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Abstract

This study monitored the influence of dumping cassava mill effluents (CME) on
soil physicochemical-parameters and selected soil plant nutrients. Soil samples
were collected from eight (8) CME dumping sites in.two seasons (Wet: May —
September and Dry: November — March). In each sampling site, soil samples
were obtained from discharge spot, 4 and 8 meters from discharge spot along
the route of flow of effluents. Top soil samples, (0 — 30cm depth), sub-soil
samples (31-60cm depth) and bottom soil samples (61-90cm depth) were
collected from each sampling spot using plastic auger while control soil samples
were from spots within each sampling site uncontaminated with effluents. The
CME soil sample temperature and percentage moisture were significantly
(p<0.05) higher than those of control soil samples. However, the pH of soil
samples from CME dumpsites were alkaline (7.6 + 0.04 — 8.1 + 0.30). Similarly,
low cation exchange capacities and exchangeable acidities (p<0.05) were
obtained for CME dumpsite soil sample relative to control soil samples. This
study also established low (p<0.05) aluminium ion (AI**) sulphate ion (So4%),
sodium ion (Na*) and potassium ion (k") in the CME infiltrated soils. Although
CME soil phosphate did not vary from that of control soil samples, CME
dumpsite soil ammonium and nitrate ions were higher (p<0.05) than in control
soil samples. These results therefore, indicate that the CME infiltrated soils may
not be useful for agricultural purposes — unless properly managed.
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Introduction

Cassava is extensively cultivated in the tropical and subtropical regions of the
world and grows to edible starely tuberous root with more than 200 calories/day
of food value (FAO, 2004). Cassava, Manihot esculenta (Cratz) FAQO, 2004) is
the major sources of carbohydrate and the third largest food crop whose tubers
are harvested between 7-13 months based on the cultivars planted (Taye, 1994).
Cassava processing involves several unit operations such as peeling, washing,
grinding, pressing (to remove water), fermentation, sieving and drying. The
final product of the above processing method is a fine edible flour (garri)
Okaka, 2006). Other processing methods will lead to production of crispchips,
tapioca or a slurry delicacy, foofoo. The processing of cassava is associated
with discharge of large water (Ogeweole and Donfe, 1992). The production and
subsequent consumption of cassava have increased extensively in recent times.
This increased utilization of processed cassava product has equally increased
the environmental pollution associated with the disposal of the effluents
(Nwaugo et al., 2008). Among all the products processed from cassava, garri is
the most common in Nigeria. Garri production is done in varying scales: in
small scale, medium and large scales. In processing of cassava the outer
covering of cassava root (peel) is removed (i.e. peeled off). The peel which
contains the outer thin brown and a thick leathering paranchymateous inner
covering are discarded as waste and allowed to rot. Also discarded are the fibre,
cassava juice and the residue water produced after separating starch and fibre
during the periods of fermentation and drying respetivley (Cassava Mill
Effluent, CME) (Oboh and Akindahunsi, 2005). These wastes have been noted
to contain varying concentrations of heavy metals either as simple metal or
complexes (Igbozurike et al., 2002). Also various forms of cyanide complexes

have been noted in cassava leaves and tubers (Oti, 2002).
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Continuous discharge of cassava effluent have been shown to accentuate
adverse effects of cassava wastes to the environment and biodiversities
(Goodley, 2004). For instance, CME discharged to the environment has been
associated to foul smell and production of unattractive sights (FAO and IFAD,
2001). This effluent has also been shown to upset marine ecological equilibrium
(Uzoije and Egwuonwu, 2011). Arimoro et al. (2008) showed a depletion of
dissolved oxygen, depression in pH values, elevation of BOD and nitrate values
in the tropical streams of southern Nigeria. With high pH value of cassava mill
effluent germination of seed by contaminated soils has been shown to be
inhibited (Olorunfemi et al., 2007). Varying levels of soil cyanide have been
obtained from CME dumpsite soils (Chinyere, 2001,2003 and, 2013, Nwabueze
and Odunsi, 2007; Nwaugo et al., 2008a).

