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INTRODUCTION

Wastewater is all water from domestic, agri-
cultural and industrial activities, loaded with toxic 
substances and entering the sewers. Wastewater 
also includes rainwater and its pollutant load, 
which causes all kinds of pollution and nuisances 
in the receiving environment (Dugniolle, 1980; 
Glanic and Benneton, 1989). 

These discharges can contain numerous sub-
stances, in solid or dissolved form, as well as nu-
merous pathogenic microorganisms, threatening 
the quality of the environment.

Wastewater is an extremely complex environ-
ment, altered by human activities following do-
mestic, industrial, artisanal, agricultural, or other 
uses. It is considered polluted and must therefore 
be treated before any reuse or injection into the 
natural receiving environments. Therefore, in an 
effort to respect these various natural receiving 

environments, pollutant abatement or elimination 
treatments are carried out on all urban and indus-
trial effluents. These treatments can be carried out 
collectively in a wastewater treatment plant or in-
dividually using intensive or extensive processes 
(Paulsrud and Haraldsen, 1993).

However, even when treated wastewater from 
wastewater treatment plants is not recycled, these 
effluents often have nitrogen and phosphorus 
loads exceeding the required standards, as many 
of these plants have limitations in the retention 
of phosphate and nitrate ions during secondary 
treatment. However, the direct discharge of these 
nutrients into receiving environments is not with-
out risk. As mineral nitrogen enrichment associ-
ated with phosphorus in aquatic environments is 
detrimental to theto the environment and public 
health, complementary or tertiary treatments are 
necessary to better protect receiving ecosystems 
(Marsalek et al., 2001).
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Among the techniques for reducing these 
two nutrients, soil-plant systems, lagooning, 
activated sludge, and mixed biological and 
physicochemical systems have been extensively 
studied by (Liu et al., 1997). In particular, they 
allow for the elimination of over 70% of nitro-
gen and phosphorus from secondary wastewater 
(Lazarova et al., 2003; Bendida et al., 2021; 
Kendouci et al., 2023).

The biomasses responsible for nitrification 
have an autotrophic (Schmidt et al., 2002) and 
strictly aerobic (Shin et al., 2005). They are found 
in several natural ecosystems, including wastew-
ater, aquatic environments, soils, and rocks (Man-
sch et al., 1998; Bothe et al., 2000).

Wastewater treatment is therefore the only 
way to avoid environmental problems. Sever-
al natural and inexpensive technologies could 
be used in rural areas, such as lagoons, macro-
phytes, trickling filters, and sand filters (Bdouri 
et al., 2009).

The search for simple, easy-to-implement, 
and energy-efficient alternative processes is 
necessary; processes that are somewhat over-
looked in urban wastewater treatment, such as 
trickling filters, are indeed interesting because 
their ease of use and performance in secondary 
or tertiary treatment can justify their use (Fer-
chichi et al., 1994).

The use of material filters to treat domes-
tic wastewater has been known for a very long 
time. It was already practiced in Massachusetts 
(USA) towards the end of the 1800s [Bernier et 
al., 2001]. Wastewater treatment using granular 
media filtration, such as sand filters, could be an 
effective method to meet water quality require-
ments for reuse applications and has long been 
widely practiced in the field of wastewater treat-
ment (Kauppinen et al., 2014). Algeria has a sig-
nificant amount of pozzolanic materials of vol-
canic origin, extending over 160 km between the 
Algerian-Moroccan border and the Sahel region 
of Oran (Belaribi et al., 2003).

Biological treatment processes are a corner-
stone of secondary wastewater treatment, particu-
larly for the removal of soluble organic carbon 
compounds like sugars, fats, and proteins. These 
methods, relying on the action of microorgan-
isms, are more cost-effective and adaptable for 
large-scale applications than physicochemical 
alternatives. In aerobic biological processes, 
heterotrophic microorganisms play a dual role: 
converting organic matter into gases (COD in 

aerobic conditions or biogas in anaerobic con-
ditions) and producing biomass, which canbe 
separated from the liquid phase (Bendida et al., 
2024). Additionally, advanced biological process-
es can achieve nutrient removal, such as nitrogen 
and phosphorus, when combined with tailored 
process steps (Smith et al., 2022).

