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In this study, 32 soil samples were taken from a depth of (0-20)
distributed over different areas (Kirkuk City, Riyadh City, Hawija
City, and Al-Abbasi City). They were sent to Canada to conduct
chemical analyzes in Acme Lab laboratories.) using an ICP-MS
device. The research aims to study the geochemical distribution of
arsenic in the soil of the study areas, as well as to study the
relationships between arsenic and some major oxides, as well as the
degree of acidity (pH) and organic matter (OM), by calculating the
correlation coefficient and factor analysis. analysis). It was found that
the arsenic element is associated with a positive significant
relationship with magnesium oxide (MgO), a negative significant
relationship with sodium oxide (Na20) with a value of (-0.454), a
positive significant relationship with potassium oxide with a value of
(0.47), and a strong positive relationship with the element cobalt (Co)
with a value of (0.454). 0.474). According to the results, the average
concentration of arsenic in the soil of the study area (Kirkuk, Riyadh,
Hawija, and Abbasid) in the fine clay part reached (9.23 ppm), which
is higher than its concentration in the coarse parts represented by silt
and sand, with a value amounting to (5.83 ppm and 5.72ppm)
respectively. The highest concentration of arsenic as in the soil of
(MK12), which represents the site of Hay Al-Nasr Hospital, was (8.2
ppm), which is higher than the concentration of the element according
to the reference value. When comparing the concentration of arsenic
in the soil of the study areas with the international standards (WHO,
2021) and (EPA, 2017), it was found that it was lower than in those
areas.
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Particle Size Analysis of Soil Particle Size Analysis of Soil
No. Sand Silt No. Sand Silt Cla Texture

% % Clay% Texture Type % % % y Type
MK1 13 77 10 Silty Loam MR3 32 20 48 Clay
MK2 9 81 10 Silt MR4 40 16 44 Clay
MK3 19 73 8 Silty Loam MR5 34 13 53 Clay
MK4 18 75 7 Silty Loam MR6 39 17 44 Clay
MK5 22 66 12 Silty Loam MR7 36 15 49 Clay
MK6 19 69 12 Silty Loam MR8 37 19 44 Clay
MK?7 11 85 4 Silt MH1 7 82 11 Silt
MK8 9 85 6 Silt MH2 19 71 10 Silty Loam
MK9 18 75 7 Silty Loam MH3 13 75 12 Silty Loam
MK10 44 52 4 Silty Loam MH4 7 74 19 Silty Loam
MK11 26 66 8 Silty Loam MH5 5 75 20 Silty Loam
MK12 25 70 5 Silty Loam MA1 2 93 5 Silt
MS1 35 17 48 Clay MA2 5 90 5 Silt
MS2 37 11 52 Clay MA3 5 87 8 Silt
MR1 41 11 48 Clay MA4 18 78 4 Silty Loam
MR2 41 16 43 Clay MAS5 3 92 5 Silt

Ave. 21.53 57.68 20.78 -
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Site Name pH Site Name pH Site Name  pH
*MK1 8.2 MK12 7.8 MH1 8
MK2 8.4 MS1 8.1 *MH2 8.5
MK3 8.2 MS2 7.6 MH3 8.2
MK4 8.2 MR1 7.4 MH4 8.7
MKS5 8.4 MR2 7.3 MH5 8.3
*MK6 7.4 MR3 7.6 MA1 7.7
*MK7 7.2 MR4 7.8 MA2 7.8
MK8 7.8 MR5 7.6 MA3 8
MK9 7.3 MR6 7.3 MA4 7.8
MK10 7.2 MR7 8 MAS5 7.9
MK11 7.6 MR8 7.7

*Neutral Soil

*Slightly Alkaline Soil

*Moderately Alkaline Soil

*Strongly Alkaline Soil

A daliia &5 3 (PH) isnssgd ) pd 34 Jyaad

pH Soil Class pH Soil Class
<35 Ultra-acid 6.6-7.3 Neutral
3.5-4.4 Extremely acid 7.4-7.8 Slightly Alkaline
4.5-5 Very Strongly acid 7.9-84 Moderately Alkaline
5.1-5.5 Strongly acid 8.5-9 Strongly Alkaline
5.6-6 Moderately acid >9 Very Strongly Alkaline
6.1-6.5 Slightly acid
pH
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péa daguanl) gl 93 ol Auilly Galaal) & AiLaslly il Leaalsds Wyslians WSy alshl s AL
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(Lasota et al., 2020 ;Ditzler, et al, 2017)diguanl) salall (1o Walgine s A3l ciuinali :5 Jgaal)

