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ABSTRACT

The objective of this study was to conduct a preliminary assessment of the potential impacts of effluents from
freezing plants and fishmeal and oil factories in the Levrier Bay on the aquatic environment through physicochemi-
cal and microbiological characterization. Effluent samples from various factories were collected and characterized
by pH, dissolved oxygen (DO), electrical conductivity (EC), total dissolved solids (TDS), salinity, temperature (T),
phosphate (PO,), nitrate (NO,), nitrite (NO,), biochemical oxygen demand (BOD,), total coliforms (TC), Esch-
erichia coli (EC), and fecal streptococci (FS). The concentration ranges of the effluents were as follows: pH (6.75
to 8.57), DO (1.56 to 4.66 mg/l), EC (26620 to 78520 uS/cm), TDS (13.15 to 38.70 g/l), salinity (16.26 to 49.68
PSU), T (7.67 to 32.7 °C), PO, (0.25 to 80.6 mg/l), NO, (1.77 to 74.03 mg/l), NO, (0.02 to 1.84 mg/l), and BOD,
(0.5to 7150 mg/1). TC (2.3x10° to 4.6x10° CFU/100 ml), EC (50 to 2x10° CFU/100 ml), and FS (3.4x10° to 2.3x10’
CFU/100 ml). The evaluated characteristics of these effluents are likely to contaminate and degrade the receiving
water bodies (exceeding international standards). Hence, pretreatment of the effluent discharge is indispensable.

Keywords: bacteriology, Levrier Bay, industrial wastewater, physicochemical, pollution, Nouadhibou, Mauritania.

INTRODUCTION

There is no doubt that the fish processing in-
dustry uses large amounts of water to clean raw
materials and produce by-products. These plants
are often located in water-rich areas and often
use more water than required to process seafood
products (Ben et al., 2007). Water plays a vital
and necessary role in all stages of fish and sea-
food processing including (washing, heat pro-
duction, sauce preparation, ice production, and
more). On the other hand, fishmeal factory waste-
water can cause serious pollution problems, espe-
cially if not treated properly. They contain large
amounts of nitrogen and organic matter, causing
eutrophication of water bodies. This phenomenon
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represents a serious problem caused by industrial
outflow (Bhuyar et al., 2021a, 2021b). Direct dis-
charges of industrial wastewater can affect water
quality and coastal marine ecosystems (Holmer
et al., 2003; Moncada et al., 2019; Quimpo et al.,
2020). Recently, approximately 76% of global fish
waste is converted into this product (FAO, 2016).
However, fishmeal production creates a number
of environmental issues related to the discharge
of wastewater from operations. Contaminants
in fishmeal wastewater originate from specific
processes such as heating, pressing, separation,
evaporation, drying and grinding (Chowdhury et
al., 2010). These treatment stages produce waste-
waters that are particularly rich in organic matter,
with extremely high total suspended solids (TSS)
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content, consisting mainly of proteins and lipids
(Omil et al., 1996). Natural marine ecosystem is a
renewable resources constantly threatened by wa-
ter resources originating from various anthropo-
genic activities, which are heavily contaminated
primarily by wastewater and industrial discharges
(hydrocarbons, gases, heavy metals, etc.), causing
marine pollution that affects the physicochemical
parameters and microbiological quality charac-
terizing seawater, as well as the functioning of the
ecosystem (Bourouache et al., 2019; Zaafrane et
al., 2019). The impact of wastewater discharges
into the marine environment has long been mini-
mized due to the significant dilution that occurs
when wastewater in discharges into the marine
environment (Bezama et al., 2012; Ferraciolli
et al., 2018; Vallejos et al., 2020). Changes will
lead to changes in physical and chemical proper-
ties such as water salinity, as well as reductions
in oxygen demand of marine species, changes in
nutrient concentrations, etc. (Gebauer 2004; Anh
et al., 2010, Venugopal and Sasidharan 2020). In
Mauritania, several chemical studies were carried
out on the contamination status of trace metals in
biological tissues, especially in filter-feeding mus-
sels (Sidoumou et al., 1992; Dartige 2006; Legraa
2019; M’Hamada et al., 2011; Wagne et al., 2013)
in addition to a study on the physicochemical wa-
ter quality at the discharge point (Moulaye Ely et
al.,2023). The Lévrier Bay is located at the north-
ern end of Mauritania (Figure 1), to the east of
the Cape Blanc peninsula. It is roughly oriented
north south. The eastern boundary of the bay con-
sists of extensive sebkhas. The western edge cor-
responds to the Cape Blanc peninsula, featuring
rocky formations dominated by sandstone banks.
The eastern coast of the peninsula is marked by
two smaller bays: Cansado Bay and Etoile Bay
(Wagne et al., 2013). Important fishing and indus-
trial activities take place in the Lévrier Bay. It is
considered the area with the highest concentra-
tion of fishing and industrial activity in the coun-
try. It compounds these pressures by owning 32
oil and fishmeal plants among more than 70 fish
processing plants for human consumption (We-
bgate EU 2021). Coastal areas may be severely
affected by chemical pollution due to long hydro-
logical residence times and long-term retention
of pollutants and atmospheric sediments (Alhar-
bi and El-Sorogy, 2017; Liu et al., 2018; Zhang
et al., 2017). Various municipal and industrial
wastes are discharged directly into the marine en-
vironment without sewage systems. In addition,

