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ABSTRACT 
 
Selected heavy metals and physicochemical 
characteristics of the soils around some cassava 
processing mills in Abraka and environs were 
analyzed in order to assess the impact of the 
cassava mill effluent on the soils. The results of 
the physicochemical analysis showed overall 
decrease in pH values and corresponding 
increase in the other parameters. The pH values 
indicated that the soils were acidic which 
suggests that the effluents imparted acidic 
property on the soils.  
 
The elevated levels of Total Organic Carbon and 
Total Nitrogen are suggestive of increased 
organic matter and microbial activities in the 
effluent residues. Electrical conductivity values 
indicate presence of dissolved inorganic salts 
while the phosphorus values confirm the rich 
source of phosphorus in cassava tuber. The 
result of heavy metal analysis shows elevated 
levels of heavy metals in the soil receiving 
cassava mill effluent. The relative potential index 
and enrichment coefficient values of the metals 
in the soils coupled with the observed 
physiochemical characteristics revealed that 
there are some levels of heavy metal 
enrichment, contamination and bioavailability in 
the soils studied. 
 

(Keywords: cassava mill effluent, heavy metals, 
physicochemical characteristics, soil pollution, 

Abraka) 
 
 
INTRODUCTION 
 
Increasing level of heavy metals in the 
environment from various anthropogenic 

sources has become a source of concern for 
environmentalists (Opeolu, et al. 2008). As a 
result there is a need for increasing awareness 
of the emergency created by environmental 
pollution caused by human activities. Unlike 
toxic organics that in many cases, can be 
degraded, the metals that are released into the 
environment, tend to persist indefinitely, 
accumulating in living tissues through the food 
chain (Cossic, et al. 2002). Evidence of the 
potential and observed human hazard due to 
environmentally acquired heavy metals and their 
ecological impact have been extensively studied 
(Willis and Saviry, 1985; Davis and Weiss, 1990; 
Killburn and Washaw, 1993; Ademoroti, 1996.; 
Shegerian, 2006). 
 
In Nigeria and in most tropical countries, 
processed cassava tuber has been the staple 
food and with the present increase in production, 
it is gradually transforming from a famine 
reserve commodity and rural staple food to cash 
crop for urban consumption and to an export 
commodity for international market (IFAD, 2005, 
Ohochuku, 2005). In this part of the country, 
cassava tuber is processed and made ready for 
consumption mainly either as garri, starch, or as 
dried or wet cassava flour. In each of these, the 
major processing stage is the milling stage and 
this leads to the location of cassava milling 
machines all over the environment. The residues 
obtained during this process include the solid 
and the liquid wastes. 
 
Although several studies have been conducted 
or carried out on the biochemical change 
associated with the fermentation of cassava 
marsh and liquid effluent (Okafor and Uzueqbu, 
1987; Okafor and Ejiofor, 1990), there are a few 
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and scanty reports on the effect of the disposal 
or discharge of these mill effluent or processing 
waste on land especially in soil physical and 
chemical properties. This study aims at 
investigating the effect of cassava mill effluent 
on soils with respect to heavy metal levels and 
physicochemical characteristics 
 
 
MATERIALS AND METHODS  
 
Study Area 
 
Abraka, a University town, located in Ethiope 
East Local Government Area of Delta State, 
Nigeria, lies approximately on latitude 5’0 48’N 
and longitude 60O6’ E. Its main relief feature is 
lowland type of landscape grouped under the 
coastal lowland of Western Nigeria within the 
tropical rainforest region. The parent topography 
consists, of rolling lowland plain generally above 
45m sea level. The soil type is made up of 
ferrosal precisely the red and brown soil with 
abundant free iron oxide. The topography and 
location factors and prevalence of the tropical 
rainy climate that is warm, humid and moist in 
most part of the year, encourages their major 
occupation which is farming. 
 
 
Samples Collection 
 
Soil samples containing cassava mill effluent 
were collected from five selected locations in 
Abraka and environs. Soil samples free of 
cassava mill effluent were also collected from 
two different locations to serve as control 
samples. 
 
In each of the sampling sites, soil samples were 
taken using soil auger. These auger borings 
were bulked and representative samples were 
taken. Composite soil samples collected at each 
site included 0-15 cm for top soil, 15-30 cm for 
subsoil and 30-45 cm for bottom soil, and 
horizontally 10m, 20m, 30m, and 40m away also 
at the same depth. 
 
 
Sample Preparation and Analysis 
 
The soil samples were air-dried for a period of 
one week in a clean well-ventilated laboratory 
(Boulding, 1994) homogenized by grinding, 

passed through a 2mm (10 mesh) stainless 
sieve, and stored in labeled plastic cans until 
analysis. The samples for metal analysis were 
digested using a mixture of 2cm3 of 60% 
perchloric acid, 15cm3 of concentrated metric 
acid and 1cm3 of concentrated sulfuric acid 
(Burrell, 1974). The digested samples were 
analyzed for the metals using Atomic Absorption 
Spectrophotometer (PerkinElmer Model A 
Analyst 2002) fitted with deuterium lamp for 
background correction. Soil pH was measured in 
a soil-water ratio of 1:2 (Davey and Conyers, 
1988). Total Organic Carbon (TOC) was 
determined by the method described by Nelson 
and Sommers (1982).   
 
Cation Exchange Capacity was estimated by the 
method of Jackson, 1960.  While particle size 
analysis to separate sand, silt, and clay was 
achieved according to the method of Bouyocous, 
1962. Available phosphorus was determined by 
the method of Bray and Kurtz (1943), while total 
nitrogen was analyzed using micro-Kjeldakl 
method (Bremner, 1965). Electrical conductivity 
was determined by the method of Chopra and 
Kanzar (1988). All reagents used in this study 
were of pure analytical grade, and were checked 
for possible trace metal contamination. All 
glassware was previously soaked in 14% nitric 
acid for 24 hours to remove entrained metals, 
washed with detergents, and rinsed with 
deionized water.  Quality control was assured by 
the use of duplicates, standard reference 
materials and procedural blanks. 
 
