment (RDS), 

inappropriately named “road dust”, is recognized as an 

important source of contamination in urban environments 
(Stone and Marsalek 1996) 

These sediments deposited along roads can pose health risk, 

as they accumulate and suspend in the atmosphere when 

agitated most of which can be inhaled or adsorbed dermally 

or in the eyes. In this study, sediments deposited along roads 

would be differentiated by means of analytical 

characterization considering their particle size distribution, 

physicochemical parameters (like electrical conductivity, PH, 

organic matter, temperature, moisture content, heavy metal 

determination, etc). 

This study seeks to analyze and characterize these sediments 

deposited along roads considering some soil analysis 
parameters like particle size distribution, heavy metal content 

and some physicochemical parameters like: electrical 

conductivity, temperature, soil ph, moisture content, soil 

organic matter (SOM) etc, to correlate the physicochemical 

properties with heavy metal contents of the  sediments 

deposited along  oads and to fit data into models such as the 

pollution assessment of sediments deposited along Roads 

using contamination factor, pollution index and geo-

accumulation index. 

This study dealt with only major roads leading into owerri 

town. This includes: Aba Road, Umuahia road, Okigwe road, 
Orlu road, Portharcourt road and Onitsha roads. Sampling 

points for soil and air quality was picked at 2 kilometers 

interval from each other at respective major roads. The 

particle counter machine was used for air quality 

determination while 20ml sampling containers were used in 

the collection of soil samples. Geographic positioning system 

(GPS) was used to record the various coordinates, while 

Atomic Absorption spectrophotometer was used to 

characterize the soil samples for heavy metal concentration. 
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MATERIALS AND METHODS 

A. Sampling and sample Pretreatment: 

Eighteen soil samples were collected from the six major roads 

leading into Owerri town. Soil samples were collected at 2km 

intervals, from the first sampling point, our vehicle moved for 
three minutes at 40km/hr where the second point was picked 

and another 3 minutes at 40km/hr, the third sampling point 

was picked. This process was repeated for the six major roads 

leading into Owerri to give 18 samples. They were digested 

and characterized using atomic absorption spectrometer. The 

solid were pooled, treated to conning and quartering 

procedures to obtain composite sample of each site location 

using a locally fabricated soil auger.  These soil samples were 

air dried, sieved with a 2mm mesh size, divided into 

triplicates and stored in black polyethylene bags for analysis 

(Ure, 1990; Carlosena et al, 1998; Mustafa, 2003 and Dilek, 

2003). 

B. Physicochemical Parameters of 

Soil\Determination of particles 

50g of oven-dried soil sample were weighed into a baffled 

cup.  The cup was half filled with distilled water and 5ml of 

neutral sodium hexametaphosphate were added.  The 

suspension was stirred for about 10 minutes and transferred 

to Bougoucos cylinder which was filled to the mark with 
distilled water.  The content was stirred vigorously with metal 

rod.  The hydrometer was inserted into the cylinder and was 

read at the end of 40 seconds.  The hydrometer was removed 

from the suspension and the temperature recorded.  For every 

degree above 200C, 0.3 units were subtracted from the 

hydrometer reading.  The sand settles to the bottom of the 

cylinder within 40 seconds.  The hydrometer reading at 40 

seconds gave the amount of the silt and clay in suspension.  

The weight of the sand was obtained by subtracting the 

corrected hydrometer reading from the total weight of the 

sample.  The percent sand was calculated by dividing the 

weight of sand by the weight of the sample and multiplying 
by 100.  Percentage of clay was determined in the sample by 

re-shaking the suspension and inserting the hydrometer 

recorded at the end of 2 hours.  The corrected hydrometer 

reading represents the gram of clay in the sample.  The 

percentage of clay was calculated by dividing the weight 

from hydrometer reading by the weight of the samples and 

multiplying by 100. (Bougoucos,1951). 