(Zamel et al., 2010) showed that 75,632 cubic
meters of wastewater are discharged into the bay
every day, including 3 cubic meters of oily water
and 51,755 tons of solid waste, which is a major
source of harmful pollution to the bay environ-
ment. Cheikh et al. (2020) showed that Levrier
Bay suffers from untreated wastewater discharges
from fishmeal plants.

No physicochemical and bacteriological stud-
ies have been conducted on the raw effluent waters
from fish processing plants (freezing and fishmeal
and oil production) in the Levrier Bay before.

This study aims to assess the physical, chemi-
cal, and biological properties of the raw water
effluent from the fishmeal and oil industries, as
well as those resulting from freezing fish. In this
regard, various parameters (pH, salinity, electri-
cal conductivity, temperature, total dissolved
solids, BOD,, dissolved oxygen, nitrite, phos-
phate, nitrate, coliforms, fecal streptococci and
Escherichia coli) were analyzed to quantify the
loads of these waters, which do not undergo any
pretreatment before their discharge into the sea.
These measures were compared to international
standards and similar studies for evaluation.

MATERIALS AND METHODS

Study area presentation

The sampling was conducted in June, Au-
gust, and September 2023 at six sampling sites,
including three sites (S1, S2, S3) located in the
Bountiya zone, which houses all fish meal and oil
factories, and three sites (S4, S5, and S6) from
fish processing and freezing facilities. These sites
are scattered across the Levrier Bay (Figure 1) as
per the geographic coordinates provided in (Table
1). The selection of these facilities was based on a
compromise between accessibility and the poten-
tial for water pollution.

None of the six selected sites has ever been
used to assess the physicochemical and bacteri-
ological quality of their discharges. The signifi-
cance of studying this wastewater lies in their di-
rect discharge without any prior treatment.

Sampling

Sample collection was conducted during
four campaigns in June, August, September, and
November 2023, within six industrial facilities.
These included three fish processing and freezing
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Table 1. Geographical location and characteristics of the study stations

Stations Type of activity Geographic coordinates
S1 Fishmeal and oil 20°54’46°N 17°01°42"W
S2 Fishmeal and oil 20°54'42°N 17°01'52"W
S3 Fishmeal and oil 20°54’32"N 17°02'13.5"W
S4 Freezing 20°55'08"N 17°02'30"W
S5 Freezing 20°54'22°N 17°02'59"W
S6 Freezing 20°54'11”"N 17°03'06"W
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Figure 1. Localization of sample sites

facilities and three fishmeal and oil factories.
For physicochemical analysis, the samples were
placed in plastic bottles of 500 ml, which had
been previously cleaned in baths of acid (HCI,
10%), and then rinsed with distilled water. For

microbiological parameters, samples were care-
fully collected in sterile glass bottles with ground
stoppers of 250 ml. These samples were asepti-
cally collected, leaving an air space in the bottle
to facilitate the resuspension of microorganisms
by agitation before inoculation into appropriate
culture media. The samples were stored at 4 °C
and transported to the laboratory for analysis.
The analyses were conducted at the ONISPA
laboratory in Nouadhibou, Mauritania, following
the methods outlined in Tables 2 and 3.

The measurement devices used are calibrated
before each analysis. Physicochemical param-
eters were analyzed using the methods presented
in Table 2. Microbiological analyses were carried
out using the membrane filtration method (0.45
pum). The filters were placed on sterile Petri dishes
containing culture media specific to each group of
microorganisms. Statistical analysis and graphics
have been done using software R 4.2.1.

RESULTS AND DISCUSSION

Physicochemical parameters

The pH is moderately neutral, tending to-
wards alkalinity (Table 4). Dissolved oxygen lev-
els are very low, ranging from 1.65 to 4.66 mg/l.
The conductivity values recorded are all above
2.7 mS/cm, which is the maximum permissible

Table 2. Analysis methods for various physicochemical parameters

Parameters

Method

pH, salinity, temperature, electrical conductivity, TDS

Hanna HI9829-01042 multi-parameter (ROMANIA).

