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In this study, the pollution intensity, spatial distribution, and index-based risk distribution in 
campuses, which are a small prototype of cities, were mapped and the sources of heavy metals in the 
soil were investigated. Soil samples were taken from 9 different points from the Aksaray University 
Central campus, which was determined as the study area. It has been determined that the pH value 
in the collected soil samples varies between 8.7 and 11.0. This situation created an effect on reducing 
the accumulation and mobility of heavy metals in the soil. When the study area was evaluated based 
on the geo-accumulation index, Pb heavy metal was much denser in the places indicated as circulation 
areas and where students were actively present. Based on the pollution load index, it was concluded 
that 75% of the study area was moderately/highly polluted, and the rest consisted of unpolluted soils. 
Pearson correlation analysis and APCS-MLR analyses conducted to determine the source distribution 
showed that the contributions of natural sources, mixed sources of industrial and traffic activities, 
agricultural activity-based sources, and other sources were 57.49%, 21.44%, 12.67%, and 8.40%, 
respectively. Pb is mainly related to the mixed sources of industrial and traffic activities. Therefore, to 
clear up its long-term impact on the accumulation of heavy metals in the soil, it is important to conduct 
continuous heavy metal monitoring in the soil throughout the campus.
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The soil is a basic structure that supports agricultural works and urban infrastructure. The quality of the soil 
significantly affects the safety of different living forms1. However, the soil, which is an important part of the 
environment and ecosystem, is highly sensitive to external pollutants2. Rapid industrialization, traffic intensity, 
increased use of chlorinated organic substances such as insecticides, antibiotics, and herbicides, and the use 
of organic solvents for the rapid development of agricultural activities cause soil pollution and deteriorate soil 
quality3. In addition to global warming, soil pollution has also become an increasingly important problem for 
societies to deal with4.

Usually, metals with a density above 4.5  g/cm3 are called heavy metals. Mercury (Hg), cadmium (Cd), 
lead (Pb), nickel (Ni), zinc (Zn), chromium (Cr), copper (cu) and arsenic (As) are the main heavy metals 
that cause environmental pollution5. Since heavy metals can stay in the ecosystem (soil, water, and air) for a 
long time and accumulate gradually, they have the characteristics of environmental persistence, toxicity, and 
biological accumulation. In high concentrations, they cause toxic effects on organisms living in the ecological 
environment6. The concentration of heavy metals in the soil is an important indicator in the assessment of 
soil quality7. It is estimated that worldwide, more than 50,000 areas, spanning about 200,000 hectares of land, 
are affected by heavy metal pollution8. Therefore, soils contaminated with heavy metals have become a global 
environmental problem that restricts the sustainable development of human society and urgently needs to be 
solved9. As a result, it can be said that conducting ecological risk assessments of heavy metals is one of the main 
components of environmental activities10. Many researchers have used enrichment factors, pollution factors, 
pollution load indices, and geographical accumulation indices as assessment tools to assess the pollution status 
of heavy metals in soil11.

Accurate mapping of the spatial distribution of heavy metals in soil is the primary stage in risk assessment and 
remediation of contaminated areas12,13. Remote sensing is an efficient and environmentally friendly detection 
tool that provides long-term series and large-scale environmental monitoring with low detection costs and low 
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field sampling requirements14. Geographical information system (GIS), one of the remote sensing methods, is 
a new technology used in different fields and provides important results in a short time15. Diaz Alarcòn et al.16 
determined that the heavy metal concentration trends were Fe > Mn > Zn > Ni > Cu > Pb > As > Cd > Hg in soil 
samples taken from the Boyacá industrial corridor of Colombia, and identified anthropogenic and geological 
sources by using GIS software and geochemical indices. Pollution characteristics, ecological risks, and source 
distribution of heavy metals were quantitatively identified in samples taken from the abandoned zinc smelter 
soil in China and mapped using the GIS database17. A similar study was conducted in the Al-Ahsa region of 
Saudi Arabia. In this study, chronic daily intake (CDI), hazard coefficient (HQ), hazard index (HI), cancer risk 
(CR), and total lifetime cancer risk (LCR) of heavy metals were calculated in soil samples taken, and the spatial 
distribution and possible sources of heavy metals were processed into the GIS database18. In the study in which 
soil samples taken from agricultural lands of Dhaka were examined, the approach of GIS, enrichment factor 
(EF), geo-accumulation index, and contamination factor index were used, and it was shown that more than 90% 
of soil samples were contaminated with higher Cr and Cd levels19.

In order to determine the source distributions of heavy metals in the soil, multivariate statistical methods 
have been applied in many studies20–23. Principal component analysis (PCA), an important method for quality 
analysis, is the most preferred method for determining the source of pollution24. The PCA cannot clearly 
determine the distribution of pollution sources and their proportional effects in the environment. Therefore, 
Absolute Principal Component Scores (APCS) analysis along with Multivariate Linear Regression (MLR) was 
used to further measure the distribution of different pollution sources.

