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1. INTRODUCTION

ABSTRACT

Samples of fresh cassava effluent, cassava effluent polluted soil and unpolluted soil were
collected during the rainy season to evaluate the effect on the physicochemical
characteristics of the soil in Aba, Abia State. The physical and chemical parameters of the
untreated cassava mill effluent, untreated cassava mill effluent-polluted soil and unpolluted
soil were determined using standard laboratory methods. It was observed that addition of
cassava mill effluent to the soil resulted to changes in the physicochemical parameters. The
cyanide content, conductivity, turbidity, moisture content, TDS, TSS, TS, total acidity, total
alkalinity, total chloride, and magnesium were higher in the contaminated soil samples than
the unpolluted soil. The values of pH, Total hardness, calcium hardness, phosphorus, organic
carbon, COD and BOD of the contaminated soil samples were lower than those of the
unpolluted soil due to high content of hydrogen cyanide present in the contaminated soil.
The high cynogenic potential had been attributed to the high cyanogenic glucoside
(linamarin and lotaustralin) contained in cassava. The pH range of the untreated cassava mill
effluent and the untreated cassava mill effluent polluted soil were completely acidic while
the unpolluted soil was neutral indicating that the effluent impacted acidic properties to the
soil. Phosphorus buildup in the unpolluted soil can be caused by excessive use of inorganic
fertilizer or use of composts and manures high in phosphorus. The effluent from cassava
plant when discharged on soil causes physicochemical changes in the soil, which calls for
serious concern if the soil will be used for agricultural and other purposes. Therefore,
cassava mills must be owned and managed by individuals who have basic knowledge of
environmental protection.

© 2023 The Authors. Published by Penteract Technology.
This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.org/licenses/by-nc/4.0/).

Nigeria is the largest producer of cassava, while the largest

Cassava is an important staple crop and in the tropical
world, it ranks fourth in importance after rice, wheat and maize
[1]. In Sub-Saharan Africa, it is currently the major staple food
for 40% of the population and for an estimated 500 million
people in the tropics [1, 2, 3]. People also eat cassava leaves as
a green vegetable, which provides a cheap and rich source of
protein and vitamins A and B. However, cassava is increasing
in its importance, particularly in arid and semi-arid areas,
because it is a hard, drought-resistant crop that can give
acceptable yields even in low-fertility soils.
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exporter of this crop is Thailand [4]. Cassava is normally
processed before consumption as a means of detoxification,
preservation and modification [5] due to toxic cyanogenic
glucosides that are present in unfermented roots and leaves [6].

Cassava tubers contain two cyanogenic glucosides,
linamarin and lotaustralin which are formed from amino acids.
This occurs as cyanogenesis is initiated in cassava when the
plant tissue is damaged. Rupture of the vacuole releases
linamarin, which is hydrolyzed by linamarase, a cell wall-
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associated p-glycosidase [7]. Hydrolysis of linamarin yields an
unstable hydroxynitrile intermediate, acetone cyanohydrin,
plus Glc. Acetone cyanohydrin spontaneously decomposes to
acetone and HCN at pH >5.0 or temperatures >35°C and can be
broken down enzymatically by HNL[8,9,10,11,12,13,14,
15,16]. The HCN formed dissolves in effluent and remains in
the solution [17].

Cassava and its wastewater have been reported to be toxic
and poisonous [18, 19, 20, 21]. The toxicity of cassava and its
wastewater is associated with its pH and cyanide content.
Cassava has been observed to be highly acidic, with the pH as
low as 2.6 [22]. Nko and Ikediobi (2000), [23] reported the pH
of the fermenting cassava can be between 5.5 and 6.3. Cassava
wastewater may therefore influence the activity of soil when
large amounts are released to the soil. It was reported that when
soil pH is acidic, the plants cannot utilize nitrogen (N),
phosphorus (P) and potassium (K) N.P.K and other nutrients
[24]. In acidic soils, plants are also likely to take up toxic
metals, which may lead to their eventual death (24).

Due to the fact that these cassava mills at a small scale are
managed by persons who lack knowledge of environmental
safety, the wastewater that contains cyanide, along with other
organic and inorganic compounds present in the wastewater
affect native micro-biota and reduces nutrient availability in the
soil when it is improperly discharged into the soil. This work
was aimed at evaluating the impact of cassava mill effluent on
the physicochemical characteristics of soil in Aba, Abia State,
Nigeria. State the significance of this study. These cassava mill
wastewater apart from constituting breeding grounds for flies
also affects soil physicochemical properties. These alterations
in the physicochemical properties of the soil can be detrimental
to human health, when edible crops grown on these polluted soil
absorbs nutrient below or above the required level and are
ingested by humans. This has led to this experiment being
carried out. This research will enlighten the general public
particularly the cassava mill operators and the farmers on the
level of these parameters in our soil.

2. MATERIALS AND METHODS

2.1 Sample collection

Fresh untreated cassava mill effluent, soil polluted with
untreated cassava effluent, and soil free of cassava effluent
(control) were collected from five (5) cassava processing mills
in lheorji, Iheorji avenue, Umuogele, 16 Dike Street, and
Owerri Aba were evaluated physicochemically during the rainy
season. The samples were collected in triplicates.