C. Determination of pH 

The pH values of the soil samples were determined in the 

laboratory using a Jenway 3505 pH meter TS-2. The pH was 

determined by dipping the electrode into a 2:1 soil/deionised 
water mixture that had been stirred and allowed to equilibrate 

for about one hour.  The pH meter was calibrated with pH 7.0 

and pH 4.0 buffer before using ISO (2005) 

D. Determination of electrical conductivity (EC) 

The suspension used for pH determination was filtered.  The 

conductivity (ms/cm) of the filtrate was determined using a 

conductivity meter/bridge known as Yokogawa conductance 

Sc 82. (Verla et. al 2015) 

 

E. Determination of organic carbon/matter. 

Organic carbon was determined by the wet combination 

method of Walkley and Black, (1934).  One gram of finely 

ground representative sample was weighted in duplicate into 

beakers.  10ml of 1.00N potassium dichromate solution was 

accurately pipette into each beaker and rotated gently to wet 

the soil sample completely.  Concentrated H2SO4 (20ml) was 

added and then rotated again to complete oxidation.  This was 

allowed to stand for 10 minutes before diluting with water to 

about 200 – 250ml.  25ml of 0.5M ferrous ammonium 

sulphate was then added and titrated with 0.4M potassium 

permanganate under a strong light.  Percent organic carbon 
was calculated using the formula;  

𝑀𝑒𝑞𝐾2𝐶𝑟2𝑂7−𝑀𝑒𝑞 (𝑁𝐻4) 2𝐹𝑒𝑆𝑂4.  12𝐻20) 𝑥 0.003 𝑥 100𝐹

𝑊𝑡𝑜𝑓𝑎𝑖𝑟−𝑑𝑟𝑦𝑠𝑜𝑖𝑙
        ……… 

(3.1) 

Correction factor = 1.33, Meg is normality of solution 

x ml of solution used, Percent organic matter in soil was then 

calculated as; 

% Organic matter = % organic carbon x 1.724 

F. Determination of Percentage Moisture Content 

Washed crucibles were oven dried at 105⁰C for 30minutes to 

ensure total dryness. They were then transferred into the 
desiccators to cool for about 30 minutes. The crucibles were 

weighed on an electronic balance and the weight recorded as 

(W1). 5g of seed sample were weighed into the dried pre 

weighed crucible (W2). The crucibles and the content were 

oven-dried at 1050C for 4 hours. The samples were removed 

from the oven and dried until a constant weight was obtained. 

After drying, the crucible was transferred into the desiccators 

to cool for about 45 minutes and weighed (W3). This analysis 

was carried out in triplicate. (Verla et. al 2015) 

 

G. Determination of Heavy Metals in soils: 

0.5grammes of the samples were later weighted and then 

digested with 15ml of H2SO4 for 21hours.  The mixture was 

filtered into 25ml standard flask and solutions made up to 

mark with deionised water (Jinadesa et al, 1997 and Adeniyi, 

1996).  The concentrations of Co, Mn, Zn, Ni and Cu in the 

respective soil samples were determined using A analyst 

Atomic Absorption Spectrophotometer (Verla et. al 2015) 

H. Statistical Analysis 

Spearman’s correlation coefficient matrix between heavy 

metal concentrations in the sediments deposited along roads 

soil samples at 5% significance level were carried to check 
for the relationship between heavy metal concentrations and 

physicochemical parameters using Microsoft excel 2010. 
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I. Contamination Factor 

The contamination factor was used to ascertain the levels of 

soil contamination by heavy metals. Contamination factor is 

the ratio of the concentration of the heavy metal (measured 

concentration) to the background value (standard 
concentration) (Lacatusu et al 2000) 

 

Cf  = [m]/ [ms]         

 ………………… (3.2) 

Where: Cf = contamination factor 

  [m] = measured conc 

  [ms] = standard conc 

 

J. Pollution index (PI) 

  

PI= (Cf1× Cf2× Cf3×……. Cfn)1/n   

…..………….(3.3) 
 

Where, n is the No. of metals and Cf is the contamination 

factor. The Cf is the metal concentration in soil/background 

values of the metals. The PI is a potent tool used in heavy 

metal pollution assessment. (Tominson et al 1980) 

K. Geo-accumulation index (I-geo) 

The formula proposed by Muller was used to calculate the 

geo-accumulation index (I-geo) values for the various  s 

metals as given below: 

I-geo = log2 (Cn/1.5Bn)  ………………… (3.4) 

Where, Cn is the concentration of the element in the soil, Bn 

is a geochemical background for the element or world 

average of the element in shale. Seven classes (ranging from 

0-6) of the geo-accumulation index was proposed by Muller 

to classify the level of contamination of the soil or sediment 

by the metals. These are: 

Class 0= I-geo <0 (practically uncontaminated) 

Class 1=0< I-geo <1 (uncontaminated to moderately 

contaminated 

Class 2=1< I-geo <2 (moderately contaminated) 

Class 3=2< I-geo <3 (moderately to heavily contaminated) 

Class 4= 3< I-geo <4 (heavily contaminated) 

Class 5= 4< I-geo <5 (heavily to extremely contaminated) 

Class 6= 5< I-geo >6 (extremely contaminated) 

Any value that falls from 6 and above is classified in the open 

class. In class the value of the element can be as many folds 

greater than the background value of the metal or element 

(Muller et al 1981). 

