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ABSTRACT

Coastal ecosystems receiving untreated industrial effluents are increasingly exposed to microbiological and organic
pollution. This study evaluated the impact of wastewater discharges from fish-processing industries on the seawa-
ter quality of Lévrier Bay (northwestern Mauritania). Two sampling campaigns were conducted during the cold
and warm seasons at six stations located within the seawater—wastewater mixing zone. Microbiological indicators
(total coliforms, Escherichia coli, and fecal streptococci), physicochemical parameters (temperature, pH, salinity,
electrical conductivity, total dissolved solids, and dissolved oxygen), nutrients (nitrate, nitrite, and phosphate), and
organic pollution indicators (BOD,) were analyzed. Microbiological results revealed severe fecal contamination,
with total coliforms reaching 8.8 x 10° CFU/100 mL, E. coli up to 8.5 x 105 CFU/100 mL, and fecal streptococci
up to 8.1 x 10° CFU/100 mL. Physicochemical conditions generally remained within natural coastal ranges, with
pH (7.53-8.5), salinity (30.43-35.08 PSU), and temperature (21.71-25.83 °C). However, elevated BODs (up to 225
mg/L), phosphate (2.4 mg/L), and low dissolved oxygen (1.78 mg/L) indicated localized organic enrichment and
potential hypoxic conditions. Overall, the results demonstrate that untreated industrial discharges from fish-process-
ing industries exert significant microbiological and organic pressure on Lévrier Bay, highlighting the urgent need
for wastewater treatment and continuous environmental monitoring to protect this vulnerable coastal ecosystem.

Keywords: Fish-processing wastewater, coastal water quality, microbiological contamination, organic pollution,
physicochemical parameters, Lévrier Bay.

INTRODUCTION

organic load of fish processing wastewater typi-
cally consists of approximately 60% oils and fats,
27% proteins, and 13% a combination of soluble
and suspended organic matter (Putra et al., 2020).
In addition, seafood processing plants consume
substantial quantities of water, mainly for wash-
ing raw materials and handling by-products.
These facilities are commonly located in coastal

Fish processing industries generate large
volumes of wastewater characterized by high
concentrations of organic matter and biological
oxygen demand (BOD). When discharged un-
treated into surface waters, these effluents can

significantly degrade aquatic ecosystems by re-
ducing dissolved oxygen (DO) levels and altering
water quality (Gémez-Sanabria et al., 2020). The

regions with abundant water resources and often
use more water than is technically required for
processing activities (Ben et al., 2007).
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Beyond their high organic content, fish pro-
cessing effluents are also rich in nitrogenous com-
pounds and other biodegradable substances. When
released into coastal environments, these nutrients
can promote eutrophication, a major environmen-
tal problem associated with industrial wastewater
discharges (Bhuyar et al., 2021a, 2021b). Eutro-
phication can lead to excessive phytoplankton
growth, altering the ecological balance of aquatic
ecosystems. Since phytoplankton communities
are highly sensitive to nutrient availability, their
diversity and abundance are often used as indi-
cators of environmental quality in coastal waters
(Cerino et al., 2019; Zingone et al., 2021).

In addition to their organic and nutrient loads,
fish processing effluents also contribute to broad-
er marine pollution problems. Marine pollution
caused by anthropogenic activities remains one
of the most significant environmental threats to
coastal ecosystems and is generally defined as the
introduction of substances or energy into the ma-
rine environment that may cause harmful effects
on marine organisms and ecosystem functioning.
Historically, the impacts of wastewater discharg-
es on marine environments were often underesti-
mated due to the assumption that the ocean’s dilu-
tion capacity would mitigate their effects (Ferra-
ciolli et al., 2018 ; Vallejos et al., 2020).

However, increasing evidence indicates that
continuous or large-scale discharges can signifi-
cantly alter coastal water quality. In particular, the
direct release of untreated industrial effluents can
modify key physicochemical parameters, includ-
ing salinity, nutrient concentrations and dissolved
oxygen levels, which are essential for maintaining
marine life (Anh et al., 2010; Venugopal and Sasid-
haran, 2020). Such alterations may disrupt ecosys-
tem functioning, promote ecological imbalance,
and reduce biodiversity in affected coastal environ-
ments (Moncada et al., 2019; Quimpo et al., 2020).

