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Abstract

The study area is located in Kirsehir Turkey�s blog from the tectonic units and Tertiary 
has been observed that epigenetic occur in the sedimentary units. Uranium mineralization 
is located between Akoluk, Mehmetbeyli and Temrezli Villages of Sorgun district of Yozgat. 
The unit consisting of conglomerate, sandstone and mudstone alternations (Paleson aged) is 
located on granites and the youngest unit in the region is Quaternary alluvium. 20 soil samples 
were taken to investigate the pollution dimensions, possible sources and spatial distribution 
of the elements, in the soil samples in the study area. In this study, the relationship between 
element values obtained by geochemical analysis (As, Cr, Cu, K, Mn, Ni, Pb, Th, U, V, Zn and 
Zr) was investigated statistically. A positive correlation was observed between Cr-Zn, Cu-Ni, 
K-Mn, Mn-Pb, Mn-Th, Mn-V, Mn-Zr, Pb-Th, Pb-V, Pb-Zn, Pb-Zr, Th-U, Th-V and U-V elements 
in soil samples (p < 0.01; p < 0.05). The average shale values were considered as background 
values in determining the metal pollution dimensions in soil samples. Enrichment factors 
(EF), geoaccumulation index (Igeo), Contamination factors (CF) and pollutant load index 
(PLI) were calculated to determine the pollution dimensions of the elements. According to 
the results of the analysis, the average values of Cr, Fe, U, V and Zr were below the average 
shale values of the world. For each element examined, the mean EF values K, Mn (in all 
samples), Ni (in samples 9, 16 and 17), and Zn (in samples 5, 8, 10, 14, 16 and 17) were extremely 
enrichement. Contamination factor values As (in all samples) elements in terms of considerably 
contamination and contamination were detected. Since the PLI values (except example 17) were 
> 1, all elements were found to contaminate the study area. According to the results obtained, 
the average values of the elements in the study area are K > Mn > Zn > Ni > Pb > V> Cu > As 
> Th > Zr > Cr > U.
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Introduction 

Since uranium (U) is widely used in the nuclear 
industry, global demand has increased. Uranium 

has become an important energy mineral in the 
world in the last sixty years.1 However, harmful 
metals in uranium mining and mining wastes 
caused environmental pollution.2 Plants from 
polluted soils pick up these metals and can pass 
through the food chain to humans and animals. 
This metal is toxic and can cause cancer in living 
things because it generates radiation.3,4

The uranium content of the soil has values 
ranging from 1 to 8 ppm and an average of about 
1 ppm. It can be seen in uranium-rich areas over 
100 ppm. In normal soils, the A horizon is the 
richest zone of uranium because it differs from 
humic materials, clay-humic complexes, humic-
iron and humic-silicate complexes. In uranium-
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containing soils, however, the B horizon may be 
slightly enriched relative to the A horizon as it 
contains and/or separates, for example, hydroxides 
and aqueous oxides of iron, manganese, aluminum. 
The C horizon above the uranium deposits is the 
richest in mineral content.5

Soil pollution has been an important 
environmental issue in both developed and 
developing countries, particularly on land use.6

Heavy metals are particularly important because 
they are toxic, carcinogenic and persistent in the 
environment. According to researches, heavy 
metals have high atomic weight and have a density 
of at least  ve times higher than water and are 
naturally occurring.7 In the environment, heavy 
metals are distributed spatially in the form of 
mineralization.8 Numerous domestic, industrial, 
medical, agricultural and technological applications 
have led to the spread of heavy metals into the 
environment, resulting in increased potential 
impacts on human health and the environment. 
Heavy metal accumulation in soil consists of both 
anthropogenic activities and lithogenic sources.9

Two major sources of heavy metal pollution have 
been identi ed: natural resources such as erosion of 
rocks and thermal waters, or anthropogenic sources 
involving mining and related industries.10,11

Heavy metal deposits and accumulation studies 
have gained importance as heavy metals in soils 
can have negative effects on human health and 
environment.12�15 While environmental pollution 
caused by heavy metals is caused by many 

activities, pollution caused by heavy metals in the 
soil system is mainly caused by natural processes 
such as decomposition of minerals, as well as 
anthropogenic activities related to industry, 
agriculture, combustion of fossil fuels, vehicle 
emissions and mining. In the environmental 
pollution study, some parameters are used to 
estimate how much soil is affected by heavy metals 
(either natural or anthropogenic).16, 17

Heavy metal pollution is a global problem that 
concerns all societies.4 Methods such as enrichment 
factor (EF), geoaccumulation index (Igeo), 
contamination factor (Cf) and pollution load index 
(PLI) are widely used to assess the level of heavy 
metal pollution.4,18�22, 

The aim of this study is to de ne the sources of 
pollution in the study area, and to determine the 
natural and anthropogenic pollution geochemically.

