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Abstract

This 12-month study (2023) evaluated the efficiency of Pistia stratiotes (water lettuce) in treating
domestic wastewater in Brezina (El Bayadh), focusing on the removal of NH4", NOs~, and NO:". The
plant achieved high removal efficiencies of 97.50% (NHa4"), 74.78% (NOs"), and 60.61% (NO2"),
with an average annual nitrogen purification rate of 77.43%. Environmental conditions-temperatures
ranging from 19.40-33.40 °C and an average pH of 7.64 - enhanced bacterial nitrification—
denitrification processes, highlighting Pistia stratiotes as a sustainable, eco-friendly solution for

reducing nitrogen pollution in arid and semiarid regions.
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1. Introduction

Nitrogen is one of the most essential nutrients for living organisms, especially plants, and is
considered among the key elements involved in increasing agricultural productivity. From a
reproductive perspective, its role is crucial. However, the presence of nitrogen at high concentrations

in aquatic environments is undesirable, making it a negative factor. This duality presents a
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contradiction: while nitrogen is vital for the nutrition of living organisms, it becomes harmful when
its concentration in water increases, considering that water is a fundamental element for life. High
nitrogen concentrations in water pose a serious threat to both animals and plants. This contradiction
can be attributed to various factors, particularly changes in the physicochemical properties of water,
such as pH, temperature, electrical conductivity, and dissolved oxygen levels, alongside increased
turbidity and suspended solids. These alterations can intensify transpiration in green plants. A second
negative impact of high nitrogen concentrations in water is biological stress. This can lead to
reproductive stress in aquatic organisms, potentially causing their extinction. For these reasons,
Algerian State has attracted particular interest in the scientific study of nitrogen pollution in water
by identifying its causes, exploring methods to eliminate or reduce it, and increasing the degradation
requirements for removing this pollutant from wastewater. This includes the implementation of
wastewater treatment plants and the promotion of tertiary treatment to obtain clean effluents that
comply with discharge standards. With this approach, Algeria has established 960 conventional
mechanical wastewater treatment plants, such as activated sludge systems in Tizi Ouzou and
Touggourt, artificially aerated lagoon systems in Ouargla, and naturally aerated lagoons such as the
treatment plant in Ghardaia, among others. However, these plants have shown limited efficiency in
removing nitrogen pollution. As a result, nitrogen remains a persistent pollutant in treated domestic
wastewater. To address this issue, we proposed the creation of pilot treatment systems adjacent to
these conventional plants via phytoremediation techniques. Plants are living organisms that absorb
nitrogen and its compounds through metabolic processes, incorporating them into biological
structures such as chlorophyll. Natably, the use of constructed wetlands for wastewater treatment is
not a recent practice. It dates back to 1950 in the United States. Studies have shown that the
purification efficiency in treatment basins is influenced by biogeochemical factors, hydraulic
conditions, and climatic factors, which cause variations in purification rates in constructed wetlands,
even under similar climate conditions [1]. These variations are due mainly to weak hydraulic profiles
that were not adequately considered during design. Key parameters such as hydraulic retention time,
short-circuiting, thermal stratification, and dead zones influence water distribution and contact time
between microbial communities (bacteria, protozoa, macroinvertebrates) and pollutants. These
hydrodynamic dynamics directly affect the ability of plants to purify domestic wastewater [2].
Climatic conditions also play a crucial role in the hydraulic performance of basins, especially
considering the volume of water to be treated and water losses due to plant transpiration, which must
be accounted for when calculating treatment yield. To demonstrate the effectiveness of aquatic plants
in treating domestic wastewater, we conducted a year- round (2023) study in the town of Brezina, El

Bayad'h Province. This study assessed the nitrogen removal efficiency of Pistia stratiotes (water



lettuce) in domestic wastewater. To overcome the limitations mentioned above, we built a pilot
wastewater treatment station employing a hybrid phytoremediation system (vertical and horizontal
subsurface flow) located next to the conventional treatment plant in Brezina. The system utilized
pretreated domestic water. In this research, this study aimed primarily to identify the core issue related
to nitrogen, with the objective of optimizing its dual role both as an essential nutrient and as a
potentially harmful contaminant across different components of the environment. This work also
sought to enhance the vital process of reducing nitrogen concentrations in treated wastewater or, at

the very least, minimizing them as much as possible.
2. Materials and Methods:
2.1. Presentation of the study area

The territory of the municipality of Brezina is located in southeastern El Bayadh Province, 72 km
south of El Bayadh. It is an oasis located on the southern foothills of the Saharan Atlas, along the
Seggeur River, in a landscape of gorges, remnants of Quaternary deposits. It is located between 33°-
05' north latitude and 1°-15' east longitude. Between 849 m and 800 m above sea level. The city of
Brizina is one of the main oases of the Algerian Sahara. It is located approximately 700 km from
Algiers. It covers an area of 15,702 km. The population is estimated at 12,468 inhabitants on the basis

of the growth rates from the official censuses 0f 2003, as shown in Fig. 1.
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Fig. 1. The map of Algeria shows the location of the city of Brizina.

