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Bacterial contamination of coastal waters is the cause of various waterborne diseases. In this study, the levels of faecal contamination of
coastal waters in the city of Abidjan were assessed. Water samples were collected from six stations located along the coast of the city of
Abidjan. Bacterial densities D50 and D90 were determined using the rank method. The healthiness of beach waters was assessed according
to WHO/UNEP criteria developed under Mediterranean (MED) POL.VII programme. Clostridium perfringens D50 concentrations
exceeded the threshold of 100 CFU/100 mL in half of the stations. The D90 concentrations of faecal coliforms and faecal streptococci
were all greater than 1,000 CFU/100 mL. The results obtained suggested that the pollution was mainly of human origin, with bacterial
concentrations exceeding the recommended quality thresholds for bathing. According to the quality limits for bathing water, all beaches
studied were of poor quality for bathing.
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INTRODUCTION

Demographic pressure and the growth of human activities
contribute significantly to the degradation of water resources.
This situation results in health and environmental risks. Futher-
more, the lack of wastewater treatment, poor household waste
management and landfilling practices are the main factors of
water degradation [1]. Céte d’Ivoire, a West African nation
bordering the Gulf of Guinea, possesses an extensive Atlantic
coastline of approximately 515 km, with coastal zones
accounting for nearly 7% of its total land area. The city of
Abidjan, situated within this coastal region, represents a
major socio-economic hub where a significant proportion of
the population’s activities are concentrated around aquatic
environments. These coastal and lagoonal systems support
diverse economic sectors including fisheries, agriculture,
coastal tourism, industrial operations and various informal
activities, all of which contribute substantially to the regional

development while exerting pressure on the local water
resources [2]. Faecal contamination of water bodies poses signi-
ficant public health risks to local populations. Exposure path-
ways include the consumption of contaminated water and aquatic
products, which may lead to gastrointestinal infections and
diarrhoeal diseases as well as direct contact during recreational
activities, potentially resulting in the dermatological conditions
and other infections [3]. The main indicator agents of faecal
bacteria are identified as fecal coliforms, faecal streptococci
and Clostridium perfringens [4].

The microbiological contamination of the coastal environ-
ment is linked to inputs from various sources including urban
and agricultural anthropogenic discharges. The presence of
contaminants in water and in particular microorganisms that
are pathogenic to humans, can pose a health risk when swim-
ming or consuming aquatic species [5,6]. Indeed, swimming
in natural waters can lead to more or less intense contact with
pathogenic germs that may be present in the water in small or
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large quantities. The pathologies associated with these germs
concern the ENT sphere, the digestive system, eyes and skin
[6]. The pathogenic microorganisms present in natural waters are
responsible for a range of waterborne diseases, most commonly
diarrhoea, tonsillitis, conjunctivitis and respiratory infections
[6,7]. Based on the available literature, this study represents the
first percentile-based assessment specifically focused on the
beaches of Abidjan [3,8]. The objective of this work is to
evaluate the level of faecal contamination in the coastal waters
of Abidjan. To achieve this, the study aims to quantify bacterial
densities using statistical approaches, assess the extent of faecal
pollution in accordance with WHO guidelines and identify the
sources of contamination through the analysis of microbial
indicator ratios.

EXPERIMENTAL

Six sampling stations were selected from the national
monitoring network for lagoon and coastal water quality
managed by the lvorian Anti-Pollution Centre [9]. Water
samples were collected at a depth of approximately 20 cm
using sterile bottles, which were rinsed twice with the sample
water prior to collection. The bottles were filled completely
and capped underwater to prevent air entrapment and preserve
sample integrity. All samples were transported in the insulated
coolers containing dry ice, maintained in the dark at ~4 °C,
and processed promptly upon arrival at the laboratory.

Enumeration of indicator bacteria was performed using
standard culture-based microbiological techniques on selec-
tive media. Faecal coliforms were cultured on violet red bile
lactose (VRBL) agar and incubated at 44 °C for 24 h to select
thermotolerant strains. Faecal streptococci were enumerated

on Slanetz and Bartley agar following incubation at 37 °C for
48 h, with confirmation of characteristic colonies where requ-
ired. Clostridium perfringens spores were determined using
tryptose sulfite cycloserine (TSC) agar under anaerobic
conditions, with incubation at 44 °C for 24 h. Quality assur-
ance measures included the use of sterile blanks, duplicate
sample analyses and routine verification of incubation condi-
tions.

Statistical analyses were conducted using R software
(version 4.5.3). Given the non-normal distribution typically
associated with bacterial data, non-parametric methods were
employed [10]. Spatial variations in bacterial concentrations
across the six stations were assessed using the Kruskal-Wallis
test, followed by pairwise Mann-Whitney tests to identify signi-
ficant differences between sampling sites. In addition, Pearson
correlation analysis was used to examine relationships among
the three bacterial indicators measured in the coastal waters.