Soil class Organic Matter % Soil class Organic Matter %
Very Low 0.5< High 2.5-6

Low 0.5-15 Very High 6-15
Moderate 1.5-25 Extremely High 15-30

Jsanll) %2.48 Jarasy %6.61 N %0.79 (10 (OM) dguanll sall) (s5ina i duapall dadaie 053 B
(5o 12) (6 Lot Uansgia OIS (g5 9) (g5 clate Luntiin sl (g (IS (gilse 10) (88 «(7 JS20) 5 (6
98 Lgd olgine (IS Tung Lagag o(Ditzler, et al, 2017) Ll Cavieai Sle b Lguaall B2l (ggina S
AL jualiall 5815 8a0b) (A Ligaaal) salall 82L) aald Eune(6.261 %) &l 3 (MK3) adsall a4 las Sle
e ddbide Jalge (M Al A du (A dgunal) Balall & 52l 03 (gha3 o S LS el A i3 Lgiag
5L ) sbanll aey Jaadl 8 Lehy 3l Jaaladll clilie &5 (5350 3 clgllaty Ly ¥y Lgaanl) dlgall Dl
Ligeanl) Mgall dilial (o) Aol W el 31 Brac) dilial (53539 cibsll g yar ulilaall o3 Jlati G dgumal) 52Lall
-(Voltr etal., 2021) Zl 4oy cpeas Ml cblall Lode Brae jig Laa c8pika Ll (OM)

Aul) dakial Lkl il A (MO%b) diganl) 3alal) dad 16 J gaad)

samples OM % samples OM % samples OM %
MK1 4.48 MK12 1.36 MH1 1.345
MK2 1.207 MS1 2.2 MH2 0.79
MK3 6.261 MS2 14 MH3 1.628
MK4 5.078 MR1 2.15 MH4 3.025
MKS5 4.66 MR2 2.9 MH5 1.739
MK6 1.8 MR3 3.2 MA1 1.67
MK7 1.58 MR4 2.8 MA2 1.73
MK8 1.35 MR5 3.9 MA3 1.18
MK9 2.61 MR6 15 MA4 1.29
MK10 3.47 MR7 2.9 MAS 1.33
MK11 2.02 MR8 5.1
Min. 0.79 *Low OM
Max. 6.261 * Moderates OM
*High OM
Mean 2.48 *Very high
/ 6.261
6
5.078
5 4.48 4.66
4 3.47
= 3.025
3 2.61 ;
2.2
2.02
2 1 58l 1.628M1. 733 671.73
I I 0 79 o =
0
- <
Y x — ‘—1 ‘—| < <
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.(Shyamala et al., 2020) &bl cilassally 520D T jaall alasiney)

daa o Jandl Lyily Ll dasle agdl laa Ve dusl) 3 A8 bl olgal) (a5 of oSa
lede Leliig dulun al clils (6$ 3 Lo lladl TDS cligiveal Saas ST cbilall ey 05S5 3 cclal)
&L .(Hossain et al., 2020)&513 dbal) Ssall (o duitiye SIS layad die gaill (mliad) of slgay! wlle
Jsaall & LS (ppm 1848 —84) 52wy (PPM 476.03) duhall dakaie 4u5i 3 LIS 253 ~DY) 585 Jana
SIS (e Ay (A< b aall el Jia 3 MR7 adsall (3 TDS J 585 el b ¢(8) J<al (7)
As lgie ditide Gl PDIA (e gl b 3K A3 AOLY) @i 50k ) gas daaal)l i) il o)
(Pazoki and \aye dsjial)l jUaeY) slueg diguamnl)l clliall dlad (o i Bla 58y ¢ dmall cblal) (il
Loind Adiaall Ll dlse JIat (e Glde #O e daiyall salall 038 (g1 o Sar .Ghasemzadeh, 2020)
O Aune el sy DS (e g LIS LD A 585 e w5 o e Al ) Ayl salal) e
@ A LY lea] 82l (& aaln Lae clinySlly anyglSllg agaagaall ia ciligd (DUl ) daage clilial
(Adhikari and Khanal, 2015)4 2l

Ay} Adaie i B AASH A0 £OY) 305 17 Jaald)

Site Name TDS Site Name TDS Site Name TDS
MK1 465 MK12 906 MH1 85
MK2 973 MS1 144 MH2 92
MK3 375 MS2 183 MH3 123
MK4 578 MR1 474 MH4 156
MK5 897 MR2 192 MH5 89
MK6 1049 MR3 270 MA1 1030
MK7 1848 MR4 340 MA2 197
MK8 210 MR5 266 MA3 90
MK9 952 MR6 368 MA4 84
MK10 988 MR7 132 MAS 832
MK11 593 MR8 252

Min. 84
Max. 1848
Mean 476.03
2000 TDS
1500
X
£1000
'_
500
0

RSECIS @\L & Smpﬁg\s SEOMOSCRCN

Lyl Ak dui b Lygaal) Salal) (gina .8 JSE
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O3y lla (sdle alae
Lyl (3hlia i b gyl i S0 ps

