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ABSTRACT
In this study, heavy metal/trace element accumulation was investigated in soils along the
road passing through Gümüshane city center and shoots of 1-2 years of acacia trees
(Robinia pseudoacacia L.) grown in these soils. Heavy metal contents in soils and plants
were analyzed by Enrichment Factor (EF), Geo-accumulation index (Igeo) parameters, and
by Bio Accumulation Factor (BAF), respectively. According to geo-accumulation index
(Igeo) data, it is seen that the soil was unpolluted in terms of Cr, Co, Cu, Rb, Sr; unpolluted
to moderately polluted in terms of V, Ni and Zn; moderate to excessively polluted in terms
of As, and moderate to excessively polluted in terms of Pb. According to EF parameters,
on the other hand, it is observed that the soil was non to slightly enriched in terms of Cr,
Co, Sr and Ba; non to moderately enriched in terms of Ni and Cu; slightly to significantly
enriched in terms of Zn; significant to very highly enriched in terms of As and slightly to
over excessively enriched in terms of Pb. Although trace/heavy metal contents of acacia
shoots were usually within normal values for acacia, it was determined that Cu, Fe, Mo,
Ni, Sr and Zn concentrations were within and/or above upper limits of normal values in
certain sampling points.
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1. Introduction

Investigations related to trace element/heavy
metal within the perspective of environmental
geochemistry have been increasingly continuing
everyday (Wheeler and Rolfe, 1979; Kovacs et al.,
1981; Kabata-Pendias and Pendias, 1994; Kabata-
Pendias, 2000; Kocaer and Baskaya, 2003; Bosco et
al., 2005; Önder and Dursun, 2005; Birch and
Scollen, 2003; Murakami et al., 2009; Yaylal›-
Abanoz and Tüysüz, 2009; Yaylal›-Abanoz et al.,
2011; Ahdy and Khaled 2009; Rodriguez-Barroso et
al., 2009; Machender et al., 2011; Miao et al.,
2011;Vural and fiahin 2012a, b). Therefore, the roles
of many sciences, especially the geochemistry, have
been increasing on the environmental awareness, the
quality of environment and on the environmental
health.

In this study, it was aimed at detailing the findings
related to heavy metal accumulation which was
obtained by Vural and fiahin (2012a and b) along the
auto road passing through Gümüflhane city center.
Studies related to investigating the dimensions of
pollution in the field and factors effective in the
formation of it have still been performed by the
investigator within scope of environmental
geochemistry. Because of geological characteristics
of the region, the negative effects which the
urbanization had brought up were investigated in
multi dimensions, and geological, hydrogeological
and biochemical studies both in soil and on plants still
continue. However, in this study, the geochemical
and biogeochemical characteristics of heavy
metals/trace elements of the soil along the auto road
and acacia shoots grown up in this soil were taken
into consideration.
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Figure 1- Location map of the study area

For this purpose, total of 45 samples were
collected from the soil and from the shoots of acacia
in the field. Analyses of soil samples and acacia
shoots in the field were performed in the Department
of Research and Development of the General
Directorate of ET‹ Maden and in the laboratory of
Trabzon Provincial Food Control Directorate using
ICP-AES, respectively. Within the study, the change
of trace element contents in soil with respect to
reference values, the source of this change and
biological transmission rates from trace element into
acacia shoots in the soil were investigated.

2. Material and Method 

2.1. Study Area

The study area is located within Gümüflhane
provincial borders towards the eastern part of the

Pontide tectonic unit and covers a 20 km2 area with
2x10 km (Figure 1). 

Rocks cropping out in the study area which extend
along the state road passing through city center are
divided into two groups as Late Paleozoic basement
rocks and Mesozoic-Cenozoic cover rocks. Basement
rocks in the region are represented by Early-Middle
Carboniferous Pulur-Kurto¤lu metamorphic rocks
(Topuz et al., 2007) and unmetamorphosed Middle-
Late Carboniferous Gümüflhane granitoid (Y›lmaz
1972, 1974; Topuz et al., 2010; Dokuz, 2011).
Gümüflhane granitoidas well which crops out in the
study area is mainly composed of microdiorite with
quartz, granite and dacitic porphyries (Y›lmaz, 1972;
Ço¤ulu, 1975; Topuz et al., 2010). This rock
assemblage was named as Köse Composite Plutonic
in and around Köse, outside the study area by Dokuz
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(2011). The lowermost section of the Mesozoic
deposit is represented by unconformably overlying
Early Jurassic volcano sedimentary unit over
Variscan basement. This unit, which was named as
fienköy formation, is interpreted as rift facies related
with the opening of Neotethys Ocean (Kandemir,
2004). The formation begins with basal conglomerate
and continues upward with basalt, diabase, chert and
dacitic tuff bearing turbiditic calcerous pebble stone,
sandstone, siltstone and marls (Adamia et al., 1977;
Kandemir, 2004; Eyübo¤lu et al., 2006). fienköy
formation is overlain by Late Jurassic–Early
Cretaceous Berdiga formation of which its bottom is
formed by platform carbonate in massive character in
general (Pelin, 1977). Carbonates are overlain by
Late Cretaceous Kermutdere formation. This
formation begins with yellow, sandy limestones at the
bottom and continues with red colored clastic
carbonates and gray colored turbidites (Tokel, 1972).
All these units are cut by late Cretaceous intrusions
especially on the road between Gümüflhane–Trabzon
and outside the study area (Kaygusuz et al., 2008,
2010).

