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Abstract: This study investigated the effects of effluents from cassava processing plants on physiochemical
characteristics and bacteria flora of soils in Ezzamgbo community. The soil samples were collected in the dry
season from January to March, 2017. The samples were collected from five different villages in Ezzamgbo
community. Sample 1 to 5 with their control samples were collected from each of these villages: Emuebe,
Emuegare, Ndigabe, Ndigwen and Ndigwnma villages. A total of 50 samples: 25 contaminated (SA) and control
samples (SB) were collected. Standard analytical methods were used to assay for physiochemical properties.
The isolation and characterization of bacterial population was carried out using standard culture-based
methods. The results indicated that the various soil samples for control and contaminated samples were dark
brown, slight brown and brown. The soil texture was fine and coarse while the pH value ranges from 6.0-7.0 with
highest mean value of 6.40±0.54for the control samples while 3.2 to 5.32 with the highest mean value of
4.84±0.42 for the contaminated samples. There was a significant increase (p<0.05) in mean value of conductivity,
nitrate, phosphate, sulphate, sodium, potassium, calcium and magnesium of the soil samples contaminated with
cassava effluent. The bacterial load result showed that the control samples from Ndigagle village had the
highest bacterial count with mean value of 1.33±0.19CFU/g (10 ) while the contaminated samples from Emuebe1 5

village showed a highest bacterial count with mean value of 1.17±0.17 CFU/g (10 ) among the contaminated1 5

samples; which is lower than the highest mean value of the control samples. The results of morphological and
biochemical characteristics indicates the presence of Staphylococcus aureus, Bacillus species, Proteus species,
Pseudomonas species, Escherichia coli, Klebsiella species, Micrococcus species, Enterobacter species and
Chromobacterium species from the analyzed soil samples. Then, 41.53% of bacteria were isolated from the
contaminated samples while 58.47% of the same bacteria were isolated from the control samples. The highest
and lowest prevalence of bacteria were Pseudomonas species and Micrococcus species with prevalent rate of
9.28% and 2.19% respectively in the contaminated samples while 9.84% and 4.92% of Bacillus specie and
Enterobacter species were recorded as the highest and lowest prevalent rate in the control samples
respectively. In conclusion, the present study shows that the cassava effluent can have an increasing or
limiting effect on the bacteria diversity of the contaminated soil which could also be attributed to the
simultaneous impact on the physiochemical parameters of the soil. 
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INTRODUCTION going by the present economic situation in Nigeria,

Cassava (Manihot esculenta Crantz,) belongs to the estimate of over 300 million people in many tropical
family Euphorbiaceae. Cassava tubers have content of countries of the world use cassava as their starchy food.
carbohydrates (85-90%) with a little quantity of protein The cassava food products are the most important staples
(1.3%) and cyanogenic glucoside [1]; [2]. This high of rural and urban household in Southern Nigeria. In
carbohydrate content makes cassava a major food item Nigeria, traditional foods processed at home in small scale
especially for the lower income earners in most tropical cottage operation constitute the principal mode of
countries especially Africa and Asia [3]. Even though, utilization of cassava [4].

cassava is no more regarded as poor man’s food. An
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In Nigeria, cassava is widely cultured and classified MATERIALS AND METHODS
into two types: namely Manihot esculenta and Manihot
utilisssima. Bitter cassava contains glucoside which
forms hydrocyanic acid during processing. Hydrocyanic
acid can be removed by cooking or fermenting in water for
specific period. There are varieties of cassava which differ
significantly in their colour, stem and period of maturity
[5].

The processing plant of cassava also referred as
cassava mill was invented in 1919 and planted in 1934 and
is extensively used in Nigeria, especially in the southern
part where cassava is a major agricultural produce [6, 7].
It is used to grind peeled cassava tubers which are
drained for 2-4 days and then baked over fire in pans to
produce Garri- a major staple food [8]. The edible tubers
are processed into various forms which include chips,
pellets, cakes and flour. The flour could be fried to
produce Garri or steeped in water to ferment and produce
fufu when cooked [2]. The production and consequent
consumption of cassava have increased extensively in
recent times.

[5] observed that the processing of cassava tubers
into a dry form reduces the moisture  content  and
converts it into a more durable and stable product with
less volume, which makes it better for consumption and
transportation. Cassava has been transformed into a
number of products both for domestic (depending on
local customs and preferences) and industrial uses.
Cassava in the fresh form contains cyanide, which is
extremely toxic to humans and animals; there is therefore
a need to process it to reduce the cyanide content to safe
levels [9].

Aim/ Objectives
Aim: The main aim of this study was is to determine the
effects of effluents from cassava processing plants on
physiochemical characteristics and bacteria flora of soils
in Ezzamgbo community.

Objectives: The specific objectives of this study were to:
Determine the physical and chemical parameters of
contaminated soil samples.
Determine the total aerobic heterotrophic bacterial
count from the contaminated soil samples.
Isolate and characterize bacteria from the
contaminated soil samples.
Determine the percentage rate of distribution of
isolates from surveyed soil samples.

Materials: The following materials were used for this
study.

Media: The media used were Nutrient agar (lab M ltd UK)
and Peptone water and Simmom citrate.

Chemicals and Reagents: The chemicals and reagents
used were lugol iodine, oxidase reagent, methyl red
reagent, hydrogen peroxide, blood plasma, sterile water,
kovac reagent, crystal violet, safranine, normal saline,
alcohol decolorizer and immersion oil.

Equipment/Instrument: The equipment and instrument
used were microscope (Olympus Optical Co. Ltd U.K.),
incubator (New Life England), weighing balance (Ohaus
USA), pipettes, petri dish, Bunsen burner, inoculation
loops, glass slide, cover glass, refrigerator(Haier
thermocool), sample bottles, auger, test tubes, hot air
oven and autoclave.

Study Area: The study area of this research was
Ezzamgbo, it is headquarters of Ohaukwu Local
Government Area of Ebonyi State, Nigeria. It has an area
of 517 km² and a population of 196,337 at the 2006 census.
It lies between the longitude 7°30  and 7°30 E and latitudel l

5°40  and 6°45N. The annual rainfall is within 120 mm andI l

200mm with humidity ranging from 60-65 percent. The
months of June and September witness the peak of rainfall
while dry season, which occurs between November and
April, has humidity ranging between 30-45 percent. The
annual mean temperature ranges from 15°C to 29°C [4].

