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Abstract     

This paper presents a new approach to air pollution determined through the use of elemental analysis of 
the annual tree rings (ATRs) of Turkish red pine (Pinus brutia Ten.). For this aim, every annual ring width 
was measured on the cross-section wheels of Turkish red pine supplied from ten research points around the 
Kemerköy (Gökova) thermal power plant (KTPP). The fly ash collected from the surfaces of the needles and 
the annual growth ring of Turkish red pine in the polluted points were investigated by energy dispersive spec-
trometer (EDS). The elemental analysis of the annual rings were performed considering the fly ash elemental 
composition because the main pollutant source was the fly ash emitted from KTPP chimney smoke.  

With EDS analyses, some elements such as Al, Si, Mg, K, Fe, Ca, S, Zn, Ti, and Nb were determined 
in the fly ash. These elements accumulated in ATRs from the KTPP fly ash. They not only accumulated 
in annual rings formed after KTPP began operation but also accumulated in ATRs formed before KTPP 
started. It was confirmed that these elements accumulated in the annual rings affected by KTPP much more 
than the control ATRs. This paper proved that SEM-EDS, a new approach/analytical method to air pollu-
tion determination through ATRs, has been successfully applied to dendro-chemical elemental analysis of 
annual tree rings.      
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Abbreviations  

TPP - Thermal power plant.   
KTPP - The Kemerköy (Gökova) thermal power plant.  
HI - The hindering-effect index of air pollutants on the growth of annual tree rings.   
ATR - Annual tree ring or annual tree-growth ring.    

*e-mail: ynuhoglu@atauni.edu.tr

Introduction   

Annual tree rings (ATR), indicate diameter growth of poly-
annual woody trees in temperate and arctic regions, character-

ized by a period of rapid growth in spring which produced 
light brown wood, followed by a period of slower growth in 
summer of dark brown wood in the identical year. The differ-
ences of light and dark brown wood in annual tree ring stem 
from the morphology of tracheid cells which make up about 
90-95% of pine-tree woods [1]. 
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The diameter of ATR depends on endogenous and ex-
ogenous factors. Endogenous factors include tree age and 
inherited specifications, which affect the growth of a sin-
gle tree. Exogenous factors, which affect a whole stand, 
identified two main groups such as natural environmental 
factors, including climate, soil type, forest canopy-closure 
class, topographical structure etc. and anthropogenic fac-
tors, including especially air pollution and forest mainte-
nance works [2]. The four of these factors are especially 
efficient in annual tree ring width that they are tree age, 
forest canopy-closure class, climate and air pollution. 
The determination of air pollution effects on annual rings 
is easy to affect other factors in some times. Several re-
searches have demonstrated that air pollutants can alter 
annual tree ring growth and total volume production in 
forests [3-7]. If plant height reduction is not taken into 
consideration, one-time decrease of annual ring width can 
cause a two-times decrease of volume production, and if 
it is taken into consideration, the decrease of volume pro-
duction also is excessive [8].  

Air pollutants such as sulfur dioxide, nitrogen oxides, 
carbon monoxide, unburned hydrocarbons, hydrogen flu-
oride and particles appearing as a result of the burning 
of fossil fuels in thermal power plants spread in the at-
mosphere, and can effect nearby vegetation [9-12]. Sulfur 
dioxide and nitrogen oxides form the main constituents of 
thermal power plants, in addition to carbon dioxide, car-
bon monoxide, hydrogen fluoride, fly ash etc. are emitted 
from power plant chimnies to the environment [13, 14]. 
Particulate matter and the majority of fly ash is trapped by 
cyclonic and electrostatic precipitators but a considerable 
amount of fly ash escapes precipitation and is emitted into 
the atmosphere, then deposited on the soil and vegetation 
around power plants. Although the elemental composition 
of fly ash may vary widely, it usually contains higher con-
centrations of essential plant nutrients such as Ca, Mg, 
Mn, Fe, Cu, Zn, B, S, K, except nitrogen and available 
phosphorus besides toxic elements such as Pb, Cr, Ni,  
(Fe, Cu),  B, As, Al, Ti, Co and radioactive elements such 
as Pu, U [15]. The low concentrations of fly ash have ben-
eficial effects, but the high concentrations of its can cause 
reduction of plant growth. 

