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Abstract

Background and Objective: The impact of pollution in the vicinity of overcrowded cities and from industrial effluents has reached a
disturbing magnitude and is arousing public awareness. Therefore, the objective of this research was to determine the concentrations
and characterize the spatial distribution of arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb) and zinc (Zn) heavy
metals in soil of Inegol Plain by using geostatistical approaches combined with GIS based on 17 soil samples in both winter and summer
periods. Methodology: Ordinary kriging interpolation technique was used to estimate a variable at an unmeasured location from
observed values at nearer locations. Moran’s | and Getis-Ord Gi were used to investigate spatial autocorrelation of soil pollutants.
Results: Very high heavy metal concentration levels were found throughout the study area. The local spatial autocorrelation analysis
made clear that all heavy metals had important hotspots and coldspots and these areas should be targeted by best management
practices to reduce heavy metal loads. Attention must be given to industrial activities performed within these high-risk areas.
Conclusion: Results from this study can be used by ecologists, planners and managers to protect soil supplies.
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INTRODUCTION

Environmental quality and pollution is one of the most
important problems in today's world. Industrialization and
urbanization are the two main factors that decrease
environmental quality. Thus, the relationship between the
urban environment and human activities is revealed through
the increase of pollutants in the natural environment'.

Environment pollution affects the quality of pedoshphere,
hydrosphere, atmosphere, litosphere and biosphere?. One of
the main problems of pollution in overpopulated areas is soil
contamination3# via heavy metal contamination>. Soils could
be contaminated by emissions from industrial areas and by
high metal wastes®”. Most commonly found heavy metals are
arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), nickel
(Ni), lead (Pb), zinc (Zn) and mercury (Hg)*’. Heavy metals can
be stored easily in the environment because they do not
biodegrade®. The accumulation of heavy metals in the soil is
from natural or anthropogenic sources. Natural accumulation
of heavy metals in the soil occurs as a result of separation of
rock piles and other pedagogic processes. In this situation,
accumulation of heavy metals in the soil shows relatively lower
concentration®. Industrial waste, mining activities, melting
processes, sewage, atmospheric pollution, vehicles and
burning of fossil fuels make up the anthropogenic sources of
heavy metals in urban areas'®. In this situation, more
pollutants accumulate and spread in the area.

Protection of soil is vital for sustainable development
and protection of ecosystems and biodiversity'® because soil
is the critical environment for interactions between bedrock,
water, air and the biological environment. Contamination of
the soil by heavy metals caused by disposal of urban wastes
creates serious health problems' ™. Heavy metals directly
harm human health through skin absorption and breathing
dust' adversely affecting the central nervous system'.

While analyzing the effect of heavy metals for
environmental management and monitoring, the spatial
distribution and concentration levels of pollutants must be
determined'"3. Geographic Information Systems (GIS) and
geo-statistics have opened up new ways of analyzing spatial
distributions and spatial patterns of soil pollutants and to
study spatial uncertainty and hazard assessment. The GIS can
be a successful decision support system for environmental
managementand planning using different spatial models. The
GIS technology and GIS-based geo-statistical techniques are
widely used to analyze spatial distribution of heavy metals in
the soil1213, Several studies used GIS tool to show the spatial
distribution of heavy metal pollution in urban areas3,
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The working group initiated by the European Soil Bureau
suggested a program to provide a database for heavy metals
in soil'®. Databases for heavy metals in soils commenced in
July, 2000 for all 15 Member States of the European Union.
New and more detailed soil information for all of Europe is
required to address heavy metal contamination. However, in
Turkey, relatively little data are available on the extent of soil
pollution.

As many cities in Turkey, Inegol is experiencing rapid
urbanization and industrialization. Analyzing the effects of
rapid urbanization and industrialization, which cannot be
noticed in a short period is important for environment
management and monitoring. It is hypothesized that heavy
metals accumulated in urban soils would present a potential
risk to the ecosystem. Therefore, the proposed objective of the
study is to assess the spatial distribution and levels of arsenic
(As), cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni),
lead (Pb) and zinc (Zn) heavy metal concentration in the soil
of Inegol Plain by using geostatistical approaches combined
with GIS. Specific objectives are to determine levels of
heavy metal concentration in soils, to determine the spatial
distribution of heavy metal concentrations and to specify the
area above a specified threshold.