Methods
Collection of Samples: The soil samples were collected in
the dry season from January to March, 2017. The samples
were collected from five different villages in Ezzamgbo
Community. Samples1 to 5 with their control samples were
collected from Emuebe, samples 6 to10 were collected from
Emuegare Village, samples 11 to 15 were collected from
Ndigabe village, samples 16 to 20 were collected from
Ndigwen Village while samples 21 to 25 were collected
from Ndigwnma Village. Five samples were randomly
collected from each area of cassava mill 0-15cm depth with
auger and mixed together to form a compost sample for
analysis, a total of twenty (25) samples were collected
using sterile sampling screw capped bottles labelled
sample  one (1) to sample 25 with control samples
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collected 100cm away from cassava mill and were Purification of Bacterial Isolates: Pure cultures were
immediately transferred to and analyzed in the Applied obtained by sub-culturing decrease colonies onto sterile
Microbiology Laboratory Units of Ebonyi State nutrient agar plates severally. The pure cultures obtained
University after 3hrs of collection [10]. were then transferred onto agar slants in MCcartney

Sterilization of Glassware and other Materials: All were then stored in the refrigerator [12].
glassware used were thoroughly washed with detergent,
rinsed and allowed to dry. The glassware was then Characterization and Identification ofBacterial Isolates:
wrapped with aluminum foil and sterilized in the hot air The characterization and identification of bacterial isolates
oven at 170°C for 60 minutes. The distilled water used for were based on the colonial morphology and biochemical
serial dilutions, was autoclaved at 121°C for 15minutes. tests carried out on pure culture of isolates [13].
The work bench was swabbed with 70% alcohol before
and after every experiment. Gram Staining: A drop of distilled water was placed on

Preparation of Media: All media were aseptically prepared smeared on the slide with aid of an inoculating wire loop.
according to the manufactures instructions.The media The smear was covered with crystal violet stain for 30
were Nuntrient Agar, Peptone water, Simmon Citrate Agar. seconds. It was rapidly wash off with clean water for 5

Preparation of Nutrient Agar: 11.2g of nutrient agar tipping off all the water. The lugols iodine was allowed to
powder was weighed and mixed into 400ml of distilled stand for 60 seconds, rinsed again in slowly running tap.
water in a 500ml conical flask. The content of the flask was Alcohol was dropped wisely until no more dye runs off
rotated for proper dissolution of the dehydrated media. from the smear. The smear was covered with Safranine
The flask was covered with cotton wool, wrapped firmly reagent for 30 seconds. The slide was wash off slowly
with aluminum foil and autoclaved at 121°C for 15minutes. under running tap. Blot dried using paper towel. The
It was allowed to cool at 45°C before it was dispensed smear was then examined under the Microscope using
aseptically in 20ml volume petridishes. The medium was only 100x objective oil immersion lens. Gram – positive
allowed to gel on the petri dishes [10]. bacterial appeared purple or violet while Gram – negative

Preparation of Peptone Water: A 2.7g of peptone water
powder was dissolved in 180ml of distilled water Motility Test: The hanging drop technique was used in
contained in a sterile beaker. It was shaken to enhance which a small drop of the bacterial broth culture was
homogeneity after which 5ml was dispensed into sterile placed on the cover slip using a sterile inoculating loop.
test tubes and covered with cotton wool. The neck of the A thin film of Vaseline was applied around the edge of the
conical flask was tied firmly with a masking tap. It was depression of the cavity slide. The cavity slide was gently
then sterilized by autoclaving at 121°C for 15 minutes and inverted over the cover slip and pressed down in order to
allowed to cool at 45°C before used [10]. make it airtight. The cavity slide was then observed under

Isolation of Bacterial from Soil Samples: One gram of movement of bacterial cells indicated motility while no
each sample was added to nine ml of sterile distilled water movement of the bacterial cells indicated non – motility
and mixed gently. One ml of the dilution obtained was [10].
serially diluted to obtain 10 dilution. One ml of 10  was2 2

used for isolation of bacterial, using the pour plate Biochemical Tests 
method. The plates were then incubated at 27°C for 24 Coagulase Test: The slide method was used to carry out
hours. After incubation, bacteria counts were determined the test. Normal saline was used to make a homogenous
using colony count machine and expressed in cfu/g [11]. suspension of the isolate. A drop of fresh reactive human

Bacterial isolation was restricted to aerobic and plasma was added to the suspension and mixed. The slide
facultative microorganism because of the fact that soil was then rocked gently for 10 seconds to enhance
used were dug within10cm to 15cm depth which allowed agglutination. The appearance of visible clump indicated
light penetration, hence strict anaerobic microorganisms a positive result while the absence of clump format
were not assayed [11]. indicated a negative result [10].

bottles and incubated at 27°Cfor 24hours. The bottles

clean grease-free slide and a fresh culture of 24 hours was

seconds. The smear was covered with Lugols iodine after

bacterial appeared red or pink [10].

X 40 objective lens of the microscope. The directional
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Catalase Test: A 24 hour old culture was used to carry Determination of the Physiochemical Parameters
out the test. The sterile wire loop was used to make a Colour: The colour of the various soil samples was
homogenous suspension on the slide. A drop of determined in comparison with Munsel colour chart. 
hydrogen peroxide (H O ) was added to the suspension2 2

and the occurrence of effervescence indicated a positive Texture: Soil texture was determined by rubbing few
reaction while its absence indicated a negative reaction. quantities of each samples in – between finger tips seven-

Indole Test: 2.7g peptone powder was added to 180ml of 5g of soil with 20ml of distilled water in a 50ml beaker. The
distill water. 5ml of the broth was dispensed into test mixture was stirred with a rod stirrer for 5 minutes. Then,
tubes and autoclaved at 121°C for 15mins. The medium the pH meter was calibrated using pH 7 buffer solution.
was sealed with the isolates and incubated at 27°C for The pH values were measured using Jenway model 3015
74hrs. after the incubation there was appreciable growth pH meter [10].
of the isolates. 2ml of kovae’s reagent was added and
shaken gently. The tubes allowed to stand on rack for 20 Conductivity: Conductivity was measured using Hach
minutes to permit the reagent to rise to top. A red conductivity meter (Model CO150). A 10 mL of moist
coloration at the top layer indicated indole production sample was measured into a 100-mL beaker. Then 50 mL
while a yellow coloration indicated a negative production distilled water (5 times the volume of soil) was measured
[10]. into a second 100-ml beaker. The 50 mL  distilled  water

