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Abstract: The aim of thus study 1s to evaluate physicochemical parameters in the lagoonal system and coastal
rivers of Céte d’Tvoire to appreciate their spatial variation. Water samples were collected at 16 stations for
phosphorus, nitrogen, pH, salinity, temperature and conductivity analyses. Sampling was carried out during
two seasons, characterizing the water of the lagoonal system of Céte d’Ivoire, October 2006 for wet season and
March 2007 for dry season. These samples were collected in four rivers and two lagoons. It was found that, the
phosphorus concentrations (1.77 mg L.™"), as well as the ammonia-nitrogen (0.65 mg 1.7") and nitrate-nitrogen
concentrations (1.09 mg L") were high throughout the area, indicating extensive pollution. Although, the
nitrite-mitrogen concentration was relatively low, it 1s at the upper end of what might be considered normal,
thereby mdicating an anthropogenic origin. The highest concentrations of nutrients obtained n the area of
Azito in the Ebrié lagoon are indicative of high stress on a lagoonal system from a particular industrial pollution.
The study revealed also that the dilution of the water of the lagoonal system during the dry season by the
oceanic water reduces considerably the concentrations of nutrients and increases conductivity and water

salimty.
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INTRODUCTION

As on many other coastlines of the world, the West
African Coast is dominated by a series of shallow coastal
lagoons, most of which are oriented parallel to the
shore (Marcovecchio et al., 2005). The anthropogenic
enrichment of coastal waters with nutrients indicates high
stress on a river system from a variety of human activities.
It is well known that the response of a fluvial ecosystem
1s maximal during warm, dry and drought conditions, when
the river flow is low and nutrient concentrations are
highest. High flows normally result in a rapid through
put of high volumes of water with low nutrient
concentrations. In this case, degradation will result from
the accumulated loads entering the downstream receiving
waters and reservoirs along the course of rivers. In order
to maintain high-quality ecosystems within receiving
waters and within a rivers system itself] it 1s necessary to
maintain low nutrient level that reflects normal or natural
conditions of the coastal waters. However, as it has been
stressed by several investigators, even though nutrients
are the primary cause of eutrophication in coastal zones
and estuaries, there are many other factors that determine
the ultimate level and type of eutrophication symptoms

(Nixon et al., 2001; Boesch, 2002; Bricker et ai., 2003).
Moreover, the relationship between nutrient pressure and
estuarine changes of state is so complex and variable that
a general dynamic model is still considered an ambitious
goal (Bricker ef al., 2003). This underlinesthe importance
of several factors.

The lagoonal system of Céte d'Tvoire is a place of
transit of ivers water before reaching the sea. It is located
in a very urbanized zone of the country, including the
economic capital (Abidjan) and its suburbs. Hence, the
lagoonal system is influenced by the urban and
agricultural practices. Wastewater treatment is practically
non-existent and agricultural practices require fertilizer
addition.

The lagoonal system of Céte d’Tvoire is characterized
by two seasons (Durand and Chantraine, 1982). A dry and
warm season where the continental provisions of water
are negligible, evaporation i1s maximum and the marine
influence is dominating. A wet and cold season
characterized by the highest precipitations associated
with the provision of the coastal rivers, mvolving a
significant fall of the salinity of lagoon water. The coastal
lagoonal system of Céte d’Tvoire consists of three distinet
lagoons (Durand and Chantraine, 1982): lagoon of Grand-
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Lahou in the west, Ebrié in the center and Aby in the East.
They are fed by seven rivers (Comoé, Bandaman, Boudo,
Agnéby, M¢, Bia and Tanoé). This unit was largely
studied with regard to the physical environment
(Dufour, 1982), the exchanges of nutritive elements
dissolved between water and sediment (Metongo, 1989)
and the influence of the conditions of the area on the
biological breakdown of the organic matter. Nevertheless,
the data available are relatively old and rare are the
studies devoted to date to the whole of the lagoonal
system and that the physicochemical
components to their spatial wvanmability. Efforts to
understand and quantify the interactions across the land-
ocean boundary have led to an increasing focus on the
fluxes of water, salt and nutrients through the mouth of
lagoonal estuaries (Sunpsen ef al., 2001). These fluxes can
producedrastic changes of the physical and chemical
characteristics that are the basis of high productivity in a
coastal lagoon. For a better management of the lagoonal

commect

system, it 13 important to know, mn addition to flows, the
physico-chemical characteristics of these waters. Similar
studies in estuarine and lagoonal environments for the

determination of water quality have been undertaken
by other authors in diverse parts of the world
{(Uncles and Lewis, 2001; Allanson, 2001; Sylaios ef af.,
2004, Pereira et al., 2008).

