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1-Introduction

Contrary to the growing awareness of people and countries regarding the importance of natural
environments, especially wetlands, the accurate understanding of these vital and diverse habitats'
importance, function, and sensitivity is still very low. Wetlands can be considered among life-giving
systems that have absolutely no alternative. As fertile, rich, and unique ecosystems, wetlands can be
decisive in socio-economic strategic plans. Human activities can change the geochemical cycle of heavy
metals and thus cause environmental pollution. The creation of oil facilities, the drilling of oil wells, the
development plan of the Azadegan oil field, and the recent fires are among the environmental hazards
plaguing HurolAzim. Excessive entry of pollutants, especially heavy metals, into the study area and
considering the property of bioaccumulation of heavy metals in the tissues of living organisms, especially
aquatic animals, and the ability to biomagnify and accumulate in bed sediments, the risk of pollution of
these metals is very high. This study studied the pollution of arsenic, lead, zinc, nickel, vanadium, and

chromium metals. The creation of oil facilities, the drilling of oil wells, the development plan of the
Azadegan oil field, and the recent fires are among the environmental hazards plaguing HurolAzim.

2-Material and methods

HurolAzim, or the extensive Hoveizeh wetland, is located in the west of Khuzestan at the end of the
Karkheh River between the two countries of Iran and Iraq at the geographical position of 47 degrees and
30 minutes of east longitude and 31 degrees and 50 minutes of north latitude. This wetland, with an area
between 550 and 700 thousand hectares, is one of the rare wetlands In the country. The formations around
it consist of three: Aghajari, Mishan, and Gachsaran. The samples were taken from around the oil rigs and
had an approximate 5-10 meters radius. For this purpose, 16 samples were taken from 8 stations (2 samples
per station), with a depth of approximately 30-40 cm, and in a wholly flooded environment. As shown in
Figure 1, sampling was done from the southeastern part of the wetland.

In this study, pollution load indices (PLI), pollution index (CF), and modified pollution degree index
(mCd) were used to investigate the level of heavy metal pollution. In this research, SPSS23 software was
used to analyze the statistical data. The Kolomogrov-Smirnov test was used to determine the normality of
the data. The correlation coefficient is one of the most popular quantitative methods of data analysis (Chen
and Popovich, 2002). The correlation of metals with each other and with PH, EC, and granulation
parameters was determined in the stations. Cluster analysis is a widely used method in hydrogeochemical
analysis and environmental research. In this method, a quantitative scale should be selected based on the
similarity between the observations before analysis. These indicators (quantitative scale, distance,
similarity) are selected according to the cluster formation algorithm, spatial nature, existing variables, and
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measurement scale, and as a result of this operation, a tree diagram is drawn. In this diagram, similar
observations are often connected with certain intervals. The smaller the distance, the greater the similarity
between two connected clusters; the farther the distance, the less similar. (Guler et al., 2002).

Fig.1. location of sampling station

3-Results and discussions

pH and EC indices, which are among the physicochemical properties of soil and are effective in stabilizing
and releasing heavy metals into the environment, are measured by standard methods and are listed in Table
3. In all stations, the pH is slightly alkaline (pH=7.2-8). The highest and lowest pH values correspond to
stations St10 and St1, respectively, and the average pH equals 7.84. The highest and lowest values of EC
correspond to stations St7 and St3, respectively, and the average EC is equal to 696.9 (ms/cm). Areas
affected by Ca, Mg, Cl, sulfate ions (SO4), or other salts have high EC. In other words, the presence of
these ions in the soil pores increases the salinity or EC of the soil (Seifi et al., 2010). The highest
concentration of As (35.7 ppm) was observed in station St3. The highest concentration of Pb (64ppm) is
related to station St7. The highest concentration of Zn (141 ppm) was observed in station St7. The highest
concentration of Ni (75.59 ppm) corresponds to station St4. The highest concentration of V (172 ppm) was
observed at the St4 station. The highest concentration of Cr (132.6 ppm) was observed in the St2 station.
PH and EC values are in (ms/cm), and heavy metal concentration is in (ppm) in the studied area. A cluster
analysis dendrogram was drawn, once for metals (figure 2) and once for stations (figure 3), using Minitab
16 software based on the distance matrix and Wards method. According to the dendrogram of Figure 2, the
metals were divided into two clusters. Vanadium and Nickel metals are in one cluster, and Zinc, Lead,
chromium, and Arsenic metals are in another cluster. The placement of vanadium and nickel metals in
clusters close to each other is consistent with the Pearson correlation coefficient analysis.
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Fig. 2. Dendrogram of cluster analysis of studied heavy metals
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Fig. 3. Dendrogram of cluster analysis of studied stations