The soil samples were collected using a disinfected soil
auger into sterile screw cap containers from a depth of 15cm
and the soil free of cassava effluent (control) were also
collected 100 m away from the cassava processing site. These
samples were transported to the microbiology laboratory of
Abia State Polytechnic, Aba, where they were analysed within
twenty-four hours of collection

Two-litre plastic containers with screw caps were used to
collect the samples. The containers were washed with detergent
and then rinsed with distilled water. At the point of collection,
the containers were rinsed with effluent..

2.2 Physicochemical Analysis

The temperature, pH, electrical conductivity, turbidity,
total dissolved solids, total suspended solids, total solids,
moisture content, total acidity, total alkalinity, total hardness,
total chloride, calcium hardness, magnesium hardness, cyanide,
phosphorous, total chloride, organic carbon, chemical oxygen
demand (COD) and biochemical oxygen demand (BOD) were
evaluated.

e Determination of physical parameters
e Determination of temperature

The temperature was determined using a centigrade
thermometer as described by APHA [25]. The thermometer was
immersed into a beaker containing the effluent and soil-water
suspension samples. The temperature value was recorded when
the reading stabilized.

e  Determination of pH

The test was performed according to the AOAC [26]. The
pH was measured with a pH meter that was standardized with
pH buffers. The electrode of the meter was inserted into the
effluent and soil-water suspension samples, it was read when
the reading stabilized.

e Determination of electrical conductivity

This was performed according to the method described by
Chopra and Kanzar [27]. It was determined using a conductivity
meter. The electrode of the meter was inserted into a beaker
containing the effluent and soil-water samples. The value was
read when the reading stabilized.

e  Determination of turbidity

This was performed as described by Okunda and Adekalu,
2013 [28]. The turbidity of the effluent and soil-water samples
was measured using a turbidimeter. The sample was introduced
into the turbidity meter to the desired level indicated on the
bottle. The bottle was cleaned with oily soft tissue which was
then inserted into the meter. The meter was turned on and
calibrated, and the reading was taken. The value was expressed
as nephelometric turbidity unit (N

e Determination of total dissolved solids

The test was performed according to the APHA method
[25]. One hundred millilitres of each of the effluent and soil
water suspension samples were filtered through a pre-weighed
whatman filter papers. The filter papers were carefully
removed and dried in an oven at 105°C for 30seconds. Caution
was taken to avoid the filter papers being chared. The filter
papers were allowed to cool and re-weighed.

e Determination of total suspended solids

This was performed according to APHA [25]. Fifteen
clean, dried conical flasks were heated at 105°C for 30 seconds
in an oven. They were allowed to cool and weighed. One
hundred millilitres of each of the effluent and soil-water
suspension samples were measured and transferred into each of
the pre-weighed conical flasks and were evaporated to dryness
in an oven. They were allowed to cool and then re-weighed.
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e Determination of total solids
The total solids were easily obtained by simple calculation
as follows:

Total dissolved solids + Total suspended solids = Total solids

e  Determination of moisture content

Moisture content was determined using the gravimetric
method as reported by Obi [29]. Soil sample of 10g each was
put in Petri dishes while one 100 mL of the cassava effluent
were measured into a conical flask. They were dried in an oven
and checked every 30 seconds until a constant weight was
attained after cooling in desiccators.

% moisture content (1)

_ weight of wet sample — weight of dry sample % 100
weight of wet sample

e Determination of chemical parameters
e Determination of total acidity

This was determined using the titration method as reported
by Akharayi and Omoya, 2005 [30]. One hundred millilitres of
each effluent was measured into a 250 ml conical flask. One
drop of mixed indicator which was made up of Bromothymol
blue and phenolphthalein was added and titrated with barium
hydroxide solution till a colour change from yellow to red was
observed. The value was recorded.

e Determination of total alkalinity

This was determined using titration method as described by
Akharayi and Omoya[30]. One hundred millilitres of each
effluent was measured into a 250 ml conical flask. Two drops
of bromocresol green were added as the indicator and titrated
with 0.02 N Sulphuric acid till a colour change from blue to
yellow was observed. The value was thereafter recorded.

e Determination of total hardness

Titration method was used as reported by Akharayi and
Omoya, 2005 [30]. One hundred millilitres of each effluent was
measured into a 250 ml conical flask. One millilitres of buffer
(pH10.0), 2mls of Sulphuric acid and 0.2 millilitres of
Eriochrome Black T were added and titrated with Ethylene-
diamine-tetra-acetic acid (EDTA) till a colour change from
purple to blue was observed and the titre was recorded..

e  Determination of calcium hardness

Titration method described by Patile et al. [31] was
employed. One hundred millilitres of each effluent was
measured into a 250 ml conical flask, 0.5 millilitres of the
mixed indicator made up of murexide and sodium chloride was
added with 1 ml of sodium hydroxide to obtain a pH of 12. This
EDTA till a color change from pink to purple was observed.
The value was thereafter recorded.

e Determination of Magnesium Hardness

Calculation from Total hardness and calcium hardness was
used. The values from total hardness and calcium hardness
determined by EDTA titration were calculated.