Dissolved oxygen

Winkler titration method

Biochemical oxygen demand

OxiTop Box WTW method

Shimadzu high performance liquid chromatography and

Nitrate DR2800 spectrophotometer

Nitrite Shimadzu high performance liquid chromatography and
DR2800 spectrophotometer

Phosphate Shimadzu high performance liquid chromatography and

DR2800 spectrophotometer
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Table 3. Analysis methods for various microbiological
parameters

Parameters Culture Medium Standard
Total coliforms Chromogenic CAA 1ISO 9308-1
Escherichia coli Chromogenic CAA 1ISO 9308-1

. Slanetz and
Fecal Streptococci Bartley Agar 1ISO 7899-2

for direct discharge into the receiving environ-
ment. However, values varied between 26.62 and
78.52 mS/cm for conductivity, with a median of
54.61 mS/cm (Table 4). The median value of TDS
was 29,340 mg/1, exceeding the authorized levels.
Salinity values ranged from 16.26 to 49.68 PSU,
with maximums recorded in September and mini-
mums in August. Water temperatures varied from
7.67 to 32.7 °C, with maximum values recorded
at stations S1 and S2 and minimum values at S4
and S6. For nutrient salts, the median value was
18.86 mg/l of nitrates, 0.22 mg/l for nitrites and
6.28 mg/I for phosphate in the samples (Table 4).
The extreme values of BOD, were 7.150 mgO,/1
and 6.750 mgO./1, respectively, recorded in Au-
gust at stations S2 and S3 (Table 4).

Enterococcus and total coliforms

Bacteriological analyzes of different water
samples made it possible to evaluate the contami-
nation levels by station/type of bacteria. Table
5, Figures 2, 3 and 4 present the main results of
the microbiological parameters studied. The to-
tal coliform results varied between 2.3x10° and
8.18x10% CFU per 100 ml, and Escherichia coli
was found to be abundant at all stations, with the
exception of S1 and S6 during all sampling cam-
paigns (Table 5). The average bacterial counts
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S1 S2
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are exceedingly high, with coliforms exhibiting a
concentration of 2.7x10° CFU per 100 mL, while
E. coli exhibits a concentration of 5.5x10° CFU
per 100 ml. All the recorded values exceed the
Algerian standard as stipulated in (JORA Decree
No. 93-164, 1993).

Streptococci serve as relatively robust indica-
tors of fecal contamination, particularly in envi-
ronments with high salinity (Gaujous, 1995). Fur-
thermore, they are found to be abundant at station
S4 (2.3x107 CFU/100 ml, with a minimum value
of 3.4x10° CFU/100 ml) as depicted in Figure 4.
This significantly surpasses the Senegalese stan-
dard (SS 05-061, 2001) for direct discharges.

Principal component analysis of physico-
chemical parameters across all samples

The conducted principal component analysis
(PCA) reveals that 66.8% of the total variance has
been explained, with 44.2% accounting for Facto-
rial Axis 1 (F1) and 22.6% for Factorial Axis 2
(F2) (Figure 5). From the analysis of the figure,
in the plane formed by Factorial Axes 1 and 2 (F1
and F2), the variables most correlated with Facto-
rial Axis 1 are: nitrite, nitrate, phosphate, BOD,,
pH, EC, TDS, and salinity.

Among the variables examined, the primary
contributors to the formation of Factorial Axis
1 can be classified into two distinct groups. The
first group encompasses nitrite, nitrate, phosphate,
BOD,, and pH, which exhibit strong positive cor-
relations with each other and with Factorial Axis
1. This is indicative of their alignment along ei-
genvectors in the same direction. Conversely, the
second group consists of salinity, TDS, and EC,
which display negative correlations with Factorial
Axis 1. Notably, these correlations are notably in-
tensified when these variables are positioned at the

==@==September
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Figure 2. Total coliform levels in the study area during different sampling times
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Figure 3. Escherichia coli levels in the study area during different sampling times
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Figure 4. Fecal enterococcus levels in the study area during different sampling times
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Figure 5. Results from principal component analysis of physicochemical variables
— correlation circle between variables (axes 1-2)

extremities of the axis defined by Factorial Axis The correlation matrix of the physicochemical
1, suggesting a potential common source for these parameters assessed in our study is presented in
pollutants. On Factorial Axis 2, the variables most ~ Table 6. Noteworthy Pearson correlation coeffi-
strongly correlated with F2 are pH and temperature. cients (p < 0.05) are highlighted in bold, revealing
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Table 4. Key results of physicochemical variables in raw wastewater from the six stations

Parameters Min Max Mediane SD SL
pH 6.75 8.57 7.78 0.521 6.5 - 8.5*
Dissolved oxygen (mg/l) 1.56 4.66 2.19 0.972 SErEx
Conductivity (ms/cm) 26.62 78.52 54.61 11.133 2.7
TDS (g/l) 13.15 38.70 27.33 6.123 -
Salinity 16.26 49.68 35.65 8.618 33-34
Temperature 7.67 32.70 23.01 6.150 30°C*
Nitrite 0.01 1.85 0.22 0.465 5
Nitrate 1.77 74.03 18.96 25.615 90***
Phosphate 0.25 80.60 6.28 26.244 10%**
Biochemical oxygen demand 0.50 7150.00 1280.00 2202.595 100**

Note: * Algerian standard; ** Moroccan standard; *** Tunisian standard; **** WEPA standard; SD — Standard

deviation; SL — Standard limits.

