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Abstract

The current study was conducted in Qayyarah sub-district of Nineveh governorate on a
number of water wells (nine wells) and one site on the Tigris River, through which the
concentrations of some toxic heavy metals were estimated, such as (lead, chromium,
nickel), and it also included the measurement of some properties Other chemicals
(sodium and potassium ions, calcium and magnesium ions, and PH), in addition to
measuring some physical properties of well water and river water (electrical
conductivity and turbidity), and the results were compared with known global
determinants for the purpose of determining its suitability for irrigation purposes. The
results showed that all wells were unfit for irrigation purposes depending on the
electrical conductivity values, as for the pH values, it was shown that all wells water
and river water were within the permissible ranges, and the concentrations of sodium
and potassium ions indicated that they did not exceed the maximum permissible limits
for irrigation purposes, as for calcium Magnesium showed that eight wells were not
suitable for agricultural uses, and the studied concentrations of heavy metals (lead,
chromium, nickel) indicated that they did not record any value in the Tigris River, while
in the wells water it ranged between 0.019 — 0.538, 0.014 — 0.076, 0.041 — 0.960 mg.l-
1 respectively, and the results showed that the concentration of lead and chromium did
not exceed the maximum permissible limits, so it is considered suitable for agricultural
uses. As for nickel, high concentrations were recorded in five wells that exceeded the
maximum for irrigation purposes, according to the Food and Agriculture Organization
of the United Nations (FAO), which is 0.2 mg.kg-1, so it poses a threat to the soil system
and plants.

Key words: Heavy elements, well water, pollution, Qayyarah district.

348


mailto:ibrahimalmahmood4@gmail.com
mailto:Khalid.anwar31@uomosul.edu.iq
mailto:Khalid.anwar31@uomosul.edu.iq

2022 (3) 222 (13) Alaal) Lo )3l aslell g8 S daala Adaa

-Aadialf

03315 GUO) elaall abiae &gl & s Al ALasSl) jualiall o) G (0 ALE jualiall e
A sall 551 (g dpaad) 53 G S Slian cuda slall iay Cus 3y 5 AilaasS Gailiad oLl 0 3) (2022
Sy «(2007 WHO) dsisn s suel) ada 55 5 Abuhad Caan Lgiilat ol Lpaliaial sl daglal) 8 Adlil)
e L Gl 3y 5k e ) radall adana e G Ll a0y L Gl 5 Ul (555 La Ll el )4
&) Jas ) ALEN jeabial) o (2005 <Mendie ) s A Y) dan sl sall Adadil) SISy ) guall 5 i)
LRI 3 a5 ¢ saall 4 sa sk e Al abaall Jie) orands Jaal (e ()55 Of Laf (o Al plasl)
ddeall il e Galaill Jie) 55 jilas e 0585 O sl (UdaeY) ol ezl s il Sl
(2021 <5505 Aguilera ) (3580 Gl duel 31 Cilaall s il jial 5 e liall AL ciad) g
el e i Gl a4 gl y adand) olaall gl 3 it ) ALLL A liall el €I e
o8 ALEN jealiall 5€ 5 8005 bl s WS (2007 «crssals Sahu) dsaed) clelially Ll ilias s
Hu ) L) 5 A sgm 5 Lgtaan s (o ol sl Lellad ane 5 L3l o dilall i) &l 8 sl 5 00 5 4,30
Leald elo Jalia¥) e 4 yill 5 a8 Julii 5 45l 8 ALE pualiall 30 58005 ae il 3] (2011 ¢sAT
Aaadaudl oLl jalas 5S5 8 UY cmma el gl Al O slaa s b sal) slaall ) il O Jiss
Ayl Jaad ) 5 (2022 <5035 Liu ¢2019 <Ebere s Obinna) < slall jaaal) (s 45 sla 408 gall
JSE55 (2000 s AT s Kisku) Abell i) ) saaall ol ol 5501 (e ALED jualial) J&5 e 4iLal)
«u50305 Suresh) dealsal) dalil e i Lee ccnlilall 5 4, 5 alad e 17pdad 13,065 25 5Lal) oLl
Ll alua¥) 8 AL alaall 38 53830 ) 2 yaan g el ] Ane ALEN alaall alaas a3 3 (2015
Lol 00 QU Sl BA e gl dsa e i Al g Glall plail) e jplad (S8 i Ledld
(2021 <Wang s Zhang) 4:laxdl Judtall oA Lella)

b ¢ S (i 38 o (5 550 L oS Lgda A Hal) Jadill J s (e 2l 3 5 508 )Ll) Aals 5l
13) 4 gl sladl e ) yhas Jadill oy 545 &) g0 JS35 ) (Saall (e 431 3 cdahadil) LYY (e aall 252 (0
Loe il 1) ) gl o3 oy Lo Ll 5 ASLY) i go 8 8ISyl aladiind 25 ol g sl gl g pus
da e sS4 all ol o) WS (2019 <«Okoye s Elbeshbishy) 4 sall sbadl & ol Jlaial (e 2 3
J313 ) o s el il g Anllaall e aal) G peall slya g Ol e i (31 5k e il
sl Cangt AN (2017 s il s Lapworth) sbuall dlalad) 4 aall by &l ) duleills Jaati 40 5l
Al 5 A8k 5l pailadll (any ) ALY dSaill 5 05 )SI 5 alia Il ualic 380 55 o M Al jall
daall dalaiag 45l de )l oldall dakiiad Apallall Claanall ga 4 jlally dasgyaell olpall e b
Lralladl