Fig. 1 shows the different sampling stations for the anal-
ysed water. The water samples were taken from six stations
located on the coast of the city of Abidjan. These are the West
beach (P1), East beach (P2) and Cocobeach (P3), all located
in Vridi. Station P4 is located in Port-Bouét, station P5 is near
the airport and station P6 is located in Gonzagueville. The
water samples were packaged in transparent glass bottles
previously sterilised. They were stored according to the
standard protocols [11,12] for bacteriological analyses.
Fifteen samplings were carried out every 2 months from 2024
to 2025.

Determination of bacterial densities D50 and D90:
Bacterial densities D50 and D90 represent the concentrations
of bacteria corresponding to 50% and 90%, respectively, of
the counts obtained for surface waters at the sampled stations
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Fig. 1. Abidjan coastal water sampling stations



Vol. 38, No. 5 (2026)

Statistical Parameters and Origin of Faecal Contamination in Abidjan City (Cote d’Ivoire) Coastal Waters 1291

[3,13-15]. Bacterial densities (D50 and D90) were determined
using the rank method in accordance with WHO/UNEP stan-
dards [2,14,15]. These criteria indicate that if the density D50
< 100 faecal coliforms or faecal streptococci per 100 mL of
water and the density D90 < 1,000 faecal coliforms or faecal
streptococci per 100 mL of water, then the bathing water is
considered bacteriologically satisfactory.

Determination of degree of faecal pollution of water:
Based on the WHO/UNERP criteria outlined above, the degree
of contamination or faecal pollution (DP) is defined as the
number of times a bacterial concentration exceeds the limit
recommended by WHO/UNEP [12]. Thus, the degree of faecal
pollution is obtained by dividing D90 by the threshold con-
centration of 1000 bacteria per 100 mL [16]. In this study, the
DP value was determined for faecal coliforms, faecal strepto-
cocci and Clostridium perfringens at each of the stations
studied.

Determination of origin of faecal contamination of
water: The origin of faecal contamination was assessed using
the ratio of faecal coliforms to faecal streptococci (R = CF/SF).
According to the criteria proposed by Borrego & Romero [18],
values of R < 0.7 indicate a predominantly animal origin,
whereas 0.7 < R < 1 suggests mixed contamination with animal
predominance. Ratios in the range of 1 <R < 2 are considered
inconclusive. The values between 2 < R < 4 reflect mixed
contamination with a predominance of human origin, while
R > 4 indicates contamination which is primarily or entirely
of human origin. The CF/SF ratio was calculated using all
measurements obtained throughout the study period.

RESULTS AND DISCUSSION

The assessment of faecal indicator bacteria across the six
coastal stations revealed pronounced spatial and temporal
variability in the microbial contamination, reflecting the
dynamic nature of coastal environments influenced by both
anthropogenic activities and environmental processes. The
coefficients of variation (CV) for all three indicators, faecal
coliforms, faecal streptococci and Clostridium perfringens,
were generally high, often exceeding 100%, which indicates
substantial fluctuations in bacterial concentrations over time
(Table-1). Such high variability suggests that contamination
events are not constant but occur intermittently, likely driven
by episodic inputs such as stormwater runoff, wastewater dis-
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TABLE-1
COEFFICIENT OF VARIATION IN WATER
SAMPLES FROM DIFFERENT BEACHES

Coefficient of variation (%)

Beach Faecal Faecal Clostridium

coliforms streptococci perfringens
P1 79 170 193
P2 132 129 64
P3 133 179 161
P4 116 134 91
P5 108 194 76
P6 164 156 67

charges, and tidal influences. Stations such as P1, P5 and P6
exhibited particularly elevated variability for specific indicators,
highlighting the role of localised factors in shaping contami-
nation patterns.

The boxplot analysis further supports these observations
by illustrating considerable dispersion and the presence of
extreme values at several sites (Fig. 2). For instance, faecal
coliform concentrations were notably higher at station P1,
which also exhibited a wide interquartile range and multiple
outliers, indicating both persistent contamination and episodic
spikes. In contrast, stations P3 and P6 generally displayed lower
median values, although occasional peaks were still observed,
suggesting intermittent pollution inputs. A similar pattern was
evident for faecal streptococci, where stations P3, P4, P5 and
P6 showed substantial variability, with extreme values appro-
aching 8000 CFU/100 mL at certain times. These peaks likely
correspond to short-term contamination events, possibly
associated with rainfall-induced runoff or localised discharge
sources. For C. perfringens, higher median concentrations at
stations P5 and P6 indicate more persistent contamination, as
this organism is known for its resistance to environmental
degradation and its ability to survive longer in aquatic systems.

