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Abstract

The objective of this research is to determine the physicochemical elements
contained in the groundwater and in the deposits originating from these wa-
ters of the Arrondissement of Dékin, Commune of Dangbo in the South of
Benin. Physical parameters were measured from the multi-parameter and the
chemical parameters by reagent assays. The precipitate from the groundwater
was studied by speciation. The different assays were carried out using the
Hach Lange DR2800 Spectrophotometer. The data processing was done with
different software including ArcGis 10.1, Diagram.Ink of Roland SIMLER
and PHREEQC 2.17.4137. Strong mineralization of the deposit from the
drilling water was indicated in these three elements: Copper (220.1 mg/kg),
iron (2528 mg/kg) and zinc (239.5 mg/kg) whose contents are higher than the
French guideline values for heavy metal content in sediments in mg/kg. The
calculation of the Saturation Indices of the drilling water shows saturation
with respect to Goethite and Hematite. All these results have led us to con-
clude that the high content of Metallic Trace Element (MTE) in the deposit
and especially of the iron in the drilling water originates from the dissolu-
tion-precipitation of the aquifer rock.

Keywords

Metal Trace Element, Chemical Speciation, Groundwater, Geochemical
Fraction, Dangbo, Benin

1. Introduction

Water is a limited natural resource and public property. It is essential to all the
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different aspects of life and health, constituting one of most important factors of
sustainable development [1]. 663 million people have not access to a quality wa-
ter and more than 2.4 billion people to an adequate cleansing; which is the main
cause of waterborne diseases transmission [2]. The poor quality of water in East
Africa, partly, causes several diseases and the high rate of infant mortality.

These last years, the international community is increasingly conscious of the
gravity of the increasing situation of water requirements of populations of each
country. With a stagnation, or a reduction, especially a depreciation of available
water resources, this community organizes itself to lead humanity, to improve
more its vision, to reconsider its position and to adopt more a responsible atti-
tude with respect to the water resources.

Actually, faulty operation and inexistence of Drinkable Water provision’s sys-
tem led populations to resort directly to groundwater resulting from the captive
and surface tablecloths [3]. The access of groundwater is difficult and is re-
quested for the Drinkable Water provision. Therefore, they were object of sever-
al studies throughout the world [4] [5] [6].

The District of Dékin is located in southern part of Benin, presently knows a
problem involved the quality of their drink water coming from drillings.

In Dékin, water collected from fountain, capted by the borehole of Hounhoue,
always keeps its qualities colourless and odourless. However, this water lets ap-
pear, after a few hours of storage, deposits of reddish color predicting a deteri-
oration of its quality. This also raises concerns about the quality of this water by
the population. This population suspects it of containing too much pollutant
because of the reddish color of the deposit.

The study of the physicochemical parameters of the waters and the various
chemical forms, meaning the speciation of the trace elements in the deposits
coming from the water of these supply works, appears essential to better under-
stand the factors which control the abundance of these elements.

This work aims mainly to characterize the deposits from groundwater in
Dékin District - Dangbo City in southern Benin in order to suggest corrective

measures to make them drinkable.

2. Material and Methods

It consisted in accessing the water drilling in Hounhoue’s village and taking a
sample of the groundwater. Figure 1 shows the location of Hounhou¢’s borehole
in Dékin District.

The drill hole of Hounhoueé cross different lithological layers. These are from
top to bottom: ocher-ocher silty level with bank of 0 to 7 m, a thick layer of yel-
low clay interspersed with clayey altered gravel. The latter is followed succes-
sively by a level of fine sand of 36 to 38 m, a layer of limestone of 38 to 44 m and
gravel up to 50 m. It follows a thick layer of 30 m of fine sand ranging from 50 to
80 m deep (corresponding to the Mio-pliocene layer). All this is shown in the
next figure (Figure 2).
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Sample was with drawed in four cans of twenty-five-liter and two bottles of

one-liter as part of this study. These cans and bottles were all previously washed

