Iranian Journal of Irrigation and Drainage
No.1, Vol. 18, Apr.-May. 2024, p. 87-101

I AV=14Y .o AP ¥ Sl )l — (39359,8 A Al oo

w‘.&}}:—ﬁ& Jls

Sl s wgw,, Bl g o i e ik O adas oIS Al

F S e Tl losn B o 0 Tl e 3B el da

A ZATVAL SN A U L ) AL VAL SRS IgtE

R X VS PUPS W PIgeX

daSe

el gy 305 syg sl 5 o €S b (slacl J osizal Sy loj 330 6 loms 53 Yl oSl o lin 330aS b

ikt 5l Sogb Jae 93 8l g (e3g0e il )3 O abual lie dunlio gl g jokite pred 4 .l lmosn YT Gls 15 S50 g dalylS hgy SO
B sy 3 a5 o Jals Al Y s ol gl sl 5L o0 oSl T ] i 03,8 olSitleg] 5 Bl 5 cspne
(S  ciisen Al g3 5 o 1 (TSS) ses el Sl IS 5 (V1 EC) (6,55 s & o391 b s sl bt ofn s olic
Ao (cly g pasuio pb (loj Job )3 duhual Ly b s 48,5 48> Ve 90 loj 93 ) odddsiual diges 93 (S3gll 5l clale pa (oly s
a$ ol i golss o edlatwl SPSS lble 5 j3 b 905l 3l dstuad sl lime gl (1390 I ixe omlie 5 (88l g (3908 yibid duiuny line
YIVY 5 A0 S/AQ (350 45l 40 ccy au daddd Ve 90 glaplo; 0 5 s g p)S Juo OV CA o YEIVY slacdale b ol s autad 50
WY g SIVY (S Sl colin g3 )3 awdai )i EC (gl sl cowd 4 am )3 0V MY g AIYY F/VA a8l 2l )3 5 a3 VY
dod VOF /A% 5 VA FNNY 88l il g doyd YIVA DIYE o YIOF DY (g390e yilid (sl daiBa Ve 50 (loj 53 50 5 yio p udesj ouwd
aaBy Ve 90 flojed ;0 5 5y p S V0 5 /YD clale by sols 5leo dlge (gols Jolxo 93 (glyy dol> 5lro dlge dstial (l5ae WA (655 0l
4 2o SVID SVXY 5 YAIF+ YAUSS bl ild 4l liue g Ao yd A-/YD VYo 5 ¥YIAY FARY (3sas sl b olzse 5 003 gm0

2,005 399 88l g (3900 il 5w TSS § EC wlyis duuad )3 (I3 dme coglas 0l Lt selcawday zols colesys el cawd

S Sl Colin il i ¢ Bles ol lge S cdibiat 1) 1 glS glabjlg

Cro> uwl)_él A5 ) gy uT d.dal.( L ULP “56)9]"4-3
5| 6ol ko 35 5l,s1 (Abdelkhalik et al., 2019) ¢l aslse
2liSee Jolge 5035 dnlg0 o s ol b 00 slaysus
el g JLwSiis ozmen aub laoddy e Ay dles
Hieeg ) 3290 Candy ol @lle Cupte sgu 5 odlil oSl
Lo SIS ol 34068 s 09Me (Nouri et al., 2019) cuwl 03,8
(Fblio jl 5l )13 3929 3 (ylol O oS 3)90 ) (2>
3 il (onipy ol @lin ©lyis g (5595 halidl b cow
Quemada et al., ) x5l ;1,3 Jul sy 5l asjl i (6150500
2 olae bl 5 gl )3 Uyl T golie ¢l (20163, b
S by Gble ol Mius (gy900 O @lie & 15 L5 Jl
o plie Jols a8 )l of copie clagl il b
338 039l |y ol ioghiS” Sl g b slails Wl e Jgane

(Kaner et al., 2017)

EVRTT)
Ve sgas g o3 ez 0 ol a8 G pas 1 55 )5 (5555l
UNESCO, ) 3,5 olais! sl)) gl a4 ol G pas JS aoyd
g Sts gblio o & dly (g)lul sblie | (g)lbun (5l (2020
P9 e g (ol @lie 4 e (o yied > 4 S dey
(sl ol 8 lailly 0585 5 (S ol capae

03Szils  GLT g (oyll (mwtine 09,5 i) ol S assgel yiil> -
Q‘):'l ‘G)S ‘Olﬂ; oKisly u;;u.lo C.gl.:.o 9 ‘_5)')9\..1‘5 OKM') ;Lg)'”Lif

<85 y9l—iiS ouS il ‘EIJL—J 9 Lg)L__:j (i 09,5 il -Y
"Jl)ﬁ‘ ‘E)f ‘dl)%(; oKishy @,.Jo @k.a 9 d)‘)aLi'S Q@Mb

8 5y9LiS 00l ‘(_sa.‘.)l_g" 3 LS)L.HT Mo 0955 (68D (sem il =Y
Oyl @S el ol aub mlio g (65,0liS” sl

oaS_iily ;@b\..gi 9 Lg)l.:g'\ (wdies 09,5 iyl —wlid )8 gl -
Ol @ (oI5 oK (b wlie g (559l GBS (9l
(Email: khoshsima.mortaza@ut.ac.ir = :Jszue odiws g —)



VP ¥ Calngen 350 3393958 AA Al ) 05loud ol (SR} 5 (gskul 49 pid  AA

3 s S sS ol g ST 05 o0 siae Ay AT 5 S oo
» (Adriati et al., 2020) 5> ,, o (g9 geund 4y (g i
Ob Oge jlpgyS Al sclale b (ol Jslo joe isladllas
Baig et al., ) si b bwg paie opl dopd A=Y e GBls el
e 9355 oy i 3 oy B> S ladllas 55 (2001
@5 g oy Jsane o 3l ookl b ol Jslowo 51 USG5
oy d boye i & (18 g Qo oyl oS 0l Gl
(Awan et al., 2003) 35 S5 g e ¢pg,S
Lol 0295050 slosd 4 (o yuod 3 9 Ceodli)l Q3 (35 dizya
s 4 1) i lidb g iz asle Jobes clmosy ¥V Cbis
d )18 (b @Blgyd S (e dgaome Sl (xaw (s STy
Uy 500 Gl olgo b Sy o Lol 0yl (8 (L5 e
Lzhu & Chen, <rimia et al., 2013) 1ol o yial38l O Gis
3 L5 aand (ot yikd Cilo )3 gsameys (2019
4 Laosn YT Gls oL iolisl jolaieds a5 (oolge 51 (SO .canl
posiregl] (255 Culghy sl Cogiy 0 g0 L] (15 (gla il
15 o] Lol amass b & canl Sl sols IS
5 o1 bailis Ol 5 ogrimegll ald)lez B Ls sz le
Shmlea T Simaw sbassly L psle S Le S iy
2o oeles il S (Maharana & Sen, 2021) .S’ o sl
e §HE L i (gie &S Gl (G Pl ey ey
slpoyis o b U Jold aeudg; gyl cdSul 15 058
53555 e sl Lagl ol (Lo JsSUse g agyesls &8 ol
o lELe &b 1) e e Syl il S8
S Ead ] > GUS ol Jlgld 4 g b0yl e 52
O3l el 51 ool ¢S yolis Bl caslio 233k 5 sl
(YA cohSen 5 Glokaw) dusy o0 35 43 2o Ol aiaias (gl
(7)) s ph groomeld 5 Slodmol s (wlul » Siygbas
kol il (il 4 s (Gliow) Olnl )3 39290 Cg3;
e ) 580 Bl )0 (e b )b I ek g 4S5 g
> 4 (glojlad (o)l (b sl > gl eslial o)l (]
5 Sl 418,518 aalllaod g0 Ol dhia ()l 350 o ol by
b gl s ay cJos; 0958l A4S Cawl adby )l Sladss
0155 lgdeal (glolad (g lol (slopiuns > Ol diai (4l Wl o
s ol i 3 ol s olfils )3 a8 (glaslllas .5,
Eel oo VY Cuws dy b g g bgle oS ol L
bl O 3 28 )b o pal cbile oaop A0 Gls ¢ ialS
cdgsy 5l asoly Hlis e g bljlale (Lima et al., 2021) 5o
9 g oo Aol K Ol Bl il Gl oo (uiblise
355 o3lil O 1 o ble Aile bS5, 5 ncSom 5l gy
Sl 005,155 (6,555 adllas 4> (Maharana & Sen, 2021)