The performance of biological treatments is 
assessed using key parameters like the five-day 
biochemical oxygen demand (BOD5) and chem-
ical oxygen demand (COD), which measure or-
ganic pollutant loads. These pollutants deplete 
dissolved oxygen in aquatic environments, caus-
ing hypoxia or anoxia, which severely impacts 
aquatic ecosystems. Thus, reducing BOD5 and 
COD is essential for preserving water quality and 
protecting biodiversity (Bendida et al., 2013).

One promising biological treatment method 
involves fixed cultures, as utilized in bacterial 
bed filtration systems. In these systems, purifying 
microorganisms are immobilized on porous or 
cavernous materials that provide a stable environ-
ment for microbial growth. The wastewater flows 
through the filler material, facilitating microbial 
activity that degrades pollutants. Materials such 
as pumice, volcanic rocks, metallurgical coke, 
and plastics are commonly used as supports due 
to their high porosity, which enhances microbial 
attachment and treatment efficiency (Mebarki et 
al., 2024; Hassan et al., 2021).

This study explores the potential of tradition-
al bacterial beds using pozzolan, a volcanic slag, 
as a local and cost-effective packing material for 
domestic wastewater treatment. By evaluating 
the performance of this biofiltration system in 
terms of pollutant removal, this research aims to 
contribute to the development of sustainable and 
efficient wastewater treatment technologies (Ben-
dida et al., 2024).

MATERIALS AND METHODS

Experimental protocol

This section outlines the experimental setup, 
materials, and procedures used to evaluate the 
performance of a fixed-bed biofiltration system 
for wastewater treatment. The study employs poz-
zolan as the packing material within a laboratory-
scale trickling filter reactor. Synthetic wastewater 
was used to simulate domestic effluent character-
istics, and a controlled flow rate was maintained 
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using a peristaltic pump. Key parameters such as 
BOD5 COD, NH4

+ and microbial biofilm develop-
ment were monitored to assess treatment efficien-
cy. The methodology ensures reproducibility and 
provides a detailed framework for evaluating the 
effectiveness of pozzolan as a support medium.

The following flowchart (Figure 1) illustrates 
the experimental protocol, detailing the sequen-
tial steps for the preparation of synthetic effluent, 
biofilm development, bacterial bed setup, and the 
monitoring of key parameters to evaluate treat-
ment performance.

The Figure 2 shows a laboratory-scale experi-
mental setup used for the treatment of synthetic 
wastewater in a fixed-bed biofiltration system 
(Touafek, 2015).

Preparation of synthesis effluent and biofilm

The synthesis effluent is prepared daily from 
powdered milk in order to obtain different con-
centrations 0.5 g.l-1 and 1g.l-1 and they are mixed 
in one liter of distilled water.

To prepare our biofilm, we used urban 
wastewater collected and brought back from 
the El-Kerma wastewater treatment plant in the 
city of Oran. After filtration, we enriched the 
medium with glucose at a rate of 5 g.l-1. We pre-
pared two liters which we placed in an oven at 
37 °C for 2 hours.

The water is then pumped into the bacterial 
bed in a closed circuit using a peristaltic pump 
at a variable flow rate. The biofilm was apparent 
after a week of culture (Figure 3).

The bacterial bed being ready, we rinsed it 
with distilled water and a constant height of water 
is ensured to keep an invariable hydraulic load 
above our bacterial bed.

Two bacterial bed heights were chosen: 20 
and 40 cm. The degradation efficiency of the or-
ganic effluent was monitored by measuring COD, 
BOD5 and NH4

+.

Materials 

In this study, two primary filling materials 
were utilized: pozzolan and scoria, both volcanic 
rocks with distinct physical and chemical charac-
teristics that make them ideal substrates for fixed-
film biological processes (Table 1 and Table 2).

Presentation of the El Kerma-Oran 
wastewater treatment plant

The site of the Oran urban area wastew-
ater treatment plant is located 12 km from the 
city of Oran, on the northeastern edge of the 
Greater Sebkha between the railway line and 

Figure 1. Experimental protocol 
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the national road. The EL Kerma Wastewater 
Treatment Plant was designed for a popu-
lation of 1,526,000 EQH with a capacity of 
270,100 m3·day-1. The towns are connected to 
the STEP Oran and Bir El Djir.

