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ABSTRACT 

Reports concerning the occurrence of malignancies and cancer cases among the population 
caused by the presence of radioactive materials in the environment are not unusual in Brazil. 
The country's Nuclear Energy Commission, CNEN, is always assigned to launch an 
investigation in such cases. As a result, human and financial resources are usually committed 
in operations that, more often than not, end up by discovering that claims are not related to 
radiation. This time it was based on some uranium prospecting that has been made near a 
small town, Lajes Pintadas, RN. Alarmist reports concerning occurrence of stillborn and 
malformed children and of cancer cases among the adult population, reached the state capital. 
A team from CNEN was dispatched to Lajes Pintadas to look for the effective presence of 
environmental radionuclides and to investigate the reported occurrence of malignancies 
caused by radiation. Due to the well-known dangers related to launching an investigation on 
a subject so controversial and prone to misinterpretation by the media and the public, a novel 
approach, both in technical and philosophical terms, was attempted and that proved to be 
crucial for the success of the whole undertaking: eight years on, no more reports on health 
problems in Lajes Pintadas were publicised. It was concluded that standard procedures 
towards claims concerning health problems related to the presence of radioactive materials in 
the environment need to be re-evaluated. A more realistic approach towards nuclear activities 
and their risks should be established and the guidelines proposed herein (thorough survey of 
available data, involvement of local officials and of the affected community, and careful 
handling of the media) should be closely followed. 

1. INTRODUCTION 

2.1 The public perception of radiation and radioactivity 

One of the great ironies of our time is that, after having lived for more than one hundred 
years with the knowledge that his is a radioactive environment, man has never come to terms 
with radioactivity's natural character. Also, during the whole of the 20 t h century a substantial 
body of knowledge on the biological effects of ionising radiation has been amassed, to the 
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point that it can safely be stated that more is known about them than about the effects of any 
other agent. Nevertheless, news on these matters is notoriously flawed on technical aspects. 
The international media are capable of reporting with minor errors developments on such 
recent subjects as the internet or genetic engineering, but apparently cannot write an article 
on the nuclear field without displaying elementary mistakes and outright prejudice. In all, 
news on nuclear matters should always be bad news. 

The legal apparatus is only too well aware of the public opinion towards radiation and 
radioactivity. As a result, occupationally-exposed workers are entitled to rights and benefits 
that, if fairness was the rule in labour matters, should be granted to everyone. Moreover, 
occupational accidents involving radiation, however slight they may be, always get a special 
treatment, with actual or presumed victims almost invariably awarded generous 
compensations, such as cash, early retirement and others [1] (The 1987 Goiânia accident in 
Brazil started when a caesium-137 radiotherapy source was stolen; those who stole it were 
treated as victims rather than criminals.) Although this may appear good for the nuclear 
sectors, it hinders initiatives such as nuclear power plants and nuclear laboratories. 

Common people are apparently also aware of the advantages of being recognised as victims 
of radioactivity and radiation. Pleads from small communities calling the attention of health 
authorities to unusually high incidence of cancer cases and/or malformed children due to the 
presumed presence of radiation sources in the vicinities are recurrent in many countries. The 
authorities' standard response usually involves dispatching an emergency team to the area, 
equipped with protective clothing and a host of monitoring devices. Very rarely do 
emergency teams find anything worth reporting, which is sometimes interpreted by residents 
and the media as a cover-up. 

