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Abstract

The heavy metal (Pb, Cr, Cu, Mn, Ni, Zn and Cd) accumulation around soils of Salt Lake in
Turkey were evaluated, accounting for major sources including atmospheric deposition, sewage
systems, livestock manures, fertilizers, traffic and industrial by-product wastes. The heavy metal
concentrations were determined by using Varian model Inductively Coupled Plasma and statistically
evaluated with SPSS 11.5 statistical program. The heavy metal concentrations were investigated
monthly except winter months. The lowest and the highest accumulation levels were observed in April
and in August, respectively. The soils were also evaluated according to zonation around the lake and
the relations between the four selected stations. There is a correlation between the heavy metals and
their sources. There should be some precautions taken against the heavy metal pollution around Salt
Lake because of the ecological, agricultural and economical importance of the area.

Introduction

Soil contamination by heavy metals such as Pb, Cr, Cu, Mn, Ni, Zn and Cd is a
matter of great concern. Unlike organic contaminants that loose toxicity by the time with
biodegradation, heavy metals can not be degraded, their concentration can be increased
by bioaccumulation and they have toxic effects at low concentrations (Aksoy, 2008;
Clark, 1992; Davey et al., 1973; Hussain et al., 2008). Although low quantities of some
heavy metals, such as copper and zinc, are essential for many organisms, they are
potentially toxic and accumulate in soil over long period of time and this result in soil
pollution (Ahmad et al., 2008). The main sources of heavy metals are fertilizers from
agricultural areas, livestock manure, air pollution and emissions from vehicles. The
metals accumulate in the salt marshes from polluted air via rain, near roads via splash
water or by irrigation with waste water and fertilization with waste compost (Blume &
Briimmer, 1991; Blake & Goulding, 2002; Patel et al., 2001; Setyorini et al., 2002). Over
a period of time all these sources enrich heavy metals in soil. Excessive heavy metal
contents changes the soil quality which affects the normal use of soil or endangering
public health and living environment. Pollution of agricultural soils by heavy metals may
lead to reduced yields and elevated levels of these elements in agricultural products and
thus provide their entrance into food chain. Soil constituents may immobilize heavy
metals, so prevent or reduce the detrimental effects on soil organisms, crops and ground
water quality (Blume & Briimmer, 1991; Ahmad et al., 2007).

Salt marshes act as a sink for organic pollutants and heavy metals (Adam, 1999).
Collectively salt marshes can be seen to be acting as dynamic filters for various ecologically
important materials (Vernberg, 1993). In salt marshes under anaerobic conditions insoluble
sulphates and clay minerals bind heavy metals through cation exchange. Also the high pH
value immobilizes the heavy metals (Kimberly & William, 1999).
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Salt marshes have important aesthetic, cultural, economic, recreational, scientific,
conservational and ecological values (Williams, 1993; 2002). They provide nesting and
breeding sites especially for migrating birds. Salt Lake which was declared as a Specially
Protected Area and one of the hotspots of Turkey, is rich in halophytic endemic plant
species and also on the route of immigrant birds and provides suitable areas for them.
This area not only has an ecological importance but also has an economical importance.
It is also one of the important salt resources of Turkey. Around Salt Lake agriculture and
animal breeding is very important. Main crop plants of the region are Beta vulgaris ssp.
altissima, Hordeum vulgare and Triticum sativum. For conservation, management and
recovery of the area there is a requirement for knowledge of soil chemistry. There is a
plant zonation according to the salinity around Salt Lake. Plant species composition
changes and plant biodiversity increases with decreasing salinity.

In this study it was aimed to investigate the heavy metal concentrations of soils
around Salt Lake. The heavy metal accumulation was investigated monthly and evaluated
according to the plant zones and the stations chosen from different regions of the lake.

Material and Methods

Salt Lake is in the Central Anatolian region of Turkey (Fig. 1). The study area is
under the influence of semi-arid cold Mediterranean climate. Precipitations occur in cold
season. There is a severe drought starting at June and continuing till the end of
November. The dominant wind direction which carries the air pollution is as follows; in
Kulu from NNW and NNE, in Cihanbeyli NNW and WSW, in Sereflikochisar N and in
Aksaray ENE.

