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ABSTRACT 

Uranium mining and processing at Lagoa Real (Bahia, Brazil) in the southwest of Bahia state started in 
the year 2000.The processing   of uranium ore for obtaining U3O8 (yellowcake) is done today in 

the processing unit of the Brazilian Nuclear Industries INB located in the area of the same municipality 

above mentioned. The production capacity is 400 tons / year of U3O8, and the reserves in this 

region are estimated at 100.000 tons of uranium without any other associated minerals, enough to supply 

the demand for nuclear power plants Angra I and II for over100 years. Since the granting of AOP 

(Permanent Operation Authorization) by CNEN (National Commission on Nuclear Energy) in the year 

2009, there were some incidents at the facility, such as: (i) solvents and liquid containing uranium 

overflow; (ii) pipes rupture, causing indiscriminate dispersion of toxic acids and other chemical agents; 

(iii) collapse of parts of the slope of the open pit. CNEN admitted in an official press release on April 1, 

2011 that "INB has no capacity to produce annual reports on environmental monitoring (unable to 

perform radiometric measurements, etc. ;). The last time a report was released happened in the year 

2008. These reports are vital to the environmental impact assessment of the facility ".  Another potential 
source of environmental and health negative impacts on the local population could be linked to radon 

emission. What are the levels of this important pollutant in the affected areas? 
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1. INTRODUCTION 

 

Currently, over 16 % of all electricity consumed on the planet comes from uranium. 

Brazil has the sixth largest uranium reserves in the world. The second largest uranium 

reserves in the country is located in Caetité – Lagoa Real region in the southwestern 

Bahia. The only active uranium mining facility in Brazil is located between the 

municipalities of Caetité and Lagoa Real, which comprise the drainage basins of the Rio 

de Contas (Contas River) and the Rio São Francisco (San Francisco River). The basic 

design of the mine was completed in 1996, and an open-pit mining project was installed 

by the Cachoeira Creek, 45 km from the municipal seat, between the districts of Caetité 

and São Timóteo. The site is geologically characterized by an average uranium content 

of 3000 ppm. The mining activities were initiated in March 2000, and the Caetité-Lagoa 

Real Uraniferous District is the actual sole provider to supply the domestic nuclear fuel 

needs. The production projection forecasts any volume ranging from 400 to 800 tons of 

ammonium diuranate (DUA or yellow cake). In fact, the production number is larger 

than the programmed volume for covering the domestic nuclear fuel needs.  The 

production surplus would go exported. According to projections by Nuclear Industries 

of Brazil INB [1], Brazilian geological reserves of uranium amount to 309 thousand 

tons. It represents 5.5% of the world´s known reserves [2]. In addition, Brazil is taking 

great strides towards completely dominating the technology of the production cycle of 

nuclear fuel. Brazil recently became part of the group of countries who dominate 

isotopic ultracentrifuge enrichment process of uranium.  

The municipalities of Caetité (approximately 47,000 inhabitants) and Lagoa Real 

(approximately 14,000 inhabitants), located over 760 km from Salvador, Bahia's capital, 

living under the influence of the only mining industrial complex of extraction and 

processing of uranium activity in the country. Lagoa Real is an important mining center 

in the state of Bahia, in which apart from uranium. It is also rich in other minerals 

resources (quartz, amethyst and manganese). There is also a promising deposit of iron 

ore.  

Uranium mining activities can cause environmental negative impacts like: 

a) Air pollution by hazardous particulate materials (dust) resulting from the movement 

of soil and rocks blasting;  

b) Release of radionuclide rich dust in the atmosphere during the processes of crushing 

and grinding of soils and rocks; 

c) Water resources pollution as a result of release of radionuclides and other pollutants  

inherent to the extraction and processing of uranium ore activities; 

d)  Emanations  of naturally generated radioactive dust from stored waste deposited in 

the waste storage ponds and emanations of radon gas, (an inert gas that is an 

important pollutant), the son of uranium from the basins of the storage of waste 

associated with this activity; 

e) Erosion and deposition of solid sediments that cause siltation of lakes and streams;  

f) Contamination of groundwater sources, with deterioration of its properties; 
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g) Infeasibility of use of waters from Córrego (stream) do Engenho as a consequence 

of the installation of a tailings dam (a source of contamination) [3]. 

 The dust is airborne circulated by the movement of air masses, in consequence of 

gradients of atmospheric pressure (winds and weather related occurrences) and will 

certainly result deposited on the vegetation of the surrounding areas.  

However, water can also be contaminated by means of natural dispersal of uranium and 

its decay products, such as thorium, radium and lead in ground water, streams and alike 

[4]. The risks of using waste from mining activities in civil engineering, homes and 

landfill sites should be monitored [5].  So, the question in the center of all the debates 

and polemics is: 

Do uranium mining and processing activities cause 

environmental contamination in the area around 

the uranium mining in Caetité –BA? 