Ehiagbonare (2009) reported an increased air pollution by CME in Okada
environment and obliteration of fungi population in the polluted soil and
Olorunfemi (2008) reported decreased chlorophyll and protein content of
cereals grown in soils polluted with CME. As a result of the environmental
impact of CME, this study is aimed at establishing the influence of CME

dumping on selected soil ions and plant nutrients.

Methodology

Sample collection: A total of eight (8) sampling sites were used for sample
collection. In each site, three spots were chosen for the collection of samples
thus:

Spot X: was the discharge point of effluents

Spot Y: Was a point four (4) meters away from spot X along the route of flow
of discharged effluent.

Spot Z: Was a point eight (8) meters away from spot X along the route of flow

of discharged effluents.
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At each spot X, Y and Z three samples were collected and designated as Xy, X,
Xs, Y1, Yo, Yz and Zy, Z,, Za.

Samples A (X; + Y, + Z;) = Top soil samples from 0 to 30cm depth, B(X,, + Y,
+ Z,) = subsoils, samples from 31cm to 60cm depth and C (X3 + Y3 + Z3) =
bottom soil samples from 61cm to 90cm depth respectively. Control samples
were collected from spots in each site not infiltrated by effluent and designated
D;, D, and D; respectively. Samples collected were packed separately in
marked cellophane bags tightly tied to avoid contamination and stored in
refrigerators of temperature 4-6°c. Samples were sieved (4mm) and sub-samples
for the determination of physicochemical parameters were air-dried and sieved
(2mm) before analysis. Analyses were done in tow seasons thus: Wet season

(May — September) and Dry season (November — March ) respectively.

Sample Analyses

Soil temperature was monitored insitu at the site of collection of samples using
mercury-in-glass thermometer while soil pH was determined using pH meter as
described by Bates (1954). Soil moisture was measured using method of APHA
(1998). However, soil samples exchangeable acidity, cation exchange capacity.
sulphate, phosphate, and nitrate were determined using the methods of Dewis
and Freitas (1970). Soil sample ammonium ion was measured using the method
of Vogel (1962) while sodium, potassium and aluminium ions in soil samples
were determined using Atomic Absorption spectroscopy according to AOAC
(2005). All statistical analyses were done using ANOVA and Duncan Multiple
Range.

Result and Discussion
The cassava mill effluents dumping led to rises in soil temperatures of

dumpsites (p<0.05) (fig. 1) over those of control soil samples.
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WET DRY CONTROL

Fig 1: Cassava Mill effluent (CME) infiltrated soil temperature (°C) wet and dry season.

Results are mean of triplicate determinations + standard deviation (SD)
A =Top soil samples (0 - 30cm depth)

B = Subsoil samples (30 — 60cm depth)

C = Bottom soil samples (60 — 90cm depth)

Bars bearing the same letters are not significantly different (P>0.05)

Changes in soil temperature strongly affects root growth and nutrient uptake by
plants. Shoot development and mineral nutrient accumulation by plants will be
consequently hindered (Tagliavini et al., 1991, McMichael and Burk, 1998).
Similarly the CME dumpsite soil pH increased significantly (alkaline) (p<0.05)

over those of the control soil samples (fig.2) in both seasons (wet and dry).
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Fig. 2: Cassava Mill effluent (CME) infiltrated soil pH values. Wet and dry season.

Results are mean of triplicate determinations + standard deviation (SD)
A = Top soil samples (0 - 30cm depth)

B = Subsoil samples (30 — 60cm depth)

C = Bottom soil samples (60 — 90cm depth)

Bars bearing the same letters are not significantly different (P>0.05)

This observation is in accordance with those of Ogboghodo et al. (2003 and
2006). Most crops grow at a pH of 6.4 to 7.0 (Hajek et al., 1990) and soil pH is
one of the principal factors affecting nutrient availability to plants. Therefore,

the availability of the plant nutrients in soils is affected by the impacted soil pH
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(alkaline) changes. At pH values higher than 7.5 toxic levels of the major plant
nutrients (nitrogen, potassium and phosphorus) may become present in the soil
(Okwute and Isu, 2007a). The percentage moisture content of the CME
impacted soil samples is as presented in fig. 3.
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Fig. 3. Cassava Mill effluent (CME) infiltrated soil percentage moisture.
Wet and dry season.
Results are mean of triplicate determinations + standard deviation (SD)
A =Top soil samples (0 - 30cm depth)
B = Subsoil samples (30 — 60cm depth)
C = Bottom soil samples (60 = 90cm depth)
Bars bearing the same letters are not significantly different (P>0.05)

