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Abstract

The objective of this study was to evaluate the typology of water through phy-
sicochemical and bacteriological characterization with the aim of highlighting
its vulnerability as a drinking water resource. The methodology adopted was
to evaluate the level of pollution by monitoring the spatiotemporal variation
of the water pollution indicator levels of Lake Dohou. The sampling frequen-
cy is monthly for one year, from November 2017 to October 2018, in order to
obtain a fairly representative image of water quality and its seasonal evolution
in eight (8) well-defined stations. The parameters were determined using the
standard methods defined by the French Association for Standardization
(AFNOR). This study shows that the waters are acidic, with an average pH of
5.81 and a low electrical conductivity of between 42.67 + 4.30 and 59.62 *
21.84 uS-cm™'. At all stations, seasonal mean water transparencies are low (<1
m). It is also noted that 99.7% of the water samples collected had total nitro-
gen (TN) levels above the limit of 4 mg-L™". All of the lake’s waters have
non-compliant BOD5 (<3 mgO,-L™") for raw water intended for the produc-
tion of drinking water. Sites D6 and D7 have COD/BODS5 ratio greater than 3,
which indicates the presence of non-biodegradable organic matter in these
areas. Total coliforms, Escherichia coli and Enterococci were present in 100%
(28/28) water samples at concentrations ranging from 2300 to 173,000 CFU/100
mL, from 100 to 1650 CFU/100 mL and from 20 to 1140 CFU 1/100 mL re-
spectively. For Salmonella pathogens, they were detected in 50% of the dry
season samples and in 100% of the rainy season samples. This almost perma-
nent presence of this pathogenic germ denotes a poor quality of water with
reference to this parameter. The presence of total coliform and other micro-
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bial contaminants suggests that supplied water is highly contaminated with
pathogens and great reservoirs for them. Principal component analysis (PCA)
of the physicochemical data set allowed defining three different classes of wa-
ter on the Dohou Lake. Outside the upstream zone (D6 and D8), water could
continue to be used for the production of drinking water.

Keywords

Dohou Lake, Water Quality, Coliform, Fecal Coliform, Physico-Chemical
Parameters, Typology and Variation

1. Introduction

The use of water in many areas of human activity, the ever-increasing popula-
tion and climatic variations are all factors that affect the water resource, in terms
of quantity and quality, and constitute a major global concern in recent years. In
Cote d’Ivoire, the crystalline and crystallophyllian environments (about 97% of
the Ivorian territory’s surface area) make it difficult to access groundwater, be-
cause most of the water is found in fractures (Goné, 2001). This has resulted in
the use of surface water as the main source of water supply for urban popula-
tions (Goné, 2001). However, the pollution of peri-urban watercourses around
the world and in particular in Cote d’Ivoire is a constant concern. It manifests
itself through the phenomena of eutrophication, waterborne diseases and the
loss of biodiversity (Yéo, 2015; Traoré, 2016). Also, the old thought was that
rainwater, one of the components of urban waste, diluted the waste allowing
their discharge into the river without harmful impacts, which also justified the
use of weirs storms is still relevant in the study area. Although, studies in the
field of liquid waste management eventually revealed that urban discharges con-
tained a wide variety of pollutants with multiple origins. In Duékoué, a city lo-
cated in the west of Cote d’Ivoire, the production of drinking water is in a special
situation because of the vulnerability of the resource used (distributed water is
produced from superficial resources). This situation is linked to agricultural
pressures, climatic hazards, urbanization, geological and topographical factors
that favor the leaching of pollutants (nitrogen, phosphorus, organic matter and
pesticides) to these resources. This region is known for heavy rainfall during the
rainy season and high heat during the dry season (Kouassi et al., 2011). Howev-
er, heavy precipitation can also mobilize and leach soluble and particulate sub-
stances into surface water through runoff. Increases in turbidity and organic
matter (OM) are generally observed after precipitation (Ritson et al., 2014; Yéo,
2015). The increase in OM also promotes the transport of micropollutants.
Heavy rains can lead to sewer overflows and heavy urban runoff leading to a
surge of contamination in surface water. These changes in the quality of the raw
water can pose several problems for water treatment, such as fouling and block-

