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Abstract

Abstract

Our work aims to compare the performance ability of the selected plants, which are
Cyperus papyrus and Canna indica in a system (single/mixed) and comparing them to an
uncultivated basin in a desert climate by a horizontal flow method. Where we discovered the
effect of combining two types of plants in one basin for the performance of domestic sewage
treatment. This is in order to answer the question: Is the combined removal efficiency of both
types equal to the average efficiency of separate monoculture or will it be superior to both
monocultures, which supports the hypothesis that plant diversity improves the removal of
pollutants in wetlands? We divided our work into two stages: the stage of testing the plant for
its ability to perform and bear the conditions of the region's climate and the nature of the
wastewater, and this is for a period of six months for the Canna indica plant. As for the Cyperus
papyrus plant, it was previously studied in the same area, and it proved its efficiency and ability
to treat, we benefited from that study without re-testing it. In the second phase, we conducted
an experiment for a year in a miniature model containing four circular basins, with a capacity
of 52L, filled with 18 cm thickness of gravel. The fourth is not planted as a witness The basins
are supplied with urban waste water after the primary treatment (physical treatment) with 13 L
per day, by horizontal sub-surface flow method, at a regular rate once a week, and the water
obtained after staying 5 days in the basins is collected and the necessary laboratory analyzes
are carried out. Next COD: (78.43%, 82.04% and 85.07%) for Cyperus papyrus and, Canna
indica system (single/ mixed) respectively. BODs: (80.34% and 82.66% and 85.78%) for
Cyperus papyrus and, Canna indica system (single/ mixed) respectively. NO2™: (97.59% and
96.63 % and 97.86%) for Cyperus papyrus and, Canna indica (single/ mixed) respectively.
NO3: (81.76% and 79.30% and 82.24%) for Cyperus papyrus and, Canna indica system
(single/ mixed) respectively. PO4*": (93.33% and 85.39% and 94.24%) for Cyperus papyrus and
Canna Indica system (single/ mixed) respectively. SS: (85.61%, 83.94% and 85.09%) for
Cyperus papyrus and Canna indica system (single/ mixed) system, respectively. We did not
find any evidence to prove that the combination of two types of plant has the ability to improve
the treatment efficiency of any pollutant compared to monoculture, But this provides other
advantages to the system, such as improving the shape of the system and resisting
environmental stress.

Key words: waste water, aquatic plants, constructed wetlands, horizontal flow,
desert climate.
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Résumé

Résumé

Notre travail vise a comparer la capacité de performance des plantes sélectionnées, qui
sont Cyperus papyrus et Canna indica dans un systeme (simple/mixte) et de les comparer a un
bassin non cultivé dans un climat désertique par une méthode d'écoulement horizontal. Ou nous
avons découvert l'effet de combiner deux types de plantes dans un seul bassin pour la
performance du traitement des eaux usées domestiques. Ceci afin de répondre a la question :
L'efficacité d'élimination combinée des deux types est-elle égale a I'efficacité moyenne de la
monoculture séparée ou sera-t-elle supérieure aux deux monocultures, ce qui soutient
I'nypothése selon laquelle la diversité vegétale améliore I'élimination des polluants dans les
zones humides ? Nous avons divisé notre travail en deux étapes : I'étape de tester la capacite de
la plante a performer et a supporter les conditions climatiques de la région et la nature des eaux
usees, et ce pendant une durée de six mois pour la plante Canna indica. Quant a la plante
Cyperus papyrus, elle a été précédemment étudiée dans la méme zone, le Cyperus a prouve son
efficacité et sa capacité a traiter, nous avons bénéficié de cette étude sans le retester. Dans une
deuxiéme phase, nous avons mené une expérimentation pendant un an dans un modele
miniature contenant quatre bassins circulaires, d'une capacité de 52L, remplis de 18 cm
d'épaisseur de gravier. Le quatrieme n'est pas planté a titre de témoin Les bassins sont alimentés
en eaux usées urbaines apres le traitement primaire (traitement physique) avec du 13 L par jour,
par méthode d'écoulement souterrain horizontal, a un débit régulier une fois par semaine, et
I'eau restante obtenue apres 5 jours dans les bassins est collecté et les analyses de laboratoire
nécessaires sont effectuées. DCO suivant : (78,43 %, 82,04 % et 85,07 %) pour Cyperus
papyrus et, Canna indica systeme  (simple/ mixte) respectivement. DBOs : (80,34 % et
82,66 % et 85,78 %) pour Cyperus papyrus et, Canna Indica systéeme (simple/ mixte)
respectivement. NO>™ : (97,59 % et 96,63 % et 97,86 %) pour Cyperus papyrus et, Canna indica
systeme (single/ mixte) respectivement. NO3™: (81,76 % et 79,30 % et 82,24 %) pour Cyperus
papyrus et, Canna indica systéme (single/ mixte) respectivement. PO4* : (93,33 % et 85,39 %
et 94,24 %) pour les systemes Cyperus papyrus et Canna indica (simple/ mixte)
respectivement. MES : (85,61 %, 83,94 % et 85,09 %) pour les systéemes Cyperus papyrus et
Canna indica (simple/ mixte), respectivement. Nous n'avons trouvé aucune preuve prouvant
gue la combinaison de deux types de plantes a la capacité d'ameliorer I'efficacité du traitement
de n'importe quel polluant par rapport & la monoculture, mais cela offre d'autres avantages au
systeme, comme I'amélioration de la forme du systéme et la résistance contraintes
environnementales.

Mots clés : Eaux usées, plantes aquatiques, zones humides artificielle, écoulement
horizontal, climat désertique.
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Ge Cual Aul ol (g sl g8 Aaal Aaieall sbaall (e 5 a4 danads Wa 5 <ONA
1982 diw 8 olpall 4800 4Sa ) 4S 1) ae (PNEH) 4S5 pned) sl jall ke ol iiSall i yla
b ) (8 adt sas gl e3a B i paedaill as 5 s} 235.392.1666.00.02 Aalesll 3
[1] ol sk
Jeall 48y 5k 4.1V
Gl A 5 Bl clilall elal 308 o &5 Eal s s il pall i Sl Caagll a3 Jal e
Gl ady ylay (g5l aall FLUA & (Llise/ g3 8) WUsi A Canna indicas Cyperus papyru
slaall drpls Janip Fliadl 13 & ) e 5 jal Ll clilball o e Yl astall Lo i o a8y
s b S dahidl Guis L [3¢2¢1] Cyperus papyrus <ol Al dul 5o (e Laiiuld (4 slall
Ay dAlexioall obuall daph Jeady Ul 13 Jh & (bl e 58l ) Cyperus papyrus
L <l gLl 401 3) 8 56l
Vs (oaaall o pall sl dallaal dilaiall s2a & 301 A )2 B &) Canna indica Sl oo Wl
Joluai Uilaa Lo 138 5 clgd 4fidlad g alant 5508 5 - Liall o] ae Ladai) Al 50
Ol ada I Alxiall dlial) Blaliall 5 400 giul) 4nd 5 4y jlaadl Blalidl 8 La¥) eliue cilal cas
falall g5l aall FLall (8 iS5 Gl
Sl O s Tlall sliall dapla we Gy O Sl da Galall (g5l aall FLall ) ddLaYl
fle
Pl b Jddan ol 4y jlaal) dlesiisall slpall (o il slall &) 3] 8 45 S Cadipnn Ja
o yaall slae Aallaa 8 selal 3,08 Al ja Jal e cclall 13gd uyad HUia) o) aY Leds L 12
slaall Jeniy ¢cs sl ymaall Fliall ao adilad 5,08 5 (Liall olai) dclidai] Aaadlay edyl Jiall sl
sl 8 ALY g 5 Aaliall Jal gall 53l Al o o & sLall
O ) llee Liaid 1agl

67



Canna indica <l w23 JEAY) :d¥ s 30 1.4V
Jariaal) (o i) aliadl 1.1.4.1V
JSE Legd il 50 das il (i sa Ulexiis] Canng indica Sl (ousad) SLaay) Guki Jal e
Agas s ¢ 95 3 Laaasl (( 25/ 15mm ) asllh 18 om daw Sle (asn IS eda 55l
aSat (ymsal slilaxin) £ 5530 e AV ([1] (S 36) XSy Canna Indica iy yasl
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Canna indica

Jailu gl Clinl) e | Lol dadl) | (5 guall) Aagdl) | dac gial) 4l

T(°C) 12 20.7 271 23.58
pH 12 7.43 7.88 7.73
CE (mS/cm) 12 5.88 6.57 6.25
OD (mgl/l) 12 0.04 0.58 0.26
MES (mg/l) 12 121.6 548 298.43
DCO (mg/l) 12 109.8 322 202.5
DBOs (mg/l) 12 50 140 87
NO2 (mg/l) 12 0.092 0.122 0.110
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NOs (mg/l) 12 15.8 39.4 29.6
Po4® (mg/l) 12 7.10 39.6 30.48
Coliformes totaux
Ol L S 6 1.2E*6 4.0E* 2.3E*8
(UFC/100ml)
Coliformes fécaux
ESIBURSE NPt 6 1.0E*6 2.5E+6 1.6E*6
(UFC/100ml)
E.Coli (S Luda ) LS

i 6 3.2E*¢ 2.4E*S 1.4E*
(UFC/100ml)

Al 5 A il al) A sliall & gSa day dadladl) il
ol e sall g SLLAL & 5 ) el (e sl Aadlaall slaall ddiall Jailu sl ddaws gial) adsl) 1(5) Jgaad)

Al all 3ae JMA
Jailus o) Sliall ae Sl il

Canna Indica Témoin
T(C®) 12 18.41 18.58
pH 12 7.20 7.70
CE (ms/cm) 12 10.14 8.37
OD(mgl/l) 12 4.53 3.27
MES (mg/l) 12 54.5 72
DCO (mg/l) 12 32.5 48.4
DBOs (mgO2/1) 12 21 21.5
NO2 (mg/l) 12 0.02 0.0263
NO3s(mg/l) 12 6.38 2.41
PO43 (mg/l) 12 2.89 4.49
Coliformes totaux
O b S 6 3.78E*2 3.21E*
(UFC/100 ml)
Coliformes fécaux 6 S —
33 ¢l U s
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Jarieal) (o sill Al 1.2.4 IV