MATERIALS AND METHODS

Data and analysis

Site description: Study area is the Inegol Plain on the Bursa
preference in the Marmara Region in the Western Turkey
(Fig. 1). This area is located approximately between 40°09'
Northern latitude and 29°49' East longitude. The study area
shows basin characteristics in terms of morphology, hydrology
and geology''8. The whole study area covers a total land area
of 142 km?2. The mean annual temperature is 13.8°C and the
average annual rainfall is 427 mm. Formation of the plain is
quaternary alluvium formed or deposited in a stream or river
and this quaternary soil cover and alluvium, forming along the
valley overlie the older units.

The human population of Inegol has been increasing
steadily over the years: 76,908 in 1965, 215,375 in 2009 and
242,232 in 2014. The most important economic activities in
the area are agriculture, wood working, furniture-making,
wood products, textiles, tourism, food and machinery
industry™. Although, Inegol has very fertile soil for agricultural
functions, industry is the most important economical activity
in the plain.
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Fig. 1: Location map of the study area

Data and evaluation of soil samplers: For characterization
of soil contamination, samples were obtained using a
systematic grid-system. The study area was divided into a
3.0%3.0 km grid which included settlements, forested areas,
agricultural areas and industrial areas. Samples were
collected using the "Systematic random" method from soil
pits at 0-20 cm depths, because anthropologic sourced
pollutants accumulate on upper layers of soil?>22, Soil samples
were taken from 17 different locations in July, 2014 and
February, 2014. One of the samples was collected from
randomly and four were collected from around the main
sampling point. Five profiles were dug with a shovel at each
grid. Equal amounts of these five samples were mixed and
homogenized. Samples were collected with a plastic spoon
and kept in 2 L PVC packages for transport and storage.
On the border areas when sampling positions on the grid
were close to paths, rivers or buildings, an alternative
sampling position nearby was selected. The GPS was used to
determine sampling locations.

After soil samples were air dried, they were sieved with a
2 mm sieve to remove stones and coarse materials, etc. Later,
20 g soil samples were taken for analysis. Total content of
heavy metals were analyzed by "Inductively Coupled Plasma
Mass Spectrometry (ICP-MS)" in the Bulent Ecevit University
Science and Technology Application and Research Center.
Next, pollutant concentrations were interpolated over the
whole study area using geostatistical tools developed in GIS.

Geo-statistics and autocorrelation: Kriking techniques
were used to analyze the spatial distribution of heavy
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metals in the study area and to predict the variable
values of unsampled locations with help from the values
of sampled locations. Ordinary kriking and indictor kriking
are widely used methods in geostatistical analysis of soil
contamination®2, because kriking methods have greater
accurate in mapping and display of heavy metals in soil
compared to other interpolation methods?. Ordinary kriking
was used to create regional distribution maps and indictor
kriking method was used to characterize the hazard posed
by heavy metal concentrations at a specific threshold value
in the study area. The indicator kriking was carried out by
considering the attribute of the As>20 ppm, Cd>1 ppm,
Cr>100 ppm, Cu>50 ppm, Ni>30 ppm, Pb>50 ppm and
Zn>150 ppm as point measurements with values 0 and 1.
Limit values in Turkey Soil Quality Control Regulation-TKKY?
were used.

Local statistics are important because the magnitude of
spatial autocorrelation of pollutants were not necessarily
uniform over the areaZ. In this study, it is preferred to use
global Moran's 1 and Getis-Ord General G statistics to indicate
general spatial autocorrelation. In order to capture the spatial
heterogeneity of spatial autocorrelation and to identify the
location of clusters, we used the Getis-Ord Gi* statistic
developed by Getis and Ord*° to identify spatial clusters of
statistically significant high or low attribute values by
indicating whether high values or low values (but not both)
tend to cluster in a study area. A high value of Local Gi
indicates hot-spots, while a low value indicates
coldspots.



J. Applied Sci, 16 (7): 311-323, 2016

RESULTS AND DISCUSSION

Spatiotemporal distribution of as in soils in inegol plain:
A small amount of As concentration is essential in animals?'
and benéeficial in plants®2. According to Asiam®, As has
generally been used as an indicator element to identify
mineral deposits. However, high concentrations of As in soil
may endanger the health of plants, foods and water for
human beings3*®. As a result, As received new and global
attention in the mid 1990s. Brandstetter et a/*° indicated that
As polluted environments are abundant in many regions of
the world.