Soil samples were taken from 4 different stations (Kulu, Cihanbeyli, Aksaray and
Sereflikochisar) in 9 months (August, September, October, November 2003 and March,
April, June, July 2004), and could not taken from December to March because of the
snow cover and climatic conditions. Coordinates were determined by Global Positioning
System (GPS). Collected soil samples were air dried for 4 days until they reach constant
weight. Dried aliquots were ground using a mortar and pestle and sieved through 2 mm
sieve. Then, the samples stored in polyethylene bags in a desiccator with calcium
chloride to avoid contamination throughout the analyses. Acid washed glassware,
analytical grade reagents and double distilled water were used throughout the
experiments.

All standards were prepared from reagent grade chemicals (Merck, Darmstadt,
Germany). Triplicate sub samples of approximately 1 g of well homogenized sediment
samples were accurately weighed on an analytical balance and then transferred into glass
digestion tubes. Aqua-regia (1IHNO;:3 HCI) were used to leach the samples (Demirezen
& Aksoy, 2004). The extracts were diluted to a final volume of 50 ml using double
distilled water. The concentrations of Pb, Cr, Cu, N1, Zn and Cd were determined in the
supernatant using a Varian model Inductively Coupled Plasma (ICP-OES).

SPSS 11.5 statistical program was used to calculate standard deviations and means.
In this study, o was chosen to be 0.05. Results of testing were considered significant if
calculated p-values were < 0.05. For the comparison of the means ANOVA test and Post
Hoc Duncan test were used.
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Fig. 1. Map of the study area.

Results and Discussion

In soil samples taken from 4 different stations of Salt Lake Pb, Zn, Cr, Cu, Ni and Cd
were investigated and the results were evaluated statistically. Pb is present in all soils,
rivers, lakes and sea water (Lone et al., 2006). Main source of Pb is the alkyl derivatives
in petroleum (Singh et al., 1997). Also metal manufacturing, sewages, paints containing
Pb, phosphateous fertilizers, pesticides and ashes are the other sources. Pb is in the form
of halide salts in automobile exhaust, and is unstable and easily converted to oxides,
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carbonates and sulphates (Lone et al., 2006). In the developing world although there are
some regulatory measures to control the Pb emissions, it is still one of the major global
environmental problem in many countries (Yang et al., 2000). In this study, it was found
that Pb concentration was lowest in Kulu (Table 1). Agriculture and animal breeding are
the major activities around Kulu, and there is not any main Pb source. Pb pollution was
highest at Cihanbeyli station which is located close to a heavy traffic, residential area and
also animal breeding activities. Sewages and traffic was thought to be the main sources of
Pb pollution. The pollution level in Sereflikochisar and Aksaray is in between the other
stations. Lead is generally penetrated to the soil by aerial deposition along the road sides
(Aksoy, 2008). The cause of Pb accumulation in Aksaray was thought to be the traffic
emissions and domestic wastes and sewages in Sereflikochisar.

There are so many sources of Zn like fossil fuels, metal manufacturing and
fertilization (Markert, 1993). Zn is more reactive and mobile than Cu and Pb and moves
through the soil profile, accumulate at the active zone of soil (Claridge, 1995). According
to the Table 1 it can be said that the Zn concentrations of each station are close to each
other. The main sources of these concentrations are caused mainly by fertilization
activities.

The main sources of Cr pollution are the plastic wastes, septic wastes and sewages.
According to the Barnhart (1997) 40% of Cr pollution is caused by tanning of leather.
Chromium is a naturally found in rocks, animals, plants, soil, and in volcanic dust and
gases. It is usually occurs in two forms; chromium (III) and chromium (VI). The natural
and essential one is the Chromium (III), whereas chromium (VI) is generally by-product
of industrial activities and considered to be more mobile and toxic (Paiva et al., 2009).
The mobilization, subsequent uptake and the toxicity of the Cr depend on the metal
speciation, which determines the impact of it on the physiology of plants (Shanker et al.,
2005). The highest Cr pollution level was measured at Sereflikochisar. The lowest value
was measured at Cihanbeyli. The values at Kulu and Aksaray were close to each other
(Table 1).

