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Abstract

The aim of this work is to study the effectiveness of reed purification for wastewater treatment using a natural and ecological
phytotreatment technique. Among the purification plant species identified, Phragmites australis was chosen for its high
purification capacity. After six months of operation, the results show high purification efficiencies for parameters such as TSS,
with an abatement rate of 99.16%, 94.01% for COD, 88.90% for BOD5, 99.24% for PO, 3" and 71.20% for SO,%. We also
observed values of 85.20% for NO, and 85.40% for NOs. With regard to microbiological parameters, we recorded an
elimination rate of 80% for total coliforms and 97.75% for fecal streptococci after treatment, demonstrating the effectiveness of
reeds in improving water quality. Overall, these results demonstrate the high purification performance of this technique and the

powerful cleansing power of reeds.
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1. Introduction

As the human population has grown, aquatic environments
have served as receptors for more and more domestic effluent,
with increasingly visible consequences. The growing protec-
tion of watercourses has therefore led, for just over a century, to
the creation of purification systems that are now well known.
Domestic wastewater must be treated before being discharged
directly into the natural environment, i.e. streams, rivers and
lakes. This treatment is carried out in wastewater treatment
plants, using bacteria to destroy polluted water before it is
discharged back into nature. They then transform this pollution
into a by- product called "sludge”, which is then spread on
agricultural land as fertilizer and organic matter [5, 15] Con-

ventional urban wastewater treatment plants are highly tech-
nical, complex and costly, particularly in terms of electricity. In
particular, regular sludge evacuation is a major constraint,
because if it is not respected, it can lead to plant malfunction
and, consequently, the discharge of poorly treated pollution.

Improved knowledge in this field has greatly contributed to
the design of new water purification systems inspired by
natural processes, known as "artificial marshes". Wastewater
treatment plants designed according to the "lagoon™ or "wet-
land" principle are now being used.

"Aurtificial marshes are therefore an important solution for
the rural environment, and have been adopted by many local
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authorities for several decades [5, 6]. The purification poten-
tial of aquatic plants was first demonstrated by the biologist
Seidel in the early 60 s, through experiments with filters
planted with macrophytes. Based on rigorous observation of
marsh and swamp plant life, she highlighted the intense
biological activity of interface zones, such as water/land,
land/air, etc. [33]. Since then, this extensive new technology
has been successfully exploited by several authors [7, 8] for
the treatment of several types of effluent.

The city of Bangui is experiencing problems with its
wastewater collection and treatment systems, due to demo-
graphic expansion and the consequences of rural exodus.
These factors are increasing water consumption and, conse-
quently, the need to manage wastewater discharge.

Existing sewage canals flow into the river without prior
treatment. The urban environment and natural receptors are
becoming increasingly fragile and require greater protection
against pollution. The quality of fish products consumed by
the population, as well as that of bathing water, is being called
into question. To avoid rapid and irreversible degradation of
the natural environment, it has become necessary to assess
needs and build wastewater treatment facilities. Various
techniques can be used, with varying degrees of cost. The
difficult economic conditions in the Central African Republic
make it unlikely that a wastewater treatment system with
expensive equipment can be set up quickly. As a result, phy-
to-purification, which is less costly and simpler to operate,
represents a credible alternative for wastewater treatment in
Bangui.

International standards: In this study, WHO standards were
used to assess wastewater treatment performance (Table 1).

Table 1. WHO standards.

Features Standards used (WHO)
pH 6,5-8,5

Temperature <30T

EC < 800 S/cm

Dissolved Oxygen 50% < X< 120%

TSS 35 mg/L
NO2 - <1 mg/l
NO3 - <1mg/l
BOD5 <30 myg/l
COD <90 myg/l
PO, 2mg/L
Total coliforms 2000 UFC
Fecal Streptococci UFC

47

2. Materials and Methods

In our work, we used a macrophyte renowned for its high
purifying power: the common reed (Phragmites australis), one
of the invasive plant species [4]. Reed is probably one of the
most widespread vascular plants in the world. It is a hydro-
philic species that grows naturally in wetlands or floodplains,
such as freshwater or brackish marshes [29] and the banks of
rivers and lakes. Reeds spread sexually or by vegetative
propagation. A reed colony generally establishes itself in a
new site through the germination of a seed spread by wind or
water [1], or by the rooting of a stem or rhizome fragment [17,
19]. The plants tested at the University of Bangui's ecological
pilot treatment plant are Phragmites australis. Water analyses
are carried out after the plant has been irrigated at the treat-
ment plant, followed by a series of analyses of the site's
wastewater (Figure 1).