 
RESULTS AND DISCUSSION  
 
Soil Physicochemical Properties 
 
The results of the physicochemical properties of 
the soil receiving effluent are shown in Table 1. 
 
The pH of the soils ranged from 3.89 to 5.74 
indicating that the soils were acidic. This 
suggests that the effluent imparted acidic 
properties to the soil. The acidity could be 
attributed to the presence of hydrogen cyanide 
in the cassava mill effluent. The acidity 
decreased with depth in all the sites. The pH 
values recorded in this study are in the same 
range as those reported by Rashad and Shalaby 
(2007), Onweremadu, et al. (2007), Oguntimehin 
and Ipinmoroti (2007), and Oviasogie and 
Ofomaja, (2007).  
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Table 1: Physicochemical Properties of the Soil Associated with Cassava Processing Mill Effluent. 
 

 
Sapling Locations 
Site A =    Urhuovie 
Site B =    Urhuoka 
Site C =    Erho 
Site D =    Oria 
Site E =    Abraka Main town 
Control =  Urhuoka and Urhuovie Bush 
 
 
The values are however lower than those 
reported by Ano, et al., (2007), Amusan et al. 
(2005), and Bamgbose, et al. (2007). The soil pH 
determines the availability of nutrients and the 
potency of toxic substances as well as the 
physical properties of the soil. The pH values of 
these study sites indicate a generally high 
tendency for high availability of the metals, hence, 
this increases the risk of heavy metals plant 
uptake. Previous studies have shown decreased 
metal availability with increasing pH (Itana, 1998, 
Bhattacharya et al. 2002) and that a reduction in 
pH may allow the release of toxic metals that 

would otherwise be adsorbed in the soil or 
sediment (Mouvet and Borg, 1983).  
 
The total organic carbon ranged from 0.02 to 
3.35%. The values may be due to the discharge 
of the waste with some contents of organic matter 
and also suggests presence of degradable and 
compostable substances in the effluent (Mumoz, 
et al., 1994; Oviasogie and Omoruyi, 2007). It is 
also suggestive of increased microbial activity on 
the residues contained in the effluent. Such 
decomposition processes would lead to the 
deposition of humic substances and increased 
carbon content of the soil (Haider et al. 1975).  

 PARTICLE SIZE 
 

TEXTURE 
 
Sample 

 
Depth 
(cm) 

 
pH 

 
E/C 
 (µS/cm) 

 
TOC% 
(TOC) 

 
TN 
% 

 
P 
mgkg-1 

(CEC) 
Cmolkg-1 

 
SAND 

 
SILT 

 
CLAY 

Site A 0-5 
 
15-30 
 
30-45 

4.00 
 
4.02 
 
4.51 

200.4 
 
360.2 
 
151.8 

1.17 
 
0.55 
 
0.94 

0.09 
 
0.12 
 
0.08 

71.10 
 
76.20 
 
69.80 

0.49 
 
0.94 
 
0.72 

85 
 
79 
 
71 

0 
 
0 
 
1 

15 
 
21 
 
28 

Sandy loam 
 
Sandy clay loam 
 
Sandy clay loam 

Site B 0-15 
 
15-30 
 
30-45 

4.71 
 
4.90 
 
5.74 

425.0 
 
265.5 
 
202.4 

0.35 
 
0.12 
 
0.70 

0.10 
 
0.10 
 
0.11 

88.20 
 
86.52 
 
71.64 

0.66 
 
0.82 
 
0.81 

92 
 
78 
 
72 

1 
 
2 
 
13 

7 
 
20 
 
15 

Sandy  
 
Sandy loam 
 
Sandy loam 

Site C 0-15 
 
15-30 
 
30-45 

4.12 
 
4.30 
 
4.83 

168.3 
 
172.8 
 
404.0 

3.35 
 
0.55 
 
1.56 

0.12 
 
0.09 
 
0.08 

90.75 
 
86.60 
 
87.50 

0.84 
 
0.80 
 
0.93 

85 
 
81 
 
73 

0 
 
1 
 
10 

15 
 
18 
 
17 

Sandy loam 
 
Sandy loam 
 
Sandy loam 

Site D 0-15 
 
15-30 
 
30-45 

3.89 
 
4.43 
 
4.47 

136.2 
 
496.0 
 
427.0 

0.66 
 
0.90 
 
0.98 

0.10 
 
0.09 
 
0.11 

55.50 
 
55.70 
 
53.60 

1.63 
 
1.00 
 
0.98 

78 
 
69 
 
81 

2 
 
1 
 
1 

20 
 
30 
 
18 

Sandy loam 
 
Sandy clay loam 
 
Sandy loam 

Site E 0-15 
 
15-30 
 
30-45 

4.60 
 
4.92 
 
5.41 

958.0 
 
517.0 
 
201.2 

0.02 
 
1.09 
 
0.86 

0.08 
 
0.11 
 
0.09 

46.75 
 
43.82 
 
45.72 

1.23 
 
0.95 
 
0.91 

72 
 
76 
 
72 

2 
 
1 
 
2 

26 
 
23 
 
26 

sandy clay loam 
 
sandy clay loam 
 
sandy clay loam 

Control  0-15 
 
15-30 
 
30-45 

6.96 
 
7.40 
 
7.81 

44.2 
 
75.70 
 
37.03 

0.70 
 
0.47 
 
0.78 

0.11 
 
0.11 
 
0.10 

68.30 
 
70.20 
 
69.20 

0.84 
 
0.85 
 
0.83 

78 
 
65 
 
76 

2 
 
4 
 
2 

20 
 
31 
 
22 

Sandy loam 
 
Sandy clay loam 
 
Sandy clay loam 
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The total organic carbon recorded in this study is 
similar to the values reported by Oviasogie and 
Omoruyi, (2007) and Isirimah, (1987), but 
comparatively lower than the values reported by 
Tukura, et al. (2007) and Gupta and Pant (1983).  
 
