
 

American Journal of Environmental Science and Engineering 
2021; 5(2): 35-52 

http://www.sciencepublishinggroup.com/j/ajese 

doi: 10.11648/j.ajese.20210502.13 

ISSN: 2578-7985 (Print); ISSN: 2578-7993 (Online)  

 

Distribution of Natural and Anthropogenic Sources, and 
Mapping of As, Co, and Hg by Three Ecological Risk Indices 
in the Mid-continent of the USA 

Almesleh Najwah Alssaeidi Ahmed
1, *

, Philip Goodell
2, *

, Ziwu Felix Dziedzorm
2, *

, Kappus Eric
3, *

 

1Program of Environmental Science & Engineering, University of Texas at El Paso, El Paso, USA 
2Department of Geological Science, University of Texas at El Paso, El Paso, USA 
3General Education, Southwest University, El Paso, USA 

Email address: 

 
*Corresponding author 

To cite this article: 
Almesleh Najwah Alssaeidi Ahmed, Philip Goodell, Ziwu Felix Dziedzorm, Kappus Eric. Distribution of Natural and Anthropogenic Sources, 

and Mapping of As, Co, and Hg by Three Ecological Risk Indices in the Mid-continent of the USA. American Journal of Environmental 

Science and Engineering. Vol. 5, No. 2, 2021, pp. 35-52. doi: 10.11648/j.ajese.20210502.13 

Received: May 2, 2021; Accepted: May 28, 2021; Published: July 9, 2021 

 

Abstract: Three indicators are employed including the Enrichment factor (EF), geoaccumulation (I geo), and potential 

ecological risk assessment (PERI) to measure the degree of contamination of As, Co, and Hg in soils. The objective of this 

investigation is to evaluate the concentration of As, Co, and Hg in the soils of Iowa (IA), Kansas (KS), and Nebraska (NE). Study 

of the spatial distribution of chemicals was carried out as part of the investigation, which leads to the suggestion of the potential 

source of the elements. EF, I geo and PERI indexes, As and Co contain minimal enrichment, and Hg is high. EF of As and Hg are 

similarly classified with minimal contamination as well as EF of Co in NE. EF can be ordered Hg > As > Co. PERI values of As 

and Co are classified as a low risk. PERI values of Hg are higher than As and Co. I geo values of As and Co indicate 

uncontaminated to moderately contaminated soil. I geo of Hg is highest of three chemicals order Hg > As > Co. However, I geo 

degree of As is approximately similar in the three states and it is higher than Co, which indicate as uncontaminated to moderately 

contaminated. PERI show serious ecological risk pollution of Hg in the soils. These investigations indicate minimal to moderate 

soil contamination with As and Co in the three states. The spatial distribution is widespread and continuous. Point source maps 

are compared with this present product. The nature of the spatial distribution correlates with the major human activity on the land, 

agriculture. The As, Co, and Hg chemistry of the soil is due to the intense fertilization that accompanies such successful 

agriculture, which originates from anthropogenic sources that require continuous monitoring. 
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1. Introduction 

In the last decades, soil sustainability and soil 

contamination with chemical elements has received more 

attention and become of global environmental concern [43]. 

Soil is the basis for the growth of different species of plants 

required for the food chain of living organisms. It is also the 

home of a large mass of microorganisms. Chemical elements 

in the soil have been found with low concentrations in rocks 

and soil [64]. Some of these elements such as As, Se are 

found as anions, while others such as Cd, Cr, Cu, Hg, Ni, Pb, 

and Zn occur as cations [64]. The increase of concentrations 

of chemical elements may accumulated overtime and cause 

soil pollution [46]. 

The need to identify the contaminated land areas and health 

risk assessments has given rise to variety activities in the 

agricultural geochemical environment. Soil properties vary 

spatially according to many factors such as geographic, and 

geologic locations, chemical composition, physical properties, 

and climate conditions, in addition to intentional addition of 

chemical elements such as fertilizer, pesticides, agricultural 

additives and other modified compounds, which impact 

physical, chemical, and biological properties, and functioning 

of the soil microbial biogenesis, soil fertility, and human 
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health [6]. Sorption and degradation of the contaminants such 

as pesticides on the soil are dependent on the soil properties 

such as soil mineralogy, organic matter content, chemical 

compounds, pH, moisture levels, and temperature [41]. 

The concentrations of chemical elements sometimes may 

exceed the recommended amount levels by the 

Environmental Protection Agency (EPA) and can cause 

damage to plants and create problems for both humans and 

animals. Understanding the differences between the natural 

concentration sources and anthropogenic impacts of chemical 

elements is required to determine the quality and the health 

of the soil [64]. Currently, agriculture practices may reduce 

soil biodiversity because the overuse of chemicals may lead 

to adverse ecological alterations [6]. 

This study focuses on chemical elemental loads in the 

mid-continent of USA. The overall objective of this study is to 

determine the spatial patterns of potentially contaminated soil 

with chemical elements using different pollution indices. The 

goal of this study is to estimate the enrichment of chemical 

elements including As, Co, and Hg in the soil in Iowa (IA), 

Nebraska (NE), and Kansas (KS). The measurement of 

potential chemical cumulative loading is performed using 

previously proposed contamination indices: (1) enrichment 

factor (EF), (2) geoaccumulation (I geo) index, and (3) 

potential ecological risk index (PERI), which can provide the 

opportunity to evaluate the long-term pollution. The data are 

used for: 1) Compare the special distribution and 

concentrations of the chemical elements, 2) calculating the EF, 

I geo, and PERI as a test of soil contamination by 

anthropogenic applications, 3) test if high values of EF, I geo, 

and PERI can be associated to known pollution sources. 

2. Materials and Methods 

2.1. Study Area and Site Description 

The study area is in mid-continent of USA as shown in 

Figure 1. The states IA, KS, and NE are the target of this study 

to evaluate the chemical loading. Some regions have high 

chemical concentrations as shown in Figure 6 (a, b, and c). 

