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Abstract. The aquaculture industry is increasing worldwide. However, many negative impacts have been
associated with aquaculture effluent especially in the form of water pollution to the receiving water body.
Hence, the aim of this study was to determine the effects of aquaculture effluents mainly from Clarias
gariepinus (African Catfish) pond farm on the water quality of Kesang River in Malacca. Three sampling
stations were selected at the fish farm. The parameters involved in the monitoring are dissolved oxygen
(DO), pH, total dissolved solids (TDS), conductivity, biochemical oxygen demand (BOD), chemical
oxygen demand (COD), total suspended solid (TSS), ammonia-nitrogen (NHs-N), nitrite, nitrate, total
nitrogen and phosphate. The water quality index was calculated to monitor the quality of the river.
Results showed that there were slight effects of aquaculture effluent to the river. It is suggested that the
effects of aquaculture effluents are studied according to seasons and the variables are monitored
continuously to determine the actual effects of the effluents.
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Introduction

Agquaculture has been considered as an alternative to assist the world food security
issue (Kobayashi et al., 2015) due to the increasing demand for seafood (Nadarajah and
Flaaten, 2017). In 2014, the total global aguaculture production was 101.1 million tons,
which was valued at US$ 165.8 billion where Asia dominates this production as much
as 88.91% in volume (Nadarajah and Flaaten, 2017). Malaysia is also promoting
aquaculture as an important engine in growing the national economy. Malaysia’s
aquaculture industry has been developed since 1920’s involving three practices, which
are freshwater, brackish-water and marine aquaculture (Hamdan et al., 2015).

Aguaculture in Malaysia includes freshwater and marine fishes, aquatic plants,
mollusks and crustaceans (Dauda et al., 2018). This industry has increased consistently
with the sum production at the end of 2015 was at 506,465.25 tonnes, which valued
about RM 3,296,463 ($US 756,937) (Dauda et al., 2018). In Malaysian production,
more than 30 finfish species are farmed, dominated by the African catfish and followed
by red (hybrid) tilapia, sea bass, Pangasius sp., and red snapper (Department of
Fisheries, 2016). African catfish, Clarias gariepinus is an exotic fish species in
Malaysia. It was introduced from Thailand between 1986 and 1989 through aquaculture
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sector (Dauda et al., 2018). This non-native catfish is a fast grower fish, highly disease
resistant and favored by the local people (Adan, 2000).

However, there are studies that report the aquaculture industry displays a variety of
adverse impacts on the environment such as ecosystem degradation, land erosion, food
chain pollution and water pollution (Ottinger et al., 2016). The adverse effects of
aquaculture effluents are one of the significant impacts due to lack of enforcement on
effluent discharge from aquaculture to the receiving river. According to Cao et al.
(2007), effluents discharge without treatment into the receiving water is due to poor
management of shrimp and fish farms, thus lead to environmental deterioration.

Rivers are the main source for raw water supply in Malaysia, supplying more than
90% of the country’s water requirements (Hassan et al., 2018). The increasing
population and expanding urban areas in Melaka State has caused a gradual rise in
demand for water consumption (Daneshmand et al., 2011; Hazmi and Hanafiah, 2018).
Melaka State is the third smallest state in Malaysia. Three dams and three reservoirs are
the main water resources in Melaka (Tengku Azzlan et al., 2016). The Kesang River
and Malacca River provide a total of 80 - 90% of the water supply in Melaka. The
remaining 10 - 20% is imported from the Gerisik River of Johor (Malaysian Water
Association, 2008). Kesang River is one of the main raw water supplies in Melaka
State. There is a semi-commercial catfish pond farm located nearby the river, where the
effluent is directly discharged to the Kesang River. The effluent discharged from fish
ponds has a great impact on effective water treatment, which is due to the amount of
organic material load, nutrients like nitrogen and phosphorus released to surface water
(Teodorowicz, 2013). Water treatment in Malaysia mostly uses conventional water
treatments which can only treat raw water that does not violate the National Water
Quality Standards (NWQS). Raw water treatment at most water treatment plants is
limited to coagulation, sedimentation, filtration and disinfection, which do not include
treating the organic materials (Tengku Azzlan et al., 2016).

