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3- Finite Element Method (FEM)
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Figure 1. Soil samples Stations.
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Table 1. Soil Sample stations at the second evaluation.
a\{:v-md.“ J)u: aKL«i‘ ° JL:.::
Station Local Station No.
EESIIPCTIE .
Pars petrochemical flare
Il LT s 5 S 5
Aria sasool petrochemical flare
R s 3
Ghadir petrochemical
et IR 4
Mobin petrochemical
e Lltagal TS 5
Output of Mobin refinery
VJ" A3 agb 9 Jﬁ 6
Old airport
VJ" Y] agb 9 Jﬁ a)\;.- 7
Line of old airport
(IS s 8
Petrojam petrochemical
Phase 2 and 3
Lo L odicbli> aalae 10
Nayband protected area
o DBk S 4 s Al 1
Nayband, in front of Pardis market
Sl glaelsn Ll .
Nayband, Civil projects
@VJK°R5W?Q?J¢P>J’“ 13

Landfill of sludge burial of fluid gas store pond

AV Lol sl g o

The burning place of excess gas of refinery
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3- Advection-Dispersion
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1- Soil Concentration
2- Reference Concentration
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Table 2. Geoaccumulation Index values of soil contamination.

Sl Sl e s

Degree of soil contamination

Saalil ey etls
Geoaccumulation Index

6> ).ﬂ J_&
Uncontaminated

a:,ﬂdéba:)ﬂﬂé

Uncontaminated to slightly contaminated

aé‘}”‘v;qs

Slightly contaminated

o331 Lt b os T oS

Slightly contaminated to Highly contaminated

aéjﬂ‘v;l,‘:;'-

Highly contaminated

o3 )1 Tus b os T L

Highly contaminated to strongly Highly contaminated

aé‘}ﬂ T.LL.LJ:

Highly contaminated

Ao Sl 5eS
Less than zero

1-0

3-2

3-3

5-4

o5l 58,5
Bigger than 5

03 5 84 g3lwdde ;3 O0p=+/++Am 5 O =+/+m
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1- Hydrodynamic Dispersion Coefficient
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Figure 2. Geometry, Boundary condition and Element of numerical model of borehole in SEEP/W model.
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Table 3. Specification of different soil layers.

Do o asb s Olge S S Cls oas
7n Ni Cu cd Volumetric Water Content Dr(ygrDril?Bs)lty I'i/cl);i:i);f
7.1x10°  7.04x10®  7.05x10°  7.04x10® 0.3312 1.49x10° CL
6.9x10%  6.9x10°  6.9x10®  6.9x10° 0.3879 1.55x10° SiCL
6.9x10%  6.9x10°  6.9x10®  6.9x10° 0.3582 1.49x10° sic
72x10%  7.2x10%  7.2x10%  7.2x107 0.122 1.63x10° SL
75x10%  7.5x10°  7.5x10%  7.5x10° 0.0712 1.69x10° LS

(Vb 65 0 b ,5) SEEP/W Juw 55 0oy 45 G M Ol s =8 J g

Table 4. The head changes over time in SEEP/W model (Upstream boundary condition).

Js ol
Head (m) Time (sec)
6.134 0
6.12 600
6.1 1800
6.08 3600
6.06 18000
6.03 36000
6.01 72000
6 86400

Yo
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United State ; Great London Council, GLC

Environmental Protection Agency, USEPA
350 S polis gl Sl S0le rizmes
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S g S s s chl ml
(CA) pyesls (M) 550 Ko 6 6 il
(€0) SIS (CD) 55 (ND) U3 o(Fe) ool
o 2 (HE) 5 5 CU) s (PD) s
SLelany) =l S s 0SS 0 S L
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Table 5. Concentration of elements in soil (mg/kg).