2.2. Description of the plants used in the treatment ponds



Aguatic plants play an active role in purifying wastewater, both domestically and industrially. Among
these plants, Pistia stratiotes, which is a flower-shaped herb that floats freely on the water surface,
was the subject of this study. Its origin is tropical, and its leaves resemble those of the edible lettuce
plant, which is why it has earned the name "water lettuce.” It develops ideally at a temperature of 18
°C or slightly above. It seems that its genus is monotypic, despite the existence of several species,
forming a group of varieties distinguished by their size and leaf shape, with these differences
attributed to environmental conditions [3]. The stem of this aquatic plant is characterized by its short
length, around which the leaves grow in a dense and soft whorl. The leaves can reach a length of 15
cm and a width of 8 cm in their natural environment. The biometric characteristics of aquatic plants
vary greatly from one plant to another, despite the water being rich in nutrients that grow in the
artificial gardenin Brizina, Al-Bayadh. Researchers have measured the sizes of Pistia stratiotes plants
and reported that their diameter can reach a maximum of 45 cm [4]. In nutrient-rich polluted plants,
the roots are initially short, but they develop and increase in length as the purification yield increases
in treated lakes. Some researchers believe that secondary treatment is highly effective when the root
length approaches the diameter of the plant [5]. The water conditions in which this plant grows can
be stagnant, as the depth of the water body does not affect its growth and development. It reproduces
rapidly in the presence of abundant nutrients in the water. Table 1 presents the plant calcification of

the Pistia stratiotes.

Table 1. Botanical classification of the Pistia stratiotes

Taxonomic Rank Classification
Kingdom Plantae
Subkingdom Tracheobionta (Vascular plants)
Division Magnoliophyta (Angiosperms)
Class Liliopsida (Monocotyledons)
Subclass Arecidae
Order Arales
Family Araceae
Genus Pistia
Species Pistia stratiotes L.

2.3 Description of the experimental station used

In our experiment, we employed macrophyte-based treatment via a hybrid runoff system (horizontal
+ vertical) composed of a series of horizontal and vertical basins, as illustrated in Figure 2. This
configuration is inspired by the model developed by researcher K. Seidel, which was previously
applied with a limited number of basins in Germany, the USA, and France [6]. The terminal system

consists of basins arranged in two parallel vertical levels interconnected by three horizontally aligned



basins in sequence. We selected this type of setup because of its high efficiency in enhancing the
nitrification process, particularly in vertical flow basins. These basins offer a relatively high rate of
aerobic ventilation, which promotes the activity of aerobic bacteria responsible for nitrogen removal.
In contrast, the nitrogen removal efficiency in horizontal flow basins tends to be lower because of the
limited availability of dissolved oxygen, which restricts the activity of nitrifying bacteria [7]. The
experimental device used in our research consists of three identical plastic boxes of equal dimensions
(50 cm in length, 35 cm in width, and 20 cm in depth), as shown in Fig. 2. These boxes are vertically
filled with three stratified layers of substrate materials. The first and second boxes are filled with
coarse and fine gravel, respectively, and planted with Pistia stratiotes. The third box is filled with
sand. The boxes are interconnected by PVC pipes with a diameter of 50 mm, and each connection is
equipped with a valve to regulate water flow following the designated hydraulic retention time, as
illustrated in Fig. 2. Irrigation begins in the first and second boxes through vertical flow. After a
residence period of seven days, the system transitions to horizontal flow, allowing water to reach the
third box, where it remains for an additional three days. This setup results in a total hydraulic retention
time (HRT) of 10 days. Following this period, water samples are collected from the outlet of the third

box for analysis in the laboratory, which specializes in treated wastewater quality.
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Fig 2. A treatment pond with various flow rates

2.4. Methods of sampling and analysis in the laboratory

The samples of raw domestic wastewater were collected from the tank of the classical station after

the initial treatment, three times per month, via glass bottles. These samples were taken on the 1st,



10th, and 20th days of each month, i.e., before the wastewater entered the purification and disinfection
basins. For the treated water, samples were also collected three times a month (on the 10th, 20th, and
30th days of the month) from the outlet of the Experimental Station, i.e., after the water had remained
in the basins for a retention time of 10 days. All the samples were immediately transported to the
laboratory of the classical station in Brezina in a container maintained at 4 °C. In accordance with the
general guidelines for the preservation and handling of samples [8-10], the quantity of pollutants was
determined according to the standard techniques for collecting and analyzing water samples
established by the American Public Health Association [11]. and Algerian standards. To measure the
temperature and pH values and the concentrations of nitrogen pollutants, we used the spectrometric
devices referred to in Table 2 after each sampling, whether wastewater or treated water. We recorded

the results obtained in Table 3.

Table 2. Desired physicochemical parameters.

Indicator Symbol | Unit Method of Analysis/Instrument
Temperature T °C Direct reading using multiparameter meter (HANNA
H19829)
Acidity pH Direct reading using multiparameter meter (HANNA
H19829)
Total Suspended TSS mg/L Membrane filtration method
Solids
Nitrate NOs~ | mg/L Test strips (Bandelettes-test)
Nitrite NO: | mg/L Spectrophotometry (WTW Photolab S6)
Ammonium NHs | mg/L Spectrophotometry (WTW Photolab S6)

Table 3. Monthly variation in physicochemical parameters at the station inlet and outlet (2023)

Parame | Uni | Stati | Jan | Feb | Ma | Apr | Ma | Jun | Jul | Au | Sep | Oct | Nov | Dec
ter t on r y g
T °C | Inlet | 194|203 | 225|280 | 29.7 | 320 | 320 | 334 | 31.3 | 30.1 | 288 | 20.1