  

2. URANIUM ORE MINING AND PRIMARY 

PROCESSING CYCLE  

 

The Uranipherous district of Lagoa Real and its 

Uranium Concentrate Unit (URA) are both located in 

the Center-South of Bahia. It covers an area of 

1,190 km
2
 being limited by the geographical 

coordinates 42°07'30 "- 42°22'30"W and13°45'00 "-

 14°07'03"S. There are 34 geological deposits  

distributed along a north – south belt   

approximately 350 km
2
 wide. This mineralized belt is fully comprised by the area 

bounded by the geographical coordinates 42°13'10 "- 42°18 '40" W and 13°49'02 "-

14°07 '00"S [6].  

As with whatever types of hard rock mining there are several methods of ore extraction. 

The main methods of mining are box cut mining, open pit mining and In-situ 

leaching (ISL). As uranium ore is mostly present at relatively low concentrations, most 

uranium mining is very volume-intensive, and thus tends to be undertaken as open-pit 

mining. In Caetité´s INB uranium mining facilities, reportedly, open-pit mining is the 

ore extraction process in use. In open pit mining, overburden is removed by drilling and 

blasting to expose the ore body, which is then mined by blasting and excavation using 

loaders and dump trucks. Workers (supposedly) spend much time in enclosed cabins 

thus limiting exposure to radiation. Water (supposedly) is extensively used to suppress 

airborne dust levels [7]. 

Uranium mining is undertaken in only a small number of countries of the world, partly 

because sufficiently high uranium concentrations to motivate mining at current prices 

are rare. The worldwide production of uranium in 2009 amounted to 50,572 tones, of 

which 27% was mined in Kazakhstan. Kazakhstan, Canada, and Australia are the top 

three producers and together account for 63% of world uranium production. Other 

important uranium producing countries in excess of 1000 tons per year are Namibia, 

Russia, Niger, Uzbekistan, and the United States [7].  

Figure 1. Caetité location in 

Bahia State 
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In Caetité the ore separation method in use is the heap leaching type.  Heap leaching is a 

process by which chemicals (usually sulfuric acid) are used to extract the economic 

element from the ore. If there are no other economic elements within the ore a mine 

might choose to extract the Uranium using a leaching agent, usually a low molar 

sulfuric acid [1].  

If the economic and geological conditions are right, the mining company will level large 

areas of land with a small gradient, layering it with thick plastic, sometimes with clay, 

silt or sand beneath the plastic liner. The extracted ore will typically be run through a 

crusher and placed in heaps atop the plastic. The leaching agent will then be sprayed on 

the ore for 30–90 days. As the leaching agent filters through the heap the Uranium will 

break its bonds with the oxide rock and enter the solution. In Caetité the ore is crushed 

according to a three stages process, reaching a particle size lesser than 3 / 4 inches. Then 

it is subjected to a leaching acid into cells. The average recovery of the Uranipherous 

content is around 75%, with a consumption of sulfuric acid of about 33 kg per tone of 

ore [1].      

The Uranium concentrations within the solution are very important for the efficient 

separation of pure uranium from the acid. As different heaps will yield different 

concentrations the solution is pumped to a mixing plant that is carefully monitored. The 

properly balanced solution is then pumped into a processing plant where the Uranium is 

separated from the sulfuric acid [7]. 

Heap leach is significantly cheaper than traditional milling processes. The low costs 

allow for lower grade ore to be economically feasible (given that it is the right type of 

ore body). Environmental law requires that the surrounding ground water is continually 

monitored for possible contamination. The mine will also have to have continued 

monitoring even after the shutdown of the mine. In the past mining companies would 

sometimes go bankrupt, leaving the responsibility of mine reclamation to the public 

atuthorities. Recent additions to the mining law require that companies set aside the 

money for reclamation before the beginning of the project [7].  

As of 2008, known uranium ore resources that can be 

mined at about current costs are estimated to be 

sufficient to produce fuel for about a century, based on 

current consumption rates. The milling process 

commonly yields dry powder-form material consisting 

of natural uranium, ("yellowcake") which is sold on the 

Uranium market as (Tri) Uranium (octa) oxide U3O8 

[7].   

 

3. AN OVERVEW OF THE RADIONUCLIDES 

ASSOCIATED WITH URANIUM MINING: 

THE ROLE PLAYED BY RADON 

 

Although it was not known at the time, the evidence implicating Radon with the risk of 

lung cancer dates back over 500 years. In the late 1400s it was noted that workers in the 

area of the Erz Mountains in Eastern Europe, on the boundary between Germany and 

the Czech Republic, who were engaged in mining for minerals containing precious 

Figure 2. Open-pit mining  

site in Caetité, BA 
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metals including uranium, commonly succumbed to lung rotting disease. Indeed the 

disease was so lethal that some local women were repeatedly widowed and were 

reported to have had up to seven husbands in their own lifetime. It since became clear 

that the disease in question was lung cancer and that its cause in the miners was the very 

high level of radon in the underground mines. 

Beginning in the 1920s it became clear that uranium miners in several continents were 

at increased risk of lung cancer from the levels of Radon they inhaled underground. In 

some cases half the number of such miners died of lung cancer. It was also realized that 

the important radiation dose to the lung was not predominantly from Radon 222 (
222

Rn) 

itself, rather from two of its alpha-radioactive short-lived decay products, Polonium 218 

(
218

Po), and Polonium 214 (
214

Po) [8]. 