Table 5. Key results of microbiological variables in raw wastewater from the six stations compared with the

Algerian standard

Parameters Min Max Mediane SD SL
Total coliforms 2.30E+03 8.18E+08 2.70E+06 2.55E+08 2000
Escherichia coli 5.00E+01 1.10E+08 5.50E+05 3.38E+07 2000
Fecal Streptococci 1.00E+00 1.30E+06 7.00E+04 4.92E+05 -
Note: SD — Standard deviation, SL — Standard limits.
Table 6. Correlation matrix of physicochemical parameters across all samples
Parameter pH DO EC TDS Salinity T NO, NO, PO, BOD,
PH 1.000 -.058 -.466 -.553* -.364 102 .323 -.155 .086 217
DO 1.000 =171 -.203 -.376 -.225 -.045 -.081 -.087 -.323
EC 1.000 .924* .876* .002 -416 -.315 -.285 -.525*
TDS 1.000 .801* -.043 -.426 -.278 -.302 -.553*
Salinity 1.000 -.027 -.294 -.180 -.089 -.364
T 1.000 -.362 -.235 -.654* -.152
NO, 1.000 .353 .695* 219
NO, 1.000 421 438
PO, 1.000 435
BOD, 1.000

Note: * The correlation is significant at the 0.05 level.

pH — hydrogen potential, EC — conductivity, TDS — total dissolved solids, T — temperature, NO, — nitrite, DO —

dissolved oxygen, NO, — nitrate, PO, — phosphate, BOD,

significant associations. A robust positive correla-
tion was observed between electrical conductivity
and TDS (0.924), as well as with salinity (0.876).
This coherence can be attributed to their shared
role as indicators of mineral pollution in wastewa-
ter. Furthermore, a substantial positive correlation
was identified between salinity and TDS (0.801).
Conversely, negative correlations were seen be-
tween pH and TDS, BOD, and EC, and BOD, and
TDS. Moreover, phosphate displayed a negative
correlation with temperature (Fig. 5).

— biochemical oxygen demand.

The pH values are moderately neutral,
trending towards alkalinity. The pH values
ranged from 6.75 to 8.57, with similar values
found by (Ziani et al., 2007) in wastewater
from fish processing plants in Agadir. These
values could be explained by the use of caustic
soda for equipment cleaning or raw material
preparation. The quantity and quality of dis-
charged water are also highly variable due to
intermittent operations such as washing and
rinsing (Benyakhlef et al., 2007).
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The pH of the aquatic environment plays a
crucial role in the ability of aerobic and anaero-
bic bacteria to degrade pollutants. Firstly, aerobic
bacteria use specific enzymes to break down pol-
lutants into simpler compounds. These enzymes
often have optimal activity at a specific pH, typi-
cally near neutrality. Secondly, once pollutants
are broken down into simpler compounds, aero-
bic bacteria use these compounds as sources of
carbon and energy for their growth and metabo-
lism. An optimal pH promotes the absorption and
efficient utilization of these compounds by bacte-
ria, thereby accelerating the degradation process.

The dissolved oxygen levels are notably low,
varying from 1.65 to 4.66 mg/l, with a median
value of 2.19 mg/l. This can be attributed to high
aerobic bacterial contamination in these waters,
recording 2.7x10° CFU/100 ml as the median for
total coliforms and 5.5x10° CFU/100 ml for Esch-
erichia coli. According to (Hamaidi et al., 2009),
low levels of water oxygenation can stem from
either a heightened consumption of dissolved ox-
ygen by aerobic bacteria during the decomposi-
tion of organic matter or a reduced photosynthetic
activity among phytoplankton.

Conductivity serves as an indicator of wa-
ter mineralization extent and offers insights into
salinity levels. All recorded conductivity values
26.62 to 78.52 uS/cm with a median of 54.61 uS/
cm indicate a high level of inorganic pollution,
exceeding the Moroccan standard (MS, 2013),
which sets the limit for direct discharge at 2.7 uS/
cm. The recorded values indicate excessive water
mineralization (Ahoudi et al., 2015). Ziani et al.
(2007) found fluctuating values between 3.36 and
96.3 uS/cm in the wastewater of a fish canning
factory in Agadir.