The study area is an agricultural region, and the farmland 

covers 99% of IA and more than half of NE and KS. The 

intense agricultural productivity in this region results in many 

agricultural factories and processing plants, specifically ones 

devoted to animals and processing of animals to prepare them 

to the human consumption. IA is one the of agriculturally most 

industrial areas in USA. In KS, food processing is the second 

activity in the state includes flour-milling, animal feed, 

meat-packing plants. The largest industry in NE is food 

manufacturing including meat processing [60]. 

 
Figure 1. Map of study area includes Iowa (IA), Kansas (KS), and Nebraska (NE) (ArcGIS software) shows three states labelled map (www.vectorstock.com). 

2.2. Climate of the Area 

In the study area, the average annual temperature in IA, KS, 

and NE is 45°C. Temperature overall is colder in the north and 

warmer in the south. There is more rain in the east than the 

west [41]. 

The annual average of precipitation is approximately 34 

inches in IA, 28.9 in KS, and 23.6 in NE [19]. 

2.3. Soil Types 

The Tama soil is categorized as a fine silty, mixed, super 

active, mesic typic Argiudolls. In IA, topsoil and subsoil are 

formed from silty clay loam and loess is silt and clay particles 

[60]. Topsoil layer is granular and has an excellent drainage. 

Soil in IA is very productive for plant growth [60]. KS has 300 

different types of soil and prime farmlands form 25 million of 

the 52 million acres. Silt loam soil is the most extensive 

topsoil layer in KS, and subsoil layer is grayish brown silty 

clay loam. The lower portion is calcareous silty loam, and the 

parent layer is a yellowish, calcareous silt loam with 

cretaceous sediments [30]. KS production is wheat, grain 

sorghum, sorghum silage. 
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Some regions in NE are suited for cultivation while other 

regions are suited only for gazing and hay land. One of the big 

changes in NE is recovering the soil health from past 

anthropogenic practices that did not consider the climate 

change and soil conservation [30]. 385 soil types are classified 

in NE and most of them are formed under prairie grasses. The 

topsoil is Mollisols with dark color that is enriched with 

organic matter. The other soil is Entisols that lack distinct 

horizons because the high rate of erosion. These soils are in 

deposits on floodplains, sandy soils in the sand hills, and steep 

slopes [30]. Concentrations of the chemical elements in soil 

are small. However, the concentrations continue increasing 

and accumulating overtime that causes soil pollution, and can 

be geochemical anomalous [46]. Every geographic region has 

different features, which can determine the nature and the 

source of trace elements in that soil type. Comparison can be 

made of a control region (where there are exceptionally low 

agricultural activities). It is necessary to establish a 

background value for chemical elements in soils. The average 

concentration of uncontaminated soils for the chemicals of 

interest here are shown in Table 1 [14, 27, 53]. The average 

concentrations of the three elements were determined using 

the USGS data [53]. 

Table 1. Average concentrations of chemical elements in crust and soil (topsoil, A, and C. horizon). (a) [53], (b) [14], (c) world soil average [27]. 

Element Topsoil (a) A-horizon (a) C-horizon (a) Soil 0-40 cm (b) Topsoil (c) 

As 5.2 5.2 5.7 

IA 7.3 

KS 6.8 

NE 5.5 

6.83 

Co 7.7 7.8 8.4 

IA 10.6 

KS 8.8 

NE 5.3 

8 

Hg 0.02 0.02 0.02 

IA 0.084 

KS 0.058 

NE 0.039 

0.07 

 

2.4. Physiography and Geology 

All three states are flat and varies exist associated with the 

river systems. The subtle topography makes the large-scale 

farms possible. Underlying deep soil and alluvium are nearly 

flat lying rocks of Peleozols and Mesozoic age. The greater 

part of IA is undergoing intense agricultural activity and high 

productivity. The eastern portion of KS and NE share this 

productivity. The western portion of KS and NE are much 

drier and do not have high agriculture productivity. 

Furthermore, north western NE contains the Sand Hills an 

immense region of Sands, with no agriculture, and which 

forms negative anomaly on maps. 

2.5. Soil Sampling and Chemical Analysis 

The data used in this study were extracted from United 

States Geological Survey (USGS) [52, 53]. Soil samples were 

collected from three horizons (surface soil 0-5cm, A-horizon, 

and C-horizon) and the result of chemical analyses reported. 

The C-horizon samples are collected from depth 18-167cm in 

Iowa, depth 10-100cm in Kansas, and depth 10-153cm in 

Nebraska [52]. The topsoil and C-horizon data are used here. 

The samples sites in the three states are: 91 from IA, 132 from 

KS, 130 from NE. 

2.6. Data Analysis 

The typical method of analyzing geochemical data involves 

the description of the single element and spatial distribution. 

The statistical methods were produced using R Studio Version 

0.98.1091. The topsoil data is plotted in histograms based on 

the concentration of elements and mean, and standard 

deviation. In this study, the chemical concentrations of the 

elements As, Co, and Hg in ~353 samples are used to conduct 

geostatistical analysis in IA, KS, and NE. The descriptive 

statistics graphs and histograms are produced (Figure 2a, 2b, 

and 2c) and spatial distribution analysis is performed 

graphically (Figures 3, 4, 5) to display the distribution of the 

three indices. Geochemical distribution maps of EF, I geo, and 

PERI are performed using Geosoftware Oasis Montaj (version 

7.5.1- 4, 2012). The spatial interpolation maps are obtained 

using ordinary kriging estimation. The spatial interpolation 

maps present the spatial distribution of the elements in surface 

soil based on geostatistical analysis. ToxMaps of the USEPA 

are superimposed with geochemical maps and are discussed in 

the last section of this article, to compare with elements 

hotspots. 

2.7. Indices: Enrichment Factor (EF) for Chemical 

Elements, Geo Accumulation (I Geo), and Potential 

Ecological Risk Indices (PERI) 

There are several indexes used to identify arithmetically the 

risk of potentially contaminated soils. Ecological risk 

assessment indexes provide inclusive tool for measuring the 

level of soil contamination; moreover, they show the variances 

in geographical features [43, 55]. In this study, evaluation of 

the potential anthropogenic chemical loading intensity on the 

topsoil is investigated also by using more complex ratio 

includes EF [63], I geo [39], and PERI, [11]. Complications 

will be discussed below. 

