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‘;L;a:-yl Jul=idl -10-3

Completely ) dxtadl o6 peands 339 oyl e &l ULl Julons (3
gyl deidell dsbasyl ebadll o a3 $II ¢(Randomized Design - CRD
Dlalae M )yl il Gl 1o (3 dodsuiundll sl dy208 dudloxiall
Gpall obe cdadlaall 22 uall Bpall o) dalizeell §)l ol 1ol i duens)
Slasgll sae &l ey (l,Se diw Aalre Sy (Dl oloy cdadlandl ol
B9 B 3lad I dau il

(26 oY) SPSS JuasYl melinl plisciunl bl JuasYl ol )21
Olég,all AYs Hlasl (o4 (One-way ANOVA) ol pladl Jdos gib s
{03 c‘b}um 0@3):9 3929 u_s.u dl> ng .&.ouj_)v\-ﬁj‘ ) PN C)Lb.w_sip ) @L,a:-)ﬁ“
Syune Lie (Least Significant Difference — LSD) Syian 38 JB1 Hluis! slaisl
wa\ u‘jy;lﬁ\ ZLQJ.:A_g uLb.,‘nleJ\ o &)W‘ uajz) L‘;U.)j c(a = 005) ‘UJ[AA?"
o Suad Al Lbxnalls AskeS)l wlaall 3 ()l ol dae g BNl dnl Aol
(CRD) dxiiaid! al prosald (399 duyoeill dsbasYl dlasysell -11-3
(@l Se Caw de (CRD)EH wlalaal) Blgiall ajgadl 31 Jgudl o
A Sue Bpo e IM1) ddadl pU oueual (399 cduny Bl>g 18 (Je deige

dgalall / haall | 15,50 | 2,58 | 3056 | 4)Se | 5,5 | 65
1 dlolss M2 | M1 | M2 M2 M3 M1
2 dlolxso M3 M1 M3 M2 M3 M1
3 dholas M2 | M1 | m2 M1 M3 M3
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Results and Discussion 4&3lallg Z5UI -4
dlel) ASleaSI iliyall-1-4

dasially dalizeall slaall Wlie g &bl S laall jass 1-4 Jydad! gl o
dnlan dbazo S8 (3o dollaall Zuiall Cpall ol (C) dxdlandl e (zuall G pall olaas
- 1dedi3s (A) VLYl ol (e 89Mle (B) duwdall sDy,S dladlons (3 (2esall CBpall ol
(pH) G ayiud! oV -1-1-4

s Caniylg 7.48 dadlandl pt zuall Bpall ol (surgydg)) 9! dod csds

zad) Al obe (3 s Cunasil @5 7.59 Caily 31 dxlasdl guall Brall ke (3
.7.50

d9g) 392 U8 Axdlandl p& (srsall Bpall ol § Gurasdeg)l oY) @d olassil O
oleo 3 ASIUI apes WhignBlly clifudly elalgally Whogugll pasl> Jin (Lol ass
lo ao (35 gl oo g ol das aadl Dgatanll ol gall Joxd ans i3y (sall 3 pall
(2010) 09,579 Sundara 5 (2013) 09,51y cals 9 (2006) Gadl oo S 4l HLal
9-6 o 9L Goall Bpall obs pH deud Of gy ol
dolae ] gm0 A28 Anllaall puall Bpall ol (3 (aurgideg)) oI doud 8315 coan Lol
@ Laty dganll (oYl APl Ul o1 s ¢ sleadl dnlas dams dawlgy olwll od
Lo £93 oleadl L3ae B 830 ) 8o I a9l oliall 0

Gpall sbay djlie oball (auzrgydeg)l ) dod cnihyl Uad ALY oo § L

095 (@l VLol oleo (3 03929l PN due g5 ] ClIS 3gay uBg ddlan)l pe uall
Wl o IS0 0,83 Lo o 345 Gyl U el 0 O] olaall (3 (SelB Loyl
L ygmall sVl blad 8ab3) Tz dage duelal J) ALl @udll OF (3 Eaudg0ll o Jo>
didall Glaadl G e a5 gl LS damall § 5y (@1 geidl Oldas § 44154
, Cossu ¢ 1985 , March ; 1973, Morrison ¢ Boyd ; 1970, Raga) dla>=.l
o dhamall (§ ddlaal zuall Bpall sl (curg)dndd! oY) dad d)lie 11s(2020
¢ Abulibdeh) &gl oleel) ducldasYl ddaxll (1,Y dadlasdl oldl Jloaiu! plae
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AadWlg Ly zgannall D9dadl 09 WY daellaedl dpdsall (o1,8Y dolo @il uxs (2021

