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 Radiation exposure rates and radiation doses were measured in 174 locations in 

the Western Desert. Exposure rates were measured 1m above the ground with NaI 

(Tl) scintillation detector. Total radiation doses due to external exposure to the 

ambient gamma ray in the same previous locations were measured with FAG-FH 40 

F2. The radioactivity concentrations of 238U, 232Th and 40K in selected soil and 

rocks samples were measured using gamma spectroscopy system based on high 

purity Germanium detector. Then, absorbed doses due to presence of 238U, 232Th 

and 40K in the samples were estimated. The exposure rates ranged between (5.0-

71.7) μR/h, while the average of radiation dose due to the exposure to ambient 

gamma ray ranged between (0.7-3.32) mSv/y. Doses due to expose to the 

concentrations of 238U, 232Th and 40K in the soil and rocks of the Western Desert 

were calculated. The average of these exposure doses ranged between (0.03-

1.84)mSv/y.  
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Introduction:    

Humans are exposed to many sources of 

radiation in environment of which natural sources are 

the most important ones. The natural sources of 

radiation are primordial, cosmic rays and cosmogenic 

radionuclides (1). The primordial radionuclides are the 

most important contributors to public exposure (2). 

Many studies were achieved to measure the exposure 

rates and radiation doses in many countries such as 

Korea (3), Taiwan (4), Switzerland (5), and Vietnam 

(6). All these countries have normal radiological 

background according to criterion set by UNSCEAR 

(7).Few researchers studied the exposure rate and doses 

due to natural radioactivity  in  Iraq (8-9). Some another 

researchers studied the exposure rate and radiation 

doses due to the environmental radioactivity (10-11).  

These studies restricted in or near the cities.  
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The study area represents the western part of Iraq, 

which is called the Western Desert. The geological 

formations and units that outcrop in the area are of ages 

ranging from early Permian to recent and consist mostly 

of carbonate and clastic rocks covered by 0.5 m -3 m of 

quaternary units (12-15). Table –1 shows the geological 

formations that expose in the study area and, Fig -1 

shows the geological map of the area (16). 

 

Fieldwork and methodology: 

Radiation exposure rates and radiation doses were 

measured in 174 locations in the Western Desert- Iraq 

(Fig - 2). 

 Exposure rates were measured 1m above the 

ground with NaI (Tl) scintillation detector (BGS-4, 

Scintrex scintillation counter, Canada). A total of 50 

readings were taken for each environmental location, and 

then the average was calculated to represent the average 

exposure rate in that location. These readings were 

converted to exposure rates in μR/h by using equation 
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published earlier (16). 

 Total radiation doses due to external exposure to 

the ambient gamma ray in the same previous locations 

were measured with FAG-FH 40 F2- Germany. 25 

readings in μSv/h were taken in every location, and 

then their average was calculated to represent the 

ambient exposure dose in that location.    

Soil and rocks samples were selected from 

geologic units and formations outcropping in the 

measuring locations in the study area in order to 

measure the radioactivity concentrations of 238U, 

232Th and 40K. Gamma spectroscopy system based on 

high purity Germanium detector (tennelec, USA) of 

efficiency 40% was used in the measuring. Absorbed 

doses (in nGray/h) due to presence of 238U, 232Th and 

40K in the samples were estimated using the equation 

published before: 

 D (nGy.h-1) = 41.7 x A(K-40) + 462 x A(U-238) + 604 

x A(Th-232) (17) 

Where D is dose rate in nanogray/h and A (40K), 

A (238U), A (232Th) are the activity concentrations of 

(40K), (238U) and (232Th) in Bq/kg. The absorbed 

doses rates were converted to effective doses to 

standing body by using converting factor of 0.7 (17).  

Global positioning system (GPS) from e -Trex, 

German was used to determine the coordinates of 

measuring locations. 

 

Results and discussion: 

 Table-2 shows the exposure rates and the 

radiation doses due to expose to ambient gamma rays in 

measuring locations. And table- 3 represents the 

activity concentrations of 238U, 232Th and 40K in the 

selected soil and rocks samples of the formations in the 

study area. 

The exposure rates ranged between (5.0-71.7) 

μR/h, while the average of radiation dose due to the 

exposure to ambient gamma ray ranged between (0.7-

3.32) mSv/y. Contour map was drawn to represent these 

values in the area. 

