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Constructed Wetlands siall daha 1) ) N 085 3-2-2

(2021¢ 0soa) 5 Pinninti ) 4 sls L G385 (1 8)0m) Ldajll cal¥) e zised 12 andl &
z 353 S Jah Ll Aida auiag iy (e 80 X ans 60 X s 40) z3sa3 IS el 2lry) S 3
Al e Ada Leie 38 (s an 20 gl () s (371) 4ena gl A aand) (e A5sSa
Vo 10 iyl el dadand) dadall Cipe s ans 10 g iy ) slall asle andl Zalill dayiall
deli)) diay olall Ciliie qan (myal 4y oSaill (S Mie g @ QIS 5 LA Aide e oY)
& ) Canna indica  Jadll Heall il delyy & 5 dile JS S zagal) i an 3
gLyl i 4 adlsy Al ol 23l aes 3 (Aad) dae 3 iLid) aa) e Ale Jseanl)

S g5 08 (A 15
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Wastewater Sample Collection (asall < pall sl clise pan 4-2-2
el Gl olie dallae Aane b (allae (51 (5) qendll Galal (e bl pan
Al (il ddadlaa Alad) Anae A (2901304825 °32 2105263628 °44 ) b jranal)
120 dan Ugasias Aikai clo U8 3 lalia 9 delud) b Lesad aall Cipall ol gen o
caslall LS Blaall agle and b Al Al Gilayl it ) el S e dheY) culs &
(e Adlide S5 EBG o giad Al el Slassll () gl Auball Bae sk b dxals

385 I8 @y S Dy T lale s Sl (10555 0,1) AgNPSJ)

Biosynthesis of AgNPs 4 silil) duadl) cilagad (5 gaal) aaiuaill 5-2-2

Preparation of the Plant Extract Slill galdiwall juass -1
& @ Ocimum basilicum glagll <l jsh e (Sl Slall Galdiuall juaas 2
dgas s el Aaala aslell A0S Qe 8 Adal ASU 5 Adadll 3] e adle Jganl)
ciail) 3 g JeleS Sl bl alitid) aladinl &8 glagll e 3 5auSY) ilalias
Deionized Water <iis) (e & cley Gy 520 lapll 5ok Jue 2. AGNPSI sl
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4 3)ha da)y die aiaty paldiiadl 138 b O A dele 12 3ad AS55 clig¥) (e JW e W)
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AGNO3 Laill i ¢ya (g ¥9a oo 10) pans —2
20,169 43 & AgNO; il cli (o (0¥ b 10) Laasd Jal o

(Khshan & Alkafaje, 2021)

Biosynthesis of AgNPs 43gilil) 4adl) 36l ¢ gaall aiail) -3

10) 385 AGNO3 (e Je 25 s il &5 oy 505 9 ) Sl () Jies
& 593 500 Aoy pwdaline dias aladiily Spad g ¢ Al paldiudl ) (g)¥se e
G Y dslaall sl 535 5 4883 30 e 25 4isie B0 Bl day o 438y 3() sadl A3
sllly Cilpe DB Al lapall e gsinall Jolaall Cilad &5 L AGNPSY ()6 2y anall
Gl 3 lamys JAQGNPSY @il Juadl 4380 15 50d 1200 g3Sye b ssis i) &
(Suganya et al., e slaeVWl . oadl s)a dapn 8 lehiag sl Ja Ll )l
2022)
AgNPs 4; 51l duadl) Slagws Civa i 6-2-2

ol Asn Jals @iyt b Glagdl el 2

UV- VIS il 38 A o) Cishal) 1-6-2-2
800 Al 400 (4o ase dsh a0 o lgde Jpaall 2 Al Lol Glapall e o
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PG Instruments Ltd ¢
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Gilhe aaaiily Lgs dxiadly dsadl AgNPsU FT-IRY (asd slal &
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D=KA/BcosH0

@l paall Jaaa = D : o Sus

0,9 e culi=K

dagall dajs Cual e = B

g Ay =6

SEM geulall (g ASHY) jgaall 4-6-2-2
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Wastewater Measurements (aall < psall slia cluld 7-2-2