Concentrations of As in the soil in the plain are higherin
winter than summer (Fig.2a, b). The highest As concentrations
(Fig. 2a) in winter are in the Southeastern part of the plain
around the Kursunlu where there are mineral water facilities.
Oylat hot spring is close to Kursunlu and also to kinik and
Fresa mineral water facilities. Smedley et a/* reported that
human beings can be exposed to As by soil with high levels of
As, especially from mine wastes. Most affected areas are close
to metal processing activities*®*, Mean As concentration

in winter is over 20 ppm, which is the limit of Turkey Soil
Quality Control Regulation. Mean As concentration in
summer is over only in the northwestern side of the plain.
We conclude that there is a significant positive spatial
autocorrelationin As concentrationamong the plain (Table 1).
Positive zscore indicates clustering of high values in the plain.
There is a less than 1% likelihood that this high-clustered

Table 1: Results of global spatial autocorrelation

As Cd Cr Cu Ni Pb Zn
Summer
Moran's index 0.95 0.86 0.72 0.95 0.77 0.88 0.89
z-score 1624 1473 1243 1337 1093 1513 1531
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00
General G 0.06 0.06 0.05 0.06 0.07 0.06 0.06
z-score 3.92 234  -0.03 528 4.80 3.25 0.80
p-value 0.00 0.02 0.98 0.00 0.00 0.00 0.42
Winter
Moran's index 0.88 0.86 0.73 0.82 0.73 0.83 0.75
z-score 1520 1476 1267 1407 1278 1428 1290
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00
General G 0.06 0.06 0.05 0.06 0.06 0.06 0.06
z-score 200 418  -1.21 343 0.56 3.98 2.73
p-value 0.05 0.00 0.23 0.00 0.57 0.00 0.01
As
ppm
w— 80.1
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Fig. 2(a-f): As concentration of the surface soils in the Inegol Plain, (a) Spatial distribution in winter, (b) Spatial distribution in
summer, (c) Local G-statistics in winter, (d) Local G-statistics in summer, (e) Probability of As values exceeding 20 ppm,
in winter and (f) probability of As values exceeding 20 ppm in summer
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Fig. 3(a-f): Cd concentration of the surface soils in the Inegol Plain, (a) Spatial distribution in winter, (b) Spatial distribution in
summer, () Local G-statistics in winter, (d) Local G-statistics in summer, (e) Probability of Cd values exceeding 1 ppm,
in winter and (f) probability Cd values exceeding 1 ppm in summer

pattern could be the result of random chance. Two apparent
“Hotspots” in the Fig. 2c and d are remarkable: In around
Kursunlu in winter and in Northeast of the Inegol, around the
Organized Industrial Zone in summer.

The indicator kriging was carried out by considering the
attribute of the 20 ppm threshold level. A map showing the
probability of exceeding the threshold is shown in Fig. 2.
The indicator kriking map (Fig. 2e, f) indicates that As content
of soils is very high all over the plain. It is determined that
only a small part of the plain in the Southwest in summer is
under the 50% probability. This indicates that the plain is
contaminated with As and thus requires treatment of the
soil. The plain is mainly farming communities and this high
possibility could be causing low crop yields.

Spatiotemporal distribution of Cd in soils in inegol plain:
The Cdisknown as a non-essential metal and it presents in the
soil naturally. Soil Cd is increased by atmospheric deposition,
human activities and agricultural management like
applications of fertilizers and sludge®. Because Cd is a highly
toxic and carcinogenic metal, it has a strong effect on crop
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quality* and it threatens human health*2. Because it could be
dangerous for humans, risk assessments of Cd on human
health in Europe have been done®,

Opposite of As, concentrations of Cd in the soil in the
plain is higher in summer than winter (Fig. 3a, b) In winter,
the highest Cd concentrations are in the southeastern part of
the plain, around the Kursunlu where there are mineral water
facilities. It is hypothesized that Cd concentration increase in
the edge of the plain, because of geothermal and mineral
waters in winter. However, in summer high concentrations of
Cd are in the North part of the study area, around the Inegol.
In winter, the South part of the Inegol plain has low
concentrations of Cd.Previous studies suggest similar results.
For example, Olatunji et a/* reported Cd concentrations
related with industry. They emphasized that concentration
levels increase according to intense population, traffic and
industrial activities®. Akpoveta et a/* found that the farther
away you go from urban areas, the lesser concentration of Cd
you observe. In this study area, around the Inegol, which has
an organized industrial zone, the highest Cd concentration are
seen.
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Fig. 4(a-f): Cr concentration of the surface soils in the Inegol Plain, (a) Spatial distribution in winter, (b) Spatial distribution in
summer, (c) Local G-statistics in winter, (d) Local G-statistics in summer, (e) Probability of Cr values exceeding 100 ppm,
in winter and (f) Probability Cr values exceeding 100 ppm in summer