sdand) (3l sl g 3 ga

s Jemsall Aiae 2 5 oS 60 a8 (5 5 Adnilae 3 a5l 50 (o8 LAl Aali it Al ) Aaie
-35°55'30.42"N) e iy B, (43°6'2.66"E-43°20'55.87"E) Jsk ha o ol
Lo o5 (U LY ebie (pa 8l 5 i el 50 10 Sl ol zilas i) . (Yl (35°34'36.56"N
Aliaial) 5 Alaiad) Eaglll psliae (e daal) Ailise Cililas e x8 )5 Ly Aapnall (5l 5 bl S 5 g
ALaYL dge 3l Gl e S0 LY el anains 3 3Ll Jads J gia 5 4alill 3S je Jal ) 5 jall 4 ja 3G,
s ¢(1) Sl (8 LS )il Gia jad Sslill jalian e Lale 53 g Alas el Jiaall 5 pllall adsall )
Malassa ) kil slally [ Siall Caladlly Gansae Ledalati o5 5l 1 daw Gl (Jos cilala ) (L 343
(1) Js2adl (GPS) (oallall gl sall ot ollas aladidy ciligall 33 ol 5 3283 a1 (2014 ¢ 05T

& 5a JS lilan aa olpal) e 33 &8 g0 a5y

349



2022 (3) 23l (13) Alaall

Ao 30 pstall 1588 daaly e

SITE - MOAYARA
BANWLES MAP

e weases =

slaal) 7 ad a8 ga g Al all dihaia (1) JS&Y

g el slbsal) cilind GPS cilifilaa) 351 8 (1) Jgsad)

o2l il g cldlasl J sl o ghd ciLilas) 8 sal) adl a8
35°50'30.51"N 43°17'05.64"E GW1 1
35°52'24.99"N 43°14"49.37"E GW?2 2
35°53'40.01"N 43°13'05.02"E GW3 3
35°49'23.97"N 43°17'02.54"E GW4 4
35°48'33.27"N 43°13'50.1"E GW5 5
35°50'44.99"N 43°12'03.07"E GW6 6
35°5021.01"E 43°09'41.89"E GW7 7
35°44'57.79"N 43°15'54.25"E GWS8 8
35°46'25.09"N 43°11'11.06"E GW9 9
35°48'38.13"N 43°19'09.76"E R 10

solpall ity i) 5 dilpasl) Jallacl

el Joa gl uld 3 5 pH-meter e pladiuly Jiall 8 obual) cilised pH Jelal) s jy Cud
Turbidimeter 35Sl (8 Slea aladinly Cud 388 3 ) Sall ) Conductivity Meter e 5l
Leailii e e g Al Jallaally 43 jlae 223 2100N Laboratory Turbidimeter Ji2 s« HACH g
pladiuly obiall 3 & gaasl all 5 o 503 saaall 380 55 el &5 (Nephlometric Turbidity Unit ) NTU 32
. (1958 «Jackson) 25 W s (PFP7 s« Jenway ¢ 5 ( flame photometer) el e
& o LS5 Na2-EDTA dbul s osedll 455k aladiuly &8 o gisally o geedll) cligl Ll
4S8 Al o)) sall g Ayl agle and s b Clulall g Jdladll o2a o) ) &35 (1958 <Jackson)

350

S pall Al / sl 5 el 30



2022 (3) 222 (13) Alaal) Lo )3l aslell g8 S daala Adaa

Determine of Heavy Metals in Water obsall 84L& jualial) jai

G5 ol sl A e Je 100 sn JB 5 (2017 (APHA) 4 ela W iy olidl) Cilise anan o
HCI <5 s suel) (aea Ja 10 5 HNO3 byl padda e Ja 2 Adlia) 55, Je 500 das (ala )
Blet e g e 25 o i e M aaall (il s (AL e e Ay Al dals o lgidaity L
Ladlall ) paall JaST 5 Jo 100 s o (G59 l) LiaS Clling 3 5 € 5 lld smy GUlal Sigos e
pabaie¥) Gl Slea Giske oo ( Ph N LT ) sbiall e (8 ALEN jualial) s 3 23 ¢ bl olally
Analytika jena Jise L) Sl Atomic Absorption Spectrophotometer (AAS)
Sl il b Q) 13 el sl wig o pemie JSs Aalal) @l (el Al st 3 350A

o sall el el ey 01 S

A8 g el
EC 4l <) &llay)

