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Abstract: Improving the efficiency of slaughterhouse effluent treatment processes is an ongoing quest. The objective of this
work is to assess the efficiency of the treatment process, combining biodegradation and adsorption, on the elimination of
organic, nitrogen and phosphate loads contained in the slaughterhouse effluent. To achieve this, a slaughterhouse effluent was
sampled in the town of Ngaoundéré (Cameroon). after characterization, it was then introduced into two reactors operating in
batch and with stirring, with the adsorbent produced based on sawdust of Triplochyton scleroxylon (Ayous). One of the reactors
operated in the absence of oxygen (anoxia) and the other in the presence of oxygen (aeration). Then the effluent was
characterized daily during the five-day treatment. The results obtained show that the pH of the effluent varies between 6.5 and
8 in the two reactors during the treatment. an oxygenating effect of the environment was observed both on the elimination of
organic matter and on that of nitrogen pollution. Turbidity reduction rates vary from 77.3% in anoxia to 94% in aeration at the
end of the five days of treatment. This process, which combines biodegradation with adsorption, reduces the biological
treatment time of slaughterhouse effluent from more than 3 weeks to 2 days, with satisfactory efficiency in removing organic
and nitrogen loads.

Keywords: Slaughterhouse Effluent, Combined Treatment Process, Biodegradation, Anoxia, Oxygenation, Adsorption,
Nitrogen, Organic Matter

OM loads responsible for the turbidity of the water are at the
origin of the suffocation of aquatic animals in the receiving
environment [2, 3]. These pollutant loads also create
favourable conditions for the proliferation of mosquitoes and
odours that are often the cause of public health problems. It is
to prevent all these environmental and social consequences
that it is essential to treat these effluents before they are
released into nature.

There are various more or less efficient processes for
treating slaughterhouse effluents. There are physical,
chemical and biological treatments [4, 5]. Given the
characteristics of the pollutant load of slaughterhouse
effluents, biological treatment, the principle of which is

1. Introduction

Several industrial activities use large quantities of water
and generate as much in the form of -effluent.
Slaughterhouses are a case in point, where most of the water
is used for cleaning the plant. But the wastewater that comes
out is highly loaded with organic matter, nitrogen and
phosphate [1]. The discharge of this wastewater without prior
treatment constitutes a source of pollution for the
environment with significant consequences on the social life
of living beings. The phosphates and nitrates contained in
this wastewater are, for example, the main cause of
eutrophication in lakes and slow-flowing rivers [2]. The high
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based on microbial biodegradation, is the most appropriate
[6-9]. However, this biological treatment has limitations
related not only to the effectiveness but also to the residence
time, which is more or less long. With a view to correcting
these limits, we thought of testing a process combining
biodegradation and adsorption. To achieve this, it was
necessary to assess the level of efficiency of the adsorption
on the removal of certain pollutants contained in the
slaughterhouse effluent. This objective has been explored by
Djonga et al., [10, 11] with satisfactory results. In 2020, these
same authors studied the influence of oxygenation on the
biodegradation of the pollutants contained in this effluent.
They showed that there is a minimum effective biological
treatment time (9/27 days), beyond which biodegradation of
pollutants is practically negligible [1]. However, this
minimum effective biodegradation time has an average rate
of <80%. With more than 15 days of treatment gained as a
result of this work, the problem of the long biological
treatment time has found a solution. All that remains is to
improve efficiency. This is what justifies the idea of
combining this biological treatment with adsorption. One of
the objectives of the work of [10, 11] was also to test the
effectiveness of adsorbents made from sawdust of several
species of wood. As a result of this work, the Triplochyton
scleroxylon based adsorbent (Ayous) showed very interesting
results. This is what justifies its use in this work.

2. Material and Methods

2.1. Sampling and Characterization of the Slaughterhouse
Effluent

The effluent was collected from a slaughterhouse in the
city of Ngaoundéré which can be located according to the
following geographic coordinates (7°19°58”N; 13°34°11”E;
1110 m). It is an establishment which slaughters more than
twenty cattle per day. The sample was transported to the
laboratory and stored at 4°C. It underwent a physicochemical
characterization before and after treatment. Five parameters
were mainly followed during the characterization. This is the
organic matter which was determined according to the
method implemented by Rodier [12]. The nitrogenous forms
of NH,", NO,” and NO;™ were determined according to the
methods of Rodier [13]. The phosphates were determined
according to the method of Rodier et al. [14]. Turbidity was
measured wusing a Hanna brand turbidimeter. The
characterized sample was subjected to the treatment process
combining biodegradation with adsorption.

