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Abstract Sultan Marsh (Turkey) is one of the largest
wet lands of the Middle East and Europe. The aim of
this study was to determine average concentrations of
heavy metals, variations of the obtained values in a
large scale, geogenic and anthropogenic sources of the
pollution and effects of the pollution on the environ-
ment in Sultan Marsh. To these aims, a total of 176
surface soil samples (0-10 cm depth) were collected
from 80 ha land in Sultan Marsh. Using a bench-top
Spectro-Xepos X-ray fluorescence spectrometer, we
analyzed all samples to determine the near-total con-
centrations of 26 chemical elements. Basic and multi-
variate statistics were used for statistical analyses. GIS
mapping, a powerful tool for identifying possible
sources of pollutants, was used to classify and identify
the elements. Relatively high concentrations of the
elements Fe, Pb, Zn, Sb, W, Mo, Co, Cu, Hg, Ni, Cr,
Mn and Cd were found in Sultan Marsh, surrounding
rocks (geogenic sources), mines of Fe and Pb/Zn,
industrial facilities, residential and agricultural areas
and major traffic routes (anthropogenic sources).
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Introduction

Sultan Marsh, in which 426 different bird species exist,
is a tourist attraction. It is located between Develi,
Yahyali and Yesilhisar in Kayseri province in the
Central Anatolia in Turkey. The region occupies
80,000 ha land with its 17,200 ha lakes and the neigh-
boring districts. Sultan Marsh with its mining, agricul-
ture and tourism plays an important part in the
country’s economy.

Soils are environmental pollutants on rocks, air and
water inter-surfaces. They have a tendency to become
one of the most pollutant substances due to a variety of
human activities (industrial, cultural, transportation,
etc.). In fact, human activities may lead heavy metals to
accumulate on soils. Polluted soils are considered as a
source of pollution in surface waters, ground waters,
living organisms and sediments (Tam et al. 1987,
Yassoglou et al. 1987; Olajire and Ayodele 1997; Oncel
et al. 2004). For the past several centuries, heavy
metals in soils have caught attention for their
extraordinary pollutant characteristics.

Heavy metal pollution, which accumulates in soils
and takes a long time to detect, occurs due to city
operations (Farmer and Lyon 1977; Kelly et al. 1996;
Purves 1966; Li et al. 2001, 2004; Mielke et al. 2000;
Tijhuis et al. 2002; Peltola and Astrom 2003). Similarly,
it has been observed that the sources of heavy metals
which have high concentrations, particularly Pb, are
the city centers (Wilkins 1978; Davies 1978). Other
sources which have been detected in scientific studies
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on various pollution areas (Fuge 2005) are waste
burning (Harrison et al. 1981; Ho and Tai 1988), min-
ing (Schumacher et al. 1997), industrial areas (Thorn-
ton 1991; Yalcin et al. 2006), polluted air, dust
(Simonson 1995) and traffic (Oncel et al. 2004; Viard
et al. 2004; Yalcin et al. 2007). It has also been shown
that industrial activities performed in contact with
soils, tire burning and braking on dirt roads play an
important role in accumulation of heavy metals (Sadiq
et al. 1989; Smolders and Degryse 2002; Adachia and
Tainoshob 2004). Recently, a study by Demirezen and
Aksoy has revealed that heavy metal pollution has
serious influences on Sultan Marsh. In fact, they de-
tected heavy metal (Cd, Pb, Cr, Ni, Zn and Cu) pol-
lution in beds of sediments, water and plants (Typha
angustifolia and Potamogeton pectinatus) (Demirezen
and Aksoy 2004). Demirezen and Aksoy (2006) stated
that there were biological indicators of serious metal
pollution (Fe, Mn). It has been observed that heavy
metal pollution exists in small or large quantities in
Phragmites australis, Ranunculus sphaerosphermus
plants and sediments. Indeed, the Cr rate was found to
be very high in plants and sediments (Aksoy et al.
2005). The abovementioned studies performed in a
small area and with fewer samples showed heavy metal
pollution, but failed to detect pollution sources. For
this reason, we attempted to determine heavy metal
pollution in the entire study area with more samples
and we thought that the results of geostatistics and GIS
could give insight into the risk assessment of environ-
mental pollution and decision-making for agriculture
(Liu et al. 2005).