¢ T Fapannnd (14.6 — 0.5) O sl obaall lial (3 5eSl) Jua il 28 () (2) Jsaall e L3y
Gy a5 8 5l 8 ladle ) CilSa ¢ oluall 4l 5eSU Adlar¥) ad b cpls el o) i) o
LY ol 8 Lal ¢ (laa Aalle) ol Ll o (gl (e Y Lgalasiinl Can e Aol 3015 4522 ) dakii
(7¢6¢5¢4¢2¢1) LV sk M ALYl ¢ (Rasldl Do) il o cdin (3 ¢9) Slially Aliidl)
a2 7 samall olpall (ana cail€d 10 Al Jiaiall 5 el la Lol oA slall A i) olpall Chiiia (pania CilSS
Loa shadl S dga s (A G Caw dgms (Balle e olie) Ll e ctiag ol Gl 2 Y
Lo )3l il e S Lealadin) Cum (e dalla e 53 yhad Al jall dikie 8 LY olae iiaid Gl (Aalisdl)

(1985 <« FAO)

ol ol 4 ) Al LAl ) sl LY sl aaen (8 (AL Qa5 a8 o L) G (5 m
Jani Ledld ¢ ehandl Jiuad 4y paaall il gl e Jai 5 43 edas (g olaal) i) oy Ladie 4ild g sl
el ) saall Ty joe JEEVL Wl el 22ys (Ul y Lere 401 Cilapsall deal s ala) 4403 e
& i) i s Y e el 3] e Jaait elad) dad g alaall e 353al Glsd g2

. (2020 <5031 5 Chegbeleh) b Sl Joa sill a a8 ) 8 Cran Laa 4 sl olall Aol

PH i soued) oY)

) Aalaia il obaall o LoDy (8.4 — 7.5) (o Con sl 5 o s ued) () il s O (8) Jsaad) g
33 salall 10 dipadl ae A jlally il SV olse e paan (8 dda sead) A o 8 g L)Y a3 ¢ dyacls
oaall oY @lldy LY obe g a5 ) a8l sall (8 (5l Jaal) 83l ) @ld a5 5ms Ladll 0
oo ¢ olall aa LAY 5 (Ll (o 5 )08 2S5 jam 5 Sl S5 Sl S LS ja o (5 5iag (5l
3538l Gaa S PH ad waes o 05,2020 «sATs Sunkari) slell s s yued) (aY) (5 sinse @b
el s aae Y dakia s (2017 (WHO) daadlall daall aliia Cova gy il 5 (M) Ul 2Y 7 sansdll
Y S5 (8.4 — 6.5) 0 s s olall Jeldi da jal 4y # sanedl) sl o e el (5315 (1985¢<FAO)

sl saall e &y il pailiady

351



2022 (3) 222 (13) Alaal) Lo )3l aslell g8 S daala Adaa

A g jaal) olpal) cilimd 434 3l 5 AnibiasSl) Gal 5A1) 2y (2) Jgaad)

Name Site
mg.L? NTU ds
m-l
144 408 | 4.07 | 156.7 | 0.9 8.2 3.7 GW1 1
149 396 | 6.27 | 324.7 | 0.5 8.1 5.8 GW?2 2
45.6 444 | 5.17 | 394.7 1.2 8.4 7.5 GW3 3
36 380 | 6.27 | 296.7 | 0.8 8.1 5.8 GW4 4
189.6 | 372 | 297 | 2827 | 0.4 8.2 55 GW5 5
1656 | 364 | 6.27 | 240.7 | 0.3 8.3 5.3 GW6 6
136.8 | 412 | 6.27 | 156.7 | 0.6 8.1 3.4 GW7 7
189.6 | 432 | 62.6 | 8020 | 0.6 8 14.6 GWs8 8
163.2 | 388 | 4.07 | 4787 | 13 7.8 8.5 GW9 9
14.4 36 297 | 21.1 2.4 7.5 0.4 R 10
FAO 1985 Max
60-0 | 400-0 | ---- | 920-0 ---- | 6.5-84 | 3.0 Concentration
69 —-— |6585| 30 USEPA 2012 | ¢ Irrigation
200 | 200 | 200 5 6.5-85| 2.5 | WHO 2017 for Drinking

Turbidity 5, sl

dll 8 cilS dad o) o)y NTU (2.4 — 0.3) 0m Sing) 535 5Sal) i o ) (8) Jsaall gl Lyl
Gand Al g ¢ Saill (e Jle (5 e Qi3 ¢ i) G Aala ¢ dndaid) sbiall () 65 Le 3alad ¢ el cle) 10
03305 AZiS) el Ja Vi cplall Jie ¢ Lgildly Lelalad o5 () 4 guzmall i 5 4 gumal) ol el oy
O 05S ANl ) sl Capes 53 (A1 I3 5 gay 385 s AL il (LY o) ansl) 28 sl 485 8 Wl (2015
T sanall 22l ge JB) Clisal) aaea il 5 (2018« Ayoub) Lusei 3381 ) (5585 38 o) Aday 43d sl olual) 48 52

