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Abstract

The study investigates the seasonal and spatial variations in water quality parameters at four dif-
ferent locations along Potou lagoon for seventeen consecutive months. In order to explore spatial
variation among different stations and seasonal changes, no parametric test of ANOVA was used to
compare the mean values of the tested parameters for all the different sampling sites and seasons.
Seasonal observations on water quality parameters and chlorophyll-a in Potou coastal lagoon re-
vealed that the coastal water was significantly influenced by freshwater during the long and short
rainy seasons. The seasonal significant variation (p < 0.05) was generally recorded between the
long dry season and the short rainy season. Temperature, salinity, pH, dissolved oxygen, transpa-
rency and chlorophyll-a increased during the long dry season, whereas, the concentration of nu-
trients (nitrite, nitrate, ammonium and soluble reactive phosphorus) increased in the rainy pe-
riods. Contrary to the seasonal variation, a spatial homogeneity (horizontal) was registered for all
variables, a condition related to the low human occupation in the lagoon watershed. Comparing
this study with others conducted in Potou lagoon in 2008, no critical differences that evidence al-
teration in the water quality were found.
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1. Introduction

Worldwide deterioration of surface water (lagoon, river...) quality has been attributed to both natural processes
and anthropogenic activities, including hydrological features, climate change, precipitation, agricultural land use,
and sewage discharge [1] [2]. Coastal lagoon pollution is one of the serious problems retarding coastal devel-
opment [3]. These ecosystems occupy around 13% of the coastal areas worldwide [4] and are important contri-
butors to groundwater reservoirs, local and regional weather stability, preservation of biodiversity and also as
water suppliers [5]. In spite of their importance and multiple uses, urban development and the intense human use
of coastal lagoons and their surroundings often have led to water contamination, eutrophication, introduction of
invasive species, and habitat destruction [6]-[9]. Better understanding of coastal lagoons characteristics and po-
tential impacts allows policy makers and lagoons users to derive and implement policies, legislation and man-
agement practices leading to suitable use of coastal lagoons resources for economic gains while preserving their
biodiversity. Such interventions require improved knowledge on the processes influencing the physical, chemi-
cal and biological characteristics of the lagoons and ongoing changes due to land use practices in the proximity
of sensitive lagoons [10].

The two lagoons, Potou and Adjin, located in Abidjan District, communicate through a natural channel. Potou
lagoon is an important source of allieutics resources for local communities and the city of Abidjan in addition to
its operating contemplated drinking water. It is used also for recreational purposes and washes. The quality con-
cerns about this lagoon stem from the population pressures in its catchment. Indeed, Potou lagoon receives sev-
eral types of inputs, viz., urban, industrial and agricultural wastes. Several studies [11]-[13] have demonstrated
that these wastes result in significant alteration in the water quality.

In this paper, spatial and seasonal change of physicochemical and biological parameters has been evaluated in
response to the stress caused by anthropogenic inputs from land use changes, agriculture, and industries. The
results and conclusion drawn thereon would be useful for future management practices of the lagoon environ-
ment.

2. Material and Methods
2.1. Study Area

Potou lagoon is located between latitudes 5°32'N - 5°36'N and longitude 3°81'E - 3°76'E and covers a surface
area of 22.8 Km?. It is characterized by depths generally less than 3 m, but reach 20 m at the outlet of Mé river
[14] [15]. Potou lagoon is separated from the Ebrié lagoon system by a narrow channel in the south of the Potou
lagoon (Figure 1). The climate is close to equatorial, with an annual rainfall ranging from 1500 to 2000 mm.
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Figure 1. Potou lagoon showing location of sampling stations.
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Lagoon seasons are resulting for continental seasons. It includes two rainy seasons separated by two dry seasons.
The long rainy season (LRS) from April to July is followed by the short dry season (SDS) in August. The short
rainy season (SRS) is from September to November, while the long dry season (LDS) is from December to Mars.
Potou lagoon receives freshwater from Mé river in the north and those of the Comoé river in the south [14].
Agriculture is the main human activity in the lagoon area and its watershed. Coconut, oil palm, banana and he-
vea plantations cover most of the arable land. Vegetable crops grown along the waters of the lagoon with use
fertilizers enriched waters by nitrogen and phosphorus nutrients. The lagoon water serves the surrounding rural
settlements for domestic purposes, irrigation, herd watering and recreation. In addition, the lagoon receives
waste water coming from villages situated around the lagoon. All these anthropogenic pressures acting directly
or indirectly on the water contribute to the degradation of the quality of lagoon waters [14] [16] [17].