Outle | 102 | 114 | 152 | 172 | 26.2 | 31.2 | 310 | 33.1 | 27.1 | 25.1 | 224 | 123

pH - Inlet | 7.80 | 7.50 | 8.10 | 7.90 | 7.40 | 7.96 | 7.70 | 7.00 | 7.88 | 7.60 | 7.65 | 7.30
Outle | 6.70 | 6.60 | 6.80 | 6.48 | 6.58 | 6.60 | 6.85 | 6.80 | 6.90 | 6.70 | 6.75 | 6.65

NO, | mg/ | Inlet | 0.54 | 0.20 | 0.34 | 0.33 | 0.50 | 0.70 | 0.90 | 0.05 | 0.10 | 0.10 | 0.10 | 0.16

L 4 8 8

Outle | 0.05 | 0.04 | 0.03 | 0.05| 0.01 | 0.02 | 0.03 | 0.01 | 0.03 | 0.02 | 0.03 | 0.02
t 7 1 3 1 3

NOs | mg/ | Inlet | 544 | 345|330 | 233|182 |235| 286|222 | 185|292 |29.0 | 263
L 0 0 0 0 0 0 0 0 0 0




Outle | 145 | 745|225 | 220 | 450 | 250 | 2.23 | 2.25 | 450 | 6.00 | 5.20 | 2.22

NH4* mg/ | Inlet | 13.8 | 16.0 | 143 | 11.8 | 13.0 | 17.5| 157 | 143 | 118 | 175 | 121 | 118

Outle | 3.50 | 5.30 | 6.60 | 2.50 | 2.80 | 3.00 | 2.01 | 290 | 1.30 | 1.95 | 1.15 | 1.10

3. Results and discussion

Before the results are discussed, we explain how to calculate the average values monthly and then
annually for one month. Our values are obtained by adding the values obtained each month and then
dividing the total by 3, so we obtain the average value for each month. The process is repeated for
wastewater at the station entrance or treated water at the station exit, and we record the values
obtained in Table 3 above. To calculate the percentage of purification yield via Eqg. (1) for each
nitrogen pollutant, we applied relation N°1 [12].

Deductions (%) = CE=Cs

x 100 =100 - 2 x100 Eq. 1

where Ce and Cs are the concentrations in mg/L of the effluent at the inlet and outlet of the wastewater

treatment plant, respectively.

3.1. The temporal evolution of physical pollution during the follow-up year 2023.

We represent physical pollution through curves that display the evolution of temperature T and acidic
pH values in Figs. 3 and 4, respectively, at the entrance and exit of the station. We present them as
follows:

3.1.1. The temporal evolution of the temperature (T) during the monitoring year 2023

The evolution of the water temperature revealed that the incoming (raw) wastewater had an average
value of 25.12 + 1.2 °C, whereas the outgoing (treated) water with a free surface averaged 21.53
0.2 °C (Fig. 3). In the watery lettuce basins, the results represent the means of the three basins
described in Fig. 2. These findings are consistent with those reported by Hammadi. B. et al. [13]and
Atia, D.J. et al. [14]. Daily temperature fluctuations in December (the coldest month) were more
pronounced in both microphyte and macrophyte systems; however, plant cover limited these
variations to the surface layers. The temperature difference between raw and treated water ranged
from 0.50 to 6.08 °C. Although this variation does not hinder bacterial or microbial activity, the
purification efficiency improves with increasing temperature, particularly in warmer months [15].
Elevated ammonia concentrations occur during summer [16]. may be toxic to fish, which is why
aquaculture ponds are often covered with water to reduce overheating [17]. This plant cover also

mitigates ammonia emissions by limiting algal proliferation.
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Fig 3. The temporal evolution of temperature (T) during the monitoring year 2023

3.1.2. Temporal evolution of pH acidity

The evolution of pH is illustrated in Fig. 4. The average pH of the incoming (raw) wastewater was
7.85. After a 10-day retention period in the planted basins with macrophytes, the treated water
exhibited a pH of 7.65, which falls within the range reported by Cristina et al. [18]. and Bendida A.
et al. [19]. Over a period of 10 months, the pH in the planted basins gradually increased by
approximately one unit, reaching 8.04, a change attributed to algal photosynthetic activity. Similarly,
in the basins covered with water, the pH rose from 7.39 to 8.04, reflecting an almost one-unit increase
in alkalinity. These findings are consistent with results from Ghana, where Awuah et al. [20].
observed that the pH decreased by up to two units when the culture age reached four weeks.
Furthermore, our investigation confirmed that plant growth remains normal and optimal despite pH
fluctuations, provided that values remain within the range of 4-6, in agreement with the conclusions
of Khedr A.H.A. et al. [21].
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Fig. 4. Temporal evolution of pH acidity during the monitoring year 2023

The observed variations in pH can be attributed to several factors. The activity of nitrate-oxidizing
bacteria leads to the release and accumulation of H* ions, contributing to acidification of the aquatic
environment. In addition, pH changes may result from the abundance of CO: generated during
photosynthesis and the decomposition of organic matter by heterotrophic bacteria. Plants also absorb
cations as part of mineral nutrition, which is compensated by the release of H" ions, thereby increasing
acidity [22]. Furthermore, plant roots secrete organic acids into the medium [23]. During the
anaerobic stage of raw sewage treatment, a slight decrease in pH is observed, which continues
progressively throughout the process, leading to a reduction from 7.85 at the inlet to 7.65 at the outlet.
This decrease is associated with the activity of nitrate-oxidizing bacteria, which grow within a pH
range of 5-8 [24] with an optimal range of 7.5-8.5 [25]. The observed pH evolution is therefore

justified by the nitrogen removal process, which can be explained by the following chemical

reactions.