Trees and especially coniferous trees may accumu-
late environmental pollutants directly from the atmo-
sphere, by deposition on the leaves or bark, or indirectly 
following deposition on the soil and subsequent root 
uptake [7, 16, 17]. In the case of foliar deposition, pol-
lutants may be transported to the ATRs via the phloem 
whilst deposits on the bark may be transported by diffu-
sion [18]. Stand throughfall and plant litter increase the 
load of heavy metals and sulfur on the forest floor [19]. 
Accumulation via the soil to the ATRs is strongly influ-
enced by soil chemistry and the solubility and form of 
the pollutant. There may be a substantial delay between 
deposition and uptake, depending on the rate of migra-
tion through the soil to root depth. Elements dissolved 
in the soil solution are adsorbed by the root and may 
be transported to the ATRs in the transpiration stream 

which may pass through more than one ATR, depending 
on the species [7, 20]. 

Following deposition in the ATR, radial translocation 
of elements across ring boundaries can occur, particularly 
via rays [21]. The radial distribution of elements has also 
shown to change seasonally [22] and follow re-sampling 
after 10 years [23]. The accumulation of environmental 
pollutants by annual rings is thus an indirect and complex 
process and highly dependent on water solubility, tree spe-
cies and other environmental factors [20]. Furthermore, 
the concentration of many trace elements of environmental 
concern in the ATRs is relatively low with regard to their 
concentration in the environment, particularly those with 
low solubility. Analysis of ATRs has, however, provided 
valuable information, with a number of studies accurately 
reflecting known changes in environmental pollution [7].  

Materials and Methods    

The Kemerköy Thermal Power Plant 
and Surrounding Forests 

KTPP is in the Gökova (Kerme) gulf (37º 02´ N, 27º 
54´ E), 98 km from Mugla in the south Aegean Region of 
Turkey (Fig. 1). 

It began operation in 1992. It is part of the triplet/ther-
mal power plant complex in Mugla, made up of three (and 
optional plus one) units having the power per unit of 210 
MW. It produces electricity by burning 5000 t/d of lig-
nite per unit. The calorific degree of the lignite is 1550-
2400 cal/g and its includes about 33% moisture, 32% ash, 
21.5% carbon, 1.5% hydrogen, 9.4% nitrogen+oxygen 
and 2.6% combustible sulfur [24].  

KTPP releases 106 m3/h chimney smoke per unit into 
the atmosphere. The smoke consists of about 9000 mg/m3 

sulfur dioxide, 800 mg/m3 nitrogen oxides, 600 mg/m3 fly 
ash, 600 mg/m3 carbon monoxide, 12 % carbon dioxide, 5 
% oxygen and others [25].   

The natural forest consists of 25-80 year-old Turkish 
red pines [26], a tree that produces 23% of the total al-
lowable cut of the forests and covers 3,096,064 hectares 
in Turkey [27]. There are  Platanus orientalis L., Salix 
alba L., Juglans regia L. and Ulmus  minor L. in valleys 
and by streams. A characteristic scrubby (macchie) flora 
makes up of more than 40 species of small trees in the 
undergrowth. Parts of these stands are labeled as produc-
tion forests while the other parts of them as protection. 
The soils are red-brown, brown and redzina. Soil depth 
is generally 30-300 cm. The forest is generally closed 
and rarely light as canopy closure [28]. There are a num-
ber of villages and fields close to the forested points. 

Methods 

Ten research points (and one research tree in all of the 
points) around the KTPP were chosen (Fig. 1), and the 



A New Approach to Air Pollution... 113

cross-section wheels of Turkish red pines at chest height 
(d1.30) were supplied from about 30-40 year-old trees in 
September 2002. The cross-sectioned wheels of the Turk-
ish red pine were ground with an emery wheel and photo-
graphs were taken. Every annual-ring width was measured 
with a scale loupe in 0.01-mm units from the outer ATR 
(belonging to 2002) to central ATR. All of the ATR width 
belonging to the every research plant were measured as 
consisting of right angle to four direction from the cen-
ter, and annual-ring width calculated as mean value of the 
four measurements. The mean value of the four measure-
ments was recorded in the table as annual-ring width.  