(ol 18em e o 30 slan (52 A <l ey yila (il gl D i (e oyl Sliall () oS5
Bl Sl 53 e el 138 331 (36 tiges/m? ) RS eall Ziaa Il e 5 Lete 230
1]

(A il e e s

Canna indica S\ g 55 11 e,

Cyperus papyrus=Lu g 5 % 12 sass

Cyperus papyrus+ Canna indica S (e (e silb g 55 3 13 Gas

(28LS) £ 550 22 14 pass
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Sl gal 5 54k & Jaadl

.\
o) (A 113 G (Al Aadlaall) 4 g¥) Aatlaall 2ny 4y puaal) Alanivaal) olsally () a1 25 35
a3 agde Juaniall Ll g g sal S 3aal 5 5 e dalitia 5 405 5 ¢ AY) adand) caall 383 A3 hay
Aoala ) @l s )8 8 axgend aly il sV 8 L1 5 48 5Sa

dlaatiial) diml) o) gal duiliasS g1 3l Qailadll (2.2 4.1V

”

.CE=3.88mS/cm 4l ¢Sl AUl 5 Jalaia Jass s pH= 7,14 (sian 5 uel) ooVl e

3 sall A 3Y padand) o 4N el il clidh L deay U8 eladl Ol e Bae anll Jue
LA Jahs mad il dalee Gt O Sy A AR8A <y a5 Alall

Alerional) il .3.2.4.1V

il e e 5 Uilaria)

Cannaceae—\&)) dluai (e Canna W) (is ) <in Sl g 5 85 Canna indica <\ -
. Cyperaceae 43xul) uadll (s Cyperus wis S (< S ¢ 55 Cyperus papyrus < -

a8 A ey (WWG) Ll Alaaiosall sbiall dallaal pad gail m sall (e il 38 <l
g — Gaulaly Bl sl (e Al
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Gsiall o s gl ddasall c gl @iy i cilS Ll alall ae (2007 A ddasall 28 &
& Lllanind Bale) 5 o peall slie JDaind 5 Ay ) Aleatisl) sludll Aallas Lie Canglly ik gl
s

2021 sy el Ao ) ila sl e A Bae o i A )

sl ad Al jall sae JYA

ONA Sy jgdkaill i sll () soal) joday 4ilaasS 59 508l -

3 sall e g SOt sale) jadian Alaatiooall Anail) o) gal Ailaas g juil) Gailiadd) aaadl Al Ll
Juee V) Criaai 48 )5 2l aall dadlay shaS smsna i Al Ghlidl 8 Lkl
2ol s Jaadll e gite cla sad Jeall 138 SO 4 il

el (8 ) e O il Ay jadal) Jallal

e Jalas

.0.05 (P) 4Y2 e SPSS (ANOVA) rlall Jalat ket A (e lgrea &8 Al llall Jalas o
AN eball s £ 530 ) pasall g de 5 hall Gl a1 55 G Ailan) AV b (358

48T 394 sa

Al Adalaally dslaal) Jatlos ol Auail) 3e1eS pashy Lid

R% = ";—"f X 100
daill 353 31 R
(Mg/l) L sall A1) Alaniosall olpall d saa giall Tl g1l 3 53 1 x
(mg/l) sasall (e z ad) dlastivsall sluall 8 Baa giall Jailis ol 58 55 Xy
Aulall dyilsasS g3 5dl) Laileagl) 5.1V
(MES ) 48l alal) 1aa% 1,51V
(o yh 3iy b [4] (NF;T90-105) MES dalladl ) gall d0aS bl Aniall 45y Hlal)
Aalladl 3 gall AL olaall () oS5 Ladic Lalilantins) e i) 43y yla ;A 61 A8y yhall-
A i bl 55 Leie Walilaxivl (Centrifugation) S el 2kl 48 )k 146l 48, jhat) -
Aalla) 3 sl e
Alaxicall 3 3¢l g il ga¥)
(105 °C) Etuve 4valall -
Dessiccateur 4shll & 3 Sl -
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(3 S O e
Asdall 835 (3200-2800) 4ie e Jara 53 (5 S sall )kl Slea -
.(Rampe de fibration) Jauall i’ =l 5l jlea -
Abe dass -
.Capsules &g -
(GF/C) g 5 31,50 -
g Al 43y 5k
Ay 105°C 5y A yd (ole Aialall Ja1s Lpnami 23 el eLally madh i) 46 5 ook

Lay

.Dessiccateur 4shll & 5 Slea Jala 2,0 Wi g i yill 43 )5 7 A0

Mol )y Jamigde ool yill 48 55 o 3

hid) Ll Lelias 100m e I3 Aa a2l -

i e A e il A5 e Lead 3 Al (e 100mI 2306

330l 105°C 3l 4a o o Luzalall Jals Lganiai g peadi jill 485 5 240 ead il Al 22y -

Ot e

Adds 15 524 Dessiccateur Jals 2 i Leaai g Aicalall (e a5l 38 )5 7 A5 -

M1 Ly Jadg i yill 48 )5 o 3 -
ezl Al aan g (50 A GLA G Al Causd MES A8llall o sall 4 i) s
(Mgl o ol 5 A0l 283el) (e B

cmEs) = 11— MO
|74

(mg/l) 4allall 3l gall 35S 53 C(MES)
(mg) g8 sa 5l Al 355 005 Mo
(M) Jueain¥) amy ol A G355 05 0 My
(1) ) Ge Jarisdl) elall pas 1 v
(Centrifugation) S sl 3kl 44,k

100ml A 53 Sleally (ald ol Jals Lgaai s Asall (30 100m] 3306 -

sl e Jomn a3y 20 53 (555 ye ) Legrand -
388 20 33ad (g 38 all 2 hall (5 Al 5 e dmiads & il e Lally Cad 1) Juis 5 Glladl el g 5 -
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Mo W35 Jawsiy (Capsule ) Aduai d&igy (3 -
2105°C 3, 4a )3 e (Etuve) Laalall Jabs Ll 25 Capsule il il Jll oS -
s )5 e dians
Dessiccateur Jala 4 gk )l ge lamy 3 50 LS ji 5 dualall (e (Capsule) 48 sl 7 A5 -
Mi s dad g Sl il Yl e (Capsule) 48isdl o % -
Al A8 (e sy MES 385 tAagiil) s
MES = (M, — M) X 1000/V
(mag/l) 335 51 any g
(mg) Jwi) Jd Capsule &) )5 : Mo
( MQg) Jeaaia¥) 2ay o JlI aa A8 ll G 55 My
(M) Rl s Qi) 2Ll pn + v
(DCO ) G (Alsassl) ullal) yaa3 2.5V
il 3 ga 5y amen o s o sanli sl il s S Aandd 50 32uSY1 48y ylay POO a3 o
Digestion par & ks (Spectrophotométre DR3900 ) Y= idaul s 323 lalu 5 dadl)
.réacteur
Al pasa o)l il e (g giad Y genS Bl pCO J L@ S
Alaxiouall 3 3eal) g <l saYI—

.Spectrophotomeétre DR3900 >

.Thermo réacteur’s_ ) yall Al sa

.514 LCK (DCO) <ai\S
e ele ddiale ¢ i S (Jula -
Jand) 43, 5k
A yiall 3 sall e ol e s Eleliiall e (5 5int Al g€ 2 5 -
(A paeS) Ay 5d 3l laadl o S s el (e 2723l Al Aale Al 5y -
il S A el (555 Camy Jeliall e 5 gin
i ga i AlSal Al gl 3l -
Thermo- 5 )l A ga JAY 748°C 5 ) ja 4s 0 e 488y 720 324l A gl (as -
.réacteur

S 70 sad Jala e 2,8 WS W5 Thermo-réacteur (x A sl = A5 -
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280 (e 3) Apale 3l m da (e 2,8 LS 5 o s (U gl i) = 53 BlB2 7002y -
(S 5l 458a 30 N ss

spectrophotométre DR3900 Jl¢> Ja)s A gl juiad 3y piill < g el 22y -
(mMgO/) = e ay Aaiill 5 Aia ) B3l 8 s dagiill (85 3l Jleall (4 DCO Aad 12
( DBOs ) (saSS (bass gl culhall 23083, 3.5.1V
Laall Luld 43,k (/S05813) DBO (MF120) > Jlexinly DBOs 4SS i o
. (manomeétrique)
sdlaaiocall 3 gall g <l gaY)

gbliza) = )l e
.manomeétrique de mercure DBO (MF120) bzl (ld jea -

(20°C) =\l
GA‘)L; ;Ua'cj ‘_“J;\J ;U:u'n,\ BJJ‘}A 500/77/:\.!.;.» <ald c}-.'al :d‘)h: u...aaj\ Q\J}JE -
Laals -

Al da s -
psnlisll 2y am -
1- alkyle-2-Thio-urée (CaHsN2S ) taiia
Jeal) 48, )k
Adail) cpaall @l )5 8 Jas LS o Jalaill e O digall 40aS 2 Hae e daisl 53 (s -
55508 JS JAN esllind) Cunill pual -
35l ala elae IS 3 KOH asul sl 2uS 5 )28 (e (oa Jf puai (il Jaile Al g -
ool Jala ol e ol ylad
AaSan e A3 ks )5l Bl -
(e 438 30 Baal LS 55 4y sie A 50 20 301 Aa ) e 7l Jlea e @l ) )l pas -
Sl il s Bl o8 518 )il Jal
s Gl e gy (8 Lo Jomna Aatii JS (s ok AN (85 bl 5 33l gy JS 30l i) 230
el (8 g Jualall 5 Al
daill) Glaa
AUl 483l (e a4 88al) DBOs dasd
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DBOs (mg/l) =dalaall x 3e) jall 40

el o Lo Jomnidl Al o il il dad -

L) ana AV DBOs daf Oy 4830l Ty 5 (21 oLl Jsandl O34 e sypand &y 1 Jalaall -
Jici DBO5 dait Adllal) 4y pmall o) gall 30aSy dai yo Aisall iSO ShaasS ) llal) 4uaS Y
.DCO 4asf (10 80% Aus
Alaniveal) Aiall aas AV DBOs 4w s Jalas 1(6) Jgaad)

