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Abstract:Collected by the sewerage network, the wastewater contains many polluting
elements, coming from the population, commercial, industrial and agricultural
activities.These waters are collected and discharged into the natural environment and
pollute it. Hence the need to transport them before discharge to a treatment plant to
undergo several treatment phases. The objective of this study is to highlight the
purification performance of the "Sodom apple tree" which is a very common shrub in
the region of Djanet and lllizi in Algeria.As material, we used small buckets filled with
sand with a gravel substrate.We sowed seeds that we let grow a few weeks.The water
supply is under a horizontal flow regime under-ground. The urban wastewater used is
preceded by preliminary treatment.The water obtained after purification is collected
using a tap in a container placed under the seal. The comparison between the inlet
and the outlet waters showed that the presence of the Sodom apple tree contributes
to reducing their pollutant parameters with significant rates: 85.49% for Chemical
Oxygen Demand, 87,52% for Biological Oxygen Demand, 81% for Suspended Matter,
70% for Nitrite, 64.70% for Nitrate and 69% for Phosphore. The majority of
parameters at the filter output comply with Algerian irrigation standards
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1. Introduction

The Djanet region is experiencing urban development and agricultural dynamics, which increases
the demand for water from the various user sectors, particularly agriculture. This results in
significant discharges of wastewater, which without prior treatment constitutes an environmental
and health threat. Wastewater is characterized by physicochemical and bacteriological
parameters, which make it possible to determine its possible origin and to know the importance

of its polluting load. They are collected and discharged into the natural environment.[1]
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Before they are released into the natural environment and degrade it, it is imperative that they

comply with established standards to protect the receiving environment from pollution.

Phyto-purification is a naturalprocess of filtration or depollution of wastewater, by plants. This
combination of soil plants and micro-organismsmakesit possible to clean up wastewater by
bacteriahidden in the root system of plants which are calledpurifiers. The purifying potential of
plants was demonstrated by Seidel in 1946 to treat industrial effluents containing chemicals such
as phenols, chlorophenols and heavy metals.Since then, this new extensive technology has been

successfully exploited by several authors[2,3,4] for the treatment of several types of effluents..

The use of plantedfilters for wastewatertreatmentisincreasing all over the world. For example,
there are about 8,000 installations in the United States, and about 5,000 in Germany [5]. In
general, that planted systems are more efficient than those that are not planted [6, 7]. And have
several advantages. They are less expensive to build and operate, can be built on the wastewater
production site, require little mechanical equipment and are less sensitive to variations in

pollutant loads. [4]

Thesesystems have thereforebecomeincreasinglypopular and currentlythey are the subject of

intensive research, mainly in Europe, in order to optimizetheir basic design parameters[8,9]

The objective of thisstudyis to evaluate the effectiveness of filtersplantedwithCalotropisprocera
for the elimination of pollutantsfromurbanwastewater in the city of Djanet located in an arid

zone (southernAlgeria) and to be able to valorizethispurified water for irrigation.
2. Methodology
2.1  Study zone

The city of Djanet is located in the extreme south-east of Algeria, it is distant about 2200 km
from the capital Algiers [10].1t is located in the region of Tassilin'Ajjer with coordinates of 24 °
33 ’north latitude, and 9 ° 29’ east longitude and an altitude of 1094 m. The Djanet region is
bounded by the Libyan border to the east, the Nigerian border to the south, by the wilaya of
Tamanrasset to the north, the commune of Bordj El Haoes and by the commune of Illizi to the

southwest.(Figurel).
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Figure 1. Location of Djanet [11]

The town of Djanet covers an area of around 56,103 km. It has a population of 1,200 to 1,500
inhabitants[12]

This region is characterized by a considerable agricultural area of 4,591 ha and of which only 477
ha are exploited [13]

The Tassilin'Ajjer, the Hoggar and their annexes are the only regions among the Saharan areas
which receive precipitation slightly above normal and more regular. [14].In Djanet, the annual

average is 19.2mm [15]

The temperatures in Djanet are regular. They range from 2.4 ° C in January the coldest month

to 38.9 ° C in June the warmest month. They are rarely below 0 ° C or above 40 ° C.