Total hardness — calcium hardness x 0.234 = magnesium
hardness [23].

e Determination of cyanide

Alkaline titration method was used as reported by AOAC
[24]. One hundred millilitre of each effluent was measured into
a 250 ml conical flask. Eight millilitres of 6N NH4OH solution
and 2 ml of 5% KI solutions were added as the indicator and
titrated with 0.02 N silver Nitrate (AgNOs) solution to get a
light turbid endpoint. The titre values were used to calculate the
cyanide concentrations in mg HCN/Kkg.

e Determination of phosphorous

The calorimetric determination of phosphorous in soil and
cassava effluent was done using Bray 2-p method as described
by Nwakaudu et al., [25]. The soil samples were first extracted
after digestion. Two grams of soil polluted with untreated
cassava effluent and 2g of soil free of cassava effluent (control)
were measured into 50 ml beaker. Twenty-five millilitres of the
untreated cassava effluent was introduced into a breaker. 14 ml
of ammonium chloride (NH.CL) which was the extracting
solution were added in each of them. The mixtures were stirred
with magnetic stirrer and filtered with Whatman filter paper
No.40. 1 ml of the filtrates was pipetted into a 100 ml flask and
made up to mark with distilled water. 5ml of these solutions and
5 ml of distilled water was pipetted into two beakers and
labelled Sample A for the polluted soil, Sample B for the
unpolluted soil and Sample C for the effluent water and blank,
respectively. 12g of ammonium molybdate {(NH4)s M7O24}
was dissolved in 250 ml distilled water and labelled as solution
1. Solution 2 was prepared by dissolving 0.28g of potassium
antimony tartarate (KSBC4H4Og) in 100ml of distilled water.
Solution 3 was prepared by diluting 148g of concentrated
sulphuric acid (5N HySO4) with 100ml of distilled water.
Solutions 1, 2, and 3 were then mixed together in a 2litre flask
and made up to mark with distilled water. These mixtures were
labelled as reagent A. Reagent B was prepared by dissolving
1.056g of ascorbic acid in 200ml of reagent A and shake for 5
minutes. 4ml of reagent B was added into the beakers labelled
Samples A, B, C and Blank respectively. The solutions were
left to stand for 15minutes for colour to develop. Absorbance
was measured at 882nm using an electro photometer.

e Determination of total chloride

Chloride was quantified using argentometeric titration
method as done by Okunda and Adekalu [20]. One hundred
millilitres of each of the effluent water and soil-water
suspension samples were measured into a 250ml conical flask.
1ml of potassium dichromate (K2CrO7 and K,CrO4) was used
as an indicator and titrated with silver nitrate (AgNO3) till a
colour change from yellow to reddish brown was observed. The
value was thereafter recorded.

e Determination of organic carbon

Organic carbon was determined using titration method as
done by Patile et al. [31]. Two hundred millilitres of the
effluent were measured into a 500ml conical flask and oven
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dried so as to weigh out 0.2g from the sediment likewise the
effluent polluted soil and unpolluted soil. These soil samples
were dried and grinded into fine powder in a mortar. 0.2g was
weighed out from the dried soil-water suspension into a 500ml
conical flask. 10ml of 0.5 M potassium dichromate (K.Cr,Oy7)
were added into the samples and swirled gently. 20ml of con.
sulfuric acid (H.SO4) were gently added to avoid splashing and
directing the acid into the suspension. Immediately, it was
gently swirled for a minute until the regents were properly
mixed. The flask was allowed to stand for 30 minutes. 200ml of
distilled water was cautiously added into these mixtures with
10ml conc. orthophosphoric acid (HsPOas). It was allowed to
cool. 4 drops of ferroin indicator were add. This was titrated
with 0.25M ferrous ammonium sulphate (FAS) till a colour
change from blue to deep green was observed. The value was
thereafter recorded.

e Chemical oxygen demand (COD)

Titration method as described by APHA [25] was used.
25cm? of each of the effluent water and soil-water suspension
samples were measured into a 250ml conical flask. 1.1
sulphuric acid was measured using a test tube and added into
each sample. Afterwards, 10cm? of potassium dichromate was
measured using a 25cm? pipette and was added into each
samples. It was all mixed together 3 drops of ferroin were used
as an indicator and titrated with ferrous ammonium sulphate till
a colour change from blue-green to reddish brown was
observed. The values were thereafter recorded.

e Biochemical oxygen demand

Titration method was employed as done by APHA [25].
One hundred millilitres of each of the effluent and soil-water
suspension samples were measured. It was carefully dispersed
into the BOD bottle so as to avoid air bubbles. 2ml of
manganese sulphate was carefully added to the BOD bottle by
inserting the pipette below the surface of the water so as to
avoid air bubbles. 2ml of alkali-iodide-azide reagent were
added in the same manner. The bottle was closed and the
samples mixed by invertin'g many times. The presence of
oxygen was indicated by the appearance of a brownish cloud in
the solution. This brown precipitate was allowed to settle to the
bottom. 2ml of concentrated sulphuric acid (H2SO4) were
carefully added to avoid air bubbles. The bottle was closed and
the solution properly mixed so as to dissolve the precipitate.
The bottle was incubated for five days. After the incubation,
50ml of the samples were titrated with 0.025N sodium
thiosulphate till a pale yellow colour was observed. 2ml of
starch solution were added, which turned the samples to blue
colour. It was still titrated till the sample was clear. The value
was thereafter recorded.

3. RESULTS

The physical parameters investigated in triplicate for the
untreated cassava mill effluent are shown in Table 1. The
temperature ranged between 24+4.08°C and 27.67+4.28°C; pH,
1.840.11 and 3.8+0.11; electrical conductivity, 370+11.32 and
500£29.94 uS/cm; turbidity, 24.0£1.13 and 39.27+1.31 NTU,
moisture content, 13.87+1.13% and 21.5+3.33 %; total
dissolved solids, 134+7.42 and 240+42.40 mg/l; total

suspended solids, 103+5.88 and 160+2.26 mg/l and total solids,
270+49.33 and 370£49.33 mg/I.