(6-9)
olal) diluasSUlg ALl Sl ans.1-4 Jgur
Q_h‘).hd DIT.\A
ALY obe | dalaasle | )
(A) (B) JZE“' 5as ]l Al
(C)
1.70 1.20 8.50 dSm™1 EC
7.50 7.59 v I T ——— pH
896.00 | 775.00 | 5150.00 TDS
15.00 10.00 99.00 TSS
0.80 0.90 140.00 mg L* BOD
9.23 10.00 236.00 CoD
0.00 0.00 10.10 OlL and
Grease
0.00 0.00 8.10 ppm H,S
4.80 3.47 66.50 YA aala 5_puinl
1.50 0.90 200.00 NTU 5 sSal)
daa gal) i oY)
4.13 2.81 14.97 Ca*?
3.11 1.90 10.29 Mgt?
1.80 1.93 24.16 A d e Na*
0.34 0.29 8.23 K*
0.15 0.81 2.50 NH;
Agilad) il Y
1.90 1.73 13.97 SO,
0.09 0.05 8.29 NO;
0.00 0.03 8.10 A Jsade PO,
11.89 5.09 24.23 Cl-
1.09 1.07 2.50 HCO;3
=== === === C03
031yl aas Jsada) | Sl il A
0.67 0.89 4.81 (SAR Jo o5
____________ oliall Catia
GsS, CsS, CsS1

(USDA,1954)
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( Electrical conductivity) (EC) 45Uyl ddlasdl - 2-1-4
3, Al g2 (grall CBpall olia) 450,80 Adlayl 08 gLyl I gl eyl

olaoll 0dn (@ I LSl 1 B3L3I 0dd (Sha3 W89, VA e 8.50 il
Eghall Glall maudly landl @Mlasy dukdl ciladlly oluddl wlad e deslily
Bl oda 328y, guall Bpall ol o kel (&g E)lgddl e 553 slgally 4390
ol 45U ,gSIl ddladl b L)l I Ig)lasl cpddl (2013) 093y cals adl Hlal Lo ae
g Bpall Gblia (o duyall Ll CMaly duelyall Olade)) cous Guall Bpall
ol dnllas Aase Y305 (31 (Glomadl olae JI gilaksis (803

clamall (§ dodlaall (2uall Bpall obad 4505 Adladl @8 (plassl Lasdly
o< obaall cpo Y9 CilSyadl bgyl AN I 3 sgm W89 b o aaus 1.20 s 3]
Jos O i gLl 04 (40 . %85.88 ALY dewd iy W39, dlasmall (§ gl )b
Al 8:iS @il3g (zuall CBpall obs dudis Jloe (§ Mz duz dlaeall
JBl o8 W89 1A e 1.70 obeld &L, eSU1 Adbanyl caady uad Al oo Lol
olbal) &5 ,gSI1 Adladl dad (o AS) LgiSd dadlaal e suall Bpall sbe (o S0
3 Y9 (49iL) @iy ety Oldes ) Bale puass ALYl ol elld 3920 9 dadlasll
Lo Jady 51335 43 ol (S (45 4511 2D 06 JWlg « 21 Al ldess W
Aly(S04)3 . 18H,0 il 8ol 5l 54!
( Total Dissolved Solids) (TDS) &l dusdl ddsall Sl gall -3-1-4