 At early 60´s homes showing high levels of radon were discovered. These high levels 

of radon were due to the use of building materials contaminated by radioactive 

elements such as the manufacture of tiles containing uranium and vanadium, concrete 

with high content of uranium, or  had its walls coated with contaminated plaster [5].  

Radium 226 (
226

Ra), which has long half-life (1600 years), is one of the distinguished 

descendants among the radionuclides in the decay series of Uranium 238 (
238

U). Ra 226 

gives birth to Radon 222 (
222

Rn) as a direct result of emission of alpha particles (a 

process also called alpha emission). Radon 222 has a half-life of 3.82 days and, in its 

turn, gives birth to a progeny in which some of the distinguished daughters are 

Polonium 218 (
218

Po), Lead 214(
214

Pb), Bismuth 214 (
214

Bi) and Lead 212 (
214

Pb), all 

with very short half-lives. These elements are present in the water (dissolved) due to its 

interaction with soil and stones. Their presences are used to indicate the geological 

characteristics of aquifers. Concentrations of Uranium 238 and its descendants Radium 

226 and Radon 222 radon are indicators of the physical nature of the aquifer and are 

also indicators of the geological uranium content. Radon is an inert gas, odorless and 

tasteless which is always present in all groundwater originating from natural sources as 

a consequence of the decay of Radium that can be contained in water, rock and / or 

soil. Radon is a gas that has a good solubility in water and organic compounds [9]. 

Let us put Radon in its highly distinguished position: Radon gas is ubiquitous and is 

responsible for the majority of the public 

exposure to ionizing radiation.  

It is often the single largest contributor to an 

individual's background radiation dose, and its 

presence level varies largely from location to 

location. Radon gas from natural sources can 

accumulate in buildings, especially in confined 

areas such as attics, and basements. It can also 

be found in some spring waters and hot springs.  

Epidemiological studies show a clear link 

between breathing high concentrations of radon 

and incidence of lung cancer. Thus, radon is 

considered a significant contaminant that 

affects indoor air quality worldwide. According 

to the United States Environmental Protection Agency (EPA), Radon is the second most 

frequent cause of lung cancer, after cigarette smoking, causing 21,000 lung cancer 

deaths per year in the United States [10]. 

Figure 3. Radon is the larger 

contributor to individual 

background radiation dose. 
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In the Northern Hemisphere where the winters tend to be strict, the houses are covered 

with thermal insulation as part of the technical processes intended to boost the adiabatic 

characteristics of buildings and houses. These thermal insulations, however contribute 

to the transformation of the dwelling´s indoors in actual radon gas accumulators.  

 

 

Figure 4. Radon comes from the ground and enters homes through cracks and 

faults  

The EPA also concludes that the effects of radon and smoking are synergistic. So 

smokers are subject to greater risks [11].   

Any home can have a radon problem. This means new and old homes, well-sealed and 

drafty homes, and homes with or without basements. In fact, you and your family are 

most likely to get your greatest radiation exposure at home. That is where you spend 

most of your time. Nearly 1 out of every 15 homes in the United States is estimated to 

have an elevated radon level [9]. On the other hand (and this can affect us directly), the 

intake of ground water with high levels of radio and / or radon is also harmful to the 

health of other major organs of the human body. Studies suggest that chronic ingestion 

of Radon and Radium will result in an increase in the number of bone cancers, head and 

stomach and even lung cancer. Radon has a considerably great ionizing power. Once 

introduced into the human body either by inhalation or ingestion once inside the body it 

will decay and the process will be followed by emission of alpha particles that 

accumulate in tissues to a greater or lesser rate (depending on the affinity factor / 

accumulation associated with the type of tissue) causing major damage especially to the 

lung tissue.   According to the Environmental Protection Agency (EPA), the average 

acceptable concentration of Radon gas in outdoors environment shall be kept at 

0.4 ~1.3 pCi/L. 

Indoor environment (dwellings, warehouses, buildings, etc. :) concentrations of Radon 

must be kept at  

~ 4.0 pCi/L. 
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However, it is recommended to keep the indoor level actually below  

2.0 pCi/L 

 

The maximum concentration of  Radium and Radon in groundwater permitted for 

human consumption is 

 

0.11 Bq / L for Ra226, 11.11 Bq /L for Rn222    

(1 Ci = 3.7×10
10

Bq) 

[6]. 

 

Compounds of uranium molecules are particularly resistant to chemical and 

biochemical degradations and have long life in soil, sediments and water. However, this 

affirmation does not apply to the associate radionuclides present in the uranium ore. To 

these elements the degradations are effective in producing progenies whose half-

life range from short to very short. These are the elements that cause 

great environmental impact, and can generate chronic effects to the biota and to the 

humans. Uranium is a radioactive heavy metal. When uranium is extracted from 

nature and converted to carbon dioxide or other forms, the residue of the chemical and 

mineralogical processes also contains small amounts of uranium and other naturally 

radioactive waste such as thorium for example [12].   

