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Abstract: Integrating fish farming with wastewater recycling can improve fish farming programs,
ensuring environmental sustainability while improving cost of fish farming. This study examines the
influence of wastewaters from slaughterhouses and palm oil mils on the growth performance of catfish.
Acrtificial ponds created with transparent buckets, where the fingerlings were grown for six weeks,
contained each wastewater type comprising 30%, 40% and 50% wastewater, the rest being tap water.
Tap water was used as the control. Live body weight, weight gain, live length and gain in length of
fish were used to monitor fish growth performance on a weekly basis. Pond temperature and pH were
also monitored weekly. The physicochemical parameters of the water in the ponds were above the
standards required for fishponds. There was no significant difference between the growth performance
parameters in the control and other treatments during the entire period of study. There was also a strong
correlation (r = 1) between the growth performance and the duration of study for all the treatments,
indicating the fish could survive in the ponds for as long as necessary. Highest live weight of 14 g in
T3R1, 13.33 g for control, 12 g for T2R1 and T4R1 were obtained. Highest live length values of 13.70,
13.50, 13.30, 13.20, 13.10 cm were obtained for T3R2, T3R3, T2R2, control and T2R3 respectively.
Temperature in the adapted ponds ranged from 24-28 °C, and pH raged from 6-8. A low mortality rate
of 4.16% (4 deaths) was obtained in the case of T3R3 only for the first week, but there no other
mortality in other treatments throughout the period of the study. Results obtained show that
wastewaters from slaughterhouses and palm oil mills can effectively be used to grow fish, reducing
cost of fish farming and ensuring environmental sustainability from dumping of the wastewaters.
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1. Introduction

Water is undoubtedly the most precious resource on earth since it is used for almost all human
activities. This implies a significant amount is generated as wastewater. It is estimated that about 380
billion m® of municipal wastewater alone is generated worldwide annually [1]. This amount is expected
to increase by 24% in 2030 and 51% in 2050 due to continuous growth in population, improvement in
water supply, living standards and economic growth. This will increase water scarcity since most
developing countries lack the resources and technology to properly treat the wastewater. Reports show
that 60% of the world population will suffer from water scarcity by the year 2025 [2]. Alternatively,
the wastewater can be recycled or reused to reduce or eliminate environmental pollution resulting from
disposal of untreated wastewater.

Amongst the activities generating much wastewater are the slaughterhouse and palm oil mills. The
meat processing industry consumes 29% of the total freshwater used by the agricultural sector
worldwide [3-5]. This trend will increase because in the past decade, worldwide production of beef,
pork and poultry meat doubled and is estimated to grow linearly until 2050 [3]. It is also estimated that
5 to 7.5 tons of effluents are produced from 1 ton of crude palm oil (CPO) in the palm oil mills [6,7].
This effluent is a colloidal suspension containing 95-96% water, 0.6-0.7% oil and 4-5% total solids
including 2-4% suspended solids [6,8,9]. Meanwhile slaughterhouse effluent is rich in organic content
mainly from paunch, feces, urine, blood, lint, fat and lard, carcasses, undigested food, microbial
pathogens, pharmaceuticals, disinfectants, loose meat, suspended material, facility cleanings, oil and
grease, carbohydrates, proteins and lignin [9]. Numbers “2” and “6” of the 17 Sustainable
Development Goals (SDGs) outlined by the United Nations (UN) are “Zero Hunger” and “Clean Water
and Sanitation,” respectively [9]. These two goals are directly related to the meat industry as a result
of growth and commercialization. This leads to a significant increase in the usage of water for
slaughtering and cleaning of slaughtering activities in slaughterhouses and meat-processing plants. As
reported by Jones et al. [10], wastewater is today considered as a potential and cost-effective source of
freshwater, more especially in the domain of agriculture. Unfortunately, very scanty research has been
reported on wastewater as resource [10]. This is very necessary as the global quality of water resources
has been greatly altered negatively in the last 50 years [11].

The United Nations Sustainable Development Goal 6 (UN SDG6) highlighted the necessity of
recycling wastewater to guarantee water availability for individuals [12]. So, by integrating fish
farming with slaughterhouse and palm oil mills wastewater reuse, fish farming programs can have a
direct impact on achieving SDGs by improving environmental sustainability and equally improving
fish rich in protein at reduced cost to the population. In some countries fish constitutes up to 70% of
the animal protein consumed; in Africa over 200 million people eat fish regularly but it accounts only
for about 20% of animal protein in their diets [13]. Generally, Africa consumes the least protein daily
per capita, approximately 13.61 kg per year [14]. However, the reuse of wastewater for production of
food for humans poses obvious questions about the risk to human health. Most of the water used in the
slaughterhouse and oil palm mills is assumed to come from domestic water or underground water
which is less likely to contain harmful toxins associated with industrial wastes and direct use of surface
waters [15]. According to WHO [16], risks to the consumers of fish fed with wastewater may be due
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to accumulation of pathogenic bacteria on the skin of fish, in their gills and in the intestines. Other
studies have also reported that only Clonorchis and its closely related Opisthorchis are transmitted
through fish grown in waste-fertilized or wastewater ponds [12]. However, due to the short grow out
period for fish—four to six months—the accumulation of potentially harmful substances is not a major
concern.