Methyl Red Test: 15g of peptone powder was added to was briefly stirred for 10 seconds. The mixture was
1litre of distill water and 5ml each was added into a test allowed to settle down for 2hrs. Hence, the tip of the
tubes and autoclaved at 121°C for 15mins. The broth was calibrated EC meter was immersed into the soil phase of
allowed to cool at 42°C, seeded with the isolates and the mixture. It was allowed to stabilized the readings
incubated at 37°C for 48 hours. After incubation, 5 drops before reading and recording the EC1:5vol of the
of methyl red indicator was added to the broth culture. unfiltered supernatant [14].
The presence of red colour indicated a positive result
while yellow coloration indicated a negative result [10]. Nitrate in Soil: The extracting solution was first prepared

Citrate Utilization Test: This test showed the ability of and 30ml of 99.58% acetic acid added. The mixture was
some bacterial to utilize citrate as their sole carbon source. diluted with water to 1 litre. 5.0g of the soil sample was put
Deoxycholate citrate agar with bromothymol blue as pH into a beaker and 0.25g activated carbon with 20ml of the
indicator was used. Slants of Simmon’s citrate agar were extracting solution added. The mixture was shaked for 1
prepared in test tubes as instructed by the manufactures. minute and filtered. 1ml aliquot of the soil extract was
Using a sterile straight wire loop, a normal Saline transferred into a vial. 0.5ml brucine reagent and 2ml
suspension of test organism was first streaked on the sulphuric acid were added. The solution was mixed for 30
slants and then stabbed. The test tubes were incubated at seconds and allowed to stand for five (5) minutes. It was
37°C for 72 hours. Alkaline pH shown by intense bright mixed again and 2ml of distilled water added and mixed for
blue colour indicated citrate utilization [11]. another thirty (30) seconds. The tubes were allowed to

Oxidase Test: This test was carried out using freshly 470nm using electro photometer [15].
prepared oxidase reagent. After placing filter paper in a
clean petridish, 2 to 3 drops of oxidase reagent (1% of Sulphate in the Soil Extract: Exactly20g of soil sample
aqueous solution of tetra methyl phenylene diamine was measured into a beaker and 20ml of distilled water
dihydrochloride) was placed on filter paper. With the aid added to it. It was properly mixed with a magnetic stirrer
of a sterile glass rod, a colony of each of the isolates was for 15minutes. 10ml of sample aliquot was pipetted into a
picked and smeared on the filter paper in the petridish. 25ml volumetric flask and distilled water added to bring
The development of blue – black colour within few the volume to 20ml. 1ml of gelatine barium chloride
seconds on the filter paper indicated a positive result [11]. reagent was added and the content mixed thoroughly and

man panel carried out the exercise [13].

pH: The pH of the soil samples was determined by mixing

was poured into the beaker containing 10 mL of soil and

by dissolving 100g sodium acetate in 500ml distilled water

stand for 5minutes and the transmittance was measured at
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allowed to stand for 30minutes. The transmittance and RESULTS
optical density were measured using electro photometer
[16]. Physiochemical Parameters of Soil Samples from

Phosphorous in Soil: The calorimetric determination of Ezzamgbo Community:The followingphysical parameters
phosphorous in soil was done using Bray 2-P method. of the soil samples studied in this research are soil colour,
The soil sample was first extracted after digestion. 2g of pH and texture. The results indicated that the various soil
the soil was measured into 50ml beaker and 14ml of samples were dark brown, slight brown and brown. And
ammonium chloride (NH CL) which is the extracting soil texture was fine and coarse while the pH value ranges4

solution added in it. The mixture was stirred with magnetic from 6.0-7.0 with highest mean value of 6.40±0.54for the
stirrer and filtered with Whitman filter paper No.40. 1ml of control samples while 3.2 to 5.32 with the highest mean
the filtrate was pipetted into a 100ml flask and made up to value of 4.84±0.42for the contaminated samples shown in
mark with distilled water. 5ml of this solution and 5ml of Table 1.
distilled water were pipetted into two beakers and labeled
Sample A and Blank respectively. 12g of ammonium Chemical Parameters of Soil Samples from Cassava Mill
molybdate [(NH )  M O ] was dissolved in 250ml distilled Effluent and Control Soil Samples in Ezzamgbo: There4 6 7 24

water and labeled solution 1. Solution 2 was prepared by was a significant increase in the mean value of
dissolving 0.28g of potassium antimony tartarate conductivity of the soil samples contaminated with
(KSBC H O ) in 100ml  of  distilled  water.  Solution  3  was cassava effluents when compared with the control4 4 6

prepared by diluting 148g of concentrated sulphuric acid samples. Hence, Emuebe had the highest mean value of
(5N H SO ) with 1000ml of distilled water. Solution 1, 2 and 184.40±6.35 while the lowest was 165.40±10.59 of the2 4

3 were then mixed together in a 2litre flask and made up to control samples.
mark with distilled water. This mixture was labeled There was a significant variation in the mean value of
Reagent A. Reagent B was prepared by dissolving 1.056g nitrate as the value for nitrate ranges from 4.86±0.62 to
of ascorbic acid in 200ml of reagent A and shaking for 5.66±0.92 in the samples contaminated with cassava
5minutes. 4ml of reagent B was added into the beaker effluent while the value of nitrate in the control sample
labeled Sample A and Blank respectively. The solutions was 3.06±1.21which was the lowest.
were left to stand for 15minutes for colour to develop. The content of phosphate showed that the highest
Absorbance was measured at 882nm using electro value of 6.32±0.76 was recorded in soil samples from
photometer [16]. Emueqare while in the control 4.82±1.42 of phosphate was

Determination of Exchangeable Cations: The method for There was a significant variation in the content of
the determination was adopted from APHA [17]. The soil sulphate observed in the soil samples analyzed. The
samples were first extracted using IN ammonium acetate highest value of sulphate was 9.04±0.32 recorded in the
solution. This was done by weighing 5g of sieved air- contaminated soil samples from Ndigwen location while
dried samples and adding to 30ml of the extracting the control had 5.94±1.23of sulphate was the lowest as
solution in a tube. This was shaken on a mechanical shown in Table 2.
shaker for two hours. They were then centrifuged for five
minutes and the supernatant carefully decanted into a Exchangeable Cation of Soil Samples from Cassava Mill
100ml volumetric flask. This was then made up to the mark Effluents and Control Soil Samples in Ezzamgbo: There
with the extracting solution. The exchangeable cations was a significant variation in the value of the
(Na, K, Ca  and Mg2 ) of the extract was determined exchangeable cations among samples from the2+ +

using  Unicam   Atomic   Absorption   Spectrophotometer, contaminated sites when compared with the control.
Model 969. Sodium was 0.27± 0.04 in the control which was the