The Mauritanian coastline is one of the
world’s most productive marine regions, sup-
ported by a strong upwelling system that sustains
rich fisheries and contributes significantly to the
national economy. Highly productive coastal
ecosystems like this are, however, particularly
sensitive to environmental disturbances. Within
this context, Lévrier Bay, located on the western
coast of Mauritania, plays a crucial role in the
national fishing sector and provides important
habitats for marine species reproduction. Over
recent decades, the rapid expansion of the fish-
processing industry in the region has led to the
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establishment of nearly 70 factories, including
32 fishmeal and oil plants. While these indus-
tries are important for economic development
and employment, they are also the main sources
of coastal water pollution, discharging untreated
effluents rich in organic matter, nutrients, and
microbial contaminants directly into coastal wa-
ters (Abdel Maleck et al., 2024). Consequently,
the combination of Lévrier Bay’s exceptional
biological productivity and increasing anthropo-
genic pressures makes it a particularly critical
and sensitive area for environmental monitoring
and research (Cheikh et al., 2020).

Several studies conducted in Mauritania
have investigated chemical contamination in ma-
rine environments, particularly focusing on trace
metals in fish, sediments, and bivalves (Sidou-
mou et al., 1992; Dartige 2006; M’Hamada
et al., 2011; Wagne et al., 2013; Legraa et al.,
2019; Cheikh et al., 2020 and Yehdih et al.,
2022). More recently, Moulay Ely et al. (2023),
examined the environmental impact of wastewa-
ter discharges from fishmeal plants. However,
these studies provide limited information on the
specific effects of wastewater generated by fish
freezing and processing activities. In particular,
no study has yet evaluated the combined micro-
biological and physicochemical impacts of fish-
processing wastewater on the quality of coastal
waters in Lévrier Bay.

Concerns regarding the environmental status
of Lévrier Bay were further heightened in April
2023, when a massive fish stranding event was
reported along its coastline. This event primar-
ily affected the black mullet (Mugil capurrii)
and raised serious concerns about the potential
influence of untreated industrial wastewater dis-
charged into the marine environment (IMROP,
2023). Such incidents highlight the urgent need to
better understand the relationship between indus-
trial wastewater discharges and the deterioration
of coastal water quality in this ecologically and
economically important region.

In this context, the present study aims to
evaluate the microbiological and physicochemi-
cal quality of coastal waters potentially affected
by industrial fish-processing effluents in Lévrier
Bay. Particular emphasis is given to the seawater-
wastewater mixing zone through the analysis of
key microbiological indicators, including total
coliforms, Escherichia coli and Enterococci, in
conjunction with major environmental param-
eters such as pH, salinity, electrical conductivity,
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BOD,, temperature, dissolved oxygen, total dis-
solved solids, nitrites, nitrates and phosphates.

In this study, we aimed to assess the micro-
biological and physicochemical quality of coastal
waters potentially impacted by industrial fish-
processing effluents in Lévrier Bay, with a focus
on the seawater—wastewater mixing zone. Key
microbiological indicators, including total coli-
forms, Escherichia coli, and Enterococci, were
analyzed alongside major environmental param-
eters such as pH, salinity, electrical conductivity,
BOD:s, temperature, dissolved oxygen, total dis-
solved solids, nitrites, nitrates, and phosphates.

MATERIALS AND METHODS

Description and location of the study area

Sampling was conducted in June and Septem-
ber 2023 at six sites across Lévrier Bay (Figure 1,
Table 1). Four sites (S1, S2, S3, S4) were located in
the Bountiya zone, hosting all fishmeal and oil fac-
tories as well as artisanal processing activities. Two
additional sites (S5 and S6) were positioned near
the discharge points of fish processing and freezing
plants. Sites were selected based on accessibility and
potential exposure to industrial effluents.

None of the selected sites had previously un-
dergone an assessment for fishing industry dis-
charges. This study provides the first evaluation
of direct, untreated wastewater discharges from
fish processing industries on receiving coastal
waters in Lévrier Bay, a region of both ecological
and economic importance.

Sampling and sample collection

Water samples were collected at a depth of
30-50 cm to characterize effluents from the facto-
ries. Two samples per site were taken, 20 meters
apart: one at the discharge point and the other ap-
proximately about 50 meters downstream.

Physicochemical samples were collected in 500
mL plastic bottles pre-cleaned with 10% HCI and
rinsed with distilled water. Microbiological samples,
were collected aseptically in sterile 250 mL glass
bottles with ground stoppers, leaving a small air
space to facilitate microorganism resuspension. All
samples were stored at 4 °C and transported prompt-
ly to the laboratory for analysis.

Microbiological analyses employed the mem-
brane filtration method (0.45 pm). Membranes

were incubated on selective media: Total co-
liforms (TC) and Escherichia coli (E. coli) on
chromogenic agar (CCA) at 36 °C for 24 h (ISO
9308-1:2014), and fecal streptococci (FS) on Sla-
netz and Bartley medium at 36 °C for 44 h (ISO
7899-2:2000). Results were expressed as colony-
forming units per 100 mL (CFU/100 mL).

