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Abstract
The importance of studying quaternary deposits and the soils formed on them has grown to the point where it now takes up a signi�cant portion of research
in various parts of the globe. Pollution from oil industry activities like drilling and exploitation has posed a serious threat to the soils surrounding these areas
in oil-rich countries like Iran. The study area is the Abteymour oil�eld in southwestern Iran, which is one of the most important oil �elds in the country. As a
result, it's crucial to assess its environmental impact. The soil of the Abteymour oil�eld area was investigated to estimate heavy metal concentrations and
determine the source of contamination in this study. The geoaccumulation index for the elements studied reveals that only a small percentage of chromium,
nickel, manganese, magnesium, and sodium samples are non-contaminated to moderately contaminated. Sulfur is present in every category, unlike other
samples. The vast majority of the samples examined fall into the moderate to severe pollution categories. They fall into the category of no enrichment to low
enrichment when compared to other elements, based on the enrichment factor of the studied samples. There is moderate enrichment of copper, strontium, and
sodium. Most elements have a low contamination factor, according to the contamination degree or contamination factor in the studied samples. Only drilling
�uid, drilled formations, and extracted oil and gas are the dominant processes in the region, according to the Abteymour oil�eld factor analysis. The degree of
contamination, or contamination factor, in the studied samples, reveals that most elements have a low contamination factor.

1. Introduction
Many changes have occurred in various parts of the environment and ecosystem as a result of the development of industry and the increased use of human
elements of nature. The spread of environmental pollution is one of the issues confronting the world today as a result of industrialization (Anyakora et al.,
2013). Soil and water resources are vital to the development and evolution of civilizations, and proper management has always resulted in civilizations
growing, while improper management has resulted in civilizations falling. Soil pollution is one of the most signi�cant factors disrupting the natural balance.
Heavy metals, acid deposition, and organic matter are among the most signi�cant soil pollutants. Heavy metals are the most important among them because
of their non-degradability and environmental sustainability, as well as their high toxicity, cumulative effects, and carcinogenicity (Manta et al., 2002; Mico et
al., 2006). Many metals, such as copper, iron, manganese, nickel, and zinc, are necessary for organisms' survival, but all metals are toxic in high
concentrations (Marschner, 2012).

Direct contact with polluted soil, groundwater consumption, deposit accumulation, and aquatic contamination during the food chain are all ways in which soil
pollution can reach humans. Heavy metals reduce soil species diversity, activity, and microbial biomass. The fate of heavy metals in the soil varies
dramatically depending on the soil's physicochemical conditions. The solubility and toxicity of heavy metals are affected by a variety of factors such as
acidity, texture, clay type and quantity, and organic matter in the soil (Anyakora et al., 2013).

Despite being younger than its predecessors, the quaternary era has a signi�cant impact on all aspects of human life. A variety of engineering, agricultural,
and natural resource projects are currently underway in developing countries like Iran, with the quaternary platform serving as the common denominator in all
of them. As a result, the majority of agriculture and natural resources come from soil and quaternary deposits. In the world and in Iran, the best possible use of
these soils is critical, as is pollution prevention and elimination (Khan, 2005). Heavy metal pollution, for example, not only has a direct impact on soil
physicochemical properties, biological activity, and nutrient bioavailability, but it also poses a serious threat to human health through food chain entry and
environmental safety through groundwater intrusion .

Numerous studies have been conducted in this �eld, with the following being some of the most recent:

Zahang et al. (2002) investigated the impact of human activities on metal concentrations in Zihang soils in Tibet. The �ndings revealed that lithology plays a
larger role in heavy metal concentrations in the region than human activities. This is due to two factors: �rst, the soils are young and are unaffected by
weathering, and second, the industrial activities in this area are not well developed.

The concentrations of heavy metals around the Asram oil facility were measured by Kotoky et al. (2003) in both wet and dry seasons. They concluded that the
amount of lead in carbonate formations is much higher and that the concentrations of other heavy elements are about 4 times higher than the earth's crust's
average.

Borges et al. (2014) looked into the possibility of using geographic information systems (GIS) to assess heavy metal concentrations in the Cunha watershed
and the western part of Guanabara Bay, both in Rio de Janeiro, Brazil. They concluded that heavy metal concentrations in water were lower than in deposits
and that the number of metals differed during wet and dry seasons.

Mihailovi et al. (2015) concluded that arsenic, chromium, manganese, and nickel are of natural origin, whereas copper, lead, and zinc are of human origin in a
study of the spatial distribution of metals in urban soils in Novi Sad, Serbia. The most important source of pollution is tra�c (transportation), according to
distribution patterns obtained from GIS maps.

Miao et al. (2019) looked into the distribution of heavy metals in Yellow Delta soils in one of China's oil�elds. The �ndings revealed that mercury levels in this
region are dangerously high and that industrial and oil-related activities pollute the environment more than agriculture.

Heavy metal pollution in soil and drilling �uid waste was investigated by Qaiser et al. (2019) in a Pakistani oil�eld. The �ndings revealed that the lead and
barium concentrations in these soils were too low, resulting in contamination. Heavy metals are also co-originating in this area, according to statistical
�ndings.

This study is being carried out to investigate and monitor soil pollution by heavy metals in the Abteymour oil�eld area in southwestern Iran due to the
importance of soil pollution in industrial areas, especially oil-rich �elds.
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The main objectives of this research are:

Assessing heavy metal environmental pollution using pollution indices

Examining the effect of petroleum activities on the distribution of heavy metals

2. Geological Setting
Abteymour oil�eld is located in the Zagros zone of the Northern Dezful embayment area, according to geology. From a morphotectonics standpoint, the
Zagros zone is one of Iran's largest structural-sedimentary zones, stretching northeast to southwest and including the thrust zone, simple folded zone, and
Dezful embayment. Most of Iran's oil�elds are within the Dezful embayment. The Abteymour �eld, like other structures, is being constructed in accordance
with the Zagros zone's general structure (NW-SE). The Abteymour �eld's range in relation to the geological formations, which are entirely made up of
quaternary alluvial deposits, is depicted in Fig. 1. Quaternary deposits cover large parts of the province, especially in Dezful Ferro Bar and the coastal plain.