The aim of this study was to detect heavy metal
concentrations in soils in the study area, and using GIS
map techniques with multivariate analyses, to deter-
mine the variations of heavy metal concentrations in a
large scale and natural and artificial sources of pollu-
tants and to identify the possible unmarked sources of
the pollution. To this aim, first, major pollutants were
determined based on the previous studies. Later on,
samples from specified stations were collected and
heavy metal concentrations were detected by using a
bench-top Spectro-Xepos X-ray fluorescence spec-
trometer. Marshes, canals and human activities in the
study area caused difficulties in determining the geo-
chemical features of natural soils. Therefore, crust, soil
and some background values were compared with
average values. Obtained values were used to perform
multivariate analyses. Up to now, appropriate multi-
variate analyses have been used to estimate enrich-
ment of the elements from different sources,
correlations between them and activities of the sources
in the mines to determine the potential of pollutants
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(Zhang 2005). In the past century, multivariate analy-
ses and the GIS technique have been commonly used
together in environmental studies. The study area is
called the birds paradise in the Central Anatolia.
Therefore, it is very important to protect this marsh
against heavy metal pollution for maintaining ecolog-
ical balance in the region.

Experimental
Study area

Sultan Marsh is located in Kayseri province, K34 sec-
tion of a map drawn at the scale of 1/100,000. Its
coordinates were 38°20’'North and 35°16’East and its
altitude is 1,074 m. Sultan Marsh is located in a trian-
gular area formed by Develi, Yahyali and Yesilhisar
cities in Kayseri province in the Central Anatolia
Region. The region is surrounded by Mount Erciyes in
the North (3,916 m), Develi city in the East, the
Aladaglar (3373 m on average) of the Toros Mountain
Range in the South and Yesilhisar in the West. Sultan
Marsh has an international importance with its watery
habitat. About 301 bird species exist in the study area,
one of the most important incubation areas for birds in
Turkey. Sixty-nine of these species regularly winter in
the study area or visit the area while migration, while
18 species visit the area in extraordinary conditions.
The number of brooding species is 119. This region has
a rare ecosystem, where fresh and salt water ecosys-
tems exist side by side. It is the only region in Europe
where Cranes, Flamingos, Herons and Pelicans breed
together. The region is an important gathering place
for birds on the migration routes. Reeds (Prakmites
communic), Scirpus ssp. and Carex ssp. exist in Sultan
Marsh. Water lilies, lake ivies and mosses exist in the
watery areas. Mammals like water rats, bats, foxes and
rabbits, fish species like carps and some other little fish
species, reptiles like water snakes and lizards, water
turtles, frogs and leeches exist on islets and in water
(Yiiksel 1989; CKGM 1998) (Fig. 1).

Sultan Marsh has a typical Mediterranean climate of
Anatolian Plate region. It is dry and hot in summers,
cold in winters and there are big differences in tem-
perature between night and day, summer and winter. It
is the hottest in July and August (34.2-35.5°C) and the
lowest temperature measured was —18.3°C. According
to measurements of the last three decades, the average
yearly rainfall is 363 mm on a square meter.

The study area is surrounded by an asphalt road.
Total daily road traffic intensity (including automo-
biles, medium load commercial vehicles, busses, trucks
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Fig. 1 Soil sampling locations in Sultan Marsh

and towing vehicles) is 5,247 vehicles in Yahyali
Crossroad-Dortyol, 3,927 vehicles in Dortyol-Develi,
1,495 vehicles in Develi-Yahyali and 1,320 vehicles in
Yahyali Crossroad (TD 2005). The region is important
in terms of Fe and Pb-Zn mining. Fe and Pb—Zn mining
is performed on Yesilhisar-Yahyali road, which is lo-
cated in the south border of Sultan Marsh. There are Fe
melting plants in the western border of the study area,
in Yesilhisar and on Yesilhisar-Kayseri road (Yalcin
and Battaloglu 2007). There is a leather factory in
Cayirozu town, located on the Dortyol-Develi highway.