(2017 (WHO) 5 &l 5 4

Sodium ions ag:a gal) <l g

g daalis oI il aale (802 — 21.1) (sl 5 a s gaal) i) 8155 ) (8) Jsaad) gilis & el
G dlels ¢ (Alad ,ed) 10 Auall b il J81 CulSs (ol sall Calise 8 a 500 guall bl 3 55 8 (il
555 Al L) W1 (LY o) iz b o gaa sl il S5 88305 asa s aalis ((GWS) 8 L)
LSl ((1985¢FAO) il aale 920 585 (sl slia (8 o spd saall g 3l s - sasall (uadY) 2al
I il aile 200 @l s dpallad) dasall dadaie Cauny il (a2 43 2 seal) sV aal) ) glas
130 A i ey adast 8 ot Lgld LY olie (A o g2 sl U sl A i)Y 1 k35 (2017 <WHO)
o Akl Aale YU ailala) Adala) o8 533 )83 330 p a3 seall (s () 3 e ) )3l () e U Caendind L
Gl (Al gad e & il Gl da S (b Cdy Lae 308 4y e il Alal) AdleY) pe o Y1 kel
dusas ¢ bl ail ) (5 5m ST obie (b s seall 38155 51 b (oot ) ) )5 iy 5l

(2019 «0ysATs Xu) s Jalall 5 ¢ lSbad) (alas

352



2022 (3) 222 (13) Alaal) Lo )3l aslell g8 S daala Adaa

Potassium ions a st sl <l gl

Sl ) e cl€ s o1 i aale (62.67 — 2.97) C an gl 55 o sl sl gyl 5S35 o) )
o 32l g 523 guall (a0 AT S s g pall il ganilsall il gl 580 53 (a L gac 5 «(GWS) 8
Bamwy! e\dil.u\ }i‘;;ml\ s pall a@gyﬁ@hﬁ)ﬁgaJihmg_ﬂé\oié! Lﬂhc._\..\..ug‘}:.g}ej:m&d\j
Gaia s Gl A gl Cldee Byl e Jladll pgl o gl sl Aldall Galad) aliae ol @lly ) diLaYL
a5 lati ol A g jaall cliall maes (2018 «05ATs Ganiyu) A sall sbuall (& o galigall 580 55 o
JaiS aale 200 &Ll Aallall daall dadiie Qs i 43 - sansal) aadY]

Calcium ions a gaedlsl) il g

o 8ol a5 s Baadly 3 (- il axke (444 — 36) On sl S CilS a gl Sl il gl 58053 G gl G
eala ol gall 5 sl 5 CollISH (alase Balans () ) s w38 ¢ LY olae L a5 2 50l 58 5
0 0ATs Zhang) 4 sl olaall 8 o sand\SI Ul gl (5 sina 33§ () Galaal) lil & gl Clilae (255 3
(2019

Al @i 8 57 53 51 LWV Glbidaali ((1985) (FAO Al sall del )3l 5 o13al) dadaia s vy
DLV sl e man Gl L8l Gl e Y Ll o1 ilaake 400 Jllly N Gl Y 4z geadl) oY)

Magnesium ions a gsusitall <l g

ele de (o lia S5 ¢ I il aale (189.6 — 14.4) O gl 5 o ganrianall i gl of gl o
osall gt W s m LY ele (8 a speniiall 58155 505 8 o) O LY ol e e gl
Lhe ) ddate ceny (2017 «0s0Als Bouteldjaoui) <ube st sall Jin o spaniaall e &y glall cpaladl
2 ¢] Je¥ aaasy il aale 60 M) (B aadl LY obe e ] ) slas 288 (1985) «(FAO 4e )M

gl Rl e dalla e iad BN 9 58765

slaal) 8 ALER yualinl)

Lead uaba i

L gls sl aale (0.611 — ND) 0o sl olaall e (& palial) 3855 0 (3) Jsaadl il < el
Cuiis « (GWB) 6 il sbas (o3 (IS 58 55 e Aad (gl Jaasi ol 3 Ay 5 slae (3 abia Sl 58 5
Laallall daall dalaie J8 (o 4o 2 gemsall e W1 € glad 28 LY olae gaead alia jll o i i) ellia ()
Ll el (al 2 Y lgiadla pae () ady Les (2) JSAD (2017 (WHO) ' ileade 0.01 &l
Al A1 5 8 (po g sum pall 545 7 sl (sal) (i S 5 o) anl) gl ol Ll i (0 ) 2 Y
s laale 5.0 i (1985 (FAO) Al 5 4 Yl dalaia 5 (2012 <US EPA) 485 ¥ Al
S0 e A Al LY La pad Al Hall ddlaie Gana ST olae (8 (alia Il paie 5 5iah ) 8 )
A al Aaii ) gall (g Dagiall ) Gasha e (GWT 5 GW6 5 GWA) ddaiall J siall (45 4alil
plladl (8 Galia )l 380 55 Jare 851 e Jsame 0o Jigmse Sl bl (G 0 5all @) ia) o) 3) el )
8 Gaat Al A sl AdadsY) e dAasll) Adadil) claina) LM Aais o) (2006 <05 A1 s Keegan)
bl o) VA (e A al) oliall ol Al Juaail il o il gl ) g5 3 cadil) (J g
OS5 38l ¢(2018 <Leghouchi s Balli ;2016 <Okparaocha s Oyeleke) 4 il J3A (e il
0155 s BhOWMIK) Lsmsbiad) pdbadll Eaed) &y sadll Gy sl e Limsids abin s 5 5ke 28 sl olal