Facteur Jebxall | (ml) 4l aaa Portée de mesure bl e
1 432 0-40

2 365 0-80

250 0-200

10 164 0-400

20 97 0-800

50 43,5 0-2000

100 22,7 0-4000

(NOZ ) <y iill d3aS yaa3 4,51V
Diazotation ik ( spectrophotométre DR3900) ke Aol g3 Cuy yill 40aS apaa
sAlaatiaal) 3 3gaY) 9 <l gaY)
.spectrophotomeétre DR3900 Jl¢> -
.10ml 4w Cuvette colorimétrique <h jie s\ il -
50MI das i (S -
Maia pana ()3 QS JS5 (Nitri Ver 3) «ilS -
ke sle -
Jand) 43, )k
(& ey SIS gl Ja Lgrazai Al (e 10 280
sl Jaly CadlSl) (5 gine S
(Jelinl 48y 15 sl 48 Jii 5l ¢ g alSaly sl 3las -
S sine S o8 (B (g e 5S gl JAls Lgmai g (aalall) i) cldl e 10ml 3L -
Sl el buxis spectrophotométre DR3900 e JAl2 amal of Jua 7 yig il
Jall
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Aagiil) 18 a3 Ol Slea Jahs Al e (s sing (3 i) i Jeléill (e 4383 15 2 -
Dl e 3 dka
(NO3") < jiill 448 yaa3 5,51V
daiidl 44 )kl 5 (spectrophotométre DR3900) s 4ol v NOz < il 4uS paad 3
.Réduction au Cadmium
Alaxical) 3 3ga¥ g < gy
.spectrophotométre DR3900 > -
50ml Axes phw GilS -
.10ml 4= Cuvette Colorimétrique & s, sIS casul -
L pasa g )lad GaS JS (Nitri Ver 5) <ails
Jasl) 43y 5k
e sIS sl Jaly ) (e 10mI S -
sy J30s Nitri Ver 5 oSl s sise (S
Baa) 5 488y Bae lua 7 yig plSaly s las
Jeland 31l 5 sa i) & i -
6 sina Al G o5 KA1 (5 sia IS sl JA13 Lganzai s (aaliall) Jlaiall elall e 10ml 230 -
Nitri Ver 5 (S
Jiall e Sleall Jawia Jaf (e spectrophotométre DR3900 Jlea Jala dsiai o5 -
Seall e 5 pale Aagiill 18 a3 Sleall Jals amai g diall e (g ging g3 s 230 -
(mg/l) = i
(PO )liuigh ¢ ) dpaS 1aa3 6.5.1V
sdlaaiinall 5 3¢l g <l g2y

spectrophotométre DR 3900 k> -

(LCK350)s il adlsll e (5 siad 4l S Ulerins) PO4 Ll 4
rdend) 44k

Al e 0.4 m dsbe ddand 5 320 -

B il '(w 0.5ml il ddaud 5 320 -

s Jle DosiCap C abe ) slhall i 5 elhaall Javi -

Ao ial) ) sall 7 3 Jal e ) e 32 oY) s -
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Jelill Jalall e 355310 53 s &5 -
3¢) 3l Spectrophotometre Jlea (8 4xai las 7 Al (e oY) Calais -
.(mg/l) = Spectrophotometre Jea (e daill | i
(OD) Jadall cpawsY) (b 7.5,V
Ampérométrique 4 sie s ymed) 48 Hhally Lall Jaly Jaiall CpausI a8 o
[3:2¢1] (AFNOR ;T90-106) wusn
Oxymeétre BPL Inolab 4l Slea -
:Jand) 44y 4
el i -
ohiall eladl Sleall alad Juss -
i S JAls gt g el (e 100ml 280 -
Ay (a4 iy i A lead) kil Guars -
Ol e 3l Bel Al sy -
(pH ) > suagd oY) uld 8,51V
[5] (1994 <Afnor X31-103 ) &awi i) yuleall 5 5 olaall & Gua sanll Gy (ol 5
.pH métre sension1 g s (= e pH e ddassl 52 pH (sl 5
pH b 3‘35)5
(AFNOR, X31-103) 4 ks pH métre sension1 ¢ s (= sie pH ke davl 53 pH Ll &
e (S J3h Lgaai s Al (50 100mI 330 -
i S Ja leall culad Jan -
Stead) e 8 palie dagiil) T8 o3 iy s 4SE -
(T) Bu0uad ds )3 Ll 9.5,V
Analyseur multi paramétres <lulall dasie Jlea Uleatin] 3 )l jall da )3 Ll 4
el Do sl 850 pall da 3 (8 8 As slall g BUN L8 Slea Jlexiind (S LS
rJ—eal) 48y 4k
el Jads -
Al Jala Sleal) bl ueiy o580 -

el e la ) s e 5 ) jall As s phle | s -
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Q\}Ji}é)b @\)M(LASS\

( CE) Ayt AU (1l 10.5.1V
conductimétre sension5 ¢ 5 (e 48Ul A8 Slea dda g 400 Sl 4080 (L8
tJ——anl) 44y 4k
Ol (B paradall AlSa A0 sy palal) Qladll Ja s -
hiall elally aladll Juss
Al e g ginall i (S Jals cadadl) Jas
Ao )i die leall (e 8 pilie Al oS 40N dad 3 -
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galall & Juail

Ay ad) A3l aa sall

Aol diie iy Aol 5 @8 dshid aall G pall e dallae 2015 aal ) 2all [1]
A5 7l e saall dadla ol ) S0 Al

L) Aadlly aal pall

[2] Bebba, A.A., Labed ,B., Zeghdi,S and Messaitfa,A .2020. Erratum to purification
performance of Typha latifolia, Juncus effusus and Papyrus cyperus in arid climate: Influence
of seasonal variation.Journal of Water Chemistry and Technology,42 (4): 312-312.

[3] Labed Brahim., Ahmed Abdelhafid Bebba and Noureddine Gherraf. 2014.
Phytoremediation performance of urban wastewater by the plant Juncus effusus in an arid
climate. Research Journal of Pharmaceutical, Biological and Chemical Sciences, 5(6): 95-103.
[4] Korboulewsky, N., Wang, R., & Baldy, V. (2012). Purification processes involved in sludge
treatment by a vertical flow wetland system: focus on the role of the substrate and plants on N
and P removal. Bioresource Technology, 105, 9-14.

[5] Burges, A., Oustriere, N., Galende, M., Marchand, L., Bes, C. M., Paidjan, E., ... & Mench,
M. (2021). Phytomanagement with grassy species, compost and dolomitic limestone

rehabilitates a meadow at a wood preservation site. Ecological Engineering, 160, 106132.
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Ll Al) Jaadll
Al g il




Al 5 il oalal) Juail

Aallaal) 3 i pal) slpal duibiassl) g duily 3l Gailaddl 1.V

ALl 5 Al 3l Claleall (o (pira 220 2,088 G g olad) sl Co gl olie &gl ands 3y
Jaaladl olall 038 aad )

il (7) Jsanll o Ailaasl g Al dl) llalaall qpend iy jal Al Jallail) il (adls o
Al sl s 8 deddiad) oasall Cojeall sbual dilasS 5 5l Ll il a8 2(7) Jgaad)

Aaill Jua i 5y
Ll gl Clidl sae | dad o) | ded el | ddau gial dagl

T(°C) 36 12. 34.2 27.46
pH 36 7.31 8.13 7.54
CE mS/cm 36 4.04 6.23 4.80
DO mgll 36 0.09 0.79 0.38

MES mg/ 36 92 207 144.83

DCO mg/Il 36 134 373 249.16

DBOs mg/l 36 80 150 114.91
NO2  mg/l 36 0.039 0.47 0.218
NO3 mg/l 36 0.65 19.5 8.82
Po4% mgl/l 36 1.13 12.1 4.94
DCO/DBOs 36 1.68 2.49 217
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Al 5 il oalal) Juail

( DCO / DBOs 4sui) (o2l gadl Jadl) Jalaw 1.1V

& A gl 2 sall s gl Jlasll L6 K Jalaalls Leie yieall DCO / DBOs 4w 233
a5t 3 o il sl Al Al 8 AN ddasall Cala (e Al anall Copeall ol
oali gl eJslaall 8 4 gumal) salall Aaslia N a5 O (S G5 g ual) Jlaill Aumiaia 4,14
olaall o3 Aadlra 8 4l STl jia) D) Aalad) B U ey o) a8 GannsSY)
ana b Lebyjeai o) ) daslall oloall il 13 Lo i) (Say oS Ayl o2 (pa Uai)
A i) sl o pall e pailiad Led Aalladll

gy yoatl) e A3l Cojeall slae (8 (7 52a) AL UG g gall Jlatl) Jalaal i
iy pali 3ga g ade asill 02 jelai (3> DCO / BODs) ale JS5 ¢ o sl sl Jlaill 418 4 5 jaal)
[2e1] pasll avall Copall AS0S S clia
diliaxSt) g Al 380 ulaal) 2.1V

83l Linia g Al Al gl ulaall ) aliind 5 (7) dsaad) 3 Jidss J3A (e
Al aliEay) Galding (12 ¢ 10 sall) 4 pasll o jpall ol dpan )l
(DBOs)(DCO ) (S LS gl 5 (Al llal) B sl 1.2.1.V

¢ mg/ | 13433 255 <DCO= 249.16 mg/l (o€ Slall allall ddas gial) dagll als
373 mg/l bl 2

80 3 x5 <DBOs= 114.91 mg/l anS JhasS gl Callall dass giall dail) alii g
Cayall ole 2 55la Yo (DCO « DBOs) Galases sl) a (b dia s, 150 mg/l ol 22 5 g/l
(12ds2a ) DA e J sl e (1000mg/l) s (500 mg/l)aasal 4y yasll
(MES) 4dllal) lal) 3) gall s 2.2.1.V

3285 ¢« MES=144.83 mg/l Adllall 2 gall o Jaus i O il < yelal (7) Jpanl IS (e
MES 4l 2 sall Jos (5 5insa ¢(12) Jsaad) ) 12 5 207 mg/l (el 255 92 mg/l il
2wl (5 all Jlbaall A lgle (e paidl (600 mg/l) 2asall & paall sbuall ad il gia A
il
(pH) 4 gaal) 4 3 L) ,3.2.1.V