In 2010, a total of 1,055 water quality monitoring stations were monitored in
Malaysia and it was found that 10% of these stations are polluted (Amneera et al.,
2013). The water resource available may not be adequate to supply water to all
consumers due to river pollution (Ashraf and Hanafiah, 2018; Harun and Hanafiah,
2018). Therefore, water quality monitoring is vital in Malaysia to identify the existing
problem or emerging issues in the future. Monitoring the aquaculture effluents can be a
valuable tool for guiding management actions to improve river conditions. Hence, this
study was conducted to determine the impact of Clarias gariepinus pond farm effluent
on physicochemical parameters of Kesang River in Malacca.

Materials and methods
Study area

The study was conducted in Sungai Kesang, Jasin, Malacca which is located in the
west coast of Peninsular Malaysia between the latitude of 2°19'45.1"N and longitude of
102°23'54.7"E. Kesang River supplies 54 million liters of raw water daily to the state
(Tengku Azzlan et al., 2016). The average annual runoff depth is about 500 - 600 mm
(Shirazi et al., 2013). The length of the Kesang River is about 35 km, running through
Jasin Town as a dividing line and a border between the southern states of Malacca and
the state of Johor. Kesang River also passes through palm oil plantations. A large
proportion of the land near the river is used for growing palm oil trees. Industrialization
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is restricted to around Jasin Town because Kesang River is gazetted as a catchment
area. In this study, three sampling stations were selected along the river, first at the river
before the farm, the second at the outlet of the farm, and finally is at the river after the
farm. The sampling station is shown in Figure 1.
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Figure 1. Sampling station map where S1 is Station 1, S2 is Station 2 and S3 is Station 3

Physicochemical analysis

The data were obtained through sampling and laboratory work. The data obtained
were collected six times from December 2017 to June 2018. The selected sampling
stations were upstream of the river before the farm (Station 1), catfish pond farm
effluent outlet (Station 2) and downstream of the river after the effluent outlet (Station
3). The selected water quality parameters used in this study include dissolved oxygen
(DO), pH, total dissolved solids (TDS), conductivity, biochemical oxygen demand
(BOD), chemical oxygen demand (COD), total suspended solid (TSS), ammonia-
nitrogen (NHs-N), nitrite, nitrate, total nitrogen and phosphate. The WQI formula
(Department of Environment, 2011) used to determine of the water quality at Kesang
River is as follows (Eq. 1):

(Eq.1)

where WQI is water quality index, SIDO is dissolved oxygen subindex, SIBOD is
biological oxygen demand subindex, SICOD is chemical oxygen demand subindex,
SIAN is ammonia-nitrogen subindex, SISS is suspended solid subindex, and SIpH is pH
value subindex. WQI classification is illustrated in Table 1. The method used for each
parameter is summarized in Table 2.

W@l = 022 X 5ID0 + 0,19 < SIBOD + 016 x 5IC00 + 0,15 % 5TAN + 0,16 x 5155 + 0,12 x SipH
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The water samples were kept in 1L polyethylene bottles and preserved with 65%
nitric acid until the pH of the samples reached pH 2. Then, the water samples were kept
in 4°C until further analysis. The analysis was conducted within 24 hours after
sampling.

All data were expressed in average + standard deviation. Data were analyzed using
Statistical Package for Social Science (SPSS, version 22) software. One-way ANOVA
was conducted for comparing water quality parameter at different sampling stations.
Tukey’s HSD test was conducted for post hoc test. The significant value for the data
analyzed was set at p < 0.05.

Table 1. WQI classification

Class Uses

I e  Conservation of natural environment.

e  Water supply I: Practically no treatment required (except
e by disinfection or boiling only).

e  Fishery I: Very sensitive aquatic species.

A e  Water supply Il — Conventional treatment required.
e  Fishery Il - Sensitive aquatic species.
1B e  Recreational use with body contact.

1| e  Extensive treatment required.

e  Fishery Ill: common of economic value and tolerant species; livestock drinking.
v e lrrigation.

\% e None of the above.