2.1. Description of the Ecological Pilot
Wastewater Treatment Plant at Bangui
University

Drain

pPVC @ 100 I

Pente 2%

2%

PVC @100

Figure 1. Schematic diagram of the ecological pilot wastewater
treatment plant at the University of Bangui.

Figure 2. Phragmites autralis (Source: STEP Universitéde Bangui).
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Table 2. Descriptive numbering of the ecological pilot wastewater
treatment plant at the University of Bangui.

Water connection to wastewater treatment plant

Waste reception and screening tank with 2 lift pumps
Connection pipe for screened water to primary filters

Primary Filter N<1

aa B~ W N -

Primary Filters N2

2.2. Analysis Equipment

The instruments used in our analyses are listed in Table 3 below:

Manhole for receiving treated water from primary filters 1
and 2

7 U. E. pipe to finish filter
8 Finishing filter (Secondary filter)
9 Treated wastewater outlet

10  Station entrance gate and wire mesh fence

Table 3. Materials used.

Parameters Units Methods

pH :

Temperature <

Conductivity pS/em Potentiometry

02 dissolved mg/l Nephelometry

COD mg/l

Nitrites mg/l

Nitrates mg/l Spectrophotometry

Phosphates mg/l

Sulfates mg/I

BOD5 mg/l Manometry

Total coliforms UFC Membrane filtration

Fecal Streptococci UFC Membrane filtration
2.3. Methods

Taking a water sample is a very important operation, and
one to which the utmost care must be taken. The sample must
be homogeneous and representative, as the sampling condi-
tions have a direct influence on the analysis results. Vials are
rinsed with distilled water, labelled and sealed. All samples
are transported to the laboratory the same day and stored at
4<C for in vitro analysis (source of wastewater: Bangui uni-
versity restaurant). In our study, samples were taken in 1 L
polyethylene drums at the inlet and outlet of the plant, in order
to gain a better understanding of the abatement rate. Samples
were taken in October (rainy period, when the reeds were in
full growth), in December (dry climate) and in May
(off-season)..

Devices

pH meter (HANNA model)
Multimeter 3320

(WTW model)
DR2800 (HACH model)

Inductively Coupled Plasma Atomic Emission (ICP-AES).
COD digester

BOD meter
TTC and PCA agar

Slanetz and Bartley agar

3. Results and Discussion

Analyses of physico-chemical and bacteriological param-
eters of wastewater from the Bangui University restaurant
focused on the following elements:

3.1. pH

Variations in water pH during our experiment are illustrated
in Figure 3, showing a slight increase in pH after purification.
This increase in pH at the outlet of the gravel pack could be
explained by:

1) The accumulation of H+ ions as a result of the activity of

nitrifying bacteria.

2) The accumulation of CO, due to plant metabolism or the
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degradation of organic matter by heterotrophic bacteria.
3) The production of H+ ions by the plant to compensate for
the removal of certain cations (mineral nutrition) [20, 22].

pH

8

7 S —
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3

2

1

0

october December May
période
==@==Raw water ==@==Purified water

Figure 3. Changes in pH before and after wastewater treatment
Phragmites australis plants.

3.2. Temperature

The temperature of wastewater is one of the parameters in-
fluencing its composition. It also favors the formation of a
significant bacterial biomass [18, 26], Temperature values
varied during our experiment. Outlet values are higher than
those of the raw water (Figure 4). We know that the water
temperature in the reed-covered pond is practically constant or
changes little with variations in atmospheric temperature. This
is due to the impact of the plant cover on the surface of the
treatment filters, which acts as a screen limiting the penetration
of solar radiation, a source of heat, into the depth of the basin.