2.2. Adsorbent Used in the Combination Treatment Process

The adsorbent used in this work was produced on the basis
of sawdust from Triplochyton scleroxylon (Ayous). It was
produced and characterized by Djonga et al. [10]. Its
characteristics are presented in Table 1.

Table 1. Characteristics of adsorbent from Triplochyton scleroxylon.

pH Tiogine (Mg/g) Igm (mg/g)

SBM (mz/g)

43 758 £8

Different surface functions of the adsorbent

Carboxylic groups (meq/g) Lactone groups (meq/g)
0.000 0.003

9.52+0.05

0.162

Phenolic acidity (meq/g)

69.56

Total acidity (meq/g)
0.164

Basic groups (meq/g)
0.000

(Djonga et al., [10].

2.3. Slaughterhouse Effluent Treatment Trial by the
Process Combining Biodegradation with Adsorption

The treatment process combining biodegradation with
adsorption was carried out in two reactors operating in batch

Reactor 1 (16 L):
anoxia

Oz pump
Adsorbent

with stirring. One of the two reactors operated in the absence
of oxygen (anoxia) and the other in the presence of oxygen
(aeration) according to the diagram of the experimental set-
up shown in Figure 1.

Reactor 2 (32 L):

aeration

O, line

Figure 1. Experimental device of the slaughterhouse effluent treatment process, combining biodegradation with adsorption.

The slaughterhouse effluent was diluted to 100™ and 16
liters were introduced into reactor 1 (R1) which operated in
anoxia. 32 liters of the diluted effluent were introduced into

reactor 2 (R2) which operated with aeration. The aeration
reactor was supplied with oxygen using a pump injecting 1.6
kg of Oy/h for 12 hours per day. Then the adsorbent was
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introduced into each reactor at a ratio of 2g/L. This amount
of adsorbent corresponds to the minimum and effective
amount for adsorption, obtained by Djonga et al., [10]. The
contents of the two reactors were stirred at 100 rpm.
Processing took place at room temperature (23 - 25°C) and
the pH of the slaughterhouse effluent. In order to assess the
efficiency of the process combining biodegradation with
adsorption, the effluent under treatment was characterized
every day during five days. During these five days, it was
specifically a question of following the kinetics of
elimination of organic, nitrogen and phosphate charges. Thus,
organic matter was determined according to the method of

Rodier [12], NH,", NO, and NO; were determined
according to the methods of Rodier [13] and phosphates
according to the method of Rodier et al., [14].

3. Results

3.1. Characteristics of the Slaughterhouse Effluent to Be
Treated

Table 2 shows the physicochemical characteristics of the
slaughterhouse effluent to be treated.

Table 2. Physicochemical characteristics of the slaughterhouse effluent to be treated.

Parameters Raw slaughterhouse effluent Cameroonian standards for discharges (MNEPDED)
pH 7.18 £0,02 6-9

E Cond (uS/cm) 2692 + 100 /

Turbidity (NTU) 6167 +24 /

OM (mg O,/L) 1613+ 12 /

NH," (mg/L) 7579 + 127 <30

NO, (mg/L) 12.8+0,1 /

NO;™ (mg/L) 305+ 53 20

PO, (mg/L) 453 £22 <10

OM = organic matter; E Cond = electrical conductivity.

These results show that the slaughterhouse effluent to be
treated is slightly basic. It is, however, very conductive and
turbid. It is also very loaded with nitrogenous and organic
compounds. Ammonium alone represents more than 80% of
the nitrogen pollution of this effluent. The high load of
organic matter in this effluent justifies the high turbidity.
Overall, its organic, nitrogen and phosphate loads are
significantly high compared to Cameroonian standards for
the discharge of treated wastewater.

3.2. Evolution of Physico-chemical Parameters During
Treatment

3.2.1. Evolution of pH, Turbidity and Organic Matter

Figure 2 shows the change in the pH of the effluent during
the treatment combining biodegradation and adsorption in
anoxia and aeration.
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Figure 2. Evolution of the pH of the effluent during the combined treatment.

These results show that the pH varies little (6.7 and 7.5)
throughout the treatment, whether in anoxia or in aeration.
Figure 3 shows the evolution of turbidity and organic matter
in the effluent during the treatment combining biodegradation
and adsorption in anoxia and aeration.
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Figure 3. Evolution of turbidity and organic matter during the combined treatment (biodegradation and adsorption) in anoxia (a) and in aeration (b).

