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ABSTRACT

This study aimed to set up an anaerobic treatment system for the treatment of wastewater derived from the farming of
African Catfish (Clarias gariepinus). In this current study, anaerobic treatment of wastewater derived from the African
catfish (Clarias gariepinus) aquaculture was conducted in semi-continuous reactor as well as batch reactor under
mesophilic condition at 35 °C. The results revealed that the semi-continuous reactors generated higher biogas yield
(69.27 mL/g VS) compared with batch reactor (22.81 mL/g VS). High conversion rate of anaerobic treatment process
operated in semi-continuous reactor was also represented in higher percentage of COD removal (82.6%) compared
with batch reactor which was only 62.76%. After conducting anaerobic treatment process on the wastewater derived
from the catfish aquaculture, some parameters including total dissolved solids (TDS), Phosphorous (P), potassium (K)
and electrical conductivity (Ec) increased in both batch and semi-continuous reactors. Batch reactors showed TS, VS
and COD reduced from 0.23%, 42.88% and 1440 mg/L to 0.137 + 0.024%, 22.78 + 19.44% and 536.32 + 11.27 mg/L,
respectively. The results obtained from semi-continuous reactor revealed that TS, VS and COD reduced from 0.23%,
42.88% and 1440 mg/L to 0.219%, 24.353% and 250.61 mg/L, respectively. This study is highly significant for the

environmental protection system.
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INTRODUCTION

An increasing demand of fish consumption has
attracted people worldwide to put a lot of investments in
the aquaculture sector. However, the studies by Brown et al.
(1999) and Turcios et al. (2014) showed that aquaculture is
one of economic activities that may significantly contribute
to the pollutions of water as well as soil. Aquaculture systems
operated normally generate environmental problems such as
untreated wastewater disposal. Wastewater generated from
the aquaculture system contains organic compounds including
total nitrogen, phosphorus, and suspended solids that may
significantly deteriorate water bodies and soil (Brown et al.,
1999; Cripps and Bergheim, 2000; Turcios et al., 2014).

Some techniques used by fish producers for increasing
fish production including antibiotics and hormones addition,
and/or over feeding applied would significantly affect
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the water quality in the pond. Some studies revealed that
the main wastes derived from the aquaculture operations
including chemicals and therapeutics, excretion products,
uneaten feed and undigested feed residues (Ackefors and
Enell, 1994; Beveridge ef al., 1991; Pillay and Ramakrishna,
2008). Studies conducted by Ackefors and Enell (1990) and
Bergheim et al. (1998) revealed that some forms of waste
from the aquaculture activities includes pathogens, dead and
dying fish.

Brown et al. (1999) mentioned that some fish normally
generate products of nitrogenous waste by doing diffusion
and exchanging ion through their urine, feces and gills. Those
nitrogenous compounds present in the aquaculture wastewater
should be decomposed and reused to prevent the toxicity of
ammonia and nitrite. Therefore, it would prevent nitrate to
form hypertrophication of the environment.
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An accumulation of solids in an aquaculture system may
lead to a slump in water quality. Thus, it would contribute
to the stress enhancement of the organisms living in the
water. (Rosenthal et al., 1982; Klontz et al., 1985; Cripps
and Bergheim, 2000). Organic materials produced from the
aquaculture systems could also affect the life of animals and
other living organisms in the water. This condition may lead
to an increasing of oxygen demand and dissolved oxygen
consumption in the water as result of the degradation of solids
and organic matters by heterotrophic bacteria (Servais ef al.,
1999; Welch and Eugene, 2002; Cripps and Bergheim, 2000).
If this condition continuously occurs, it would provide an
appropriate habitat for the proliferation of pathogenic bacteria
(Liltved and Cripps. 1999; Servais et al., 1999; Ackefors and
Enell, 1994).