Total Organic Carbon is a measure of organic 
content in soils, sediments and water (Yun, 2003) 
and contributes significantly; to acidity through 
contributions from organic acids and biological 
activities. Lopez-Sanchez et al. (1996) observed 
that both anthropogenic and natural processes 
have resulted in elevated concentrations of 
organic carbon in sediments.  
 
The total nitrogen ranged from 0.08 to 0.10%. 
These values are in the same range with the 
values reported by Osemwota (2009), but 
relatively higher than the values reported by 
Oviasogie and Omoruyi (2007) in soils around 
foam manufacturing industry. The total nitrogen 
recorded was probably due to nitrogen 
mineralization as a result of organic matter 
(Jadhav and Savant, 1975). This is consistent 
with the views of Goi and Kurchara, 1987) 
following the analysis of total nitrogen in urban 
wastes.  
 
Nitrogen is one of the elements needed by plant 
for healthy growth. The electrical conductivity 
values ranged from 136 to 958µS/cm. These 
values are similar to the values reported by 
Isirimah (1987) but higher than the values 
reported by Iwegbue, et al. (2006), Oviasogie and 
Omoruyi, (2007), and Odu, et al. (1985). Electrical 
conductivity is used as a means of appraising soil 
salinity. The values recorded in the soils may be 
due to increase in the concentration of soluble 
salts (Rajannan and Oblisami, 1979). The 
implication of high electrical conductivity in soils is 
that there are reasonable or significant presence 
of anions (Fullen, et al., 1995). For soil particle 
size, the distribution of sand fraction was highest 
followed by clay and then silt. Similar observation 
of sand size fraction dominance had been 
reported (Ano et al, 2007., Onweremadu et al. 
2007).  
 
The high values of phosphorus in the soils are not 
surprising since cassava tuber is a rich source of 
phosphorus (Jung et al. 2002). The soil cation 
exchange values range from 0.49 to 1.63 
Cmol/kg. These values are in the same range 
with the values reported by Odu et al. (1985), 
Isirimah (1987), and Oviasogie and Ofomaja, 

(2007). Cation exchange capacity is directly 
related to soil capacity of adsorbing heavy metals.  
 
It is important to emphasize that organic matter 
(Carbon) content and clay composition are solely 
responsible for cation exchange capacity of soils 
(Thompson, et al. 1989). In the present study the 
organic matter composition as indicated by the 
levels of organic carbon and the clay fractions 
can be regarded as having additive contribution to 
the overall cation exchange capacity of the soil. 
 
 
Heavy Metals 
 
Vertical Distribution 
 
The vertical distribution of the heavy metals is 
presented in Table 2. 
 
The results of vertical distribution of the heavy 
metals showed that the heavy metal 
concentrations were generally higher at the top 
soil than the sub and bottom soils. This higher 
levels of metals on the top or surface soil is 
expected since the top soil is the point of contact. 
Previous studies have shown that surface soils 
are better indicators of metallic burden 
(Nyangababo and Hamuya, 1986.; Amusan, et al. 
2005).  
 
The heavy metal levels for all the sites were 
significantly higher than the levels observed in the 
control sites. This implies that the soils receiving 
cassava mill effluent have some levels of heavy 
metal enrichments. Iron had the highest 
concentration in all the sites. It has been 
confirmed that natural soils contain significant 
concentration of iron (Ademoroti, 1996; Aluko and 
Oluwande, 2003; Dara, 1993).  
 
Eddy, et al. (2004) suggested that the pollution of 
the environment by iron can not be conclusively 
linked to waste materials alone but to other 
natural sources as well. However one can infer 
that since the levels of iron at the impacted point 
is higher than the levels in control sites and also 
at points away from the impacted point, the 
cassava mill effluent might have contributed to 
the increased levels of iron in the soils studied. 
 
The generally elevated levels of the heavy metals 
at the point of impact which decreased gradually 
away from the impacted point indicates that the 
cassava mill effluent is a source of some of the 
heavy metals.  
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Table 2: Vertical Distribution of Heavy Metals (mgkg-1) in the Soil Profile. 