All Pontides have uplifted above the water level
starting from Paleocene to Middle Eocene. This
situation is represented by a widespread
unconformity which is dedicated to the collision of
Pontides with Anatolide-Tauride block and the
closure of northern branch of Neotethys. Late
Cretaceous volcanic and/or sedimentary rocks in
Gümüflhane region are unconformably overlain by
Middle-Late Eocene marine volcanosediments (Aslan
and Aliyaz›c›o¤lu, 2001; Kaygusuz et al., 2010).
These rocks, which are also named as Alibaba
formation (Tokel, 1972) or as Kabaköy formation
(Güven, 1993) begin with conglomerates, nummulitic
limestones interbedded with sandstone and tuff, and
continue with andesite and related pyroclastics
towards upper layers. The unit ends with alternation
of occasionally eroded limestone, sandstone, marl
and tuff (Aliyaz›c›o¤lu, 1999). These units are again
cut by synchronous intrusive rocks (Karsl› et al.,
2010; Eyübo¤lu et al., 2011). These rocks, which
crop out in the close vicinity of the study area, in and
around Gözeler, were named as Gözeler granite.
Quaternary travertine, debris flows and alluvials are
the youngest units in the region. 

Gümüflhane granitoid in the study area spreads out
along Harflit Stream and continues until city exit from
Ba¤larbafl› locality to Trabzon.It also overlies
Alibaba formation with a tectonic contact on the exit

of Gümüflhane. The general stratigraphic succession
of the region is typically observed within the study
area (Figure 2).

At the same time, Gümüflhane and its vicinity is
one of the most significant mine provinces bearing
many lead, zinc, copper and gold mineralizations.
The tectonism which is closely related with
mineralization is affective in the region. Sulfide
mineralization which developed due to young granitic
intrusives were emplaced along these tectonic lines
and formed Cu, Pb, Zn, Au and Ag mineralization
(Güner et al., 1985; Kahraman et al., 1985; Güner and
Yaz›c›, 2005; Aslan and Akçay 2011; Akçay et al.,
2011).

The origin of soil formation in the study area is
mainly the Gümüflhane granitoid with lesser amount
of Eocene volcanic rocks.

2.2. Sampling Method and Analyses

In order to carry out geochemical and
biogeochemical studies, 45 samples were collected
from soil and 1-2 years old shoots of acacia tree
which had grown over this soil along the road passing
through Gümüflhane city center (Figure 1). Sampling
was performed approximately 10 km along road.
Samples were collected along road and its
surroundings, since Gümüflhane had been located in a
narrow valley and Iran-Turkey state road passing
through the city center has an intense traffic. When
analyzing heavy metal/trace element contents in the
soil, the collected samples from which the soil was
originated become important. The element contents
of granitic and volcanic rocks in the region were
statistically assessed and values obtained were used
as the reference values. For soils which are
considered to have originated from granitoid rocks,
the trace element values of Topuz et al. (2010); for
soils which are considered to have originated from
volcanic rocks the trace element values of Aslan
(2010); and for chromium and arsenic elements, the
trace element values of Turekian and Wedepohl
(1961); and Taylor and McLennan (1995) were used.

Soil samples were collected at a depth of 25
centimeters and directly put into nylon bags from
zones (a) and (b) of the soil then were again put into
another nylon bag to prevent it from other factors.
Maximum care was taken during collection and
preservation of samples in order to avoid them from
contamination. Soil samples were dried up in oven 2
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days at a temperature of 60 °C and pulverized down
to 250 mesh size by grinder. Pulverized samples were
then weighted on platinum crucible between 0.5-1 in
the laboratory of Department of Research and
Development of the General Directorate of Eti Maden
Management (Ankara) and 2-3 spatulas of (6 units
Na2CO3+1 unit Na2B4O7) mixture were added.
Platinum cover was then closed and kept one hour
under the temperature of 1000 °C. It was then
dissolved in a 400 ml cup with 50 ml hydrochloric
acid (HCl) and 100 ml boiling water. Filtering was
made from black banded filter paper into 250 ml
balloon, and concentrations of elements were

estimated in ICP-AES instrument. Results of analyses
of soil samples were given in table 1.