Distribution of Arsenic concentrations in the Soil of the study areas

(parent rock) a¥1 jsiaa b g3l s s Js¥) cdaloe ARG o adiag sl b gy eaie auiss
oda e el Ll 06 clleey Ligaill danda Sl ((Menezes et al., 2020 ;Al-Jumaily, 2016)
Ak d) duada yually alall cilblaall sty Jiew i) Ll W o(Zhang and Wang, 2020)  saall
(Al-Jumaily et al., 2020)lanall alasind Gl Jhe Ll ) sball L)) Gyl oo pealiall L5l 255 e
Lot cmndl ) jsdiall pe Al 5iS) ClaeSs fy il yeaie o (g3 5 . (Karthikeyanl et al., 2021)
LlaaY) e (Ligacdlg dgunall) daiad) L5l LG ga 53U 23a il 05 385 ((Kanwar et al., 2020)
Gusadll Jalse e Sl ¢ Lael3l s2aadlly dpdal)l Gl aladicd DI o Ll b oS5 (AS) o LS il
hlie (e Auhall a8 3haliall o3a a3 2235 . (Alengebawy et al., 2021) sbally Alally (ssall DAL Aliadll
Lalal) s Al 03815 AlXSy 5y ) peaie S5 cVarag Slhte (8) daadl e+ AuiSug Laeliuag L))
Jua &y 131 . (EPA, 2017)Sua¥) di) dfles 2S5y (WHO, 2021)dsallal) dnis dakiing diliasenll
o AS S5 Alae 2iey (8.2 - 4.9 ppm) o b ey (6.27 ppm) dahall shalie i & (AS) S5
(Kabata- s Loeayall 4l 0 J8 ) aa9 Geochemical Background (Kabata-Pendias,2011)
Ll Lles Ay (WHO) allall daiall daliio Cous Loy zganaal) g2all i ais 43 ¥) Pendias, 2011)
(WHO, 2021) 45V

duahall dihaie i A Fai )l pais S5 Gliag Jana 18 Jgaall

sample no gl (As) ppm sample no sl (As) ppm

MK1 B 6.6 S MR3 Ll Jaly 6 elia
MK2 S aal 6.5 b MR4 Slall L8/ (=l 5.1 =)
MK3 Jleall z1€ 5.3 ela MR5 Lehyy sl o=l 6.9 ==h)
MK4 eliall Al iy 5.8 ol MR6 L)) pa)lf ab)l 55 <=5
MKS5 =lall ) daus 6.1 =lia MR7 Ll pa)lf o=l 5.8 <=b)
MK6 Jledll e 45,8 74 elia MR8 & 1S5 dujf Labyl 5.8 b5
MK? aall el 5.2 ol MA1 Cobas o] Zassal) 6.9 oelin
MK8 el ol 6.9 oo lio MA2 Coba o/ dassal) 7.9 oelin
MK9 Jlodtll aks 355 5.2 el MA3 S gasf Aasgn 4.9 "
MK10 EEPS 74 S MA4 Sl (o dasn 7.3 S
MK11 ERS SN 7 S MAS ) 2gadll daspn 7.1 S
MK12 el b 8.2 S MH1 e 5.8 b5
MS1 Lt palas o 55 b MH2 e 6.2 e
MS2 L anlas (o 5.7 b MH3 e 6.2 b5
MR1 arhaall B 5 S MH4 s=be 6.4 s=lia
MR2 ol allf =)l 6.6 ela MH5 (gbe 6.7 =)

Min. 4.9

Max. 8.2

Mean 6.27

Geochemical Background (Kabata-Pendias,2011) 6.83

World Health Organization (WHO) 20

US Environmental Protection Agency (U.S. EPA,2016) 10

(PPM8.2) Aoty yuaill (& e pige Jia ) (MK12) 453 3 AS iyl jeaiall 585 el &Ly
COladll 3ja ga B2l ela cuw (gha g (Kabata-Pendias, 2011) cus s paiall 385 (e o) 99
e up Gall ablee b el Mo (Priss et al., 1999) oS3 L xe i 138y adine JAly Gaas Al 4kl