This result shows a significant decrease in turbidity and
organic matter (OM) over treatment. These two parameters
are related by the influence of one on the other. This is what

justifies the almost similar paces of their evolution curves.
An oxygenating effect of the medium is noticeable both on
the duration of the treatment and on the effectiveness of the



34

Weldi Gnowe Djonga et al.: Removal of Organic, Nitrogen and Phosphate Pollutants from Slaughterhouse Effluent by a

Process Combining Biodegradation with Adsorption

treatment. This oxygenation effect is clearly seen through the
turbidity reduction rates, which vary from 77.3% in anoxia to
94% in aeration at the end of the five days of treatment. This
oxygenation effect was even noticeable at the end of the 2™
day of treatment when the OM reduction rates already varied
from 81.4% in anoxia to 94% in aeration. Likewise, those for
turbidity vary from 49.4% in anoxia to 82% in aeration at the
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end of the 2™ day of treatment.

3.2.2. Evolution of Nitrogen Pollutants

Figure 4 shows the evolution of the elimination of three
forms of nitrogen followed (NH,", NO,” and NO;) during the
treatment combining biodegradation and adsorption in the
presence and absence of oxygen.
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Figure 4. Evolution of ammonium, nitrite and nitrate during the combined treatment (biodegradation and adsorption) in anoxia (a) and in aeration (b).

Figure 4 shows that the ammonium, nitrite and nitrate
contained in the slaughterhouse effluent are generally
removed in two phases. The 1% phase goes from the 1* to the
3" day of treatment in the anoxia tank, and from the 1% to the
2" day of treatment in the aeration phase. This 1% phase is
characterized by a significant decrease in the concentration of
the three nitrogenous pollutants in the effluent. During this
phase, the reduction rates vary from 38.5 to 50.1% for NH,",
37 to 29.1% for NO;™ and 84.6 to 84.6% for NO,, in anoxia
and in aeration respectively. The 2™ phase, which is
characterized in some by a slight decrease in concentration
(NOy3), in others by a slight re-increase in concentration
(NH;" and NO,), goes from the 2™ to the 5th day of
treatment. This observation highlights the effect of
oxygenating the medium on the efficiency and duration of
treatment specific to the elimination of nitrogenous
pollutants.

3.2.3 Evolution of Phosphates

Figure 5 shows the evolution of the elimination of
phosphates (PO,) contained in the slaughterhouse effluent
during treatment combining biodegradation and adsorption in
the presence and absence of oxygen
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Figure 5. Evolution of phosphate during the combined treatment
(biodegradation and adsorption).

This result shows a low removal of phosphates by the process
combining biodegradation and adsorption in anoxia and
aeration. The maximum reduction rate in anoxia is 32%
obtained after 2 days of treatment while it is 37% after 1 day of
treatment with aeration. The observed oxygenation effect on the
removal of phosphates by this process is only useful over the
duration of treatment. Because on this specific aspect, this result
agrees with those of Figures 2 and 3 to show the significantly
positive influence on the oxygenation of the medium on the
reduction of the processing time of the slaughterhouse effluent.

4. Discussion

4.1. Effect of pH on the Efficiency of the Process
Combining Biodegradation with Adsorption

The pH of the effluent changed very little during its
treatment in the two reactors. It remained favourable for the
development of microorganisms responsible for the
biodegradation of organic, nitrogen and phosphate loads
contained in the effluent. Indeed, the development of
microorganisms during biological treatment is favourable in
the pH range between 6 and 9 [15]. This pH range observed
during treatment also implies more or less favourable
adsorption of organic matter and cationic pollutants such as
ammonium; especially since the zero charge point of the
adsorbent used is 4.3 (Table 2). This means that in a pH
range of the effluent between 6 and 8 as it is the case here,
the surface of the adsorbent is predominated by the negative
charge, therefore favourable for adsorbing the positively
charged compounds.

4.2. Efficiency of the Process Combining Biodegradation
and Adsorption on the Elimination of Organic Matter

The results in Figure 3 showed significant elimination of
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turbidity and OM from the effluent during the five days of
treatment in both anoxia and aeration. The high turbidity of
the effluent to be treated is mainly due to the presence of OM
characterized by bovine red blood cells. This relationship,
which exists between turbidity and OM, justifies the almost
similar evolution of their eliminations in the effluent. Thus,
the removal of OM from the effluent will automatically result
in the removal of its turbidity. Here, the elimination of OM is
due to the combined action of microorganisms
(biodegradation) and the adsorbent (adsorption). This
elimination is significantly greater in the presence of oxygen
than in the absence of oxygen. These results are in agreement
with those of Djonga et al., [1] who already showed the
positive influence of oxygenation of the medium on the rate
of biodegradation of OM. however, they stated that
oxygenation of the medium accelerated biodegradation
without increasing the efficiency of its removal. The
efficiency aspect of OM removal was therefore corrected in
this process by its retention on the adsorbent introduced into
the reactors. Compared to the work of Djonga et al., [1],
adsorption reduced the time required for OM elimination,
from 9 days of treatment offered by biological treatment
alone, to 2 days when combined with adsorption.