Objective of the El Kerma-Oran 		
water treatment plant

Water treatment is a set of techniques that 
consist of purifying water either to recycle 
wastewater into the natural environment or to 

transform natural water into drinking water. 
The WWTP is an installation that is used to de-
contaminate wastewater to avoid the total de-
struction of aquatic and natural ecosystems due 
to polluted effluents (Kendouci et al., 2019). 
Therefore, a wastewater treatment plant has 
several objectives:
	• Protection of public health;
	• Protection of natural sources of drinking 

water;
	• Protection of aquatic systems;
	• Protection of adjacent land. 

Figure 2. Laboratory-scale experimental setup for fixed-bed biofiltration system

Figure 3. The synthesis effluent and biofilm apparent
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Basic data of the El Kerma-Oran 	
wastewater treatment plant

The treatment line of the WWTP was de-
signed and sized with the aim of ensuring a 
quality of treated effluent meeting the values ​​ex-
pressed in the Table 3.

These limit values ​​are given in the technical 
specifications of the management contract. The 
capacity of the connected population was esti-
mated at approximately 1,500,000 population 
equivalents. This gives the following main allo-
cations for the urban part in Table 4.

ANALYTICAL APPROACHES TO 
BIODEGRADATION KINETICS

The rate of removal of organic matter de-
pends on the phase of the biological growth curve. 
BOD5 theory assumes a first order reaction and 
although some reactions are thought to be first or-
der there is evidence, sometimes conflicting, that 
other reactions are zero order (independent of 
concentration) or second order. The situation be-
comes more complex when dealing with wastes 
such as sewage, which contain many different 
compounds (Tebbutt, 1977).

Biodegradation kinetics can therefore be 
modeled using various mathematical expressions, 
depending on the interaction between substrate 
concentration and biomass density. With a given 
mass of microorganisms, the rate of disappear-
ance of a substrate S over time can take different 
forms. It is common to use S as the concentration 
of the solution in the growth-limiting substrate.

When the organic concentration has been re-
duced to some limiting value, the rate of removal 
becomes concentration dependent:

	 − (𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑) = 𝑘𝑘 × 𝑆𝑆𝑛𝑛 

 

log(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷) = 

=  log(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷) − ( 𝑘𝑘
2.303) . 𝑡𝑡 

 

 

	 (1)

where:	n – order of reaction. 

The kinetic modeling of biodegradation using 
the first-order model allows us to study the evolu-
tion of chemical oxygen demand and biochemi-
cal oxygen demand over time (Table 5). This ap-
proach is particularly relevant for analyzing the 

Table 1. Physico-mechanical characteristics of filling 
materials used

Property Density
(kg·m-3 

Porosity
(%)

Mechanical strength
(granules) (kg·m-2)

Pozzolan 1.02 64–83 33.2

Scoria 0.96 70 27.6

Table 2. Chemical composition of filling materials 
used

Compound
Percentage (%)

Pozzolan Scoria

SiO2 46.10 10-19

Al2O3 17.5 01-03

Fe2O3 10.5 10.5

CaO 10.5 40-52

MgO 3.8 05-10

Na2O 3.4 <01

K2O 1.50 <01

Figure 4. Location map of the El Kerma wastewater treatment plant (Algeria, Oran) 
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exponential degradation phase until the system 
reaches saturation. The first-order model is ex-
pressed by the following equation:

	

− (𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑) = 𝑘𝑘 × 𝑆𝑆𝑛𝑛 

 

log(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷) = 

=  log(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷) − ( 𝑘𝑘
2.303) . 𝑡𝑡 

 

 

	 (2)

where:	CODe – COD at saturation (mg.dm-3),  
CODt – COD at time t (mg.dm-3), 	
k – Constant of biodegradation process,

	 t – Time of experiment (min).

