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Graphical abstract

This study presents a compact, nature-based MBBR system for treating fishery effluents in Greater
Casablanca. The reactor has two compartments: the first supports biological treatment using
Penicillium chrysogenum with Umbrina roncador fish scales as biofilm carriers; the second is a
settling chamber. Wastewater enters at the base, passes through the biofilm zone, and rises into the
settling section. After 72 hours, marked reductions in BODs, COD, suspended solids, and phosphorus
were observed. Natural carriers performed better than synthetic media across several parameters. The
system aligns with circular economy principles and offers a sustainable, low-cost option for

wastewater treatment.
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Abstract: Fish processing industries produce large volumes of organic-rich
effluents, especially in coastal cities such as Casablanca. This study examines
the performance of a nature-based Moving Bed Biofilm Reactor (MBBR)
using Penicillium chrysogenum and Umbrina roncador fish scales as natural
biofilm carriers. The reactor included two compartments: one for biological
treatment and one for settling. Real fishery wastewater (20 L/day) was treated
for 72 hours under controlled conditions. The system achieved notable
removal rates: 82.5% for BODs, 72.9% for COD, 65.4% for suspended solids,
and 36.1% for total phosphorus. Kaldnes K3 carriers were tested in parallel.
These showed greater nitrogen and phosphorus removal. Natural carriers
performed better for BODs and suspended solids. The findings confirm the
feasibility of using fish scales as low-cost, sustainable supports in biological
treatment. This approach supports circular economy principles and
contributes to SDGs 6 and 12.

Keywords: Fishery effluents, Natural biofilm carriers, MBBR.
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Introduction

The Moroccan fishery sector accounts for 15% of national exports and 50% of agri-food exports.
Morocco is the leading fish producer in Africa, mainly through sardine (Sardina pilchardus), and
ranks 25th globally, contributing 1.2% of world production. With more than 3,500 km of coastline, a
fleet of nearly 3,000 vessels, and expanding port infrastructure, the country is a key player in both the
Arab world and Africa. Casablanca holds a prominent position among Atlantic ports, alongside

Agadir, Dakhla, and Ladyoune, in terms of both landing volume and processing capacity [1].

Processing units generate large volumes of saline wastewater rich in organic matter, fats, and oils.
Effluent composition varies depending on the type of product processed [2-5]. When discharged
without adequate treatment, these effluents pose a major risk to coastal water quality, marine
ecosystems, and public health. This is a growing concern for Morocco, which faces increasing water
stress and is approaching the threshold of water scarcity. Improving water reuse and safeguarding
available water resources is a national priority [2].

In this context, the treatment of fishery effluents is critical for both the environment and public health.
Biological processes, such as activated sludge and biofilm-based systems, have demonstrated both
efficiency and cost-effectiveness in wastewater treatment [6]. Conventional suspended biomass
processes, though widely applied, show several limitations. These include high sludge production,

operational instability, and vulnerability to fluctuations in pollutant loads.

Accordingly, Moving Bed Biofilm Reactors (MBBRS) have emerged as a promising solution. They
combine the benefits of suspended and attached biomass technologies. MBBRs offer greater
operational stability, shorter retention times, lower sludge output, and enhanced microbial reuse.

These features make them well suited to meet current performance and sustainability demands [2,6,7].

Although the MBBR process is recognized for its high performance, ease of implementation, and
adaptability to varying loads, its large-scale deployment generally relies on plastic-based carriers such
as Kaldnes media. This approach presents several environmental limitations. These carriers are
derived from non-renewable fossil resources, and their production contributes to the system’s carbon
footprint. They have a limited lifespan and must be replaced periodically. Ageing, fragmentation, or
loss of carriers within the reactor can lead to the release of microplastics into receiving waters, adding

to aquatic pollution.

To avoid shifting the pollution burden, natural, biodegradable, or bio-based alternatives are now being
explored as more sustainable options. Natural biofilm carriers such as fish scales, plant-based

materials, and revalorized organic waste provide an environmentally sound response, maintaining

biological treatment efficiency [8-10]. These materials, low-cost and derived from industrial co-

products, support circular economy strategies and organic waste valorization. Their high surface area
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and hydrophilic properties promote microbial adhesion and growth, offering an effective base for

biofilm development [9,11].

