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Abstract

The aim of this study is to apply a water treatment technique (phyto-purification) in the Algerian Sahara, an arid region, to
resolve the scarcity of irrigation, recycled wastewater and preserve Saharian ecosystems composed of sand and two species
of aquatic plants: Typha latifolia and Imperata cylindrica. The choice of these plants was determined based on the natural
vegetation, soil and climatic characteristics of the study area. To this end, we developed an experimental pilot composed of
three tanks measuring 30 cm X 35 cm x45 cm, arranged with a filter bed of sand and gravel. Two of these tanks are sown with
the above-mentioned plants, while the third tank, serving as a control, is not. The values of the main wastewater pollution
parameters, namely total nitrogen compounds, ammonium (NH, "), chemical oxygen demand (COD) and suspended solids
measured at the outlet of the device, substantiate the performance of this treatment system. Indeed, the nitrogen reduction
rate increased from 63% in the unplanted control filters to around 80% in the planted filters, and from 81 to 88% for NO;™.
Regarding chemical oxygen demand (COD), the reduction rate exceeds 88.37% for the three tanks. The study of the analyti-
cal approach to modeling the purification kinetics reveals that the kinetics of COD and NH," are well correlated with the
first-order model, with an explained variance varying between 68.1 and 81.6% for COD and 83.5 and 92.3% for ammonium.
The Riverside diagram highlights that all treated water samples fall into the low sodium risk and high salinity risk class.
Build on the Na% values; all purified waters have characteristics suitable for water use for irrigation.

Keywords Algerian Sahara - Recycling wastewater - Irrigation - Phyto-purification - Physicochemical parameters - Rates of
treatment

Introduction

Nowadays, safeguarding our water resources and our envi-
ronment depends on our ability to purify wastewater before
release them into the natural environment (Bendida 2012).
Wastewater is liquid water which, after industrial, agricul-
tural or domestic use, is considered essential to preserve
the immediate human environment as well as to preserve
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watercourses and groundwater. The term “water” describes
the relationship between the demand for liquid and the vari-
ability of its availability (Saini et al. 2021). Insufficient water
resources are quickly becoming a major challenge for many
developing countries, which implies a lack of sufficient
water (quantity) and no access to safe drinking water (qual-
ity) (Kendouci et al. 2019). A growing population imposes
countless demands on natural water resources (Bendida et al.
2021). Most developing Nations face significant environ-
mental challenges, particularly regarding wastewater treat-
ment. (Jean-Marie et al. 2008).

In semi-arid and arid regions where the imperatives of
population growth and improvement in living standards are
met, the volume of wastewater produced is increasing sig-
nificantly and will continue to increase steadily (Kendouci
et al. 2016). Its consideration is therefore of the utmost
importance and its valorization must therefore be inte-
grated into the Sustainable Development Goals, provided
that they are purified. However, wastewater treatment is
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virtually absent in arid areas due to the high cost of invest-
ment and maintenance. As a result, urban waste water gen-
erated in these areas is released to receiving environments
without treatment. It is therefore necessary to explore new
technologies for purification. That is adapted and reliable
to the realities in these regions. Scientists are always look-
ing for the best way to purify waste water with the least
expense and maximum efficiency (Mimeche 2014).

The tension on water resources has never been so
strong, and is increasing: we must find a way out in the
face of droughts, and stop wasting. The recycling of water
and its reuse is now encouraged. Knowing what is meant
by wastewater requires having several key elements: what
is the initial use of the water, what is its nature, its degree
of contamination, and what technique is used to “clean
up” it.

Recycling wastewater consists of recovering wastewater
after treatment, to reuse it. This recycling, therefore, fulfills
a double objective of saving resources: It allows both to save
resources upstream by reusing them and also to reduce the
volume of polluted waste. Its interest is, however, limited
when there is no quantitative pressure on the water resource
in the sector concerned. The availability and supply of drink-
ing water are major challenges for the coming decades. It
is even to be feared that, occasionally or more chronically,
no country will be spared from this problem. Although the
industry has been at the forefront of recycling, wastewater
recycling has been gaining acceptance in recent years, par-
ticularly for irrigation and green space maintenance. It may
soon be considered as a solution, including for domestic
use. The reuse of wastewater is primarily for agricultural
purposes. Indeed, agriculture is the activity that consumes
the most water in terms of net consumption.

In Algeria, only 0.2% of treated wastewater is reused.
Some countries, such as Italy and Spain, manage to reuse 8
and 14% of their treated wastewater.

