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a b s t r a c t
The present study investigates the physico-chemical characteristics of the fresh leachate of house-
hold waste at the entrance of the technical landfill center (CET-Sour) of the city of Mostaganem. 
The leachate is treated using the up-flow anaerobic sludge blanket (UASB) technique. The 
amount of household and similar waste attained about 61,775 tons as of 2021 corresponding to 
a daily generation of 0.91 kg per capita. This waste was essentially composed of organic matter 
(63.5%), paper (12.5%), plastic (14.7%), metal (1.1%) and glass (1.5%). The amount of leachate 
produced during the low and high-water periods in the city of Mostaganem varied between a 
minimum of 40,870 L in December 2021 and a maximum of 127,930 L in August 2021. Physico-
chemical analysis of the leachates of the study area shows a high concentration of organic matter 
with a chemical oxygen demand (COD) of about 24,650 mg·O2/L and a pH of 4.47. Application 
of the UASB technique under the climatic conditions of the study area to the leachate before 
direct discharge into the environment resulted in a COD abatement of 94% and a near neutral 
pH (pH = 6.89). The results obtained show that the UASB technique is suitable for fresh leachate 
treatment and could be used as an efficient process to reduce pollutant load.

Keywords:  Leachate; Household waste; Anaerobic treatment; Up-flow anaerobic sludge blanket 
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1. Introduction

Socio-economic activities, population growth and 
changes in consumption patterns generate a significant 
amount of urban solid waste. In 2020, national waste gen-
eration was estimated at 13.5 million·ton/y [1] resulting in 
large volumes of leachate with high organic load and large 
amounts of complex chemical compounds, which are diffi-
cult to degrade. According to Kaschl et al. [2], a large part of 
this waste is landfilled, which poses a real and permanent 
threat to the environment. The transition from the linear 
“all to the landfill” model, practiced to date, to a circular 
model more respectful of the environment and sustainable 

development, and economically profitable, must necessar-
ily go through a better knowledge of the waste that society 
generates.

Leachate refers to water that has percolated through 
the waste and become laden with pollutants. The polluted 
effluents must be treated due to the increasing require-
ments of the discharge standards [3]. Several treatment 
techniques including reverse osmosis, anaerobic treat-
ment, nanofiltration, chemical treatment, physico-chemical 
treatment, membrane bioreactor [4,5] have been utilized 
and are considered potentially effective for leachate treat-
ment. The up-flow anaerobic sludge blanket (UASB) 
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treatment is a technique that has been lately used for 
anaerobic treatment in many countries (Brazil, Colombia, 
Cuba, Mexico, Uruguay) [6].

This technique can operate even at low temperatures 
(5°C and 20°C), which facilitates treatment throughout 
the year [7]. The use of this system for the treatment of 
domestic wastewater is related to its excellent performance 
in the treatment of organic pollution [8–11].

Several authors [8,9,12,14] report that the performance 
of the system is directly linked to the organic load of the 
effluents and to the hydraulic retention time in the reac-
tor. Chemical oxygen demand (COD) abatement after 
treatment by UASB generally attains values ranging from 
80% to 95%.

In Algeria, treatment methods used by some municipal-
ities are limited to biological depollution in aerated basins 
and reverse osmosis [13]. These techniques have proved 
inadequate as the purification efficiency of biological treat-
ment is too low [10] while reverse osmosis remains a rela-
tively expensive technique and produces a highly polluted 
concentrate that requires specific management and disposal 
[14,15]. The choice of a treatment technique must take into 
account its purification efficiency and cost effectiveness. 
Seasonal variations in the quantity and quality of leachate 
generated by household and similar waste in Algeria fur-
ther complicate the choice of treatment, which remains a 
challenge to address.

The main objective of this study is to estimate the com-
position of the household waste of the city of Mostaganem 
and characteristics of the fresh leachate at the entrance of 
the nearby Sour Technical Landfill Center and to test the 
efficiency of the treatment by UASB by determining the 

adequate hydraulic residence time to achieve a COD removal 
rate of more than 90% to meet requirements. The choice of 
this technique is justified, on the one hand, by the climatic 
conditions of the city of Mostaganem where the hot season 
lasts more than 7 months with temperatures that remain 
above 13°C and which are considered very favorable to 
anaerobic treatment according to the UASB technique 
[7,10,12,16,17], and on the other hand, its relative low cost and  
ease of use.