Statistical  Analysis:   The   data  collected  were the soil samples from Ndigwen.
subjected to statistical analysis using Window’s SPSS Potassium content was 0.12±0.03 in samples from
version 20.0 and results presented in percentage and Ndgwuma which is the highest and the lowest value was
mean standard deviation with significant difference at 0.08±0.02  in  samples  from Ndigwen for  the
P<0.05. contaminated  samples  while  the   control    samples   had

Cassava Mill Effluents and Control Soil Samples in

observed.

highest value recorded while 0.22±0.01 was observed in
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Table 1: Physical parameters of the soilfrom cassava mill effluents and control soil samples in Ezzamgbo community.
 pH Texture Colour
--------------------------- ---------------------------- ---------------------------------------------

Location Samples code SA SB SA SB SA SB
Emuebe 1 4.3 6.0 Coarse Fine dark brown brown

2 4.0 6.0 Fine Fine dark brown dark brown
3 4.01 7.0 Coarse Coarse Brown slight brown
4 3.99 6.0 Fine Fine Brown dark brown
5 4.23 6.0 Fine Coarse dark brown slight brown

Mean±Std.Deviation 4.12±0.26 6.20±0.44
Emueqare 6 4.50 7.0 Fine Coarse dark brown brown

7 4.62 6.0 Fine Fine brown slight brown
8 4.67 7.0 Fine Fine dark brown dark brown
9 5.1 6.0 Coarse Fine brown slight brown
10 5.3 6.0 Coarse Coarse brown dark brown

Mean±Std.Deviation 4.84±0.42 6.40±0.54
Ndigagle 11 4.51 7.0 Fine Fine slight brown brown

12 4.78 6.0 Fine Fine dark brown dark brown
13 4.90 6.0 Coarse Fine brown slight brown
14 4.21 6.0 Fine Coarse slight brown dark brown
15 4.78 7.0 Coarse Coarse dark brown brown

Mean±Std.Deviation 4.64±0.32 6.40±0.54
Ndigwen 16 5.32 6.0 Fine Coarse dark brown dark brown

17 5.2 6.0 coarse Fine slight brown brown
18 4.2 7.0 Fine Fine dark brown slight brown
19 3.21 6.0 coarse Coarse brown dark brown
20 3.78 5.0 Fine Fine dark brown slight brown

Mean±Std.Deviation 4.34±0.20 6.00±0.70
Ndgwuma 21 4.2 6.0 Fine Coarse dark brown dark brown

22 4.62 6.0 coarse Fine dark brown slight brown
23 4.3 6.0 Fine Coarse brown dark brown
24 4.8 6.0 coarse Fine brown slight brown
25 4.87 6.0 Fine Fine dark brown dark brown

Mean±Std.Deviation 4.55±0.10 6.00±0.00
Key: SA = Contaminated Soil Samples with Cassava Mill Effluents

SB = Control Soil Samples

Table 2: Chemical parameters of soil samples from cassava mill effluent and control soil samplein Ezzamgbo
Conductivity (µs/Cm) Nitrate (mg/kg) Phosphate(mg/kg) Sulphate(mg/kg)

Samples ----------------------------- ---------------------- ------------------------- -------------------------
Location code SA SB SA SB SA SB SA SB
Emuebe 1 182 172 4.0 2.0 5.24 5.34 7.90 4.67

2 192 176 4.0 3.2 5.24 5.2 9.67 5.40
3 175 158 7.0 1.8 6.43 5.4 7.89 6.79
4 186 180 7.1 3.5 5.89 5.63 7.43 7.00
5 187 186 5.2 4.8 5.34 5.6 8.50 6.89

Mean±Std.Deviation 184.40±6.35 174.40±10.52 5.46±1.53 3.06±1.21 5.62±0.52 5.43±0.18 8.27±0.86 6.15±1.05
Emueqare 6 174 164 4.6 3.8 6.82 5.69 8.75 7.12

7 178 178 4.8 3.7 6.90 6.47 7.45 6.78
8 191 186 4.1 2.1 6.89 6.73 8.43 6.98
9 176 173 5.0 4.2 5.34 5.76 8.64 7.90
10 168 158 5.8 3.8 5.65 5.07 7.05 6.78

Mean±Std.Deviation 177.40±8.47 171.80±11.09 4.86±0.62 3.52±0.82 6.32±0.76 5.94±0.66 8.06±0.76 7.11±0.46
Ndigagle 11 198 189 5.9 4.3 6.35 6.56 7.45 5.60

12 169 167 5.6 4.2 6.78 6.32 8.74 4.80
13 175 172 3.9 1.2 5.68 6.78 8.65 4.89
14 178 174 7.1 3.9 5.62 5.81 7.98 7.56
15 168 162 4.5 4.1 5.40 5.72 7.56 6.89
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Table 2: Continued
Conductivity (µs/Cm) Nitrate (mg/kg) Phosphate(mg/kg) Sulphate(mg/kg)

Samples ----------------------------- ---------------------- ------------------------- -------------------------
Location code SA SB SA SB SA SB SA SB
Mean±Std.Deviation 177.60±12.13 172.80±10.18 5.40±1.25 3.54±1.32 5.96±0.57 6.23±0.46 8.07±0.59 5.94±1.23
Ndigwen 16 179 167 4.5 3.2 5.01 5.32 8.94 6.89

17 188 156 3.8 3.0 5.34 5.37 9.00 8.68
18 178 153 4.7 3.9 5.02 6.43 9.04 8.09
19 181 176 8.0 6.0 5.36 6.01 8.67 8.53
20 187 175 5.1 4.0 6.45 5.24 9.56 7.90

Mean±Std.Deviation 182.60±4.61 165.40±10.59 5.22±1.62 4.02±1.19 5.43±0.59 5.67±0.52 9.04±0.32 8.01±0.71
Ndgwuma 21 178 164 5.3 5.4 6.54 5.63 7.98 6.55

22 171 170 5.7 3.4 6.30 3.51 7.86 7.20
23 176 169 4.3 2.1 5.2 6.82 9.56 7.74
24 184 178 6.4 3.8 4.89 4.61 8.47 6.74
25 147 156 6.6 5.1 5.46 3.54 8.08 6.79

Mean±Std.Deviation 171.20±14.31 167.40±8.11 5.66±0.92 3.96±1.34 5.67±0.71 4.82±1.42 8.39±0.69 7.004±0.47
Key: SA = Contaminated Soil Samples with Cassava Mill EffluentSB = Control Soil Samples 