529158 5855 8 Slgiee (a9 (o slo b (5L
Aad yals ]y 2o 4 bgye cllad g GBylaial O om0 5
Sl bt og lul g S 4 loylal g)lal (ol b
bk 5 (Hu et al., 2022) el oas g &lael T 5,18
2 losS ) Sty gl 65ld S gloylad ()l e
Sy olaisl 5 (T A5 Gl glgn 5 S Sl b )5
o YU pledl) 4 oo ,5liS (gl 294 0 ablis O Sl el S
Sl Glodas O i opl (SYL adgl (oladls 5o Lol w4
loyhad )bl winw 5 (Pujol et al., 2023) ol o 5l
Ozl 5 lpey 2y Sl JSite (Sg)aep s & 5l
ol )3 3390 Blae )3 B yls Ol )3 39390 @lyd abuad ¢l
4 S 3lealy yLis ldllas WSS dgdume |y S50 4nd (8 )leials
ogySen Voo 5l piaS 4B Ly lae 3 gob Gleiel (sla]
OAb D9l e JLoisl 4 S ¢Ravina et al., 1995) s
)5 .(Burt & Styles, 2007) sixs oo yiol38l 1) b S0 yad
g o (o8 gl Jobo 0 Ol ceslizol gy cesly a8 o
S5 Oizmen g 0ad Ol )8 (BIES Sl cely aony
39518 St ol S o 415 8L 0w ) Jpuame
5 cnlplis g oo )18 b o ) @is (BIeS, oS
9 sl Lo S0, lab dy (e J S ()bl ol &
(Fitriani et al., 2020)
slaganash U awle o o 3l p o5 3l b sl jilid
JSais awle g oy (slaa ¥ 5l me Cwlies L g jasuine
Gl Gl aias cladilolis )3 g S o S Libeow & gl o
6095 8 | I 5 Sl ey (5350 55 ) (sl o
L dglie )3 (ITAY (o )LSen 5 (6)la8) £, o0 )18 (Swund b
S pleasly gl s sl yilid o (Swnd 5 )95 byl
LYY & wlgi oo &S siis (TSS) Glee wlisls S (ol (g i
Sl 5= et 8 sl cnlplis Sy 0 )3 AD
Puig-Bargues et al., ) s Lo, bi S5 5 5,55
53 —l=o > Bl a5y (Elbana et al., 2012 22010
Seeld Syl g T Sapiony Tellal gy Jold (b slayls
N g o odliul (65,9LES (gl a5 G jleial (lac] )3 s
L Bacas 5 a0y ytag,Seo VF 51y (gplad slee )3 dio s
Puig-Bargues ) 5gu o Bls byl 8 > 5l 6 pSgls 9 wiias
ilo b el Sig 4 o2 sloyld B )8 (et al., 2005
52y ovo (Wakeman, 2007) 5)ls bls,l b ojlul o JS5 ¢jlis b
Gl |y 50888 03t L ol (i eloyilid 45 odlituls g0

! Sedimentation
2 Interception
3 Diffusion



AQ &loyhad ‘5)L5.JW).> 8l 9 (gog0e S gla s ol aduai & Hb A lio

W g, 9 g

0,5 oS o8 iyloj] 1> Sy o Sy adlllao ol
neb golie g o5,5ltS Sl SbUT 5 6ll wdige
SO Jde ad anlo WAY Jlo o 2,5 0 &dly g oKl
ol din L (olaylid o (63959 Jolone a5t Cuomd 53 (glyld
5 438)5)18 ez de gLyl )3 (635)5 Jgdoe and ()i o9
5o Jaml el Sils 5 s b o Setaodly &ty Sy Lol
o &S oadanlo s 9 ¢ Jold yild Cuand g il 4y y55ke
ow lay)l OB .l (g3508 Cjaods (6,500 § (28] Cjsody
ikd Slgiome @ity Calu 3 odlilyge dlge cyikd >gyS g
fd ad)S 1 LSy jild 90 5 SVl is g Jo b
93y Sl pliS pa (391 (BBl g (3900 gld5 Lo &S (laigS 4y
SAVIVA alaiio pdaus g yio il ¥V jld g Voo glis)l gl yils
V0 ks Sl gyge Ol (23 Olie Cien W39 @pe yie e
5 ghile glaw o d25 L 45 bty 1S (g S0l By
y2 4B o ) [V b e asly 3 (3 b (o
D92 @ye oSl

Do &Y cudn Jold s Cuond oadanle (58 Jdo p
5 sl ) 8 L b o gl Vo ol Jgl &Y i
Oy Cges By o g o)l [ SeaiiSad i (i a4 S 5S35
V0 Jols pgd 4 g5 o0 dlitl (6 yid 4l 4 O peslys
Col Sl ool &5 yio il < /oA (390> a8 b (3 i 5l
O, i 3lee dlge dutual (D yiiey g )b (SodiSdbny ia oS
oS yiogglo o[-¥=+ /¥ Jad b ey yro sl 10 Joli g &Y
u] 6)94» w&lg 9 u]).MJ d\ama; ) 9 039 OAASM 3@/ (ye9d
S odbad) gy Ay yia Lo O Joli p)loa Y o)l (18
Y Oege & (0haile Gliel ()l (L ol dag> sl gL
Y oy i@ glee dlao o s Bl 1> g Cawl 0aiS dbins
Y 31 &S o il +[-A b b b e o O ol ooxy
gy )l oddlis )|9_a TN )510».4:4; Syl g Cawl dtal 2 o
Y a8 Ul e il O Jold i &Y 0945 oo 0dlitnl gy
9 g0 ol (Vb ) (b Z95 5l xS sle Sl &S el
2 &S gl +fF Jlb b (b yie gl 0 ol piie Y
&bw&ﬂ\f?w] uT C9)>DJ~5W9M‘J.J UTW
B Y ale oS 5555 g el V a8 b b e b ¥
Slgo sz g b (V) JSb 239 ] O zgy3 0aiiS Jugs
W o Hlis |y adllae cpl oddaidile Soud Jdo ) oddodlii!