The special evaluation way was developed for hinder-
ing effects of air pollutants on annual tree ring growth. 
The hindering effects of the air pollutants on annual tree 
ring growth were developed as HI index (The hindering 
index of air pollutants on annual tree ring growth). The HI 
index is shown in eq. (1). 

             
(1)

  

where a/b is the average of the 11 ATR width before KTPP 
began operation, c/d is the average of the 11 ATR width 
after KTPP began operation, a is total ATR width 11 years 
before KTPP began operation, b is total years of ATRs 
before KTPP (11 years), c is total ATR width (belonging 
to 11 years, from 1992 to 2002) after KTPP began opera-
tion, d is total years of ATRs after KTPP began operation 
(11 years).  

 By this way, the hindering effects of air pollutants 
emitted from the KTPP on annual tree ring growth was 
determined as the times of obstruction of annual tree ring 
growth. HI index belonging to control and all of the re-
search points are given in Table 1. Because of the fact that 
the prior ATRs had excess growth, the HI index ought to 
become bigger than the control. Thence the real HI can be 
calculated by deducting excess values.  

T-test for dependent samples was performed by 
STATISTICA 6.0 on the mean annual ring width at all 
research points. In addition, ‘The box and whiskers plot 
for all variables’ were performed by descriptive statistics 

for determining the differences of the control and all the  
research points (Fig. 3).  

By this way, the 1st and the 7th research points deter-
mined the excessive affected research points from air 
pollution. The cross-section wheels belonging to the 1st 
and the 7th research and the control (unpolluted) points 
were about 2 mm apart as EDS-investigating samples 
from bark to center through radial direction. Their 
surfaces were shined with emery wheel cleaned with 
fabric. They were dried at 80°C for one day. Then, con-
ductivity was provided by sputtering with Au-Pd tar-
get using a sputter-coater and thus the samples brought 
on a state to able to examine in JEOL 6400 SEM-EDS 
combined system energy dispersive spectrometer. The 
sputter-coater procedure was repeated three times for 
10 seconds after the samples were cooled to room tem-
perature. After the samples coated in nanometer degree 
were attached in the holder of SEM, they were placed 
into a vacuum chamber for elemental analysis (EDS). 
Energy-dispersive spectrums obtained 20 keV energy 
levels on the annual tree ring. T-test for dependent sam-
ples was performed on the comparison of the average 
elemental composition between control and the 1st and 
the 7th research points. 

On the other hand, the needles of terminal twigs on 
branches of the Turkish red pines that are about 1.5 meters 
tall were cut with gardening shears and the dust on the 
surface of the needles was kept from falling in the 1st and 
7th research points. Then the needles were washed thor-
oughly in a container with distilled water and the dust was 
released into the water for elemental analysis of the fly 
ash. The collected dust in the distilled water were filtered 
on filter paper and dried at 800C. Then, the fly ashes were 
mixed thoroughly. Because the main heavy-metal source 
was the fly ash of KTPP chimney smoke, it was analyzed 
elementally in a JEOL-6400 SEM-EDS combined system 
energy dispersive spectrometry at 20 keV energy level.  

Results and Discussion  

The Visual and Statistical Evaluation 
of Annual Growth-Ring Measurements 

The hindering effects of air pollution on ATR growth 
has been seen very easy on the cross-section wheels taken 
from the control, the 1st, the 2nd, the 7th and the 9th research 
points (Fig. 2). The ATR width belonging to the last 11 
years in the 1st, 2nd, and 7th research points were constrict-
ed because of nearness to KTPP. The last period of the 8 
years of ATRs in the 9th research point were restricted by 
KTPP. 

The hindering index of air pollution on ATR growth 
for all research points (HI index) is given in Table 1. 

Table 1 shows that air pollutants emitted from KTPP 
hindered annual ring growth in the polluted points. HI was 
determined as 5.36, 4.68, 3.23, 3.18, 3.15, 3.01, 2.98 in 
the 1st, the 7th, the 2nd, the 6th, the 3rd, the 8th and 4th research 

Fig. 1. The position of the KTPP and the research points. 
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ash of KTPP chimney smoke. With EDS analyses, some 
elements such as Al, Si, Mg, K, Fe, Ca, S, Zn, Ti and Nb 
were determined in fly ash on the surfaces of Turkish red 
pine needles. The elemental analysis results of the fly ash 
collected from the surfaces of Turkish red pine needles 
are given in Table 2.  