Table 3: Exchangeable cations of soil samples contaminated with cassava mill effluents and control soil sample
Na K Ca Mg+ + + +

Exchangeable Cation SA SB SA SB SA SB SA SB
Emuebe 1 0.27 0.27 0.16 0.17 4.98 4.98 1.25 1.24

2 0.27 0.18 0.08 0.18 4.56 4.56 2.04 2.25
3 0.2 0.17 0.07 0.16 2.98 4.70 2.12 2.59
4 0.25 0.28 0.04 0.15 2.47 3.45 2.14 2.79
5 0.22 0.31 0.09 0.14 1.89 3.51 1.24 2.19

Mean±Std. eviation 0.24±0.03 0.24±0.06 0.09±0.04 0.16±0.02 3.37±1.34 4.24±0.71 1.75±0.46 2.10±0.76
Emueqare 6 0.26 0.21 0.07 0.15 2.98 3.42 0.87 0.24

7 0.19 0.24 0.06 0.17 3.13 4.12 1.57 5.49
8 0.22 0.32 0.12 0.16 3.39 4.13 2.89 1.59
9 0.29 0.25 0.12 0.18 2.59 4.12 1.98 1.95
10 0.22 0.27 0.05 0.16 1.97 4.12 0.87 0.18

Mean±Std.Deviation 0.23±0.04 0.25±0.04 0.08±0.03 0.16±0.01 2.81±0.55 3.98±0.31 1.63±0.84 1.89±2.16
Ndigagle 11 0.22 0.28 0.07 0.14 4.20 4.12 1.67 1.13

12 0.22 0.29 0.09 0.17 3.50 4.30 2.98 1.41
13 0.22 0.25 0.12 0.15 4.70 4.13 2.78 3.84
14 0.38 0.28 0.07 0.16 4.98 3.89 2.76 0.77
15 0.19 0.26 0.06 0.15 4.98 3.40 1.58 1.66

Mean±Std.Deviation 0.24±0.07 0.27±0.02 0.08±0.02 0.15±0.01 3.87±1.03 3.96±0.35 2.35±0.67 1.76±1.21
Ndigwen 16 0.23 0.29 0.53 0.17 3.70 3.98 2.67 0.16

17 0.21 0.25 0.15 0.16 2.60 4.10 2.78 1.92
18 0.22 0.28 0.04 0.15 2.54 4.14 1.87 2.16
19 0.21 0.31 0.10 0.16 5.51 3.68 1.98 3.62
20 0.24 0.29 0.11 0.14 5.60 3.98 2.89 3.50

Mean±Std.Deviation 0.22±0.01 0.28±0.02 0.18±0.09 0.16±0.01 3.99±1.50 3.97±0.18 2.43±0.47 2.27±1.40
Ndgwuma 21 0.23 0.27 0.04 0.14 6.75 4.21 2.38 2.56

22 0.23 0.26 0.13 0.17 3.70 4.05 1.87 0.16
23  0.17 0.25 0.40 0.18 0.07 3.89 1.98 0.20
24 0.29 0.28 0.06 0.15 3.21 3.18 2.98 0.67
25 0.34 0.27 0.05 0.16 3.03 3.64 1.56 0.85

Mean±Std. Deviation 0.25±0.06 0.27±0.01 0.12±0.03 0.16±0.02 3.15±2.52 3.79±0.40 2.15±0.55 0.88±0.98
Key: SA = Contaminated Soil Samples with Cassava Mill Effluent

SB = Control Soil Samples

0.16± 0.02   of   potassium  content  as  the  highest. The content of magnesium showed that 2.43±0.47 was
Hence, calcium content was higher 4.24±0.71 in the the highest in the contaminated samples while the lowest
control  than  2.81±0.55   of  the contaminated soil content of magnesium was 0.88±0.98 from the control soil
samples. samples as shown Table 3.
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Table 4: Bacterial load of soil samples contaminated with cassava mill
effluents and control soil samples

No of CFU/ No of CFU/
colonies g (10 ) colonies g (10 )1 5 1 5

Village S/No SA SA SB SB
Plot A 1 61 1.22 70 1.40
Emuebe 2 71 1.42 74 1.48

3 50 1.0 55 1.10
4 61 1.22 63 1.26
5 51  1.02 56 1.12

Plot B Mean±Std. Deviation 1.17±0.17 1.27±0.16
Emueqare 6 61 1.22 54 1.08

7 52 1.04 56 1.12
8 56 1.12 45 0.9
9 62 1.6 45 0.9
10 65 1.3 69 1.38

Plot C Mean±Std. Deviation 1.25±0.21 1.07±0.12
Ndigagle 11 70 1.4 80 1.60

12 58 1.16 63 1.26
13 60 1.2 64 1.28
14 71 1.42 73 1.46
15 67 1.34 54 1.08

Plot D Mean±Std. Deviation 1.10±0.11 1.33±0.19
Ndigwen 16 67 1.34 54 1.08

17 70 1.4 74 1.48
18 75 1.50 65 1.30
19 65 1.30 63 1.26
20 58 1.16 61 1.22

Plot E Mean±Std. Deviation 1.11±0.12 1.26±0.14
Ndgwuma 21 65 1.3 64 1.28

22 70 1.4 74 1.48
23 63 1.26 45 0.9
24 50 1.0 64 1.28
25 58 1.16 42 0.84
Mean±Std. Deviation 1.22±0.15 1.15±0.03

Key: Key: SA = Contaminated Soil Samples with Cassava Mill Effluent
SB = Control Soil Samples

Determination of the Total Aerobic Heterotrophic
Bacterial Count from Soil Samples Contaminated with
Cassava Mill Effluents and Control Soil Samples in
Ezzamgbo: The bacterial load result showed that the
control samples from Ndigagle village had the highest
bacterial  count  with mean value of 1.33±0.19CFU/g (10 )1 5

while the contaminated samples from Emuebe village
showed a highest bacterial count with mean value of
1.17±0.17 CFU/g (10 ) among the contaminated samples;1 5

which is lower than the highest mean value of the control
samples (Table 4).

Isolation and Characterization of Bacteria Isolated from
Soil Samples from Ezzamgbo Community: The result of
morphological and biochemical characteristics indicates
the presence of the following bacteria Staphylococcus
aureus, Bacillus species, Proteus species, Pseudomonas
species, Escherichia coli, Klebsiella species,
Micrococcus species, Enterobacter species and
Chromobacterium   species   from   soil  contaminated
with cassava effluent and control samples as showed in
Table 5.