29 ol 3 WS ZSII slgally I auez oluall (3 ASIUI Aduall slgall Jred
S dalle slge I8 slgw bl (3 drgs (&) LgacMly diganll Slgall duS o pad
(EPA , obuall 8 35101 DYl $gazmes sball dglo e sy W 39 92l of 33>
2022)
Gl Bpall ol § 4511 A1 ddiall Slgall dagd plasyl 1-4 Jode @l (§ Lasdly
oo 45Ul Lgsaall OLSHl ] sga 1dag U eile 5150 cuily 3] cdlaall pé
09558 Lgunan)l LSyl el cduslually duSiud! Olladlly dazddl e damr bl clladll
o2l (2013) 09y3Ty ks 4] Jiogi be e i) ods (3435 2N OIS (s 5t
[ A9kl dgse § zuall Baall sl (3 45NN LI ddsall slgall dagd 8305 ) lgyLa]
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Sk g A5L S Adlas)! 0 pe duulie dSIU1 dusall Sl gall
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oy A pile 896 duudSl A5IUI Al lgall S catdy ud WLl oles Lo
ddos (§ Lwdioll M)S Aadle (3 ALYl obs 3 eeiadll 9 Ldaill Oldes ] S9m
Lged MY oy dduall Slgall cpo iSOl sl g Hlg! olead Lginis g duisail]
(Total suspended solids) (TSS) 4SJI dllall dall ol gall-4-1-4
B il lopnn! g Adllall dubliall Slgall e A8l Adsall slgell mhlasas s
0555 Sl gall 0 O ¢ sleadl &xdo Wl 50 U>E Jomiwng slaall (3 @lle Sin 0S5 (&I
o e (oo duedl 3Bl & pezeadl sloVlg OB gledl Joms 31 ¢ 88 deal @il
(EPA, 2022).loseudl
At guall Gpall ol (§ AW ddiall slgall @i glasyl 1-4 Jgdad! U5 cpes
gm0 B9 Guall Bpall ol (3 Lo Adle Aol odag A @ile 99 il 31 dordland!
don S 9l zuall (3 mall olae a8t IS )90 £LS1 Alaall Aol gll oluadl gl J) €l
Lguaally didandl dlgall (139 auazeill (olg>l BeliS pual
duwfadl pe Al slgadl Joso J9VI cpsiz oo AWl dduall slgell 0SS
«( Settable ) cuwall e3dl Caual Loyds JKaog ( Colloidal ) 9,31 s52d! Jiew JW1
& 0397 9a)l Alull olell ao halizs | dasall ] guall Bpall she Jguog Lind
oz dlass 851aS e 1 datiang @lghadl S 8505 9l Olads ] G5 b (ol
918> oo gzl Jlg=lg deliuall gl dxs ozl lbladlly dall (suall C3pall olie
4l Juogs b g goliadl ods @S, ( 1992 Pescod ; 1988 cghasll ) apts slasl
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Cans ) oga 10y 1 eile 15.00 el 31 ¢ dxdlaadl obuall (o fS) 44aSH 48 dalle
cdbadlxall (§ Ol 2y bl dudyal illae
(BOD) ¢neuSsdl JlaSgaldl Cllasioll -5-1-4

o0 09509 Jlaaiul (zuall pall sba) Sguanll Gglill Ol 50 ASTy ol (o da
LSl e @I S 5395 g Dagye Alow 0555 (g &SI Dguaall Slgall
Olaso dlady 8slaS ddyaa) dagall il igall (o darg digaaall Slgell 8auST pods (2l
- (EPA, 2022) sl G pall oo dnlas

ool (eSO JlaSldl Cdhaiell ded $las)l 1-4 Jgd @S oo LoDl
G Iz Bl dod (29 ¥ A el (140) diesd iy 3] ¢ dadlaall s (zuall Gl
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bladlly dgaall slgall | § dndlacll dlasme 8sUST dgmy Mg ¥ ake (0.90)
as3 &g, %99.35 (plassdl BsliS il Wi ¢ uall Bpall sl e (Sl
lo ao bl 0o 345 . zvall Gpall olas (1o Diguaall Slgall A (§ r 854S dlasall
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(Jo 100 / MPN).obweld &gl g3 ASHI Cilio g2l 3-4 Jgudr

el &g g3
ALY ol
(A)
dalie ole
(B)
@hﬁ QJ)AA bl:bﬁ
dalee e

(C)

Coliforms E - Coli

No Growth No Growth

No Growth No Growth

2.23 x 10° 2.03 x 10°

MPN = Most Probable Number
delyll b Ayl &5 (3 8300ty dSUI U] soliadl 7S5 6-4
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Q pomniiall 1S5 (e Lgias cadlisl 08y A s §8asle 22.59 , dxllaall & suall
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Spall ol dogyall LAL dehll Jd Al § GO powlsdl 5155 &)las Lis
S9a 439 U (38esle 1.21- 0.75 o I3 Aad 5SAI (§ 8oL o dlanll e (2uiall
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Abstract

Wastewater samples were taken Treated and untreated from Karbala

Holy Project wastewater treatment plant. Other samples were taken

from treated and untreated wastewater using 2 liter polyethylene

containers ,for the purpose of conducting various physical, chemical and
bacteriological analyses and estimating heavy metals in it, including

Nickel, Chromium, Cobalt, Lead, Iron, Cadmium, Manganese, Vanadium,

Zinc and Copper. To evaluate efficiency of treatment plant and

possibility of wusing treated water for irrigation purposes and

groundwater recharge, and to know the effect of untreated wastewater
on some chemical properties of soil and accumulation of heavy metals
according to international pollution standards.

A biological experiment (pot experiment) was conducted by planting Zea

mays plants in a soil with a silty loam texture taken from Al-Hussainiya

area - Karbala Governorate, irrigation was carried out with three types
of irrigation water, which are: Untreated wastewater, treated
wastewater and wastewater after exhausting 50% of available water.