Certain amounts of these elements can accumulate in 
ATRs through roots, bark and leaves [5]. Related to this 
aim, the elemental analysis and EDS spectrums of the 
ATRs were performed. The elemental analysis results of 
the ATRs belonging to the control point are given in Table 
3, the 1st and the 7th research point are given in Tables 4 
and 5, respectively. 

Once metals enter trees, they are not necessarily re-
stricted to tree rings formed during the current year [16]. 
It was determined from Tables 4 and 5 that the elements/
heavy metals in annual rings of Turkish red pine formed 
after KTPP began to operation were transported in an-
nual rings prior to the pollution episode. Most tree spe-
cies, including Turkish red pine, contain an outer band 
of living sapwood that surrounds an inner core of dead 
heartwood. Water transporting trace metals from the roots 
may be conducted in several adjacent sapwood tree rings 
and, in some cases, translocation of trace metals across 
the width of the sapwood has been reported. The major 
pathway of radial transport through xylem tissue is via 
ray cells, which are strands of living cells extending in a 
radial direction from the cambium, toward the pith as in 
the Turkish red pine [5, 29].  

Examinations of Tables 3, 4 and 5 show that all of 
the average values of elements/heavy metals in the pol-

Fig. 2. Cross-sections of Turkish red pine belonging to the con-
trol, the 1st, the 2nd, the 7th and the 9th research points. 

Table 1. The HI index belonging to the control and all of the research points.

Research points 

Control    1 2 3 4 5 6 7 8 9 10

HI index   1.20 5.36 3.23 3.15 2.98 2.56 3.18 4.68 3.01 1.95 2.72

Real HI index 1.00 5.12 3.03 2.95 2.78 2.36 2.98 4.48 2.81 1.75 2.52

points, respectively. The fact that the HI belonging to the 
control point is 1.20 can be attributed to rapid growth of 
the prior ATRs. The real HI can be determined as the de-
duction of the 0.20 value (1.20-1.0 = 0.20) from the HI in 
Table 1. Consequently, the real HI was calculated.   

The box and whisker plot for all research points per-
formed by descriptive statistics for determining the dif-
ferences of the control and all of the research points is 
shown in Fig. 3.  

Fig.3 shows that air pollutants emitted from the chim-
ney of KTPP hindered to growth of the ATRs by descend-
ing way towards the 1st, the 7th, the 4th, the 8th, the 2nd, the 
9th, the 5th, the 3rd, the 6th and the 10th. 

At the same time, t-test for dependent samples was 
performed using statistical analysis to compare mean 
ATR widths in the control and all of the research points. It 
recorded significant differences at p < 0.05 between con-
trol and all of the research points. 

Because the annual ring width measurements of Turk-
ish red pine in all of the research points were selected to 
facilitate in SEM-EDS analysis, the results of these works 
were not extensively discussed. Fig. 2, Table 1 and Fig. 3, 
show that ATR width in the 1st and 7th research points are 
most affected by air pollutants.

Dendro-Chemical Elemental Analysis 
of Annual Tree Rings by SEM-EDS  

Fly ash on surfaces of Turkish red pine needles and the 
ATRs of Turkish red pine in the polluted point were ana-
lyzed using EDS. The elemental analysis of ATRs have 
been performed considering the fly ash elemental com-
position because the main heavy-metal source is the fly 

Fig. 3. The box and whiskers plot for all research points as de-
scriptive statistics.   
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given in Figs. 5a and 5b respectively. Examinations of the 
peaks of Figs. 5a and 5b, the excess of elemental compo-
sition between the control and 1st research points was seen 
more clearly as a different presentation way. The peaks 
of elements/heavy metals of the annual rings belonging 
to the polluted point were larger than the control point. 
These differences were tested by EDS analyses as quanti-
tatively in Table 3 and 4. 

The objective of this work was to evaluate the influ-
ence of power plant emissions on every annual ring width 
in the polluted and control points. SEM-EDS analyses ob-
tained the following results:  

1. All of the elements/heavy metals found in fly ash of 
KTPP chimney smoke were determined in the ATRs. 

2. The analyzing procedure was performed on the border 
annual rings which formed before and after KTPP be-
gan operation, but it didn’t determine distinctive dif-
ferences for the elemental composition between ATRs 
before and after KTPP began operation. 