Geology of the Study Area 

The study area is located within the boundaries of 
Sorgun district of Yozgat province in the Central 
Anatolia Region and is bordered by Mehmetbeyli 
in the north, ahmuratl in the west, Temrezli in the 
south and Akoluk villages in the east (Fig. 1). When 
the work is discussed in terms of a wider regional 
scale geological, tectonic units of Turkey23 shows 
that take place in Kirsehir Blog. It was identi ed 
as Yozgat Batolite and/or Yozgat Intrusive 
Complex in the previous studies and is located on 
the northern edge of the Crystalline Complex of 
Central Anatolia.24�26

Fig. 1: Location map of the study area.
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The uranium mineralization in the region 
occurred epigenetically in the Tertiary aged 
sedimentary units in the Sivas Basin. On the 
granite foundation, Paleocene aged conglomerate, 
sandstone, mudstone alternation is located. Eocene 
aged coarse and  ne grained sandstone, siltstone 

and claystone are unconformably overlain by this 
unit. Andesitic and basaltic volcanics formed by 
the volcanism formed at the end of Eocene cover 
all these units in places. Pliocene aged limestones 
overlie the volcanics. Quaternary aged alluvial 
cover overlies all of these units (Fig. 2).27

Fig. 2: Geological map of the study area.

Sampling and Analysis Methods 

In this study, soil samples taken from a depth 
of 25�30 cm were collected by sieving a 2 mm 

sieve  rst and cleared from coarse-grained rock 
fragments and plant remains. It was then brought 
to the laboratory and dried at room temperature 
(Fig. 3). 

Fig. 3: A photograph of the soil samples drying in the laboratory.

For homogeneous sampling, all samples were 
milled to 10 micron size. 0.1 g of soil samples were 
taken and 2 ml of concentrated HNO3 were added 
and dried on the heater. The solvent was prepared 
from a mixture of HCl + HNO3 + H2O (1 : 1 : 1 from 

each acid). This solvent was diluted by adding 
distilled water to 500 ml until complete. 20 ml of 
this diluted mixture was added to each sample 
to dissolve the samples. These dissolved samples 
were  ltered using  lter paper and made ready for 
analysis.
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Elemental analysis of soil samples were 
performed by Inductively Coupled Plasma�
Mass Spectrophotometer (ICP-MS) and BILTEM 
(Yozgat Bozok University, Science and Technology 
Research and Application Center).

LOD values (ppb); As: 0.0414, Cr: 0.0426, Cu: 
0.0149, K: 8.5567, Mn: 0.2822, Ni: 0.0106, Pb: 0.0136, 
Th: 0.0038, U: 0.0008, V: 0.1107, Zn: 0.6098 and Zr: 
0.0158.

Statistical and Computational Analysis 

Various methods and factors are used to assess 
heavy metal pollution around the mineral 
deposits.28 In this study, selected environmental 
pollution parameters are enrichment factor (EF), 
contamination factor (CF), geo-accumulation index 
(Igeo) and pollution load index (PLI). 

Enrichment Factor

Enrichment factor (EF) is an index commonly 
used to determine anthropogenic and natural 
effects on soils.28�31 This factor is calculated based 
on a normalized element (Fe).32,33 Since Fe is of 
lithogenic origin in this index, it has been used 
as a normalizing element and will not affect the 
importance of the metals to be investigated.34�36

This factor compares with the concentration of 
one element in the samples to the concentration 
of the same element that is not contaminated.28,37

The enrichment factor is calculated as follows to 
determine the anthropogenic and natural effects in 
the samples

 EF = (Cn/Bn) sample/(Cref/Bref)

Cn: metal concentration in the sample 

Cref: metal concentration in the reference sample

Bn: metal concentration of the Fe in the sample

Bref: metal concentration of the reference Fe in 
the reference sample

Five contamination categories are assigned on 
the basis of the enrichment factor; 

EF < 2 minimal enrichment 

EF = 2 � 5 Moderate enrichment 

EF = 5 � 20 Signi cant enrichment 

EF = 20 � 40 Very high enrichment 

EF > 40 Extremely high enrichment.36,38,39

Geoaccumulation Index 

Since the geoaccumulation index (Igeo) is  rst 
calculated by Muller (1979), it is also called Muller 
index.40 The Muller index is used to determine the 

amount of contamination caused by heavy metals 
in the soil. This index is divided into six classes 
using the following equation between polluted and 
non-polluted soils.28,30

 Igeo = log2 (Cn/1.5 Bn)

Cn: is the measured metal concentration, 

Bn: is the background level (average shale)

1.5: a value used to minimize the impact of 
possible changes.

The degree of pollution is divided into seven 
different pollution classes.41

Igeo < 0 unpolluted 

0 < Igeo < 1 unpolluted to moderately polluted

1 < Igeo < 2 moderately polluted

2 > Igeo < 3 moderately to strongly polluted

3 > Igeo < 4 strongly polluted

4> Igeo< 5 strongly to very strongly polluted

5 > Igeo very strongly polluted.42

Contamination Factor 

The contamination factor (CF) indicates the 
contamination rate of heavy metals in the soil.28,43

This factor was calculated using the metal 
concentration studied with the world shale mean 
of the metal.36,44

This factor is calculated using the following 
equation.