Experiment continued for three months according to a completely

randomized design (CRD) with six replicates. Soil and plant samples (root

system + shoot system) were taken after the end of experiment, some
chemical properties of soil and concentrations of the above heavy
metals were estimated :

1- pH value of treated water increased from 7.48 to 7.59, while
electrical conductivity decreased from 8.50 to 1.20 dS m™ for treated
wastewater, and total dissolved solids (TDS) decreased from 5150 to
775 mg L™ for treated wastewater, with a removal rate of 84.95%,
decrease in amount of total suspended solids (TSS) from 99.00 —
10.00 mg L™ with a removal rate of 89.89%, decrease in value of
biochemical oxygen demand (COD) from 236 — 10 mg L™ with a
reduction rate of 95.76%, decrease in concentration of hydrogen
sulfide gas (H,S) from 8.10 — 0.00 mg L*, total hardness (TH)
decreased from 66.50 to 3.47 mg L™, with a reduction rate of 94.93%,
SAR decreased from 6.80 to 0.80 (mmol charge L) * with a
reduction rate of 88.23%, water class changed from C,;S; to Cs3S,,
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turbidity decreased from 200 to 0.90 NTU, with a reduction rate of
99.55%.

The concentrations of cataions, including Calcium, Magnesium,
Sodium, Potassium, and Ammonium, decreased from 14.97 to 2.81
mmol L'l, a reduction of 81.23%, and from 10.29 to 1.90 mmol L'l, a
reduction of 92.01% from 8.23-0.29 mmol L}, with a decrease of
98.47%, and from 2.50-0.81 mmol L™, with a decrease of 67.60%, for
ions of above elements, respectively.

Concentrations of anaions in treated wastewater decreased from
13.97 to 1.73 mmol L?, a decrease of 87.61%, and from 8.29 to 0.05
mmol L*, a decrease of 99.39% from 8.10 - 0.03 mmol L™ with a
decrease of 99.62%, from 24.23 - 5.09 mmol L with a decrease of
78.99%, and from 2.50 - 1.07 mmol L™ with a decrease of 57.20% for
above anaions, respectively.

Concentrations of heavy metals in treated wastewater decreased:
Iron from 90.80 to 0.21 mg L a 99.76% decrease; Zinc from 0.51 to
0.00 mg L™, a 100% decrease; Copper from 0.99 to 0.00 mg L?, a
100% decrease; and Vanadium from 0.90 to 0.00 mg L and a 100%
reduction, Cadmium from 0.40-0.00 mg L! and a 100% reduction,
Nickel from 0.85-0.00 mg L™ and a 100% reduction, Manganese from
85.40-0.19 mg L™ and a 99.77% reduction ,Cobalt from 0.94-0.00 mg
L™ with a 100% reduction, Chromium from 95.00-0.26 mg L™ with a
99.70% reduction. Total Colon bacteria and E-coli bacteria also
disappeared in treated wastewater with a 100% removal rate.
Concentrations of dissolved ions in soil solution irrigated with
untreated wastewater increased for Calcium from 10.50 to 34.28
meq L™, Magnesium from 6.90 to 22.59 meq L™, Sodium from 3.10 to
9.70 meq L™, Potassium from 0.70 to 1.21 meq L™

Concentrations of Nitrogen, Phosphorus and Potassium increased in
soil irrigated with untreated wastewater compared to soil irrigated
with treated wastewater, with Nitrogen concentration increasing
from 7.50-10.70 mg kg" and from 6.10-22.10 mg kg" , Potassium
from 68.00-98.00 mg kg™

Irrigation with untreated wastewater led to an increase in values of
electrical conductivity, organic matter, sodium adsorption ratio, and
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cation exchange capacity, which reached 6.80 dS m™, 18.13 g kg™,
1.286 (mmol charge L) * and 13.15 C. charge kg™, respectively.
Irrigation with untreated wastewater increased total heavy metals
concentration in soil compared to soil irrigated with tap water,
reaching 3396.10, 16.13, 16.92, 16.98, 0.68 , 17.50, 20.33, 89.00,
20.60 and 98.23 mg kg-' for heavy metals Iron, Zinc, Copper,
Vanadium, Cadmium, Lead, Nickel, Manganese, Cobalt, and
Chromium, respectively.

Irrigation with untreated wastewater increased concentration of
heavy metals in tissues of Zeya mays plants, reaching 20.30, 20.58,
5.00, 4.63, 2.16, 4.31, 6.55, 10.77, 4.91 and 10.73 mg kg'1 dry matter
heavy metals such as Iron, Zinc, Copper, Vanadium, Cadmium, Lead,
Nickel, Manganese, Cobalt, and Chromium were increased in
succession. The amount of these elements absorbed by plant also
increased accordingly.



