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Abstract

This study aims to show the impact of successive floods on the spatial varia-
tion of the physico-chemical properties of sediments along the Bandama Riv-
er in the localities of Sinématiali and Niakaramadougou because of their im-
portance in the functioning of this ecosystem. Several samples were taken
from both stations based on flood recurrence areas. The particle size analysis
was done using the Robinson’s Pipette method. Traditional methods of sedi-
ment analysis have been used to measure organic carbon (O.C.), nitrogen
(N), and other chemical properties including pH, organic matter (MO), and
C/N ratio. Statistical analyzes were carried out to assess the differences be-
tween the physico-chemical parameters of the different sampling zones. In
the area of niakamadougou, the lower values in MO were recorded in areas
subject to more frequent flooding, thus close to the watercourse. In the
Sinématiali area, lower M.O. values were recorded in sediments far from the
stream. Total organic matter levels are higher in surface sediments with the
lowest proportions of clay. The results show that the physico-chemical prop-
erties of the sediments vary at the level of the vertical distribution and ac-
cording to their spatial distribution. Successive floods have a direct effect on
the dynamics of the physico-chemical properties of sediments along the
shore.
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1. Introduction

The number of studies on the effects of climate change on the environment has
increased steadily over the past decades, and these changes have a direct impact
on river flow patterns and play a decisive role in stabilizing riparian ecosystems
(Leroy Poff, 2002; Schipper et al., 2010). There is an increase in precipitation, an
increase in flow levels, an increase in flooding, and a vertical increase in alluvial
plains in active sedimentary areas affected by periodic floods (Saint-Laurent &
Lavoie, 2009).

It is important to quantify the impact of climate change on the river environ-
ment in order to better understand how these environments will evolve in the
coming decades. Riparian ecosystems vary widely depending on river dynamics
(Boyer et al., 2010). The constant input of sediment carried by successive floods
has an impact on the physico-chemical properties of the sediment. The latter can
vary enormously in vertical distribution and spatial distribution, which are in-
fluenced by various hydrological processes (Clinton et al., 2003; Watkins et al.,
2010).

Successive or periodic river floods cause changes in riparian ecosystems (Saint-
Laurent, 2007). There should be marked differences between sediments located
close to the shore, thus frequently flooded, and areas further away.

This study will attempt to highlight the impact of recurrent flooding on the
physico-chemical properties of sediment in two areas along the Bandama River.
This will include understanding the distribution of physico-chemical parameters
of distant sediments from the watercourse and comparing them with those of
the nearby environment to highlight the impact of floods on the river environ-
ment.

The particles that make up the sediment are composed of organic and inor-
ganic compounds (Schneider, 2001). The chemical composition of sediment is
specific to its environment and to the emitting sources near the deposition area.
However, the particles that make up the sediment will also undergo and/or in-
duce bio-geochemical transformations that will lead first to changes in physi-
co-chemical composition and then to the formation of sedimentary rock (Zhou,
2009). These processes are governed primarily by the mineralization of the MO
in the sedimentary column. After the MO is buried in the sediment, it will un-
dergo progressive degradation through oxido-reduction reactions controlled pri-
marily by bacterial activity (Billon, 2001). Surface sediment is one of the most
important and dynamic reservoirs of organic matter in terms of stock (Cyril,
2003). Each year, nearly 0.4 Gt of terrestrial organic carbon is transported to
coastal environments (Siegenthaler & Sarmiento, 1993). The study of the physi-
co-chemical properties of sediments, particularly sedimentary organic matter in
today’s environments, could serve as a basis for paleoclimatic, paleoenviron-
mental interpretations (Meyers & Lallier-Verges, 1999). Sedimentary organic
matter consisting primarily of organic carbon and nitrogen has an impact on the

sustainable functioning of ecosystems (Woomer et al., 1998).
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The main objective of this study is to assess the spatial distribution of the phy-
sico-chemical properties of sediments along the Bandama River in the localities
of Niakaramadou and Sinématiali following the floods recorded in recent years.
Previous work shows little information on the distribution of these physico-
chemical parameters in sediments along the banks of the Bandama River. As a
result, this study will attempt to highlight the impact of recurrent flooding on
the organic matter of the sediments in this area. This will assess the levels of or-
ganic matter in sediments far from the watercourse and compare them with those
in the nearby environment to highlight the impact of floods on the river envi-
ronment. To carry out this work, a multidisciplinary approach was taken. It is
based in particular on sedimentological and soil studies.