 
Sample Depth (cm) Fe Cd Cu Mn Cr Zn 

Site A 0-15 
15-30 
30-45 

137.628 
135.678 
138.541 

0.001 
0.015 
0.003 

0.663 
0.655 
0.612 

2.795 
2.126 
2.617 

0.001 
0.001 
0.003 

1.725 
1.652 
1.677 

Mean ± S.D  139.282 
±1.462 

0.006 
±0.007 

0.643 
±0.027 

2.512 
±0.346 

0.002 
±0.001 

1.684 
±0.037 

Site B 0-15 
15-30 
30-45 

139.221 
127.542 
128.939 

0.006 
0.011 
0.058 

0.698 
0.212 
0.217 

1.735 
1.378 
2.074 

0.023 
0.011 
0.009 

1.698 
0.552 
0.545 

Mean ± 
S.D 

 131.900 
±0.377 

0.025 
±0.028 

0.375 
±0.279 

1.729 
±0.348 

0.014 
±0.007 

0.931 
±0.663 

Site C 0-15 
15-30 
30-45 

129.112 
130.223 
82.926 

0.013 
0.015 
0.021 

0.312 
0.331 
0.111 

1.503 
4.557 
0.219 

0.008 
0.010 
0.012 

0.577 
0.557 
0.722 

Mean ± 
S.D 

 114.087 
±26.991 

0.016 
±0.004 

0.251 
±0.121 

2.093 
±2.228 

0.010 
±0.002 

0.618 
±0.090 

Site D 0-15 
15-30 
30-45 

85.221 
85.636 
83.779 

0.036 
0.055 
0.031 

0.132 
0.156 
0.152 

6.498 
3.575 
0.197 

0.022 
0.026 
0.012 

0.698 
0.625 
0.710 

Mean ± 
S.D 

 84.878 
±1.378 

0.040 
±0.040 

0.146 
±0.056 

3.420 
±3.149 

0.020 
±0.007 

0.677 
±0.046 

Site E 0-15 
15-30 
30-45 

132.612 
132.317 
133.487 

0.093 
0.001 
0.001 

0.222 
0.206 
0.235 

0.205 
0.291 
0.323 

0.024 
0.028 
0.016 

1.231 
1.198 
1.178 

Mean ± 
S.D 

 132.805 
±0.608 

0.031 
±0.075 

0.221 
±0.014 

0.273 
±0.061 

0.022 
±0.006 

1.202 
0.026 

Control 
Mean    

0-15 
15-30 
30-45 

85.20 
85.62 
84.10 

0.001 
0.001 
0.005 

0.206 
0.011 
0.010 

0.250 
0.367 
0.326 

0.037 
0.010 
0.001 

1.198 
0.155 
0.166 

Mean ± 
S.D 

 84.88 
±2.218 

0.002 
±0.002 

0.235 
±0.220 

0.314 
±0.059 

0.016 
±0.008 

0.506 
±0.599 

 
 
 
The heavy metals are in the abundance ratio of 
Fe>Mn>Zn>Cu>Cd>Cr. Fe is the most naturally 
occurring metal in the soil, so its abundance in 
the soils studied could be mainly of lithological or 
crustal origin. Although manganese in the form of 
oxide is a component of subsoil material (Levy, et 
al. 1992), the abundance of manganese in the 
cassava mill effluent could also be attributed to 
wears and tears of the machinery part.  
 
Presence of zinc could be attributed to corrosion 
of metal parts of the milling machine. Zinc is also 
a component of crude oil and machine exhaust 
(Adriano, 2001).  
 

Copper is a component of bronze and brass and 
is used as a corrosive resistant and decorating 
painting in machine.  
 
Cadmium is a “modern metal” having been used 
increasingly in corrosion prevention (Alloway, 
1990). It is often used instead of zinc for 
galvanizing iron and steel (Tucker et al. 2003).  
 
Chromium is a component in the manufacture of 
steel stainless alloys, metal plating for prevention 
of corrosion (Schwarts and Mertz, 1959) large 
amount of copper was used in motors and 
generators (Lagerwerf and Spetch, 1970).  
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Studies of heavy metals in various Nigerian crude 
oils have shown them to contain relatively high 
concentrations of Fe, Cu, Zn, Pb, and Hg 
(Kakuku, 1985., Omgbu and Kogho, 1993) 
Therefore the presence of Fe, Cu, and Zn in the 
soils studied could also be attributed to the 
wearing of or abrasion of the cassava willing 

machine parts and mission of these metals 
through the exhaust of the machine. 
 
 
Lateral Distribution  
 
The lateral distribution of the metals in the soil is 
presented in Table 3. 

 
 
 
Table 3:  Lateral Distribution of the Heavy Metals in the Soils along a Gradient from the Impacted Point. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Metal  Site Point of Impact  10m away 20m away 30m away 40m away 

Fe A 
B 
C 
D 
E 

139.28 
131.90 
114.09 
84.88 
132.81 

132.8 
125.6 
106.8 
70.5 
126.0 

114.10 
118.5 
90.5 
62.5 
105.6 

104.5 
112.6 
79.6 
56.7 
93.6 

84.88 
96.8 
65.5 
42.8 
70.9 

Cd A 
B 
C 
D 
E 

0.006 
0.025 
0.016 
0.040 
0.031 

0.004 
0.021 
0.016 
0.038 
0.028 

0.002 
0.020 
0.014 
0.038 
0.026 

0.002 
0.019 
0.012 
0.035 
0.023 

ND 
0.012 
0.010 
0.030 
0.022 

Cu A 
B 
C 
D 
E 

0.643 
0.375 
0.251 
0.146 
0.221 

0.611 
0.310 
0.236 
0.140 
0.208 

0.500 
0.296 
0.215 
0.132 
0.192 

0.380 
0.248 
0.213 
0.118 
0.182 

0.250 
0.201 
0.182 
0.009 
0.135 

Mn A 
B 
C 
D 
E 

2.512 
1.729 
2.093 
3.420 
0.273 

2.30 
1.58 
1.90 
0.27 
0.27 

1.85 
1.32 
1.63 
0.25 
0.25 

1.75 
1.25 
1.56 
0.25 
0.23 

1.46 
1.00 
1.10 
0.20 
0.16 

Cr A 
B 
C 
D 
E 

0.002 
0.014 
0.010 
0.020 
0.022 

0.002 
0.008 
0.010 
0.016 
0.009 

ND 
0.007 
0.060 
0.014 
0.009 

ND 
0.003 
0.002 
0.014 
0.006 

ND 
0.001 
0.002 
0.002 
0.002 

Zn A 
B 
C 
D 
E 

1.684 
0.931 
0.618 
0.677 
1.202 

1.35 
0.78 
0.58 
0.59 
0.98 

1.26 
0.66 
0.50 
0.56 
0.91 

1.00 
0.37 
0.36 
0.41 
0.63 

0.004 
0.202 
0.21 
0.25 
0.57 
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The soils at the impacted point showed the 
highest average concentrations of the metals. 
The further the sampling sites away from the 
cassava milling points, the lower the 
concentrations of these metals. This is consistent 
with some other reports (Pizl and Josens, 1995; 
Lavado, et al. 1998; Osakwe, 2010). 
 