 CF metal = C metal/C background 

C metal: Metal value in the sample 

C background: Background value of the metal 

Four grades of CF have been classi ed; 

1  CF low contamination, 

1  CF < 3 moderate contamination, 

3  CF < 6 considerably contaminated,

6  CF highly contaminated.36

Pollution Load Index

The pollution load index (PLI) is often used to 
evaluate and estimate the degree of pollution in 
soils.45 PLI can be calculated as the geometric mean 
of all metal concentrations. If the PLI concentration 
is close to 1, it indicates that these concentrations are 
close to the background concentration, while PLI 
concentrations above 1 indicate soil pollution.46,47

Total heavy metal pollution is obtained using this 
index and from the following equation.28,48
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 PLI = (CF1 × CF2 × CF3 × ... CFn )1/n 

0  PLI < 1 unpolluted

1  PLI < 2 lightly polluted, 

2  PLI < 3 moderately polluted

(3  PLI < 4) moderately to highly polluted

(4  PLI < 5), highly polluted

(PLI 5) very highly polluted.49

Results and Discussion

Table 1 shows the minimum, maximum, mean ± 
standard deviation (SD), median, mod, skewness 
and kurtosis of the statistical analysis results 
calculated for the element contents in soil samples 
in the study area. The concentration of uranium in 
uncontaminated soils ranges from 1.90�4.40 mg/
kg.49,50 Uranium concentrations found in this study 
were found in the range of 1.3 to 8.2. 

Table 1: The statistical analysis results calculated for the element contents in soil samples in the study area

Minimum Maximum Mean ± St. Dev Median Mode Skewness Kurtosis

As 33.6 56.1 43.89 ± 5.3 42.6 46.0 0.4 0.8

Cr �5.1 35.9 9.685 ± 8.8 8.2 4.9 1.4 3.3
Cu 30.5 57.0 46.81 ± 6.9 49.3 49.3 �1.3 1.4
K 1588.7 8283.5 4279.7 ± 1461.7 4118.7 4247.8 0.9 2.0

Mn 217.0 1578.3 1064.9 ± 344.4 1054.6 983.4 �0.7 0.3
Ni 58.0 279.2 116.2 ± 50.8 109.1 120.5 1.9 4.9
Pb 22.5 104.6 63.9 ± 21.9 62.1 62.0 0.2 �0.2

Th 13.0 139.0 33.2 ± 27.7 26.7 15.1 3.3 12.1
U 1.3 8.2 2.7 ± 1.7 2.1 1.4 2.1 5.0
V 39.6 86.0 55.5 ± 12.3 53.5 45.1 1.1 0.8
Zn 70.9 236.0 143.1 ± 33.2 145.4 134.6 0.4 3.1

Zr 6.4 17.1 12.9 ± 2.9 13.6 13.5 -1.1 0.8

It was observed that K and Mn elements had the 
highest concentrations in the soil samples taken. 
Th,51,52 As, Mn, Ni, Pb and Zn element values were 
found to be higher than average earth crust values 

and As, Cu, Mn, Ni, Pb, Th, U53 and K54 element 
values were higher than average shale values 
(Table 2). 

Table 2: Average earth crust and shale values of As, Cr, Cu, Fe, Mn, Ni, Pb, V, Zn and Zr.51�57

Elements As Cr Cu Fe (%) K Mn Ni Pb Th U V Zn Zr

Earth crust 1.8 100 55 5 18400a 950 75 13 2�20c 0.5�5c 135 70 165
Shale 13 90 45 4.7 2500b 850 70 20 10d 3d 130 95 180

The correlation coef cient between elements 
in soil samples was calculated using Sperman 
correlation matrix to quantitatively analyze and 
con rm the relationship between metals. Signi cant 
positive correlations between Mn-Pb, Mn-V, Th-V 

and Th-U metal pairs indicate a common origin, 
while weak positive correlations (such as As-V, 
Cu-Zn, U-Pb, Th-Zn, Th-Zr and U-Zn) indicate 
different origins (Table 3).

Table 3: Correlations between metals in soil samples in the study area.

As Cr Cu K Mn Ni Pb Th U V Zn Zr

As 1

Cr �0.097 1
Cu �0.063 0.438 1
K �.462(*) 0.14 0.266 1

Mn �0.286 0.006 0.19 .538(*) 1
Ni 0.075 0.286 .501(*) 0.001 -0.059 1

Investigation of Metal Pollution in Soil Samples Between Akoluk, Mehmetbeyli and Temrezli 
Villages (Yozgat � Sorgun), Turkey



Indian Journal of Forensic Medicine and Pathology / Volume 13 Number 1 (Special Issue) / January - March 2020

192 Indian Journal of Forensic Medicine and Pathology

EF values for heavy metals in the investigated 
soils are given in Table 4. EF is an instrument used 
for the assessment of anthropogenic metal pollution. 
Potassium was the extremely high enrichment. 
The highest EF value for K was 1051.6 and ranged 
from 573.4 to 2216.9. The highest EF value of K was 
observed in Example 11. On the other hand, the 
mean EF values of Mn was 253.5, with K and Mn 
indicating the extremely high enrichment. The mean 
EF values for Ni and Zn were 29.8 (in the range 11.0�

As Cr Cu K Mn Ni Pb Th U V Zn Zr

As 1

Cr �0.097 1
Cu �0.063 0.438 1
K �.462(*) 0.14 0.266 1

Pb �0.299 0.083 0.061 0.429 .878(**) -0.196 1
Th �0.165 �0.152 �0.115 -0.038 .558(*) -0.116 .591(**) 1
U 0.111 �0.265 �0.313 �0.291 0.291 -0.083 0.298 .670(**) 1

V 0.351 �0.106 0.043 0.006 .643(**) 0.117 .517(*) .618(**) .545(*) 1
Zn -0.337 .524(*) 0.353 0.307 0.425 �0.125 .536(*) 0.397 0.138 0.071 1
Zr 0.196 0.22 0.384 0.378 .540(*) 0.243 .575(**) 0.239 �0.022 0.436 0.256 1

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

83.2) and 34.5 (in the range 25.5�47.1), indicating 
very high enrichment. The mean EF values of As, 
Cu, Pb, Th and V show signi cant enrichment 
ranging from 5 to 20. Average EF values of Cr and 
Zr range between 2 and 5 and moderate enrichment 
is observed. Uranium has the lowest average Ef 
value (0.6), varies between 0.3 and 1.5 and this value 
indicates that there is non-enrichment. The mean EF 
values increased in the order of K > Mn > Zn > Ni 
> V > Pb > Cu > As > Th > Zr > Cr > U (Table 4).39 

Table 4: Enrichment factor (EF) of metals in the study area

S. No. As Cr Cu K Mn Ni Pb Th U V Zn Zr

1 8.5 1.4 7.4 668.7 226.1 14.6 18.3 11.8 0.9 12.0 28.0 2.7
2 7.0 1.2 7.6 573.4 234.1 11.0 14.1 5.2 0.7 11.6 25.5 2.0

3 7.7 0.6 9.1 624.1 255.4 25.0 15.0 8.7 0.8 15.5 26.4 3.1
4 7.5 3.7 7.6 847.1 271.6 20.3 19.9 6.6 0.6 13.7 29.5 2.6
5 7.1 1.7 10.6 1336.3 273.4 16.8 18.6 5.9 0.4 10.0 32.2 3.0
6 6.9 2.3 9.8 769.5 209.1 16.4 12.7 5.1 0.3 8.4 45.5 2.6

7 7.6 2.0 8.4 579.0 174.4 18.0 10.1 25.9 1.5 8.9 30.0 2.0
8 10.0 2.4 12.3 1374.1 205.6 23.9 13.2 5.3 0.3 9.9 40.6 3.0
9 9.7 4.3 12.1 760.3 187.8 46.1 11.0 3.0 0.3 10.3 27.6 2.9

10 14.8 0.9 15.8 1530.1 476.9 23.9 24.5 10.8 0.5 20.8 47.1 4.8
11 11.1 1.3 13.2 2216.9 371.9 32.2 16.6 7.2 0.6 15.3 36.7 3.6
12 17.0 0.6 11.3 845.8 251.5 21.5 14.4 5.6 0.7 16.7 26.3 2.7

13 11.1 4.4 10.8 882.5 204.3 26.5 11.1 4.5 0.3 11.7 30.9 3.5
14 11.5 2.1 14.4 1299.4 258.5 33.3 15.7 4.4 0.4 12.6 40.2 3.5
15 10.3 1.2 12.3 1404.1 323.5 27.8 16.3 7.2 0.6 12.1 33.4 3.8

16 12.5 3.5 15.8 1481.5 401.0 83.2 19.2 7.9 0.7 18.1 43.2 4.1
17 21.8 �2.4 22.8 742.7 101.4 67.8 10.5 14.6 1.4 25.7 45.3 3.0
18 14.2 1.7 12.5 1008.8 164.1 21.9 8.9 5.1 0.9 15.6 29.5 2.3

19 14.1 9.0 12.4 951.7 215.3 33.2 13.9 5.4 0.4 13.6 35.8 4.0
20 12.3 1.3 8.2 1136.9 263.2 32.2 16.6 4.1 0.5 12.1 36.0 3.6

The calculated Igeo values are shown in Table 5. 
Regarding the Igeo values, As was found to be the 
highest pollutions among the selected metals. The 
Igeo values of As, Cr, Cu, K, Mn, Ni, Pb, Th, U, V, 
Zn and Zr were found to be less than 1. Igeo values 

indicate that the study area is not polluted by these 
metals. The average Igeo values of the metals were 
As > Th > Pb > K > Ni > Zn > Mn > Cu > U > V > 
Cr > Cr (Table 5).
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CF and PLI values for the metals examined 
are given in Table 6. As is the considerably 
contamination among the metals examined. The CF 
values of this metal varied between an average of 
3.4 mg/kg and 2.6�4.3. The second largest values in 
the soil are Pb and Th and mean CF values are 3.2 
and 3.3. Pb and Th were found to cause signi cant 
contamination in the study area. Similarly, the CF 
values of Cu, K, Mn, Ni and Zn indicate moderate 
contamination in the studied soils. U (0.91) has 