Excess soil moisture of the CME impacted soil (p<0.05) over those of control
soil samples is capable of limiting soil oxygen available to plants and microbes
thus altering microbial activities. However, the cation exchange capacities
(CEC) and exchangeable acidities (EA) of the CME soil were not altered

(p>0.05) compared to control soil samples (figs. 4 and 5).
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Fig. 4: Cassava Mill effluent (CME) infiltrated soil cation exchange capacity (meq100g™
soil). Wet and dry season
Results are mean of triplicate determinations + standard deviation (SD)
A =Top soil samples (0 - 30cm depth)
B = Subsoil samples (30 — 60cm depth)
C = Bottom soil samples (60 — 90cm depth)
Bars bearing the same letters are not significantly different (P>0.05)
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Fig. 5: Cassava Mill effluent (CME) infiltrated soil exchangeable acidity (MKg™).
Wet and dry season
Results are mean of triplicate determinations =+ standard deviation (SD)
A = Top soil samples (0 - 30cm depth)
B = Subsoil samples (30 — 60cm depth)
C = Bottom soil samples (60 — 90cm depth)
Bars bearing the same letters are not significantly different (P>0.05)

Similarly there was no seasonal (wet and dry) influence on CEC and EA. Soil
aluminium and sodium ion concentrations were equally not affected by CME

dumping (figs. 6 and 9)
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Fig. 6: Cassava Mill effluent (CME) infiltrated soil aluminum ion (mgKg™).
Wet and dry season.
Results are mean of triplicate determinations + standard deviation (SD)
A =Top soil samples (0 - 30cm depth)
B = Subsoil samples (30 — 60cm depth)
C = Bottom soil samples (60 — 90cm depth)
Bars bearing the same letters are not significantly different (P>0.05)
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Fig. 7: Cassava Mill effluent (CME) infiltrated soil ammonium ion (ppm).
Wet and dry season
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Results are mean of triplicate determinations + standard deviation (SD)
A =Top soil samples (0 - 30cm depth)

B = Subsoil samples (30 — 60cm depth)

C = Bottom soil samples (60 — 90cm depth)

Bars bearing the same letters are not significantly different (P>0.05)
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Fig. 8: Cassava Mill effluent (CME) infiltrated soil nitrate ion (% NOz- N).
Wet and dry season
Results are mean of triplicate determinations + standard deviation (SD)
A =Top soil samples (0 - 30cm depth)
B = Subsoil samples (30 — 60cm depth)
C = Bottom soil samples (60 — 90cm depth)
Bars bearing the same letters are not significantly different (P>0.05)
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Fig. 9: Cassava Mill effluent (CME) infiltrated soil sodium ion (mgKg™).
Wet and dry season.
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Results are mean of triplicate determinations + standard deviation (SD)
A =Top soil samples (0 - 30cm depth)

B = Subsoil samples (30 — 60cm depth)

C = Bottom soil samples (60 — 90cm depth)

Bars bearing the same letters are not significantly different (P>0.05)
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Fig. 10: Cassava Mill effluent (CME) infiltrated soil potassium ion (mg/Kg).
Wet and dry season.
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Results are mean of triplicate determinations + standard deviation (SD)
A = Top soil samples (0 - 30cm depth)

B = Subsoil samples (30 — 60cm depth)

C = Bottom soil samples (60 — 90cm depth)

Bars bearing the same letters are not significantly different (P>0.05)
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Fig 11: Cassava Mill effluent (CME) infiltrated soil phosphate ion (ug g™ soil).
Wet dry season
Results are mean of triplicate determinations + standard deviation (SD)
A =Top soil samples (0 - 30cm depth)
B = Subsoil samples (30 — 60cm depth)
C = Bottom soil samples (60 — 90cm depth)
Bars bearing the same letters are not significantly different (P>0.05)

20 o I
15 d
I A
=B
10
[
5
o ! T ]
WET DRY

CONTROL

ugg! soil

Fig. 12: Cassava Mill effluent (CME) infiltrated soil sulphate ion (ugKg™).
Wet and dry season

