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Presentation of Moroccan Radiation Protection 
Association (AMR)

 The Moroccan Radiation Protection Association (AMR) was officially 

created on September 18th, 2002 thanks to the initiative undertaken by the 

founder members : engineers, doctors of the public and private sector, 

university professors, members of the CNESTEN and of the CNRP.

 Principal aims of the Morrocan Association of Radioprotection :

 To facilitate the works and the information exchanges in the 

field of the radioprotection and the related domains,

 AMR is a membre of IRPA organisation



 To help to become known, both to the public and to the concerned 

professionals, the problems and the necessities of the 

radioprotection for the good of the Man and the Environment,

 To work at the promotion of the vocational trainings in radioprotection.

In this purpose, the AMR has organized and co-organized 

national and international conferences and meetings covering the

essential domains of the radioprotection in the domains of the 

research, the medicine and the industry, the use of the capacities, 

the interventional radiology and the management of the radioactive 

waste. 

AMR has organized in association with the International 

Nuclear law Association (French Section) a meeting on the 

Standards of safety in the Nuclear Law.
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Introduction

 Radon gas (222Rn) is found in the environment.

 Radon is an occurring radioactive gas that is originated from the 

decay of uranium in rocks and soils. It is colorless, odorless, and 

tasteless and can only be measured using special equipment. 

 Ionizing radiations are present at all time and at all places on

the earth.



 Radon is one of the principal sources of natural radiation exposure.

Most of this exposure occurs inside homes.

 radon levels are governed by many factors, like local geology, 

atmospheric conditions, air exchange rate, wind velocity, and the 

orientation  of  the  house.

 Generally,  the  radon  levels  change from a room to an other in  

the  same  house.



 In indoor air, radon decay products may be attached to ambient 

aerosols, and when it’s inhaled, it can be retained in the lung and 

can deliver a dose by alpha particle emission.

The inhalation of radon causes a high number of lung cancer 

cases, which are reported annually (UNSCEAR, 2000).

Exposure to radon in dwellings and workplaces may arise from 

existing exposure situations or from practices



The ICRP has previously made specific recommendations in 

relation to radon exposure (ICRP, 1993b). Since then, several 

epidemiological studies have confirmed the risk of radon-222 

exposure even at relatively moderate concentrations 

(UNSCEAR, 2008). 

The results of various international surveys have 

demonstrated an increase in radon concentration levels in 

houses and, consequently, a continuously growing concern 

about its health effects to the population. 



In this work, I report :

 the results of experiments conducted to calibrate the used 

cellulose nitrate films LR-115 type II, 

 the volumic activities measured by means of these films in 

some dwellings and enclosed work areas in Morocco and I 

give the calculated effective doses received by population 

exposed to the radon effects. 

 Seasonal variation study of radon volumic activity and 

relationships between variation of this activity and some 

parameters such height, depth and type of construction are 

also discussed in this work.



Experimental

 The passive time–integrated method of using a solid state 

nuclear track detector (LR-115 type II) was employed.

 These films, cut in pieces of 3.42.5 cm2, were placed in 

detector holders and enclosed in heat-scaled polyethylene 

bags.

 After exposure, the films were chemically etched in sodium 

hydroxide (2.5N) at 60°C for 120 minutes.



 After normalizing the track density to a removed thickness of 

6 µm, the number of tracks per cm2 was correlated to the 

volumic activity of radon. 

 The tracks produced were counted with an optical 

microscope and the background was then subtracted. 

 Figure 1 shows the relationship established between the 

volumic activity of 222Rn and the density of counted tracks.



Figure 1:  Calibration curve of cellulose nitrate films LR-115 type II



 In houses, detectors are exposed in the most frequented 

room. 

 If the result of the first measure is below 5 Bq/m3, a priori 

abnormal situation, or exceeds 400 Bq/m3, a second measure is 

realized to confirm the result. 



Stations of Radon measurements 

We implanted our stations of measure in some regions of 

Morocco. However we were able to make measures only in the 

places where we found voluntary correspondents having agreed 

to install detectors. So, we made measures in houses in the 

following cities: Rabat, Casablanca, Kenitra, El Jadida, Berchid,  

Khouribga, Youssoufia, Ouarzazate and Oujda. 



Figure 2: Map showing the stations of radon measurements



Results and discussion

The measurements were performed in 9 dwellings and 7 

enclosed work areas in some regions of Morocco. Results 

for dwellings are given in table 1 and these for enclosed 

work areas are given in table 2.

 The exposure period of films in dwellings and in 

enclosed work areas varied between 2 and 4 months. The 

given results are an average of at least 2 measures by 

locality and at least in two houses.



Table 1: Volumic activities of 222Rn and effective doses in indoor dwellings

Town  Volumic activity of 
222Rn   (Bq/m3) 

Effective dose 
(mSv/year) 

Berchid 76   8 1.34  0.14 

Casablanca 31   3 0.55  0.05 

El Jadida 47   4 0.83  0.07 

Ouarzazate 99   5 1.74  0.09 

Oujda 83   7 1.46  0.12 

Rabat 64   5 1.13  0.09 

Kénitra 59   6 1.04  0.11 

Youssoufia 124  8 2.18  0.14 

Khouribga 136  9 2.39  0.16 

 The volumic activities of radon vary in Houses, between 31 

and 136 Bq/m3 with an average value of 80 Bq/m3. This value 

is comparable to those found in the other regions of the word.



Table 2: Volumic activities of 222Rn and effective doses 
in enclosed work areas.