T,°C

\
_

33
32
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30
29
28
27
26
25
24
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october December May
période
en@emRaw water —==e==Purified water

Figure 4. Temperature variations before and after wastewater
soaking in Phragmites plants australis.

3.3. Dissolved Oxygen

Dissolved oxygen is essential for all aquatic life, as well as
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for the decomposition of organic matter produced by aquatic
plants. Our results show a depletion of wastewater prior to
treatment (Figure 5). At the inlet, the dissolved oxygen con-
tent of the raw water varies from 5.34 mg/l to 6.85 mg/I, de-
pending on the period, and is lower than that of the water at the
outlet. The increase in dissolved oxygen content after the
water has passed through the planted purification systems
could be explained by the high metabolic activity, probably
due to the root biomass of Phragmites australis, since this
oxygen is the result of metabolism and transfer due to air dif-
fusion [2] In other words, the plant provides the oxygen
required for aerobic degradation of organic matter.

Dissolved oxygen

october December

periode

e=@emRaw water === Purified water

Figure 5. Variation dissolved oxygen before and after purification.

3.4. Conductivity

Electric Conductivity
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o
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e=@umRaw water === Purified water

Figure 6. Variation of EC.

There is a clear reduction in the electrical conductivity of
the water after passing through the devices. These results
indicate that the conductivity of the raw water is higher than
that of the output water (Figure 6). It varies from 617 puS/cm to
1,116 uS/cm, with an average value of 856.3 puS/cm at the inlet,
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compared with an average value of 362.6 uS/cm at the outlet
(figure 5). This drop in values can be explained by the inten-
sive absorption capacity of Phragmites australis with regard to
mineral salts [17, 19, 35].

3.5. Suspended Solids (SS)

TSS is a significant factor in water treatment, as it is re-
sponsible for silting and reduced light penetration into the
water, leading to reduced photosynthetic activity and a drop in
phytoplankton productivity. TSS concentration values ob-
tained for raw sewage are high, with a maximum concentra-
tion of 231 mg/l recorded in May (Figure 7). This shows a
very significant reduction in suspended solids content after
treatment. This underlines the purifying effect of macrophyte
planted filters, with a purification efficiency of 99.16%.

Suspended matter
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Figure 7. Variation in suspended solids.

3.6. Chemical Oxygen Demand (COD)

Chemical oxygen demand (COD) is an estimate of the
amount of oxygen required to oxidize organic and mineral
matter in water. According to the results obtained, we ob-
served a decrease in COD at the plant outlet. The maximum
COD value was recorded in May at the plant inlet (629 mg/l),
for an average of 506.6 mg/l. The average value at the outlet is
30.3 mg/l (Figure 8). This gives us a treatment efficiency of
94.01%. This shows that our treatment plant is efficient in
terms of oxidizable matter degradation.

These results clearly indicate that the presence of the puri-
fication plant tested clearly improves organic load removal
(BOD5 and COD) compared to the non-planted system. This
may be linked to better oxygenation of the substrate in planted
filters, enabling aerobic bacteria to proliferate and ensure
better mineralization and oxidation of organic matter. Ac-
cording to Tiglyene [7, 37] Phragmites australis has the ability
to transfer oxygen from the rhizome to the roots through an

internal lacunar system, thus promoting the creation of an
aerobic zone around the roots. This aerobic zone enables the
proliferation of micro-organisms, which are the main de-
composers of organic matter in the root zone.

DOC
700
600
500
400
300
200
100
0 h— —— —
october December May
période
==@==Raw water ==@==Purified water

Figure 8. Variation in COD.

3.7. Biochemical Oxygen Demand After 5-day
Incubation (BOD5)

The evolution of biochemical oxygen demand is shown in
(Figure 9). Throughout the station's monitoring period, BOD5
values at the outlet are lower than those at the inlet, at 24 mg/I,
11.5 mg/l and 20 mg/l respectively. In the presence of
Phragmites australis plants, BOD5 tends to decrease, with an
abatement of around 88.9%.