According to the results of Moran index, Cd has a
significant positive spatial autocorrelation and there is less
than a 1% likelihood that this clustered pattern could be the
result of random chance (Table 1). As with As, two hotspots
are remarkable, as seen in Fig. 3c and d. These hotspots are
the same as the hotspots of As: Around the Kursunlu in
winter and around the Organized Industrial Zone in summer.
Most of the industrial factories, particularly metallurgical
activities are located in and around the Inegol Organized
Industrial Zone. This individual hotspot in the Southeast
quadrant is close to geothermal water source that is an
agricultural field known for production of fruits.

The seasonal maps showing the probability of exceeding
the 1 ppm threshold are reported in Fig. 3e and f. The
distribution of the probability Cd shows higher values at the
Southeastin winterand Northwestin summer. These areas are
very high for Cd contamination. Maps show that the area with
the higher probability of exceeding the 1 ppm threshold is
wider during the summer, but not higher that 57%.

Spatiotemporal distribution of Cr in soils in inegol plain:
The Cr concentration increases due to industrial growth,
especially metal, chemical and tanning industries.
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Chandra et al* reported that water resources and
indirectly soil can also be contaminated instead by Cr
from the tanning industry. According to Nriagu®, the causes
of Cr contamination in the soil are metallurgical industries,
textile industrial wastes of dye and tannery and manures.
The soil in this study area is rich with these types of industries.

In our study area, it is found that concentrations of Cr in
summer are higher than in winter (Fig. 4a, b). A number of
studies found the same result*4° with important differences
between hot and wet periods: concentrations increase in hot
periods. According to Yildiz et a/>°, soil temperature, organic
matter amount and existence of other metals change the
concentration levels and affect the metal accumulation in the
soil. Also, Liu et a/'? reported that irrigation with the river
water is another important reason for higher Cr in soil.
Irrigation could be the cause of high Cr concentrations during
summer, on the plain. In both winter and summer periods,
mean Cr concentrations are over 100 ppm, which is the limit
value of Turkey Soil Pollution Control Regulation (TKKY). The
level of Cr pollution in winter has been observed to be high
especially in the Northwest where dense industrial activities
are present being close to Inegol Organized Industrial Zone
(012). The level of Cr pollution in summer has been observed
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to be high in the Southwestern side of the plain, being close
to hot and cold geothermal water sources. Oylat hot springs
are not in the study area but close to the study border.
However, kintk and Fresa mineral water facilities are in the
field. It is possible that the increase in spatial change of Crin
Kursunluy, in the southeastern part of the study area, is related
to these variables. Ozdemir and Ucar®' reported that heavy
metal concentrations in soil are higher close to geothermal
facilities. According to Camgoz et a/*? natural hot and cold
waters carry more chemicals than drinking water. Moreover,
because those mineral waters are hotter and saltier, it makes
it easy for elements to go into solution, therefore increasing
metal levels®.

According to the Moran index, there are significant
positive autocorrelations of Cr: Higher or lower values
correlate more closely in the plain. The hotspots and
coldspots, of Cr were identified. One hotspot is remarkable as
seen in Fig. 4c and d in and around the Yenicekoy. This
individual hotspot in the northwest quadrant was close to an
industrial area.

The seasonal maps showing the probability of exceeding
the threshold 100 ppm was reported in Fig. 4e and f.
Probability is higher than 66% in summer and 58% in winter,

showing that the plain is under risk of Cr contamination.
The highest at-risk areas for contamination areas are in the
Northwest and Southeast borders of the plain due to the
same reason mentioned before.

Spatiotemporal distribution of Cu in soils in inegol plain:
The Cu is a widely used metal in many fields: Transportation,
manufacturing, currency, transportation of electricity,
construction and agriculture. The Cu is released to water as a
result of natural weathering of soil. However, it is difficult to
determine natural concentrations of Cu in soil because of
additional anthropogenic inputs®*.

In the study area, summer Cu concentrations are higher
than winter concentrations. As with As and Cd, winter time
high concentrations of Cu were determined around
Kursunlu in the Southeast part of the plain (Fig. 5a, b).
The Cu concentrations increased during the summer in the
northeast part of the plain. As mentioned before, this side of
the plain is not only populated heavily but also industrialized
heavily.