Cu enters into the ecosystem via so many sources like house device industry, wood
and metal manufacturing, pesticide usage, animal manures and septic tanks. The highest
Cu pollution was observed at Aksaray where the cause can be the domestic wastes,
sewages and artificial fertilizers usage. Also one of the reason of this high value can be
the presence of high voltage lines close to the station which is also known as a Cu source
(Markert, 1993). The Cu levels of other three stations were close to each other and
common characteristics of these stations that can cause Cu pollution are agriculture and
animal breeding.

The most important sources of Cd are metal industry, plastics and sewages (Allen,
1989) and some special phosphate fertilizers that contain Cd. Because of its high toxicity
and great solubility in water Cd is a dangerous pollutant (Liu et al., 2006). It is very toxic
to animals and plants and plants’ exposure to Cd causes reductions in photosynthesis,
water and nutrient uptake (Sanita di Toppi & Gabbrielli, 1999). The Cd results similar to
the results of Cu. The highest value was measured at Aksaray station. The main source of
Cd at this station was thought to be sewages and phosphate fertilizers used in agricultural
areas. But it was known that the influence of phosphate fertilizers is low and only evident
after a long term period (Kobza, 2005). There wasn’t any important difference between
the other three stations and there was low Cd accumulation at these stations.
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Table 1. Annual mean heavy metal concentrations (£SD) in each station (ng g~' dry weight).

Stations Pb 7Zn Cr Cu Ni Cd

Kulu 8.0742.83 " 36.13+13.99° 49.324+20.62% 21.06+8.57*  66.1£30.96*  0.18+0.1°
Cihanbeyli 11.85£3.4°  51.45£22.27° 40.75+£1526° 26.93+7.2*  62.83+24.46* 0.19+0.07°
Sereflikochisar ~ 10.35+3.15° 40.59+17.97® 63.14440.9° 24.63+13.27* 102.34+69.07° 0.21+0.14°
Aksaray 9.09+1.61 ® 52.45+19.64° 49.15+19.72® 40.09+9.55°  68.74+30.55*  0.76+0.1°

-Different letters in same column indicate significant differences at p<0.05 (ANOVA)
- SD: Standard deviation

Table 2. Annual mean heavy metal concentrations (+SD) in each plant zones (ug g' dry weight).

Zone Pb Zn Cr Cu Ni Cd
1 9.35£3.17*  41.92+17.63*  47.71+£27.42*  25.57+11.81° 71.1444.99° 0.3+0.7%
2 9.74+3.04®  47.84+23.02°  51.34+23.67* 28.56+13.96"  75.82+42.69°  0.3+0.6°
3 10.48+3.1°  45.48+17.38*  52.83+29.32° 30.09+9.62° 78.44+47% 0.4+0.7*°

-Different letters in same column indicate significant differences at p<0.05 (ANOVA)
-SD: Standard deviation

The highest Ni concentration was measured at Sereflikochisar. Main sources of Ni
are automobile tyres, at this station, old automobile tyres used to build garden fences.
There was not any important difference between the other three stations.

When the zones around Salt Lake were evaluated (Table 2), it was found that the Pb
and Cu concentrations was decreased toward the lake. The main source of Pb is air
pollution caused by combustion of oil, gasoline and coal. Also the wind at the study area
blows from lake and carry dust with heavy metals coming from the sediment of lake. The
increase in Pb and Cu can be explained by the heavy traffic and wind direction. For Zn,
Cr, Ni and Cd concentrations there wasn’t any statistically important difference between
the stations. High level of pollution caused by agriculture at outer zone could be
explained by the presence of agricultural areas that are close to or at the outer zone.

The fluctuation of heavy metal concentrations in soil for 9 months were also
statistically evaluated (Table 3). The lowest Pb, Zn, Cr and Ni concentrations were
measured in April. This can be explained by the snow cover preventing penetration of
pollutants to soil from December to March. Heavy metals and minerals that become
mobile washed into deeper levels of soil and in summer with increasing temperature
through the evaporation heavy metals and minerals turns back to upper layers. For this
reason, heavy metal concentrations in soil increase in summer. Cu concentration was
lowest in November this can be the result of precipitation which increase at the beginning
of this month. Cd was lowest in September. The highest level of heavy metals was
observed in summer when the evaporation is high. The highest value for Pb, Cr, Ni and
Cd was measured in August and for Cu and Zn in June.