and rinsed with distilled water in laboratory. From the laboratory and before the

field work, 1 mL of nitric acid was injected into a bottle of one liter to lower the

pH. This neutralizes the effect of the oxides and hydroxides towards the anions,

thus preventing the formation of deposit in water.
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Figure 1. Location of Hounhou¢’s borehole in Dékin District.
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Figure 2. Lithological section of the drilling of Hounhoue.
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In practice, the flow tap should be opened maximum for 5 to 10 seconds then
bring it back to an average flow for 2 minutes [7]. So, immediately on the
ground, before the sampling, we left the water flowed first for about 5 to 10
seconds at maximum flow, then to bring back to an average flow for 2 minutes
more to have chance to collect the water of the collected water, and not the one
stored in the water tower.

The non-acidified sample bottle and the cans were again rinsed 3 times with
water to be analyzed. They were subsequently filled with water without leaving
any air bubbles. These flasks were finally hermetically sealed. The acidified one
was used directly for sampling and did not require rinsing with water any more.

Back from the field, all samples were stored at the Laboratory of Applied Hy-
drology (LHA) of the National Institute of Water (NIW) at the University of
Abomey-Calavi (UAC) where researches on the waters and deposits from these
waters were conducted. The water bottle of one liter acidified was used for the
analysis of cations such as Ca’", Mg®*, Na*, K*, NH*" in addition to metals (iron,
copper and zinc). The other bottle was used to search for anions such as CI,
SO; ,NO,, NO,, PO, and F". These ions were all measured using the Hach
Lange Spectrophotometer DR2800.

Water of the cans of twenty-five liters made it possible to collect the deposits
resulting from water. These deposits were prepared before analysis. This phase is
crucial and makes it possible to obtain a representative sample in which the
concentration in pollutants is very close to that presents in the deposits. It in-
cludes decantation to collect mainly the deposit formed at the bottom of the
containers, the drying in the open air or in the laboratory in order to eliminate
the humidity and to avoid any deterioration before the mineralization and the
sieving, a necessary step for the elimination of large solid fragments that are not
usually considered as part of the deposit. After the phase of preparation of the
deposits, the samples are subjected to the method of sequential extractions.

The analyses relating to the chemical speciation of iron, copper and zinc were
carried out by the protocol of Tessier et al, 1979 [8]. Table 1 illustrates this

protocol.

Table 1. Sequential extractions for 1.0 g sediment sample.

Fraction Reagents chemical Volume (mL) Time (h)
Exchangeable 1M MgCl,, pH = 7, 20°C, continuous agitation 8 1
Acid-soluble 1M CH,COONa/CH,COOH, pHS5, g 5

(Ccoy) 20°C, continuous agitation
Reducible 0.04M NH,OH, HCI + 25%CH,COOH, - S
(Fe; Mn) 95°C intermittent agitation
5 2
Oxidizable 30% H,0,, 0.02M HNO;, pH = 2, 85°C, Intermittent 3
(M.0.) agitation, 3.2M CH,COONH,, +20% HNO, s 05
Residual 40% HF + 60% HCIO, (Total mineralization) 5 a sec
Total tent
0, a conten 40% HF + 60% HCIO, (Total mineralization) 10 a sec
in Metal
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3. Result

The results obtained from the physical and chemical analyzes are showed in
Figure 3 and Figure 4 below and relate to the anion and cation contents of the
water from the Hounhoue borehole, district of Dékin.

Figure 3 shows a high temperature value (29.3°C) compared to the World
Health Organisation (WHO) standard (25°C) [2]. This could be explained by the
influence of the ambient temperature on the water sampled and also by the geo-
thermal gradient of the area [9].

The pH value (6.11) is lower than the normal range of WHO, and Benin (6.5 <
pH <8.5). It is acid prone and qualifies water from drilling as aggressive.

