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Abstract 

The specific activity and the gamma-absorbed dose rates of the terrestrial naturally occurring radionuclides 
(238U, 232Th, and 40K) were determined in roadside soil obtained from fifteen sites along Izmir-Ankara Highway, 
using gamma-ray spectrometry. The soil activity ranged from 42.6 to 47.3 Bqkg-1 for 238U, 31.8 to 36.3 Bqkg-1 
for 232Th, and 432 to 488 Bqkg-1 for 40K. The highest mean value of 238U was found in the soil samples obtained 
from a site close to the intersection of the roads and Alasehir. The study yielded an annual effective dose 
equivalent in the range of 58–80 µSv. The average value falls within the global range of outdoor radiation 
exposure given in UNSCEAR-2000 publications.  Also K, Ca, Ti, Fe, Cu, Zn, Rb, Sr and Zr concentrations were 
determined in roadside soil. Zn, Rb, Sr and Zr concentrations in roadside soil around the intersection of the roads 
and Alaşehir were higher than maximum concentration levels of these heavy metals in normal soil.  
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1. Introduction 

The radiation to which the human population is exposed comes from many diverse 
sources. Some of these sources are natural; others are the result of human activities. The 
radiation from natural sources include cosmic radiation, external radiation from radionuclides 
in earth’s crust and internal radiation from radionuclides inhaled or ingested and retained in 
the body. The magnitude of these natural exposures depends on geographical location and on 
some human activities. Height above sea level affects the dose rate from cosmic radiation; 
radiation from the ground depends on the local geology; and the dose from radon, which 
seeps from the ground into houses (Gür et al., 2001). 

A significant part of the total dose contribution in the form of natural sources comes from 
terrestrial gamma radionuclides (UNSCEAR, 2000). Only nuclides with half-lives comparable 
with the age of the earth or their corresponding decay products, existing in terrestrial 
materials, such as 40K, 238U and 232Th radionuclides are of great interest. Abnormal 
occurrences of uranium and its decay products in rock and soil are the main sources of high 
natural background areas that have been identified in several areas of the world, e.g., 
Yangjiang in China, Rasmar in Iran, Kerala coast of India, Istanbul in Turkey etc. (Zhu et al., 
1993; Sohrabi, 1993; Sunta, 1993; Karahan and Bayulken, 2000). Therefore, measurements of 
natural radioactivity in soil are of a great interest for many researchers throughout the world, 
which led to worldwide national surveys in the last two decades (McAulay and Moran, 1988; 
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Ahmad et al., 1997; Karahan and Bayulken, 2000; Gür et al., 2001; Al-Jundi, 2002; Al-Jundi 
et al., 2003). This study complements a few other studies, which were conducted in the soils 
along the İzmir-Ankara (Turkey) E-023 Highway. 

Heavy metals, which are found in soil, such as Cd, Cu, Zn and Sr are significant for 
environmental pollution. According to the kind of vehicle in traffic, quantity and type of 
heavy metals vary around highway soil. The use of leaded gasoline gives a boost to the 
importance of some heavy metals such as lead level especially around highway soil even at 
the start of 21st century (Sezgin et al., 2004). Heavy metals may come from many different 
sources in urbanized areas. One of the most important heavy metal sources is vehicle emission 
(Harrison et al., 1981, Gibson and Farmer, 1986). Atmospheric pollution is a major 
contributor to heavy metal contamination. Heavy metals can accumulate on topsoil from 
atmospheric deposition by sedimentation, impaction and interception. The persistence of 
heavy metals in soil is a long process (Kelly et al., 1996). Roadside soils near heavy traffic are 
polluted by Pb and other metals (Culbard et al., 1988 and Wong and Mak, 1997).  

The aim of this work is to measure the specific activity and the gamma-ray-absorbed doses 
of the naturally occurring radionuclides (238U, 232Th, and 40K) and some elements such as Ca, 
Ti, Fe, Cu, Zn, Rb, Sr and Zr in top soil obtained from fifteen sites along the Izmir-Ankara 
(Turkey) E-023 Highway. 
 
2. Experimental 
 

The İzmir-Ankara (Turkey) E-023 Highway 600 km in length, is one of the important and 
busy national highways in Turkey (Fig.1). This study was conducted just between İzmir and 
Alaşehir, where many densely agricultural fields, industrial, urban planning and settlements 
are being established. 
 
