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Leachate accumulation is a major concern for municipal solid waste (MSW) landfills as it causes potential harm to public health and 

poses a significant threat to surface water and local groundwater systems. This article presents the results of analyses on malodorous 

treatment at the solid waste landfill located in Casablanca, Morocco, using bio-deodorization as a pre-treatment technology. The main 

goal of this study is to remove odorous gases from landfill leachate. Microbial strains of Bacillus and Pseudomonas were seeded in a 

leachate pond to treat the odorous emissions from landfill leachate and consequently improve environmental quality and human health. 

After 28 days of seeding, the results showed that the addition of Bacillus and Pseudomonas greatly reduced the concentration of chemical 

oxygen demand (COD), biological oxygen demand (BOD5) and the ionic concentration of NH4
+ to approximately 27.928 mg/L, 11550.3 

mg/L and 1533 mg/L, respectively, with lower energy consumption, resulting in an average overall operational cost of 53.97 USD/m3. In 

addition, a significant reduction in total nitrogen (32.80%), nitrites (NO2
–) (99.82%), nitrates (NO3

–) (46.81%) and total phosphorus 

(49.50%) concentrations was also achieved at a post-treatment environmental pH of 8.5. These findings extend the field of application of 

biological deodorization and provide new insights into malodorous treatment methods. 
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INTRODUCTION 

 Landfilling is one of the oldest and most widely used 

methods for municipal solid waste management due to its low 

cost and capacity to handle large waste volumes, alongside 

high-temperature composting and incineration [1-3]. However, 

it releases harmful volatile organic compounds (VOCs), 

posing risks to public health and community well-being [4,5]. 

Moreover, leachate can contain high levels of organic and 

inorganic compounds, as well as significant metal content. 

Before being discharged into natural waterways, leachates must 

undergo treatment to remove organic matter based on COD, 

BOD and ammonium levels [6]. 

 The leachates are classified as waste degradation products, 

moisture in refuse and liquid effluents produced by rainwater 
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percolating through landfill waste [7-9]. The leachate compo-

sition from the transfer station can vary depending on several 

factors, including the degree of compaction, waste composition, 

climate and moisture content in waste [10], landfill technol-

ogy and the age of the landfill [11]. Leachate generally has 

high COD, pH, ammonia nitrogen and heavy metal values, as 

well as a powerful colour and disagreeable odor. In addition, 

the characteristics of the leachate vary from year to year depen-

ding on its volume, composition and amount of biodegrade-

able material [12,13]. All these factors make the treatment of 

malodorous leachate difficult and complex. As a general rule, 

leachate can be divided into three types depending on the age 

of the landfill: young (0-5 years), medium (5-10 years) and 

old (>10 years) [14]. Leachate composition studies have dete-

cted over 400 components, many of which have not yet been 
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identified [15]. The most common components are ammonia 

nitrogen, chlorides, sulfates, heavy metals, humic acids, dioxins 

and furans [16-18].  

 A wide range of treatment methods are currently utilized 

by researchers to manage landfill leachate, including biological 

approaches and physico-chemical techniques such as flotation 

[19], coagulation/flocculation [20], adsorption [21,22], chemical 

oxidation [23,24], electrochemical processes [24], ion-exchange 

and advanced membrane filtration systems like microfiltration, 

ultrafiltration and reverse osmosis. Among these methods, 

microbial deodorizers are considered more suitable for waste 

treatment projects, such as transfer stations and landfill sites, 

due to their ease of use, excellent effect, low operating cost 

and the absence of secondary pollution [25-27]. 

 In this research, a deodorant experiment and an applica-

tion test in a refuse transfer station are conducted to assess 

the deodorization effect of a microbial compound, serving as 

a reference and basis for the practical application of this micro-

bial deodorizer. This study aims to explore the biological treat-

ment of odorous gases using a microbial consortium of Bacillus 

and Pseudomonas as a sustainable alternative to conventional 

physico-chemical methods. Furthermore, it investigates the bio-

deodorization mechanisms involved in treating high concen-

tration waste gases through this biological approach. The results 

of this study will be of great importance for the reduction of 

health risks associated with odors and for the development of 

a new biological deodorization technology.  

EXPERIMENTAL 

 Study site: The Mejjadra Ouled Taleb landfill is located in 

Casablanca, Morocco. This site covers a surface of about 35 ha, 

it has been in operation since 1986 and receives approxi-

mately 3700 T/day of solid waste. The landfill of Mejjatia 

Ouled Taleb receives household and similar waste as well as 

green waste coming from the towns and centres belonging to 

the Prefectures of Casablanca. It is accessible via the regional 

road RR315, which passes about 600 m from the main portal 

of the site, at the average Lambert coordinates of the site X: 

301 000 and Y: 322 500 (Fig. 1). The waste delivered to the 

landfill is collected on the platform and sorted so that recycle-

able materials can be recovered. After that bentonite geomem-

branes separate the waste in the alveoli. Gravitation was used 

to collect the produced leachates and transport them to the 

treatment facility. The climate of the site is of the temperate 

oceanic type with an annual rainfall of 243.8 mm, the temp-

erature is moderate, with an annual average of 18 ºC up to a 

maximum of 40 ºC in summer or down to a minimum of 2 ºC 

in winter, with a high atmospheric humidity of 76%. 