Table 5: Geoaccumulation index (Igeo) of metals in the study area

S. No. As Cr Cu K Mn Ni Pb Th U V Zn Zr

1 0.7 0.02 0.2 0.3 0.3 0.2 1.0 1.3 0.35 0.10 0.3 0.02
2 0.7 0.02 0.2 0.3 0.4 0.2 1.0 0.7 0.29 0.12 0.4 0.02
3 0.7 0.01 0.2 0.3 0.3 0.4 0.8 1.0 0.29 0.13 0.3 0.02
4 0.6 0.04 0.2 0.4 0.3 0.3 1.0 0.7 0.22 0.11 0.3 0.02
5 0.5 0.02 0.2 0.5 0.3 0.2 0.9 0.6 0.12 0.07 0.3 0.02
6 0.6 0.03 0.2 0.3 0.3 0.2 0.7 0.5 0.12 0.07 0.5 0.02
7 0.6 0.02 0.2 0.2 0.2 0.3 0.5 2.8 0.55 0.07 0.3 0.01
8 0.6 0.02 0.2 0.4 0.2 0.3 0.5 0.4 0.09 0.06 0.3 0.01
9 0.6 0.04 0.2 0.3 0.2 0.6 0.5 0.3 0.09 0.07 0.3 0.01

10 0.7 0.01 0.2 0.4 0.3 0.2 0.7 0.6 0.09 0.09 0.3 0.02
11 0.6 0.01 0.2 0.7 0.3 0.3 0.6 0.5 0.14 0.09 0.3 0.02
12 0.7 0.00 0.1 0.2 0.2 0.2 0.4 0.3 0.13 0.07 0.1 0.01
13 0.8 0.05 0.2 0.3 0.2 0.4 0.5 0.4 0.11 0.09 0.3 0.02
14 0.7 0.02 0.3 0.4 0.2 0.4 0.6 0.4 0.12 0.08 0.3 0.02
15 0.6 0.01 0.2 0.5 0.3 0.3 0.7 0.6 0.15 0.07 0.3 0.02
16 0.6 0.03 0.2 0.4 0.3 0.8 0.6 0.5 0.15 0.09 0.3 0.02
17 0.7 �0.01 0.2 0.1 0.1 0.4 0.2 0.6 0.19 0.08 0.2 0.01
18 0.7 0.01 0.2 0.3 0.1 0.2 0.3 0.3 0.20 0.08 0.2 0.01
19 0.9 0.08 0.2 0.3 0.2 0.4 0.6 0.4 0.10 0.08 0.3 0.02
20 0.7 0.01 0.1 0.3 0.2 0.3 0.6 0.3 0.13 0.07 0.3 0.02

low pollution in the range of 1  CF. CF values are 
as follows: As > Th > Pb > K > Ni > Zn > Mn < 
C > U > V < Cr > Zr (Table 6). The calculated PLI 
values range from �1.1 to 2.1 (Table 6). A PLI value 
greater than 1 indicates pollution. The PLI values 
calculated in the study area were above 1 (except 
for example 17) and showed that there was metal 
pollution. Pollution ranking by location, 1 > 4 > 7 > 
2 > = 16 > 3 > 19 > 13 > 11 > 5 > 6 > 14 > 15 > 8 > 9 > 
10 > 20 > 18 > 12 > 17.

Table 6: Contamination factor (CF) and pollution load index (PLI) of metals in the study area

S. No. As Cr Cu K Mn Ni Pb Th U V Zn Zr PLI

1 3.6 0.1 0.9 1.5 1.5 1.2 5.0 6.5 1.7 0.5 1.6 0.1 2.1
2 3.6 0.1 1.1 1.5 1.9 1.1 4.7 3.5 1.5 0.6 1.8 0.1 1.9
3 3.3 0.0 1.1 1.4 1.7 2.0 4.2 4.8 1.4 0.7 1.5 0.1 1.8
4 3.1 0.2 0.9 1.8 1.7 1.5 5.2 3.5 1.1 0.6 1.6 0.1 2.0
5 2.6 0.1 1.1 2.5 1.5 1.1 4.4 2.8 0.6 0.4 1.6 0.1 1.7
6 2.8 0.1 1.1 1.6 1.3 1.2 3.3 2.7 0.6 0.3 2.5 0.1 1.6
7 3.1 0.1 1.0 1.2 1.1 1.4 2.7 13.9 2.7 0.4 1.7 0.1 2.0
8 3.1 0.1 1.1 2.2 1.0 1.4 2.7 2.1 0.5 0.3 1.7 0.1 1.5
9 3.2 0.2 1.2 1.3 0.9 2.8 2.4 1.3 0.4 0.3 1.2 0.1 1.5

10 3.3 0.0 1.0 1.7 1.6 1.0 3.5 3.1 0.5 0.5 1.4 0.1 1.5
11 3.2 0.1 1.1 3.3 1.6 1.7 3.1 2.7 0.7 0.4 1.4 0.1 1.7
12 3.5 0.0 0.7 0.9 0.8 0.8 1.9 1.5 0.7 0.3 0.7 0.0 1.0

