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Table 1. The location of sampling stations and the closest village to the station

Sl Candge o Sl Cusdge o
Geographical location Liwgy oy oSy 3 Code Geographical location Lowg y oy piSe 0 3 Code
P Job closest village Aigos P Job closest village — 4iges
Latitude Longitude Sample Latitude Longitude Sample
29.50 51.811 e s21 29.537 51.783 g '5{ S
Konar Khoshk Zewail
3Ll Js;
29.495 51.794 - S22 29.537 51.794 g S2
Hossein Abad Zewail
3Ll Jss
29.492 51.776 - S23 29.537 51.805 g S3
Hossein Abad Zewail
29.496 51.755 sblie 24 29525 51.805 ok s4
Seif Abad Parishan
29,508 51.74 sblie 25 20537 51.815 ok S5
Seif Abad Parishan
29.757 51.757 e ) S26 29.516 51.821 Sl S6
Tahmoei Helak
29.52 51.742 9 27 29,508 51.834 — s7
Tahmoei Helak
29.519 51.757 el 528 29.494 51.842 Blas S8
Tahmoei Dehpagah
29.525 51.776 St S29 29.496 51.895 91““'% S9
Ayaz Abad Ghalat Nilo
29.534 51.772 LIS S30 29.487 51.882 bressls 510
Ayaz Abad Ghalee Mirzaei
29.521 51.786 ) S31 29.481 51.874 B S11
Tahmoei Ghalee Naranji
e 3o 5
29.514 51.779 . S32 29.473 51.869 S12
Tahmoei Narges Zar
29.508 51.769 °}’~“°**” S33 29.476 51.859 End ) S13
Seif Abad Koshk Khani
29514 51.777 3L o S34 29.48 51.85 i ) S14
Hossein Abad Koshk Khani
29517 51.788 °“‘U““;: g S35 29.484 51.841 e S15
Hossein Abad Konar Khoshk
29.514 51.794 Ul‘”’” S36 29.486 51.862 ,19@13- 516
Parishan Ghalat Nilo
29518 51.795 Ul‘”’” S37 29.486 51.87 ,19@13- S17
Parishan Ghalat Nilo
29.514 51.81 S S38 29.482 51.865 St . S18
Helak Koshk Khani
29.504 51.824 S S39 29.491 51.861 atad S19
Helak Konar Khoshk
1. l S : .
29.542 51.768 LBk S40 29.497 51.822 s S20
Ayaz Abad Konar Khoshk
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Table 2. Classification of contamination
factor values

EF ,laio o G ) Sl
EF Value Class Sediment quality
<1 0 k;‘59'” O
Unpolluted
Lgia Fogll b Sogll 90
1-3 1 unpolluted to moderately
polluted
35 2 Lo 251
Moderately polluted
Wb b lawgie Syl
5-10 3 Moderately polluted to
strongly polluted
10-25 4 i 2
Strongly polluted
25-50 5 strongly polluted to
extremely polluted
0341 T
~50 6 Soll layas

Extremely polluted

ST Su )90 p lo saly -Y Jgu
laeo 5L 51 Bleo Slgo g coligas)

Table 3. Guide estimate the intensity of sediment
and suspended solids pollution

1geo0 ,laie o Oy Sl
Igeo value Class Sediment quality
0> 0 Sl s
Unpolluted
bsgin Sl Sl g
0-1 1 unpolluted to moderately
polluted
1-2 2 s 75
Moderately polluted
s b gt Sl
2-3 3 Moderately polluted to
strongly polluted
3.4 4 s S35l
Strongly polluted
KRV Ve IRV AN
4-5 5 strongly polluted to
extremely polluted
5 6 oogll lagaus

Extremely polluted
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Table 4. gradation the level of sediment
pollution based on the mCd index

MDy sl s33ax0 Cguw ) CordeS Gy,

Range of mDa Index ~ Sediment quality — Row

S5l b s a2 0
<1.5mDq Very low degree of 1
pollution
oIl oml ez 2
low degree of pollution
Sogll 5l lawgie a0
2<mD¢<4 Moderate degree of 3
pollution
S 5IVL as o
4<mD¢<8 High degree of 4
pollution
SOV s 220
Very High degree of 5
pollution
SISVl o
Too High degree of 6
pollution
B3dle az 3 b (Sl
mD¢232 Super degree of 7
pollution

1.5<mD¢<2

8<mDy<16

16< mDy<32
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Table 5. Standard values of Comprehensive
index of contamination factor