The background value taken is considered from the 

department of petroleum resources (DPR) thus; Co=20, 

Cu=36, Ni=35, Mn=850, Zn=140 all in mg/kg. 

RESULTS AND DISCUSSION 
Eighteen soil samples were collected from the six major roads 

leading into Owerri town. Soil samples were collected at 2km 

intervals, from the first sampling point, our vehicle moved for 

three minutes at 40km/hr where the second point is picked 

and another 3 minutes at 40km/hr, the third sampling point 

was picked. This process was repeated for the six major roads 

leading into owerri to give 18 samples. The distance between 

the sampling point and road is estimated to be 2meters. These 

samples were digested and characterized using atomic 

absorption spectrometer. 

 

PHYSICOCHEMICAL ANALYSIS 
A representative sample from Okigwe roads, Orlu road, Port-

Harcourt road, Onitsha road, Umuahia road and Aba roads 

was set up according to the procedure in chapter three, 

allowed for three days to sediment and they were 

characterized. Heavy metal analysis of the investigated soil 

samples are shown on Table 4.1.  

Table 1: Results of ambient temperature, relative humidity 

(RH), suspended particulate matter (SPM) and heavy metal 

analysis of the soil samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sampl

e 

Temp. 

(0C) 

RH 

(%) 

SPM 

(μg/m3

) 

Heavy metal content (ppm) 

Co Cu Ni Mn Zn 

         

AB1 37.1 39.1 128 
0.07

8 
0.047 0.181 0.124 2.5581 

AB2 42.6 27.6 14 
0.04

6 
0.001 0.018 0.046 3.5417 

AB3 42.4 28.8 46 0.00 0.018 0.155 0.084 1.5641 

OK1 41.1 29.1 22 
0.09

6 
0.00 0.066 0.00 4.6932 

OK2 41.5 27.8 27 
0.01

2 
0.00 0.126 0.186 1.5040 

OK3 41.1 28.6 24 0.00 0.00 0.155 0.084 1.5641 

OR1 39.8 31.4 294 0.00 0.005 0.193 0.003 1.9046 

OR2 39.9 30.7 122 
0.08

6 
0.003 0.132 0.094 2.1387 

OR3 39.0 34.3 107 
0.06

9 
0.00 0.081 0.141 1.5814 

ON1 36.0 44.5 87 
0.04

0 
0.00 0.217 0.077 1.9710 

ON2 36.4 47.3 36 
0.03

0 
0.00 0.136 0.039 1.6763 

ON3 37.2 45.8 52 
0.14

3 
0.00 0.091 0.252 2.7769 

UM1 32 54.3 12 0.00 0.00 0.00 0.074 1.8455 

UM2 34.1 48.6 18 
0.02

3 
0.00 0.00 0.171 1.9855 

UM3 34.0 50.3 52 
0.01

8 
0.030 0.097 0.086 2.7087 

PH1 35.0 56.2 28 
0.15

9 
0.00 0.055 0.062 3.1897 

PH2 36.4 48.1 20 0.00 0.00 0.041 0.00 1.9664 

PH3 36.6 46.8 97 
0.10

7 
0.00 0.053 0.106 1.9311 
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Suspended particulate matter (SPM) 
 

The SPM result is presented in table 4.2. SPM are 

microscopic solid or liquid matter suspended in the 

atmosphere (Seinfeld and Spyros, 1998). They have impacts 

on climate and precipitation that adversely affect human 

health. International Agency for Research on Cancer (IARC) 

and World Health Organization (WHO) designate airborne 

particulates a Group 1 carcinogen (EHP, 2016). Particulates 

are the deadliest form of air pollution due to their ability to 

penetrate deep into the lungs and blood streams unfiltered, 

causing permanent DNA mutations, heart attacks, respiratory 
disease, and premature death (USEPA, 2010). Regulations or 

standard for daily or yearly SPM level in Nigeria was not 

found, comparison was then made with standards limit set by 

China (75 – 150 μg/m3) for daily PM. Only mean OR road 

(174.33 μg/m3) exceeded this limit, which also happens to be 

the area with highest SPM concentration. The order for other 

areas was; AB > ON > OK > PH > UM respectively. The high 

SPM follows the high ambient temperature, which also 

affects the recorded relative humidity.  