 Leachate sampling and characterization: The raw lea-

chate samples were collected from the leachate storage pond. 

The samples were taken in sterile bottles with labels, indicat-

ing the basin and date of collection and saved at a temperature 

below 4 ºC. The leachate was characterized by several para-

meters, including the conductivity (EC) was identified by a 

CD-2005 conductivity meter, the pH was measured using a 

pH-2006 meter, the chemical oxygen demand (COD) was 

determined by the spectrophotometer (direct reading spectro-

photometer DR/2000) according to the closed-back colori-

metric method (5220-B), the biochemical oxygen demand in 

5 days (BOD5) was tested by the standard method (5210), the 

NH4
+-N and titrimetry concentrations were measured by dist-

illation using 4500-NH3 B and 4500-NH3 C, respectively and 

the NO3-N concentration was determined using the Devarda’s 

alloy reduction method, as described by APHA [28]. 

 Source and preparation of bacterial inoculum: The 

bacterial strains used in this study included B. subtilis and P. 

fluorescens, obtained from the culture collection of Microbiology 

Laboratory at the Institute Pasteur of Morocco. The strains were 

cultured in nutrient broth (for Bacillus) and King’s B medium 

(for Pseudomonas) and incubated at 28 ± 2 ºC for 24 to 48 h. 

The cultures were then centrifuged at 6000 rpm for 10 min 

and the bacterial pellets were resuspended in sterile distilled 

water.  

 Experimental methodology: A schematic representation 

of the operating protocol for the bio-deodorization process is 

 

Fig. 1. Location of the Casablanca landfill 
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detailed in Fig. 2. In the first phase of the process, an aeration 

tank with a capacity of 100 m3 was created with an aeration 

system composed of a microbull diffuser with a VERTEX 

effect of 5 discs with an average unit capacity of 32 L/min, the 

disk that works with a box containing 2 pistons of the THOMAS 

brand with a unit power of 300 W and a flow rate of 158 L/min. 

The diffuser, installed at the bottom of the basin, is connected 

to the box by pipes of dimensions 16 × 24 diam/mm, with a 

length of 50 m and a pressure of 20 bar, its objective is to ensure 

the supply of oxygen (concentration of dissolved O2 in the 

tank will be 7 mg/L) necessary for the proper functioning of 

microorganisms. An injection of a water-soluble allows the 

homogenization of all the leachate of the basin to have the 

same quality at the bottom, on the surface of the basin, as well 

as in the corners. During the second phase of aeration (after 

10 days), the microorganisms contained in the bacterial cons-

ortium at a dose of 15 mL/m3 were diluted in 50% of addit-

ional water volume, then seeding (addition of the bacterial con-

sortium was approved and subsequently the degradation of the 

organic matter in the leachate started. The physico-chemical 

analyses were performed on leachate samples that had been 

cleaned after the addition of the bacterial complex. The tests 

were conducted from the aeration tank before (E), at the start 

(E0) and after the addition of the bacterial complex during 3 

(E0 + D3), 10 (E0 + D10) and 28 (E0 + D28) days of stocking, 

following the protocol below. 

 Effectiveness analysis: The effectiveness of the bacterial 

consortium leachate odour treatment method at the Casablanca 

landfill was assessed using the removal of COD, BOD5, susp-

ended solids, total nitrogen, ammonium, nitrites, nitrates and 

total phosphorus. 

 Percent removal: The removal of the studied parameters 

from leachate was calculated based on eqn. 1 [29]:  

  i f

i

C C
Removal (%) 100

C

−
=    (1) 

where, Ci and Cf are the initial and final concentrations of the 

respective parameters. 

 Power consumption: The average cost of treating odor-

ous gases from landfill leachate ($/m3) at the laboratory scale 

was estimated based on the cost of the energy amount con-

sumption (E), the prices of electrical energy (Pe) ($/KWh) and 

time (t). Labor costs, material costs and additional costs were 

not considered. The average cost per m3 was calculated by 

using eqn. 2: 

  Cost ($/m3) = E × Pe = P × t × Pe (2) 

where E: energy consumed in kwh; P: piston power in KW; 

t: time in h; Pe: price of KWh/m3. 

 For the Moroccan market, in 2023, the price of electrical 

energy for the industrial sector was 0.13 $/kWh, for a monthly 

consumption between 301 and 500 kWh. In case of a box of 

two pistons with a power of 300 W each, the electricity cons-

umption for 10 days is 144 kWh. Then, the monthly electricity 

price of 432 kWh was 56.16 $/m3. As a result, the energy cons-

umption for pre-treatment of leachate for 10 days was 1.44 

KWh/m3 with a price around 0.19 $/m3. In comparison to the 

50-day treatment study using a combination of the two methods 

[30], the performance of the submerged membrane electro-

bioreactor (SMEBR) and submerged membrane bioreactor 

(SMBR), the energy consumption was of the order of 0.414 

kWh/m3 with a price of 0.31 $/m3. The odour pre-treatment 

process proved to be both innovative and energy-efficient, with 

lower energy consumption than comparable biological methods 

reported in the literature. 