 

 
 
 
Figure 1: Sample location map 
 

Soil samples were collected from fifteen points along the İzmir-Ankara (Turkey) E-023 
Highway (Fig.1). 5 kg of soil samples were collected from each point. Samples were taken 
from top soil (0-5 cm depths). Soil samples were crushed in the laboratory, oven dried at a 
temperature of 105 °C for 8 h, and sieved through a 270 mesh. 100 g of the homogenous soil 
samples were then packed in polyethylene beaker, weighed and carefully sealed and stored for 
at least 4 weeks before counting to allow time for 238U and 232 Th to each equilibrium with 
their respective radionuclide daughters. 

There are several direct and indirect methods for 238U measured in geological material 
samples. Among these, the most widely used one is scintillation gamma spectrometry. The 
details of this method had been discussed by Killeen (Kumru, 2003). This method was used 
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for the determination of eU, eTh and K in the present study. The natural radioactivity in soil 
of region has been measured by gamma ray spectrometry using 3’’ X 3’’ NaI (Tl) detector 
(ORTEC-905-4). The best regulation achievable is typically <7.5 % for the 662 keV gamma 
ray from Cs-137.  In this study, the 1.76 MeV peak of Bi-214 was used for quantitative 
determination of uranium, the 2.62 MeV peak of Tl-208 was used for the quantitative 
determination of thorium and the 1.46 MeV peak of radioactive potassium was used for the 
quantitative determination of potassium. The samples were counted for 7200 seconds. 
Background counts were taken under the same conditions. 

In order to relate obtained count rate to the concentration of U, Th, and K in samples, we 
used concentration equations that are given in Table 1. In these equations α, β, γ are known as 
stripping rations and they indicate the interaction occurred among the K, U, Th channels 
during counting. Determinations of the stripping rations were done quite simply by taking 
accurate measurements of the counts rates produced in all channels by a pure series- 
equilibrium uranium and thorium sources. K1, K2 and K3 are sensitivity factors for each 
channel and were determined by the measurements of the standard samples under the proper 
conditions. In the measurements, 118 ppm (eU), 600 ppm (eTh) and 52 % K standards were 
used. Experimental values of stripping rations and sensitive factors are given in Table 1. 
 

Table 1: Experimental factor 

Concentration Equations 

eTh (ppm)=C(Th)/K1

eU (ppm) = (C(U) - αC(Th))/K2

K (%) = (C( K) -γ(C(U) - α C(Th)) -βC(Th)) /K3

Stripping Rations Sensitivity Factors 

α=0.72 

β=0.84 

γ=1.41 

 

K1=18.11 

K2=53.12 

K3=519.3 

 
The distributions of Ca, Ti, Fe, Cu, Zn, Rb, Sr and Zr were investigated by X-Ray 

fluorescence spectrometer. The soil samples were oven dried at about 85 °C for 24 h and were 
ground to pass through 2 mm sieve. They were weighed about 200 mg and were mixed with 
50 mg cellulose in an agate mortar for 5 min. The mixed samples were pressed in to 13 mm 
diameter pellet using stainless steel SPEX evacuable dies and 10-tone hydraulic press. The 
resolution of Si (Li) detector was 185 eV for the 5.89 keV. The resolution of HP (Ge) detector 
was 350 eV for the 5.89 keV. Two annular sources, Cd-109 (10 mCi) and Am-241 (30 mCi) 
and two detectors Si (Li) and HPGe were used. Each sample for the element concentrations 
was measured for 65 000 sec. The details of this technique had been discussed by Basari and 
Kumru (1994).  
 
3. Results and discussions 
 

In this study the concentrations of three specific activities of the natural radionuclide (238U, 
232Th, and 40K) and eight elements (Ca, Ti, Fe, Cu, Zn, Rb, Sr and Zr) were determined in the 
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soil samples which was collected along the Izmir-Ankara (Turkey) E-023 Highway. The soil 
samples were collected between Izmir and Alasehir in an arae of about 100 km (Figure 1). 
Many agricultural fields, industrial, urban planning and settlements are being established on 
this part. 