2.2. Water Sampling and Analysis

Water of Potou lagoon was sampled monthly from 4 locations (Figure 1) during 17 months (February 2012 to
January 2013 and during February, April, June, August, and November 2013). The sites were selected based on
a number of factors including geographical location, anthropogenic activities and access. A detailed description
of the sites is shown in Table 1.

Samples were taken with a Niskin bottle at the depth of 0.5 m below the surface and were collected in polye-
thylene bottles. Once collected, all samples were stored on ice and immediately transported to the laboratory. A
total of nine physicochemical parameters for water quality control and pollution studies were evaluated in this
study. Temperature, pH and dissolved oxygen (DO) were measured in situ using the HI 9828 pH /ORP/EC/DO
multiparameter brand HANNA. Water transparency was also determined in situ using a Secchi disc. Nitrate, ni-
trite, ammonium and phosphate were estimated by following standard methods (AFNOR standards ISO 7890-3;
ISO 6777; T 90015; T 90023 respectively) after filtering the water samples through GF/C whatman filter paper
(0.45 pum). Chlorophyll-a (Chl-a) was analyzed by spectrophotometric method according to Lorenzen [18]. For
all the spectrophotometric analyses, a double beam UV-Visible Spectrophotometer (SHIMADZU UV isible-
1700 pharma) was used.

For statistical analysis, no parametric test of ANOVA (Software Statistica 7.1) was used to compare the mean
values of the tested parameters for all the different sampling sites and seasons. The coefficient of correlation
amongst the physicochemical parameters was calculated by the spearman correlations test.

3. Results and Discussion

Physicochemical quality assessment of surface bodies may widely reflect the pollution load and anthropogenic
pressure on surface water systems. Table 2 compares the mean values of physicochemical water quality para-
meters for the four sampling sites on Potou lagoon for the 17 months study period to reveal spatial variation.
Table 3 shows the seasonal variations and Table 4 shows the correlation coefficients of physicochemical water
quality parameters.

3.1. Spatial Variation in Water Quality Parameters

No horizontal significant differences (Table 2) were found in Potou lagoon during the sampled period for all the
parameters measured (p < 0.05). Low human occupation and densely vegetated areas in the lagoon watershed as
well as the small surface area are contributing factors to the lagoon’s homogeneity, since the water quality of

Table 1. Description of the sampling sites.

Sampling sites coordinates Description
Site 1 X = 414866 confluence of the Potou lagoon with the channel connecting
Y =590627 Potou lagoon to Ebrié Lagoon (downstream Potou)
Site 2 é : gég?gi Eastern of Potou lagoon, it receives wastewater from Oguédoumé village
. X = 410953
Site 3 Y = 593170 Upstream of Potou lagoon
Site 4 X =408179 On the river Mé at 100 m from the confluence of the
Y =594632 Mé and channel linking Adjin and Potou lagoons
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Table 2. Spatial variations in physicochemical characteristics of Potou lagoon.

Sam_pling Statistical Transp T¢0) pH DOi1 Chl-f;\l NO, NO; PO} NH;
site parameters (m) (mgL™) (ng'L™) ) (meL ™) (ugL™D) (me-L Y
st1 Mean + SD 0.39%+0.15 29.33°+1.96 6.81°+0.52 5.95°+ 1.17 14.85*+556 4.03"+0.98 3.14°+1.75 68.59% + 25.99 0.06° + 0.04

Range 0.10-0.60 26.30-33.50 5.58-756 3.97-813 513-2394 200-6.00 0.46-7.06 20.00-112.00 0.01-0.12

Mean = SD 0.37*+0.13 29.06° + 1.92 6.86° + 0.52 5.73* + 1.40 17.91°+7.82 3.32*+1.46 3.08*+2.01 53.42° +27.34 0.06° + 0.04