RESULTS AND DISCUSSION 

 Characterization of leachate from the Casablanca land-

fill: Leachate characterization is necessary for the design of 

leachate treatment methods. Table-1 summarizes the main 

characteristics of raw leachate and their limit values for the  

 

Fig. 2. Schematic representation of operating protocol of the bio-deodorization 
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TABLE-1 

CHARACTERISTICS OF RAW LANDFILL LEACHATE 

Parameters Values 
Limit values for the discharge of 

treated leachate surface waters 

Temperature (ºC) 23 23 

pH 6.34 5.5-8.5 

EC (µS/cm) 53600 2700 

COD (mg/L) 69560 120 

BOD5 (mg/L) 10500 40 

DCO/DBO5 6,6 6.6 

SS (mg/L) 5420 30 

N (Total) (mg/L) 1250 1250 

NH4
+ (mg/L) 4981.14 40 

NO2
– (mg/L) 1.65 <1 

NO3
– (mg/L) 2.35 <1 

P (Total) (mg/L) 60.47 2 

 

discharge of treated leachate surface waters in Morocco. The 

Casablanca leachate has an acid pH (6.34), loaded with organic 

matter, while the values of COD and BOD5 are respectively 

around 69560 mg/L and 10500 mg/L. These values are very 

high and exceed Moroccan standards, which are fixed at 120 

mg/L for COD and 40 mg/L for BOD5. The BOD5/COD ratio 

is 0.15, which is greater than 0.1, characterizing the older or 

stabilized leachates, reflecting that these leachates are weakly 

biodegradable [31]. A significant electrical conductivity (EC) 

of leachates is detected around 53 600 S/m, since the site 

receives standard industrial and agri-food waste. The concen-

tration of suspended solids (SS) is achieved at 5420 mg/L, 

which is due to the presence of the high organic and mineral 

load, relating to the nature of the waste. The nitrate content 

(NO3
–) is relatively high at 2.35 mg/L, which may be due to 

nitrification. This involves a series of reactions by nitro- and 

nitrate bacteria, as follows: 

  Nitritation: 4NH4
+ + 3O2 → 2NO2

– + 2H2O + 4H+ (3) 

  Nitratation: 2NO2
– + O2 → 2NO3

– (4) 

 Effect of bio-deodorization process on pH: The fluct-

uation in the pH of leachate during the different stages of its 

treatment by bio-deodorization is shown in Fig. 3. The results 

demonstrated that the bacterial consortium influenced the pH 

of the environment. The leachate pH values vary between 6.34 

and 8.5 in 28 days. It can be concluded that the increase in 

leachate pH after treatment is probably due to the consump-

tion of acidic organic molecules, mainly volatile fatty acids 

(VFAs) by aerobic microorganisms [32]. The aeration of the 

leachate allows the CO2 to be released through microbial acti-

vity, in which the CO2 reacts with water to produce the 

bicarbonate ion HCO3
–, buffering the pH towards neutrality 

[33,34]. The high pH value at 28 days (pH = 8.5) suggests the 

involvement of CO3
2– carbonates or organic bases in the pH 

increase. Moreover, the denitrification reaction observed during 

aeration may contribute to the increase in pH through the con-

sumption of proton [33]. 

 BOD5 and COD removal by bio-deodorization process: 

The COD and BOD5 are used to assess the pollutant load in 

the leachate and to check their evolution after treatment. Fig. 4 

shows the effect of the bacterial consortium on the leachate 

deodorization from the waste received in the Casablanca land-

fill. A significant and regular decrease in leachate COD was  

 
Fig. 3. Effect of the bio-deodorization process on pH 

 

recorded for the first three days from 42172 mg/L to 39453.2 

± 18920 mg/L and then reducing to 35245.6 ± 15600 and 27928 

± 10232 mg/L on days 10 and 28, respectively (Fig. 4a and c). 

The BOD5 of leachates was very high at the start of treatment 

at 14251 mg/L, over the first three days, it decreased sharply 

to 9340 mg/L and then stabilized around 10349.7 mg/L for 

10 days until the 28 days when it returned to 11550.75 mg/L 

(Figs. 4b and 4d). The reduction in BOD5 of 34% for E0 + D3, 

27% for E0 + D10 and 19% for E0 + D28 shows that the bact-

erial complex, accompanied by aeration, resulted in the degra-

dation of organic matter. A decrease in the COD/BOD5 ratio 

was reported after treatment with the bacterial complex, indi-

cating an improvement in the biodegradability of the treated 

effluent. The reduction in COD and BOD5 in pre-treated leach-

ates demonstrates the positive and significant effect of the 

Exoliviat process on controlling organic matter pollution. The 

removal of COD (33%) and BOD5 (19%) at 28 days is imp-

ressive in comparison with the results measured during an 

intensive 2-months aeration treatment of leachates from the 

Greater Agadir controlled landfill (99.3% for COD and 99.1% 

for BOD5) [35]. This considerable decrease shows that the 

amount of oxygen injected is probably sufficient for the activ-

ation of complex aerobic microorganisms consuming organic 

matter [32-35]. 

 Total nitrogen, ammonium, nitrites, nitrates and total 

phosphorus removal by bio-deodorization process: The 

monitoring of nitrogen, ammonium, nitrite, nitrate and total 

phosphorus in case of VERTEX microbull aeration systems 

for dissolved oxygen supply and a complex of microorganisms 

is shown in Fig. 5. The total nitrogen in the leachate reached 

1355 mg/L at the start of the addition of bacterial complex, 

1023 ± 576 mg/L after three days, 934.7 ± 320 mg/L for 10 

days and 840 ± 301 mg/L for 28 days (Fig. 5a). This reduction 

in total nitrogen content was significant, with a 17.9% reduc-

tion in the concentration of total nitrogen. 