Agriculture (irrigation) and green spaces (watering gar-
dens, golf courses, stadiums, etc.) already use Reut (Reusing
treated wastewater). Water from industries (effluents) and
treatment plants can be used in a closed circuit, for cleaning,
energy production (biomethanation) and heating. Another
use is drinking water. The unpolluted water can even, in
some cases, recharge the water table. Agricultural irriga-
tion water, watering green spaces, cleaning vehicles or struc-
tures: There are many uses! As a reminder, in Algeria only
0.2% of treated wastewater is reused, so together let’s fight
to preserve the environment while benefiting from business
opportunities such as the resale of water to be reused or a
significant reduction in your water consumption.

The advantages of using treated wastewater are of differ-
ent kinds. In the context of environmental degradation, the
societal expectation to avoid wasting water is growing. Com-
panies can also see an economic interest in using recycled
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wastewater. We can observe three types of advantages when
we talk about Water Reuse:

e Environmental saving the water so far taken; fewer inputs
injected into the natural environment because the waste-
water, treated and reused, contains organic matter; limita-
tion of polluting discharges at the source, in industry.

e Societal favored circular economy; fight against waste
and use a new resource.

e Economy in the internal circuit, the industry can reduce
its bill by reducing its water consumption by 50-80%.

Phyto-purification is gaining popularity in the physical
and biological purification of wastewater treatment. Bio-
logical filtration technology offers the advantage of reduced
operating costs, limited spatial footprints, high pollutant
removal rates, as well as flexible collection. The flow type
plays a crucial role in antibiotic removal, as it determines
the redox conditions of the system and, therefore, influences
microbial degradation.

To take advantage of the advantages of one species to
compensate for the disadvantages of another, a balanced
approach must be adopted. The vertical flow provides favora-
ble conditions for nitrification (aerobic) can be compensated
by a horizontal flow that is more effective in denitrification
(hypoxia) to improve treatment effectiveness (Bendida et al.
2013).

Planted with macrophytes has shown its effectiveness in
treating industrial and domestic wastewater. Phyto-purifica-
tion represents an alternative method of treating domestic
wastewater, thus meeting present environmental needs (Cris-
tina et al. 2008). Several projects have proved their ability to
effectively clean up urban wastewater worldwide, and artifi-
cial marshes have been used for the purification of municipal
wastewater and industrial effluents. In addition, using the
local plants of economic interest on these systems as mac-
rophytes makes them more attractive because they can be
self-financing (Bendida 2012). Wastewater treatment in filter
marshes is carried out using a combination of both physical,
chemical and biological methods. Plants play an essential
role in the purification process, specifically by promoting the
development of micro-organisms and oxygenating the envi-
ronment (Mimeche et al. 2010). The artificial filter marshes
have the advantage of having reduced installation and oper-
ating costs, requiring no chemicals and little or no energy,
compared to conventional methods wastewater treatment.
In addition, they provide a natural habitat and benefit from
strong social acceptance. Inspired by natural wetlands, they
are man-made ecosystems that are capable of treating all
types of wastewater, including industrial, agricultural and
municipal, effluents. They purify wastewater by filtration,
using specific plants and selected filter media (El1 Hashemi
et al. 2012; Mimeche et al. 2010).
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This work consists of two parts. In the first part, we focus
on wastewater purification in a desert city with a domestic
drainage system, treated using planted filters. We were sec-
ond, characterizing the wastewater treated with the culti-
vated filter for use in irrigating the nearby arid lands.

Material and methods

The physio-chemical parameters were analyzed by the
experimental protocols described by the standard methods.

pH, conductivity and salinity

Measuring the pH of wastewater indicates the alkalinity or
acidity of this water, it varies depending on the nature of the
basic or acidic effluents. The latter influences most of the
chemical and biological mechanisms in the aquatic environ-
ment. However, it is important for the viability and growth
of micro-organisms. The level of electrical conductivity is
probably one of the simplest and most crucial parameters for
controlling wastewater quality. It is the paramount impor-
tance when considering the reuse of wastewater in agricul-
ture. The salinity of water corresponds to its concentration of
dissolved salts as a whole (Derradji2015). These parameters
were measured with the WTW 197i multiparameter probe.

Suspended solids (SS) and chemical oxygen demand
(CoD)

Chemical oxygen demand is expressed in mg of oxygen per
liter. It represents the total content of water in oxidizable
materials (Rodier 2009). The principle of measuring Chemi-
cal Oxygen Demand (COD) involves treating a sample for
two hours in an acidic medium, with the addition of potas-
sium dichromate (an oxidizing agent), silver sulfate (cata-
lyst of oxidation), and mercury II sulfate (chloride ion com-
plexes). Then the excess potassium dichromate is measured.
Suspended matter includes all mineral or organic matter that
does not dissolve in water. Knowledge of the concentration
of these particles in wastewater is necessary in assessing the
impact of pollution on the aquatic environment. The SS is
filtered paper, the water is filtered and the weight of material
retained by the filter is determined by differential weighing
(Rodier 2009).

