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Abstract

This work studied the effect of fish pond wastewater, proximate and mineral
analyses of the fish feeds from commercial fish ponds on receiving soils in the
southern Guinea Savanna ecological zone of Minna, Nigeria. The study con-
ducted during the dry seasons of the years 2015 and 2016 between January
and May. Four sets of soil samples were collected at varying distances from
the various fish ponds and analysed for physicochemical properties, Particle
size analysis and Exchangeable Acidity. Similarly, two different sets of water
samples were collected each from various farms studied and analysed for phy-
sicochemical properties such as pH, E. (Electrical conductivity), TDS (Total
dissolved solids), Alkalinity, Total Hardness, Turbidity, Temperature, DO (Dis-
solved Oxygen), BOD (Biological oxygen demand), Calcium, Magnesium, So-
dium and Potassium. Average results obtained for the two dry seasons for the
soil samples around the fish farms showed that: pH 6.33 - 7.24, Organic Car-
bon 2.03 - 6.00 g/kg, Available Phosphorus 7 - 10 mg/kg, Total Nitrogen 0.95
- 2.10 g/kg, Exchangeable Bases and Exchangeable Acidity 0.02 - 0.06 Cmol/kg
were within the permissible limits of FAO and WHO. The various parameters
were within the permissible limits for fish production. The fish wastewater
had Electrical Conductivity 118 - 230 uS/cm, pH 6.79 - 7.10, and Biological
Oxygen Demand 3.0 - 6.0 mg/L. In conclusion, the wastewater from fish farms
is good sources of fertiliser to the surrounding farmlands.
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1. Introduction

With the drive of the Nigerian government towards revamping agricultural ac-
tivities in the country, there is the need to reconsider the various inputs which
are currently in use by the local farmers. Water as a resource is gradually be-
coming increasingly scarce, and there is a need to sustain it globally and locally
[1]. The increasing need for water in most parts of the world especially the arid
and semiarid regions has resulted in the emergence of wastewater for agriculture
[2]. Today, wastewater has become a matter of grave concern, as it is an essential
component of our environment which is mostly used to irrigate farmland, re-
duce soil salinity and increase the soil moisture content [3]. In our immediate
environment today, a large amount of water is being used for various industrial
purposes, and upon the full utilisation of the water, it is discharged directly to
surrounding soil or surface water and thereby contaminating both the soil and
groundwater [4].

Most industries have continuously deposited much wastewater into the sur-
rounding containing a high level of heavy metals, nutrients and hazardous sub-
stances into agricultural land [5]. However, most wastewater usually has high
nutritive content that might improve plant growth and productivity [6]. Soil ir-
rigated with wastewater had been shown to contain 4.1% of organic particles by
weight, but these particles contain up to 47.8% of the total soil carbon and 41.7%
of nitrogen, and thereby represent necessary storage of both energy and nutrient
for microorganisms [7]. Wastewater has been described as both “a resource and
a problem” as such; the challenges are maximising the resource potential and
minimising the problems associated with it [8].

Effluent released into the environment with an enhanced concentration of nu-
trient, sediment and toxic substances, may have serious undesirable effects on the
quality of the receiving water body and soil when discharged without proper
treatments [9]. This effluent can alter the properties of the receiving water body
and soil [10] [11]. The first effect of liquid waste is to degrade the physical and
chemical quality of both water and soil [12]. They further stated that an increase
in population growth, rapid industrialisation and urbanisation around the world
had created severe problems of soil and water pollution.

Local and sustainable farmers generally believe that wastewater from whi-
chever source improves soil fertility which leads to high yield of farm produce.
The impact of wastewater on agricultural soil is mainly due to the presence of
high nutrient contents of Nitrogen and Phosphorus, high total dissolved solids
and other constituents such as heavy metals [2]. Wastewaters also tend to con-

tain salts that may accumulate in the root zone of crops which is believed to be
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harmful to crops grown in such fields [13] [14].

Wastewater from fish ponds is sometimes used as a potential irrigation source
for raising vegetables around the sites which are directly or indirectly consumed
by human beings [15]. Soil contamination by liquid farm wastes and industrial
effluents has adverse effects on soil health and crop productivity [16]. Many un-
treated and contaminated liquid farm waste may have a high concentration of
various heavy metals such cadmium (Cd), nickel (Ni), lead (Pb) and chromium
(Cr) [17].