 The leachate prior to the addition of the bacterial consor-

tium was heavily loaded with ammonium (NH4
+) of around 

4861.23 mg/L (Fig. 5b). From the third day, the ammonium 

content decreased from 2205 ± 756 mg/L to 1533 ± 892 mg/L, 

reflecting the transformation of ammonium in the presence of 
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oxygen (oxidation) to nitrite (NO2
–). The efficiency of NH4

+ 

oxidation (nitrification) increased gradually with increasing 

duration of aeration and seeding with the bacterial consortium 

and the removal rate is as high as 62.22% after the 28 days. 

The reduction (denitrification) of NO2
– or NO3

– is significantly 

influenced by the duration of rearing and seeding. This reaction 

is performed by chemolithotrophic, autotrophic (strict aerobic) 

bacteria such as Bacillus and Pseudomonas [36]. The equation 

of this process is as follows: 

  NH4
+ + 1.5O2 → NO2

– + H2O + 2H+ (5) 

 Nitrites and nitrates initially appeared, respectively, at 

0.062 mg/L and 4.03 mg/L in leachates and began to decrease 

throughout the period until they reached 0.003 ± 0.85 mg/L 

for nitrites and 1.25 ± 0.75 mg/L for nitrates (Fig. 5c-d). This 

decrease can be explained by the nitrification of nitrites via 

aerobic bacteria, reducing to organic nitrogen (N-Org). The con-

centration of ammonium (NH4
+), nitrites (NO2

–) and nitrates 

(NO3
–) has decreased due to the transformation of organic 

nitrogen into volatile nitrogen elements (NH3, N2, etc.) that 

are harmless to the environment. The hypothesis that NH4
+ is 

transformed into ammonia NH3 and then into organic nitrogen 

is verified by the fact that in a basic environment [37], OH– 

ions react with ammonium to produce ammonia. Nitrogen is 

generated by bacterial digestion and recovered as gas in the 

final composition of the sludge (fertilizing power).  

 The reduction of total nitrogen by biodegradation is well 

documented in the literature and numerous studies indicate that 

microbial systems can reduce total nitrogen in effluents [38,39] 

observed a similar reduction in total nitrogen (around 20%) 

in biological systems using bacteria such as Pseudomonas and 

Bacillus for wastewater treatment applications. However, 

efficiency largely depends on operating conditions, such as 

dissolved oxygen concentration, temperature and pH. For the 

mechanism involved in total nitrogen reduction can result 

from several biological processes, including nitrification and 

denitrification. Nitrification converts ammonium (NH4
+) into 

nitrite (NO2
–), then nitrate (NO3

–), while denitrification trans-

forms nitrate into nitrogen gas (N2), which is released into the 

atmosphere. Bacteria such as Bacillus and Pseudomonas are 

mainly responsible for carrying out nitrification and denitrifi-

cation. 

 At the beginning of experiment, the ammonium concen-

tration was very high (4861.23 mg/L). After 28 days, the 

reduction in ammonium was 62.22%, with a significant decr-

ease by day three, indicating effective oxidation of NH4
+ to 

NO2
– in the presence of oxygen. This process is known as 

nitrification. Previous research [40] has shown that Bacillus 

and Pseudomonas are particularly effective in nitrifying NH4
+ 

in water treatment systems. For example, Pseudomonas has 

been described as an actor in nitrification in aeration systems 

and reduction of 50 to 70% of NH4
+ have been observed under 

 

Fig. 4. Effect of the bio-deodorization process on (a and c) COD and (b and d) BOD5 
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optimal aeration conditions. Nitrification is a biochemical 

process carried out by autotrophic bacteria such as Bacillus 

and Pseudomonas, which use oxygen to convert ammonium 

into nitrite and nitrate. The first step of nitrification, catalyzed 

by bacteria such as Nitrosomonas (or strains of Pseudomonas), 

transforms NH4
+ into NO2

–. The NO2
– is then oxidized to NO3

– 

by bacteria such as Nitrobacter or other strains of Pseudomonas. 

 Denitrification is influenced by the duration of aeration 

and inoculation with the bacterial complex. This shows that 

the presence of denitrifying bacteria, such as Bacillus and 

Pseudomonas, plays a key role in reducing NO2
– and NO3

– to 

gaseous nitrogen (N2), thus reducing the nitrogen concentra-

tion in the leachate. Zhang et al. [41], observed denitrification 

rates greater than 60% in systems using Pseudomonas strains 

under aerobic and anoxic conditions. Bacillus is also involved 

in this process, especially in environments where oxygen avail-

ability fluctuates. 

 A study conducted by John et al. [42] demonstrates that 

the residual ammonia concentration in the tanks treated with 

the microbial consortium (4.8 ± 0.068 M L–1) was consis-

tently lower than that in the control tanks without bacteria 

(7.29 ± 0.292 M L–1). Furthermore, the treatment tanks showed 

higher residual concentrations of nitrite (6.9 ± 0.59 M L–1) 

and nitrate (4.16 ± 0.58 M L–1) compared to the control tanks 

(0.28 ± 0.201 and 0.394 ± 0.964 M L–1, respectively). This 

indicates the effectiveness of complex in converting ammonia 

to nitrite and subsequently to the less toxic nitrate form. Notably, 

these levels never reached toxic thresholds in the treatment 

tanks, which maintained a high survival rate of 97.2 ± 0.58%. 