Successful African catfish aquaculture tends to be
followed with requiring a proper maintenance of water
quality for the growth of fish. Typical water quality problems
appeared in the catfish aquaculture include dissolved oxygen
(DO), chemical oxygen demand (COD), biological oxygen
demand (BOD), total solids (TS), total dissolved solids
(TDS), pH, total suspended solids (TSS), volatile solids
(VS), total nitrogen (N) and phosphorous (P) (Lyles et al.,
2008; Soetardjo et al., 2013). If the wastewater contains
high concentration of phosphorous, ammonia and nitrogen,
it would disturb the habitat life around the receiving water
bodies (Cripps and Bergheim, 2000; Soetardjo ef al., 2013).

Anaerobic treatment is considered as an ideal process
for treating wastewater. This is because anaerobic digestion
process could reduce a significant amount of organic matters
including both carbon and nitrogen concentration of liquid
and form biogas as the end product (McCarty and Perry,
1964; Darwin et al., 2016; Andel and Breure, 1984). Study
conducted by Lier at al. (2008) revealed that anaerobic
digestion is regarded as an effective treatment to remove
biodegradable organic compounds, leaving mineralized
compounds such as NH,", PO,*, S* in the solution.

Some advantages of anaerobic treatment would be
well understood when this type of wastewater treatment is
compared to the aerobic treatment such as trickling filter
and activated sludge processes. In aerobic treatment, the
organic matters are used by microorganisms for their food.
The oxygen taken from the air is used for burning the food to
generate carbon dioxide and water for their energy (McCarty
and Perry, 1964). Aerobic treatment process requires a lot of
energy leading to a high operational cost. This is because the
energy used for running the aeration system is required for
pumping the air into the wastewater tank. Lier at al. (2008)
mentioned that the oxidation of 1 kg COD would require about
1 kWh of the aeration energy. They also mentioned that the

aerobic treatment of a conventional activated sludge process
generates around 50% new sludge from the COD degraded
and required further treatment prior to reusing or discharging.
On the other hand anaerobic treatment only generates about
5% new sludge from the COD converted. This treatment can
produce biogas (60—70%) as the energy.

In this current study, the anaerobic treatment was
conducted for the treatment of wastewater from an intensive
channel African catfish wastewater system. The purpose of
this study was to investigate and evaluate whether anaerobic
treatment using batch as well as semi-continuous reactors
could be applied to reduce organic pollutants from the
wastewater discharged. Thus, the wastewater treated could be
safely discarded, recovered as well as reused to the culture
water system. The digestion efficiency and the quality of
effluent derived from anaerobic treatment process were
evaluated.

MATERIAL AND METHODS

Aquaculture wastewater used for this experiment
was taken from the farming of African catfish at Tungkop-
Darussalam, Aceh Besar District, and this wastewater was
stored in the fridge at the temperature of 5 °C prior to the
experiment. No any other inoculums used for this experiment
as the anaerobic digestion process operated in this experiment
was to treat wastewater directly from the aquaculture of
African catfish. The process of anaerobic digestion operated
in this experiment depends on the microbial community
present in the wastewater, and thereby the acclimatization and
performance of anaerobic digestion process would be based
on the operational conditions applied.

Operational Systems for the Anaerobic Treatment Process

Batch system

Batch system was operated in bioreactors with the
working volume of 3 L. Each reactor was filled with 3
L wastewater and placed on the thermostatic water bath
computerized respirometer. The temperature for this
experiment was maintained under mesophilic condition at
35 °C. The experiments operated in the batch system were
carried out at duplicate. Influent and effluent samples were
assessed for total phosphorous, potassium, total solids,
volatile solids, total dissolved solids, total kjedahl nitrogen
based on the “Standard Methods” (APHA, 1998). The
duration of this batch tests was determined by the point at
which biogas production stopped completely. In this test the
experiment was stopped at 15 days of the digestion process.
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Semi-continuous system

A semi-continuous reactor was operated in steady
state condition where the temperature was maintained under
mesophilic condition at + 35 °C. The working volume of
the reactor was 3 L, and the hydraulic retention time (HRT)
applied in the system was 10 days. The organic loading rate
applied for this system was 0.098 kg/m3day. To ensure the
semi-continuous system run properly, pH of the culture was
measured periodically during the feeding period. Biogas
production was measured through the water displacement
gas meter. Influent as well as effluent samples were analyzed
for Phosphorous, potassium, total solids, volatile solids, total
dissolved solids, electrical conductivity, salinity, total kjedahl
nitrogen based on the “Standard Methods” (APHA, 1998).
In order to reach steady state condition the semi-continuous
system was operated in 2.5 cycle of the HRT which was 25
days of the digestion process.