 
Relative Pollution Potentials Of  The Heavy 
Metals 
 
The relative pollution potential of a pollutant with 
respect to the level of chemical interaction 
between the pollutant and the recipient was 
computed using Egharevba and Odjada, (2002) 
scheme as follows: 
  
Y =       [A] – [B] 
                [A] 
 
Where Y = Relative pollution potential index 
         [A] = Metal concentration at impacted point. 
         [B] = Average metal concentrations at 

points away from impacted point. 
 
The relative potential values of the metals are 
presented in Table 4.  
 
 
Table 4: Relative Pollution Potential Index of the 

Metals in the Soil. 
 

Sites  Fe  Cd  Cu  Mn  Cr  Zn 

A 0.22 0.67 0.32 0.26 0.75 0.46 

B 0.14 0.28 0.30 0.26 0.66 0.43 

C 0.25 0.19 0.43 0.26 0.65 0.33 

D 0.32 0.13 0.53 0.91 0.43 0.33 

E 0.25 0.19 0.19 0.17 0.70 0.36 

 
 
Negative value of pollution potential indicates that 
at the level of infusion of waste material in the 
soil, the soil is not polluted, while positive 
interaction parameter on the other hand, gives a 
positive pollution potential suggesting that the soil 
is polluted at the level of infusion of the waste. 
The results gave positive values for all the metals 
in all the sites suggesting that the soils were 
contaminated at the points of infusion of the 
wastes. 
 

Enrichment Coefficients (Ec)  Of The Heavy 
Metals 
 
The Enrichment Coefficient (Ec) of the metals in 
the soil were calculated based on the equation 
given by Chenhall, et al. (1994) and Assah, et al. 
(2005) as follows: 
 
Ec =    C1Me/C1n 
            C2Me/C2n 
 
Where C1Me =  The examined metal 

concentration in the 
examined environment. 

 
           C2Me =  The examined metal 

concentration in the 
reference environment. 

 
           C1n   = The reference element 

concentration in the 
examined environment. 

 
           C2n    = The reference element 

concentration in the 
examined environment. 

 
Fe was applied as the reference element because 
it is the most naturally abundant element in the 
soil. Enrichment Coefficient is a convenient 
measure of anthropogenic environmental status 
of the area being studied. Five contamination 
categories are recognized on the basis of 
Enrichment Coefficient, (Sutherland, 2000) The 
Enrichment Coefficients of the metals in the 
studied soils samples are presented in Table 5:  
 
 

Table 5: Enrichment Coefficients of the Heavy 
Metals in the Soils from all Sites. 

 
SITES Fe  Cd Cu 

 
Mn Cr Zn  

A 1.64 3.50 27.63 3.50 0.12  3.33 

B 1.55 12.70 1.60 12.27 0.87 1.84 

C 1.34 7.85 1.07 6.67 0.62 1.22 

D 1.00 19.64 0.62 10.89 1.25 1.34 

E 1.56 15.22 0.94 0.87 1.37 2.38 

  
The values observed in this study are within the 
range reported by Iwegbue, et al. (2006), but 
higher than the values reported by Nwajei and 
Iwegbue (2007).  
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The values recorded for iron, copper, chromium 
and zinc were within the category of deficiency to 
minimal enrichment (<2) except in sites A and E 
for zinc which fell within the moderate enrichment 
values (2-5). Cadmium and manganese were in 
the range of significant enrichment (5-20). 
 
 
CONCLUSION 
 
The present study has shown that for 
physicochemical properties, the cassava mill 
effluent decreases soil pH, while it leads to higher 
levels of available phosphorus, total organic 
carbon, total nitrogen, electrical conductivity, and 
cation exchange capacity of the soils. The results 
of heavy metal analysis showed elevated levels of 
heavy metals in the soils. The pollution potential 
index and enrichment coefficient values coupled 
with the observed physicochemical properties 
revealed that cassava mill effluent had detectable 
changes on the availability of the metals and 
selected physicochemical properties in the soils. 
 
 
RECOMMENDATION 
 
The milling stage is a major stage in processing 
cassava tuber to be ready for consumption. As a 
result, use of cassava milling machine cannot be 
avoided. Therefore it is hereby recommended that 
the government should set aside, an expanse of 
land away from residential areas where cassava 
processing milling machines should be  located 
just as we have mechanic villages where 
mechanic workshops are located in some of our 
cities today.  
 
 
REFERENCES 
 
1. Ademoroti, C.M.A. 1969. Environmental Chemistry 

and Toxicology. Foludex Press Ltd.: Ibadan, 
Nigeria. 218. 
 

2. Adriano, D.C. 2001. Trace Elements in Terrestrial 
Environment. (2nd edition). Springer-Verlay 
Company: New York, NY. 
 

3. Aleonada, M. and M.S. Zuillaga. 1998 “Heavy 
Metals in Soils of Argentina: Comparison between 
Urban and Agricultural Soils”. Communication in 
Soils, Science, and Plant Analysis. 29:11-14. 
 

4. Alloway, B.J. 1990.  Heavy Metals in Soils. Blackie 
and Son Publishers: Glasgow, UK. 158. 

5. Aluko, O.O. and P.A. Oluwande. 2003. 
“Characterization of Leachates from a Municipal 
Solid Waste Land Fill Site in Ibadan, Nigeria”. 
Journal of Environmental Health Research. 2:83-
84.  
 

6. Amusan, A.A, D.V. Ige, and R. Olawale. 2005. 
“Characteristics of Soils and Crops Uptake of 
Metals in Municipal Waste Dumpsites in Nigeria”. 
Journal of Human Ecology. 17(3):167-171. 
 