Significant and positive correlations determined between all the heavy metals other
than the relations between Cd and Pb, Cr, Ni (Table 4). This means that the sources of
these pollutants are common. The highest correlation was observed between Pb and Zn
and Ni and Cr. The lowest correlation was observed between Cd and the others.
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Table 3. Monthly changes in heavy metal concentrations (ug g~ dry weight),
together with standard deviations (SD).

Month Pb Zn Cr Cu Ni Cd
August 11.6843,09° 53.45+10.38°¢  76.58+35.2¢ 28.78+7.67™ 115.87+59.17¢  1.1+£1.65°
September  11.31+£2.37° 49.63+13.36™ 61.36£15.92° 27.69+10.07® 91.98+26.51°  0.16+0.05"
October 9.7942.27%  42.56+9.43° 52.03+£10.12° 25.69+7.64%®  69.61+14.15°>  0.18+0.05°
November 10.49+3.8°  41.95+26.13%  29.6+7.43% 22.6+10.6° 42.1+11.53%  0.22+0.12°
March 7.99+1.18%  30.61£6.59°  29.32+6.88%  26.62+6.5®  41.14£11.17*  0.23+0.26°
April 7+0.92 24.43+5.75%  26.75+7.02%  25.0249.03®  38.03+9.52° 0.2+0.3°
May 10.4543.69° 57.12422.59° 63.35430.54° 32.32+15.32" 94.89+52.13°  0.21+0.09°
June 10.094£3.35%  62.3+£17.739  67.25£21.74%  36.4+19.76° 109.96+41.18% 0.34+0.12°
-Different letters in same column indicate significant differences at p<0.05 (ANOVA)
Table 4. Correlations between heavy metals in soil samples.
Pb Zn Cr Cu Ni Cd

Pb 1

7/n 0.731(**) 1

Cr 0.494(**)  0.619(**) 1

Cu 0.408(**)  0.668(**)  0.507(**) 1

Ni 0.507(**)  0.600(**)  0.979(**)  0.508(**) 1

Cd -0.005 0.163(**) 0.063 0.121(*) 0.044 1

**Correlation is significant at the 0.01 level; *Correlation is significant at the 0.05 level
Conclusions

Around Salt Lake, the heavy metal pollution increases as a result of human activities
which also cause changes in the chemistry of the soil. The main causes of pollution are
sewages, domestic waters, air pollution and fertilizers. The pollution level decreases after
winter months and then increases in summer. The alkaline soils at the study area provide
a kind of self-protection by immobilizing heavy metals at high pH. Some precautions
should be taken because of its ecological, economical and agricultural importance.

References

Adam, P. 1999. Saltmarsh Ecology. Cambridge University Press, Cambridge.

Ahmad, M.S.A., M. Hussain, R. Saddiq and A.K. Alvi. 2007. Mungbean: A nickel indicator,
accumulator or excluder? Bull. Environ. Contam. Toxicol., 78: 319-324.

Ahmad, M.S.A., M. Hussain, S. [jaz and A.K. Alvi. 2008. Photosynthetic performance of two
Mung bean (Vigna radiata (L.) Wilczek) cultivars under lead and copper application. Int. J.
Agric. Biol., 10(2): 167-176.

Aksoy, A., 2008. Chicory (Cichorium intybus L.): a possible biomonitor of metal pollution. Pak. J.
Bot., 40(2): 791-797.

Allen, S.E. 1989. Analysis of Ecological Material. Blackwell Scientific Publications, Oxford.

Barnhart, J. 1997. Occurrences, uses, and properties of chromium. Regul Toxicol Pharm., 26: 3-7.

Blake, I. and K.W.T. Goulding. 2002. Effects of atmospheric deposition, soil pH and vegetation of
semi-natural ecosystems at Rothamsted Experimental Station, UK. Plant Soil., 240: 235-251.