Percentage Occurrence of Bacteria Isolated from Soil
Samples from Cassava Mill Effluent and Control Soil
Sample in Ezzamgbo Community: A total of 11(31.43%)
bacterial isolates which includeStaphylococcus aureus,
Bacillus species, Proteus species, Pseudomonas species
and Escherichia coli were isolated from the soil samples
from soil contaminated with cassava effluent in
Emuebe.The highest occurring isolates were Bacillus
species  (8.57%)   and   Pseudomonas   species  (8.57%);
E. coli (2.85%) was the lowest occurring isolates. Hence,
a total of 24(68.57%) isolates of bacteria were isolated
from the control soil sample with 14.29% of Pseudomonas
speciesand 2.85% of Enterobacter specieswere the
highest and lowest in the control samples which showed
that there was a significant decrease in the number of
isolates from the contaminated samples (SA) than control
samples (SB).

The control samples (SB) showed the presence of all
the isolates were 31(63.27%), with Chromobacterium
species (12.24) as the highest and Pseudomonas species
(2.04)  as  the  lowest among the bacterial isolates from the

Table 5: Morphological and biochemical characteristics of bacteria isolated from soil contaminated with cassava effluent and control soil sample

Shape Gram Catalase Coagulase Indole Methy Oxidase Citrate
test Arrangement Reaction test test test red test test test Motility test Suspected isolates SA Suspected isolates SB

1 Cocci Clusters + + + - - - + - S. aureus S. aureus
2 Rod Chain + + - - + - - - Bacillus species Bacillus species
3 Rod Clusters - + - + + + + - Proteus species Proteus species
4 Rod Singles - + - - - - - - Pseudomonas species Pseudomonas species
5 Rod Singles - + - + - - - - E. coli E. coli
6 Rod Chains - + - - + + - - Klebsiella species Klebsiella species
7 Cocci Singles + + + - + - - + Micrococcus species Micrococcus species
8 Rod Singles - + - - - - + - Enterobacter species Enterobacter species
9 Rod Chain - - - - - - - - Chromobacterium species Chromobacterium species

Key: + = Positive;  - = Negative
S Key: SA = Contaminated Soil Samples with Cassava Mill Effluent; SB = Control Soil Samples 
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Table 6: Distribution of bacteria isolated from soil contaminated with cassava mill effluent and control soil samplesin Ezzamgbo

Emuebe Emueqare Ndigagle Ndigwen Ndigwnma
Locations ------------------------------- -------------------------------- --------------------------------- --------------------------------- ----------------------------------

S/N Suspected isolates SA No(%) SB No(%) SA No(%) SB No(%) SA No(%) SB No(%) SA No(%) SB No(%) SA No(%) SB No(%)

1 S. aureus 2(5.71) 4(11.43) 0(0) 2(4.08) 2(5.13) 3(7.69) 2(5.0) 3(7.5) 1(2.27) 3(6.82)
2 Bacillus species 3(8.57) 3(8.57) 4(8.16) 5(10.20) 3(7.69) 3(7.69) 3(7.5) 4(10.0) 4(9.09) 6(13.63)
3 Proteus species 2(5.71) 2(5.71) 4(8.16) 4(8.16) 2(5.13) 5(12.82) 0(0) 2(5.0) 2(4.55) 4(9.09)
4 Pseudomonas species 3(8.57) 5(14.29) 0(0) 1(2.04) 3(7.69) 4(10.26) 3(7.5) 3(7.5) 4(9.09) 5(11.36)
5 E. coli 1(2.85) 2(5.71) 2(4.08) 4(8.16) 1(2.56) 2(5.13) 1(2.5) 2(5.0) 1(2.27) 2(4.55)
6 Klebsiella species 0(0) 3(8.57) 3(6.12) 3(6.12) 1(2.56) 3(7.69) 2(5.0) 1(2.5) 3(6.82) 3(6.82)
7 Micrococcus species 0(0) 2(5.71) 2(4.08) 4(8.16) 1(2.56) 2(5.13) 1(2.5) 2(5.0) 0(0) 1(2.27)
8 Enterobacter species 0(0) 1(2.85) 1(2.04) 2(4.08) 0(0) 2(5.13) 3(7.5) 3(7.5) 0(0) 2(4.55)
9 Chromobacterium species 0(0) 2(5.71) 2(4.08) 6(12.24) 1(2.56) 1(2.56) 2(5.0) 3(7.5) 1(2.27) 2(4.55)

Total 11(31.43) 24(68.57) 18(36.73) 31(63.27) 14(35.89) 25(64.10) 17(42.5) 23(57.50) 16(36.37) 28(63.64)

 35(100)  49(100)  39(100) 40(100) 44(100)

Key: SA = Contaminated Soil Samples with Cassava Mill Effluent;
SB = Control Soil Samples

Table 7: Prevalence of each bacteria isolated from soil contaminated with cassava mill effluent and control soil sample in all the locations

Emuebe Emueqare Ndigagle Ndigwen Ndigwnma Prevalence(%)
Locations -------------------------- ------------------------- ------------------------- ------------------------- -------------------------- --------------------------------------

S/N Suspected isolates SA No SB No SA No SB No SA No SB No SA No SB No SA No SB No SA No(%) SB No(%)

1 S. aureus 2 4 0 2 2 3 2 3 1 3 7(3.83) 11(6.01)
2 Bacillus species 3 3 4 5 3 3 3 4 4 6 15(8.20) 18(9.84)
3 Proteus species 2 2 4 4 2 5 0 2 2 4 6(3.28) 15(8.20)
4 Pseudomonas species 3 5 0 1 3 4 3 3 4 5 17(9.28) 13(7.10)
5 E. coli 1 2 2 4 1 2 1 2 1 2 6(3.28) 10(5.46)
6 Klebsiella species 0 3 3 3 1 3 2 1 3 3 9(4.92) 10(5.46)
7 Micrococcus species 0 2 2 4 1 2 1 2 0 1 4(2.19) 9(4.92)
8 Enterobacter species 0 1 1 2 0 2 3 3 0 2 4(2.19) 9(4.92)
9 Chromobacterium species 0 2 2 6 1 1 2 3 1 2 8(4.37) 12(6.56)

Total 76(41.53) 107(58.47)
183(100)

Key: Key: SA = Contaminated Soil Samples with Cassava Mill Effluent;
SB = Control Soil Samples 

control samples. Whereas, 18(36.27%)  isolates of 7.5% of Bacillus species was from the contaminated
Bacillus  species,  Pseudomonas  species  and samples.
Escherichia coli, Klebsiella species, Micrococcus Hence, a significant increase in the number of
species, Enterobacter species and Chromobacterium isolated from the control samples 28(63.64%) was higher
species were isolated from the soil samples from soil than 16(36.37%) from the contaminated samples among
contaminated  with    cassava   effluent  (SA) in the samples from Ndigwnma village. More also, the
Emueqare. The highest prevalent rate was recorded in highest prevalent rate was observed among Bacillus
Bacillus species (8.16%). Hence, Enterobacter species species (13.63%) from the control samples while Bacillus
(2.04%) was the lowest prevalent rate in contaminated species (9.09%) was isolated from the contaminated
samples. samples (Table 6).