3. There were no differences for the elemental composi-
tion in the spring-wood and the summer-wood belong-
ing to identical ATRs.  

Table 2. Elemental composition of fly ash collected from the surfaces of Turkish red pine needles at the 1st and the 7th research points.  

Research point
Elemental Analysis Results (Weight%)

Mg Si Al Nb Ca K S Fe Zn Ti Others*

The 1st  0.47 6.56 3.98 0.78 35.06 1.20 9.31 1.22 1.74 0.38 39.68

The 7th 0.81 5.69 4.10 0.54 38.28 1.14 8.64 2.50 0.40 0.60 37.90

*These elements are carbon, oxygen and the other non-detectable elements.

Table 3. Elemental analysis of the ATRs belonging to the control point.

luted areas were more than the control point. The varia-
tion of elemental composition of ATRs may have been 
non-uniform distribution in some points from the outer 
ATR to the interior ATR (sap) because of wood defect, 
but the average amounts of elements/heavy metals into 
annual rings in the polluted areas were greater than the 
control point. The average elemental composition value 
between the control and the 1st and the 7th research points 
were significant at p < 0.05, according to t-test. By this 
way, the increments of the elements/heavy metals in the 
annual rings stem from air pollution were tested by quan-
titative and statistical analysis. Elemental distribution of 
ATRs in the control, the 1st and the 7th research points 
were given in Figure 4. Even if it was seen more or less 
amount in excess the other elements between control 
with the 1st and the 7th research points, the excess of Mg, 
Si, Nb, Ca, K and Zn were seen more clearly. These ele-
ments present in the composition of lignite and fly ash. It 
is seen that the fly ash, the main constituent of chimney 
smoke of the KTPP, has emitted into the atmosphere and 
then it has deposited on the soil and vegetation around 
the power plants.  

At the same time, the SEM-EDS spectra of the ATRs 
belonging to the control and the 1st research point were 

Specifications 
of annual rings  

Elemental Analysis Results 
(Weight%) 

The number Corresponding 
year* Mg Si Al Nb Ca K S Fe Zn Ti Others**

1 2002 0.00 0.59 0.14 2.75 1.29 0.36 0.00 0.35 3.36 0.24 90.92

5 1998 0.09 0.59 0.76 3.03 0.86 1.33 0.00 0.51 1.50 0.10 91.23

9 1994 0.00 0.19 0.00 2.26 2.30 1.53 0.00 0.00 0.00 0.06 93.66

13 1990 1.04 0.31 0.00 4.96 0.53 1.07 0.00 0.29 7.76 0.13 83.91

17 1986 0.00 0.90 0.19 3.70 1.10 0.56 0.00 0.00 1.18 0.02 92.35

21 1982 0.00 0.23 0.49 2.64 2.26 0.99 0.04 0.00 0.00 0.00 93.35

25 1978 0.00 0.09 0.34 3.61 0.84 0.31 0.01 0.00 0.00 0.00 94.80

29 1974 0.00 0.41 0.00 3.93 0.98 1.13 0.00 0.00 1.03 0.16 92.36

The core 1973 0.28 0.43 0.40 4.78 1.00 0.78 0.00 0.00 0.32 0.03 91.98

Average value 0.15 0.41 0.25 3.51 1.24 0.89 0.005 0.12 1.68 0.08 91.61

*From the outer annual ring to the interior annual ring (pith).  
** These elements are carbon, oxygen and the other non-detectable elements.
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Table 4. Elemental analysis of ATRs belonging to the 1st research point. 

Specifications 
of annual rings  

Elemental Analysis Results 
(Weight%)