BOD5
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200
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7 150
=
=,
= 100
5
= 50
o — —
0
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e=@umRaw water —e=@==Purified water

Figure 9. Variation in BOD5 COD/BODS5 ratio.

The COD/BODS5 ratio is an important indicator of an ef-
fluent's biodegradability and the origin of organic pollution. It
can be used to determine the origin and nature of the pollution.
As a general rule, the higher the ratio, the more difficult it is to
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biodegrade the pollution. For domestic wastewater, this ratio
is generally between 2 and 2.5. Aratio greater than 3 indicates
pollution of industrial origin or the presence of toxic sub-
stances inhibiting biological activity. In our study, the average
value of the COD/BODS5 ratio was 2.075 (Figure 10). This is
consistent and means that the raw effluent from Bangui Uni-
versity's restaurant is moderately biodegradable, as the ratio is
between 1.5 and 2.5.5 < COD/BODS5 < 2.5, [28].

COD/BODS
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-g 25
& 2
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Figure 10. Ratio COD/BODS5.

3.8. Nitrates and Nitrites

The Figure 11 below shows the evolution of the nitrite
content in the wastewater at the inlet and outlet of the treat-
ment plant. According to our results, nitrite ions have de-
creased considerably at the outlet of the tanks. This represents
a treatment efficiency of 85.20%.

Nitrites

october December

période

==@u=Raw water — ==@==Purified water

Figure 11. Variation in nitrite content Nitrates.
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Nitrate levels in the water before and after passing through
the two reed basins are shown in Figure 12. These levels
reveal a low level of nitrogen pollution. The highest nitrate
value was recorded in May 2023 at the inlet, with a maximum
value of 1.74 mg/l and an average value of around 1 mg/l. At
the outlet, on the other hand, the nitrate ion content was
reduced, with an average value of 0.146 mg/l and a maximum
value of 0.31 mg/l in October 2022. This represents a treat-
ment efficiency of 85.4%.

Nitrates
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Figure 12. Variation in nitrate content.

3.9. Orthophosphates

Phosphate is one of the elements required for plant growth.
Total dissolved phosphorus includes organic and inorganic
phosphorus, the latter consisting of orthophosphates and pol-
yphosphates. In our analyses, the highest phosphate value was
recorded in October 2022, with a maximum value of 76.3 mg/I
and an average value of 62.63 mg/l at the inlet. This value is
significantly higher than that obtained at the outlet, with a
maximum value of 1.25 mg/l and an average value of 0.47 mg/I.
This gives a treatment efficiency of 99.24% (Figure 13).

Orthophosphates
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Figure 13. Variation in orthophosphate content.
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The removal efficiency obtained in the presence of
Phragmites australis is very high, reaching 100% at the outlet
of reed filters. According to Brix [8], some plants consume a
significant amount of phosphorus during their growth. They
can store it in roots, rhizomes, stems and leaves. For his part,
[24] has pointed out that phosphorus is an essential constitu-
ent for plant development, which is assimilated in the form of
orthophosphate at root level. Orthophosphate elimination can
involve two different phenomena: uptake by the substrate,
including litter, or consumption by plants.

3.10. Sulfates

Sulfates are among the anions that are easily fixed by the
soil; their presence is linked to the decomposition of organic
matter. Sulfate ion concentration was quite variable during our
study, with an average value of 32.3 mg/l at the inlet. The
highest value at the inlet was recorded in May 2023, with a
maximum value of 42 mg/l, compared with 12 mg/l at the
outlet (Figure 14). The average outlet value is 9.3 mg/l. In
particular, the concentration of sulfate ions at the outlet has
fallen, indicating that they have been consumed by the phy-
todepuration plants. This represents a treatment efficiency of
71.2%.

Sulfates
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Figure 14. Variation in sulfate content.

4. Results of Analyses of Biological and
Microbiological Parameters

Figures 15 and 16 below show the evolution of total coli-
form and fecal streptococcus counts at the inlet and outlet of
the wastewater treatment plant at the Bangui University Res-
taurant. Considerable abatement of the order of 80% for total
coliforms and 97.75% for fecal streptococci can be seen.