The physical parameters investigated in triplicate for the
untreated cassava mill effluent-polluted soil are presented in
Table 2. The temperature ranged between 21+2.26°C and
28.33+4.57°C; pH, 3.8+0.29 and 5.23+1.34; electrical
conductivity, 550+22.63 and 750+59.88 pS/cm; turbidity,
10.2+2.55 and 21.3£5.79 NTU, moisture content, 11.2+4.93
and 14.0+1.96 %; total dissolved solids, 103+16.67 and
140+£24.0 mgl/g; total suspended solids, 88+18.69 and
120+16.04 mg/g and total solids, 187+10.0 and 260+9.87 mg/g.

The physical parameters investigated in triplicate for the
unpolluted soil are presented in Table 3. The temperature
ranged between 21+2.99°C and 26+4.93°C; pH, 5.6+1.12 and
7.0£0.41; electrical conductivity, 230+£10.37 and 400+7.42
uS/cm; turbidity, 5.5+1.19 and 15.3+2.87 NTU, moisture
content, 10.5+0.59 and 13.2+0.63 %; total dissolved solids,
70+2.99 and 100+4.93 mg/g; total suspended solids, 61+4.08
and 95+5.99 mg/g and total solids, 131+4.08 and 195+4.93

mg/g.

The chemical parameters investigated in triplicate for the
untreated cassava mill effluent are shown in Table 4. The total
acidity ranged between 1.70+0.43 and 5.20+0.12 mg/I; total
alkalinity, 0.04+0.03 and 3.72+0.67 mg/I; total hardness,
68+8.12and 110+6.30 mg/l; calcium hardness, 49.22+2.11. and
95.2346.17 mg/l; magnesium hardness, 2.197+1.069 and
8.834+1.08 mg/l; total chloride, 47+6.88 and 61+10.91 mg/l;
cyanide, 171.11+4.93 and 287.04+24.19 mg/l; phosphorus,
2.50 and 50.11+5.64 mg/l; organic carbon, 0.32+0.20 and
0.91+0.06mg/lI; chemical oxygen demand, 200.92+10.10 and
268+19.29mg/l and biochemical oxygen demand, 58.5+2.89
and 76.0+£10.66 mg/I.

The chemical parameters investigated in triplicate for the
untreated cassava mill effluent polluted soil are shown in Table
5. The total acidity ranged between 1.70+0.41 and 5.2040.10;
total alkalinity, 0.04+0.02 and 3.72+0.08 mg/g; total hardness,
68+4.08 and 110+8.54 m/g; calcium hardness, 49.22+8.51 and
95.2345.96 mg/g, magnesium hardness, 2.197+£1.13 and
8.834+0.77 mg/g; total chloride 47+4.08 and 61+9.87 mg/g;
cyanide, 171.11+19.40 and 287.04+12.90 mg/g; phosphorus,
2.50£0.91 and 50.11+4.69 mg/g; organic carbon 0.32+0.25 and
0.91+0.48 mg/g; chemical oxygen demand, 200.92+17.91 and
268.92+7.50 mg/g; biochemical oxygen demand 58.5+12.80
and 76.0+6.74 mg/g; chemical oxygen demand, 200.92+17.91
and 268.92+7.50 mg/g; biochemical oxygen demand
58.5+12.80 and 76.0+6.74 mg/g.