2. Material and Methods

2.1. Location and Sampling

Four sampling points along the shore were predefined and were sampled from sur-
face sediments at a depth of 10 to 150 cm Figure 1. The various analyzes carried
out in this study were carried out on the fine fraction (<2 mm), which we sepa-
rated at the laboratory a few weeks after sampling.
These samples were analyzed to determine:
- The particle size (sandy, clay and lemon fraction), pH, total organic carbon,
total nitrogen and organic matter.
- The analysis of each of these parameters involved specific methods as de-

scribed below.

2.2. Physico-Chemical Characterization of Sediment

2.2.1. Physical Parameters of Sediments

* Granulometry and Texture

It was determined by Robinson’s Pipette method (AFNOR, 1987).

The application of this analysis allowed:

- To know the substances (MO and nitrogen) associated with the particle size
fractions contained in the sediment. It is used to determine whether they are
located in the fine, medium or coarse fractions;

- To reconstitute the conditions for transport and deposition of particles.

We used the triangular diagram of fine soils proposed by Shepard (1954). This
type of diagram is particularly suitable for sediments because sediments can then
be characterized according to the respective content of these three particle size
fractions (clays, silt and sand) (Bonnet, 2000; Mamadou, 2018).

2.2.2, Chemical Sediment Parameters
On the same samples we also determined CO, MO, nitrogen and PH levels.
Water pH was determined by measuring H,O" ion activity using a pH meter
(Rofes, 1980).
Organic carbon of sediments is determined by the Anne method (Aubert, 1978).

The carbon of the organic matter is oxidized by potassium bichromate in
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Figure 1. Location map.

sulfuric medium. The assessment of the organic matter content was made by
quantifying its major constituent element, organic carbon, which represents al-
most 50% of this element (Thurman & Malcolm, 1981). The content of the MO
was assessed on the basis of the following conventional relationship: MO = C x
1.72 (Baize, 2000). Nitrogen in sediments was determined by the Kjeldahl me-
thod (Rofes, 1980). The principle of this method is to transform the nitrogen of
organic compounds from a finely crushed sediment sample into ammoniacal ni-

trogen under the action of concentrated sulfuric acid, which, when boiled, be-
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haves as an oxidant. Organic substances are decomposed: carbon comes out as
carbon dioxide, hydrogen gives water, and nitrogen is transformed into ammo-
nia nitrogen. The latter is fixed immediately by sulfuric acid in the form of am-
monium sulfate. The C/N ratio is an indicator of sediment biological activity
that provides information on the degree of organic matter evolution, biological
activity, mineralization. The smaller the biological activity, the more difficulties
encountered in mineralization. This reflects conditions of anaerobic, excessive
acidity. The study of the C/N report is an approach to the problem of the origin,

nature and evolution of organic matter (Delmas, 1980).

2.2.3. Statistical Analysis

For data analysis, we used variance analysis of different variables using SAS 9.4
software. The significance test is Fischer’s distribution or “F test” at the 5% prob-
ability threshold. Correlation tests (Pearson) were also performed between va-
riables (MO, pH, C.O., N, texture). These tests allowed comparisons of different
parameters according to the horizontal gradient (channel distance) and vertical
(depth). We converted the units of % to g-kg™ (international unit) for carbon,

nitrogen and organic matter (MO).

3. Results

3.1. Granulometry According to Sectors, Positions (Near or Far
from the Watercourse) and Layers

Analysis of variance showed a significant difference between clay and sand be-
tween localities. For clay, Sinématialie obtained the highest quantity with 22.18%.
Niakaraougoumad had the highest quantity of sand at 50.95%. For silt and the
proportion of physical soil elements the two localities had similar amounts
(Table 1). Analysis of variance showed a significant difference between the posi-
tions (close to the watercourse and distant from the watercourse) for clay. The
position near the water yard obtained the highest amount of clay at 21.71%. For
silt, sand and the proportion of physical elements, no significant differences
were observed between the two positions (Table 1). Analysis of variance showed
a significant difference between clay layers. Layer C2 obtained the highest quan-
tity 19.63% and layer C1 the lowest quantity 16.88%. For the other variables, no

significant differences were found between layers “Table 1”.