A number of studies found that increased Cu
concentration is related to the intensity of industrial
activities®>>’. The EU*® reported that rail transport and road
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Fig. 5(a-f): Cu concentration of the surface soils in the Inegol Plain, (a) Spatial distribution in winter, (b) Spatial distribution in
summer, (c) Local G-statistics in winter, (d) Local G-statistics in summer, (e) Probability of Cu values exceeding 50 ppm,
in winter and (f) probability Cu values exceeding 50 ppm in summer
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Fig. 6(a-f): Ni concentration of the surface soils in the Inegol Plain, (a) Spatial distribution in winter, (b) Spatial distribution in
summer, (c) Local G-statistics in winter (d) Local G-statistics in summer, (e) Probability of Ni values exceeding 30 ppm,
in winter and (f) Probability Ni values exceeding 30 ppm in summer

transport could cause local input in Cu concentration in soil.
In addition, in many studies®*®' it is indicated that Cu
concentration increases near roads. The wood preservation
products industry is very common in the study area.
The Cu used in wood preservation products could cause
increased Cu concentrations in soil28, Other important
sources of high Cu concentrations are mining and smelting
activities, wood treatment facilities and application of high
doses of Cu pesticides52%,

As with other heavy metals, Cu shows positive spatial
autocorrelation on the plain (Table 1) and there is a less than
1% likelihood that this clustered pattern could be the result
of random chance. Two hotspots are detected, around the
Kursunlu in winter and around the northeast of the Inegol in
summer, which is a densely industrialized and settled region
(Fig. 5¢, d).

A map showing the probability of exceeding the
threshold value of 50 ppm is reported in Fig. 5e and f. It is
determined that almost all of the plain is over the 50%
probability, especially in the East-southeast. All of the study
areais at risk for copper contamination and thus, treatment of
soils is required.
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Spatiotemporal distribution of Niin soils in inegol plain:
The Ni is an essential metal which has many industrial
and commercial applications. However, increases in
industrialization uses could cause increased Ni concentration
in the soil: Ni contamination as a result of anthropogenic
activities could cause serious problems®. Both in summer and
winter high Ni concentrations were determined to be in the
same area in the Northwestern part of the plain, around the
Yenicekoy, where there are intensive industrial activities and
intensive settlements (Fig. 6a, b).

The ATSDR® noted that localized Ni contamination occurs
near a smelter and plating works, as with Yenicekoy.
Addo et al¥ reported that vehicles along with cement
facilities were responsible for heavy metal contamination.
On the other hand, around the Ortakoy shows the lowest
concentrations in winter. This area is the ones far from
industrial activities. In the summer, concentrations are
changing from one place to another place in the plain.

The Ni shows a significant high-clustered pattern and
there is less than 1% likelihood that this clustered pattern
could be the result of random chance (Table 1). As with Cr,
there is one hot spot in the northwestern side of the plain
where there are intensive industries (Fig. 6¢, d).
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Fig. 7(a-f): Pb concentration of the surface soils in the Inegol Plain, (a) Spatial distribution in winter, b) Spatial distribution in
summer, (c) Local G-statistics in winter, (d) Local G-statistics in summer, (e) Probability of Pb values exceeding 50 ppm,
in winter and (f) Probability Pb values exceeding 50 ppm in summer

The distribution of the probability of Ni concentration
shows higher values at the Northwestern and Southeastern
border of the plain. Itis determined that Northwestern side of
the plain has more than 90% probability (Fig. 6e, f), evidence
of high risk.

Spatiotemporal distribution of Pb in soils in inegol plain:
The Pbis present naturally in soil and has different purposes®®.
However as suggested by the U.S. Department of Health and
Human Services®, Pb may contaminate humans in various
ways, including consumption of water or food and ingestion
of soil contaminated with Pd. A national geometric mean of
16 ppm has been determined as the naturally occurring Pb
levelin soil by The U.S. Geological Survey”. This amount is not
very high. The Pb contamination is an ecological problem
due to the high toxicity on human health in soils”".
Concentration levels for Pb in summer is higher than
winter (Fig. 7a, b). It is seen that Pb level is higher in the
central part of the plain where there are intense planted
agricultural activities. Sonmez et a/’? reported that heavy
metals like Cr, Pb, Cd, Cu, Ni and Zn get to the soil from the
fertilizers and pesticides from agricultural activities.
Zhang et a/”" reported high levels of Pb from mining and
smelting activities. Indeed, urban development, mining and
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smelting activities and irrigation by wastewater largely
contributed to Pb accumulation in agricultural soils”".