The number Corresponding 
year * Mg Si Al Nb Ca K S Fe Zn Ti Others**

1 2002 0.00 1.10 0.28 5.51 1.89 1.95 0.03 0.38 3.56 0.04 85.26

5 1998 0.20 0.93 0.17 3.25 1.14 1.68 0.06 0.53 1.51 0.17 90.36

9 1994 0.38 0.56 0.75 4.34 1.55 1.57 0.21 0.42 3.95 0.20 86.07

13 1990 0.32 0.53 0.00 4.07 1.49 1.63 0.00 0.00 0.76 0.90 90.30

17 1986 0.00 0.40 0.59 2.98 1.28 2.10 0.00 0.01 9.68 0.19 82.77

21 1982 0.36 0.30 0.31 3.00 1.06 1.96 0.00 0.00 0.00 0.44 92.57

25 1978 0.00 0.08 0.76 3.07 1.28 2.02 0.00 0.00 1.33 0.00 91.46

29 1974 0.24 0.32 0.22 4.38 1.87 1.34 0.00 0.01 1.51 0.03 90.08

33 1973 0.88 0.87 0.18 0.65 7.20 1.13 0.37 0.14 0.68 0.15 87.75

37 1966 1.21 0.99 0.20 5.98 7.28 1.74 0.63 0.41 1.59 0.00 79.97

41 1962 0.72 0.74 0.31 4.56 4.90 0.82 0.00 0.24 0.00 0.39 87.32

The core 1960 0.65 0.67 0.37 5.67 4.21 0.36 0.00 0.18 0.00 0.11 87.78

Average value 0.41 0.62 0.34 3.95 2.92 1.52 0.10 0.15 2.04  0.21 87.64 

*From the outer annual ring to the interior annual ring (pith).  
** These elements are carbon, oxygen and the other non-detectable elements.

Table 5. Elemental analysis of the ATRs belonging to the 7th  research point.

Specifications 
of annual rings  

Elemental Analysis Results 
(Weight%)

The number Corresponding 
year * Mg Si Al Nb Ca K S Fe Zn Ti Others**

1 2002 0.00 1.21   0.67 4.09 0.82 2.16 0.15 0.12 0.00 0.00 90.78

5 1998 0.54 0.00 0.74 2.74 0.81 1.64 0.15 1.02 7.77 0.12 84.47

9 1994 0.00 0.26 0.40 3.71 1.43 2.47 0.00 0.05 9.68 0.24 81.76

13 1990 0.00 0.97 0.22 4.57 1.50 1.36 0.00 0.00 0.00 1.88 89.47

17 1986 0.77 0.78 0.31 5.07 2.43 0.00 0.00 0.33 6.13 0.00 84.18

21 1982 0.97 0.37 0.00 7.78 1.98 0.94 0.00 0.00 3.95 0.23 83.78

25 1978 1.13 0.00 0.50 3.71 0.99 1.08 0.00 0.00 2.77 0.00 89.82

29 1974 0.00 0.48 0.27 4.37 1.55 1.20 0.05 0.40 0.98 0.03 90.67

33 1973 0.00 0.45 0.25 4.98 1.85 0.00 0.00 0.00 0.68 0.00 91.79

37 1966 0.45 0.34 0.47 3.78 0.65 1.60 0.00 0.00 0.00 0.00 92.71

41 1962 0.00 0.23 0.37 2.68 3.92 0.72 0.01 1.90 0.00 0.56 89.61

The core 1960 0.00 0.35 0.00 4.51 1.53 0.00 0.00 0.00 0.32 0.05 93.24

Average value 0.32 0.45 0.35 4.33 1.62 1.09 0.03 0.28 2.69 0.25 88.52

*From the outer annual ring to the interior annual ring (pith).  
** These elements are carbon, oxygen and the other non-detectable elements.
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Fig. 4 Elemental distribution of Mg, Si, Al, Nb, Ca, S, Fe, Zn and 
Ti in ATRs of control, 1st and the 7th research points. 
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Fig. 5. a) The SEM-EDS spectrums* of the annual rings belonging to the control point; b) The SEM-EDS spectrums* of the annual rings 
belonging to the 1st research point.
* The spectrums obtained from the outer annual ring (belonging to 2002) to the interior annual ring compatible with Table 3 and 4. 

4. The elements/heavy metals accumulated in all of the 
ATRs in the polluted points were found out much 
more than the ATRs in the control point. By this way, 
it was determined that the elements/heavy metals ac-
cumulation into annual ring in the polluted points 
were discovered to have more excessive amounts than 
control point. The KTPP chimney was constructed 
300 m above the ground for dispersion of the pollut-
ants. Because the height of the mountain chains of the 
surrounding area of the KTPP is approximately same 
gradient, there is heavily pollution in this area. It was 
determined in the modeling study that the concentra-
tions of SO2, NOx, and fly ash emissions at ground 
level were calculated as 310, 62, 20 µg/ m3 in the 1st 

and 160, 32, 10 µg/ m3 in the 7th research point, respec-
tively. [26]. These results confirmed that the metal up-
take via foliage and through bark might be a major 
pathway by which metals enter trees, particularly in 
heavily polluted areas [16].   