Ste Range 0.10-0.50 26.40-33.20 576-7.80 3.49-8.10 6.08-34.27 1.00-6.00 0.50-7.14 10.00-113.00 0.01-0.16
Mean + SD 0.37°+0.14 28.69% +1.86 6.68°+ 0.54 5.16° +1.49 19.15*+9.21 3.78%+1.22 3.08%+ 1.65 56.71% + 31.27 0.07*+ 0.04

St Range 0.10-0.50 26.60-33.00 520-741 2.34-891 8.00-40.95 1.00-6.00 0.17-521 5.30-117.90 0.01-0.15
st4 Mean + SD 0.40°+0.15 27.64% +1.99 6.66° + 0.40 5.35" + 1.47 24.89* + 16.56 3.67°+2.01 2.85°+ 1.83 72.94° + 44.46 0.06° + 0.04

Range 0.20-0.52 25.19-31.00 5.89-7.37 2.95-848 532-5743 0.60-7.00 0.41-7.05 13.00-195.00 0.00-0.13

For each parameter and site mean values with different lowercase letters (superscripts) are significantly different (p < 0.05); SD: standard deviation, Transp:
transparency, T: temperature, Chl-a: chlorophyll-a, DO: dissolved oxygen.

Table 3. Seasonal variations in physicochemical characteristics of Potou lagoon.

Sampling Transp DO Chl-a NO, NO, POy NH;

<l (m) Mgl (el el el (el (mel?
LDS 0.54*+0.13 30.65°+1.70 7.16°+0.51 6.68°+1.25 19.49°+3.79 3.60°+0.55 1.61°+1.43 38.80°+13.10 0.03*+0.02
) LRS 0.36°+0.09 29.27°+252 6.84°+0.35 553°+0.86 14.94°+4.24 367°+1.03 3.97°+2.13 77.77°+20.83 0.08°+0.02
Stel SDS 0.44®+0.08 27.35°+0.49 6.50°+0.39 6.78°+1.17 15.03*£531 5.00°+0.00 3.55*+0.15 69.00 +14.14 0.06" £ 0.06
SRS 0.23°£0.10 28.79°+0.24 6.48°+064 524*°+111 884°£473 463*+111 3.62°+057 91.84°+14.67 0.09°+0.03
LDS 0.49°+0.09 30.45°+160 7.26°+0.43 6.58°+1.68 25.85°+7.99 24°+152 128°+090 27.89°+17.09 0.02*+0.01
) LRS 0.36®+0.07 29.01°+2.34 6.79°+052 539°+1.45 16.70°+3.83 4.17°+117 4.29°+218 57.10°+31.96 0.07°+0.04
Stte2 SDS 0.43°+0.11 26.82°+045 6.71°+0.18 596°+1.17 18.39°+1.82 3.5°+212 341®+225 67.50°+13.44 0.08°+0.10
SRS 0.23°+0.10 2853°+0.19 654°+054 506°+0.80 955°+3.72 3.1°+128 337152 7280°+9.34 0.07°+0.02
LDS 049°+0.09 29.64°+191 7.11°+0.44 6.34*°+1.71 2645°+9.85 2.60°+1.14 1.04°+1.05 21.30°+13.89 0.02*+0.01
) LRS 0.35®£0.11 28.99*°+229 6.55°+0.31 4.51°+0.82 18.06® +6.50 3.83* £0.75 3.95°+1.21 75.27°£24.96 0.09°+0.04
Stte3 SDS 0.45®+0.07 26.70°+0.01 6.81°+0.18 6.00°+0.62 22.96 +8.29 4.00°+0.00 3.66™ £ 0.94 45.50" +21.92 0.10® £ 0.04
SRS 0.20°+0.08 28.04°+0.15 6.29°+0.75 4.23°+139 9.76°+3.33 508°£0.83 4.04® £0.66 78.72°+15.83 0.08™ £0.03
LDS 0.55°+0.14 28.98°+166 7.01°+0.30 6.94*°+1.35 36.82°+17.56 4.80°+2.28 1.34°+0.98 28.02°+14.93 0.01*+0.02
Sites LRS 038" +0.11 27.92*°+2.40 6.48°+0.39 5.00°+0.72 2550 +4.53 3.43°+1.77 3.39°+2.09 105.10°+50.11 0.07°%0.03
SDS 0.38°+0.04 26.55°+0.08 6.49°+0.40 4.93°+0.11 28.79" +8.65 4.00°+0.00 2.52°+0.07 57.50*+17.68 0.10°+0.04

SRS 0.25°+0.04 26.08°+0.85 6.57°+0.37 4.11°+1.26 7.07°+1.93 245°+2.28 4.09°+1.65 8857°+6.23 0.07*+0.02

T(C) pH

Table 4. Correlation matrix (Pearson) of physicochemical water quality parameters of Potou lagoon.