RESULTS AND DISCUSSIONS

The variation curves of COD, BOD5, and 
NH₄⁺ over time show a similar trend, where a 
saturation point is observed. The exponential 

increase in COD, BOD5, and NH₄⁺ concentrations 
can be explained by the establishment of con-
ditions favorable for the degradation of organic 
matter by microorganisms.

COD results (Figure 4) suggest that pozzolan 
initially performs better at a higher bed height 
but experiences saturation effects over time. 
Conversely, scoria demonstrates more consistent 
performance, which appears to better balance ef-
ficiency and stability.

BOD5 results (Figure 5) highlight that while 
higher bed heights (40 cm) initially provide better 
BOD removal efficiency, their performance de-
creases rapidly due to possible saturation or oxy-
gen limitations. On the other hand, the 20 cm bed 
height for both materials maintains more stable 
efficiency over time, making it a better option for 
sustained biological treatment at higher pollutant 
concentrations (1.5 g.dm-3).

We observe a partial denitrification of am-
moniacal nitrogen NH4

+ (Figure 6). The observed 
trends differ slightly. Scoria occasionally exhibits 
a higher removal capacity than pozzolan, particu-
larly at a bed height of 20 cm and a concentration 
of 1.5 g.dm-3. This may be attributed to its chem-
ical composition, which appears to favor ammo-
nium adsorption (Figure 7).

Phosphorus (PO4
-2) is naturally present in wa-

ter (Figure 8). It exists in various forms. At high 
concentrations in water, it causes eutrophication. 
Protecting aquatic environments involves reduc-
ing phosphorus levels.

Variation in turbidity (Figure 9) during puri-
fication for the different time (2h, 4h, 6h, 8h) for 
a height of 20 cm, and for a height of 40 cm 
for pozzolan and Scoria. Consistency of materi-
al performance improved during operation of 
the filter due to progressive clogging; where the 
pore size became smaller leading to an increase 

Table 3. Average value of pollutants in dry weather
Average in dry weather (24-h)

Parameter Value (mg.dm-3)

BOD5 25

COD 125

MES 35

Table 4. Characteristics and capacity of the El Karma 
wastewater treatment plant 

Settings Unit Value

Equivalent resident E.H 1.526.000

Average daily flow rate m3.d-1 270.096
Average hourly flow rate – dry 
weather m3. h-1 11 254

Average hourly nighttime flow rate m3.h-1 3 751

Hourly peak flow – dry weather m3.h-1 16 200

Peak flow – biological input m3.h-1 15400

Table 5. Different models of biodegradation kinetics (Buttersby, 1990)

Models −[𝑑𝑑𝑑𝑑]
𝑑𝑑𝑑𝑑  Speed constans Unit 

Ordre 1 𝑘𝑘[𝑆𝑆] 𝑘𝑘 = µ𝑚𝑚𝑚𝑚𝑚𝑚. 𝑥𝑥₀𝐾𝐾₁ ℎ−1 

Michaelis and Menten 𝑘𝑘 [𝑆𝑆]
𝑘𝑘₁ + [𝑆𝑆] 𝐾𝐾 = µ𝑚𝑚𝑚𝑚𝑚𝑚. 𝑋𝑋₀ 𝑚𝑚𝑚𝑚. 𝑙𝑙−1. ℎ−1 

Ordre 0 𝐾𝐾 𝐾𝐾 = µ𝑚𝑚𝑚𝑚𝑚𝑚. 𝑋𝑋₀ 𝑚𝑚𝑚𝑚. 𝑙𝑙−1. ℎ−1 

Logistics 𝐾𝐾[𝑆𝑆]([𝑆𝑆₀] + 𝑋𝑋₀ − [𝑆𝑆]) 𝑘𝑘 = µ𝑚𝑚𝑚𝑚𝑚𝑚
𝑘𝑘  𝑙𝑙. 𝑚𝑚𝑚𝑚−1. ℎ−1 

Monod 
𝐾𝐾[𝑆𝑆]([𝑆𝑆₁] + 𝑋𝑋0 − [𝑆𝑆])