Winds are more frequent during the day and especially during the hot period. The average wind
speed varies from 0.9 m / s in December to 2.8 m / s in July. [16] Sandstorms are quite rare: they
are around 9.1 days per year on average for an average duration of 13 hours. They come from the

south, and their maximum frequency is in April and May [16]
Very low air humidity. The annual average is 29%. The wettest month is May with 39%.[16]
2.2.Calotropisprocera

The plant  usedis The  “Sodomappletrec”,  scientificname“Calotropisprocera”,  a
verycommonshrubaridregions of Africa[l17] and the Middle East, especially in the wadisln
Algeria, itis in abundancebetween Illizi and Djanet.It is a Sahelian species that prefers sandy
soils[18]

Its height varies between 2 and 6 meters,the trunk generally simple, without lower branches,
covered with a cracked greyish brown bark. All parts of the plant exude white latex[19, 20] The

leaves are large and can reach up to 30 centimeters. The hermaphrodite flowers, pentameters,
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grouped in cymes with the appearance of umbels. The corolla has 5 generally white lobes with

purple or purple pointed ends. Pollinationtakes place thanks to insects[21]. The fruit
isovoidwiththick pulp, green to yellowish in color, up to 10 cm or more. The interior is fibrous.
Fiber envelops many seeds. This shrub is found on degraded soils, especially old crops and
pastures gained by the sand. It isdroughtresistant and salttolerant[22]. Calotropisprocera is used
as a coagulant in cheese making by herders, especially in Benin and Nigeria[23].According to
[24], the macerated roots of Calotropisprocera can be used for the treatment of water polluted

with Zn(II). .( Figure 2a).

Figure 2a. Calotropisprocera in Djanet Figure 2b. Grainesplantées

(Photography OULHACI D) (Photography OULHACI D)
To allow good development of the plant, the plantedseeds are first irrigatedwithdrinking
water. As soon as the first leavesappear (figure 2b), sothat the plant adapts to used water, we

graduallyadd the latter to the irrigation water (10, 20, ..... 100%).Wethenwash the plant, and
place it in cylindrical tanks (40cm in diameter) filled to adepth of 80 cm of washedgravel.

The supply of water subjected to a vertical flow regime underground is made exclusively by
urban wastewater and this with a regular frequency of once a week. The water of percolation

obtained after purification is recovered by means of a tap in a container placed under each basin.

The experimenttook place from the beginning of autumn to the end of summerwiththree (3)

repetitions. The urban wastewater used is preceded by a preliminary treatment (screening).

All the analyzes and measures necessary to quantify organic pollutants are standardized according
to Algerian standards according to the techniques recommended by [25] . Given the organic

charge of the wastewater and its fairly rapid biodegradation, the physicochemical parameters
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likely to be altered such as the temperature, salinity and electrical conductivity of the water, were

measured in situ using a multi-parameter analyzer and the pH using a pH meter.

The other parameters were carried out in the laboratory, taking care to comply beforehand with

all the rules for preserving samples during transport.

BOD5 was measured with a MF120 / ISO5813 manometer, COD with a HACH, DR / 890
Colorimeter and dissolved oxygen with an Oximeter. The suspended Matter were measured by
the filtration method and the mineral elements (NH4 +, NO2 — and PO4-3) with a Visible UV
Spectrophotometer, JENWAY 6310

3. Results and Discussion

The results of the analyzes of the physico-chemical parameters for the comparison before and

after purification are
3.1 Suspended Matter

The suspended matter represent all the mineral and organic particles contained in the
wastewater. Generally, theirpresence in wastewateris not a disadvantage for the reuse of the latter

and caneven help soilfertility.[26]

In engineered wetlands, suspended matter is removed primarily by physical processes such as
sedimentation and filtration [27] followed by aerobic or anaerobic microbial degradation within
the substrate [28].These processes are obtained when wastewater passes through the system at a
low speed due to the presence of vegetation and substrate  [27]. Water treated with

Calotropisprocera undergoes a significant reduction in concentrations from (120+280) mg /| to

(19+69) mg /1, with 81,06% elimination rate.( Figure 3).
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Figure 3. Seasonal variations of Suspended Matter at the inlet and outlet of the filter
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It is noted that the concentration at the outlet is barely higher than 30 mg / | considered as

limiting concentration of water intended for irrigation according to Algerian standards[29]. The
low concentration of suspendedmatterobtained in the treated water provesthat the conditions

required for good sedimentation and filtration have been achieved.

The overall clearance averages are similar to thosefound by otherauthors. For example, the
resultsobtained by [27, 30] are between 81 and 95%.

3.2 Biological Oxygen Demand (BOD)

BOD:s translates the amount of molecular oxygen used by the microorganisms during a 5days
incubation period at 20 ° C and in the dark(oxidation of biodegradable organic matter by

bacteria) to decompose the dissolved or suspended organic matter contained in one liter of

water[31, 32, 33].