In contrast, the control tanks experienced significant fish mor-

tality due to ammonia toxicity (55 ± 0.25%). This study demo-

nstrates that the microbial composed of B. amyloliquefaciens, 

B. cereus and P. stutzeri is effective in reducing ammonia, 

nitrite and nitrate in aquaculture wastewater, making it a 

promising bioaugmentation agent for mitigating environmental 

concerns and enabling water reuse in aquaculture systems 

before discharge into open water. 

 Total phosphorus was present in leachates at an initial 

concentration of 70.47 mg/L (Fig. 5d). A reduction over the 

treatment is observed around 55.63 ± 6.2 mg/L for E0 + D3, 

34.14 ± 3.12 mg/L for E0 + D10 and 30.54 ± 3.02 mg/L for 

E0 + D28. This decrease may be due to the consumption of 

phosphorus by aerobic microorganisms, which appreciate it 

in their skeleton in the form of PO4. These results are in agree-

ment with several recent studies demonstrating the effective-

ness of these bacterial types in phosphorus bioremediation. 

Zhou et al. [43] showed that Pseudomonas fluorescens can 

remove more than 50% of inorganic phosphorus in less than 

10 days in an aerobic system. Similarly, Brown et al. [44] 

observed a significant decrease in phosphorus in B. subtilis 

enriched activated systems, with an elimination efficiency of 

up to 60-70%. Potential mechanisms by which these micro-

organisms act on phosphorus include polyphosphate accum-

ulator bacteria (PAOs), Pseudomonas spp., store phosphorus 

in the form of intracellular polyphosphate granules. This process 

results in a significant reduction of dissolved phosphorus in 

the medium [45] or a Bacillus cells produce extracellular poly-

meric substances (EPS) that facilitate the passive adsorption 

 

Fig. 5. Treatment process effect on (a) Total nitrogen, (b) NH4
+, (c) NO2

–, (d) NO3
– and (e) total P 
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of phosphorus to the cell surface or into the biofilm matrix 

[46]. Phosphorus can be trapped either temporarily or perman-

ently through microbially mediated processes. Certain Bacillus 

species facilitate biologically induced chemical precipitation by 

increasing the local pH through the production of ammonia 

(NH3) or hydroxide ions (OH⁻), thereby promoting the formation 

of insoluble phosphate salts such as calcium phosphate [47]. 

Furthermore, both Bacillus and Pseudomonas genera are known 

to produce phosphatase enzymes (acidic and alkaline), which 

catalyze the hydrolysis of organophosphorus compounds, rel-

easing inorganic phosphate (PO4
3−) that can subsequently be 

assimilated by microbial cells [48]. The obtained results show 

that inoculation of Bacillus and Pseudomonas promotes an 

effective removal of phosphorus from leachate. These data 

are consistent with the recent literature on the biological pro-

cesses for phosphorus removal and highlight the essential role 

of these bacterial genera in aerobic treatment systems. 

 Effect of bio-deodorization process on suspended solids 

(SS) and electrical conductivity (EC): The relationship bet-

ween variations in suspended solids removal efficiency, elec-

trical conductivity and seeding time is shown in Fig. 6. In the 

first phase of leachate pre-treatment (Fig. 6a), large quantities 

of suspended solids are found around 6990 mg/L, then decre-

ase over the first three days to 4331.4 ± 1213 mg/L and then 

increase to 5600 ± 1276 mg/L and 6080 ± 1700 mg/L on the 

tenth and twenty-eighth days, respectively. This is attributable 

to the remodelling of the sludge at the bottom of the tanks 

under the effect of aeration. In addition, the electrical conduc-

tivity in the leachates was initially 64 360 S/m and gradually 

decreased slowly to 52900 ± 10023 S/m in the treated leach-

ate during the first three days of pre-treatment (Fig. 6b). After 

this period, it increased to 38640 ± 9098 µS/m for the tenth 

day and 39725 ± 10129 S/m for the twenty-eighth day, which 

may be related to the increase in chloride, sodium and potas-

sium levels in the leachate [34]. 

 Physico-chemical leachate analyses after bio-deodor-

ization: The physico-chemical parameters of the raw leachate 

effluent after 3 days, 10 days and 28 days of seeding are achi-

eved in Table-2, they represent the average of each addition 

of the complex. The latter resulted in significant reductions for 

the main parameters. The COD and BOD5 were reduced by 

27928 ± 10232 mg/L and 11550.3 ± 37841 mg/L, respectively. 

