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Abstract. Focusing on the environmental monitoring of a monazite facility located in a region which 
environmental media contain a large range of values of natural radionuclide concentration, this paper addresses the 
challenge of applying radiological protection standards to facilities when considering the heterogeneous 
radionuclides distribution in the environment. By side of the dose due immersion in its water, the conceptual 
model pointed out the lagoon water as the main route for the contamination of fish, milk and beef. However, in the
lagoon watercourse the contents of 228Ra and 226Ra vary from 0.08 to 0.36 Bq/l and 0.12 to 1.52 Bq/l, respectively; 
additionally, natural variability on the content of the main radionuclides in food ranges, e.g., from <0.002 to 0.13 
for 226Ra and 0.01 to 0.60  Bq/l for 228Ra in milk, and from 0.15 to 1.37 Bq/kg for 226Ra and 0.20 to 2.88 Bq/kg for 
228Ra in fish. To comply with an optimised dose level below a dose constraint that is lower than the dose limit for 
the public, as defined in Brazilian standards, may be a difficult task as dose sums up over several different 
exposure pathways. The total natural variability, including several environmental pathways, such as external 
exposure and ingestion of water, milk and fish, is far larger (values ranging from 0.5 to 2.7 mSv/y) than the 
increment of dose to comply with (value of 0.3 mSy/y) . 
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1. Introduction

Buena town and surrounding region on the southwest coast of Brazil is a farming area located in a 
monazite rich region. The main agricultural activities comprise crops of sugar cane, cassava and 
pineapple; dairy farming products are also produced in the region. The inhabitants of Buena village and 
vicinity rural area are living on that local for many generations and small plantations and vegetable 
gardens supply some of their foods. The inhabitants are totally dependent on pumped groundwater from 
owner wells for water supply.  

One of the characteristics of this coastal area is the presence of beach placers containing heavy minerals, 
which were formed by physical weathering of rocks and subsequent transport of resistant minerals by 
wind and wave. During such transport and sedimentation processes, the denser minerals are 
concentrated in placer deposits [1]. In consequence of this natural concentration process, heavy mineral 
sand are not homogeneously distributed in the area. And areas with low heavy mineral levels intercalate 
areas of high mineral contents. Due to the presence of monazite, this heterogeneous distribution of 
minerals will also imply in a non-homogeneous distribution of radiation level throughout the area.

The presence of heavy mineral sand in the area was the reason for the installation of a mill, which is the 
only industrial activity at the region and employs many of Buena inhabitants (Buena Unit). In the Buena 
Unit, the heavy mineral sand is split in four fractions (ilmenite, zircon, rutile and monazite) by 
hydrogravimetric and electromagnetic processing. As monazite is an orthophosphate of rare earths 
containing uranium and thorium oxides (average content in Brazilian monazite is 0.3% U3O8 and 7% 
ThO2), the Unit is considered a Naturally Occurring Radioactive Material industry (NORM industry). 
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The presence of NORM has been highlighted in many industries, such as phosphate, coal, oil, rare earth 
elements (REE), and ceramic. With the growth of public concern on radioactive issues, international 
regulations for NORM are being adopted in various levels [2,3]. Currently, safety and radiation 
protection requirements for mining, milling, and processing and storing of material containing natural 
radionuclides facilities have been established in Brazil [4].  The Brazilian Nuclear Energy Commission 
(CNEN) guide established requirements in accordance either with the levels of radioactivity or the 
resulting dose of the material processed in the industry. The higher the radioactivity level, the higher the 
severity of the requirements. The strictest case concerns material in which the specific activity of 
radionuclide concentration is higher than 500 Bq/g or the dose for the public and/or workers is higher 
than 1mSv/y over the background level. In this way the industry should be submitted to the same 
radiation protection requirements applied to a nuclear facility. 

This paper addresses the challenge of applying the requirements of radiation protection for public 
exposure to this Unit that is located in an area of high natural radiation background. 

2. Radiological aspects of Buena Unit

The radionuclide flux in the heavy minerals separation process carry out at the Unit showed the 
highest concentrations of 238U and 232Th in the monazite fraction, followed by zirconite, rutile and 
ilmenite [5] (Table 1).