The median TDS value was 27.330 mg/l, ex-
ceeding authorized levels. This is usually caused
by fish remains, scales, internal organs and residues
accumulated during the production process, in-
cluding minerals, organic matter and other uneaten
parts, which may be released into the water during
processing. fish cleaning and processing process.
(Sankpal and Naikwade 2012) found TDS values
ranging from 8.200 to 14.700 mg/l in wastewater
from a fish processing factory. A high amount of
TDS contributes to turbidity and the creation of a
barrier that obstructs the penetration of light, there-
by significantly decreasing photosynthesis. This
phenomenon results in a drop in dissolved oxygen
levels, as indicated by the significantly low dis-
solved oxygen values in these discharges.
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Salinity values ranged from 16.26 to 49.68
PSU, with a median of 35.65 PSU. Maximum val-
ues were recorded in September, and minimum
values were recorded in August. Salinity plays
a crucial role in regulating a multitude of physi-
cal, chemical, and biological processes in aquatic
environments. It can serve as an indicator of sea-
water intrusion or contamination stemming from
wastewater and/or industrial waste sources (Vidya
et al., 2020). The salinity values are not very dif-
ferent from those reported by (Moulay Ely et al.,
2023), ranging between 13 and 56.4 mg/1.

The temperature values during the study
period were always below 30 °C, with slightly
higher values at stations S1 and S2 in June
and September. The high temperature can be
explained by the use of heat by these factories
during various stages of flour production, such
as cooking, drying, pressing, etc. (Elaouani et al.,
2019) found values ranging from 21 to 31 °C in
industrial liquid discharges in Agadir.

Nitrites and nitrates recorded values respect-
ing the Tunisian standard (TS, 2018) with medi-
ans of 0.22 and 18.86 mg/l respectively. Wastes
discharged from fish processing industries are de-
gradable, although they pose a threat to microor-
ganisms in coastal waters. The extent of pollution
is moderately high, as shown by the results, but it
has no impact on the receiving environment.

Phosphate had a median of 6.28 mg/l. The
minimum values varied between 0.25 and 0.29
mg/l in S1 and S3 and 60 and 80.6 mg/l in S4
and S6, confirming the polluted nature attribut-
able to these discharges. The Senegalese standard
(SS 05-061, 2001) recommends a phosphate con-
centration of 10 mg/l. However, the discharges
analyzed far exceed this threshold. Excess nutri-
ents in the form of phosphorus and nitrogen in
receiving aquatic environments contribute to eu-
trophication, characterized by excessive growth
of algae and aquatic plants. These significantly
high concentrations can be attributed to the use
of detergents during various washing operations
and to incomplete degradation of organic matter
(flesh and bones).

BOD, values show inequality variations
among different plants. This difference varies
from 0.5 to 7140 mg/1 at sites S5, S3, S6, and S9,
respectively. These high BOD, concentrations are
primarily due to fish residues present in waste-
water, as well as blood and viscera. Our results
are consistently higher than those of (Salama et
al., 2016), ranging from 587.5 to 805.3 mg/l in
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wastewater collected from the city of El Jadida in
Morocco, and (Bourouache et al., 2019), ranging
from 983.78 to 1720.14 mg/l in wastewater from
the city of Agadir. However, according to (Putra
et al., 2020), wastewater from fish flour process-
ing contains 140 g of COD/I, consisting of 60%
oil and fat, 27% proteins and 13% of a mixture of
soluble organic matter and suspended matter.

In this sense, (Moulaye Ely et al., 2023) re-
corded BOD, values ranging from 396 to 961
mg/l at the discharge points (downstream) of
these plants in Nouadhibou with a low or equal to
3 biodegradability index DCO/BOD,, indicating
that they are biodegradable.

CONCLUSIONS

The Levrier Bay is a significant Mauritanian
fishing area with a coastline renowned as the
world’s richest in terms of fishing. Today, this
highly important area faces multiple threats re-
lated to anthropogenic activities such as urban
and industrial discharges. This study provides
exclusive information based on bacteriological
descriptors (total coliforms, Escherichia coli,
and fecal streptococci) and physicochemical pa-
rameters (pH, electrical conductivity, dissolved
oxygen, total dissolved solids, temperature, sa-
linity, phosphate, nitrate, nitrite, and biochemical
oxygen demand) of raw wastewater from various
evaluated industrial units.

The study yielded the following conclusions:
the raw discharges from freezing and fish oil and
flour factories are highly contaminated, with con-
ductivity reaching very high values (26.62—78.52
uS/cm), salinity has an average of 37.61 uS/cm.
Additionally, phosphate shows moderately high
values with an average of 20.27 mg/l. Biochemi-
cal oxygen demand and total dissolved solids
reached 7.15 mg/l and 38.70 respectively. Over-
all, the majority of analyzed parameters exhibit
values that fail to meet international standards for
wastewater, especially dissolved oxygen, conduc-
tivity, TDS, salinity, phosphate, and biochemical
oxygen demand.