The chemical parameters investigated in triplicate for the
unpolluted soil are presented in Table 6. The total acidity
ranged between 3.66+0.28 and 4.90+0.62 mg/g; total alkalinity,
0.05+0.92 and 2.76+0.30 mg/g; total hardness, 95+7.42 and
145+£21.56 mg/g; calcium hardness, 77.06+6.84 and
139.05+9.14 mg/g; magnesium hardness, 1.392+0.33 and
7.1000+1.98 mg/g; total chloride, 15+4.93 and 31+2.99 mg/g;
cyanide, 12.05+1.99 and 49.11+5.99 mg/g; phosphorus,
55.70+5.05 and 86.53+3.08 mg/g; organic carbon, 0.30+0.03
and 0.66+0.03 mg/g; chemical oxygen demand, 122.92+2.93
and 256.56+11.31 mg/g and biochemical oxygen demand,
59.00£2.99 and 80.5+5. 76mg/g.
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Table 1. Physical parameters investigated in the untreated cassava mill effluent
Physicochemical characteristics Cassava mill location
Iheorji Iheorji Avenue  Umuogele 16 Dike Street Owerri Aba
Temperature (°C) 24+4.08 26.33+2.85 27.67+4.28 27.67+4.28 26.33+2.85
pH 2.5+0.23 3.810.11 1.8+0.11 2.93+0.07 2.440.23
Electrical conductivity (us/cm) 370+11.32 420+11.32 469.33+2.85  380+10.37 500+29.94
Turbidity (NTU) 24+1.13 36.13+1.99 39.27+1.31 31.57+1.59 29.37+0.62
Moisture content (%) 20+1.13 13.87+1.13 14.27+0.46 18.53+0.62 21.5+3.33
Total dissolved solids (mg/l) 185+4.53  134+7.42 167+2.99 170+6.30 240+42.40
Total suspended solids (mg/l) 160+2.26  154+7.42 103+5.88 155+25.88 130+10.79
Total solids (mg/l) 345+59.61 288+40.04 270+49.33 325+63.01 370+49.33
Table 2. Physical parameters investigated in the untreated cassava mill effluent-polluted soil
Cassava mill location
Physmoch_erplcal Iheorji Iheorji Avenue Umuogele 16 Dike Street Owerri Aba
Characteristics
Temperature (°C) 25+2.26 21+2.26 24+4.08 26+2.26 28.33+4.57
pH 3.8£0.29  4.2+0.41 4.9+0.19 4.8+0.91 5.23+1.34
Electrical conductivity (us/cm) 580+27.46 627+63.88 550+22.63 630+49.33 750+59.88
Turbidity NTU) 10.242.55 13.8+1.86 21.3+5.79 20.1+4.93 19.54+3.34
Moisture content (%) 14.0£1.96 13.0+1.07 13.5+1.39 11.244.93 12.3+4.63
Total dissolved solids (mg/l) 130+24.66 105+21.20 103+16.67 140+24.0 122+11.15
Total suspended solids (mg/I) 95+24.66  115+14.13 88+18.69 120+16.04 112+4.93
Total solids (mg/l) 225+9.87  220+8.98 187+10.06 260+9.87 234+13.77
Table 3. Physical parameters investigated in the unpolluted soil
Cassava mill location
Physwoch_erplcal Iheorji Iheorji Avenue  Umuogele 16 Dike Street Owerri Aba
Characteristics
Temperature (°C) 25+3.92 21+2,99 24+2.26 26+4.93 24+4.08
pH 6.5£0.59  5.6+1,12 5.9+1.13 6.6+1.19 7.0£0,41
Electrical conductivity (ps/cm) 230+10.37 360+21.68 265+16.67 300+6.30 400+7.42
Turbidity NTU) 5.5+1.19 11.84£1.08 15.3+2.87 9.84£1.45 10.1+0.41
Moisture content (%) 12.140.71 11.5+0.30 13.240.63 10.84+0.71 10.5+0.59
Total dissolved solids (mg/l) 95+6.30 83+4.08 99+7.07 70+2.99 100+4.93
Total suspended solids (mg/I) 80+7.07 91+13,77 884.93 61+4.08 95+5.99
Total solids (mg/l) 175+10.80 174+9.26 19145.19 131+4.08 195+4.93
Table 4. Chemical parameters investigated in the untreated cassava mill effluent
Physicochemical Cassava mill location
Characteristics Iheorji Iheorji Avenue  Umuogele 16 Dike Street Owerri Aba
Total Acidity (mg/g) 3.31+1.05 2.66+0.02 5.20+0.12 1.70+0.43 2.00+0.37
Total Alkalinity (mg/g) 0.04+0.03 3.66+1.43 2.81+0.3 3.72+0.67 0.78+0.26
Total Hardness (mg/g) 68+8.12 68+17.79 98+10.91 101+2.99 110+6.30
Calcium Hardness (mg/g) 58.61+3.97 49.22+2.11 60.25+4.99 70.12+7.92 95.23+6.17
Magnesium Hardness (mg/g) 2.197+1.069  4.395+1.04 8.834+1.08 7.226+1.19 3.456+0.52
Total Chloride (mg/g) 47+6.88 61+3.92 57+3.39 61+10.91 56+1.96
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287.04+24.19

Cyanide (mg/g) 17111493 191.37#4.33  263.20+2.37  186.58+17.50
Phosphorus (mg/g) 50.11#5.64  2.50+0.92 2.7520.69 5.66:0.59
Organic Carbon (mg/g) 0.32+0.20 0.50+0.07 0.66+0.23 0.91+0.06
COD (mg/g) 200.92+10.10 258.12+17.85  268.92+19.29 211.76+31.44
BOD (mg/g) 58.5+2.89 74.5+7.15 64.0+5.28 76.0+10.66

4.32+0.10
0.88+0.09
245.75+16.74
67.5+7.36

Table 5. Chemical parameters investigated in the untreated cassava mill effluent-polluted soil

Physicochemical
Characteristics

Cassava mill location

Iheorji Iheorji Avenue Umuogele 16 Dike Street Owerri Aba
Total Acidity (mg/g) 3.30+0.19 2.66+0.48 5.20+0.10 1.70+0.41 2.00+0.13
Total Alkalinity (mg/g) 0.04+0.02 3.66+0.9 2.81+0.34 3.72+0.08 0.78+0.12
Total Hardness (mg/g) 68+4.08 68+4.08 98+5.19 101+8.16 110+8.54
Calcium Hardness (mg/g) 58.61+6.63 49.22+8.51 60.25+5.08 70.12+2.03 95.23+5.96
Magnesium Hardness (mg/g) 2.197+£1.13 4.395+0-.59 8.834+0.77 7.226+0.96 3.456+1.04
Total Chloride (mg/g) 47+4.08 61+9.87 57+£10.91 61+5.98 56+11.15
Cyanide (mg/g) 171.11+419.40 191.3745.11 263.20+3.87  186.58+18.74 287.04+12.90
Phosphorus (mg/g) 50.11+4.69 2.50+0.91 2.75+0.52 5.66+1.77 4.32+1.05
Organic Carbon (mg/g) 0.32+0.25 0.50+0.11 0.66+0.07 0.91+0.48 0.88+0.22
COD (mg/g) 200.92+17.91 258.12+20.05 268.92+7.50 211.76+3.66 245.75+10.47
BOD (mg/qg) 58.5+12.80 74.5+8.24 64.0+2.45 76.0+6.74 67.5+4.27
Table 6. Chemical parameters investigated in the unpolluted soil