(2015

353



2022 (3) 22l (13) Al

Bae) 30 pslal 5858 Aadly Alpa

- gl g el olpall e (4 ALEN ualinl) 15 (3) Jsta

0.058 0.014 0.042 Gw1 1
0.160 0.035 0.098 Gw2 2
0.430 0.064 0.059 Gws3 3
0.760 0.053 0.184 GW4 4
0.052 0.071 0.538 GW5 5
0.780 0.076 0.611 GW6 6
0.960 0.022 0.142 Gw7 7
0.555 0.031 0.132 Gws8 8
0.041 0.020 0.019 GW9 9
ND ND ND R 10
0.2 0.1 5.0 US EPA, 2012 | Max Concentration
0.2 0.1 5.0 FAO, 1985 for Irrigation
0.02 0.05 0.01 WHO, 2017 for Drinking

Ayl LY AALE jaliall s e (2020) <Al-Khafaji s Younus 4l dua 53 L 4 jlie aill o34
O S8 Jily T 5ilale 0933 OlS Gaba )l 385 et ) el dam 5 puadl-dy iall dladl s
Jox Adhie (& 4 sall obuall (& Gabia )l 58 55 ) ) (2015) <Al-Tememi il i aale 0.208
Lo asle (0.98) il 58 yidan gian s I il axle (2,64 — 0.28) O s gl 53 5 pead) dadlas o gia alins
LA aale (0.0658 — 0.0271) o sl f A8 S (8 A gl olaall 3 58 55 o)) Glaesd) 5 o 0
olaall & (alia 11 58055 o) (I Lo 4 Alles Al 50 8 (2016) <Okparaocha s Oyeleke Ll
O35 Salem S35 1l aale (0.96 — 0.06) Cm s gl 5 L jaa A& dadill £ gl (e L A gl
(0.412) cady Uass gie dasd pn 1a3S a2de (0.490 — 0.289) 4d sl sluall 8 Lalia Jl) 38 55 ()1 (2022)

354

Y] b S ke



2022 (3) 222 (13) Alaal) Lol aghll eSS daala Alpa

— - — -~ WHO Limit for Drinking=0.01 mg L!
FAO&UN EPA Limit for Irrigation=5mg L™
10 -
N *
;‘: . 0.53g 0-611 oPb
=T}
£ 01- - 0.184 A 4
. 0.09s @ 0.142  0.132
o 0.059
0.0424
0_01__. n e v — — _._.-_.__._..D_D?Q.L._.-
0.001 1 2 3 4 5 6 7 8 9 10
Sample Water

ZoAN aal) s & jlially slial) cilie A Gaball puaie 581 55 (2) JSAl)
Chromium ags

ol elae e (B o g S Al (o) Jausi ol 3 ¢ 1l aale (0.076 — ND) O s Sl aie o Can ) 5
Sl s KU 38158 0 (3) JSA A (e 05 ((GWB) 6 il Ae b a5 S 5 55 el dans 5 <(10)
Sua e (1985) el 3l s 422 V) dadaias (2012) 4K aY) L) dlen S (5 gl 25000 (e
3aal) 355t LeiSly g Gl e Y Aalla Ll o ey Law 1 5taake 0.1 AWl g0 LDl
(o8 193875 (2017) Apadlal) daial) Adiia asnan 5 1l adle 0.5 AL ol Gl £ L g sansdl
e Ll ALl) Ll 5 A1) &y ) AniV) g o g S A 1)) it (35S0 386 55 4¢3 V)

gl Capall g G jala 1l se s (5550 8 5 (2000 <0535 Aggarwal)

obadl (8 el pay Ay pdall abad) G g dmplall jabiasll (e allall s a5 5SI0 48 gl olaall & 55
§laal s ¢ JLYI jia g ¢ LA ddailal) o) gall 5 ¢ JSUH aia s ¢ caliall 2Ll 5 ¢ a5 SH DU Jie dyelial)
o W (5355 sl 2 ga5 Jia dpnalall jalaall e Sliad s JSIL A pall obiall 585 Y] (555 Ul

(2011 «Zhitkovich ) s SI A sall slaall & gl

Lo gia iy S ighl 8 i) Alaial 38 sall slpall 3 Lgie JB) il Al )l Aidaie s S s
Mohammed 4l dasi W 4 jlae cuil€5 (2021 «0sals Krishan) il aale (1.48) W3S 5
O lleale (0.324 - 0.005) Gp sl Mo san Aailae A LY ol B (2020) «0ossAs
-0.229) o 7 s) A Axied) (aall (e 2o (848 sl olaal i o SI 35S 55 0V (2017) <05 A Sridhar
Wdle) aly 28 4. sall sbuall 8 a5 KU 580 55 o)) cpall 8(2019) (WU 5 He 25 5.1 silaale (0.971

i aake (0.020) Jassias s il sl (0.097)