2.7.1. Enrichment Factor (EF) 

EF is a significant indicator to distinguish the relative 

contributions between natural and anthropogenic chemical 

inputs into soils, and accumulation or depletion of the 

elements [10, 40, 43, 63]. EF evaluation is by connecting the 

abundance of target element in the examined soil (material 

source) normalized to the reference or standardized metal (Ti) 
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in deep uncontaminated soil layer (C-layer) that originate in 

the Earth’s crust or geological bedrock parent [42]. The 

content of chemical elements is measured with mass basis 

using the formula expressed as: 

Enrichment Factor (EF) =
(��/���) ������� ������

(��/���) � −  ℎ!�"#!$ �� %��&'�!�$(
 

EF is a unitless measure as concentrations cancel out. 

Where Ci is the concentration of the target element and CTi Is 

the concentration of Ti in the same sample. (Ci / CTi) sample is 

the ratio of mean of the target element to Ti concentration (CTi) 

in the soil sample, and (Ci/CTi) background is the ratio in the 

reference (conservative element) in C-horizon. 

There are various methods to calculate EF. As an example, 

one method is calculating EF in element normalizer such as Fe 

or Mn concentration. Another method is using the ratio of the 

chemical concentration of a polluted site to a normalizer 

non-polluted site. Several references used different techniques 

to estimate EFs in the soil. Some of these used on-site 

references [10, 12, 32, 57], and others used off-site values or 

concentrations [13, 17, 42, 47, 66]. The chemical 

concentrations are normalized to conservative reference 

elements from the same site [12]. In off-site reference, using 

the mean of element content in the earth crust for 

normalization in EF calculations cannot provide the accurate 

background values. The elements in each regional natural 

background are different [5]. Values of the deep soil layer 

(C-horizon) are the most suitable on-site references of the 

same soil profile [10, 12, 45], and this is what it is used here. 

The most common normalizers are categorized into two 

groups; the first group includes Zr, Sc, and Ti. The second 

group includes Al, Mn, and Fe [9, 42, 43, 50, 57]. EF of Al, As, 

Cr, Cu, Fe, Mn, Ni, Pb, and Zn were normalized using Al as a 

conservative element [34]. Mathematically, EF calculation 

using Ti as qualified, immobile, and standard element reference 

(normalizer) in the same sample site is accurate tool [49, 58]. Ti 

is not easily impacted by the weathering (conservative), which 

means it is abundant and originates from the Earth’s crust [27, 

35, 58]. Ti is used as the normalizer in this study because of 

many reasons: 1) It is an immobile element that has low 

existence availability; 2) It has little variability of mobility in 

the soil or particularly stable [12]. 

The three risk indices EF, I geo, and PERI each have their 

own numerical and verbal scales of relative intensity or risk, 

and they are not equal to each another. Table 1 shows the 

scales and comparisons. Five contamination categories are 

used, therefore, values of EF less than 1 indicate the likelihood 

of mobilization or depletion of metals respective to the 

reference, while increased EF values more than 1 suggest that 

the element level in the soil is anthropogenic in origin [43]. 

The classifications of the contamination indicators are 

described in Table 1 [7, 26, 40, 43, 59]. As EF values increase, 

the probable anthropogenic inputs increase [59] as it shown in 

Table 1. 

2.7.2. Geo Accumulation Index (I Geo) 

The accumulative index “I geo” is an environmental and 

geological assessment that is widely used to measure the 

magnitude of chemical elements loading relating with the 

studied sediments and soils since the 1970s. Many researchers 

applied “Igeo” index by [39] to assess different chemical 

elements contaminations such as [3, 4, 21, 23, 24, 36, 43, 63]. 

To quantify the degree of chemical elements contamination, 

the mathematical equation proposed by Muller (1969) was 

calculated as follows: 

I geo = �!'+
�,

1.5 0,
 

Cn is the average concentration of metal “n” in the soil 

(measured concentration of the examined metal), and Bn is the 

background concentration of the metal (geochemical 

background concentration of given metal in the crust or 

reference value of the metal “n”). The values of I geo index is 

determined by calculating the base 2 logarithm of the metal 

concentration of metal over its background concentration. I 

geo is a unitless measure as the concentrations cancel out. 

The factor 1.5 is the background matrix correction factor for 

minimizing the impact of possible variations in the 

background values (it is used because of the possible 

variations in background values for a given metal in the 

environment as well as exceedingly small anthropogenic 

impacts) that may be attributed to lithologic variations or 

impacts in the soils [29]. Muller (1969) categorized I geo 

index into seven class indicators that are used to define the 

degree of metal contamination according to the criteria and 

these classifications are shown in Table 1. 

2.7.3. Potential Ecological Risk Index (PERI) 

Potential Ecological Risk Index (PERI) is a tool to estimate 

the degree of heavy metal loading in soils [65]. This method is 

used widely in a variety of environmental research domains to 

record pollutant inputs [54]. Hakanson (1980) [16] developed 

PERI using a toxic response factor for a specific metal to 

evaluate the combined pollution risk, because different types 

of metals can accumulate consecutively and cause combined 

pollution [54]. Each metal also has different effects. This 

technique determines the concentrations, ecological 

sensitivities, and toxic levels of chemical elements [25]. The 

equation of PERI is calculated as explained below: 

PERI=1 (TRF x CF)
6

7
 

PERI does have a concentration unit (mg/kg). CF is the 

reported concentration, and TRF is toxic response factor that 

is the environmental response to the contaminant. TRF is 

known also as relative toxicity for chemical elements. Each 

chemical element has a different TRF value, which are As=10, 

Co=5, Hg=40, Ni=6 [11], Mn=1 [54, 65], Cd=30, Cr=2, Cu=5, 

Pb=5, and Zn=1 [11, 25, 67]. Once the calculation is made, the 

degree of ecological risk for each element can be determined 

according to PERI classification as it shown in Table 2 [11]. 
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Table 2. Comparison of of numerically calculated values and word descriptions of three metrics, enrichment factor (EF), geo accumulation (Igeo), potential 

ecological risk index (PERI) classes (EF=Reference: [26], Igeo=[39], and PERI=[16]. 

