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Abstract. The use of phosphates for the production of fertilisers is a practice broadly diffused in the world. 
Their wide use is associated to the contribution of this material to formulation of NPK fertilisers. It is known in 
turn that phosphates have in their composition appreciable quantities of radioactive elements of natural origin. 
For this reason the use of phosphates in the composition of fertilizers can cause a radiological impact to both 
workers and public during all the phases of extraction and processing of phosphates, as well as during the 
production and application of these fertilizers. Finally the transfer of radionuclides contained in the fertilizers to 
the products of human consumption (vegetables, milk, meat) can produce an additional radiological impact on 
population. In Cuba there exist six locations of phosphoric rocks, located in the counties of Pinar del Río, 
Havana, Matanzas, Sancti-Spíritus and Holguín. From these deposits there were studied the two ones which are 
in exploitation: “La Pimienta” deposit, located in the West part of the country and “Trinidad de Guedes” deposit, 
located in the Centre-West of Cuba. Paper shows the results obtained by the Center for Radiation Protection and 
Hygiene (CPHR) in the determination of radionuclides concentrations in collected in the sites samples.  Based on 
these results and taking into account both the features of routine works carried out in the sites and the later use of 
collected mineral as fertilizer, doses to mining workers and to members of the public were estimated. Estimated 
doses are in the range 0.3 – 2.70 mSv per year for workers and in the range 1.3 – 17 µSv per year. 
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1. Introduction 
 
The use of phosphate minerals as raw material for the production of fertilizers is a practice broadly 
diffused in the world. Their wide use is associated with the phosphorus that this material contributes 
for the preparation of NPK formulas. It is known in turn that phosphate minerals can have in their 
composition appreciable quantities of radioactive elements of natural origin. By this reason the 
potential radiological impact of the use of these minerals in the elaboration of fertilizers for cultures 
that are object of human consumption constitutes a topic of study of diverse research groups. 
 
In 1963 start the geological investigations for localization of phosphoric rocks deposits in the whole 
territory of the Republic of Cuba. The conditions of the calculation of reservations for each location 
vary according to the use for which they were studied. In Cuba there are six locations of phosphoric 
rocks at the present time, studied in different grade of detail. These deposits are located in the counties 
of Pinar del Río, Havana, Matanzas, Sancti - Spíritus and Holguín. As part of the studies carried out by 
the Center for Radiation Protection and Hygiene (CPHR) to evaluate the doses due to different 
technological modifications introduced by man to natural sources of radiation, a study was carried out 
to evaluate the radiological impact of the use of Cuban phosphate minerals in the elaboration of 
fertilizers. 
 
Of the six locations of phosphoric rocks existing in the country, the location "La Pimienta", in Pinar 
del Río, was studied in a previous investigation [1]. The attention was put hence in the location 
"Trinidad de Guedes" that is the only location of the country that is in exploitation at the present time 
for obtaining phosphoric rocks for use in fertilizer production. The location "Trinidad de Guedes" is an 
open mine and occupies a small area near the village of Alacranes, in Matanzas. The extension of the 

                                                 
* Presenting author, E-mail: jtomas@cphr.edu.cu 



 

2 

location in the layer foreseen for the exploitation is of 312 m of wide and 435 of long in a varied way.  
The mine is in exploitation since 1994 and the production has reached the 4352 tons of mineral. 
 
The material obtained as a result of the extraction of the mineral after being dried and milled in a plant 
located near the deposit is sent to the fertilizers factory of Rayonitro, in the city of Matanzas. The 
fertilizer produced is used for application in field used for potato, tobacco and sugar cane cultivations. 
The mineral is also used in the preparation of mineral salts for the livestock, mixing 60 % of 
phosphoric rock, 30% of common salt, 5 % of magnesit and 5% of sodium sulphide. These salts are 
added to the drinking water of the livestock and the forage to compensate salts balance in the animals. 
These salts are used mainly in cattle farms located in the East of Havana, as well as in the counties of 
Villa Clara and Granma, but they find use in general in the whole country. 
 