Source: Department of Environment, 2006

Table 2. Methods used for each parameter

Parameters Methods Instrument
DO e YSIPro DO Meter
pH e  pH meter HI8424
Temperature e  pH meter HI8424
Conductivity e AZ8306 Conductivity / TDS
/ Salt meter RS232
TDS e  AZ8306 Conductivity / TDS
/ Salt meter RS232
BOD BODs (APHA 1999) e DO Meter (YSI 5000)
CoD Method 5220D Closed Reflux Method; e HACH DR2800
Colorimetric Method (APHA, 1992) Spectrophotometer
e COD Reactor
NH3s-N Direct Nesslerization (ASTM, 2008) e HACH DR2800
Spectrophotometer
TSS Photometric method (Krawczyk & e HACH DR2800
Gonglewski, 1959) Spectrophotometer
Nitrite Diazotization Method (Federal Register, e HACH DR2800
1979) Spectrophotometer
Nitrate Method 4500-NO3 Cadmium Reduction e HACH DR2800
Method (APHA, 1992) Spectrophotometer
Total Nitrogen Method 4500-N Persulfate Method (APHA, e HACH DR2800
2005) Spectrophotometer
e COD Reactor
Phosphate Method 4500-P Ascorbic Acid Method e HACH DR2800
(APHA, 2005) Spectrophotometer
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Results

All monitored physicochemical parameters were not diverse throughout the whole
investigation period at all locations. The mean values of all studied parameters have
been compared to the acceptable value of the Recommended Raw Water Quality
Criteria which has been developed by the Ministry of Health Malaysia (Ministry of
Health Malaysia, 2010). The classifications of water quality according to the Water
Quality Index (WQI) were at class 11l for both river sampling stations, indicating that
these stations need to be extensively treated but are suitable for irrigation and
agriculture. The results of the study indicated that the effluent from the catfish pond
farm have no significant impacts on water quality variations.

As shown in Figure 2a, the range of DO concentrations was from 32.5% at sampling
Station 2 to 75.6% at sampling Station 1. The Ministry of Health Malaysia (2010) has
no specific guide on DO. However, based on the National Water Quality Standards
(NWQS) for Malaysia, DO values on sampling Station 1 and 3 are in class Il, while DO
values at sampling Station 2 is in class IV (EPA, 2008). ANOVA test showed that there
was significant difference (p < 0.05) of DO concentrations between sampling stations.
A post hoc Tukey’s HSD test showed that Stations 1, 2 and 3 differed significantly at p
< 0.05. However, there were no significant difference (p > 0.05) in the mean of DO
levels between Station 1 and Station 3.

This study showed that the pH value ranged from 6.44 at sampling Station 3 to 7.02
at sampling Station 2 as shown in Figure 2b. The one-way analysis of variance
(ANOVA) test showed that there was no significant difference (p > 0.05) for the pH
values between all the sampling stations.

a Dissolved Oxygen (DO) b pH
7555 _
100,00 66,07 it
_ 80,00
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©  40.00 Minimum value
[=] : Fecommended
20,00 by MOH
0,00 — 1\ [ imum value
S1 s2 S3 : s1 © &3 Recommended
by MOH

Sampling points Sampling points

Figure 2. (a) Average of DO concentrations for three sampling stations;(b) pH values for three
sampling stations, where; the upstream before African Catfish pond farm outlet (S1), African
Catfish pond farm outlet (S2) and the downstream after African Catfish pond farm outlet (S3)

Values in average * standard deviation (n = 6)
Standard from MOH is not available for DO parameter

Figure 3a shows the mean value of temperature for all three sampling stations. The
range of temperature value was from 27.1°C to 28.5°C. The highest value was recorded
at Station 1 and the lowest value was found at Station 2. However, ANOVA test showed
that there were no significant differences (p > 0.05) between each sampling station.

The results also showed that conductivity ranged from 87.41 uS/cm to 243.34 uS/cm
(Figure 3b). The lowest value was recorded at Station 1, while the highest value has
recorded at Station 2. The conductivity level lies within the acceptable value of the
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Recommended Raw Water Quality Criteria. The ANOVA test showed that there were
no significant differences (p > 0.05) between each sampling station.