In 2001 this type of plead was made by the small town of Lajes Pintadas, in Brazil's north
eastern state of Rio Grande do Norte. As suspicions centred on the water consumed by its 
inhabitants, the state's Secretariat of Water Resources, or SERHID, in the state capital, Natal, 
was notified. Lacking radiation monitoring devices, the Secretariat then contacted our 
institute, CRCN - Centro Regional de Ciências Nucleares (Regional Nuclear Sciences 
Centre). This centre is the National Nuclear Energy Commission's - CNEN's - institute for 
the Northeast, and is located in Recife, 290 km to the south of Natal. Aware that the usual 
attitudes towards similar situations often fail to reassure the affected communities - and also 
aware that previous surveys never indicated the presence of radioactive deposits in the area -
we opted for a totally different approach, which can be summarised as follows: 

1. Prior to any action in the field, a thorough survey of available data should be carried 
out, including: health reports, geologic evidence (naturally-occurring radioisotopes), 
and licenced users of radioactive materials in the area 

2. Once a fairly good picture of the area is formed, interviews should be conducted with 
the main players (health officials, affected population). 

3. A course of action for monitoring and surveying the area must then be designed and 
implemented. 

4. As much as conditions allow, the local population must be involved in the 
investigation. This will give locals the assurance that what is under way is not 
dangerous; also, it is good for them to feel they are helping bring their community 
back to normal. 
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5. The media should be stimulated to follow closely the operation, and all given 
information must be unambiguous, clear and simple. Moreover, journalists should be 
coaxed into writing what the investigators want to be published. 

All these precepts have been closely followed during the investigation of Lajes Pintadas. We 
have all the right to believe that the approach was successful. Eight years on, no more reports 
on health problems in Lajes Pintadas involving radiation or radioactivity have appeared in the 
media. 

2.1 The case of Lajes Pintadas 

Lajes Pintadas is a small town in the backlands of the state of Rio Grande do Norte, 130 km 
to the south-west of the state capital, Natal (Figure 1). The whole district covers 130 km and 
is home to just over 4,500. Economy in the region at one time centred on the exploitation of 
semiprecious stones (amethyst, aquamarine, beryllium), but now rests mainly on agriculture 
and handicraft. 

Figure 1. Map of Brazil, showing the location of Lajes Pintadas. 

Water supply was one of Lajes Pintadas's problems at the time of this investigation. 
Underground water was generally salty and many inhabitants, especially in the rural areas, 
had to resort to phreatic water for general consumption. A small reservoir named Cachoeira, 
close to the town centre, was the main source of water for urban needs. The district has its 
own health clinic, manned by one registered nurse. 

In early 2001 Lajes Pintadas became the focus of a series of newspaper stories concerning the 
high prevalence of cancer, malformed children and stillborn, all of them related to the 
abnormal presence, in the soil and water, of uranium. The recently appointed nurse had 
patiently collected data on illnesses and birth problems and, in her view, they were far too 
high for such a small community. The birth of a badly deformed girl to a couple of poor 
peasants, in the rural community of Serra dos Raimundos, prompted the nurse to report it to 
the state's Secretariat of Health in Natal. 
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News spread in the state capital of the Lajes Pintadas problem. An FM radio launched a 
campaign to raise funds to help the girl's parents bear the cost of an operation at one of 
Natal's private hospitals. One well-known plastic surgeon then volunteered to operate the girl 
free of charge. He also ascertained that she was (together with the cancer patients and the 
stillborn) the victim of radiation, as the Lajes Pintadas area was known to contain lots of 
uranium. 

The local press had a field day following the surgeon's claim. With the state gubernatorial 
campaign one year away, the press decided to put Lajes Pintadas on the map. Several articles 
on the plight of its rural inhabitants, with special emphasis on the deformed girl, appeared in 
Natal's newspapers. Specialists in areas such as medicine and geology gave their opinion, 
and decided the state government should act immediately. It was at this juncture that 
SERHID contacted CRCN. 

2. MATERIALS A N D M E T H O D S 

2.1 Preliminary survey 

We were aware that in the 1970's, at the beginning of Brazil's nuclear programme, a 
thorough survey for uranium and thorium had been carried out throughout the country, co
ordinated by CNEN. A look at CNEN's data showed plainly that no deposits of radioactive 
materials are found in the area or in the vicinities. Also, there are no industries or hospitals 
making use of radioactive sources either in Lajes Pintadas or in the surrounding 
municipalities. As a matter of fact, only in Natal radioactive sources are used, mainly in 
medical procedures. 