In addition to the pollution related to the natural structure of soil, anthropogenic sources such as traffic, 
agricultural activities, and industrial activities can also lead to pollution25. Because of the important environmental 
impacts of university campuses due to their architectural designs, layouts, population, multi-faceted activities, 
energy consumption, waste generation, and carbon emissions, it is necessary to conduct studies for human 
health, ecological welfare, and sustainable practices26. It has been determined that university campuses, which 
are characterized as small districts, are facing many environmental problems27. It is seen that smart and green 
campus studies have been included more in the literature in recent years. Despite this, studies on heavy metal 
research in campus soil, creation of pollution maps, and density and spatial distribution of pollution are limited 
in number. In this study, heavy metal pollution was detected in soil samples taken from the Central campus 
of Aksaray University and a pollution map was created in the GIS database. In addition, Enrichment factor 
(EF), Geo-accumulation index (Igeo), Contamination Factor (CF), and Pollution Load Index (PLI) calculations 
were performed to determine the heavy metal pollution levels. The sources of heavy metals in the campus soil 
were comprehensively evaluated by multiple linear regression analysis with absolute principle component score 
(APCS-MLR). Thus, this study helps to eliminate the deficiency by evaluating the potential risks of heavy metals 
in the soils on the Central campus of Aksaray University.

Materials and methods
Study area and sampling
Aksaray University central campus is located in Aksaray Province, Turkey, 8  km away from the city center, 
between latitude 38.328297 and longitude 33.988937 (Fig. 1). The desktop version of Google Earth Pro  (   h t t p  s : 
/ / w w  w . g o o g  l e . c o m  / i n t l / t r _ A L L / e a r t h / a b o u t / v e r s i o n s /     ) , which is free for all users, was used to create the map. 
In the study, Fig. 1 was created using Google Earth Pro version 7.3 (GoogleData SIO, NOAA, U.S. Navy, NGA, 
GEBCOLandsat/CopernicusIBCAOU.S. Geological Survey). There are fertile agricultural lands, an organized 
industrial zone, and an intercity highway in this region. The study area is open to development on an international 
campus scale and anthropogenic activities are intense in the area at certain times of the day. The average altitude 
of the study area from the sea is 955 m, the average annual temperature of the region is 12.4 °C, and the average 
annual precipitation is 360 mm28.

In the central campus area of Aksaray University (ASU), founded in 2006, there are a total of 15,500 students 
enrolled in different undergraduate and graduate programs. It has a circulation area of approximately 96,386 
m229. In the context of the study, nine soil samples were taken from the circulation areas on days without 
precipitation (between May and June 2018) to reveal both the soil structure of the region and the pollution 
that may occur according to anthropogenic activities on the campus. Before the collection of samples, field 
survey was conducted using geographic information system (GIS). Geographic positioning system (GPS) was 
used to determine suitable sample locations in the survey. According to the principles of TS 9923 (Surface Soil 
Sampling, Transport and Storage Rules), geo-referenced samples were taken using a plastic hand trowel at a 
depth of 0–20 cm from the soil surface to correspond to the ideal soil zone A. Ten subsamples from each sample 
were combined to form one kilogram of composite soil. Then the samples were placed in plastic sample bags and 
brought to the Soil Laboratory of the Department of Environmental Engineering. The samples were dried in a 
60 °C oven for 10 h until they reached a constant weight, and they were ground until 2 mm.

Analytical methods
Soil pH and electrical conductivity (EC) were measured using HQ411D (Hach) equipment in 1:5 (weight/
volume) soil/water suspension. The pH combination was measured using a glass electrode. Soil organic matter 
(OM) was oxidized with potassium dichromate in a sulfuric acid medium and determined by the Walkley-
Black method30. The soluble total organic carbon (sTOC) and soluble total nitrogen (sTN) measurements were 
carried out with the TOC-TN (Shimadzu TOC-VCPN) analysis system. Total petroleum hydrocarbons (THP) 
were made based on the study conducted by Rauckyte et al.31. The oil and grease were analyzed by solid phase 
extraction using USEPA Method 1664 A32. 5 g were taken from each soil sample and allowed to dissolve in 25 mL 
of ultrapure water for 24 h. The solute samples were filtered through a 0.45 μm PTFE syringe filter and examined 
using Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES). All reagents used in the analyses 
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of this study were of analytical purity (Merck, Germany). Before use, all materials were kept in 3% HNO3 for 24 h 
and then rinsed with pure water. In order to ensure the quality of the analytical data, various laboratory quality 
control and quality assurance procedures were applied. All samples were analyzed three times. If the error was 
less than 5%, the results were used for research.

Fig. 1. Campus area and sampling points. (adapted from Google Earth Pro version 7.3)
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Calculation of pollution indices
In order to evaluate the metal pollution properties of the campus soil, enrichment factor (EF), geo-accumulation 
index (Igeo), contamination factor (Cf), pollution load index (PLI) and ecological risk factor, which are widely 
used geochemical methods and pollution indices, were used. These approaches helped to assess the level of 
contamination and the anthropogenic impact on heavy metal levels in the soil of the study area33–35. Enrichment 
factor (EF) is recognized as a useful method for assessing pollution levels caused by human activities and 
environmental factors19. To calculate the EF, the following formula is used:

 
EF = Sample

Ci

Cref
/background

Ci

Cref
 (1)

 where Ci is the content of i heavy metal, and Cref is the content of the reference element (Al) for geochemical 
normalization36.