355



2022 (3) 2aadl (13) alaal) Lol aslall g S daaly Apa

e e« WHO Limit for Drinking=0.05 mg L
FAO&UN EPA Limit for Irrigation=0.1mg L}
10
1
§ ®Cr
0.1
c _.__._?.m*ll_ogd_o:xrﬂ"ﬁ—- —3— Dol EE AR
0.01 ’O'Ob 0022 °%! oo
: 0.014 ; '
0001 =——7x—>2 3 4 &5 6 7 @8 9 10
Sample Water

Zoal aal) ae 4 lEally slial) cilise A ag Sl pais 38 5 (3) Joddl
Nickel Jssil)

& Sl aial dad (o) Jawd alg ¢ 7yl aale (10.96 — ND) O olaall e 3 JSuil) (5 gina 7 5l 53
8wl LY sl Glie aaen (b edars ((GWT7) 7 Ll & JSill 35S 5 el alig ¢ el ole A
i sladl) ) e S5 5 (2017) Asallall daaal) daliie Qs Caus 45 2 samsall oY) aal sl
LYY sbie O i (51 e Y Wb 1 i aake 0,02 385 slad 13 il dadla e 5 ISl 455k
4S5 Yl Al Ales AUS 5 5 (1985) Ael N5 426 W) dabie dib iy dalia 2 8 57,6 ,4 3
4 g samall Ao V) aadl JSall 38 5 5 glas Le 130 4y il alas e a3 jlas sbaall ol s A5 (2012)
Aabaiall 4 5 gl I Y elae e 8 ISl 58 55 1)) o (5 a5 o(4) JSEN I i aale 0.2 U1
DHaa¥) olae Aol g0 geadi Al JBIA (e 20 gadl slaall Cagli ) Ay 3l 8 AL palaall oS0 3l (g0 50 3) e JSilly
da¥ll Bale ) siia 4 oy ddadi je dpapb Ala Ll Js8) oSy 5l (2009 <0530 s Behbahaninia )
sl alas (e dsnall s Al 5l Aikaia G a8l 8 il lasasi (2019 <Dengiz s BAYRAKLI)

FRPVEON|

e lioall § L) 48 yae s LI a5 illane (po dut sl ol 3 el Jgm ISl 5 AY) obadl (e
Slo siall W (S5 ¢ a ety JSall iy jUadl alud) e JLESY) JYA e Jay 4dl LS Aiaadll
5 Tadiboyina) bl & jae e iliall sbe s Casdll g ¢ all Gl el b JSll s e

(2016 <Ptsrk

(0.11 - 0.09) bd e Jlasd (8 48 sall sbaall 8 ol (0 et IS5 e Aahaiall 48 gl oluall (g gia
9 il 8 (2019) «osals Al-Imarah Lale Jeasi aidll (e el il L& (2015 <Nour) il aale
Krishan s .1 ilaale (0.0039 - 0.00043) o sl i Gl g ddadal) dunlll Jgéa o 4l
i axle (9.04 — 0.01) O sl 5 digd) 8 i) Aalaie 4 4 sall oluall (8 JSill O (2021) c0sa s

il aala (1.23) @l S i dass siag s !

356



2022 (3) 2aadl (13) alaal) Lol aslall g S daaly Apa

w— « = -« WHO Limit for Drinking=0.02 mg L™
FAO&UN EPA Limit for Irrigation=0.2mg L™!

B e ¢
-4 0.76 078 09 ® Ni
? 0.2 -y 043 . 0.555 _
e 0.16 .
Z
0.02_.0'938.5 _______ U.~O.5_2._._._.A_A_D.O’J,A_._,.
0.002 i 2 3 4 5 6 7 8 9§ 10
Sample Water

ZoAal aal) e A3 ally sbaall cilie (B S i S 5 (4) JLAN
clalifiay
ol Lo i) (S Al all o3 il e lalic

‘fh_)@ﬁ\ dgm)ﬂ\ﬁﬁi\:\;ua‘\.\c\J_)S\ Glalad i dalla e CnilS daudl) JL&\ al,pa@.a; A
dae) )3l Gl 2 W 7 seall zoall sl G558 57 53 51 LY (A p el gl 380 5 2
A9 58 ¢7 <6 5«2 ] LY A luaats o jall aall jolad a8 aily jedad o suavinall Ll

cg Al pal Y dalla e e
6l Ly sl i) Gpania IS (S a5 S el ) g paal) ALE jualiall 38 5 ) 3
A sall de )y 35 e1al) dadiia oy oY) and) LT dsed B ket 53 Sl el

J.\L«A.d‘

e Aggarwal, T. R., Singh, K. N., & Gupta, A. K. (2000). Impact of sewage
containing domestic wastes and heavy metals on the chemistry of Varuna river
water. Pollution Research, 19(3), 491-494.

e Aguilera, A., Bautista, F., Gutiérrez-Ruiz, M., Ceniceros-Goémez, A. E., Cejudo,
R., & Goguitchaichvili, A. (2021). Heavy metal pollution of street dust in the
largest city of Mexico, sources and health risk assessment. Environmental
Monitoring and Assessment, 193(4), 1-16.

e Al-Imarah, F. J., Al-Nagar, G. A., & Al-Hatem, Z. A. (2019, September). Heavy
metals in well’s waters within Southern Basrah Province/Iraq. In Journal of
Physics: Conference Series (Vol. 1294, No. 7, p. 072018). IOP Publishing.

e Al-Tememi, M. K. (2015). Groundwater quality and origin within Dibdibba
aquifer, near Jabel Sanam area southern of Basrah Governorate,
Irag. Mesopotamian Journal of Marine Sciences, 30(1), 47-56.

e APHA (American Public Health Association).(2017).Standard Methods for the
Examination of Water and Wastewater 23" Edition,800 | Street, NW,
Washington DC, USA.