A meeting was then arranged for late May 2001 in Natal. We asked for the most recent and 
complete epidemiological data for Lajes Pintadas and also the support of an experienced local 
geologist. It was our view that the town's nurse should be interviewed as well. During that 
meeting, that took place at the state Secretariat of Health and had a minute signed by all 
present, a clearer picture of the Lajes Pintadas situation soon emerged: 

1. The geologist, who by chance had also taken part in the surveys for uranium and 
thorium more than two decades earlier, flatly denied the presence of radioactive 
minerals in the area. 

2. The state's health officials never recorded any abnormal incidence of cancer in Lajes 
Pintadas. 

3. Birth problems were also those expected for a region where access to pre-natal 
examinations is restricted and consanguineous marriages were known to exist. 

The town's nurse then showed her copious annotations. A careful look at them showed that 
she registered quite faithfully the information concerning existing illnesses, but failed to 
examine them in their real perspective. As a matter of fact, a woman over 60 with breast 
cancer could hardly be found abnormal, as well as an octogenarian with a cancer in the 
prostate. The total number of stillborn and malformed children over the past two years could 
be counted on the fingers of a single hand. 
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When these data were confronted with the geologic evidence, it was clear that if any 
abnormalities were ever to exist, they could not be traced to the presence of radioactive 
materials in the environment. However, we felt that an investigation should be carried out to 
prevent any claim of cover-up. 

2.2 Planning 

In early June the investigation was started. The team we assembled included two geologists 
and a chemical engineer, all from Rio Grande do Norte's Secretariat for Water Resources. 
The purposes of the investigation were to collect water samples to be analysed for heavy 
metals and radioactive materials, to determine the environmental radiation dose rate at 
several locations in Lajes Pintadas - particularly in the houses where cancer cases or child 
defects were observed, and close to water collection points - and to make a radiometric 
survey of abandoned mines. 

Figure 2 - Dose rate measurement at the Cabaceiras reservoir. 

The first of these tasks was assigned to the SERHID's personnel. In order to carry out the 
other two we made use of an Eberline ASP-1 area monitor with remote detector, a Scout 
portable gamma spectrometer with a 1" x 1" Nal(Tl) scintillator probe and several Harshaw 
TLD dosimetry badges. We asked that all investigation be accompanied by members of the 
media. Examples of the area survey using the Scout portable gamma spectrometer and TLDs 
are shown in Figure 2, 3 and 4. 
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Figure 4. TLD on the ceiling of a house in Lajes Pintadas. 
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2.3 Sample collection and processing 

The dose rate data were collected with the Eberline area monitor. Gamma spectrometric 
analyses were generally performed by placing the Nal(Tl) probe directly over rock outcrops. 
Just for comparison, a gamma spectrum was also collected over the Cachoeira reservoir, near 
the town. Special attention was given to the gamma peaks of thallium-208 (daughter of 
thorium) and bismuth-214 (daughter of uranium), as well as to the prominent 1461-keV peak 
of potassium-40. In addition, badges containing thermoluminescent dosimeters were placed at 
the following places: (a) in Lajes Pintadas, in some houses where, according to the media, the 
presumed victims lived; (b) in Lajes Pintadas' rural sector, in places of varied geology and 
altitude; (c) in Natal, for comparison; and (d) at CRCN, for control. All badges contained four 
Harshaw Li-F TLD's adapted for the measurement of doses due to X-rays, gamma rays, 
charged particles and neutrons. 

Water was collected from three different sources, all in the rural area: near an abandoned 
mine called Cabaceiras, over a shallow well in Serra dos Raimundos (this well served the 
family of the aforementioned malformed girl) and at the site of a deep well in Catolé. All 
samples have been analysed for several heavy metals and a few other elements. Water 
analyses were carried out by atomic absorption spectrometry at CRCN in Recife. 