For each sample, potential of hydrogen
(pH), total dissolved solids (TDS), salinity,
electrical conductivity (EC), and temperature
of waters (T °C) were measurements in-situ us-
ing a calibrated Hanna Multiparameter HI9829-
01042 (Hanna Instruments, ROMANIA). In the
laboratory, dissolved oxygen (DO) was mea-
sured using the Winkler titration method (Win-
kler 1888) and biochemical oxygen demand
(BOD;,) was determined using an Oxitop-I IS6
manometric system (Xylem Analytics, WTW)
in a thermostatically controlled Oxitop Box at
20 °C, following DIN EN 1899-2, and manu-
facturer instructions (Xylem Analytics - WTW
2017). Nutrient (nitrite, nitrate, and phosphate)
were quantified with a DR 2800 spectropho-
tometer (Hach Lange www.hach.com) follow-
ing standard protocols.
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Figure 1. Geographic location of the sampling
stations in Lévrier Bay
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Table 1. Geographical coordinates of the sampling
stations

Stations Geographic coordinates
S1 20°54'31°N 17°02'17"W
S2 20°54’'44"N 17°0141"W
S3 20°54’'44"N 17°02'32"W
S4 20°54’50"N 17°02'18"W
S5 20°52'04°N 17°02'52"W
S6 20°51'34°’N 17°01’59"W

Statistical analysis

Differences among sites were considered sig-
nificant at p < 0.05. Principal component analysis
(PCA) was applied to:

e Visualize correlations between variables and
environmental gradients.

e Identify the contribution of environmental
parameters t the abundance of fecal indicator
bacteria.

All statistical analyses were performed using
R software.

RESULTS AND DISCUSSION

Bacteriological parameters

The microbiological analysis of seawater
samples collected during the cold and warm sea-
sons revelated very high bacterial counts, indicat-
ing severe fecal contamination (Table 2). Maxi-
mum concentrations reached 8.8 x 10° CFU/100
mL for total coliforms, 8.5 x 10> CFU/100 mL for
Escherichia coli, and 8.1 x 10° CFU/100 mL for
fecal streptococci.

Enumeration of total coliforms indicated mark-
edly elevated levels compared to typical coastal
seawater. The highest TC concentrations were ob-
served at stations S1, S5 and S6 reaching 8.8 x 10°
and 8.1 x 10° CFU/100 mL, respectively. The low-
est values were recorded at station S1 during the
warm season 1.4 x 10° FCU/100 mL and at stations
S3 and S4 during the cold season 5.8 x 10° and 2.5 x
10* CFU/100 mL, respectively (Figure 2). These re-
sults indicate a clear gradient of contamination from
discharge points to more distant sampling locations.

Escherichia coli concentrations followed a
similar spatial pattern, with the highest counts
measured at stations S6 and S5 during the cold
season, reaching 8.5 x 10° and 8.3 x 10° CFU/100
mL, respectively. The lowest values were de-
tected at station S1 in the warm season 6 x 102
CFU/100 mL and at stations S3 and S4 in the cold
season 8 x 10% and 1 x 10* CFU/100 mL, respec-
tively (Figure 3). This result highlights the strong
influence of untreated industrial discharges on
microbial water quality.

Fecal streptococci concentrations were high-
est at station S6, with 8.1 x 10° CFU/100 mL in
the cold season and 3.6 x 10° CFU/100 mL in
the warm season. The lowest concentrations, 0.5
CFU/100 mL, were recorded at station S1 and S4
during the cold season (Figure 4). Overall, the spa-
tial distribution of FS closely mirrored that of total
coliforms and E. coli, confirming the substantial
microbiological impact of direct discharges from
fish-processing facilities on Lévrier Bay.

Determination of the source of fecal
contamination

The source of fecal contamination was evalu-
ated using the quantitative ratio R = TC/FS accord-
ing to (Borrego and Romero, 1982). Based on this
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Figure 2. Log,, values of total coliforms in cold and warm seasons
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Figure 3. Log,, values of Escherichia coli in cold and warm seasons
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Figure 4. Log, values of fecal streptococci in cold and warm seasons

Table 2. Microbiological parameters of seawater samples (CFU/100 mL)