The Igeo equation is used to determine the pollution levels in soils. The equation developed by Müller37 is 
calculated by the following formula:

 
Igeo = log2

[
Ci

1.5 × Bi

]
 (2)

 where Bi is the background value of element i, and Ci is the content of element i.

The contamination factor (Cf) was calculated by the following equation (Eq. 3)38.

 Cf = Ci/Cn (3)

In the equation, Ci shows i heavy metal concentration and Cn refers to the geochemical background concentration. 
In addition, two composite indices used to assess the cumulative effect of multiple heavy metals (i.e., the pollution 
load index (PLI)) were used. The pollution load index (PLI) was obtained by taking the n root of multiplication 
of the contamination factors (Cf) calculated for n amount metals39. The PLI was calculated using Eq. (4). In the 
equation, Cf1 is contamination factor of one heavy metal, while Cfn is the contamination factor of n heavy metals.

 P LI = (Cf1 × Cf2 × Cf3 × . . . . × Cfn)1/n (4)

To assess the degree of pollution in the environment and the ecological risk of heavy metals in soils, the most 
preferred potential ecological risk index (RI), ecological risk factor (Er), and Cdeg, which is the sum of Cf values 
for all evaluated heavy metals, were expressed by the Eqs.  (5), (6), and (7) proposed by Hakanson40 for the 
evaluation of the negative effects of heavy metals on soils.

 RI = Σ Er  (5)

 Cdeg = Σ Cf  (6)

 Er = Ti × Cf  (7)

 where Cf refers to the contamination factor and Ti refers to the toxic reaction factor of heavy metals40. The 
calculated Igeo values were explained based on the grades described in Varol et al.41 ve Muluye et al.80. The EF 
and PLI values are interpreted based on the categories described in Varol et al.41 and Ferreira et al.42. CF, Er, 
RI values calculated by referring to Hakanson40 and Müller37 are explained according to the degrees explained 
by Varol et al.41, Tiabou et al.81, Ferreira et al.42 and Sun et al.5, respectively. The calculated Cdeg values were 
explained based on the grades described in Tiabou et al.81. The contamination and risk degrees of each index 
are shown in Table 1.

GIS analysis
Pollution maps of the study area were obtained using the ArcGIS geographical information system (Version 
10.5) and by digitizing the points. The maps created in this program were prepared based on the WGS 1984 
geographical coordinate system and redesigned based on the WGS 1984 UTM Zone 36. The basic maps of 
the study area were created using satellite photos obtained from the Google Earth Pro program. One of the 
interpolation models in the ArcGIS geographic information system software is “Inverse Distance Weighted 
(IDW)”. This model is an interpolation for the prediction of any point based on the fact that the value at a point 
close to that location is more effective, and the distant point is less effective43. Using this model, estimated heavy 
metal pollution maps of the study area were obtained. To determine the accuracy of IDW interpolations, the 
power parameters were changed from 1 to 3, and the lowest root mean squared error (RMSE) for specific power 
parameters was selected for each pollution index map44.
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Relative heavy metal source distribution
In order to determine the distribution of different pollution sources in the soil, the APCS-MLR model was 
used20,21,45. The reverse traceable APCS-MLR model derived from the Standard Principle Components Analysis 
(PCA) method is calculated based on multiple linear regression and standard factor analysis22,23,46. Predictions 
were made with XLSTAT statistical data analysis software (Version number: 2023.1.4, Creator: Lumivero, 
Denver, USA). The APCS-MLR model based on multiple linear regression can be shown as follows:

 
CHM = β zero +

∑
p
n−1β n × APCS/MLRn (8)

 where CHM is the amount of heavy metals, βzero is the intersection term of the initial regression of heavy metals, 
βn is the regression coefficient between the n source and the heavy metal, and APCS/MLRn is the factor n 
representing the absolute principle component score of the source. βn × APCS/MLRn refers to the contribution 
of the source factor n to CHM. In addition, in this study, the source contributions were calculated as follows.

 
Sourcen = abs (Sourcen) × 100%

abs (Sourceud) +
∑ p

1abs (Sourcen)  (9)

 where Sourcen is the nth heavy metal source contribution, Sourceud is the unidentified source contribution, and p 
is the determined source number. Statistical analyses were performed using Excel 2024 and Origin.