Al Mk g8 < Akilae 8 il (e ddbide gl (A gyl peaie sginad SlaSsall sl

gty Loy cdiline Jalse o aainy o oS Aull 8 g3l 55 e Gall il (b edlld aag (AS S5
< Alxyl L(Vishwakarma et al., 2021) clblesY) jaias (e ddlally (3la) Cagylag (Al olgall
Gl gl fy3 daadl JIKEY) of Cus o(speciation) dslesl) Al<ah &) 8 fi)3l) juae il elld
Lii 35)d ddje dahie L Jiad S (MAG, MK10) #8lsall I .(Yang et al., 2022)4. 58 i dabas 4S)s
AaidY) b g Bl 238 Cun (gha g (oalsall NS L (PPM 7.4) M AS yeaie 35 duay 3 Jledd
Oo Aill labiall ) Jeay 38 Laydilg el 3558 3 spdmiall (3ad) clilee IS, aiill mguaill cililac g dadail)
«(Johnston et al., 2019) 53 L ae G 1385 Ao dakia & fudy ll yuaic 355 83l ) ool Lee Jadill 3555
o> corba ) (MAS — MAYG — MA2) gélsall & Lasaads dasgall Auf b i)l 5815 ¢ Wl e Sluad
71-73-7.9) I led a3l 585 ol sy 85K 5aanl) padid glan Jad 1 (A1 agaall (g ySsell
Zhou et al., o83 L ae i 1oy lanall ) Sial aladia¥) sa cuull 5 28y Sl Je Jgl) e (ppm
iy lasally 52aud 8 ,Siall laladia¥) b zaag) 3 (Al-Obeidi and Al-Jumaily, 2020 ; 2018)
7) @l saie 35 AL N K dinba Jiadl) (MKL0) adgad) Wil 8 AS 515 e i dlish
Gy ¢ gl Ae(ppm 6.9 — 6.1) caly 4y eliall s 4 Glais G2 (MAB — MAD) #dlsalls (ppm
(Al-Obeidi and Al- cjlaadl ailaas ¢ lualls gl s 5 bl Gy (e Aa3lll skl I 53L30 028
5 Sl ilaladna) DA e ull gl 8 Laga 190 Del) 3 V) el WS Jumaily, 2020;Jarup, 2003)
MAB, ) adlse 3 AS 385 3 laaly ooy 3ag G}l ) Aadl€e 8 aadis A lagd) QIS5 5200
e (ppm 6.7, 6.4,6.2,6.2, 6.9 and 6) leé As :SIall dad by M (MA4, MA3, MA2, MR5, MR3
Gl yeaial g srems e Auel)J AhiY) ol ag) 3 (Zhou et al., 2018) oS5 Lo ae it 1305 ¢ sl
& compbll G sl L liall iyl ol Jaill bl e daslll el e bl clslall (Kasg o AsS)
cobaally Ll ae Aileall Agall 038 Jo i B (Fi) ) ypaic lgd La Ll ) Libasl) alsal) (e degana Jla)
(Al-hamdany et al., 2023 ;Skrypnik et al., 2021) g, (gsaall jilsally Aal) A6 e fis lae

) Allaia g dlad B (Cpbal) cCuall cdadll) Aui paaal) sha¥) B il aiss

Distribution of Arsenic in Soil size fractions (sand, silt, clay) in samples of
the study area

daeluall oaliae g gl 4l Alalal) saally gl £)ai€ Laxs jolas (e OIS elgas dull b 5y
aaall ol JElls Al Sl o Fiay Cages uail) ALV lg 368sl) Bliial e DBl ) duel 3l Aladay) i
Iy Ll Jadias o8 (A Aaiig ((Al-Jumaily and Alhamdany, 2018)4 50l 4 AS (s5isa (b figy sl
O -(Almeida et al., 2020) SY1 clissall @ld Gbo )l LIk £5le i) e whes cudall e Jlall (ggimall
(mbond) cdnagal) b)) «g€S) bl dilaie i G g3l S5 Jame o (10-9) ISalls (9) Jsaall e
Jals (Silt) ool dbicall 2382 eha¥) 8 0S5 e Sl (9.23 ppm) &b (Clay) aell) ull) gal) &
Skl gl 8 AV IS F)3l) yeaie 35 of 3L, Mgl e (5.72ppm 5 5.83 ppm) il deis (Sand)
G133l LS caaall i Aol i) culS WIS (41, ) paadl jha Ga by Lojlly sl ehaldly 43l
(Almeida et al., &5 3),\gle 3l seainll paluaial 82k Jally dindll ialaly Syl Tadacd) 4alis
(250pMm) e ST (& A Sl aal) aasd) @ld luall e i gl el gl 585 ol 2020)
Al dalaie L5 A LS cplally cpall a5 (250UM) (e rea¥) Slusall 8 daan) X5 8)5em ala) &
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Al Mk g8 < Akilae 8 il (e ddbide gl (A gyl peaie sginad SlaSsall sl
[(sand, silt, clay) 4ual dsaaall sha¥) (8 fipsl) puais Si .9 Jgaall

Sample Clay Silt Sand Sample Clay Silt Sand
MK1 7 6 5 MR3 114 4.9 5.9
MK2 7 6 6 MR4 9.7 4.1 4.4
MK3 6 6 5 MR5 10.3 5.5 6.7
MK4 7 8 5 MR6 9.7 4.5 5.3
MK5 8 6 6 MR7 9.4 4.1 4.9
MK®6 9.6 6.9 6.6 MR8 10.5 4.5 5.2
MK7 18 9.2 9.2 MH1 9.9 5.4 5.9
MK38 114 5.9 5.9 MH2 10.6 5 4
MK9 9.7 6.3 6.3 MH3 10.1 5.1 4.3