Regional geology

According to scientific studies, Central Anatolia, in
which the study area Sultan Marsh is situated, is lo-
cated in a Plio-Quaternary old neo-tectonic (Kocyigit
and Beyhan 1998) structure. This structure is defined as
Middle Anatolia Fault Zone (MAFZ) (Kocyigit and
Beyhan 1998), which is in the K500D direction and
extends to the northeast of Kayseri province. Here, the
direction of fault zone makes a convolution to the
south, which caused the formation of the Erciyes Pull-
Apart basin (Kocyigit and Beyhan 1998; Dirik 2001).

The study area was in the south section of this basin.
Sultan Marsh is located in the Erciyes pull-apart basin.
Volcanic activity of Erciyes is important in the for-
mation of this basin. Erciyes Volcanic Cone is situated
in the utmost east of a great volcanic range in the
Central Anatolia (Erol 1999). Sultan Marsh is sur-
rounded by Erciyes volcanic formations that belong to
the Quaternary in the north, Mesozoic-Paleocene
rocks (sediment or metamorphic rocks) in the south,
Late Miocene volcanic formations in the east and Late
Miocene volcanic formations and Paleozoic—-Mesozoic
metamorphic products in the west (Dhont et al. 1998)
(Figs. 2, 3).

The formation of Sultan Marsh took place in
the Pliocene—Quaternary period. Sultan Marsh was
opened to outer drainage from time to time in the

TUZ GOLU

BASIN

AKSARAY

38"

ADANA o ’

BASIN
il J ™

[ ] vate Miscene to Quaternary sediments
I Quaternary strato-volcanoes

D Quaternary mafic volcanism

Late Miocene strato-volcanoes

Late Miocene-Pliocene ignibritic units

- Mosozoic-Paleogene sedimentary
o or metamarphic rocks
=

ARABIA Metamorphic rocks

N | e s

Fig. 2 a Geodynamic context of The Central Anatolia since
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Fig. 3 Simplified map of the central part of the Sultan Marsh
Region (Kocyigit and Beyhan 1998)

Pliocene. When the lavas of Erciyes Volcano flowing to
the northwest flowed to Incesu valley in the Middle
Pliocene, the basin was formed into a closed one again.
In the back of lava brink, the first watery period (plu-
vial) lake (Desert Lake) came into existence. In the
following periods, two more interconnected Pleisto-
cene lakes (Yay and Sultan lakes) were formed
(Fig. 1). Generally, Sultan Marsh collapsed in the
Quaternary, which is the last stage of the regional
development. On the other hand, Mount Erciyes
gained elevation with volcanic eruptions (Erol 1999).

Sampling and chemical analyses

Soil sampling was carried out in November 2005. A
total of 176 samples were collected from a nearly
17,200 ha area including mines and soil surfaces (0-
10 cm depth) and grasslands (Fig. 1). The coordinates
of the sample collection areas were determined with a
GPS-12CX device (Garmin). The coordinates of the
sample points were detected with GPS, and were
plotted on a topographic map with the scale of
1/100,000. The sample shovel was made of hard plastic.
Systematically collected samples were stored in 1 kg
plastic bags. To minimize pollution, plastic bags were
washed with 6 M HNOs, rinsed with distilled water and
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passed through a 2 mm plastic sieve and separated
from pebbles.

Later on, samples were homogenized in an agate
mortar and made into an average 2 mm particle size.
The agate mortar where samples were homogenized
were washed with 6 mol I' HNO; for each sample,
rinsed with distilled water and used after dried.