Despite the evident variability in bacterial concentra-
tions, the Kruskal-Wallis test did not reveal statistically signi-
ficant differences among the six sampling stations (p > 0.05)
(Table-2). This suggests that at a broader scale, contamina-
tion levels across the beaches are relatively comparable. How-
ever, this lack of statistical significance should be interpreted
cautiously, as high within-site variability can obscure spatial
differences. Indeed, pairwise Mann-Whitney comparisons
identified significant differences between certain stations,
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Fig. 2. Spatial and temporal distribution of faecal coliforms (a), faecal streptococci (b) and C. perfringens (c) in the studied beaches
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TABLE-2
GLOBAL COMPARISON BETWEEN
BEACHES (KRUSKAL-WALLIS TEST)

TABLE-3
PEARSON CORRELATION MATRIX BETWEEN
THE DIFFERENT BACTERIAL INDICATORS

Faecal Faecal Clostridium Faecal Faecal Clostridium
coliforms streptococci perfringens coliformes streptococci  perfringens
H statistic 9.84 0.77 6.1 Faecal coliformes 1
p-value 0.0798 0.979 0.30 Faecal streptococci  -0.331283256 1
Pairwise Mann-Whitney tests has given no significant p-value (> C. perfringens 0.189195164 0.071287906 1

0.05) for faecal coliforms, faecal streptococci and Clostridium
perfringens. Except beaches P1 vs. P3 and P1 vs. P6 which have
respectively p-value 0.0196 and 0.0166 for faecal coliforms.

particularly between P1 and P3; and P1 and P6 for faecal coli-
forms. These findings indicate that while overall contamina-
tion may appear homogeneous, localised hotspots exist, with
P1 emerging as a site of relatively higher contamination. Such
discrepancies highlight the importance of combining statisti-
cal analysis with descriptive data interpretation to fully under-
stand spatial patterns in environmental studies.

Correlation analyses between the different bacterial
indicators: The Pearson correlation matrix (Table-3) indi-
cates weak relationships among the three bacterial indicators,
highlighting the complex and heterogeneous nature of faecal
contamination across the studied beaches. A moderate negative
correlation was observed between faecal coliforms and faecal
streptococci (r = -0.33), suggesting that these indicators do
not exhibit synchronous variation across sampling sites. How-
ever, this relationship was not statistically significant (p >
0.05), indicating that the observed trend is not robust and may
be influenced by site-specific or temporal variability. Similarly,
weak positive correlations were found between faecal coli-
forms and C. perfringens (r = 0.189); and between faecal
streptococci and C. perfringens (r = 0.07). The low correla-
tion coefficients, together with non-significant p-values,
suggest that these bacterial indicators behave largely indepen-
dently, likely reflecting differences in their environmental
persistence, transport mechanisms, and source contributions.

Further insight into contamination patterns is provided
by the analysis of bacterial density metrics (D50 and D90),
as illustrated in Fig. 3. The consistently higher D90 values
relative to D50 across all stations indicate the occurrence of
peak contamination events, supporting the presence of episodic

pollution inputs rather than continuous discharge. Notably,
D90 concentrations of faecal coliforms and faecal streptococci
exceed the WHO/UNEP guideline threshold of 1000 CFU/
100 mL at all sites, confirming that the coastal waters are
unsuitable for recreational use. In contrast, C. perfringens
concentrations remain below this threshold at the D90 level,
although elevated D50 values at several stations indicate persis-
tent background contamination.

These findings suggest that contamination is not isolated
but rather widespread throughout the study area. The observed
pollution patterns are likely influenced by continuous inputs
of wastewater from surrounding urban areas, combined with
environmental factors such as water circulation and confine-
ment [19]. As observed by Akilinon [17], the extent of conta-
mination is strongly governed by both the magnitude of
pollutant discharge and the hydrodynamic characteristics of
the receiving water body, which control dilution and disper-
sion processes [20].

Degree of faecal contamination of lagoon waters: The
degree of faecal contamination (DP) in the coastal waters was
evaluated by comparing the D90 concentrations of faecal
indicator bacteria with the WHO/UNEP threshold value of
1000 CFU/100 mL. The spatial distribution of contamination
levels is illustrated in Fig. 4, where variations in colour inten-
sity reflect differences in pollution magnitude across the
studied beaches.