Station Season TC E. coli FS
S1 Cold 8.8 x 10° 5.8 x 10° 0.5
S1 Warm 1.4 x10° 6 x 102 1.7 x10*
S2 Cold 8.4 x 10° 2.7 x10° 900
S2 Warm 2.2 x 10 9 x10° 800
S3 Cold 5.8 x 10° 800 9
S3 Warm 2.5 %10 1.4 x 10* 500
S4 Cold 2.5 %10 1x10° 0.5
S4 Warm 3.8 x 104 4 x10° 1100
S5 Cold 8.8 x 10° 8.3x10° 51
S5 Warm 7.3 x10° 2 x10* 2400
S6 Cold 8.0 x 10° 8.5 x10° 8.1 x10°
S6 Warm 8.1 x 10° 6.6 x 10° 3.6 x10°

criterion, contamination is classified as primarily
animal (R < 0.7), uncertain (1 < R < 2), primarily
human (2 < R < 4), or clearly human (R > 4). The
calculated ratios for all sampling stations (Table 3)
indicate that fecal contamination in Lévrier Bay is
predominantly of human origin. These findings sug-
gest that untreated wastewater from fish processing
industries represent the main source of microbial
contamination in the coastal waters of the Bay.

Physicochemical parameters

Before being discharged into the natural en-
vironment, wastewater must comply with estab-
lished standards to protect the receiving environ-
ment from all forms of pollution. The physico-
chemical characteristics of coastal seawater sam-
ples collected from Lévrier Bay are summarized
in Tables 4 and 5. Table 4 presents the descriptive
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Table 3. Origin of fecal contamination in seawater
samples

Period CT/sF contaminaton
S1 51.85 Human origin
S2 507.06 Human origin
S3 60.51 Human origin
S4 36.80 Human origin
S5 656.87 Human origin
S6 1.38 Human origin

statistics of the measured parameters, while Table
5 shows the spatial and seasonal variations ob-
served at the different sampling stations during
the cold and warm seasons.

Water temperatures ranged from 21.71 to
25.83 °C, remaining below 30 °C threshold com-
monly recommended for wastewater discharges.
pH values were slightly alkaline, varying between
7.53 to 8.5. Dissolved oxygen concentrations
ranged from 1.78 to 7.27 mg/L, with a median value
of 2.77 mg/L. Electrical conductivity (EC) values
were between 47.72 to 53.19 mS/cm, while total
dissolved solids (TDS) were elevated, with a me-
dian value of 25.89 g/L. Salinity ranged from 30.43
to 35.08 PSU, with a maximum of 34.24 PSU, re-
flecting typical marine conditions in the study area.

Nutrients analyses revealed median concentra-
tions of 0.884 mg/L for nitrate (NO,), 0.036 mg/L
for nitrite (NO,) and 0.36 mg/L for phosphate
(PO,*). BOD; reached a maximum value of 225
mg/L, with a median of 56 mg/L, indicating signif-
icant organic loading in the coastal environment.

Microbiological parameters

The present study provides a comprehen-
sive assessment of the microbiological and

physicochemical quality of coastal waters in
Lévrier Bay. Analyses revealed pronounced spa-
tial and seasonal variations in both bacterial
contamination and physicochemical parameters
across sampling stations. These variations are
strongly linked to the discharge of untreated efflu-
ents from fish-processing facilities along the bay,
highlighting the role of anthropogenic activities in
shaping water quality.

Microbiological analyses confirmed extensive
fecal contamination. TC counts ranged from 5.8 x
103 to 8.8 x 10° CFU/100 mL, while Escherichia
coli concentrations varied between 6 x 10? and 8.5
x 10°CFU/100 mL across cold and warm seasons.
These consistently high levels indicate continuous
microbial loading and suggest that contamination
is chronic rather than episodic. Seasonal differenc-
es, including higher bacterial counts in the cold
season, may reflect hydrodynamic conditions,
microbial survival rates, or temporal fluctuations
in industrial discharge. The persistent presence of
TC and E. coli at these concentrations poses sig-
nificant public health risks for recreational water
users and local seafood consumers.

Comparable contamination patterns have been
reported in other coastal environments affected by
untreated industrial and domestic effluents. For in-
stance, Libyan coastal waters exhibited elevated
TC and E. coli concentrations under similar an-
thropogenic pressures (Al-Ghobeini and Murad,
2025; Ayitey et al., 2025; McLellan et al., 2024).
The co-occurrence of high TC and E. coli counts
in Lévrier Bay underscores the significant contri-
bution of fish-processing effluents to fecal pollu-
tion. These findings reinforce the urgent need for
effective wastewater treatment and management
strategies to protect the ecological integrity of the
bay and mitigate associated public health risks.