Contamination Comprehensive index
T Class
Level of contamination
[ <
< P<0.7 2
Great Class One
St 0.7<P<1 e
Clean Class Two
_ A IS
= 1 (84
| o “f:’tj 1<P<2 Class
ow pollution Three
Lugle L_:a,ﬂ
S
Moderate 2<P<3 M o
. Class Four
pollution
RoTE p=3 alaed
High pollution Class Five

s I3l 5 S (5l ol (g bl (sl 3ILT -5 Jgu
Table 6. Statistical analysis of soil and heavy metals parameters

Min Max Mean Std. Deviation Skewness Kurtosis C.V.

pH 7.22 7.86 7.53 0.18 0.001 -0.80 0.02
EC 242 34 10.28 7.64 1.53 1.96 0.74
%Clay 3.80 62.80 17.52 13.12 2.28 5.57 0.75
Zn(mg/kg) 3.82 15.21 7.13 3.88 0.97 047 0.54
Fe(mg/kg) 6.29 26.43 12.72 6.35 1.13 0.11 0.50
cu(mg/kg) 351 13.76 7.22 3.17 0.98 0.24 0.44
Mn(mg/kg) 18.15 71.26 31.58 14.58 1.23 0.37 0.46
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Table 7. The Enrichment Factor Index (EF)

Station Mn Fe Cu Zn Station Mn Fe Cu Zn
S1 0.15 1.00 0.46 0.35 s21 0.12 1.00 0.41 0.22
S2 0.11 1.00 0.68 0.21 S22 0.11 1.00 0.40 0.20
S3 0.11 1.00 0.42 0.24 S23 0.12 1.00 0.41 0.20
sS4 0.10 1.00 0.63 0.22 S24 0.11 1.00 0.54 0.22
S5 0.07 1.00 0.45 0.14 S25 0.12 1.00 0.54 0.22
S6 0.14 1.00 0.50 0.29 S26 0.09 1.00 0.44 0.25
S7 0.08 1.00 0.41 0.32 S27 0.12 1.00 0.50 0.22
S8 0.11 1.00 0.37 0.39 S28 0.10 1.00 0.46 0.24
S9 0.09 1.00 0.45 0.30 S29 0.09 1.00 0.44 0.23

S10 0.09 1.00 0.53 0.22 S30 0.13 1.00 0.59 0.23
S11 0.12 1.00 0.49 0.25 S31 0.11 1.00 0.64 0.22
S12 0.12 1.00 0.56 0.23 S32 0.10 1.00 0.50 0.23
S13 0.13 1.00 0.50 0.28 S33 0.09 1.00 0.44 0.24
S14 0.09 1.00 0.39 0.22 S34 0.11 1.00 0.77 0.20
S15 0.11 1.00 0.40 0.25 S35 0.09 1.00 0.41 0.24
S16 0.10 1.00 0.42 0.26 S36 0.11 1.00 0.40 0.24
S17 0.11 1.00 0.37 0.20 S37 0.12 1.00 0.51 0.21
S18 0.12 1.00 0.45 0.22 S38 0.10 1.00 0.45 0.25
S19 0.13 1.00 0.43 0.24 S39 0.14 1.00 0.59 0.24
S20 0.12 1.00 0.38 0.22 S40 0.12 1.00 0.55 0.22

Mean 0.11 1.00 0.46 0.25
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Table 8. The coefficient of enrichment of heavy metals in sediment samples

Ly Mn Cu Fe Zn ol | Mn Cu Fe Zn

Station Station
S1 -1.76 -1.22 -3.99 -1.54 S21 -1.75 -1.15 -3.88 -1.63
S2 -1.79 -0.94 -3.88 -1.66 S22 -1.76 -1.14 -3.86 -1.66
S3 -1.29 -0.64 -3.37 -1.09 S23 -1.74 -1.14 -3.85 -1.66
S4 -1.81 -0.97 -3.87 -1.64 S24 -1.78 -1.05 -3.89 -1.65
S5 -1.70 -0.85 -3.61 -1.56 S25 -1.77 -1.04 -3.88 -1.64
S6 -1.25 -0.63 -3.44 -1.07 S26 -1.39 -0.67 -3.42 -1.11
S7 -1.73 -0.97 -3.70 -1.29 S27 -1.76 -1.06 -3.87 -1.63
S8 -1.70 -1.14 -3.81 -1.31 S28 -1.54 -0.80 -3.57 -1.29
S9 -1.71 -0.97 -3.73 -1.36 S29 -1.36 -0.64 -3.39 -1.12