2. Materials and Methods 
 
For the characterization of the phosphoric material it carried out a campaign of collection of samples 
in the place of the deposit. Samples of the phosphoric material of the deposit were collected and 
additionally samples of vegetation of the place and of sugar cane cultivated in place were collected, in 
order to see local possible impacts. Finally samples of the product obtained in the local plant 
processing the phosphoric mineral were also collected. 
  
Once classified, the samples underwent the processes of drying and incineration for preparing them for 
the measurements, according to the pre-treatment of samples procedures of the Laboratory of 
Radiological Environmental Surveillance of the CPHR. The radioactivity determinations were carried 
out for Ra-226, Th-232, K-40 and complementarily for Cs-137 that appears as a consequence of the 
radioactive global precipitations (fallout). After pre-treated, the samples were measured for 
determining the radionuclide content by high resolution gamma spectrometry using a hiperpure 
germanium detector.  
 
With evaluation purposes, using the measurements results a dosimetric estimation was made for the 
public using a simple and extremely conservative model, described below. 
 
3. Results and Discussion 
 
The results of the determinations of the concentration of the radionuclides of interest are shown in the 
table 1. From the results it can be observed that, as expected, only Ra-226 appears in significant 
concentrations, which is a characteristic of this type of geological formations and which constitutes the 
fundamental object of this investigation. In the case of the concentrations of Th-232, although the 
detection limits are high in the case of the vegetation, the values estimated in solis allow to wait not 
significant concentrations in vegetation. 
 
Table 1: Radionuclide concentrations in collected samples. 

Radionuclide concentration (Bq/kg)  Code of the 
sample Sample type 

Ra-226 Th-232 K-40 Cs-137 
71/00/EGE soil 135±9 14±3 140±14 <2.7 
72/00/EGE soil 800±50 5.8± 0.1 80±7 <3.6 
73/00/EGE soil 75±5 <2.8 27±3 <3.3 
74/00/EGE soil 92±6 <4 ND <5.0 
75/00/EGE grass 160±14 <16 <412 <13.8 
76/00/EGE sugar cane leaf <36.8 <16 <226 <15 
77/00/EGE sugar cane 

stem 
<23.9 <11 <390 <11.7 

 
In results obtained for mineral samples taken it is possible to observe that the Ra-226 concentration is 
forty times superior to the average for soils reported for Cuban soils in other studies [2]. The results 
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obtained for vegetation are as expected, starting from the values of transfer coefficients soil-vegetation 
calculated in previous works [3] for these species or similar and based on Sr-90, which has a similar 
chemical behaviour in the environment as Ra-226. 
 
 
For the estimation of the doses extreme conditions were considered that make the estimation 
extremely conservative. The concentration value considered for Ra-226 in the mineral was the 
maximum measured value. The pattern of used land was of a soil with the maximum concentration of 
Ra-226 found for the soils of non anomalous areas in Cuba (43 Bq/kg), increased in 75% by the use of 
the fertilizer, percent that is assumed of the results obtained previously [1]. The values of the transfer 
coefficients were assumed for sugar cane and potato cultures and for the milk (starting from the 
consumption by livestock of grass grown in floors with the same concentration of salts and containing 
30% of mineral). The individual doses obtained by groups of ages assuming average annual rates of 
consumption of 183 kg/year and 26 kg/year of milk respectively for children and adults, 0.025 kg/year 
of sugar cane and 50 kg/year of potato. The conversion coefficients to dose were those recommended 
by OIEA [4] for each group of ages. 
 
The dose weighted by the Cuban population's distribution was 1.3 µSv/year. The fundamental 
contribution is given by potato's consumption: 0.9 µSv/year. This value doesn't represent a significant 
contribution to the doses that the Cuban population receives by incorporation of radionuclides via 
ingestion. 
 
4. Conclusions 

 
In the frames of the present study the material coming from the country’s main mine of phosphoric 
mineral was characterized. 
 
The determinations of Ra-226 in the taken mineral samples evidence high concentrations of this 
radionuclide that potentially should be reflected in the soils fertilized with this material. The estimates 
made, even when they were carried out with a high grade of conservatism, show that the increments in 
the doses to the population due to ingestion of the products benefited with this fertilizer are not 
significant. 
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