Sy ke el S b 51 g3y ol sl Sloage o
(Ol 2 @l dsdal Gl (b aals as @t Glgisa) 05559
O Slasulie (V) Jods 50 id Jdtie o8 ilojl 4y g ags

Ol Gda gy 3,8 lise iuli8l 5 )b ojlul gals' L oS
Taheri-Sodejani et ) codl 158l o) ixe jobay S lawgs
asoadalsl clgy id 4 58 (6,500 cldlles > .(al., 2015
9 BB i (Blre OIS Sl (alS > (b byl
ansly SoSIl colin 6yl Lol ol onso,lsl jlis cdl pas
2 ohar g S (o I Ve hlSan g (ool Sl ) cul
9 31 pesliy y3b haeipj locl JSie o (sl VoY Lo
Sl ol &7 mo cpl 4 £60,S solatwl als g 90 40 calizee b
&t e s MOAI-CO3 LDH 3L 51 Jgboxe 53 18 Gis
g 5l s dedlawl e i )S eolaiwl Culgi; ) pedew CBls
A5 Gl 3 s o5 332 bty 5 S 5 9 gl
L oadg ol culgiy alugas (9 Bl Jolows 115 1 L
Gibb ) usb o ol Mo P AV U pius clale 5 snddiiins il
J(etal., 2017

sbwogyS (92 [y Jds e 55 (65)9liS” (ol Y e
S5 e imon 9 5 5 JeaS 158 S 5000 Lo S| Jole
Gl gy bz lacdls ol oS Gl L byl g68
S olsS 5 Jud 5l odlge (SN, 2023) 55 peaslio pSiw I3l
Ogunlalu et al., <Afroze & Sen, 2018) g, &t wgy 1o
Laurus nobilis ¢33 S (A5 ) )LSan o lg-51 22021
{Singha & Das, 2013) ¢ oS (Gumus & Gumus, 2020)
Ahmad et al., <Tasar et al., 2014) _.ojphl aiwgy oiilo B
wlyls g (Afroze et al., 2016) yosudSl cé o cusgs (2017
Gupta & <Al-Qahtari, 2016) caliswe ls )3 Sy g ogme
Ben-Ali et al., :Nakkeeran et al., 2016 ‘Gogate, 2016
Ole—sdn (Asim et al., 2020 Ziadi et al., 2018 2017
Slossoslitul oVl glgl ls ,> S50 slacdls

dge L ol @yglome e 1515 4 oleer 9 ole! Slillas
Sla Sl L agelye p cidire saodle o e wodle
oYl oles clale 3l ¢ cgian § ok Ol whglite
g Y BU i i o ol sl b ol i
e o 4y cubes w3t ol adas 5 bodls (34 belse
5 b slacdle cusire ol 3l ol (Sdgyien cdl g Clo
polbs ddlllas )5 .l sl B Sl S ol couas
4B Oygo wlie j9p0 50 4 3)lse (S )3 Ghlejl p egdle 5
i lie i 85 )15 LBl g (9500 b & 1 o)L
G0 g D9 00 oy (M Oldllas pd 3yg90 (ol b adlyy
= P Jelge (8 BlS @ b plxil ged9e (il 59y &yl
2,8 Wl (e g B SeS Ol adas



VP ¥ Caligen O30 3393958 AA Al ) 0 yloud ol o (iSRS 9 okl 4y pid Qe

sloyld o ass) K, colg) —ads g ool LS 0s
OT @l o3lsl g o Sl i p,S VED 9 VY (i 5 & oddasle

) (gymais A5 (e orad D GgySwe Fe o= )IAe
ol 015831 (V) Jgda 53 adlles oyl 55 sadodlazl

039l Jglowe

O« = 10.0cm
Faggile +/+AR a3 b oo <
>
3
8
o)
3,
B —
,3 g« 15.0cm
3 s
Ty gy < 5.0cm

nles [+ M b 5 <
o e 1Y 38 5 <
s [0 8 5 <

ity pagil ) L o <

anlllas ;3 aiaii b (Ko jed Jbo 3 oawbodliiuw! dlge Slie g 2k —) S

15.0cm B

ol 0as8l)] (S50 e p> aid) Sy
s low cdeiy polee jl dalllas ol 55 eolatuly jse oS
e I Ly ol (godgcund j| L g 00 Jitio olKitilel 4
Bl a3 Ve (gl p3 b S g )LE9d)F Bl polates
o3l ordatle (So5d Jde 50 felo VY Sde 4y gl 01,5

axlllao 4> 8y, ol shd 4> sawiodliiw! i Auds g g2 JBs (gaudild - Jous

SRB ogatn pr o gogaduw ey gl

gcmd

cm

VYD
\Vizd
\ig
ALY

o+A
oY
/4
\

axllao y> aidy, Sy oW lid 43 sawiodliiw! Culgj (g mass 4355 -Y Joua

Lol MgO CaO Fe0s

Na2O A0z SiO2 s

VY0 Iy AVAN VY.

YN WA BRI S e

(Loss of Ignition) 1,3 slge 5 ol IS 5oy



4\ slo)hﬁé)Lg.gTW}béﬂ"saw‘s'&)éu)ﬂﬁéyTW"sg.l)lfw.m

Vg8l ey S Home 9290 (sl yild I Jolore 395 oo 030>
A5 pbol (o)l paiged (88 g (sdg0e (slayilid  >gys ol 5l aads
igel 93 pasedo i ble b (Sogl g5 ol il 2 5 in
3k g9 93 )3 asiiad (lise dualio (sl g Cubldyy ordasias
el oy Soilasl ol onbeslyy cladiges . odlitul )]
Oyt 2505 03> JEs] oBislejl 4 gy 5 Blxo dlge wl i
e L aodlz dlyo L odgll Ol ol (o b o) polaiesy
s olaj (Y) U 3 oasal) b wa el ) Ll bs sl
Gy diges 4 plUBl 4y e 9 A5 3] g0 4 aiBs ¥ 1) O
el Ya S s 4303y duhiai Mo > wyp jelaieds O diges
D5 1y b T3] oles ol b 81 25 VD 5 81 L5 5ol

..\.m.)Lsn

Blisko (639,9 CAAE 95 b Sod 9 Ol il dpdil o yd 3 L j9lme

il S Lmodly i oy bl D9 () 03l i)y
Tongd 9ol 5l pam b sy Sl 5 T D5 pransl — By S alS
S3dle 5 3l ygejl oyl plodl (sly (Townend, 2013) s oslic!

A edlawwl SPSS

il 300 51 Bl g 3905 (5l ik 3T
9 s an oxgl o 4 Joloms sk oliee (V) U
L (5399) S Y2 JS8) 1) 5 .5 o OR/-A 5 TEIVY il
5 (Y USCS) jio o jewd WY 9 £IYY (S STl Colan o0
syt 28 ko N0 5 VB Bl 3 3 o asly Slge IS
V90 glej 93 50 9 8l g (9908 il 93 il (5 (YO US)
abuad 5o guls @ dogi b Glyis )50 50 Bd o oyl 1) g8

2 Kolmogorov—Smirnov test
3 Levene's test

$()

Jolone 53 39290 Gl yis bl (ljne dusllio g (o) jolatods

92 bawgs Joloxo 3 39290 (3las dlge aiial 5 Jole (5)98 ialS
cbale Ly Jodomo 93 5l i 4 cosdaiilo (g3g0s o a8l il
Calia b Jolore 93 quanliy ©lyis il p ) e OV -A o YEIVY
5 (NaCl) plsbs s jio yy (uiosj owd VV/ oY 9 £/¥Y (S )
plodl (gl o eolarwl wy y i 5 2y V0 9 +/VO Jolons 90
Clale b Ve Jslowo jlade 39290 (slojild 4 g L ol
2 k05 dlso ¢ 19y dbml sl b 45 e > jasuie
el 35 53 g 0o LSS g 4y O jpdes o) Ve B
Jgloma (305 03bel 1 a5 oxibsy 1) Ver oo 4y 5 4B A
4o e (295 b el (639)9 Jslee (yi5e I ()l peiges
oilal g oad Sy (5 (295 b g Jog slaidyee yild (63959

Ol a3l pl oyt g (A1 S Il s Y UKW

Sleascciby (sladsses ;3 35590 Gl (S 03l0l (gl

ly— (Kurniawati et al., 2017)" yogbg Sl o>
Sl b odlitwl g0 EC 5l Jolowe (S Sl colan (6,.5 0510l
es Ly gili5 5 gl Ubay 29290 lae ol Blse (5 S ojlul
Sl slains By, b oS Ciygo (pl 4 0 oolatwl p)S e/ e
los b gl J31 5byd @ ygots Lasuie (59 b oddanild p diges
e MolS G, L ples O o, F 1Y g odidosls )5 dsyn Vo F
Sladed Boyls )59 S ab (4550l By ()5 upes 5 045
uT 2 o.A.»Lou:Ql_: a_l:w .3‘9_9 )‘JJZA L ) ).3‘)4. S )l A g J,é
S ebale O Jlado 4y gy o o | s 28 )
Sglds gl gxe (awyp (sl BT )3 el Cows 4y Blae Sals dlge
88l 5 (£3508 (sloyild bawgy Calisee cboso YT dias Olise yd
by acw b sl t oygesl 51 oolazul (gl i odlazul t yge50 5l
2l ize glds D49 pie g Jloy xjes dlmodld dg oS