İndices Degree of contamination or risk

Enrichment factor (EF)41

EF < 2 → Minimum enrichment

2 ≤ EF < 5 → Moderate enrichment

5 ≤ EF < 20 → Significant enrichment

20 ≤ EF < 40 → Very high

EF ≥ 40 → Extremely high enrichment

Geographic accumulation index (Igeo)41,80

Igeo < 0 → Uncontaminated

0 ≤ Igeo < 1 → Unpolluted to moderately contaminated

1 ≤ Igeo < 2 → Moderately dirty

2 ≤ Igeo < 3 → Moderately to very dirty

3 ≤ Igeo < 4 → Very dirty

4 ≤ Igeo < 5 → Very to extremely dirty

Igeo ≥ 5 → Extremely dirty

Contamination factor (CF)41

CF < 1 → Low pollution

1 ≤ CF < 3 → Moderate pollution

3 ≤ CF < 6 → Significant contamination

CF ≥ 6 → Very high contamination

Ecological risk factor (Er)
81

Er < 40 → Low potential ecological risk

40 ≤ Er < 80 → Moderate potential ecological risk

80 ≤ Er < 160 → Significant potential ecological risk

160 ≤ Er < 320 → High potential ecological risk

Er ≥ 320 → Very high potential ecological risk

Cdeg value41

Cdeg < 6 → Low pollution

6 ≤ Cdeg < 12 → Moderate pollution

12 ≤ Cdeg < 24 → Significant contamination

Cdeg ≥ 24 → Very high contamination

RI value5,42

RI < 150 →Low risk

150 ≤ RI < 300 → Medium risk

300 ≤ RI < 600 → High risk

RI ≥ 600 → Very high risk

Pollution load index (PLI)42

PLI > 1 →Polluted

PLI = 1 → Baseline levels of pollution

PLI < 1 → Not Polluted

Table 1. Contamination and risk grading of the indices used in the study.

 

Scientific Reports |        (2024) 14:29918 5| https://doi.org/10.1038/s41598-024-78961-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Results and discussion
Physicochemical properties of soil samples
The physicochemical properties of the soil both contribute to the determination of heavy metal values in the soil 
and affect the mobility of the soil47,48. Table 2 shows the specific physicochemical and textural properties of nine 
soil samples belonging to the campus area under study.

As seen in Table 2, the pH value of the soil in the campus area varies between 8.7 and 11 and indicates a 
strongly alkaline type of soil. pH values can affect the mobility of heavy metals in different soils; for example, 
alkaline soil can reduce the accumulation and mobility of heavy metals49. The electrical conductivity (EC) in 
soil samples ranges from 20.81 to 714 µs/cm and the mean is 279.55 µs/cm. The distribution in the campus area 
indicates that there is a high concentration of EC at some sample points (S3, S6, and S7). OM values range from 
3.59 to 20.82%. OM is necessary for soil development, soil fertility and pollution reduction50. The amount of 
organic matter can cause heavy metals to be retained in the soil. Also, the high OM content at these points may 
be due to discharges in the surrounding area. It was found that in terms of nutrient values in the soil samples, 
calcium (Ca) ranged from 29,030 to 134,300 mg/kg, magnesium (Mg) from 4796 to 101,000 mg/kg, sodium (Na) 
from 1258 to 140,600 mg/kg and potassium (K) from 2118 to 4544 mg/kg. The high levels of Na in the samples 
may be due to the natural structure of the soil. High K values indicate that excessive K fertilizer was used in 
agricultural activities carried out in the region in previous periods48. It was observed that the TPH values in 
the soil samples ranged from 278.85 to 1168.78 mg/kg and the mean TPH was 637.89 mg/kg. Especially at the 
sample points near the roadsides (at the S2, S3, and S4 points where traffic was heavy), the TPH values were at a 
high level. The high TPH at these points can be attributed to traffic-related emissions. It was grouped based on 
the soil sampling points according to the Unified Soil Classification System (USCS) (Fig. 2).

In the samples taken homogeneously from 9 points, the soil texture (clay, silt and sand distributions) was 
determined according to the intersection point in the Texture Triangle with mechanical analysis processes. S1, 
S8, and S9 are suitable for the well-graded sand (SW) class and S2, S4, and S6 are suitable for the poorly graded 
sand (SP) class. The S3, S5, and S7 points can be grouped under the poorly graded sand-silty sand (SP-SM) class. 
These soils are sandy and silty in nature, and they have a high permeability compared to clay soils; therefore, 
the heavy metal retention is not very high in them. However, activities and active factors other than the natural 
textural structure can increase the density of heavy metals.

Distribution of heavy metals in soil
The soluble heavy metal concentrations in the soils were determined in the Aksaray campus area. In Table 3, the 
concentrations of heavy metals detected in the context of the study are presented.

As seen in the table, it was determined that Pb concentration ranged from 10.09 to 39.33 mg/kg, Cu from 8.35 
to 35.82 mg/kg, Ni from 23.89 to 214.4 mg/kg, Cr from 11.98 to 55.63 mg/kg, Zn from 97.51 to 219.9 mg/kg. The 
mean Ni concentration was observed as 214.4 mg/kg at the S5 point. Compared to the international scale, this 
value is above the standards. The presence of geogenic activities in and around the study area explains the high 
level of Ni concentration. The identification of such relationships consistently in various studies strengthens the 
hypothesis that geological factors play an important role in shaping the elemental composition of the studied 
areas51. This collective evidence contributes to a broader understanding of the geological controls on heavy 
metal concentrations in Turkey52. Due to integrated agricultural activities and fertilizer use, the concentration 
of Cu and Zn in the soil is increasing53. In the soil of the study area, the Cu and Zn content has the potential 
to increase due to industrial wastes and agricultural chemicals such as fertilizers and pesticides. In general, the 