For the month of October:

At the plant inlet, we observed 15,000 CFU, compared with
100 CFU for total coliforms, giving a yield of 99.3%.

For December:
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At the plant inlet, we observed 4,000 CFU for total coli-
forms versus 1,100 CFU at the outlet; i.e. a 72.5% yield.

For May:

At the station inlet, we observed 1000 CFU for total coli-
forms, compared with a value of 200 CFU at the outlet, i.e. a
yield of 80%.

Total coliforms
4500
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Figure 15. Total coliform.

For the month of October:

On entry, we observed 100 CFU for streptococci, compared
with 0 CFU on exit. The elimination of these germs is there-
fore considerable. This represents a yield of 100%.

For December:

200 CFU for streptococci were observed at the station inlet,
compared with 0 CFU at the outlet, giving a yield of 100%.

For the month of May

At the station inlet, we obtained 1300 CFU for fecal
streptococci versus a value of 300 CFU; i.e. ayield of 76.92%.

Fecal Streptococci
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Figure 16. Fecal streptococci.
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5. Conclusion

Today, wastewater treatment has become a priority, not only
to protect human health and the environment, but also to pro-
duce water that can be reused for other social activities. Nu-
merous purification processes have been developed, including
phytodepuration. It stands out for its simplicity, reliability and
low investment and operating costs. The aim of this work is to
demonstrate the phytodepuration performance of Phragmites
australis reeds in the ecological pilot wastewater treatment
plant at the University of Bangui, in the decontamination and
purification of domestic wastewater from the University's
restaurant. By monitoring the physico-chemical and microbi-
ological indicators of this water, we were able to obtain a range
of information on its inlet and outlet quality. The various pa-
rameters measured in the raw water (pH, temperature, EC,
COD, BODs, TSS, total coliforms, faecal streptococci, etc.)

clearly indicate a high level of pollution. Our results show that
this system (plants, microorganisms, substrate) has a strong
purifying power, with a reduction in most of the physi-
co-chemical and microbiological parameters studied. Sus-
pended solids were eliminated with an efficiency of 99.16%,
and ortho-phosphates with a purification efficiency of 99.25%.
Nitrate removal efficiency was 85.24%, while nitrite removal
efficiency was 73%. For BOD5 and COD, we achieved treat-
ment efficiencies of 88, 90% and 96% respectively. As far as
microbiological parameters are concerned, the results showed
that the reeds can ensure significant, if not total, elimination of
the bacterial load. The values obtained at the outlet meet WHO
standards for practically all the parameters studied. This
demonstrates the efficiency of the plant.

Abbreviations

BOD5 Biochemical Oxygen Demand After 5-day
Incubation

COD Chemical Oxygen Demand

FCU Fotma Colny Unite

TSS Total Suspended Solids

WHO World Health Organization

Acknowledgments

The authors would like to thank the staff of the Laboratoire
Hydrosciences, UNESCO CHAIRE pour la gestion de I'eau at
the Universitéde Bangui for the sampling campaigns, the
Association Géné&ale des Intervenants Retraités and the
Mairie de Chessy for funding the station.

Author Contributions

Olga Biteman: Formal Analysis, Investigation, Method-
ology, Validation, Writing — original draft, Writing — review &

53

editing

Nicole Poumaye: Data curation, Formal Analysis, Meth-
odology, Validation, Visualization, Writing — review & editing

Oscar Allahdin: Conceptualization, Data curation, Formal
Analysis, Investigation, Methodology, Validation, Visualiza-
tion, Writing — original draft, Writing — review & editing

Eric Foto: Conceptualization, Data curation, Formal
Analysis, Investigation, Methodology, Project administration,
Supervision, Validation, Writing — original draft, Writing —
review & editing

Conflicts of Interest

The authors declare no conflicts of interest.

References
[1] Abdelhamid B, Mohammed B, 2013. Domestic wastewater
treatment by natural lagooning in five wastewater treatment in
the Chaouia Ouardigha region. Nature & Technologie" journal.
https://doi.org/10.12911/22998993/140259

[2] Akmaral U. Issayeval, Arystanbek A. Yeshibayevl, Assel Ye.
Tleukeyeva2*, Yerzhan B. Issayev2, 2021, Use of Phytome-
liorant Plants for Waste Water Purification, Journal of Eco-
logical Engineering 2021, 22(9), 48-57
https://doi.org/10.12911/22998993/141481 ISSN 2299-8993,
License CC-BY 4.0.