! Spectrophotometer



VP ¥ Calngen 351 3993958 AA Al ) 05loud ¢ o (SR ) 5 (5 5kusT 49y

Y

s ol oSed 5 il (AMiN, 2009) wab saseslizl
3 b ]y il (gl ol abai 4 bt b 5 s cud s
Cdyls as JelS L g Ol w59y Jlb sla Ko (0d
4o yg laiea s (Yazdanbakhsh et al., 2011) sy Gl
003l 31 Bl g (o3g08 ik 93 ahal lipe SgliS sy 9 )L
Do awyy bbb dw Bl 1ol t yg03 5l ool (gly s ool t
o1nliie (gl Lol il )iy Jgl by 11 g Attad oS lnodl
9 38 (oo Sy Jlep @igr jl osls &Sl pgd byd (390 33l
Wbl Bl (gl dxe gls pal Wodly il )lg aSLl pow b i
o2l ol gy oo B9 S 9alS” yg0l 31 Ianl b plosl 25 oy
ly Loosls gy (1392 JLoys cdgh ol — g Ssal” (9051 05
eslarwl ISl sl Jloy mise5 (glyls Wodly ST .amd o ol
o33l 34l Soso ol it )3 9 30 2929 Syl 0]
l 00581 (F) Jgdn 53 45 0555 lad 3985 odlitusl (S szl
asiai iz gl B ol = By SsalS (pg03l 23,5 o onlite
Ol il (i cplpli 5 (P = 0.775) o Jloline s
ol el Kol sloeloss Sl g oo 5 05 Jloy i sl
23S edlawl

Salp ol s gl odly agy Jloys oy asuiie I A
Sl Gl ) 9ol b ookl cug) sl Sl Wesls bl
@l 4o aeg b ol bagpibyly (s ply pas g gl p pasedts
Soblize maw o sl aseie {F) Jodo )0 sdddlyl g O?"ﬂ
9> Sbausbyly sl 028 (/10 51 YL (Sig.)
=l ol 09,5 93 (sl il g Sl (o8 5 5y 0905
Do oo & ply Siwd

ol I el )3 Jies tg0]] 31 oalizul bgys a5 Jls
L ol onsasly] (8) gz 13t (yg05] ol 2945 o o3l (yg05]
bl g o8 2By plgice (0) Jgi 3 gytie ClMbl 4 4295
55 e 4Sig = 0.329) sl +/+0 51 ity oS Sig s ;o
2,005 25 g Hla gime gldy s astial (gl 881 g (gd5es yilid

Veg 0 jlam s o ppS ke YAIVY Clale )3 (o3g0s il )
30 8l yakd el el Cuwd 4 Ao > AUVD 9 F/AR L5 5 4 Ak
oy do Al ddal e 4dds Ve 5 0 law cdale ) o
£S5 oo YEIVY e 550 50 0 (5 S0}l Ao )d AIYY o Y/VA
olej L8l L aS cunl [asuin (il 90 o 50 wlypis il p
90 p2 > bl 5o Sy 5 Moo I Ol dal e
Sdsas yild 13 adial e Cuwl (o900 b 4 bayyo 29,5
et A ABBY Ve 9 0 Sl 1l p S e DY/ A LB
cdale ol ) 88l ksl Lol el cawd 4 2o p> YIY 4 VIVY
OV s NYF iy d Ol s adaal (jliue 4dids Ve 9 0l am
i il g p)S e 04/ A clale 550 3 Al (65050500 Aoy
abal e yle; il 8l U aS cul jascie ild 93 &y
Olie adds B ploj > (B hd (29,3 9 Wb RIS Oy
PR il il e3gee S I g yieS (295 Oy
L ) e 488y 0 5l a8l ild > Ol adal e
S ydiaed 5 daddd Ve cuidS b Lol (YA JSb) cunl 039y (5390
3 dsiad e oS Conl pastie s g0 o Of 2ey5 5l oybed
Ol (ole CodIS b (o350 il 53 g 0390 iy ($3g0s yilid
Pl e ol 5l ks cpl g casl 03 Sy (g yieS” ialS i
Ll 094
Olie il oloj €bdS Ly 53-8, clale My ggoomey
SasS aal Cud b 4 e e &S Canl ol dolS Wil yig ddas
45 Cygo cpl 4 ob Cond pld 90y p sadedlaiel gladl
Lacdls ol cad)ls o ild 4 (63gy9 Joloe clale (il38l L
Sl oo el wled ple b o (BRI g 003 53]
Sbe g 03 (93,8 sladie) ) b Sl cuslie edlatl
Ozer&ozer,)ﬁ;._w‘ W»Luo dL&s).m‘)Lu»_s)) u.\_> Cs pw
L ols cab)l o Bis Lol (Sari & Tuzen, 2009 22003
S99 Jdd o col (Sen b ol sl asly o158l Cas yuay
slaoils o8 ol > saiglil 5 0L Jub sla e

9 &390 Sl )3 ilies gLy ¥T 8l (53050511 aal (a0 (392 Jlo g (w2 1t Soi o] = B9 S 505 (39051 S - Jgua

L
P gipow] = By y5salS 7 3,lilinl Blpol  cpufile  0uwh (55050511 el
-IVvo 583 VAR v/.5 el
<Jayy Jo¥- V- Y/YE oS ol
-[A2A <I¥as VIVA DO/YY Gl el dlge JS




¥y &loyhad ‘5)L5.J i 30 A3l g (gog0e S gla S ol aduai bl s lio

;o

| 1 14 3

%////////fﬂ,w %ufﬂw

%/////”mww %ﬂw m

I N

,iim miz R z,g,s% ow

9 85908 byl 13 Bliteo groau¥T aul (558

31 bl Glime iyl Sl oy ST 9 093] - g

Q

Sl

LAV SV ST I A

LL

Sig

olys
S el

a

..y vAaa.

v

)

3

o[eFN YA

b 2 Jge S

.

JAvs /e




VP ¥ Calngen 351 3993958 AA Al ) 05loud ¢ o (SR ) 5 (5 5kusT 49y

q¥

B3 g (53908 5 yilad 45 ilisee Wou YT 0ukd (6 S 05I] ddduad (yl5ae (5415 Sre oy 1 T 903l -0 Joua

Sig. (2-tailed)  t  df ead S0l yl,b
AI¥va VY s
</Iya. \TAYANNS Sl colan
Nitas AV Glae 2al> Blge IS