Parametre Unit S1 S2 S3 S4 S5 S6 S7 S8 S9

pH – 8.7 10.3 9.2 9.6 10.0 9.1 11.0 9.7 9.4

EC µs/cm 20.81 138.3 714 161.4 96.45 505 506 90.5 283.5

OM % 7.5 4.44 6.82 3.89 6.15 3.65 20.82 3.66 3.59

Oil-Grease % 0.018 0.036 0.09 0.028 0.016 0.244 0.302 0.006 0.014

sTOC mg/kg 1892 14,120 2979 795.9 430.1 7978 1407 1374 1411

sTN mg/kg 72,530 64,090 34,980 25,600 1347 49,620 4528 44,520 81,860

TPH mg/kg 394.3 1168.78 1027.74 986.29 796.07 256.38 436.8 395.8 278.8

Ca mg/kg 83,740 54,770 134,300 38,140 60,120 29,030 119,500 47,490 38,570

K mg/kg 4410 4544 4201 1962 3287 2437 2933 3339 2118

Na mg/kg 3416 140,600 2968 1451 1559 1258 6731 2630 1308

Mg mg/kg 22,660 12,510 29,720 4796 28,990 5082 101,000 8625 5701

Intensity g/cm3 1.02 0.94 1 0.89 0.89 0.92 0.76 0.96 0.97

Porosity % 35.9 35.06 36.71 37.89 37.5 34.64 43.66 39.39 37.11

Clay/Silt % 9.29 1.07 10.47 1.74 6.51 2.00 14.90 7.08 4.91

Sand % 90.71 98.93 89.53 98.26 93.49 97.79 85.10 92.92 95.09

Soil Class % SW SP SP-SM SP SP-SM SP SP-SM SW SW

Moisture Capacity mL/kg 200 200 150 200 200 150 210 150 130

Table 2. Physicochemical properties of soil samples.
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high concentration of Pb at some sample points in the soil can be specifically attributed to the proximity of the 
campus area to highways.

Pollution assessment of heavy metals in soil
Soil quality in terms of heavy metals was evaluated based on the permissible limits for selected parameters such 
as Cr, Pb, Ni, Zn, and Cu. In Table 4, the studies conducted on different soils related to heavy metal pollution 
indices are listed. The studies have examined the regional areas outside the campus territory, and evaluations 
have been made based on the basic indices in terms of certain heavy metals that create the pollution load. The 
indices in the literature and those used in this study show similarities.

Table 5 displays the selected power parameters, which are based on the root mean square error (RMSE) values 
of IDW interpolation. According to the results the lowest RMSE value was obtained from Igeo-Cu distribution. 
The less accurate IDW estimations were done for Ni for all indices.

Geo-accumulation index (Igeo) values
The geo-accumulation index (Igeo) is used to measure soil pollution caused by heavy metals and classify the 
state of pollution at seven levels from low pollution to high pollution63,64. In order to assess the pollution status 
of heavy metals in the soil located in the campus area, Igeo values were calculated as the pollution index for 
individual heavy metals65 (Table 6).

It was found that the average Igeo values of heavy metals in the soil throughout the campus area were as 
follows: Ni > Cr > Zn > Pb > Cu. The results of Igeo values are mapped in Fig. 3. Since the average Igeo values 
for heavy metals (Cr, Ni, Zn, Pb, Cu) at all soil sampling points were in the range 0 ≤ Igeo < 1, the campus soils 

Heavy metals (mg/kg)

Sample points

S1 S2 S3 S4 S5 S6 S7 S8 S9

Cr 29.81 55.63 31.97 28.29 34.2 30.09 0 26.6 11.98

Cu 35.82 14.66 9.655 11.51 33.18 10.8 0 11.87 8.348

Ni 25.17 50.23 46.06 49.87 214.4 23.89 0 30.34 25.26

Pb 39.33 14.89 11.58 13.56 32.79 11.58 0 13.3 10.09

Zn 181.2 219.9 137.2 154.6 99.58 97.51 0 108.8 166.4

Table 3. Heavy metal concentrations of soil samples.

 

Fig. 2. Classification of soil samples according to USCS.
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were classified as unpolluted or moderately polluted. The results showed that the geo-accumulation index was 
less than 1 at many points in the campus area, which indicated that the campus site had low pollution (Table 1). 
In particular, the Igeo values of Cr and Ni at point S1 were calculated as 5.98 and 6.70, respectively. These values 
indicate extreme pollution according to Table 1 (Igeo ≥ 5 → extremely dirty) for both Cr and Ni. According to 
the Igeo values, a change in soil quality was observed in terms of Cr and Ni at point S1. The high Igeo values of the 
specified heavy metals indicate a strong spread in the soil66. The geo-accumulation index generally maintains a 
non-polluting status and can predict the impact of geogenic activity on the soil both for the past and the future67.

Index Power level* RMSE Index Power level* RMSE

Igeo Cr

1 1.98

EF Cr

1 11.5

2 1.95 2 11.19

3 1.93 3 11

Igeo Cu

1 0.039

EF Cu

1 16.09

2 0.038 2 16.53

3 0.039 3 17.2

Igeo Pb

1 0.192

EF Pb

1 3.02

2 0.192 2 3

3 0.194 3 3.01

Igeo Ni

1 2.19

EF Ni

1 17.04

2 2.16 2 16.78

3 2.15 3 16.79

Igeo Zn

1 0.17

EF Zn

1 6.12

2 0.16 2 5.8

3 0.157 3 5.52

Cf Cr

1 5.14

PLI

1 1.16

2 5.05 2 1.13

3 5 3 1.12

Cf Cu

1 0.4

2 0.42

3 0.43

Cf Pb

1 0.75

2 0.741

3 0.742

Cf Ni

1 6.62

2 6.53

3 6.49

Cf Zn

1 0.79

2 0.77

3 0.75

Table 5. RMSE values of different order levels for IDW. *Bold values were selected for IDW interpolation 
maps.