Gl Analafslal) asle A0S aaiall Al it b dpdida) lasadll guen shal a

Physical and Chemical 4xibrasll g 4l 8l cilia gadl) 1-7-2-2
Examinations

PH Aagugd ol -1
Hanna HI-9813-6 pH/EC/TDS/°C Portable Meterikuls: sy uell oY) Ll
. Buffer Solutions dabaiall Jallaally 45 plas 22
EC duiligsl) dluagit) -2
Hanna HI-9813-6 pH/EC/TDS/°C Portable iauly 3l Lliagll ulé
e iasmns Sole o il e el 235 Al Jlaally 43,lee 22y Meter
DO i) pawssy) -3
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M7l ahale i)
BODs5 (S sdU (g9l cullaiiall —4
tok LS5 (APHA | 2003) 8 ela Lo (385 omaS O (gaal) calliall Gl
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Sl able
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BOD; = Di -Df
Alaall Ji I Gl g1 385 = Di ¢ o) Cus
(Aasie dayn £ 21) die (4 5) saal Ailasl aay Sl A eSSV 3€5 = Df

NO, cuiill -5

: b LSy (APHA | 2003) b sls Lo 35 ¢ (Sguall Cilaal) 3k cyjisll (uld o5

Lasdiaa) Jallaal)
Gl Cadls

sulfanilamide (e al2 105 %85  lysiugdll (amala o Jo 100 ddLi) (pa spuind &
Cailoay JalS (S sulfanilamidedl Ly asys lis¥) e J jhidl Ll (e e 800 )
A Y S8 s lus =i N-(1-naphthyl)ethylenediamine dihydrochloride ¢ o) 1
AR b A A 843 Ne e 5add D Jolaall 138 iy canly 1) caisg
Jaall 45yl

By DA dndyd) 4wl g Je 50 L)) il aslS e Ja 2 dilaly cygill g &
Sasilh 534 age Jsh o dpalaid¥) seld &8 lbae g Sl 0.45 daelis @l il
(T80 UV\VIS Spectrometer PG Instruments Ltd) Jise Al caldaddl Hlea ddauly
Ll bk sasgy i e e

N03 Qw\ _6

(Parsons et al., 1984 ) Js& ‘w daca sall Agylall Cungil
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il Jilladl)
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Phenol Solution Jsuall Jelase

. % 0.5, sodium nitroprusside solution (W / V) xlus ;s asisa Jslas

Jaxd) 43,k
e de 15 phenol solution e Jo 1 Ll canaly 4l e Jo 25 231 &
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olE ey & % 27 — 22 &gl pla dany A epnm 4 Y e saals dele 3ad
Al e ey gl Glhdl les dblug jiesl 640 ase Jsb o dualaic))

Ll ahe Sl clasg
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b els Lo g ¢ sl Glladl Slea alasiuly ¢ @l (aals Ay ghudl) (uld
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el Jilladll
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REENES
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rel i) SIS e Jal 00 JS) daiiie caws 8 olial CadlsS e o3 1 IS —
Sadse dslae o do 155 sail¥) psslis) g dolas 00 da 55 H804 e da 50
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S ezl sl e de 300 Jss & Ammonium metavanadate asise¥) cilabililis

(o dstaal) Sl @bl e (e Jo 140 i) ae sy ailialy oy
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A e aaly e sadd e CSISH ()5S - i) ol e Falay
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Himedia dxiadll 45,40 claglsi cuwa Coliform agar fasy juiasd &
Total Count of Coliform Bacteria 4 sl sl L sl A<l wl) 2-8-2-2
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JU Gl peninadll (3l 2xall Gl 24 . (Goldman and Green, 2008) axll ks 3 jeains (300
Sl Wbl Gy ddaf dae

100 X Cagaill Ciglia X il paninsall 232 =" Lo, JISI) 220l

el Ci pall slia A 4 ol ) L Sl (adidi g I e 3-8-2-2
Isolation and Identification of Coliform Bacteria in Wastewater