Analytical Methods

Some parameters analyzed for the characterization
include total solids (TS), volatile solids (VS), total dissolved
solids (TDS), chemical oxygen demand (COD), total kjedahl
nitrogen (TKN), pH, electrical conductivity (EC), salinity,
and total concentration of phosphorous (P), and potassium
(K). All analytical measurements were carried out based on
the “Standard Methods” (APHA, 1998). TS samples were
dried in an oven at the temperature of 105 °C, and for VS
samples were burnt into a furnace at 550 °C. The rates of
biogas production were assessed as the volume of biogas
produced per day, and the biogas yield was measured based
on the cumulative biogas produced per gram volatile solids
added (Liu et al., 2009; Lo et al., 1984; Darwin et al., 2014,
Parawira et al., 2008). To analyze the effectiveness of the
digestion process, the percent of volatile solids reduction
and COD removal was determined based on the formula
mentioned and utilized in the some previous studies (Joanne,
1991; Darwin et al., 2014).

(% VS in—% VS out)

% VS Reduction = VS In=(% VS Inx % VS ouD) X100% (1)
__Initial COD - Final COD

% COD Removal = oD x 100% (2)

RESULTS AND DISCUSSION

Batch Reactor Performance

Results showed that anaerobic digestion was an effective
treatment used to treat the aquaculture wastewater derived
from the African catfish farming as pH culture observed was
close to the optimum pH for the anaerobic treatment process
(pH 6.5-7.5) (Cheng, 2010; Steinhaus et al., 2007; Burke,
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2001). Some parameters including phosphorous, potassium,
electrical conductivity and total dissolved solids increased
during anaerobic digestion indicating that anaerobic treatment
process could degrade complex organic matters into simpler
and soluble compounds. Study conducted by Gerardo et al.
(2013) also revealed that anaerobic treatment could be used as
an effective strategy for the recovery of nutrients from dairy
farm sludge which was not readily disposed into nutrients
which are ready for the land application. Balasubramanian
and Kasturi Bai (1992) and Mehta et al. (2015) also mentioned
that anaerobic digestion is an established wastewater treatment
technology that could be applied to mineralize complex
organic waste into inorganic matter with the formation of
biogas as the end-product of the digestion process.

Anaerobic treatment process operated in the batch
system was also an effective method to treat the aquaculture
wastewater from the African catfish culture. Results revealed
that organic matters represented in total solids, volatile solids
and chemical oxygen demand are significantly reduced
during the anaerobic digestion process. Schmidt (2005)
mentioned that some parameter anaerobic digestion including
volatile solids and chemical oxygen demand are considered
as a measure of the organic matter in the digester that can
be converted into biogas. Previous studies conducted by
Darwin et al. (2016a) and Darwin et al. (2016b) also found
that anaerobic digestion operated in the batch system could
effectively reduce organic matters on the culture of swine
manure wastewater co-digested with cocoa husk.

Results from this current study also showed that there
was a lag phase occurred in the batch reactors for 3 days of the
digestion process. This occurred as no inoculum was added
to the culture at the beginning of the anaerobic digestion
process, and thereby microbes present in the reactors took
some times to acclimate to the anaerobic condition prior
to converting organic pollutants into biogas. Schultz and
Kishony (2013) revealed that a prolonged lag phase would

Table 1. Anaerobic treatment performance operated in batch

reactor

Parameter Influent Effluent

pH 6.58+0.014 6.62 +0.480
Total solids (%) 0.23£0.018 0.137+£0.024
Volatile solids (%) 42.88 +1.396 22.78 £19.44
TDS (ppm) 830+ 1.414 920 £+ 56.56
Electrical conductivity (mS) 1.66 + 0.007 1.835+0.120
COD (mg/L) 1440 £25.46  536.32+11.27
Phosphorous (mg/L) 15.5+0.354 20 +3.535
Potassium (mg/L) 52.96 £ 0.0283 47.73 £30.67
TKN (mg/L) 88.31£0.0071 84.34 £7.00
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Figure 1. Cumulative biogas production operated in batch reactors

occur when the anaerobic digestion process operated was not
added an inoculums as a starter. These results also confirmed
that anaerobic digestion of aquaculture wastewater could
be performed without adding inoculums, and could reduce
the time and cost for enriching anaerobic inocula and/or
purchasing a starter.