age of membranes, an increase in the dosage of the chemical and a decrease in
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the duration of the execution of filter (Ritson et al., 2014). All of these problems
require treatment adjustments that can lead to significant increases in opera-
tional costs (Cousin, 2012). Finally, following an increase in OM content in wa-
ter, an increase in disinfection by-products (SPDs) such as trihalomethanes
(THMs) and haloacetic acids in distributed water could be observed (Delpla &
Rodriguez, 2014, Delpla & Rodriguez 2017). Droughts can reduce the dilution
capacity of surface water and lead to an accumulation of pollutants from point
sources, including urban wastewater (Mosley, 2015). Recent studies show that
drought can have a pronounced effect on drinking water quality, including epi-
sodes of taste and odor, increased color, increased turbidity, pathogens and con-
trol difficulties of SPD (Mosley, 2015). Higher temperatures and heatwaves
could create more favorable conditions for algae growth in nutrient-rich water
bodies; in addition, a warmer climate could favor the dominance of cyanobacte-
ria on phytoplankton in the water column and increase the number of cyano-
bacterial blooms (Ritson et al., 2014). These blooms generate some problems for
drinking water production, such as taste and odor, increased potential for SPD
formation and toxin production. It is against these issues that WHO is advocat-
ing a new type of preventive risk management approach with the water safety
plan (wsp). This approach introduces the concept of risk assessment and risk
management throughout the production cycle of drinking water. It is proposed
to characterize risks and to prioritize them by distinguishing two types: primary
(medium and long-term) risk that is essentially microbiological and therefore
infectious and a generally chemical secondary (Bartram et al., 2010; WHO,
2011). In addition, Bessonneau et al. (2011) proposes relative gradation of health
risk according to the type of water resources and underlines the greater vulnera-
bility of surface water, linked to anthropic and climatic pressures. The adverse
effects of water pollution on environmental and human health have been re-
ported for many decades by numerous studies conducted in different parts of
Cote d’Ivoire. Indeed, Amon et al. (2017) evaluated the physicochemical quality
of the Aghien lagoon with regard to its drinking water consumption and showed
that the stations near the zones of disturbance caused by the arrivals of tributary
rivers were very polluted. Also, Eblin et al. (2014) also showed that the water re-
sources studied in the Tahou area were strongly influenced by anthropogenic ac-
tivities, with the presence of faecal coliforms such as Escherichia coli and faecal
streptococci, which are the result of pollution of recent human origin. Ahoussi et
al. (2013) evaluated the physicochemical and microbiological quality of the
spring waters of Mangouin Yrongouin village in the Biankouman locality (Cote
d’Ivoire). They indicated that microbiologically, spring waters contained high
levels of Escherichia coli and Clostridium perfringens, and mineralization was
controlled by phenomena such as rain-leaching of soils, acid hydrolysis of rocks,
and related to human activities. They point out that the consumption of these
waters outside of any treatment presented health risks for the populations. Goné

et al. (2008) rather hung over the effect of the organic matter in the process of
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coagulation of a lake used for the production drinking water. Yapo (2002) re-
ported that the eutrophication of Buyo Lake was a sign of the degradation of the
quality of its waters. They insist that this poor quality revealed by the prolifera-
tion of a large biomass of algae. However, few studies have been conducted on
the impoundments used for water production in the region. This study aims to
contribute to knowledge about the impact of spatial factors (land use) and tem-
poral factors on the quality of a resource used for the production of drinking
water in an agricultural and peri-urban environment. The aim will be to evaluate
the typology of water through physico-chemical and bacteriological characteriza-
tion with the aim of highlighting its vulnerability as a drinking water resource.

2. Material and Method
2.1. Study Area

Dohou Lake (Figure 1) is located on the outskirts in the town of Duékoué chief
town of the region of Guémon between two plutonic domes and precisely be-
tween 6.752 and 6.762 latitude North and between —7.364 and —7.35 west longi-
tude. It is reservoir of water made on river that bears his name. The climatic re-
gime prevailing at the Duekoué zone is a mountainous sub-equatorial climate,
with a unimodal regime characterized by two seasons. It is characterized by an-
nual rainfall averaging between 1600 mm and 2000 mm (Kouamé, 2011). The
average temperature hovers around 25°C per year. Vegetation consists of dense,
moist forest marked by grassland areas (Brou, 2005). The relief is part of the
mountain range of the west of the country; it is quite rugged, with an average al-

titude of 300 m. There are vast high plateaus, plains, very extensive bottomlands
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Figure 1. Sampling sites locations on Dohou Lake.
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and mountain ranges. The soils are of ferritic type with medium chemical fertil-
ity and constitute a broad area for the development of agriculture (Kouassi et al.,
2011). There are also soils developed on basic rocks potentially rich in mineral
salts and hydromorphic soils (shallows). The soils of this zone of the country
result directly from the natural process of feralization and ferruginassion (Goné,
2001). These processes are supplemented by three types of handling, namely:
leaching, depletion and induration, which are the result of the alteration of the
rock formations that have been put in place. These soils, given the nuances they
present, constitute the assets for agricultural production. The hydrographic cov-
erage of the Duékoué region is ensured by the Sassandra River and its tributa-
ries. The vegetation, like western Cote d’Ivoire, is located in the forest zone. This
agriculture-friendly area is home to extensive rubber plantations, cocoa, coffee
and food crops throughout the river’s watershed. Fertilizers injected into these
plantations, as well as discards from livestock and poultry production units and
inhabitants, are found in the lake and are likely to promote eutrophication. Also,
on the banks of this reservoir of water, there is a stiff competition between

buildings and vegetable crops.