This study aims to determine the effects of fish pond wastewater on the phys-
ical and chemical properties of some selected soils in Minna, Southern Guinea
Savanna Ecological Zone of Nigeria and to investigate the relationship between

the feeds, wastewater and the soil in the study area.

2. Material and Method
2.1. Site Description

Minna is located between latitude 9°34' - 9°37'N and longitude 6°36' - 6°39'E,
with an annual rainfall of 578 mm and a mean temperature of 34°C [18]. They
also stated that Minna has a subtropical climate and its pattern of rainfall is cha-
racterised by a long term mean annual rainfall which starts from May to October
with an average relative humidity of 48.9% and average monthly relative humid-
ity ranges from 21% in February to 73% in August. Minna also has a distinct dry
season that may occur from November to March. This is typical of states located
within the southern Guinea Savanna ecological zone of Nigeria. Figure 1 is a
map of Niger State show all the location of Minna; it’s capital on the eastern part

of the state and locations of the sample sites.

Figure 1. Google map of study area extracted from the map of Niger State.
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2.2. Experimental Procedures

The study was conducted during the dry seasons of the years 2015 and 2016 be-
tween January and May. During that period, four sets of soil samples were col-
lected at varying distances from the various fish ponds and analysed for physi-
cochemical properties, Particle size analysis and Exchangeable Acidity. Similarly,
two different sets of water samples were collected each from various farms stu-
died and analysed the physicochemical properties. Table 1 below indicates the
coordinates of the various farms visited which were obtained using a Global po-

sitioning system (GPS) of Garmin Channel 72 model.

2.3. Sample Collection

During the period of study, water samples collected in sterilised clean plastic
bottles; soil samples were collected in transparent polythene bags while the fish
feeds collected in clean polythene bags. Using standard procedures as identified
by several researchers [19] [20] [21] [22]. The collected water samples analysed
for the following parameters pH, E. (Electrical conductivity), TDS (Total dis-
solved solids), Alkalinity, Total Hardness, Turbidity, Temperature, DO (Dis-
solved Oxygen), BOD (Biological oxygen demand), Calcium, Magnesium, So-
dium and Potassium. Collected soil samples were analysed for pH, Particle size,
Organic Carbon, Available Phosphorus, Total Nitrogen, Exchangeable Bases
(Na*, K*, Mg** and Ca**) and Exchangeable Acid. Collected fish feeds were ana-
lysed for Nitrogen, Phosphorus, Potassium, Moisture content, crude fibre, Crude
lipid, ash content and crude protein. The method employed for the analysis of
the samples was following the works of Ayuba and Iorkohol [23]. The soil sam-
ples were air dried at room temperature for 48 hours before the analyses were
conducted. The standard procedures identified by Nauman & Khelid, Amin and
Ojobor & Tobih [19] [24] [25] were used to identify the soil pH, particle size
distribution, exchangeable bases, exchangeable acidity, total Nitrogen, available

phosphorus and organic carbon.

2.4. Statistical Analysis

Corrolation analysis was carried out for all the information collected during the
course of the study using SPSS 17. The Pearson’s correlation analysis was done
to determine the degree of relationship between the wastewater, soils and the

fish feed samples.

3. Results and Discussion

The results for the wastewater samples from the various fish farm settlements,
samples of the various sources of water used on the various fish farms and soil
samples analysed are presented in Table 2 while the analysis for the soil samples
are presented in Table 3. The proximate and mineral analysis of the fish feed
samples are presented in Table 4 and Table 5 respectively, while Table 6 is the

Correlation coefficients (r) between N, P and K for the study area.
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Table 1. Location of the various farms considered for the study.