This contribution was initiated to fill this gap and
to contribute to a better management of the lagoonal
system of Céte d’Ivowe. The objective 1s to evaluate
physicochemical parameters in the lagoonal system and
coastal rivers to appreciate their spatial variation.

MATERIALS AND METHODS

The study was conducted in the lagoonal system of
Céte d’Tvoire, in West Africa, which falls within latitudes
2°9" W and 5° W and longitudes 5°12' N and 5°35' N.
Water samples were collected at 16 stations (Fig. 1).
Stations were located on four rivers (Bia, Tanoé, Comoé
and Bandaman) and two lagoons (Aby and Ebrié).
Thirty two Samplings (16 for rivers and 16 for lagoons)
were carried out during the two seasons, characterizing of
the water of the lagoonal system water of Céte d’'Tvoire,
October 2006 for wet season and March 2007 for dry

Céte d’Ivoire

andaman River

Tacqueville

Ebrié Lagoon

:Grand Lahou Lagoon

Abidjan

Comoe River

Bia River
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|

Fig. 1: Localization of sampling stations
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season. Water samples
collected in acid-cleaned and rinsed 1000 mI polyethylene
bottles. The bottles were rinsed 3 times with river water
before being filled with the sample. The samples were
collected by direct immersion of the bottle into the river.

for nutrient analyses were

Samples were kept cool in thermos with ice and taken to
the laboratory for analysis as soon as possible, but mainly
within 48 h. The samples collected were analysed at the
water chemistry laboratory of Abobo-Adjame University,
according to AFNOR standards (AFNOR, 2001).

Samples were analysed for phosphate-phosphorus
(PO,-P), Total Phosphorus (PT), ammoma-nitrogen
(NH,-N), nitrate-nitrogen (NO,-N) and nitrite-nitrogen
(NO,-N). Temperature, pH, conductivity and salinity were
measured in situ using a multiple-sonde (WTW 3301).

The data were compared statistically through the test
of Mann-Whitney at 5% level of significance using
STATISTICA 7.1 software.

RESULTS AND DISCUSSION
Physicochemical parameters: A summary of mean,

maximum and minimum values of temperature, salimty, pH,
conductivity and nutrients are shown in Table 1, with the

mean for all the rivers and lagoons stations. The
temperature and pH in each river or lagoon remained
constant, regardless of the period of sampling. The mean
values are 29.71°C for the temperature and 7.51 for pH.
Variability range for salinity (4.91) and conductivity
(558428 pS cm™) is very broad as shown by the high
standard deviations values.

The range of wvalues for all nutrments 1s large
(Fig. 2¢, d), as indicated by the standard deviation values.
The mean values are also high, suggesting a high level of

Table 1: Summary of statistics of physico-chemical characteristics of all
water samples analysed

Mean Maximum — Minirmum

Characteristics value 5D value value N
PT (mg L") 1.77 0.83 391 0.66 32
PO,-P (mgL™) 0.62 0.31 1.52 0.18 32
NH.-N (mg L™ 0.65 0.29 1.34 0.12 32
NO;-N (mg L™ 1.09 0.55 2.17 0.18 32
NO,-N (mg L™ 0.18 0.09 0.48 0.06 32
Temperature (°C)  29.71 0.92 32.00 27.40 32
pH 7.51 0.60 8.81 6.47 32
Salinity 4.91 7.06 27.50 0.20 32
Conductivity 5584.28 11779.72  42400.00 2.26 32
@S em™)

PT: Total-Phosphoiris, POy-P: Phosphate-phosphoris, WH-N: Armimonia-
nitrogen, NO;-N, nitrate-nitrogen, NO,-N: Nitrite-nitrogen, N: No. of
samples, SD: Standard deviation
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nutrient enrichment of the waters of these coastal rivers
and lagoonal system. The mean of total phosphorus
(1.77 mg L™, Table 1), indicates the very high nutrient
levels existing in this water system.