7. Ano, A.O., S.A. Odomelam, and P.O. Ekwueme. 
2007. “Lead and Cadmium Levels in Soils and 
Cassava (Manihot esculenta grantz) along. Enugu- 
Port Harcourt Express Way in Nigeria”. Electronic 
Journal of Environmental Agricultural and Food 
Chemistry. 6(5) 2024-2031. 
 

8. Assah, V.A., A.F. Abimbola, and C.E. Such. 2005. 
‘’Heavy Metal Concentrations and Distribution of 
Surface Soils of the Bassa Industrial Zone 1 
Doula, Cameroon’’. Arabian Journal of Science 
and Engineering. 31(24):147-158. 
 

9. Babich, H. and G. Stotsky. 1985. “Heavy Metal 
Toxicity to Microbe-Mediated Ecological 
Processes: A Review and Potential Application to 
Regulatory Policies.” Environmental Research. 36: 
111-115. 
 

10. Bamgbose, O., B.O. Opeolu., O.O. Odukoya., J.T. 
Bamgbose, and G.O. Olatunde. 2007. 
“Physicochemical Characterization of Leachates 
Generated from Simulated Leaching of Refuse 
from Selected Waste Dumps in Abeokuta City, 
Nigeria’’. Journal of Chemical Society of Nigeria. 
22(1):117-125. 
 

11. Bhattacharya, P., A.B. Mukherejee, J. Jack, and S. 
Nordquist. 2002. ‘’Metal Contamination 
Experimental Studies on Remediation’’. Science of 
Total Environment. 290:165-180. 
 

12. Boulding, J.R. 1994. Description and Sampling of 
Contaminated Soils. 2nd edn. Lewis Publishers: 
New York, NY. 
 

13. Bouyoucos, G.J. 1962. “Improved Hydrometer 
method for making Particle Size Analysis”. 
Agronomy Journal. 54:464-465. 
 

14. Bray, R.H. and L.T. Kurtz.  1945. “Determinalion of 
Total Organic and Available forms of Phosphorus 
in Soils”. Soil Science. 59:30-45. 
 

15. Bremner, J.M. 1965. “Total Nitrogen”. In: Black 
C.A. (ed.) Methods of Soil Analysis Part 2. 
Agronomy. 9:149-178. 
 

16. Burnell, D.C. 1974. Atomic Spectrometric Analysis 
of Heavy Metals in Water. Ann. Arbor, Michigan. 
19-32. 

http://www.akamaiuniversity.us/PJST.htm


The Pacific Journal of Science and Technology               –552– 
http://www.akamaiuniversity.us/PJST.htm                                            Volume 13.  Number 2.  November 2012 (Fall) 

17. Chenhall, B.E., C.E. Batley, I. Yassini, A.M. 
Deepers, and B.J. Jone. 1994. “Ash Distribution 
and Metal Concentration of Illuwatra Bottom 
Sediment”. Australian Journal of Marine and 
Freshwater Research. 45(6): 992-997. 
 

18. Chopra, G. and C. Kanzar. 1988. Analytical 
Agricultural Chemistry. 2nd Edition. Prentice-India 
Hall: New Delhi, India. 
 

19. Cossica ,E.S., C.R.G. Tavares, and T.M.K. 
Ravagnani.  2000. “Bisorption of Chromium (iii) by 
Sargassium sp. Biomas”. Electronic Journal of 
Biotechnology.  5(2) August issue. 
 

20. Dara, S.S. 1993. A Textbook of Environmental 
Chemistry and Pollution Control. S.Chand and 
Company Ltd.: Ram Nagar. New Delhi, India. 
 

21. Davey, B.G. and M.K. Conyers. 1988. 
“Determining the pH of acid soils”. Soil Science. 
146:141-150. 
 

22. Davis, L.E., and S.A. Weiss. 1990. “Criteria 
Nervous Intoxication from Mercurous Chloride 
Laxative-Qualitative Distochemical and 
Ultrastructure Studies”. Archeology Neurologia. 
30:428-431. 
 

23. Eddy, N.O., M.O. Ndibuke, and E.O. Ndibuke. 
2004. “Heavy Metals in Sediments from Cross 
River at Oron”. African Journal of Environmental 
Pollution and Health. 25-29. 
 

24. Egharevba, F. and V. Odjada. 2002. “The Pollution 
Potential and Chemical interaction parameter of 
some Agro and Industrial Wastes on Soils”. 
Nigerian Journal of Basic and Applied Sciences. 
11:177-188. 
 

25. Fuller, M.A., W. Fearnebough, D.I. Mitchel, and 
I.C. Trueman. 1995. “Desert Reclamation using 
Yellow River Irrigation Water in Nigeria, China”. 
Soil Use and Management. 11:77-83. 
 

26. Gupta, S.K. and M.C. Pant. 1983. “Chemical 
Composition of Surface Sediments in Eutrophic 
Lake. Naini Tal (up, India)”. Environmental 
Pollution. Series B 6:95-107. 
 

27. Haider, K., J.P. Martin, and Z. Fillip. 1975. “Humus 
Biochemistry”. In: E.A. Paul. and A.D. McLaren. 
(eds.). Soil Biochemistry. Vol. 4. Marcel Dekker: 
New York, NY. 195-244. 
 

28. IFAD. 2005. “Opening Remarks at the Opening 
Session of the Tri-Term Implementation Review of 
RTEP”. Abuja, Nigeria. 22nd March. 
 

29. Isirimah, N.O. 1987. “An Inventory of Some 
Chemical Properties of Selected Soils of Rivers 
State of Nigeria”. In: Proceeding of 15th Annual 

Conference of Soil Science Association of Nigeria. 
Kaduna. 217-233. 
 

30. Itana, F. 1998. “Comparative Study on Soil 
Pollution with Toxic Substances on Farmlands 
close to old and new Industrial Sites in Ethiopia”. 
Bulletin of Chemical Society of Ethiope 12(2):105-
112. 
 