.Coliform Agaralaiuly sl Copall slie 8 dugddll Lyl jadiig Jie &
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Leaves Content of Chlorophyll Pigment s, ssll daua (e Ghs¥) ssiaa —4
& (Chloro (spad 550)) Slea alasiuly A yaill sasgll (& il JS3 cleld ED uld
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Determination the plant's enzymes activity
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Determination the plant’s peroxidase enzyme (POD) activity

Jlea alasiuly ((Nezih,1985) Jd (e ddgasall daphll Cows POD ayyil ddlad i o
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Jard) 435k
Guaicaol Jslse i Ja 1 %0,1 385 HyOp (3 o 1\ vl Al (30 Jo 1 331 5
Gy e il 240 ase Joh e Sgall Gilbhddl jlea (8 Jsall (alaiad) sad (uld &5 o
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sl 420 S Jsb e
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(P.value < 0.05) ¢ sixe 38 J8l vie bl i) s SUlall Jilsil GenStat gealin pladinl o

ol paiall cp Jageall asl) b )V ded Clus s ANOVA Gl sl Jilas o
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Silver Nanoparticles (AgNPs) Aol il 1-3

4 i) Aadl) Cilasad (5 gaadl aiaait) 1-1-3
Biosynthesis of Silver nanoparticles (AgNPs)

gl Loy s il Ll ol ol mae e Llall o e Sl cay

(Adhikari et al 2022; Nasri et al., 2022) ae 4siie il oda Cul€y (gualAGNPS J)
G B ) ol s s aa +(2) Bisa s WS AGY ) AgT Il s il
Jiy dgaeall glll Glawa A (Surface plasmon resonance) bl (sasSll)

-(Al-Zubaidi et al., 2022; Almudhafar and Al-Hamdani, 2022) AgNPsJI

AGNO; (1 il ha il gy Galiiuns Aila) 3ag o5l b il s :3 350
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Characterization of Silver aglll 4Aadll claws duwag 2-1-3
Nanoparticles (AgNPs)
UV-Visible 4 el il (358 423 aydall Qs -]

Olapll e alaaiuly AGNPS dpadll 4l lapall goall gl ast
Gt AaDl ikl Jilaill dlauly Jead) Gb 8 munse @ WS Ocimum basilicum
Siasils 800 Y 400 oo zshE Aanse Jshl AGNPS mue Gpb oo ddsall Ladil)
(1 JSall) b iy LS ¢ slagi420 dic Lgigyd Anieaal) dpadll 4yl Cilapual) el

2052

29153 400.00 800.00 797 28
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Uses Aabaal) 4530 Aail) cilagund UV-Visible dyiyall Ladist) (558 daddl Lighal) Jdail) : 1 Je&

FTIR slpaall ciad daddl dugb Cildas —2

LS basil seed clasyll Hsd e Gsin S pall AGNPS aliiivid FTIR il caiss
5 2350 5 an 3352,85 8 sy Ailide aed T 35as e (2 JSEN) 5 ease s
yaall 3gagl T 723,93 512 789,50 5 e 1283,695 4 192324 5 o 2114
iyl ) dygnl) il e
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L
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Ol sl paliien B 4gilll Ladll Glawad FTIR slheal) cad daddl 468 Cildaa Judadi 12 JS&

e Ly ¢ il i) U (N-H) desene ) 7o 3352,85 xie 55,001 i 3

il 2114 5,30 iy ciduS oSl Gadsall I (O=H) degena ) 7w 2350 55,30
degana A uin Taw 1923,24 550 Wy (C=C) i)y Akl SN )
SIAY) ) (C-0) degene I Tan 1283,69 5,M udis (N=C=S) calibussis il
G e dphe clila (C-H) degane ) uin o 789,50 55541y ccilinls dylaall

(3) dsaall & LS, &1 M (C=C) ""an 723,93 55,30 it 5 «Jlagia¥) sala]

36



Chapter Three: Results Ll Y Juadl)