According to Chapman (1996) NH,-N concentration
in unpolluted waters should normally be lower than
0.1 mg L™ and can occasionally reach 0.2 mg L™
Concentrations higher than this value suggest organic
pollution from sources such as domestic sewage,
industrial wastes and fertilizer run-off.

For Céte d’Ivoire coastal rivers and lagoonal water,
the NH,-N concentration exceeds the above-noted
0.1 mg L™" value, averaging 0.65 mg L.™', with the highest
individual concentration being 1.34 mg L', These values
are higher than those obtained in the maritime area of
Togo (West Africa) by Akpavi ef al. (2005). That could be
related to the anthopic sources. The NO,-N values range
from 0.18 to 2.17 mg L™"with a mean of 1.09 mg L.™' of
lagoonal system of Cote d’Ivowe are similar to that
obtained mn dry season in Ghana by Lamptey and Armah
(2008), West of Céte dTvoire. Nitrate-nitrogen is the most
common form of nitrogen (N) in fresh water, seldom
exceeding a concentration of 0.1 mg L™ (Chapman, 1996).
This concentration can be enhanced by mumcipal and
industrial waste waters, leachates from waste disposal and
from fertilizers. The high values of NO,-N in lagoonal
system of Céte d’Ivoire could be due to the intense
agricultural activity of the area with fertilizer application
and domestic wastewater (Figueiredo et al, 2002;
Powlson et al., 2008).

Nitrite-mitrogen concentrations in fresh water are
normally very low, being in the order of 0.001 mg L™
Values higher than 1 mg L~' rarely occur and algal
stimulation can occur 1 lakes and reservoirs at
concentration higher than 0.2 mg L™ Higher NO,-N
concentrations are often mdicative of industrial effluents
(Chapman, 1996).

Generally, one can say that the quality of lagoon
waters with respect to nutrients depends on the different
nutrient sources, the morpheology of the basin and the
renewal of water with the adjacent coastal sea (Sylaios
and Theocharis, 2002). The transport of nutrients to the
lagoon 1s either from land or from the adjacent sea.
According to Sylaios ef al. (2004) mcreasing nutrient
concentrations with salinity and conductivity reveals
transport from the sea and decreasing reveals transport
from land sources.

Spatial variation in water characteristics: Both total
phosphorus and PO,-P were high in Bandaman and Tanoce
rivers samples (2.85 and 0.75 mg L', respectively)
and low m the lagoon samples (1.56 mg L' for total

Table 2: Water characteristics of the four rivers, compared to the mean value
of lagoons water

Rivers
Lagoon

Parameters Bia Tanoe  Comoe  Bandaman _ water
PT (mg L™
X 1.77 1.68 1.60 2.85 1.56
SD 0.32 0.22 0.74 0.81 0.89
N 4.00 4.00 4.00 4.00 16.00
PO, P (mg LY
X 0.70 0.75 0.59 0.66 0.57
SD 0.20 0.09 0.21 019 0.41
N 4.00 4.00 4.00 4.00 16.00
NH;-N (mg L™}
X 0.18 0.62 0.70 0.63 0.77
SD 0.05 016 0.09 0.09 0.31
N 4.00 4.00 4.00 4.00 16.00
NO;-N (mg L™

0.25 0.95 1.39 091 1.31
SD 0.05 011 0.52 0.13 0.47
N 4.00 4.00 4.00 4.00 16.00
NO,-N (mg LY