EF value 
EF 

Class 

Designation of soil quality 

(enrichment level) 

I geo 

value 

I geo 

Class 

Designation of soil quality 

(Pollution Intensity) 
PERI value 

PERI 

class 

Designation of soil 

quality (PERI) 

< 1 0 no enrichment ≤0 0 Uncontaminated <40 0 low risk 

1-2 1 
depletion or deficiency to 

minimal enrichment 
0-1 1 

uncontaminated to moderately 

contaminated 
≤ 40 < 80 1 moderate risk 

2–5 2 moderate enrichment 1-2 2 moderately contaminated 80 ≤ PERI < 160 2 considerable risk 

5–20 3 significant enrichment 2-3 3 
moderately to strongly 

contaminated 
160 ≤ PERI < 320 3 high risk 

20–40 4 extremely high enrichment 3-4 4 strongly contaminated ≥ 320 4 extremely high risk 

> 40 5 Extremely high enrichment 
4-5 5 

strongly to extremely 

contaminated 
   

≥5 6 extremely contaminated    

 

Calculated results of three environmental risk indices give 

unrelated numbers, indicated in value columns. These ranges of 

numbers are subdivided into classes of increasing environmental 

risk, by their authors. Designations of soil quality translates those 

numbers into words, but the words are arbitrary. 

2.7.4. Statistical Analysis 

The statistical analyses of the data are performed using 

SPSS 24 software. Descriptive statistics and ANOVA 

multivariate analysis using Tukey are used to estimate the 

variance between the means of the analyzed EF, I geo, and 

PERI. Duncan’s Multiple Range Test (DMRT) is carried out to 

test the differences between means (significance level<0.05). 

The statistical analyses of the concentrations of elements are 

achieved by analysis of variance (ANOVA) followed by the 

Tukey’s post-hoc test at the 5% level (https://www.ibm.com). 

3. Results 

According to these datasets, some of the chemical levels 

have high concentrations, which could reflect possible soil 

contamination from anthropogenic activities. In most 

instances, regions overloaded with chemical elements in the 

soil are not associated with industrial applications, urban 

activities, and others. Furthermore, all these regions have been 

subjected to intensive agricultural activities. ToxMaps of the 

USEPA are superimposed with geochemical maps (Figure 6) 

and discussed in the last section as to whether anomalous 

regions are associated with the element hotspots. 

The average of concentrations of As, Co, and Hg are shown 

in Table 3. 

Table 3. Standard statistics of the chemical data (USGS) used in this study. Units are ppm. Maximum (Max), minimum (Min), standard deviation (SD). 

Chemical 
IA KS NE 

As Co Hg As Co Hg As Co Hg 

Max 13.2 16.2 0.1 19.3 21.1 0.08 18 20 0.06 

Min 1.6 3.3 0.01 1.4 1.7 0.01 0.9 0.7 0.01 

Average 7.68 10.6 0.03 6.76 8.59 0.02 4.41 6.26 0.02 

SD 2.20 2.61 0.01 2.71 3.47 0.01 3.05 4.02 0.01 

N=348 

Table 4. Enrichment Factor (EF), potential ecological risk index (PERI), and geo accumulation (Igeo) in Iowa (IA), Kansas (KS), and Nebraska (NE). 

EF I geo 

Element 
State N Mean Std. Deviation Degree of EF 

Element 
Mean 

Index Index 

EF_As 

IA 91 1.01 0.42 minimal enrichment 

Igeo_As 

1.01 

KS 127 0.9 0.31 no enrichment 0.9 

NE 130 1.01 0.51 minimal enrichment 1 

Total 348 0.97 0.44 no enrichment 0.97 

EF_Co 

IA 91 0.1 0.27 no enrichment 

Igeo_Co 

0.91 

KS 127 0.9 0.2 no enrichment 0.9 

NE 130 1.03 0.28 minimal enrichment 1.03 

Total 348 0.98 0.25 no enrichment 0.97 

EF_Hg 

IA 91 1.1 0.53 minimal enrichment 

Igeo_Hg 

1.1 

KS 127 1.4 0.81 minimal enrichment 1.39 

NE 130 1.12 0.54 minimal enrichment 1.12 

Total 348 1.21 0.67 minimal enrichment 1.21 
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Table 4. Continued. 

I geo PERI 

Std. Deviation Degree of I geo 
Element 

Mean Std. Deviation Degree of PERI 
Index 

0.42 uncontaminated to moderately contaminated 

As_PERI 

10.5 5.6 low risk 

0.31 uncontaminated to moderately contaminated 9.8 4.04 low risk 

0.51 uncontaminated to moderately contaminated 10.38 7.57 low risk 

0.43 uncontaminated to moderately contaminated 10.2 5.96 low risk 

0.27 uncontaminated to moderately contaminated 

Co_PERI 

5.22 2.07 low risk 

0.2 uncontaminated to moderately contaminated 4.4 1.75 low risk 

0.28 uncontaminated to moderately contaminated 5.34 3.28 low risk 

0.26 uncontaminated to moderately contaminated 4.97 2.53 low risk 

0.53 moderately contaminated 

Hg_PERI 

49.49 36.03 moderate risk 

0.81 moderately contaminated 53.73 26.98 moderate risk 

0.54 moderately contaminated 49.52 23.87 moderate risk 

0.66 moderately contaminated 51.05 28.58 moderate risk 

Classification results of EF, PERI, and Igeo, and the values of the results to determine the contamination levels of As, Co, 

and Hg for each state are showed in Table 4. 
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Figure 2. (a, b, c) Enrichment factor (EF), Geo-accumulation (I geo), Potential ecological risk index (PERI) values of individual chemical elements in surface 

soil in the study area. 