 

Relative humidity (RH) 

The % RH were generally low (< 55 %) due to the high 

temperature. Verla et. al., (2018) revealed that there a strong 
association between ambient temperature and RH, where 

increasing temperature with cause a reduction in relative 

humidity and vice versa.  

 

Heavy metal contents 
In general, the smaller and lighter a particle is, the longer it 

will stay suspended in air. Larger particles (greater than 10 

micrometers in diameter) tend to settle to the ground by 

gravity in a matter of hours whereas the smallest particles 

(less than 1 micrometer) can stay in the atmosphere for weeks 

and are mostly removed by precipitation. The settled 

particulate matter was collected as dust soils which were 

analyzed for Zn, Mn, Ni, Cu and Co concentrations. The 

analysis results are presented in table 4.2 while the mean 
distribution between sites is presented in figure 4.1. The 

metal contents were generally very low with only Zn having 

concentrations (> 1 mg/kg) in all location. The low contents 

of metals could be attributed to the very high SOM contents 

in the soil obtained in this study (Table 4.1), as SOM contents 

is known to form complexes with metals (Enyoh et. al, 2017) 

and impedes bioavailablity of metals (Verla et al, 2015). In 

addition, acidic pH (< 6) could have effect on the solubility 

of metals retention in soil; the greater retention and lower 

solubility of metal occurs at high soil pH (Škrbić and 

Miljević, 2002). 
 

 

 

Table 2: Mean results of physicochemical parameters of soil 

samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig 1: Particle size distribution of silt, sand and clay 

 

 Particle size distribution 
The particle size distribution result showed that clay is 

highest in percentage in all the sample locations, seconded by 

silt and then sand. The heavy metal contents are thus in order 

of decreasing concentration: Zn> Ni> Mn> Co> Cu while 

Aba Road was highest for metal concentration. 

The samples collected along the roads showed mean 

temperature ranging from 29.0 oC to 30 oC with OK, OR, UM 

and AB having highest value of 30 oC. The recorded 

temperature could be due to the sampling period (Verla et. 

al., 2019). Comparable temperatures have been reported for 

other regions. Enyoh et. al., (2017) working on soil samples 

from Okigwe reported temperature range of 27.8 oC to 

29.1oC. The temperatures are significant in their influence on 

sediment characteristics. High temperature reduces growth of 

microorganism, and has been associated with soil acidity.  

The pH of soils from the soil samples in this study ranged 

from 4.75 to 6.44. The soils were generally acidic pH < 7. 

Generally, pH values of soil divided into five degrees, strong 
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acidic pH<5.0, acid pH 5.0-6.5, neutral pH 6.5-7.5, alkaline 

pH 7.5-8.5, strong alkaline pH>8.5, As can be seen from 

results only soils from Okigwe were strongly acidic.  The 

reported pH in the current study agrees with reported pH 

values of soils within the tropics. Literature reveals that most 
soils in the tropics have their pH ranging from acidic to 

slightly neutral (alloway, 1997 and Okoro et al, 2015). 

Comparable pH has been reported viz 5.00 to 5.94 for soils 

in Egbema (Ahukaemere et. al, 2016), 6.54 to 6.77 from 

Okigwe (Enyoh et. al., 2017) and 5.63 to 6.47 for surface 

soils in Portharcourt, Rivers state (Verla et. al., 2017). 

However, at lower pH metals solubility tends to decrease and 

absorption reactions become more important than 

precipitation and complexation reactions. This encourages 

percolation of metals into deeper soil horizon. The acidity 

order for pH was OK > OR > UM > AB > ON > PH 

respectively. The soil electrical conductivities (EC) also 
varied among the soil samples. The EC ranged from 112 

μS/cm at PH and ON roads to 260 μS/cm at OR road. EC 

values indicate ionic concentration of soils and a good 

indicator of the amount of nutrient available in the soil. The 

order of EC was PH/ON < UM/AB < OK < OR. Higher 

concentrations > 300 μS/cm was reported for soils collected 

from Okigwe (Enyoh et. al., 2017). 

The moisture percentage in the soils ranged from 5 % at AB 

road to 11.10 % at OR road.Generally, the recorded moisture 

content was high. High values of soil moisture have been 

linked to larger soil particles and leaching processes (Verla 

et. al., 2015). Moisture has been known to reduce dust while 

organic matter is effective in trapping moisture. Comparing 

the observed moisture with moisture content recorded in 

other major roads.Soil organic matter (SOM) content not 

only determined the nutritional status, but also affected the 

migration of heavy metals. Organic matter affects both the 

physical properties of the soil and its overall health. Organic 

matter is known to form complex with heavy metals. The soil 
texture from the laboratory analysis revealed clay soils in all 

areas. The soils at ON, OR and AB has the highest clay 

content (> 50 %) than other location, seconded by silt and 

then sand.Clay soils are common in soils from the tropics. 