Plant samples each weighing 200 gr were taken
from 1-2 years old shoots of acacia trees in localities
from where soil samples had been collected, then
washed in distilled-deionized water and dried up in
oven 24 hours under 80 °C temperature. Dried
samples were then grinded and powdered. Samples
each weighing 1 gram were disintegrated in
microwave oven 4 hours at a temperature of 500 °C.
Samples were weighted in teflon cups of the
microwave oven ranging between 0.8-1.0 gr and at a
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Figure 2-Geological map of the study area and its vicinity (modified from Güven, 1993)
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0.1 mg sensitivity. Later on, 6 ml concentrated HNO3
and 1.5 ml H2O2 (peroxide) were added on to cups
and placed into microwave oven after cups had been
closed. Hence, samples were disintegrated by means
of microwave beam, pressure and acid, and then
rendered into a crystalline solution. Teflon cup
contents were taken into measured balloon and were
equalized to 25 ml by pure water. Metal contents of
solutions obtained were determined by being
analyzed in ICP-AES instruments of Trabzon
Provincial Food Control Laboratories. Results were
given in table 2. 

The procedure suggested by Duran et al. (2007)
was applied in ICP-AES measurements. Within this
framework, standard solutions were prepared by
diluting 1000 mg/l solutions from each metal (Merck,

Darmstadt/Germany). These standard solutions were
read on the instrument, and drawing concentrations
(mg/l) against emission intensity graphs their
standard calibration graphics were obtained. Using
these graphics, the metal contents of samples were
determined. The accuracy tests of results were
checked by two methods; adding/regaining tests and
standard reference material analyses. CRM 1568a
Rice Flour was used as the standard reference
material. 

Values obtained by the method used in this study
(microwave disintegration / ICP-AES) and certified
contents of reference material in terms of some
metals were identified and these values were given in
table 3. As it is seen from table 3, there is not much
difference between certified and obtained values. 
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Table 1- Results of chemical analyses of soil samples (concentration values in mg/kg)
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Table 2- Element contents of shoots of acacia (concentration values in mg/kg)

Table 3- Certified reference material analysis as an accuracy test for microwave/ICP-AES method (CRM 1568a Rice Flour)
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3. Results and Discussion 

3.1. Trace element contents in soil 

Descriptive statistical parameters were estimated
belonging to trace element/heavy metal contents in
the soil beside the road passing through Gümüflhane
city center (Table 4). 

According to descriptive statistical parameters,
the elements and related ranges are as follows;
aluminum (Al) 108283.65-64832.59 mg/kg (ave:
87839.83 mg/kg), iron (Fe) 28116.59-53365.56
mg/kg (ave. 37627.11 mg/kg), zircon (Zr) 141.40-
43.32 mg/kg (ave. 69.11 mg/kg), strontium (Sr)
360.41-72.08 mg/kg (ave. 179.40 mg/kg), rubidium
(Rb) 193.85-19.2 mg/kg (ave. 109.95 mg/kg), barium
(Ba) 1110-328 mg/kg (ave. 706.07 mg/kg), cadmium
(Cd) 15-0,1 mg/kg (ave. 7,91 mg/kg),  cobalt (Co),
33-3 mg/kg (ave.18,33), chromium (Cr) 241-48
mg/kg (ave.99.70), copper (Cu) 92-15 mg/kg (ave.
54,47 mg/kg), manganese (Mn) 1759-32 mg/kg (ave.
904.6 mg/kg), nickel (Ni) 195-14 mg/kg (ave. 43,60
mg/kg), lead (Pb) 441-3 mg/kg (ave. 67.2 mg/kg),
zinc (Zn) 406-72 mg/kg (ave. 147.69), yttrium (Y)
27-9mg/kg (ave. 17.82 mg/kg), arsenic (As), 56-1
mg/kg (ave. 14.47 mg/kg) and tin (Sn) 130-8 mg/kg
(ave. 61.71 mg/kg). The pH values of soils in the
study area were estimated in laboratories of

Department of Forest of the Vocational High School
in Gümüflhane as ranging between 7.50–8.70 and it
was detected that these were close to low alkaline
character close to neutral (Table 4).