2. Materials and methods

2.1. Study area

The city of Mostaganem is located in the northwest 
region, about 363 km west of Algiers, and is bordered by 
the Mediterranean Sea to the north and by Oran (Algeria’s 
second largest city) (Fig. 1) to the west. It has an area of 
2,269 km2 and has a population of 907,140, 185,443 of which 
live in the city of Mostaganem (2021). It is a coastal city with 
120 km of coastline. The climate is semi-arid, mild in winter 
and slightly humid at an altitude of over 500 m. Rainfall is 
irregular and varies between 250 and 500 mm/y. The aver-
age temperature is 18°C near the coast and 25°C inland 
[18]. Household waste from the city of Mostaganem is col-
lected by packer trucks and evacuated directly to the Sour 
Municipality TLC. The center is located approximately 15 km 
northwest of the city of Mostaganem (Table 1). It includes 
2 landfill cells, a weighbridge and three leachate recovery 
basins. The extension of the site is under study with the 
possibility of adding 2 additional landfills.

The Sour TLC covers an area of 14 hectares and is con-
sidered the largest in the Wilaya of Mostaganem. It entered 

 Fig. 1. Geographic location of the study area.

Table 1
Geographic characteristics of the Sour Technical Landfill Center

Technical Landfill Center of Sour/Mostaganem

Geographic location Located in the southwest of the municipality of Ain Tadless (Algeria)
Lambert coordinates X = 279.40 m and Y = 295.85 m
Size of the site 14 ha
Distance from traffic routes 07 km from National Road 11
Site layout Fenced
Site extension Possible encroachment on agricultural land
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its operational phase on November 1, 2011 receiving a 
daily average of 169 tons of household waste produced by 
the municipality of Mostaganem.

2.2. Determination of the household waste composition

To determine the composition of household waste in the 
city of Mostaganem, six sectors (housing area) were selected 
(Fig. 1). We took samples of 1 m3 of waste from each truck. 
The waste loading vehicles were chosen randomly accord-
ing to their rotation frequency and their collection route. 
The collection and transport of the household waste to the 
sorting center was carried out by the cleaning service of 
the city of Mostaganem. The waste was then dumped on a 
sorting platform. We sorted the dumped waste into differ-
ent fractions using the quartering method [19]. A simplified 
classification with seven categories was adopted [20]. We 
then recovered the sorted materials in plastic bags, each 
category was weighed to determine its composition. The 
test was repeated every month during the study period, 
from January 2021 to December 2021 on a mass of 400 kg.

2.3. Quantitative evaluation and characterization of fresh leachate

Leachate volumes were measured at the end of the col-
lection operation. The operation was carried out by emp-
tying the leachate storage tank, which was located under 
the packing bucket, into a graduated container to deter-
mine the volume recovered. The determination of the 
recovered waste tonnage is deduced from the difference 
in weight at the start and end of the collection by daily 
weighing of the machines by a concrete weighbridge on 
site. The volume of leachate produced during transport to 
the Mostaganem municipal household waste landfill was 
monitored once a week from January to December 2021. 

Leachate characterization was carried out by COD determi-
nation using the Mohr’s salt method [21]. Total suspended 
solids (TSS) were measured by the centrifugation method 
[22]. Electrical conductivity (EC) was measured in-situ 
using a HANNA EC-214 conductivity meter; pH and tur-
bidity of the leachate were measured before and during the 
treatment using an OHAUS Starter 2100 pH meter and a 
HANNA HI2315 conductivity meter, respectively. Finally, 
ammonium and nitrate nitrogen were determined also 
with a spectrophotometer in the visible type G BOYER/
ANACHEM 320. All analyses were triplicated in order 
to ensure reproducibility and representativeness of the  
samples.

2.4. Experimental setup

The experimental setup used in this study is shown 
in Fig. 2. It is composed of a buffer tank and a UASB 
digester with a useful volume of 200 L, a height of 0.93 m, 
and a diameter of 0.58 m. The UASB digester is designed 
to treat approximately 1/10 of the waste produced daily. 
Optimization of the anaerobic conditions and the three-
phase separation of sludge, leachate and biogas is facil-
itated by a metal colon which is connected to the ceiling 
of the digester and immersed in the leachate to a depth of 
0.24 m. Leachate was fed continuously after daily recovery 
from the tippers during transport to the Sour landfill. To 
reduce the stabilization and adaptation phase of the meth-
anogenic flora, the digester was seeded at the beginning of 
the tests with 3 kg of natural sludge, which helps biofilm 
formation. After commissioning, the reactor was filled with 
leachate for five months to create a biofilm suitable for the 
treatment process. The reactor was then emptied without 
altering the biofilm. The reactor was operated 10 d with a 
permanent flow for each hydraulic retention time (HRT).