Physicoch(_em_ical Cassava mill location

Characteristics lheorji Iheorji Avenue  Umuogele 16 Dike Street Owerri Aba
Total Acidity (mg/g) 4.90+0.62 3.66+0.28 8.20+0.43 4.55+0.10 4.00£0.67
Total Alkalinity (mg/g) 0.05+0.29 2.7610.30 2.66+0.19 1.72+0.19 0.07+0.03
Total Hardness (mg/g) 115+3.42 95+7.42 144+23.38 125+5.99 145+21.56
Calcium Hardness (mg/g) 88.05+3.15 77.06+6.84 124114525 94.66+12.34 139.05+9.14
Magnesium Hardness (mg/g) 6.306+1.46 4.198+1.16 4.654+0.44 7.100£1.98 1.392+0.33
Total Chloride (mg/g) 31+£2.99 22+4.93 15+4.93 19+4.93 21+2.99
Cyanide (mg/g) 49.11+5.99 28.66+5.57 47.12+4.83 12.05£1.99 18.11+1.96
Phosphorus (mg/g) 71.11+4.07 76.20£2.24 69.80+2.48 55.70£5.05 86.53+3.08
Organic Carbon (mg/g) 0.049+0.029  0.58+0.029 0.30+0.03 0.46+0.03 0.66+0.03
COD (mg/g) 256.56+11.31 151.48+5.07 194.76+£6.31  241.16+8.09 122.92+2.93
BOD (mg/g) 59+2.99 69.5+3.72 80.5+5.76 73.545.34 61.5+5.51
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4. DISCUSSION

The temperature was higher for the untreated cassava mill
effluent-polluted soil than the untreated cassava mill effluent and
unpolluted soil (Tables 1-3). The cassava mill effluents dumping
led to rises in polluted soil temperatures over those of control
soil samples. This agreed with the work of Chinyere et al. [34],
who studied seasonal impact of cassava mill effluents (CME) on
dumpsites in Isuikwuato Area, Abia State, Nigeria and reported
a rise in temperature of the polluted soil over the control soil and
that of Izah et al. [35] which indicated temperature of CME
discharge point at 24.5°C and for the control at the same range
of 24.5°C, in their study of the impacts of cassava mill effluents
in Nigeria. Changes in soil temperature strongly affects root
growth and nutrient uptake by plants. Shoot development and
mineral nutri‘ent accumulation by plants was consequently
hindered [36, 37].

It was found that the pH range of the untreated cassava mill
effluent and the untreated cassava mill effluent-polluted soil
were highly acidic (Tables 1 and 2) while the unpolluted soil was
neutral (Table 3). The acidity could be attributed to the presence
of hydrogen cyanide in the cassava mill effluent. This suggested
that the effluent imparted acidic properties to the soil. This result
agreed with the finding of Izah et al. [35], who reported that the
cassava mill effluent in Nigeria ranged from 2.50 — 4.20,
indicating that the cassava mill effluent was acidic. It also,
comformed to with the findings of Olorunfemi et al. [38], who
carried out an investigation on the effect of cassava processing
effluent on the germination of some cereals and reported that the
pH of the effluent was 3.96 which was highly acidic. The soil
pH determines the availability of nutrients and the potency of
toxic substances as well as the physical properties of the soil
[39]. Soil pH is one of the most important soil properties which
determine the species, availability, survival and growth
organisms in the soil thereby affecting nutrients availability.
Generally, soil falling between pH of 6.5 to 8.0 is suitable for
most of the common crops. At elevated pH, most
microorganisms become dormant [40].

Electrical conductivity is a measure of water capacity to
convey electrical current. It signifies the amount of total
dissolved salts. The electrical conductivity values were higher in
the untreated cassava mill effluent polluted soil (Table 2) than in
the untreated cassava mill effluent and the unpolluted soil (Table
3). This conformed to the finding of [39], who reported that the
electrical conductivity of the unpolluted soils in Abraka, Delta
State ranged from 136 to 958 uS/cm. 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. Eze and Onyilide [41], reported that the electrical
conductivity of soil receiving cassava effluent in Elele, Rivers
State, Nigeria, ranged at 33.4 uS/cm for contaminated soil and
16.6 uS/cm for the control soil sample. The implication of high
electrical conductivity in soils is that there are reasonable or
significant presences of anions [42]. The elevated values of
electrical conductivity in the polluted soil means that the soil
polluted with cassava effluent can reduce population and
proliferation of soil microorganisms to make nutrients available
for plant absorption [40].

The cassava mill effluent was more turbid than the effluent-
polluted soil and unpolluted soil (Tables 1-3). This agreed with
the findings of Izah et al. [35], who studied cassava mill effluent
in Nigeria and stated its turbidity at the range of 24.0 NTU for
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contaminated soil and 5.5NTU for control soil. Ayansina et al.
[43] recorded high turbidity values from cassava wastewater that
was collected from a cassava processing local factory in Saw-
mill Area of Ibadan, Oyo State, at the range 1.10 to 1.55 NTU.
From the high turbidometry values obtained, they deduced that
cassava wastewater was highly turbid and polluted [43].