[3] Ayyach A, Fathallah R., Hbaiz E. M., Fathallah Z., Chouki H.,
Midaoui, A. E. 2016. Physico-chemical and bacteriological
characterization of wastewater treatment plant in the city Dar
El Gueddari (Morocco). Larhyss Journal, 28, 65-85.

https://doi.org/10.4236/0alib.1111507
[4]

Bachi, 2010. Dissertation presented in view of obtaining the
diploma of magister theme diagnosis on the valorization of
some plants of the gardin of purification of station of the old

ksar Té@macin, Ouargla, Algeria.

[5] BaumontS, Camard JP, Lefranc A, Franconi A, 1997. Reuse of
treated wastewater: health risks and feasibility in Ile-de-France.
Observatoire regional de santé d'lle-de-France, Institut
d'aménagement et d'urbanisme de la ré&gion lle-de-France,

France. 169p.

[6] Bedouh Y, Boumedris Z, 2013. Contribution to the purification of
industrial wastewater by a biological process (Lemna minor), case of
Oued Mebouja. Proceeding of the international seminar Hydrology

and Environment SIHE 2013, Ouargla, Algeria. 353p - 354p.

[7]1 Bhupinder D, Sharmila P, Pardha-Saradhi P, 2009. Potential of
aquatic macrophytes for removing contaminants from the en-
vironment. Reviews in Environmental Science and Technology
n<39. Department of Environment Biology, University of Delbt,

India. 754p - 781p.
(8]

Brix M, 1994: Functions of macrophytes in constructed wet-
lands. Ed. Water Sci. Technol. Vol 29. 100p - 107p.

https://doi.org/10.2166/wst.1994.0160


http://www.sciencepg.com/journal/sjc

Science Journal of Chemistry

http://www.sciencepg.com/journal/sjc

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Carleton J N, et al, 2001. Factors affecting the performance of
storm water treatment wetlands, Ed. Water Research n<29:
1552p-1562p. https://doi.org/10.1016/s0043-1354(00)00416-4

Chantrel E, Saint-Sauveur A, 1993. Review on the characteris-
tics of Moringa water treatment. Propage. 22 p.

Chocat B, 1997. Encyclopedia urban hydrology and sanitation.
Ed. Tec & Doc. 16p.

Frank P M, Ding S X, 2002. Survery of robust residual gener-
ation and evaluation methods in observer-based fault detection
systems. Ed. J. Process control n07. 403p - 424p.

Gaid A, 1984. Epuration biologique des eaux usées urbaines,
Tome | et Tome |1, Ed. Office des publications universitaires.

Garc® P, et al, 2005. Effect of key design parameters on the
efficiency of horizontal subsurface flow constructed wetlands.
Ed. Ecol. Eng. 663p - 670p.

Gardea Torresdey J. L, Peralte-Videa J. R, De La Rosa J. R,
Parson, J. G. 2005. Phytoremadiation of heavy metal coordi-
nation by X-ray absorption spectroscopy. Ed. Coordin. Chem-
istry. Reviews 249: 1797p-1810p.
http://dx.doi.org/10.1016/j.ccr.2005.01.001

Glamic R, Bennetion J P, 1989. Characterization individual
sanitation and testing of autonomous sanitation equipment.
TSM. L'eau-84 année-n<11. 573p - 584p 21.