Total nitrogen was significantly reduced. In addition to these 

results relating to the reduction of the pollutant load, this pre-

treatment has enabled considerable observations to be made 

with regard to pretreated leachates. Aeration allowed, on the 

one hand, the deodorization of the leachates from the first 

days and clarified the colour of the leachates. The results were 

more significant in terms of efficiency, with a reduction in 

the organic load. The process leads to a reduction in sludge 

 

 

Fig. 6. Effect of the process on (a) suspended matter and (b) electrical conductivity 

 
TABLE-2 

CHARACTERIZATION OF LANDFILL LEACHATE BEFORE AND AFTER TREATMENT 

 
Leachate before treatment Leachate after treatment 

E0 E0 + D3 E0 + D10 E0 + D28 

pH 6.14 6.05 ± 0.75 7.7 ± 0.82 8.5 ± 0.98 

EC (µS/m) 64360 52900 ± 10023 38640 ± 9098 39725 ± 10129 

COD (mg/L) 42172 39453.2 ± 18920 35245.6 ± 15600 27928 ± 10232 

BOD5 (mg/L) 14251 9340 ± 2143 10349.7 ± 3123 11550.3 ± 37841 

SS (mg/L) 6990 4331.4 ± 1213 5600 ± 1276 6080 ± 1700 

N (Total (mg/L) 1355 1023 ± 576 934.7 ± 320 840 ± 301 

NH4
+ (mg/L) 4861.23 2205 ± 756 2165 ± 934 1533 ± 892 

NO2
–(mg/L) 0.062 0.0333 ± 0.0021 0.0034 ± 0.002 0.003 ± 0.85 

NO3
– (mg/L) 4.03 3.07 ± 0.95 2.83 ± 0.85 1.25 ± 0.75 

P (Total) (mg/L) 70.47 55.63 ± 6.2 34.14 ± 3.12 30.54 ± 3.02 
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volume, which is recirculated to the bottom-mounted VERTEX 

aeration system. This system ensures continuous agitation of 

the settled sludge, improving its bioavailability to the intro-

duced bacterial consortium. The ensuing microbial digestion 

results in minimized sludge accumulation and substantially 

reduced concentrations of heavy metal contaminants. 

Conclusion 

 In this work, the issue of foul-smelling municipal waste 

management is addressed. Due to its complex chemical com-

position, landfill leachate requires extensive treatment before 

environmental discharge. Identifying effective treatment tech-

nologies remains a challenge. In this study, a bacterial con-

sortium was used for the biological deodorization of odorous 

gases from high-concentration leachate. Based on the outcomes, 

it can be concluded that raw leachates from the Casablanca 

landfill were loaded with readily the biodegradable polluting 

organic matter. To overcome this concern, the deodorization 

applied by aeration and seeding of the highly efficient Bacillus 

and Pseudomonas bacteria, as a pre-treatment, was investigated. 

This bacterial consortium exhibited outstanding capacity during 

the removal of individual or mixed nitrogen compounds and 

the maximum denitrification rates of NH4
+, NO2

– and NO3
– 

were 69.22%, 99.82% and 46.81%, respectively. The biolo-

gical treatment of odorous gas from landfill leachate, due to 

low costs and good results, is the preferred technology for 

malodorous treatment and it is imperative to promote the 

spreading application of this technique. 

CONFLICT OF INTEREST 

 The authors declare that there is no conflict of interests 

regarding the publication of this article. 

REFERENCES 

 

1. Y. Long, Q.-W. Guo, C.-R. Fang, Y.-M. Zhu and D.-S. Shen, 

Bioresour. Technol., 99, 5352 (2008);  
https://doi.org/10.1016/j.biortech.2007.11.023 

2. B. Gworek, W. Dmuchowski, E. Koda, M. Marecka, A. Baczewska, P. 

Brągoszewska, A. Sieczka and P. Osiński, Water, 8, 470 (2016);  
https://doi.org/10.3390/w8100470  

3. G. Kumar and K.R. Reddy, Comput. Geotech., 132, 103920 (2021);  

https://doi.org/10.1016/j.compgeo.2020.103920 
4. M. Hussein, K. Yoneda, Z.M. Zaki, N.A. Othman and A. Amir, 

Environ. Nanotechnol. Monit. Manag., 12, 100232 (2019);  

https://doi.org/10.1016/j.enmm.2019.100232 
5. D. Smahi, A. Fekri and O.E. Hammoumi, Int. J. Geosci., 4, 202 (2013);  

https://doi.org/10.4236/ijg.2013.41017 

6. R.H. Kettunen, T.H. Hoilijoki and J.A. Rintala, Bioresour. Technol., 
58, 31 (1996);  

https://doi.org/10.1016/S0960-8524(96)00102-2 

7. L. Zhu, D. Shen and K.H. Luo, J. Hazard. Mater., 389, 122102 (2020);  
https://doi.org/10.1016/j.jhazmat.2020.122102 

8. Z. Gu, W. Chen, F. Wang and Q. Li, Waste Manag., 103, 113 (2020);  

https://doi.org/10.1016/j.wasman.2019.12.023 

9. M. Ančić, A. Huđek, I. Rihtarić, M. Cazar, V. Bačun-Družina, N. 

Kopjar and K. Durgo, Chemosphere, 238, 124574 (2020);  

https://doi.org/10.1016/j.chemosphere.2019.124574 
10. A.H. Golden and S. Inichinbia, J. Appl. Sci. Environ. Manag., 24, 1369 

(2020);  

https://doi.org/10.4314/jasem.v24i8.10 
11. P. Xaypanya, J. Takemura, C. Chiemchaisri, H. Seingheng and M A 