It was found that TDS values were ranged from 43.84 mg/L to 121.44 mg/L as
shown in Figure 4a. The highest concentration of TDS was observed at Station 2, while
the lowest concentration was obtained at Station 1. All the concentrations were still
below the maximum value of the Recommended Raw Water Quality Criteria. The
ANOVA test showed that there were no significant differences (p > 0.05) between all
sampling stations.
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Figure 3. (a) Temperature values for three sampling stations; (b) Conductivity values for three
sampling stations, where; the upstream before African Catfish pond farm outlet (S1), African
Catfish pond farm outlet (S2) and the downstream after African Catfish pond farm outlet (S3)

Values in average + standard deviation (n = 6)
Standard from MOH is not available for temperature parameter
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Figure 4. (a) TDS concentrations for three sampling stations; (b) NH3s-N concentrations for

three sampling stations, where; the upstream before African Catfish pond farm outlet (S1),

African Catfish pond farm outlet (S2) and the downstream after African Catfish pond farm
outlet (S3), Values in average + standard deviation (n = 6)

The highest ammonia-nitrogen (NHs-N) concentration was observed at 13.38 mg/L
at Station 2. The lowest NH3-N concentration was found at 0.32 mg/L at Station 1.
Figure 4b showed that only Station 2 violates the Recommended Raw Water Quality
Criteria acceptable value. The ANOVA test showed there were no significant
differences (p > 0.05) between each sampling station.

This study also showed that the highest amount of BOD at 39.83 mg/L was observed
at Station 2. The lowest BOD amount at 4.99 mg/L was recorded at Station 1. ANOVA
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test showed that there was significant difference (p < 0.05) of BOD concentrations
between sampling stations. A post hoc Tukey’s HSD test showed that Stations 1, 2 and
3 differed significantly at p < 0.05. Figure 5a showed that only Station 2 had abused the
acceptable value of the Recommended Raw Water Quality Criteria. BOD amount at
Station 3 was on the border line of the Recommended Raw Water Quality Criteria
maximum value.

COD ranged from 91.28 mg/L to 397.39 mg/L as shown in Figure 5b. The highest
level of COD was recorded at Station 2 and the lowest at Station 1. All three sampling
stations violated the Recommended Raw Water Quality Criteria acceptable value.
ANOVA test showed that there were no significant differences (p > 0.05) between each
sampling station.

Biochemical Oxygen Demand (BOD) 1000.00 1 Chemical Oxygen Demand (COD)
<0.00 800,00
~ 60,00 <)
: m BOD B0 J
= 50,00 2 600,00
g 40,00 =
A 30,00 8 400,00 1
© 20,00 —NOH b
10,00 Standard 200,00 A
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S1 52 83 0,00 A
.
Sampling points b s1 82 83
Sampling points

Figure 5. (a) BOD concentrations for three sampling stations; (b) COD concentrations for

three sampling stations, where; the upstream before African Catfish pond farm outlet (S1),

African Catfish pond farm outlet (S2) and the downstream after African Catfish pond farm
outlet (S3), Values in average + standard deviation (n = 6)

This study observed that the range of TSS were between 37.44 mg/L to 468.17 mg/L.
The highest concentration of TSS was recorded at Station 2, while the lowest
concentration was recorded at Station 1 as shown in Figure 6a. Analysis using ANOVA
test showed there were no significant differences (p > 0.05) between each sampling
station. The Ministry of Health Malaysia (2010) has no specific guideline on TSS.

Figure 6b shows the mean value of phosphate for all three sampling stations. The
range of phosphate concentrations were from 0.33 mg/L to 5.38 mg/L. The highest
value was recorded at Station 2 and the lowest value was recorded at Station 1. Station 3
recorded a higher phosphate concentration than Station 1. ANOVA test showed that
there was significant difference (p < 0.05) of phosphate concentrations between
sampling stations. A post hoc Tukey’s HSD test showed that Stations 1, 2 and 3 differed
significantly at p < 0.05. There is no guideline set by the Ministry of Health Malaysia
(2010) on maximum concentration of phosphate as well.