7.31 Al e Al 5l B30 IS Ly ot oy A i peall slaad s gl () il alis
G o yall ola e ad ()5S cale JSy adan gia 2aiiS 7.54 5 (5 gl A€ 8,13 Y] (5f 2aS
il o3 Aumidia 406 Lgae el iy il ) pragiy cpamndl Lgumns (e Ay 8 Lehlas o
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Al 5 il oalal) Juail

o yuall olia 85 jlall 3 sall (5 ginal (5 gacail) 2l 2383 ) (8.5-5.5) &y il jadl yulaall (G 5 4 e
Js2) Aallaall ddasa 8 5l dalall aaal) o peall A5 8 Ledy jpoad g Al Jiall 2 aal
(12
3l aldl daja idEd) 4.2.1.V

a0 34.25 dysie da 0 12 O el ol (s siae o Alaasdl 3 jall Ay e
Al dagll da JSG 028 3l jall A ja a8 (881 55 4 e da )2 27,46 Ao siall daidll 3 4 i
4 gia dn 3 30 A5 (A ) el el g &y jlianl) dallaal) dasa 5 puilaal) iy yusil
sl aa dabiall 6K 108 e ) OSar S dadi je 585 Capall Jead b el (12 saall)
Lol 30y @I 5 cCipal) Jomd 85 yall A0 gl sl el 5315 ¢cs sl maall Flid) alda <l
olaall 3l pa da 3 g W) e iy Ly Syl
(POs%) Lsiud i V) & Cpldl) 521V

3 s sall Sl sdll Gy (el il iy ja JSG Sale S (P) s sill s gy Aaplall 8
Gl sill 5 o lu g sl ¢ sind 5 )Y (PO (HPO#Z HoPOs ) Bile i celdl &
(§ soanl]

il il 5 (las sill 2wt ¢ ) shusd 53 )Y (g puanll e i gdll o) inll Sy colall 8
(a5l ) cAaleall Balad) 8 53 g gl Cilapuaally ddasi ya) A sl /5 Aalie JISET 3 (5 saanll
()

Jsaall 8y eclins il slsall Cughil ot 1) Haaal) sle J& A jaall sbaall iy s JS5
mg/l) Jbaall 5 slaii daidll 038 54,94 (5 st (POs>) L sind 5i )Y iy ol ol Jass sia (8 (7)
(2006 Al sadl &) seandl doans 1 33y jall) Aadlaal) Aass 8 Cay sl Cilalaal Zpaall 28l (2
g gemal) ol sall A adiie el ) i i) il glse 3200 038 s i
(NO2) < Al 8 ol 16.2.1.V

O Ol 850 (e e Ll LS e g il S je DML (8 dage B ghad iy il
(e el ) G el LoDl JalSl) e sl (e L) Lo gee oy i) (3l il g o i 5aY)
(oS ) Ailes Jila ) <l ) A gy Sl g A g Al ya L Jias

e150.039 mg/l Aaid (ol G Lelidat &3 Al G jeall slia & (NO) usiil) S 55 Calias
(7 Jsaall) JYA (3 138 5.0.218 mg/l Uas siall dasdll 35 0.47 mg/l Aad
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Al 5 il oalal) Juail

Ll sall Gpeall sl 3 Wgiga) ge s il oy il (e Auaiaiall S0 ) i (Sey
Jgny o e e iy S e 58 (NO2) <yl ol of d8ds JBA (e sy paall 4B
Gl yill) cams il GAY) Cle sl e LIS B ale JS8 038 5 S W5 sy
(p s sa¥) s

(&b il (s sine Ja i of (12 Jsaall) (8 G s jaal) i) ISS (JORA 2009) & 5
Aol 538 (0.1 mg/l) AL sall el Lgana ) Aadl) SU 5 glaty Lelilat &5 3l dedlall olsal
[4¢3] Zardi (2017) &le Jan Al &l 43Lia
oaldill g oY) Beli 2V

8 Aaiz gall il Jo Uliasd dalleall (ol sal b bl 5 4y juasll o jeall slae ¢ sSa any

oLl J saal)
il 528 b Aallaal g olall Aulial) ApliasSl 5 Al 5l (520 Jas e 3(8) J s
A4 (2l
Az =l Az =l Cyperus
Aaladl sl gl Glial) dae A Cyperus Canna papyrus+
Témoin
papyrus indica Canna
indica
pH 36 7.52 7.04 7.19 7.07
CE (mS/cm) 36 7.12 18.13 9.27 17.38
T(°C) 36 21.14 20.94 20.89 21.06
OD (mg/l) 36 3.06 4.68 3.48 4.88
MES (mg/l) 36 24.08 20.83 23.25 21.58
DCO (mg/l) 36 86.83 53.74 4474 37.16
DBOs(mgl/l) 36 44.5 22.58 19.91 16.33
NO2 (mg/l) 36 0.04866 0.00525 0.00733 0.00466
NO3(mg/l) 36 1.62 1.60 1.82 1.56
PO4%> (mg/l) 36 0.99 0.32 0.72 0.28
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Al 5 il oalal) Juail

LB g @il 3.V
Apilrasl) g Al dl) Cilaleal) yaa3 1.3,V
Bl da e il 1.1.3.V

Aa 0 ad o Laadlall 5 il ol 3ae J3A 5 ) jall e o o Calide JSEl) a gy
0 Lo Jianiall il calae | ALal) obally &5 e dadlaall (al a¥) Calise 8 (jddsi 5 ) sl
& Al 34.2°¢ (el () sana S QA obiall 3551 all da s ai O ¢(24) IS
(e sed (812.46°Cs oliss el

] —a— Influent
—a— Unplanted—&— Cyperus papyrus Canna indica—e— Mixte

fak
LF ] ]
1

Temperature (°C)
=] =] Fad
= n =
1 1 1 A

=
n
1

-]
=

Jan Fv;b }.Ilar A;Jr '_‘l.![la:r JI;.II J:ﬂ .&;g S:ap I’J'Ict :"i;rr I}IE::
Mois
o) a1 (e z Al s Jalall elall T(oc) 3l all da ) a3l ol 1(24) Jsill

asallgde o) 3all (ml w1 G o(P>0.05 ) 6 sine 3 2sa s ade las ) Jidall gl
Sl 358 Joha e 4 )lEia gl i€y dgin L de g el il sa) (A 5530 il

Jalad) glee e A1 gl 2883 Zal) Y laa) e 5 Y GLall s Uil
e aii g dilasS gull el i ) dallead) () sa1 35 ) jall da o (alésil as y
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L gaal) da 2 (ol .2.1.3.V

43 e Aalladd) Gl sm Y aes A (pH) insouell ) a (=lisd) ((25) JSE) maa sy
7.1957.04 ) Aexivsall obiall (8 7,54 Aas fiall dall (e addiy dus el G jeall sbiay
Juaiie o\La3 Canna indica s Cyperus papyrus < i 55 3all Ll a3 duailly 7.07
&0 ol (sl il 7,52 (5 o sl e Lalida
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(alise/ 52 8) alai Lgbn Lagd de gl alsal) (o 358 a3 Y Wiv o P<0.05 ) g3
g1l alai (o8 Cus ([6] Leva 2018 & A8 ) Al jall Aglie 2agmill 038 ( P>0.05)
iy Cyperus papyrus s Jexinl s hudl ol J8Y) Gl 45 kg dalida (g8
6.1 U2 79 o pH) i souedl oM Ledle Juant Al =38 5 « Zantedeschia aethiopica
OGN Gsime O dsay o Ll ol dagill sy aaelally ol (ouallaill S A 7.4,
.(P>0.05) U=l 52!

& 756.95 O ¢ pH) s souell ) adl Ailas il o giall o3 el ) ddlayly
O sodell O Cadlall Galiasy) 13 [9-7] A3l il ¢ 5 e codanall a8 (G A o
[10] Garcia 2079 53 WS & suanll 33l (32w M) 2 o) (S ¢( pH)

S Jase gl (adh A i 5 (N (Al NOs Jagad (g il g 3 dulee s i o (S SIS
A3l AW S [11] i) (s Aaid aliss) ) (s 5a Laa e s el il (e
cligh il zU) S Ayl Jaugll Lagen G0 23 [12] (Risae galeal ) bl
[12] Sblall 4l 4223l 4 Adaall Gl gilS) (e (lany (e o) (HY) G soued)

87



Al 5 il oalal) Juail

Al g At B bl 3.1.3.V
a4 jlie LAl de 5 ) hall Gl a1 8 LN o gl ) Jaadl ¢(26) JSE S (e
4.80 ms/cm (e @i Cua Canall Juad 8 ala ) g WY 13 o 5) e il (asall 8 40
ol 3 iy 17.38 mS/cms 9.27 mS/cms 18.13 mS/em &) Alall dlesivuall slial 3
Sl Lo axmie dbiy sl Wi Canna indica sCyperus papyrus <l de ) 3l
& 5030 ol sl il 4.80 mS/em s
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oAl e Al Jalall elall CE 4l jeSl) BUl e 3l o) £(26) JSad)

LA (2 sall g dlaniosall slpall (s dlian) ANS I3 (38 2 a5 a2e Slas ) Jdaill kil
Canna indica <lu & 553l (asally WLl panll gn 38 2 p ¥ &S (P>0.05 )
Cyperus <l de 5 3all il sa¥) 5 Ll G gall G (iliie (38 253 5 el LS ((P>0.05)
sl G Ailaa] AVL G133 sy X (( P<0.05 ) halida s Juadia JUai S pgpyrus
[ Saiie) i Cyperus papyrus S de 5340 () SV s Canna indica Sl ¢ 5 5
. (P<0.05 ) (hliss

b 58 5 Aldall 4 gume ) beal) ol sall il ) Aalaall oluall 8 AU £ 1) oy
) Sy el b sl ) DY) da A0 a3 A sl 5 200 Adall o) sall ¢ sanl
il 3 a3 ) o ALY g8 Y) Cun an o SIS [13] sl dalle gl 5 das ge dind
hall Juad 8 LBl L 1aa g o ) 3 58 il 300 ) die i colwall A5 [14]
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el CpanasY) (pls 4.1.3.V

sl 4 jlae Aaladl Gl m ) mea (A daial cpanSY) gl ) (27) JSA maas
Aleaiveal) slaall (8 Jaiall SO Ao sial) daidll 0,38 mg /I Ul s cdlexionall