The specific activities are given throughout the paper in Bq kg-1 dry weight. The activity of 
238U found ranged from 42.60 to 47.30 Bq kg-1, the highest activity was found in locations Y6 
and Y12 (Figure 2). The 232Th activity ranged from 31.80 to 36.30 Bg kg-1, the highest 
activity was found in location Y6 (see Figure 2). While the activity of 40K found, ranged from 
432 to 488 Bq kg-1, the highest activity was found in location Y6. Apart from 232Th, the 
obtained results from 238U and 40K are above the worldwide average concentrations of these 
radionuclides in soils reported by UNSCEAR (2000), which are 40 Bq kg-1 for 238U and 232Th, 
and 370 Bq kg-1 for 40K. The source of natural bedrock from the ground is almost entirely 
related to presence in the bedrock or drift cover of the radioactive elements uranium and 
thorium, and their daughter products, and potassium-40. The results observed in sampling 
areas Y6 can be explained with account to following considerations: Study area is located on 
Gediz Graben (Figure 3), which comprises two contrasting infill separated by an angular 
unconformity: (1) a folded and exhumed Lower Miocene-Lower Pliocene fill made up of a 
continental sedimentary megasequence with intercalated calcalkaline volcanics and (2) a 
younger infill comprising an undeformed, terraced Plio-Quaternary continental sequence with 
basaltic lavas, which constitutes the present-day graben fill (Seyitoğlu and Scott, 1996; 
Yılmaz et al., 2000 and Bozkurt, 2003). The older infill is in faulted contact with the 
metamorphic rocks of the Menderes Massif, along a presently low-angel, north-facing, normal 
fault (Bozkurt, 2003). Study area consists of ca. 800 m (thick) of red continental clastic rocks 
(mostly derived from underlying metamorphic rocks of the Menderes Massif), deposited in an 
alluvial fan-flood plain to lacustrine environment by debris flow and braided river systems.  
The sequence is composed of conglomerate, pebbly sandstone, sandstone, siltstone, mudstone 
and shale with intercalated lignite horizon(s) (Bozkurt, 2003). Both margin of Gediz Graben 
are marked by many steep, well-developed, alluvial fans of diverse (Koçyiğit et al., 1999). 
The fans are composed of coarse clastic rocks and grade into fine-grained basin-floor 
sediments along the Gediz River.  Study area is located on Quaternary sediments, which 
contains of clay, silt and sand stone (see Figure 3). 

 
 

 
 
 

Figure 2 : Distribution of 238U,  232Th and 40K along the İzmir and Alasehir Highway 
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Figure 3 : Geological map of study area (from Sözbilir, 2001) 
 

The contributions of natural radionuclides to the absorbed dose rate in air depend on the 
concentrations of the radionuclides in the soil. There is a direct connection between terrestrial 
gamma radiation and radionuclide concentrations in soil. The contribution of terrestrial 
gamma radiation to absorbed doses in air can be calculated using the following formula 
(Beck, 1972). 
 

KThU CCCnGyhD 043.0662.0427.0)( 1 ++=−        (1) 
 

where D is the dose rate at 1 m above the ground, CU, CTh and CK are the activity 
concentration of  238U, 232Th, and 40K, respectively, in the soil sample. The activity 
concentration of the three terrestrial radionuclides along the Izmir-Alaşehir and their 
calculated absorbed dose rates and measured dose rates in air at 1 m above ground are given 
in Table 2. According to UNSCEAR (2000) report, the dose rate in air outdoors from 
terrestrial gamma-rays in normal circumstances is about 57 nGyh-1. The world-wide average 
annual effective dose is approximately 70 µSv. Thus, apart from Y9, our results are above the 
average world-wide limits.  
 