Olise 4&B3 Ve 50 5l am clale oyl )3 5 (1 ks (ol
2 b (Sl Ao YAIF 5 YA/FS i 4 TSS asauns
L8 ey B8 g3 >TSSl )5 on VOr Al 300
o ORI ddiai e ploj (lBI L oS Canl pasuie (53900
3908 yild dhial lie 4 &S Cond (i 4 Gl opl Lol b
kS el 10> 4id Ve 9 0 (pSojlul loj 93 1 )3 g e
92 L (dg0s yild )3 a4kl (lise el (93500 yibd 5l oS A
90 5l yd pp)S e VOe e Clale TSS (e (4 il
Sl Lol ael s 45 3o yd A /YD 9 VYIY+ oy 4 4> V-
4 TSS dbni doyd aadd Vv 90 jlaw cldale ol o 881 b
V- clale 350 50 b (605050l Mo 3 PV 9 SVYY sy
G331 Ly o ol st il 53 5 TSS ) 35 o
TSS aiad s cxtyids ibso Lial3dl TSS abeat liee lo;
sl ) Sl B Ve Sl aer g ) g oS e 100+ il
OT Ay Gl mlie ) aS yo b len A odalie (5350
Glne dols Slge Bl )3 b (slayikd 5 yni dcenl ordo Ll
S 1 oanlie g adllas oyl )3 (Ve ey Kam g b)) o
TSS ¢l .l TSS sau¥T 4 bosye dual Mo yd oy iy
olatwl (b (sl yilid > yide Culsed b g Si) (b iz e
2l @l (cwyp cils apled 15 i dbal Glise 098
ik el il 8l L plgiee cosl 03l (U5 5 ol Siting s
A ialj8l ) adad Glie g oy Ry (08l eolial 5 (i
‘Wang et al., 2019 «Chen et al., 2016 VY-« «),Ken 5 1))
Gdro dols dlge JS Bl 5 anad 50 J(Adriati et al., 2020
Ol el (il g 0392 (6)9 9 i dsdal o 5l i
S8 dlge ol B 4 (93b5 Gl 4 (b sla il o
5 Cdhy aY Culies b (658 9 i Bl (gl 5 S e
il iten 550 oty VT ol Gl 5 4 4 &S gy sy
caliso Sl oluwl jo O3ls 93 oyl din Colses 9 b

Do duwle

Bl 5§90 (51 yikd il e s oa YT Clil 5
Sl 4 03gll i 4y Jslomo clale Sl lie () U
Ko (¥ JSL5) 2 s oS oo OU-A 5 TEIVY ki 3 5
5 (Yb JS8) jte i (tonjgwd WY 5 £I¥Y EC 93 L (5)95)

L a8l g (g35as (slayild 5l oslanwl b s dptad 3y90 o
390 yikd > ddal (liee (YD) JS5 )5 byl lis 4 a2
Vg0 jldm yte o iy PITY (EC) (SopsUl colan
30 8l yikd el ol Cuwd 4 a0 yd VIOF § /YR L5 )5 4 4k
9 ¥V iy 4 Sed ddund e 4By Vv 50 5l un EC 1l 5o
it s owd FIVY bl EC )50 53 i (68051l aopd V/A
Olie ol il L a8’ sl jasuie ild 53 32 )3 e p
L p2 EC > (g0 pld )3 adal ljee boo o8] b
g OIVF i addo Ve 50 jlam oy (utenj g VNV
50 5l am EC ol o 88l ks (clp Lol ol cowd 4 o yd Y/VA
A5 (65030l o yd VOF 5 VAR (5 & Al Juo pd 4B V-
93 ) 3y oy (puicoj o WYY 5 FIVY GLEC 540 4
b o ialS autial doyd o il 38l b &S sl yasiie (il
(W29) oLy 5o 9 93yl (gdommo adlllas g livlejl ullae &5
9o yild & bae (295 93 10 ) dial Gl 55
(V) Jyis 55 53 02580 o5 & 4o b izpan (D JS5) e
032 )1y By (S SIl Culin (T ygejl 3l ealisl by (F)
Sl togeil J olge 5 (Bomlyly plp g edls Jloy i)
P aS T el 2t 0,8 eolaiw] Ses dptual l5a0 Cglds duwldo
Golas 45 s o i §Sig = 0.290) cuwl sadsasly) (8) Jgi>
) gy Kb dsiua (gl (Bl g g3505 S 93 o S)ixe
Cowl sdslcuwdds (o500 Hlade EC and (500 aS0) 4 a5
5 a5 S 5 (G 1F+) (S 5 (el Sy o5
4 oles e 1y {(Christen et al., 2010) wdl, cuwd dons opl
0) dslllas (4l 3 oadodlaiwl gy diwgy 4uY WS ol
5 99yl (gdazee Olalllas & dn g b aSla 9l cons (o b
DAL (IYAY) (35 5y 5 5 inl 5 (WY ol
4 glaseSan iyl STEC Lials o U opynin J o
Ly dlgy 9 o)l ST 4 bgypo EC (il g Gl lise oyt
3 A Odls a0 byasge a0 il B3l L oles oo vl sas )5
A gloosle ol 3 29250 SaiSadar cd )b ) b glayild
ol iy owyyr Nl &S 5,8 o0laiu]
2 0358 lis & 4295 b (TSS) (3les dal> dlgo JS 3590 5
P e VO Clale )3 (o350 jld > aiial (e (VC) S5
Cawd 4y o )d FYTAY o FAAY (i 5 4y addn Ve 90 5l am j2d 5



0 &loyhad ‘5)L5.J i 30 A3l g (gog0e S gla S ol aduai bl s lio

10.00 -«

(32 je pySken) Sy clale ials

8.00 4

6.00 1

.-
O\

4.00 1

2.00 1

\\\\\
\\\\\\\\\

...\QDL;O

iy p S o V0o e g VO cllale 93 > slae dols dlge S
Vg0 ples 995 5 (Bl g (o350 2L 93 5l ()5 (O JS3)

oa ¥l clale b (F) U 30s 5)kea ams o Lt | add

S
—_

\\\\\

o
[=3
_

0.00

1
'

1.000 1

(3 promimjrmd) SoyS) claa s

5 ) S YAIVY 2 ,.,L..MA..J 25 e YEIVY 2y

0.800 4

0.600 +

0.400 4

Soge kS

e
o
-

N

)

105 S OV Al 2 ) LaYEIVY ) a8 LabV/HA

05 S TN 5 8 e VoA

6.31 dS/m 11.02 dS/m

1.2

o
w
w

&\\\§ :

1500 mg/L |

l-

750 mg/L 1500 mg/L
“ads\e

Soges LS

Az d s\
T
0.33
0.26 %
% // o 0.17
=
6.31 dS/m 11.02 dS/m 6.31 dS/m 11.02 dS/m
aas 0 4ad.
EE
1.01
555 0.29
S %
7 /
% %
750 mg/L 1500 mg/L 750 mg/L 1500 mg/L
230 i)

N

S 53508 (5188 i ol 2 () Blao el Slga J5 5 (B) Ko ) ol (sUhog VT il 5T - JSL5

g L cul sadaslhy Gl olie p adgl clile i b

odalino (Yla) L}ia) JLl b..\wdd')l ("‘PL\) LY 4>9) ul)w Jyg90 yd
s 93y )3 laoau VT auhad duoyd oyloj ialisl b &S 54 oo



VP ¥ Calngen 3513393958 AA Al ) 0 5loud ol (SR} g gsbul 49 pid 4

Sy ol oliwe e (I b (B b sl (o 2
FIAY a0 VWYl sy dn ol i 4ddd Ve 50 jloj sl
JS) 45 i 8 o8 e VIV & Y13 515 0.5
Colin ly sl (askie (YC 5 YD) JS5 5 &S jsb len (¥a
4B 00l uses il yid 3y50 40 &S gy lod 5 TSS 4 (S sl
b g Lned VT oyl s oo cdile Lalsal b 0 odnlie
Ol S0 be s ibo (1381 55 (Bl g (90s (sl

515 ol conhiins abasly Gla lise g ean YT agl clale

cbale e il b a8 cuwl jasuie (Ya) JSS 45 sadasl)
S 93 5y ea ¥l ) Cla e il 4 (0399 it
2 abiee Al AR5 Ve 9 0 loj 93 ya 53 5 (BBl 5 (3900
Sl e il 8 Ly 4885 0 51 s g0 9 (53908 yikd
Oliee cd s ds i) p,S Lo DA G YEIVY I s 4 (63959
obes slp hbes Gl 5 p)S (e F0F 4 VIOV 5l Ol
Ol 83959 clale (1581 L g 3yl dolsl L9y ek o 4B V-
2 225 e TV & VIF) s T3] Lo oia¥