MK10 9.6 4.4 4.9 MH4 8.5 5.8 5.4
MK11 7.8 5.9 5.7 MH5 9.2 6.2 5
MK12 16 7.2 6.2 MA1 7.2 6.2 6.9
MS1 9.3 5.1 4.9 MA2 7.5 7.3 6
MS2 8.8 5.3 5.5 MA3 6 6.2 5.5
MR1 8 4.4 4.5 MA4 5.7 6.3 5
MR2 10.3 5.1 6 MAS5 6.3 7.8 6
Min. 5.7 4.1 4

Max. 18 9.2 9.2

mean 9.234375 5.83125 5.725

Foalle g Al Alae s gon Al Bilala s B ey eale S5 O Al
Comparison of the concentration of Arsenic in the Soil of the study area
with local, regional and global studies

el o Sa (S caallally duadsYly ddaall bl e Gy dilaie &35 (A G S Alie e
daa o Al Al e dlaaa hlie (€58 dahall dikie 8 3geasall Chsieal culS 13 L aul b el
ol

S5 Jame Ol (i Apallally LaadliV Ny Ldadll lah)dll (any (A g3l eaie 3S15 (10) dsaadl co
cull 05 B 5 (Al-Hamdany et al., 2023) dxagall climd 8 03S5 e J8 OIS Al dahaie L5 & AS
(Al-Khatony, sl Sl &bl cre Jily i) dilaie b LgalSuily dudaiil) 4ililiag Laiill (galy il 5o lld b
S AS 55 O 38 all) seal) o WL cilial) 330 aflge G ) 3 Ly 138 Jeasall S8 2014)
Lagadlly ol & (Ghasemidehkordi et al., 2018) sl Al duhall 3 )sdie lee el duhyll dabic 4o
Ll Al jall dahaie SRS () Liag) 3 a0 ey ) 138 5 <(Allarifi et al., 2023) laya) Al

Wil 3 psdie Lae Bl 43 0 Aaadlall bl s g gyl peaie 35 Janal A3jlke chyal ey
GV Amgaall dayyg Digennl) Bold) e Laginay il duegy & DAY LW jlaeY) iy Y ae cpally
(Geochemical Background) & duallall pilaall ao aiijlie die Wl gyl 5085 Gleaiiy 53l 119 Caals
((10) Jsaall 3 LS jsiia Laa il @3l e (EPA, 2017) 5 (WHO, 2021)

JAgalley daanlbly dulas bl g i3l uaie S5 Adjlia 110 Jgand)

Century / City As (ppm) References
o Kirkuk 6.27 Current study
S Hawija 18.3 (Al-Hamdany et al., 2023)
Mosul 8.6 (Al-Khatony, 2014)
Iran 6.0286 (Ghasemidehkordi et al., 2018)
Turky 9.50 (Ozturk and Arici, 2021)
Saudi Arabia 3.78 (Alarifi et al., 2023)
Egypt 10.6 (Badawy et al., 2016)
Spain 11 (Diaz-de Alba et al., 2011)
. China 17.90 (Liu et al., 2020)
‘12 o Geochemical Background 6.83 (Kabata-Pendias and Pendias, 2011)
g U World Health Organgization 20 (WHO, 2021)
US Environmental Protection Agency 10 (EPA, 2017)
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O3 Al wlla gdle dlase

Auhal) (hlie i A dagililly i)l jualind) aa faiy3l) ABde
Relationship of Arsenic with Major and Minor Elements in the Soil of the
study areas

Correlation coefficient &ala ) Jalea —1

raic G AU (Correlation coefficient) dslill Llay¥) Jalas alagy (SPSS) galin aladia) o

L.O.1, MnO, P20s, TiO2, K20,Na;0, Ca0, MgO, Fez03, Al203, ) iy}l yualiall 21lS] xa 3l
17.92 %, 0.10 %, 0.17 %, 0.57 %, ) I Lest Wjls Jane &y ally duhall Ghlie Lp lie 5 (SIO2
ealiall 35 Jana cpng 4ig « sl e (1.45 %, 0.34 %, 20.35 %, 3.99 %, 5 %, 8.12 %, 41.54 %
0.36, 79,08, 0.53, 21.95, 112.58, )4« by 3@ (S, Cr, Cd, Co, Ni, Zn, Pb, Cu, Mo )Ji 4Ll
(11 Jsoall) aibiaSsndll agally clacall (ans oo Slad Nl e (ppm) (148.09, 45.78, 53.12, 2.47

ealiall G Aibasund) D) it B Lo gad Ailan) cilileal) ST (pe AN dal V) COlalas ey
(Maitre, il sl (pyaial Jilee Hian 39n GlSe] aoail aadies 3 clayey dlilly a0y Lsililly dust)l
alin ) Asal dogieall dulagY) Al yuing adgis ST (r) BalayY) Jeles OIS LS Lol cunis)) LalSa <2013)
g Apacal) B Ll ¢ jrmdll i) e 38 Lgald dulisg Logh A8l clS 3] iy ¢ pualiall o3 jrime