The efficiency of fishery effluent treatment depends closely on the selected biomass and the method
of inoculation. One study showed that using natural carriers, such as sardine scales or snail shells,
with filamentous fungi like Penicillium chrysogenum, led to the formation of robust biofilms. These
systems tolerated saline conditions and achieved marked reductions in chemical oxygen demand
(COD), suspended solids, and total nitrogen [2,6,9,12] (Fig. 1).

Synthetic carrier:
K3-type plastic
media

Natural suport :
Fish scales

Penicillium
Chrysogenum

Figure 1. Key Components Influencing Biological Treatment Efficiency in MBBR Systems Using

Penicillium chrysogenum and Natural Colonization Supports.

Moroccan regulations apply the polluter-pays principle and require strict control of industrial
discharges. International standards are also tightening, particularly regarding BODs, total nitrogen,
and total phosphorus [13]. In practice, industrial units are required to treat their own effluents or face
regulatory penalties, environmental levies, or rising compensation costs. The Moroccan legal
framework, notably Laws No. 11-03 and No. 99-12 [14,15], penalizes non-compliant discharges and

imposes fees based on pollutant load.

This approach agrees with global trends aiming to tax negative externalities such as water pollution,
pesticides, and plastics. In Europe, for example, instruments such as Denmark’s pesticide tax and
water pollution charges follow the same deterrent logic [16]. Companies are therefore faced with a
strategic decision: either invest in treatment technologies and internalize their environmental impacts,

or bear the financial and legal consequences of an unsustainable model [16].
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Nature-based technologies, which limit sludge production and adapt to variable pollutant loads, offer
a strategic solution. This helps to conserve water and to recover resources, in line with the Sustainable
Development Goals, particularly SDG 6 and SDG 12. It also promotes more responsible and

environmentally sound industrial practices [17].

Materials and Methods

Description of the Experimental Setup

This experiment was carried out using untreated wastewater collected directly downstream of the
production line, at the outlet of a fish processing unit in the Greater Casablanca region (small-scale
local canneries). The effluents were not subject to dilution or pre-treatment. They originated from
key processing steps, including fish washing, gutting, filleting, defrosting, and cleaning of floors,
equipment, and containers (Table 1).

Table 1. Effluent-generating activities in the Casablanca fish processing facility.

Process Nature of Generated Effluents

Reception and washing of fish Water containing mucus, blood, scales, sand, salt, and
suspended organic matter

Gutting and filleting Effluents rich in organic matter (blood, viscera, fats), total
nitrogen, and BODs

Defrosting (frozen fish) Meltwater with salt, soluble proteins, and lipids

Cleaning of floors, tables, and equipment Rinse water highly loaded with fats, detergents,
disinfectants, and organic matter

Cooking or heat treatment (if applicable) Water containing melted fats, thermal residues, and high
COD

Freezing or final packaging Cooling water, condensate, or wash water containing
organic residues

Cleaning of crates, bins, and iceboxes Effluents with fish remains, waste, nitrogenous matter, and
cleaning agents

Refrigeration circuit maintenance Wastewater with traces of oil, lubricants, and antifreeze
(low pollution if well managed)

Accidental discharges or leaks Mixed wastewater not contained by drainage systems, often

locally concentrated and highly loaded

An MBBR-type bioreactor was used for the experiment (Fig. 2). It was aerated from the base using

filtered air supplied by a compressor. The reactor was operated in continuous flow mode at a rate of

20 litres per 24 hours. It comprised two compartments. The first was dedicated to biological treatment
using the MBBR process, with Umbrina roncador fish scales as the natural support and Penicillium
chrysogenum as the microbial biomass. This strain was selected for its ability to degrade organic
matter and form stable, resilient biofilms [2,6,9,12].
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Samples were collected every 24 hours over a 72-hour period. The monitored treatment parameters
were: chemical oxygen demand (COD), total nitrogen (TN), total phosphorus, biochemical oxygen
demand over five days (BODs), and suspended solids (SS).

Biological treatment

L] Outlet

C) =

Inlet

Scales of Umbrina
* roncador - -

Bioreactor Settling compartment

Figure 2. Schematic diagram of a dual-chamber biofilm reactor with Umbrina roncador fish scales

and settling compartment for fishery effluent treatment.

The methodology adopted in this study used a Moving Bed Biofilm Reactor (MBBR), specifically
designed for treating effluents generated by a fish processing unit in the Greater Casablanca region.

In line with principles of circular economy and sustainability, a local natural material was selected as

the biofilm carrier : scales of Umbrina roncador, repurposed as a support for microbial colonization
(Figure 3).