No. of Distances  Distances between
S/N  Farm Name ponds between points of sample  Longitude Latitude
studied ponds (m) collection (m)
1 Talba Farm 8 7 10 6°52'09"E 9°5329"N
2 Messohi Farm 8 7 10 6°47'65"E 9°5428"N
3 LapiaGwari farm 35 8 10 6°50'44"E  9°52'68"N
Table 2. Results for the analysis of the waste and source water samples.
SIN Parameter A B C D E BSW1 RSW2 BSW3 WHO FWS
1 E. (uS/cm) 133 121 140 137 142 205 118 230 NS 100 - 1000
2 pH 6.81 6.85 6.8 6.79 6.87 7.1 6.95 7.07 6.5-8.5 6.5-9.5
3 DO (mg/L) 6 7 6.2 5.8 6 4 8 5 6.5-8.5 <5
4 BOD (mg/L) 5 4.5 4.3 4 6 3 4.7 3.7 6 6 - Mar
5 TH CaCO; (mg/L) 295 270 255 280 322 330 400 110 600 50 - 150
6 Alkalinity (mg/L) 132 116 125 128 140 148 190 80 600 50 - 150
7 Temp. ("C) 27 29 28 28 28 27.5 29 26.9 Ambient 25-30
8 TDS (mg/L) 330 500 458 552 407 118 829 120 500 -
9 Turbidity (NTU) 130 270 300 286 159 10 620 5 10 -
10 Calcium (mg/L) 24.2 19.34 20.41 20.5 23.64 32.3 31.03 26.26 200 25-100
11 Sodium (mg/L) 127 166 158 160 132 3 8.8 3.2 200 -
12 Potassium (mg/L) 61.73 82.34 79.57 80.21 63.1 6.4 33 6.6 100 -
13 Magnesium (mg/L) 20.61 254 38.23 29.92 30.5 28.19 30.23 20.52 200 25 -100
14 Phosphate (mg/L) 0.51 1.02 0.84 1.3 0.71 0.32 0.65 0.11 - 0.03-2.0
15 Nitrate (mg/L) 2.53 3.1 3.21 3.45 2.82 4.02 6.05 4.13 50 0.1-4.0

NS = Not Stated, E.C = Electrical conductivity, Temp. = Temperature DO = Dissolved Oxygen, TH = Total Hardness, TDS = Total Dissolved Solids, BOD =
Biological Oxygen Demand, A = Fish wastewater from pond 1, B = Fish wastewater from pond 2, C = Fish wastewater from pond 3, D = Fish wastewater

from pond 4, E = Fish wastewater from pond 5. BSW1 = Borehole source water for pond 1, RSW2 = River source water for pond 2, 3 & 4 and BSW3 = Bo-

rehole source water for pond 5. WHO = World Health Organization (2009), FWS = Fish Water Standards (Ehigbonare and Ogunrinde, 2010).

Table 3. Analysis results for the soil samples from the ponds studied.

Pond

SIN pPH
H20 Cacl
1 6.52 5.44
2 6.54 5.61
3 6.60  5.65
Ct. 694 592

1 6.48  5.35

3 6.63  5.52

Ct. 7.03 590

6.00

5.62

4.80

3.60

4.33

3.58

3.20

2.03

10

10

10

10

10

O/IC(glkg) AP(mglkg) TN (glkg)

2.10

1.58

1.43

1.58

1.30

1.26

0.95

Cations (mgl kg)
Na K Mg
1.70 230 18.50
1.60 1.80 14.00
1.50 1.60 13.40
1.30  1.00 9.30
2.00 2.50 16.60
1.60 220 13.00
1.60 190 10.40
1.70  1.20  6.00

Ca
41.20
35.30
24.40

8.90
41.00
29.80
26.30

19.70

Particle Size (%)

Exchangeable

Sand Silt Clay “cid(Cmollkg)

75

72

76

80

78

80

82

83

8

9

17

19

16

13

15

12

10

10
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Continued

1 6.40 5.34 4.32 9 1.43 1.80 190 17.00 39.70 73 9 18 0.06

2 6.62 5.56 3.59 10 1.32 190 190 15.00 28.80 76 8 16 0.05

’ 3 6.80 5.72 3.27 10 1.29 1.80 1.60 12.80 25.60 80 6 14 0.06
Ct. 7.14 5.87 2.54 8 1.02 1.80 1.00 9.40 18.50 83 7 10 0.03

1 6.70  5.52 3.89 10 1.40 1.70  2.10 17.90 37.90 78 8 14 0.05

2 6.42  5.40 3.55 9 1.35 1.60 1.60 1520 28.30 80 8 12 0.05

4 3 6.20 5.24 3.38 9 1.33 1.50 1.50 13.00 26.40 82 7 11 0.03
Ct. 6.86 5.63 3.00 7 0.99 1.60 090 10.40 19.50 83 6 11 0.02

1 6.82 5.52 4.10 8 1.53 3.20 4.50 18.00 40.00 78 8 14 0.05

2 6.33 5.60 3.98 8 1.48 2.60 3.00 1520 34.00 80 8 12 0.02

> 3 6.80 5.64 3.50 10 1.37 230 2.60 1230 26.20 82 7 11 0.04
Ct. 724 5.87 3.11 8 1.00 2.00 1.80 8.90 20.00 83 6 11 0.02