3. Materials And Methods
The term "research method" refers to the process of describing and interpreting movement to arrive at facts about the subject under investigation. Accurate
and precise results for determining the relationship between contamination and its causative agents in the study area can be obtained by employing
appropriate methods during the research. The study method used to achieve the study's objectives will be described in the following sections.

Prior to sampling, the study area must be inspected in the �eld to ensure proper sampling and to identify any sampling barriers. If there are any problems with
the sampling, the sample location must be re-determined using the speci�ed method. Due to the poor condition of at least 30 samples and the possibility of
errors, 33 cases of surface soils (depth 0 to 20 cm) were sampled for this study.

Soil samples were taken to the lab after sampling and the desired parameters were measured according to Table 1. 

 
Table 1

Soil quality parameters and their measurement method
Assessment method Parameter Assessment method Parameter

ASTM D 584 − 92 Relative density conductivity EC

  organic matter Potentiometric pH

ICP MS Concentration of heavy metals Volumetric Bernard Percentage of calcium carbonate

3 − 1. Statistical analysis

Statistics is a tool for determining how variables are related. Statistical methods are now used in almost every environmental study. These methods are
commonly used to determine the source of pollutants, the factors that in�uence their distribution, and to describe and analyze the general characteristics of an
environmental system (soil, water, sediments, etc.). Statistical methods can be used to describe or analyze pollution because it is a multivariate and
quantitative environmental phenomenon.

Following laboratory tests, the �rst step is to summarize and organize the information to determine the data's frequency distribution and abnormal values.
Discrete data and failure of geostatistical theories can result from abnormal values. Mode, median, mean, variance, SD, coe�cient of variation, skewness, and
kurtosis indices are commonly used to investigate data frequency distributions. The correlation between metals and metal concentrations with soil properties
was investigated to investigate the possible origins of the studied heavy metals and to better understand the pattern of pollution distribution in the �eld.

Geology processes are frequently associated with a variety of complexities, which are characterized by non-uniform measurement distributions.
Chemical/physical processes are frequently measured spatially and temporally, but the underlying processes are rarely revealed clearly. By reducing and
classifying the data (Suk & Lee, 1999), multivariate analyses attempt to interpret or reveal the main governing processes (Suk & Lee, 1999).

One of the most important statistical methods for analyzing data in a data set is factor analysis. When the number of variables under study and the
relationships between them is unknown, this analysis is used to determine the most in�uential variables. The variables are ranked in factors in this method,
with the percentage of variance decreasing from one factor to the next. As a result, the variables included in the �rst factors have the greatest in�uence.

Other statistics can be used by the researcher to determine whether the data is appropriate for factor analysis. The Kaiser-Meyer-Olkin coe�cient (KMO), which
always �uctuates between 0 and 1, is one of these methods. KMO values of less than 0.5 indicate that other variables cannot explain the correlation between
pairs of variables. Factor analysis should be used with caution if it's between 0.5 and 0.69. Furthermore, if the correlation between the data is greater than 0.7,
the data is suitable for factor analysis, and factor analysis can be used to analyze data.

Another statistic for determining the suitability of data for factor analysis is Bartlett's test of sphericity. The hypothesis that the observed correlation matrix is
from a population of uncorrelated variables is tested using Bartlett's test. The variables in a factor model must be correlated to be useful and meaningful.



Page 4/25

Otherwise, there's no point in explaining the factor model. If the hypothesis that "variables are not correlated" is con�rmed, the use of factor analysis will be
questioned, and it should be reconsidered. The minimum requirements for factor analysis are indicated by signi�cant chi-square.

There are several methods for extracting factors, each of which is different depending on the amount and type of variance justi�ed by the variables of each
factor in the model. The principal component analysis is the most basic method, and it was used in this research as well. Benchmarking factors can be
determined in a variety of ways. One of the most commonly used methods in this area is cumulative percentage variance. In this study, the same method was
used. The decision is made based on the percentage of variance explained, and factors with a high percentage of variance are extracted. Variables with low
commonality should be eliminated if the variance is less than 50%. One of the most common graphic methods for determining the correct number of factors
based on eigenvalues is to create a scree plot. Factors with eigenvalues greater than one are chosen using this method.

3 − 2. Assessment of environmental indices

The concentrations of the elements under study, including heavy metals in the soils of the Abteymour �eld, should be compared to internationally recognized
standards to assess the environmental effects of these elements. Because each region's geology and climatic conditions are unique to that region, it's best to
compare to existing standards for that region. The average element concentration in the earth's crust was used as the degree of contamination standard in
this study due to the lack of speci�c standards for soil contamination in Iran. Environmental indices were used to assess study area pollution, in addition to
comparisons with standard values. There are a number of indices that can be used to assess heavy metal pollution in soil and compare pollution levels to
international standards. Some key indices used in this study are listed below.