Nitrogen forms

Kjeldahl nitrogen in turn is made up of organic nitrogen and
the ammonium ion. The release of nitrogen into the receiv-
ing environment, such as water, causes oxygen consump-
tion, leads to eutrophication, creates toxicity for fish, and
constitutes an obstacle to the production of drinking water

(Bendida 2012). The measurement was carried out using an
udo 129 distiller kjeldahl. Ammoniacal nitrogen is mainly
found in the toxic form of NH,". It serves as a good indica-
tor of the pollution of the waterways by discharges of urban
effluents. Its presence in water usually reflects an incomplete
process of organic matter degradation. For ammonium ions
(NH, "), the determination is based on the reaction of ammo-
nium ions with chlorine in an alkaline medium to form mon-
ochloramine. Together with thymol, it forms a blue inphenol.
Nitrates are the salts of nitric acid. The presence of nitrates
in water is an indicator of pollution of urban, agricultural or
industrial origin. Nitrate compounds were measured using
an AL800 spectrometer. The nitrate ions (NO; ™) were deter-
mined by the 8507 method based on the chromotropic acid.
The principle of this essay consists in reducing the nitrate
ions to nitrite ions in an acid medium. These form an azo-
yellow-orange coloring (Kendouci 2012). The measurement
was carried out using an AL800 Spectrometer.

Sulfate and chlorides

Sulfate is of multiple origins: natural (gypsum, pyrite, and
volcanoes), industrial (tanneries, paper mills, and textile
industry) and agricultural treatment products (pesticides,
fertilizers, etc.). The sulfate dosage was carried out by pre-
cipitation of the latter in a hydrochloric medium in the form
of Barium sulfate. The precipitate thus obtained is stabi-
lized using a two-solution (Maazouzi 2010). The homoge-
neous suspensions are measured with a spectrophotometer
at 650 nm. Chlorides are elements of natural origin (sea:
27 g/l NaCl, and salty land), humans (wastewater; 10-15g
NaCl in urine/day) or industrial (agrifood, electroplating,
etc.). At the level of the estuary, the chloride contribution is
mainly marine (Kendouci 2018). Chlorides were evaluated
by Mohr volume try. By a solution of silver nitrate, in the
presence of potassium chromate as a colored indicator, the
AgCl precipitates as long as there is C17, the end of the essay
is detected by the appearance of a red color.

Sodium and potassium

Inside a biological entity, sodium plays a vital role by par-
ticipating in a large number of biological phenomena. IT
can take the place of potassium ions when entering the body
and can be essential in the functioning of enzymes. Potas-
sium is involved in the development of a large number of
biological phenomena. All living things need potassium
(Kendouci 2018). The principle of potassium measurement
is based on the excitation of these atoms using specific rays
for each ion at the flame photometer. The sodium concen-
tration is obtained after the calibration of the device with
a standard NaCl solution (JENWA clinco LPFP7 Flame
Spectrophotometer).

@ Springer
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Calcium and magnesium

Calcium ranks as the fifth most abundant natural element,
while magnesium ranks eighth. These two elements are
found in all natural waters. Calcium quantification was
performed using the EDTA titrimetric method. As this
essay is done at a high pH (12-13), the calcium is pre-
cipitated in the form of hydroxide and does not intervene,
so the chosen indicator Murixide only combines with the
calcium to form a red complex (Maazouzi 2010). The mag-
nesium assay is based on the EDTA titrimetric method to
which Black Eriochrome is associated as a specific color
indicator that the magnesium complex is purple (Derradji
2015).

Plant
10 cm of Sand
5 cm of Gravel 8/154 i
Valve |, T P S N kg
SRR SRR
i
1
i
i
i
1
i
i
1
i
i
;
1
L
.EIP mp

Fig.1 Schema of the experimental pilot (Bendida 2012)

Fig. 2 Digital photographs of
the experimental pilot (Bendida
2012)
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Experimental pilot

The experimental pilot is composed of a plastic bin with a
height of 30 cm, width of 35 cm and 45 cm length. The bin is
filled from the bottom upwards with gravel of the following
diameters (gravel 8/15 (5 cm), gravel 3/8(5 cm)) and sand
(10 cm) (Fig. 1). Each bin is inclined with a 5% slope toward
the downstream side.

The sand

The great Erg Occidentale is located in the northwest of
the Sahara, 600km as the crow flies south of the Mediter-
ranean, 500km long from WSW to ENE, 150 to 200km wide
and covers an area of nearly 100,000 km? (Kendouci 2012).
To determine the sandy site’s economic interest, we con-
duct mineralogical and particle size studies of these fine
sediments. These vast expanses of sand, commonly called
Ergs, create an iconic landscape of the Sahara, giving it a
distinctive singularity. The media coverage of these sites
contributes greatly to the region’s economy, as highlighted
by Kendouci et al. (2013).