O/C = Organic Carbon, AP = Available Phosphorus, TN = Total Nitrogen, Ct. = Control, N = Nitrogen, P = Phosphorus, and K = Potassium, N-F, N-W and
N-S = Nitrogen; for fish feed, Wastewater and Soil samples respectively, P-F, P-W and P-S = Phosphorus; for fish feed, Wastewater and Soil samples respec-
tively, K-F, K-W and K-S = Potassium,; for fish feed, Wastewater and Soil samples respectively.

Table 4. Proximate Composition of the fish feeds.

Compounded feed (%)
SIN Analysis -
Foreign Feed National produced feed Locally produced feed
1 Crude Protein 44.3 42.9 48.3
2 Crude Lipid 11.5 11.8 13.0
3 Moisture 8.1 8.5 9.3
4 Ash 6.8 9.3 14.8
5 Crude Fibre 2.6 1.8 4.7

Table 5. Mineral Composition of the fish feeds.

Compounded feed (%)
SIN Analysis
Foreign Feed National produced feed Locally produced feed
1 Nitrogen (%) 7.09 6.86 7.73
2 Phosphorus (%) 0.33 0.29 0.53
3 Potassium (%) 0.70 0.58 0.26

Table 6. Correlation coefficients (r) between N, P and K for the study area.

N-F P-F K-F N-w P-w K-w N-§ P-§ K-S
N-F 1.000

P-F 0.930 1.000

K-F -0.876  0.517 1.000
N-W 0.853  -0.787 -0.821 1.000

P-W -0.487 -0.468 -0.697 0.704 1.000

K-w -0.373  -0.328 0.711 0.311 -0.586  1.000

N-S 0.594 0.589 0.341 -0.291  0.255 -0.825  1.000

P-S 0.495 0.612 0.260 -0.387  0.155 -0.764  0.994 1.000

K-S -0.808 -0.421 -0.618 0.731 0.263 0432 -0.865 -0.911 1.000
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3.1.pH

The pH value indicates the degree of acidity or alkalinity in water [22]. The pH
value obtained from this study indicated that the wastewater from the various
fish pond sites ranges between 6.79 and 6.87 while the value of pH for fresh wa-
ter used to feed the ponds ranges between 6.95 and 7.10 while the soil samples
ranged from 6.20 - 7.24. This result shows that the water samples (both waste-
water and freshwater) were fragile in acid and alkaline content. The pH values
obtained for the control soil sample were observed to be quite higher than those
soil samples which come in contact with wastewater from the fish pond (FP).
The pH values of the fish wastewater were lower than that of the source water
used for the FP. These values were compared with international standards of
WHO and FAO [26] [27], and they were found to be within their acceptable

limits.

3.2. Electrical Conductivity (Ec)

The E, is used to measure the salt concentration in any water, it measures the
strength of any water body to conduct electricity, and this is expressed in uS/cm
[22]. Over the years, it was reported that high values of conductivity were an in-
dication of pollution when the E_values were compared with standards obtained
from the World Health Organization [26]. It was discovered from this study that
the E. of the wastewater from the FP ranged between 121 - 142 ps/cm while that
of the source water ranged between 205 - 230 ps/cm for the borehole water and
118 ps/cm for the river water. These values were found to be within the recom-
mended range when compared with the works of Muamar et a/. [7]. This clearly
shows that the wastewater water does not contain enough salt that will be of
concern to the growth of fish. This further implies that it can be used for irriga-
tion purposes. The results also show that the source water used for feeding the
ponds was relatively high which may be due to the accumulation of dissolved

salt. The results were similar to the works of Colt et al [28].

3.3. Turbidity

Turbidity is a measure of the cloudiness of water. The higher the turbidity, the
harder it is to see through the water and is usually affected by factors such as clay
particles and particulate organic matters [22]. The Turbidity value for the Fish
wastewater ranged between 130 - 159 NTU while the borehole water source
ranged from 5 - 10 NTU and the river water source was found to be the highest
at 620 NTU. The value obtained for the river source water was found to be very
high which might be as a result of significant deposition of clay particles into the
water body. The values obtained from this study when compared with the work

of Torimiro et al [29] showed a high level of similarity.