Fig. (1) represents the exposure rates measured in the 

area. We divided the area into four different regions.  

The first one that has exposure rates range 

between (5-9) μR/h. These values within the exposure 

rates from the radiation background for most regions of 

Iraq (7).  These values represent the locations which 

formations of Najma, Nahr-Umr-Mauddud, Rutba-Msaad 

and Nafayl beds and quaternary deposits are exposing.   

The second region is the locations that have 

exposure rates range between (9-16) μR/h. these values 

are predominate in the Western Desert and include most 

of the geological formations that outcrop in the study 

area. These values mostly similar to that of the northern 

part of Iraq which be affected with Chernobyl nuclear 

plant accident in 1986(7), and slightly higher than the 

first region, this could be due to increasing of the nature 

radionuclides contain in the rocks and soil of this region 

as well as due to the influence of the regional fallouts. 

The third region with exposure rates values range 

between (16-25) µR/h. these values are high in 

comparison with the rest areas of Iraq. This region 

includes the locations in middle and west of the study 

area with formations of Zor horan, Hussainyat, Amij, 

Jeed, Akashat and Ratga, and some locations near the 

cities of Al-Qaim, Haditha-Anah and   Hit-Al-Baghdadi 

where the upper member of Euphrates formation is 

exposing.   

The increasing of the exposure rates in these 

locations is due to the high concentrations of the natural 

radionuclides in the rocks formed the formations that 

expose in these locations. 

 The forth region includes the locations with 

exposure rates more than 25 µR/h. These locations are 

with limited expand, include kaoline clay mine in Gaara 

formation, bauxite ore deposits within Ubaid formation, 

clastic rocks in Hussainyat formation and Amij formation 

and phosphate rocks in Akashat formation west of the 

study area and also includes the depression fill deposits 

and Sebkha deposits within quaternary deposits near city 

of Hit east of the study area. 

The increasing of the exposure rates in these 

locations is due to the increasing in concentrations of the 

radionuclides (U, Th, and K).in the rocks that expose in 

these locations. The range of the concentrations of these 

radionuclides were (127-610) Bq/kg of 238U, (18-125 ) 

Bq/kg of 232Th and (15-406  ) Bq/kg of 40K.  

Generally the radiation doses in the study area 

ranged between (0.7-3.33) mSv/y. Some locations were 

with relatively high doses, include locations of Gaara and 

Akashat in the west of the area where clastic rocks 

(sandstone and claystone) that belong to Gaara, Ubaid, 

Hussainyat and Amij formations are exposing. These 
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rocks contain relatively high concentrations of Uranium 

and Thorium radionuclides (range between (127-359) 

Bq/kg of 238U and (68-125) Bq/kg of 232Th). Also 

phosphate rocks are outcropping in these locations, 

which belong to Jeed, Ratga and Akashat formations. 

These rocks contain relatively high concentrations of 

Uranium that associated with the phosphate        

minerals (range between (96-610) Bq/kg). 

Other locations with relatively high radiation 

doses are in north and northeast of the study area such 

as Wadi Sehela north city of Hit and village of Jerjeeb 

east of city of    Al-Qaim. In these locations, limestone 

rocks belong to upper member of Euphrates formation 

are exposing, which contain relatively high 

concentration of 238U, about (157) Bq/kg.  Depression 

fill deposits and Sebkha deposits are also outcropping 

in these locations with relatively high concentrations of 

Uranium and Thorium radionuclides or their daughters.   

 The average of the radiation doses at most of the 

locations in the Western Desert    was (0.9) mSv/y. this 

value is higher than equivalent doses due to the normal 

background radiation in USA (19) and Bikini atoll (20) 

and also higher than most of the locations in Iraq such 

as in Babylon governorate, which range between (0.47-

0.55) mSv/y (21).  