 

4. BRIEF HISTORY OF RECENT NEGATIVE IMPACTS 

 

Despite the urban population settlements are located in "safe distance" area off the 

influence of INB (Brazilian Nuclear Industries) Uranium Concentration Area (URA) 

and do not share the water used in the project area, damage has already occurred to the 

environment due to various events involving leakages of radioactive liquor like: 

i) April 2000: reports of leakage of 5,000 m
3
 of uranium oxide; 

ii) April 2002:reports of a second leak in the area #170; 

iii) During the period of time: January to June 2004, there were seven reports of 

liquid storage basin overflow that resulted in releasing of liquid concentrate 

containing  
238

U (Uranium 238), 
232

Th (Thorium 232) and 
226

Ra (Radium 

226) to the environment; 

iv)  In 2006: reports of a rip in one of storage basins protection blankets and 

consequent leak of uranium compounds rich liquids; 

v)  In June 2008 there were reports of leaking from tanks related to uranium 

leaching processes [4]. 

According to an article by journalist Zoraide Vilasboas [13], several social 

movement groups and organizations in the region “…require the immediate 

suspension of all activities of the URA / Caetité, "... because it violates 

environmental constraints and operates illegally… until the safety of workers, 
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population and environment is guaranteed in accordance with due safeguards 

...". Consider "... the evidence of flaws and contradictions in the inspections held by 

Brazilian Institute for the Environment (IBAMA) inspection and Water 

Management Institute of Bahia (INGA) did, on 11/18/2009, in industrial-mining 

complex called URA / Caetité …” 

In October 2008 Greenpeace made public a document entitled "Cycles of danger - 

Impacts of nuclear fuel production in Brazil," [4] which generated a lot of 

controversy, and concern over socio-economic damage to the local population of 

Caetité. The findings of the survey commissioned by Greenpeace, however, does 

not fully answer the main question raised at the “introduction” of this paper: 

Do uranium mining and processing activities cause environmental contamination in 

the area around the uranium mining in Caetité –BA? 

Also according to that report the uraniferous nature of the minerals that occur in the area 

can trigger the contamination as a result of mobilization of natural radionuclides present 

in rocks. In any case, it indicates a significant potential of exposure of the local 

population to high levels of radionuclides, suggesting the implementation of programs 

towards monitoring environmental and human health impacts so to elucidate the 

radiological hazards resulting from mining operations. The report also highlights 

allegedly remarks of Congressman Edson Duarte at a Public Hearing held on November 

7, 2008 in Caetité. He stressed that “…it is weird that such an important matter will be 

treated in the country for only a few minds…” and among other aspects, he raises the 

“need of separation between those who promote nuclear activity and those who will be 

in charge of control and supervise…” and that Comissão Nacional de Energia Nuclear 

National Commission on Nuclear Energy (CNEN) shall not "monitor itself." 

In order to inspect the region following a request from Greenpeace, the Water 

Management Institute of Bahia (INGÁ) collected samples of seven (7) wells that were 

considered by Program staff monitors. One of them showed uranium contamination 

above the minimum allowed by National Commission on the Environment CONAMA 

Resolution 357/05 

0.02 mg / L for freshwater and 0.5 mg / L for saline waters 

However, based on such preliminary results of the tests one cannot decide whether the 

contamination was caused by mining activities of INB or due to presence of uranium in 

the soil of the region. The radioactivity in the water can come from natural 

contamination triggered by the local geological condition. In this context the INGÁ 

proposes to conduct evaluation studies on the groundwater flow from a geological 

mapping of the region and follow up of the wells therein. Among the necessary 

preparatory steps in the evaluation studies one o f the most important is identifying the 

type of use given by the local population to water to perform data crossing with water 

use of INB. The existence of uranium in water is in itself sufficient grounds for the 

procedure of identification of all risks and proceed an accurate assessment of water 

quality. According to INGÁ all wells will be continuously monitored by the State 

Government to better characterize water quality [14]. 

In a previously published work by Mineral Resources Research Company CPRM [15] 

the author emphasizes that, in Lagoa Real, the risk of groundwater contamination is 

more extensive than one can associate the problems of the mine's uranium Waterfall, 
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since the renewal of water in the aquifer, which is largely fissure, it is difficult to slow 

recovery of its features. This study spotted eight groundwater wells polluted by 

uranium. The risk of contamination by radiation was defined by the probability on the 

evolution of the levels of contamination of wells, reaching values above the 

recommended standards of quality for human consumption (0.02 mg / L, approximately 

20 ppb). 

According to Oliveira , the evolution of risk from “serious threat” of “contamination” 

depends on the mobility of uranium from solutions, the formation of uranila. Of the 

thirty-two (32) wells that were analyzed in the study, eight (8) had values above the 

acceptable concentration of uranium. Four (4) of them were located off the areas under 

the influence of mineralization sites. Restrictions on the use of such water supply were 

then imposed. According to Companhia de Pesquisas de Recursos Minerais (Mineral 

Resources Research Company) CPRM the contaminated wells are located at: 

i) Cachoeira Creek Mining area (4);  

ii) Muquila Farm area (1well); 

iii) São Timóteo town (1); 

iv) Juazeiro Farm area, near Caetité and Lagoa Real (2);  

[15].  

All of the contaminated wells but one is located within the region of influence of 

mining-industrial area. The only one located off the area is the one located at Muquila 

Farm. 