 

Indexes Heavy metals Purpose of the study References

ER Cd, Pb, Zn, Cu Evaluation of agricultural and urban soil quality in terms of heavy metal pollution Askari et al.54

Igeo Zn, Cr, Pb, Cu, Ni, Cd Evaluation of landfill soil quality according to ecological heavy metal risk Ogundele et al.55

CF, Igeo, EF, PLI, RI Cd, Co, Cr, Fe, Mn, Ni, Pb, Zn Evaluation of soil quality according to the health risk caused by heavy metals Adebiyi and Ayeni56

EF, CF, Igeo Cr, Ni, Fe, Co Sources of heavy metal pollution in urban soil and ecological risk assessment Moghtaderi et al.57

Igeo, CF, RI Cu, Cr. Pb, Co Heavy metal pollution assessment of roadside agricultural soil Dogra et al.58

CF, Igeo, RI As, Cd, Cr, Ni, Pb Soil pollution assessment around Iran’s Nishapur industrial zone Mohammadi et al.59

Igeo, PLI, EF, CF, Er Fe, Ni, Cr, Pb, Zn, As, Co, Al Assessment of metal contamination affecting quality in surface soil Jain et al.60

CF, PLI, Igeo Zn, Cr, Ni, Pb, Hg, Cd Assessment of heavy metal pollution in some soils around Colombia Eliana Andrea et al.61

EF, CF, RI Zn, Cu, Fe, Mn Assessment of ecological risk of agricultural soil quality in terms of metal pollution Heidari et al.62

CF, Igeo, EF, PLI, RI Cr, Cu, Pb, Ni, Zn, Fe Mapping heavy metal source distribution in Campus soils and determining soil quality This study

Table 4. Comparison of pollution indices used for different soils.
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Enrichment factor (EF)
In terms of determining the contamination sources of selected heavy metals, values of the Enrichment factor 
(EF) are more advantageous compared to the Igeo index. If the EF index value varies between 0.5 and 1.5, this 
means that there is pollution caused by the natural structure of the environment (i.e., soil). If the EF value is 
bigger than 1.5, the cause of heavy metal-induced pollution in the soil is due to anthropogenic activity68. The 
EF approach is adopted to determine the sources contributing to the heavy metal concentration in the soils on 
the campus. EF is a widely used measure to determine the extent to which the concentration of pollutants has 
increased due to anthropogenic activities. The EF method has been used as a tool for the assessment of heavy 
metal pollution in various environmental media by various researchers69,70. The EF pollution categories generally 
accepted for determining the pollution source are given in Table 1. The enrichment factor (EF) values of the 

Fig. 3. Pollution map of the study area according to the Igeo index.

 

Samples Igeo-Cr Igeo-Cu Igeo-Ni Igeo-Zn Igeo-Pb

S1 5.98 0.13 6.70 0.52 0.63

S2 0.11 0.054 0.15 0.63 0.25

S3 0.20 0.062 0.28 0.41 0.19

S4 0.38 0.048 0.36 0.45 0.22

S5 0.08 0.12 0.48 0.32 0.58

S6 0.09 0.04 0.07 0.29 0.21

S7 0.032 0.022 0.042 0.038 0.10

S8 0.14 0.046 0.50 0.34 0.25

S9 0.12 0.034 0.41 0.31 0.20

∑Samples 7.13 0.56 8.99 3.31 2.63

∑Mean 0.79 0.06 0.99 0.37 0.29

Table 6. Igeo values of selected heavy metals in Aksaray Campus soil.
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heavy metals selected from the soil samples in the campus area are given in Table 7. The EF values for Cr range 
from 0.23 (S7) to 36.48 (S1), and the mean is 6.21, which indicates a significant/meaningful enrichment. This 
result is in agreement with the findings of Raji et al.71, who reported the contamination of Cr to be significant 
enriched. While the EF values for Cu range between 0.52 (S7: EF < 2 → Minimum enrichment) and 48.25 (S5: 
EF ≥ 40 → extremely high enrichment) (the mean value is 12.33), the EF values for Ni range from 1.52 (S7: 
EF < 2 → Minimum enrichment) to 54.06 (S1: EF ≥ 40 → extremely high enrichment) and the mean is 12.27. The 
average EF values for Cu (12.33) and Ni (12.27) were in the range 5 ≤ EF < 20, the campus soils were classified 
as significant/meaningful enrichment. These results are similar to the EF value of Ni reported by Denny et al.69 
and Cai and Li72. Cu is considered to be an anthropogenic derived metal which is obtained mainly from vehicle 
brake pads. Therefore, the EF value of Cu for high traffic areas. The EF values for Zn are between 2.1 (S7) and 
23.19 (S2) (the mean is 10.18), which means that Zn is significantly enriched in soil samples. The EF values for 
Pb range from 1.23 (S7) to 11.83 (S5). The mean Pb value is 5.89 and shows moderate enrichment. This result 
is consistent with the findings of Gruszecka-Kosowska73, which can be attributed to the fact that Pb pollution is 
largely caused by anthropogenic activities. The EF values of the study area are mapped in Fig. 4.