NO; +6H*+5¢~ > = N, +3 H,0 Re: 1
2

NO; +4H*+3e~ > X N, +2H,0 Re: 2
2

During the study period, the pH of the untreated wastewater ranged from 7.60 to 8.10, with an average
of 7.85, reflecting the typical characteristics of urban effluents. In the treated wastewater at the outlet
of the purification station, the pH ranged from 7.39 to 8.04, with an average of 7.65 in 2023. These
values comply with Algerian discharge standards as well as those of the World Health Organization
(WHO) and the Food and Agriculture Organization (FAO), thus classifying the treated water as



suitable for agricultural irrigation. Previous studies [26-27] have shown that pH variations in
wastewater treatment ponds are driven primarily by biological and biochemical processes,
particularly photosynthesis. Furthermore, in ponds covered with floating plants, the pH values remain
relatively stable (6.5-7.5), indicating that this parameter has minimal influence on phosphorus

precipitation [28].

3.2. Degradation of Nitrogenous Pollution by the Water Lettuce Plant (Pistia stratiotes)

Plant growth in rivers, lakes, and ponds is a natural process driven by photosynthesis, which produces
organic matter. However, when this growth becomes excessive and unbalanced (eutrophication), it
leads to aquatic ecosystem degradation and biodiversity loss. Like terrestrial plants, aquatic plants
require essential nutrients, primarily nitrogen (N) and phosphorus (P), which originate from soil
leaching or urban wastewater discharges. The nitrogen-to-phosphorus (N:P) ratio varies considerably
across different sectors of the hydrographic network. This study investigated the potential of watery
lettuce (Pistia stratiotes) for the purification of domestic wastewater in the Brezina (EI Bayadh)
region, with a particular focus on its efficiency in removing nitrogen compounds occurring at
significant concentrations. To achieve this goal, we measured the physicochemical parameters of
wastewater at both the inlet and outlet of treatment filters and analyzed the temporal dynamics of
nitrogenous pollutants during the monitoring year 2023. This approach allows the assessment of

Pistia stratiotes purification performance and its contribution to nitrogen removal.
3.2.1. Reduction in ammonium nitrogen (N-NH.?)

Fig. 5 shows the variation in ammonium concentration (N-NH.") at the inlet and outlet of the
treatment plant throughout 2023. This reduction is attributed to the reciprocal symbiosis between
bacteria and plants, where bacteria exploit the oxygen released during photosynthetic enzymatic

reactions to degrade nitrogen pollution, thereby lowering ammonia contamination (N-NH4").
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Fig. 5. The temporal evolution of N-NH4* in mg/L during the monitoring year 2023

The ammonium (N-NH.") concentrations at the basin inlets ranged between 25.57 and 45.08 mg/L
(Fig. 5). These values are consistent with those reported by Tama et al. [29] and remain lower than
the maximum recorded by Bendida et al. [19]. The conversion of organic nitrogen into ammonia,
known as ammonification, constitutes a major source of ammonium and occurs under both aerobic
and anaerobic conditions. At the station outlet, a purification yield of 97.50% was achieved,
exceeding the results obtained by Bendida et al. [19] and Tama et al. [29] and far surpassing the 24%
and 86.5% removal efficiencies reported by Petemanagnan Ouattara J.M. et al. [30]. This
improvement is attributed to the biological oxidation process, whereby part of the ammonium is
sequentially transformed into nitrite (NO2") and nitrate (NOs") by nitrifying bacteria [31-32]. Aquatic
plants, with their extensive internal air spaces, actively transport oxygen to roots and rhizomes,
thereby increasing bacterial activity. The remaining fraction of ammonium is directly assimilated by
plants for growth [33-34]. Overall, ammonium removal follows two sequential oxidation steps: the
conversion of NHa" into NO2~ and subsequently into NOs~ under aerobic conditions, as described by

the following chemical reactions.
4 NHa" + 7 Oz (Nitrosomonas) — 4 NO> + 6 H.O + 4 H* Re: 3

Nitrification is an autotrophic bacterial process in which the oxidation reactions can be summarized
by the following chemical equation:

183

198 _ 21 184 1
NH:"‘ %02 + EHC03 + Tooo C5H7N02 -

B0 + 2 NO; + 2 H,C05 Re: 4
00 100 100

Two types of nitrifications exist: heterotrophic and autotrophic, both of which use inorganic

substrates as energy sources. Heterotrophic nitrification is performed by various bacteria, fungi, and

11



algae, and autotrophic bacteria play a key role in ammonia removal. As shown in Fig. 5, nitrogen-
fixing aerobic autotrophic bacteria reduced ammonia from an average of 35.94 mg/L in raw
wastewater to 1.42 mg/L in treated effluent, achieving a purification efficiency of 96.07%, which is
higher than the plant-based purification rates reported by Chan [35] (80.5-87.63%) and Bendida [19]-
(79.27-81.99%). The process occurs through a first-order oxidation reaction leading to nitrate
conversion into Nz, although ammonium reduction here appeared to be independent of the applied
load, indicating zero-order kinetics. This may be explained by sufficient ammonium concentrations
for maximum Nitrosomonas growth (oxygen saturation of 0.03—1.3 mg/L) and stable nitrogen uptake
by algae. Nitrification is effective within a broad temperature range, from 5 °C (Niquette et al., 1998)
to 40-45 °C, with an optimum temperature range between 25 °C and 36 °C. During this study, the
water temperature varied from 25.12 °C at the inlet to 21.53 °C at the outlet (Fig. 3), with

representative values presented in Table 4.