Several studies have reported the use of different media for fish growth. Ssekyanzi et al. [17]
reported that the main water sources of water for fish farming in Rwenzori region of Uganda are
streams/rivers (29%), swamps (35%) and groundwater/wells (26%). Awoke et al. [18] grew catfish fish
using rainwater, bore hole water and well water. Yosmaniar et al. [19] investigated the optimal growth
and survival performances of catfish rearing with the application of nitrifying and denitrifying bacteria.
Krishnakumar et al. [20] investigated the influence of water hardness on growth and reproduction of
two aquarium fishes. Ghozlan et al. [21] reported the effect of fresh water, agricultural drainage water
and well water on the survival rate, growth performance, feed utilization, fish yield, economic
evaluation and production of Nile tilapia while Elnady et al. [22] investigated the effect of water
temperature and salinity on rearing of Nile tilapia. Jemal and Van Hulle [23] reported that the main
areas of reuse for globally reclaimed water are for irrigation in agricultural sector, landscape irrigation,
urban park irrigation, fish farm, industrial process cooling, firefighting, toilet flushing and aquifers
recharge. But in case of fish farming, the rare study in literature integrating wastewater effluent for
fish farming was reported by Girard, [24] where wastewater from municipal effluents was used. The
reported literature shows that studies involving the use of different effluents are scarce and are almost
nonexistent for slaughterhouse and palm oil mill effluents. This work is therefore aimed at evaluating
the influence of wastewaters from slaughterhouse and palm oil mill on the growth performance of
catfish. Artificial ponds with each wastewater type and mixture of the two wastewaters having three
treatments (30%, 40% and 50% of wastewater type) were created with transparent buckets where the
fingerlings were grown for 6 weeks. Live body weight, weight gain, live length and gain in length of
fish were used to monitor fish growth performance on weekly basis. The ponds temperature and pH
were equally monitored.

2. Materials and methods
2.1. Preparation of test samples

Wastewater was collected from the mile four Nkwen slaughterhouse and Bambui local palm oil
mill twice a week. Water sampling was performed using polyethylene bottles washed with distilled
water, followed by 10% HNO3 and distilled water again 24 h before sampling to allow it to dry
properly. In the field, polyethylene bottles were washed with sample wastewater or tap water prior to
collection. The sample wastewaters and tap water were treated with humivet, which was meant to
prevent the fish from infection and to detoxify the water from bacterial and other microflora
contamination.

One hundred fingerlings of African catfish, Clarias gariepinus (average weight of 3.4+0.19),
were obtained from a local fish farm in the Mankon Northwest Region of Cameroon. The fingerlings
were transported in aerated plastic buckets and left to acclimatize to the experimental conditions for
two weeks. The fingerlings were raised in plastic buckets (10 liters ) (Figure 1) containing 5 L of tap
water under a natural photoperiod of approximately 12/12 h light/dark cycle and were fed a commercial
catfish feed (Belgocam) of 2.0 mm in size. After two weeks, they were ready for use in the experiment.
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Figure 1. Transparent plastic buckets used as artificial fishpond.

2.2. Experimental design

A total of 96 fingerlings of African catfish, Clarias gariepinus (average weight of 3.4+0.1) were
randomly assigned to four experimental treatments (Figure 2). The treatments consisted of wastewater
from the slaughterhouse, palm oil mill, a mixture of slaughterhouse and palm oil mill and, serving as
the control, tap water. These are denoted as T2, T3, T4 and T1, respectively. T1 is tap water, T2 is
slaughterhouse wastewater, T3 is palm oil mill wastewater and T4 is a mixture of palm oil mill and
slaughterhouse wastewaters. T2, T3 and T4 had sub-sample mixtures each containing different
amounts of each wastewater type described as follows: T1:100% tap water (0% wastewater); T2R1
(30% slaughterhouse wastewater); T2R2 (40% slaughterhouse wastewater); T2R3 (50%
slaughterhouse wastewater); T3R1(30% palm oil mill wastewater); T3R2(40% palm oil mill
wastewater); T3R3 (50% palm oil mill wastewater); T4R1 (15%/15% palm oil mill/slaughterhouse
wastewater mixture); T4R2 (20%/20% palm oil mill-slaughterhouse wastewater mixture); T4R3
(25%/25% palm oil mill/slaughterhouse wastewater mixture). Fish were raised in plastic buckets
(10 L) with a total volume of 5 L of water (Figure 1). Each of the T2, T3 and T4 treatments contained
24 fish with 8 fish per sub treatment (Figure 2).

The cleaning of fish buckets was carried out every two days by siphoning out residual feed and
fecal matter, while the water in the buckets was changed three times weekly.
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Figure 2. Experimental layout.
2.3. Determination of fish growth parameters
2.3.1.  Mortality rate (MR)

Here the number of dead fish or mortality rate (MR) found in each treatment was determined
using the following equation.

number ofdead fish in the period of evaluatin
R(%) = , - , x 100 1)
number of fish at the beging of the experiment

2.3.2.  Determination of weight gain

Weights of fingerlings were determined at the beginning of each treatment and subsequently at
weekly intervals basis using an electronic balance with sensitivity of 0.1g. The weight gain was
determined by calculating the difference between the initial weight and final weight (g) of the
experimental fish at the end of each week according to the following equation.

weightgain(g) = weight of week i — weight of weekzero(0) (2)

i=1,2,3,4,5and 6.