1. Geoaccumulation index: It is one of the important geochemical factors used to describe metal concentrations in each region (Table 2), calculated using the
following equation (Muller, 1969):

Igeo = log2
Cn

1.5Bn

1

Cn: concentration in the sample, Bn: concentration in the background sample, coe�cient 1.5: lithological effect 

 
Table 2

Pollution level rating based on Igeo index (Muller, 1969)
Igeo value Igeo Category Pollution status

0 0 Completely unpolluted

0–1 1 Uninfected to moderate pollution

1–2 2 Moderate pollution

2–3 3 Moderate to severe pollution

3–4 4 Severe pollution

4–5 5 Severe to very severe pollution

5 6 Very severe pollution

2. Enrichment factor: It helps effectively separate the natural or human sources of pollution, which can be calculated using the following equation (Sutherland,
2000):

EF =

Cm
Cs sample

Cm
Cs background

2

Cm: concentration of the element under study, Cs: concentration of the reference element

The concentrations are normalized using the concentration of a reference metal, which can be iron, cobalt, zinc, manganese, scandium, aluminum, or titanium.
Iron should be used as a suitable normalizer, according to Deely and Ferguson (1994), because its distribution in the environment is uncorrelated with other
metals, its concentration is high in nature, and its amount is generally unaffected by human activities. A reference element does not change much in the

( )

( ( )
( ) )
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environment and whose concentration is unaffected by human activities (Bergamaschi et al., 2002; Hernandez et al., 2003). Iron has been used as a reference
element in this study. The EF index values between 0.5 and 1.5 indicate the origins of natural processes and shell materials. Values greater than 1.5 are
indicative of human origin (Zhang and Liu, 2002). Table 3 shows the classi�cation of the EF index.

Table 3

 EF Index Classi�cation (Sutherland, 2000).

Enrichment rateEF value

No enrichment to low enrichment<2

Medium enrichment2-5

High enrichment5-20

Very enriched20-40

Highly enriched40≤

3. Contamination factor: A modi�ed contamination degree can be used to express the environmental pollution status in relation to a particular element, (Table
4), which can be calculated using the following equation (Hankanson, 1980):

Cf = Cn/Bn (3)

Cn: concentration in the sample, Bn: concentration in the background sample

Table 4

 Classi�cation of contamination factor and contamination degree (Hankanson, 1980)

Cf valuePollution coe�cientCd valueSample quality

<1Low pollution factor<6Low degree of contamination

1-3Medium contamination coe�cient6-12Moderate degree of contamination

3-6Signi�cant contamination coe�cient12-24Signi�cant degree of contamination

6 <Very high pollution factor24 <Very high degree of contamination

 4. Contamination degree index and modi�ed contamination degree index: The sum of the contamination factors of the contaminants studied herein
represents the overall contamination degree of the sample, also known as Hankanson's contamination degree, which can be calculated using the following
equation:

Cd = ∑ 8
i=1Ci

f

4

Due to some limitations of Hankanson's contamination degree index, Abrahim (2005) proposed the following modi�ed equation:

mCd =
∑ n

i=1Ci
f

n

5
n: Number of parameters to be examined

This equation allows for the unrestricted study of a wide range of heavy metals. Table 5 shows the level of contamination classi�cation based on the
modi�ed contamination degree index values.

Table 5

 Classi�cation of the mCd index (Abrahim, 2005)
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 Index range mCdPollution status

 mCd<1.5Very low degree of contamination

1.5< mCd<2Low degree of contamination

2< mCd<4Moderate degree of contamination

4< mCd<8High degree of contamination

8< mCd<16Very high degree of contamination

16< mCd<32Extremely highly contaminated

32<mCdHigh degree of pollution

5. Nemro Integrated Pollution Index: Nemro Integrated Pollution Index is another method used for determining pollution levels. The advantage of this index
over other indices is that the contamination risk for all heavy metals in each sample or region is determined in this index (Table 6). This index can be
expressed as the following equation:

NIP =
Cf2

max*Cf2
ave

2

6
Cfmax: Maximum pollution index for each element; Cfave: Average pollution index for each element

Table 6

 NIP index classi�cation (Yang et al., 2015)

Pollution rateNIP value

No pollution<0.7

Pollution alert0.7-1

Low pollution1-2

Moderate pollution2-3

High pollution3≤
6. Potential ecological risk: This index was proposed by Hankanson (1980) and used by many researchers to assess the potential environmental hazards by
heavy metals in soil and street dust (Table 7) (Hankanson, 1980; Zhu et al, 2008; Wie and Yang, 2010). This index is calculated using the following equation:

Er = (Tr*Cf)

7

Tr: The element toxicity index for titanium, manganese, chromium, nickel, vanadium, zinc, copper, cobalt, and lead, de�ned as 1, 1, 5, 6, 2, 1, 5, 2, and 5,
respectively (Hankanson, 1980).

RI =
m

∑
i=1

Er

8
Tr: Ecological risk of the sum of elements

Table 7

Er Index Classi�cation (Hankanson, 1980)

√
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Ecological risk levelEr value

Low risk<40

Medium risk40-80

Signi�cant risk80-160

High risk160-320

Too much risk320≤

4. Results And Discussion
The statistical indices of the investigated parameters are shown in Table 8. The values of the elements in rows 1 to 28 have a certain range of variation, as
can be seen. As a result, other analyses of the elements will be carried out in the following sections.

Table 8

 Descriptive indices of the studied parameters
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Average in the upper crust Domain Min Max Standard deviation Variance Average Parameter Row