3.4. Total Dissolved Solid (TDS)

TDS is an indication of the number of dissolved substances inside the water [30].
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The TDS values obtained for the Fish wastewater ranged between 330 - 407
mg/L; the borehole water source ranged from 118 to 120 mg/L while the river
source water had the highest value of 620 mg/L. The high value obtained from
the river water source might have to be due to significant deposition of solid se-
diments into the water. These results were also similar to the values obtained
from the works of Ehiagbonare and Ogunrinde [31]. The osmotic pressure of the
soil increases when the TDS is present in large quantities thereby causing high
soil moisture stress in the root zone which in turn hinder plant growth and sub-

sequently affect crops yield [22].

3.5. Alkalinity

Water alkalinity is due to the presence of dissolved salts from weak acids, bicar-
bonates and organic sulphates [20]. The alkalinity values obtained for the Fish
wastewater ranged between 128 - 140 mg/L; for the borehole source water used
for the FP ranges between 80 - 148 mg/L while the river water source had a tre-
mendously high value of 190 mg/L. These values are found to be within the ac-
cepted range of WHO [26] and were similar to the values obtained in the works
of Temilola et al. [21].

3.6. Total Hardness (TH)

According to WHO [26], the permissible level of total hardness in any water is
600 mg/L, which in most cases comprises of Calcium carbonate (CaCo;) or
Magnesium carbonate (MgCo;). The TH of the Fish wastewater for the various
study locations ranged between 255 - 322 mg/L; while the borehole water source
ranged between 110 and 330 mg/L while that of the river source water was 400
mg/L. This indicates that the source of water from the river is harder than the
wastewater. These results obtained were found to be similar to a study carried

out by Simerjit [20].

3.7. Temperature

The temperature of a system is the degree of hotness or coldness in the body of
the Organism. The result obtained from this study shows that the temperature
value for the fish wastewater ranged between 26.9 - 29°C while the temperature
result for the source water ranged from 26.9 - 29.0°C. The result shows that the
temperature values are within recommended standards for the survival of the
fishes in water [26] [32] [33].

3.8. Biological Oxygen Demand (BOD)

BOD is a measure of the quantity of oxygen used by microorganisms (aerobic
bacteria) in the oxidation of organic matter. A sample with BOD between 1.0
and 2.0 mg/L indicates clean water, BOD of 3.0 to 5.0 mg/L indicates a mod-
erately clean water and if the value is more significant than 5 mg/L, indicates a

polluted water source, which means the water should be treated before been put
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to used [34]. The result obtained showed that the BOD values ranged between
4.0 to 6.0 mg/L for fish wastewater while those of the borehole and river water
sources 3.0 - 3.7 mg/L respectively. These values obtained were found to be
within the range for optimum fish activities and so within the recommended
standard [26] [27].

3.9. Dissolved Oxygen (DO)

This is defined as the measure of the amount of gaseous oxygen dissolved in any
water body [30]. Eze and Ogbaran [33] reported that natural water bodies are
filled with dissolved oxygen. The DO for the fish wastewater ranged between 5.8
- 7.0 mg/L while the source water from the borehole and river had values rang-
ing between 4.0 and 5.0 mg/L and 8.0 mg/L respectively. This makes the availa-
ble maximum amount of oxygen for the survival of the fishes. The values ob-
tained when compared with other literature were within the acceptable range
[35].

3.10. Nitrogen (N)

The presence of moderate Nitrogen in soils is an essential element for plant
growth, but its excess affects their growth and productivity [36]. The result ob-
tained from this study showed that the Total nitrogen present in the soil after the
wastewater deposit from the fish ponds ranged between 1.26 and 2.10 g/Kg while
the control soil samples ranged between 0.95 and 1.11 g/Kg. The nitrogen values
obtained from the various feed samples used by the farmers showed that the
values ranged between 6.86% and 7.73%. This indicates that the quantity of ni-
trogen observed in the soil might have originated from the fish feeds and other
sources such as; microorganisms and faeces present inside the ponds, thereby
directly influencing the soil fertility when deposited on the soil. These results
obtained showed that the Nitrogen level of the soil in contact with the fish
wastewater is moderate when compared with the works of Nduka et a/, [30] and
is suitable for agricultural purposes. This may account for the quality and quan-

tity of crops produced in the study area.