The data generated in this study will undoubt-
edly help the highest authorities of the country to
take urgent measures, including the establishment
of a wastewater treatment plant to treat these ef-
fluents before discharge. Factories must also ad-
here to wastewater treatment specifications before
discharge to protect and ensure the sustainability
of fishery resources.

Acknowledgements

We would like to express our gratitude to
dr. Aly Yahya Dartige, the General Director of
ONISPA, for his unwavering support during the
development and execution of this work. We
also extend our thanks to Dr Moulaye Mohamed
Wagne, head of LEMMC at IMROP in Nouad-
hibou, and to Mr Mamadou Ba, member of the
same laboratory for their technical assistance.

REFERENCES

1. Ahoudi, H, Gnandi, K, Tanouayi G, OuroSama K.
2015. Caractérisation physico-chimique et état de
pollution par les éléments traces métalliques des
eaux souterraines de Lomé: cas du quartier Agoe
Zongo. Larhyss Journal, 24, 41-56.

2. Alharbi T., El-Sorogy A. 2017. Assessment of
metal contamination in coastal sediments of AIK-
hobar area, Arabian Gulf, Saudi Arabia. Journal of
African Earth Sciences, 129, 458-468. https://doi.
org/10.1016/j.jafrearsci.2017.02.007

3. Anh, P.T., Kroeze, C., Bush, S.R., Mol, A.P.J.
2010. Water pollution by Pangasius production in
the Mekong Delta, Vietnam: causes and options
for control. Aquac. Res, 42, 108—128. https://doi.
org/10.1111/j.1365-2109.2010.02578 x.

4. Arrété conjoint du ministre de I’intérieur, du mi-
nistre de 1’énergie, des mines, de I’eau et de 1’envi-
ronnement, du ministre de I’industrie, du commerce
et des nouvelles technologies et du ministre de 1’ arti-
sanat 11°2942-13 du 1° hija 1434 (7 October 2013)
fixant les valeurs limites générales de rejet dans les
eaux superficielles ou souterraines.

5. Ben, Y.M.,, Naji, S., Belghyti, D. 2007. Caractérisa-
tion des rejets liquides d’une conserverie de pois-
sons. Bull. Soc. Pharm. Bordeaux, 146, 225-234.
https://www.academia.edu/

6. Benyakhlef, M., Naji, S., Belghyti, D. 2007. Carac-
térisation des rejets liquides d’une conserverie de
poisson. Bull. Soc. Pharm. Bordeaux, 146, 225-234.

7. Bezama, A.,Valeria, H., Correa, M., Szarka, N.2012.
Evaluation of the environmental impacts of a cleaner
production agreement by frozen fish facilities in the
Biobio Region. Chile. J. Clean. Prod., 26, 95-100.
https://doi.org/10.1016/j.jclepro.2011.12.029

8. Bhuyar, P., Farez, F., Rahim, M.H., Maniam, G.P.
and Govindan, M. 2021b. Removal of nitrogen and
phosphorus from agro-industrial wastewater by us-
ing microalgae collected from the coastal region of
peninsular Malaysia. Afr. J. Biol. Sci, 3(1), 58-66.
https://doi.org/10.33472/AFJBS.3.1.2021.58-66.

9. Bhuyar, P, Trejo, M., Dussadee, N., Unpaprom, Y.,
Ramaraj, P. and Whangchai, K. 2021a. Microalgae

377



Journal of Ecological Engineering 2024, 25(4), 370-379

cultivation in wastewater effluent from tilapia cul-
ture pond for enhanced bioethanol production. Wa-
ter Sci. Technol, 84, 10—11. https://doi.org/10.2166/
wst.2021.194.

10. Bourouache, M., Mimouni, R., Ait Alla, A., Hama-
di, F., El Boulani, A., Bihadassen, B. 2019. Bacte-
riological and physicochemical quality of treated
wastewater of the Mzar treatment plant. Applied
Water Science, 9(86). https://doi.org/10.1007/
s13201-019-0958-0

11. Cheikh, M.A.S., Mahmoud-Hamed, M.S.E., Mama-
dou, D., Tounkara, H., Legraa, M.E.H., Ramdani,
M., Sidoumou, Z. 2020. Assessment of the impact
of industrial development at the coast of 1évrier
bay through the spatio-temporal study of metallic
contaminants (Cd, Pb, Cu, Zn and Hg) in surface
sediments. Geographia Technica, 15(2), 127-137.
https://doi.org/10.21163/GT_2020.152.13

12. Chowdhury, P., Viraraghavan, T., Srinivasan, A.
2010. Biological treatment processes for fish pro-
cessing wastewater - a review. Bioresour. Tech-
nol, 101, 439-449. http://dx.doi.org/10.1016/].
biortech.2009.08.065

13. Dartige, A.Y. 2006. Teneur en métaux lourds (Cad-
mium, Zinc, Fer et Cuivre) de la moule Perna per-
na prélevée dans la Baie du Lévrier (Mauritanie).
Thése, Univ. Libre de Bruxelles (VUB),

14. Decret gouvernemental n°® 2018-315 du 26 mars
2018. Direction de I’Environnement et des Etablis-
sements Classés, NS 05-061 Juillet 2001.