Semi-Continuous Reactor Performance

Results from the previous tests showed that anaerobic
treatment operated in the batch reactors could successfully
reduce organic materials and converted it into biogas as a
byproduct. Since in the real world application, the aquaculture
wastewater generated from the African catfish farming is a lot
and continuously discarded, to prevent an excessive amount
of untreated wastewater disposed, semi-continuous operation
was applied. Results showed that pH culture slightly increased
from 6.58 to 6.90. Labatut and Gooch (2012) revealed that
in a well-operated anaerobic treatment, a slight increase of
pH in the effluent is expected. This condition occurred by the
alkalinity which produced by microorganisms, while they
consume organic matter containing any considerable amount
of protein. Overall the semi-continuous reactor performed
sufficiently well during the anaerobic treatment process in
which pH culture was quite stable, so could successfully
convert organic matters into biogas.

The formation of biogas during the anaerobic treatment
process also indicated that the digestion process performed
properly for degrading organic matters of wastewater (Figure
2). Studies conducted by Kader ef al. (2015) and Klinkner
(2014) revealed that anaerobic digestion process of organic
wastes would be completed by converting organic matters
into biogas containing about 50-70% methane and small
amount of CO, and H,S. The formation of biogas indicated
that the anaerobic treatment have completed each stage of
anaerobic digestion including acidogenesis, acetogenesis and
methanogenesis (Appels et al., 2008).

Methanogenesis is the last phase of the anaerobic
digestion which is very sensitive to the acidic and/or alkaline

Table 2. Anaerobic treatment performance operated in semi-
continuous reactor

Parameter Influent Effluent

pH 6.58£0.014 6.90+0.017
Total solids (%) 0.230+0.018  0.219+0.104
Volatile solids (%) 42.88 +£1.396 24.353 £2.099
TDS (mg/L) 830+ 1.414 900 + 5.774
Electrical conductivity (mS) 1.66 + 0.007 1.79 £ 0.006
COD (mg/L) 1440 + 25.46 250.61 £0.361
Phosphorous (mg/L) 15.5+£0.354 26.25+0.0353

Potassium (mg/L) 52.96 +0.0283  66.11 £ 0.004

TKN (mg/L) 88.31£0.0071 90+ 1.195
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Figure 2. Cumulative biogas production and pH in semi-continuous reactor
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Figure 3. Correlation between pH and Biogas production

conditions (Appels et al., 2011). Khalid et al. 2011) and
Esposito et al. (2012) mentioned that maintaining pH culture
in the appropriate level (6.5-7.5) is essential to complete the
anaerobic digestion of organic waste to form biogas. Results
showed that pH culture in the semi-continuous reactor was
stable in the range of the optimum pH for anaerobic digestion
(Figure 2). In this test, pH contributed to a 30% of biogas
production as a result of a complete anaerobic treatment of
African catfish wastewater (Figure 3). This phenomenon
indicated that during anaerobic treatment of catfish
wastewater, organic matter reduction to form biogas was also
influenced by other factors as revealed in Table 2.

Results showed that during the anaerobic treatment
process of aquaculture wastewater, there was a slight increase
of total dissolved solid (TDS). TDS increased from 830 mg/L
(influent) to 900 mg/L in effluent (Figure 4). This result is in
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agreement with the previous study conducted by Jayakody
et al. (2007) revealing that an increasing of TDS over the
time in anaerobic reactor could be attributed to the product
of the biochemical conversion during anaerobic digestion.
Furthermore, study revealed that TDS in the wastewater
typically consists of some chemical contaminants including
calcium, chlorides, nitrate, phosphorus, sodium, potassium
iron and sulfur (EPA, 2014a). TDS is also regarded as an
expected product during the anaerobic digestion process
that would be required as a substrate for further stages of
anaerobic digestion process including acidogenesis as well
as methanogenesis. Jayakody et al. (2007) revealed that an
increasing of TDS during anaerobic digestion could indicate
that acidogenic products such as organic acids including
volatile fatty acids (VFA) and alcohols were formed.