Figure 3. Types of carriers used in the study : (a) scales of Umbrina roncador used as a natural
support, (b) industrial Kaldnes K3 carriers before colonisation, and (c) after colonization by the
biofilm.

The experimental approach followed a structured sequence. It began with the physico-chemical and
microbiological characterization of fishery effluents to establish their initial pollution profile.

Approximately 500 grammes of fish scales were then cleaned and prepared. An MBBR system was
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set up, and selected microorganisms were inoculated onto the scales under controlled aeration,
temperature (25-28 °C), and agitation to support biofilm formation.

The treatment phase lasted 72 hours. Samples were collected every 24 hours to monitor the removal
of key pollutants: COD, BOD:s, total nitrogen, total phosphorus, and suspended solids. All procedures
followed the protocols outlined by Fathi et al. [2] and Charef et al. [9], allowing for performance
comparison over time. This approach aims to demonstrate the relevance of a nature-based treatment
system using natural packing material in an MBBR reactor to improve the quality of liquid discharges

from Moroccan fish processing industries.

Results and Discussion

Characterization of Fishery Effluent

The effluent was collected directly downstream of the production line. Characterization was carried
out on several occasions upon reception. Table 2 shows the average values obtained.

Table 2. Quantitative characterization of fishery effluent from a processing unit in the Greater
Casablanca region ;

Parameter Average Range observed Permitted limits * Remarks
Temperature 201 °C 18 _25°C <30°C Dep(_endent on seasonal
(T ambient temperature
oH 6.53 6.0_75 6.0_85 Slightly acidic to neutral
water
COD 7,296 mg/L 6,000 - 10,000 mg/L. <500 mg/L Very high organic load
TN (Total Elevated levels linked to
. 475.1 mg/L 400 — 800 mg/L <100 mg/L proteins and nitrogenous
nitrogen) .
residues
Closely correlated with
BODs 3,800 mg/L 3,000 — 6,000 mg/L <120 mg/L high COD
Total Derived from animal
9.8% 5-15% <10 mg/L residues and cleaning
phosphorus
products
COD/BOD:  1.92 15-25 1.5 2.5 (indicative) |0icates  highly

biodegradable effluent
* Permitted limits refer to discharges of industrial effluents into non-sensitive surface waters, according to
current Moroccan regulations [18].

As indicated by the COD/BOD:s ratio of 1.92, the effluent shows high biodegradability, which fully
supports the use of a biological treatment process such as the one applied in this study. The average
COD measured was 7,296 mg/L, indicating a particularly high level of organic pollution. This value
is significantly higher than the 4,454 mg/L reported for a fish cannery in the Agadir region by
Benyakhlef et al. [19], confirming the specific and heavy pollution load associated with urban fish
processing effluents discharged intermittently. The measured concentrations of suspended solids,
COD, BOD:s, total nitrogen, and total phosphorus all exceed the thresholds set by Moroccan
regulations for industrial discharges. These findings show the urgent need to implement suitable and

sustainable treatment solutions to reduce the environmental impact of such effluents.
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Temporal Evolution of Pollutant Removal in Fishery Effluent Treated Biologically with
Penicillium chrysogenum on Two Types of Carriers
Figure 1 shows the variation in key pollution parameters (COD, BODs, suspended solids, total
phosphorus, and total nitrogen) during the biological treatment of real fishery effluent with
Penicillium chrysogenum. Two types of carriers were used: industrial Kaldnes (K3) media and
repurposed Umbrina roncador fish scales.
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Figure 4. Evolution of pollution parameters during the biological treatment of real fishery effluent using
Penicillium chrysogenum as a biofilm agent

87



Fathi et al. Natural Built Social Environment Health 1(4) 2025 : 80-95

Overall, the increasing age of the biomass was associated with a continuous improvement in pollutant
removal. Significant performance was recorded after only 24 hours, with further enhancement
observed at 72 hours. This trend reflects the gradual colonization of the carriers and increased
metabolic activity of the attached biomass [20].

For chemical oxygen demand (COD), removal rates after 72 hours reached 71.79% with Kaldnes and
72.9% with Umbrina roncador fish scales. A plateau appeared after 48 hours, suggesting progressive
saturation of adsorption sites or limitations linked to substrate availability or biofilm maturity. This
observation raises questions about the role of biofilm age and supports further investigation into the
effect of longer treatment durations on system stabilization.