 
Fig. 2. Up-flow anaerobic sludge blanket experimental setup [23].
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The purification yield was monitored by taking 1 L sam-
ples from the buffer tank at the outlet of the digester over 
a period of 6 d at intervals of 24 h, which corresponds to 
HRT of: 24, 48, 72, 96, 120 and 124 h. The test was done in 
triplicate in February and March 2021. These samples were 
then put into plastic bottles and then in an insulated case, 
and transported directly to the laboratory for analysis [22].

3. Results and discussions

3.1. Evolution of household waste generation in the city of Mosta-
ganem

Table 2 shows the significant increase in the quantity 
of household waste generated in the city of Mostaganem 
from 2004 to 2021 [18] rising from 81.9 in 2004 to 169.3 ton/d 
in 2021, corresponding to a waste produced per inhab-
itant of 0.61 and 0.91 kg/cap·d. This steady increase can 
be explained by the natural population increase and the 
improvement in the standard of living.

3.2. Household waste composition

The average composition of the waste investigated was 
obtained by averaging the composition of all the sectors 
studied. The results of the analysis are illustrated in Fig. 3.

It can be seen from Fig. 3 that fermentable materials 
are in the majority (63.5%) compared to the other waste 
components. This is explained by the nutritional behavior 
of the inhabitants, who favor the consumption of vegeta-
bles and fruits due to their purchasing power, which corre-
sponds to a more or less average income [24]. The propor-
tions of paper and plastic are less important compared to 
the previous category; they are respectively around 12.5% 
and 14.7%. The share of other components such as metals, 

glass and miscellaneous constitute a significant fraction 
resulting from household activity. These results are simi-
lar to those found in other cities in Algeria and other coun-
tries (Bejaia, Constantine, Algiers, Chlef) [25–28] and other 
countries (Morocco, Tunisia, Mauritania, Egypt) [29–32].

3.3. Quantification and characterization of household waste 
leachates from the city of Mostaganem

Household waste leachates are effluents heavily 
loaded with organic, mineral pollutants and toxic elements 
[24]. The amount of leachate production varies depend-
ing on the nature and composition of the waste. In this 
study, the volume of leachate produced during the trans-
port operation to the technical landfill center was moni-
tored throughout 2021. The results obtained show that the 
leachate volumes varied between a minimum of 40,870 L 
in December 2021 and a maximum of 127,930 L in August 
2021, giving a monthly average of approximately 74,850 L 
(Fig. 4). Leachate production increases in the summer sea-
son (July–August). This is probably due to the lifestyle of the 
inhabitants which favors the consumption of high-quality 
fruit and also the influx of tourists in this area.

3.4. Leachate treatment by the UASB technique

The physico-chemical quality of leachate varies consid-
erably over time (for the same site) and in space (from one 
site to another). It depends on several factors such as the 
operating conditions of the landfill, the climatic conditions 
and essentially the nature of the waste and age of the land-
fill [33]. The physico-chemical composition of the leachate 
was determined on both the raw leachate and the UASB 
treated leachate to assess the effectiveness of this treatment 
technique (Table 3 and Fig. 5).

As shown in Fig. 5a–f, the physico-chemical parameters 
of leachate after UASB treatment significantly decreased 
since day one. This confirms the effectiveness of this 
treatment system.

pH is an indicator of the different stages of effluent 
degradation. Fig. 5a shows the evolution of pH as a func-
tion of HRT during treatment. The pH values measured 
for different periods of HRT depend on the concentra-
tion of volatile fatty acids. The pH monitoring indicates an 
acidic character with a value of 4.47 for raw leachate mov-
ing towards a value close to neutrality of 6.89 after 6 d in 
the UASB reactor. This increase in pH can be explained 
by a denitrification reaction in which the consumption of 

Table 2
Evolution of the quantity of waste generated in the city of 
Mostaganem (2004–2021)

Year 2004 2008 2014 2021

Population (inhabitants) 134,390 142,696 157,796 185,443
Amount of household 
waste generated (ton/d) 81.9 105.7 138.9

169.3

Waste generated per 
capita (kg/cap·d) 0.61 0.74 0.88

0.91

Collection rate (%) 100 100 100 100

Organic 
matter
63.5 %

Cardboard 
12.5%   

Plastics 14.7% 

Glass 1.5 %

Textiles  3.6 %
Misc. 3.1%

Metals1.1 %

Fig. 3. Average composition of the household waste generated in 
Mostaganem city as of 2021.
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protons, necessary to reduce nitrates or nitrites to molec-
ular nitrogen and/or gaseous nitrogen oxide occurs [34,35].

As depicted in Fig. 5b, the EC decreased from approx-
imately 25.73 mS/cm for the raw leachate, corresponding 
to the acidogenesis phase, to 7.56 mS/cm for a 6-d HRT, a 
decrease of 70.62%. Indeed, it is during this phase that 
leaching of charged species is the most important given 

the low pH that promotes their solubilization. In addition, 
higher EC values may also correspond to the accumulation 
of ions in the leachate recirculation process [36]. During 
processing, the EC decreased steadily as a function of 
HRT in the UASB reactor from day one.

