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Abstract. The National Network of Environmental Radiological Surveillance of the Cuba Republic (NNERS) 
between their main functions of controlling permanently, from the radiological point of view, the environment in 
the whole national territory, monitoring, among other indicators, the environmental gamma dose rate. This 
monitoring is carried out in 18 radiological posts distributed by the whole country that gives us an idea of the 
atmospheric gamma background of a certain region.    
The influence of the natural sources scenarios in the measurement of the gamma dose rate, results in the 
variability of the measurement inside oneself region and even in distances so short as 500 meters the variation 
can be between the 30 or 40 nGy/h, for that, when we estimate the exhibition dose to which the population is 
subjected, we would introduce a great error when we take like base the gamma dose rate of the region in study.   
The study of the environmental gamma background was carried out in Havana City, using a mobile gamma dose 
rate system, with a high sensibility and a very low time of answer. The used system is able to register in real time 
the position and the gamma dose rate. The monitoring carries out from an automobile, using an interval of 
measurement of 10 seconds. The obtained results are classified by measurement ranges, and they were associated 
to different codes of colors and were showed in a map for a better interpretation and visualization of the same 
ones. Computer tools were developed for do that.  The average value of dose rate in Havana City (taking into 
account the contribution of the cosmic radiation) is 57,2 nGy/h, similar to the national historical average reported 
by the NNERS that is of 55,3 nGy/h. The municipality of higher dose rate was Cerro with 61,3 nGy/h, and that 
of lower value was San Miguel del Padrón with 53,9 nGy/h. If we discard the contribution of the cosmic 
radiation, the dose rate in air in Havana City is below 50% of the world average.  
 
KEYWORDS: Radiological Maps; Havana City; Environmental Gamma Background; Gamma 
Dose Rate, Mobile Gamma Dose Rate System. 
 
 
1. Introduction  

 
The influence of the scenarios of natural sources in the measurement of gamma dose rate, results in the 
variability of the measurement inside a same region. In distances as short as 500 meters the variation 
can be between 30 and 40 nG/h. Therefore when estimating the exposition dose to which the 
population is subjected, we would introduce a great error if we took as base the dose rate absorbed in 
air due to the gamma radiation of the region in study. 
 
As part of the monitoring program of the National Network of Environmental Radiological 
Surveillance (NNERS), it exists only one post at Havana City, of the 18 active posts distributed all 
over the country, in which this indicator is measured. This post is located outside Havana City, by this 
reason the obtained measurement are not representative for the possible studies before mentioned.  
 

Due to all the above-mentioned, and with the purpose of carrying out a study for the identification and 
characterization of scenarios of natural sources in the whole country, a study of the environmental 
gamma background in the county was began, using a mobile system of dose rate monitoring, with a 
high sensibility and a very low response time. The first obtained results are reflected in this work. 
These were classified by measurement ranges, to which were assigned different codes of colors and 
represented in a map for a better interpretation and visualization of the same ones, for this work 
computer tools were developed and used.  
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2. Development  
 
2.1 Materials and methods 
 
The utilized Mobile System for the realization of the measurations of dose rate is able to register in 
real time the position and the corresponding gamma dose rate. This system consists in:  

⇒ A measuring instrument of dose rate RNI 10R (Ragnar Nielsen AB)  
⇒ An external probe with a GM-tube of high sensibility (Ragnar Nielsen AB)  
⇒ A GPS SveeEight (Trimble)  
⇒ A datalogger  
⇒ A Battery of 12 V  

 
The system could be operated in three different modes. 
 
1. As a stand alone dose rate instrument without external probe (response time 30 s, 0.001mSv/h – 3 

Sv/h) 
 
The main use is as a normal dose rate instrument for personal safety. The GM-tube is small, so the 
instrument is not very sensitive at background levels.  
 
2. As a stand alone dose rate instrument with external probe (response time 1 s, 0.05uSv/h-1mSv/h)) 
 
Due to the high sensitivity and short response time, this mode is good when searching for lost sources, 
especially when using the sound output. 
 
3. As a mobile system with the ability of on-line registering of doserate and position 
 
This mode works as a mobile system for mapping of a contaminated area after a fallout situation. It 
can also be placed at a fixed position in a variating radiation field, i.e. in a plume passage leading to a 
registration of the dose rate versus time. It can be used in a car or an airplane or any vehicle. 
 
The system performance is monitored with sound signals. After a while, a 1s signal will be heard. That 
means that the system is running, but the GPS is not navigating yet. When the GPS starts to navigate, 
the sound is changed to a short signal. 
 
The system differentiates between mobile and static measurements, in the way that the measuring time 
will be different. If the system is standing still, after a while it will turn to static measurement mode, 
and the signals will be two short ones.  
 
2.1.1 Description of software MobileDoserateConfig 
 
This software is used to configure and monitor data from the MobileDoserateSystem, as well as to 
download data in a batch from it. It could also store the data on-line in the EmergencyDatabase, which 
could be displayed on a map with the software EmergencyDataGIS.  
 
The position data from the GPS is transformed into the proper coordinate system. 
 
2.1.2 Monitoring of on-line data from the MobileDoseRateSystem 
 
After the GM-tube has been turned on, data will be transmitted to the PC, and the doserate versus time 
plot and the position plot will be updated. 
 