The moisture content of cassava mill effluent (CME) soil
samples changed with depth and distance of sample collection
from discharge point. This suggested that CME increased the
water holding capacity of soils [44]. The untreated cassava mill
effluent and effluent polluted soil had higher moisture content
than the unpolluted soil (Tables 1-3). This may be due to the
decrease in the soil porosity caused by the effluent, which is
expected because of the starch content of the cassava effluent
[33]. Chinyere et al. [26] studied the seasonal impact of cassava
mill effluents (CME) on dumpsites physicochemical parameters
and selected enzyme activities in Isuikwuato Area, Abia state,
Nigeria and stated that its cassava mill effluent dumpsite soil
sample had higher percentage moisture content (P<0.05) than
control in both seasons. Excess soil water reduces soil oxygen
available to plants and microbes thus altering microbial activities
[34].

Total dissolved solids measure the minerals, metals, cations,
anions or salts that are dissolved into water. Leaching form the
cassava effluent into soil contributes to the total dissolved solids.
The untreated cassava mill effluent had higher total dissolved
solids than the untreated cassava mill effluent polluted soil and
unpolluted soil (Tables 1-3). This disagrees with the work of
Agbo et al. [45] carried out an assessment of the effects of
cassava mill effluent on the soil and its microbiota in Biase Local
Government Area of Cross River State, Nigeria and recorded
total dissolved solids for cassava effluent at 478.75+0.01mg/l,
Impacted soil at 4.51+0.01mg/g, un-impacted soil at
57.12+0.01mg.g. lzahetal. [35] also carried out an investigation
on cassava mill effluent in Nigeria and reported the total
dissolved solids of cassava mill effluent at the range of 779 mg/I.

Total suspended solids provide the dry weight of the
suspended particles that are not dissolved in a sample which are
trapped by a filter. The untreated cassava mill effluent and
untreated effluent polluted soil had higher total suspended solids
than the unpolluted soil. 1zah et al. [35] reported a higher range
of total suspended solids at the range of 789 mg/l in cassava mill
effluent.

Total solids (TS) are the sum of the total dissolved solids
and total suspended solids. The untreated cassava mill effluent
had the highest total solids than the untreated effluent polluted
soil and unpolluted soil. This result conformed to the findings of
Omomowo et al. [46], who carried out the bacteriological
screening and pathogenic potential of soil receiving cassava mill
effluents in Oyo State, Nigeria, and reported TS for cassava
effluent at the range of 280.0 mg/l and control at 196.0 mg/I.

The untreated cassava mill effluent was highly acidic than
the effluent polluted soil and the unpolluted soil. This is result
conformed to the findings of 1zah et al. [35], who reported total
acidity at discharge point at the range 1.77 mol/kg of and control
at the range of 1.96 mol/kg. The untreated cassava mill effluent
had higher total alkalinity than the untreated cassava mill
polluted soil and unpolluted soil. Okunade and Adekalu [28],
however carried out physico-chemical analysis of contaminated
water resources due to cassava wastewater effluent disposal in
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Osogbo, Osun State, and recorded total alkalinity at the range of
195-376 mg/l.

Total hardness of the unpolluted soil and the untreated
effluent polluted soil were higher than that of the untreated
cassava mill effluent. 1zah et al. [35] however who carried out
an investigation on cassava mill effluent in Nigeria and recorded
total hardness of CME at discharge point at the range of 280 mg/I
and control at 196 mg/g while Okunade and Adekalu [28],
carried out physico-chemical analysis of contaminated water
resources due to cassava wastewater effluent disposal in Osoghbo,
Osun State, and recorded total hardness at the range of 166-362
mg/l. The unpolluted soil had higher calcium hardness than the
untreated cassava mill effluent and untreated cassava mill
effluent polluted soil. Agbo et al. [45] recorded cassava mill
effluent value at the range of 64.30+1.41 mg/l, 34.15+0.10 mg/g
and 6.71+0.01 mg/g respectively for the impacted and un-
impacted soils.

The untreated cassava mill effluent polluted soil had higher
magnesium hardness than the untreated cassava mill effluent and
unpolluted soil. Orji and Ayogu [47], reported magnesium
content to be higher at the range of 2.43+0.47 mg/kg for the
contaminated soil than 0.88+0.98 mg/kg for the control soil. The
increase in magnesium in polluted soil could have been caused
by cassava mill effluent. The untreated cassava mill effluent had
higher total chloride than the polluted and unpolluted soil.
Okunade and Adekalu [28] however recorded a higher total
chloride at the range of 31.4-162.0 mg/I.

Cyanide is a metabolic poison and has the tendency to
reduce the biomass of microorganisms within the impacted soil
[48]. The untreated cassava mill effluent and untreated cassava
mill effluent-polluted soil had a higher cyanide content than the
unpolluted soil. The high cyanide content observed in the
untreated cassava mill effluent agree with studies of Nwaugo et
al. [49] who reported values of 5.21 for the waste pit 4.66 for 5m
away from waste pit and control at 0.62 mg HCN kg. The high
cynogenic potential had been attributed to the high cyanogenic
glucoside (linamarin and lotaustralin) contained in cassava.
Continual application of cassava effluents may lead to changes
in the physicochemical properties of the soil within the
environment and the quality of water both on the surface and
underground could be contaminated due to transient movement,
seepage or infiltration of cyanic effluents within and around the
milling site [50]. Cyanide occurs naturally in a variety of fruits,
vegetables and grains, while some plants also absorb cyanide
from the soil [51]. Padmaja [52] and Onabolu et al. [53], reported
that cyanide can be found in most plants in the form of
cyanogenic glycoside. Ingestion of cyanide containing staple
foods such as cassava and forage plants have accounted for many
instances of cyanide poisoning in humans and animals. The
exposure of persons to gaseous cyanide leading to intoxication
by inhalation causes acute cyanide poisoning, while dietary
exposure may occur as a result of high intake of the products of
some nutritive plants of different root tubers; which contain
cyanogenic glycosides [54, 56].