2.89 5.707 6.168 0.460 1.578 2.492 1.639 wt% Na 1

8.04 1.801 3.847 2.045 0.408 0.166 3.012 Al 2

3.50 1.323 2.852 1.529 0.264 0.069 2.230 Fe 3

2.80 0.461 1.124 0.663 0.109 0.012 0.933 K 4

0.0621 1.414 1.503 0.089 0.420 0.176 0.549 S 5

0.41 0.174 0.343 0.169 0.039 0.002 0.267 Ti 6

1.33 0.795 1.990 1.196 0.183 0.033 1.844 Mg 7

700 208 416 624 56.20 3158.69 534.00 Ppm P 8

600 130 413 543 29.86 891.64 478.13 Mn 9

350 207 344 551 53.04 2813.45 408.03 Sr 10

550 79 147 226 18.00 323.89 168.97 Ba 11

85 66 84 150 15.31 234.52 126.25 Cr 12

44 46 51 97 11.69 136.71 77.53 Ni 13

107 38 51 89 7.82 61.17 68.79 V 14

71 34 32 66 7.47 55.85 51.87 Zn 15

190 18 37 55 4.81 23.15 47.57 Zr 16

25 20 15 35 4.53 20.55 26.07 Cu 17

112 21 11 32 5.06 25.57 20.55 Rb 18

64 11 17 28 2.80 7.82 23.48 Ce 19

20 10 15 25 2.91 8.49 20.66 Li 20

26 5.6 10.5 16.1 1.28 1.63 13.72 Nd 21

30 6 9 15 1.47 2.16 12.70 La 22

17 7.4 7.2 14.6 1.58 2.48 10.40 Co 23

17 14 7 21 3.05 9.32 13.17 Pb 24

22 4.5 7.4 11.9 1.10 1.22 9.92 Y 25

50 7.3 3.54 10.84 1.73 2.99 8.76 Se 26

13.6 4.9 4.5 9.4 1.08 1.16 6.88 Sc 27

12 5.2 4.2 9.4 1.05 1.10 6.73 Nb 28

10.7 2.01 3.13 5.14 0.43 0.18 4.14 Th 29

7.1 1.55 2.2 3.75 0.35 0.13 3.19 Pr 30

4.5 1.1 2.01 3.11 0.26 0.07 2.63 Sm 31

3.8 0.81 1.93 2.74 0.23 0.05 2.39 Gd 32

4.6 1.6 1.2 2.8 0.37 0.14 1.84 Cs 33

3.5 0.76 1.84 2.6 0.21 0.04 2.30 Dy 34

2.3 0.67 0.8 1.47 0.14 0.02 1.12 Er 35

 Continued
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Average in the upper crust Domain Min Max Standard deviation Variance Average Parameter Row

5.5 2.9 0.8 3.7 0.60 0.36 1.26 Sn 36

2.8 0.6 1.3 1.9 0.18 0.03 1.52 U 37

1.5 2.3 0.1 2.4 0.68 0.47 1.06 As 38

5.8 0.92 1.16 2.08 0.20 0.04 1.70 Hf 39

2.2 0.5 0.9 1.4 0.13 0.02 1.15 Yb 40

3 0.5 0.6 1.1 0.12 0.01 0.86 Be 41

0.88 0.48 0.41 0.89 0.09 0.01 0.60 Eu 42

1 0.27 0.45 0.72 0.06 0.00 0.59 Ta 43

1.5 0.8 0.1 0.9 0.18 0.03 0.35 Mo 44

0.64 0.13 0.34 0.47 0.03 0.00 0.42 Tb 45

750 0.14 0.12 0.26 0.03 0.00 0.18 Tl 46

0.32 0.07 0.15 0.22 0.02 0.00 0.19 Lu 47

98 0.3 0.1 0.4 0.07 0.00 0.26 Cd 48

0.33 0.07 0.14 0.21 0.02 0.00 0.18 Tm 49

-             pH 50

-             (ds/m) EC 51

-             (%) OM 52

-             CaCO3 53

The correlation coe�cient is a numerical index that depicts the degree of correlation between two variables. Correlation analysis becomes much easier and
clearer as a result of this. Different coe�cients can be used to calculate the correlation depending on the type of data distribution. Because all of the variables
studied, except for magnesium, have a normal distribution, the Pearson coe�cient was used to determine the type of correlation in this study (Table 9). Cluster
analysis results are shown in Figs. 3 and 4, and factor analysis results are shown in Tables 10 to 12 and Figs. 5 and 6. 

Table 9

 Results of correlation coe�cients
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Fe K Ti P Mn Sr Ba Cr Ni V Zn Zr Cu Rb Ce Li Nd La Co

Na -0.41 -0.44

Al 0.96 0.95 0.95 0.49 0.86 -0.50   0.97 0.98 0.50 0.95 0.61 0.93 0.94 0.97 0.83 0.89 0.98

Fe 0.87 0.91 0.47 0.81 -0.37   0.94 0.97 0.44 0.88 0.60 0.87 0.87 0.91 0.73 0.81 0.96

K 0.90 0.48 0.78 -0.42   0.90 0.93 0.62 0.89 0.63 0.88 0.90 0.94 0.73 0.85 0.88

Ti 0.52 0.90 -0.51   0.51 0.94 0.94 0.55 0.95 0.59 0.86 0.96 0.90 0.88 0.94 0.94

P 0.48   0.49 0.51 0.71 0.56 0.50 0.42 0.42

Mn   0.81 0.83 0.81 0.71 0.86 0.71 0.79 0.86 0.85

Sr   -0.52 -0.44 -0.51 -0.56 -0.48 -0.64

Cr   0.45 0.55 0.52

Ni   0.96 0.50 0.91 0.56 0.84 0.89 0.94 0.77 0.83 0.98

V   0.56 0.94 0.65 0.92 0.92 0.95 0.82 0.88 0.97

Zn   0.78 0.42 0.48 0.46 0.43 0.43

Zr   0.84 0.89 0.94 0.69 0.87 0.93

Cu   0.56 0.55 0.54 0.46 0.51

Rb   0.88 0.90 0.82 0.82 0.87

Ce     0.89 0.90 0.95 0.88

Li   0.72 0.83 0.94

Nd   0.90 0.74

La   0.81

Co  

Y  

Sc  

 

Table 10

 Results of KMO and Bartlett’s tests

Statistics Before deleting trivial variables After deleting trivial variables

KMO   .370 .867

Bartlett's of Sphericity 2 976.145 1020.012

df 210 136

Sig. .000 .000

 

Table 11

 Factor analysis results

Factor Initial eigenvalues Rotated values

special amount Explanated variance The cumulative percentage special amount Explanated variance The cumulative percentage

1 14.382 84.598 84.598 14.364 84.497 84.497

2 1.069 6.288 90.886 1.086 6.389 90.886

  

Table 12

 Factor loads of the studied variables
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Variable Initial eigenvalues Rotated values