Besides, inter elemental Pearson correlation
coefficients were estimated. Accordingly; elements
and related correlation coefficients are as follows; Mn
and Co (0.97), Ni and Cr (0.52), Zn and Mn (0.62),
As and Sn (0.62), Pb and Co (0.99), Pb and Mn (0.63)
moderate to high grade positive, As and Co (-0.85),
Cu and Ba (-0.58) moderate to high negative (Table
5).

3.2. Heavy metal/trace element contents in shoots of
Acacia Tree

Elements and related concentration values are as
follows of shoots of ocacia; barium (Ba) 3.14-18.50
mg/kg (ave. 8.10 mg/kg), cobalt (Co), 0.46-0.94
mg/kg (ave. 0,74 mg/kg), chromium (Cr) 0.32-11.73
mg/kg (ave. 1.38 mg/kg), copper (Cu) 1.59-34.40
mg/kg (ave. 5.17 mg/kg), iron (Fe) 16.08-693.32
(ave. 74.93 mg/kg), manganese (Mn) 3.54-14 mg/kg
(ave. 6.43 mg/kg), molybdenum (Mo), 7.34-56.45
mg/kg (ave. 23.05 mg/kg), nickel (Ni) 1.09-9.85
mg/kg (ave. 2.82 mg/kg), tin (Sn) 9.93-11.70 mg/kg
(ave. 10.81 mg/kg), strontium (Sr), 19.55-77.15
mg/kg (ave. 38.94 mg/kg), zinc (Zn) 3.77-47 mg/kg
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Table 4- Statistical data of elements in soil (concentration values in mg/kg)

Table 5- Correlation coefficients of trace element concentrations in soil



(ave. 15.16 mg/kg), arsenic (As), 1.82-2.08 mg/kg
(ave. 1.96 mg/kg), aluminum (Al) 10.15-203.01
mg/kg (ave. 52.82 mg/kg) (Table 6). As lead (Pb)

values in shoots of acacia could not be detected, it
remained below the detection limit.

Correlation coefficients of trace elements in
shoots of acacia with each other and the alkalinity of
them were calculated. Following results were
obtained; Mn and Ba (0.65), Ni and Cr (0.89), Sr and
Ba (0.56), Sr and Mn (0.54), Zn and Cu (0.72), As
and Ba (0.56), As and Cu (0.62), As and Fe (0.73), As

and Mn (0.58) and the alkalinity of the soil and As
(0.64) moderate to strong positive correlation;Mnand
Cu (0.42), As and Sr (0.47) weak positive correlation;
As and Cr (-0.90) strong negative correlation.
Besides; there is as negative correlation between the
alkalinity of the soil and Ni (Table 7).

3.3. Heavy metal/trace element accumulations in the
soil (pollution)

In the assessment of trace element accumulations
in soil, the reference values of the soil are compared
with element concentrations estimated in soil. In
order to calculate the trace element accumulations in
Gümüflhane Region, the values of Gümüflhane
granitoid and Eocene volcanic rocks which are the
source of soil were used. Therefore, the reference
values of Topuz et al. (2010) for the soil that had
developed on Gümüflhane granitoid, the trace element
values of Aslan (2010) for the soil cover that had
developed on Eocene volcanic rocks, and the values
of Turekian and Wedepohl (1961) and Taylor and
McLennan (1995) for chromium and arsenic elements
were used. The geometric average values were used
for element concentrations showing logarithmic
distribution when benefited from trace element values
of Topuz et al. (2010) and Aslan (2010). However,

the arithmetic average values were used for elements
showing normal distribution. For major element
concentrations in the study area, bar graphics were
drawn. Accordingly, the elements and number of
sample locations of which are above the reference
values in soils are as follows; Cd (9), Ba (26), Co (2),
Cr and Mn (44), Cu and Ni (all locations), Sn (14), Zn
(35), As (36), Pb (38). The pH values of soils in
sample location showever, were detected as ranging
between neutral to alkaline (Figure 3a, b).

Geochemical normalizations are widely used to
determine the pollution resulting from human
especially the human induced pollution in soil. The
purpose here is to proportionate pollution with
respect to normal concentrations with a normalization
factor (Daskalakisand O’Connor, 1995; Aloupi and
Angelidis, 2001; Condrad and Chisholm-Brause,
2004; Feng et al., 2004). There is not any certain
acceptance in the selection of element to be used in
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Table 6- Descriptive statistical values of trace elements in shoots of acacia

Table 7- Pearson correlation coefficients between trace element concentrations of acacia shoots and alkalinity of soil
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normalization but, the elements which are not
geochemically active (inert) and encountered in all
conditions such as; Al, Fe, Li, Zr, Sc and Sr are used
(Feng et al., 2004; Acevedo-Figueroa et al., 2006;
Ghrefat and Yusuf 2006; Chen et al., 2007; Loska et

al., 1997; Saur and Juste 1994; Sutherland 2000;
Reimann and De Caritat, 2000).