The removal of BOD:s followed a similar trend, with a higher yield for fish scales (82.54%) compared
to Kaldnes (63.17%). This result confirms the stronger affinity between the fungal biomass and the
natural support, probably related to its porosity and surface properties, which favour the development
of dense biofilms [21-23].

For suspended solids (SS), removal was higher with fish scales (65.36%) than with Kaldnes (38.53%).
This performance may be linked to better settling, induced by the irregular structure of the natural

support, which limits the release of suspended particles [24].

Total phosphorus reduction began after 48 hours, reaching 63.2% with Kaldnes and 36.09% with fish
scales. This suggests that the synthetic carrier may offer greater capacity for phosphorus retention or
support the growth of polyphosphate-accumulating microorganisms. Initial adsorption on reactor

walls may also have contributed to these results [25].

This study also shows that, even at lower temperatures, nitrification remains effective in MBBR
systems. This can be attributed to the presence of an adapted biofilm, which may explain the moderate
but relevant total nitrogen removal rates—29.36% with Kaldnes and 14.4% with fish scales—despite

incomplete nitrification [26].

The results confirm the overall effectiveness of the treatment protocol in reducing organic, nitrogen,
and phosphorus loads from untreated fishery effluents. The pilot system, using Penicillium
chrysogenum immobilized on either Umbrina roncador fish scales or synthetic Kaldnes carriers,
achieved satisfactory removal rates for key parameters (COD, BODs, suspended solids, total nitrogen,

and total phosphorus).

Comparison of the two carrier types showed that natural fish scales performed better in reducing
organic loads. This is probably linked to their porous structure, which supports retention and
biodegradation. In contrast, Kaldnes media proved more effective in removing nitrogen and
phosphorus, possibly because of enhanced colonization by specialised microorganisms, including

polyphosphate-accumulating and nitrifying species. These findings highlight promising opportunities
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for process optimization. Further research will be needed to refine retention times, support biofilm
maturation, and adjust operational conditions. This will facilitate scaling up the system within a

sustainable, low-cost framework adapted to the needs of local fish processing industries.

Scanning Electron Microscopy (SEM) analysis provided visual insight into the structure of the
biofilm formed on both types of carriers after 72 hours of treatment in the MBBR system. The images
revealed dense and organized colonization on the Umbrina roncador fish scales (Figure 5a),
characterized by well-developed fungal networks and filamentous structures typical of Penicillium
chrysogenum. In comparison, the Kaldnes K3 carrier (Figure 5b) also supported microbial
colonization, though of lower intensity, with more widely spaced filaments and a less uniform surface
coverage. This morphological contrast highlights the strong link between the nature of the carrier and
microbial colonization dynamics. The irregular, porous, and naturally adhesive surface of the fish
scales appears to provide a more favourable anchor for mycelial development, allowing for sustained
interaction between microorganisms and pollutants. This enhanced bioadhesion probably contributes
to the improved performance observed in the reduction of organic loads (COD, BODs, and suspended

solids), supporting more consistent degradation of carbon-based compounds.

In contrast, the more regular and less textured morphology of the Kaldnes media appears less
favourable for extensive fungal attachment, but may promote the selection of specific microorganisms
such as nitrifying bacteria or polyphosphate-accumulating organisms. This could explain the higher
removal rates of total nitrogen and phosphorus. The composition of the biofilm, therefore, reflects
not only the density of colonization but also the functional specialization of the system, whether for
organic degradation or nutrient removal. These findings emphasize the importance of carrier selection
in MBBR design. They point towards targeted engineering of biofilm substrates based on the intended
treatment objectives. SEM imaging, by providing detailed insight into the biological architecture,

proves to be a valuable tool for assessing performance and optimizing treatment configurations.

Figure 3. Scanning electron microscopy (SEM) observation of supports colonized by Penicillium
chrysogenum after 72 hours of treatment: (a) scales of Umbrina roncador and (b) industrial Kaldnes
K3 bio-carriers. Magnification x2000.
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These observations are fully consistent with the performance results previously obtained:

e The dense colonization observed on Umbrina roncador fish scales aligns with the high
removal rates recorded for BODs (82.54%), COD (72.9%), and suspended solids (65.36%).
This efficiency suggests that the porous and organic structure of the scales provides a

favourable environment for fungal adhesion, growth, and enzymatic activity.

e The irregular topography and natural composition of these carriers probably supported rapid
biofilm establishment, which may explain the performance increase observed within the first

48 hours of treatment.

e On Kaldnes media, colonization was more diffuse and less dense. This may account for the
slightly lower BODs (63.17%) and suspended solids (38.53%) removal. These carriers,
nonetheless, achieved higher removal of nitrogen and phosphorus. This indicates that the
biofilm environment, although less dense, may be more selective for specialized

microorganisms active in nitrification or polyphosphate accumulation.