Soil samples Iyiaba, Omampe and Agbo (Egbema LGA) and 

Ihube (Okigwe LGA) of Imo state was reported to be clay (> 

50 %) (Ahukaemere et. al, 2016; Enyoh et. al., 2017). 

However, contrasting results for roadside soils in Hong kong, 

China was reported to be sandy (> 80 %) with alkaline pH 

(mean 8.71) (Jim, 1998). The clayey of the sampled soil from 

major roads suggest that the soil exhibit puffy-like (plasticity) 
within a range of water contents, and so the soil is most likely 

to exhibit considerable strength when air-dried (Enyoh et. al., 

2017). Soil texture has been defined as a near permanent 

attribute of the soil and hardily does it easily change due to 

land use, management or conservation (Ahukaemere et. al, 

2016).  

  

Ambient temperature 

The results of measured ambient temperature, relative 

humidity (RH), suspended particulate matter (SPM) in air 

and analyzed heavy metal content of the soil samples are 

presented in table 4.1. The recorded air temperature was 

highest in OK road while lowest at UM road, although all 

locations showed high temperature > 30 oC. High air 

temperature has been reported for Owerri. Verla et. al., 
(2018) reported ambient temperature of 33 oC to 38.35 oC 

from wetlands in Owerri metropolis. Also in a review by Eke 

et. al., (2016), hightemperature in urban areas of Nigeria such 

as Lagos (33 oC), Warri (32.1 oC), Benin (31.3 oC), 

Portharcourt (30.3 oC), Calabar (31.5 oC), Abuja (33.8 oC), 

Lokoja (33.3 oC), Ilorin (33.4 oC), Jos (31.8 oC), Kano (39.8 
oC), Maiduguru (39.8 oC) and Sokoto (39.7 oC) was reported. 

The high air temperature is due to anthropogenic activities 

carried out along these roads such as the generation of solid 

waste and emission of vehicle exhaust (Verla et. al., 2018). 

This is expected since the sampling sites are major roads 

leading into the urban city of Owerri. This in turn will cause 
high vehicular influx and also high emission of suspended 

particulate matter in air (SPM).  

 

 
Figure 2. Mean heavy metal distribution with error bars 

(showing their standard deviation) from the sample sites 

Comparable concentrations have been reported for SPM in 
many locations of the world (Basha et. al., 2010; Chun-Huem 

et. al., 2010). In six selected subway stations in Seoul 

(China), Chun-Huem et. al., (2010) reported similar 

concentrations of copper (average 0.0025 mg/kg), zinc 

(average 0.00058 mg/kg), nickel (average 0.00038 mg/kg) 

and manganese (average 0.00015 mg/kg) in that order. 

Similarly, Basha et. al., (2010) reported comparable 

concentrations for heavy metal content in suspended 

particulate matter of coastal industrial town, Mithapur, 

Gujarat, India. However, in the current study, the site-wise 

distribution of metals was in the order described (Figure 4.1). 
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Table 3: Correlation of heavy metal concentration with 

physicochemical parameters 

 
 

 

Zn: OK > AB > PH > UM > ON > OR 

MN: AB > ON > UM > OK > OR > PH 

Ni: AB > ON > OR > OK > PH >UM 

CU: AB > UM > OR > OK/ON/PH 

Co: AB > PH > ON > OR > OK > UM 

While only zinc occupy about 80% of the general metal 

content others are in trace quantity. The order of 

concentrations between metals was: 

 
Zn > Ni > Mn > Co > Cu 

 Comparing  individual metal with DPR standard Copper 

The maximum Cu content was at Naze/poly junction found 

to be 0.047 mg/kg considered below permissible limit. The 

source of copper is mining, metal production, storage 

batteries and fertilizer production industries and none are 

found within the surrounding. Mitigation measures are not 

required to reduce suspended Cu inflow into the soil. 

The highest concentration of Ni is reported as 0.193 mg/kg 

at Orlu road flyover. The source industries are 

electroplating, steel industries, ceramics, storage batteries, 

dying and colouring of glass. 