AIMS Environmental Science Volume 10, Issue 6, 743-763.



748

2.3.3.  Fish length

The growth in length of fish in different treatments was determined weekly, the fish length was
measured with the help of a tape. The length gain was determined using the following equation.

length gain(g) = length of week i — length of weekzero (3)
i=1,2,3,4,5and 6.
2.3.4.  Temperature and pH determination

Water temperature and pH were measured weekly by using centigrade thermometer for
temperature and Tintometer® group (pH/ORP, DO, CD/TDS, Nr: 00724200) for pH.

2.3.5.  Collection and analysis of Fresh Water Samples

Water samples were collected from ponds water surface using sterile cap bottles. The water
samples were transported to the laboratory, in an ice packed container for physicochemical analyses.
The conductivity, turbidity, bicarbonate ions, BODs, nitrogen, nitrate, nitrite, sulphate, phosphate,
hardness, iron, COD, carbonate, chloride and hardness of the different treatments were determined
using standard [25]. Four water samples were analyzed: T1 (tap water), T2 (slaughterhouse wastewater
using the composite sample made composed of T2R1, T2R2, T2R3), T3 (palm oil mill wastewater
using the composite sample made composed of T3R1, T3R2, T3R3 and T4 (mix slaughter house and
palm oil mill wastewaters using the composite sample made composed of T4R1, T4R2, T4R3). 200
mL of each sub treatment was sampled to prepare the composite sample for each wastewater type.

2.4. Statistical analysis

The Microsoft Excel 2010 version was used to record, compute the data from the study; SigmaPlot
12.0 was used for descriptive analysis while OriginLab 8.0 and SigmaPlot version 12.0 were used for
graphical analysis. One-way ANOVA using SigmaPlot version 12.0 was used to determine the level of
significance at 95% confidence level between measured values while R and R Commander Software
was used to determine the Pearson correlation between different parameters.

3. Results and Discussion
3.1. Mortality rate (MR)

A low mortality rate of 4.16% (4 deaths) was obtained in the case of T3R3 (50% palm oil mill
wastewater). This was probably due to the fact that water was changed after three days and the fact
that the young fingerlings could not adapt to the concentrated palm oil wastewater in the first week.
However, no death was recorded after the period to change the water was reduced to two days. No
death was observed in the other treatments of palm oil wastewater as well as slaughterhouse wastewater
and mixtures of the two wastewaters.

3.2. Influence of inclusion of slaughterhouse wastewater on the evolution of live body weight, weight
gain, fish length and length of catfish
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The result of weekly live body weight and weight gain of Clarias gariepinus grown in ponds with
the inclusion of wastewater from the slaughterhouse is presented in Figure 3a while results of weekly
weight gain of catfish are shown in Figure 3b. The result revealed that the highest weight gain was
obtained with the control (tap water) followed by treatment T2R1 (30% slaughter waste), T2R2 (40%
wastewater) and T2R3 (50% slaughter waste). At the end of six weeks of growth therefore, maximum
live body weight was in the order T1> T2R1> T2R3> T2R2 with corresponding values of 13.33 g,
12.00 g, 10.50 g and 8.00 g respectively. This same trend was observed for weight gain (Figure 3b)
9.939,8.609,4.60gand6.90 g for T1, T2R1, T2R2 and T2R3 respectively (order T1> T2R1> T2R3>
T2R2). Statistical analysis shows there was not a statistically significant difference (P = 0.759)
between the control and other treatments for both live body weight and weight gain. There was also
not a statistically significant difference (P = 0.464) between T2R1, T2R3 andT2R2. This statistical
analysis thus indicates that the slaughterhouse water can be used for fish farming just like tap water.
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Figure 3. Weekly evolution of Influence of slaughterhouse wastewater on a) live body
weight b) weight gain c) live body length, d) gain in length of African catfish as affected
by wastewater from the slaughterhouse.
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Results of the weekly trend on fish length as affected by the inclusion of slaughterhouse
wastewater (Figure 3c), revealed a steady increase in fish length with increase time with maximum of
13.20cminT1, 12.50 cm in T2R1, 13.30 cm in T2R2 and 13.10cm in T2R3. The live length is of the
order T2R2>T1> T2R3>T2R1. Meanwhile results of the weekly evolution in length gain of Clarias
gariepinus as affected by the inclusion of slaughterhouse wastewater are shown in Figure 3d. Results
revealed the control treatment dominating among other treatment during week 1 through week 3. From
week 3 onward treatment T2R2 dominated among all treatments closely followed by the control
treatments and T2R3. The weekly trends are due to the fish trying to adapt to pond conditions. The
maximum values of gains in length were 4.57 cm for the control, 4.50 cm for T2R1, 6.30 cm for T2R2
and 3.64 cm for T2R3, giving the order T2R2> T1>T2R1>T2R3. The trend in live length and length
gain are also similar but shows a variation with T2R1 and T2R3 treatments. As observed from Figure
3¢, T2R1 shows a steadily live length increase throughout the study period against T2R3 that also had
a steady increase up to week 6 followed by a sharp rise in the last week. This sharp rise in the last week
for the more concentrated T2R3 probably due to adaptation conditions for the fish. There is no
statistically significant difference (P = 0.341) between the control and other treatments for live length.
There was also not a statistically significant difference (P = 0.248) between the control and other
treatments for length gain.