13 4.1 0.2 1.2 1.7 1.2 1.8 2.7 2.2 0.5 0.4 1.6 0.1 1.8
14 3.5 0.1 1.3 2.1 1.2 1.9 3.1 1.8 0.6 0.4 1.7 0.1 1.6
15 3.2 0.1 1.1 2.2 1.5 1.6 3.3 2.9 0.8 0.4 1.4 0.1 1.6
16 3.2 0.1 1.2 2.0 1.6 4.0 3.2 2.6 0.8 0.5 1.5 0.1 1.9

17 3.6 -0.1 1.1 0.6 0.3 2.1 1.1 3.1 1.0 0.4 1.0 0.0 �1.1
18 3.7 0.1 0.9 1.4 0.7 1.1 1.5 1.7 1.0 0.4 1.1 0.0 1.3
19 4.3 0.4 1.1 1.5 1.0 1.9 2.8 2.1 0.5 0.4 1.5 0.1 1.8
20 3.5 0.1 0.7 1.7 1.2 1.7 3.1 1.5 0.7 0.3 1.4 0.1 1.4
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Conclusion

In this research, metal concentrations and pollution 
sources in soil samples in the area of Sorgun 
and surrounding uranium mineralization were 
interpreted using statistical techniques. In soil 
samples in the study area, the highest element 
concentrations were observed in K and Mn. 
In addition, Mn, Ni, Cu, Zn, Pb, As, Th values 
were higher than average shale values. For the 
accurate evaluation of heavy metal pollution 
results, enrichment factor, geoaccumulation 
index, contamination factor and pollution load 
index methods were applied. According to the 
classi cation, the extremely high enrichment in EF 
values is related to K and Mn elements. Among the 
studied elements, As with the highest Igeo value 
showed the unpolluted to moderately polluted. 
Igeo values of other elements were found to be 
less than 0.68. Among the calculated CF values, 
the considerably contamination was As, while the 
other studied elements showed moderate to low 
contamination. Igeo and CF values respectively; As 
> Th > Pb > K > Ni > Zn > Mn > Cu > U > V > Cr 
> Zr. Except for Example 17, all samples have PLI 
values above 1 and it can be said that these samples 
contain metal contamination.

Acknowledgments

This study was supported by the Project 
Coordination Application and Research Center 
(BAP) (Project Number: 2015 MMF/A181) of 
Yozgat Bozok University.

References

1. Khan N, Abas N. Powering the people beyond 
2050. Sci. Tech. Development 2012;31(2):133. 

2. Singh UK, Ramanathan AL, Subramanian V. 
Groundwater chemistry and human health 
risk assessment in the mining region of East 
Singhbhum, Jharkhand, India. Chemosphere 
2018;204:501.

3. Singh L, Kumar R, Kumar S, et al. Health risk 
assessments due to uranium contamination 
of drinking water in Bathinda region, Punjab 
state, India. Radioprot 2013;48(2):191.

4. Li Z, Ma Z, Van Der Kujp TJ, et al. A review of 
soil heavy metal pollution from mines in China: 
Pollution and health risk assessment. Sci Total 
Environ. 2014 Jan 15;468�69:843�53. 

5. International Atomic Energy Agency. 
Geochemical Exploration For Uranium. Iaea, 

Vienna, Technical Reports Series No. 284;1988. 
STI/DOC/lO/284. ISBN 92-0-145088-5.

6. Chen CW, Kao CM, Chen CF, Dong CD. 
Distribution and accumulation of heavy metals 
in the sediments of Kaohsiung Harbor, Taiwan. 
Chemosphere 2009;66(8):1431�40. 

7. Tchounwou P, Yedjou C, Patlolla A, Sutton D. 
Heavy Metals Toxicity and the Environment 
Exp Suppl. 2012;101:133�64.

8. ABS (Australian Bureau of Statistics). 
Environment Protection Expenditure, 
Australia; 1999.

9. Sargaonkar A, Deshpande V. Development of 
an overall index of pollution for surface water 
based on a general classification scheme in 
Indian context. Environmental Monitoring and 
Assessment 2003;89(1):43�67. 

10. Rodríguez Martín, JA, Lopez Arias M, Grau 
Corbí JM. Heavy metal contents in agricultural 
topsoils in the Ebro basin (Spain). Application 
of multivariate geostatistical methods to study 
spatial variations. Environmental Pollution. 
2006 Dec;144(3):1001�12.

11. Rezaei A, Hassani H, Mousavi SBF, Jabbari N. 
Evaluation Of Heavy Metals Concentration 
In Jajarm Bauxite Deposit In Northeast Of 
Iran Using Environmental Pollution Indices. 
Malaysian Journal Of Geosciences 2019;3(1):12�
20. DOI: http://doi.org/10.26480/
mjg.01.2019.12.20

12. Abrahams PW. Soils: Their implications to 
human health. Sci Total Environ. 2002 May 
27;291(1-3):1�32. 

13. Schroeder JL Basta NT, Casteel SW, et al. 
Validation of the in vitro intestinal (IVG) 
method to estimate relative bioavailable lead in 
contaminated soils. Journal of Environmental 
Quality 2004;33:513�21.

14. Mielke HW, Berry KJ, Mielke PW, et al. 
Multiple metal accumulation as a factor in 
learning achievement within various New 
Orleans elementary school communities.
Environmental Research 2005;97(1):67�75. 