2.2. Sampling

For this study, 8 sampling and monitoring sites were carefully selected, 6 located
on the lake, one upstream (D8) and the eighth downstream (D7). The choice of
sampling stations was made based on the hydrographic network and the poten-
tial sources of pollution. The sampling frequency is monthly for one year, from
November 2017 to October 2018, in order to obtain a fairly representative image
of water quality and its seasonal and annual evolution. The samples were taken
using a sampler integrated from the surface to a depth of 1m below and collected
in plastic bottles and amber glasses to avoid photo-degradation of the parameter
BOD?5 sensitive to solar rays. Regarding the sampling of samples for microbio-
logical analysis, they were made according to the seasons of the study area. Sam-
ples were taken in the sterile vials taking care not to contaminate or modify the
samples. All samples are stored in a cooler at +4°C and transported to the labor-
atory. A total of 21 parameters were analyzed for the control and assessment of
water quality in this study. Temperature, pH, dissolved oxygen (DO), conductiv-
ity, redox potential and total dissolved solids were measured in situ using a multi
parameter HANNA HI 9828PH/ORP/CE/DO. Transparency was also deter-
mined in situ with the Secchi disk. A portable turbidimeter was used to deter-
mine the turbidity of the water. Nitrate, nitrite, ammonium, ortho-phosphate
and total phosphorus were estimated according to the standard (AFNOR stan-
dard ISO 7890-3, ISO 6777. T 90015, T900-23 respectively) after filtration of the
samples on Whatman filter paper of 0.45 um porosity. The spectrophotometer
(SHIMADZU UV/visible-1700 pharma) was used for these analyzes. The SOi'
anion is obtained by the nephelometry method. Kjeldahl nitrogen is determined
by the Kjeldahl method after selenium mineralization prescribed by the AFNOR
T 90-110 standard. The COD analysis protocol is based on the hot potassium
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dichromate mineralization and the determination of the excess dichromate by a
solution of iron and ammonium sulfate II in the presence of ferroin used as an
indicator (AFNOR NF T 90-101). BOD5 was measured using the WARBURG
respirometer principle method, in which biomass respiration is directly meas-
ured by Oxytop. The microbiological parameters were determined by seeding
the microbes in culture media specific to each type of bacteria. Thus, the follow-
ing media were used for microbial search and enumeration: Hecktoen agar is the
selective isolation medium used for salmonella. On Hektoen agar, Salmonella
gives green colonies with black centers, which become completely black at the
end of incubation. BEA agar (Bile Esculin Azide) for faecal Streptococci (Ente-
rococci). For enumeration of total coliforms and Escherichia coli, Rapid’E. coli
Agar was used in this analysis. This culture medium is a chromogenic medium
that differentiates E. coli from other coliforms. On this medium, E. coli appear
pink to purple while other coliforms are blue. Then, after incubation, pink and
purple colonies only are counted for E. coli and all blue, pink and purple colo-

nies are counted for total coliforms.

2.3. Data Analysis

Significant differences in spatial and seasonal data were evaluated with the
Kruskal-Wallis tests with the Paleontological Statistics software version 3.14 (PAST)
and the principal component analysis was performed using STATISTICA.13.3.

3. Results

3.1. Physico-Chemical Parameters

Seasonal values of the physico-chemical parameters (Temperature, Dissolved
Oxygen, Conductivity, Redox Potential, pH, Turbidity, Total Dissolved Solids
and Transparency) measured from November 2017 to October 18 in the waters
of Dohou Lake are shown in Table 1. Temperature varies seasonally from 26.5°C
+ 1.13°C to 28.21°C * 1.48°C, with an average of 26.93°C + 0.33°C. Maximum
temperatures were recorded during the dry season and low during the rainy
season. The pH values range from 5.38 + 0.40 to 6.21 * 0.48, with an average of
5.8 + 0.23 pH units. The mean concentrations per station of dissolved oxygen
over the entire stream range from 3.59 + 1.78 mg-L™" at 6.78 + 1.85 mg-L™', with
an average of 5.59 + 0.45 mg-L™". The average electrical conductivity per water
station varies between 42.67 + 4.30 and 59.62 + 21.84 uS-cm™', with an average of
48.43 + 2.67 pS-cm™". The mean values per station of turbidity and TDS vary
between 27.80 + 7.37 and 69.75 + 14.5 NTU respectively and between 21.00 +
2.44 and 35.25 + 16.87 mg-L™" for the study period. They have respective annual
mean values of 36.69 + 6.84 NTU and 24.33 + 1.81 mg-L™". The values of the
transparency per station are between 0.20 + 0.14 and 0.70 = 0.21 m, with an av-
erage of 0.51 + 0.13 m. Seasonal levels of nutrients, in terms of chemical oxygen
demand and biochemical demand in water (mg-L™") of Dohou Lake are shown in
Table 2.
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Table 1. Seasonal variation in the physico-chemical parameters values of the waters of Dohou Lake from November 2017 to Oc-
tober 2018.

Seasons TEMP DO EC PH Eh TDS TURB TRANS
DS 2732+165 6.78+1.85 4931+782 6.16+1.03 45.64+19.22 25.00*+4.57 34.06+7.14 0.55+0.86
Pl RS 2653+1.70 6.03+1.29 4380%+4.75 6.21 +048 24.65+10.17 21.67+270 31.10+6.55 0.65+0.17
DS 27.70 £1.42 6.4 +1.35 49.67 £8.05 6.03+£0.95 53.72+13.02 24.75+3.77 3825+4.17 0.53%0.11
P2 RS 27.00+1.62 585%0.88 42.67+x430 598+066 2536+9.46 21.00+244 2780%7.37 0.70+0.21
DS 27.77 148 6.23+1.22 53.27+10.05 6.16+094 5222+12.57 2225+567 3506%£949 0.56+0.12
b3 RS 2713+176 550+1.26 43.73+442 587+0.63 26.70+10.65 21.68+259 3146+792 0.63+0.14
DS 27.8 £1.57 5.82+097 51.68+11.03 6.06+091 51.71+12.20 26.25*+6.16 37.68+8.08 0.52+0.13
b RS 27.17+147 591%£0.74 4390x4.15 5.67+052 2455+10.80 21.60+258 31.11%6.76 0.61+0.10
DS 28.11+1.59 554+1.22 5007+6.74 594+092 50.00%11.70 24.62+4.02 46.00+2.97 0.39+0.03
ps RS 27.02+189 565+1.21 4632+7.19 558+£0.59 2512+930 23.12+4.00 33.17+7.68 0.57%0.11
DS 28.21+1.48 539+0.99 58.67+19.54 6.03+1.02 56.37+17.77 29.05+9.67 3990+13.70 0.52+0.21
pe RS 2676 +1.71 535+ 131> 4628+7.73 549+059 26.86+9.30 23.75+4.89 32.50+11.95 0.50 +0.14
DS 2746 155 3.59+1.78" 56.60+192 5.67+074 52.65+1044 2825+1.70 42.82+11.13 0.23+0.06
7 RS 2643 +145 564+042 5038+11.48 5.64+0.56 24.80+10.05 25.00+5.53 40.25+19.85 0.44+0.13
D8 DS 26.94+195 496+0.68 59.62+21.84 5.76+0.84 51.27+10.18 3525+16.87 69.75+14.5 0.20+0.14

RS 26.5+1.13 540+ 130 47.37+14.30 538+040 2535+735 23.50+7.19 34.87+12.11 0.32+0.18

DO: Dissolved Oxygen, TEMP: Temperature, EC Electrical Conductivity, Eh: Redox Potential, TURB: Turbidity, TDS: Total Dissolved Solids, TRANS:
Transparency.