0.10 013 0.22 0.14 0.21
SD 0.03 0.05 0.03 0.03 0.12
N 4.00 4.00 4.00 4.00 16.00
Temperature (°C)
X 29.30 28.88 29.83 29.35 30.08
SD 1.04 116 0.80 0.72 0.79
N 4.00 4.00 4.00 4.00 16.00
pH
X 7.33 6.90 6.77 7.52 7.89
SD 0.24 019 0.21 0.28 0.55
N 4.00 4.00 4.00 4.00 16.00
Salinity
X 0.83 0.00 0.58 223 8.81
SD 1.65 0.00 1.08 3.40 8.06
N 4.00 4.00 4.00 4.00 16.00
Conductivity
1S an™)
X 76.22 12518 267.15 3614.32 10147.84
SD 56.71 2013 37644 703079 151666.83
N 4.00 4.00 4.00 4.00 16.00

PT: Total-phosphorus, PO,-P: Phosphate-phosphorus, WH-N: Armimonia-
nitrogen, NO;-N: Nitrate-nitrogen, NO,-N: Nitrite-nitrogen, X: Mean value,
SD: Standard deviation, N: No. of samples

phosphorus and 0.57 mg 1.~ for PO,-P). This difference
can be explained by generalized source of phosphorus in
the rivers, the area being a strongly agricultural zone
(Table 2). However, NH,-N and NO,-N concentrations
remained constant in all the studied reservoirs. The high
values were in the lagoon (1.34 mg I.7" for NH,-N and
2.17 mg L™ for NO,-N) and the values were low in rivers
{0.12mg L' for NH,-N and 0.18 mg L. ™' for NO,-N). [t was
noticed that higher concentrations of total phosphorus
and nitrate-nitrogen (3.91 and 2.17 mg L', respectively)
were obtained around the Azito (Fig. 1) area (District of
Abidjan) where industrial wastewaters of Yopougon
(Abidjan) are dumped.

Homogeneous values observed in the other stations
indicate that the nutrients can originate from the same
source or sources. The NO,-N concentrations in all
samples are uniformly low (Table 2).
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Fig. 3: Comparison of physicochemical parameters of wet season and dry season and box plot of (a) temperature of
nivers, (b) conductivity of lagoons and (¢) salimity of lagoons

pH values were generally uniform throughout the
river and lagoonal water, contrary to salinity and
conductivity. The high values of salimty and conductivity
n lagoons can be related to the mtrusion of oceanic water
through the Vridi channel and Assinie channel, as
suggested by the findings of Sylaios ef al. (2004).

It is important to note that the spatial variation in
water characteristics of lagoons and rivers shows that
these two water reservoirs have a statistically significant
difference according to pH, salinity, PQ,-P and NO,-N
values. Thus, pH and water salimity were higher n
lagoons than in nivers while concentrations of PO,-P and
NO;-N were lower in lagoons than in rivers (Fig. 2a, b).

Seasonal changes in nutrients and other water
characteristics: A dilution of total phosphorus, PO,-P
and NH,-N can be seen during dry season, compared to
wet season. In wet season, mean concentrations of total
phosphorus, PO,-P and NH,-N were 2.09 , 0.75 and
0.59 mg L™, respectively in river agaimst 1.87, 0.66 and
0.83 mg 17" in lagoon. The dry season was characterized
by lower values (Table 3).

When considering NO,-N and NO,-N concentrations,
the intrusion of oceanic water to lagoon does not appear

to be a factor influencing the seasonal character. The
source of these two forms of nutrients is different from the
source of phosphorus and NH,-N. In addition, the
process of mtrification mn lagoonal system could be more
significant in dry season than in wet season.

In ramning season, when the flow of the rivers
increases, the total phosphorus concentrations increase
quickly. They mcrease from low-water level seasons to
water desalination seasons. The fact that transfers
mainly occur at the times of water flood explains
why the phosphorus concentrations in water vary
(Blomqvist ef al., 2004). There are phosphorus mputs
during the lagoon rising. During the dry season, oceanic
water, normally very low in phosphorus (Ramade, 1995),
brings about a dilution of lagoonal water through the Vridi
channel on Ebrié lagoon, justifymg low phosphorus
concentrations.