The plant

Collection of experimental plant The two plants, Typha
Latifolia and Imperata cylindrica are harvested from the
Oued Bechar discards; the species are transplanted into pol-
yethene tanks and transported to the laboratory. The roots
are rinsed several times with twice distilled water and then
implanted in the bin (Fig. 2).

Typha latifolia 1t exists in public gardens and waterways.
Typha, also called cattail, is a tall perennial water plant that
evokes rushes or reeds. It is characterized by creeping roots
and long flattened leaves. The best-known species remains
the broad-leaved cattail which reaches between 1.50 and
3 m in height with flowers ending in dense cylindrical spikes
and a downy ovoid fruit of brown color (Fig. 3). The cattail

L —F-
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Fig.3 Typha Latifolia at Oued Bechar [2023]

grows in freshwater marshes, near quiet streams in tropical
and temperate regions; it is sometimes planted at the edge
of ponds and in aquatic gardens (Bendida 2012). The root
system of Typha latifolia is specially made up of submerged
rhizomes which form creeping roots and which allow this
plant to quickly colonize large areas. Typha latifolia grows
in stagnant or slow-flowing water, preferably at a depth
between 0 and 50 cm. They are present up to an altitude of
1800m.

Imperata cylindrical Imperata cylindrica is a Mediterranean
and tropical species present throughout the Sahara in hot
and damp places. Imperata cylindrica is a perennial plant
whose height varies between 30 and 150 cm (Fig. 4). The
aerial stems are short, and erect and arise from rhizomes.
The roots are fibrous and develop from the base of the culm
and rhizome nodes. (Bendida 2012).

Fig.4 Imperata cylindrical at Oued Bechar [2023]

Results and discussion

The sand

The sand examined is classified in the category of fine sand,
according to Kendouci (2012). This classification is cor-
roborated by its low porosity rate, which amounts to 42%;
close to those found in the literature, the usual values of
porosity for soils range between 30 and 60%, which more
or less fine sand can also be quantified by the effective
diameterd,jestimated from particle size analysis which is
of the order of 0.17mm, the fineness modulus (FM) 2.16
for sand; and the very low permeability of the sandwiches,
measured at approximately 7.26 x 10~ m/s, classifies them
as having good permeability. A uniformity coefficient of
less than 2 indicates a uniform grain size (Kendouci 2012)
(Table 1).

The physical features of water
Electrochemical results

The pH at the outlet of the three tanks shows a slight vari-
ation concerning the rejection value (Fig. 5). The value of
the latter is 8.14. The pH reduction rates for the three tanks
are 5.89% for Typha, 5.89% for Imperata and 3.43% for the
control tank. The decrease in pH reflects acidification of
the environment, which can result from the oxidation of
ammonium and organic matter (Bendida et al. 2013). The
oxidation of organic matter generates carbon dioxide (CO2)
which acidifies the environment. The nitrification (oxida-
tion of ammonium) leads to acidification of the water in
the tanks. The optimum progression pH of Typha latifolia
is between 3 and 8.5 (Cristina et al. 2008). In our work, pH
values remain in the range 6.5-8.5.

The electric conductivity of the treated wastewater for
both planted tanks is higher than that of the unplanted tank
and raw wastewater (Fig. 6). The conductivity at the inlet

Table 1 Physical characteristics of the sand

Parameter Sand
Fineness modulus (FM) 2.16
Effective diameterd,;mm 0.17
Coefficient of uniformity (CU) 1.76
Surface area of the material M~™' (As) 36.69
Permeability (m/s)107™* 7.26
Absolute density kg/m® 2.63
Porosity% 42.01
pH 7.02
Conductivity (pS/cm) 62
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Fig.5 Results of pH before and after therapy
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Fig.6 Results of EC before and after therapy (EC =electrical con-
ductivity)

(before filtration) is 1965 uS/cm, the conductivity increase
rate for the Typha tank is 21.77%, that of the Imperata
tank is 24.55%, and that of the control tank is 13.92%. The
increase in electrical conductance in ponds is clarified by
the increasing accumulation of salts in the filtration beds,
resulting from vaporization processes. This difference in
results would be related to the type of plant used. Regard-
ing the effect of conductivity on the species used, Typha
latifolia is characterized by a low and high tolerance to
salinity between 4 mS/cm and 9 mS/cm (Cristina et al.
2008). According to Shu et al. (2001), most species sur-
vive in environments with conductivity varying from 0 to
2 mS/cm. Sensitive plants are impacted by conductivity of
4-8 mS/cm; while, tolerant plants can thrive in environ-
ments where conductivity exceeds 8 mS/cm.