Live body weight is in the order T1> T2R1> T2R3> T2R2 while live length is of the order
T2R2>T1> T2R3>T2R1. While there is a statistically significant difference (P < 0.001) between live
body weight and live length treatments, there is no statistically significant difference (P < 0.573)
between weight gain and length gain treatments.

3.3. Effect of palm oil mill wastewater on the evolution of live body weight, weight gain, fish length
and length of Clarias gariepinus fingerlings

Figure 4a illustrates the effect of inclusion of wastewater from palm oil mill on live body weight
of catfish. The results show that treatments with low concentration of palm oil wastewater had higher
live body weights (T1, the control and T3R1 with 30% palm oil mill wastewater) with 13.33 g for T1
and 14.0 g for T3R1. The live body weight of the fish in each of the treatments T3R2 and T3R3 was 9
g. However, there is no statistically significant difference (P = 0.986) between the control and other
treatments. The oily nature of this wastewater may be responsible for the reduced live body weight as
it prevents oxygen penetration into the pond at higher concentration. However, a high value of 14 g in
T3R1 suggests the palm oil wastewater contain some valuable nutrients for the fish. The order of live
body weight is T3R1>1 T1>3 T3R2=T2R3. The same trend for live body weight was also obtained for
weight gain (Figure 4b) as values of T3R2 and T2R3 were almost the same. Values for weight gain are
9.93¢,10.40¢g,5.40 gand 5.20 g for T1, T3R1, T3R2, T2R3 respectively giving the following order:
T3R1>1 T1>3 T3R2>T2R3. There is also no statistically significant difference (P = 0.955) between
weight gain in the control and the other treatments.

Figure 4c and 4d illustrate the weekly evolution of fish length as influenced by inclusion of palm
oil mill wastewater. Results obtained revealed a steady increase in live length (Figure 4c) and length
gain (Figure 4d) throughout the study period. For live length the following values were obtained; 13.20
cm, 12.76 cm, 13.70 cm and 13.50 cm for T1, T3R1, T3R2 and T3R3 respectively (T3R2>T3R3>T1>
T3R1). For length gain the values obtained are 4.57, 3.67, 4.70, 4.50 for T1, T3R1, T3R2 and T3R3
respectively (T3R2> T1> T3R3> T3R1). There is no statistically significant difference (P = 0.520) in
live length between the control and other treatments and same trend for length gain (P = 0.140).
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Figure 4. Weekly evolution of a) live body weight b) weight gain c) live body length d)
gain in length of African catfish as affected by wastewater from palm oil mill wastewater.

3.4. Influence of palm oil mill wastewater and slaughterhouse wastewater mixture on growth
performance of catfish

For every treatment tested, equal amounts of slaughterhouse and palm oil mill wastewaters were
mixed and effects on live body weight of fish is shown in Figure 5a while corresponding weight gain
is presented in Figure 5b. Similar to slaughterhouse and palm oil mill wastewaters studied separately,
their mixtures also show increase in live body weight with time in all treatment. However, the values
are very similar to those obtained with slaughterhouse 12 g for T2R1, 8 g for T2R2 and 10.50 g for
T2R3. The values obtained in this mixture are; 12 g for T4R1, 10 g for T4R3 and 8 g for T4R2
(T1>T4R1> T4R3>T4R2). These findings suggest conditions in the mixture were controlled by
slaughterhouse wastewater. There is no statistically significant difference (P = 0.872) in live body
weight between the control and other treatments employing mixtures of the two wastewater types
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tested. Similar trend is observed for weight gain using the mixtures of two wastewater types tested,
9.93 g for T1, 8.20 T4R1, 4.40 g for T4AR2 and 6.60 g for TAR3 (T1>T4R1> T4R3>T4R2). There is
also no statistically significant difference (P = 0,694) between weight gain in the control and the
treatments; T1, T4R1, T4R2, T4R3. The weight gain for slaughterhouse wastewater is of the order T1>
T2R1>T2R3> T2R2. This order is the same las that obtained with the mixture of the wastewater form
the slaughterhouse and palm oil mill; equally suggesting the properties of artificial ponds containing
different mixtures of these two wastewaters was controlled by properties of slaughterhouse wastewater.

Results presented in Figure 5c for live length and Figure 5d for length gain revealed a steady
increased during the study period with live length values of 13.20, 12.80, 12.70 and 12.50
corresponding respectively to T1, T4AR1 T4R2 and T4R3 (T1>T4R1>T4R2>T4R3) and length gain
values of 4.57 cm, 3.80 cm, 4.50 cm and 4.50 cm corresponding respectively to T1, T4R1 T4R2 and
T4R3 (T1> T4R2=T4R3>T4R1). However, it was observed that gain in length decreases with
combination of both wastewater sources. There is no statistically significant difference (P =0.134) in
live length, likewise length gain (P = 0.302) between the control and the other treatments.
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Figure 5. Effect of palm oil mill wastewater and slaughterhouse wastewater combination
on a) live body weight b) weight gain c) live body length, d) gain in length of catfish
(Clarias gariepinus).
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A summary of the maximum live body weight, weight gain, live length and length gain values
obtained from different wastewater treatments are presented in Table 1. It is observed from this table
that higher live body weight and weight gain values are obtained for TiR1 treatments involving 30%
wastewater Ti (defined in Table 1). The second observation is that the live length and length gain values
obtained are higher in TiR2 treatments with 40% wastewater. The fact that live body weight is high
with 30% wastewater suggests the studied wastewaters have nutrients that can enhance fish growth.
However, decrease in weight at high wastewater content is probably due to stress due to factors such
as high turbidity which reduces light penetration in the ponds and reduce dissolve oxygen needed by
the fish. The high live length and length gain values for 40% wastewater concentration confirms the
fact that stress may be responsible for reduction in weight at higher wastewater concentration because
the fish length is increasing meaning it is growing.