The highest concentration of Zn in the soil samples is 4.69 

mg/g found at vita foam okigwe road which is below 

permissible limit. Zinc is used in plastic industries, 
cosmetics, steel processing, and printing ink and in rubber 

production. 

 highest concentration of manganese is 0.25 mg/g at 

Assemblies of God church Onitsha road which is below 

permissible limit. It is used in metallurgical processes, 

manufacturing of dry cell batteries and fertilizers.  

The highest concentration of cobalt is 0.159 mg/kg at Forte 

Oil Port Harcourt road which is within the acceptable range. 

Cobalt is present in industrial effluent coming from 

chemical industries, electrical and electronics and auto part 

manufacturing. 

Correlation coefficient matrix 
Spearman’s correlation coefficient matrix between heavy 

metal concentrations in the sediments deposited along roads 

soil samples at 5% significance level were carried to check 

for the relationship between heavy metal concentrations and 

physicochemical parameters. A value of 1 means a perfect 

positive relationship and a value of zero means no 
relationship at all while -1 means a perfect negative 

relationship. The closer the value of correlation is to zero, the 

weaker the relationship. 

 

 
*Numbers in bold are significant at level of significance = 

0.05 

All the metals exhibited weak positive relationship with 

temperature, they also had weak positive association with soil 

organic matter except copper (-0.01) and manganese (-0.15) 
which have negative associations. All heavy metals exhibit 

negative association/relationship with electrical conductivity 

except nickel (0.02) with positive association. The heavy 

metals exhibit positive association/relationship with Ph 

except zinc (-0.20) which shows negative association. Low 

pH association with heavy metals could be due to the pH of 

the soil samples being more acidic. pH was demonstrated to 

affect metal concentration distribution in a media (Enyoh et. 

al., 2018). Low relationship was also reported for pH and 

heavy metals (such as Cu, Ni, Zn, Co and Cd) by Enyoh et. 

al., 2018. Majority of the metals exhibit negative association 
with moisture content except cobalt (0.23) and nickel (0.08) 

which exhibit positive association. 
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Pollution assessment 

The contamination factor was used to ascertain the levels of 

road deposited sediment contamination by heavy metals. The 

CF<1 represents “low contamination”, 1 ≤ CF<3 represents 

“moderate contamination”, 3 ≤ CF<6 represents 

“considerable contamination”, and 6 ≤ CF represents “very 

high contamination” (Duru et al 2017). The computed 

contamination factors are presented in Figure 4.2. Based on 
the classification it is clear that the samples were not 

contaminated as all samples recorded low contamination 

(CF<1). 

 
Figure 3: Computed contamination factors for individual 

metals 

 
Results of pollution load index is presented in Figure 4.3, a 

measure of the degree of overall contamination shows that 

the  sediments deposited along Roads were not polluted, 

given that all location revealed PLI of 0. 

 
Figure 4: Computed pollution load index 

The geoaccumulation index (Igeo) was also used to assess 

metal pollution in the samples.  The Igeo is associated with a 

qualitative scale of pollution intensity, seven classes of 

pollution from unpolluted (Igeo ≤ 0) to extremely polluted 
(Igeo ≥ 5) are defined for the quality based on Igeo values. 

The geo-accumulation index as proposed by muller classifies 

the level of contamination of the sediments deposited along 

Roads and reveals from Figure 4.4 below that ‘I-geo’ for all 

the heavy metal species are less than zero, therefore they are 

practically uncontaminated.    

 
Figure 5: Geoaccumulation of studied metals in 

various locations. 

CONCLUSION 
The particle size distribution result showed that clay is 
highest in percentage in all the sample locations, seconded 

by silt and then sand. The heavy metal contents are thus in 

order of decreasing concentration: Zn> Ni> Mn> Co> Cu 

while Aba road was highest for metal concentrations. 

Physicochemical parameters result show that the pH of soils 

from the soil samples in this study ranged from 4.75 to 6.44. 

The soils were generally acidic pH < 7. The high air 

temperature would be due to anthropogenic activities 

carried out along these roads such as the generation of solid 

waste and emission of vehicle exhaust. This is expected 

since the sampling sites are major roads leading into the 
urban city of Owerri. This in turn will cause high vehicular 

influx and also high emission of suspended particulate 

matter in air. 

 
RECOMMENDATIONS 

Results of the heavy metal determination have revealed that 

the soil at selected points of major roads in owerri is not 

polluted as verified by the pollution models. However, 

constant check is advised to prevent the contamination from 

exceeding permissible limits. Importation of old vehicles 

should be discouraged. Construction of railway would go a 

long way in abating the risk of pollution.  
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