Table 4. Descriptive statistics of physicochemical parameters

Parameter Minimum Median Maximum +SD

pH 7.53 8.08 8.50 0.327

Dissolved oxygen (mg/L) 1.78 2.77 7.26 2.202
Conductivity (mS/cm) 47.72 51.74 53.19 1.453
TDS (g/L) 23.41 25.96 26.60 0.829
Salinity (PSU) 30.43 34.24 35.08 1.462
Temp (°C) 21.71 24.01 25.83 1.169
Phosphate (mg/L) 0.17 0.36 2.40 0.612
Nitrate (mg/L) 0.44 0.884 3.09 0.764
Nitrite (mg/L) 0.01 0.04 0.09 0.028
Biochemical oxygen demand (mg/L) 0.10 56 225 71.034
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Table 5. Physicochemical parameters measured at the sampling stations during the cold and warm seasons in

Lévrier Bay

Station | Season T(eg)p PH (n?g?L) ECcr(nr?S/ TOS (/L) S(;gnLth)y (?1%%) (22/{) (:qgfi) (Fr,n?;‘i_)
S1 | Cold | 217 | 850 | 261 | 5164 | 2588 | 3411 | 06 | 088 | 004 | 0417
S1 | Warm | 249 | 838 | 666 | 5270 | 2635 | 3478 | 84 177 | 003 | 040
S2 | Cold | 229 | 848 | 272 | 5172 | 2589 | 3407 | 84 088 | 001 | 021
S2 | Warm | 2511 | 753 | 334 | 5256 | 2633 | 3468 | 05 | 3090 | 006 | 064
S3 | Cold | 228 | 827 | 263 | 5272 | 2603 | 3456 | 02 | 044 | 001 | 022
S3 | Wam | 250 | 780 | 676 | 5145 | 2572 | 3381 | 56 088 | 004 | 052
s4 | Cold | 236 | 813 | 178 | 5176 | 2588 | 3390 | 05 | 044 | 001 | 038
s4 | wam | 2583 | 802 | 699 | 5221 | 2612 | 3436 | 05 133 | 008 | 038
S5 | Cold | 240 | 795 | 211 | 5087 | 2615 | 3450 | 04 177 | 001 | 028
S5 | Wam | 240 | 816 | 283 | 5319 | 2660 | 3508 | 113 | 044 | 004 | 034
S6 | Cold | 233 | 779 | 218 | 4772 | 2341 | 3043 | 125 | 088 | 008 | 240
S6 | Warm | 245 | 760 | 726 | 5047 | 2524 | 3111 | 86 088 | 009 | 0.18

Fecal streptococci (FS) are robust indicators
of fecal contamination due to their persistence in
aquatic environments. In Lévrier Bay, FS concen-
trations ranged from 0.5 to 8.1 x 10° CFU/100 mL
across cold and warm seasons, confirming sub-
stantial fecal pollution consistent with total coli-
form and E. coli patterns. These values indicate
chronic microbial contamination linked to un-
treated fish-processing effluents.

Similar trends have been reported in coastal
studies elsewhere: for instance, in China, 41—
46% of recreational water samples exceeded
regulatory standards for enterococci, with high-
er concentrations observed nearshore and dur-
ing rainfall events (Ming et al., 2020; U.S. EPA,
2012). This highlights the combined influence of
anthropogenic inputs and environmental factors
on microbial water quality, consistent with our
observations of persistently elevated FS levels
in Lévrier Bay.

The higher FS concentrations during the
cold season may reflect enhanced microbi-
al survival under lower temperatures, while
lower concentrations during the warm season
could result from increased microbial die-off
or dilution by coastal mixing. Overall, the con-
current high counts of FS, TC, and E. coli in-
dicate that untreated wastewater significantly
degrades the microbiological quality of the
bay, posing risks to public health and empha-
sizing the need for wastewater treatment prior
to discharge.

Physicochemical parameters

Water temperature is an important environ-
mental parameter influencing biological activity
and chemical process in marine ecosystems. In the
present study, temperatures ranged from 21.71 to
25.83 °C, reflecting typical thermal conditions of
coastal waters in Mauritanian upwelling systems.
The relatively small seasonal variation observed
between the cold and warn periods may be related
to the moderating influence of oceanic circulation
in Lévrier Bay. The relatively high temperatures
have already been reported in the bay and attrib-
uted at different stages of fishmeal production,
including cooking, pressing, and drying (Abdel
Maleck et al., 2024).

Similar temperatures have been observed in
other coastal environments subject to upwell-
ing, such as on the Moroccan coast (Rafiq et al.,
2022b). Although locally elevated, the measured
temperatures remain below the critical threshold
of 30 °C set for coastal waters and can be com-
pared to those reported by (Ndiaye et al., 2025)
during the same period.