Detection of the elements Ag, Al, As, Ca, Cd, Cl,
Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, Na, Ni, Pb, S, Sb,
Si, Sn, Ti, V, W and Zn were performed with a bench-
top Spectro-Xepos X-ray fluorescence spectrometer in
an electronic control system. The soil samples were
analyzed after shaped into 32 mm diameter double
sided film tablets. The detection system was a micro-
processor controlled drift detector with Peltier cooling
and energy resolution of FWHM < 170 eV, measured
for the Mn K line with an input count vote of 10,000
pulses. Obtained results were expressed in milligram
per kilogram.

Data analyses using computer software

Raw data obtained with chemical analyses were
recorded in an MS Excel program. Simple statistical
parameters and data in the file were used to show all
characteristics of the region. Raw and converted data
were analyzed with SPSS software and the multivariate
analyses. SPSS software was used to classify elements
with similar geochemical features into groups. Data
were analyzed with multivariate analyses (coefficient
correlation, cluster analyses, hierarchical cluster analysis,
model summary and ANOVA). A map for regional
distribution of chemical data was drawn with GIS
Software and ArcView program.

Results and discussion
Basic statistics and comparisons

Some element contents of the samples collected from
Sultan Marsh are shown in Table 1. According to the
results of chemical analyses, arithmetic averages and
maximum values of all elements in soil and crust
exceeded the permissible cut-off values (Brooks 1972;
Boyle 1975; Brady 1974; Connor and Shacklette 1975;
Krauskopf 1979; Maynard 1983; Reimann 2003; Wed-
epohl 1969-1978, 1995). Based on the variation rates of
maximum values obtained from the analyses in the soil,
the elements can be listed as in the following: Mg, Fe,
Al K, Cr, Cl, Cd, As, W, Ni, Pb, Co, Ag, Mo, Cu, Hg,
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Zn, Sb, V, Mn, Ti and Sn (Table 2). As described by
Pekey, concentrations of important heavy metals in
Sultan Marsh are shown in the form of box and whisker
plot in Fig. 4 and concentrations of anthropogenic Fe,
Mg, Zn, Pb, Cr, Co, Cu, Ni and Cd based on the fre-
quency histogram (Pekey 2006) are shown in Fig. 5.
These metals with above threshold concentrations
and their possible geochemical behavior in the soil
endanger the environment in the region of interest.
Generally, according to geogenic and anthropogenic
sources, Fe, Pb, Zn, Sb, W, Mo, Co, Cu, Hg, Ni, Cr, Mn
and Cd, which showed toxic effects in Sultan Mars, are
used as indicators of pollution. It was striking that the
industrial wastes with high toxic effects were from the
north of Sultan Marsh, which was muddy and foul-
smelling and showed As, Cr, Cu, Fe, Ni, Pb, Ti and Zn.

Multivariate analyses

According to the results of soil sample analyses and
coefficient correlations between the metals, there was a

100000
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|
oo .l| | |
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N S P R S Tt

t H t t t t LI
Al As Cd Cl Co Cr Cu Fe Hg Ni Pb Sb Sn

1000

0,1

Fig. 4 Heavy metal concentrations in the soil of Sultan Marsh

strong positive correlation between Sb and W, Ag, Mo,
Co, Cu, Hg, Zn, Cd, Pb; W and Ag, Mo, Co, Cu, Hg,
Zn, Cd, Pb, Fe; Ag and Mo, As, Hg, Zn, Cd, Pb; Mo
and Co, Cu, Hg, Zn, Cd, Pb, Al, Fe; Co and Cu, Hg, Ni,
Zn, Cd, Pb, Al, Fe; Cu and Hg, Ni, Zn, Cd, Pb, Al Fe;
As and Hg, Mg, CI; Hg and Zn, Cd, Pb, Fe; Ni and Zn,
Al, Fe, Cr; Zn and Cd, Pb, Al, Fe; Cd and Pb, Fe; Pb
and Fe; Al and Fe; Mg and Cl (Table 3).