According to Moran | and General G (Table 1), there are
high-clustered patternin Pb concentrations. This could not be
the result of random chance. In the central part of the plain
there are the intensive agricultural activities, making it a
significant hotspot for Pb (Fig. 7c, d).

In both winter and summer, mean Pb concentrations are
over 50 ppm, which is the limit value of Turkey Soil Pollution
Control Regulation (Fig. 7e, f). The distribution of the
probability shows higher values at the central part of the plain
(>70%). Thus, the central part of study area is under risk for Pb
contamination.

Spatiotemporal distribution of Zn in soils in inegol plain:
Although, Zn is naturally present and ubiquitous and is also
an essential plant nutirent, when it is present in excess,
Zn become toxic for living organisms’. Human activity
contributes significantly to the increase of Zn concentrations
in soil. For example, the application of inorganic fertilizers in
agriculture could be the reason for local increases in Zn
concentration’%. Hotz and Brown” reported that it affects on
average one-third of the world’s population in different
countries.
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Fig. 8(a-f): Zn concentration of the surface soils in the Inegol Plain, (a) Spatial distribution in winter, (b) Spatial distribution in
summer, (c) Local G-statistics in winter, (d) Local G-statistics in summer, (e) Probability of Zn values exceeding 150 ppm,
in winter and (f) Probability Zn values exceeding 150 ppm in summer

In the study area, summer concentrations of Zn are
higher than in winter (Fig. 8a, b). Mostly, in the winter time
the Southeast side has higher levels, whereas in summer,
the Northeast side has higher levels. As described earlier,
these two regions are characteristic with high heavy metal
concentrations. In previous studies, it has been found that in
areas with high population, traffic density and industry®7677
there is a potential risk of Zn pollution. Fekiacova et a/”
reported that major contamination sources of Zn are industrial
activities, like mining and refinery, fossil fuel combustion and
chemical industries, urban activities and agriculture.

According to Table 1, there is a significant clustered
pattern of Zn concentration which is significantly high in
winter but not in summer. In summer, the pattern does not
appear to be significantly different than random. However,
local Getis Ord Gi shows one hotspot in summer and two in
winter (Fig. 8¢, d), potentially at-risk for Zn contamination.

The probability of exceeding the threshold 150 ppm is
reported in Fig. 8e and f, between 46 and 86% in winter and
between 56 and 75% in summer. This shows that there is a
moderate risk for Zn. Figure 8e and f shows that the area with
the higher probability of exceeding the threshold is wider
during the winter period.

CONCLUSION

The present study examines the spatial distribution and
levels of heavy metal concentration in the soil of Inegol Plain
by using geostatistical approaches combined with GIS.
Monitoring of soil quality for decision-making and
environmental policies evaluation requires a proper level of
accuracy and information. The finding show that Ordinary and
Indicator Kriking seems to be accurate and significant in the
identification of heavy metal vulnerable zones. We suggest
that maps could be used to con rm most locations of
suspected pollution sources. In the study area, the maps
clearly demonstrated that:

«  Variations of As, Cd, Cr, Cu, Ni, Pb and Zn were strongly
related to the location of industrial plants, agricultural
activities and hot and cold springs in the study area

«  Concentration levels of most of the heavy metals, except
As, were higher in summer than in winter

«  All heavy metals had important hotspots and coldspots,
indicating strong increasing processes for all heavy
metals in soil in the plain
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This study explored spatial pattern of heavy metals in the
entire Inegol Plain based in 2014 using Moran’s | and Getis-Ord
General Ganalysis. The global spatial autocorrelation statistics
proved to be a useful measure of overall clustering, while
spatial autocorrelation was an important tool for detecting
local spatial patterns for possible polluting areas. Because of
the significant spatial pattern of these heavy metals in the
plain, their remediation in the soil would be more difficult.

The spatial probability maps could be useful for
determining the natural or anthropogenic factors on heavy
metal concentration in soil in the Inegol Plain. For this reason,
the results obtained from this study, relatively cheap and easy
to update, can be used by local landuse planners, ecologists
and managers to protect soil supplies and monitoring
programs in vulnerable areas in the plain. Kursunlu in the
Southwest area of the plain, around the Inegol Organized
Industrial Zone and around Yenicekoy should be targeted by
best management practices to reduce heavy metal loads. It is
suggested that attention should also be given to industrial
activities performed within the high risk areas.
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