The pH levels recorded in this study were
slightly alkaline, ranged from 7.53-8.5, wish is
consistent with the neutral pH range observed in
marine waters. Such values are typical of coastal
ecosystems where seawater buffering capac-
ity regulates pH fluctuations. However, slight
decreases in pH at certain stations located near
discharge points may reflect localized inputs of
organic matter associated with industrial effluents
from fish-processing activities.
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Similar pH ranges have been reported in Da-
khla Bay (7.8-8.3) by (Anhichem and Benbrahim,
2020a). According to (Chaouay et al., 2016), pH
influences metal solubility, water alkalinity, and
microbial metabolism, and therefore significantly
affects seawater quality. In addition, photosyn-
thetic activity by phytoplankton and algae may
increase pH through the uptake of dissolved car-
bon dioxide (Gandaseca et al., 2011).

Overall, the pH values measured for the phys-
iological functioning of plants and multicellular
animals in coastal waters, suggesting that the
coastal waters of Lévrier Bay are not currently af-
fected by significant acidification processes (Gan-
daseca et al., 2011).

Dissolved oxygen is essential for the physio-
logical functioning of aquatic organisms and plays
a key role in the biogeochemical cycling of organic
matter and nutrients in coastal ecosystems (Testa
and Malkin, 2024). When DO concentrations fall
below 4-5 mg/L, aquatic organisms may experi-
ence physiological stress (Dey, 2017).

In the present study, DO concentrations var-
ied considerably among sampling stations, rang-
ing from 1.78 mg/L at station S4 during the cold
season to 7.26 mg/L at station S6 during the
warm season. The lowest values were recorded
near wastewater discharge areas, suggesting in-
creased oxygen consumption linked to microbial
degradation of organic matter. This decrease is
directly linked to the high organic load of waste-
water, which enhances microbial respiration and
increases oxygen consumption. Such reductions
in DO are commonly associated with elevated
organic loading and may indicate the onset of
localized eutrophication. Under the hypoxic con-
ditions, sensitive fish species may experience
physiological stress, potentially leading to abnor-
mal behavior, mortality, or occasional stranding
events in shallow coastal areas.

Electrical conductivity reflects the ability of
dissolved salts and other inorganic substances
present in water to conduct an electrical current.
In the marine environments, average conductivity
values generally range between 24 and 47.6 mS/
cm (Rafiq et al., 2022a). In this study, the measured
values ranged from 47.72 recorded at station 6 to
53.19 mS/cm at station 5, with a median of 51.74
mS/cm. Compared to other coastal ecosystems,
such as Agadir Bay, where a conductivity of 55.4
mS/cm has been reported (Chaouay et al., 2016),
the obtained results are of the same order of mag-
nitude. This elevated conductivity reading suggest
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significant salinity and reflects the excellent con-
ductivity of the waters in this study area.

Salinity is a fundamental parameter of the
marine environment, reflecting the concentration
of dissolved salts, mainly sodium chloride, in sea-
water. It plays an important role in many oceano-
graphic processes, including stratification, water
mass circulation, and the distribution and dynam-
ics of biological communities (Pawlowicz, 2017).
During the present study, salinity showed moder-
ate variability, ranging from 30.43 to 35.08 PSU
observed at stations 6 and 5 respectively. They
indicate relative stability in the salinity regime,
despite the proximity of industrial fish production
and processing units. The relativity stable salin-
ity conditions may also be influenced by regional
oceanographic processes, particularly the coastal
upwelling system that characterizes the Maurita-
nian shelf. Moreover, Comparable salinities have
already been reported in the bay, particularly dur-
ing episodes of harmful algal blooms (Ndiaye et
al., 2025), suggesting that these saline conditions
could be a permissive factor in the development
of such events. in these places.

TDS represent the overall concentration of
dissolved substances in water and constitute an
important parameter for assessing water qual-
ity (Ferdous et al., 2019). In the present study,
TDS values ranged from 23.41-26.6 g/L at sta-
tions 6 and 5 respectively, wish in consistent with
the mineral content typically observed in marine
environments. These concentrations reflect the
naturally high ionic composition of seawater, pri-
marily controlled by dissolved salts such as so-
dium, chloride and sulfate (Reddy et al., 2020).
The relatively limited spatial variation in TDS
observed among sampling sites suggests that lo-
cal industrial discharges did not significantly al-
ter the mineral composition of the coastal waters.
This contrasts with the pronounced variability ob-
served for dissolved oxygen and organic param-
eters, indicating that the impact of anthropogenic
activities in the study area is primarily reflected in
biological and organic pollution rather than in the
mineral load of the water.