There was a decrease in the number of bacteria The percentage prevalence of the bacteria isolated
isolated  from  the  contaminated  samples 14 (35.89%) from various samples of soil contaminated by cassava mill
than the control samples 25(64.10). However, 7.69% of effluent. A total of 183 isolates were identified from the
Bacillus species was the highest occurring bacteria in the 50samples collected from the five locations. Hence,
contaminated samples. whereas,12.82% of Proteus 76(41.53%)of bacteria were isolated from the contaminated
species was highest prevalent bacteria in the control samples while 107(58.47%) the same bacteria were isolated
samples which was higher than contaminated samples from the control samples.The highest and lowest
from Ndigagle. prevalence of bacteria were Pseudomonas species and

Therefore, similar result was observed in Ndigwen as Micrococcus specieswith prevalent rate of 9.28% and2.19
the number of bacteria isolated from control sample respectively in the contaminated samples while 9.84% and
23(57.50%)  was   higher  than  the  contaminated  samples 4.92% of Bacillus specie and Enterobacter species were
17(42.5%) in Ndigwen village. 10.26% of Bacillus species recorded as the highest and lowest prevalent rate in the
isolated from the control samples which higher than while control samples respectively (Table 7).
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DISCUSSION Similar observation of sand size fraction dominance

The result of the pH showed that the pH value ranges
from 6.0-7.0 with highest mean value of 6.40±0.54 for the
control samples while 3.2 to 5.32 with the highest mean
value of 4.84±0.42 for the contaminated samples. [18] in
his study reported that 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. Previous studies have shown decreased metal
availability with increasing pH [19]. The pH values
recorded in this study are in the same range with those
reported by [20], [21] [8] and [22]. The values are however
lower than those reported by [23]. [4], [18]. The soil pH
determines the availability of nutrients and the potency of
toxic substances as well as the physical properties of the
soil. In their own study, [24], which recorded that pH
reported in the contaminated soil was found to be acidic
(5.78 - 6.12) as against 7.93 in the control soils. The low
pH of the soil could explain the presence of cyanogenic
glycosides in the cassava effluent contaminated soil.
Factors like low pH, high negative soil charges and low
clay content were reported as soil conditions that increase
cyanide mobility [25]. 

There was a significant increase in mean value of
conductivity of the soil samples of contaminated with
cassava effluent when compared with the control sample.
Hence, Emuebe had the highest mean value of 184.40±6.35
while the lowest was 165.40±10.59 of the control sample.
There was a significant variation in the mean value of
nitrate as the value for nitrate ranges from 4.86±0.62 to
5.66±0.92 in the samples contaminated with cassava
effluent while the value of nitrate in the control sample
was 3.06±1.21which was the lowest. Also, there was a
significant increase (P<0.05) in the mean values of the
physiochemical parameters (electrical conductivity,
phosphate, nitrate and sulphate) of the contaminated soil
samples when compare with the control samples. [26], also
reported that the electrical conductivity values in their
research ranged from 136 to 958 µS/cm. These values are
similar to the values reported by [27], but higher than the
values reported by [28], [29] and [30]. 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 [31]. The implication of
high electrical conductivity in soils is that there are
reasonable or significant presence of anions [32]. For soil
particle size, the distribution of sand fraction was highest
followed by clay and then silt. 

had been reported [23]. Whereas, soil contaminated with
cassava effluent caused some changes in soil samples
collected. This implies that the electric conductivity,
phosphate, nitrate and sulphate were higher in the
contaminated soil samples than the control soil and this
is in consonance with the findings of [33], who reported
significant increase in the above physiochemical
parameters in a soil contaminated with cassava effluent.
The sulphate concentration attested to the enhanced
microbial activities in soil which are responsible for
sulphate ester hydrolysis [34]. This study reported nitrate
values of between 15.90 - 29.96 mg/kg. Nitrate is one of
the most frequently utilizable forms of nitrogen in soil
which can be converted to proteins [35]. Phosphate
recorded ranged from 10.98 - 20.68 mg/kg. This value in
the impacted soil could be because cassava tubers are
rich in phosphate [10]. 

The result of this study revealed that the soils were
more of sand, followed by silt and least in clay as earlier
reported by [8]. Hence, the high sand content encouraged
leaching of heavy metals deep down into the soil depth
due to the larger pore size [36].

The content of phosphate showed that the highest
value of 6.32±0.76 was recorded in soil samples from
Emueqare while in the control 4.82±1.42 of phosphate was
observed. There was a significant variation in the content
of sulphate observed in the soil samples analyzed. The
highest value of sulphate was 9.04±0.32 recorded in the
contaminated soil samples from Ndigwen location while
the control had 5.94±1.23 of sulphate was the lowest as
shown in Table 5. Whereas, [37] in the study of the impact
of cassava effluent on the microbial and physicochemical
characteristics on soil dynamics and structure reported
182±0.17, 7.9±0.7, 4.0±0.4, 5.24±0.4 of EC, SO , NO and4 3

2+,

PO  respectively which was within the range of the4
3-

values recorded in this study. For soil particle size, the
distribution of sand fraction was highest followed by clay
and then silt. The high values of phosphorus in the soils
are not surprising since cassava tuber is a rich source of
phosphorus [38].