4- Conclusion

Based on the average pollution factor (CF), arsenic metals have low pollution intensity, and lead, zinc,
nickel, vanadium, and chromium have medium pollution intensity. Based on the modified pollution degree
Index (mCd), stations St1, St2, St5, St6, St7, and St8 are unpolluted to slightly polluted, and stations St3
and St4 have low pollution. According to the pollution load index (PL1I), stations St1, St5, and St6 have low
concentrations of metals or no pollution, and stations St2, St3, St4, St7, and St8 are polluted. Considering
that sampling was done from the distances close to the oil rigs and their related excavations, part or all of
the pollution in the samples can probably be attributed to oil pollution. A positive correlation exists between
nickel, vanadium, lead, and zinc metals. A high correlation between metals may indicate a similar
contamination level and source for these metals. Based on the cluster analysis performed for the studied
metals, it was observed that the two metals, nickel, and vanadium, were placed In one cluster, and the
arsenic, lead, zinc, and chromium were placed in another branch. The placement of vanadium and nickel
metals in a cluster and at a close distance to each other is entirely consistent with the results of Pearson's
correlation coefficient analysis. Also, based on the cluster analysis performed for the studied stations, it
was observed that the stations (St3, St4, and St7) were In one cluster, and the stations (St1, St2, St5, St6,
and St8) were in another cluster. This division may be based on the Intensity of pollution in the stations if

the values of the combined pollution indices (CPI), the pollution load index (PLI), and the modified
pollution degree index (mCd) that were used to determine the pollution In the eight stations showed high
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levels of pollution in stations (St3, St4 and St7) and lower levels of pollution In stations (St1, St2, St5, St6
and St8); Therefore, it can be said with high confidence that the results of the pollution indices calculated
for the eight stations are consistent with the results of the cluster analysis.

5-References

Chen, P.Y., Popovich, P.M., 2002. Correlation: Parametric and nonparametric measures (No. 139). Sage
Publications 104 P. https://doi.org/10.4135/9781412983808.

Gduler, C., Thyne, G.D., Mccray, J.E. Turner, A.K., 2002. Evaluation of graphical and multivariate statistical
methods for classification of water chemistry data. Hydrogeology Journal 10, 455-474.
http://dx.doi.org/10.1007/s10040-002-0196-6

Seifi, M., Alimardani, R., Sharifi, A., Akram, A., 2010. Using apparent soil electrical conductivity to
improve agricultural Yield in Iran. Research Journal of Applied Sciences, Engineering and Technology
2(5), 499 - 503. https://doi.org/D=20407467-201008-201009130010-201009130010-499-503.

i HOW TO CITE THIS ARTICLE: i
+ Hashemizad, S.A., Charchi, A., Hoseini, F., 2025. The distribution pattern of heavy metals in the sediments !
i of HurolAzim lagoon located in the west of Khuzestan. Adv. Appl. Geol. 14(4), 955-975. i

DOI: 10.22055/aag.2024.45643.2424
URL.: https://aag.scu.ac.ir/article_19163.html

________________________________________________________________________________________________

©2025 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as
long as the original authors and source are cited. No permission is required from the authors or the
publishers

958 ISSN: 2717-0764


https://doi.org/10.4135/9781412983808
http://dx.doi.org/10.1007/s10040-002-0196-6

w

¥ O)Lo.aja AF 0,92 ALY ul.».u.uﬁ) AJ)M L.S‘JJ'.')lS stl.....u u...a) J"ﬂfo’!/#;ag}i
L