15. Elaouani, H., Haffad, H., Jaafari, K., Elbada, N.,
Mailainine, S., Benkhouja, K. 2019. Evaluation de
la qualité physico-chimique des rejets liquides in-
dustriels de la zone industrielle d’elmarsa laayoune.

Revue de I’Entrepreneuriat et de I’ Innovation, 2(7),
Juillet 2019

16. FAO, 2016. The state of World fisheries and aqua-
culture, contributing to food security and nutrition
for all 220. Rome. http://www.fao.org/3/ai5555e.pdf.

17. Ferraciolli, L.M.D.V., Luiz, D.B., Rodrigues, V.,
dos Santos, V. Naval, L.P. 2018. Reduction in wa-
ter consumption and liquid effluent generation at a
fish processing plant. J. Clean. Prod, 197, 948-956.
https://doi.org/10.1016/j.jclepro.2018.06.088.

18. Gaujous, D. 1995. La pollution des milieux aqua-
tiques: aide-mémoire. Tec & Doc Lavoisier, Paris,
France.

19. Gebauer, R. 2004. Mesophilic anaerobic treatment
of sludge from saline fish farm effluents with bio-
gas production, Bioresour. Technol, 93(2),155-167.
https://doi.org/10.1016/j.biortec h.2003.10.024.

20. Hamaidi MS, Hamaidi F, Zoubiri A, Benouaklil F,
Dhan Y. 2009. Etude de la dynamique des popula-
tions phytoplanctoniques et résultats préliminaires
sur les blooms toxiques a cyanobacteries dans le
barrage de Ghrib (Ain Defla-Algérie). European

378

Journal of Scientific Research, 32(3), 369-380.

21.Holmer, M., Duarte, C.M., Heilskov, A., Ole-
sen, B. Terrados, J. 2003. Biogeochemical con-
ditions in sediments enriched by organic matter
from net-pen fish farms in the Bolinao area, Philip-
pines. Mar. Pollut. Bull, 46, 1470-1479. https://doi.
org/10.1016/S0025-326.

22. https://webgate.ec.europa.eu/tracesnt/directory/
publication/establishment/index#!/view/MR/
PROCESSING PLANTS/4

23. https://wepa-db.net/wp-content/uploads/2023/02/3
Indonesia_Marine-water-standards_from-the-for-
mer-WEPA-HP.pdf 14/11/2023, 12:34

24. Journal Officiel de la République Algérienne n°46
décret exécutif n® 93-164 du 10/07/1993, 12.

25.Legraa, M.E.H., Mohamed-Saleck, A., Dartige,
A.Y., Zamel, M.L.C., Abidine, M.M., Erraoui, H.,
And Sidoumou, Z. 2019. Assessment of metallic
contamination of the northen Atlantic coast of Mau-
ritania (Coastal fringe “Lévrier Bay”), using Perna
perna. International Journal of Civil Engineering
and Technology (IJCIET), 10, 782—795. https://doi.
org/10.21163/GT_2019.141.05

26.Liu, Q., Wang, F., Meng, F., Jiang, L., Li, G., Zhou,
R. 2018. Assessment of metal contamination in
estuarine surface sediments from Dongying City,
China: Use of a modified ecological risk index. Ma-
rine Pollution Bulletin, 126, 293—-303. https://doi.
org/10.1016/j.marpolbul.2017.11.017

27.M’Hamada M., Mohamed-Cheikh M., Dartige A.,
Erraioui H. 2011. Etat de la contamination des cotes
atlantiques de Nouadhibou par les métaux lourds
(Mauritanie). Conférence Méditerranéenne Coticre
et Maritime. EDITION 2, Tanger, Maroc.

28.Moncada, C., Hassenruck, C., Gardes, A., Conaco,
C.2019. Microbial community composition of sedi-
ments influenced by intensive mariculture activity.
FEMS Microbiol. Ecol, 95(2), 1-12. https://doi.
org/10.1093/femsec/fiz006.

29. Moulaye Ely, M.E., Sakho, M., Santana-Viera, S.,
Santana-Rodriguez, J.J., Elemine, B., Zamel, M.,
Deida, M.V., Froelich, D. Babah, 1. 2023. Assess-
ment of the Environmental Impact of Discharges
from Fishmeal Factories Located in Levrier Bay,
Nouadhibou-Mauritania. Nature Environment and
Pollution Technology, 3(22), 1529-1536. https://
doi.org/10.46488/NEPT.2023.v22i03.038.