This study showed that the highest nitrite concentration was at 0.24 mg/L at Station
2. Meanwhile, the lowest concentration of nitrite was at 0.015 mg/L at Station 1. There
were no significant differences (p > 0.05) between each sampling point based on
ANOVA test. As seen in Figure 7a, even though the concentration of nitrite at Station 3
was higher than Station 1, the increase was very minimal. However, there is no
guideline set by the Ministry of Health Malaysia (2010) on maximum nitrite
concentration.
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Nitrate concentrations ranged from 90.76 mg/L to 142.89 mg/L. The highest and
lowest concentrations have been observed at Station 2 and Station 1, respectively. The
concentration of nitrate at Station 3 was slightly increased after passing through the fish
pond farm. However, there were no significant differences (p > 0.05) between each
sampling station using ANOVA test. Figure 7b shows that all three sampling points
violated the Recommended Raw Water Quality Criteria acceptable value.
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Figure 6. (a) TSS concentrations for three sampling stations; (b) Phosphate concentrations for
three sampling stations, where; the upstream before African Catfish pond farm outlet (S1),
African Catfish pond farm outlet (S2) and the downstream after African Catfish pond farm

outlet (S3), Values in average + standard deviation (n = 6)
Standard from MOH is not available for TSS and phosphate parameter
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Figure 7. (a) Nitrite concentrations for three sampling stations; (b) Nitrate concentrations for
three sampling stations; (c) Total nitrogen concentrations for three sampling stations, where;
the upstream before African Catfish pond farm outlet (S1), African Catfish pond farm outlet
(S2) and the downstream after African Catfish pond farm outlet (S3)
Values in average * standard deviation (n = 6)
Standard from MOH is not available for nitrite and total nitrogen parameter
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This study showed that the highest concentration of total nitrogen was at 512.95
mg/L at Station 2, while the lowest concentration at 60.29 mg/L at Station 1 as shown in
Figure 7c. ANOVA test showed that there was significant difference (p < 0.05) of
phosphate concentrations between sampling stations. A post hoc Tukey’s HSD test
showed that all sampling stations differed significantly at p < 0.05. There is no
guideline set by the Ministry of Health Malaysia (2010) on maximum concentration of
total nitrogen.

The WQI calculation of the water classification for Station 1 and Station 3 were
reported to be in Class Ill. Class Il is defined as moderately polluted where the water
needs to be treated extensively.

Discussion

Dissolved oxygen (DO) is of uttermost importance in water quality, because it is
essential for aerobic respiration (Boyde, 2015). Low DO concentrations at sampling
Station 2 was due to the presence of high organic materials resulting from overfeeding
of fish (US Environmental Protection Agency, 1974). DO concentration at sampling
Station 3 was lower Station 1 due to the release of organic and inorganic pollutants as of
biological matters from Station 2. However, the result of this research showed that the
pollutants released from the fish farm had slightly decreased the DO levels of water that
passed through it.

The pH of aquatic systems is an important criterion of the water quality in the
watershed areas (Yisa and Jimoh, 2010). The value is used to determine the level of
alkalinity or acidity of water (Hanafiah et al., 2018). The results were within the pH
range of the Recommended Raw Water Quality Criteria (Ministry of Health Malaysia,
2010). The results in this study were in agreement to the study conducted by
Teodorowicz (2013) where pH value had dropped after the water passed through the
studied catfish pond farm. It was reported that the pH decreased due to the increase of
feeding fish respiration rates, which increased the content of free CO2. However, the pH
values were still in the normal range of natural water pH that is 6 — 9 (Boyde, 2015) and
is considered safe to aquatic organism (Teodorowicz, 2013). The extreme values of pH
can cause destruction to the sensitive aquatic organism (Hassan et al., 2018).