Table 2 Comparison between element concentrations in Sultan Marsh soils, Crust (Upper crust: Wedepohl 1995) and soil (Northern
Europe: Reimann et al. 2003) samples (in mg/kg) (revised from Zhang 2005)

Crust Soil Sultan Marsh soils

Variation of average Variation of

cnt. in soil (fold) maximum cnt.

Min  Median Max Avg SD in soil (fold)
Ag 0.07 (Krauskopf 0-0.56 (Wedepohl 2.4 4.8 12.9 5.173743 2.013899 9.2 23
1979) 1969-1978)
Al 7.744 4.83 2,026 36,640 75330 33,276.18 20,595.17 6,889 15,596
As 2 4 2.1 222 202 48.62514 49.18817 12 50.5
Ca 2945 0.9934 10,540 95,430 253,500 99,970.59 60,751.1 100,634.8 255,184
Cd 0.15 (Krauskopf 0.1-0.5 2.8 4 8.1 4.085475 0.722125 41 81
1979) (Maynard 1983)
Cl 130 - 2.8 429.7 23830 2,310.077 3,928.079 17.8 183
Co 11.6 53 8.6 22 142 2822961 20.20998 5.3 26.8
Cr 35 32 16 1235 7,130  305.8827 792.6461 9.6 2228
Cu 143 10 2.3 15.8 197.4  22.76145 27.43244 228 19.7
Fe 3.089 1.7065 2962 22,830 73,950 24,050.8 16,808.71 14,148 43,500
Hg 0.02 0-0.56 (Wedepohl 1 1.9 9.2 2.097207 1.184935 3.75 16
1969-1978)
K 2865 1.5605 2,354 10,020 20,800 9,984.67 4,922.066 5,873 13,333
Mg 1.351 0.3437 7,170 32,240 118,700 44,142.63 28,196.18 128,432 349,117
Mn 527 426 922 494 2,567  535.0039 375.23 1.3 6
Mo 0-6 2-5 (Brooks 1972) 18 22 44 22.94413 3.350512 11 22
Na 2.567 0.8977 1,400 4,720 24,100 6,120.737 5,057.542 6,801 26,777
Ni 18.6 10 2.8 23.7 3612  54.07486 72.39989 5.4 36.1
Pb 17 17 3.1 17.9 501 36.66536 79.22191 2.2 29.5
S 300 100200 (Brady 1974) 742 1,004 26,010 2,602.809 4,242.595 2.6 26
Sb 0.2 2 (Boyle 1975) 42 54 24 5.806145 2.080104 2.9 12
Si  282x 10* - 78,430 165,700 310,200 174,521.1 56,039.41
Sn 25 10 (Connor and 4.9 6.9 15.9 7.174302 1.310725 0.7 1.59
Shacklette 1975)
Ti 3,117 2,601 279.6 2,059 4790  1,883.485 986.1129 0.7 1.8
v 53 37 128 82 229.6  91.1838  40.58736 2.5 6.2
w12 1 (Brooks 1972) 0.7 5.7 41 6.530726 4.656827 6.5 41
Zn 52 43 6.7 56.3 5523 74.6257  83.09409 1.7 12.8

cnt Concentration
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Fig. 5 Frequency histograms of Fe, Mg, Zn, Pb, Cr, Co, Cu, Ni and Cd (anthropogenic elements) in the soil of Sultan Marsh

A moderate positive relation was found between Sb
and As, Ag and Cu, Cu and Cr, Zn and Cr and Cd and
Al (Table 3).

There was a negative relation between Ag and Al; Co
and As, Mg and CI; Cu and Mg and Cl; As and Ni, Al
and Fe; Ni and Mg and Cl; Zn and Mg and CI; Cd and
Cl; Pb and Mg; Al and Mg and CI; Fe and Mg and CL

There was a moderate negative relation between W
and Cl; Mo and Cl; Cu and As; Cd and Mg; Pb and CI;
Mg and Cr (Table 3).