As seen in Fig. 4, Cu and Pb heavy metals are much denser in the places indicated as circulation areas where 
students are actively present. Numerous studies have explained that the presence of various heavy metals such 
as Ni in agricultural soils may be due to fertilizer application. As a result, it can be said that the contamination 
of agricultural soils on the campus area with heavy metals is linked to the use of fertilizers and pesticides. 
Therefore, while it is interpreted that the EF values of heavy metals in the soils on the campus area are primarily 
due to anthropogenic sources, it should not be ignored that these elements originate from the main materials of 
the soil. Situations where the EF value is greater than 5 indicate relative enrichment, and this can be attributed to 
a potential interaction between natural structure and anthropogenic sources67. However, significant enrichment 
in terms of all heavy metals in the study area points to anthropogenic sources with a strong probability.

Degree of contamination (Cdeg) and potential ecological risk (RI) values
The sum of the mean of the contamination factors gives the study area’s degree of contamination (Cdeg). The 
ecological risk index (RI) and Cdeg are two of the most common indices used to assess environmental risks. Cdeg 
and RI values are presented in Table 8. The mean of Cdeg values is 20.60 for the selected heavy metals at all points; 
however, Cdeg values of Cr and Ni are above the mean. At the sample points determined in the campus area, Ni 
indicates a high degree of contamination with a value of 39.49. Whereas Cr (32) and Zn (16.72) show significant 
contamination, Pb (12.3) and Cu (2.48) show moderate and low contaminations, respectively. Based on the Cdeg 
classification, it can be said that there is significant anthropogenic contamination at points with Cdeg≥ 24. High 
Cdeg values indicate various degrees of contamination during periods when the transportation line and campus 
life are active. Changes in the distribution of pollution in the locations are affected by settlements and industrial 
enterprises near the campus area.

The ecological risk index (RI) is widely used to evaluate heavy metal pollution, ecological risk, bio-benefit, 
and toxicity in soil74. In the context of the study it was determined that the RI values ranged from 61.5 to 197.45 
and the mean was 70.41. As a result of the analysis performed on nine soil samples, a low degree of ecological risk 
was observed in the campus area (except for Pb and Ni). With a value of 197.45, Ni showed medium ecological 
risk. The data related to the RI values were similar to the Cdeg values. The contamination factor (CF) values of the 
study area are mapped in Fig. 5. As shown in Fig. 5, the low CF values at nine sampling points within the study 
area indicate that the use of chemical fertilizers and pesticides is limited around the campus. For Ni, on the other 
hand, the soil structure and the impact of industrial activities around the campus may pose a risk. While CF 
values indicate the extent of contamination, they also help to assess the anthropogenic impact on heavy metal 
levels in the soils of the study area.

Pollution load index (PLI) values
Many researchers have investigated the distribution of pollutants in the soil structure based on PLI values. When 
the concentration of the elements belonging to the PLI values of the soil is above 1, it refers to the effect of 
anthropogenic activities51. The PLI values for the selected elements are given in Table 9. The mean PLI value of 

Samples EF-Cr EF-Cu EF-Ni EF-Zn EF-Pb

S1 36.48 22.13 54.06 7.21 8.24

S2 2.4 9.16 3.92 23.19 5.93

S3 4.2 7.9 8.9 12 5.42

S4 5.43 2.4 6.2 13.46 4.87

S5 2.46 48.25 22 8.7 11.83

S6 1.12 4.2 2.6 4.2 4.56

S7 0.23 0.52 1.52 2.1 1.23

S8 1.84 9.83 7.25 9.2 5.75

S9 1.72 6.57 4 11.58 5.24

∑Samples 55.88 110.96 110.45 91.64 53.07

∑Mean 6.21 12.33 12.27 10.18 5.89

Table 7. EF values of selected heavy metals in Aksaray Campus soil.
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the study area was 1.46 so it could be said that there was a below mediocre contamination of heavy metals in the 
campus area. The highest contamination was seen in the first sample location (S1) and the lowest was in S7. The 
PLI values of the study area are mapped in Fig. 6. As shown in Fig. 6, the PLI values for nine soil samples showed 
that 25% of them were polluted soils and 75% were moderately/highly polluted soils. The spatial distribution 
map of the PLI values is shown in Fig. 6. According to this map, the soils in the campus entrance area and areas 
where anthropogenic activity is intense show moderate pollution. Based on the high PLI values in these parts 
of the study area, the active and traffic flow times of the campus can be shown as possible sources of pollution.

Source distribution of heavy metals
Pearson correlation analysis and APCS-MLR multivariate statistical analysis were performed to see the 
correlation between the 5 heavy metals examined in the study area and to determine the effect of possible 
sources on heavy metals in the soil. Pearson correlation coefficients are shown in Fig. 7. According to the results, 
the interactions between heavy metals were as follows: Cu-Ni (R = 0.921), Ni-Pb (R = 0.937), Ni-Cr (R = 0.878), 
Cr-Ni (R = 0.948), Cr-Zn (R = 0.867), Zn-Cr (R = 0.756), Zn-Cu (R = 0.905), Pb-Cr (R = 0.779), and Pb-Cu 
(R = 0.728) (p < 0.01). High correlation values between Pb, Cr, Cu, Zn, and Ni showed that these heavy metals 

Selected Heavy metals RI Cdeg

Cr 64 32

Cu 12.4 2.48

Ni 197.45 39.49

Zn 16.72 16.72

Pb 61.5 12.3

∑Samples 352.07 102.99

∑Mean 70.41 20.60

Table 8. Cdeg and RI values for selected heavy metals in Aksaray campus soils.