Table 2. Seasonal variation in Nutrient Salts, total phosphorus (TP), total nitrogen (TN), COD and BOD in Dohou Lake from No-
vember 2017 to October 2018.

Seasons  NO; NO, PO} SO NH; TP TN CcoD BOD COD/BOD
DS 2.96+2.10 0.012 £0.002 0.21+0.10 1258 +6.72 0.24+0.10 2.01+1.53 7.83+578 6.56+1.68 3.55+0.53  1.85
Pl RS  4.17+2.83 0.028 +0.010 0.32 +0.19 10.00 +5.66 0.19+0.04 7.07 +5.80 14.62+7.76 1624+399 7.62+529  2.13
DS  1.85+1.43 0.010%0.005 0.26 +0.16 12.31 +£3.76 0.24+0.14 1.25+0.98 14.00 +6.89 595+291 283+0.87  2.10
P2 RS 4.37+2.59 0.031+0.019 0.33 023 13.32+3.74 0.17 £0.05 8.06 +5.02 16.12 + 11.81 16.90 +7.85 11.70 +4.65  1.44
DS 255+ 1.11 0.010 0.003 0.27 +0.08 12.13+5.13 0.21+0.08 1.30+0.97 10.25+6.23 553 +133 289+041 191
b3 RS  4.50+3.22 0.026 +0.011 0.28 +0.22 9.76 +4.39 0.17 +0.04 6.67 +4.10 13.43+8.57 16.51 +4.22 11.62+4.22 1.42
DS 3.46+225 0.012%0.002 0.25+0.18 10.03 +4.11 0.27 +0.09 1.43+1.31 13.58 +12.21 8.11 +4.15 3.95+1.34  2.05
P RS 4.00+2.90 0.024+0.010 0.33 +0.19 11.31+6.43 0.16 +0.06 6.83 +2.75 12.83+8.53 24.87+7.26 11.02+4.23 225
DS 277 £2.08 0.014 £ 0.005 0.24+0.16 12.90 +4.12 0.21+0.08 1.80 +0.98 11.62+9.51 13.01 +843 7.15+4.11  1.82
ps RS 4.84+2.53 0.035+0.027 0.34 +0.18 13.03+7.37 0.15+0.05 6.88 +4.63 13.81+7.35 27.45+8.85 10.44+4.78  2.63
DS  510+3.16 0.012+0.008 0.21+0.21 5.62+420 0.36+0.16 1.97+0.95 14.75+11.70 1845+ 11.70 429+ 1.68 4.3
pe RS 6.22+4.48 0.040 +0.027 0.52 + 0.43 14.18 +7.77 0.22+0.02 8.65+7.04 1587 +7.51 37.12+17.17 8.69+4.61 427
DS 7.46 +5.49 0.028 £0.002 0.21 +0.17 32.48 +23.78 0.38+0.14 1.82+0.76 16.00 +8.36 65.67 +38.31 1622 +£5.01  4.04
b7 RS  7.11+4.73 0.028 +0.013 0.47 + 0.24 34.81 +26.36 0.34 +0.08 3.39 + 1.19 16.50 + 6.61 37.97 +27.45 552+2.35  6.87
s DS 9.9+3.43 0.061%0.014 0.62 + 0.40 55.23 + 40.36 0.62 + 0.140 2.15+ 1.45 1525+7.27 9.07 +5.07 6.04+3.68 150

RS 7.65+3.91 0.033+£0.013 0.33 £0.15 12.12 £ 1043 0.18 £0.15 5.51 +2.80 12.75+7.40 24.23 +12.19 8.22 +2.69 2.94

DS: Dry season et RS: Rain season.
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Seasonal mean values per station of nitrites range from 0.010 + 0.003 to 0.061
+ 0.014 mg-L™" and those of nitrate fluctuate between 1.85 + 1.43 and 9.9 + 3.43
mg-L™', with respective annual averages of 0.027 + 0.007 mg-L™" and 5.13 + 1.82
mg-L™". The seasonal mean concentration per ammonium station varies from
0.15 % 0.05 to 0.62 + 0.140 mg-L™", with an average of 0.23 + 0.06 mg-L™". Season-
al mean concentrations per station in total nitrogen range from 7.83 £ 5.78 to
16.12 + 11.81 mg-L™', with an average of 14.09 + 1.42 mg-L™". For the phosphorus
forms (orthophosphate and total phosphorus) evaluated in lake waters, the sea-
sonal mean values per station oscillate respectively by 0.21 + 0.21 —0.62 £ 0.40,
and between 1.25 + 0.98 —8.65 + 7.04 mg-L™". They have respective annual mean
values of 0.34 + 0.06 mg-L™" and 4.96 + 1.52 mg-L™". The seasonal mean levels of
SO;™ per station ranged from 9.76 + 4.39 to 55.23 + 40.36 mg-L™!, with a mean
of 16.41 + 8. 82 mg-L™". The mean seasonal concentrations of COD obtained during
the sampling period ranged from 5.53 + 1.33 to 65.67 + 38.31 mgO,.L™, with an
average value of 23.94 + 12.67. As for BOD?5, it oscillates between 2.83 + 0.87
and 16.22 £ 5.01 mgO,-L™, with an average of 8.50 * 2.72. mgO,-L™". In order to
evaluate the biodegradability of the organic matter as well as the nature of the ef-
fluent pollution, the COD/BODS5 ratios were calculated. These ratios oscillate
between 1.42 and 2.62 at stations 1, 2, 3, 4, 5 and 8. The other two stations have
ratios greater than 3. The Pearson correlation matrix (Table 3) shows that DO is