The results obtained in this study are similar to those of Ogunji and Awoke [26], who performed
a 56-day study to evaluate the effects of temperature changes on the survival, growth performance and
hematology of Clarias gariepinus fingerlings with an initial weight of 4.33 g. According to their
findings, 25-28°C is a suitable temperature range for the growth and well-being of Clarias gariepinus.
with optimum growth occurring at 26°C, with a final body weight of 13.10 g. The highest body
temperature in this study was obtained for treatments with 30% wastewater (TiR1) (Table 1) and the
control, where the temperatures were within the 26°C zone. Weight gain between this study performed
for 42 days and that of Ogunji and Awoke [26] performed for 59 days was very similar, with T3R1
being higher. Temperature is related to dissolved oxygen levels in water (Yosmaniar et al. 2021) [19].
If the temperature increases, the dissolved oxygen levels will decrease because with an increase in
temperature, fish metabolism will increase and the level of oxygen consumption is higher. The optimal
water temperature can therefore affect the rate of respiration and the metabolic rate, which greatly
affects the appetite of the fish to make the fish grow faster due to great improvements in FCR and FCE
(Kasihmuddin et al.) [27]. The temperature of water-based ecosystems is critical for guaranteeing the
existence, production and adequate metabolic activity of fish. Inability to get used to temperature
variations may result in fish mortality.

Awoke et al. [17] grew catfish using rainwater, bore hole water and well water for 28 days. The
highest weight gains (0.57 g) was obtained in borehole water, 0.37 g) well water 0.37 and lowest (0.18
g in rainwater. Their study also reported that total body length gain followed the same trend with values
of 1.08 for borehole water, 0.65 cm for well water 0.44 cm and rainwater. This trend according to the
authors is due to the fact that underground water is usually free from suspended matter, pollutants and
fish disease organisms and because its temperature and chemical composition are relatively constant.
In this study, the weight and length gains were significantly higher than those reported by Awoke et
al. [17] (Table 1) and Figure 3b. Figure 4b, 5b and 3d, respectively. Contrary to the results of Awoke
et al. [17], weight gain and length gain did not follow the same trend (Tablel). This difference was
probably due to the composition of the growth media.

Yosmaniar et al. [19] evaluated the optimal growth and survival performance of catfish reared
with the application of nitrifying and denitrifying bacteria NP2-DP1, nitrifying and denitrifying
bacteria NP2-DP2, commercial bacteria and without bacterial isolates (control) for 30 days. The
highest weight gain (12.36 grams was found in the treatment with nitrifying and denitrifying bacteria
NP2-DP1, whereas the lowest value of 10.03 grams was found in the control. Similar weight gain
values were obtained in the present study (Table 1). This trend was the same as the survival rate, where
catfish grown in the denitrifying bacteria NP2-DP1 treatment had a 95.56% survival rate and the lowest

AIMS Environmental Science Volume 10, Issue 6, 743-763.



754

survival rate of 80% in the control. They reported that the temperature of the water media in all the
treatments ranged from 26.8-32 to °C, which is suitable for catfish growth. They reported that it plays
an important role in the survival and growth of catfish. The pH value of water media in their study
ranged from 6.10 to 6.71, which is safe for catfish growth, as the water pH for catfish rearing ranges
from 6.5 to 9.0, with an optimal pH of around 7-8.5. The favorable growth in other treatments of their
study was also due to low nitrite and nitrate levels which were all < 0.06 mg/L and < 10 mg/L
respectively, the standard required for catfish water growth medium. These values were very high for
the control, 0.02-0.09 mg/L for nitrite and14.52 mg/L for nitrate. In this study nitrite and nitrate were
zero in all the media except palm oil wastewater (136.44 mg/L and 92.43 mg respectively for nitrate
and nitrite) (Table 2). The fact that 4.16 % mortality occurred in one of the treatments using palm oil
wastewater may be due to its high nitrite and nitrate content.

Ghozlan et al. [21] also studied effects of fresh water, agricultural drainage water and well water
on the growth performance of Nile tilapia for 192 days. The survival rates with fresh water and well
water were 98.53% and 98.31%, respectively; however, it was 95.05% with agricultural drainage
water. This trend was attributed to the water quality and temperature, which was within the temperature
range for fish farming and constant for well water throughout the year, and had the best quality of
water. A low mortality rate of 4.16% was obtained in the case of T3R3 (50% palm oil mill wastewater)
for this study with other treatments having a 100% survival rate, further suggesting that these
wastewater samples probably have some nutrients that enhance fish health.

