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Abstract. Leachate poses a significant risk to soil, rivers, and groundwater, necessitating effective
collection and treatment strategies. This study evaluates an integrated leachate management approach
at the Al-Hoceima landfill, combining biological pretreatment with reverse osmosis. Initial analyses
revealed high organic content in the leachate, with BOD5 and COD levels at 1,530 mg 02/ and
10,805 mg O2/1, respectively, and an ammonium concentration of 4,827 mg/l. Biological pretreatment
achieved a 66% reduction in COD and a 56.02% decrease in BOD5. Further purification via reverse
osmosis significantly lowered COD and BOD5 by 97% and 98.46%, respectively, ensuring
compliance with Moroccan environmental standards. These results demonstrate the effectiveness of
our integrated approach in mitigating the environmental impact of landfill leachate.
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1 Introduction

Morocco faces significant challenges in pollution control due to the rising volume of
household and industrial waste, complicated by their diverse composition [1]. Contributing
factors include population growth, urbanization, economic development, and evolving
lifestyles [2]. Local communities struggle to manage this waste, hindered by its sheer
volume and resource limitations [3]. At the Al Hoceima Waste Disposal Center,
approximately 80 tons of Class I waste are landfilled daily, a common method across
Moroccan landfills [4,5]. Yet, landfilling has its drawbacks, including odor emissions,
biogas production, and potential leachate contamination [6].

Landfill leachate, a mix of rainwater, decomposing waste byproducts, and inherent
moisture, contains dissolved organic matter, salts, heavy metals, and other pollutants [7]. Al
Hoceima landfill has implemented an advanced treatment system combining biological
pretreatment with reverse osmosis to address these issues. This study assesses both the
untreated and treated leachate to determine the treatment's effectiveness in reducing
environmental impact.

2 Material and Methods

The Al Hoceima landfill, situated 6 kilometers southeast of Al Hoceima city, occupies 34
hectares and serves a population of 140,000 from surrounding areas. It operates in a
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Mediterranean climate with a non-permeable substrate that supports a temporary pond,
despite regional groundwater deficits [8-11].

Analyses include suspended solids (SS), determined by centrifugation and drying at 105°C,
and biochemical and chemical oxygen demand (BODn, COD) using standard dilution and
titration methods. Total Kjeldahl Nitrogen (TKN), ammonium (NH4), and total phosphorus
(TP) are measured following respective 1SO and NF standards [17-24].
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Fig.1. Geographical Coordinates of the Controlled Landfill in Al Hoceima City.

During the sampling phase at the Al Hoceima landfill site, key physical parameters such as
pH, conductivity, and temperature were precisely measured using the "Accumet basic
ab15" pH meter and "Intelligent pH YK-2001PH Conductivity Meter," adhering to NF T
90-008 and NF EN 27888 standards, respectively [13-16]. In the laboratory, suspended
solids (SS) were quantified by the weight difference before and after centrifugation and
drying at 105°C, as per AFNOR standard T 90-105-2 [17-18]. Biochemical (BODn) and
Chemical Oxygen Demand (COD) were determined using dilution and titration methods,
following NM ISO and NF standards [19-21]. Total Kjeldahl Nitrogen (TKN), Ammonium
(NH4), and Total Phosphorus (TP) levels were analyzed in line with NM 1SO and NF
standards [22-24]. The leachate treatment involved a two-step process: biological
pretreatment using aerated activated sludge to facilitate Biological Catalytic Oxidation
(BCO) reducing the organic load, followed by reverse osmosis, which effectively removes
all particulates and dissolved substances, ensuring the treated wastewater meets
environmental safety standards [25,26].
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Fig.2. Primary Treatment Processes for Al Hoceima Controlled Landfill.

3 Results and discussions

The assessment of household waste leachate treatment focuses on measuring reductions in
key parameters such as pH, temperature, COD, BODS5, suspended solids, total nitrogen,
ammonium, total phosphorus, and electrical conductivity, collectively referred to as
purification efficiencies. These benchmarks are crucial for evaluating the effectiveness of
the treatment process. Data presented in Table 1 details the changes in these
physicochemical parameters observed at various stages of the treatment.