As shown in Fig. 4, faecal coliform contamination is the
highest at beach P1, indicated by the most intense colour (DP
= 10), confirming it as the most impacted site. In contrast,
beach P5 exhibits comparatively lower contamination (DP = 4),
represented by lighter colour intensity. Intermediate levels are
observed at P4 and P6, followed by P2 and P3, which is
consistent with the ranking: P1 > P4 > P6 > P2 > P3 > P5. For
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Fig. 3. D50 and D90 concentrations of faecal coliforms (a), faecal streptococci (b) and C. perfringens (c) in the coastal waters of Abidjan
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Fig. 4. Heat map of faecal pollution by studied beaches
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faecal streptococci, Fig. 4 highlights beach P3 as the most
contaminated site (DP = 8), clearly distinguished by a stronger
colour gradient. Beaches P4 and P1 follow with moderate
contamination levels, whereas P2 shows the lowest contami-
nation (DP = 2), represented by the least intense colour. This
distribution aligns with the ranking: P3 > P4 > P1 > P6 > P5 >
P2. In case of C. perfringens, the heat map indicates generally
lower contamination levels across all beaches, with relatively
uniform and less intense colour patterns. Although beach P5
shows slightly higher values compared to other stations, all
measured concentrations remain below the WHO/UNEP thre-
shold, confirming lower relative contamination. The observed
ranking (P5 > P1 > P6 > P4 > P3 > P2) is consistent with the
subtle variations. Fig. 4 effectively visualises the spatial
heterogeneity of faecal pollution, clearly distinguishing highly
impacted sites such as P1 and P3 from relatively less conta-
minated locations like P2 and P5.

Origin of faecal contamination of coastal waters: The
distribution of CF/SF ratios (Table-4) provides insight into
the origin of faecal contamination across the studied beaches.
The results indicate that contamination is predominantly of
human origin at most stations (P1, P2, P3 and P6), where the
highest proportions correspond to human-derived inputs,
reaching up to 66.67% at P1. The contributions from animal
sources are present but comparatively lower, while mixed and
indeterminate origins occur less frequently.

At stations P4 and P5, a more complex pattern is obser-
ved. Although human-origin contamination remains dominant
(53.85% at P4 and 38.46% at P5), significant proportions of
uncertain and mixed sources are also recorded. In particular,
P5 exhibits contributions from all categories including animal

and mixed human-dominated contamination indicating multiple
and interacting pollution sources. These findings confirm that
faecal pollution in the study area is largely anthropogenic.
This is consistent with the known distribution of indicator
bacteria, where faecal coliforms are typically associated with
human waste, whereas faecal streptococci are more prevalent
in animal sources. The dominance of human-derived contami-
nation can be attributed to wastewater discharges, inadequate
sanitation infrastructure and recreational activities. Bathers
represent a direct source of microbial inputs through the
release of biological materials, while indirect inputs arise from
sewer overflows, poorly connected drainage systems, and
urban runoff. Rainfall events are particularly influential, as
they facilitate the transport of contaminants from terrestrial
environments into coastal waters, leading to episodic incre-
ases in the microbial loads [5].

However, the CF/SF ratio approach has limitations, as
environmental factors such as temperature, salinity and solar
radiation can differentially affect bacterial survival and persis-
tence [15]. Consequently, the inferred sources should be
considered indicative rather than definitive. The results high-
light a predominance of human-origin faecal contamination,
with spatial variability reflecting the combined influence of
anthropogenic activities and environmental processes. These
findings underscore the need for improved wastewater mana-
gement and monitoring strategies to mitigate contamination
in coastal recreational waters.

Conclusion

This study evaluated the level and origin of faecal
contamination in the coastal waters of Abidjan, Cote d’Ivoire,
revealing significant deterioration in microbial water quality.
Elevated concentrations of faecal coliforms and faecal strepto-
cocci were observed, with D90 values exceeding WHO/
UNEP guideline limits at all sampling stations, indicating
that the beaches are unsuitable for recreational use. Although
Clostridium perfringens generally remained below threshold
limits, its presence at significant levels suggests persistent
background contamination. The CF/SF ratio analysis indi-
cates that faecal pollution is predominantly of human origin,
reflecting the impact of wastewater discharges, inadequate
sanitation systems, and intensive human activities. Contribu-
tions from animal sources were also identified, highlighting
the complexity of contamination pathways. Based on the
results, it is concluded that all studied beaches were classified
as poor in terms of bathing water quality, posing potential
health risks to users. These findings emphasise the need for

TABLE-4
DISTRIBUTION OF CF/SF RATIO VALUES IN WATER CALCULATED FOR EACH STATION
Beaches Mainl_y or entirely Mixed vyith animal _ UncerFain or Mixed v_vith human Mainly
animal (%) predominance (%) indeterminate (%) predominance (%) human (%)
P1 16.67 0 8.33 8.33 66.67
P2 23.08 0 15.38 15.38 46.15
P3 30.77 0 15.38 15.38 38.46
P4 15.38 0 30.77 0 53.85
P5 23.08 0 15.38 23.08 38.46
P6 27.27 18.18 8.09 8.09 36.36
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improved wastewater management, effective control of urban
runoff, and continuous monitoring of coastal water quality.
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