12.00
10.00 A
8.36
7 8.00 Z
1
' 5
g 6.00 37
B
3 4.00 | 3.18
%
2.00 | %
0.00 7 :
LY i e i 0 FER TR FEY) PR 4580 FERIRT
B s Jy s JEJETRE JEJETRREN JEJERIIER
a) S e e YEIVY Sl il L il 23 slone 7 S e OVA Sl lale b 2l (g3 Jplona
20.00 |
17.75
18.00 1
%
16.00 /?
L 14.00 1 %
Y 12.00 - %
3 10.00 - %
8.00 | %
600 ,n /
4.00 4 77 / 2.99
500 4 {// 19 / % 1.54
2. - i
ol %, 4 % W
“ads & aady Ve w2 & aa3 Ve i 0 aady Ve s 0 wada Ve
JEETREES T EETITE e
b) P et PN S0 Sl b s (o Jplne o o 3 VWY S0l ulin b 5 e 5359 e

Gl o 93 53 1 ik 1 (D) 5,95 5 () 1535 ashead of5wo 1 8391 glono & pgle ol 213 G 0 JSL3

3 b bl pos cpl @ids Ve loj sl bl b o i3l
il (je ol el (g g Conl 4RI ddad Gl il
EC ool Jdoo U piomad (ol aihy adol clbs 4y cond
9L VD VA b g5 5 (81 yild 5l adBs Ve 90 ) e (295
(B JSCs) yte jo ianj owd WV 5 £IYY (Sl colis
XIVO FIYY 5y 4 0au YT ol duduns duoyd &S 3¢ o0 snliie
ol e Glidl (e FIVY lawgio ygods) plyp YA 5 0/FF
by adal g ©ia (i g olod Gloj pudins abaly 3529

a3t 3l b Jolone oled loj a9 3G
LIPS RN
ey 3l L Jsbore les (o el b (0) S5
Sy dges Juloo by o i 1y 881 ild 5> 00 YT aghas
cale o YD g Va clls 90 jo (88 ild 5l addo &l Ly 9,5
39 s sdnliie (08 JS5) i) o poS e O/ A 5 YEIVY cla
Ao Ve dgds gl YN G oau YT ol didal Sy oS



v &loyhad ‘5)L5.J i 30 A3l g (gog0e S gla S ol aduai & Hb A lio

a5 VAV o Sl (g yien g g s ainli

a4 0dgdme g (sl yikd l oolil b (o5,9LiS Uloj

(WY il 5o o Ghmgiy d9)d (iS5 9 o)l
FHY-m

Ayaa & ‘|9)_’L:—’ 9 'L§ ‘b)‘}w oS ‘L}.’Lou.l_w “wd cub)&w

pode ol (65 GialS )3 s slacdle (sluylie o)
DOFF (FIVY s jlaszs (559055 o

& Lxeg 9 op LB e o ( SLbUb ez (] Slg e

OslS jolaledy hlusSSgi; — cudgy = (b oyl .o VY

clapimgin o ikl b ol L4 dwlie g NS il s
FY-FY (Y)Y SBgo] cblas

.C P cszl_e.IoL.Jo 9 .O c.)L;.Q‘A)ﬁ:' “p ‘L:.sd)l{.; ;.C cLs}.UJ Ls).‘s)n.u.)

— bS8y — b (S 5 ol (i )y Al VY

aloo g psle) S sl Ol (b (Shy (S 2 <5
S-SV (O c55sliS

L.S’l—’))‘ \\NC“D & cu9>‘5<>.¢>) 9 +f sd).afl "C ‘L;iua.l.w op sd)LO.C
5 09.‘.—*“")7'[:‘;‘3 Ql)’_yg;p" OS_M@.) L;Lm).J.d d)]))_ga)_e(g 2
AR08 bl 5 o Capte 9,50 63kl (sl

5l L‘”O?—.’. sy i L yyay ) ‘°l—1-.f.ob}—.’. 9 J ‘9J)Lw RATC
:(\)Y' (arBG ) Pdre g LQI sbodls leslatwl b CMSB
FHia-¥yo

Abdelkhalik, A., Pascual-Seva, N., Najera, 1., Giner, A.,
Baixauli, C. and Pascual, B. 2019. Yield response of
seedless watermelon to different drip irrigation
strategies under Mediterranean
conditions. Agricultural Water Management. 212:
99-110.

Abdiyev, K., Azat, S., Kuldeyev, E., Ybyraiymkul, D.,
Kabdrakhmanova, S., Berndtsson, R., Khalkhabai,
B., Kabdrakhmanova, A. and Sultakhan, S., 2023.
Review of Slow Sand Filtration for Raw Water
Treatment with Potential Application in Less-
Developed Countries. Water. 15(11): p.2007.

Adriati, Y., Pallu, M.S., Selintung, M. and Bakri, B.,
2020. Relevance between filtration rate and filter
media thickness in downflow filter systems. In IOP
Conference Series: Earth and Environmental
Science. 419 (1): p. 012130). IOP Publishing.

Afroze, S. and Sen, T.K., 2018. A review on heavy
metal ions and dye adsorption from water by
agricultural solid waste adsorbents. Water, Air, &
Soil Pollution. 229: pp.1-50.

Afroze, S., Sen, T.K. and Ang, H.M., 2016. Adsorption
removal of zinc (I1) from aqueous phase by raw and

syaa cdl)‘._io.b 9 ubp) Cwl o.\..ﬁo)Liﬂ 0 (£ddxio (pulidre
‘Abdiyev et al., 2023 IV + [ )LSe 9 20l Slg s
(Maiyo et al., 2023

S 5 4ol

5 52300 505 & (Sejd Jao K o b ol allas 3
S ©ygody g b Wby whiad Glise p kS (85 18
5 (83508 ybd o (o)l gme gy (TSS § EC il g s jo
Wl dtad e )0 Cowdles o &7 (6015 Bl 292 g a8
5 ik 5| Jodome joe sy siilo IS slomy] gl TSS 4 EC
5 $39as yihd o WS> E83b Adiai AT 8 )3 4 yibd 0 )Sy
lyt S BlE pman (bl Sgvg (clalin o Ll cglis
o=l edale ol 8l L g edg IS 5l duhas lie » TSS 4 EC
clale & diun dduad Wgy Dad oo 03938l Cda 5o o laosn Y]
035 (§dgm o ddal Mgy Ol 3.8, cldale (b S e olis
WSS (pl sl Jo3 ashiad 89y badle Sl Jgloe akiad 3 (Jy
ity ool sV (S dly ol O3l S i bl
L el A5 Giis e 03 YT dlge &yglme o wansl
Gl yild 31 dlge b ol @ jglome yloj (glaads ¥ agas yialsl
cdb ol ¥IY o VY Gl (alidl b e 4 EC g ol s
Slas o clale 90 o )0 lee dols dlge (gly b sdnliv Jooze
Ay 9 395 0 03958l il (l5p0 p 3,05 (0 Ak 955
il 38l oo il gl ild Cd )b 39 ool

&l

el o) WAS LG BBy g s ylaisld oS (g3
169y ddlllas (55)5liS o) dhual (gl i) sl il
ladss ( glidss coslbil) olie i) o )bl &b
AYD-VEF (PN iSan g o5kl (laojlo wlige

b oo jl 5580 BAs IR egyie (shemald g (Sloiol
(OANY (i by o 00d povdw g (b Cg; b
AV-Y ¥

Colus WP Y. ‘d)b)-e(“’ 9 - ‘g“’?{)*“’ u.tl)).m o cl?)

gl Copie.gloylad oylol ool ad il o b ,ls
MY-AS (O o)l

AYAY & cd.l_sls 9 .& £ ‘L.b—“)L'ch c.i cd)l_;.a.;‘ “p cdl.m.l_w

3 odlaial Ly soipj sl | migal g oy Bl ()
MA=YE VPV oM 5 Ol g sl gla yilid



VP ¥ Calngen 3513393958 AA Al ) 0 5loud ol (SR} g g5kl 49 pid QA

wastewater treatment using the land filter
technique. Journal of environmental
management. 91(8): 1665-1673.