Table 3. Correlation matrix between variables.
TEMP DO EC pH TDS Eh TURB TRANS NO, NO, PO’ SO NH, TP TN COD BOD

TEMP 1

DO 0.281 1

EC -0.422 -0.955 1

pH —0.075 0.878 -0.754 1

TDS -0.534 -0.911 0.950 -0.755 1

Eh 0.320 -0.349 0.295 -0.423 0.287 1

TURB -0.557 -0.827 0.773 -0.751 0.881 0.025 1

TRANS 0.601 0.875 -0.846 0.742 -0.928 —0.071 —-0.987 1

NO; -0.577 —-0.926 0.951 —-0.729 0.988 0.277 0.888 -0.944 1

NO; -0.513 —0.740 0.718 -0.674 0.866 0.297 0.890 -0.874 0.850 1

PO -0.445 -0.803 0.834 -0.686 0.913 0.581 0.741 -0.793 0.904 0.847 1

SOji -0.610 -0.812 0.765 -0.550 0.742 0.026 0.811 -0.861 0.825 0.626 0.633 1

NH; -0.699 -0.788 0.848 —0.524 0.892 0.286 0.768 —0.849 0.929 0.725 0.895 0.835 1

TP 0.571 0.546 -0.566 0.232 -0.451 0.353 -0.511 0.579 -0.538 —0.186 —0.248 —0.840 —0.602 1

TN  0.007 -0.489 0.446 -0.328 0.332 0.762 0.123 -0.214 0.402 0.229 0.562 0.467 0.521 -0.244 1

COD -0.070 -0.737 0.763 -0.632 0.613 0.393 0.417 -0.487 0.613 0.351 0.625 0.564 0.604 -0.514 0.641 1

BOD 0.061 -0.483 0.440 -0.566 0.339 -0.094 0.415 -0.389 0311 0.223 0.229 0.382 0.216 -0.454 0.107 0.748 1

DO: Dissolved Oxygen, TEMP: Temperature, EC: Electrical Conductivity, Eh: Redox Potential, TURB: Turbidity, TDS: Total Dissolved Solids, TRANS:
Transparency, TP: Total phosphorus and TN: Total nitrogen.
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negatively correlated with nutrient salts (NO; (r = -0.92), NO; (r = -0.7),
POi' (r = -0.8), SOi' (r = -0, 8) and NH; (r = —0.69)). There is also a
good correlation between TDS and EC (r = 0.95), between pH and DO (r =
0.87), between NH, and NO, (r = 0.72) and between COD and BOD5 (r =
0.75). Turbidity, dissolved salts and EC are well correlated with nutrients.

3.2. Typology of a Water Resource

Dohou Lake typology was established using principal component analysis
(Figure 2). The components (factor 1 and factor 2) account for 77.32% of the
variation in the data set. The first axis expresses 63.14% of the total variance,
against 14.18% for the second axis (Figure 2). The correlation circle (Figure 2(b))
shows that the variables positively correlated with axis 1 are transparency, dis-
solved oxygen, total phosphorus and pH, whereas ammonium, nitrates, nitrites,
orthophosphates, turbidity, TDS, conductivity and COD are negatively corre-
lated to this axis. The second axis is significantly correlated with total nitrogen,
temperature and the redox potential in its positive part. The factor map of the
stations associated with the correlation circle of the variables defines three
classes of water on Dohou Lake (Figure 2(a)). Class I found at stations D1, D2,
D3, D4 and D5 is characterized by aerated waters, with high transparency, pH
and total phosphorus. This class is weakly mineralized and low in nutrients and
organic matter. The second class (II) found in D7 and D8 is characterized by
strongly mineralized waters and loaded with organic matter. Nutrient concen-
trations are high (NH;,NO;,NO;,PO; ,S0;") and strongly affected by human
activities. This area is very turbid. The third class (III) found at station D6 is
characterized by high values of total nitrogen and COD. Figure 3 describes the
state of the pollution level of the lake

3.3. Bacterial Contamination

The statistical results of the bacteriological parameters of the waters of Dohou
Lake are reported in Table 4. Total coliforms were present in 100% (28/28) of the
water samples taken during the study period at concentrations ranging from 2300
to 173,000 CFU/100 mL, with an average value of 43,546.4 + 27,627.6 CFU/100 mL.
The highest concentration of total coliforms was observed at station D2. On the
other hand, the weakest was observed at the site D8. Site D3 samples had consis-
tently high total coliform concentrations during the dry season and the rainy
season (Figure 4(a)). We also note that 92.85% (26/28) of the water samples
analyzed exceed the JORF standard for surface water used for the production of
drinking water, which is 5000 CFU/100 mL for total coliforms. The mean total
coliform content (45385 CFU/100 mL) in the dry season is not significantly dif-
ferent from that in the rainy season (41707 CFU/mL) (p > 0.005). Enterococci
were also present in all water samples collected. Enterococci levels fluctuate be-
tween 20 and 1140 CFU/100 mL, with an average of 408.2 + 202.9 CFU/100 mL.
The highest concentration was observed at station D1 and the lowest at station
D7. Samples taken from D1 showed high levels of enterococci in the dry (990
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Figure 2. Projection of variables and sites on F1 and F2 axes (a= circle of the correlation
of the variables, b = the factorial map of the sites).