15. Selinus O, Alloway B, Centeno JA, et al. 
Essentials of medical geology, impacts of 
the natural environment on public, Health 
2005;144:890�91.

16. Huu HH, Rudy S, Damme AV. Distribution 
and contamination status of heavy metals in 
estuarine sediments near Cau Ong Harbour, Ha 
Long Bay, Vietnam, Geology Belgica 2010;13(1-
2):37�47. 

17. Likuku AS, Mmolawa KB, Gaboutloeloe GK. 
Assessment of Heavy Metal Enrichment and 
Degree of Contamination Around the Copper-
Nickel Mine in the Selebi Phikwe Region, 



Indian Journal of Forensic Medicine and Pathology / Volume 13 Number 1 (Special Issue) / January - March 2020

195

Eastern Botswana. Environment and Ecology 
Research 2013;1(2):32�40. DOI: 10.13189/
eer.2013.010202

18. Qing X, Yutong Z, Shenggao L. Assessment of 
heavy metal pollution and human health risk 
in urban soils of steel industrial city (Anshan), 
Liaoning, Northeast China. Ecotoxicol. Environ. 
Saf 2015 Oct;120:377. 

19. Huang X, Hu J, L C, et al. Heavy-metal 
pollution and potential ecological risk 
assessment of sediments from Baihua Lake, 
Guizhou, P.R. China. Int. J. Environ. Health Res 
2009;19(6):405. 

20. Maanan M, Saddk M, Maanan M, et al. 
Environmental and ecological risk assessment 
of heavy metals in sediments of Nador lagoon, 
Morocco. Ecol. Ind 2015;48:616. 

21. Wang Y, Hu J, Xong K, et al. Distribution of 
heavy metals in Core Sediments from Baihua 
Lake. Procedia Environ. Sci 2012;16:51.

22. Mazurek R, Kowalska J, Gasorek M, et al. 
Assessment of heavy metals contamination 
in surface layers of Roztocze National Park 
forest soils (SE Poland) by indices of pollution. 
Chemosphere 2017;168:839.

23. Sengor AMC. Türkiye�nin tektonik tarihinin 
yapsal snflamas. Preceedings of Ketin 
Syposium. Türkiye Jeol. Kur. Ankara 1984.p.37�
61.

24. Goncuoglu MC, Erler A, Toprak V, et al. 
Geology of the cenral part of the Central 
Anatolian Massif, Part 3: Geological evolution 
of the Central Kzlrmak Tertiary Basin: 
Unpubl. Report No. 3313, Turkish Petroleum 
Company (in Turkish); 1993.

25. Goncuoglu MC, Erler A, Toprak V, et al. 
Geology of the western part of the Central 
Anatolian Massif Part 2: Central Section: 
Unpubl Report No 3155 Turkish Petroleum 
Company (in Turkish); 1992.

26. Goncuoglu MC, Toprak V, Kuscu Erler A, 
et al. Geology of the western part of the Central 
Anatolian Massif Part 1: Southern Section: 
Unpubl Report No 2909 Turkish Petroleum 
Company (in Turkish); 1991.

27. Aydin N. Temrezli (Sorgun-Yozgat) 
Uranyum Yata inin Jeolojisi Jeokimyasi Ve 

letilebilirli inin ncelenmesi Doktora Tezi 
Balkesir Üniversitesi Fen Bilimleri Enstitüsü 
Jeoloji Mühendisli i Anabilim Dal 120s;2016.

28. Rezaei A, Hassani H, Mousavi SBF, et al. 
Evaluation Of Heavy Metals Concentration 
In Jajarm Bauxite Deposit In Northeast 
Of Iran Using Environmental Pollution 
Indices Malaysian Journal Of Geosciences 
2019;3(1):12�20. DOI: http://doiorg/1026480/
mjg0120191220

29. Kabata-Pendias A, Mukherjee AB. Trace 
elements from soil to human Springer Berlin 
Heidelberg New York; 2007.

30. Zhang W, Feng H, Chang J, et al. Heavy 
metal contamination in surface sediments of 
Yangtze River intertidal zone: an assessment 
from different indexes. Environ Pollut. 
2009;157(5):1533�43.

31. Adama P, Arienzo M, Imporato M, et al. 
Distribution and partition of heavy metals in 
surface and subsurface sediments of Naples 
city port Chemosphere 2005;61:800�09.

32. Landsberger S, Jervis RE, Aufreiter S, et al. The 
determination of heavy metals (Al Mn Fe Ni Cu 
Zn Cd and Pb) in urban snow using an atomic 
absorption graphite furnace Chemosphere 
1982;11(3):237�47.

33. Loring DH. Normalization of heavy-metal data 
from estuarine and coastal sediments ICES J 
Mar Sci 1991;48:101�15.

34. Helz GR. Trace element inventory for the 
northern Chesapeake Bay with emphasis on 
the influence of man Geochim Cosmochimica 
Acta 1976;40(6):573�80.

35. Rule JH. Assessment of trace element 
geochemistry of Hampton roads harbor and 
lower Chesapeake Bay area sediments Environ 
Geol Water 1986;8(4):209�19.