 

Fig. 4. Pollution map of the study area according to the EF index.
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might be related to common sources available in the soil23. However, in addition to correlation changes, spatial 
variability can also increase the diversity of sources. Taking into account the processes before and after the 
establishment of the campus area, four main sources of pollution were selected as targets in the territory of the 
region. After the selection, the APCS-MLR model was applied to determine the relative contribution rate of each 
source75,76. Based on the multiple linear regression analysis, the effects of four different source types on Pb, Cr, 
Cu, Zn, and Ni are shown in Table 10.

The variation of the correlation coefficient (R2) values between 0.832 and 0.957 showed that the APCS-MLR 
model used in this study was effective and the obtained results were reliable. Moreover, these results showed 
consistency with PCA results. Using the APCS-MLR model, four factors, which are called Source 1, Source 2, 
Source 3, and Source 4, respectively, were created. As shown in Fig. 7b, the cumulative contribution rates of these 
sources were found to be 60.6%, 25.4%, 8%, and 6%, respectively. Source 1 relatively covers Cr (75%), Ni (78%), 

Samples PLI

S1 4.42

S2 0.83

S3 1.25

S4 1.27

S5 1.81

S6 1.12

S7 0.65

S8 0.80

S9 0.96

∑Samples 13.11

∑Mean 1.46

Table 9. PLI values for selected heavy metals in Aksaray Campus soil.

 

Fig. 5. Pollution map of the study area according to the CF index.
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Cu (70%), and Zn (65%) heavy metals. Many previous studies have revealed that Cr, Ni, Zn, and Cu originate 
from the main structure of the soil25,76. Pearson analysis also revealed that these heavy metals exhibited strong 
correlations. As a result, Source 1 can be interpreted as natural sources coming from the soil structure. Source 
2 can only be identified by Pb (80%). The mean contents of the Pb explain in relative terms that Source 2 covers 
anthropogenic sources. In the literature, it has been stated that the Pb in the soil comes from anthropogenic 
sources, which mainly cover traffic emissions75,77. In addition, it has been emphasized that Cd has always been 
related to industrial production78. Therefore, Source 2 has been attributed to the mixed sources of industrial and 

Fig. 6. Pollution map of the study area according to the PLI index.
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traffic activities. According to previous research, Source 3 is strongly associated with agricultural activities25. It 
can be said that in soil, Cr, Cu, Zn, and Ni enrichment, except for Pb, is partially related to agricultural activities 
such as irrigation and the use of fertilizers and pesticides in agricultural production. Especially for Zn, source 
4 represents other sources such as atmospheric accumulation. This type of source has been expressed as other 
sources. In their study, Liu et al.76 and Chen et al.79 revealed that atmospheric accumulation always results in 
the accumulation of heavy metals. Pearson correlation analysis and APCS-MLR results showed that heavy metal 
sources in soils along intercity and urban transportation lines, such as Adana-Aksaray and Konya-Aksaray, and 
settlement places might consist of four main sources. The distribution of sources was sorted from the largest to 
the smallest as follows; natural sources (60.6%), industrial and traffic activities (25.4%), agricultural activities 
(8%), and other sources (6%). It was revealed that natural sources were the primary determinants of Cr, Cu, 

Fig. 7. Relative source analysis of heavy metals in soil throughout Aksaray Campus by combining Pearson 
correlation analysis (a) and APCS-MLR (b).
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Zn, and Ni, and the natural source effect was lower for Pb. Pb was mostly obtained from anthropogenic sources 
occurring due to industrial and traffic activities, while Cr, Cu, Zn, and Ni were affected primarily by natural 
sources, and then by agricultural activities.

Conclusion
In this study, EF, CF, Igeo, PLI and other indices were used to investigate the pollution status of Cr, Ni, Zn, Cu, 
and Pb in the campus soil. In addition, APCS-MLR model and geochemical factors were used for the sources 
and distribution of these heavy metals. The mean Igeo values of heavy metals in the soil throughout the campus 
area were found to be Ni > Cr > Zn > Pb > Cu. The results revealed that Igeo values were less than 1 at many points 
in the campus. Analysis of Igeo values revealed that Cr was the main pollutant in the soils on the south side with 
moderate pollution. EF results show that the soil has moderate or significant enrichment. The study revealed that 
areas with heavy traffic or vehicle movements are effective factors in terms of EF. Based on the results of APCS-
MLR analyses conducted to identify heavy metal sources, the distribution of pollutant sources was determined 
as follows: natural sources (60.6%), industrial and traffic activities (25.4%), agricultural activities (8%), and other 
sources (6%). In general, this research provides important information about the heavy metal pollution in the 
soil along the intercity highway. Although the potential ecological and health risks in this area of study are 
relatively low, the accumulation of heavy metals in the soil should be constantly monitored.

Data availability
All data generated or analysed during this study are included in this published article.
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