Oliwjgd e yo &3lg pubinllyer CUL (B, i Sligwy 3o uiouw Slpld paSy (5o

Tosly ooty e v
2] Glezr A oS amo G j ol G Ayl eoliid) U5 i g0 il
= ol
Ol jlaal ol razag s L2l nj posle oSl
(> dob B

s8] lpaz dgs ol (ioSa7g et )] (paliis )5 S g0 il
*ali.hashemi2011@gmail.com
VEX/ XY iy g b VET/1+/19 el o g, b

ot B Lol 00l ez gl 50 605 Lo LS sl o ol ogas 4 laps: o & (S DI o35 4 LooaUT 55
Sl a0 e 5 (585 gl 050 edlad S| (SB35 g 20Uy (S 59 s St 1ol (eSis DIl (xlas g Jas Sy
SLbl s te Vo0 (85 glad )3 (£g0d ¥ o] 2) ol A 5l iges 17 slaas (linwjon il )3 pelaall o0 QUG (3,0 (250 )0 Ll
ol i anils py UL 8, 0o g — et olazal ;o 5 8,2 LelS Lo 3o o yte s ¥o Yo oy loel b g i sla IS5
il oo dawgie (SO Syl 09,5 5 psa0bly (JSd 59y wm o DIl 5 o5 (Sl (lyls ST 518 (CF) (Sogll 5256 (a3l (1 Siks
5 St7 St4 St3 St2 laoliuyl 5 Sosll asls | s ol o5 clale gl s Sty SBSL cloolSinn! (PLIY SogT b sasls Lolul
oS b Sl 90 (MCA) azily ol _Sagll axys asls bl St8 5 St7 St6 St5 St2 Stl claolSiny! anil o 0341 St8
29,5 eolaul laosls (o )bl Juloigay s20 ca> SPSS23 Jl8ls 5 5l (idgh ool jo.0iib oo o5 Sl slls StA 4 St3 slaolSins! § 004l
SS9l s (goaimo i Cel (o 38 (e Ul (Ko 0,00 0929 (59, 5 o p20Ul5 (S5 D3y (UL 9 S (Snron oS
rolSiny] 45 0335 oulice caallans 50 gloolSiny] (g o plowl (gladsss 3BT ol 5 Cyizmas il Sl3l5 ol gl aline Soo)l a5
bl el (Sos (s (] .03 S 3 S0 adgs 0 (ST8 5 St S5 St2 Stl) sleolKiv! § aig> s o (SU7 4 St4 St3)
S 5ol polie o (SU7 § St4 St3) slaclKiws! jo 1, Fogll UL polis amiliz il a3 3 & g0 olKinl jo (Sogl Sas o)lje
A5 43,5 Aoy, w6yt olaj g gaio g (5 ool 0g,9 4 axg5 L saisls Las (S8 4 St6 St5 St2 Stl) sleolKiws! jo |,
Lice atlys (oo ;5500 0l5e uelanllygn UL, (b sl Colled fizman 5 (ead Siz oo )Lt i g adlse QB Of (el gt
g azb 8 L5 s UG ol slaonsyUT

MCA) owss Aol  Sog/] ax,0 jazls (PLI) S04 b jasls ( nKiw Olils qolinll g0 SUL o Sos/] i guads sloo s

Sl ot (o) G437 Wlg oo phe slaclled dodilo -
bl (et ) (Sogll 4zt )0 g 0ols i | S Coodl 4 G boygdS 5 poe BT wl, GUs
slo 5l ol cuan g ailBog, (K OlHls ax 51 0s amed! 5l oa3ly S50 5 ol ofgh b slalaxe
o] mlie ptee 5 (S 0565 o0 Dol ()l b S g5 5 Sl ool ! Comlus 5 3,518
et jo ol apdal 3525 pac . Conl (5 00 Sl 59 slaplls alexjl Glgee |y Lol @bly,s .ol Gub
Sl 318 polie sl glio Laie (53,5l (slaclly, a3 oUB. s 3Rl lillas o 3,57 Clesay ioucl>
slalae 4 oI5l (351 04,4 (Aprile and Bouvy, 2008) 3lg3 o 8,8 pamis g b cubols olapiuswsST lgie
o gl pes 4 e a5 sl olyen diloy, SIS L oS ypns i celair b golaidl (o punl, slaasly o
sy «onlply «Farkas et al., 2007) ssis so Slga, il anals