Oliveira still argues that the exclusive dependence of the local population and INB 

mining complex on the groundwater leads to potential conflicts of use and can 

ultimately lead to a shortage of water. The situation is aggravated by the cases 

of groundwater contamination. In addition, the study warns that despite 

the demands related to water resources are currently under a satisfactory control, the 

situation can be reversed in cases of exhaustion of wells on some sites. 

According to Fernando Lamego, research team leader of the Environmental Impact 

Assessment Services from Institute of Radioprotection and Dosimetry (IRD - CNEM), 

a survey and a monitoring program were conducted in order to access the alleged 

contamination and the results obtained did not indicate any tendency 

towards aquifer contamination as results of the mining activities [16]. 

 

5. URANIUM AND HEALTH NEGATIVE IMPACTS IN THE AREA 

 

A survey by the State University of Santa Cruz revealed that in Caetité, the 

average incorporation of radionuclides is 52.3 ppb. If this results is termed in 

comparison with some other indices it will be noticed that it is:   

a) One hundred (100) times larger than the world average; 

b) Approximately twice (2) as large as that of Lagoa Real; 

c) Equal to the average indices at Igaporã; 
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d) Twenty-five (25) times larger than the region of comparison, the Guarapiranga 

reservoir area (SP). 

[12]. 

 The study looked at sets of teeth as bioindicators considering that the concentration 

of uranium in teeth is similar to that occurring in the skeleton (the human skeleton is 

a "good" metal retainer). The study concluded that the populations of the 

Caetité region  are subject to higher radiobiological risks (which can cause serious 

health problems) than populations inhabiting other parts of Brazil and the world, .They 

also observed that after the skeleton, the greatest accumulation of uranium occurs in the 

kidneys, saturating these organs as early as at ages around 10 years.  Therefore, besides 

the radiobiological risks, the inhabitants of Caetité would also be 

subject to toxicological effects in the kidneys [12].  

The consequences of nuclear radiation on human health are diverse and depend on the 

received dose, the irradiation time, and the body's affected systems and organs. The 

higher the absorbed dose, the greater the damage caused by radiation. There is no 

radiation dose so small whatsoever that it can be ensured no adverse effects on human 

organism will outcome. Exposure to very high doses of radiation can cause failure of 

the central nervous system and gastrointestinal syndrome followed by death within 

hours or days. There are effects, however, that appear after years or decades, like cancer 

for example. However, these late effects such as cancer are more difficult to be 

correlated to radiation because they can easily be related to other developing variables, 

such as aging, for example. The effects of exposure to radiation can also be hereditary 

and teratogenic. Radioactivity is a natural phenomenon that occurs in and above the 

earth, and it allegedly contributed to the evolution of species by natural selection, since 

it can induce small genetic mutations in organisms over time. 

The effect of ionizing radiation in an individual depends largely on the following 

factors:  

a) Absorbed dose (high/low); 

b) Rate of exposure (chronic/acute); 

c) Nature  of exposure (whole body/spot)i; 

Any absorbed dose (including doses from natural radiation) can induce cancer. The 

greater the dose rates and the corresponding absorbed doses, the greater the likelihood 

of damage, a precursor to cancer mutations and cell death. Cell damage can be repaired. 

However, a number of mutations can lead to failures in the cell repair mechanisms [17].  

A series of questions gains relevance in the face of the total number of destroyed cells. 

The occurrence of cell death is a very important sign, being more significant in 

individuals with younger age, i.e. individuals in early stages of development (embryo, 

fetus and child) and older ones (with weakened immune system), than in adults at active 

adult age in general. The gender of the irradiated individual must also be considered due 

to reproductive cells in women are formed at a rather early age and thus, irradiation in 

women can be a lot more significant. 

Radiation dose is measured in Rad or Gy (1Gy = 100 Rad). However, the most often 

reported two units that have been mentioned in the media are Sievert (Sv) and Rem (1 

Sv = 100 Rem). These are defined as dose equivalent, which accounts for the different 
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effects each type of radiation have on the body. The “Sievert” and the “Rem” are units 

used by regulatory authorities to control radiation release and exposure [18]. 

The unit used to refer to absorbed doses is the Gray (Gy).The average dose of absorbed 

natural radiation by the world population is 2.6 mGy per year (NOUAILHETAS,Y, 

2009) [4]. Both Gray (Gy) and Sievert (Sv) are equal to 1 (one) joule per kilogram 

(J.kg
-1

). Most of the modern days texts refer to dose equivalent expressed in Sievert 

(Sv) as 1(one) Sv equals 1(one) Gy. [See CIPM Recommendation 2 (CI-2002) on the 

use of the Sievert] 

The table below lists the different amount of radiation you can get from your normal 

activities. 

Source 

of Radiation 

Dose in 

millirem 

(mrem) 

Dose in 

milliSv 

(mSv)  

Background 

(average in U.S.) 

~360 (1 yr)  

 

~3.6 (1 yr)  

 

Chest 

X - ray 

~8 (per X-ray) ~0.08 (per X-

ray) 

CT 

scan of abdomen 

~800 (per CT) ~8 (per CT) 

A 

cross country flight 

in the U.S. 