The concentrations of K, Ca, Ti, Fe, Cu, Zn, Rb, Sr and Zr were obtained from 15 different 
samples and values of the metal concentration of the samples collected from along the E-023 
highway (Figure 1). For consistency, it was attempted to collect all samples from the 
illuviated A horizon (0-5 m depth), which was typically brown and reddish brown. The 
graphs, which have been obtained by using each of the heavy metal concentrations at the 15 
points, are given in Fig. 4-6.  
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Table 2: Illustrates dose rates of  40K ,238U and 232Th in soil samples and the annual effective 

dose equivalent 

 

Sample 40 K  

(Bq/kg) 

238U  

(Bq/kg)  

232 Th  

(Bq/kg)  

nGy/h 

(Measured) 

µSv 

(Measured) 

Y1 456 45.79 34.11 62 76 

Y2 441 43.90 31.90 59 72 

Y3 471 45.92 32.50 61 75 

Y4 472 45.66 34.80 63 77 

Y5 453 44.10 32.90 60 74 

Y6 488 47.30 36.30 65 80 

Y7 474 46.00 34.50 63 77 

Y8 459 44.40 34.00 60 74 

Y9 441 42.60 32.00 58 58 

Y10 444 43.60 32.00 59 72 

Y11 435 44.30 31.80 59 72 

Y12 435 47.20 34.00 61 75 

Y13 432 44.90 33.40 60 74 

Y14 456 45.40 32.30 60 74 

Y15 438 46.00 35.60 62 76 

 

 

 
 

Figure 4 : Distribution of Ca(%), Fe(%), K(%) and Ti (%) along the İzmir and Alasehir 
Highway 
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Figure 5 : Distribution of Cu (ppm) and Zn (ppm) along the İzmir and Alasehir Highway 
 

 
 
Figure 6 : Distribution of Rb (ppm), Sr (ppm) and  Zr (ppm) along the İzmir and Alasehir 
Highway 
 

The concentrations of K, Ca, Ti, Fe, Cu, Zn, Rb, Sr and Zr range from 1.12 to 4,82 (%); 
1.61 to 6.07 (%); 0.26 to 0.82 (%); 1.50 to 4.25 (%); 0 to 98.29 (%); 0 to 140.07 (ppm); 43.95 
to 137.46 (ppm); 47.98 to 267.25 (ppm) and 217.86 to 338.47 (ppm), respectively. 

In this study, the highest K concentration (4.82 %) in the soil samples has been found at a 
point in Y6 that is close to Alaşehir. The lowest K concentration was found at the Y13 that is 
close to Turgutlu (Figure 4). The highest Ti concentration (0.82 %) in the soil samples has 
been found at a point in Y6 that is close to Alaşehir. The lowest Ti concentrations were found 
at the Y12 that is close to Turgutlu. The highest Cu concentration (98.29 ppm) in the soil 
samples has been found at a point in Y4 that is close to Alaşehir. The Cu concentrations were 
not dedected at the Y2, Y3, Y6 and Y13. The concentrations of the Y4, Y7 and Y15 higher 
are than the Cu concentration (50 ppm dry soil) in the soil (Figure 5). The highest Zn 
concentration (140.07 ppm) in the soil samples has been found at a point in Y6 that is close to 
Alaşehir. The lowest Zn concentrations were found at the Y13 that is close to Turgutlu. Apart 
from Y3, Y11, Y12 and Y13, the concentrations of the Zn are higher than the Zn 
concentration (50 ppm dry soil) in the soil ( see Figure 5). Also, the high soil concentrations 
of Rb, Sr and Zr were found especially between Alasehir and Salihli towns where  agriculture 
fields are densely located (Figure 6). Due to the high grape production in Alasehir and Salihli 
towns, pesticides have been used more in these regions. Therefore, concentrations of some 
metals such as Fe, Cu are highly presented in these regions.   

Rb, Sr and Zr concentrations in most roadside soil around this study area were found to be 
higher than their worldwide reported average metal soil concentrations (35, 67 and 270 ppm, 
respectively (Rose et al.,1979)).  
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4. Conclusions 
 

The specific activities obtained in the soil samples collected from fifteen sites located along 
İzmir - Alasehir for 238U, 232Th, and 40K ranged from 42.60 to 47.30; 31.80 to 36,30; and 432 
to 488 Bq kg-1, respectively. The concentrations of these radionuclides in soil samples 
reported in this study compare. The calculated annual effective dose equivalent due to natural 
radioactivity was found to be in the range of 58-80 µSv. The results show that the source of 
the radionuclides is associated with geological material, outcropping in Gediz Graben. 
Therefore, future studies should be focused on to examine radionuclides’ limits along the 
faults and different lithology in the graben. Also, further studies should be carried out on more 
heavy metals such as lead and some isotope (lead) in soil and rock samples along highway for 
modeling.  
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