However, uptake of metals by roots is considered to be 
a major pathway of entry for most elements, metals may 
enter trees through leaves or bark to become incorporated 
into ATRs. Metals may also be absorbed by foliage and 
transported to the internal tissues of plants. Once metals 
enter trees, they are not necessarily restricted to tree-rings 
formed during the current year [5, 16]. The amounts of el-
ements in the ATRs after the KTPP began operation could 
have been much more than the ATR before KTPP began. 
If there was dead wood (core wood) in the trunks of Turk-
ish red pine before KTPP, the elemental composition of 
ATRs in these dead woods could have remained partly 
as unpolluted ATRs for the congestion of transmission 
corymbs and rays. It was confirmed that the metals emit-
ted by the KTPP chimney accumulated in the ATRs more 
than control ATRs. Although these elements and/or heavy 
metals can enter the tree rings intensively after KTPP 
began operation, they cannot be restricted to the ATRs 
after KTPP began operation, but they also have passed 
to ATRs before the KTPP began. This occurrence stems 
from radial transportation of elements/metals via pith-
rays [7, 18]. Clearly, not all tree species are suitable for 
dendrochemical studies, but if careful sampling strategies 
are used and suitable tree species are chosen, the chemical 
analysis of tree-rings can provide information concerning 
historical changes in soil and atmospheric trace metal 
levels unavailable from any other source [5]. Although 

Energy (keV)Energy (keV)
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Pinus brutia Ten. may not be a suitable tree species for 
monitoring temporal historical changes in atmospheric 
trace metal levels by dendrochemical analysis because of 
radial transportation of elements/metals via pith-rays into 
the internal annual rings, it clearly represented that the 
elements/heavy metals were accumulated to the ATRs of 
Pinus brutia Ten. in all of the polluted areas exposed to 
high atmospheric concentrations of heavy metals. By this 
way, the elements/heavy metal accumulation in Turkish 
red pine trunk stem from the atmospheric pollution of the 
KTPP were easily determined. 

Some techniques for elemental analysis of ATRs are 
used, such as atomic absorption spectrometry (AAS) 
[6, 30], neutron activation analysis (NAA) [3], induc-
tively coupled plasma-mass/atomic emission spectrom-
etry (ICP-MS/AES) [5, 31, 32], secondary ion mass 
spectrometry (SIMS) [33], X-ray fuorescense (XRF) 
technique [34]. These techniques are more specific and 
sophisticated methods than SEM-EDS, but numerous 
processes have been carried out for preparing samples 
for analyses. Some of these processes are explained, 
such as preparation of the annual rings/ring-bunches by 
cutting of the wheel sections to pre-analysis, decompo-
sition of bulk wood, extraction of metals, etc., and then 
analysis of heavy metals are being applied for annual 
ring [5, 6, 7, 22]. The energy dispersive spectrometry 
(EDS) technique is more practical, cheaper, and faster 
than the others, so energy-dispersive spectrometry has 
been used for elemental analysis in recent years, even 
if the results are more approximate than in studies using 
more specific and sophisticated methods. One signifi-
cant problem using SEM-EDS for elemental analysis of 
ATRs may be selecting the suitable energy level for the 
materials. The 20 keV energy level acquired adequate 
results at this stage, and the studies and evaluations have 
been carried out on this subject. 

The SEM-EDS analytical method used in dendro-
chemical elemental analysis of ATR for the first time. 
This technique is practical and open to new development 
because the sample of ATRs can be detected by direct in-
vestigation. Using SEM-EDS, for instance, the electron 
beam can be focused onto direct surface of ATR, which 
enables chemical analysis of the tree-ring or spring and 
summer wood on identical year. So it becomes easy to 
directly analyze any annual ring (or spring and summer 
wood on identical year, and wood defect) onto the wood 
cross-sectional area of wheel or carotte. This paper con-
firms that SEM-EDS, a new approach/analytical method 
to determining air pollution through ATRs, has been suc-
cessfully applied onto dendro-chemical elemental analy-
sis of ATRs.  
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