Factors Factors

1 2 1 2

Al .978 -.177 .983 -.142

Fe .903 -.287 .913 -.254

K .898 -.200 .905 -.168

Ti .965 .152 .959 .187

Mn .881 .201 .873 .233

Ni .942 -.174 .948 -.140

V .957 -.203 .964 -.169

Zr .963 -.072 .965 -.037

Rb .858 -.113 .862 -.082

Ce .933 .182 .926 .215

Li .927 -.297 .937 -.264

Nd .774 .524 .755 .552

La .885 .357 .872 .388

Co .957 -.198 .964 -.164

Y .972 .183 .965 .218

Sc .988 -.116 .991 -.080

Nb .825 .390 .810 .420

Table 13

 Environmental indices

Element Igeo EF Cf NIPI

Pollution class Percentage Class Percentage Degree of
contamination

Percentage value Pollution
level

Na Completely
unpolluted

91 No enrichment to low
enrichment

84.5 Down 79 1.561 Low

Uninfected to
medium

9 Medium enrichment 15.5 medium 21

Al Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.430 Excellent

Fe Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.731 Unpolluted

K Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.369 Excellent

S Completely
unpolluted

6.5 Medium enrichment 20 medium

signi�cant

19 21.21 Much

Uninfected to
medium

12.9 High enrichment 56.5

Medium 32.3 Very enriched 20 Very high

Degree of
contamination

31

Moderate to severe 19.4

Intense 25.8 Highly enriched 3.5 Down 30

Intense to very
intense

3.2

 Continued
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Element Igeo EF Cf NIPI

Pollution class Percentage Class Percentage Degree of
contamination

Percentage value Pollution
level

Ti Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.750 Unpolluted

Mg Completely
unpolluted

100 No enrichment to low
enrichment

5 Down 5 1.443 Unpolluted

Medium enrichment 95 medium 95

P Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.830 Unpolluted

Mn Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.849 medium

Sr Completely
unpolluted

100 No enrichment to low
enrichment

71 Down 6 2.162 Excellent

Low
Medium enrichment 29 medium 94

Ba Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.364 medium

Cr Completely
unpolluted

34.5 No enrichment to low
enrichment

6.5 medium 100 1.670 Unpolluted

Uninfected to
medium

65.5 Medium enrichment 93.5

Ni Completely
unpolluted

12.5 Medium enrichment 100 medium 100 1.996 Excellent

Low
Uninfected to
medium

82.5

V Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.743 Low

Zn Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.836 Unpolluted

Zr Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.270 Low

Cu Completely
unpolluted

100 No enrichment to low
enrichment

90 Down 33 1.234 Excellent

Medium enrichment 10 medium 67

Li Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 34.5 1.147 Unpolluted

medium 65.5

Co Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.742 Unpolluted

Pb Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 93 1.031 Unpolluted

medium 7

Rb Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.240 Excellent

Ce Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.404 Low

La Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.463 Excellent

Nd Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.575 Excellent

Y Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.498 Excellent

Sc Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.606 Excellent

Se Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.197 Excellent

Nb Completely
unpolluted

100 No enrichment to low
enrichment

100 Down 100 0.681 Excellent
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Table 14

 Environmental indices

Sample Cd Sample quality PLI Sample contamination load coe�cient RI Biohazard class

1 0.98 Low degree of contamination 0.64 Non-contaminated 33.32 Low risk

2 1.29 Low degree of contamination 0.70 Non-contaminated 24.84 Low risk

3 1.08 Low degree of contamination 0.62 Non-contaminated 32.73 Low risk

4 1.27 Low degree of contamination 0.60 Non-contaminated 27.27 Low risk

5 0.61 Low degree of contamination 0.49 Non-contaminated 26.66 Low risk

6 0.96 Low degree of contamination 0.61 Non-contaminated 31.57 Low risk

7 1.34 Low degree of contamination 0.62 Non-contaminated 32.68 Low risk

 Continued

Sample Cd Sample quality PLI Sample contamination load coe�cient RI Biohazard class