Transp Temp pH DO NH; NO, NO, PO Chl-a

Transp 1 0.482" 0.434™ 0.453" -0.648" -0.285" -0.734" -0.715" 0.774™
Temp - 1 0.342" 0.249" 0.417" -0.285" -0.458" -0.529" 0.372"
pH - - 1 0.462" -0.488™ -0.229 -0.470" -0.483™ 0.280"
oD - - - 1 -0.432" 0.062 —-0.381" -0.409™ 0.442"
NH,* - - - - 1 0.338™ 0.682" 0.705™ -0.587"
NO,” - - - - - 1 0.407™ 0.243" -0.161
NO;~ - - - - - - 1 0.672" -0.636"
PO, - - - - - - - 1 -0.624™

CHL-a - - - - - - - - 1

Transp: transparency, T; temperature, Chl-a: chlorophyll-a, DO: dissolved oxygen; Items in bold indicate significant correlations: “p = 0.05 (correlation is

significant; two-tailed); “p = 0.01 (correlation is significant; two-tailed).
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lagoons may vary depending on the geological morphology, vegetation, and activities in the catchment basin [19].

Hydrodynamic processes are also affected by the morphometry of the water body [20], especially by its size,
by the topography of the bottom and by the mean depth [21]. In this sense, water bodies with small surface areas
and not very deep water columns commonly present horizontal homogeneity as we found for Potou lagoon [22].
Some authors studying coastal lagoons in Brazil also found that the low deep water column, the low human oc-
cupation and densely vegetated areas in the lagoon watershed as well as the small surface area are also as the
mains factors determining the water circulation and characterizing the lagoons of homogeneity environments [3]
[23]-[25].

3.2. Seasonal Variation of Water Quality Parameters

Seasonal variation of the in situ measured physicochemical and biological parameters were recorded in Table 3.
Transparency of the water column varied relatively little, between 0.1 and 0.80 m obtained respectively during
October and February. Low transparency of the water column seems to be a common feature for several coastal
lagoons such as Comprida lagoon in Brazil [23] and Ebrié lagoon in Cote d'lvoire [26]. The transparency value
(range, 0.20 £ 0.08 - 0.25 * 0.04 m) recorded in the short rainy season was significantly lower (p < 0.05) than
the mean values for the long dry season indicating that suspended particulate matter contribute to decrease water
transparency [27].

Water temperature ranged between 25.19°C and 33.50°C and varied in accordance with the equatorial climate
along the years (Table 2). No significant variation in temperature values was observed among the four seasons.
These results suggest that water temperature in this study area was not determined by season. A principal com-
ponent analysis (PCA) also demonstrates that water temperature is an important factor influencing the variation
of the water chemical parameters (Table 3) because it has a significant correlation with most of these parameters.

Our study found pH values ranging from 5.20 to 7.90, which shows that Potou lagoon presents water pH near
to neutral most of the time, with periods of slightly acidity. These values showed no significant seasonal varia-
tion during the sampling period. However, the highest mean values (pH 7.01 £ 0.30 - 7.26 + 0.43) were recorded
in the long dry season. pH had positive correlations (Table 4) with water temperature (R = 0.342, p < 0.01), DO
(R =0.462, p < 0.05), and Chl-a (R = 0.280, p < 0.05 ), what may be explained by the fact that higher primary
production rates consume CO,, which leads to higher pH values, and increase DO in the water. Coastal lagoons
usually present higher pH values especially because of the sea water influence [7] [28]-[31]. The presence of
humic materials, on the other hand, can acidify the waters [23]. The mean values recorded by [22] in the same
lagoon are also in the same range (0 - 5).