The parameters which are widely used for the
assessment of element enrichments in soil are

Bulletin of MTA (2014) 148: 85-106

Figure 3-  a. Trace element concentrations, reference and pH values of soils in the study area
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Figure 3-  b. Trace element concentrations, reference and pH values of soils in the study area (Continue)

Enrichment Factor (EF), Geoaccumulation Index

(Igeo), Contamination Factor (CT), Contamination

Factor Degree (CFdeg). The Enrichment Factor and

geoaccumulation index were used in this study.

3.3.1. Enrichment Factor (EF)

The Enrichment Factor (EF) was used by Buat-
Menard and Chesselet (1979) for the assessment of
metal accumulation in soils. The Enrichment Factor
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has also been used in assessing various environmental
conditions in time and in the estimation of
contribution of the human induced effect in metal
pollution (Buat-Menard and Chesselet, 1979;
Groengroeft et al., 1998; Morillo et al., 2002; Adamo
et al., 2005; Vald’es et al., 2005). Although there
have been discussed some drawbacks about the usage
of Enrichment Factor for the assessment of elemental
accumulations in various environments in detail by
Reiman and De Caritat (2000), this factor is widely
used in the assessment of enrichment factors and in
comparing the pollution of different environmental
conditions because it is accepted as a universal
formula. In this study, Zr element was selected as the
reference element as it has some features such that, its
geochemistry resembles to the geochemistry of trace
elements and its natural sediment concentrations are
regular (Daskalakis and O’ Connor, 1995). Zircon is
mostly used as stable lithogenic element in alteration
studies or for the assessment of more reactive heavy
metals in sediments, in reducing dispersive data and
in determining sensitive reference values as
normalizer (Rubio et al. 2000; Zhang et al., 2006;
Cobela-Garcia and Prego, 2003; Machender et al.,
2011).

The following formula is used in calculating the
Enrichment Factor;

Here;

(Me/Zr)sample is the ratio of metal concentration
with respect to zircon amount in the soil,

(Me/Zr)reference is the ratio of element reference
value with respect to reference Zr used for the
normalization.

If EF is less than 5.0 then, the soil is accepted as
unimportant in terms of pollution as such minor
enrichments could originate from differences in local
soil material compounds and in reference soils used
in EF estimations (Kartal et al., 2006). Nonetheless;
there is also observed difference in the range of
contamination degree and in its classification. Birch
(2003) classified EF as follows; EF<1 (no
enrichment), EF<3 (minor), 3<EF<5 (moderate),
5<EF<10 (moderately severe), 10<EF<25 (severe),
25<EF<50 (very severe), 50<EF (highly severe).

Enrichment factors were calculated for 12 trace
elements in soils at 45 sampling locations along the

state auto road passing through Gümüflhane city
center (Table 8). 

Results were taken as follows; Sr (0.6-3.62) in “no
enrichment-minor” class; Ba (0.77-5.52) “no
enrichment-moderately severe” class; Cd is an
important heavy metal that has risk for environment
and living organisms when it is assessed in terms of
trace element accumulation.Cd content was detected
in 10 sampling locations (0.26–49.14) as “no
enrichment-highly severe” class; Co was detected in
3 sampling locations (0.98–12.88) in “no
enrichment–severe” class; Cr (0.25-1.61) as “no
enrichment–minor” class; Cu (8.49-86.57) as
“moderately severe–highly severe” class; Mn (0.14-
9.70) as “no enrichment–moderately severe” class; Ni
(7.17-113.92) as “moderately severe–very highly
severe” class. Pb element is one of the most
significant pollutant heavy metal of today and it was
detected as (1.11-180.51) “minor-very highly severe”
class. Arsenic (As) element is an important pollutant
material and is seen in all over the world. EF for As
is around 5 mg/kg in unpolluted soils (Goldschimdt,
1958; ATSDR, 2000), however it reaches 1400
mg/kg or even 2700 mg/kg in polluted soils (EPA,
1982). EF value of As element is between 1.74-82.05
mg/kg in the study area “minor-very highly severe”.
EF value for Sn element was detected as (8.54-
138.45) “moderately severe–very highly severe”
(Table 8, 9).