N. Tanchuling, Environments, 5, 65 (2018);  

https://doi.org/10.3390/environments5060065 

12. K. Sossou, S.B. Prasad, K.E. Agbotsou, H.S. Souley and R. Mudigandla, 

Waste Manag. Bull., 2, 181 (2024); 
https://doi.org/10.1016/j.wmb.2024.04.009  

13. J.H. Im, H.J. Woo, M.W. Choi, K.B. Han and C.W. Kim, Water Res., 

35, 2403 (2001);  
https://doi.org/10.1016/S0043-1354(00)00519-4 

14. T. Anqi, Z. Zhang, H. Suhua and L. Xia, IOP Conf. Ser. Earth Environ. 

Sci., 565, 012038 (2020);  
https://doi.org/10.1088/1755-1315/565/1/012038 

15. C.B. Öman and C. Junestedt, Waste Manag., 28, 1876 (2008);  

https://doi.org/10.1016/j.wasman.2007.06.018 
16. Ö. Apaydin and E. Özkan, Desalination Water Treat., 173, 65 (2020);  

https://doi.org/10.5004/dwt.2020.24719 

17. C.M. Moody and T.G. Townsend, Waste Manag., 63, 267 (2017);  
https://doi.org/10.1016/j.wasman.2016.09.020 

18. P. Wowkonowicz and M. Kijeńska, PLoS One, 12, e0174986 (2017);  

https://doi.org/10.1371/journal.pone.0174986. 

19. Y. Deng, J. Shu, T. Lei, X. Zeng, B. Li and M. Chen, Sep. Purif. 

Technol., 270, 118820 (2021);  

https://doi.org/10.1016/j.seppur.2021.118820. 
20. K. Djeffal, S. Bouranene, P. Fievet, S. Déon and A. Gheid, Sep. Sci. 

Technol., 56, 168 (2021);  

https://doi.org/10.1080/01496395.2019.1708114 
21. F.M. Ferraz and Q. Yuan, Sustain. Mater. Technol., 23, e00141 (2020);  

https://doi.org/10.1016/j.susmat.2019.e00141 

22. Y. Gherraby, Y. Rachdi, M. El Alouani, B. Aouan, R. Bassam, R. 
Cherouaki, H. Saufi, E. Khouya and S. Belaaouad, Desalination Water 

Treat., 318, 100263 (2024);  

https://doi.org/10.1016/j.dwt.2024.100263. 
23. F. Agustina, A.Y. Bagastyo and E. Nurhayati, Water Sci. Technol., 79, 

921 (2019);  

https://doi.org/10.2166/wst.2019.040 
24. A. Fernandes, M.R. Pastorinho, A.C. Sousa, W. Silva, R. Silva, M.J. 

Nunes, A.S. Rodrigues, M.J. Pacheco, L. Ciríaco and A. Lopes, 

Environ. Sci. Pollut. Res. Int., 26, 24 (2019);  
https://doi.org/10.1007/s11356-018-2650-6 

25. M. Toledo and R. Muñoz, J. Environ. Chem. Eng., 11, 110366 (2023); 

https://doi.org/10.1016/j.jece.2023.110366  
26. X.Q. Yang and B.X. Tang, Agric. Sci. Technol., 6, 297 (2012). 

27. H. Chengyang, T. Ying and X. He, J. Environ. Pollut. Control, 36, 60 
(2014);  

https://doi.org/10.1088/1755-1315/446/3/032019 

28. APHA Standard Methods for the Examination of Water and 
Wastewater Washington DC: American Public Health Association, 

edn 23 (2017). 

29. S.E. Harfaoui, A. Driouich, A. Mohssine, S. Belouafa, Z. Zmirli, H. 
Mountacer, K. Digua and H. Chaair, Sci. Afr., 16, e01229 (2022);  

https://doi.org/10.1016/j.sciaf.2022.e01229 

30. G. Kurtoğlu Akkaya and M.S. Bilgili, J. Environ. Chem. Eng., 8, 

104017 (2020);  

https://doi.org/10.1016/j.jece.2020.104017 

31. T. Anqi, Z. Zhang, H. Suhua and L. Xia, IOP Conf. Ser. Earth Environ. 
Sci., 565, 012038 (2020);  

https://doi.org/10.1088/1755-1315/565/1/012038 

32. Y. Liu, Q. Wang, X. Zhou, Q. Pan, H. Zhu, B. Yang and X. Pan, 
Environ. Technol. Innov., 21, 101374 (2021);  

https://doi.org/10.1016/j.eti.2021.101374 

33. C. Berthe, E. Redon and G. Feuillade, J. Hazard. Mater., 154, 262 (2008); 
https://doi.org/10.1016/j.jhazmat.2007.10.022  

34. Y. Jirou, M. C. Harrouni, M. Belattar, M. Fatmi and S. Daoud, 

Moroccan J. Agric. Vet. Sci., 2, 59 (2014). 
35. Y. Wang, Y. Tang, M. Li and Z. Yuan, Bioresour. Technol., 340, 

125716 (2021);  

https://doi.org/10.1016/j.biortech.2021.125716 
36. I.B. Paśmionka, P. Herbut, G. Kaczor, K. Chmielowski, J. Gospodarek, 

E. Boligłowa, M. Bik-Małodzińska and F.M.C. Vieira, Int. J. Environ. 

Res. Public Health, 19, 14124 (2022);  
https://doi.org/10.3390/ijerph192114124. 