CFU/100 mL) and rainy (589 CFU/100 mL) seasons, with the highest geometric
mean of 743 CFU/100 mL at all stations during the study period (Table 4).
96.42% of the analyzed samples exceed the French standard for fresh water in-
tended for the production of drinking water which is 20CFU/100 mL No signif-
icant difference was observed between the dry season (485 CFU/100 mL) and the
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Figure 3. Pollution levels of Lake.

Table 4. Geometric mean (GM) of Total coliforms, Enterococci and E. coli at each site
(unit: CFU/100 ml) and salmonella results in dry season and rain season water samples.

sites D1 D2 D3 D4 D6 D7 D8
Mean 44,500 93,575 65,875 35,700 25,325 27,000 25,750
Total coli- min 21,000 18,000 18,500 18200 125300 2500 2300
forms
max 98,000 173,000 86,000 84,600 38,000 27,000 45,000
GM 36,579.8 55,3749 56,284.7 2801.8 23,368.3 9563 16,738.2
Mean 1032 596 142 282 410 132 1332
min 350 210 120 200 200 100 1180
E. coli
max 1530 1000 160 370 550 170 1650
GM 902.41 487.13 141.36 274.57 384.06 129.98 1320.14
Mean 790 502 322 175 247 460 360
Mim 420 250 100 70 150 20 240
Enterococcus
Max 1140 970 550 320 460 980 530
GM 743.55 431.38 269.56 147.27 220.88 185.79 343.30
Salmonella  Total/Présence 3/4 3/4 3/4 3/4 3/4 3/4 3/4

Min: Minimum; Max: Maximum.

rainy season (330 CFU/100 mL) samples (p > 0.05). Escherichia coli were present at
all sites that were analyzed and their concentration ranged from 100 to 1650
CFU/mL, with an average of 559.6 + 192.1 CFU/100 mL. Samples taken from D1
and D8 had E. coli counts consistently high in the dry season and in the rainy
season (Figure 4(c)). All samples analyzed during the study period exceeded the
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Figure 4. Concentrations of total coliforms (a), Enterococci (b) and E. coli (c) at each
sampling sites during Dry season (DS) and rain season (RS).

standard of 20 CFU/100 mL. Samples taken from the D8 station had the highest
geometric mean (1320 CFU/100 mL) in the dry season. The geometric mean of
E. coli at Station D7 was the lowest, with a geometric mean of 129 CFU/100 mL
during the sampling period. The average concentration of E. colin Dry-season
(568 CFU/100 mL) is not significantly different from that of the rainy season
(630 CFU/100 mL) (p > 0.05). Salmonella pathogens were detected in 50% of the
dry season samples and in 100% of the rainy season samples. The overall con-
centrations of E. coli and Enterococci at each sampling station followed a similar

pattern, with D1, D2 and D8 having consistently high concentrations (Figure
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4(b) and Figure 4(c)).

4. Discussion
4.1. Physico-Chemical Characterization of Water

Maximum temperatures were recorded during the dry season and low during
the rainy season. The increase in temperature in the dry season is also due to the
prolonged absence of water flow. The results of work done by Baxter and Glande
(1980) in 23 dams across Canada have identified this fact. The temperature re-
mained high throughout the sampling period. These high values could affect the
quality of the water. High temperatures and heat waves could create favorable
conditions for algae growth in nutrient-rich water bodies. In addition, this high
temperature could favor the proliferation of cyanobacteria (Ritson et al., 2014).
These blooms generate certain problems for the production of drinking water,
such as taste, smell, the potential for increased by-product production and the
production of toxins. The dose of chemicals used for water treatment also de-
pends on the temperature. Chlorinated disinfectant loss is usually accelerated
when temperatures are warmer; chlorine decomposition rates in water generally
double for each 5°C increase (Fisher et al., 2012). An inadequate dosage of chlo-
rine causes the resistance of pathogenic bacteria and parasites. When the chlo-
rine is absorbed by the body, it becomes estrogen, which can cause cancer and
many other health problems, such as hair loss, tiredness, lack of libido, hypo-
thyroidism, hypoglycemia, insomnia. Chlorine also hurts weight gain (Shami-
muzzaman et al., 2019). A positive reaction at higher temperatures is a reduction
in the survival of certain enteric pathogens in water (e.g., Campylobacter, E. coli,
Enterovirus, when temperatures are between 20°C and 37°C), with the exception
of Vibrio cholera (Hunter, 2003). According to Moumouni (2005), the rise in
temperature promotes self-purification and increases the rate of sedimentation
of suspended solids, which is favorable for the production of drinking water. The
waters of Dohou Lake are acidic at all sites and those throughout the study pe-
riod. The maximum pH value is lower than the guideline value of 6.5. The wa-
ters of Dohou Lake are therefore corrosive. Nevertheless, the pH of the water is
in line with the recommended standard for raw water for the production of
drinking water. The pH decreases slightly from the dry season to the rainy sea-
son. The decrease in pH results from the bacterial activity of decomposition of
organic matter (El Addouli et al., 2010). The acidity of the waters could be ex-
plained by the hydration of CO,, which produces carbonic acid whose ionization
releases hydronium jons. The low conductivity of the water is beneficial for the
production of drinking water. In fact, the increased salinization of water re-
sources has consequences for drinking water infrastructures because it stimu-
lates the corrosion of pipelines and can create water quality problems at the
consumer’s tap (Zakowski et al., 2014). In rainy periods, the low values of pH
and water conductivity would be due to the effect of dilutions related to river in-