Jaiall (¥ a8 () Jaa Dl ¢(27) JS) 5 Al all 3ae N4 Lale Jeaniall il M4 (g
Ao el adiss yed A Canna indica S\ sass A Clas 1,55 mg /l dad (Sal G e
5468 mg /I o sie oy 5« Jasdl sl A Cyperus papyrus i g 53l sl i 6.88
Canna indicas Cyperus papyrus <\ ic 5 ) 3al) (il 23 4l 4.88 mg /I 5 3.48 mg /|
£ 9o ol paallddlly 3.06 mg /s ¢ sl e hlida g Juadia sl
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ol a1 ez a5 Jalall clall DO Jaiall CpansSD e 3 ol 1(27) Jsil

Aallaall Gl sa¥) maen s Alaniusall slaall (s 5ima (38 3sa 5 Shany) Jdaill el
Uaivaall sliall 8 5 )\Sall da 52 gl ) () el 1385 enldal) (S 4pas] illy ((P<0.05)
Oe Jiled) 222l ) A8LaYL ¢l Cojuall slie Jaly 3 sl a1 4385 Bile ] ) g5 Laa
SV Ailee 8 AlRGY ¢S (e b€ LpaS gl a8 ) Adadill 4880 dal) s
dalleall ol saf aen s LA (o sall G dilian) AV 3 (5 8 25a s Slan ) dilacll kil
138 5 eclilailly de g all (ol s b e liall e 4SS G (P<0.05) il

ol Y s 8 shs A e 0eaeSY) ok e Jend ) bl 2 5a ) gl
Canna Sl ¢ 55 all Sl Gasa (g Shas) (38 25as Shas) dilaill jelal el
Caa ((P<0.05) hlisa allai y Juaiie oUai Cyperus papyrus <l e 5 el (@l a1 5 jndica
dada 1) aal Y 8 Agmpdall AU s N A3yl L) w138 5 ¢ e B 5 a1 Gl w1 cuils
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i) g1l S S5 Adagje 5,0l oda s (LAl edn e CpanSY) LA s i)
[17¢16] bl g ) sl DAL CpmnSY) I8 Jane ity Cum [15]
Adllal) Balal) :45.5.1.3. V

58 JO8 dadladl) Sl 2 )y Janall sie Zallall ) sall a8 Calida (28) JSE) mn s
5 gk el 4207 mg /1 ded el o plll avall G pall slie ol s gl 53 Ca (il
144.83 mg /I Lo siall Cld (sla gl 4 92 Mg /] 4

oal 2 aaa 8 Adlladl o gl 38 5 pmlias) Laadl dgle deaniall il A (g
iy de ) jall (al 523 dauilly 21,58 mg /ls 23.25 mg /l 5 20.83 mg /I daws siay calladll
4l 24.08 mg /1 5 « 8 Ao (Raliss [ Jadis) Ja3 Canng indicas Cyperus papyrus
ok ol pagall

de gy 3all al sa S dlly 85.09% 5 %83.945 85.61% (o) Y A cliay dua
5 M sl Ao Lalidall 5 g3 g1, 5l s & Canna indica s Cyperus papyrus <l
&30 ol (sl danilly 83.37%
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ol sa ) ez Al g Jalall elall MES ddllad) o sall e 30 il £(28) Jdd

oalsa¥ls il Gmsall Gu ddlas) AVY 53 (38 dgas axe clas) Jidaill ek
dlall o sall 413) ¥ Wil aal ) 1385 ¢ P>0.05 ) L L de 5 3all (il sa¥l g e 5 ) 3all
Doy Ja10 (5 Saall a5 cupma 51 5 o il Aleny o gy edla ) ol 5Y) Andlas B ddllal)
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Oe b Al ale JS ) cond 88Y) saaill Al aialy Cua ([18] dudall aal )3 33,8 )
Alall elail mran 8 Allall beall 3 pall Can

Al ) das ge 2020 de Queiroz 5 [19] 60 % A\ 4w e comino 2011 Jaal
AT Ly (8 X ddllal) ddall o) 5all [21] 83% A1) 4w e faris 20725 [20] 90,8%
80% I} 4w e Abou-Elela 2017 Jwasi (&Y @8xill 48 ks Cyperus papyrus <l
Aalla)) Zudal 3 5all [22]

el s &yl b paSianal) amal) e g5 ) gy of OSer ol o3 3 adRY)
Al oy S gl sanst A by
( DBOs) ¢S (AbrasS gl uthal) ¢4l ,6.1.3.V

s 8Y) 38l o\ b s Canng indica S\ss Cyperus papyrus < e S L
(29) JS& JM& s i siadl oaall iyl sbias Lehant die mal) o Al aland)
5150 Mg /l Gsiesil) Ga s Cua (DBOs (eSO JlasS gull allall dabiaall 580 i) a3l
114 mg /I bsia 5 sl el Sl S 80 mg/l s o) el (b CilS dad el

i _all slia (o Ay gamall 3 gall A1) 3 pabi g callaill d dallaall dlee o ) sad iy
bl =Y e DBOs saeSN JhaSpnll allall A1) ddee gl i Cuny aall
Canna Indicas Cyperus papyrus <\ sa s>l 85.78% 582.66% 980.34% dawiyde 5 ) jall
E 3030 ol sl 2l 61.27% Asnis s ¢ 5l e (halisa [ Juaiia) ol

dallaall Ll 2 Y aien 8 DBOs 0o e sl allall 38 55 (addd) cale JSi
U=l sl 8 16.33 mg /s 19.91 mg /ls 22.58 mg /l dares adll auall Ca pall sliey 4 5lie
b g g o gl Ao Lalisa 5 Jaadia sUsi Canng indica s Cyperus papyrus Sl dalladll
AaLAN (i sal 4l 44.5 mg /1

e cg sl ) asall s g el asall (8 DBOs GaasSOU SlaasS gl llal) A1) 5
2 gl A3} SV ABLaYL ([24423] Ay gomall i slall A ) B age |30 cnli 4y suall e W) 0
[25] plaill JAalall Jass o) (8 i 5ill g cann i) (3 5k e o il AL 4 gucanl)
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@A Ll aga s 13w s e ded il de g el Gl a1 G2 AN Y ulS s ¢ (P<0.05 )
Lzl g (goaal) eSS 3] Al jaal QUi 5 oy ol Ande V) gail dpntans daliss s
sl ol & Gl 31,53 (e pmnSY) JUEE) IS (e 138 5 ([27626] (oSl 2550l
O 1385 [29:28] DBOs il (4 pdls Akl (ol Y1 (8 Sl ) 53a (e CpmasSY) (33U
Sl (e 2l 5ie ae 458] L 138 5 ey guinall 3l gl Jilat e Jaad 3 L i€l iy €Y
A3 B i) aabaeS Jany Sl elarl) (aliaialy 45 jEa s Saall Jaill o A el 3
[33-30] Asisal) Lo Jl (ol VI (3 5l

de gl (al a1 Ailan) AN @b B aa g Y Al Jlas¥) dilaidll oy S
A8 Al A jall Al Aagmill oda 5 ¢( P> 0.05 )Aalisall 5 32 jdlall Aol )5l 3 Loty Lad il
@8 ki b Ay et Classe GG elal G Al il i J8 Cus ([34] Angassa 2018 &
Al s «Phragmite karka S\ s Vetiveria zizanioide <\ Jlie 55 e QU chand) cand Sl
iy de o el bl aal JY) 8 Adlas) Aalill e el DBOs A1) Sy <l 5
ol sa Y (G dlean) AVS 3 38 asa g a3 aa ¢ P<0.05 ) 4o 5 e aadl aSaill Bas 5 )l
bl can &Y ) plai 8 3 guasd) o) sall A1) 3) Y dagli o( P> 0.05 ) Wi e de ) 3all
[36¢35] cams sl 5 a5l (8 Alilie A5l b Clolee GlIAS 9 400 8 Y 5 400 58 A g Sae dplec (A
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( DCO) oSN Alrasl) llal) & il |7.1.3.V
OnS lasSl Callall 30 35 4 clS AUl Jaadi 353 () Jaa3U ((30) JSall JDA (he
& 134mg /1 Aed ol sle sed 8 373mg/l ded el (5 ) sians Alaaidd) oLl DCO
Loy dalle 41 3) 36US @ jekal dadlaall il al) apen | 254mg /1 Ao siall dag@ll Cila g G jle e
78.45% hel il de o) jall () a¥) 5 ¢65.15% 413) 3l ac] () salall (= gall Lo
* Canna indicas Cyperus papyrus Sl g 5 3all Ga sl (e JSI85.07%  582.04%
[38] Haritash 2015. [37] Albalawneh 2016 . 35 B 5 ¢ il Je  (Llida/ (g3 8) sl
A sall (0 70-95% Asai G e a3 Ao 5 3al) da N ol )Y O [39] Ramprasad 2018.
e>all G pall slie (e 4y guiaall
el Il dmidie 38055 e lloassd il jall 330 U Legle Jeaniall i) JMA (e
544.74mgll s 53.74 mg /I Jaw siay llexivnall olpally & jlie dallaall (ial sa¥1 3 Sy e
sle(hliss plby Jaadic) JUa3 A Canng indicas Cyperus papyrus <& ua sl 37.16mg/l
2alall ym all dauilly 86.83mg/l 5 ¢ s
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ol 52 ez Al 5 Jalall sl (DCO) eSO el Callall i 311 oyl 1(30) Jsal
slaall g Alaztinsall slaall (pm Ailian) AV 93 (358 3 4o g (¢l Adlan ) Al jall A (e
asalls (lise / Juaiia) il Gl sal gl Aallad) (al al ases (B ¢(P< 0.05 ) Aallad)
Aol Aal) IS U8 (e oliall 853 g sall Dy gunal) o) gl BDlgiuad ) Gl an 0 cp 5530 il
Ssas oad WS [40] Aalal Jas sl 8 G il g e il Al g ol a1 850 g sl L
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il Gy (P<0.05 ) il de g el (al a1y wLal (msall (p dilias) AV 53 (38
AVS 52 (38 asas e ae LA (msall 0 DCO A eli€ A led de 5 all Gl Y
(P>0.05) i Lot de 5 all ial a¥) (p dxilian)

oasall i jlie de 5 3all (al 21 8 DCO J AV A Yy Slas ) Bl 25ay ud
Aol g1 Ay gl 3 sall Jlad Jeon oo il sda MR e GaanSY) 3L < 55 50 aad)
&gl 8 [42] Jamwal 2021 e Jaast aaSall i ([41] Al sedl( LaiSall) by Sl
a8l G aUal A p 5 ) e e s s Canna indica Sl & s e o s Op A le da )l
oAl Gasall ge el A1) seli€ el g3l Gasall o e Jsaall a1y bl
.(P<0.05) g0