3.3.2. Geo-accumulation Index (Igeo) 

Geo-accumulation Index (Igeo), which was
suggested by Muller (1969, 1981) has been used in
many investigations since 1970 and aims at detecting
the increasing pollution comparing today’s metal
content with pre industrialization values (Miko et al..
2000; Loska et al., 2003; Vural and fiahin, 2012 a-b).
Geo-accumulation index is calculated as shown
below; 

Cn is the metal concentration analyzed,

Bn is the reference value of element n,

However, value of 1.5 corresponds to coefficient
used for normal fluctuations in environments like
very small anthropogenic effects.

EF=
(Me/Zr)sample

(Me/Zr)reference

Igeo= log2

Cn

1.5 * Bn[ ]
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Muller (1969, 1981) and Chen et al. (2007)
classified Igeo as follows; Igeo<0 uncontaminated, 0-1
uncontaminated-moderately contaminated, 1-2
moderately contaminated, 2-3 moderately- heavily
contaminated, 3-4 heavily contaminated, 4-5 heavily

to extremely contaminated and >5 extremely
contaminated.

The Geo-accumulation Index (Igeo) for the study
area was calculated and results were given in table 10. 

Table 8- Enrichment factors (EF) of trace element accumulations in soil

Table 9- Statistical parameters of enrichment factors in the study area
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According to this index, following results were
obtained; Sr (-2.07;+0.26), Ba (-1.58;+0.18) and Mn
(-4.47, +1.31) “uncontaminated”-“moderately
contaminated”; Rb (-3.39; -0.05), “uncontaminated”;
Cd (-3.58;+3.64), “uncontaminated-heavily
contaminated”; Co (-2.05;1.41) was detected in 3
sampling locations, “uncontaminated-moderately
contaminated”; Cr (-0.13;2.20), “uncontaminated-
moderately contaminated-heavily contaminated”; Cu
(1.61;4.23), “moderately contaminated”, “heavily
contaminated-extremely contaminated”;  Ni (1.84;

5.64), “moderately contaminated”,“heavily
contaminated  -  extremely  contaminated”;  Pb  (Igeo
-1.19; +6.01), “moderately contaminated”,“heavily
contaminated-extremely contaminated”; Zn (Igeo:
0.62; 3.12), “uncontaminated, moderately
contaminated” - “heavily contaminated”; Y (-1.85; -
0.26) “uncontaminated”; As (-0.18; +5.63),
“uncontaminated” - “heavily – extremely
contaminated”, Sn (1.21;5.24), “moderately to
heavily contaminated”, “extremely contaminated”
(Table 10, 11).
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Table 10- Geoaccumulation indexes of soil elements
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3.3.3. Trace element contents in plants and trace
element patterns

The transfer of metals from soil to plants is
important in terms of plant formation and heavy
metal pollution (Kabata and Pendias, 2000). Many
mechanical and experimental methods have been
studied for the investigation of element transfer from
soils or soil solutions into plants (Kraus et al., 2001;
Yaylal›-Abanuz and Tüysüz 2009). The relation
between the metal contents of various soils and plants
could be explained by transfer factor (Krauss et al.,
2001). Although a linear function is preferred in
many cases, soil-plant transfer of metal does not give
a linear relation. Some investigators use Ferundlich
type function to predict the transfer of elements into
various plants grown in polluted soils (Krauss et al.,
2001;Yaylal›-Abanuz and Tüysüz, 2009). 

The relationship of concentration of an element in
plant or soil could be calculated by the formula;

cplant = bxcsoil

As there is not any linear relationship in element
transfer from soil to plant, this formula can be
rendered into linear form by a logarithmic
transformation;

log cplant = axcsoil + log b

Here;

cplant is metal concentration in plant

csoil is the metal concentration in plant

Values (a) and (b) are the empirical Ferundlich
coefficients (Sposito, 1984). As trace element
concentrations in plants and soils do not display a
normal distribution, logarithmic values in regression
analyses were used in order to obtain a linear
distribution. This model, which is used in

investigating the element transfer between the plant
and soil in which the plant grows, is not only easy
model to use but also is an easy method used for
explaining the relationship between these (Krauss et
al., 2001). The coefficient (b) also reflects element
intake capacity of the element from soil to plant
(Krauss et al., 2001; Yaylal›-Abanuz and Tüysüz,
2009). Within the scope of study, the correlation
coefficients between shoots of acacia tree and the soil
in which this tree had grown up were calculated but
there was not observed any significant relationship
between them (Figure 4a, b). High correlation values
were taken between shoots of acacia tree and the soil
in which the tree grows because of insufficient data in
terms of these elements. Therefore, these are not
realistic correlation values. There  is no strong
correlation between the element concentrations of
acacia shoots and soil in which these shoots had
grown up. So, it means that there was not observed a
direct relationship between element concentrations of
acacia shoots and soils in which those trees had
grown up. The absence of a good correlation is an
expected result when the fact that the trace element
accumulations of tree shoots are less than the trace
element accumulation of tree leaf and flowers is taken
into consideration. 