flow and precipitation. At all sites, seasonal mean water transparencies are low
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(<1 m). The high values of turbidity and TDS in rainy seasons denote the con-
tribution of rain-leaching. Moreover, this state of affairs will result in a greater
number of suspended solids due to the transport of organic and mineral par-
ticles in the lake’s waters. These suspended particles significantly reduce trans-
parency and increase the turbidity of the water. At all sites, the mean turbidity
values remain above the 5NTU guideline value. The strong correlation between
TDS and turbidity (r = 0.88) indicates that the physical pollution of the water is
probably due to erosion. The high turbidity of surface water has always been as-
sociated with the presence of microorganisms, colloidal particles and organic
matter Taiwo and Awomeso (2017). Lake waters have mean DO concentrations
above the standard of 5 mg/L (70%) for surface water intended to produce drinking
water. According to Amon et al. (2017), the strong variation of dissolved oxygen
would probably be related to the enrichment phenomenon (photosynthesis and
exchange with the atmosphere) and consumption (oxidation of organic matter
and respiration). Rodier (2009) notes that turbidity is all the higher as the densi-
ty of the particles in the water is high. The low levels of dissolved oxygen can
therefore be explained by the high turbidity of the water which does not allow
photosynthesis to compensate for the oxygen losses. This parallel evolution of
these two parameters is justified by the strong negative correlation (r = —0.82).
To this cause, it is necessary to add the presence of aquatic plants to the stations
(2, 5, 6 and 7) which constitute a screen with the penetration of the light thus li-
miting the production of the autotrophic phytoplankton organisms (Wu et al.,
2018). For all forms of nitrogen in Dohou Lake, nitrite has the lowest concentra-
tions. Also, 99.7% of the water samples collected had TN levels above the limit of
4 mg-L™" (JORF, 2017). At all sites, the waters of the rainy season are loaded with
nutrients except the NH, which has a development contrary to those men-
tioned above. This result is corroborated by the strong correlation between tur-
bidity and these different parameters (NO;, NO; and PO] ). Domestic se-
wage, storm spillways and garbage piles near this watercourse could undoubted-
ly justify the high rainfall content. Indeed, the use of sodium tripolyphosphates
as additives in laundry detergents and dishwasher products is another source of
water contamination by phosphates (Traore et al., 2012). These elevated ortho-
phosphate values may interfere with coagulation efficiency and water softening
(Yéo, 2015). The ammoniacal nitrogen (NH} ) comes from nitrogen fertilizers
used in plantations, vegetable crops, manure (cattle and poultry) farms that are
the banks of this river and the decomposition of organic matter. Ammoniacal
nitrogen (NH; ) comes from nitrogen fertilizers used in plantations, vegetable
crops, manure (cattle and poultry) farms that are the banks of this river and the
decomposition of organic matter. In fact, a portion of animal droppings from li-
vestock farms is used as fertilizer in market gardening crops. These contribu-
tions are not without dangers on the quality of the waters and the good func-
tioning of this hydrosystem. According to Kim et al. (2017), high levels of nu-
trients can lead to 0.03 mg-L™" of NO; and 0.01 mg-L™" of phosphorus, the in-

DOI: 10.4236/gep.2019.75017

225 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2019.75017

K. K. Benoit et al.

creased proliferation of algae. A state of affairs that leads to the appearance of
eutrophication and development of cyanobacteria producing toxins very dan-
gerous for the nervous system of aquatic species and harmful to the production
of drinking water (Ritson et al.,, 2014). Ammonium showed a strong positive
correlation (r = 0.77) with nitrite and nitrate (r = 0.88), which could be due to
the fact that the oxidation of ammonia leads to the synthesis of nitrate via nitrite.
The high concentration of dissolved nutrients may be related to non-high recy-
cling rates, medium oxygenated water column, and low uptake by the phytop-
lankton and bacterial communities, resulting in particular in high concentra-
tions of nitrogen and phosphorus compounds soluble in the lake. Nutrients are
negatively correlated with physicochemical parameters (temperature, pH, DO)
measured in situ, which means that these nutrients are usually brought to the
water during rain events. The values of the ratio COD/BOD5 < 3 indicate the
absence of industrial waste water in this part of the lake. The other two stations
have ratios greater than 3. Indeed, the station 6 located near the activities of auto
mechanics receives used oils engines. Station 7, on the other hand, is the waste-
water outlet of the water treatment plant. The Pearson correlation coefficients
(Table 3) show a positive correlation of turbidity with COD and BOD5. In con-
trast, they are negatively related to dissolved oxygen. The contents are relatively
high in the rainy season. As a result, most of the organic matter in the water
would be due to stormwater runoff. Indeed, runoff from slash-and-burn areas
results in a significant influx of organic matter into the lake’s waters, as well as
high levels of nitrogen and phosphorus (Emelko et al., 2011). A high rate of
COD and BODS5 could be due to the discharge of sewage directly into the lake by
the riparian populations. Also, the average aeration of the lake would inhibit the
biodegradation of the accumulating organic matter leading to an increase in
BOD5. All lake water has a non-compliant BOD5 (<3 mg,,L™") for raw water.
However, our results are weak compared to those of Goné (2010) in the water
reservoir of Agboville in southern Cote d’Ivoire. The plutonic domes almost
flanking the river could justify this fact. The Principal Component Analysis re-
sults show that Class II and III water are subject to both natural mineralization
and organic mineralization. Organic mineralization is related to the decomposi-
tion of organic matter that is influenced by low values of environmental para-
meters such as pH, temperature, redox potential, and dissolved oxygen (Yéo,
2015). The growth rates of nitrating bacteria are influenced by the pH of the me-
dium. According to Boursier (2003), if temperature values are below 30°C and
the pH is below 7, the degradation rate of the organic matter decreases. The
third class (III) found at site D6 is characterized by high values of total nitrogen
and COD. This high COD value is probably due to its location near automotive

mechanics activities.