04


mailto:ali.hashemi2011@gmail.com

¥ O)Lo.aja AF 0,92 ALY ul.».u.uﬁ)

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

b s X olils S ebay (et al, 2015
pimawsS] 5o oyl b clale g aiiws o slalose
Ntakirutimana et ) ol piwwsST WJlo slacalas alas
sladble b K olyls a5 oKin (Jlcpl b @l 2013
e sy 5 2l wile Gbnl laptacusSt o ob;
4 bles 033 9 oS isST sla g Jods 4 wigdios
oz UL glecdale asxcs o il g ‘:"Lo.j)}..)
3 Oldl Saogone Sl Sl (Son pinsST o S15S
Slr o SQ plgreds Dhga) Bi9d A gloo puni; 85k
S S ety smarb sl STy Juls 4 e 3L
8 eslialsjge ol pragsSt sells (Gl ln e
@l Lo 0 (S lild A0 gyl Dlga, 85,5
Olgieds Slga, wizen (Camargo et al., 2015) siwn
Sl (Soe a5 digh oo 4385 L3 50 DS gl pie S
bl Joily w5558 PH asle oo St a5
oy 1 DB Gl esgican; JT s Gans sy
(Souza et al., 2015) awsls )5

il Glgieds aiil aiils 0gzg 4S5 xS UL
b ol gaiar s DUy, Ciz o dajlaleisr )0 ol
2l g @die Slge Slhgw) cS Sl 5 WS o Joe
slacls Johnston, 1991) uusS o s | oo Ul
oloul gl (S Jedly bl (o35 50 9 Ul jo gludl
2900 gl Cendy o5 g ol o Slee o JUs
ool 05d oo 4l UL atunnssST Sloss 5l ames
S atee o] GLbI salsx Ciline 6l et e
o I 1y sl oobasdl g celoizl «(S39)sST (slod Slos
(Mafabi et al., 1998)...:L

el il g Glshd cosal s @ eelaslljee UG
S5 A el 485 )18 s 3590 0,90 ¢ larmetins s
250 S jgm i e leis ] ol ol alisie o ymiie Slge
Olpl ade Glhe Jhood Kz 0 Sloond Slge 5l oolaiul 4
S3u9LS dwgi pol> Jlo )3 0903 5)l5 550 4 (o Sloso
@losd $laogS g pge Sras b lrlay a5 QUL SLLI o
bl ool 03938l Ul SUSae il oo ol
Ohse dxog b (G slaoly (sl 5 (185 Slaals
bl alazjl ual Glagjsmtsl 5 (Bl s
RCCIPUIAIPNE ST JE ST RN

ag-

sl CobeS Dbl ln st G35 g, o I3
Oygods Sbgw, 5o ol (Yu et al., 2011) el
5 oome 5 T layle b bl o ciliee sloowds ISl
Wlosdarjeh wlidime) 9 @l b 4wt
lils sezs (Morillo et al., 2004, Farkas et al., 2007)
EH PH Jolss a5 Lame Jolse 51 golass bawgs Sliges, 5o
oy (JT Gbwlld cllk 5 ge (Sl 539y
&% 5% 55 by e )0 e Colis 5 (g 0
e9y5 b (Davies et al., 1991) 545 o J S ails g0l
S8 093 g (Game sla)l5 50 Zd iy 5950l B g e 8
SI518 51 oo g sslatnl 4y oo DI3E 5 F5e adgi os3l
Sgd 03 ess (Callender, 2003) coul ool (Ko
VA e Jlo 5o wond glseil e B8 S 207 5 i a5
(Oorts and Alloway, 2013) ail saiscsd g zlsl
el VoV 9 VAVY ladle o IS 5 55, o5
GYAYe Jlo 5l pg,5 odgs (Alloway, 2013) ol sus
Gl odg 5 canl adl ol gaclal &ygeas Yoo
Voo 5l G 41800 Jlo o sho L i | pinSs Sl
Dvoracek et al., ) cool asb jzol38 Yo ¥ Jlo yo o5
393 Cyyde (SN 4 pdo AT s e lis seled ol (2017
Wl el 03,5 AT S SIS 4 loalp &)jp0a
oy (nXw DI85l dade o el 4y 5 00 S ool
Callender,) coul b b lae jo 0lge ool Lal oyl
olls lenl o glasl ote gloeld e bl (2003
polie el oad aiie g Lo (S e 4 S0
Jieglyiedr) samionll] oS )0 ClaS ol aiw;
508 sla i o 4 (Boerngen and Shacklette, 1984
alls UL zokw (Alfaro et al, 2015 Jloolgicas)
cilis slacgllad 5 las,l5 b b e sbS 0 (S
Ailos )57 35158 1y (65,0laS 5 osl> U oo Lo 5l Sl
Nriagu and Pacyan 1988; Oorts and Alloway, )
(2013
Oleas 1) gl «lga, 59) » e OIS go
2550 sbeanlT 5 ol sl wles Ly sla,Silis
GoaiiS 0533 g ol plgie 4 bap] 1) wojluee hled
Ele (pSHn WS oo Joe Gl lazme )5 eoasUl