It is considered to take satisfactory results if this
study would be carried out for leaves and flowers of
acacia tree.

The element concentrations in acacia shoots are
decreasingly ordered as; Fe>Al>Sr>Mo>Zn>Sn>Ba>
Mn>Cu>Ni>As>Cr>Co in table 6. It is clear that
molybdenum values in acacia shoots are high. As
molybdenum values are lower than the detection
limits in soil analyses in which acacia trees grow up,
the possibility for examining the relationship between
soil and the plant could not be performed. This
situation is a lack which should be corrected in
further studies, and acacia shoots to present high
values in terms of molybdenum is another worth
investigating. Studies on this topic still continue and

Table 11- Statistical parameters of geoaccumulation for soil element contents of soils on Gümüflhane auto road

a
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Figure 4-  (a) Relationships between shoots of acacia and element in the soil in which the acacia tree has grown (data in
logarithmic)
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Figure 4- Cont.
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these indicate that acacia shoots could be used in soil
geochemistry analyses especially for mineral
investigations. Using coefficient b, heavy metal
accumulations in plants can be detected, and these
plants can be used both in geochemistry studies for
mineral explorations and in rehabilitating soils which
have been subjected to heavy metal contamination.
Slope coefficient in acacias is ordered as;
Fe>Al>Cr>Ba=Ni>Cu>Zn>Co>Sr>Sn>Mn>As
(Figure 4). The plant capacity which affects the
element accumulation is expressed with this
coefficient. Small coefficients indicate intensive
element contributions from soil to its body which
contains low metal concentrations, or small amount
element contributions from soil which has high metal
concentration. In case of low coefficient, the relation
between plant and soil is not linear. There is a linear
correlation between them when the coefficient
approaches 1. This situation is partly related with the
element content of the plant, and any increase in soil
directly reflects to plant (Krauss et al., 2001, Yaylal›-
Abanuz and Tüysüz 2009). This model log cplant =
axcsoil + log b is very suitably used in correctly
detecting the element intake of plants from the soil
(Krauss et al., 2001).

3.3.4. Heavy metal accumulation relationship in soil
and plant systems and their use in
biogeochemical studies of acacia shoot

Trace elements were absorbed and transported
from soil via roots to the other organs of the plant.
The relation of transmit from polluted soil to plant is
handled with parameters such as; Biological
Absorption Constant (BAC), Transfer Factor (TF),
Bioaccumulation Factor (BAF) (Luoma and Bryan,
1979; Cui et al., 2004). Element transfer from soil to
plant was investigated in this study by means of
Bioaccumulation Factor. BAF is estimated by a
formula given below;

BAF=Mplant/Msoil

Here; Mplant is the element content in plant
organs, and Msoil corresponds to element content of
soil in which plant grows (Louma and Bryan, 1979).
This equation is used in predicting the transmission

rate capacity of each element into plant and plant
systems growing in the soil, to show the skill for
biological element transport and migration.

Enrichments of trace elements in shoots of acacia
relative to soils in which they grow and their related
complementary statistical parameters were calculated
and box diagrams of elements for BAF were drawn
(Table 12, Figure 5).

When BAF values belonging to elements/metal in
soil and acacias growing in this soil was studied,
following results were obtained as follows; Ba
(0.0038-0.038), Co (0.0154-0.0439), Cr (0.0026-
0.1448), Cu (0.0271-0.5931), Fe (0.0004-0.0247),
Mn (0.0032-0.1680), Ni (0.0214-0.1628), Sn
(0.1581-0.909), Sr (0.0723-0.9015), Zn (0.0273-
0.2972), As (0.1138-0.2311) and Al (0.0001-0.0025).
So, transmission rates for Ba, Co, Fe, Al and partly
Mn elements from soil to plant were found to be low.
So, taking all these data into account, Al, Mn, Ba and
Co elements are not considered to be very productive
for biogeochemical studies. Since BAF values of Cu,
Ni, Zn, Sn and As elements are higher or equal than
0.1, these can be used in biogeochemical analyses.
BAF value of Cu element is seen in a wide range
(0.027-0.593), but concentrates are between the range
of 0.06-0.11 (Figure 5). BAF value of Cu element to
increase up to 0.593 shows that acacia shoots can be
used in biogeochemical studies. BAF value for Ni
element is between the ranges of 0.021-0.0163, but
concentrates are between the ranges of 0.03-0.08.
BAF value of Zn is 0.27-0.3, however it mainly
possesses a BAF value of 0.1. There was not
sufficient data in shoots of acacia, but BAF value
obtained for tin element is 0.1. The sufficient
determination for As element in acacia shoots could
not be performed, nevertheless BAF value for this
element was detected as 0.113-0.2. BAF value of Sr
element ranges between 0.072-0.9, and the most of
data cumulates around 0.12-0.3. Therefore; Sr
element can be used in biogeochemical studies. The
value of molybdenum in acacia was detected higher
than the expected value. The value of molybdenum
element could not be detected in soil samples as the
content of this element in soil was low. The detection
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Table 12- Descriptive statistical parameters of the bioaccumulation factor for shoots of acacia tree.