Table 1. The results of physicochemical analyses of the leachates.

Parameters raw leachate pretreated Permeat
C1 leachate C3
C2
- Leachate temperature 19,2 20 19,5
®)
-PH 8,50 8,50 8,95
-Electrical Conductivity 29,300 20.66 3,920
(mS/cm)
-DCO 10 805 3618 74,3
-DBOs 1530 702 39,7
-Total Kjeldahl 5253 450 257
Nitrogen (NTK)
-Ammonium (NH4+) 4827 347 250
-Total Phosphorus (PT) 58,6 7.40 0,426
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-suspended solids (SS) 55,7 108 4,01

During sample collection at 20°C, conditions were ideal for mesophilic microorganisms,
which thrive between 20-40°C and are crucial for biological processes [27-28]. Leachate
pH varied from 8.50 to 9.95, reflecting alkaline conditions likely due to low volatile organic
compounds during the acetic fermentation stage, essential for methanogens [28-29].
Electrical conductivity changes in leachate were significant, initially at 29.3 mS/cm due to
high soluble salts, which reduced by 29.46% after biological pretreatment and further by
81% post-reverse osmosis, indicating effective mineralization reduction [30-31]. COD
levels dropped from 10,805 mg/L to 3618 mg/L after biological pretreatment and to 74.3
mg/L following reverse osmosis, showing significant organic pollutant reduction [32].
Similarly, BODS levels decreased from 1530 mg/L to 702 mg/L after biological treatment
and further to 39.7 mg/L post-reverse osmosis, indicating substantial organic matter
reduction [33].

Suspended solids initially increased post-biological pretreatment from 55.7 mg/L to 108
mg/L but drastically reduced to 4.01 mg/L after reverse osmosis [34]. Total Kjeldahl
Nitrogen dropped from 5253 mg/L to 450 mg/L after biological pretreatment, showing a
91.43% reduction [34]. Ammonium levels decreased from 4827 mg/L to 347 mg/L after
biological treatment and further post-reverse osmosis [35]. Total Phosphorus concentration
significantly reduced from 58.6 mg/L to 7.4 mg/L after biological treatment and to 0.426
mg/L following reverse osmosis, demonstrating the effectiveness of the treatment process
[36].

Table 2. Variation before and after treatment.

Parameters Raw Pretreated Permeate
Leachate Leachate

Temperature of leachate (°C) 19.2 20 19.5
pH 8.5 8.5 7.95
Conductivity (nS/cm) 29.300 11.660 3.920

COD (Chemical Oxygen Demand) 10.805 3.618 74.3
BOD (Biochemical Oxygen Demand) 1.530 702 59.7
NTK (Total Kjeldahl Nitrogen) mg 52.53 4.5 257
NH (Ammonia) 4.827 347 250
PT (Total Phosphorus) 58.6 7.4 0.426

MES (Suspended Solids) 55.7 108 4.01

4 Conclusion

Our study found high levels of both natural and synthetic pollutants in leachate from the Al
Hoceima landfill. We demonstrated that a combination of biological pretreatment and
reverse osmosis can reduce pollutants by up to 97%, aligning with Morocco's stringent
water discharge standards. This method is not only technically sound but also cost-
effective, representing a significant advancement in leachate management.

Yet, our work is far from complete. Further investigation is needed into the impacts of
reverse osmosis concentrate, particularly concerning heavy metal pollution, to assess its
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long-term environmental effects. It's also essential to evaluate the economic feasibility of
scaling these treatments.

An important next step is to explore methods to minimize initial waste moisture, aiming to
improve waste management at its source. Such proactive measures could enhance the
effectiveness of disposal techniques and support sustainable waste management practices.
This research underscores the urgent need for innovative solutions to tackle pollution,
providing hope for regions grappling with waste management challenges. Continuing to
refine and test these methods is crucial to ensure a cleaner, safer environment for future
generations.
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