The metals that strongly correlated with each other
were thought to have the same possible pollution
sources. High correlations between the metals were
thought to be due to Fe-Pb—Zn mines (anthropogenic
influenced ones) surrounding Sultan Marsh. Especially
the sources of Sb and Ag were the Pb—Zn mine; the
sources of W, Mo, Co, Cu, Hg, Ni and Cd were the Pb—
7Zn and Fe mines; the source of Al was the Fe mine; the
source of As was not the Fe—Pb—Zn mines but the same
as that of Mg in Sultan Marsh.

@ Springer

The Pearson correlation coefficients were used to
classify the elements which were detected based on the
chemical analysis results. Based on the comparisons
between the groups and a method of calculation using
the farthest neighbor, a dendrogram was formed
(Fig. 6). Based on the correlations between the ele-
ments, four different groups were formed. The possible
origins of the elements that formed similar groups were
the same.

Accordingly, there was 24,050.8 ppm Fe on average
in the study area, and the Fe rate was expected to be
between 2,962 and 73,950 ppm (Table 2). This value
was quite high compared to 3,089 ppm, the Clark
concentration of Fe in crust, and 1.7065 ppm, the soil
concentration. The Fe rate in the soil was enriched
14,148 times than the average rate. There was a highly
positive correlation between Fe and W, Mo, Co, Cu,
Hg, Ni, Zn, Cd, Pb and Al and a highly negative cor-
relation between Fe and As (Table 3). Fe and As had
different sources. In the dendrogram based on the
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determined that the number of stations was enough.
Similarities were observed between some stations
(Fig. 7) and elements (Fig. 6). Generally, it was pos-
sible to divide similar stations into four groups. The

Rescaled Distance  Cluster Combine
Case 0 5 10 15 20 25
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Fig. 7 Hierarchical cluster analysis dendogram of Sultan Marsh
region soil samples
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areas of similar stations consisted of mines of Fe and
Pb/Zn, industrial facilities, residential areas, major
traffic routes and agricultural areas. For this reason,
pollution sources of similar stations can be considered
the same (Fig. 7).

In the regression analyses of the chemical data on
Fe, calculations were done according to a Model
summary and ANOVA (Table 4). The explanatory
power of the regression analyses for Model summary
was R? = 91.5%. According to ANOVA, 25 descriptive
variables (Mn, Sb, Na, Sn, Cr, S, V, Ag, K, Cd, Ni, Cl,
Cu, Pb, Ca, W, As, Mo, Ti, Co, Mg, Si, Zn, Al and Hg)
had a high explanatory power for the variation of Fe
element.

Spatial distribution patterns of pollutants

The objective of the project was to develop method-
ologies for comparing and integrating scientific
analyses of soil, using GIS (Oudwater and Martin
2003). Geostatistics were used to construct regional
distribution maps to be compared with the geographi-
cal, geologic and land use regional database using GIS
soft-ware (Facchinelli et al., 2001). GIS mapping is a
powerful tool in identifying the possible sources of
pollutants (Zhang 2005). The GIS map technique
was used to make a spatial distribution map for the
pollution areas in Sultan Marsh (Fig. 8).

GIS maps provide valuable information for hazard
assessment and for decision support (McGrath et al.
2004). The results of the chemical analyses and GIS
maps which were carried out on the samples (Pb, Zn,
Fe, Cu, Hg, Ni, Co, Al, Mn) from Sultan Marsh clearly
indicated the effect of surrounding rocks (geogenic
sources). Metals can be categorized into two groups;
metals necessary for plants and animals namely Cr, Co,
Cu, Fe, Mn, Mo, Ni, U, V, W and Zn and metals not
necessary for plants and animals namely Ag, As, Cd,
Hg, Pb, Pt, Tl, Sn and Zr (Haktanir et al. 1997).
Depending on their soil contents, especially the metals
not necessary for plants and animals may show their
toxic effects quickly.