4.2. Microbiological Characterization of Waters

The almost permanent presence of faecal pollution indicators denotes poor lake
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water quality. The similar evolution of E. coli and Enterococci in each sampling
site shows that the presence of one condition that of the other. Site 8 is located
on the Dohou River which is the largest tributary of the lake. Therefore, it is
reasonable to assume that this river is the main source of faecal pollution be-
cause of its drainage area. The concentration of E. coli is globally high compared
with enterococci. This difference in the results of these two indicator organisms
was probably due to the relatively faster rate of decomposition of Enterococci in
freshwater compared to that of E. coli (Jin et al., 2004). The concentration of E.
coli decreased during the dry season for several reasons. At that time, the lake
did not receive most of the runoff from the urban area. Secondly, solar radiation
has a detrimental effect on the persistence of bacteria. During the dry period, the
water samples received stronger solar radiation compared to samples taken dur-
ing the rainy seasons. Sunlight is considered a major stressor for bacteria Down-
es and Blunt (1877). A recent study has shown that the rate of E. coli degrada-
tion increases significantly with light intensity (Chan et al., 2015). In the rainy
season, however, rainwater drainage canals receive a variety of upstream inputs
including sewer overflows, non-human street fecal matter, and residential and
commercial water run-off high density (Cheng et al., 2013). The concentration
of Enterococci decreased during the rainy season due to dilution. The results of
E. coli, Salmonella, and Total Coliforms indicate that surface runoff after heavy
precipitation is likely to provide a significant amount of faecal bacteria to the
lake. Also, when a water sample contains coliforms or fecal coliforms, this indi-
cates the presence of other pathogenic organisms. Not all E. coli bacteria are pa-
thogenic, but some strains such as O157: H7 are responsible for bloody diarrhea
and severe abdominal cramps (Shamimuzzaman et al., 2019). The presence of
fecal coliforms in the water is an omen of pathogens responsible for dysentery,
such as Salmonella. Salmonella is also responsible for salmonellosis and typhoid
fever (CDC, 1993).

4.3. Current Treatment Method and Recommendation

The treatment steps applied are those of a conventional water treatment process.
It takes into account pumping, pre-treatment, clarification, refining and disin-
fection. Chlorination is currently the disinfection process used because of the
cost price of chlorine and for its simplicity of implementation. However, the
combination of chlorine and organic matter, when incompletely removed in the
previous steps, leads to the formation of potentially carcinogenic sapid com-
pounds and organochlorine products. Chlorine dioxide, in liquid form will pre-
vent the formation of these organochlorine compounds but remains more ex-
pensive and requires advanced technology for its implementation. In addition, it
generates in the disinfected waters chlorite ions (and sometimes chlorates).
Ozone could be recommended, for its great disinfecting power, especially with
respect to viruses and bacterial spores, and its other properties in refining treat-

ment. However, manufactured on the site, ozone is expensive and its implemen-
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tation is relatively complex (EPA, 2011). Also, this process has no residual action
and therefore requires an injection of chlorine disinfectant downstream to avoid
contamination by the distribution network. Filtration is carried out on fine sand.
However, filtration sand bed although efficient, simple and inexpensive, because
of the huge volumes of water to be filtered requires periodic cleaning to remove
the materials retained between the grains that slow the passage of water. In view
of the foregoing and given the quality of the raw water to be treated it will be
more judicious to use membrane filtration (including microfiltration) although
expensive. Also, we recommend the establishment of a minimum protection
zone of 10 m surrounding the terrestrial portion of the water intake by means of
a fence of a minimum height of 1.8 m to prevent access to the view shore,
pumping station or other works located on the shore or the construction of
ditches to divert runoff water downstream of the intake. We also suggest posting

posters at strategic locations indicating that it is a source of drinking water

5. Conclusion

The results of this study show that it is necessary to adopt measures to control
and reduce nutrients and organic loads in the water in order to contain the eu-
trophication process of this reservoir. In this context, it is essential to monitor
the physical, chemical and bacteriological parameters in order to evaluate the
impact of human action on this water resource. The average values of physico-
chemical parameters and nutrient salts during the two seasons (wet and dry) are
generally lower than the French guideline values recommended for fresh water
intended for the production of drinking water. However, some areas deserve to
be monitored. The enumeration of the indicator bacteria of the faecal contami-
nation and the spatio-temporal distribution of these microorganisms reflected a
relatively intense faecal pollution. The abundance of faecal germs varies little
from one season to another and the values recorded far exceed the standards of
water intended for the production of drinking water. The search for certain pa-
thogens, like salmonella, has led to disturbing results. The result is a need for
urgent intervention to rehabilitate the site. Principal component analysis (PCA)
of the set of physicochemical data indicated outside the upstream zone (D6 and
D8), Dohou lake can continue to be used for the production of drinking water.
However, with adequate technology, it is desirable to avoid some diseases to the

people.
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