3. RESULTS 

3.1 Annual dose rates 

Table 1 shows the results for annual dose rates for locations in Lajes Pintadas. 

Table 1. Results of environmental monitoring 

Description Dose rate (mSv/y) 
Pegmatite outcrop near the Cachoeira reservoir 2.2 
Right margin of the Cachoeira reservoir 0.9 
Entrance of Lajes Pintadas 1.3 
Small aquamarine mine in Barros Preto 3.0 
Shallow well in Barros Preto 0.9 
São Francisco school, town centre 2.2 
Mayor's house 1.7 
Gneiss outcrop, reservoir's outflow 1.7 
House of the malformed girl, Serra dos Raimundos 2.2 
Rim of well, Serra dos Raimundos 1.3 
Rock outcrop in Cabaceiras mine 2.6 
Small pond in Cabaceiras 0.9 
Over the hotel swimming-pool, Natal 0.9 
Rim of the hotel swimming-pool, Natal 1.3 

3.2 Gamma spectra 

As it was known that there was no noticeable amounts of uranium and/or thorium in the area, 
only two gamma spectra have been obtained, one over the Cabaceiras reservoir and another 
inside the malformed girl's house in Serra dos Raimundos. Collection time for all spectra was 
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of about 4.5 minutes, in order to facilitate comparison with other environmental spectra we 
had in our library. 

The spectra are shown in Figures 5 and 6. In both figures K, U and Th are the relevant peaks 
for potassium and uranium and thorium daughters respectively. 

Energy 
Figure 5. Gamma spectrum obtained at the Cabaceiras reservoir 

Energy 
Figure 6. Gamma spectrum obtained at Serra dos Raimundos. 
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3.3 TLD results 

Table 2 shows the readings of thermoluminescent dosimeters in Lajes Pintadas and also, for 
comparison, in Natal and at CRCN in Recife. Collection time was of 35 days for all 
dosimeters. 

Table 2. Results of TLD monitoring 

Description Dose 
(mSv) 

House on Santos Dumont St., Lajes Pintadas <0.2 
House in the town centre, Lajes Pintadas <0.2 
House on João Francisco Borges St., Lajes Pintadas <0.2 
Mouth of deep well, Catolé <0.2 
House in Serra dos Raimundos <0.2 
House in Cabaceiras <0.2 
House in Natal, Parque das Colinas district <0.2 
House in Natal, Dix-Sept Rosado district <0.2 
House in Natal, Petrópolis district <0.2 
CRCN (control) <0.2 

Note: 0.2 mSv is the TLD detection limit. 

3.4 Water analyses 

Results of water analyses are shown in Tables 3, 4 and 5. It must be stressed that water from 
the small pond at the Cabaceiras mine was not normally used for human consumption, 
although it was admitted that "at times of severe drought" the few mine workers sometimes 
had to resort to this source. 

Table 3. Result of water analysis. Pond at Cabaceiras aquamarine mine 

Component Result (mg/L) Brazilian standard (mg/L) 
Total solids 7928 
Dissolved solids 7220 
Sodium 1600 
Potassium 30 
Cobalt 0.007 <0.2 
Nickel 0.018 <0.025 
Arsenic O.0005 <0.05 
Cadmium O.0001 <0.005 
Lead O.0001 <0.05 
Chromium 0.0013 <0.05 
Mercury O.0002 <0.001 
Silver O.0001 <0.05 
Selenium 0.0015 <0.01 
Copper 0.003 <1.0 
Iron 22.2 <0.3 
Manganese 1.0 <0.1 
Zinc <0.001 <5 
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Table 4. Result of water analysis, shallow well, Serra dos Raimundos 