These results show that the nature of the carrier affects not only the amount of colonizing biomass,
but also its functional specialization. Natural supports tend to promote intensive degradation of
organic matter. Synthetic carriers appear more suitable for targeted processes such as nutrient

removal.

It is important to note that some plastic-based biofilm carriers, such as Kaldnes media, may be
vulnerable to progressive degradation into microplastics. This is especially the case in systems with
dense and diverse microbial consortia, including strains with potential for plastic degradation. Recent
studies have shown that large populations of specialized microorganisms can accelerate the
breakdown of plastic polymers into smaller particles, increasing the risk of microplastic release into
treated effluents [27].

This observation supports the use of natural materials, which are less prone to this type of degradation,
particularly in systems with high biofilm-forming potential. A combination of natural and synthetic
carriers could therefore be considered in hybrid or sequential systems. Such configurations would
help improve overall treatment performance while managing emerging environmental risks linked to

carrier materials.

This study provides experimental evidence for the effectiveness of Umbrina roncador fish scales as
biofilm supports in MBBR systems. Their use could partially or fully replace synthetic carriers, with
comparable performance on key pollution parameters. It also opens the way for multi-compartment
configurations designed to optimize metabolic pathways according to specific pollutant targets
(organic, nitrogen, phosphorus, particulate). This approach enhances system flexibility without
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relying on plastic-based materials. Beyond demonstrating the effectiveness of fish scales in MBBR
systems, this work contributes to an integrated strategy aligned with several United Nations
Sustainable Development Goals (SDGs) [17] (Table 3).

Table 3. Results in relation to the Sustainable Development Goals (SDGs).

SDG Goal Relevance to the Study
SDG 6 Clean Water and Sanitation Improving the quality of industrial wastewater before
discharge helps preserve local water resources and enables
safe reuse.
SDG 12 Responsible Consumption and  Repurposing fishery by-products (scales) as biological
Production carriers supports rational waste management and reduces
the environmental footprint of the industry.
SDG 9 Industry, Innovation and The development of an optimized MBBR reactor using
Infrastructure natural biofilm carriers offers a practical, sustainable, and
locally appropriate technical innovation.
SDG 14 Life Below Water By limiting COD, BODs, TN, TP, and SS discharges, the

process helps prevent eutrophication and protects marine
and coastal ecosystems.

SDG 13 Climate Action The use of low-sludge, additive-free biological treatment
indirectly contributes to reducing emissions from
conventional treatment methods and pollutant release.

The experimental approach adopted in this study goes beyond the technical challenge of pollution
control. It offers an eco-innovative and context-specific solution for Moroccan fish processing

industries, and follows global environmental priorities.

Conclusion

The treatment of wastewater from fish processing industries is critical both to conserve water and to
limit the environmental impacts of organic, nitrogen, and phosphorus discharges. The results of this
study show that integrating a Moving Bed Biofilm Reactor (MBBR) system with Penicillium
chrysogenum and a locally sourced natural carrie—Umbrina roncador fish scales—achieves

significant treatment performance on real effluent.

After 72 hours, the removal rates for COD (72.9%), BODs (82.54%), and suspended solids (65.36%)
confirm that the natural carrier is fully functional and represents a credible alternative to synthetic
Kaldnes media. Progressive biofilm colonization, strong physico-chemical compatibility between the
fungal biomass and the carrier, and the surface properties of the scales (microporosity and specific

area) account for much of this performance.
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Phosphorus and nitrogen removal, by contrast, remains limited. This is probably linked to the absence
of anaerobic zones, the monoculture configuration of the biomass, and the specific characteristics of
the effluent. These limitations call for further research into more advanced configurations, including
multi-compartment systems, fungal—bacterial co-cultures, and redox-controlled conditions to enhance

nutrient removal.