Fe and Pb-Zn metallic mines operating (anthropo-
genic influenced ones) in the region were the apparent
pollution sources. Fe, Co, Hg, V and Cu elements which
showed the highest concentration in the study area
were associated with especially the Fe mine in the south
border and the Fe melting factory located in the west
border (anthropogenic influenced ones). In the maps in
Fig. 8, all concentration ranges were determined
with reference to the soil limit values to soils (Brooks
1972; Boyle 1975; Brady 1974; Connor and Shacklette
1975; Krauskopf 1979; Maynard 1983; Reimann 2003;
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Table 4 Model summary and anova tables of regression data

Model summary

Model R R square Adjusted R square Std. error of the estimate

1 0.957(a) 0.915 0.901 5188.80852

Anova (b)

Model Sum of squares df Mean square F Sig.

1 Regression 43,594,313,415.780 25 1,743,772,536.631 64.767 0.000*

Residual 4,038,560,076.941 150 26,923,733.846
Total 47,632,873,492.722 175

? Predictors (constant): Mn, Sb, Na, Sn, Cr, S, V, Ag, K, Cd, Ni, Cl, Cu, Pb, Ca, W, As, Mo, Ti, Co, Mg, Si, Zn, Al, Hg

® Dependent variable: Fe

Fig. 8 Spatial distribution Cu
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Fig. 8 continued

Wedepohl 1969-1978, 1995). The highest anomalies
were observed in the samples that belonged to this Pb—
Zn, Fe mines area. However, apart from these areas
(between Yahyali, Develi and Dortyol) there was also
traffic related pollution due to the traffic density in the
area surrounding Sultan Marsh and industrial pollution
in the residential areas (anthropogenic sources).

The pollution actually increased from the sides of
the study area to its center. Iron causes organic cor-
rosion and decreases oxygen. It turns into hydroxide
and causes the precipitation of iron hydroxide. Simi-
larly, iron bacteria rapidly increase in calm lakes of
streams especially after floods and form iron piles in
the lakes. High iron concentrations on the stream
banks cause major changes in micro flora. When the Fe
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concentration in the streams exceeds 1 mg/l, fish may
be harmed (Topbas et al. 1998). For this reason, Fe
concentrations must certainly be kept under control.
Pb and Zn elements, which showed an anomaly in the
study area, were caused by the Pb—Zn mine located in
the south border and the highest anomalies were ob-
served in the samples that belonged to this area
(anthropogenic influenced ones). However, apart from
this area, traffic related pollution was high in Yahyali
Crossroad and Yahyali Crossroad-Dortyol highway
(anthropogenic influenced ones). Moreover, there was
also traffic related pollution throughout the area where
traffic existed.

Ni element showed a high anomaly which was due to
Yahyali Crossroad-Dortyol highway and also a tyre
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anomaly along the traffic routes that surrounded the
study area. The source of 7i and A/, which showed a
high anomaly in the south section of the study area,
was the same. It also showed a similar anomaly in the
whole region that surrounded the study area. Cr ele-
ment showed an anomaly especially around the leather
factory in the north of the study area. It also showed a
high anomaly due to Yahyali Crossroad-Dortyol
highway. Physically polluted factory waste waters
observed in the north section of study area flowed into
the marsh basin via soil. Therefore, Ni, Ti, Al and Cr in
this area were anthropogenic.

Along with Cr, Cu, As, Ni, Zn, Pb, Fe and Ti showed
a high anomaly in small lake areas, where the wastes
existed (anthropogenic sources). Factory wastes were
muddy, foul-smelling and constituted major sources of
pollution. Furthermore, sewer system wastes caused by
the residential areas in the region flowed into the basin.
Industrial wastes in the residential area with no waste
treatment facilities were thought to increase the heavy
metal contents. The metal rate in the soil samples
taken from these areas was low. It may be that the
metal rate was low in domestic wastes, which may have
diluted the creek water.