Pereira) coul o 5 6, ollols ads olpls ol Sl



¥ O)Lo.aja AF 0,92 ALY ul.».u.uﬁ)

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

SSlas g JBlas Bl ogd o i wlle sl Sw)L
G SSTas g s VIV Jolee Jlo calises Jguad jo ol mlan
Sl 00 Lsrfo)‘d.:‘ J..uo A Sgd> U‘J”‘ Bl u]

o Jsb yo b b o] jo wins oo olid olellbl
O PUluasgy o Ol e cnl iy (258 L Res s Leay
oL Gk 5l a5 ol Glie 5 Sk o285 k50
g, 9,5 o0 ad5> 05 3)ly 09,5 sy, 5l (bl
sl O e L POV Jolro lawgie jebas Juol> ol mlaw
Y Jolee ddlaio cpl jo alle ol o Slusd o o 0y
sl ls ;o alog, pal )0 s el oo a5 ol
. (Behrouzi Rad, 2008) el calise
adlio wll oy —F-)-Y
SOV s 5 0yl S8 o ST5 (8l cdo yo elaallyse
aS Sl oals J‘iwa o) 9 &-A.L.AM aole é“djbﬁ) s_JLayu)
pald Dlogzge olfiny; o ol L (ol cslie Jaie
o Q] Syl 5o S alzo b LUy (Lad sla Sl
leailBog, Glgw, (b Si5w Gleieas QUL cpl a5l
b s S led ]S 0 g 00,5 o |y cansllly
2593 5 Sl pl33 sgzg omizran ol 3o Ol >
Behroozirad, ) <ol o593l o] (solatdl cowal 4 UG
(2008

adlaio ;0 SalUL g eulaallygo adlaio o S8,9,8 34>
ol & wmsoe Glas yee Jlet (g o @Bl Elaine
3 50 4l .l Soeiss slacdls 5l st adkie
35l L8 oSl JW 0093 inr WS g il
2 e g Wb sladlily Cunl Bgyae a5 (555blen
u;>‘5" JRTLEY PE ] oW cabé) i eS ool i f‘y
42,0 00 390> (555 b sl Jo (nl (28 Jled algS
odimaliiged alyly cwloslog, eSS iy, wbde L
bl g QUL Jloss >y jalone ddlaie  SieiSs codlad
(Fooladvand, 2011) sl e

)

b 4 S ShlE pgasay deoanll axjl ey 995
Ol g pdy bl Gy Cold a4z i L g adlllaes e
ol 5 bl logase o) Slsg>ge sl ;s S
Se ey Slsw, o el 58y ) bS5
il go Ul Loy 1518 ol (SaUT
g g olge =¥
B (FasSTyy g addi tanillas 3 yg0 adlaio —)-Y
pebially 90 QUL (LSl 2o Cundgo —V-)-F