30.0mil, F., Méndez, R., Lema, J.M., 1996. Anaero-
bic treatment of seafood processing wastewater in
an industrial anaerobic pilot plant. Water SA. 22,
173-181.

31. Putra, A.A., Watari, T., Shinya Maki, S., Hatamoto,
M. Yamaguchi, T. 2020. Anaerobic baffled reactor
to treat fishmeal wastewater with high organic con-
tent. Environ. Technol. Innov, 17, 100586. https://
doi.org/10.1016/j.eti.2019.100586



Journal of Ecological Engineering 2024, 25(4), 370-379

32.Quimpo, T.J.R., Ligson, C.A., Manogan, D.P.,
Requilme, J.N.C., Albelda, R.L., Conaco, C. Cabai-
tan, P.C. 2020. Fish farm effluents alter reef benthic
assemblages and reduce coral settlement. Marine
Pollut. Bull., 153, 111025. https://doi.org/10.1016/j.

33. Sagar T. Sankpal., Pratap V. Naikwade. 2012. Phys-
icochemical analysis of effluent discharge of fish
processing industries in ratnagiri India. Bioscience
Discovery, 3(1), 107-111.

34.Salama, Y., Chennaoui, M., Mountadar, M., Ri-
hani, M., Assobhei, O. 2016. Study of physico-
chemical and bacteriological quality of wastewater
discharged into coastal waters from the city of el
jadida (Morocco) and proposed a system of treat-
ment based on biodenitrification. Algerian Journal
of Arid Environment, 6(1), 3—14.

35. Sidoumou, Z., Romeo, M., Gnassia-Barelli, M.,
Nguyen, P., Caruba, R. 1992. Détermination de la
qualité des eaux du littoral mauritanien par la mesure
des métaux traces chez les mollusques Donax rugosus
et Venus verrucosa. Hydroécol. Appl., 4(2), 33-41.

36. Vallejos, M.B., Marcos, M.S., Barrionuevo, C.
Olivera, N.L. 2020. Fish-processing effluent dis-
charges influenced physicochemical properties and
prokaryotic community structure in arid soils from
Patagonia. Sci. Tot. Environ., 714, 136882. https://
doi.org/10.1016/j.scitotenv.2020.136882.

37. Venugopal, V. and Sasidharan, A. 2020. Seafood in-

dustry effluents: environmental hazards, treatment, and
resource recovery. J. Environ. Chem. Eng., 10, 758.

38.Vidya V., Prasad. G., Sheela, A.M. 2020. Assess-
ment of threats to a Ramsar site from seafood pro-
cessing operation effluents. Lakes & Reserv, 25(2),

196-213. https://doi.org/10.1111/lre.12321

39. Wagne, M.M. 2013. Contribution a I’é¢tude de la
qualité environnementale et sanitaire des eaux de
la baie du Lévrier (Mauritanie). Thése, Univ. Sidi
Mohamed Ben Abdellah, Fés.

40. Wagne. M.M., Dartige, A., Sefrioui, S., Zamel,
M.L., Tounkara, H., Bah, M.L.B. 2013. Utilisation
de la moule Perna perna en biosurveillance du cad-
mium et du plomb dans les eaux de la baie du Lé-
vrier, Mauritanie. Journal des Sciences Halieutiques
et Aquatiques.

41. Zaafrane, S., Maatouk, K., Akrout, F., Trabelsi,
I., Drira, N. 2019. Spatiotemporal distribution of
physicochemical and bacteriological parameters in
the north area of Monastir Bay, eastern coast of Tu-
nisia. Arab J Geosci, 12, 210.

42.Zamel, M.L. et al., 2010. Suivi de la qualité du mi-
lieu marin et identification des sources de pollution
des cotes mauritaniennes (Baie du Lévrier et le Sud
du Cap Blanc). Tunisian Journal of Medicinal Plants
and Natural Product, 30-36.

43. Zhang, G., Bai, J., Xiao, R., Zhao, Q., Jia, J., Cui,
B., & Liu, X. 2017. Heavy metal fractions and eco-
logical risk assessment in sediments from urban,
rural and reclamation-affected rivers of the Pearl
River Estuary, China. Chemosphere, 184, 278-288.
https://doi.org/10.1016/j.chemosphere.2017.05.155

44. Ziani F., Salghi R., Meskour S. M., Eddaoudi R.,
Bendou A. et Chebli B. 2007. Physico-chemical
characterization of wastewaters from fish industry
in Agadir city, Morocco. Congres Comples’2K7,
Energie et Environnement, 19-20 October 2007,
ENSA, Agadir (Morocco).

379