Nutrient concentrations and biochemical oxy-
gen demand provide valuable information on the
degree of organic enrichment and anthropogenic
influence in coastal environments. In the nitro-
gen cycle, nitrite is a phase that lies in between
nitrate and ammoniacal nitrogen, which gener-
ally explains its low concentration in aquatic en-
vironments (Aydin, 2013). In the present study,
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nitrite concentrations varied between 0.01-0.09
mg/L at station 3 and 6 respectively. Although
levels remain low overall, the maximum value
recorded could reflect increased bacterial activity
or incomplete nitrification, possibly induced by
organic inputs, particularly those from fish pro-
cessing plant discharges. A similar situation has
been reported in Taza, Morocco, where elevated
nitrite concentrations in surface waters have been
correlated with recent contamination, depletion
of dissolved oxygen and reduction of nitrates by
organic matter (Abouabdallah et al., 2023).

The presence of nitrates in water can indi-
cate a recovery process following organic pollu-
tion, as they represent the end product of nitro-
gen oxidation. This transformation is generally
carried out by nitrifying bacteria, which play
an essential role in the biological treatment of
nitrogen-enriched water (Sanoja-Lopez et al.,
2025). During our study, nitrate concentrations
ranged from 0.44 to 3,09 mg/L. The highest
values could reflect the influence of industrial
discharges, particularly those from fish process-
ing plants, which are rich in nitrogenous organic
matter. In coastal environments, such concen-
trations may also result from the nitrification of
ammonium from these discharges. This implies
that the environment was enriched with organ-
ic matter at the sites where the highest values
were recorded. This organic matter is progres-
sively converted to nitrite and eventually nitrate
in the presence of dissolved oxygen and nitrify-
ing bacteria. This situation is probably linked to
continuous wastewater inputs, as observed in the
coastal waters of Dakhla, Morocco (Anhichem
and Benbrahim, 2020b).

Phosphates, mainly originate from urban and
domestic sources. They are generally the limiting
factor in eutrophication processes, as their con-
centration directly influences the primary produc-
tivity of the environment (Cramer, 2010). In com-
bination with nitrates, their excessive presence
can stimulate phytoplankton blooms, leading to
eutrophication and subsequent oxygen depletion.
Phosphate concentration showed a wider variabil-
ity, reaching a maximum of 2.4 mg/L at station S6
during the cold season. Elevated nutrient concen-
trations in coastal waters are commonly associ-
ated with inputs of organic matter and nutrient-
rich effluents from industrial activities related to
fish processing, as well as untreated domestic dis-
charges. Similar observations have been reported
in Dakhla Bay, where elevated phosphate levels

have been linked to significant anthropogenic
pressure (Anhichem and Benbrahim, 2020b). In
Lévrier Bay, the observed nutrient enrichment is
likely related to the discharge of untreated waste-
water from fish-processing industries located
along the coastline. These industrial activities
generate large quantities of organic residues and
nutrient-rich effluents that can significantly alter
the chemical composition of receiving waters.
Similar increases in nitrate and phosphate con-
centrations have been reported in coastal environ-
ments affected by seafood-processing industries
and urban wastewater discharges.

Biochamical oxygen demand (BOD.,) reflects
the amount of oxygen required for microbial
decomposition of biodegradable organic matter
in water (Boughou et al., 2018). In the present
study, BOD, values showed substantial variabili-
ty, ranging from (0.1-225 mg/L), with median of
56 mg/L. Such elevated levels indicate a signifi-
cant input of biodegradable organic matter into
the coastal waters. The highest values were ob-
served at stations located near discharge points,
particularity S5 and S6, suggesting strong influ-
ence of industrial effluents. High BOD, levels
are commonly associated with wastewater rich
in organic residues, which enhances microbial
activity and increases oxygen consumption in
aquatic environments. Such conditions may lead
to hypoxia or anoxia, causing stress or mortal-
ity in aquatic organisms and disrupting ecologi-
cal balance. Although these values remain lower
than those previously reported in the bay (Abdel
Maleck et al., 2024), they largely exceed typi-
cal thresholds for natural waters and may lead to
oxygen depletion and ecological disturbances if
such inputs persist (Penn et al., 2009).