3.2. Assessment of Chemical Characteristics by Sectors, Positions
and Layers

Analysis of variance showed a significant difference in pH between localities. Nia-
karamadougou had the highest value at 6.27. For carbon, nitrogen, C/N, and or-
ganic matter (MO), both localities had similar amounts statistically (Table 2).

Analysis of variance did not show a significant difference between the posi-
tions (near the watercourse and away from the watercourse) for all variables
(Table 2).
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Table 1. Comparison of physical characteristics of sediment between layers, positions and

sectors.
Variable % Clay % in Limon % Sand % Physical Elements
Locality
Niakara 16.00 b 30.81a 50.95a 97.76 a
Sinématialie 22.18a 34.27a 41.99b 98.45a
Pr>F 0.0004 0.2820 0.0308 0.3055
Position
Near the river 21.71a 33.16a 43.12a 97.99a
Far from the river 16.48b 31.92a 49.83a 98.22a
Pr>F 0.0011 0.6890 0.0860 0.7246
Layer
C1 16.88 b 36.01a 4428 a 97.17 a
C2 20.78 a 32.04a 45.66 a 98.48a
C3 19.63 ab 29.56a 49.48a 98.67 a
Pr>F 0.043 0.266 0.4723 0.1669
Average 19.09 32.54 46.47 98.106
C.V. (p.c.) 8.69 12.83 11.54 3.67

Means followed by the same letters in a column are not significantly different from the 5 p.c. threshold.

Table 2. Comparison of sediment chemical parameters between layers, positions and sec-

tors.
Variable Carb(_)n Nitro%en C/N OM_ pH
(kg™ (kg™ (gkg™)
Locality
Niakara 11.84a 0.66a 19.92a 20,42a 6.27a
Sinématiali 11.38 a 0.60 a 1847 a 19.61a 5.76 b
Pr>F 0.9070 0.8969 0.5929 0.9105 0.0096
Position
Near the river 10,97 a 0,59a 18.79a 18,91a 587a
Far from the river 12.25a 0.67 a 19.60 a 21.12a 6.15a
Pr>F 0.9695 0.9215 0.7638 0.9653 0.0992
Layer
C1 2145a 1.15a 19.71a 3698 a 6.12a
C2 9.38b 0.48b 21.12a 16.18b 5.85a
C3 3.9 ¢ 0.26 b 16.75a 6.88 ¢ 6.06 a
Pr>F 0.0008 0.0026 0.4161 0.0008 0.3654
Average 11.61 0.63 19.19 20.01 6.01
C.V. (p.c.) 26.07 28.16 33.17 26.23 6.180

Means followed by the same letters in a column are not significantly different from the 5 p.c. threshold.
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Analysis of variance showed significant differences between the layers for car-
bon, nitrogen and organic matter (MO). For carbon, layer C1 had the highest
quantity 36.98 kg™' and layer C3 the lowest quantity 6.88 kg™". Similarly, for or-
ganic matter layer C1 had the highest quantity 21.45 g-kg™" and layer C3 the
lowest quantity 3.99 gkg™. N, layer C1 had the highest value 1.15 g-kg™, the

other two layers had identical values Table 2.

3.3. Pearson Correlation Test

The Pearson correlation analysis showed a correlation between CEC and some
grain size fraction variables (clay and fine silt). The CEC was strongly correlated
with clay with a positive correlation coefficient of 0.73. The correlation coeffi-
cient between the CEC and the fine silt was positive but average (0.56). Negative
correlations were found between the CEC and coarse and fine sands with corre-
lation coefficients of —0.75 and —0.89, respectively. Correlations between the dif-
ferent particle size fractions were shown. This is clay that was negatively corre-
lated with coarse and fine sands with —0.83 and —0.77 respectively as the correla-
tion coefficient. Fine silt and coarse sand were positively correlated with coarse
silt (0.62) and fine sand (0.68), respectively. However, fine silt was negatively
correlated with fine sand (—0.74) “Table 3”.