By repurposing a local fishery by-product, this study aligns with circular economy principles and
supports sustainable development. It contributes directly to several Sustainable Development Goals
(SDGs 6, 12, 13, and 14), by promoting decentralized, low-cost, and environmentally sound treatment
solutions. Umbrina roncador fish scales are an effective biological carrier. Several areas for further

investigation have emerged from this study:

e Deepen the characterization of natural carriers, focusing on their surface chemical
composition (using FTIR spectroscopy), roughness (using profilometry), and microbial

adhesion under various environmental conditions.

e Explore other biomass combinations by testing fungal-bacterial associations to enhance

metabolic synergies and optimize the simultaneous degradation of multiple pollutants.

e Expand the application of the most promising natural carriers—particularly Umbrina
roncador fish scales—to other types of industrial effluents, such as those from the agri-food,

dairy, or oil-processing sectors.

e Optimize the system’s hydrodynamic parameters (hydraulic retention time, recirculation rate,

and aeration intensity) to improve long-term stability and shorten colonization periods.

e Continue the study of biofilm age by extending treatment beyond 72 hours, to assess
performance in stationary or declining biological phases.
This work lays the foundation for an innovative, locally grounded, and adaptable approach, offering

promising prospects for the sustainable management of industrial discharges in Morocco and beyond.

Acknowledgments: We thank the National Centre for Scientific and Technical Research (CNRST)
for grant number 7300UH2C2024, awarded as part of the PhD-Associate Scholarship Programme
(PASS).

Ethics Approvals: This study was conducted in full accordance with ethical principles. All

experimental protocols were carried out in line with relevant guidelines and regulations.

Data Availability: The data supporting the findings of this study are available from the

corresponding author upon reasonable request.



Fathi et al. Natural Built Social Environment Health 1(4) 2025 : 80-95

Code availability: Not applicable

Conflict of interest: The authors declare that they have no conflict of interest

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Fisheries Committee for the West Central Gulf of Guinea, 2017, Morocco: First Fish Exporter
in Africa, 19 February. Available online at: https://fcwc-fish.org/other-news/morocco-first-
fish-exporter-in-africa

Fathi A., Boutaleb N., Bahlaouan B., Bennani M., Lazar S., &EIl Antri S., 2021, Filamentous
fungi and natural supports as a carrier in moving bed biofilm reactors for ecological treatment
of halieutic industrial effluent, Desalination and Water Treatment 237, 37-44.
https://doi.org/10.5004/DWT.2021.27737.

Taiek, T., Boutaleb, N., Bahlaouan, B., ElJaafari, A., Le Tilly, V., Sire, O., & El Antri, S.,
2014, Biotransformation de déchets halieutiques au Maroc — Essais de production d’un
fertilisant biologique. Techniques Sciences Méthodes, 158-171.
https://doi.org/10.1051/tsm/201411158

Lakhal D., Boutaleb N., Bahlaouan B., Taiek T., Fathi A., Mekouar M., Abouakil N., Lazar S.,
& El Antri S., 2017, Mixture experimental design in the development of a biofertiliser from
fish waste, molasses and scum. International Journal of Engineering Research & Technology
6(6), 588-594. https://doi.org/10.17577/IJERTV61S060242

Lakhal D., Bahlaouan B., Boutaleb N., Fathi A., Lazar S., & El Antri S., 2018,
Biotransformation of agro-food industry waste and generation of a fertiliser for agricultural
crops. Techniques Sciences Méthodes 9, Article no. 201809043.
https://doi.org/10.1051/tsm/201809043

Fathi, A., Boutaleb, N., Bahlaouan, B., Lakhal, D., Bennani, M., Lazar, S., & El Antri, S., 2020,
Treatment of fish effluents in moving bed bioreactor process using natural carriers as biomass
support. International Journal of Engineering Research 9, 185-189.
https://doi.org/10.17577/ijertv9is020140

Park, H. O., Oh, S., Bade, R., & Shin, W. S., 2011, Application of fungal moving-bed biofilm
reactors (MBBRs) and chemical coagulation for dyeing wastewater treatment. KSCE Journal
of Civil Engineering 15(3), 453-461. https://doi.org/10.1007/s12205-011-0997-z

Han W., Zhou J., Sheng D., Wu D., Zhou H., Yang Z., Yin J., Xia C., Kan Y., & He J., 2022,
Integration of a pure moving bed biofilm reactor process into a large micro-polluted water
treatment  plant, Water  Science and  Technology  86(12), 3051-3066.
https://doi.org/10.2166/wst.2022.380

Charef, I., Fathi, A., Ozi, F. Z., Asbai, Z., Benjelloun, G. R., Waddi, K., Bahlaouan, B., Antri,
S. E., & Boutaleb, N. 2024, The use of mixed bomass alga-fungi in mutualistic relationship and
natural marine-origin carrier in MBBR reactor for an ecological treatment of effluents from fish
processing industry in Morocco. Desalination and Water Treatment 317, 100020.
https://doi.org/10.1016/j.dwt.2024.100020