Table 1. Radionuclide concentrations in raw materials, residues and end products of the Buena Unit 
(assuming secular equilibrium).

  

Hence, due to the level of radioactivity in the monazite fraction (the monazite specific activity is 
around 540 Bq/g), according to the standards the Unit should be submitted to the same requirements of 
radiation protection of a nuclear facility. Consequently, regarding the public exposure, the licensee 
must establish and carry out a monitoring programme sufficient to ensure that the requirements of the 
standards for discharges of radioactive substances and public exposure to sources of irradiation be 
satisfied and to assess such exposure; require continuous and comprehensive monitoring of both 
source and environment. The value for dose constraint for the public exposures is 0.3 mSv/y over the 
natural background.

The Unit only discharge to environment is a liquid effluent. Water used in the process is pumped from 
a local lagoon and after its utilization in the hidrogravimetric process, it is returned to the lagoon. 

Applying a dose assessment model [6] and considering the social and dietary habits of the Buena 
inhabitants together with the main use of the lagoon water (that comprises swimming, fishing and 
cattle watering) it has been pointed out that the ingestion of fish, followed by water immersion, are the 
most important pathways to the public exposure, with a contribution of 75% and 17%, respectively. 
On the other hand, milk and meat were shown to be a minor contributor to the total dose (6% and 2%, 
respectively).

Radionuclide concentration (Bq/g)Material
238U 232Th

Heavy mineral sand 0.1 0.52
Heavy mineral concentrate 2.1 7.58
Monazite fraction 7.3 44.5
Zirconite 2.3 0.5
Rutile 1.24 1.6
Ilmenite 0.13 0.62
Silica (sand) 0.01 0.04
Overflow (waste) 1.35 2.09
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To comply with dose constraint for public exposures, dose assessments are to be performed 
considering the increment of radioactive levels over the natural background. Hence, for estimating 
impacts of anthropogenic sources of radiation, a background survey has to be performed. 

3. Normal exposure to radiation of Buena inhabitants

Significant concentrations of thorium, uranium and other nuclides from their respective radioactive 
series in the standard diet of the inhabitants of the Buena region were found. The results indicated a 
high variability of concentration values in samples of the same foodstuffs, as shown in the examples 
presented in Table 2 for milk and fish, e.g.,  from <0.002 to 0.13 for 226Ra and 0.01 to 0.60  Bq/l for 
228Ra in milk, and from 0.15 to 1.37 Bq/kg for 226Ra and 0.20 to 2.88 Bq/kg for 228Ra in fish [7]. 

Table 2. Range of concentration of radionuclides in diet products of Buena population.

Product 226Ra 228Ra Unit
Milk <0.002 – 0.13 0.01 – 0.60 Bq/l
Fish 0.15 – 1.37 0.20 – 2.88 Bq/kg

Based on the radionuclide concentration and on the information get on dietary habits and food intake 
of the inhabitants, the dose distribution pattern could be assessed.  The dose due to animal products 
consumption varied from 2.1 10-5 to 1.4 10-4 Sv/y (median value of 6.3 10-5 Sv/y), whereas the 
vegetables consumption would result in doses ranging from 8.9 10-5 to 7.0 10-4 Sv/y (median value of 
3.0 10-4 Sv/y) (Table 3). Figures 1 and 2 show the distribution of doses due the ingestion of animal 
products and vegetables by Buena inhabitants.

Figure 1 and 2. Dose distribution due to ingestion of animal products (left) and vegetables (right) for 
Buena population.

        

The same pattern of distribution is found in the region for drinking water. 228Ra concentration values 
ranged from 0.02 to 1.8 Bq/l, 226Ra varied from 0.035 to 0.53 Bq/l, 210Pb ranged from 0.010 to 0.32 
Bq/l, and 238U values ranged from 3.36 10-4 to 2.87 10-2 Bq/l (2.80 10-2 to 2.39 g/l). Only three 
samples presented detectable concentration values for 232Th (3.26 10-5 Bq/l or 0.008 g/l). 