4. Discussion

4.1. Spatio-Temporal Variation of Physico-Chemical Properties of
Sediments

The results show relatively low levels of organic matter in the study area. These
relatively low levels appear to be characteristic of this medium. They are the re-
sponse of the disturbances linked to successive floods. The accumulation of or-
ganic matter is difficult due to the phenomenon of floods and decouples, which

is an obstacle preventing the formation of a dense vegetation cover. Successive

Table 3. Comparative study of the correlation between the analysis data of the two sectors (Sinematiali and Niakaramadougou).

Organic Fine Coarse Coarse Fine sand oM
PHew carbon (%) CEC Clay (%) Limon (%) Limon (%)  sand (%) fin (%) (%)
PHem 1.00
Organic carbon (%) 0.04 1.00
CEC -0.31 0.40 1.00
Clay (%) -0.50 -0.26 0.73 1.00
Fine Limon (%) —-0.43 0.42 0.56 0.27 1.00
Coarse Limon (%) -0.18 0.28 —-0.02 -0.33 0.62 1.00
Coarse sand (%) 0.54 -0.06 -0.75 -0.83 -0.26 0.18 1.00
Fine sand (%) 0.52 -0.21 -0.89 -0.77 -0.74 -0.15 0.68 1.00
OM (%) 0.04 1.00 0.40 -0.26 0.42 0.28 -0.06 -0.21 1.00
Bold values show a strong correlation between the two variables.
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or periodic river floods cause changes in riparian ecosystems (Saint-Laurent,
2007). These results are identical to the work done by (Daniel et al., 1970), which
states that alluvial soils are also characterized by low concentrations of organic
matter in situ due to the absence or near-absence of surface litter.

The majority of samples analyzed in the study areas are sandy-lime textures
with a higher proportion of clay (about 20%) in the area closer to the stream. In
contrast, in the area farther from the stream, this proportion of clay is about
10%. This slight variability in the two areas is explained by hydromorphological
conditions (erosion and sedimentation) that vary from one area to another. The
rate of sedimentation is lower in the area far from the stream. For the area close
to the channel, this significant presence of finer particles or clay could be ex-
plained by the deposition of fine river sediments suspended during the floods. In
the remote area of the stream, this very small proportion of clay is due to the fact
that during floods, water containing fine suspended sediment reaches this area
very irregularly or very rarely. The textural variability is due to the diversity of
movable deposits that make up the land outside the flood plains (Brunet & As-
tin, 2000).

Depending on the origin of the sampling point, large particle size variations
can be detected (Boulvain, 2011a). However, in some locations, the availability of
sediment at source will influence the grain size distribution. If the only material
available in the sedimentation basin is a material made up of fine particles, the
transport agent will not be able to convey coarser particles than those available at
source (Boulvain, 2011b). Results from Niakaramadougou show a lower level of
MO in sediment, when approaching the channel. This low level of MO in the vi-
cinity of the channel is due to the occasional floods and decues that favor the
transport of certain elements (Lavoie et al., 2006). It is suggested that the erosion
phases associated with floods and decays result in a rearrangement of the sedi-
ment. This oxidizes the various elements and thus rapidly re-mineralizes the
MO, thus explaining the low levels of MO in the sediments. These results are
consistent with Daniels (2003), which indicated that alluvial sediment is also
characterized by low levels of organic matter in its natural environment due to
the low presence or near-absence of litter. Low amounts of organic matter are
associated with different hydroclimatic changes (Schilling et al., 2009). Higher
concentrations of organic matter are found in areas further away (5, 10, 20, 30
m) from shore that are less prone to flooding, compared to areas directly subject
to frequent flooding (Drouin et al., 2011). Also, the study of Cierjacks et al.
(2010) shows that the concentration of organic matter in sediments increases
significantly with the distance from the main channel. They have less distur-
bance from river bed overflows. In the Sinématiali area, lower M.O. values were
recorded in sediments far from the stream. These results are not consistent with
the work cited above. These results could be explained in two non-contradictory
ways: first, the high rate of sedimentation prevents oxidative degradation of this
material at the interface, where degradation processes are generally most active