357



2022 (3) 2aadl (13) alaal) Lol aslall g S daaly Apa

Ayers, R. S. & Westcot, D. W. 1985 Water Quality for Agriculture FAO
Irrigation and Drain. Food and Agriculture Organization Paper No: 29 (1), 1-
109, Rome.

Ayoub, M. (2018). Modelling of the Fabrics Filtration to Remove the Turbidity
from the Extracted Groundwater. American Scientific Research Journal for
Engineering, Technology, and Sciences (ASRJETS), 49(1): 76-85.
http://asrjetsjournal.org/

Azis, A., Yusuf, H., Faisal, Z., & Suradi, M. (2015). Water turbidity impact on
discharge decrease of groundwater recharge in recharge reservoir. Procedia
Engineering, 125, 199-206.

Balli, N., & Leghouchi, E. (2018). Assessment of lead and cadmium in
groundwater sources used for drinking purposes in Jijel (Northeastern
Algeria). Global Nest Journal, 20(2), 417-423.

Bauder, T. A., Waskom, R. M., Sutherland, P. L., Davis, J. G., Follett, R. H., &
Soltanpour, P. N. (2011). Irrigation water quality criteria. Service in action; no.
0.506.

BAYRAKLI, B., & Dengiz, O. (2019). Determination of heavy metal risk and
their enrichment factor in intensive cultivated soils of Tokat Province. Eurasian
Journal of Soil Science, 8(3), 249-256.

Behbahaninia, A., Mirbagheri, S. A., Khorasani, N., Nouri, J., & Javid, A. H.
(2009). Heavy metal contamination of municipal effluent in soil and
plants. Journal of Food, Agriculture and Environment, 7(3-4), 851-856.
Bhowmik, A. K., Alamdar, A., Katsoyiannis, I., Shen, H., Ali, N., Ali, S. M., ...
& Eqgani, S. A. M. A. S. (2015). Mapping human health risks from exposure to
trace metal contamination of drinking water sources in Pakistan. Science of the
Total Environment, 538, 306-316.

Bouteldjaoui, F., Kettab, A., & Bessenasse, M. (2017). Identification of the
Hydrogeochemical Process in Zahrez Basin, Algeria. Algerian Journal of
Environmental Science and Technology, 3(1).

Chegbeleh, L. P., Akurugu, B. A., & Yidana, S. M. (2020). Assessment of
groundwater quality in the Talensi District, Northern Ghana. The Scientific
World Journal, 2020.

Elbeshbishy, E., & Okoye, F. (2019). Improper disposal of Household
Hazardous waste: Landfill/municipal wastewater treatment plant. Municipal
Solid Waste Management.

Guo, Y., Li, P., He, X., & Wang, L. (2022). Groundwater quality in and around
a landfill in northwest China: characteristic pollutant identification, health risk
assessment, and controlling factor analysis. Exposure and Health, 1-17.

He, S., & Wu, J. (2019). Hydrogeochemical characteristics, groundwater
quality, and health risks from hexavalent chromium and nitrate in groundwater
of Huanhe Formation in Wugi county, northwest China. Exposure and
Health, 11(2), 125-137.

Hu G, Yu R, Zhao J, Chen L. 2011. Distribution and enrichment of acid-
leachable heavy elements in the intertidal sediments from Quanzhou Bay,
southeast coast of China. Environmental Monitoring and Assessment, 173 (1-
4), 107-116.

Jackson, M. L. (1958). Soil chemical analysis prentice Hall. Inc., Englewood
Cliffs, NJ, 498, 183-204.

358


http://asrjetsjournal.org/

2022 (3) 2aadl (13) alaal) Lol aslall g S daaly Apa

Keegan, T. J., Farago, M. E., Thornton, I., Hong, B., Colvile, R. N., Pesh, B.,
Jakubis, P., & Nieuwen, H. M. J. (2006). Dispersion of As and selected heavy
metals around a coal- burning power station in central Slovakia. Science of the
Total Environment, 358(4), 61-71

Kisku GC, Barman SC, Bhrgava SK. 2000. Contamination of soil and plants
with potentially toxic elements irrigated with mixed industrial effluent and its
impact on the environment. Water Air and Soil Pollution, 120(1-2), 121-137.
Krishan, G., Sudarsan, N., Ghosh, N. C., Kumar, S., Singh, S., Sharma, A, ...
& Vashisth, R. (2021). Concentration of heavy metals in groundwater and heavy
metal pollution index in Punjab.