3.11. Phosphorus (P)

Phosphorus is anothervital macronutrient which has a direct effect on crop
productivity in terms of quality and growth. It plays an essential role in bone
development in animals [37]. The result obtained from this study showed that
phosphorus values of the soils in contact with fish wastewater and that of the
control soil samples ranged between 7 - 10 mg/kg. The feeds analysed, suggest a
rapid deposition of Phosphorus (Phosphate) into the fish wastewater due to the
moderately high values of 0.29 - 0.53% obtained from the various feeds ana-
lysed. However, these values obtained were found to be within accepted range
when compared with the works of Subramani et al, [37], which indicates that

the application of the fish wastewater on the soil has minimal adverse effects
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on the soil.

3.12. Potassium (K)

Another essential macronutrient used up by plants is Potassium (K). This, ac-
cording to Temilola et al [21] activates enzymes which aid the formation of
protein. It was observed from the results obtained for this study that there was
an increase in the value of K in the soils in contact with fish wastewater than the
control soils where wastewater from the fish ponds was deposited and compared
to the control points of the soil samples. The K values obtained from the waste-
water samples ranges between 1.5 and 4.5 mg/kg while the control soil sample
values ranged between 0.9 - 1.8 mg/kg. However, the fish feeds analysis gave
high K values ranging between 0.26 - 0.70% when compared with the values ob-
tained for the soil samples. The increase in the K values for the various wastewa-
ter is linked to the feeds used on the various farms which in-turn accounts for its
high content in the soils where such are deposited. These values when compared
to the works of Hassan et al, [38]; Desai et al, [39] and Temilola et al. [21] were
found to be similar which suggests the deposition of K from the fish feeds into

pond water and in turn to the soils.

3.13. Magnesium (Mg)

Magnesium is an essential component of chlorophyll, and it is required for the
transport of phosphorus around the plant [38]. The magnesium content of the
various soil samples where fish pond wastewater is deposited ranged between
10.4 - 17.9 mg/kg and the control ranged between 6.0 to 10.4 mg/kg for the river
water source. While the Magnesium content of the soil samples in contact with
the fish wastewater ranged between 12.3 - 18.5 mg/kg while that of the control
soilsamples ranged between 6.0 to 10.4 mg/kg in the various areas where the fish
pond wastewaters are deposited shows the effect of leaching and distance from
the ponds. However, the Mg content of the source waters used for the various
fish ponds ranges between 20.61 and 38.23 mg/L for the borehole and river
source waters were between 20.52 and 28.19 and 30.23 mg/L respectively. These
values were found to be within an acceptable range when compared with the
works of Jaji et al. [40]; FAO [27] and Ahaneku [41].

3.14. Calcium (Ca)

Calcium in the soil, according to Liu et al, [42] and Liu et al, [43]; helps in the
proper functioning of the root tips of growing plants and maintaining the
strength of the various plant cell walls. Calcium present in fish pond wastewater
ranged between 19.34 and 24.20 mg/L while that of the boreholes used to pro-
vide water to the various ponds ranges between 26.26 and 32.30 mg/L and that of
the river water was 31.03 mg/L. It is observed from these results that some quan-
tity of the Ca is used by the fishes and other organisms in the ponds to enhance
their growth which caused the reduction of the values of the calcium in the
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wastewater from FPs. The values of the Ca content where wastewater from FPs
was deposited showed a staggering value of between 24.4 and 41.2 mg/L while
soil samples from control points ranged between 8.9 and 20.0 mg/L. These val-
ues when compared with the WHO [26] values of 200 mg/L were found to be
within limits for optimum productivity of fish. It would, therefore, be necessary
to have some forms of calcium supplement since calcium is necessary for bone

and scale formation.

3.15. Sodium (Na)

Sodium in the soil is not a plant nutrient; hence it is not necessary for the growth
and development of plants. When present in high levels, it is harmful to soil
structure and also plants growth [42]. He also stated that high sodium could also
displace other cations such as Ca and Mg into soil solution and they can subse-
quently be leached down the soil profile. The values obtained for the soil samples
in contact with the fish wastewater ranged between 1.5 - 3.2 mg/kg while that of
the control soil samples ranged between 1.3 - 2.0 mg/kg. The Na content for the
boreholes and river water sources ranged between 3.00 and 3.20 mg/L and 8.8
mg/L respectively. The Na content of the wastewater from the various FPs
ranged between 132 and 160 mg/L. This shows that a high amount of Na is gen-
erated as waste by the fishes. This is connected to the feed component which in
most cases is negligible. The values obtained were found to be lower when com-
pared with the work of Devi et al [36].