36. Rane NT, Matta VM. Impact of Past Iron Ore 
Mining on the Sediment Cores of Rivers of 
Goa West-coast of India Research Journal of 
Environmental and Earth Sciences 2019;11(1):1�
13. DOI:1019026/rjees115991 

37. Hayaty M, Tavakoli Mohammadi MR, Rezaei 
A, et al. Risk Assessment and Ranking of 
Metals Using FDAHP and TOPSIS Mine Water 
and the Environment 2014;33:157�64.

38. Yongming H, Peixuan D, Junji C, Posmentier 
E. Multivariate analysis of heavy metal 
contamination in urban dusts of Xi�an Central 
China Science of The Total Environment. 
2006;355(1-3):176�86.

39. Fosu-Mensah BY, Ofori1 A, Ofosuhene M, et 
al. Assessment of Heavy Metal Contamination 
and Distribution in Surface Soils and Plants 
along the West Coast of Ghana West African 
Journal of Applied Ecology 2018;26(SI):167�78.

40. Müller G. Schwermetalle in den sedimenten 
des Rheins Veranderungen seit Umschau 
1979;79(24):778�83. 

41. Müller G. The Heavy Metal Pollution of the 
Sediments of Neckars and its Tributary: A 
Stocktaking Chemiker Zeitung 1981;105:157�
64.

42. Khalafallah AA, Salem E, Abd El Wahab M. 
Contamination and Hazard Indices of Heavy 
Metals and Natural Radionuclides Activity in 

Investigation of Metal Pollution in Soil Samples Between Akoluk, Mehmetbeyli and Temrezli 
Villages (Yozgat � Sorgun), Turkey



Indian Journal of Forensic Medicine and Pathology / Volume 13 Number 1 (Special Issue) / January - March 2020

196 Indian Journal of Forensic Medicine and Pathology

Mangrove and Seagrass Habitats Red Sea Coast 
Egypt Middle East Journal of Applied Sciences 
2019April�June;09(02):502�23.

43. Abrahim GMS, Parker RJ. Assessment of 
heavy metal enrichment factors and the 
degree contamination in marine sediments 
from Tamaki Estuary Auckland New Zealand 
Environmental Monitoring and Assessment 
2008;136:227�38. 

44. Wedepohl KH. Environmental influences on 
the chemical composition of shales and clays 
Phys Chem Earth 1971;8:307�33.

45. Vafabakhsh K, Kharghany K. Effects of treated 
municipal wastewater on quality and yield of 
cucumber and carrot In Agricultural resource 
recycling Symp Isfahan Khorasgan Azad 
University Agricultural College, Iran; 2000.

46. Adomako D, Nyarko BJB, Dampare SB, et al. 
Determination of toxic elements in waters and 
sediments from River Subin in the Ashanti 
Region of Ghana Environmental Monitoring 
and Assessment 2008;141:165�75.

47. Qishlag A, Moore F, Forghani G. Impact 
of untreated wastewater irrigation on soils 
and crops in Shiraz suburban area SW Iran 
Environmental Monitoring and Assessment 
2007;149:254�262. 

48. Mapanda F, Mangwayana E, Nyamangara J, 
et al. Uptake of heavy metals by vegetables 
irrigated using wastewater and the subsequent 
risks in Harare Zimbabwe Physics and 
Chemistry of the Earth 2007;32:1399�1405.

49. Li R, Dong F, Yang G, et al. Characterization 
of Arsenic and Uranium Pollution Surrounding 
a Uranium Mine in Southwestern China and 
Phytoremediation Potential Pol J Environ Stud 
2019;28(6):1�13.

50. Plant JA, Reeder S, Salmnen R, et al. The 
distribution of uranium over Europe: geological 
and environmental significance Appl Earth Sci 
2003;112(3):221.

51. Ramola RC, Choubey VM, Prasad G, et al. 
Radionuclide analysis in the soil of Kumaun 
Himalaya India using gamma ray spectrometry 
Res Commun Curr Sci 2011;100(6):906�14.

52. Yasmin S, Barua BS, Khandaker MU, et al. 
The presence of radioactive materials in soil 
sand and sediment samples of Potenga sea 
beach area Chittagong Bangladesh: Geological 
characteristics and environmental implication 
Results in Physics 2018;(8):1268�74.

53. Turekian KK, Wedepohl KH. Distribution 
of the elements in some majör units of the 
eart�s crust Geology Society America Bulletin 
1961;72:175�92. 

54. Vine JD. Element Distribution in Some Shelf 
and Eugeosynclinal Black Shales Geological 
Survey Bulletin 1966;1214-E.

55. Krauskopf KB. Introduction to Geochemistry 
2nd edition, McGraw-Hill international series 
in the earth and planetary sciences 1985.p.617. 

56. Pehlivan H. Investigation of heavy metal 
pollution in sediments of Southern Marmara 
Sea (The Kocasu Delta) Master Degree 
Thesis Hacettepe University Department 
of Environmental Engineering Institute of 
Science. Ankara; 2017.p.151.

57. Fyfe JC, Boer GJ, Flato GM. The Arctic and 
Antarctic oscillations and their projected 
changes under global warming. Geophysical 
Research Letters 1999 Jun;26(11):1601�04. 