Table 4. Some values of the optimum growth temperature for nitrifying bacteria.

Optimal Temperature (°C) References
25°C Bambelle et al.1992[36].
30-36 °C Ford et al.1980[37].
30 °C Henze et al.1996[38].; Wang et al. 2004[39].

Most authors agree that the van’s Hoff-Arrhenius law describes the effect of temperature on
microbial growth, with an optimum range of 5-30 °C, which is consistent with our findings. In our
study, the average pH values ranged from 7.60 to 8.04 (Fig. 4), which is in agreement with the
optimum pH of 8.5 reported by Henze et al. [38].

3.2.2. The reduction of nitrates (N-NOs")

Fig. 6 shows that N-NOs~ originates from the biological oxidation of different nitrogen forms
(organic N, NHa*, NO:"), and although it may transform into nitrites with indirect toxicity, no
carcinogenic effects have been demonstrated [40]. The optimal activity of nitrifying organisms occurs

at pH 7.5-8, which is consistent with our results in Fig. 4 [40].

12
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Fig. 6. The temporal evolution of N-NOs~ (mg/L) during the monitoring year 2023

According to the results obtained, nitrate concentrations in treated wastewater (average 0.82 mg/L)
remained significantly lower than the international standards for irrigation water set by the WHO and
FAO (< 50 mg/L). Compared with raw water (1.16 mg/L), the average removal efficiency was
approximately 29.31%, which is relatively low compared with the findings of [41]. At the station
inlet, nitrate (N-NOs") reached 2.25 mg/L but decreased to an average of 2.25 mg/L at the outlet after
10 days of retention in the basin-values still lower than those reported by Hammadi. B. et al. [13].
Temporal variations are illustrated in Fig. 6, which shows that N-NOs~ in raw wastewater ranged
from 1.16 mg/L in March to 3.46 mg/L in May, whereas in treated water, it varied from 0.44 mg/L in
October to 1.20 mg/L in April. The highest nitrate mass removal occurred in May (2.31 mg/L; 66.77%
efficiency), whereas the lowest was recorded in March (0.71 mg/L; 61.21%). On an annual basis, the
average removal of N-NOs~ was 0.82 mg/L (29.31%), which is comparable to the reduction
efficiency reported by [42] (36.13%). The observed increase in nitrate in planted bed filtrates
confirms the occurrence of nitrification, whereas denitrification explains the overall nitrate reduction.
This process involves the transformation of nitrates (N-NOs") into nitrogen gas (N2) under anoxic
conditions by heterotrophic bacteria using organic carbon as an energy source [43] and can be

summarized by the following reactions:

2NO3;+ 10e+ 12H* — N, + 6H,O Re.......... 5

97NO; + 50 CH,OHCH3 + 97 H* - 5CsH,NO,+75C0, +181 H,0 + 46 N,
Re: 6

Organics mater Biomass

13



The decrease in nitrate pollution is attributed to the biochemical reactions that promote the growth of
aerobic bacteria that utilize nitrates formed during nitrification. These bacteria employ N-NOs™ as an
electron acceptor in anaerobic respiration, provided that sufficient BODs is available to sustain
heterotrophic organisms in an oxygen-free medium. Thus, nitrate removal is governed by this

mechanism and can be further illustrated by the following reactions.
NO; +4H*+3e” - = N, +2H,0 Re: 7
NO; +6H* +5e~ - % N, +3 H,0 Re: 8

The monitoring results (Fig. 6) reveal a temporal variation in nitrate ion (N-NOs") concentrations,
with values ranging from 2.25 to 0.44 mg/L, corresponding to a denitrification efficiency of 74.18%.
This efficiency is attributed to the activity of heterotrophic bacteria under anoxic stress conditions.
During the study period, concentrations varied between 1.16 and 3.46 mg/L, reflecting the rapid
reduction of nitrates in the environment. The fluctuations observed in the treatment basins are closely
linked to the applied nitrogen loads: under low organic loads, nitrate levels tend to increase,
particularly in spring and summer, whereas under relatively high loads, nitrate concentrations either

stagnate or decrease.
3.2.3. The parameters of nitrites N-NO:~

The variation in nitrite (N-NO:") concentrations in raw and treated wastewater during 2023 is
illustrated in Fig. 7. At the inlet of the treatment plant, the average concentration reached 1.65 mg/L,
in contrast to 0.45 mg/L at the outlet, with an intermediate value 0of 0.95 mg/L in the cultivated basins,
reflecting microbial oxidation of NH4" and yielding an efficiency of 56.81%. Seasonal fluctuations
were observed: in raw water, concentrations ranged from 1.21 mg/L in spring to 2.20 mg/L in autumn
(27.60 °C), whereas in treated water, values varied between 0.13 mg/L in spring and 0.95 mg/L in
autumn (21.35 °C). The nitrite removal efficiency also showed temporal variation, with a maximum
yield of 90.48% in January (1.90 mg/L removed) and a minimum yield of 53.49% in September (0.93
mg/L removed). On average, the mass of nitrite removed was 1.20 mg/L, corresponding to a treatment
efficiency of 60.61%.

14
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Fig. 7. The temporal evolution of N-NO:~ in mg/L during the monitoring year 2023

The elimination of N-NO:~ occurs primarily through the oxidation of nitrite ions into nitrate, as
represented by the reactions below. Alternatively, this process may proceed via denitrification, as

described in the following reactions [44-46].