3.16. Phosphate

Phosphorous plays a vital role in the growth of plants and animals as they are
known to serve as sources of phosphates fertilisers. Phosphorous helps to stimu-
late the growth of water plants and several microorganisms that provide food for
fishes [36]. The values of Phosphate for the fish wastewater obtained from this
study ranged between 0.51 - 1.30 mg/L while the borehole and river water
sources ranged between 0.11 - 0.32 mg/L and 0.65 mg/L respectively. These val-
ues were found to be within the recommended range for optimum fish produc-

tivity and also similar to the values obtained by Torimiro et al. [29].

3.17. Nitrate

Nitrate is formed through a nitrification process by the action of aerobic bacte-
ria, and it is highly stable in water [36]. The values of Nitrate for the fish waste-
water obtained from this study ranged 2.53 - 3.45 mg/L while those of the bore-
hole and river water sources ranged between 4.02 and 4.13 mg/L and 6.05 mg/L
respectively. These values obtained were found to be within the recommended
range when compared with the works of Carmago et al, [44] and Torimiro et al.
[29]. The Nitrate value for the river water source was found to be quite high
which indicated the level of pollution in the source of water used. The level of
pollution is not distant from the leaching processes that occur from the sur-

rounding soil environment.
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3.18. Particle Size Analysis

The measured values of particle size of sand, silt and clay ranged between 72% to
83%; 6% to 9% and 10% to 19% respectively. From these results, the proportion
of sand was found to be highest followed by that of clay and silt respectively.
Thus, non-water loving crops do well in this area. This values obtained showed
that a large portion of the soils are sandy and falls into the loamy sand textual
class, and this soil texture can easily be felt by just simply touching the soil sam-
ple. The loamy soils found within the study area are the typical type of soils
found in Minna the southern guinea ecological zone of Nigeria, thus indicating
that the soils are moderately porous which means that not much is lost or re-
tained. This textural soil class tends to favour the growth and productivity of
crops such as Maize, Groundnut, Sorghum [37]. This statement was confirmed
to be accurate as evidence of cereal crops were seen growing around the vicinity

of where the fish pond wastewater was deposited.

3.19. Correlation Analysis

Pearson’s correlation analysis was done to determine the degree of relationship
between the wastewater, soils and the fish feed samples. The result of the analysis
showed that there was a relationship between the Nitrogen (N), Phosphorus (P)
and Potassium (K) contents of the samples analysed. The correlation coefficient
(r) of Nitrogen in wastewater and soil were 0.853 and 0.594 respectively. This
was found to be positively correlated with the Nitrogen content in the various
fish feed samples with the p < 0.05. This indicates that the increase in Nitrogen
in the feeds increases the Nitrogen content in wastewater and the surrounding
soil environment. The results also indicated that Nitrogen, Phosphorus and Po-
tassium were significantly correlated with each another and was observed to be
in line with the findings of Devi et al, [36], Ehigbonare and Ogunrinde [31] and
Torimiro et al, [29]. Nitrogen in the Feeds was positively correlated with Phos-
phorus in the Feeds and Soil samples with a correlation coefficient of 0.930 and
0.495 respectively, while it was negatively correlated with Potassium in the Feeds,
Wastewater, Soil samples and Phosphorus in the Wastewater with a correlation
coefficient of 0.876, 0.373, 0.808 and 0.487 respectively. This was also observed
to be in line with the findings of Hussain et al. [45].

4. Conclusions

The effect of fish wastewater was analysed on the bases of the chemical and physi-
cal properties of the soil. From the results obtained it can be concluded that
most of the parameters considered for the fish wastewater were also present in
the soil samples in varying proportions and the application of fish wastewater on
the soil improve the nutrients requirements of the soil.

The wastewater, therefore, has minimal adverse effects on the soil when depo-
sited due to its mineral concentrations in the soil when the results were com-

pared with the FAO standards of 2008. However, the concentration of miner-
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als/nutrient can exceed required limits when the fish wastewater is discharged
on soils that had already been fertilised by artificial means. The fish wastewater
can also be treated to further meet with various recommended standards for ir-
rigation. The adverse effects of Fish wastewater on the soil physicochemical
property are negligible, but these effects on tender crops such as spinach should
be studied so as not to create health problems to the consumers of such farm

produce.
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