31. Iwegbue, C.M.A. 2007. “Metal Fractionation in Soil 
Profiles at Automobile Mechanic Waste Dumps”. 
Waste Management Research. 25:1-9. 
 

32. Jadhav, H.D. and N.K. Savant.  1975. “Analysis of 
Total Nitrogen in Organic Wastes”. Indian Journal 
of Agricultural Chemistry, 8: 73-84. 
 

33. Jung, G.B., W.I. Kim, K.K. Moon, and I.S. Ryu.  
2002 “Fractionation and Availability of Heavy 
Metals in Paddy Soils near Abandoned Mining 
Areas (Korea)”. Journal Agriculture. 19(4):319-323. 
 

34. Kakulu, S.E. 1985. “Heavy Metals in Niger Delta: 
Impact of the Petroleum Industry on the baseline 
levels”. Ph.D.Thesis, Department of Chemistry, 
University of Ibadan, Nigeria. 
 

35. Killburn, K.H. and R.H. Washaw. 1993. 
“Neurobehavioural Testing of Subjects Exposed 
Residually to Groundwater Contaminated from an 
Aluminum Diecasting Plant and Local Referents”. 
Journal of Toxicological Environmental Health. 
39:483-496. 
 

36. Lagerwerff, J.V. and A.W. Spectly. 1970. 
“Contamination of Roadside Soil and Vegetation 
with Cadmium, Nickel, Lead and Zinc”. 
Environmental Science Technology. 4: 583-586.   

 
37. Lavado, R.S., M.B. Rodriquez, J.D. Scheimer, 

M.A. Toboacla, G. Rubco, R. Alvarez, and E.A. 
Laws. 1981. Aquatic Pollution.  John Willey and 
Sons: New York, NY. 301-369. 
 

38. Levy, D.B., E.G. Barbarick, E.G. Siemer, and L.E. 
Sommers.  1992. “Distribution and Partitioning of 
Trace Metals in Contaminated Soils near Leadville 
Colorado”. Journal of Environmental Quality. 
21:185-195. 
 

39. Lopez-Sanchez, J.F., A. Sahuqullo, H.D. Fielder, 
R. Rubio, G. Rauret, H. Muntau., P. Marin., B.M. 
Valladon., M. Polve, and A. Monaco,  1997. 
Analytical Chemical Acta. 342:91. 
 

40. Mouvet, C. and A.C.M. Borg. 1983. “Speciation 
(including adsorbing species) of Copper, Lead, 
Nickel and Zinc on the Meuse River”. Water 
Research. 6:641-649. 
 

41. Mumoz, M., L. Pena, and J.O. Halloroms.  1994. 
“Use of an Industrial by-product as a Liming 

http://www.akamaiuniversity.us/PJST.htm


The Pacific Journal of Science and Technology               –553– 
http://www.akamaiuniversity.us/PJST.htm                                            Volume 13.  Number 2.  November 2012 (Fall) 

Source”. Journal of Agriculture of the University of 
Puerto Rico. 78(3-4):195-202. 
 

42. Murphy, C.B. 1981. “Bioaccumulation and Toxicity 
of Heavy Metals and Related Trace Elements”. 
Journal Water Pollution Control Federation. 53(6): 
993-999. 
 

43. Nelson, D.W. and L.E. Sommers. 1982. “Total 
Carbon, Organic Carbon and Organic Matter”. In 
Page, A.Z et al. (eds.). Methods of Soil Analysis. 
539-579. 
 

44. Nwajei, G.E. and C.M.A. Iwegbue.  2007. “Trace 
Metal Concentrations in the Soils in the Vicinity of 
Uwelu Motor Spare Part Market, Benin City, 
Nigeria”. Journal of Chemical Society of Nigeria. 
32(2):282-286. 
 

45. Nyangababo, J.T. and J.W. Hamuya. 1986. “The 
Depositions of Lead, Cadmium, Zinc and Copper 
from Motor Traffic on Brachiaria enum and Soil 
along a major Bombay Road in Kampala City”. 
International Journal of Environmental Studies. 
28:115-119. 
 

46. Odu, C.T.I., O.F. Esuruoso, I.C. Nwoboshi, and 
J.A. Ogunwalu.  1985. ‘Environmental Agip Oil 
Company Operation Area”. A report submitted to 
Nigeria Agip Oil Company, Ltd., Lagos, Nigeria. 
 

47. Oguntirnchin, I. and K. Ipinmoroti.  2007.  “Profile 
of Heavy Metals from Automobile Workshops in 
Akure, Nigeria”. Journal of Environmental Science 
and Technology. 1-8. 
 

48. Ohochuku, N.S. 2005. “Odorless Fermentation of 
Tubers of Cassava (Manchot esculenta Graritz)”.  
Journal of Health and Environmental Research. 
6(2): 62-69. 
 

49. Okafor, N. and A.O. Ejiofor. 1990. “Rapid 
Detoxication of Cassava Mash by a Yeast 
Simultaneously producing Linamarasee Amylase”. 
Process Biochemistry International. 25:82-86. 
 

50. Okafor, N. and J.O. Uzuegbu. 1987. “Studies on 
the Contribution of Micro-organism on the Organo-
leptic Properties of Garri, a Fermented Food 
derived from Cassava (Manilot esculenta Gantz)”. 
Journal of Food and Agriculture. 2:99-105. 
 

51. Omgbu, J.A. and M.A. Kokogho. 1990. 
“Determination of Zn, Pb, Cu and Hg in Soils of 
Ekpan Nigeria”. Environmental International. 
19:11-13. 
 

52. Onweremadu, E.U., G,E.  Osuji, E.T. Eshett, C.C. 
Okpara, and I.I. Ibeawuchi. 2007. 
“Characterization of Owner Managecl Farms of 
Abia and Imo States for Sustainable Crop 

Production in South Eastern Nigeria”. Journal of 
American Science. 3(1): 28-37. 
 

