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Although many researchers have focused their attention to man made sources, but natural sources constitute more 
than 85% of human exposure to ionizing radiation. Due to the significance of natural sources, comprehensive studies 
have been carried out in developed countries. In Iran like many other developing countries, this subject has not been 
considered as a research priority. Until 1990 only Ramsar located in the south coast of Caspian sea had attracted 
attention of some researchers. In 1996 preparation of out-door natural radiation map of Iran was defined as a long 
term goal in my center. Since then environmental gamma radiation dose rate of residential area of 10 counties have 
been estimated. In this article only annual dose rates of Khorasan are reported. 

In every one city five stations were selected. A survey meter model RDS-110 was placed one meter above the 
ground level.  

Dose rates were measured for one hour in three successive days. Although average dose rates of every one of the 
stations were numerically different, but their differences are not significant. Out-door gamma dose rates acquired for 
24 towns are within the range of 56 to 144 nGy/h.  

Minimum and maximum dose rates are respectively attributed to Dargaz, in the north and Gonabad in the south. 
 

KEYWORDS: natural radiation, dose rate, out-door gamma 

I. Introduction  
In fact we have all grown up on a planet which has, in 

some places quite a high level of background radiation and 
life on earth has evolved to cope with this.  

Background radiation levels on earth have decreased by a 
factor of about 10 since life evolved on earth, although since 
the evolution of human it's reduction has been negligible1,2). 

Natural background radiation is originated from a few 
sources. Contribution of individual sources to the total 
activity depends on several factors. It varies around the 
globe by at least two order of magnitude3). 

Radiation dose from natural sources are originating from 
external sources (cosmic rays and terrestrial radiation) and 
internal sources, due to radon inhalation and ingestion of 
210Pb. In Europe average total natural background radiation 
varies from 1.5 mSv/y in UK to 7.5 mSv/y in Finland4). 
From the end of 19th century man made sources have also 
contributed to background activity. In the United States 82% 
of radiation exposure to man is emerging from natural 
sources e.g. Radon gas, cosmic rays, terrestrial and internal 
sources5). In our time human beings are exposed to a range 
of man made sources too. In most countries medical x-ray is 
the largest source of artificial exposure5). 

Although the biological effect of ionizing radiation does 
not depend on the nature of it's source (i.e. natural or 
artificial), but in early decades of the 20th century health 
consequence of man-made sources were more scrutinized. In 
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the second half of the last century in many developed 
countries comprehensive studies were carried out and the 
map of natural background radiation and its components i.e. 
cosmic rays, radon in air and so on were prepared.  

Lesser priority has been given to this subject in 
developing countries, although some sporadic work have 
been reported6,7,8,9,10,11), mostly for specific sites with high 
natural background radiation12). 

In Iran before 1996 a few hot spots in Ramsar had been 
identified3,13,14,15), yet no systematic study of normal area had 
been carried out. In 1996 preparation of out-door 
environmental gamma radiation map of residential area of 
towns and cities of Iran was defined as a long term goal in 
our center. Till now annual dose rates have been 
accomplished for: Khorasan (north), Khorasan (south), 
Khorasan (Razavi), Mazandaran, Azarbijan (West), 
Azarbijan (East), Kurdestan, Kerman, Sistan-Baluchestan 
and Hormozgan provinces, covering over 33% of the whole 
country16,17,18,19,20,21). In this article annual dose rates for 
twenty four towns and cities of big Khorasan province are 
reported. The results are compared with the corresponding 
dose rates of other counties as well as with the data reported 
by researchers from other countries. 

 
II. Material and Method  
1. Selection of Measuring Locations 

As a practical method and based on the results of a pilot 
study and in order to attribute the final results to the whole 
residential area of a town five stations were selected for 
every town.  
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By the aid of a city map, first station was selected at a 
suitable place (as is described later) in the city center. The 
other four stations at the border line of every town 
residential area. The location of individual station was 
studied closely to comply with the recommended conditions 
in the literature i.e. to be on an area covered by grass (if 
available), untacked soil, at least 15 meters away from any 
natural or man made structure22). 

 
2. Choice of Proper Detector 

In order to estimate the dose rate arising from 
environmental gamma radiation many researchers have 
employed a GM detector7,8,22). In this work three types of gas 
filled ionization chamber, Geiger Muller type, were 
examined. 