Geeta Saini, Shweta Kalra, - Urminder KaurThe, 2021, pu-
rifcation of wastewater on a small scale by using plants and
sand flte, Applied Water Science (2021) 11: 68
https://doi.org/10.1007/s13201-021-01406-4

Huda Hilo Ali, Israa Lazim, 2022 Use of aquatic plants in
removing pollutants and treating the wastewater: A review
Journal of Global Innovations in Agricultural Sciences 10(2):
61-70 https://doi.org/10.22194/JGIAS/10.985

Kaseva ME., 2004 Performance of a sub-surface flow con-
structed wetland in polishing pre-treated wastewater-a tropical
case study. Water Res. 2004 Feb; 38(3): 681-7.
https://doi.org/10.1016/j.watres.2003.10.041

Kucuk O S, Sengul F, Kapdan I K, 2003. Removal of ammo-
niam from tannery effluents in a reed bed constructed wetland.
Water Sci. Technol.

https://doi.org/10.2166/wst.2004.0835

Kurniadie D, 2011. Wastewater treatment using vertical sub-
surface flow constructed wetland in Indonesia. American
Journal of Environmental Sciences.
https://doi.org/10.3844/ajessp.2011.15.19

Ladislas S, 2012. Pollutant transfer an urban runoff water
treatment facility. Development of a complementary treat-
ment process. Doctoral thesis, Ecole Doctorale des Mines de
Nantes.

Mamadou L N, 2005. Impacts of wastewater on the chemical
and microbiological evolution of soils: a case study in Pikine
(Dakar-Senegal). Dipléme d'éudes sup€ieures en sciences
naturelles de I'environnement. University of Lausanne.

54

[24]

[25]

[26]

[27]

(28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

(36]

[37]

(38]

Mancer H, 2010. Analyse du pouvoir éurateur de quelques
plantes macrophytes dans les régions arides. Master's thesis,
University of Biskra, Algeria.

Meddjdoube T, 2014. Study, design and sizing of a WWTP by
reed planted filter of wastewater from scattered areas of the
commune of Terny, Ukraine. Memoire de magister.

Meinck F, Stooff H, Kohlschuter H, 1977. Les eaux
réiduaires industrielles, 2™) Ed. Masson, Paris, France.
https://doi.org/10.4236/jwarp.2017.912098

Mekhloufi N, 2003. Etude des performances epuratoires du
lagunage naturel et [l'impact du cadmium on these
performances. Ed. Ensh Blida.

Metahri M S, 2012. Simultaneous removal of nitrogen and
phosphate pollution from treated wastewater using mixed
processes. Case de la STEP est de la ville de Tizi-ouzou,
Algé&ie. Mémoire de magister.

Moll D, 2002. Report on water pollution analysis parameters.

Pauline M S, 1995. Biological unit processes and water
treatment course. Ed. OPU n<29, Algiers. 15p - 25p.

Poulet J B, et al 2003. Wastewater treatment plant with mac-
rophyte filter beds. Ed. I. C. O. W. A. P, Biskra, September, I. N.
S. A Strasbourg.

Paulus Bawole,2021, POSSIBILITY STUDY OF IMPLE-
MENTING VERTICAL CONSTRUCTED WETLAND FOR
DOMESTIC WASTE WATER TREATMENT IN URBAN
KAMPONG, Jurnal Teknosains 10(2): 179
https://doi.org/10.22146/teknosains.63801

Rakotovao J M, 2004. Profiles of toxic dinoflagellates and
allochthonous bacteria associated with dietary accidents by
consumption of marine animals: approach through shellfish
consumed in Tulé&r, Madagascar. PhD thesis in applied
oceanology. IH-SM, University of Toliara. 188 p.

Rodier J, et gl. 2009. Water analysis: natural water, wastewater,
seawater. 9™) &lition. DUNOD (publisher), Paris, France.

Sagga M M, 2004. Contribution to the study of a ma-crophyte
plant purification system for wastewater from the city of
Ouargla Algé&ie. Magister thesis.

Slimani R, 2006. Contribution to the evaluation of
environmental pollution indicators in the Ouargla region: the
case of eaux de rejets (agricoles et urbaines). Magister thesis,
Univ Ouargla, Algeria

Tiglyene S, Mandi L, Jaouad A E, 2005. Chromium removal by
vertical infiltration on Phragmites australis beds. Rev. Sci-
ences Eau. https://doi.org/10.7202/017927ar

Wmazal J, 2005. Constructed wetlands with horizontal sub-
surface flow and hybrid systems for wastewater treatment.
Ecol.


http://www.sciencepg.com/journal/sjc