Considering an average oral intake of tap water of 2 l day-1, the annual intake due to the water 
consumption reached value up to 1100 Bq of 228Ra and 210 Bq of 226Ra for adult inhabitants of the 
most critical areas. Using the dose conversion factors recommended by IAEA [8], the annual ingestion 
dose distribution was estimated using Crystal Ball @ software [9] as varying from 5.0 10-5 Sv/y to 1.25 
10-3 Sv/y, with a median value of 3.4 10-4 Sv/y (Table 2 and Figure 3). Consequently, the total dose 
due to foodstuff and water ingestion varied from 0.16 mSv/y to 1.45 mSv/y, with a median value of 
0.66 mSv/y.

A better idea of the heterogeneous distribution of radioactivity in the area can be seen in Figure 4, that 
shows the 228Ra values of concentration in groundwater of the area surrounding the Buena unit.           



4

Figure 3. Distribution of doses from water ingestion 

                   

Figure 4. 228Ra concentration (Bq/l)  in groundwater in the area surrounding Buena unit.

The air kerma rates indoor and outdoor were measured by TLD and varied from 53 to 191 µGy/h 
outdoor, and from 58 to 256 µGy/h indoors. This resulted in an estimated outdoor external dose 
ranging from 0.25 to 0.93 mSv/y, with a median value of 0.43 mSv/y, whereas the indoor external 
dose varied between 0.07 and 0.31 mSv/y, with a median value of 0.10 mSv/y.
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Total effective dose values estimated to Buena population, due to both internal and external exposures, 
excluding radon, is shown in Table 2.

Table 2. Values of median and minimum and maximum of the dose due to ingestion and external 
exposure.

A survey performed by integrated measurements of radon in a period of three months in indoor and 
outdoor environments in Buena region, using a Solid State Nuclear Track Detectors Technique 
(SSNTD) has also found wide ranges of indoor and outdoor radon levels [9]. 

The radon gas concentration in dwellings was found to range from 27 Bq.m-3 to 400 Bq.m-3 and from 
32 Bq.m-3 to 300 Bq.m-3 in outdoor environments.  The effective dose to the members of the public
was estimated considering outdoor and indoor inhalation of 222Rn and radioactive progeny according 
to the dose assessment methodology described in UNSCEAR [11]. The median values of annual 
effective doses were derived as 2.4 mSv for indoor and 1.0 mSv for outdoor, varying from 0.7 to 10 
mSv/y indoor and from 0.2 to 1.9 mSv/y outdoor.

It is interesting to notice the natural variability of the total doses considering all the pathways together 
was estimated to be over one order of magnitude, with individual values ranging from about 1.4 up to 
15 mSv/y. 

In addition to this high natural dose variability of values it is interesting to observe that higher 
radionuclide concentrations in the water of the lagoon were found upstream instead of downstream from 
the effluent discharge point. The reason was found to be water spring with high levels of natural 
radionuclides upstream the Buena Unit [10]. 

4. Conclusion

This paper addresses the potential difficult in applying current radiological protection criteria to high 
background areas, particularly on those sites where natural variability over the area is significative, and 
about one order of magnitude higher than dose limits and constraints. 

Regarding Buena site, for example, upstream flow is not an adequate control for assessing impact from 
the mining and milling facility. Also, as large impacts are not expected from this type of facility, any 
increase on environmental levels leading to a dose increase of less than 1 mSv, as the established dose 
constraints, will be hardly detected as doses will most probably still fall within the range of local natural 
variability. Consequently, due to the huge variability on natural radionuclide concentration in the 
region, it will be impossible to define if some higher level found anywhere could be attributed to the 
operation of the installation. 

Therefore the requirement of continuous monitoring of environment may be meaningless and a waste of 
effort in this kind of situation. In this case a good practice regarding public exposure would be only the 
monitoring of the liquid discharges to environment, mainly due to public concerns. 

Pathway
Median

Sv/y
Min
Sv/y

Max
Sv/y

Vegetables 3.0 E-04 8.9 E-05 1.3 E-04
Animal products 6.3 E-05 2.1 E-05 1.4 E-04
Water 3.4 E-04 1.6 E-04 1.2 E-03
Indoor external 1.0 E-04 7.0 E-05 3.1 E-04
Outdoor external 4.3 E-04 2.5 E-04 9.3 E-04
Total 1.2 E-03 4.8 E-04 2.7 E-03
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