The salinity of the three tanks during the experiment
varies from 1.98-2.95 g/l (Fig. 7); there is an increase
in the salinity value for the three tanks as a purpose of
the residence time. The salinity increase rates of Typha,
Imperata and Witness tanks were 23.23%, 48.98% and
12.62%, respectively. The salinity of the discharge before
filtration is 1.97 g/1. During the treatment period, the con-
ductivity of our medium remained between 3 and 5 mS/
cm. These waters are moderately saline and should be
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Fig.8 Results of COD before and after treatment (COD =Chemical
Oxygen Demand)

used with moderate restrictions for irrigation (Abissy and
Mandi 1999).

Chemical oxygen demand (COD) and suspended solids (SS)

The COD and SS values for release before filtration are
150 mg/land and 215 mg/l, respectively. Based on the results
shown in the figures below, a reduction is observed for the
two parameters (chemical oxygen demand and suspended
solids) in the three tanks, the residence time plays a very
important role to reach the reduction rate. In the case of SS,
this effect was expected because of the filter function itself;
for COD, physicochemical reactions are at the origin of this
decrease. It is then observed that the colloidal and particulate
elements are entrained during the decantation. At the filtra-
tion inlet, the COD will therefore be mainly in soluble form.
The COD removal rate is 98% for the Typha tank, 95.35% for
the Imperata tank and 88.37% for the control tank, almost
total COD mitigation is observed for the Typha tank (Fig. 8).
This is apparently due to the physical accumulation and the
oxidation of organic matter in the tanks. These results are
close to the removal rate of 91.99% obtained by Zhang et al.
(2007) probably using Pseudacorus 1 as the plant species.
These results are probably linked to the presence of plants
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which create physicochemical conditions favorable to the
organic matter oxidation by the microbial flora. These pro-
vide oxygen to the filter bed via their rhizomes and roots.
(Brix 1994; Kroer et al. 1998); where the major reduction
in COD is achieved by microbial decomposition (Greenway
et al. 1999; Bindu et al. 2018).

The elimination of suspended solids (SS) is significant.
From the first filtration stage, between 76 and 81% of the
SS are retained (Fig. 9). This rate reaches 88% at the end
of the process. These high performances allow the system
to result quality water for suspended solids. The water col-
lected at the end of purification complies with the standard
for wastewater discharge into the natural environment, which
is 50 mg/l (Bendida 2012). The reduction in the SS con-
centration in the different tanks is due to physical filtration,
which retains the coarse particles on the surface and the finer
ones, whether by obstructing between the pores, by intercep-
tion and fixation on the grains, or by chemical reactions.
(Bendida et al. 2013.) The removal of 85.5% of the SS from
the Typha planting tank and 87.7% from the imperative tank
is similar to that documented by Jean et al. (2008). (85.5%).
These important results are explained by the fact that the
mass implanted by a macrophyte allows good removal of
suspended solids and organic matter degraded by bacterial
activity at the roots.

Azote forms

The principal indication of nitrogen in wastewater and
ammonium-based detergents is urine, and ammonification
reactions can turn organic nitrogen into ammonium. As
ammonium has a high oxygen requirement, odorous mol-
ecules (nitrogen compounds) are what produce offensively
since. Kjeldahl nitrogen presents worrying concentrations,
reaching a maximum of 62.18 mg/l in discharges; while, the
value of ammonium is 26.60 mg/l. The maximum nitrate
concentration is 7.94 mg/1.
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Fig.9 Results of SS before and after treatment (SS = Suspended Sol-
ids)

According to Fig. 10, there is a decrease in the concentra-
tion of kjeldahl nitrogen. The elimination rate is 79.27% for
the Typha tank, 81.98% for the Imperata tank and 63.96% for
the control tank, the latter being compared with the 65.60%
elimination rate obtained by Tama et al. (2009). This result
is due to the biological oxidation of nitric acid by bacteria
and plants. Degradation of organic matter and denitrifica-
tion of nitrogen in the root region of plants is carried out by
micro-organisms. This zone will allow the proliferation of
micro-organisms which are the main decomposers of organic
matter in the root zone.