The studied waters underwent a reduction of (320+250) mg O, / | to (27+42)mg O/l with
87,52%e¢limination rate The average value is barely higher than the Algerian norms (BODs) is
<30 mg O, /1).[29]..( Figure 4).
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Figure 4. Seasonal variations of DOB at the inlet and outlet of the filter
3.3 Chemical Oxygen Demand

The COD allows assessing the concentration of organic or inorganic matter, dissolved or
suspended in water, through the amount of oxygen necessary for their total chemical oxidation.
The studied waters underwent a reduction of (670+589) mg O, /1 to (88+95) mg O,/1 .Like the
results of BOD, the averageoverallefficiency of COD isveryhigh (more than 85.49%) (Figure 5).
The filterplantedwithCalotropisprocerawas effective in the treatment of usedwastewater.
Theseresults are in agreement withthose of severalauthors [34, 9,35]. According to Algerian

release standards[29]., purified water intended for irrigation must have COD less than 90 mg /1,
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and Calotropisprocera-treated water has a COD average value of 90,75 mg / . These waters are

therefore in the norms.
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Figure 5. Seasonal variations of DOB at the inlet and outlet of the filter

The COD/BOD5 ratio value makesit possible to roughlyestimate the biodegradability of
organicmatter in a given effluent. The COD/BODS5 ratios varybetween 2 and 2.3. Sincethese

ratios are lessthan 2.5, itcanbeconcludedthatitispredominantlydomesticrawwastewater and

casilybiodegradable[36, 37, 38] .
3.4 Nitrate

Nitrates are the final oxidizedform of nitrogen. Theirpresence in the water attests to good
recovery in the event of organic pollution. Humanactivityisunmistakable as soon as
concentrations exceeding 12 mg/l are observed[39]. The values recordedfrom the figure 6reveal a
reductionbetweenraw water s (4.7+7.6) mg/l and purified water (1.9+2.1)mg/l ,with 64.70%
elimination rate. Nitrate removalissatisfactory in the
filterplantedwithCalotropisprocerawhichisprobably due, in part, to good nitrification;
resultconfirmed by the work of [34, 35].
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Figure 6. Seasonal variations of Nitrate at the inlet and outlet of the

filter
3.5 Nitrite

Nitrites are the least oxygenated and least stable form of nitrogencompounds. Theirpresenceis
due either to the bacterialoxidation of ammonia or to the reduction of nitrates [32].The values
recorded reveal a significant reduction in Nitrites between raw water (5,5+2.41)mg/l ) and
purified water (0.75+1.35)mg/l , with 70% elimination rate.. This value is acceptable for
irrigation according to Algerian release standards (1 mg / 1) [29]..The significantelimination of
(NO3) in the planted filter is due to the presence of plants which have the property of absorbing
oxygen from the air, it is transmitted by the leaves then the stems to the roots and rhizomes

[40].( Figure 7).

This oxygenactivates the bacteriathatconvert nitrite (NO3) to nitrate (NO3) in the root zone.

This processiscalled nitrification.
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reveal a reductionbetweenraw water ( 6.4+9.5) and purified water (1.9+3.4 ) with 69%

elimination rate..(Figure 8). This lowering of phosphorus concentration in the purified water

iscaused by the adsorption of the substrate and the absorption by the plant for

itsphysiological[42, 43].
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This type of system isvery effective not only for the reduction of BOD, COD and SS, but also
for nitrification [44, 45] becausethey are humidified by intermittencyallowing air to fill the pores
of the substrate in the bed[46] and improving, in thisway, oxygentransferfrom the atmosphere to

the system.It provides crystal clear water.
4. Conclusion

The objective of thisstudyis the evaluation of the different physico-chemicalqualityparameters of
the purified water of the Djanet region by the apple tree of Sodom and the comparison with the
Algerian standards of irrigation. The monitoring of the purification performance of the
filterplantedwithappletree Sodome shows that the latter ensures a significantelimination of the
organic load, i.e. 95% for MES, 81% COD and 84% for BOD, as well as 82% for NO-2 and 85
% for NO-3 and for phosphate. The dissolved oxygen content is 6.5 mg/l at the outlet, much
higher than at the inlet (0.78).

The rate of pollutant removal in the planted filter appears to be dependent on climate and
retention time. The results obtained revealed that the yield increased significantly during the
vegetative period.The growth of plants and the development of the root system cause better
oxygenation. Thanks to light radiation, plants produce oxygen which allows respiration and the
development of bacterial colonies. Plants fix colonies of bacteria on the base of their stems, which
improves the performance of the scavenger organisms. And absorb by their roots part of the
mineral salts, nitrates and phosphates — resulting from the decomposition of the organic matter
present in the Wastewater. The majority of the parameters of the purified water comply with the

Algerian irrigation guidelines.

This processisvery simple, inexpensive, completelyecological. It iswithoutvisual, sound or
olfactory nuisance for local residents and canevenbeveryaestheticbecauseitfitsperfectlyinto the
landscape. This leads to the conclusion that purification withCalotropisprocerais effective and
thatwastewatercanrepresent a renewable water resource to beexploited in irrigation. But thisreuse
must of course be optimal, by adapting the irrigation systems to the quality of the water used and
the cropsresistant to this water. This reuseis an economical option for Djanet,

whichsuffersgreatlyfrom water shortage and environmentalproblems.
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