Effect semi-continuous anaerobic treatment process on
water quality of the effluent

Results showed that there was any correlation between
TDS concentration and biogas production (Figure 5). The
correlation of TDS and biogas production generates the
R-square of 0.68. Thisresultindicated that during the anaerobic
treatment process of wastewater, TDS give a significant
contribution of 68.7% for the formation of biogas, and could
reduce organic as well as inorganic materials present in the
aquaculture wastewater. Results also revealed that there was
a strong relationship between electrical conductivity (EC)
and biogas production during anaerobic treatment of African
catfish wastewater in which the coefficient correlation of this
relationship was 0.8 (Figure 6). This phenomenon indicated
that during the anaerobic treatment of African catfish
wastewater, the performance of anaerobic digestion process
was highly affected by the EC of the culture.

High EC in the wastewater indicated that there were
some inorganic dissolved solids represented as inorganic ions
present in the wastewater including anions (ions that carry a
negative charge) as well as cations (ions that carry a positive
charge). The anions of inorganic ionic solutes present in the
wastewater include chloride (Cl), nitrate (NO,), sulfate (SO,*
), bicarbonate (HCO,’) and phosphate (PO,*); and the cations
of inorganic ions available are sodium (Na"), potassium (K*),
magnesium (Mg*"), calcium (Ca*"), iron (Fe?"), and aluminum
(AI**). Those inorganic ions could significantly affect EC in
the wastewater. However, some components derived from
organic compounds such sugar, protein, oil, alcohol and
phenol would not affect EC (EPA, 2014b; Uwidia and Ukulu,
2013).

Some inorganic ionic solutes present in the wastewater
were required for providing buffer capacity in the anaerobic
digester. Lin and Lay (2004) reported that some inorganic
ions required for enhancing buffer capacity in the anaerobic
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Figure 6. Correlation between electrical conductivity and biogas production

digester included phosphate and carbonate. However, high
concentration of carbonate was not favorable during anaerobic
digestion since it could reduce the production of biogas by
forming carbon dioxide. The presence of some inorganic ions
such as sodium (Na‘), potassium (K*), magnesium (Mg*"),
calcium (Ca*") would enhance the performance of anaerobic
treatment of the wastewater, and increase the biogas
production. Chen et al. (2007) showed that the combination
of these ions in the digester could limit the accumulation of
ammonia in the digester. Results from this current study also
revealed that the presence of some inorganic ionic solutes
represented in high values of EC in the culture would have a
significant impact on the anaerobic treatment to complete the
digestion process by reducing organic materials present in the
wastewater.

Results showed that during anaerobic treatment process
of African catfish aquaculture wastewater, an increasing of
TDS concentration over the period of time was followed by
an increasing level of EC values in the digester (Figure 7). An
increasing of TDS followed by an increase of EC during the
anaerobic treatment of catfish wastewater showed that there
was a process of converting complex organic compounds into
soluble constituents (Lier ef al., 2008; Uwidia and Ukulu,
2013). Lier et al. (2008) mentioned that there was a process
of mineralizing soluble compounds into inorganic ionic
solutes during the anaerobic digestion process.

The positive linear relationship between TDS
concentration and EC during the anaerobic treatment process
of African catfish wastewater was also followed by the positive
correlation to the level of salinity of the culture (Figure 8 and
9). Results showed that salinity concentration had a strong
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relationship with both EC and TDS concentration. This is
due to the fact that salinity of the wastewater obtained from
the African catfish aquaculture was related to some inorganic
constituents, which also determined the level of EC and
TDS concentration in the wastewater. Lantzke et al. (2007)
and Kumar and Puri (2012) mentioned that some inorganic
compounds as well as constituents that affect the level of
salinity concentration in the wastewater include chlorides,
sulfate, calcium and magnesium bicarbonates and common
salt or sodium chloride.