U=l saY) Ox o P>0.05 ) dlas) AYS 3 (358 2sas e Shaa¥) Jlail) e
IS Ay B [6] Leiva 2078 &) Jeass Aagiill o2 Gl (DCO A1) (A Lein Lad Ae 5 all
& Cyperus papyrus and Zantedeschia aethiopica x3 (5l G 45 jaall Leia Cargl)
S sima (58 dga g ade Laa¥ 5 cmedandl Cia J8Y) 801 A5y ey cp ) 53 Aaling g Apalal) el 3))
.DCO Al & ¢( P> 0.05 ) saxiall 5 sda¥) Gaallaill (pyy

ol sal A G A Jlee Au s e A ([43] Aalam 2022 O AT s b QIS
sl s alg qmanll e shan & 9 0 e (s Iris,Sagittaria ,P.australis <Ll de g ) e
Phan) 38 Glas (s (& DBlall Ae 5 ) jall Gl sa¥) (n (P>0.05) Abias] AV (358 e
{(P<0.05) & 50« sl agallsde 5 3all Gl 2 (o

Agaa¥) del 0 cp A5 ae A o B [44] Zhow 2017 sl 4d) Ulasi e & e
Canna indica and Lythrum < & 5, &) 5Y) saie sUsi s Canna indica < & 55 pdas A
&)Y aaeie o1 iyl ol 85 50 1.2 @ el caulS pCO ) 5:US i salicaria
(e el DCO J A1) 3eliS Lggal de )y 30 dalal b ) (= jY) 0f 1aaY [45] Liang 2071 (<)
4 3) 3 S L canna indica iz s 5 e Aiday il Cumy dada Il aal )3 Aalisall de ) 30
(Phragmites australis, Canna g) s¥) saaia k) ol V) e ((12% G ) S el
indica, Cyperus flabelliformis, Pennistum purpureum and Hymenocallis littoralis)

saaie Akl ol N e Canna indica < haws Jaiil) e (V) Al DA sy
Phragmites australis J8 (s Ll ClS 3 58 &) gl 8 (S gl 53Y)
sl wisis Sy Gl GORY G Ul iy mll 8 GDURY) 1 sy
[46] &) 5V asaia s dga &l Jalu Y 8 ol ) 40580 il
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( N-NO2) < Al G g 5 (5 .8.1.3.V

Con callaill 7 padly Jasdl die((N-NOz) ol 38 5 o ilide «(31) JSil ma
ol ek 8 0.47 mg /I Aad el g Al aall Ca el sbiad( N-NO27) sl a5l i
0.218 mg /I o= b sias sle sed (A 0.039 mg /1 e (Sl 5

Al olpall &y il (5 sina o) Jas gl il Hall 558 DA Lale Jeasiall &8 JYA (4
0.00525 mg /I Jae; (i) Cum alladd) Gl al) pen (3 GRlEAY) (3 i 5 oyabiie
Canna s Cyperus papyrus <\ g 53l (assll 8 0.00466 mg/l 5 0.00733 mg /I 5
Sus g g e ol aall (8 0.04866mg /1 5 sl e halita sy Juadia dai jndlca
il Ao 5 3al) (al Y1 2 97.86% 5 96.63% 5 97.59% A N A 3YI el Cilia
sansll A T77.67% dawis « Al Je amiag g2 8 Usi Canna indicas Cyperus papyrus
Esoe ol

—a— Influent

0.54 —* Unplanted —— Cyperuspapyrus Canna indica —*— Mixte culture

Nitrite NO2™ (mg/1)

-0.1

Jan Feb Mar Apr May Jun Jul Aug Sep Oect Nov Dec
Mois

oAl Y ez Al s Al Ll (N-NO27) cusiill a3l gl 2(31) Jsd

Ll de ) 3all Gl sl Apilian) AV @b (58 dsa s aie Shany) Jolaill ekl

oaddie alall slyall (8 (N-NO2) Cusiill 58 55 581 138 o la) ¢( P>0.05 )Ll (sl
ddlide (3halie & Gaas i) g s A i) ok e el IS0 a3 g il A1) O WS dlaa
a& i S0 47 JAsnsial) 52008 Cag yla 8 5 codanall cand aYY) A ol 8 ol das gl g
dalaall Gial gal 1Y) ey de 5 ) all (ial sa) 5 8Ll gl (il (B3 2535 pde (e
L) bl oY g 5030 Laad) (i sall duilly (N-NO27) i siall Juiadl &) 3] 30l <l cal€ bl
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[50¢49] cpa 5yl A< 2 3Y) (30 0.5-40% ULl aalod Cuny ([48] aa s il A1 ) (& 0
[51] BsYls i) & (sl (sstall o all b aijas

alas) (& bl de 5y all il sa ) G Cplie (38 d5a 5 pae slian ) Jidail) jelal Sl
ol (5 AT A yla 883 g gl G Ly 585 dgiliie il 028 5 ¢( P>0.05 ) Lo Lasd (dania [ (5258
Oe Adlide g lsl (Al Leie Cangl) IS Al ¢ [B] 2075 am ) wlal/ s 5 dakial)
s Juncus effusus & b )aal ULl CuilS 5 dlaativall obiall dallaall 3eleS Eua (e Ll
(P>0.05 ) dibas) AVa b 55 8 Ao ) fall &4 &l Susay | Typha latifolias Cyperus papyrus
Cad Y Gl Al pladiuly (N-NOZ) il ) & bl de el Gl s o
bl
(N-NO3" )=l Al cpa g A (65 .9.1.3.V

8 puall slia ad = 5l 535 G AUl = Hall g Al e @l il a8 Calida ¢(32) JSA) i g
Lo sias i sle Dgd 9.0,65mg /1 e (35 Ol ed (819.5mg /I dad e G alall aall
.8,82mg /|

gl S5 (alias) Ladl dad ) sae A Lede Jeanidl &5 JNA (e
oasall iually 156 mg/l 5 1.82 mg/l 5 1.60 mg /l &) (aids Eusy dalladl al )
S o Nl e Lalisa WUsi g Juadia s Canna indicas Cyperus papyrus <ais & 5 jal)
E0m ol pa sl 4l 1.62 mg /1

iy de g dall Gl a1 8 82.24% 5 79.30% 5 81.76% 1) A1 3Y) 5.l cilia g Cua
& 81.57% 4xwiy « gl Ao Lalidg oUsi g Juadia o Canng indicas Cyperus papyrus
ok ol a gl
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o2l sV (e gz a5 Jala oLl NOgrel il e 3 ool £(32) Js

lally de 5 ) jall Gl a1 G Aglian) AV I3 38 aga g aae Slas) Jidadll ekl
O3S S rhadl Cai 4558 @il ¢ 5 () I aas g L) ((P>0.05 ) g o e el sl s
s il dee () [52] Lee 2009 f) LS 5 dallzall () sl anen 3 AL (Ol CpansY) A
A G ¢ GaanSY) ali dihie b cpa g yiall g 3 dglee Gaand 81 Al sel) Aalaiall & Chaas
B Sy dmddiall i) A o S Jiles JainneS <l il Ao o sl g il & 35 A1
bl o g i Jle el g <y il Jia (g gamall e cn g sl g 35 L KAl JI6 leal) 028
ol il Juind i g e g jall Gl a1 B saall Aa il ) L s aaly 138 S Ly s e
Al e Aaslll ol ) dand g sl e g5 50l g 3 Gasb oe Ledl) ) s )

Lash de 5 3all il saY) G (P>0.05 ) (5 5ima (38 29as pie (Shaa¥) Jilail) elal LS
Al 03 G «[B3] Zurita 2009 \&le Jas S Al Aglie Aaill o3 5 ¢(falida / (53 8 o) et
e gl s A o g gt coantie g1 i) ety galal g1 siul el o &5 aall gie Cang) 4]
<\ g ( Strelitzia reginae, Anturium andreanum and Agapanthus africanus) 4 Sl
Led Gl il e ) A1) 3) o ilial) & yelal csalal i & (Zantedeschia aethiopica) &)
(P>0.05 ) s2asiall 5 433 ) Ao g jall Gial sa ¥ (g Ailian] AV
(P-POS> )i 8 53 ¥ (i 10.1.3.V

3xy a8l P-POST A8 ikiaY ((33) JSEN 3 s 55 91 A5 (amesall Lkl IO (3
0.28 mg/ls 0.72 mg/ls 0.32 mg/l ) Cuadlss dlexiasall sliall & 4,94 mg/l Lass siay S ()
e daxia Jlai g 048 U Canna indicas Cyperus papyrus Sl de g ) 3all (al @Y1 3
2Ll = all 80,99 mglls ¢ A sl
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Performance of the Cana indica Plant in Treatment of Waste Water
by Vertical Flow Method for the Touggourt Region, Algeria
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Mabrouk Serraocui

Laboratory for Vaiomsaton and Promotion of Saharan Resowrres, Hacd! Medal Universiy, Cuanpls, Aigens
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Kazdl Martah University, Cuargle, digers
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Absirect. The =Tedivensss of the Canna halca piant In in=aling wasis watersith a werioal Tiow system under dry and hot aimospies was
sudlied. This shudy InCiuded & compan son betaesn a basin pianedwih C. indca and a nor-plamisd one feiness), wih the study of e abilty
ofihe C. inchca piant o SR wese water, The Shady was Carmied oul hrough an experimental mioded al e Mational InsSiute of Disintecion
(104 In Tousggourt, Agena. This mode] consists of Crcuiar basins with & capscty of S2L filed fromn botiom b inpon & Slckness of 18cmiwih
g [25/15) . The process of suppding T basins with urban washs waber afier primany reaiment (pinysicl treatmment’ with 150 perday at
arepular e onoe ey week and the waier obizined afier s sty nthe iank for S days |5 colisced hnough a-contsines placed under the sink.
Ay the siudy that lasted for siy monkhs: fom December 2049 o May 3020, obisined Fe reroval of polluisnts, with percenisges. of DCD
(B3.55%), N-NOy (B1UET3), P-F0, " (30.45%), ond baciena £ Coll (35.55% ), Thass paEmEntages mmph with the recormended sandants for

e st s o Thits ks I the agricuiural fisid,

Mapvrorads: And chmakz, Washesaber, Hydmpyte: trestment, Canna indica, Touggourt regian