2-5 

 

0.02 – 0.05 

 

Regulatory 

limit for radiation 

workers 

5000 (1 yr) 50 (1 yr) 

Table 1. Amounts of absorbed radiation one gets while from normal activities [18]. 

Underground uranium miners are exposed to the highest levels of Radon and its decay 

products. Other underground workers and certain mineral processing workers may also 

be exposed to significant levels (Radon facts 2011). It is important to note that the 

health effects of radiation exposure vary for different doses:    

 An acute dose (received in a few days) above 250-400 Rem (2.5 – 4.0 Sv) is considered 

to be lethal for at least half of the population exposed. Not much is known about doses 

between 50 Rem and 250 Rem (500 mSv and 2500 mSv), but the exposed person will 

experience acute radiation sickness. The symptoms of such exposure can include 

nausea, vomiting, diarrhea, burns, and hair loss, but may or may not lead to near term 

death. Below this level, no acute symptoms have been observed. For radiation exposure 

of less than 50 Rem there is the potential for delayed effects such as non-specific life 

shortening, genetic effects, fetal effects, and cancer, but little is known about the long 

term consequences of exposures in this range. For doses less than 25 Rem there are not 

enough data to determine if such an exposure can cause any long-term effects on human 

health at all [18].  

 

6. ENVIRONMENTAL NEGATIVE IMPACTS 

 

http://www.bipm.org/en/CIPM/db/2002/2/
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INB is not the only state (or state sponsored) agency to disrespect environmental 

legislation in Bahia. It has become a general trend. In Caetité, state and municipal 

executive authorities simply skip the content of Article # 214 of the Constitution of 

Bahia that requires the Executive Authorities of the State and Municipalities, "...  II -

 ensure community has broad access to information concerning sources and causes of 

environmental pollution and degradation… keep the population systematically informed 

about environmental quality, pollution levels and the presence of potentially harmful to 

health  substances in food, water, air and soil …and the risk of accidents;  IV – 

…previous to the installation of whatever facilities or activities which may cause 

significant environmental impact, an Environmental Impact Study shall be thoroughly 

implemented and its results shall be made public…"[19]. 

 

 

7. CONCLUSIONS 

 

To answer the question posed in this paper, a criterious program towards monitoring 

environmental and human health impacts due to the radiogical indices of the region 

shall be implemented. One cannot skip the uraniferous nature of the minerals that occur 

in the region can alone trigger contamination as consequence of natural mobilization of 

radionuclides associated with rocks and soil.  Assessing pre-mining radiological data 

will play a decisive role towards elucidating actual contribution by INB uranium 

mining-industrial complex to the negative environmental impacts on the region of 

Caetité and Lagoa Real´s areas under its influence. 

The establishment of such program has been compromised in an agreement between 

INB and the Ministry of Environment´s IBAMA: The conditions #2.8(implementation 

of hydrological tests) and # 2.12(monitoring the health of workers and surrounding 

population) should be fully implemented in connection with issuing the Operating 

License No. 274/2002. The condition # 2.12 content stipulates the company shall 

comply with:  

"Issue periodic reports containing data, considerations and conclusions from with 

monitoring activities and comparisons between previous and present findings, 

considering endemics and epidemics, due to the possible emergence of new diseases due 

to immigration and also  monitor pathologies related to genetic damage and pre-

existing tumors in a radius of 20 km from the URA. It is suggested that the 

´Project´ works in partnership with the the agencies in charge Health and related 

subjects: Department of Health of Caetité and  14
th
 Regional Health Board ”. 

In our vision the following actions: would properly translate the condition #2.12 to 

reality: 

 Development of Epidemiological, toxicological and radiological surveillance 

to identify cancer and other ionizing radiation induced diseases as well; 

  Collecting and providing epidemiological data to the municipalities; 

 Encourage participation of municipalities in critical analysis of the data and 

conclusions of the work; 
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 Consider the possibility establishing a partnering with the Family Health Program 

(Programa de Saúde da Família) in Lagoa Real and Caetité, with emphasis 

on cancer prevention; 

[20].   

 

ACKNOWLEDMENTS 

 

This work was conducted under Applied Nuclear Physics Laboratory (Laboratório de 

Física Nuclear Aplicada) LFNA of Federal University of Bahia (Universidade Federal 

da Bahia – UFBA support in the years 2007 ~ 2009.   

We thank the LFNA staff for administrative support, particularly Professor Antonio 

Expedito Azevedo, PhD; Prof. Dr. Alexandre Barreto Costa (Head of LFNA). We also 

thank Professor Dr. Paulo Geovane Pena, Coordinator of the PPGSAT and Prof. Dr. 

Fernando M. Carvalho (PPGSAT) for his extensive assistance during the preparation of 

the final text. 

 

REFERENCES 

  

1. E. C. Matos & L. A. Rubini. “Reservas Brasileiras de Urânio e sua Capacidade 

de Atendimento à Demanda Interna”. In: Anais do VII CGEN - Belo Horizonte - 

MG, Brasil, ABEN (1999). 