The seasonal variation is marked by higher values for
the temperature, conductivity and salimity in dry season
than in wet season. There were strong signmificant
differences in these parameters between the wet and dry
seasons (Fig. 3). The highest values are measured in
lagoon and during the dry season. There has been a sharp
drop 1n salimity values towards the continental areas on
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Table 3: Seasonal variation of the characteristics of the water of Céte
d’Ivoire lagoon system

Wet season Dry season
Parameter Rivers Lagoons Rivers Lagoons
PT (mg L™}
X 2.09 1.87 1.86 1.26
SD 0.75 0.19 0.76 0.55
N 8.00 8.00 8.00 8.00
PO,-P (mg L™
X 0.75 0.66 0.60 0.49
SD 0.17 0.13 0.15 0.37
N 8.00 8.00 8.00 8.00
NH,-N{mgL™)
X 0.59 0.83 0.47 0.71
SD 0.24 0.30 0.22 0.32
N 8.00 8.00 8.00 8.00
NO3-N{mgL™)
X 0.87 1.32 0.88 1.30
SD 0.52 0.50 0.48 0.50
N 8.00 8.00 8.00 8.00
NO,-N(mgL™
X 0.14 0.21 0.15 0.21
SD 0.07 0.14 0.04 0.10
N 8.00 8.00 8.00 8.00
Temperature (°C)
X 28.64 29.81 30.04 30.34
SD 0.70 0.66 0.43 0.86
N 8.00 8.00 8.00 8.00
pH
X 7.13 7.72 7.14 8.05
SD 0.18 0.53 0.53 0.55
N 8.00 8.00 8.00 8.00
Salinity
X 0.11 4.19 1.70 13.64
SD 0.28 391 2.58 8.58
N 8.00 8.00 8.00 8.00
Conductivity
(S em™)
X 184.62 32.54 1856.81 20263.14
SD 264.75 70.68 4971.51 16095.02
N 8.00 8.00 8.00 8.00

PT: Total-phosphorus, PO,-P: Phosphate-phosphorus, NHL-N: Ammonia-
nitrogen, N0+ -N: Nitrate-nitrogen, N0,-N: Nitrite-nitrogen, X: Mean value,
SD: Standard deviation, N: No. of samples

both sides of Vridi channel. The maximum value of salinity
(27.5) was in this area where there 1s a constant salted
water renewal through this channel as observed by
Durand and Chantraine (1982). Similar values were
obtained in Ghana (Lamptey and Armah, 2008) for the
same seasons. The influence of the rivers on salimty
appears in wet season where the exchanges by flow occur
i the direction rivers-lagoons. In wet seasor, rivers
enrich lagoons in low salinity water. Thus, the salinity
rates are much reduced during this season. The maximum
value was 11.5 against 27.5 in dry season. This fall of
salimty 13 m favour of the development of living
organisms, less tolerant to salinity.

CONCLUSIONS

The characteristics of the water of the lagoonal
system m Cote d'Ivoire come from the principal

mechanisms of water supply and water movement in this
aquatic system. A number of conclusions can be drawn
from the results of this study which provide a glimpse of
both the pollutant sources and the stream dynamics.
These can be summarized as follows:

¢ Phosphorus and NH,-N exist in high concentrations
throughout this area

s NH,-N and NO.-N concentrations are fairly constant.
This 15 consistent with a constant loading from a
point source or point The uniform
concentrations suggest that the pomt sources are
distributed in a fairly regular fashion throughout the
area

¢+ NO,-N and NO,-N concentrations are both at higher-
than-normal  levels, indicating anthropogenic
sources. They are not subject to dilution. This means
that their likely sources are diffuse and different from
the PO,-P and NH,-N sources, although sewage also
might contribute to the NO,-N levels in surface water.
The NO,-N is believed to result from soil and near-
surface movement of water through leaching nitrogen
from fertilizer applied throughout the intensive
agricultural regions of lagoonal system

souUrces.

A seasonal comparison of the results shows that the
wet seasons are characterized by low salinity thanks to a
dilution of lagoon water by fresh river water. The dry
season is marked by decrease of nutrients concentrations.
These phenomena could be favorable to the development
and the maintenance of the invasive aquatic plants during
the wet seasons.
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