Multivariate analysis of physicochemical and
microbiological parameters

Following the detailed discussion of the micro-
biological results which appear too elevated, it is
crucial to explore how these microbial indicators
are related to the measured physicochemical param-
eters. Multivariate statistical analysis, such as PCA,
provides a comprehensive overview of the complex
interactions among these variables, highlighting the
main environmental factors influencing water qual-
ity in Lévrier Bay. This statistical approach acts as
a bridge between the microbiological and physico-
chemical data, revealing correlations and dissocia-
tions between the different parameters.
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Figure 5. Principal component analysis of microbiological and physicochemical parameters in Lévrier Bay

Table 6. Pearson correlation coefficients between microbiological and physicochemical parameters in Lévrier Bay

Variables pH DO EC TDS |Salinity| Temp | PO4 NO3 NO2 | DBO5 TC E. coli FS
pH 1 0.93* | 0.88* | 0.85* | 0.91* | -0.63* | -0.71* | -0.04 | -0.69* | -0.78* | -0.78* | -0.79* | -0.76*
DO 1 0.83* | 0.85* | 0.84* | -0.66* | -0.71* | -0.05 | -0.70* | -0.82* | -0.78* | -0.78* | -0.75*
EC 1 0.98* | 0.91* | -0.54 | -0.58* | -0.12 | -0.51 | -0.60* | -0.70* | -0.69* | -0.66*

TDS 1 0.90* | -0.49 | -0.53* | -0.10 | -0.52 | -0.62* | -0.71* | -0.70* | -0.67*
Salinity 1 -0.62* | -0.67* | -0.04 | -0.66* | -0.75* | -0.75* | -0.74* | -0.71*
Temp 1 0.71* | 0.01 0.67* | 0.74* | 0.74* | 0.74* | 0.73*
PO4 1 0.11 0.85* | 0.92* | 0.93* | 0.90* | 0.87*
NO3 1 -0.10 | -0.03 | 0.03 0.01 0.03
NO2 1 0.86* | 0.87* | 0.82* | 0.80*
DBO5 1 0.96* | 0.92* | 0.89*
TC 1 0.99* | 0.91*
E. coli 1 0.89*
FS 1

Note: * In bold the correlation is significant at 0.05.

The PCA (Figure 5) demonstrates a clear
grouping of variables along the first principal
component, which clusters microbial indica-
tors together with organic pollution markers
such as biochemical oxygen demand (BOD:s),
phosphates, and nitrites — reflecting the sub-
stantial organic and fecal load from untreated
effluents.

Conversely, parameters related to water
mineralization, including electrical conduc-
tivity, TDS, and salinity, are strongly corre-
lated with each other but negatively correlated
with microbial contamination indicators. This
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suggests that microbial pollution is not neces-
sarily accompanied by increased mineral load.
The second principal component highlights
seasonal or hydrological variations, where
temperature and dissolved oxygen co-vary,
while nutrients and pH show more complex
relationships.

These observations are reinforced by the cor-
relation matrix (Table 6), which shows statisti-
cally significant (p < 0.05) positive correlations
between organic and microbiological pollution
parameters, alongside negative correlations with
mineral-related variables and salinity.
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CONCLUSIONS

This study provides an integrated assess-
ment of the impacts of untreated industrial
wastewater from fish processing plants on
Lévrier Bay. Microbiological analyses re-
vealed consistently elevated fecal contamina-
tion, with total coliforms reaching 8.8 x 10°
CFU/100 mL, Escherichia coli up to 8.5 x 10°
CFU/100 mL, and fecal streptococci up to 8.1
x 10° CFU/100 mL, indicating chronic mi-
crobial pressure on the coastal environment.
Physicochemical parameters largely remained
within natural coastal thresholds, pH (7.53—
8.5), salinity (30.43-35.08 PSU), and tempera-
ture (21.71-25.83 °C) but localized elevated
BODs (up to 225 mg/L) and phosphate con-
centrations (up to 2.4 mg/L), combined with
low dissolved oxygen (as low as 1.78 mg/l),
indicate localized hypoxia and organic enrich-
ment. These finding highlight that effluents
impose both biological and chemical stress on
the bay, exceeding the ecosystem’s self-puri-
fication capacity. The integrated analysis of
microbiological and physicochemical indica-
tors demonstrates a clear linkage between in-
dustrial discharges and ecosystem degradation.
Continuous inputs of microbial and nutrients
contaminants threaten water quality, aquatic
life, and public health. To reduce coastal wa-
ter pollution in Lévrier Bay, it is essential to
implement wastewater treatment systems tai-
lored to remove organic and microbial loads,
enforce stricter environmental regulations for
industrial discharges, and establish continuous
environmental monitoring programs to track
water quality and detect early signs of contam-
ination. Proactive management of these mea-
sures will help preserve the bay’s ecological
integrity and maintain its role as a productive
marine ecosystem.
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