The temperature of river water is an important characteristic for aquatic system
because it could affect dissolved oxygen levels, species composition, chemical and
biological activities (Shuhaimi-Othman et al., 2007; Hanafiah et al., 2018). This study
showed that the temperature at the upstream sampling point is higher than downstream
sampling point. This was not in line with the study conducted by Al-Badaii et al.
(2013) in which the study found that temperature values increased from upstream to
downstream. The concentrations of temperature recorded in this study were
approximately comparable to the study reported for Malacca River (range 26°C-32°C)
by Hua (2017). In general, weather conditions, sampling time and location are the
factors that could give impact on the increase or reduction of temperature values (Al-
Badaii et al., 2013). The weather conditions during the sampling time is shown in
Table 3.

Conductivity is a substance’s capability to carry an electrical current (Boyde, 2015).
Conductivity in water was conveyed by inorganic dissolved solids such as calcium,
chloride, aluminum cations, nitrate, sulfate, iron, magnesium and sodium (Al-Badaii,
2011; Boyde, 2015). It is also influenced by temperature and organic compounds such
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as oil, alcohol, phenol and sugar (Al-Badaii, 2011). According to Al-Badaii et al. (2013)
and Laila et al. (2018), most freshwater conductivity ranges from 10 to 1000 uS/cm.
Kesang River showed that the level of conductivity was lower than the study conducted
in Malacca River (Hua, 2017) where the conductivity levels had ranged from 109.60
uS/cm to 1950.72 uS/cm. Harun et al. (2010) stated that the conductivity level in the
water that receives pollution can exceed 1000 uS/cm.

Table 3. Weather conditions during the sampling time

Sampling months Rainfal (mm) Temperature (°C)
December 2017 0.0 26.4
January 2018 22.9 26.5
February 2018 0.0 28.0
March 2018 0.2 259
May 2018 0.0 285
June 2018 4.1 25.9

Source: Meteorology Department of Malaysia, 2018

Dissolved solids are tiny particles considered to be in true solution. Dissolved solids
contain largely inorganic and some organic compounds (Boyde, 2015). A slight increase
of TDS concentration was observed in Station 3 after the water had passed through the
fish pond farm. TDS concentration in the river was due to the human activities along the
river and suspended matter from overflow water (Al-Badaii et al., 2013). The TDS
concentrations in Kesang River were much lower compared to TDS level observed in
Malacca River (Hua, 2017) where the study reported that the TDS had ranged from
77.22 mg/L to 10444.61 mg/L. TDS concentration of less than 1000 mg/L in water can
be used for drinking and irrigation (Oyem et al., 2014).

The presence of ammonia is due to the presence of decomposing urea, feces and
organic matter since that is the initial product of the decomposition of nitrogenous
organic wastes and respiration (Zweig, 1999). High NHz-N concentration can be toxic
to aquatic organisms, but it could provide nutrients for growth of algae in small
quantities (Corwin et al., 1999). However, the ammonia toxicity is influenced by the
increase in temperature, pH and decrease of DO (Zweig, 1999).

Biochemical oxygen demand (BOD) concentrations show the amount of dissolved
oxygen used for the decomposition of organic matter by microorganisms (Boyd and
Tucker, 2014). Typical BOD amount at pond aquaculture effluent is 10 — 30 mg/L
(Suratman et al., 2015). BOD amount at Station 2 slightly exceeded the typical amount
of BOD at pond aquaculture effluents. This is because there are many organic materials
that can be broken down by microorganisms and this process requires dissolved oxygen
(Asman et al., 2017). The sources of the organic matters are fertilizer, animal farm
waste and septic system (Al-Badaii et al., 2013).

Chemical oxygen demand (COD) is the amount of dissolved oxygen required by the
oxidizing agent of all the organic matter found in the body of water that produces CO-
and ammonia as a product (Din et al., 2012). COD readings will be compared directly
with the BOD reading to distinguish between the value of oxidized material in terms of
biological and chemical oxidizing substances (Suratman et al., 2005). Usually, COD
reading value is higher than BOD value. This is because it will go through the oxidation
process and almost all organic matter will be oxidized (Vesilind et al., 1988). The
concentration of COD in unpolluted water is usually less than 20 mg/L (Hassan et al.,
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2018). Thus, the high level of COD indicates the high level of water pollution in the
study area (Waziri and Ogugbuaja, 2010) where there were occurrences of organic and
inorganic matter oxidation (Hassan et al., 2018).