Color parameter of the measured water is raised above the different standards.
Due to the red coloring of the water, the presence of inorganic materials such as
iron, copper and zinc is suspected. It could have a geological origin.

The Figure 5 shows the comparison between all these values.

We find high values of iron and ammonium ions compared to standards. The
results have been represented on Figure 6.

Figure 7 indicates that Hounhoué borehole’s water in the District of Dékin is
supersaturated with respect to Goethite and Hematite. The other mineral phases
show under saturation of the same water.

Figure 8 presents the results of the sequential extractions of iron.

This figure shows that the exchangeable fraction is the dominant one with 32%
in the various extracts. Iron is therefore mainly adsorbed on the mineral surfaces
by nonspecific bonds. However, the exchangeable fraction is the main factor im-
pacting the behavior of iron in the water of Hounhoue drilling. It is the fraction
presenting more risk for the water. In the same way, this fraction is followed by
the acid-soluble fraction which the second fraction is presenting more risk.

Figure 9 presents the results from the sequential extractions of copper.

Most of the copper is found in the reducible fraction, which then admits a
main bond with the oxides of iron, aluminum and manganese, which are weakly
crystalline or amorphous. These elements therefore control the amount of cop-
per in the water of the borehole.

Figure 10 presents the results from the sequential extractions of zinc.

Zinc is also found, like copper, strongly bound to iron oxides. Smaller bonds
were revealed with respect to carbonates and organic matter. Zinc is also found
in the exchangeable fraction but does not exist in the residual fraction.

It results thus from our study that the precipitate obtained is due to the strong
presence of iron in waters, which, by oxidizing, retains copper and zinc in the
deposit.

Figure 11 gathers the values of the results of chemical analyses carried out on
the deposits. It shows a superiority of the values measured compared to those of
the French guide. This implies the pollution of this water of drilling by ions
strong mineralization. It deserves to be treated to fulfill the necessary require-

ments.
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Figure 3. Physicochemical parameters of water from the Hounhoué.
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Figure 4. Electrical conductivity and color values of the water from the Hounhoue.

Comparison graphic between forage values, Benin
standard and WHO standard

Values
N
wv
o
)

200 - M Forage
M Benin Standard

50 + B = WHO standard
o -1 |__| T T T T T

VO QoW W
(90& &2 IS @% Q’J/X\ é%\ A $0 eo QOV
<

Parameters
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Figure 8. Distribution of iron in the different fractions of the deposit coming from the

water of the borehole.
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Figure 9. Sequential extractions of copper.
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Figure 10. Distribution of zinc in the different fractions of the deposit.
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Figure 11. Total contents of metals in the deposits.

Iron is thus the main motor of formation of the deposit which one observes
after a few hours in water of drilling. Its deposit also makes it possible to elimi-

nate part of copper and zinc in water.
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4. Discussion

Works of this study resulted in holding discussions on the physicochemical pa-
rameters, on the thermodynamic evaluation of the water of drilling of Houn-
houg, on the speciation of the metal traces elements and on the elimination of
iron in water.

» Physico-chemical parameters

Temperature value recorded during our study (29.3°C) is lower than the value
authorized by the standard of the WHO which is 30°C. Rodier (1984) [10]
quoted that the average temperature of water is 30°C in the wet tropical zone. It
is also lower to the average temperature, which is 31.95°C, obtained for ten dril-
lings of the Area of Eastern Logone in Chad [11].

But it is high compared to the relatively stable and fresh temperatures of two
sources Ain LOURA and Ain SFA in Algeria where the temperatures are respec-
tively 17.73°C and 17.5°C [12]. Let us note that a higher temperature with 25°C
supports the accelerated growth of thus involving micro-organisms unpleasant
tastes and odors [13].

Determination of pH is important: it conditions the calco-carbonic equili-
brium and the aggressivity of water [14]. The pH recorded at the water of the
borehole is not up to standard. The pH value measured in this water is 6.11 thus
revealing its acidity. It is lower than the pH obtained at Grand-Popo in Benin
[15] and at the Ain Regrag and Ain Sidi Bouali sources in the Sefrou region of
Morocco [16].