4.3. Efficiency of the Process Combining Biodegradation
and Adsorption on the Elimination of Nitrogen
Pollutants

The elimination of nitrogen pollutants during the treatment
combining biodegradation with adsorption takes place in two
phases. The 1 phase, which runs from the 1* to the 3™ day
of treatment in anoxia, is characterized by the significant
decrease in the concentration of the three nitrogenous
pollutants in the effluent. Indeed, during these three days of
anoxia treatment, it grows cumulatively phenomena
nitrification (biodegradation) and adsorption of ammonium.
This leads to a decrease in the concentrations of ammonium,
nitrate and nitrite in the effluent. The brief increase in nitrates
observed at the end of the 1% day of treatment is explained by
the successive phenomena of nitrification of ammonium to
nitrate, and nitration of nitrites to nitrates, before being
reduced to N, during the 2™ and 3™ day of treatment [1].
However, there is a 2™ phase of treatment in anoxia which
goes from the 3" to the 5" day. This phase is characterized by
an increase in ammonium in the effluent. This increase can
be attributed to the release of organic matter (Figure 3a)
whose ammonification (biodegradation) by heterotrophic
microorganisms, contributes to the release of ammonium in
the effluent.

The aeration treatment also shows removal of
ammonium, nitrite and nitrate which takes place more or
less in two phases. The 1* phase, which takes place over 2
days, is characterized by a significant decrease in the
concentration of nitrogen pollutants in the effluent. The
removal of NH," is certainly due to the combined action of
biodegradation  (autotrophic =~ microorganisms)  and
adsorption on the adsorbent introduced into the reactor.
That of NO3;  and NO, is due to denitrification on the one

hand and their adsorption to the adsorbent on the other
hand. The reduction of NO;3™ to N, by passing through the
intermediate NO,  contributes to the reduction of the NO;”
concentration in the medium, and should therefore not be
neglected [16]. The 2" phase, which takes place during the
last three days, is generally characterized by the increase of
the three forms of nitrogen in the effluent. The increase in
NH," is probably due to the increase by release of OM
(Figure 3b), the ammonification of which led to the release
of NH, " in the effluent. Once available in the medium, part
of this NH," undergoes a succession of oxidation, first in
NO,™ by nitritation, then in NO;3™ by nitration, favoured by
oxygenation of the medium [1]. It is the development of
these last two phenomena which explains the slight
decrease in NO;3™ and the slight increase in NO, during this
2" phase of treatment with ventilation (Figure 4b).
However, it is important to note the absence of the
accumulation of NOj; in the effluent during treatment,
which was a limitation of biological treatment alone [1].
This accumulation of NO3™ was avoided by the permanent
adsorption of NH,', initially present in the effluent or
generated later by ammonification of OM.

These results show that, despite these fluctuations in the
concentrations of nitrogen pollutants in the effluent during
the anoxia and aeration treatments, the introduction of the
adsorbent into the reactors made it possible to reduce the
treatment time from 9 to 2 days, compared to biological
treatment alone [1]. The introduction of the adsorbent also
made it possible to increase the efficiency of the removal of
these nitrogenous pollutants, in particular through the
removal of nitrates which accumulated in the effluent during
biological treatment alone [1].

5. Conclusion

This work was about assessing the efficiency of the
slaughterhouse effluent treatment process, combining
biodegradation and adsorption, on the removal of organic,
nitrogen and phosphate loads. It emerges from this work that
the natural pH of the effluent during treatment is as
favourable to microbial activity as to the absorption of
cationic pollutants including ammonium present in the
effluent. The combination of the factors such as the
oxygenation of the medium and the introduction of the
adsorbent into the reactor, promotes both the rate of
biodegradation of organic matter and the efficiency of its
removal. The absorption of ammonium (cationic pollutant)
initially present in the effluent, or that which was generated
by ammonification of OM, has a significantly positive impact
on the removal of nitrates. The process developed in this
work, which combines biodegradation with adsorption, does
not improve the removal efficiency of phosphates from
slaughterhouse effluent. However, it has satisfactory
efficiency in removing organic and nitrogen fillers, and it
makes it possible to reduce the biological treatment time of
this effluent from more than 3 weeks to 2 days.
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