of molybdenum values in acacia shoots is because of
its nature. As it is known; elements which are rarely
found in nature such as; Mo, Mn, Co, Pb, Ni and Sr
could reach very high values on leaves as their
mobility coefficients are high in water.The
molybdenum element was observed in high values in
shoots of acacia tree, though it could not be detected
in soil in this study as well (7.34-56.45 mg/kg). These
values showed that molybdenum gave better results
in shoots of acacia tree than soil in biogeochemical
studies.

The correlation of element transfer from soil to
acacia shoots and the correlation with pH of the soil in
which the plant grows was made. Accordingly; weak
positive correlation was observed between Fe and Ba
with Cu; Sr and Ba; Zn and Cu with Mn; and Al and
Fe. However; strong positive correlation between Cr
and Ni, and weak negative correlation between Al and
Ni, and the alkalinity of the environment with Cr and
Ni were observed (Table 13).

The pH values of the environment are effective on
the mobility of all cations. As pH decreases, the
mobility of cations increases with increasing in
acidity of the soil. However, the high mobility of
trace elements in the soil increases the element
transmission from soil to plant and supplies soil
profiles to pass into water systems. Also; pH values

have an important effect on the takeout of nutrition
and elements in soil profiles (Kabata-Pendias, 2000).
The pH value also enables the alteration of minerals
in the soil and transforms minerals into less soluble
compounds (Kabata-Pendias and Pendias, 1992). The
alkaline pH values ranging between 7 and 8.5 can
account for the low correlation in element transfer to
plant.

4. Results

In this study, the environmental biogeochemical
characteristics of heavy metal/trace elements in soils
and in shoots of acacia trees in soils were investigated
along the auto road passing through Gümüflhane city
center. In this study, concentrations of heavy metals
such as; Al, Fe, Zr, Sr, Rb, Ba, Cd, Co, Cr, Cu, Mn,
Ni, Pb, Zn, Y, As and Sn, and the contamination
degrees of these elements in the soil were studied.
Elements in the soil are ordered in abundance as;
Al>Fe>Mn>Ba>Pb>Zn>Sr>Cr>Ni>Rb>Zr>Sn>Cu>
As>Co>Y>Cd. In order to determine the degree of
contamination in the area, Igeo and EF parameters
were calculated. According to these parameters; the
contamination order as; Pb>Zn>Cu>Ni>Mn was
obtained. High Igeo and EF values for Pb, Zn and Cu
in the soil along the auto road indicate the presence of
an anthropogenically induced contamination (related
with traffic and industrial facilities) in terms of these
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Figure 5-Box diagram belonging to Bioaccumulation Factors (BAF) for the elements of acacia shoots.
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elements. It is also predicted that mine sites in the
vicinity of the study area would have direct or
indirect effect on this contamination. However, there
is a need for more detailed investigation to
understand the dimensions of the effect. Low Igeo and
EF parameter for Mn and Ni elements indicate that
there is not any contamination in soil in terms of these
elements. So, while there is observed a depletion in
terms of elements such as; Mn, Cr and Ni in soils
along the road, there was detected an enrichment
(contamination) in terms of Pb, As, Zn and Cu
elements.

In the study; Al, As, Ba, Cd, Co, Cr, Cu, Fe, Hg,
Mn, Mo, Ni, Pb, Sn and Zn contents in shoots of
acacia tree were determined. Cd, Hg and Pb
concentrations remained below the detection limits.
Ni and As elements were determined in acacia shoots
in locations 6 and 2, respectively. When plant
transmission parameters from soil were calculated, it
was seen that (BAF and TF) Al, As, Ba, Co, Cr and
Mn contents ranged in normal limits, and Cu, Fe, Mo,
Ni, Sr and Zn elements were above the upper limits
and/or even more at some locations.
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