Lapworth, D. J., Nkhuwa, D. C. W., Okotto-Okotto, J., Pedley, S., Stuart, M.
E., Tijani, M. N., & Wright, J. J. H. J. (2017). Urban groundwater quality in
sub-Saharan Africa: current status and implications for water security and
public health. Hydrogeology Journal, 25(4), 1093-1116.

Liu, L.; Wu, J.; He, S.; Wang, L. Occurrence and distribution of groundwater
fluoride and manganese in the Weining Plain (China) and their probabilistic
health risk quantification. Expo. Health 2021.

Malassa, H., Hadidoun, M., Al-Khatib, M., Al-Rimawi, F., & Al-Qutob, M.
(2014). Assessment of groundwater pollution with heavy metals in North West
Bank/Palestine by ICP-MS.

Mendie, U. E. (2005). The theory and practice of clean water production for
domestic and industrial use: Purified and package water. Lagos: Lacto-Medals
Publishers.

Mohammed, N. 1., Abduljabar, K. A., Mahdi, H. S., Abdullah, H. M., &
Youssef, S. (2020). Groundwater quality assessment of Domiz refugee camp in
Duhok governorate, Kurdistan region, Irag. Zanco Journal of Pure and Applied
Sciences, 32(4), 157-168.

Nour, H. E. S. (2015). Distribution of hydrocarbons and heavy metals pollutants
in groundwater and sediments from northwestern Libya.

Obinna, I. B., & Ebere, E. C. ( 2019). A review: Water pollution by heavy
metal and organic pollutants: Brief review of sources, effects and progress on
remediation with aquatic plants. Analytical Methods in Environmental
Chemistry Journal, 2(03), 5-38

Oyeleke, P. O., & Okparaocha, F. J. (2016). Assessment of some heavy metals
in groundwater in the vicinity of an oil depot in Nigeria. Am Chem Sci
Jour, 12(3), 1-7.

Sahu, R. K., Katiyar, S., Tiwari, J., & Kisku, G. C. (2007). Assessment of drain
water receiving effluent from tanneries and its impact on soil and plants with
particular emphasis on bioaccumulation of heavy metals. Journal of
Environmental Biology, 28(3), 685.

Salem, I. B., Nazzal, Y., Howari, F. M., Sharma, M., Mogaraju, J. K., & Xavier,
C. M. (2022). Geospatial Assessment of Groundwater Quality with the
Distinctive  Portrayal of Heavy Metals in the United Arab
Emirates. Water, 14(6), 879.

Sridhar, S. G. D., Sakthivel, A. M., Sangunathan, U., Balasubramanian, M.,
Jenefer, S., Mohamed Rafik, M., & Kanagaraj, G. (2017). Heavy metal
concentration in groundwater from besant nagar to sathankuppam, south
Chennai, Tamil nadu, India. Applied Water Science, 7(8), 4651-4662.

359



2022 (3) 2aadl (13) alaal) Lol aslall g S daaly Apa

Sunkari, E. D., Abu, M., Bayowobie, P. S., & Dokuz, U. E. (2019).
Hydrogeochemical appraisal of groundwater quality in the Ga west
municipality, Ghana: implication for domestic and irrigation
purposes. Groundwater for Sustainable Development, 8, 501-511.

Tadiboyina, R., & Ptsrk, P. R. (2016). Trace Analysis of Heavy Metals in
Ground Waters of Vijayawada Industrial Area. International Journal of
Environmental and Science Education, 11(10), 3215-3229.

Tilman D and Clark M. 2015. Food, Agriculture & the Environment: Can We
Feed the World & Save the Earth? Daedalus, 144 (4), 8-23

USEPA, S. (2012). Guidelines for water reuse. Special Restricted Crop Area in
Mendoza, Argentina.

World Health Organization, W.H.O, 2017. Guidelines for drinking-water
quality: fourth edition incorporating the first addendum. WHO, Geneva.

World Health Organization. (2007). Quality assurance of pharmaceuticals: a
compendium of guidelines and related materials. Good manufacturing practices
and inspection (Vol. 2). World Health Organization.

Xu, P., Feng, W., Qian, H.,, & Zhang, Q. (2019). Hydrogeochemical
characterization and irrigation quality assessment of shallow groundwater in the
Central-Western ~ Guanzhong Basin, China. International journal of
environmental research and public health, 16(9), 1492.

Younus, B. M., & Al-Khafaji, B. Y. (2020). Determination of Trace Elements
Lead, Nickel and Cadmium in Ground Water from Wells near Southern
Refineries, Basrah-Irag. Mesopotamian Journal of Marine Sciences, 35(1), 43-
50.

Zhang, Q., Xu, P., & Qian, H. (2019). Assessment of groundwater quality and
human health risk (HHR) evaluation of nitrate in the Central-Western
Guanzhong Basin, China. International journal of environmental research and
public health, 16(21), 4246.

Zhang, Y., & Wang, X. (2021). Evaluation of Heavy Metal Pollution in Shallow
Groundwater of Farmland in Huaibei Plain, China. In E3S Web of Conferences
(Vol. 267, p. 02009). EDP Sciences.

Zhitkovich, A. (2011). Chromium in drinking water: sources, metabolism, and
cancer risks. Chemical research in toxicology, 24(10), 1617-1629.

360