93



https://fcwc-fish.org/other-news/morocco-first-fish-exporter-in-africa
https://fcwc-fish.org/other-news/morocco-first-fish-exporter-in-africa
https://doi.org/10.5004/DWT.2021.27737
https://doi.org/10.1051/tsm/201411158
https://doi.org/10.17577/IJERTV6IS060242
https://doi.org/10.1051/tsm/201809043
https://doi.org/10.2166/wst.2022.380
https://doi.org/10.1016/j.dwt.2024.100020

Fathi et al. Natural Built Social Environment Health 1(4) 2025 : 80-95

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Boutaleb, N., 2025, Review, Research Handbook on Plastics Regulation: Law, Policy and the
Environment, edited by Elizabeth A. Kirk, Naporn Popattanachai, Richard Barnes, and Eva R.
van der Marel, Edward Elgar Publishing, 2024, Natural Built Social Environment Health 1(2),
180-184. https://doi.org/10.63095/NBSEH.25.215480

Bounadi, 1., Allali, K., Fadlaoui, A., & Dehhaoui, M., 2023, Water Pollution Abatement in
Olive Qil Industry in Morocco: Cost Estimates and Policy Implications. Sustainability 15(5),
4180. https://doi.org/10.3390/su15054180

Liu, T., Jia, G., Xu, J., He, X., & Quan, X. 2020, Simultaneous nitrification and denitrification
in continuous flow MBBR with novel surface-modified carriers. Environmental Technology
42(23), 3607-3617. https://doi.org/10.1080/09593330.2020.1735526

Boutaleb, N., 2024. Review, Biodiversity and climate: tackling global footprints: edited by E.
Civel, C. de Perthuis, J. Milne, M. S. Andersen, and H. Ashiabor; E. Alonso-Epelde, G. Aubert,
E. Aydos, A. del Blanco Garcia, J. Bock-Schappelwein, A. Bohner, H. Bruhova Foltynova, J.
Dellatte, L. Dupuis, L. del Federico, B. Garcia Carretero, A. Garcia Martinez, X. Garcia-Muros,
S. Giorgi, M. Gonzalez-Eguino, P. M. Herrera Molina, R. Jordova, T. Kawakatsu, C. Kettner,
D. Kletzan-Slamanig, E. Legendre, R. Mann, I. Meyer, M. Moyano, A. Pommeret, M. V.
Roméan, S. Rudolph, G. Sainteny, R. Salassa Boix, R. Sanz Gomez, F. Sinabell, H. Spiegel, G.
Streicher, M. Tomas, W. Wang, (Cheltenham: Edward Elgar Publishing), 2024, International
Journal of Environmental Studies 82(1), 712-717.
https://doi.org/10.1080/00207233.2024.2426909

Royaume du Maroc, 2003, Loi n°11-03 relative a la protection et a la mise en valeur de
[’environnement. Bulletin Officiel n® 5118 du 18 septembre 2003, pp. 1026-1037. Disponible
en ligne : https://www.ecosante.ma/wp-content/uploads/2021/03/Loi-11-03.pdf (Consulted on
09 July 2025)

Royaume du Maroc, 2014, Loi-cadre n° 99-12 portant Charte nationale de l’environnement et
du développement durable. Bulletin Officiel n°® 6248 bis du 7 mars 2014, pp.332-343.
Disponible en ligne : https://www.sgg.gov.ma/Portals/1/BO/bob-2014/BO_6248 Bis_Fr.pdf
(Consulted on 09 July 2025)

Civel E., de Perthuis C., Milne J., Andersen M. S., & Ashiabor H. (Eds.), 2024, Biodiversity
and Climate: Tackling Global Footprints (Cheltenham: Edward Elgar Publishing).
https://doi.org/10.4337/9781035340538.