The ammonium contents of the waters studied show a
variation as a function of the filtration time for the three
tanks (Fig. 11). A decrease in the ammonium content is
observed, the removal rates are 91.11% for the Typha tank,
90% for the Imperata tank and 66.66% for the sandbank.
A removal rate of 80.75% ammonium is obtained after 5
days as retention time by Tama et al. (2009) in the pres-
ence of (Typha. latifolia) as a species. The production rates
obtained here of 91.11% for Typha and 90% for Imperata
compared with the control tank which is 66.66% shows that
the ammonium ion is well assimilated by the two species
(Typha and Imperata) which use it as nitrogen sources. Two
other processes can reduce ammonium in the environment:
ammonia volatilization and nitrification. The volatilization
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Fig. 10 Results of Kjeldahl nitrogen before and after treatment
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Fig. 11 Results of ammonium before and after treatment
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is favored at high pH (pH=9) and will be responsible for the
21% reduction in nitrogen (Zimmo et al. 2003). In our work,
the pH remains below 9, which means that the ammonia
volatilization rate remains low.

It can be seen from Fig. 12 that the nitrate contents of the
waters for the three tanks are lower than the release before
filtration, the reduction rates of Typha, Imperata and the
control tank are respectively 87.63%, 86.84% and 80.57%.
According to Chan et al (2008), nitrification is easy with
dissolved oxygen contents 2—3 mg/l, the phenomenon is
not then negligible under aerobic conditions leading to the
development of nitrates. The removal of nitrates from the
two planted tanks is likely due to good nitrification. The
ideal proportions of nitrate to ammonium vary depending
on the plant, stage of development, the nitrogen concen-
tration supplied and environmental conditions (Zou et al.
2000, Tylova et al. 2005; Chang et al. 2010). Nitrates can
be effectively removed by microbial denitrification in the
presence of bacteria.

Sulfate and chlorides

Sulfate and chlorides have very high concentrations, this
augmentation are probably due to the nature of urban dis-
charges containing sulfatic-based detergents (metastable
state) which transform (oxidation) into sulfate. The sulfate
concentration is 795.76 mg/l; while, the value of chloride
is 923 mg/l. According to the curves representative of the
sulfate evolution (Fig. 13) for the three tanks, a decrease
in the sulfate content in the three tanks compared to the
water before treatment. For the Typha tank, the sulfate
elimination rate is 47.49%, for the Imperata tank 51.09%
and 61.9% for the control tank. According to Fig. 14, we
first observe a decrease in the concentration of chlorides,
however, after the 4th sampling, we notice an augmen-
tation compared to the water before treatment. For the
Typha tank, the chloride increase rate is 24%, 28% for the
Imperata tank and 8% for the control tank. Concerning the
chlorides, their concentration in the three tanks is higher
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Fig. 12 Results of nitrate before and after treatment
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than that of the water before treatment, this is explained
by an increase in evaporation as well as by the increase
in electrical conductivity measured in the treated waste-
water during the culture time. (Abissy and Mandi 1999).
Sulfate and chlorides are proportional to the salinity of the
environment and can influence photosynthesis. They act
on the stability of calcium and magnesium in the tissues
by decreasing and inducing an increase in the cushions of
K and Na in the tissues, which influences photosynthesis.

Potassium and sodium

The evolution of the sodium and potassium contents shows
that there is an increase for the two parameters in the
three tanks compared to the rejection (Figs. 15, 16). The
potassium and sodium values for release before filtration
are 33.19 and mg/l 27.12 mg/l, respectively. The rate of
increase in sodium varies from 89% for the Typha tank to
100.5% for that of Imperata and 107.94% for the control
tank; for potassium, it is 26.80% for Typha, 28.14% for
Imperata and 13.40% for the unplanted tank (Sand). These
increases are probably due to the phenomenon of water
evaporation during this period.
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Calcium and magnesium

The calcium and magnesium contents of the rejection before
filtration are respectively 134.26 mg/l and 68.53 mg/1. The
evolution of the calcium and magnesium contents shows that
there is a decrease for the two parameters (Figs. 17, 18) in
the three tanks compared to the rejection. The calcium elimi-
nation rate is 7% for the Typha tank, 8.5% for the Imperata
tank and 4.23% for the unplanted tank. For magnesium, the
reduction rates for Typha, Imperata and the control tank are
7%, 9.3% and 5.89%, respectively.
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Fig. 18 Results of magnesium before and after treatment

The Concentrations of the wastewater pollution indica-
tors (Kjeldahl nitrogen, ammonium and suspended solids),
measured at the outlet of the device, confirm the effec-
tiveness of the planted filters. The reduction rates in the
unplanted control sand filter are approximately 88.37% for
COD, 85.50% for SS, 63.96% for NKT and 66.66% for NH,*
(Fig. 19). The reduction rates in planted filters are around
98% of COD for Typha latifolia and 93.53% for Imperata
cylindrica, 85.5% of MES for Typha Latifolia and 87.7% of
MES for the Imperata cylindrica (Figs. 20, 21). All these
results confirm the effectiveness of the use of plants to purify
wastewater. The elimination of pollutants makes it possible
to obtain good quality water that can be reused in the sector
of industrial and irrigation and can solve one of the water
shortage problems in our country.