NO7 + 20, >  NOF Re: 9
Either by direct reduction to nitrogen gas:

NOy + 4H* +3e” 52 N, +2 H,0 Re: 10
2

Strong correlations have been established between nitrogen removal efficiency and both initial
nitrogen concentrations and plant density [47]. This explains the high purification yield of the studied
system for nitrogen reduction, estimated at 87%. Ammonium is recognized as the preferred nitrogen
source for aquatic plants [48-50], whereas nitrate absorption occurs through enzymatic processes that
modulate ammonium uptake, which is limited to the photosynthetic phase. High ammonium
concentrations in domestic wastewater may inhibit nitrate assimilation [51] a phenomenon confirmed
in our study on Pistia stratiotes. In wastewater treatment systems, ammonium uptake by aquatic
plants can reach a maximum efficiency. Plant density, wastewater composition, and the balance
between leaf nitrogen content and ambient nitrogen strongly influence ammonium removal. Our
results also revealed that maximum plant growth occurred when nitrogen concentrations exceeded 5
mg/L, which is consistent with previous findings [52]. Furthermore, aquatic plants provide surfaces

for nitrogen-fixing bacteria, which form biofilms that enhance nitrification and subsequent
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denitrification, ultimately converting nitrates into atmospheric nitrogen. This coupled process is
particularly efficient under high nitrogen loads, with overall removal yields exceeding 60% in

cultivated systems [53]

Conclusion:

Nitrogen removal is generally achieved through biological treatments, particularly nitrification—
denitrification, or via ion exchange. During biological processes, nitrogen undergoes successive
transformations: from nitrite (NO2") to nitrate (NOs~) and ultimately to the gaseous form, with each
compound differing in molecular weight. Effective monitoring requires daily measurements based on
either nitrogen mass or moles. Aquatic plants play a crucial role in this purification, as they promote
nitrification reactions and assimilate nitrogen into their tissues through enzymatic activity. In basins
fully covered with vegetation, nitrogen occurs in organic forms (sediments, detritus) and mineral
forms (NHa4*, NOs7). Our results highlight the remarkable efficiency of Pistia stratiotes, which
achieved removal rates of 97.50% for ammonium (NH4"), 74.18% for nitrate (NOs"), and 60.61% for
nitrite (NO2"), with an overall average of 77.43%. These findings confirm the high potential of Pistia
stratiotes for nitrogen removal and suggest that intensive coverage of treatment basins with this
macrophyte can further increase domestic wastewater purification, particularly in arid and semiarid

regions.

References

[1] KONE, Doulaye, CISSE, Guéladio, SEIGNEZ, Chantal, et al. Le lagunage a laitue d'eau (Pistia
stratiotes) a Ouagadougou: une alternative pour I'épuration des eaux usées destinées a l'irrigation.
Cahiers Agricultures, 2002, vol. 11, no 1, p. 39-43.

[2] KADLEC, Robert, KNIGHT, Robert, VYMAZAL, Jan, et al. Constructed wetlands for pollution
control: processes, performance, design and operation. IWA publishing, 2000.

[3] KOSTMAN, Todd A., TARLYN, Nathan M., LOEWUS, Frank A., et al. Biosynthesis of L-
ascorbic acid and conversion of carbons 1 and 2 of L-ascorbic acid to oxalic acid occurs within
individual calcium oxalate crystal idioblasts. Plant physiology, 2001, vol. 125, no 2, p. 634-640.

[4] DEN HOLLANDER, Nick G., SCHENK, Ingrid W., DIOUF, Sara, et al. Survival strategy of
Pistia stratiotes L. in the Djoudj National Park in Senegal. Hydrobiologia, 1999, vol. 415,10 0, p. 21 -
217.

[S]AGENDIA, P. L. Bioaccumulation of Mineral Nutritents by Some Typical Tropical Macrophytes:
Application in the Purificaton of Biyen Assi Domestic Sewage. 1987. These de doctorat. Thesis,
University of Yaoundé, Yaoundé.

16



[6] BOUTIN, C. Domestic wastewater treatment in tanks planted with rooted macrophytes: case
study; description of the system; design criteria; and efficiency. Water Science and technology, 1987,
vol. 19, no 10, p. 29-40.

[7] MASI, Fabio et MARTINUZZI, Nicola. Constructed wetlands for the Mediterranean countries:
hybrid systems for water reuse and sustainable sanitation. Desalination,2007, vol. 215,n0 1-3, p. 44-
55.

[8] ISO (International Organization for Standardization) (1994). Guide for the conservation and
handling of samples Water quality - sampling, ISO 5667-3.

[9] PETROSELLI, Andrea, GIANNOTTI, Maurizio, ARCANGELETTI, Ettore, ef al. The integrated
system of phytodepuration of Sile River Natural Park. International journal of phytoremediation,
2015, vol. 17,no 11, p. 1038-1045.

[10] PETROSELLI, Andrea, GIANNOTTI, Maurizio, ALLEGRINI, Elena, ef al. Integrated system
of phytodepuration for agroindustrial wastewater: three different case studies. International journal
of phytoremediation, 2015, vol. 17, no 12, p. 1227-1236.