3.1. Enrichment Factor (EF) 

The enrichment of As, Co, and Hg are evaluated by 

applying three frequently used methods. Table 4 shows the 

numerical values produced, the value range is subdivided, and 

each subdivision is given named description of soil quality, a 

qualitative name of degree of contamination. The summarized 

data for As, Co, and Hg displayed in different columns are 

shown in Table 2. Table 3 shows the statistical findings of 

three measurement tools used in this study. Figure 2a, 2b, and 

2c presents a graphical depiction of three different metric 

values on vertical axes by state on the X axis, and with each 

chemical assigned individually. Special classification of these 

data is displayed in Figures 2, 3, and 4, and will be discussed 

later. 

The values of EF of chemical elements in the soils of the 

states vary because Hg and As have minimal enrichment and 

Co has almost no enrichment, which indicates that the soil in 

these states has minimal contamination by As and Hg as 

shown in Table 3. The enrichment degree of Hg is the highest. 

The highest value of EF of Hg is observed in KS (1.39) 

followed by NE (1.12) and IA (1.10). However, enrichment 

degree of As is lower than Hg and higher than Co with the 

values 1.01, 0.90, 1.00 in IA, KS, and NE respectively. 

Enrichment intensity of Co is lowest compered to As and Hg 

and its average in IA (0.99), KS (0.89), and NE (1.03) (Table 3 

& Figure 2a). In general, the values of EF are approximately 

similar or close to each other for the three elements in the three 

states. The maps of EF are shown in Figure 3. 

3.2. Geoaccumulation (I Geo) 

Results of Igeo calculation shown in Table 3 investigate 

whether that the three states are contaminated with Hg (Table 

3 & Figure 2b). In general, the values of I geo are 

approximately similar for As, Co, and Hg in the three states, 

but the chemical element with the highest index is Hg with 

maximum value 1.38 in KS, followed by 1.12 in NE, and 1.10 

in IA (Table 3 & Figure 2b), which shows the possibility of the 

contamination in the soil with the Hg originating from human 

activities (Table 3). The highest maximum values of I geo 

observed in KS are As (1.90) and Hg (1.38). 

3.3. Potential Ecological Risk Index (PERI) 

PERI is a simple and accurate method that can be used for 

estimating the environmental aspects of chemical elements in 

the soil. There is a significant ecological risk contamination of 

Hg in the soils of IA, KS, and NE. According to the evaluating 

standard of PERI, Hg is classified as a moderate risk in IA 

(49.5), in KS (53.7), in NE (49.5). As and Co are evaluated as 

low risk assessment according to PERI criteria (Table 3 & 

Figure 2c). These investigations show that these chemical 

elements are associated with point sources and various 

additional sources (Figure 6). 

Histograms and standard statistic parameters lead towards a 

better understanding of data. Multivariate statistical analysis 

illustrates the geochemical groupings inherent in the samples. 

3.4. Spatial Distribution Maps of Chemical Elements Using 

Enrichment Factor (EF), Geo Accumulation (I Geo), 

Potential Ecological Risk Index (PERI) 

Spatial analysis is initially different. Description when 

necessary, initially mimics is the description of an anomaly 

map. Description may be carried out in a fashion like a 

geomorphology map, describing hills, valleys, etc. From this 

perspective, the following terms are defined for the 

generalized description of this special variable. In geology, 

these interests are called geomorphology. Background equal 

zero, it is important for there to be an area where zero or close 
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to zero chemical concentrations are present. This is the case in 

the Sand Dunes in northwest Nebraska. This large region of 

wind-blown sand of largely quartz and is not and never has 

been under cultivation. It serves as a region of near zero values 

for all chemical constituents. Regional plateaus are areas of 

broad non-zero, relatively uniform anomalies, will be 

interpreted to be of agricultural origin, from fertilizers and 

additives. Ridges and basins are linear anomalous features of 

positive (ridges) or negative (basins) values. Grabens and 

horsts are alternative parallel valleys and uplifts. Moreover, 

embayments are entries into a regional plateau or other feature, 

which may merge with the other features. Dimples are site 

specific, circular anomalies; on a fertilizer derived regional 

plateau dimples may be towns, within which fertilizer nor 

additives are not applied (negative anomaly). Otherwise, 

dimples as positive anomalies are point sources due to 

industrial activity and may be seen ToxMap (Figure 6). 

Boundaries may consist of large value changes over short 

distances, as measured in general perpendicular to the trend of 

the boundary. Alternatively, perpendicular to the trend of the 

shape the rate of change of the measurement is relatively slow. 

This section is concerned with maps. The point sources of 

local distributed maps are produced to show the single 

element geochemical distribution (Figure 6). These techniques 

are valuable indicators for identifying the actual sources of 

chemicals. The maps of the soil provide a baseline data 

regarding to distribution and accumulation of the elements as 

projected by kriging and mapped in Figure 3, 4, and 5. Spatial 

variation patterns of EF show differences from site to site. 

interpretation of the spatial data shows the relationship among 

the chemical element concentrations and potential soil 

contamination. EF index is translated and displayed in 

distribution maps of these three chemicals As, Co, and Hg in 

Figure 3. The map patterns display different features. Some of 

these zones with high metric values may be related to potential 

agricultural, anthropogenic applications. These regions have 

been put in risk because of historically intensive agricultural 

inputs. 

Most of the individual EF values are between 2-5 indicate to 

moderately enrichment. The maximum values in the spatial 

chemical distribution of EF maps show the differences 

between elemental concentrations. The EF maps of As show 

the range of values between 0.5-2.6. The maximum value of 

2.6 suggests moderate enrichment as it is described in Table 2 

[26] in some regions especially in the east of IA, north west, 

middle, south of NE, and north, southwest of KS (Figure 3a). 