Salinity, TDS and EC are parameters that should
be monitored for water quality assessment of the treated
wastewater. This is because those parameters were considered
as a critical factor that affect the worthwhile reuse of effluent
for plant irrigation, and could give a significant impact on the
quality of fresh water streams (Tjandraatmadja and Diaper,
2006). Some studied conducted by Gupta and Huang (2014)
and Abdallah er al. (2016) revealed that irrigation water
containing high level of salinity could affect the plant growth
in some ways including the toxic effect and salinity effect.
The toxic effect was caused by high concentration of sodium
and chloride ion. High salinity of irrigation water should also
be prevented as the plant that contaminated with high saline
irrigation water had to work much harder to absorb water
from the soil, and thereby could lower the plant growth and
lead to cut the crop yields (Lantzke ef al., 2007).

Even if there was an increase of concentration in
terms of salinity, TDS and EC during the period of time
of anaerobic treatment process, it would not affect the
performance of the anaerobic treatment process to reduce
organic pollutants. During anaerobic treatment process of
African catfish aquaculture wastewater, a slight increase of
salinity, TDS and EC over the period of time. It indicated that
there was a process of mineralization that occurs in anaerobic
treatment of wastewater in which the inorganic ionic solutes
generated was as a result of biochemical conversion. In
addition, an increase concentration of those parameters
would not significantly affect the effluent derived from
anaerobic treatment process to be unsafe for disposal. A low
concentration of inorganic constituents was also required for
enhancing buffer capacity during anaerobic treatment in order
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Figure 8. Linear regression of total dissolved solids and salinity
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to avoid an accumulation of ammonia that could lower as well
as inhibit the performance of anaerobic treatment process.
Results showed that the effluent of wastewater that had been
treated through anaerobic treatment process was safe enough
for disposal as TDS and salinity and EC were still lower than
the concentration that was restricted for discharging (Lantzke
etal., 2007).

Efficiency of Biodegradation

Studies revealed that the digestibility as well as
components of wastewater is regarded as one of some
parameters in anaerobic treatment process that may
significantly determine the quantity of biogas generated
(Wilkie, 2005; Darwin et al., 2016). Table 3 summarizes
anaerobic treatment process efficiency operated at semi-
continuous reactors as well as batch reactors. As can be
seen, semi-continuous reactors had higher biogas yield
(69.27 mL/g VS) compared with batch reactors, which was
only 22.81 mL/g VS. High conversion rate of anaerobic
treatment process run at semi-continuous reactors was also
represented in higher percentage of COD removal (82.6%)
compared with batch reactor which was only 62.76%. The
COD removal achieved in this study was quite well in which
some studies (Can et al., 2006; Goblos et al., 2008) revealed
that an effective anaerobic wastewater treatment could reach
> 80% of COD removal.

Even if volatile solids reduction of semi-continuous
reactor was lower than batch reactor, the semi-continuous
reactor still performed sufficiently well by accomplishing
COD removal. Then, the total biogas production and biogas
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yield higher than batch reactor. Based on the experimental
results, in overall, both semi-continuous reactor and batch
reactors performed satisfactorily for treating the aquaculture
wastewater derived from the African catfish farm as both
system could significantly reduce organic contents in the
wastewater.

Table 3. Efficiency of digestion

Semi-continuous Batch
Parameter

reactor reactor
Total biogas production (mL) 205 67.5
Biogas yield (mL/g VS) 69.27 22.81
Volatile solids reduction (%) 57.13 60.66
COD removal (%) 82.6 62.76

CONCLUSIONS

Anaerobic treatment process on the aquaculture
wastewater derived from the farming of African catfish,
operated in both batch and semi-continuous reactors performed
sufficiently well. The two types of anaerobic treatment
applied could significantly reduce some organic materials
in the wastewater. Semi-continuous reactor performed
better compared with batch reactors in terms of the COD
removal and biogas yield. Semi-continuous reactor would be
more preferable and effective used to treat wastewater from
the African catfish farm as it could accommodate a lot of
aquaculture wastewater that was continuously discharged.
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