The kinetics adopted for the degradation
of carbon and nitrogen pollution

The kinetics of degradation is described by a variety of
mathematical expressions increasing complexity as attempts
are made to integrate the many variables impacting the dis-
appearance of organic matter.

In our study, we propose a “1”” order model that describes
well the decreasing part of the carbonaceous and nitrogenous
material:

dx
E =—aX + b

With:

%: Pollution degradation kinetics in (mg/1/d).

X: Pollution concentration in (mg/1).

t: residence time in (d).

a and b are the kinetic constants of the model, expressed
in (d~!) and (mg/1/d), respectively.

In this study, we focused on carbon pollution (COD)
removal characteristics and nitrogen pollution (Kjel-
dahl nitrogen, ammonium and nitrate), depending on the
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Fig. 19 Rate of treatment
(Typha tank)

Fig.20 Rate of treatment
(Imperata tank)

Fig.21 Rate of treatment (sand
tank)
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variation in residence time. 14 day expertise; the sampling ~ COD removal is between (0.68 and 0.82), meaning that
step shall be distributed as follows: 17 h, 41 h, 89 h, 161 h, this model is representative of our case.

233 h and 353 h.

Figures 23, 24, and 25 show the removal kinetics of nitro-

In Fig. 22 we have shown the results according to the  gen pollution as a role of time, the initial concentrations of
kinetic model of the first order; the variance applied for  Kjeldahl nitrogen, Ammonium and Nitrate are 62.18 mg/l,
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Fig. 22 Kinetics of COD
removal

Fig. 23 Kinetics of ammonium
removal

Fig. 24 Kinetics of Kjeldahl
nitrogen removal
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26.60 mg/l and 7.94 mg/l, respectively. According to Fig. 23,
which shows the kinetics of ammonium elimination, the
variance applied is between (0.83 and 0.92), so there is a
strong correlation between the removal of the ammonium
concentration and the residence time. The strong correlation
is noted in the Typha tank, which means that this model is
representative of our work.

Regarding the kinetics of Kjeldahl nitrogen and Nitrate
elimination, the variance applied is comprised (0.20 and
0.50) so there is a weak correlation between the concentra-
tion of Kjeldahl nitrogen, Nitrate and the residence time.
That means this model is not representative of the degrada-
tion of Kjeldahl nitrogen and Nitrate (Figs. 24, 25).

Evaluation of treated water for irrigation

The chemical study of irrigation water appeared necessary
to highlight any danger that certain chemical elements may
present.

pH

In irrigation water, the pH should be between in the range
5.5 and 8. The pH values obtained for the three samples are
in the range of 7.66—7.86; this pH is allowed for crop irriga-
tion (Bendida et al. 2021).

Alkalinity hazard

Sodium is an element of alkaline and alkaline earth bases,
playing an important role in maintaining the permeability of
the solution for irrigation. To determine this risk, consider
creating a classification that considers the ratio of sodium
absorbed to total mineralization (SAR), in large quantities in

@ Springer

irrigation water. The calculation of the SAR value is carried
out using the following formula.

Naz+

\/Ca*t + Mg*t /2

The SAR values of treated water are between 0.92 and
1.09 (Table 2). These values did not exceed the recom-
mended threshold values (SAR <10, therefore a minimal
risk of sodium accumulation). All samples belonging to
class (S1) correspond to low sodium content. Extreme SAR

SAR =

Table 2 Quality parameters of treated water for irrigation purposes

Parameters Range Water class  Typha Imperata Sand
pH 6.5-8.5 Good 7.66  7.66 7.86
EC (ps/cm) <250 Excellent
250-750  Good
750-2250 Doubtful 2250
>2250 Unsuitable 2405 2460
SAR <10 Excellent 0.92 1.03 1.09
10-18 Good
18-26 Doubtful
>26 Unsuitable
Na% <20 Excellent 1494 16.86 18.93
2040 Good
40-60 Permissible
60-80 Doubtful
<80 Unsuitable
Kl <1 Suitable 0.19 0.22 0.24
>1 Unsuitable
CI7/SO} ratio <1 Suitable
>1 Unsuitable  3.57 3.95 4.28
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(too much Na*relative to Ca?* and Mg?") in irrigation
water significantly affects crop yield (reduction in quality
and quantity) and alters soil physical condition (Bendida
et al. 2021).

Application of Richard’s method to treated water shows
that it belongs to class (C4-S1) (Fig. 26). This class is
described as poor quality, highly encrusted water which may
be appropriate for irrigation of salt-tolerant plants, particu-
larly on well leached and drained soils.