-(Manahan, 2017) dslas) aVa ! Gals polad) go6 e Jxd jaall (e (1) 4ad

Ailaia A5 (b Ailaastlly sl (alsily Apaaglyl) sualindl ualSY) g il e 815 ibaag Jana 11 Jgaad

LAl
Elements Min. Max. Mean
As (ppm) 4.9 8.2 6.28
SiO; (%) 37.89 45.76 41.54
Al,O; (%) 5.023 10.79 8.12
Fe203 (%) 3.83 8.22 5.00
MgO (%) 251 5.408 3.99
CaO (%) 13.8 31.11 20.35
Na20 (%) 0.042 1.87 0.34
K20 (%) 0.9917 1.868 1.45
TiO2 (%) 0.3022 0.6998 0.57
P205 (%) 0.111 0.3892 0.17
MnO (%) 0.08 0.191 0.10
L.O.1 (%) 10.64 25.2 17.92
MO (ppm) 0.44 7 2.47
Cu (ppm) 20.1 197.13 53.12
Pb (ppm) 6.67 527.15 45.78
Zn (ppm) 48.3 740.3 148.09
Ni (ppm) 774 144.7 112.58
Co (ppm) 12.8 67.5 21.95
Cd (ppm) 0.18 1.04 0.53
Cr (ppm) 65.9 104 79.08
S (ppm) 0.02 2.99 0.36
oM 0.79 5.231 2.46
pH 7.2 8.7 7.84
TDS 84 1848 476.03

Alganl) daal) il Aabyal) dilase & 43D Jalsy¥) Jalae s 05l e A (DN g L) ladind

&0 Lnge dagine A asiy gyl eaie L i (12 Joaall) p > 0.05 (s5iwe 2ie (0.463) o (R)
285 duyal) dalaia & Aopll 6N jalls )il Jali)) mamgn 138 ¢(0.431) cials daiy (MQO) agresinall 20l
b oSl G Lads Dga il 8 sale sagagall i yuglly 2ulSY) aali Ml (Chen et al., 2020) ae i
(adsorb) 3l5ue¥) e Lllall gafs dle dundacs dabicas o g .y @lld 6 Ly Al ALY jualial) 3<5a
&I (Adsorption) jlxeY) s .(Miretzky and Cirelli, 2010)gadacd e clislall (sOrb) abaia¥)
@Iy 3 1€ s Ll mand) ey ham s sl s Alad) 038 g cdalal) sald) prlacs cilig] ol lissall dals))



Ghall Mad S dlailae b il (o dahie plsil 8 ) umie (gl SlaSsnll il

o SV gl L dsd) (3158)) Galiaia¥ls 5l5eY) (e IS dady sl bl s (Sorption) el L
(Chenetal., waall nalS) e QN (ssinae o Gad) §ypems daay i3l Gl Bl ¢(ALL) f ddial) 5L
.2020)

dibde dalse s il Slie 3 (N@20) assaseall 1uSsly AS (o dsine Ao 35n ) gl gl
b Adie AilaSonn blens il o) dibida jolias aguagealls i) 3l L s Lay g 2l AblaSoins (3hats
lbisie A0 G (Sar Lain cilgn e danglgand) linsSall gl alaall Giams gty 1) Jadiyg o8 el Jsan Sl sl
B8 8 ()55 Legias AU Casnss (95 ) <(RajU, 2022) 40 dga (o psicall (e disna gl dugaty pgageall
e i 130y Loginn Lullis Ligina Waliny) ) lld (g0 38 A5l e )8 ST agmgaal) of s (B ASa) e
dibide sl dols ol (aliaial Clilaad o sasgeall auSsly i3l adady 8 a3l <3 31 ((Du et al., 2020) 553 L
Brel e aladial il e Dlad L(Zongliang et al., 2012) gy douSe Ale ) ok Lae Ll b
o eald of oS AV dnadl Abad) o i A sl A asasaal) Cligies e @l Slajlaa o duel)3)
.(Feitosa et al., 2021 ), ) <l ginss g Uil

Sy A5 (0.472) by ey (K20) asanelisgdl muSy) po dange dagine d8ay (AS) i3l yuaie Jadiy
Gl O IS o ornle IS Al linsSll (gins 98 Al s o i Aabaidl Ll of () el
Jie dpdal) dadid (5$ o) Ka WS (Anawar et al., 2003) Lagiss daginal) Al o 2oy Laa cpganlinlly
oabl dihie syl dueh3l claally sl dlasial ff Leliall clblead) o dael) 3l clajled) s
2S5 L e (3 1305 Aulyall dakaie (3 A ) pgaligally Gaty3l) e OIS dilial b ageds o ulially Aaagally
.(Khatun et al., 2022)