Conclusions

Metals can be classified into two groups: those nec-
essary for plants and animals, namely, Cr, Co, Cu,
Fe, Mn, Mo, Ni, U, V, W and Zn and those not
necessary for plants and animals, namely, Ag, As,
Cd, Hg, Pb, Pt, Tl, Sn and Zr (Haktanir et al. 1997).
Depending on their contents in soil, metals especially
those not necessary for plants and animals may show
their toxic effects quickly. Maximum heavy metal
contents of all samples taken from Sultan Marsh
exceeded the permissible soil and crust cut-off values.
Based on the increases in their variation rates in soil,
heavy metals can be listed as Mg, Fe, Al, K, Cr, Cl,
Cd, As, W, Ni, Pb, Co, Ag, Mo, Cu, Hg, Zn, Sb, V,
Mn, Ti and Sn. The sources of heavy metal contents
having a high positive relation were thought to be
the same with regard to the correlations in Table 3.
As a result, the sources of Sb and Ag elements were
the Pb—Zn mine; the sources of W, Mo, Co, Cu, Hg,
Ni and Cd elements were the Pb—-Zn and Fe mines;
the source of Al was the Fe mine; the source of As
was not the Fe—Pb-Zn mines but the same as that of
Mg in Sultan Marsh.

The results of chemical analyses made on the
samples taken from Sultan Marsh clearly showed
the effect of surrounding rocks (geogenic sources).

The elements Fe, Co, Hg, V and Cu which showed an
anomaly in the study area originated from especially
the Fe mine in the south border and the Fe melting
factory located in the west border (anthropogenic
influenced ones). Eutrophication was developed
partially in the places where the pollution was dense
and where there were calm waters in Sultan Marsh. A
foul-smell was overspreading in these areas which
were becoming swamps. It was thought that the micro
flora would change greatly depending on the iron rate
and that accordingly fish would not be able to live in
the lakes of Sultan Marsh. Moreover, Fe pollution
was observed around the roads that surrounded the
study area and industrial facilities in the residential
areas.

Pb and Zn elements which showed an anomaly in
the study area were associated with the Pb—Zn mine in
the south, Yesilhisar-Yahyali highway and leather
factory in the north. Cr, Cu, As, Ni, Zn, Pb, Fe and Ti
showed an anomaly around the leather factory located
in the north of the study area (anthropogenic influ-
enced). Factory wastes were muddy, foul-smelling and
constituted major sources of pollution. In addition, Cr
and Ni showed a high anomaly along Nigde-Kayseri
highway. It may be due to major traffic routes and gas
stations. The sources of Ti and Al which showed a high
anomaly in the east section of the study area were the
same. They also showed a similar anomaly in the whole
area that surrounded the study area. Industrial wastes
in the residential area where there were no waste
treatment facilities were thought to increase the heavy
metal contents. The metal rate in the soil samples ta-
ken from these areas was low. It may be that the metal
rate was low in domestic wastes, which may have
diluted the creek water.

The sources of detected heavy metal concentrations
can be listed as the surrounding rocks (geogenic sour-
ces), mines of Fe and Pb/Zn, industrial facilities, resi-
dential areas, major traffic routes and agricultural areas
(anthropogenic sources).

It can be concluded that heavy metals (Fe, Pb, Zn,
Sb, W, Mo, Co, Cu, Hg, Ni, Cr, Mn and Cd) show high
toxic effects in Sultan Marsh due to their high con-
centrations. It can be suggested that domestic wastes
from the residential areas and factories should flow
into Sultan Marsh after exposed to waste treatment
and that immediate precautions should be taken to
stop pollution in Sultan Marsh. For example, there
should be protection areas.

In the regression analyses of the data from chemical
analyses of Fe, ‘“Model summary” significantly
explained and “ANOVA” moderately explained 25
descriptive variables. The present approach illustrates

@ Springer



414

Environ Geol (2007) 53:399-415

the role of geostatistics in the evaluation of the
chemical data and indicates geochemical opinions as
the spatial proofs of the relationship between the
elements.
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