However, the minimum value of EF is 0.5 observed in some 

areas in IA, KS, and NE (Figure 3a). The spatial pattern of EFs 

values of Co in agricultural soil falls within range 0.5-2.1 

(Figure 3b). The Co hotspots of EF are identified in southern 

IA and northern NE. In KS region, few moderate EF areas 

have been observed (Figure 3b). Greater EF of Hg is 7.6, 

indicating significant hotspot enrichment observed through 

many regions in KS, especially in the east side. In IA, EF of 

Hg in elevated in northeast and southeast, and one hotspot is in 

the south of the state (Figure 3c). 

The soil elemental content varies in geochemical 

distribution in different sites as it is evaluated by the I geo 

calculation. The results of the mapping analysis of point 

sources showed different patterns. The soil in the study 

regions is potentially affected by different sources of 

anthropogenic applications. The distribution of geochemical 

maps of I geo for the analyzed chemical elements indicate 

high spots in specific regions compare to other regions within 

each state. The minimum negative values were observed in 

some regions in the study area. High concentrations of 

hotspots have been observed in IA, KS, and NE. According to 

I geo, agricultural soils in IA, KS, and NE are chemically 

loaded with Hg (1.63) as shown in I geo distributed maps 

(Figure 4c). It is noted that similar geochemical distribution 

maps are observed of I geo of As and Co. The maximum value 

of I geo of As is 0.52 while it is 0.31of Co (Figure 4a and 

Figure 4b). The I geo values range of 0-1 refers to 

uncontaminated to moderately contaminated soil [39] (Figure 

4a, 4b, 4c). 

Visual variations are observed in the maps with high and 

low values of the elements (Figure 5a, 5b, and 5c). The unique 

spatial distribution is observed at the local scale characterized 

by the location of hotspots. There are regions of high 

concentrations of As, Co, and Hg in the three states that are 

not associated with air and land emissions of Toxmap (Figure 

6). Specifically, the highest concentrations of As range 21–59 

mg/kg is observed in the east of IA, the middle of NE, and the 

south of KS. Some of the elemental features among them 

display their dispersion by human inputs. However, the 

concentrations of Co range 10.74 – 27.86 mg/kg and Hg range 

111.10 – 280 mg/kg are relatively low compared to As (Figure 

4b and 4c). 

A massive anomaly or plateau of As is noted in western IA 

and southern KS, and the plateau is largest in the northwest 

and it extends to the middle of NE. These highlighted regions 

are interpreted to be associated with the anthropogenic 

activities. For Co, there are two massive diffuse anomalies in 

Sand Dunes in northwest NE. Moreover, a small anomaly 

region exists in the east of the state (Figure 5b). Very minor 

anomalous region is in the south of KS (Figure 5b). 

Furthermore, negatively minor anomalies are present in 

different places in IA. A region of low values exists in the 

south, east, and northwest of KS (Figure 5b). The significant 

point that should be taken in mind is the high values of PERI 

(21 – 59.44) of As in several random regions suggest mostly 

overloaded chemical inputs from different anthropogenic 

sources in the study area (Figure 5a). Though low PERI values 

of Hg are higher than As and Co investigated, the areas of 

anomalies are small to be visible in the spatial distribution of 

the maps. 

Most of the regions in IA, KS, and NE in the land maps are 

agricultural regions rather than industrial regions, therefore 

the origin of some chemical elements might be sourced from 

anthropogenic activities and more specifically overloading of 

chemo agricultural substances. According to these results, the 

existence of significant soil contamination due to agricultural 

metal loading has taken place in the study areas. This explains 

the variations in distribution of the chemical elements with 
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high and low concentrations in the spatial distribution maps. 

 

 

 
Figure 3. Spatial distribution maps show EF value of (a) As, (b) Co, (c) PERI in the surface soil in study area. 
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Figure 4. Spatial distribution maps show I geo value of (a) As, (b) Co, (c) Hg in the surface soil in study area. 
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Figure 5. Spatial distribution maps show PERI value of (a) As, (b) Co, (c) Hg in the surface soil in study area. 

4. Toxmap Data of Individual Chemical 

Elements 

For further source identification and assessment of the 

chemical elements in the soil, the database of chemical 

elements released into the environment are extracted from the 

toxic release inventory (TRI) including the toxic chemical 

release information and the waste management activities [6]. 

ToxMap is a Geographic Information System (GIS) database 

and provides data on point airborne sources and surface 

industry sources. ToxMap maps to help users explore data 

from the USEPA, Toxics Release Inventory (TRI), National 

pollutant release inventory (NPRI), and superfund programs 

with visual projection and maps [62]. They help researchers 

to generate regional information that show the TRI chemicals 

released on site into different environments (air, land, water, 

and by underground injection). The released data are 

measured in pounds per year. These data facilitate 

identification and color-coded release quantities and 

chemical release data for many years. ToxMap hot spots are 

compared with the anomalous areas of maps produced here 

of surface soil chemistry and metrics to explore alternative 

sources of chemicals. Since the toxic chemicals released are 

reported for industrial activities, the other possible sources 

such as transportation, farming, and households are not 

involved [62]. Chemical sources may be from many possible 

human activities or natural processes. For this reason, the 

geochemical metric maps are compared with the Toxmap 

distribution maps of air emission [61]. The geochemical 

maps using USGS data of the surface soil metric have been 

created for overlapping these maps with ToxMap as it shown in 

Figure 6a, 6b, and 6c. 

In conclusion, there are no significant contributions and 

associations between air pollution data (Toxmap) and the 

observation of EF, I geo, and PERI documented in this study. 

It is critical to consider many factors to discover the source of 

the chemical anomalies. One factor is the number of high 

emissions and the anomalies spots. Another factor is that the 

number of the sites differs for each chemical. It is stated that 

the chemical sources are different from one site to another 

because the industrial activities in each site differ in chemistry 

such as in eastern KS. Generally, in all the maps, it is 

considered that the anomalies revealed that most of the 

ToxMap results are close to zero (Figure 6). The number of As 

releases to air and land are exceptionally low as it shown in the 

air release map of As, and there are no reported sites of As 

release into the air in the three states. However, for As release 

into the land, there are only two reported sites, one of these 

sites is in the border between IA and NE, and another is a 

waste center located in the southwest of NE. These sites do not 

correlate with any of high values indicated in the maps 

produced here (Figure 6a). 