@ gas ol
Example No.
. robe
whee YA D 0L al boeS gt edsn AR VA
AR CCOY B SN LS B SN CCY B AN L LT RSN CCOPY R ST O] IR (Lt I QTSI I BN C O
St. 10 St. 9 St. 8 St. 7 St. 6 St. 5 St. 4 St. 3 St.2 St. 1
200 300 200 200 100 500 100 400 200 100 Mn
0.56 0.57 0.53 0.62 0.49 0.69 0.41 0.58 0.64 0.66 Cd
7000 12000 6000 6500 1900 14000 7300 12000 7200 5900 Fe
57 56 29 58 44 71 42 78 55 63 Ni
16.4 17.6 18.5 19.4 15.7 16.2 12.6 153 18.4 17.8 Cr
26.5 28 21.3 21.1 33 35.6 18.5 253 31.4 29.2 Co
41.7 33.1 40.2 354 424 412 30.5 40.7 45 426 Pb
7.8 8.3 7.4 7.9 6.7 9.6 5.7 8.8 7.7 8.4 Cu
<0.025  <0.025 <0.025 <0.025 <0.025 <0.025  <0.025 <0.025 <0.025  <0.025 Hg
6.9 8 7.5 7.9 8.4 7.5 8.1 8.2 7.8 8.3 PH

08) pole pl Gler ol 5 35kl 53 o8 ys 51 (b p S Js) o polis il pslis -1 Jpus
Table 6. Concentration of heavy metals of two different standards and the global average of these elements.

. FR1sYCow]
Cu Pb Co Cr Ni Fe Cd Mn
Standard
30 10 10 40 NR - 600 USEPA
NR Yo NR 10 20 NR - 600 GLC
. . /.u
45 20 90 68 47200 0.3 850 Ser o

Global average

\a'

sliscns INR(Not Recorded)
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Figure 3. Reducing the concentration of heavy metals in the soil with increasing distance from the Industries sites.
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Abstract

Background and Objectives: Heavy metals contamination in the field of environment is
considered as a global problem. In the Pars special economic energy zone, as to the establishment
of the gas variant industry, the probability of heavy metals from industrial activities on the
territory of the region is high and has become a serious problem. Accession toxic metals through
human activities may contaminate soil and as a result of the groundwater, so that the concentration
of these elements in the soil and groundwater in many industrial parts exceeded or will exceed
soon. Tracking a heavy metal in the soil is very difficult, time consuming and costly, Heavy
metals in soil are able to penetrate into the earth deep and are groundwater severe contamination.
The aim of this study is to determine the concentrations of heavy metals using two criteria,
enrichment factor and Geo Accumulation index in surface soil and modeling of metals movement
such as zinc, copper, nickel and cadmium in the groundwater zone.

Materials and Methods: In the first assessment, 10 stations and in the second step 13 samples
were taken from 0-5 cm of surface soil and the concentration of heavy metals in the first
assessment using two criteria enrichment factors and indices Geo Accumulation and the second
assessment by using complete analysis and biological availability was access. Then transport of
zinc, copper, nickel and cadmium were modeled with SEEP/W and CTRAN/W.

Results: Results show that heavy metals such as, Cd, Co, Cu, Ni, Pb, Zn, Fe, Al, V, Ca and As
are in the samples. The results indicate that the enrichment of Pb, Cd and Co in all samples was
higher than the other elements and Cu, Fe and Cr, indicate the lowest enrichment. Geo
Accumulation Index in two elements of Pb and Ca in all samples and Co shows soil
contamination in four samples.

Conclusion: The highest average of heavy metals in Asaluyeh soil is related to Mn, 1323.09
ppm and the lowest of them is arsenic, 12.28 ppm, by complete analysis data. The biological
availability of Mn, 48 ppm, is greater than the other elements and Ca, 0.09 ppm, is lower than
the other elements. Transport modeling of four metals, Cd, Cu, Ni and Zn shows that Cd
movement towards the groundwater is more than other metals that 156 days to reach the desired
level of groundwater at the site, copper movement is less than other metals.

Keywords: Soil contamination, Geo accumulation index, Asaluyeh, Enrichment, Heavy metal
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