@ olnl )0 wnee b b Sjglme cde @ QUG Gl
UG cnl el onds Bgyae pelaell o ar Glie ;0 5000001550
S bl Jlod gaibin S Sag Llyd 4 ez b
5 ojlasdlsn UL b olyan il o sty 6l iyme; sl
Sl 334 oo sacgoze (3e) aluon j5u5
Loz UG GlLl g acsls s .ailos sl Ss2g 4 1, o i
GioliS w40 Culled yoglle aS 05 )lo 592 g Liwg, VYT
W3loge 56 ol g QR aee 5 5 4 (g laals
O Som 5l o onatlyee sladhane b )b L
Sa ey 08 e g 425 Sl ailhog; 9 slao]
G 0 opgr S, olb L eedasllygacnl ouds LSS
e 9 oIl H9aS 99 o 455 (ailBog) Sl o Gl
5 b Job GaiB Ve g a0 TV bl i Cundse o
ol oaddly (Jlods (pye (GaBBS O g a0 T
UL cbuno —Y-1-Y
Slacllb 5l iSa Jlia Ve o B OB (p Sy b QUG (ol
@ Sep QB Gl Sy U5 51 aslioe j5aS plaieS
2818 Rl S o ol pgwcSt 5 Glie S 50 o pgmgs
Sl 6999 Olie @b 92 Colas gaills Slilugi LS j5bay
sy g0 095 Sz 4yl b )0 ()] Carasg g 0351 e
sladlo b o (g g Jlo Gl Joad j3 QU Sy
S Slelbl ol i oleg s alise
YO 5 Job yeskS A0 )l meladdlysn Ll jso5l o
(Behrouzi Rad, 2008) u.il oo (2, yesksS
oedindly 8 OUL O ol @olio —¥—1-¥
Gy o azs albog) salwsa QUL pl 08 S
5 45,5 aileog, 5l O (b (i 5 Gle S 0 oles



%

¥ O)Lo.a.':: AF 0,92 ALY ul—A-A-M)

PN W K 5
Wiy 635 (ol (e Sl Eart s

766000 769000

wove svoe egoe nove
1 1 1 1

113 oW

- R

T
s

T
W OTE spove

o]

hroone]

oo

1 !

Sampling Station @

o 125 25 5 7.5 10

Foroon

T T
763000 766000 769000

T
772000

Fig. 1. Area of study (The north to south extension of the eastern part of the wetland)

(UL (B,s (idw g 4 Jled slaal) dalllas 850 ddlaie -V o

190000 200000 210000 220000 230000 240000 250000 260000
L 1 r r 1 r s r
@3
@1
E1 | o
I Y
83
L]
River
wrinkle
g- Fracture and fault -§
N Bostan Plain
P Hamidieh Plain
Sandy hills
Horol Azim
S - . om @  Sampling station
T T T T T T T T
190000 200000 210000 220000 230000 240000 250000 260000

Fig. 2. Geological map of the studied area

ary



¥ O)Lo.aja AF 0,92 ALY ul.».u.uﬁ)

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

FoS DA b e oy (red dde> 5 Jy b saloll
oy pedasdlise a il (o 0, BUL olge ol Lol WS>
.(Behrouzi Rad, 2008) .5

Laiges g3lweskel g 5,9l xom —Y-Y

(WYAA ologd) (5,10 g digos —-V-Y-Y

5 oebialign SUB ol Lalyh & ar b sy ol 5o
locollad (nl 150 adlllas gl g (&5 Sloojgn slacudled
i b g oo slaJSs Slbl 5l leaiges ol Sonll »
V2 olaws IS ol (gl el oals culs (g5 Vo0 &S
Ve B Blesl b g (6503 Y oLl 52) oLl A 5l gl
Byt 4l 26,8 WelS Lasms ;5 g (5 yte 5l ¥
30,5 pll VWWAANY /29 &b j0 (g4lo 5

Laiges g 3lwedlel-Y-Y-¥

3 om g ool aldlo (6,10 diged Vool 4 oS! o
ol byl (oo Ul Ao on bdiged Cils
Srdiges s X00,5 Sialoa g ool Jlan! oKisles]
Lug g 000,F bglxe il oalds az5lS § Sis a5 (5,1,
FSzsS OIS and Glp Nn S jo5 5 oS ez sl
3o bdiged b colaiwl e YV S5l 9,500 Y )
4 bl ln gaad el I3 oS oy slasiiull
Sl (i Gl gy 4 b diges it Jlo )l olRasles
Oliebl alols ;o (g uSojlusl cnlad pae o5 5JGT o3
ol 00l dle K=2 4 0