37. B. Bessagnet, F. Meleux, O. Favez, L. Menut, M. Beauchamp, A. 

Colette, F. Couvidat and L. Rouïl, Pollut. Atmosph., 153 (2016);  
https://doi.org/10.4267/pollution-atmospherique.5638 

38. X.P. Yang, S.M. Wang, D.W. Zhang and L.X. Zhou, Bioresour. 

Technol., 102, 854 (2011);  
https://doi.org/10.1016/j.biortech.2010.09.007 

https://doi.org/10.1016/j.biortech.2007.11.023
https://doi.org/10.3390/w8100470
https://doi.org/10.1016/j.compgeo.2020.103920
https://doi.org/10.1016/j.enmm.2019.100232
https://doi.org/10.4236/ijg.2013.41017
https://doi.org/10.1016/S0960-8524(96)00102-2
https://doi.org/10.1016/j.jhazmat.2020.122102
https://doi.org/10.1016/j.wasman.2019.12.023
https://doi.org/10.1016/j.chemosphere.2019.124574
https://doi.org/10.4314/jasem.v24i8.10
https://doi.org/10.3390/environments5060065
https://doi.org/10.1016/j.wmb.2024.04.009
https://doi.org/10.1016/S0043-1354(00)00519-4
https://doi.org/10.1088/1755-1315/565/1/012038
https://doi.org/10.1016/j.wasman.2007.06.018
https://doi.org/10.5004/dwt.2020.24719
https://doi.org/10.1016/j.wasman.2016.09.020
https://doi.org/10.1371/journal.pone.0174986
https://doi.org/10.1016/j.seppur.2021.118820
https://doi.org/10.1080/01496395.2019.1708114
https://doi.org/10.1016/j.susmat.2019.e00141
https://doi.org/10.1016/j.dwt.2024.100263
https://doi.org/10.2166/wst.2019.040
https://doi.org/10.1007/s11356-018-2650-6
https://doi.org/10.1016/j.jece.2023.110366
https://doi.org/10.1088/1755-1315/446/3/032019
https://doi.org/10.1016/j.sciaf.2022.e01229
https://doi.org/10.1016/j.jece.2020.104017
https://doi.org/10.1088/1755-1315/565/1/012038
https://doi.org/10.1016/j.eti.2021.101374
https://doi.org/10.1016/j.jhazmat.2007.10.022
https://doi.org/10.1016/j.biortech.2021.125716
https://doi.org/10.3390/ijerph192114124
https://doi.org/10.4267/pollution-atmospherique.5638
https://doi.org/10.1016/j.biortech.2010.09.007


2802 Gherraby et al.  Asian J. Chem. 

39. N. Xu, M. Liao, Y. Liang, J. Guo, Y. Zhang, X. Xie, Q. Fan and Y. 

Zhu, Environ. Res., 195, 110797 (2021);  

https://doi.org/10.1016/j.envres.2021.110797 

40. P. Singh, R.K. Singh, H.-B. Li, D.-J. Guo, A. Sharma, K.K. Verma, 
M.K. Solanki, S.K. Upadhyay, P. Lakshmanan, L.-T. Yang and Y.-R. 

Li, Biotechnol. Genet. Eng. Rev., 40, 15 (2024); 

https://doi.org/10.1080/02648725.2023.2177814  
41. M. Zhang, A. Li, Q. Yao, Q. Wu and H. Zhu, Bioresour. Technol., 305, 

122626 (2020);  

https://doi.org/10.1016/j.biortech.2019.122626 
42. E.M. John, K. Krishnapriya and T.V. Sankar, Aquaculture, 526, 735390 

(2020);  
https://doi.org/10.1016/j.aquaculture.2020.735390 

43. H. Zhou, D. Lu, S. Fang, C. Liu, Y. Chen, Y. Hu and Q. Luo, J. 

Environ. Manage., 287, 112294 (2021);  
https://doi.org/10.1016/j.jenvman.2021.112294 

44. P. Brown, K. Ikuma and S.K. Ong, Water Res., 217, 118338 (2022); 

 https://doi.org/10.1016/j.watres.2022.118338  

45. C. Li, X. Yuan, Z. Sun, M. Suvarna, X. Hu, X. Wang and Y.S. Ok, 

Bioresour. Technol., 346, 126582 (2022);  
https://doi.org/10.1016/j.biortech.2021.126582 

46. Y. Wang, J. Qin, S. Zhou, X. Lin, L. Ye, C. Song and Y. Yan, Water 

Res., 73, 252 (2015);  
https://doi.org/10.1016/j.watres.2015.01.034  

47. H. Wu, G. Li and C. Yang, Ecol. Eng., 132, 98 (2019). 

48. M.S. Robescu, M. Niero, M. Hall, L. Cendron and E. Bergantino, Appl. 
Microbiol. Biotechnol., 104, 2051 (2020);  

https://doi.org/10.1007/s00253-019-10287-2 

 

https://doi.org/10.1016/j.envres.2021.110797
https://doi.org/10.1080/02648725.2023.2177814
https://doi.org/10.1016/j.biortech.2019.122626
https://doi.org/10.1016/j.aquaculture.2020.735390
https://doi.org/10.1016/j.jenvman.2021.112294
https://doi.org/10.1016/j.watres.2022.118338
https://doi.org/10.1016/j.biortech.2021.126582
https://doi.org/10.1016/j.watres.2015.01.034
https://doi.org/10.1007/s00253-019-10287-2