The soil anomalies are not associated with the Co released 
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in the study area into the air (Figure 6b). Generally, there are 

no releases of Co onto the land that been observed in IA, NE, 

and KS (Figure 6b). These observations suggest that the 

source of Co in the soil is anthropogenic. Only one point 

source of Hg released from air and another point of land 

emission in the south of IA are correlated with hotspots in 

geochemical map of Hg in this study. In contrast, there are no 

correlation between air and land emissions and hotspots of Hg 

in geochemical maps of KS and NE (Figure 6c). 

Point source maps of the three chemicals are given in Figure 

6a, 6b, and 6c have little to zero influence on the maps 

generated here. The most important features in the present 

work are regional plateaus. These plateaus can be interpreted 

as agricultural additions to the soil because of the widespread 

elevated uniform properties. 
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Figure 6. Maps of air and land emissions super imposed on soil geochemical background maps of (a) As, (b) Co, and (c) Hg. 

5. Discussion 

Soils of the USA have properties that result from the 

climate and geology. Investigations began with the three 

states of IA, KS, and NE. There is also a useful path of eye 

motion in investigating multiple maps of the same region, 

start with the Sand Hills a zero region, and moves south 

across KS, and then turning eastward, and subsequently 

northward. The specific area of study was examined because 

it has a unique geological characteristic, and it is a relatively 

flat region. Geologically, it is underlain by relatively flat 

lying sedimentary strata consisting of limestone, sandstone, 

and shale, rocks which have simple chemistry and are 

impoverished in trace elements. The only exception to this 

statement is black shale, which may contain trace elements 

concentrations of Hg, Se, As, and others. Black shale 

constitutes less than 2% of the bedrock of these three states 

and is present in only limited areas, thus could not explain 

the wide, extensive, plateau like anomalies seen on the maps. 

Another soil type is loess, which is windblown post glacial 

dust. The chemistry and locations of loess deposits have been 

studied in detail [15, 38, 56] they are commonly in long linear 

bodies adjacent to water sources. Loess soils do not have any 

relationship with geochemical anomalies reported here. 

Another geological influence on soils was the recent (10,000 

years ago) glaciation. Multiple times vast, continent sized 

glaciers moved south pushing loose surface material at its 

front. The region of IA is one of the exceptional agriculturally 

productive regions of the world and it exports the agricultural 

products over the world. Chemical fertilizers are used to 

economically optimize agricultural productivity [51]. 

The rocks are not enriched with these elements. Thus, these 

elements are potential agricultural derivatives. The 

geochemically anomalous regions reflect the anthropogenic 

applications. In the states considered here, the geology is 

relatively simple and the rocks are not enriched anomalously 

chemically, except for rare black shale. The concentration of 

As, Co, and Hg in argillaceous sediments and shales are 13, 

20, and 0.4 respectively [2]. 

Element concentration in the present study was different from 

other studies conducted in various areas in other countries. For 

instance, the mean concentration of Co investigated in this 

study were 10.6, 8.59, and 6.26 mg/kg in IA, KS, and NE 

respectively, which were lower than the reported mean 

concentration in ppm (506.02) by Odat, 2015 [44]. Compared 

to EF of Co in IA, KS, an NE (0.10, 0.90, 1.03) respectively, it 

was lower than EF of Co (5.33) demonstrated by Odat, 2015 

[44]. As values in the current study showed in Table 3 had 

lower concentrations compared with the investigated levels in 

soils in paddy fields of Fujian province in China presented a 

mean value of 22.60 [28]. However, Co mean values were the 

same in the current study in IA as reported by [28], but lower 

than estimated in KS and NE (Table 3). 

The mean concentrations of As in the soil depth of 0-25 cm 

and 25-50 cm were 7.93±2.65 and 7.89±2.29 respectively, 

which were close to the mean values investigated in this study 

while mean concentrations of Hg in the same depth were 

0.14±0.16 and 0.09±0.09, which were higher than mean 

values demonstrated in this study. The mean concentrations of 

As (16.17) and Co (13.15) in the urban area, which are 

enriched compared to the investigated values in the current 

study [36]. The concentrations of chemical elements in the 

soils may have been elevated because of the anthropogenic 

inputs such as industrial activities and fertilizers applications, 

and others. Many studies have applied EF to evaluate 

enrichment of the chemical elements in soils [10, 40, 43, 63]. 

Co was enriched significantly in the soil of the industrial A2 

(11.21), while A7, and A8 zones with EF 5.16 and 2.15 

respectively were moderately enriched, while the other zones 

were depleted to mineral enriched with values less than 2. 
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Meanwhile, I geo of Co in all zones was less than 1 indicate to 

unpolluted soils [22]. The mean concentration of As in 

agricultural soils around the industrial region of Tan-Gail 

district, Bangladesh was 5.90 mg/kg, which is lower than 

reported values in the current study in IA (7.68) and KS (6.76) 

and higher than the estimated value in NE (4.41). Szolnoki et 

al., 2013 [57] reported EF of As (0.90) and Co (0.95) that were 

close to the EF values of As demonstrated in this study in IA 

(1.01), KS (0.90), and NE (1.01), and the EF of Co in IA (0.10), 

KS (0.90), and NE (1.03). The levels of As in this study were 

lower than its level in the west coast of Peninsular Malaysia. 

However, Co concentration was higher in the present study 

compared to Looi et al., 2018 [33]. 

Comparison of the A horizon can be informative. If the 

concentration in A is greater than C, it is suggested is of an 

anthropogenic origin. It is stated that the air pollution with 

chemical elements that can be transported into topsoil, which 

dependent on the chemical and physical properties of the soil, 

indicates the variation of I geo in the different regions [31]. 