]y 30 Lgw) -0-\-Y
Jom a5 Glle a5 5l g (5 selie 3 290> 4L
ailale g2j95 (o) Moo JUEI Cawoimly bl 4
q JS)‘ASwl QT)‘Q;L")‘J‘QJ" oml)o UBM)J)ALO.A
G b do,n FY sl olge saills lavwgio o guleo
9 Sedgmd)l g (09598 sloole 4y g pe 30,0 FY g (039,8
S, L U sl sanlods 4y bgy o a0 A 0,200
ol JS 5l as o Ve L Jlo 550 ol 4 g 5 o]
5l 0990 slo Lol D2 oo JSis 1) del> olge 59 gaslle
S e Lulpd o (pgasa oS col SUgS sbeS ogm)
DXige oo £ 4 (liwje> b (aigy 40 g 4ilE0g) pens
1S5 ol o] jo willes sl dlge lawgio o3 4S5, 5bas
e bl ol jo 5 ede A il JBae jo Sy
O Ogedee BN O aoiex oK) ;0 9 5 koo Vb L
sail3ag, dods cudlad o8] ol (sl .ol oo 5l 5
aS wad oo olid cube JB 0 e Giuleyd ol as S
il albog; slagn 0 ol Gy eeoile 51 26
hee Gl Aoy, cond (Lol b g Hlade (IS jsboay
Sy90 30 Ll (S o Bo Cumdg (] G 45,5 3590 40 4
2 Sepba w0 pSep Condy ool s Gla b
axly yo cdale e b b g S el oKl Jolios
ol 2l 85 Wlige I Rl 90 Loy bamgie jobas 00
53 Bbos abold (nl )0 (Sle Gad9> S nd b B Wge

adllaes ) ge soolKiny] Ll Slaise -V Jgux
Table 1. Geografical coordinates of the studied stations

Coordinates station no.
N 31°12.471 5

E 47° 47.296

N 31° 11.697 6

E 47°47.698

N 31° 10.146 7

E 47°47.958

N 31°9.528 8

E 47°47.936

Coordinates station no.
N 31°18.066 1

E 47°46.789

N 31° 17.645 2
E47° 45.961

N 31°17.953 3

E 47°47.292

N 31°13.730 4

E 47°47.270
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Fig. 3. Location of sampling station
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Table 2. Pollution level classification based on pollution factor (CF)

variation range CF Intensity of pollution
CF<l Low
1<CF<3 Medium
3<CF<6 Much
CF>6 Very much
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Table 3. pH, EC values in (ms/cm) and concentration of heavy metals in (ppm) in the study area

As Pb Zn Ni \Y
4.1 20 101  61.07 129
9.6 35 93 5137 133
35.7 51 124 4937 129
215 58 104 7559 172
7.7 21 96 6371 149
33 17 73 3836 107
3.7 64 141 5332 139
4.5 60 93 5087 126
35.7 64 141 7559 172
3.3 20 73 3836 107
112 407 103.1 554 1355

Cr Fe EC pH Station
105.7 33840 145 7.35 Stl
132.6 33460 1.83 7.69 St2
123.7 31840 1.97 7.79 St3
118.1 37780 145 7.97 St4
7.1 37500 223 7.82 St5
98,5 21940 311 7.79 St6

101 35540 222 7.92 St7
130 30600 546 7.84 St8
132.6 37780 546 7.97 Maximu
m
985 21940 145 7.35 Minimal
115.8 328125 246 7.77  Average

115 St8 4 St6 St2 slolSinl 15 Zn 316 sl CF uolie
St7 5 St5 St4 St3 Stl slaolKim! 1o g o Fogll G
Ni 318 ol CF polie .ol oo Jawgio Sogll o sl s
b s Sth olfin] sl WolSim! s o
Lugie (Sogdl s lhls St oKl jo g o5 Sodl
St6 St3 Stl sleolKiwsl o V 515 sl CF Lolie .ol oo
SI5 .St4 St2slwolSis 1o 5 o5 Fogll b sl,Js SI8
&lp CF polie ail o awgie Sodl G gl St7 4
Luge (Sl Gan Gl el li ,o Cr sl
axlllans yg0 I3l (sl CF ol pafilia olad 2 bl o
o (Sosll Bat Gl U 5 Sk, 85 55 ol ol
bsgio Sogll ads gl 5,5 5 puobly sy vy 3L 5
Sy 5| axlllnes ygn Sl sl (CF) Sagll 55 il o
(F o) asS oo S 5
Pb>Cr>Zn>V>As>Ni