Na%

The percentage of sodium is frequently used to assess the
appropriateness of water for irrigation according to the
method described by Kendouci et al. (2023). The sodium
percentage value allows water to be classified into five
classes excellent, good, permissible, doubtful and unsuit-
able according to Mebarki et al. (2021). The calculation of
the sodium percentage is carried out as follows:

Na*

Na% = 3 >
Ca™t + Mg™" + Na* + K*

x 100

The Na% values of treated water are between 14.94 and
18.93% (Table 2). Wastewater treated for the three tanks
falls in the excellent category. In the case of high sodium
concentration in irrigation water, sodium ions tend to be
adsorbed by clay particles, thereby causing the displace-
ment of Mg and Ca ions. This sodium exchange process
in water against Ca and Mg present in the soil reduces
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Fig. 26 Riverside diagram for classification of treated waters

permeability and ultimately leads to soil with poor internal
drainage capacity (Bendida et al. 2021). Therefore, this
limits the circulation of air and water during periods of wet
weather, and these floors tend to become hard when dry.

The Wilcox diagram (1948) is a graphical representa-
tion of the (% Na*) as a role of the electrical conductiv-
ity, making it possible allows the risk of water salinity
to be assessed. This classification identifies five catego-
ries of water: excellent, good, acceptable, poor and poor.
The increase in Na + concentration hurts plant develop-
ment. (Bendida et al. 2021). The Wilcox diagram shows
that the treated waters are classified to the mediocre class
(Fig. 27).

Kelly index

Kelly integrates a parameter (Bendida et al. 2021) depend
on the concentrations of Na*, Ca?* and Mg?* to assess the
classification and quality of irrigation water. The KI value
was calculated according to the following equation.

Na*t

Kl=———
Ca2+ +Mg2+

Water with a KI value less than one is suitable for irri-
gation, higher values is considered unsuitable (Bendida
et al. 2021). KI values ranged from 0.19 to 0.24 meq/l
(< 1) (Table 2). All samples were suitable for irrigation.
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Fig. 27 Wilcox diagram for treated waters
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Chloride-sulfate ratio

The ratio between chloride/sulfate concentrations is used
to assess the appropriateness of irrigation water (Bendida
et al. 2021). Chloride—sulfate ratio was determined by fol-
lowing equation:
. CI~
Chloride/sulphate = >
SO;~

If the ratio (Cl_/SOi_) is less than one, water is consid-
ered suitable for irrigation. On the other hand, a higher
value is considered unsuitable and saline (Bendida et al.
2021). The chloride—sulfate ratio of the three samples is
3.57,3.95 and 4.28 meq/l, respectively (Table 2). All sam-
ples indicated a chloride—sulfate ratio greater than one.

Conclusion

The performance of artificial marshes in purifying waste-
water depends on the role of all component beds. Each of
these takes on a specific role depending on the environ-
ment in which it is located and the quality of the water to
be clarified. This explains the importance of all purifi-
cation processes such as nitrification, denitrification and
oxidation decrease.
The objectives of this experimental study are:

e Demonstrate the role of the substrate (sand) in the puri-
fication (biofiltration). We achieved remarkable results
for the different parameters with abatement rates of
88.37% for COD, 85.50% for MES, 63.96% for NKT
and 66.66% for NH,™.

e Highlight the performance of planted filters. We
recorded remarkable results for the different parameters
with abatement rates around 98% of COD for Typha
latifolia and 93.53% for Imperata Cylindrica, 85.5% of
SS for Typha Latifolia and 87.7% of SS for Imperata
Cylindrica. Plants can contribute to purification pro-
cesses in a number of ways, such as settling suspended
matter, or by providing surface micro-organisms.

e According to the Riverside diagram, all treated water
samples belong to the C4S1 class, which is charac-
terized by high salinity risk and low sodium risk. All
samples had Na% below 20%, indicating that the water
is suited for agriculture.

In agriculture, the treated wastewater is valued by rea-
son of its composition rich in mineral and organic matter.
Irrigation with this water reduces the need to use fertilizers
and this water can also be used to irrigate golf courses,

@ Springer

forests and market gardening, because their treatment is
suitable for this use.

This work is of major importance in the management and
purification of wastewater from small towns in an arid or
semi-arid climate. The results obtained confirm the effec-
tiveness of the artificial marshland technique in the purifi-
cation of domestic wastewater in the Bechar region where
the natural elements used, sand and plants, are generally
available.

In order to generalize the use of this purification system
across the Algerian Sahara, we plan to test certain conditions
in the future:

¢ Analyze the effect of the hydroclimatic conditions of the
region on the purifying performance of this system;

e Tester of other macrophyte plants to compare their pow-
ers purifiers;

e Use hybrid systems;

e Study the effect of stress generated by accidental indus-
trial releases.
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