2. E. C. Matos & L. A. Rubini. “Província Uranífera de Lagoa Real – Garantia de 

fornecimento de Concentrado de Urânio (DUA) para as necessidades 

brasileiras”. Revista de Geologia, Vol. 16, nº 2, pp. 111-120 (2003).  

3. Z. Vilasboas.  “Mineração do urânio em Caetité / BA: os custos socioambientais 

da energia nuclear”. 

http://www.justicaambiental.org.br/_justicaambiental/pagina.php?id=2194 

(2009). 

4. Greenpeace. “Ciclo do Perigo  Impactos da produção de combustível nuclear no 

Brasil. Denúncia: contaminação da água por urânio em Caetité, Bahia” . 

http://www.greenpeace.org/brasil/Global/brasil/report/2008/10/ciclo-do-

perigo.pdf (2008).  

5. G. S. Araújo. “Estudo dos níveis de emanação do 
222

Rn de alguns materiais de 

construção civil e áreas públicas”. Dissertação de Mestrado. Programa de 

Engenharia Nuclear da Universidade Federal do Rio de Janeiro COPPE/UFRJ  

(2003). 

http://www.con.ufrj.br/MSc%20Dissertacoes/Geovane/ESTUDO%20DOS%20

N%D6VEIS%20DE%20EMANA%80%C7O%20DO%20222Rn%20DE%20AL

GUNS%20MATERIAIS%20.pdf 

6. A. B. Costa. “Radioatividade Alfa e Radiocarbono em Águas Subterrâneas no 

Estado da Bahia”. Dissertação de Mestrado. Curso de Pós-Graduação em 

Geologia e Geofísica, Universidade Federal da Bahia, Salvador (2001).  

[PDF] DESENVOLVIMENTO DE METODOLOGIA ANALÍTICA DO 

222Rn COMO TRAÇADOR DE ... 

http://www.justicaambiental.org.br/_justicaambiental/pagina.php?id=2194
http://www.greenpeace.org/brasil/Global/brasil/report/2008/10/ciclo-do-perigo.pdf
http://www.greenpeace.org/brasil/Global/brasil/report/2008/10/ciclo-do-perigo.pdf
http://www.con.ufrj.br/MSc%20Dissertacoes/Geovane/ESTUDO%20DOS%20N%D6VEIS%20DE%20EMANA%80%C7O%20DO%20222Rn%20DE%20ALGUNS%20MATERIAIS%20.pdf
http://www.con.ufrj.br/MSc%20Dissertacoes/Geovane/ESTUDO%20DOS%20N%D6VEIS%20DE%20EMANA%80%C7O%20DO%20222Rn%20DE%20ALGUNS%20MATERIAIS%20.pdf
http://www.con.ufrj.br/MSc%20Dissertacoes/Geovane/ESTUDO%20DOS%20N%D6VEIS%20DE%20EMANA%80%C7O%20DO%20222Rn%20DE%20ALGUNS%20MATERIAIS%20.pdf
http://www.google.com.br/url?sa=t&source=web&cd=3&sqi=2&ved=0CCcQFjAC&url=http%3A%2F%2Fwww.cipedya.com%2Fweb%2FFileDownload.aspx%3FIDFile%3D152491&rct=j&q=Costa%2C%20A.%20B.%20Radioatividade%20Alfa%20e%20Radiocarbono&ei=srktTuzFHKfa0QGXss3kDg&usg=AFQjCNGFZa4AJdWhQWI8sWQNH5_hzPKgzQ&sig2=oDPCotvep8uxWSkVW0Yb0A
http://www.google.com.br/url?sa=t&source=web&cd=3&sqi=2&ved=0CCcQFjAC&url=http%3A%2F%2Fwww.cipedya.com%2Fweb%2FFileDownload.aspx%3FIDFile%3D152491&rct=j&q=Costa%2C%20A.%20B.%20Radioatividade%20Alfa%20e%20Radiocarbono&ei=srktTuzFHKfa0QGXss3kDg&usg=AFQjCNGFZa4AJdWhQWI8sWQNH5_hzPKgzQ&sig2=oDPCotvep8uxWSkVW0Yb0A


14 
 

7. Uranium mining   http://en.wikipedia.org/wiki/Uranium_mining (2011). 

8. Radosource Radon and lung cancer radon and childhood leukemia 

http://www.radosure.com/RadonHealthEffects/Radon_and_lung_cancer.html 

9. Radon facts http://www.radon.com/radon facts.html (2011). 

10. Environmental Protection Agency (EPA) Health Risks   

http://www.epa.gov/radon/healthrisks.html  (2011).  

11. United States Environmental Protection Agency Assessment of Risks from 

Radon in Homes http://www.radonsystems4u.com/health_issues.html (2011). 

12. G. R. Prado. “Estudo de Contaminação Ambiental por Urânio no Município de 

Caetité-Ba, Utilizando Dentes Humanos como Bioindicadores. Dissertação de 

Mestrado. Universidade Estadual de Santa Cruz – UESC (2007). 

http://www.uesc.br/cursos/pos_graduacao/mestrado/mdrma/teses/dissertacao_ge

orgia.pdf  

13. Z. Vilasboas (em colaboração com HC) Publicado em novembro 27, 2009 por 

HC.  ( http://www.ecodebate.com.br/2009/11/27/vazamento-de-solvente-

organico-com-uranio-em-caetite-ba-inga-confirma-mas-nao-revela-detalhes-da-

contaminacao/ ) (2009).  