Elbana, M., de Cartagena, F.R. and Puig-Bargués, J.,
2012. Effectiveness of sand media filters for
removing turbidity and recovering dissolved oxygen
from a reclaimed effluent used for micro-
irrigation. Agricultural Water Management. 111: 27-
33.

Fitriani, N., Kusuma, M.N., Wirjodirdjo, B., Hadi, W.,
Hermana, J., Kurniawan, S.B., Abdullah, S.R.S. and
Mohamed, R.M.S.R., 2020. Performance of
geotextile-based slow sand filter media in removing
total coli for drinking water treatment using system
dynamics modelling. Heliyon. 6(9). e04967.

Gibb, N.P.,, Dynes, JJ. and Chang, W., 2017.
Synergistic desalination of potash brine-impacted
groundwater using a dual adsorbent. Science of the
Total Environment. 593: 99-108.

Giimiis, D. and Gumiis, F., 2020. Modeling heavy metal
removal by retention on Laurus nobilis leaves
biomass: linear and nonlinear isotherms and
design. International Journal of
Phytoremediation. 22(7): 755-763.

Gupta, H. and Gogate, P.R., 2016. Intensified removal
of copper from waste water using activated
watermelon based biosorbent in the presence of
ultrasound. Ultrasonics Sonochemistry. 30: 113-122.

Hu, Y., Wu, W., Liu, H., Huang, Y., Bi, X., Liao, R.
and Yin, S., 2022. Dimensional Analysis Model of
Head Loss for Sand Media Filters in a Drip
Irrigation System Using Reclaimed
Water. Water. 14(6): p.961.

Irimia, O.T., Tomozei, C., Panainte, M., Mosnegutu,
E.F. and Barsan, N., 2013. Efficiency of filters with
different filtering materials: comparative study in
water treatment. Environmental Engineering &
Management Journal (EEMJ), 12(1).

Ji, X., Zhao, C., Lv, Y., Yang, J. and Li, B., 2022.
Influence of Particle Size of River Sand on the
Decontamination Process in the Slow Sand Filter
Treatment of Micro-Polluted Water. Water. 14(1):
p.100.

Kaner, A., Tripler, E., Hadas, E. and Ben-Gal, A., 2017.
Feasibility of desalination as an alternative to
irrigation with water high in salts. Desalination, 416,
122-128.

Kurniawati, P., Gusrianti, R., Dwisiwi, B.B.,
Purbaningtias, T.E. and Wiyantoko, B., 2017,
December. Verification of spectrophotometric
method for nitrate analysis in water samples. In AIP
Conference Proceedings. 1911 (1): AIP Publishing.

Limaa, L.A., Silvab, Y.F. and Limac, P.L.T., 2021. Iron

base modified Eucalyptus sheathiana bark: Kinetics,
mechanism and equilibrium study. Process Safety
and Environmental Protection. 102: 336-352.

Ahmad, A., Ghazi, Z.A., Saeed, M., llyas, M., Ahmad,
R., Khattak, A.M. and Igbal, A. 2017. A
comparative study of the removal of Cr (VI) from
synthetic solution using natural biosorbents. New
Journal of Chemistry. 41(19): pp.10799-10807.

Al-Qahtani, K.M., 2016. Water purification using
different waste fruit cortexes for the removal of
heavy metals. Journal of Taibah University for
science. 10(5): pp.700-708.

Amin, N.K., 2009. Removal of direct blue-106 dye from
agueous solution using new activated carbons
developed from pomegranate peel: adsorption
equilibrium and Kinetics. Journal of hazardous
materials. 165(1-3): pp.52-62.

Asim, N., Amin, M.H., Samsudin, N.A., Badiei, M.,
Razali, H., Akhtaruzzaman, M., Amin, N. and
Sopian, K., 2020. Development of effective and
sustainable  adsorbent  biomaterial from an
agricultural waste material: Cu (n
removal. Materials Chemistry and Physics. 249:
p.123128.

Awan, M.A., Qazi, |.A. and Khalid, 1., 2003. Removal
of heavy metals through adsorption using
sand. Journal of Environmental Sciences. 15(3):
413-416.

Baig, M.A., Mehmood, B. and Matin, A., 2003.
Removal of chromium from industrial effluents by
sand filtration. Electron. J. Environ. Agric. Food
Chem. 2(3): pp.374-379.

Ben-Ali, S., Jaouali, I., Souissi-Najar, S. and Ouederni,
A., 2017. Characterization and adsorption capacity
of raw pomegranate peel biosorbent for copper
removal. Journal of cleaner production. 142: 3809-
3821.

Beryani, A., Flanagan, K., Viklander, M. and Blecken,
G.T., 2023. Performance of a Gross Pollutant Trap-
Biofilter and Sand Filter Treatment Train for the
Removal of Organic Micropollutants from Highway
Stormwater (Field Study). Available at SSRN
4427892.

Burt, C. and Styles, S.W., 2007. Drip and Micro
Irrigation Design and Management: For Trees,
Vines, and Field Crops: Practice Plus Theory.
Irrigation Training and Res.

Chen, L., Zhang, J. and Zheng, X., 2016. Coupling
technique for deep removal of manganese and iron
from potable water. Environmental Engineering
Science. 33(4): 261-269.

Christen, E.W., Quayle, W.C., Marcoux, M.A., Arienzo,
M. and Jayawardane, N.S., 2010. Winery



44 &loyhad 6)l¢giw)b 8l 9 (gog0e S gla s ol aduai bl s lio

Barragan, J., De Cartagena, F.R. and Lamm, F.R.,
2010. Effect of flushing frequency on emitter
clogging in microirrigation with
effluents. Agricultural Water Management. 97(6):
883-891.

Quemada, M., Delgado, A., Mateos, L. and Villalobos,
F. J., 2016a. Nitrogen fertilization I: The nitrogen
balance. In Principles of agronomy for sustainable
agriculture (pp. 341-368). Springer, Cham.

Quemada, M., Delgado, A., Mateos, L., & Villalobos, F.
J., 2016b. Nitrogen fertilization II: Fertilizer
requirements. In Principles of agronomy for
sustainable agriculture (pp. 369-380). Springer,
Cham.

Ravina, I., Paz, E., Sagi, G., Schischa, A., Marcu, A.,
Yechiely, Z., Sofu, Z. and Lev, Y., 1995, April.
Performance evaluation of filters and emitters with
secondary effluent. In Microirrigation for a
Changing World. Proc. 5th Int. Microirrigation
Congress (pp. 244-249).

Saghaian Nejad, S., Abedi-Koupai, J., Mostafazadeh-
Fard, S. and Behfarnia, K., 2018, December.
Treatment of urban storm water using adsorbent
porous concrete. In Proceedings of the Institution of
Civil Engineers-Water Management. 171(6): 328-
334. Thomas Telford Ltd.

Sar1, A. and Tuzen, M., 2009. Kinetic and equilibrium
studies of biosorption of Pb (1) and Cd (Il) from
aqueous solution by macrofungus (Amanita
rubescens) biomass. Journal of hazardous
materials. 164(2-3): 1004-1011.

Sen, T.K., 2023. Agricultural Solid Wastes Based
Adsorbent Materials in the Remediation of Heavy
Metal lons from Water and Wastewater by
Adsorption: A Review. Molecules. 28(14): p.5575.