Results are mean of triplicate determinations + standard deviation (SD)
A =Top soil samples (0 - 30cm depth)

B = Subsoil samples (30 — 60cm depth)

C = Bottom soil samples (60 — 90cm depth)

Bars bearing the same letters are not significantly different (P>0.05)

The low percentage nitrogen observed for the CME impacted soil (fig 7) arose
probably from the low protein content of cassava fibers and the alkaline
environment of CME soils.  This will encourage ammonification and
nitrification leading to reduction of the soil nitrogen. Cookson and Lepiece
(1996) reported increased urease activities in soils with low nitrogen but high
NH; content.
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This may explain the high (alkaline) pH of the CME soil samples. Soil samples
percentage nitrogen from clayey CME impacted soils were higher (p<0.05) than

those of loamy and sandy soils (table 1)
TABLE 1: PERCENTAGE NITROGEN (%) FOR 3 SELECTED SITES (CME)

WET SEASON DRY SEASON
Sample 1 2 3 « 1 2 3
Site

Aq

(0-30cm) 0.30£0.0 0.32+0.00®  0.29+0.04% 0.16+0.04%  0.19+0.01% 0.15+0.02°
Deep 28

As

(60-90cm) 0.08:0.0 0.10+0.00®  0.08+0.06%® 0.05+0.00°  0.08+0.00%  0.04+0.00(??)
Deep 12

C,

(0-30cm) 0.26:0.0 0.25+0.01%  0.20+0.02° 0.1540.03*  0.17+0.00% 0.14+0.01°
Deep 3%

Cs

(60-90cm)  0.13+0.0  0.16+0.06®°  0.10+0.01* 0.04+0.01(??)  0.06+0.00® 0.03+0.00°"
Deep i

D,

(0-30cm) 0.31+0.0 0.34+0.03  0.30+0.00% 0.13#0.00%  0.15+0.01%® 0.13+0.02°
Deep 12

Ds

(60-90cm)  0.11+0.0 0.14+0.00°  0.09+0.01% 0.06+0.01° 0.07+0.01® UND
Deep 4%

Soil Texture of Site:  Site 1 = Loamy Figures are mean of triplicate determination +

Site 2 = Clayey Standard deviation

Site 3 = Sandy UND = Undetected

?? = Query result

D;D, = Control

Ay = Discharge point of effluent

C1 = 8 meters from Al along effluent flow route
D = Control

Samples with same letters are not significantly different (P.0.05) for each season compared with
control

Sadej and Przekwas (2008) noted that organic nitrogen is usually bound to clay
and humus particles known as soil colloids forming stable complexes.
Significantly high (p<0.05) ammonium ions concentrations were obtained from
CME impacted soils during the wet season compared with the control soil
samples. Ammonium ion values decreased with depth and distance of sample
collection from the discharge point in the wet season and is associated with the

level of CME assault. Urea hydrolysis leads to the conversion of urea-N to
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ammonia and subsequently the ammonia reacts with proton to produce
ammonium ions. This process leads to sharp increase in pH (beyond 7) and
ammonium ions around the granule. In such an alkaline condition more
ammonia is produced and increasing volatilization losses mean lower urea-N
use efficiency (Zengping et al., 1991, Gioacchin et al., 2002). Also the CME
soil samples had higher (p<0.05) nitrate levels than control samples. This
indicated that higher nitrification reactions were going on in the CME infiltrated
soil samples. This also attest to more biodegration of organic wastes in the soil
samples. There were no changes between CME infiltrated soil sulphate and non-
CME impacted soil.

In conclusion this study established that changes in soil pH, temperature and
moisture caused by dumping of CME led to pollution problems experienced in
CME dumpsites. Increased amonification in CME dumpsite soils led to high
alkaline pH of such soils which discouraged plant growth. Similarly increased
soil percentage moisture may have affected soil aeration and microbial
activities. However, soil phosphate and sulphate ions were not altered while
potassium ion was high in the CME impacted soils. Efforts should therefore be
made to check these pollution problems posed by CME dumping. This will help

in harnessing CME for profitable uses.
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