Component Result (mg/L) Brazilian standard (mg/L) 
Total solids 308 
Dissolved solids 183 
Sodium 27 
Potassium 5.7 
Cobalt 0.001 <0.2 
Nickel 0.04 <0.025 
Arsenic O.0005 <0.05 
Cadmium O.0001 <0.005 
Lead O.0001 <0.05 
Chromium 0.0013 <0.05 
Mercury O.0002 <0.001 
Silver O.0001 <0.05 
Selenium O.0001 <0.01 
Copper 0.0054 <1.0 
Iron 0.77 <0.3 
Manganese 0.48 <0.1 
Zinc <0.001 <5 

Table 5. Result of water analysis, deep well at Catolé 

Component Result (mg/L) Brazilian standard (mg/L) 
Total solids 491 
Dissolved solids 425 
Sodium 66.5 
Potassium 2.5 
Cobalt 0.001 <0.2 
Nickel 0.003 <0.025 
Arsenic O.0005 <0.05 
Cadmium O.0001 <0.005 
Lead O.0001 <0.05 
Chromium 0.0002 <0.05 
Mercury O.0002 <0.001 
Silver O.0001 <0.05 
Selenium O.0001 <0.01 
Copper 0.006 <1.0 
Iron 0.66 <0.3 
Manganese 0.51 <0.1 
Zinc <0.07 <5 

4. DISCUSSION A N D CONCLUSIONS 

It is apparent from the radiometric data that the dose rate for Lajes Pintadas is well within the 
reported national figures. According to acknowledged data, dose rates in Brazil range from 
0.69 to 4.32 mSv/year, with an arithmetic mean of 1.04 mSv/year [2]. The highest figures we 
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As we knew beforehand that the region did not contain radioactive mineral deposits, and it 
soon became clear that claims over health problems were exaggerated, what we did was to 
strike a delicate balance between dismissing the investigation outright and adopting the 
standard procedure of literally invading the area with well-protected and well-equipped 
personnel. Whereas the first approach would be subject to accusations of contempt or 
whitewash, the other would hardly reassure the community that there was nothing wrong. 

The tools we used were then commensurate with the problem we had to face. There was no 
need to deploy a platoon of technicians with sophisticated equipment and protective gear. All 
the same the community was entitled to a certain degree of attention from the authorities in 
charge of investigations as such. The relevant - and we dare say innovative - points in our 
approach were the involvement of the community and above all the interaction with the 
media, as we felt that the release of precise information on what was going on was crucial for 
the success of the whole undertaking. 

On the basis of what has been presented so far, the following conclusions may be drawn: 

• Procedures towards claims concerning health problems related to the presence of 
radioactive materials in the environment need to be re-evaluated. 

• Although it can be justifiably argued that it is quite difficult to standardise these 
procedures, as each case has its own characteristics (information level of the 
communities involved, actual presence of radioactive materials, cultural patterns), the 
guidelines proposed herein (thorough survey of available data, involvement of local 
officials and of the affected community, and careful handling of the media) should be 
closely followed. 

• And, last but not least, the nuclear establishment world-wide must adopt a more 
realistic approach towards nuclear activities and their risks. It is very easy to accuse 
NGO's and the media of running a concerted campaign against, for example, nuclear 
power based on their biased views of risks related to radiation and radioactivity. But 
an impartial observer does not need to read what those NGO's and the media have to 
say on these risks to join their bandwagon; it suffices to take a look at what the 
establishment itself has to say. 

Almost two decades ago Brazil's CNEN prepared a draft paper on how to improve public 
acceptance of nuclear energy. The paper stressed the need to start changing the media's point 
of view towards nuclear risks and went on to nominate seven points which should be 
addressed in a clarification campaign. The first point was "nuclear and radiological safety" 
and the second was "safe applications of nuclear energy". Regarding the first point, it can be 
argued that the exaggerated emphasis on safety scares rather than reassures [4]. As to the 
other, two interesting questions arise: "which nuclear activities are unsafe?" and "why are 
they allowed?" So long as the nuclear establishment thinks this is the way to make itself 
accepted, we believe that claims like the one made by Lajes Pintadas are bound to continue, 
and precious human and financial resources will go on being committed on needless wild 
goose chases. 
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