[11] APHA (American Public Health Association), AW WA (American Water Works Association),&
WEF (Water Environment Federation). (1995). Standard Methods for the Examination of Water and
Wastewater (20th ed.). ISBN: 0875532233 https://www.standardmethods.org

[12] HAMMADI, Belkacem, BEBBA, Ahmed Abdelhafid, et GHERRAF, Noureddine. Degradation
of organic pollution aerated lagoons. In an arid climate: the case the treatment plant Ouargla (Algeria).
Acta Ecologica Sinica, 2016, vol. 36, no 4, p. 275-279.

[13] HAMMADI, B., HADJ SEYD, A., et BEBBA, A. A. Performance assessment of nitrogen
pollution purification by phytodepuration: case of Temacine pilot station (Algeria). International
Journal of Environmental Science and Technology, 2019, vol. 16, no 11, p. 6647-6656.

[14] ATIA, Djamel, BEBBA, Ahmed Abdelhafid, HADDAD, Larbi, et al. Elimination of organic
pollutants from urban wastewater by illite-kaolinite local clay from south-east of Algeria. Cienc. Tecn.
Vitivinic, 2018, vol. 33, p. 17-28.

[15] Edeline F (1993). Biological purification of water: theory & technology of reactors. Liege
Cebedoc Publisher, 303 p. https://www.worldcat.org/title/30026717

[16] NEUFELD, Ronald D., COBB, James T., PRITTS, J., et al. Hazardous waste stabilization with
clean-coal technology ash residuals. Water Science and Technology, 1996, vol. 34, no 10, p. 179-185.

[17] Nacoulma, O.0.G. (1996). Medicinal plants and traditional medical practices in Burkina Faso:
the case of the Central Plateau. Doctorate Thesis, University of Ouagadougou. https://univ-
ouagal.gov.bf

[18] Cristina C, Tudose I. V & Teodosiu C (2008). Influence of operating parameters on the treatment

of domestic wastewater by a constructed wetland. Environmental Engineering and Management
Journal. 7(2): 143— 148.

17



[19] BENDIDA, Ali, KENDOUCI, Mohammed Amin, MEBARKI, Saliha, et al. Wastewater
purification and recycling using plants in an arid environment for agricultural purposes: case of the
Algerian Sahara. Applied Water Science, 2024, vol. 14, no 6, p. 123.

[20] MANIOS, Thrassyvoulos, STENTIFORD, Edward 1., et MILLNER, Paul A. The removal of
NH3-N from primary treated wastewater in subsurface reed beds using different substrates. Journal
of Environmental Science and Health, Part A, 2002, vol. 37, no 3, p. 297-308.

[21] BARALE, Vittorio et LARKIN, David. Optical remote sensing of coastal plumes and run-off in
the Mediterranean region. Journal of Coastal Conservation, 1998, vol. 4, no 1, p. 51-58.

[22] FOKOM, R., ADAMOU, S., TEUGWA, M. C., et al. Glomalin related soil protein, carbon,
nitrogen and soil aggregate stability as affected by land use variation in the humid forest zone of south
Cameroon. Soil and Tillage Research, 2012, vol. 120, p. 69-75.

[23] GOOD, B. J. et PATRICK JR, W. H. Root-water-sediment interface processes. 1987.

[24] U.S. Environmental Protection Agency (USEPA) (1990). Nitrogen control. Lancaster, PA.
Technomic Publishing Company, Inc. ISBN: 1-56676-135-2. 311 p. WorldCat bibliographic record

[25] Bock E, Koops H.P & Harms H (1989). Nitrifying Bacteria. In N. Weiss (Ed) Bergey’s Manual
of Systematic Bacteriology. Berlin: Springer-Verlag.VVol.3. pp 11-14.

[26] BOUARAB, L. Dynamique et role des algues phytoplanctoniques dans le traitement des eaux
usées (station pilote de lagunage naturel de Ouarzazate-Maroc). Faculté des sciences Semlalia-
Marrakech, Marrakesh, Morocco, Tese Doctorat d’état es-sciences, 2000.

[27] Fqih, Berrada, D., Berrada, R., Benzekri, A & Jabri E (2000). Seasonal evolution of
phytoplankton communities in the El Kansera reservoir lake (Morocco), in relation to certain abiotic
and biotic parameters. Hydroecologia Applicata .12(1-2): 207-231.

[28] Nacoulma O. O. G (1996). Plantes médicinales et pratiques médicales traditionnelles au Burkina
Faso: cas du Plateau central. Thése de doctorat d’Etat €s sciences naturelles. Université de
Ouagadougou, Burkina Faso,2 volumes (Tome 1 =320 p., Tome 2. 285 p.

[29] Tam N.F.Y, Wong Y.S & Wong M.H (2009). Novel technology in pollutant removal at source
and bioremediation. Ocean & Coastal Management, 52(7): 368-373.

[30].Ouattara J.M, Petemanagnan, Konan K.J, Kone D & Toure S (2008). Treatment of urban
wastewater using a vertically trained artificial wetland planted with Panicum maximum in a tropical
climate. European Journal of Scientific Research, 23(1):25-40.

[31] Brix H (1994). Functions of macrophytes in constructed wetlands. Water Science and
Technology, 29(4), 71-78. pure.au.dk

[32] Brix, H. (1997). Do macrophytes play a role in constructed treatment wetlands? Water Science
and Technology, 35(5) :11-17.

[33] Armstrong, J., & Armstrong, W. (1988). Phragmites australis: A preliminary study of
soil-oxidizing sites and internal gas transport pathways. New Phytologist, 108(4): 373-382.