Blume, H.-P. and G. Briimmer. 1991. Prediction of heavy metal behavior in soil by means of
simple field tests. Ecotoxicol. Environ. Saf., 22: 164-174.

Claridge, G.G.C., 1.B. Campbell, H.K.J. Powell, Z.H. Amin and M.R. Balks. 1995. Heavy metal
contamination in some soils of McMurdo Sound region, Antarctica. Antarctic Sci., 7: 9-14.

Clark, R.B. 1992. Marine Pollution. Clarendon Press, Oxford.



HEAVY METAL ACCUMULATION IN SOILS IN SALT LAKE, TURKEY 2333

Davey, E'W., M.J. Morgan, and S.J. Erickson. 1973. A biological measurement of copper
complexation capacity in seawater, Limnol. Oceanogr., 18: 993 - 997.

Demirezen, D. and A. Aksoy. 2004. Accumulation of heavy metals in Typha angustifolia L., and
Potamogeton pectinatus L., living in Sultan Marsh (Kayseri, Turkey). Chemosphere, 56: 685-
696.

Hussain, M., M.S.A. Ahmad and A. Kausar. 2006. Effect of lead and chromium on growth,
photosynthetic pigments and yield components in mash bean (Vinga mungo (L.) Hepper). Pak.
J. Bot., 38 (5): 1389-1396.

Kimberly, M.F.H. and H. William.1999. Trace metals in Montreal urban soils and the leaves of
Taraxacum officinale. Can. J. Soil. Sci., 79: 385-387.

Kobza, J. 2005. Soil and plant pollution by potentially toxic elements in Slovakia. Plant Soil
Environ., 51: 243-248.
Liu, D.H.M., M. Wang, J.H. Zou and W.S. Jiang. 2006. Uptake and accumulation of cadmium and
some nutrient ions by roots and shoots of maize (Zea mays). Pak. J. Bot., 38 (3): 701-709.
Lone, M.I., S.H. Raza, S. Muhammad, M.A. Naeem, M.A. and M. Khalid. 2006. Lead content in
soil and wheat tissue along roads with different traffic loads in Rawalpindi district. Pak. J.
Bot., 38 (4): 1035-1042.

Markert B. 1993. Plants as Biomonitors, Indicators for heavy metals in the terrestrial
environments. VCH Publishers.

Paiva, L.B., J.G. de Oliveira, R.A. Azevedo, D.R. Ribeiro, M.G. da Silva and A.P. Vitoria. 2009.
Ecophysiological responses of water hyacinth exposed to Cr’* and Cr®". Environ. Exp. Bot.,
65: 403-409.

Patel, K.S., A. Shukla, A.N. Tripathi and P. Hoffmann. 2001. Heavy metal concentrations of
precipitation in east Madhya Pradesh of India. Water Air Soil Pollut., 130: 463-468.

Sanita di Toppi. L and R. Gabbrielli 1999. Response to cadmium in higher plants. Environ. Exp.
Bot., 41: 105-130.

Setyorini, D., T. Prihatini and U. Kurnia. 2002. Pollution of soil by agricultural and industrial
waste. Food and Fertelizer Technology Center, Indonesia.

Shanker, A.K., C. Cervantes., H.L. Tavera and S. Avudainayagam. 2005. Chromium toxicity in
plants. J. Environ. Int., 31: 739-753.

Singh, R.P., R.D. Tripathi, S.K. Sinha, R. Maheshwaril and H.S. Srivastava. 1997. Response of
higher plants to lead contaminated environment. Chemosphere, 34: 2467-2493.

Vernberg, F.J. 1993. Salt marsh processes: a review. Environ. Toxicol. Chem., 12: 2167-2195.

Williams, W.D. 1993. Conservation of salt lakes. Hydrobiol., 267: 291-306.

Williams, W.D. 2002. Environmental threats to salt lakes and likely status of inland saline
ecosystems in 2025. Environ. Conserv., 29: 154-167.

Yang, Y.Y., J.Y. Jung., W.Y. Song., H.S. Suh and Y. Lee. 2000. Identification of rice varieties with
high tolerance or sensitivity to lead and characterization of the mechanism of tolerance. Plant
Physiol., 124: 1019-1026.

(Received for publication 15 March 2010)