FT-IR ddaulg lagyl) jod paldian A Al asalaall :3 Jgaa

Aadl) 3aLal) ic ganall 3ol

L) i) (N-H) 1" 3352,85

Ll ) lS1 mal gl (O=H) 1" 2350

BRI TR TIERERS N (C=C) 2114
RREERY (N=C=S) 1"l 1923,24
dgylaad) AN (C-0) el 1283,69
D) salal (5 (pe Al ilila (C-H) "+ 789,50
i) (C=C) "4u 723,93

XRD Al dady) agaa -3
sl il Glaguad Hslall Als ksl XRD dgiud) 2] 2sa 405 oladiul de

STOE Powder Diffraction System l | 12-Mar-2022

Ol sk palitan & 4l Aadl) Claad XRD 4l A0iY) agia pand 13 <4
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564,607 535,672 525,601 25l Llg) & —=Sa LSJ}L Y. E.UA.'J\ o) G..‘a\lﬂ\ ekl
L3 5 (01-087-0781) dpulidll culiludly aguall add <y 5 80,562 569,453 5 68,944

(4) Jsax 5esili 33,733 18 Aalaal b (gy50hl) anall

Slapl) el Galiiva b Aysilill Ll clapad XRD dgisad) 4ady) agia (and ciluld (an, 14 s

5 Al O ALl (gslll anal) il pae asadl Ll
Adlladl) ey ew‘ ) )
sk EARPVIN| (nm) Aasal) Aaja 20
3,113 10,5 0,787 25,691
2,524 44,2 0,197 35,672
1,441 20,3 0,472 64,667
P Oe
01-087-0781 &sh 1,362 31.4 0,315 68,944
sl
1,357 51,1 0,179 69,453
1,129 44,9 0,240 80,562
33,733=J=dl

SEM qalal) is 581 jeaal) -4
5 A (4) < ) 4l clawal SEM muld) sl jagal) g e o
OIS 5iagilh 200 2ie AGNPS 435l aadll cilaa o) basil seed olaa)ll s (e Lgapian
O lealaa) cil€ jiag il 10 wies (iesils 91,80) I (Sl 44,66) oo sl leana
Glagmal) & OIS dgag adey xS Gilapunll JS& () mgimse eday SIS Jiag Sl 30-20
Do b DsSidl G o) SEM bl 55 7SN eaall il Gus NSy L d sl dpadl)
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Physical and aall ciyall slial duiliasslly 4l jdll cillagadll 2-3

Chemical Tests for Wastewater

S dilaall aual) dpall sl Agibiasslly ALl clagadll 1-2-3
AgNPs

PH A somed) ¥ -1
Ladll 585 e 6,96 | Aaie dad J8) (o Y gl (B g pngll LY Ongli

(10 5 0) Zuplll Zmdll 385 ve 7.2 W dad Jely Tlaes Sl 0,1 sl
. (P>0.05) Lisine (358 255 a2e Ablanl) milill cujglal. ' il al e 5 Sila

Tlal g 5 S 0 gl Aad) 385 xie 7,033 Ll dad i culS B g 4 Wl
bl cyelals L lal e s Sl (0.1 5 0) Al Al 35 die 7,1 ol dad ey

.(p>0.05) 4usina Clis 8 35ay are dilias)

Flalse s Sl 53K die culaw 17,167 L ded J cilS Gl g1
Lol e s S 10 dueld) dadl) 385 vie cilas 7,400 L dad ey dygll dzadl o
Gase Bl dsas Liad <jelily L (p>0.05) dysina (3508 2sas ade Alall bl el

r=0.96) NO; ;5 pHI oo s
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) e DA el ddll 3805 o (p<0.05) dusine 3958 25 dilasl bl
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AGNPS (e dilide 3815 L G mall oaaal) Copeall slial i yuel) (o1 385 (5) dsas

(1= ol Sile) sl dmdl) 5,815

L.S.D N
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o Jiaw g Sile 5,660 L dad J81 o JgY) gy (8 ALl Aduadill 4l Gl
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Summary

Silver nanoparticles (AgNPs) have attracted a lot of attention due to their
effective antibacterial activity. AgNPs are one of the most widely used types of
nanomaterials for medical purposes due to their small size and large surface area.
As a result of the expansion of the use of products containing AgNPs, it is
inevitable that the concentrations will increase. AgNPs in the natural
environment, which raises many questions regarding their environmental
behaviors. In general, AgNPs from medical and consumer products and sources
accumulate in wastewater treatment plants, and the sewage system is a major
source of AgNPs release into the environment. AgNPs participate in a wide range
of physical, chemical, and biological reactions after their introduction into the

sewage system and during the treatment of wastewater and sludge.