Dissolved oxygen concentrations showed a positive correlation (R = 0.249) with temperature, what was ex-
pected since higher temperatures increase the oxygen solubility in the water. Unlike sites 1, 2 and 3 which
showed no seasonal variation, the mean value of DO at site 4 was significantly higher (p < 0.05) in the long dry
season than the value recorded in short rainy season. The decrease in DO concentrations and pH values during
the short rainy season can be a result of a reduction in primary production and increase of organism community
respiration in the water column. DO values ranged from 2.34 to 8.91 mg-L ™" and oxygen saturation remained
around 80% during most of the sampled period, which demonstrates that oxygen is not a limiting factor for the
biota in Potou lagoon. Similar oxygen concentrations are found in other coastal lagoons, such as Comprida la-
goon in South East Brazil [23], Foz de Almargem lagoon in Portugal [29] and Icarai and Guanabara lagoons in
South East Brazil [32].

Potou lagoon presented high Chl-a values ranging between 5.13 and 57.43 pg-L™* (mean 19.20 pg-L ™). These
chl-a concentrations are similar to those found by [14] in the same lagoon. Values followed a significant sea-
sonal pattern between the long dry season and the short rainy season, with higher concentrations in the long dry
season (ANOVA, p < 0.05) and a positive correlation with temperature (R = 0.372) and pH (R = 0.342). Higher
temperatures increase primary production, which leads to higher Chl-a values, CO, consumption and conse-
quently higher pH. High Chl-a is usually associated to eutrophication problems but even coastal lagoons sub-
jected to pollution show lower concentrations than Peri lagoon [7] [12] [33] [34]. Coastal lagoons from the near
state of Rio Grande do Sul (similar weather conditions and freshwaters) also showed lower Chl-a values in spite
of higher nutrients concentrations [35].

Nutrient concentrations along the sampling period are reported in Table 2 and Table 3. Dissolved nutrients
showed low concentrations. Nitrite and nitrate concentrations varied from 0.6 to 7 pg/L and from 0.17 to 7 pg/L
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respectively.
Soluble reactive phosphorus (Poi’) was significantly higher in the short rainy season (ANOVA, p < 0.05)

than the long dry season however the site 2 has not marked significant seasonal variation. The values ranged
from 5.30 to 195.00 pg.L . This agrees with the finding of [22] who also studied water of this lagoon, and ob-

served a remarkable increase in (Poi’) during the flood period of waters (186 pg-L ") and very low concen-

trations in the long dry season under 12.5 ug-L*. Other authors have shown similar phosphorus concentrations
in coastal lagoons in the world [7] [32] [36]. However, Comprida coastal lagoon in Rio de Janeiro and Peri la-
goon, a subtropical coastal lagoon in Brazil state showed low concentrations (<2.5 pg-L™) [3] [23].

Ammonium presented also the lowest concentrations among the dissolved nutrients, but no clear pattern could
be generally inferred from the data except the site 3 where the concentrations recorded in long dry season were
significantly low than those recorded in the long rainy season. Seasonal means remained under 0.15 mg-L " in
most sampled months, which is also higher when compared to data registered for other coastal lagoons (around
15.0 pg'L™Y) [3] [7] [35] [37]. Ammonium showed a strong positive correlation (R = 0.338) with nitrite, which
could be due to the fact that oxidation of ammonia results in the synthesis of nitrite.

The low dissolved nutrients concentration could be related to high recycling rates, the well oxygenated water
column and high assimilation by the phytoplankton and bacterial communities, which result specially in low ni-
trate and soluble reactive phosphorus concentrations in the lagoon. Nutrients have strong negative correlations
with in situ measured physicochemical and biological parameters which mean that these nutrients are usually
brought to the water during rain events.

4. Conclusions

Potou lagoon showed spatial homogeneity (horizontal) despite its relative deep water column. Seasonal varia-
tions of the water quality were observed in Potou lagoon due mainly to the anthropogenic inputs to the lagoon
and rainfall regimes. Physicochemical and biological parameters (temperature, salinity, pH), dissolved oxygen
and transparency and chlorophyll-a increased during the long dry season compared to short rainy season. In
contrast, an increase in nutrients (nitrite, nitrate, ammonium and soluble reactive phosphorus) was observed
during the rainy periods. Thus, the precipitation received during the long and the short rainy periods, were found
to have considerable impact on the coastal water characteristics at this location.

This research assumes great importance as the physicochemical and biological analysis of lagoon waters per-
formed will assist in sustainable development and disaster management of this vulnerable yet highly resourceful
area.
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