S10 -1.82 -0.98 -3.81 -1.57 S30 -1.78 -1.05 -3.93 -1.67
S11 -1.50 -0.84 -3.63 -1.34 S31 -1.81 -0.98 -3.89 -1.65
S12 -1.75 -1.04 -3.89 -1.64 S32 -1.80 -1.06 -3.87 -1.60
S13 -1.52 -0.87 -3.68 -1.33 S33 -1.39 -0.64 -3.38 -1.11
S14 -1.85 -1.14 -3.84 -1.60 S34 -1.74 -0.83 -3.83 -1.63
S15 -1.52 -0.92 -3.63 -1.34 S35 -1.35 -0.65 -3.37 -1.10
S16 -1.36 -0.67 -3.40 -1.09 S36 -1.46 -0.85 -3.56 -1.29
S17 -1.78 -1.18 -3.86 -1.66 S37 -1.74 -1.06 -3.87 -1.66
S18 -1.75 -1.10 -3.86 -1.62 S38 -1.52 -0.82 -3.57 -1.28
S19 -1.45 -0.85 -3.59 -1.31 S39 -1.74 -1.05 -3.93 -1.65
S20 -1.74 -1.18 -3.87 -1.64 S40 -1.76 -1.03 -3.88 -1.63
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Table 9. geochemical accumulation index (Igeo) of heavy metals in sediment samples

ali}‘m..ll
Station

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Zn <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <O

Fe <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <O

Cu <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <O

Mn <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <O

ol.f.’.’.m.g.l
Station

21 22 23 24 25 26 27 28 29 30 31 32 33 34 3 36 37 38 39 40

Zn <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <O

Fe <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <O

Cu <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <O

Mn <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <O

3y 390 03940 10 3990 dul B yd SS9l az 40 sz ol Laslis —Ve Jgu
Table 10. Modified degree of pollution index in 5 areas in the study area

. 4>l
o 4 T @ Jlos Region
Centre West South East North Le
(S31-S39) (S26-S30, Sa0) (S1s, S19-S2s) (S11-S14,S15,S16-S18) (S1-S10) re
Elements
0.06 0.07 0.04 0.06 0.07 Cs(Zn)
0.00 0.00 0.00 0.00 0.00 Cs(Fe)
0.20 0.22 0.14 0.17 0.19 C¢(Cu)
0.04 0.04 0.03 0.04 0.04 C¢(Mn)
0.08 0.08 0.05 0.07 0.07 mCqy
SO 95 ol (a5 L s dulns s 0lia —1) Jouir
Table 11. Calculated values of Comprehensive index of contamination factor
Station
S10 S9 S8 S7 S6 S5 S4 S3 S2 S1
Elements
0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 Mn
0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.3 0.2 0.1 Cu
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Fe
0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.0 0.1 Zn
Station
S20 S19 S18 S17 S16 S15 S14 S13 S12 S11
Elements
0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 Mn
0.1 0.2 0.2 0.1 0.3 0.2 0.2 0.2 0.2 0.2 Cu
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Fe
0.0 0.1 0.0 0.0 0.1 0.1 0.0 0.1 0.0 0.1 Zn
Station
S30 S29 S28 S27 S26 S25 S24 S23 S22 S21
Elements
0.0 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 Mn
0.2 0.3 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 Cu
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Fe
0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 Zn
Station
S40 S39 S38 S37 S36 S35 S34 S33 S32 S31
Elements
0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 Mn
0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.2 0.2 Cu
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Fe
0.0 0.0 0.1 0.0 0.1 0.1 0.0 0.1 0.0 0.0 Zn
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Table 12. Average concentrations of heavy metals in the earth's crust and the main types of rocks (mg/kg)

) o) A gy g, (mg/kg) ol b (mg/k.g )9 S
poss Earth’s crust : : Igneous rocks _ — Sedlmiantary rocks
Elements (mg/kg) (mg/kg) Sedlel gl Sl 2ol Sl K Swauslo s
Ultramafic  Mafic* Granitic Lime stone Sand stone Shales*
Zn 120(>1000) 75 58 100 52 20 30 120(>1000)
Fe - 41000 - - - - - -
Cu 39(>300) 50 42 90 13 55 30 39(>300)
Mn 850 950 1040 1500 400 620 460 850

by 5T BB 55 bl (bR (il s 5 Cags iy e Sl lsieas el oo b Sl |, Sedlel 2l slaKi #

* Ultramafic rocks are also called ‘ultrabasic’ (e.g. dunite, peridotite and serpentine), Mafic rocks are also called ‘basic igneous rocks’

(e.g. basalt). ‘Shale’s’ also include clays.