The conductivity of studied water, value 535 pS /cm, is definitely lower than
the Beninese standard which is 2000 uS/cm. This value indicates an average re-
tention of the water of drilling in various minerals.

The values of the ions such as sodium, calcium, potassium, fluoride, magne-
sium, chloride, sulphate, nitrate and nitrite, as well as copper and zinc obtained
in the water of drilling are all in conformity with the standards of WHO.

The iron obtained in the water of drilling indicated 5.49 mg/L of concentra-
tion. This high value of iron is comparable with those obtained by Oga et al,
(2009), [17] for water of the aquifers of fractures in the area of Tiassalé in Ivory
Coast which vary from 1.38 to 8.75. Indeed, the iron excess involves deposits
reddish in the conduits and of tasks on the linens and medical. On health, it af-
fects several organs of human such as heart, liver, pancreas, bones and articula-
tions [18].

Ammonium, like iron, had a higher value than the WHO standard. It would
come from the reaction of minerals containing iron with nitrates. Better known
in the form of ammonium chloride, it is not really dangerous for health.
> Thermodynamic evaluation of drilling water

From the different values obtained from the Hounhoue¢ drilling water analyz-
es, it appears that the type of facies encountered in the zone is sulphated sodic.
These elements (sulphate and sodium) are the most dominant, therefore those

characterizing the water of the borehole. They may vary in content depending
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on the season, the depth and location of the structure, and the geology of a re-
gion [19]. Elements metals trace studied in borehole water could result from an
alteration or leaching of a layer in contact with water, adsorption and ion ex-
change.

Supersaturation of the water of drilling with respect to Goethite (FeOOH) and
Hematite (Fe,O,) implies that these phases conditions the formation or not of
analyzed deposit. Goethite is the most widespread iron oxy-hydroxide in the
grounds from its great stability. It is thus present at all the latitudes on our
sphere, in temperate zone, wet and cold [20]. Goethite gives a brown-yellow col-
or to the pedological profiles and can be concentrated locally in concretions. Its
forms either by dissolution of compounds carrying iron (II) (silicates, carbonates
or sulphides of iron) involving the release of iron which is oxidized in goethite in
an oxic medium or by transformation of the ferrihydrite into goethite.

The high iron concentration obtained in the water as well as in the precipitate
analyzed is in line with the values obtained for groundwater hydrochemistry in
the region of Adiaké (southeastern coast of Ivory Coast) [21]. This result is also
in line with the results of Ahoussi et al, (2013) [22] who claim that the high iron
content obtained in the boreholes is attributed to the geological formations of
the region. Abundance of precipitation causes a very intense alteration and dis-
solves primary minerals from the source rock by hydrolysis. This alteration re-
sults in the individualization of the metal oxides and also the release of residual
quartz elements in abundance. Thus, high concentration of iron obtained in the
water could be due to the phenomenon of dissolution and/or leaching caused by
water as it passes through the ocher-ocher coarse sand layer.

The aquifer’s water is thus strongly found mineral-bearing. The iron excess
involves deposits reddish in the conduits and of tasks on the linens and medical.
On health, it affects several organs such as heart, liver, pancreas, bones and arti-
culations [18] [23]. It thus gives rise to many evils like cirrhosis, diabetes, cancer
of liver, osteoarthritis.

Sodium and the sulphate found in strong concentration, and characterizing
the type of water of the drilling of Hounhoueé could come from the dissolution of
the aquiferous rock.
> Speciation of the Metal Elements Traces (iron, copper and zinc)

Precipitate resulting from water of the drilling is strongly rich in trace metallic
elements. All the three analyzed elements are found with higher concentrations
compared to the French values guides for the contents of metals in sediments.