Akinwole et al. [28] studied the growth performance of African catfish (Clarias gariepinus)
juveniles cultured with wastewater (collected from an earthen pond stocked with African catfish)
treated by solid removal, using alum and Moringa oleifera seeds as coagulants, with freshwater from
deep wells as the control. Their main finding was that a higher catfish survival rate of 93.33 % was
obtained with Moringa oleifera seed-treated water compared with the control (90.78 %) and 30 % with
alum-treated wastewater. Thus, the performance of catfish cultured in moringa-treated water was
similar to those raised in deep well water, but better than those cultured in alum-treated water. The use
of alum as a coagulant led to a significant reduction in the pH of the water, whereas the pH in moringa-
treated water was not affected. Similarly, Ubuoh et al. [29] observed that wastewater treated with
Moringa oleifera seeds did not exhibit pH fluctuations, irrespective of the dosage. This is due to the
ability of moringa seeds to remove solid waste without negatively impacting water quality.

Syaku and Solomon[30] investigated the effects detergent on the growth rate of C. gariepinus for
a period of 2 months. Although the pH and temperature in the study were all within the permissible
limits for catfish rearing, the detergent had a detrimental effect on the growth and survival of the
African catfish (C. gariepinus), with the highest mortality rate (43.3%) observed in catfish exposed to
9 mL of detergent and 23.3% lowest mortality rate observed in catfish exposed to 1 mL of detergent,
with no mortality occurring in the control. According to the authors, the reduction in the growth rates
of the exposed catfish supports the findings of Esenowo and Ugumba [31], who reported that sub-
lethal concentrations of a detergent in an aquarium tank reduced the weights of catfish (Clarias
gariepinus). This is caused by an increase in metabolism due to detoxification and impaired health,
which leads to loss of appetite and energy loss during exposure. Detergents have been discovered to
induce poisonous effects, such as xenobiotic compounds, which could be persistent and more mobile
in water; hence, they are known to be one of the most common terrestrial and aquatic contaminants.
Results of their study are contrary to this study which used slaughterhouse and palm oil mill
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wastewaters and further shows these wastewaters can be used for fish growth pending further
investigations.

Copatt et al. [32] also investigate the effects of exposure to low water hardness (0, 25 and 50mg
CaCOs L™) in the 6.0-8.0 pH range to silver catfish juvenile’s survival and growth after 32 days.
Juveniles kept at zero water hardness presented higher mortality at pH 7.0 and 8.0, than those subjected
to other treatments. The weight of juveniles exposed to pH 6.0 and zero water hardness was
significantly higher than those kept at the same water hardness and other pH values. The survival and
growth of juveniles exposed to 25 and 50 mg CaCOs L=! were not affected in the 6.0-8.0 pH range.
They recommended that the best water hardness for silver catfish juvenile growth is 25-50 mg CaCOs
L-1 and at low water hardness (next zero), pH must be reduced. In this study, hardness varied from 3.2
to 6.2 mg/L and pH was dominant between 6.6 to 7.5 for all treatments (Table 2). Neyjan et al [33]
studied the effect of different water hardness levels on growth indices, survival rate, hematological
parameters and water quality of Caspian Kutum (Rutilus kutum) fingerlings was investigated with six
water hardness treatments (350, 600, 650, 700, 800 and 900 mg of CaCO3) for 56 days. Water hardness
of 650 mg/L CaCOs led to the highest values of final weight, body weight gain and daily growth rate.

Table 1 Comparison of maximum values of growth performance parameters in different

media.

Pond water condition T1 TiR1 TiR2 TiR3
Live body weight (g)

Slaughterhouse water; i=2 13.33 12.00 8.00 10.50

Palm oil mill water; i=3 13.33 14.00 9.00 9.00

Slaughterhouse/palm oil mill water mixture; i=4 13.33 12.00 8.00 10.00
Weight gain (g)

Slaughterhouse water; i=2 9.93 8.60 4.60 6.90

Palm oil mill water; i=3 9.93 10.40 5.40 5.20

slaughterhouse/palm oil mill water mixture; i=4 9.93 8.20 4.40 6.60
Live length (cm)

Slaughterhouse water; i=2 13.20 12.50 13.30 13.10

Palm oil mill water; i=3 13.20 12.76 13.70 13.50

Slaughterhouse/palm oil mill water mixture; i=4 13.20 12.80 12.70 12.50
Gain in length (cm)