18


https://pure.au.dk/portal/en/publications/functions-of-macrophytes-in-constructed-wetlands?utm_source=chatgpt.com

[34] Armstrong J, Armstrong W (1990). Light-enhanced convective throughflow increases
oxygenation in rhizomes and rhizosphere of Phragmites australis (Cav.) Trin. ex Steud. New
Phytologist.114(1):121-128.

[35] Chan S, Tsang Y, Chua H, Sin S, Cui L (2008). Performance study of vegetated sequencing batch
coal slag bed treating domestic wastewater in suburban area. Bioresource Technology.99(9): 3774—
781.

[36] Bambelle B, Nguyen K. M, Capdeville B, Cornier J. C, Deguin A (1992). Studying of factors
controlling nitrite build-up in biological processes for water nitrification. Water Science and
Technology, 25(N° 25).

[37] Ford D.L, Churchwell R.L, Kachtick J.W (1980). Comprehensive analysis of the nitrification of
chemical processing wastewater. Journal of the Water Pollution Control Federation (52): 26—46.

[38] Henze M, Harremoés P, Jansen J.L.C, Arvin E (1996). Wastewater treatment: biological and
chemical processe Springer-Verlag Vol. 1 pp. 55-85.

[39] Wang J, Yang N (2004). Partial nitrification under limited dissolved oxygen conditions .Process
Biochemistry, 39(10): 1223-1229.

[40] Rodier J, Legube B, Merlet N (2005). L analyze de I’eau : eaux naturelles, eaux résiduaires, Eau
de mer — Chimie, physico-chimie, microbiologie, biologie — Interprétation des Résultats (8¢ éd.).
Paris : Dunod.

[41] Bebba A. A, Labed I, Zeghdi S, Messaitfa A (2019). Purification Performance of Typha latifolia,
Juncus effusus and Papyrus cyperus in Arid Climate: Influence of Seasonal Variation. Journal of
Water Chemistry and Technology, 41(6): 396-401.

[42] Benslimane M, Mostephaoui T, Hamimed A, Cherif Z. T (December 2013). Purification
performance and the interest of the phytoremediation process of wastewater using macrophyte plants.
Courier of Knowledge, (17): 47-51.

[43] Sawaittayothin.V, Polprasert, C (2006). Kinetic and mass balance analysis of  constructed
wetlands treating landfill leachate. Environmental Technology, 27(12): 1303-1308.

[44] Bastos R. K. X, Rios E. N, Sanchez I. A (2018). Further contributions to the understanding of
nitrogen removal in waste stabilization ponds. Water Science and Technology, 77(11): 2635-2641.

[45] Chen J, Ying, G.G, Liu Y.S, Wei X.D., Liu S.S, He L.Y, Yang Y.Q, Chen, F.R
(2017). Nitrogen Removea and its relationship with nitrogen-cycle genes and microorganisms in the
horizontal subsurface flow constructed wetlands with different design parameters. Journal of
Environmental Science and Health, Part A: Toxic/Hazardous Substances & Environmental
Engineering, 52(8): 804-818.

[46] Li X, Zhang M., Liu, F., Chen, L., Li, Y., Xiao, R., & Wu, J. (2018). Seasonal distribution of
abundance and activity of nitrification and denitrification microorganisms in sediments of surface
flow constructed wetlands planted with Microphyll elatinoides during swine wastewater treatment.
Bioresource Technology. (248): 89-97.

19



[47] Reddy K. R (1984a). Nutrient transformation in aquatic macrophyte filters used for water
purification. In Proceedings on the Future of Water Reuse). American Water Works. Association.
(Vol. 2/3, pp. 660-678).

[48] Nelson, S. G., Smith, B. D., & Best, B. R. (1981). Kinetics of nitrate and ammonium uptake by
the tropical freshwater macrophyte Pistia stratiotes L. Aquaculture, (24) : 11-19.

[49] Ower, J, Cressewell C.F, Bate G.C (1981). The effects of varying culture nitrogen and
phosphorus levels on nutrient uptake and storage by the water hyacinth Eichhornia crassipes (Mart.)
Solms. Hydrobiologia, (85) : 223-237.

[50] Aoi T, Hayashi T (1996). Nutrient removal by watery lettuce (Pistia stratiotes Water Science &
Technology, 34(7-8): 407-412. https://doi.org/10.2166/wst.1996.0586

[51] Reddy K. R., DeBusk W. F (1985). Nutrient removal potential of selected aquatic macrophytes.
Journal of Environmental Quality. 14(4): 459-462.

[52] Reddy K. R, Agami M, Tucker J. C (1989). Influence of nitrogen supply rates on growth and
nutrients storage by water hyacinth (Eichhornia crassipes) plants Aquatic Botany (36): 33-43.

[53] Bachand P. A. M, Horne A. J (1999). Denitrification in constructed free-water surface wetlands:
I1. Effects of vegetation and temperature. Ecological Engineerin = 14(1-2): 17-32.

20


https://doi.org/10.2166/wst.1996.0586

	Table 3. Monthly variation in physicochemical parameters at the station inlet and outlet (2023)
	3. Results and discussion
	Before the results are discussed, we explain how to calculate the average values monthly and then annually for one month. Our values are obtained by adding the values obtained each month and then dividing the total by 3, so we obtain the average value...
	Fig. 6 shows that N–NO₃⁻ originates from the biological oxidation of different nitrogen forms (organic N, NH₄⁺, NO₂⁻), and although it may transform into nitrites with indirect toxicity, no carcinogenic effects have been demonstrated [40]. The optimal...