8 0.68 Low degree of contamination 0.54 Non-contaminated 31.16 Low risk

9 0.84 Low degree of contamination 0.62 Non-contaminated 32.05 Low risk

10 1.23 Low degree of contamination 0.70 Non-contaminated 35.65 Low risk

11 0.91 Low degree of contamination 0.58 Non-contaminated 28.68 Low risk

12 0.74 Low degree of contamination 0.61 Non-contaminated 35.32 Low risk

13 0.74 Low degree of contamination 0.56 Non-contaminated 30.43 Low risk

14 0.81 Low degree of contamination 0.61 Non-contaminated 32.64 Low risk

15 0.78 Low degree of contamination 0.61 Non-contaminated 30.13 Low risk

16 0.76 Low degree of contamination 0.62 Non-contaminated 35.54 Low risk

17 0.90 Low degree of contamination 0.60 Non-contaminated 33.04 Low risk

18 0.95 Low degree of contamination 0.51 Non-contaminated 19.59 Low risk

19 0.72 Low degree of contamination 0.59 Non-contaminated 33.99 Low risk

20 0.95 Low degree of contamination 0.63 Non-contaminated 34.23 Low risk

21 0.89 Low degree of contamination 0.66 Non-contaminated 35.24 Low risk

22 0.82 Low degree of contamination 0.58 Non-contaminated 33.48 Low risk

23 0.86 Low degree of contamination 0.61 Non-contaminated 28.17 Low risk

24 0.81 Low degree of contamination 0.54 Non-contaminated 25.15 Low risk

25 0.84 Low degree of contamination 0.60 Non-contaminated 29.97 Low risk

26 0.82 Low degree of contamination 0.60 Non-contaminated 31.69 Low risk

27 1.46 Low degree of contamination 0.59 Non-contaminated 30.94 Low risk

28 1.51 Low degree of contamination 0.48 Non-contaminated 22.06 Low risk

29 0.66 Low degree of contamination 0.52 Non-contaminated 22.26 Low risk

30 0.72 Low degree of contamination 0.52 Non-contaminated 26.4 Low risk

31 1.51 Low degree of contamination 0.68 Non-contaminated 36.45 Low risk

32 1.18 Low degree of contamination 0.69 Non-contaminated 31.13 Low risk

33 1.52 Low degree of contamination 0.61 Non-contaminated 29.42 Low risk

 4-1. Results of the assessment of environmental indices

Because environmental indices are important in detecting pollution sources, some important indices were calculated in this study, and the results are
presented in Tables 13 and 14.
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The protection of the environment and natural resources has become increasingly important as the volume and diversity of environmental pollutants have
increased (Deepalakshmi et al., 2014). Many pollutants pollute the environment. Heavy metals are one of these pollutants, and their toxicity, cumulativity, and
longevity in living organisms make them particularly important. These elements are absorbed by the soil, contaminate agricultural lands, and eventually enter
the soil-plant-animal-human cycle, where they may reach plant, animal, and human toxicity thresholds. Heavy metals enter the food chain via plant uptake as
a result of soil pollution (Absalon and Lesak, 2010). Tracking heavy metals in soils is di�cult, expensive, and time-consuming because they have different
fates. Some of these elements precipitate insoluble in the soil, while others absorb organic materials and minerals, decompose or deform as a result of
various processes, and eventually contaminate resources.

4-2. Review of laboratory results

Table 7 shows the results of measuring heavy metals, as well as some effective parameters in their accumulation, and Table 8 shows descriptive statistical
indices. The pH of the soil in the area is one of the factors in�uencing heavy metal accumulation (Al-Khashman, 2007). The pH parameter in Table 8 varies
between 0.299±8, indicating that the soil in the area is alkaline. Metals are released when they move within a certain range. However, some of the heavy
metals studied, such as aluminum and titanium, are mobile in acidic environments but non-mobile in alkaline media, and they tend to accumulate (Adeli,
2016). The pH of the samples ranges from 7.6 to 8.9, with 7.6 being the lowest and 8.9 being the highest. As a result, all samples are in an alkaline
environment, which can make some heavy metals immobile and cause them to accumulate in the environment (Table 15).

Table 15

 The behavior of elements based on environmental conditions

Degree of mobility environment conditions Elements

Top

 

Oxidation and acidity , Br, and IB

Neutral or alkaline , Br, F, I, Li, Mo, Re, Se, U, V, W, and ZnB

Medium

 

Revival , Br, and IB

Oxidation and acidity Li, Cs, Mo, Ra, Rb, Se, Sr, F, Cd, Hg, Cu, Ag, and Zn

Relatively high acidity Ag, Au, Cd, Co, Cu, Hg, and Ni

Resuscitation with variable potential As, Ba, Cd, Co, Cr, F, Fe, Ge, Li, Mn, Nb, Sb, Sn, Sr, Tl, U, and V

Down

 

Oxidation and acidity Ba, Be, Bi, Cs, Fe, Ga, Ge, La, Li, Rb, Si, Th, Ti, and Y

Neutral or alkaline Ba, Be, Bi, Co, Cu, Ge, Hf, Mn, Ni, Pb, Si, Ta, Te, and Zr

Very low Oxidation and acidity Al, Au, Cr, Fe, Ga, Os, Pt, Rh, Ru, Sc, Sn, Ta, Te, Th, Ti, Y, and Zr

Neutral or alkaline Ag, Al, Au, Cu, Co, Fe, Ga, Ni, Th, Ti, Y, and Zr

Revival Ag, As, Au, B, Ba, Be, Bi, Cd, Co, Cu, Cs, Ge, Hg, Li, Mo, Ni, Pb, Re, Se, Te, Th, Ti, U, V, Y, Zn, and

 Table 16 compares the maximum values for some elements measured in the study area to pollution standards in Iran. As can be seen, the measured values
are all lower than the standard. According to the risk assessment tables in "Soil Resource Contamination Standards and Its Guidelines," a number of samples
are classi�ed only in terms of selenium and chromium in the risk area for agricultural activities based on the amount and pH of soil organic matter in the risk
area for agricultural activities. Other elements are deemed agriculturally safe. Only this use was examined because the main study area is used for agriculture.

The salinity of the studied samples varies in the range of 11.644 ± 13.523. As shown in Figs. 1-5, 75% of the samples have a salinity of less than 16 ds/m,
which falls into the non-saline to medium salinity categories according to the soil classi�cation system. Human activities may have locally induced the high
salinity levels in samples 13, 15, 22, and 24, which fall into the very high salinity category.

Table 16

 Comparison of calculated values of soil pollution standard (pH <7) with maximum values in the study area
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Maximum in the area

Case study

Water protection

underground

Protection

the environment

Pasture forest Agriculture social Commercial Residential Element

226 2000 500 600 600 800 1000 800 Ba

89 500 130 200 200 200 500 200 V

66 3000 200 500 500 500 5000 500 Zn

10.84 20 1 35 4 35 35 6 Se

97 600 50 530 110 530 600 155 Ni

35 1500 63 500 200 500 1100 400 Cu

14.6 1000 20 50 50 50 100 50 Co

21 300 300 290 75 290 700 80 Pb

3.7 - - 50 50 50 200 50 Sn

2.4 100 17 70 40 70 60 40 As

1.1 1300 5 5 5 5 100 5 Be

0.9 100 4 40 40 40 100 40 Mo

0.26 4 0.9 5 5 5 20 5 Tl

0.4 20 3.9 8 5 8 8 2 Cd

 

It is expected that the presence of calcium carbonate affects the accumulation of heavy metals in the soil as a result of its effect on pH. (Adeli, 2016).
Samples 18, 11, and 28 had the highest concentrations of calcium carbonate, while samples 5, 15, 32, and 12 had the lowest. The trends of change of these
two parameters have no signi�cant relationship, according to Fig. 8. The Abteymour oil�eld is located in the Zagros zone in terms of stratigraphy and geology,
with the Bangestan group limestone as the �eld's most important reservoir. Even though these formations do not outcrop on the ground, the dissolution and
erosion of the drilling gravels that are left on the ground can raise the value of this parameter in the �eld.