Aol alph (g Al puabinlly dpeusi ) sualinl) dsalSly iyl suaie (o ALl L) CBlalaa 112 J gl

SlOz Aleg Fe,03 MgO Ca0O Na,O K,O T|Oz P,0O5
As 0.308 0.116 -0.118 431" 0.154 -.454™ 4727 -0.035 -0.287
MnO MO Cu Pb Zn Ni Co Cd Cr
As 0.193 0.337 -0.161 -0.244 -0.211 0.317 474" 0.325 0.117
S oM pH TDS **_Correlation is significant at the 0.01 level (2-tailed).
As -0.156 -0.185 0.014 0.105 *. Correlation is significant at the 0.05 level (2-tailed).
As-K20 As-MgO
° L
2
R?=0.973
1.5 4 e*
R?=0.2231 . L] .
1 s’ ot
2
0.5
0 0
0 2 4 6 8 10 0 2 4 6 3 10
, As-Na20 %0 As-Co
e .
L5 R?=0.2063 . 60 =
! Ce :
0.5 e 40 R?=0.2251
.
0 . h«: 20 . .
05 O 2 4 6 8 10 L
0
0 2 4 6 8 10

A (ALY jualially Dpaa ) pealind) dpulls) (ans pea gy s Aidis .11 Jei
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sy e (sdle Al
Andall Gl e aladiad ol dueliall clleadl g ol Jie duydall ada dam oa A Cuw o5
odlly lilgaadly llall dinens aligSllg w3 Caya
Factor analysis Aalad) Julaill —2

Baseie daddall lilll S aass o cdgdadl b el elele Lot ally ¢ alad) (idanll dadyl) Calaad)
.(Santos et al., 2019)Jalsall (e (Kae d2e Jil el paial saaeie L) de gana & ol iy clyial
G5 o) g eelld gpn 8 nglguall clasll oSl cililee” 4ndy (53" dalal pllaian Gadil) slale padin
LSl (e paall e (ggint AiliaSom ilily degana b "FanluY) Cilaslaall (iajal Gl Galia lalall (sl
Cilily JSba o giall il (<5 eae Jalgal) ilat aey cadlsll 6 .(Reimann et al., 2002) lebiss & )
&bl ol e S5 ) ALl ) Glass) Jlaa) e agy lelad) didatl) ks o ¢ Ml L AS ke
.(Sadat Nickayin et al., 2023) duaglsandl ¢Luasl)

Ll clie (B Aikelly A5L5all alsald) (ansg ALl Ayl pualiall ae i)l paie g Ciay )
desand KU cplall s (30 %69.786 (fia ilis€a aed alatialy o alall bl alasily Al Ayl
dalally ¢ alall Jidaill Jlea) 0 %29.083 Jg¥) daladl et 3 (13 Jsaall) AdluaSoal) cliball
Ia A Jalad) Loty (AS g3l il (il dpand el (535 laladl Jibatll sl e %15.735 sl
e %(6.377 ¢ 6.886) N day Gualally bl cplelall o pm 8 ¢ alal) bl lea) (50 %11.704
Ay S Jelall 8 3 peaial Lelell Qs e Alall eda 8 S L lelall sl sl e st
Al ) g sanse

aalpl) Aldaie i (b AaS Gl poa (lalad) Jolal) Jalgall bl qauad 113 Jgand)

F1 F2 F3 F4 F5
Eigenvalue 6.980 3.776 2.809 1.653 1.531
Variability (%) 29.083 15.735 11.704 6.886 6.377
Cumulative % 29.083 44.817 56.522 63.408 69.786
Js¥) Jalal)

Jelsall C e dale o) aass (14) Jsaall Laa¥ JSI el (e (%29.083) s sty Js¥) Jalal
Al (o B pgalipl) 2S5l ¢pgraiial) 25 capial¥] 23Sl (ISl yealiall Lnga Saant zeass 31 (gAY
posmiially asial¥l Al Al CligSe pal o e A ple S5 aall GluaSsuey wulS) alas )
eligll ¢ pabiayl) Culaill cagpanlgall jualiall Linge St Jalall 138 glass . (Emeh et al., 2019)as5usbisalls
o3 yilias (gim 38 ((12) JSal (14 Jsanll) 28 ~OLeY) ¢ senas cdasamall 53lally o gaallSH 200Ssly ¢ 500alSH
(Khatun 3 L we (38 1385 doe il cliladly Zabailly Zul) 3l Ahay) e slisd) yds el ) jealial

etal., 2022)
cAapl) Aadaia Ay b Guwadd) Jalsal) i Jaaad 114 Jgandl
Element F1 F2 F3 F4 F5
As 0.093 -0.733 0.062 -0.151 -0.024
Mo -0.636 -0.568 -0.280 -0.033 -0.201
Cu -0.751 0.145 0.402 0.069 -0.105
Pb -0.728 0.325 0.159 -0.443 -0.058
Zn -0.656 0.304 0.164 0.076 0.025