s

odaline St2 oS! o (132.6ppm) Cr clale - s
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Sl vy ALt lacdl a4 pgS ol oS IS
25,5 o e (o CIVI) 5 s Cr(1I) .Cr(0))
VPN V- [ RS ) DN RO BRI P R WS g
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(Ukhurebor et al., 2021) 05 o Gl g oyl
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Fig. 4. pH histogram chart
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Fig. 5. EC histogram chart
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Table 4. Pollution factor index values in the study area

Cr \% Ni Zn Pb As Station
1.17 0.99 0.89 1.06 1.00 0.31 Stl
1.47 1.02 0.75 0.97 1.75 0.73 St2
1.37 0.99 0.72 1.3 2.55 2.74 St3
1.31 1.32 1.11 1.09 2.9 1.65 St4
1.3 1.14 0.93 1.01 1.05 0.59 St5
1.09 0.82 0.56 0.76 0.85 0.25 St6
1.12 1.06 0.78 1.48 3.2 0.28 St7
1.44 0.97 0.74 0.97 3.00 0.34 St8
1.47 1.32 1.11 1.48 3.2 2.74 Maximum
1.09 0.82 0.56 0.76 0.85 0.25 Minimal
1.28 1.03 0.81 1.08 2.03 0.86 Average
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Fig. 6. Pollution factor index values in the studied stations-Arsenic
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Fig. 7. Pollution factor index values in the studied stations-Zinc
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Fig. 8. Pollution factor index values in the studied stations-Lead
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Fig. 9. Pollution factor index values in the studied stations-Chromium
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Table 5. Values and levels of pollution load index (PLI) in the study area

Pollution level PLI Station number
Low concentration of metals or no pollution 0.58 St1
infected 1.18 St2
infected 2.97 St3
infected 3.16 St4
Low concentration of metals or no pollution 0.92 St5
Low concentration of metals or no pollution 0.28 St6
infected 1.11 St7
infected 1.00 St8

adlllasd jge dilaio ;o MCA a3l Sogll zolaws g polie -# Jgox
Table 6. Values and levels of mCd index in the study area

Pollution level

No pollution to very little pollution

No pollution to very little pollution
Low pollution
Low pollution
No pollution to very little pollution
No pollution to very little pollution
No pollution to very little pollution
No pollution to very little pollution

mCd Station number
0.9 Stl
1.11 St2
1.61 St3
1.56 St4
1.00 Sts
0.72 St6
1.32 St7
1.24 St8

av-



w

¥ O)Lo.aja AF 0,92 ALY ul.».u.uﬁ) A.JJM L_Séﬁ)ls stl.....u u...a) J"ﬂfo’!/#;ag}i
L

anlllaos g0 SI3E (ol Bgieanl-B9 S 505l (15051 uolie = ¥ Jsur
Table 7. values of the Kolomogrov-Smirnov test for the studied metals

Metal Statistic Df Sig
AS 0.231 7 0.15*
Pb 0.215 7 0.15
Zn 0.232 7 0.15
Ni 0.201 7 0.15
\Y 0.186 7 0.15
Cr 0.161 7 0.15

This is a lower bound of the true significance =

alllas 350 sloolSins] jo ganails g EC PH slo il )l b s Slils s (ygm (Ssad o o polie - A Jsux
Table 8. Pearson correlation coefficient values between metals and pH, EC and granulation parameters in the studied
stations

As Pb Zn Ni \Y Cr pH EC imasls
As 1
Pb 0.333 1
Zn 0.324 0.807" 1
Ni 0.200 0.192 0.183 1
\% 0.313 0.389 0.307 0.930" 1
Cr 0.389 0.307 -0.006 0.143 0.220 1

pH 0.232 0.616 0.264 0.087 0.398 0.116 1

EC 0.197 0271 0421 0334 0.366 0157 0.112 1
Grading 0.187 -0.353 -0.501 0.131 0.206 0236 0.427 0514 1
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