𝑘𝑘₁ + [𝑆𝑆]  𝑘𝑘 = µ𝑚𝑚𝑚𝑚𝑚𝑚 ℎ−1 

Logarithmic 𝐾𝐾([𝑆𝑆₀] + 𝑋𝑋₀ − [𝑆𝑆] 𝑘𝑘 = µ𝑚𝑚𝑚𝑚𝑚𝑚 ℎ−1 
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Figure 5. COD removal efficiency

Figure 6. BOD5 removal efficiency
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Figure 7. NH4
+ removal efficiency

Figure 8. PO4
-2 removal efficiency 
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in voltage in the upper layer of the filter, there-
by improving the elimination of turbidity by re-
ducing the pore size of the media and therefore 
the retention of more particles (Davies et al., 
2012). This trend may be consistent with mat-
uration of the filter, which helps to improve the 
elimination efficiency over time and through the 
interaction contaminants with the biofilm com-
posed mainly of protozoa, bacteria and other life 
forms in the filter bed which is considered the 
main reduction of the turbidity (Liu et al., 2010; 
Mebarki et al., 2021).

According to the graphs in Figure 10, the pas-
sage of domestic sewage through the pilot and 
filtration material shows a slight decrease in pH 
from 7.2 to 6.74 for the height of 20 cm. and for 
the second height 40 cm; a decrease in pH from 
7.73 to 7.35 for the purified water concerning the 
first material. This variation in pH cannot be ex-
plained only by probable reactions during treat-
ment that we cannot identify. Values of pH are 
between 6.40 and 6.10 in this experiment. This 
change in pH values ​​in the treatment by biofiltra-
tion materials is linked to the nitrification process 

and denitrification (Luanmanee et al., 2002). Fig-
ure 11 shows an increase in conductivity, indicat-
ing water mineralization due to the dissolution of 
mineral salts contained in the rocky filtering ma-
terials during the filtration process.

The results of the kinetic modeling for 
the COD biodegradation using the first-order 
model. The goal is to analyze the decrease in 
COD concentrations over time and determine 
the kinetic constant (k), which characterizes 
the rate of pollutant degradation. By plotting 
log (DCOe−DCOt) as a function of time, linear 
trends are identified (Figure 12 and Figure 13), 
enabling the calculation of k. Comparisons are 
made between bed heights (20 cm and 40 cm) 
and materials (pozzolan and scoria) to evalu-
ate their influence on the COD removal kinetics 
and system performance.

The kinetics of biodegradation through bac-
terial beds conforms to first order model with 
an explained variance (r2) varying between 0.74 
and 0.96. The kinetic constant k reaches 0.08 for 
pozzolan and 0.020 for scoria. Which is equiva-
lent to a bacterial enzymatic mechanism.

Figure 9. Turbidity removal efficiency 
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Figure 10. pH variation during biofiltration

Figure 11. Conductivity variation during biofiltration
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CONCLUSIONS

This study highlights the significant role of 
material type, bed height, and substrate concen-
tration in influencing COD removal efficiency in 
biofilm-based treatment systems. Pozzolan con-
sistently outperformed scoria across all experi-
mental conditions, attributed to its higher porosity 
and larger surface area, which enhance microbial 
attachment and activity. The 20 cm bed height 
proved more effective than the 40 cm bed, like-
ly due to improved oxygen transfer and substrate 

accessibility, providing optimal conditions for 
biodegradation. Additionally, lower substrate 
concentrations (1 g.dm-3) resulted in higher kin-
etic constants (K), indicating faster COD remov-
al, whereas higher concentrations (1.5 g.dm-3) 
slowed degradation due to substrate saturation 
effects. Overall, the most efficient condition was 
observed with pozzolan at 20 cm bed height and 1 
g.dm-3 concentration, achieving the highest kinetic 
constant (K = 0.080). These findings emphasize 
the importance of material selection, optimal bed 
height, and controlled substrate concentration in 

Figure 12. COD removal kinetics of pozzolan

Figure 13. COD removal kinetics of scoria
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improving biological treatment system perform-
ance. Future research should focus on further 
optimizing operational parameters, such as flow 
rate and oxygen availability, and analyzing mi-
crobial community dynamics to enhance system 
efficiency further. The denitrification rate of am-
moniacal nitrogen NH4

+ reaches 19% for pozzolan 
and 18% for scoria.
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