Singh, V., Kaur, A. and Gupta, N.C., 2020.
Comparative analysis of the filtration potential of
light greywater through various media. Malaysian
Journal of Science. 159-172.

Singha, B. and Das, S.K., 2013. Adsorptive removal of
Cu (I1) from aqueous solution and industrial effluent
using natural/agricultural  wastes. Colloids and
Surfaces B: Biointerfaces. 107: 97-106.

Taheri-Sodejani, H., Ghobadinia, M., Tabatabaei, S.H.
and Kazemian, H., 2015. Using natural zeolite for
contamination reduction of agricultural soil irrigated
with treated urban wastewater. Desalination and
Water Treatment. 54(10): 2723-2730.

Tasar, S., Kaya, F. and Ozer, A., 2014. Biosorption of
lead (I1) ions from aqueous solution by peanut
shells: Equilibrium, thermodynamic and Kkinetic
studies. Journal ~ of  Environmental ~ Chemical
Engineering. 2(2): 1018-1026.

removal efficiency in irrigation water by a zeolite
added to sand media filters. Desalination and Water
Treatment. 220: 241-245.

Lzhu, M. and Chen, Y., 2019, October. Study on water
purification ability and permeability of different
filter materials in LID-type ditch. In IOP Conference
Series: Earth and Environmental Science. 356(1):
012018). IOP Publishing.

Maharana, M. and Sen, S., 2021. Magnetic zeolite: A
green  reusable  adsorbent in  wastewater
treatment. Materials Today: Proceedings. 47: 1490-
1495.

Maiyo, J.K., Dasika, S. and Jafvert, C.T., 2023. Slow
Sand Filters for the 21st Century: A
Review. International Journal of Environmental
Research and Public Health. 20(2): p.1019.

Maiyo, J.K., Dasika, S. and Jafvert, C.T., 2023. Slow
Sand Filters for the 21st Century: A
Review. International Journal of Environmental
Research and Public Health. 20(2): p.1019.

Nakkeeran, E., Saranya, N., Giri Nandagopal, M.S.,
Santhiagu, A. and Selvaraju, N., 2016. Hexavalent
chromium removal from aqueous solutions by a
novel powder prepared from Colocasia esculenta
leaves. International journal of
phytoremediation. 18(8): 812-821.

Ngabura, M., Hussain, S.A., Ghani, W.A.W., Jami,
M.S. and Tan, Y.P., 2018. Utilization of renewable
durian peels for biosorption of zinc from
wastewater. Journal of Environmental Chemical
Engineering. 6(2): 2528-2539.

Nouri, H., Stokvis, B., Galindo, A., Blatchford, M. and
Hoekstra, A. Y., 2019. Water scarcity alleviation
through water footprint reduction in agriculture: the
effect of soil mulching and drip irrigation. Science
of the total environment. 653: 241-252.

Ogunlalu, ©O., Oyekunle, 1.P., Iwuozor, K.O.,
Aderibigbe, A.D. and Emenike, E.C., 2021. Trends
in the mitigation of heavy metal ions from aqueous
solutions using unmodified and chemically-modified
agricultural waste adsorbents. Current Research in
Green and Sustainable Chemistry. 4: p.100188.

Ozer, A. and Ozer, D., 2003. Comparative study of the
biosorption of Pb (II), Ni (1) and Cr (VI) ions onto
S. cerevisiae: determination of biosorption
heats. Journal of hazardous materials. 100(1-3): 219-
229.

Puig Barqués, J., Arbat Pujolrds, G., Barragan
Fernandez, J. and Ramirez de Cartagena Bisbe, F.,
2005. Effluent particle removal by microirrigation
system filters. Spanish Journal of Agricultural
Research. 3(2): 182-191.

Puig-Bargues, J., Arbat, G., Elbana, M., Duran-Ros, M.,



VPo¥ Caligu 3yl c33959.,8 IA alor ) o lous ol (iaSB) 5 gyl ds pid Voo

2019, November. Research on the technique of
multistage functional filtration to repair black and
odorous water. In IOP Conference Series: Earth and
Environmental Science (Vol. 384, No. 1, p. 012059).
IOP Publishing.

Yazdanbakhsh, M., Tavakkoli, H. and Hosseini, S.M.,
2011. Characterization and evaluation catalytic
efficiency of La0. 5Ca0. 5NiO3 nanopowders in
removal of reactive blue 5 from aqueous
solution. Desalination. 281: 388-395.

Zaidi, N.M., Lim, L.B.L. and Usman, A., 2018.
Enhancing adsorption of Pb (Il) from aqueous
solution by NaOH and EDTA modified Artocarpus
odoratissimus leaves. Journal of environmental
chemical engineerin. 6(6): 7172-7184.

Townend, J., 2013. Practical statistics for environmental
and biological scientists. John Wiley & Sons.

Tuyen, N.T.K., Nhan, D.N.T., Nhat, T.T., An, N.T. and
Long, N.Q., 2017, September. Removal of copper
(I ion from aqueous solution using zeolite Y
synthesized from rice husk ash: Equilibrium and
Kinetic study. In AIP Conference Proceedings (Vol.
1878, No. 1). AIP Publishing.

UNESCO, U. W., 2020. United Nations World Water
Development Report 2020: Water and Climate
Change, Paris, UNESCO.

Wakeman, R., 2007. Filter media: Testing for liquid
filtration. Filtration & Separation. 44(3): 32-34.

Wang, J., Dong, Z., Qiu, Q., Zhou, H. and Deng, K.,



RUTIIEX TS PIPS P Prge-X
AV=10) .o VPTGl — (5305953 VA s Vo bons

Iranian Journal of Irrigation and Drainage .‘
No.1, Vol. 18, Apr.-May. 2024, p. 87-101 ‘

Comparison of Water Purification Efficiency of Vertical and Horizontal Sand
Filters in Drip Irrigation System

S. Khedmati 1, F. Mirzaei?, M. Khoshsimaie Chenar3*, H. Golshani*
Recived: Jul.03, 2023 Accepted: Jan.03, 2023

Abstract

Due to the lack of high-quality water resources, in many cases there is no other choice but to use low-quality
or unconventional water. The filtration method is an efficient and effective method for removing pollutants. For
this purpose and to compare the amount of water purification in vertical and horizontal filters, two physical
models of vertical and horizontal filters were made in the laboratory of the Department of Irrigation and
Development Engineering, University of Tehran. For this purpose, three absorbent layers including sand, zeolite
and rice husk were used. The purification rate was measured for three solutions contaminated with nitrate,
salinity (high EC) and total suspended solids (TSS) of each solution at two different concentrations. For each
concentration of contamination, two purified samples were taken at two times of 5 and 10 minutes to determine
the purification process over time. t-test was used in SPSS software to compare the filtration rate of vertical and
horizontal filter and to observe the significance of the difference in filtration rates. The results showed that the
amount of nitrate purification with concentrations of 36.72 and 59.08 mg/liter and at times of 5 and 10 minutes,
respectively, in the vertical filter was 6.99, 9.25 and 7.72, 7.13% and in the horizontal filter was 3.18, 8.21 and
8.36, 5.70%. For EC, the filtration rate in two electrical conductivities is 31.6 and 11.02 dS/m and in two times
of 5 and 10 minutes for vertical filter 5.39, 2.54 and 5.26, 2.18% and horizontal filter 12. 4, 1.90 and 2.99, 1.54%
were measured. The filtration rate of suspended solids for two solutions containing suspended solids with
concentrations of 0.75 and 1.5 g/l and at two times of 5 and 10 minutes were checked and the filtration rate of
the vertical filter was 48.93, 43.87 and 73.20, 80.25% and the horizontal filter purification rate was 29.66, 38.40
and 61.31, 67.05%. Finally, the obtained results showed; there is no significant difference in nitrate, EC and TSS
purification between vertical and horizontal filters.
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