Thie scanciy of water resowces, especialy In and
regions, Is a global Issue (Y1 L =f al 2011) and some sclentfic
studi=s on matural treatment of wban wasiewaler hae
shown that reatment by plants |s the best i=chnigue St 1o
simiple and sasy o use and requires few possiblites and a
natural reatment method In oremoving pollution through
artfcialwedands (Wu et al 2018). The use of this e hmobsgy
|5 widespresd In different regioms and wmder dferent
cimafes (Bebba =t al 201%) amd depends on providing the
same condibions as natural wet areas, caled the ung of the:
earth, due bo She ablity fo tread dirty water and this Sanks o
the aciity and the great role played by plants and
microorganisTis (Wu et al 3015). The alemadhe for wabsr in
thesse areas |z e use of reabed wasizwater (Crell of al
2042 ), where the trextment system consists of a thick Bger of
gravel or sand or 3 comblaton of both, whenrs the
enwironmentis always full or saturated with waiter,

Thie efeciveness of the basin of ireabsd water by planis
depends on e e of sefng e waker inside this unit, and
thie prefermed me for the water io remain inside the basin 15
froim 5 fio 4 dages, and therefore [t s desimble that the garden
bagin b large so ot the wader alows a residence dme in
order bo obéaim & high-quality reatment. In omder b obisin
positve reguits, nesd 3 method of venbisfion, which
Increases e activity of miooorganisms in e dlsmanting of
polivtants, and It has also beem shown Bed the use of
fr=atment technology by plants s very satisfactory and the

waber purified by plamts Is considered b Fave roughly the
samie qually as that which comes out of a good tmditional
sysiem equipped wiEn nEmngenation units. [B=bba etal 2015).
Thie aim of this shudy |5 o mexsure the sfcacy of Canna

indica In wasiewaier purification using a verdcal Sow sysism
Im & dry amd hot afmosphers. and compares & b0 oan
unoulvabed basin.

MATERIAL AHD METHODE
Experimantal profosol: The expermentasl gear conslsts of
cincular ubs of S30 capacky, flled from boftom fo top at 18cm
thickness wih granel (25 1 15mm) planted with young siems
of the Canra lndica plant at depsities (36 Sges § m') Bis
crizrion has bee=n ken ffom previous studes(Tighens & al
Z005). Basin & planfed wih Canea inoica and non-Cuitvaled

baszin (a5 winess). The process of supplying the tubs with
urhan wasiEwaier a%er the Inidal reament (physical
freafmient) with 151 perday, by the methiod of verfical flow, at
3 regulyr rate once 3 week, and the water obiaimed afer
sSaying for S days In the tubs Is collected throwgh & confainer
placed af this bothos of the basin.

Physloohemical propartise of uced paoking material: i
Is charschertzed by pH of pH = 14.7 neufral medium and
corrneyor CE = 3.8Bms / cm. Camaa indice, A plani spedes
beisnging io the Canma sp=cies, from @e Canmscess miy
{Choudhary =f al 201 ) was used. This plant was @ken from
fhe Mode| basin which |s iocaied in Tamasin - Touggourt. The
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alm Is o Teat urban wasiesater, explol washewsier and
n=use E for krigation.Cannacan be used fo teat Indusirial
wastowaber rough arificial webands and i is effecte o
remove ompanic loads, color and chiornat=d ompanic
compounds from washowater (Charge] from paper faciories,
for exampie{Choudiary et al 2091 The sbedy ook place
o¥er & period of sl months, from December 20059 o My
2020, The analyzes were performed for physlochemisiny at
thiz laboraiory of the Habonal SToe Sor Disinfecton (ONA) In
Touggowrt, Algeria and Bact=riology In the laborxiory of Tood
andwaber analys!s al Solman Amirat Hospital, Alperia.
Phyclochsmlsal and Bastarologloal Parameisr
ldsnitfication of cucpendsd matisr MES: The amouwnt of
suspended maler WMEZ (MF T30-105) was estimaled
acconding the fSirafon method and was used when Se waisr
|5 ce In suspended mater. The cenrfsgation methad when
the waber ks of high density with suspended matker. The
cenbrfupe has 3 raie of spesd 3200-2800 rewolobons per
minutes.

Detarmination of the chamioal demand for DCO: DCO
was delemmined by oxidabion by polassium picromate in an
BCid iz epvvircinm ent with hiessting for o hours im the presemnce
of A4gZ0d4 and HgEOd by spectopholomeisr DRISON. By
using the Digestion par résche ur method , 6 rmeasune et of
OCo, ussd capsules conlinming a previously prepared
commercial reagent.

Bioohamloal ocxygen: This was guanbfied usimg a2
manomérigues DB C-mieier

MErts MO, : The amount of FO,-nirate was detemined with
Ciazombon spectrophotormeier DR3500

Arfphocphate: Thiz was quantified with ihe
spectophiolometer DR3I900 as per e Fhos Ver2 method
(EsCorhic ACkd].

DMecolved oxygen: This was measwred by the
Amp&romerigue method Aocording o (AFNCR; TI0-106)
Corymétnie BPL Inciab meber.

BH: pH was meaxsured with a pH meier of the pe PH mier
sension (AFMOR, X31-103)

Elacirioal oconduoflvity: This was mexsoed with a
condictivebd semsionsS comducthaty meber.

Counte of Colfformas fofsuy of Foécaux and £ Codj) -
Thése In oubore were =simated In lguid =Rvimnment
[ASHOR TS0-433)

Purifioation yiald: This was defermimed the purificason
efMdency of the measured environment by e following
equation:

A% = [C,-C, 10 G, x 100

R- the payofT of the purfication, C,- kMedla concenfabon in
the wastewaier enlering the basie (mg 7 0, S, The
concentration of e wsed existing environments In

wWasiewater ol of the basin (mg/ ). Tre results presenisd
for aach medium represent the mean vabses measunsd and
obiained from the bwo Indepsndent basns (culure and
contrl . Craracterisios of wasiswater used in feeding tubes
ane ghven in Tabde 1.

REEULTE AND DISCUEEMDN

Ewolution of temperahare T (0% The average values of the
fempergiune decreass in bve resied waber inothe vanous
Ebasires compansd o e used water [Fig. Z1. The highest was
Z7.7"CInMay and the lowess 20.7°C In December, thak s, the
fempergiune k= sandwiched betaeen the twa 20.7 2 T("C1=
I7.7. The decrease In iemperabre in the rested basins 1S
explained by the decreas= In the numiber of bacheris and the
lack of blochemical reactions. AS for e rested waker in the
cuittvaited basim and the nor-culvated basin, they ars cliose
o Bhe lengi of e shudy perod at the botiom of the ks ata
depth of 20 omi. This dffersnce in lemperature does nof afect
the selecton of the micoorganisms responsible for
purification.

Dicsolvad cxygen (OO The averape dssoled oxygeEn
Ircrease in the reated tubs oomparsd o the wasEwaier,
0.0£ mg /1 Im April In the: wastewater amd £.74 mg /| In Bach
Imi e ated water.

The dissohved cxygen (DO} increases gradually in the
usad waker lowest inApril, and this refiecks the Fuge number
of microonganisms (bacieda, furgl | that consume 3 large
amount of oxygen and In addition o an Increase in uiidty
thalt Impeded the pemmeabiity of alr cwxygen Im the
wastewater. Generally, dissoled oxygen chamges In
contrast ko the organic densky of the wastiewaler and in the
depth of e tresied wiks, and thers s a difference in the
amount of dissohved axypen for Se plani-prown fub ard the
mrion-cultvated bub amd @S |s due o the presence of the plamt
&S wWaorks o ran sport oxygen from air inko e tnk from the
l=avees. bo Bhe stems and roobts (Admukiar et al 20198). The
yourg plarts are more effectve in defvering oxypen through
Eheir noois o e botlom of the fub comipaned fo obder plants,
whose roots form a fatty yer Fatprevenis orygen =aiage.
pH: The averages PH decreases In treated walsr In vanous

b

—_— ¥ -

Fig. 1. Componants of 3 werdcal Now pretreatmisnt basin
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basins compansd o wasiewaier, B decreases by & rabe of
7. 73 072 fior the tub cufthvated with plams and 7.70 for the:
nor-Culivated pond (winess) compared o Be nalions|
standard setaf 5.5-8.5 (Fig. 4].