There was a significant variation (p<0.05) in the value
of the exchangeable cations among samples from the
contaminated sites when compared with the control.
Sodium was 0.27± 0.04 in the control which was the
highest value recorded while 0.22±0.01 was observed in
the soil samples from Ndigwen. The highest mean value
observed in this study was low than 2.31+0.32 of Na
reported by [39], who worked on the effect of cassava
effluent on the chemical composition of agricultural soil.
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The soil cation exchange values ranged from  0.49  to  1.63 isolated from various samples of soil contaminated by
Cmolkg-1. Cation exchange capacity is directly related to cassava mill effluent. A total of 183 isolates were
soil capacity of adsorbing heavy metals [26]. identified from the 50 samples collected from the five

However, potassium content was 0.12±0.03 in the locations. Hence, 76(41.53%) of bacteria were isolated
contaminated samples from Ndigwunma which was the from the contaminated samples while 107(58.47%) the
highest and the lowest value was 0.08±0.02 in samples same bacteria were isolated from the control samples.
from Ndigwen for the contaminated samples while the highest and lowest prevalence of bacteria were
control samples had 0.16± 0.02 of potassium content as Pseudomonas species and Micrococcus species with
the highest. The value of K in both control and prevalent rate of 9.28% and2.19 respectively in the
contaminated samples were low when compare with the contaminated samples while 9.84% and 4.92% of Bacillus
4.93+0.04 of K recorded by [39]. Hence, calcium content specie and Enterobacter species were recorded as the
was higher 4.24±0.71 in the control than 2.81±0.55 of the highest and lowest prevalent rate in the control samples
contaminated soil samples. The value Ca in this study was respectively. These values are similar to those reported by
within the range reported by [39]. The content of [12] and [5]. However, the differences in the soil pH
magnesium showed that 2.43±0.47 was the highest in the values of the different location for the contaminated soil
contaminated samples while the lowest content of were not observed to be statistically significant (p< 0.05).
magnesium was 0.88±0.98 from the control soil samples as These bacteria found in the contaminated samples may
shown Table 6. Also, the value of Mg in this study was have acquired the genetic traits that enabled them to
lower than 5.85+0.24 for Mg reported by [39]. Although, survive in such an acidic environment.
the value of Ca, Mg, K and Na obtained in this study was The result of morphological and biochemical
in consonant with 3.17, 1.84, 0.78 and 0.84 respectively characteristics indicates the presence of the following
reported by [40], they worked on the impact of cassava bacteria Staphylococcus aureus, Bacillus species,
mill effluent on the total aerobic bio load and Proteus species, Pseudomonas species, Escherichia coli,
physicochemical properties of the soil. Klebsiella species, Micrococcus species, Enterobacter

The effects of effluents concentration on the soil species and Chromobacterium species from soil
exchangeable cations is as presented in Table 6. Statistical contaminated with cassava effluent. The result of this
analysis showed that the cassava mill effluent had finding is in line with the reports of [37], who worked on
significant (p<0.05) effects on the Ca, Mg, K and Na. The the impact of cassava effluent on the microbial and
values of exchangeable Ca, Mg, K and Na at soil samples physicochemical characteristics on soil dynamics and
indicated  that  there  were  significant  differences  among structure. Also, these bacteria were isolated by previous
the contaminated soil samples including the control. authors [7]; [29]. These isolates were among those
Indeed, the Ca, Mg, K and Na significantly increased with isolated by previous authors [29] and [41]. These
increased cassava mill effluent treatments. These increase microbes may possess or have acquired the genetic
in the cations especially calcium and magnesium in the attributes that enable them to survive in such acidic
contaminated soil samples could have been caused by the environment. This ability to degrade cyanide has been
cassava mill effluent. Such increase in the level of calcium reported to be widely distributed in natural ecosystems
in the contaminated soil have been reported by [13] and and have enzymatic systems that can be broadly
[6]. Also, [39] have reported higher concentrations of described as oxidative, hydrolytic and
120.40, 62.25, 50.90 and 25.25 of Sodium, Calcium, substitution/transfer in nature [16]; [12] and [43].
Potassium and Magnesium respectively in the as some of
the constituent of cassava mill effluent. CONCLUSION AND RECOMMENDATIONS

The bacterial load result showed that the control
samples from Ndigagle village had the highest bacterial This study investigated the effects of effluents from
count with mean value of 1.33±0.19CFU/g (10 ) while the cassava processing plants on physiochemical1 5

contaminated samples from Emuebe village showed a characteristics and bacteria flora of soils in Ezzamgbo
highest bacterial count with mean value of 1.17±0.17 community. The soil samples were collected in the dry
CFU/g (10 ) among the contaminated samples; which is season from January to March, 2017. The samples were1 5

lower than the highest mean value of the control samples collected from five different villages in Ezzamgbo
(Table 4.4). The percentage prevalence of the bacteria community.
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Samples 1 to 5 with their control samples were CONCLUSION
collected from each of these villages; Emuebe, Emuegare,
Ndigabe, Ndigwen and Ndigwnma villages. A total of 50 The results of this study revealed that cassava mill
samples: 25 contaminated (SA) and control samples (SB) effluent inhibit the activity of bacteria as only 9 bacteria
were collected. Standard analytical methods were used to were isolated from the 50 samples used in this study.
assay for physiochemical properties. The isolation and Hence, a decrease in the percentage distribution of the
characterization of bacterial population was carried out bacteria isolates was observed in the contaminated soil
using standard culture-based methods. samples. Whereas the control soil samples had higher

The results indicated that the various soil  samples bacteria load. The pH of the contaminated soil was acidic
for control  and   contaminated  samples  were  dark whereas the pH of the control soil samples was neutral.
brown, slight brown and brown. And the soil texture was There was a significant increase in the physiochemical
fine and coarse while the pH value ranges from 6.0-7.0 parameters: electrical conductivity, phosphate, nitrate and
with highest mean value of 6.40±0.54for the control sulphate of the contaminated soil than the control. The
samples while 3.2 to 5.32 with the highest mean value of same increase was observed among the exchangeable
4.84±0.42 for the contaminated samples. There was a cations of the contaminated soil when compare with the
significant increase (p<0.05) in mean value of result of the control samples and this implies that cassava
conductivity, nitrate, phosphate, sulphate, sodium, mill effluent reduces the performance of bacteria and
potassium, calcium and magnesium of the soil samples increases the nutrient content of the soil. Although, these
contaminated with cassava effluent when compared with nutrients are not ready available for microorganisms and
the control samples. The bacterial load result showed that plants due the acidic nature of the soil caused by the
the control samples from Ndigagle village had the highest cassava mill effluent.
bacterial count with mean value of 1.33±0.19CFU/g (10 )1 5

while the contaminated samples from Emuebe village Recommendations: From the result obtained in this
showed a highest bacterial count with mean value of present investigation the following recommendations are
1.17±0.17 CFU/g (10 ) among the contaminated samples; forwarded:1 5

which is lower than the highest mean value of the control More studies involving more m=number of study
samples. sites should be carried out.
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