2L s Erned omey Koy paie S oy Syl
- i bl glace I Sl e S
alils gl aiwey clale (McGrath et al., 1995)04.5
s TV D Qb i g5, 5 Rl o 5K
2o (i el S 4y )59l 05 e VO
Sy oS Ol polde ol lacs Jilsl s
039)] 1l oaimsylis a5 wib o yho ) BAiges oles
30 S Ol 18 cdale dasis jo il ddlaie oy
1556 s ol sols Lol Ll s Lae L S5
5 (Fosll o ais 3 laaigai 551 ols i Syl
st 230 Akl ;3 (Sogll (g5 ke 5 il
LoD 53 9 o 5l ST (o 532 9)90 Sl pled (sl
Jlaie Liu et al (2005) 05,5 oo 1,8 Sogll (o yieS
2l Soll 155 5 (Sadsé (ol )b asls
s sS4l P g Cd Cr Cu « Zn 51z
S o3l e clale a5 ol plas Sas g el
EF) il ) ctali8l W) anee) gshaw b anslie o
Sl 5l plas (Fogll 5516 asls () 5l 5 S5
polie e adly addS Jle Yoo o olhls
|, 2388 Jlo Yo o ohls sess Sogll b asls
el bl (Sosll 1o aals asls ol oles
W88 13 ol LSy Leools g;%” 3958 mol>
4 99,5 Sl S 5 e Slay S9zg pas 4 axgily

2 Fse ol Jole a5 ols (lis w5 s Y (]

slagasl 5l 09290 b slacky 5 4 4z L

5l edeleewoas slas mSoslail gl bl 5 598
Gt cpl )0 gy 0550 4l alie glaolSin )
b olto p oYB by, 5o 598 Slils Sogll ax o
A ey A g3 9 s 0 SO slacdale sl ool |
& by e olael ol dwbe (slas) slacdale g
Caogy o e 50 gy 090 polie ISy o cbile
S polic 4 S oV e uans sl

S lalind G L ashais jo pole cdale e sl
ol il dalaie Gles (glp 05z g0 (sl laslisl
Sl lp el o luilisl 0939 pae Jdods )y
S0 40 d9zge sleolailinl gl le,giS o S
Je3 LB (Mo/kg) clale iSlas 5l jmaS ddhie (o
yol> Jlo jo caS g oo 4z o (et al., 1994
@ slp 0,5 09y dibate jo Sl3ls ol Ll 5l Sogll
A S diges Fr uSloo 5l cdiey cdale 0,51 o
Clld g9 e Cou a5 bls 5l Jolay jeb a
Sl (ol ooy ey 5 il 13 (g5,5la8
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3 Enrichment Factor (EF)

4 Geochemical Accumulation Index (lgeo)
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6 Shales
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Introduction: Parishan wetland is one of the most valuable and ecologically important ecosystems in the world
which has completely dried up in recent years due to successive droughts (Dehghani, 2007). Considering that
heavy metals are among the most important pollutants of the environment, their survival time is high in
sediments (Ullah et al., 2017). Also, these metals have harmful effects on aquatic ecosystems, and sediments
are both a source of and a place to store these elements. Acquiring information about these metals is important
(Bhuiyana et al., 2010).

Materials and methods: The purpose of this study was to estimate the level of contamination of Perishan
wetland sediments with the heavy metals copper, iron, manganese and zinc using the enrichment index,
geochemical accumulation index, degree of contamination and the comprehensive pollution factor index. In
this study, 40 sediment samples with a weight of 200 g were systematically harvested. After acid digestion and
filtering to read the concentration of toxic metals liberated in each sample, an AAS atomic absorption device
by the Thermo Company (UK) was used. In this study, because of the lack of any specific standard for soil
contamination in our country, standards from other countries were used. The average concentration of the
metals studied in the region is lower than the maximum acceptable concentration (mg / kg) for the countries of
Poland, Canada and Australia.

Results and discussion: The changes in pH and electrical conductivity (Ec) were calculated in the range of
2.7-9.2 and 4.2-34, respectively, and the concentration of heavy metals based on mg/kg was found in most
samples including manganese (2.18-3.71), iron (3.6-4.26), zinc (2.15-8.3) and copper (5.3-8.13), respectively.
The background concentration for manganese, copper, iron and zinc was 950, 50, 41000 and 75 mg/kg,
respectively. The geochemical accumulation index, the pollution factor and the comprehensive pollution factor

= Corresponding Author. E-mail Address: sfarhadi1989@gmail.com
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index were all used to determine contamination levels in the area. The geochemical accumulation index was
less than zero for all metals, which shows the non-contamination class of the area. In addition, the factor of
contamination index for most of the samples was in the class unpolluted, and the contamination factor for all
metals was less than one, so that all data were placed in the non-contaminated class. The results also showed
that the elements of manganese, copper, iron and zinc have a geological and agricultural origin, while the
concentration of metals in the soil was related to their natural origin.

Conclusion: Finally, it can be stated that the studied area has the lowest risk of contamination with heavy
metals. In fact, it can be said that the copper, iron, manganese and zinc found in this region have a geological
origin and they change through the natural processes of geology and through springs in the wetland.
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