 
(1) Intelligent RD-02 

Intelligent RD-02 detector is made by RADOS-OY 
company in Finland. RD-02 is the heart of a very elaborate 
system Area Monitoring (AAM-90), it include two halogen 
quenched energy compensated Geiger Muller tube, one for 
low doses and the other for high doses. It measures the dose 
rate from normal background to catastrophically high levels. 
The probe it self is fully independent in it's operation, the 
dose rate measured by the probe is saved in it's internal 
memory and transfers the saved data to the system computer. 
The system is run and controlled by specially compiled 
software AAM 90/45, the brain of the system. The AAM-90 
system is normally used as a country wide network. 
Although it can be used as a single station to monitor a 
building or a room. It is best to be employed for a vast area 
with several remote controlled probes. Measurement range 
for RD-02 is 0.01 Gy/h to 10 mGy/h23). 

 
(2) Environmental Radiation Meter 6-80 

Environmental radiation meter 6-80 made by Mini 
Instrument Inc. is mainly consisted of a Geiger Muller tube 
MC-71 model, a display unit, a connecting cable and a tripod 
to hold the tube above the ground level. It is designed for 
environmental gamma monitoring. It has two independent 
displaying systems: 
a) Digital display (scalar), equipped with a predefined 

auto-set measuring time. The scalar provides 
environmental activity in terms of count per second, 
which can be converted to dose rate in Gy/h. 

b) Analogue display (Rate meter), displays environmental 
gamma dose rate in Gy/h. Measurement range for this 
system is 0.05 Gy/h to 75 Gy/h. 
E.R.M. is a reasonably small, light weight, portable, DC 
operating system. It is also water proof24).  

 
(3) Multiple Purpose Survey Meter RDS-110 

RDS-110 made by RADOS Company in Finland is 
basically a simple Geiger-Muller detector. It is benefiting 
from advanced electronic circuit. As a microprocessor based 
GM detector is a multi functional system. It is designed for 
monitoring gamma, x-ray and beta radiation. It is versatile 

and durable, therefore ideally suited for a wide range of 
harsh applications. It is a light weight portable, battery 
operated piece of equipment, capable of functioning at 
extreme temperatures. Incorporation of an advanced 
electronic circuit in this equipment provides the operator : 
LED digital display, automatic rang indication, freely 
adjustable levels for dose, dose rates and accumulated dose, 
setting pre-defined alarm threshold. Measurement range for 
this survey meter is 0.05 Gy/h to 99.99 mGy/h 25). 

On the other hand if we look back at section 2.1, 2.2 and 
2.3 then will remain little doubt that RDS-110, over all is the 
best detector for our studies. The only point to be explained 
was the accuracy of RDS-110 relative to the other two 
systems. To assess the accuracy of RDS-110 a pilot study 
was performed, close to one RD-02 station, an E.R.M (6-80) 
and one RDS-110 were installed. Environmental gamma 
dose rate was measured by all three detectors 60 minutes 
twice a day and for seven days. Average dose rates were 
calculated and the following figures were obtained Table 1. 
From average dose rates and their SD's in table one there 
remain no doubt that the performance of RDS-110 is as 
accurate as RD-02 which is very elaborate detector. 
Simplicity of operation, practicality, excellent electronic 
functionality as well as the accuracy of RDS-110 made it our 
best choice to employ it for our long term study. 
 

Table 1 RDS-110 accuracy compared with E.R.M and RD-02 
Equipment Mean(μGyh-1) Standard Deviation

E.R.M 0.06 0.01 

RDS-110 0.07 0.01 

Intelligent RD-02 0.07 0.01 
 

 
With respect to our final conclusion in regards to the 

selection of RDS-110, dose rate measurement was performed 
in the following order 

a) Five locations were marked on the latest edition of 
every town's map. 

b) A survey meter model RDS-110 was placed on 
aluminum frame and a tripod one meter above the 
ground level, horizontally and in the south-north 
direction. 

c)  All displayed dose rates on display of the detector 
were recorded for one hour, this procedure was 
repeated in three successive days. 

d) Mean of all recorded data in step (c) was computed 
and taken as dose rate of that particular station.  

e) Dose rates acquired at step (d) were statistically tested 
to find out if they were significantly or widely 
different, to decide whether further investigation was 
necessary. 

f) Computed mean of all five stations in every town was 
assigned to average dose rate of the specified town. 
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Fig. 2 Environmental gamma dose rate (out-door) for Khorasan 
province compared with corresponding values for six more counties 
in Iran and four other countries 
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