Slaughterhouse water; i=2 4.57 4.50 6.30 3.64

Palm oil mill water; i=3 4.57 3.76 4.70 4.50

Slaughterhouse/palm oil mill water mixture; i=4 4.57 3.80 4.50 4.50

3.5. Influence of wastewater type on fish growth media temperature and pH
3.5.1. Influence of slaughterhouse wastewater

The weekly trend in water temperature as affected by wastewater from the slaughterhouse is
shown in Figure 6a while Figure 6b shows variation in pH. From Figure 6a, it can be observed that
temperature was constant in the control at 25 °C and T2R2 at 28 °C but varied from 26 to 27 °C in
T2R1 and 25 to 26 °C in T2R3. Results revealed a temperature range from 25 °C to 28 °C.
Kasihmuddin et al. [34] reported that 26 °C to 32 °C water temperatures is very satisfactory for the
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growth of African catfish while Britz and Hecht [35] reported a high African catfish growth rate
between 25 and 33 °C with the maximum growth occurring at 30 °C. There is a statistically significant
difference (P <0.001) in pond water temperature between the different treatments, however, they were
all with the range required for catfish growth. The pH varied from 6.9 to 8 in T1, 6.7 to 7.6 in T2R1,
6.810 7.5in T2R2 and 6.9 to 7.3 in T2R3. Santhosh and Singh [36] have reported that ideal pH for fish
culture is between 7.5 and 8.5 and above and below this is stressful to the fishes. Observing the
different curves in Figure 6b shows pH was not stable in each treatment (as most values were out of
the ideal zone), hence possibly stressing the fish. However, there is no statistically significant
difference (P = 0.917) in the pH of the different treatments.
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Figure 6. Influence of slaughterhouse wastewater on fishpond water a) temperature b) pH.
3.5.2.  Influence of palm oil mill wastewater

The variation of temperature in adapted fish growth media containing palm oil wastewater is
shown in Figure 7a while pH variation is shown in Figure 7b. From Figure 7a temperature was constant
in T1 and T3R3 at 25 °C but varied from 26 to 27 °C in T3R1 and T3R2. The pH varied from 6.9 to 8
inT1,6.3t07.2inT3R1, 61to 7.2 in T3R2 and 6 to 7.5 in T3R3. There is no statistically significant
difference (P = 0.650) in pH values between the different treatments. The growth performance
parameters for T3R2 and T3R3 were very similar (Table 2) suggesting the pH role of influencing fish
growth in fishpond. Meanwhile there is a statistically significant difference (P < 0.001) in pond water
temperature between the different treatments.
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Figure 7. Influence of palm oil mill wastewater on fishpond water a) temperature b) pH.

3.5.3.

Influence of palm oil mill and slaughterhouse wastewater mixture

Figure 8a illustrate the weekly trend in water temperature as affected by combination of
wastewater from the slaughterhouse and palm oil mill. Results revealed a temperature range from 24
to 25 °C in T4R1, 26 to 27 °C in T4R3 and constant temperature of 25 °C in T1 and T4R2. There is a
statistically significant difference (P < 0.001) in temperature between the treatments. pH varied from
6.8 to 7.5 in T4R1, 7.5 to 8 in T4R2, 7.2 to 7.5 in T4AR3 (Figure 8b). There is not a statistically
significant difference (P = 0.064) in pH values between the treatments. T4R2 had pH values within the
ideal range for catfish growth [37] but the fact that it had the least body weight suggest other
components of the pond influenced the growth performance in this medium.
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Figure 8. Influence of palm oil mill/slaughterhouse wastewater mixture on fishpond water
a) temperature b) pH.
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3.6. Physico-chemical properties of the water media used

The results of the physico-chemical parameters of the water samples are shown in Table 2, where
it is observed that apart from the chloride and hardness in the ponds involving wastewater and tap
water samples, all other parameters were above the reference values for fishponds [37]. The high BOD
(Biological oxygen demand) and COD (chemical oxygen demand) in tap water compared to treatments
with wastewater samples may be due excreta of the fish, feed use or high organic matter [38]. The low
turbidity value in the tap water permitted light into the pond, permitting a healthier environment for
the fish to feed and leading to generation of more excreta.

Pearson correlation coefficient was used to determine the effects of different parameters on the
live body weight and live length of fish and the results are presented in Table 3. From this table it can
be seen that there was a slight negative correlation between live body weight and Tap water, all
treatments containing slaughterhouse water and palm oil wastewater. There was also a slight negative
correlation between live length and tap water as well as slaughterhouse wastewater. However, there is
a strong positive correlation between live body weight and live length with wastewater samples
containing mixtures of slaughterhouse and palm oil wastewaters. Salinity is defined as the total
concentration of electrically charged ions (cations —Ca*™*, Mg**, K*, Na*; anions -COs?", HCO3~, SO4",
Cl~and other components such as NOs~, NH4* and PO47). According to Jamabo [39], salinity is a major
driving factor that affects the density and growth of aquatic organism’s population. The total amount
of salinity contributed by each treatment (SO4~, CI~ CO3?~, HCO3~, NO3~, N and hardness) is 1014.95.
1716.35. 947.85. 651.14 for T1, T2, T3 and T4. This shows that salinity was the controlling factor for
fish growth in the ponds as T4 had the lowest value with strong r values and followed by T3.

There was a strong positive correlation between the duration of the study and the live body weight
and live length for all treatments, with highest live body weight of r = 0.99 in T4R2 and highest live
length of 0.996 in T2R1 (Table 3). This demonstrates that the different treatments could continue to
support fish growth for as long as possible as no death was recorded during the period of study.

A positive correlation was obtained for tap water while negative correlation was obtained for other
treatments with slaughterhouse wastewater between the pH of the pond water and the live body weight
(r=0.52,-0.56,-0.47 and -0.50 for T1, T2R1, T2R2 and T2R3 respectively), as well as the live length
(r=0.48, -0.37, -0.09 and —0.34 for T1, T2R1, T2R2 and T2R3 respectively), Table 3. Meanwhile a
positive correlation was obtained for all T3 treatment for both live body weight and live length. There
was a positive correlation with pH and live body weight as well as live length for T4R2, a strong
negative correlation for 4TR1 and weak correlation for T4R3. The positive correlation for T4AR2 shows
that there is a maximum mixture of slaughterhouse and palm oil mill wastewaters that gives better
conditions for fish growth. As presented in section 3.4.3, T4R2 had pH values within the ideal range
for catfish growth.