Total suspended solid (TSS) is defined as the total amount of organic and inorganic
particles scattered in water (United States Environmental Protection Agency, 2003).
According to Rosli et al. (2010), TSS level of less than 30.0 mg/L was considered low
and TSS level of more than 50.0 mg/L was considered high value. The Department of
Environment, Malaysia (2006) sets the maximum value of TSS in rivers as 150 mg/L.
The river sampling points in this study did not violate the guideline set by Department
of Environment (2006). High suspended solids concentrations can lower water quality
by absorbing light and increasing the water temperature, making the ability of the water
to hold oxygen needed for aquatic life to be reduced (Vesilind et al., 1988). TSS was
also linked to nutrients, metals and chemicals transported by the river from
anthropogenic activities (Rosli et al., 2010).

Phosphate in aquaculture effluents was continuously supplied by the decomposition
of uneaten feed and feces (Boyd, 1998; Jegatheesan et al., 2011). Lin et al. (2002)
reported that the range of phosphate concentrations in aquaculture effluent were 3.1
mg/L — 17.7 mg/L. The phosphate concentration at Station 2 was in line with the study
reported by Lin et al. (2002). The high level of phosphate in water body is associated
with the occurrence of eutrophication (WHO, 1998).

Nitrite is formed through a nitrification process primarily as an intermediary in
converting ammonia to nitrate (Zweig, 1999). According to Boyd (2015) and Zweig
(1999), high concentration of nitrite is uncommon in aquatic system because nitrite is
quickly oxidized to nitrate. Usually, the presence of nitrite is below 0.05 mg/L in
oxygenated water. However, the nitrite concentration at Station 2 was above 0.05 mg/L
which might be due to low DO concentration (Boyd, 2015). Nitrite is toxic to aquatic
animals when the concentration reaches 1 mg/L and above.

Nitrate is the final oxidation product of nitrogen which is very mobile in water (Al-
Badaii et al., 2013; Hassan et al., 2018). Nitrate is much less toxic than other major
inorganic nitrogen compounds (Zweig, 1999). However, nitrate concentration of 50
mg/L and above in ground and drinking water is considered as Nitrate Vulnerable Zone
(Giammarino and Quatto, 2015). High concentration of nitrate in river water is
potentially harmful to human and animal health. According to Ling et al. (2007),
aquaculture is the main contributor of ecosystem pollution due to the discharging of
aquaculture waste into the receiving water. The high concentration of nutrients in a fish
pond farm is due to the accumulation of feed residue and fish excreta (Lin et al., 2002).

Total nitrogen is a combination of ammonia, ammonium, nitrite and nitrate (Boyd,
2015; Chen and Kang, 2016). Nitrogen can be found majorly as organic matter in
bottom sediments, but small amounts of nitrogen can be found in the water to include
nitrogen gas, nitrate, nitrite, ammonia, and nitrogen in dissolved and particulate organic
matter (Boyd, 2015). The concentration of total nitrogen at Station 3 was slightly higher
than Station 1. Jegatheesan et al. (2011) reported that 22% nitrogen still remains in the
water of the catfish pond. About 7% — 32% of total nitrogen in the water was carried by
suspended solid (Turcios and Papenbrock, 2014). Generally, the high concentration of
nitrogen in rivers is due to the use of nitrogen-containing fertilizers, animal waste,
septic system, industrial processes, atmospheric deposition from nitrogen oxide
emission, irrigation and storm runoffs from farmlands which can affect the drinking
water quality and aquatic ecosystem (Liu et al., 2018).
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Conclusion

In conclusion, we found the physicochemical characteristics of African Catfish,
Clarias gariepinus pond farm’s effluent affect the quality of water for certain
parameters such as COD and nitrate that exceed the permissible limit of the
Recommended Raw Water Quality Criteria. High concentration of COD and nitrate
need to be further treated to reduce the accumulation of the pollutants to the receiving
water body. Some parameters such as nitrate cannot be treated by conventional
treatments. So, high concentration of nitrate could have an impact on human health if
not treated properly. A regular monitoring is vital to determine the effects of catfish
pond farm effluents to river.
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