Haliscelik, E., & Soytas, M. A., 2019, Sustainable development from millennium 2015 to
Sustainable  Development Goals 2030. Sustainable  Development 27(4), 545-572.
https://doi.org/10.1002/sd.1921

Ministére de I’Energie, des Mines, de ’Eau et de I’Environnement, Secrétariat d’Etat chargé de
I’Eau, 2002. Normes marocaines de rejet des eaux usées dans le milieu récepteur (Arrété du 7
octobre 2002 relatif aux normes de qualitt des eaux). Disponible sur
https://www.water.gov.ma

Benyakhlef M., NajiS., & Bel Ghyti D., 2007, Caractérisation des rejets liquides d’une
conserverie de poissons de la région d’Agadir (Maroc), Bulletin de la Société de Pharmacie de
Bordeaux 146, 225-234. Disponible a:
https://fr.scribd.com/document/654735916/CARACTERISATION-DES-REJETS-
LIQUIDES-des-conserveries-de-poissons-Copie

94



https://doi.org/10.63095/NBSEH.25.215480
https://doi.org/10.3390/su15054180
https://doi.org/10.1080/09593330.2020.1735526
https://doi.org/10.1080/00207233.2024.2426909
https://www.ecosante.ma/wp-content/uploads/2021/03/Loi-11-03.pdf
https://www.sgg.gov.ma/Portals/1/BO/bob-2014/BO_6248_Bis_Fr.pdf
https://doi.org/10.4337/9781035340538
https://doi.org/10.1002/sd.1921
https://www.water.gov.ma/
https://fr.scribd.com/document/654735916/CARACTERISATION-DES-REJETS-LIQUIDES-des-conserveries-de-poissons-Copie
https://fr.scribd.com/document/654735916/CARACTERISATION-DES-REJETS-LIQUIDES-des-conserveries-de-poissons-Copie

Fathi et al. Natural Built Social Environment Health 1(4) 2025 : 80-95

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Phan T.A., Pham T.N., Duong T.H., & Nguyen H.M., 2023, Novel carrier for seafood
wastewater treatment using moving bed biofilm reactor system. Environmental Engineering
Research 28(5), 220508. https://doi.org/10.4491/eer.2022.508

Boutaleb N., Latrache H., & Sire O., 2008, Interactions bactéries—matériaux dans les
canalisations d’eau potable : role des propriétés physico-chimiques de surface sur 1’adhésion.
Techniques Sciences Méthodes 11, 73-80. https://doi.org/10.1051/tsm/200811073.

Boutaleb N., Latrache H., & Sire O., 2008, Bioadhésion bactérienne dans les réseaux d’eau
potable : effets des matériaux et des facteurs environnementaux. Techniques Sciences Méthodes
5, 37-43. https://doi.org/10.1051/tsm/200805037

Boutaleb N., 2007, Etude de la formation de biofilms sur les surfaces de matériaux couramment
utilisés dans les canalisations d’eau potable, Thése de Doctorat, Université de Bretagne-Sud.
PDF disponible sur Aldeau : https://www.aldeau.com/ouvrages_libres/57.pdf

Eljaafari A., Boutaleb N., Bahlaouan B., Taiek T., Ait Cheikh A., Jada A., Bennani M., Lazar
S., & El Antri S., 2015, Ecailles de poissons : nouveau support de biomasse dans les
bioréacteurs a lit mobile pour le traitement des effluents des laiteries. Environnement,
Ingénierie & Développement 70 (November 2015). https://doi.org/10.4267/dechets-sciences-
techniques.3303

Torresi E., Tang K., Deng J., Sund C., Smets B.F., Christensson M., & Andersen H.R., 2019,
Removal of micropollutants during biological phosphorus removal: Impact of redox conditions
in MBBR, Science of the Total Environment 663, 496-506.
https://doi.org/10.1016/j.scitotenv.2019.01.283

Rusten B., & @degaard H., 2023, Nitrogen removal in moving-bed biofilm reactor plants at low
temperatures: experiences from Norway. Water Science & Technology 87(10), 2432—2440.
https://doi.org/10.2166/wst.2023.154

Aryal S., Shrestha S., Acharya A., & Paudel S.R., 2025, Screening of selected microbial isolates
for plastic degradation: a batch study. International Journal of Environmental Studies 1-13.
https://doi.org/10.1080/00207233.2025.2517475

95


https://doi.org/10.4491/eer.2022.508
https://doi.org/10.1051/tsm/200811073
https://doi.org/10.1051/tsm/200805037
https://www.aldeau.com/ouvrages_libres/57.pdf
https://doi.org/10.4267/dechets%E2%80%91sciences%E2%80%91techniques.3303
https://doi.org/10.4267/dechets%E2%80%91sciences%E2%80%91techniques.3303
https://doi.org/10.1016/j.scitotenv.2019.01.283
https://doi.org/10.2166/wst.2023.154
https://doi.org/10.1080/00207233.2025.2517475