From Table 3, there was no correlation between live weigh, live length and temperature in T1,
T2R2, T3R3 and T4R2 but positive correlation between temperature and live body weight for T2R1
and T3T1. Weak correlation was obtained between temperature and other treatments suggesting
temperature condition were generally within the acceptable limits for fish growth. As said in section
3.5.1, 26 °C to 32 °C water temperatures is very satisfactory for the growth of African catfish with the
maximum growth occurring at 30 °C as temperatures in this study varied from 25 to 28 °C.
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Table 2. Physicochemical parameters of the fishpond composite water used.

Parameter Wastewater type Reference values for
Tl T2 T3 T4 fishponds [38]

SO4(mg/L) 617.13 1234.25 349.7 O 250

Alu (mg/L) 2.16 1.44 5.04  2.88

Fe(mg/L) 0.22 2.58 16.38 6.8 0.30

Carbonate (mg/L) 80.24 13.2 83.28 49.2 2.5-10

Bicarbonate ions (mg/L) 18 22.5 29 375 0.2 (cap)

Cl(mg/L) 56.8 39.05 78.1 71 250

NTU(NTU) 10 480.5 84.5 193.5 5-25

Cond(uS/Cm) 330 360 1510 770 200

P(mg/L) 169.38 396.75 93.13 480.24 0.30-2

NOs(mg/L) 0 0 136.44 0 45

N(mg/L) 70 7 175 7

COD(mg/L) 5600 4160 2200 2520 <10

BODs(mg/L) 3600 3200 2500 2640 <10

NO2(mg/L) 0 0 9243 0 <0.02

Hardness (mg/L) 3.4 3.6 3.2 6.2 2.5-20

Notes: T1 (tap water), T2 (slaughterhouse wastewater using the composite sample made composed of T2R1, T2R2, T2R3),
T3 (palm oil mill wastewater using the composite sample made composed of T3R1, T3R2, T3R3 and T4 (mix
slaughterhouse and palm oil mill wastewaters using the composite sample made composed of T4R1, T4R2, T4R3).

Table 3. Pearson’s correlation coefficient between fish growth parameter (Live body
weight and light length) and different treatments tested.

Growth media Tl T2R1 T2R2 T2R3 T3R1 T3R2 T3R3 T4R1 T4R2 T4R3
Parameter Pearson coefficientCorrelation of live body weight, live length with period of growth
Live body weight r 095 098 095 097 087 097 095 092 099 0.93
Live length r 096 0.996 0.97 0.96 095 093 094 098 098 094
Correlation of live body weight, live length with Composition of wastewater
Live body weight r -0.39 -0.23 -040 -0.35 -0.23 -042 -046 098 0.86 0.92
Live length r -041 -0.23 -0.27 -043 061 074 074 067 073 0.90
Correlation of live body weight, live length with pH of growth media
Live body weight r 052 -056 -047 -050 091 069 028 -0.83 057 -043
Live length r 048 -0.37 -0.09 -0.34 083 043 020 -095 049 -0.27
Correlation of live body weight, live length with Temperature of growth media
Live body weight r NA 0.615 NA -062 0.76 -0.76 NA -0.09 NA -0.26
Live length r NA -0.27 NA 043 -0.31 025 NA 0.007 NA -0.40
NA = no effect.

4. Conclusions

In this study the feasibility of using wastewaters from slaughterhouse and palm oil mills for fish
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growth was investigated. Each wastewater type was diluted three time 30%, 40% and 50% and tap
water serving as the control were used as ponds and catfish grown within them for six weeks period.
The pH and temperature of the ponds were monitored weekly. Live body weight, weight gain, live
length and length gain were used to test fish growth performance in the artificially created ponds.
Statistical analysis shows there was not a statistically significant difference between the control and
other treatments for both live body weight and weight gain as well as live length and length gain for
the treatments of each wastewater type. However, there was a statistically significant difference
(P <0.001) between live body weight and live length in slaughterhouse wastewater treatments but no
statistically significant difference (P < 0.573) between weight gain and length gain. This same trend
was obtained for wastewater mixture treatments containing slaughterhouse and palm oil. Most of the
physicochemical parameters of the water samples were apart from the chloride and hardness in the
ponds involving wastewater and tap water samples above the reference values for fishponds. However,
Pearson’s correlation coefficient shows that salinity contributed by each treatment from the ions SO47,
Cl~ COs%, HCO3~, NOs~, N and hardness were 1014.95. 1716.35. 947.85. 651.14 for T1 (control), T2
(slaughterhouse wastewater, T3 (palm oil mill waster and T4 (mixture of the two wastewaters)
respectively. This shows that salinity was the controlling factor for fish growth in the ponds as T4 had
the lowest value with highest r values and followed by T3 (Table 3). From this result it is a clear that
the different wastewater sources and their combination did not significantly have a negatively effect
on the growth performance of the catfish. It is therefore evident that these wastewaters can be used in
fish production as the aquaculturist can reduce the cost of fish production and the environment is less
polluted by recycling these wastewaters. However, more studies are needed to determine the nutrients
in the fish fed with these wasters for better field applications.
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