• Use Reset Plot to remove data from the plots. 
 



• Use SaveAllData to save all data in the MobileDoseRateSystem to a file for later import into the 
master database. The file could then be transferred to the computer with the master database with a 
diskette, and there imported to the master database. Note: the time is taken from the GPS but the 
date from the computer, so if downloading a day different from the measuring day, adjust the 
computer clock to the correct date. 

 
• Use the option Save Data Online in Database only if you want to monitor in the data on-line in 

software EmergencyDataGIS. 
 
• Use Reset Data in Mobile System to reset the data pointer in the Mobile Dose Rate System, that 

is to loose all data in the system (data will not be lost by turning the system off). This should 
normally be done whenever you save all data. 

 
The textboxes shows the data from the system and need not be explained.  The GPS textbox shows the 
current status of the GPS. 2 means that the GPS navigates (1 or 2 short sound signals) while 1 or 0 
means that the position is old and data will not be saved in the system (but shown online). 
 
The system can store 4000 measurements. That is, for 10 sec measurements, about 10 hours of 
operation. When this limit is exceeded, no more data will be stored. 
 
The monitoring was carried out using different means of transport, using an interval of measuration of 
10 seconds and in some cases of 1 min, according to the speed of the utilized transport. 
To configure and to supervise the data of the Mobile System for measurations of dose rate, the stored 
data should be discharged in their datalogger and saved in a file text, the software 
MobileDoserateConfig was used. It was also used to keep the data obtained in real time in the 
database. 

In order to mapping the gamma dose rate in the environment, was applied the  Surfer ver 7.0 
software to create a contour map from the available data. To create the grid was collected, as 
relevant parameters, the geographical coordinates and the dose rate for each measured point. The 
geostatistical gridding method applied to obtain the contour maps was the Kigring which has proven to 
be useful to produce accurate grid. Finally, the Municipality data of the Havana City was incorporate, 
as a base map; to the obtained contour map with the purpose of provide geographical reference to the 
map. An arbitrary colour scale was assigned to fill each contour level on the map to identify, in a clear 
manner, the behaviour of the dose rate (maximum and minimum values, trend, etc).  

Havana City has an extension of 727 Km2 and it consists of 15 municipalities. In this first variant of 
the radiometric map of the capital, the data were grouped and processed by municipality. They were 
carried out 3260 measurations in 1802 points of the city, for that 306, 54 Km were traveled in a time 
of 52,3 hours. The average of places measured by municipality was of 120, 1.  
 

2.2 Results and Discussions 
 
The average value obtained of dose rate in air in Havana City due to the environmental gamma 
radiation was of 55, 5 nGy/h (σ = 19, 9 nGy/h). The world average is 55 nGy/h, not consider the value 
of the cosmic radiation and the background of the measurement equipment. Of the above-mentioned, 
we can conclude, assuming the cosmic radiation at sea level is  32 nGy/h, then  in Havana City the 
average dose in air is inferior in more than 50% to the one reported by the publications UNSCEAR 
1993 as world average, and is very similar to the national historical average reported by the NNERS. 
The uncertainty of the realized measures is 0,92 nGy/h with a confidence interval of 95%. 
 
 
 
 
 



Table 1: Mean and extreme values of absorbed dose rate in air (nGy/h) due to the gamma radiation 
measured in each one of the municipalities that conform Havana City. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The obtained map is showed in the figures 1.  

Figure 1: Map of dose rate isolines. 
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 Absorbed Dose Rate in air (nGy/h) 

# Municipality Mean value Min. value Max. value 

1 Playa 56,6 15.0 150.0 

2 Plaza 55,7 6.0 105.0 

3 Centro Habana 54,3 12.0 126.0 

4 Habana Vieja 60,4 16.0 103.0 

5 Regla 54,8 20.0 92.0 

6 Habana del Este 59,2 15.0 119.0 

7 La Lisa 54,7 19.0 117.0 

8 Marianao 59,3 11.0 173.2 

9 Cerro 61,3 24.0 111.0 

10 Diez de Octubre 58,1 12.0 105.0 

11 San Miguel del Padrón 53,9 8.0 96.0 

12 Guanabacoa 60,0 15.0 114.0 

13 Boyeros 54,9 12.0 96.0 

14 Arroyo Naranjo 59,5 11.0 123.0 

15 Cotorro 55,4 28.0 105.0 
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3. Conclusions and Recommendations  
 
1 - The measurements of the absorbed dose rate in air due to gamma radiation obtained in Havana City 
are in the range between 6 and 173,2 nGy/h.  
2 - The average value of dose rate in Havana City (taking into account the contribution of the cosmic 
radiation) is 57,2 nGy/h, similar to the national historical average reported by the NNERS that is of 
55,3 nGy/h. The municipality of higher dose rate was Cerro with 61,3 nGy/h, and that of lower value 
was San Miguel del Padrón with 53,9 nGy/h. If we discard the contribution of the cosmic radiation, 
the dose rate in air in Havana City is below 50% of the world average.  
3 - For the first time it was carried out a variant of radiometric map of absorbed dose rate in air due to 
the environmental gamma radiation in Havana City.  
4 - It should be continued carrying out the measurements and to extend the monitoring to all the 
possible points of the City and to the whole country.  
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