14. Núcleo de notícias.  “Urânio: Análises indicam contaminação de poços em 

Caetité”  http://www.nucleodenoticias.com.br/2008/11/05/uranio-analises-

indicam-contaminacao-de-poco-em-caetite/ (2008).  

15. J. E. Oliveira. “Avaliação dos recursos hídricos visando à saúde humana e 

agricultura na província uranífera lagoa real, região centro-oeste do estado da 

Bahia – Lagoa Real”  http://www.cprm.gov.br/publique/media/Painel28.pdf  

16. F. Lamego. “Da denúncia aos fatos: Esclarecimentos sobre os resultados de 

análises de radionuclídeos em águas subterrâneas de Caetité”, artigo de Jornal 

da Ciência,  Quarta-Feira, 23 de outubro de 2008 

http://www.jornaldaciencia.org.br/Detalhe.jsp?id=59474   (2011).  

17. Y. Nouailhetas. “Apostila Educativa Radiação e a Vida” Comissão Nacional de 

Energia Nuclear (CNEN). www.cnen.gov.br (2011).  

18. MIT Nuclear Information HUB  “Nuclear Science and Engineering  at MIT 

http://mitnse.com/page/3/ (2011).  

19. “Constituição do Estado da Bahia promulgada em 05 de outubro de 1989 

Atualizada até a Emenda Constitucional”, n
o
 11 de 28 de junho de 2005 

http://www.aduneb.com.br/uploads/news/anexos/00000048_20100608094958_

Constituicao%20Estadual%20atualizada1989.pdf  (2011).  

20. Secretaria de Saúde do Estado da Bahia. “Informações Referentes aos Problemas 

Sanitários dos Municípios de Caetité a Lagoa Real” ,p-5 Salvador, Dezembro de 

2009 (2009) [PDF] Informações Referentes aos Problemas Sanitários dos 

Municípios de ... 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Uranium_mining
http://www.radosure.com/RadonHealthEffects/Radon_and_lung_cancer.html
http://www.radon.com/radon%20facts.html
http://www.epa.gov/radon/healthrisks.html
http://www.radonsystems4u.com/health_issues.html
http://www.uesc.br/cursos/pos_graduacao/mestrado/mdrma/teses/dissertacao_georgia.pdf
http://www.uesc.br/cursos/pos_graduacao/mestrado/mdrma/teses/dissertacao_georgia.pdf
http://www.ecodebate.com.br/author/admin/
http://www.ecodebate.com.br/2009/11/27/vazamento-de-solvente-organico-com-uranio-em-caetite-ba-inga-confirma-mas-nao-revela-detalhes-da-contaminacao/
http://www.ecodebate.com.br/2009/11/27/vazamento-de-solvente-organico-com-uranio-em-caetite-ba-inga-confirma-mas-nao-revela-detalhes-da-contaminacao/
http://www.ecodebate.com.br/2009/11/27/vazamento-de-solvente-organico-com-uranio-em-caetite-ba-inga-confirma-mas-nao-revela-detalhes-da-contaminacao/
http://www.nucleodenoticias.com.br/2008/11/05/uranio-analises-indicam-contaminacao-de-poco-em-caetite/
http://www.nucleodenoticias.com.br/2008/11/05/uranio-analises-indicam-contaminacao-de-poco-em-caetite/
http://www.cprm.gov.br/publique/media/Painel28.pdf
http://www.jornaldaciencia.org.br/Detalhe.jsp?id=59474
http://www.cnen.gov.br/
http://mitnse.com/page/3/
http://www.aduneb.com.br/uploads/news/anexos/00000048_20100608094958_Constituicao%20Estadual%20atualizada1989.pdf
http://www.aduneb.com.br/uploads/news/anexos/00000048_20100608094958_Constituicao%20Estadual%20atualizada1989.pdf
http://www.google.com.br/url?sa=t&source=web&cd=1&sqi=2&ved=0CBoQFjAA&url=http%3A%2F%2Fwww.saude.ba.gov.br%2Fcesat%2FPublicacoes%2FDocTecnico%2FSituacaoSaude_Caetite_LagoaReal_09dez.pdf&ei=lN4qToHvEMPogQfMk4D8Cg&usg=AFQjCNHDYMHIyM6IxDOegypl7n9wAatz7Q&sig2=MvxZkFdyoZYwo9FTGKwsww
http://www.google.com.br/url?sa=t&source=web&cd=1&sqi=2&ved=0CBoQFjAA&url=http%3A%2F%2Fwww.saude.ba.gov.br%2Fcesat%2FPublicacoes%2FDocTecnico%2FSituacaoSaude_Caetite_LagoaReal_09dez.pdf&ei=lN4qToHvEMPogQfMk4D8Cg&usg=AFQjCNHDYMHIyM6IxDOegypl7n9wAatz7Q&sig2=MvxZkFdyoZYwo9FTGKwsww