(Hartman et al., 1976). However, the organic matter that sedimentes, partly al-
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tered by its river transit, is particularly resistant to bacterial attacks (Bordovskiy,
1965). The organic matter content depends on alluvial sedimentation (Cierjacks
et al., 2010); then the allochthonous organic matter carried by the stream (the
river) and deposited near the stream not far from the banks could explain the
higher levels of organic matter in areas near the stream. This reflects the diversi-
ty of sources of supply in this area. Organic matter deposited in an aquatic envi-
ronment may have an Aboriginal origin and, to a more variable degree, an al-
lochthonous origin (Ouertani et al., 2006). A significant fraction of this organic
matter is degraded chemically and biologically in the water column. A more or
less significant amount (10% - 60%) reaches the surface of the sediment (Kaplan
& Rittenberg, 1963) where it will be subjected to other chemical and biological
transformations. A final fraction, the most stable, will be buried (Belin, 1992).
Numerous studies have shown the different impacts of flooding in riparian en-
vironments (Nestler & Long, 1997; Monirul et al., 2003; Saint-Laurent et al.,
2011). The physico-chemical properties of sediments vary greatly depending on
stream flow, sedimentary load, and the different recurrences and modes of flood-
ing (Cierjacks et al., 2010). The frequency and duration of flooding has a real
impact on the quality and quantity of sedimentation (Steiger et al., 2003; Zhang
& Mitsch, 2006). Numerous studies have shown the different impacts related to
this river phenomenon (Nestler & Long, 1997; Monirul et al., 2003; Pfister et al.,
2004; Saint-Laurent & Lavoie, 2009). Floods and declines can have beneficial or
harmful effects on riparian ecosystems (Shields et al., 2000; Lavoie et al., 2006;
Frazier & Page, 2008; Drouin et al., 2011; Strom et al., 2011).

4.2. Variation of Organic Matter Content by Particle Size Fractions

The results show that the CO content is higher in the surface areas than in the
depths with the highest proportions of clay. The vast majority of authors agree
that clay and O.C. levels are positively correlated. According to Nadeu et al.
(2010), the concentration of organic carbon in sediments is related to the abun-
dance of different particle size fractions. There is a significant correlation be-
tween organic carbon and particle size distribution. The work of Krull et al.
(2003), Jindaluang et al. (2013) show that a high concentration of organic carbon
is often associated with a high proportion of clays in sediments. Indeed, the
proportion of clay is an important factor for the stabilization of the O.C. in the
soil because of the formation of the clay-humic complex and the physical protec-
tion it provides to the O.C. by binding inside the aggregates. In addition, the sta-
bility of aggregates caused by higher clay levels would reduce the risk of erosion,
which can affect organic carbon reserves (Krull et al., 2003; Jindaluang et al.,
2013). There are strong relationships between the mineralogical composition of
sediments, including clay fraction and organic matter preservation (Keil et al.,
1994). The concentration of organic carbon is higher in fine-matrix sediments
than those with coarse matrix (Gretener & Stromquist, 1987; Schilling et al.,
2009; Cierjacks et al., 2010; Nadeu et al., 2010). However, several studies show

that there may be significant variability in O.C. concentrations throughout the
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profile, particularly for riparian soils (Schilling et al., 2009; Su et al., 2006). This

diversity of opinion makes categorical conclusions difficult.

5. Conclusion

We see a slight decrease in organic matter content when we get closer to the
stream in the niakamadougou sector. Lower values were recorded in areas sub-
ject to more frequent flooding. In the Sinématiali area, lower M.O. values were
recorded in sediments far from the stream. This difference is not significant.
Across the study area, the MO content is generally higher in sediment from sur-
faces with the lowest proportions of clay. Organic carbon and nitrogen follow
almost the same pattern as that of MO. Analysis of variance showed significant
differences for carbon, nitrogen and organic matter (MO) at the layer level. The
particle size of the sediments varies more or less according to the different al-
luvial zones studied. In Niakamadougou, analyzes generally revealed a sandy-clayey
texture when close to the stream and a sandy-limonous texture when moving
away from the stream. In Sinématiali, the results show that the sediments have a
predominantly sandy-limonous to limono-clayey texture. The textural variability
observed in the zones is due to the diversity of the movable deposits. This area is
characterized by significant and extremely rapid sedimentary changes that in-
fluence the particle size distribution of the sediments. Overall, the sediment load
capacity of coarse particles (fine coarse sand) is greater.

These results show that the physico-chemical properties of the sediments vary
at the level of the vertical distribution and according to their spatial distribution.
Successive floods have a direct effect on the dynamics of the physico-chemical

properties of sediments along the Bandama River.
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