Sevenl factors expiainthis decrease inthe g (acidity of
thie: apwviromement), Including ovidafion of nirke and DGO
(MiOnch atal 3004, Labed =t al 2014} . The caldaton of DGO
that produces COu, which In um leads o ackdEy of the
envwironmieni and coddation of nEries leads fo nirmabe, and the:

rexsom Torthis ks Bydrogen pool a5 a resulof the adivey of the:
bacters responsibiz for nitficabion, CO, acoumulation as a

resguit of plant mietabodsm o the break down of anganlic raytisr
by bacteria (Bebba et al 2020), production of H' lons by the
plant o replace some of Sie cations ievcived In @e mineral
nuiriion of @ plant and producion of some sscretons
(organic ackdis) by the rooks ofthe plant{Bebba =t al 3030)

o Wi ik e

il

W B e W Pl

st
o

Fig. 2. Time evolution of the mpemtune T (C) af the et
and oubiet for bofh the culthmbed b and e oontrol

Tabds 1. Farameters of wastewater ussd In ponds
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Elsafrioal sonduotieiy {CE): The mectrical conductity of
tr=aied waber in the culthvaied basin & abways grester than
thie miectrical conductiviEy of trexied waber in @e pon-
CuEivaled basin (the winsss) and e wasiewater (Fig. S
Thie slectrical conducivEy ks high In the basin plant=d with
plants compar=d io the wimess basin and the slecirical
conductvity ks high dus fo plant sweating and e change of
organ ic materials o mirerl substances (Amir =t al 23093
Evolution of cucpsndsd mattsr MES: ESwolubion o
suspended matier ME3 ranged betwesn 121.6 mg ! | and
E42mgilatarate of 22843 mig /| In urban wastewaber, and for
r=ai=d water e MES valu= In the basin culthwabed with
plants 54.5mg § |Camna Indica wikth a yleid of §1.73% and in
thi= non-ouitivaied pond [wilness) 72 mgl with & yield of
TE ET% compansd io = national stamdsnd 5= a1 30 mg /L
Thie decreass in the concenfration of BEES In the warious
tr=aied wabsrs s miainly & resul of 3 phy sical eaiment such
as fiirabon, whers coarse magsrals remain suspendsd and
fine materals ars trapped in e fiter pores.
Evolution of shamilcal demand oxygen [DSOL The
chemical dermand for OG0 oxygen In wasb=waler changes
betwesn 1095 and 3Z2mgd |, and through the tme evwlufion
of DGO [Fig. 71. The swlufion of the chemical demand for
=0 shows that I concenimabion decreases In reated walesr
compared o wasewater, a5 b oranges in the wastewaier ot a
rale of J02.5mpa, ! |, as for treabsd waler, DCD values:
12==Mgo, [ | in the Camna Indios culivabed tub (53.95%),
anid4£8.4kga, i1 in the non-outhvated bub (confrol ) TE.05).
Thie cultivabed basin and the winess basin gave water
with less GC0 concenimion than the wasteaater. This |5 due
by t= physical absompidon of crganic maberials In the

BRuA il Patibagle o Wi R vl

il

Dot wrmy Furey O A
E L X Hm it o ﬂ

= =

e b
. om om B

Fig. & Timz evolution of the CE elecirical conducSvEy of the
Inizt and owtiet for both e control basin and the

witness

wasiewater of the Sher and G aeration of F= envimonment
by thie bascterial organisms. Thils culivaied b gave bether
yield comipansd i B non-cultvaiesd fub. This decrease s
due inthe presence of the plant that provides physiochemical
comndBons that provide owygen o G fibered snwironment
throwgh e kaves o e siems and @en Gie rools and
rhizomes by the bocteris] crganisms that cawse DGO
odafion (Y1 L et al 2011, Randerson =t al 2012, Setsnakis
20180,

Eloohamioal demand for cxygen DB, The biccRemical
demand for DED, waried bebween S50 amd 1£0mg /| In
wasiEwater. Through e me evoluion of DBO, the highest
remiaval amount was in December amd May, with & yisid of
56 20% for B Wb outvaied wi plants, and the owest

i Fre w0 Panibee e VIR
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an 3 3 i ‘m EH

oL

Flg. & Time evolon ofthe MES suspended maieral for the
Iniet amd oubiet for both the cultivaled tub and the
winiess
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Flg. 7. Time evolution of the chemical oxygen demand {000
af the Inlet ard outiet for bofh cullvalted and witness
fubs
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remaval rate for DEC, was In March, withia e of 65,51 % for
the fub panied wih planks Flg. 21 In generml the
concentration of DED, In wasiewaier. Urban Is greaber than
DE:0y as the wasbwaier BTmg J | comcentrabon of DBEC, 1=

reduced o 21 and 215 ma ! | Tor culthabed pond and oo ol
pond, respectively. The removal of DEO, In the culvated tub
of planis was 7556 amd 75.25% forwiness. The dif=mencein
remaving DED, between the planbed b amd e winess tub
Iz due o the presence of aguadc plants Fat have e propedy
o absork caypgen from @e alrio releass kthroegh thelrnooks
In the area surourding the roods. This oxygen acivabes the
bacteria, s Sy work o oxidize amd reak down onganic
mabsriaks |Fsigin =fal 20403).

Mo, nifrts: Through e tme svoloton of NO,ninte n the
washamaber changes wi dme, and it Is greatsr than the
concentration of NO,In the Featsd waker as @mie NO,
concenradion decreases (OL110mg ! [ the sasEwai=r and
0.1Z mig Fl in the Canna ingica plant ub and 0.0253 mgil for
thi= wiiinessfulb (Flg. 5.

Thiere were conm@si=sd diference betaeen winess

cuEkabed with plants and e winess one. The yieid of niribe
remaval NO, Is B1.81% for Be Caana iadca b, and
TE D= %) for the winess fub. The difference in remowing NGO,
bafwesn the cultvabed tub and the winess one Is due iothe
pres=nce of an aQuytc plant @at has te propery of
absorbing canegen from e air and |s ransporbed throwgin the:
leaves and them the si=ms o the mots and thizomes. This
ouypen acivaies B bacteria that comvert MO, Inbs NG,
nitrib= Ini the oot zone. This process s caled nirficaion (Jan
Wymazal 2007 ).
MErabes M-MO0,: Thmugh the Bme swsiubion of B-NO, nirake
decr=as=: In all reabed tubs compansd o wasbewaler, as the
nitrate conc entrabon decreases fom 295 mg flioe. 32 mg 7l
In the Camna indica tub and 2.41 In the non-CuBvaked tub
wEness) (Flig. 10).

Trie conceniration of nErabes. after treakmeen in the plant
basin Is higher than = concentration In S basin of the
winess, anad this ks due iothe avallablity of ocggen during the:
verical fiovw of wabsr and the preseno= of @ plan helps o
ransfer prygeEn b S basin, which leads the dssokhed

oxygeEn o cdabion of nirEe inko nirate (Elowiec = al
201Z) Thi= change In the amount removed from KN-NO,
nitrate ks caused by the wse of nirabes by the plant Is during
thi= day or In b presence of photosynthesis. The
devwelopment of nitraies ghves 3 deonease inthe amownt afer
fiE=ring with planis. Flanis absorh e nemoved onganic
nitrcsgen (Jan YWymazal 2007), amd the remaining nirogen 1=
remayved by nErficalion, denirification armd aerial oxidation of
am o L et 005 ).

Ario-phosphorous PPO," In gererl, the conosnirafon of

Liererm Saoudl, Brehim Labed, Messacuda ANaow, Awatel Exrgiga and Mabmuk Saraoui

F*-F'I:I,"h'lﬂlh:wulrr chang=s with time and IS greaber Bian
the concentration of F-F'I:l,’ Ini the reabed waker, wihene the
comceniatbon of F‘hFﬂ." In the wasbewaler deorsssed by
I0L8mg ! | In the wasi=aaisr o, 2 59mg i Hor Canma bedica
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Flg. B. Time svolubon of the DED, bDiochemikcal oaypen
demand i B inlel and outief Tor both e wilness
and cultvvaiad tubs
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and £4% mg /| in the non-cuitivaied bub iwimness] (Fig. 110
Thie fitration yieid in the Camng inoica bulb Is 9049 and 85.28
mg | for @ie moreCufvaied k. The concentation of
prihophosphiorous. in the reabed water in all basins |5 caused
by the absomption of P-PO," In the fiker (9H=r, as well a5 the
nuaallty of the graved favors. the absorpdon of P-70," (vohls et
al 21). The high removal of arophosphorous I the
cukivated fub ks caused by the imiermcdon of baciera and
plants and e absorpion of P-PO," by the plant o Es
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Fig. 11. Evoiufion of ao-phosphorous P-PO,Miniet and ouliet
forboth cuttvated and witness tubs
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Fg. 1Z Chromological ewobution of Coffommes fodau for the:
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FAlg. 13. Coltrmes Moauy chronological evolution of the inlef
and oufiet %or bof the cukhated and the wEness
biasins

physiological nesds (dan Vymars 2007, Eaowiec et al
2012, Verma and Suthar 2012, Al-snl =t al 2099).
Eaoisrial emoval (E Col, Cofformes Fécawy Colfomes
tofapxc The chronplogical svolutlon of the bacteria In the
shapes shows the number of colonies (£ CoX, Colfomes
Févawn, Colformes fofauy) In wastewsier s greater San the
treafed water Ini the culivated basin and the non-Cultvaied
. L1

The remowal of the bactera £ Col, Colmes Moawr,
Coifformes fodaur almost complefsly after treatment in
cuitvaied pords amd may resches 100%. These resuls ars
gimiksr o e shudy of Duggen and Bates (2001). Thersfore,
fhe decrease in baci=ra ks In compliaince with the WHO 2012
siandands for unrestrici=d wabering. Vymazal (2005) also
reoied that the puriication fubs In famd 2 mares ans bter in
cuithvaied fubs Bhan In non-cuitivated ubs. Confrmed by
{Cuesiyt et al 2000]) Gt Hobkained in Tunisia.

During this shudy, the plank treafed ub showed that thers
Is & =ignificant decrease in the removal of becheris and
pathogens, and this & expisined by Gie natursl death of
bsciera as a resull of a changes in the Wing ervircmment or
destruchon with organic materials, and B dference in
remiring baciera beiween the pond cultvabed with plants
and the coninod basin ks that e roots of the plant secneis
bicdogical ackds {lowic subsiances) that work o kil bachera.
Wincent (1594) axplained that £ coil decreased In cultivaied
ponds compared b the control by the probablity that the
rooés serete inhibBors (bowlc substnces) "exudats® that
contributbe to the eradication of £ coll

CORCLUEION

The presat shidy demonsirated the abliEy of the plamt
Canna indica b pur®y wasiewaber, a5 the esults indicaied
significant reducton in the main types of pollution organic,
nifrogen, and phosphomus. In the squarium planted with
phanis, E was beter than in the unplanbed aquariam (the
winess), wherne e waber staying for fve dags inside the
bsmsin was sufficent o remove polufsnts in an acceptable
manner. The presence of the plant Fas 3 positve =ffect on
bidogical activity using vertical imigaSion , so that the plamt
bs=gan fo adapt and coexist by using this water in the s=mk-
airid climate of the region, and reaching the permissbie lmits
for the wse of waber resulting from e Feaiment basins of
plarts n sgricubure (wabering ress, frulls and grains), which
Fizs the ablity bo withsand the salinEy of this wabsr.
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