In this study, doses due to expose to the 

concentrations of 238U, 232Th and 40K in the soil and 

rocks of the Western Desert were calculated. (17) The 

average of the exposure doses ranged between (0.03-

1.84) x 10-3 Sv/y. Fig- 4 represent distribution of the 

calculated effective doses rates due to the expose to the 

concentrations of 238U, 232Th and 40K in the soil and 

rocks of the study area. These values are near to the 

equivalent doses in many of areas with high 

background radiation in the world (19, 22). But these 

values consider being high in comparison with that 

published by UNSCEAR (23) which estimated the total 

annual effective doses to adult from the natural source 

about 2.4 mSv/y and 0.46 mSv/y result from ground 

gamma rays not included radon and his daughters. You 

can note that these estimations usually to the areas that 

have normal background radioactivity. 

The doses due to presence of 238U, 232Th and 

40K in some locations were relatively high in 

comparison with the doses that result by the crust’s 

rocks with typical contains of 238U, 232Th and 40K 

which range between (0.16-0.4) x 10-3 Sv/y in 

sedimentary rock and about (0.9) x 10-3 Sv/y in igneous 

rocks(2).   

Maximum effective dose was (1.84) mSv/y above 

the phosphate rock in Akashat phosphate mine.  And the 

effective doses in mines of Hussainyat and Bauxite clays 

were higher than (1) mSv/y and we can note that total 

ambient exposure doses, which were measured in the 

same locations, were ranged between (1.23-3.07) mSv/y. 

These values are relatively high, but much lower than 

(50) mSv/y permissible threshold of IAEA to the 

workers. (24) 
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Table – 1 geological formations that expose in the study area. 

(The symbols in this table represent the symbols in the 

geological map in Fig -1) (Geological map of 

Iraq,Geosurv.1986). 
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Fig.-1 The geological map of the study area 
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Fig- 2 The measuring locations in the study area. 

 

 
Fig – 3 Radiation exposure regions map in the study area.   

 

Table – 2 Range and average of exposure rates and the 

radiation doses due to expose to ambient gamma rays at the 

measuring locations in the study area. 
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Fig -4 Distributions of the calculated effective doses rates due 

to the expose to the concentrations of 
238

U,
 232

Th and 
40

K in 

the soil and rocks of the study area. (No. of location in this 

figure represents the No. of location in table – 3. 
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 الخلاصة:
ي-(يتعا ررعينررتتي اءرر   بي ا   سرر 471 انعجترر ياررتي الا رر ييعلرر  يحعتررعي ات س سرر ي ررلاي جرر قياسررعديت ررتعري الا رر يي علرر عالايع اجرر  ي علرر عاس ي

لر عاس ي رلاين ردي ا   ق.ياسسريت تعري الا  يي عسلاخت مي ا ت تي اعتسنلاي ات لا  ي حعلر ي سعتسرتي اءرعتسعمي اتنلر ي عاورعاسعمي سنترعياسسرريت رتعري اجر  ي ع
ي  الا  حسرر ي انلررع(ي عاتررعنلاي اتنلررم.يحتررعيلاررمياسررعديFAGعجترر ياررتي الا رر يي اخررع جلايعلرر  يحعتررعينررع ي ررع   اتع ارربي عسررلاخت ميجقررع ياسررعديت ررتعري اجرر  ي ان

 الا بيع اءرخع ي اتلاحلر  ي رلايتع اربياسرعدي ارتخي عسرلاخت ميتنلعتر يلا فسراي  سرع يحعترعي اتسرلانتلي ارنيارت تي اج ترعنسعميارعالايي عل عالاي لاينتعذجيتنلاخ  يتت
(ي3...-5.7(يترعسح ع عنحتي رلاي اسرعا ي سنترعيلا  ع رريت رتعري اجر  ي علر عاس ي رستي 74.7-0.5 انقععل.يلا  ع ريت رتعري الا ر يي رلايتع اربي اقسرعدي رستي 

 يلاي اسررن .يحتررعيجرر قي  لاسررعبي اجرر  ي علرر عاس ي انعجترر ياررتي الا رر ييعلرر  يحعتررعي انعلاجرر ياررتيلا  حسرر ي اسع  نسررعميع اوع سررعميع ا علاعسررسعميتجلات ررتفررلايسررس  ري رر
ي(يتفلايسس  ري لاي اسن .1..4-.5.5 اتقعس ي لاينتعذجي الا بيع اءخع ي اتنلاخ  يتتيتن ق ي ات  س يعلا  ع ري اج  ي ست 

ي
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