The unpolluted soil had more phosphorus content than the
untreated cassava mill effluent and the untreated effluent-
polluted soil. Phosphorus buildup in the unpolluted soil can be
caused by excessive use of inorganic fertilizer or use of
composts and manures high in phosphorus. Excessive soil
phosphorus reduces the plant’s ability to take up required
micronutrients, particular iron and zinc, even when soil test
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showed adequate amounts of these nutrients in soil [57]. The
high level of Phosphorus observed in the untreated effluent
polluted soil could be due to a higher level of organic matter in
the soil as increasing organic matter increases P availability [58].
High values of phosphorus in the soils is not surprising since
cassava tuber is a rich source of phosphorus [59]. Okoli et al.
[60] studied long-term impact of cassava mill effluent on some
chemical and biological properties of soils and observed a high
phosphorus level of 32.58 mg kg-1 in cassava effluent-polluted
soils while Agbo et al. [45] recorded phosphorus for cassava mill
effluent at the range of 432.00+1.41mg/l, impacted soil at the
range of 79.51+0.01mg/g and un-impacted soil at the range of
288.85+0.10 mg/g. lza [35] also obtained a lower range of
phosphorus in cassava mill effluent at the range of 0.18 mg/I.

The untreated cassava mill effluent and the untreated
cassava mill effluent-polluted soil had a higher organic carbon
than the unpolluted soil. The values may be due to the discharge
of the waste with some contents of organic matter and also
suggested presence of degradable and compostable substances
in the effluent [61, 62] as well as 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 [63]. Total organic carbon is
a measure of organic content in soils, sediments and water [64]
and contributes significantly to acidity through contributions
from organic acids and biological activities. Lopez-Sanchez et al
[66] observed that both anthropogenic and natural processes
have resulted in elevated concentrations of organic carbon in
sediments.

The untreated cassava mill effluent and unpolluted soil had
a higher COD than the untreated cassava mill effluent-polluted
soil. lzah et al. [35] reported cassava mill effluent at the range
of 320-365 mg/l while Obueh and Odesiri-Eruteyan [66] studied
the effects of cassava processing wastes on the soil environment
of a local cassava mill and recorded COD at the range 841.0 +
3.4 mg/1 for effluent from waste pit.

The untreated cassava mill effluent had a higher BOD than
the untreated cassava mill effluent-polluted soil and unpolluted
soil. 1zah et al. [35], reported BOD of cassava mill effluent at the
range of 13.0-73.0 mg/l while Agbo et al. [455], reported cassava
mill effluent at the range of 5.73+0.01 mg/l, impacted soil at
7.18+0.01 mg/g and un-impacted soil at 4.54+0.01mg/g. High
BOD constitutes risks to fauna, flora and surface or underground
water [67]. High BOD and COD levels are attributed to the
presence of high organic matter in the effluent [68]. The organic
matter is broken down by bacteria which require oxygen for
decomposition process, thus increasing the levels of BOD and
COD [66].

The values for pH, moisture content, total dissolved solids,
total suspended solids, total solids, total acidity, calcium
hardness, total chloride, cyanide and phosphorus were
significant using analysis of variance while the values of
temperature, total alkalinity, total hardness, magnesium
hardness, organic carbon, chemical oxygen demand and
biochemical oxygen demand were insignificant using analysis of
variance.

The physicochemical parameters investigated showed
variations among samples. The cassava mill effluent caused
some physicochemical changes in the soil contaminated with
cassava effluent. The cyanide content, conductivity, turbidity,
moisture content, TDS, TSS, TS, total acidity, total alkalinity,
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total chloride and magnesium were higher in the contaminated
soil samples than the control soil while the values of pH, total
hardness, calcium hardness, phosphorus, organic carbon, COD
and BOD of the contaminated samples were lower than those of
the control soil. High cyanide content is detrimental to soil health
and reduces quality of the soil and can result in the decrease of
soil pH (increased acidity), magnesium and calcium among
others. These cations present in these effluents are dangerous
and poisonous to humans [41].

5. CONCLUSION

The effluent from cassava plant when discharged on soil
causes physiochemical changes in the soil, which calls for
serious concern if the soil will be used for agricultural and other
purposes. The present study has shown that the physicochemical
properties of the cassava mill effluent decreases the soil pH. The
pH of the untreated cassava mill effluent, untreated cassava mill
effluent polluted soil were acidic whereas the pH of the control
soil samples was neutral. There was a significant increase in the
physiochemical parameters: cyanide content, conductivity,
turbidity, moisture content, TDS, TSS, TS, Total acidity, Total
alkalinity, Total chloride and magnesium were higher in the
contaminated soil samples than the control soil. The reverse was
observed for total hardness, calcium hardness, phosphorus,
organic carbon, COD and BOD of which the unpolluted soil was
higher than the contaminated soil, this is due to high content of
hydrogen cyanide present in the contaminated soil. Cassava
effluents should be treated first to reduce the pysicochemical
load before discharging either to natural drains or farm land. It
is advisable for strategic well-built structures (Cassava
Processing Plant) to be made available to all the cassava
processing workers in Aba, Abia state and Nigeria, to avoid open
processing of cassava flakes.
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