According to Fig. 9, samples 22, 13, 23, and 15 have the highest organic matter, with a range of 1.857±0.644, while samples 7, 8, and 19 have the lowest.
Heavy metals are retained in the soil by organic materials and soil carbonate, which greatly reduces their bioavailability. The amount of organic matter in the
soil and sediment in�uences the accumulation of some heavy metals, such as cadmium and nickel. It also lowers the pH of the soil. Organic matter
decomposes into carbonic acid, which lowers soil pH, though the relationship between the two parameters in the study area does not fully re�ect this situation.

When the average concentrations of heavy metals and some abundant elements in the region were compared to the average concentrations in the upper crust,
it was found that sulfur, titanium, magnesium, strontium, chromium, nickel, vanadium, copper, and lithium were all higher than the average upper crust. 

4-3. Analysis of statistical results

Analyses like correlation coe�cient, principal component analysis, and cluster analysis are commonly used in environmental studies to investigate the
possible relationship between the studied parameters and to determine the source of various environmental pollutants. These analyses can be used to group
contaminants from various sources, including heavy metals, and determine the contribution of each factor to their generation. The �rst step in selecting an
appropriate statistical analysis is determining the type of data distribution. The other parameters under investigation, except sodium, sulfur, and magnesium,
have a normal distribution, as can be seen. Sulfur and sodium will have a normal distribution as a result of log transformation. In geostatistical analysis, this
transformation is important.

Pearson's correlation coe�cient was used to calculate the correlation due to the normality of the studied parameters. The strong correlation between the
elements under investigation suggests that they all come from the same source of emission. The elements studied are widely used in the region, as well as
industrial waste (drilling waste) and common agriculture.

Sodium, selenium, strontium, sulfur, chromium, lead, phosphorus, copper, barium, and zinc are uncorrelated with other elements, according to a dendrogram
derived from cluster analysis of the variables studied in Abteymour; as a result, they are excluded from subsequent analyses. The remaining elements in the
dendrogram were divided into two groups. Niobium, neodymium, manganese, lanthanum, cerium, yttrium, and titanium are among the elements found in a
cluster. This clustering suggests that these elements are of the same origin, as their concentration changes are nearly identical. The elements rubidium,
potassium, iron, cobalt, nickel, zirconium, lithium, vanadium, scandium, and aluminum all belong to the same cluster. This result is nearly identical to the
correlation coe�cient. The results of assessing heavy metal pollution in the surface sediments of the northeastern shores of the Strait of Hormuz (Sirik and
Jask ports) and determining its probable source revealed that oil spills played a more effective role than other natural activities in grouping elements together.

The �rst step in factor analysis, as previously stated, is to use the correlation matrix to determine whether the data is appropriate for this test and then
calculate the KMO statistics. In the Abteymour oil�eld, the correlation matrix of the studied variables (type and amount of correlation coe�cient) revealed that
the variables sodium, phosphorus, strontium, chromium, zinc, and copper have no signi�cant relationship with other variables (Sig.>0.05), and thus are not
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suitable for factor analysis. After removing the independent parameters, the KMO and Bartlett statistics indicate that the data is suitable for factor analysis. As
a result, factor analysis can be used with great con�dence to analyze data.

All the variables studied can be summarized in two factors, according to the analysis of the variance table. Scandium, aluminum, yttrium, titanium, zirconium,
cobalt, vanadium, nickel, cerium, and lithium, all of which are primarily geogenic in origin, account for about 85% of the total variance. Because they are crude
oil constituents, these metals have likely entered the drilling mud and then the soil of the area as a result of drilling operations in the area; as a result, these
compounds are the source of human and industrial activities. Zinc levels have been linked to petroleum and calcareous formations, as calcareous soils and
those containing organic compounds have the highest zinc levels, according to studies by Kabuta Pendias and Mukherjee (2007). The second factor loading,
which accounts for only 7% of the total variance, is the only neodymium with a high factor loading, which may be due in part to industrial and agricultural
activities. Heavy metal pollution in Europe's semi-arid soils was studied by Moreno et al. (2009). They concluded that the factor analysis results represent
three major factors. The �rst factor has the greatest impact on element concentrations, with nickel, chromium, vanadium, chromium, and scandium showing a
strong positive correlation, implying that they are all derived from petroleum compounds.

4-4. Analysis of environmental indices

For the elements examined in this paper, the geoaccumulation index is presented. In terms of the geoaccumulation index, investigations revealed that the
majority of the samples were free of contamination. For sodium, a small percentage of the samples were non-contaminated to moderately contaminated,
while nickel and chromium had the highest percentage of non-contaminated to moderately contaminated samples. Sulfur, unlike other elements, can be found
in all categories. However, the majority of the samples examined fall into the moderate, severe to moderate, and severe pollution categories.

Metals are separated from human and natural activities using the enrichment factor (Atiemo et al, 2011). The samples are categorized without enrichment to
low enrichment in comparison to most elements, similar to the geoaccumulation index. In terms of sodium, strontium, and copper, a small percentage of the
samples have moderate enrichment. Copper is a heavy metal that is found in crude oil, so its presence in the sample could indicate the presence of an oil
source in the area under investigation (Grow Cock et al, 2002; Badae et al, 2012). The presence of this metal in the research area can be harmful, causing
diseases like liver disease and cancer (Badae et al, 2012).

There have also been reports of strontium levels in soils of up to 1000 g/t due to carbonate formation (Kabata-Pendias & Mukherjce, 2007). It is absorbed
primarily by clay minerals, oxides, and iron and manganese hydroxides in soil, and it has limited mobility (Kabata-Pendias & Mukherjce, 2007). As a result,
strontium enrichment can be linked to the study formations' material and the carbonate formations in the study area.