Fig. 5c shows the evolution of suspended matter as a 
function of HRT. The initial TSS content in the raw leach-
ate was 5,472 mg/L. As treatment progressed, the TSS 
decreased to 1,296 mg/L after a 6-d HRT, representing a 
removal efficiency of approximately 76.31%.

This significant decrease may be an indication of the 
active growth of biomass in the reactor, since more than 
90% of suspended volatile matter is due to active bio-
mass and the remaining 10% is due to non-biodegradable 
volatile matter and dead cells debris [37].

Turbidity as a function of HRT is shown in Fig. 5d. 
It decreases from 2,693 to 487 NTU after a 6-d HRT, 
with removal efficiency of about 81.91%.

The decrease in turbidity is due to the sedimentation 
of these particles by gravity under their own weight after 
disruption of the equilibrium symmetry [38]. Gerardi [39] 
obtained an almost identical result in a pilot plant where 

Table 3
Physico-chemical characteristics of raw leachate

Parameters Main values

Temperature, °C 24.6
pH 4.47
Electrical conductivity (EC), µS/cm 25,730
Turbidity, NTU 2,693
Total suspended solids (TSS), mg/L 5,472
COD, mg/L 24,650
NH4

+–N, mg/L 48.6
NO3

––N, mg/L 167.8
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the removal efficiency reached 82.0%. In contrast, in a 
study by Iglesias et al. [40], turbidity removal attained 90% 
for a complete anaerobic-aerobic sequential process.

COD is one of the main parameters required by reg-
ulation. As shown in Fig. 5e, the high initial COD value of 
24,650 mg/L, probably due to species accumulation during 
the leaching process, decreased considerably and appears 
to be stabilizing around 1,441 mg/L. This is consistent with 
the literature for leachate in the methanogenesis phase. 
COD shows a very significant reduction of 94.15% after a 
6-d HRT with an average temperature of 24°C, which var-
ied between 13.5°C and 28.8°C during the study period. 
This reduction in COD was accompanied by an increase in 
biogas production during processing.

The amount of biogas produced reached 0.51 L/g COD 
for a 6-d HRT (Fig. 5e) in agreement with Bohdziewicz 
and Kwarciak [45] results. In addition, about 37% of the 
biogas produced was methane.

For ammoniacal and nitric nitrogen, initial concentra-
tions of approximately 48.6 and 167.8 mg/L, respectively 
were observed. As can be observed from Fig. 5f, the levels 
of NH4

+–N and NO3
––N change in parallel with HRT. They 

both decreased gradually with HRT. The lowest NH4
+–N and 

NO3
––N values were obtained for the 6-d HRT. They reached 

11.7 and 24.8 mg/L for ammoniacal and nitric nitrogen, 
respectively. The relatively low efficiency of NH4

+ nitrogen 
removal could be attributed to the assimilation of ammonia 
nitrogen by anaerobic bacteria, as reported in other publica-
tions [41,42]. However, the decrease in nitrate content is likely 
due to heterotrophic denitrification under anoxic conditions 
to reduce nitrate to nitrites and then nitrogen gas [43].

The UASB technique treatment of the leachate inves-
tigated shows a clear decrease of the EC due to the chem-
ical exchanges between leachate and sediment. Moreover, 
the increase in pH from 4.47 to 6.89 after a stay of 144 h 
confirms the response of the system studied from the first 
hours of operation. The results obtained are encouraging, 
especially in terms of COD reduction, which is linked to the 
biodegradation of organic matters by anaerobic microorgan-
isms during the path of leachate from the bottom to the top 
of the reactor, with biogas evolution. The results obtained 
compare favorably with other published results [44–46].

4. Conclusion

The treatment of leachate from household waste gen-
erated by the city of Mostaganem by the UASB technique 
made it possible to obtain a COD reduction of 94.15% with 
a hydraulic residence time of 6 d, an average temperature 
of 24°C and a pH close to neutral. The process has been 
shown to work efficiently from the first hours of opera-
tion. The experimental protocol applied has proven itself 
in the climatic conditions of the study area. The UASB 
reactor investigated is capable of treating 1/10 of the quan-
tity produced daily in the city of Mostaganem. Anaerobic 
treatment of leachates from fresh household waste before 
disposal in landfill is strongly recommended knowing 
that biological treatment becomes difficult thereafter. 
Therefore, it is necessary to recover the liquid fraction 
before the waste is discharged to the landfill to minimize 
the impact of the discharge on the environment.
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