53. Opeolu, B.O., O. Bamgbose, T.A. Arowolo, and 
M.T. Adetunji. 2008. “Sorption of Lead (ii) from 
aqueous solutions using Chemically Modified and 
Unmodified Discorea alata (Yam) and Manchot 
esculenta (cassava) Peel”. Journal of Chemical 
Society of Nigeria 33(2):1- 10. 
 

54. Osakwe, S.A. 2010. “Distribution of Heavy Metals 
in Soils around Automobile Dumpsites in Agbor 
and its Environs, Delta State, Nigeria”. Journal of 
Chemical Society of Nigeria. 35(1):53-60. 
 

55. Osemwota, O.I. 2009. “Effect of Abattoir Effluent 
on the Physical and Chemical Properties of Soils”. 
Environmental Monitoring Assessment. 1058-
1064. 
 

56. Oviasogie, P.O. and A. Ofomaja. 2007. “Available 
Mn, Zn, Fe, Pb and Physicochemical Changes 
Associated with Soil Receiving Cassava Mill 
Effluent”. Journal of Chemical Society of Nigeria. 
31(1):69-73. 
 

57. Oviasogie, P.O. and E. Omoruyi. 2007. “Levels of 
Heavy Metals and Physicochemical Properties of 
Soil in a Foam Manufacturing Industry”. Journal of 
Chemical Society of Nigeria. 32(1):102-106. 
 

58. Pizl, V. and G. Josens. 1995. “Earthworm 
Communities along a Gradient of Urbanization”. 
Environmental Pollution. 90(1):7-14. 
 

59. Rashad, M. and F.A. Shalaby. 2007. “Dispersion 
and Deposition of Heavy Metals around Municipal 
Solid Waste (MSW) Dumpsites, Alexandria, 
Egypt”. American-Eurasian Journal of Agricultural 
and Environmental Science. 2(3):204-212. 
 

60. Schwartz, K. and W. Mertz.  1959. “Chromium (iii) 
and the Glucose Tolerance Factor”. Archeology of 
Biochemistry Biographs. 85:292-294. 
 

61. Shegerian, S.J. 2006. “Electronic Waste-More 
Meaning than you Think”. Los Angeles Business 
Journal. 1-2.  
 

62. Sutherland, R.A. 2000. “Bed Sediment associated 
Trace Metals in an Urban Stream, Oahu Hawai”. 
Environmental Geology. 39:611-627. 
 

63. Thompson, M.L., M. Zhang, M.  Kalemi, and J.A. 
Sander.  1989. “Contribution of Organic Matter to 
Cation Exchange Capacity and Specific Sacrifice 
Area of Fractionated Soil Materials”. Soil Science. 
148(4):250-257. 
 

64. Tucker, R.M., H.D. Hardy, and C.E. Stokes.  2003. 
“Heavy Metals in North Carolina Soils”. Journal of 
Environmental Science. 9:45-60. 

http://www.akamaiuniversity.us/PJST.htm


The Pacific Journal of Science and Technology               –554– 
http://www.akamaiuniversity.us/PJST.htm                                            Volume 13.  Number 2.  November 2012 (Fall) 

65. Tukura, B.W., J.A. Kagbu, and G.E. Gimba. 2007. 
“Effects of pH and Total Organic Carbon (TOC) on 
Distribution of Trace Metals in Kubanni Dam 
Sediments, Zaria, Nigeria”. Science World Journal. 
2(3):1-6. 
 

66. Rajinnan, G. and G. Oblisami. 1978. 
“Determination of Available Phosphorus in Paper 
Mill Effluent”. Indian Journal of Environmental 
Health. 21:120-130. 
 

67. Ui, J. 1981. “Minamata Disease and Water 
Pollution by Industrial Waste.” Review International 
Oceanographic Medicine. xii-xiv.  
 

68. Willis, M.R. and J. Saviry.  1985. “Water Content of 
Aluminium Dialysis dementia and Ostemalacia”. 
Environmental Health Perspective. 63:141-147. 
 

69. Yun, O. 2003. “Simulating Dynamic Load of 
Naturally Occurring Total Organic Carbon (TOC) 
from Watershed”. Water Research. SS37:823-832. 

 
 
ABOUT THE AUTHORS 
 
Dr Stephen A. Osakwe, is a Senior Lecture in 
the Department of Chemistry, Delta State 
University, Abraka, Delta State, Nigeria. He holds 
a Ph.D. Degree in Environmental Chemistry from 
Ambrose Alli University, Ekpoma, Edo State, 
Nigeria. He is a member of Chemical Society of 
Nigeria and a Fellow of Institute of Chattered 
Chemists of Nigeria (FICCON). His research 
interests are in the areas of environmental, 
physical, and analytical Chemistry. 
 
Vincent O. Akpoveta, is a Lecturer in the 
Department of Chemistry, College of Education, 
Agbor, Delta State, Nigeria. He is presently 
undergoing a doctoral program in the field of 
Environmental/Physical Chemistry at Ambrose 
Alli University, Ekpoma, Edo State, Nigeria. He 
holds a Master of Science (M.Sc.) degree in 
Physical Chemistry from University of Ibadan, 

Nigeria. His research interests are in the areas of 
biophysical chemistry, environmental remediation 
studies, and environmental chemistry. 
 
 
SUGGESTED CITATION  
 
Osakwe, S.A. and V.O. Akpoveta. 2012. “Effect of 
Cassava Processing Mill Effluent on Physical and 
Chemical Properties of Soils in Abraka and 
Environs, Delta State Nigeria”. Pacific Journal of 
Science and Technology. 13(2):544-554. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Pacific Journal of Science and Technology 

http://www.akamaiuniversity.us/PJST.htm
http://www.akamaiuniversity.us/PJST.htm