In the current study, a sustainable, environmental friendly, and economically low-
cost wastewater treatment system was designed, which is the constructed wetland
system, which is one of the most recent methods of treating wastewater using a
plant that is widely available globally and grows in a variety of environmental
conditions and is not an economic plant, which is Cana indica. For the purpose of
reducing nutrient concentrations such as nitrogen and phosphorous compounds,
as well as to study the effect of this system on the density and quality of the

bacterial community in these polluted waters.

The effect of biosynthetic AgNPs from basil (Ocimum basilicum L.) seed extract
on nutrient removal, microbial communities and some botanical traits of (Canna
indica) in constructed wetlands (CWSs) with free flow (vertical surface) was
investigated, in addition to showing the effect of this. On the characteristics of the
wastewater used, such as pH, EC, DO, BODs, the biosynthesized silver
nanoparticles were characterized using UV-VIS, FTIR, SEM and XRD

examinations. Secondary and carboxylic acids, terminal alkenes, acetyles,

120



isothiocyanates, aromatic ethers, aromatic rings of monosubstituted benzene and
alkynes. SEM examination found that the shape of the particles is cubic, regular
in shape, non-clumping. As for the XRD examination, it showed that the average
particle size, according to the sparks equation, was 33.733 nm. The diffraction
angles formed a cubic crystal system. The synthesis conditions such as pH, water
content of the extract, concentration of silver nitrate and active substances in basil
seeds are responsible for the shape and size of silver nanoparticles, and the shape,
size and active materials of AgNPs are responsible for the efficiency of

wastewater treatment and antibacterial activity.

After the system of wetlands planted with banana plant (Canna indica) was
constructed and irrigated with liquefied water for a period of 20 days to stabilize
the system, it was irrigated with sewage water with three concentrations of silver
nanoparticles (AgNPs) (0.1, 5, and 10) p.L™?, along with control without any
addition of AgNPs, the results showed that the pH was moderate in all

concentrations and it was the lowest value

For EC, NH3;, NO3, NO,, TP, and PO, at a concentration of 10 u.L'l, and the
lowest value for DO and BODs at a concentration of 5 u.L'lof silver
nanoparticles, this may be due to the ability of the silver nanoparticles and their
large surface area to hold nutrients, and the results were significant and it was
found that there is a positive correlation Very strong between TP, PO4, NO3, NO2
and NHj, while the concentrations were fluctuating in the first weeks between
high and low, perhaps due to the instability of the system, while the
characteristics of the plant were the highest value of plant length, number of
offspring, and the highest concentration of the enzyme peroxidase POD at a
concentration of 10 p.L'The highest value for the number of leaves and
chlorophyll at a concentration of 5 p.L™. The results were significant for the POD
enzyme and the number of plant residues. This indicates that the presence of

silver nanoparticles promotes the growth of plants as they work to capture the
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nutrients present in the wastewater to be available to the plants. Studying the
effect of silver nanoparticles on four types of coliform bacteria: Klebsella
pneumoniae, Escherichia coli, Enterobacter cloacae, and Salmonella Enteritdts.
The results were that the silver nanoparticles prevented the growth of three types
of coliform bacteria, namely Klebsiella pneumoniae, Escherichia coli, and
Enterobacter cloacae, affected the growth of Salmonella Enteritdts, but did not
prevent their appearance in all concentrations of silver nanoparticles. Silver
nanoparticles affected the total number of coliform bacteria, where the lowest
number of coliform bacteria was at concentration 10 p.L™*This is due to the
ability of silver nanoparticles (AgNPs) to act as an antibacterial agent and its
ability to rupture cell walls and stop cell work. It was found that there was a very
strong negative significant correlation between the number of quantitative

coliform bacteria, BODs, and positive EC.
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