Enclosed work area  Volumic activity 
 (Bq/m3) 

Effective dose  
(mSv/year) 

Laboratory of nuclear physics 
(Rabat) 

60   4 0.38  0.03 

Local for practical nuclear studies 
(Faculty of Sciences, Rabat) 

68   6 0.43  0.04 

Factory 1 435   4 2.74  0.03 

Factory 2 142   15 0.90  0.09 

Geophysical Observatory of 
Berchid ( Ground level ) 

63  5 0.40  0.03 

Geophysical Observatory of 
Berchid (Cave at –12 meters) 

1884   199 11.90  1.25 

 

 In Enclosed work area, The volumic activities of radon 

vary between 60 Bq/m3 in an ordinary area to 1884 Bq/m3 at 

not airy underground level of 12 m. 



 The effective dose per unit exposure to radon and radon 

progeny was obtained using the so-called dose conversion 

convention as defined by ICRP (1993; 1994) (Publications 

65 and 66). 

 Table 1 shows the relatively higher indoor volumic 

activities of 222Rn in Youssoufia and khouribga towns 

situated in regions rich in phosphate deposits. 

 Measurements at the geophysical observatory of 

Berchid show that the volumic activity of radon increases 

with depth, this is most probably due to decreased 

ventilation.



 The radon is the second cause of death by lung cancer 

(after the tobacco). 

 In 1990, the European Commission fixed two limits, the 

one for the existing houses (400 Bq/m3), the other one for 

the future constructions (200 Bq/m3). 

 In 1993, the ICRP proposed a range between a low value 

(200 Bq/m3  3 mSv/year) and a high value (600 Bq/m3 

10 mSv/year).



 The effective dose was different between homes and 

workplaces largely because of the different number of hours 

spent at each. For workplaces the corresponding range of 

permit concentrations of radon was 500–1500 Bq/m3. 

 In 1996, the European directive imposed the 

inventory of all the workplaces susceptible to provoke 

an increased exposure to radon. The first occupations 

concerned by the exposure in the radon were the 

miners.



 The calculated effective dose in studied houses varies 

between 0.55 and 2.39 mSv/year with an average value of 

about 1.41 mSv/year.

 In enclosed areas it varies between 0.38 and 11.9 

mSv/year

 The radon concentration levels found in this study are 

below the action level recommended by the ICRP.



Table 3: Seasonal variation study of Radon volumic activity

Exposition season Volumic activity (Bq/m3) 
Summer 
Autumn  
Winter 
Spring 

37    2 
60    4 
95   7 
66   4 

 

The data of this table show a maximal value of 95 

Bq/m3 in winter and a minimal value of 37 Bq/m3 in summer, 

that is a report of 2.5. This difference results especially from

an important aeration in summer.



Table 4: Radon volumic activities according to the height

floor Volumic activity (Bq/m3) 
1st 
2nd 

3th 
4th 

67 
54 
47 
32 

 

We see good that the activity of the radon 

decreases with the height. it varies from 67 Bq/m3 in the 

1st floor to 32 Bq/m3 in the 4th floor. It is normal because 

we go away from the ground



Table 5: Radon volumic activities According to the depth 

           Depth Volumic activity 
(Bq/m3) 

 
Ground  
Level  

 
Office 

 
58   6 

Room  68   8 

 
 
The cellar 

1st level 
(-4m) 

1208   184 

2nd level 
(-8m) 

1499  100 

3th level 
(-12m) 

1884  119 

 

there is a big difference between the activities of the radon of

the ground floor and those in the different levels of the cellar. This 

explains by the fact that the cellar is closed in a continuous way and is 

not equipped with a system of aeration. 



Conclusions

The measurements performed in 9 dwellings and 7 enclosed 

work areas in different regions of Morocco show that: 

 The obtained values of volumic activities of radon in 

dwellings and in enclosed work areas and the calculated 

effective dose are comparable to those obtained in the 

other regions in the word and they are below the action 

level recommended by the ICRP (3 to 10 mSv/year 

corresponding to volumic activities 200-600 Bq/m3 for 

houses and 500-1500 Bq/m3 for workplaces)



 The relatively higher volumic activities of 222Rn in 

Youssoufia and khouribga towns are obtained because 

Youssoufia and khouribga are situated in regions rich in 

phosphate deposits. 

 The volumic activity of radon increases with depth, this 

is most probably due to decreased ventilation. This is the 

case of the geophysical observatory of Berchid where the 

reached high value of above 1884 Bq/m3 don't present any 

risk for workers health because they spend only a few 

minutes by day in cave to control and reregister data.



 A maximal value of radon volumic activity was measured 

in winter and a minimal value of this activity was measured 

in summer. This difference results especially from an 

important aeration in summer. The use of air conditioners in 

summer and the possible natural ventilation in winter help to 

keep concentration levels of indoor radon low.

 The measured volumic activities of radon depend on 

some parameters such type of construction, the height of 

building and the depth of the underground.



 The radon concentration levels found in this study are 

below the action level recommended by the ICRP.

To protect human health, efforts are always 

necessary to reach low effective dose for the public as it 

was recommended by ICPR and HWO.



Perspectives

At present, we are working to make measures 

covering all the Moroccan regions with the aim of 

establishing a distribution map of the radon in 

houses, schools and workplaces in Morocco. Our 

purpose would also be to establish an eventual 

relationships between radon activities and mortality 

because of the cancer of lungs in Morocco.





• ( The values given were 5 mSv per WLM for workers and 4 

mSv per WLM for members of the public. 

• 1 Bq/m3 of radon during 1 year = 4.4 10-3 WLM at home 

• 1 Bq/m3 of radon during 1 year = 1.26 10-3 WLM at work 

• assuming 7000 h per year indoors or 2000 hours per year at 

work and an  equilibrium factor of 0.4.)