The mean I geo of Co reported in the current study in IA, KS, 

and NE (0.91, 1.03, and 0.97) respectively, which was higher 

than I geo of Co investigated below 0 by Odat, 2015 [44]. 

In the present study, the I geo concentration of As was in IA 

(1.01), KS (0.90), and NE (1), and Co was in IA (0.91), KS 

(0.90), and NE (1.03), which classified as uncontaminated to 

moderately contaminated, and these values were higher than 

the reported values 0.24 and 0.21 mg/kg by Adeyeye et al., 

2018 [1]. The mean concentration of I geo of As the present 

study were in IA (0.42), KS (0.31), and NE (0.51), which were 

lower (1.27) than documented by Kang et al., 2020 [29]. 

However, I geo of Co was in IA (0.91, KS (1.03), and NE 

(0.97), which were higher than the value presented by Kang et 

al., 2020 [29]. 

According to the mean PERI, As for the present study is 

classified as low risk in IA (1.50), KS (9.80, and NE (10.38). 

Conversely, PERI of As showed moderate risk to very high 

risk ranged from 8.20-148.85 in different sites of agricultural 

soils around the industrial areas in Bangladesh [48]. The 

concentrations of PERI of As in the surface soil in the current 

study were in IA (10.50), KS (9.80), and NE (10.38) that were 

higher than the PERI of As investigated by Kang et al., 2020 

[29]. Meanwhile, PERI of Co was in IA (5.22), KS (4.40, and 

NE (5.34), which is lower than investigated by Kang et al., 

2020 [29]. 

Selection of these three states was done to simplify 

variables. Topographic relief is low. Rainfall increases from 

west to east. Temperature increases from north to south. Three 

rock types, limestone, sandstone, and shale essentially make 

up the entire bedrock of the three states. These sedimentary 

rocks are horizontal in the earth, or in large swells called 

anticlines or synclines. Soils are thick and productive. This 

area is part of the agricultural heartland of the US, the 

breadbasket of the US. These activities decrease in western 

KS and NE. Much was learned in the three-state focus, partly, 

how to deal with the resulting-colored maps. Geomorphology 

describes features on the surface of the earth, and this is a good 

comparative method. Plateaus become particularly pertinent. 

Drainage from these states is down the Missouri and 

Mississippi River, and presently, in the Gulf of Mexico at the 

mouth of the Mississippi, there is a large plume of excess 

nutrients and trace elements producing a dead zone in the 

ocean caused by excessive fertilizer application in that river 

drainage [18]. 

Comparison of previously proposed environmental risk 

measuring parameters has been accomplished. Three elements 

present in this paper include As, Co, and Hg. These elements 

were studied because they have high toxicity, bioavailability, 

and have influence on the economic and agricultural sectors 

[51]. Moreover, the application of agrochemical fertilizers 

into the soils has been widely used for a long time. Another 

reason is that the contamination of water with these elements 

is a critical and widespread problem. Geochemical maps of 

USGS data permit the expansion of ideas generated in the 

tristate region and leads to some entirely new observations. 

The largest Sand Dunes in North America are the Sand Hills in 

northwest NE. Specifically, one of the most distinctive 

features on the geochemical maps are the Sand Hills located in 

the northwest of NE which appears as a blank or ground zero 

in all the geochemical maps. It is all quartz sand, and the 

overwhelming predominance of quartz sand has precluded 

agricultural activities, and nothing lives in this large area. For 

regional geochemical studies, the Sand Hills serves as an 

excellent zero point, where the concentrations of most 

chemical elements go towards zero. 

A large almost square plateau exists repeatedly in the 

geochemical data. A generalization of those boundaries is 

made and presented in Figure 3, Figure 4 and Figure 6. The 

square plateau boundaries are not parallel to the straight state 

boundaries but inclined approximately 45 degrees. The 

boundaries so the square BB Plateau join the following points: 

The Plateau includes most of eastern KS. From the 

southeastern corner of KS, a zone extends northeast to the IA 

state boundary, and therefore is the southeast boundary of the 

square, the BB Plateau. The northeast boundary of the square 

plateau extends northwest across western IA to the southeast 

corner of South Dakota, the northernmost corner of the square. 

The northwest boundary of the square runs from the southeast 

corner of South Dakota to a point west along the KS-NE 

boundary. A plateau exists for many chemicals, meaning that 

throughout this plateau area the concentrations of multiple 

chemicals are elevated slight variation of concentrations 

within the Plateau is the typical behavior. Two of the states in 

the tristate area of interest here are in a west to east sequence 

along which agricultural intensity increases, NE to IA. This is 

the western end of an unusual zone of agricultural 

productivity. 

6. Conclusion 

The environmental indices include EF, I geo, and PERI 

used in this study show similar results for each of the three 

chemical elements As, Co, and Hg. The results demonstrate 

minimal contamination to moderately contamination in the 

study regions. EF shows present minimal enriched or low risk 
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of chemical elements As and Co while I geo show 

uncontaminated to moderately contaminated As and Co. The 

mean value of Hg using EF as a contamination index indicate 

minimal enriched soils; PERI and I geo show moderate 

contamination in three states. 

The spatial distribution maps show by EF, PERI, and I geo 

with several variations and high anomalies in three states with 

highlighted regions of plateaus are concluded to be related 

potentially with anthropogenic applications. High 

concentrations of As, Co, and Hg have been observed in the 

study area that could be associated with the human inputs. 

Like EF and PERI maps, the geochemical distribution maps of 

As, Co, and Hg using I geo present hot spots in some regions 

in the three states, which can indicate significant 

anthropogenic applications and point sources contamination 

in the study regions. 

Spatial distribution of the chemicals and their risk metrics 

show widespread, uniform, elevated character, like a plateau. 

Agricultural applications can be the only explanation of origin 

of these geochemical features. Further study is needed to be 

understanding the sources and extent of accumulation of 

chemical elements in agricultural soils and assessment of 

study health risk in mid-continent of USA to reduce metal 

loading and avoid long term accumulation of chemical 

elements. 
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