Unlike Luoma and Rainbow (2008) [24] who claim that based on several stu-
dies in the environment, copper is known for its exceptional affinity for organic
matter, copper in our case rests mainly on the reducible fraction. It is therefore
mainly bound to oxides of iron, aluminum and manganese, weakly crystalline or
amorphous. These are elements controlling the copper in the drilling water of
Hounhoue. It also has more affinity for exchangeable and residual fractions than

for the two other fractions.
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Like copper, zinc is strongly bound to iron oxides. It results from our study
that the precipitates obtained are due to iron oxides; and this oxide retains cop-
per and zinc: this consolidates the results obtained with PHREEQC software.
Indeed, the supersaturation of the water of the drilling with respect to Goethite
(FeOOH) and Hematite (Fe,0,) causes presence of copper and zinc in the iron’s
deposition. However, zinc has no affinity for the residual fraction. This would
mean that the zinc contained in the precipitates is not related to the geochemical
background. Its presence is due to alteration because the human impact can’t be
considered in our case. It nevertheless admits stronger relationships respectively
in the oxidizable, acid-soluble and exchangeable fractions.

Iron speciation in this drilling water showed high values at all fractions. The
exchangeable fraction of iron is needed with 32%. It is also strongly bound with
carbonates, organic matter, aluminum and manganese. Of all the fractions, the
residual fraction (bound to silicates) is that showing a small proportion. This in-
dicates that the exchangeable fraction is the main factor impacting the behavior
of iron in the Hounhoue¢ drilling water. But the exchangeable fraction is the one
that presents more risk for water.

Considering the fractions obtained for the fractionation of the three metals,
they can be classified into two large phases: the residual phase and the
non-residual phase composed of reducible, oxidizable, acid-soluble and exchan-
geable fractions. The non-residual phase includes elements that can interact with
their environment, as they are potentially considered available for the environ-
ment and living organisms. Therefore, the mobility and toxicity of metallic trace
elements are related to their proportions in this phase [25]. Similarly, the frac-
tions of the non-residual phase are exchangeable and acid-soluble fractions.
There is more extractable when physicochemical conditions change [26] [27]. In
our study, copper and zinc are more related to iron and the exchangeable frac-
tion of the latter is the most important: therefore the deposits from drilling wa-
ter, made of iron, represent a risk of contamination of iron water, zinc and cop-
per.

The various fractions obtained at the time of the speciation of the deposit,
compared with the mineral phases obtained in PHREEQC made it possible to
deduce from it that Goethite and Hematite are represented by the reducible frac-
tion (connection with oxides) and possibly by the exchangeable fraction (con-
nection nonspecific and practitioner exchanges to surface). Iron is thus the main
motor of formation of the deposit which one observes after a few hours in water
collected of drilling and the terminals fountains of Hounhoue¢ in the District of
Dékin. Its deposit also makes it possible to eliminate part of copper and zinc in
water.
> Method of elimination of iron in water

From all that precedes, to deal with the deposit amounts eliminating Goethite
and Hematite from groundwater. Such a treatment can be done by decreasing

the pH of water using acid solution. However, a study must be made to identify
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an inoffensive acid for body and to find the effective dose. But the consequence
of such a treatment would be to release the copper and zinc retained by Goethite
and Hematite in water. The best treatment will thus consist in making form the
precipitates quickly and effectively while allowing Goethite and Hematite to re-

tain the more elements metal traces.

5. Conclusion

This study made it possible to evaluate groundwater contamination of Houn-
houé’s borehole in the District of Dékin, City of Dangbo in southern Benin by
the MTE (Cu, Fe and Zn). In drilling water, copper and zinc have values that
meet the standards of water potability. On the other hand, the value of iron in
water exceeds the standards. With the exception of the residual fraction of zinc
that was not found in the deposit collected, all the others fractions of this ele-
ment and the two other metals are present with varying concentrations. Howev-
er, the copper, iron and zinc contents in the deposits are higher than the French
guideline values. This contamination is due to the contact of the water with the

mineralization present in the geological formations.
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