Ni 0.619 -0.361 0.359 -0.012 -0.250
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Co 0.025 -0.560 0.026 -0.158 -0.581
Cd -0.716 -0.494 -0.127 0.048 -0.133
Cr -0.142 0.001 0.640 -0.287 -0.418
S -0.439 0.265 -0.113 -0.678 0.087

Si0, -0.085 -0.453 0.347 0.066 0.587

Al,03 0.762 0.014 0.239 0.004 0.177

Fe,0s -0.523 -0.041 0.565 0.466 -0.035

MgO 0.676 -0.421 0.285 -0.223 -0.131

Ca0 -0.723 -0.301 -0.389 -0.138 0.109

Na,O 0.418 0.684 -0.319 0.250 -0.068
K,0 0.616 -0.440 0.015 -0.123 0.330

TiO, 0.473 0.097 0.589 0.176 0.040

P,Os -0.718 0.257 0.423 0.104 0.074

MnO -0.321 -0.189 0.357 0.376 -0.183
LOI 0.528 0.640 -0.039 -0.003 -0.487
oM -0.443 0.405 0.118 -0.070 0.125
pH -0.046 0.075 0.631 -0.364 0.247

TDS -0.465 -0.336 -0.219 0.402 -0.022

(chaladl Julad) Jalgal) Juant o zilail abiga i 115 Jgaad
Observation F1l F2 F3 F4 F5
MK1 0.183 0.395 -0.167 -1.300 0.761
MK2 1.203 -1.156 1.188 0.471 1.190
MK3 -2.482 1.580 -0.380 -3.485 -0.013
MK4 -2.640 0.744 0.426 1.365 0.816
MKS5 -2.562 0.695 2.556 1.087 -0.939
MK6 0.178 -1.711 0.283 1.005 -1.130
MK7 -1.367 -0.027 0.118 1.864 0.099
MK8 0.311 -0.769 0.038 0.274 1.184
MK9 -1.048 -0.425 -2.084 0.095 -0.330
MK10 -0.710 -2.196 -1.273 0.570 0.904
MK11 -0.337 -0.925 -1.239 -0.453 1.339
MK12 -0.274 -1.640 -0.879 0.079 1.645
MS1 0.397 1.232 -0.584 0.433 0.223
MS2 0.578 1.324 -0.354 0.157 -1.540
MR1 0.519 1.633 -1.277 0.669 -0.058
MR2 0.717 0.582 0.036 0.452 -0.501
MR3 0.856 1.074 -0.332 -0.141 -0.709
MR4 0.874 1.978 -1.747 0.275 -1.048
MR5 0.889 0.642 0.218 -0.480 -1.052
MR6 0.522 1.073 0.187 0.769 0.728
MR7 1.261 -0.606 1.166 1.238 2.282
MR8 0.520 0.827 0.205 0.583 0.365
MA1 -0.186 -0.476 -1.292 -0.064 -0.627
MA2 -0.221 -0.656 -0.223 -0.697 -1.419
MA3 0.418 -0.690 0.254 0.100 -0.495
MA4 0.584 -1.646 1.184 -0.732 -1.499
MA5 -0.190 -0.730 -0.495 -0.530 -2.719
MH1 -0.285 0.510 -0.044 -0.766 -0.237
MH2 0.193 0.349 0.264 -1.030 -0.129
MH3 0.869 -0.498 1.352 0.177 1.112
MH4 0.939 -0.574 2.874 -0.134 1.371
MH5 0.292 0.085 0.021 -1.852 0.427

g,.'\li'd\ Jalad)

Jolall 138 gy edale led 36 sy clysiall (S il g s (g (%15.735) Zausi Jolall 138 ey

200lS) s 1 (o 35 1y i3l pemind Tl Ssaniy cBpml) lashin s sl 20uSly yualinll g Slaan

e AS uainy Blial¥) e dasi Ally Ly L) il lisSe aal (1o 203 Allg ale JSG daald) ClawaSy)ang

(Emeh sl 2l o il (g o sty Bysum daahy g3l 6 Sl (sOrption) DleY) ciblee (30

ol sV oyl Gl s Lyl laall e asaagaall juaic dae oyl Plal 05< 284 cet al., 2019)
-(Onishi and Sandell, 1955) lLgin Pl Gianid agargeall as
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Variables (axes F1 and F2: 44.82 %)
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