In comparison to sulfur, more than 80% of the samples studied show high to highly enriched enrichment, while 20% have moderate enrichment. Magnesium
enrichment is moderate in 95% of the samples. Agriculture and chemical sulfur and magnesium fertilizers are the most common sources of these elements.
The enrichment of sulfur and magnesium may be due to the use of chemical fertilizers in the study area, which is widely used in agriculture. For nickel and
chromium, 100% of the samples examined had moderate enrichment, 6.5% had low enrichment, and 93.5% had moderate enrichment. The oil contains nickel
and chromium.

In terms of most of the studied elements, the contamination degree or contamination factor in the studied samples shows that they have a low contamination
factor. In terms of sodium contamination, 79% of the samples have low contamination, while 21% have moderate contamination. In terms of sulfur
contamination, 19% of the samples are moderately contaminated, while 61% have signi�cant to extremely high contamination. Due to the use of sulfur
fertilizers in agriculture, there is a lot of sulfur pollution. In addition, the studied samples have 95%, 94%, and 67% moderate contamination, respectively, in
terms of magnesium, strontium, and copper concentrations. All samples have a moderate level of contamination in terms of chromium and nickel
concentrations. In terms of lead, approximately 7% of the samples fall into the moderate pollution category, according to this coe�cient. According to the
�ndings, the study area is not currently in a dangerously contaminated state. This situation, however, is expected to change in the future due to the extent of
agricultural and industrial activities (drilling and oil extraction). In addition, the �ood that hit the region in the spring of 2019 may have helped to reduce the
level of contamination.

According to the Nemro Integrated Pollution Index, sodium, magnesium, chromium, copper, lithium, and lead fall into the low pollution category, strontium and
nickel fall into the medium pollution category, and sulfur falls into the high pollution category. Agricultural activities (excessive use of chemical fertilizers in
agricultural lands), as well as drilling waste and oil extraction, are two of the most effective factors.

The samples' quality also reveals a low level of contamination, with all samples having a low biohazard class. These conditions could be due to the 2019
�ood, given the study area's history. Furthermore, the continuation of industrial and agricultural activities in the region has the potential to boost these indices
in the future.

Because various indices can be used to determine the amount of pollution in the environment, their application must be done with caution to avoid errors in
the interpretation of the results. The Cf index estimates contamination status to be at least one level higher under the same conditions, as shown in Table 13.
According to the results of comparing the studied elements with the average concentration in crust and shale, the Igeo index is more consistent with the
conditions of the region.

5. Conclusions
The most important conclusions drawn from this study are as follows:
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The results of heavy metal measurements in the area show that the pH of the soil in the area is one of the factors in�uencing heavy metal accumulation.
The region's minimum and maximum pH values are between 7.6 and 8.9. As a result, all of the samples are completely immobile and in an alkaline
environment.

The salinity of the samples studied varies in the range of 11.644±13.523. The salinity of 75% of the samples is less than 16 ds/m, ranging from non-
saline to medium salinity, according to the soil salinity classi�cation. Human activities may have locally induced the high salinity levels in samples 13, 15,
22, and 24, which fall into the very high salinity category.

Organic matter varies in the range of 1.857±0.644. Heavy metals are retained in large part by organic materials and soil carbonate. The amount of
organic matter in the soil and sediment causes cadmium and nickel to accumulate. It also has a negative impact on the pH of the soil, lowering it.

When the average concentrations of the studied elements are compared to those found in the upper crust, sulfur, titanium, magnesium, strontium,
chromium, nickel, vanadium, copper, and lithium are found to be higher.

Cluster analysis revealed that sodium, strontium, sulfur, chromium, lead, phosphorus, copper, barium, and zinc do not correlate with other elements.
Titanium, yttrium, cerium, lanthanum, manganese, niobium, and neodymium are all present in domestic, industrial, and agricultural wastewater.
Aluminum, scandium, vanadium, lithium, zirconium, nickel, cobalt, iron, potassium, and rubidium are all found together in the same group, indicating that
the soil has been contaminated with oil.

 According to the Abteymour oil�eld factor analysis, the region's dominant processes are drilling �uid, drilled formations, and extracted oil and gas. The
highest loading factor is found in the variables aluminum, titanium, zirconium, yttrium, cobalt, and scandium, indicating the impact of drilling �uid, oil
extraction, and gas and wastewater on the region's soil quality. The loading of neodymium factors is of secondary importance, and it can be caused in
part by industrial and agricultural activities.

A small percentage of the chromium, nickel, manganese, magnesium, and sodium samples are non-contaminated to moderately contaminated, according
to the geoaccumulation index for the elements studied. Sulfur is present in every category, unlike other samples. The vast majority of the samples
examined fall into the moderate to severe pollution categories.

The studied samples fall into the no enrichment to low enrichment category when compared to other elements based on the enrichment factor. Moderate
enrichment is found in copper, strontium, and sodium. Copper enrichment is harmful to the local environment, causing liver disease and cancer. Over 80%
of the samples are highly enriched to highly enriched in sulfur, with the remaining 20% showing moderate enrichment.

In the studied samples, the contamination degree or contamination factor shows that most elements have a low contamination factor. In terms of sodium
concentration, 79% of the samples are low contaminated, while 21% are moderately contaminated. All of the samples are categorized as low to medium
contaminated.
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Figure 1

Geological setting of Abteymour �eld
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Figure 2

Comparison of the mean of the studied parameters in the region with upper crust and shale
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Figure 3

Dendrogram from cluster analysis for all elements studied
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Figure 4

Dendrogram obtained from cluster analysis after removal of uncorrelated elements

Figure 5
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Scree plot

Figure 6

Diagram of eigenvalues of factors
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Figure 7

Changes in the EC value of the samples studied in the Abteymour oil�eld
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Figure 8

Changes in the amount of calcium carbonate and pH of the samples studied in the Abteymour oil�eld

Figure 9

Changes in the amount of organic matter and pH of the samples studied in the Abteymour oil�eld


