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RESUMO 

Níveis elevados de concentração de radônio foram encontrados no subsolo de uma mina 

subterrânea de carvão, no estado do Paraná que está em atividade desde 1942. Muitos 

destes mineiros estiveram expostos por um longo período de tempo a um ambiente de 

trabalho com, elevada concentração de radônio e seus produtos de decaimento. Desta 

forma, decidiu-se construir uma coorte histórica com o universo de trabalhadores desta 

mineração (subsolo e superfície) a fim de se avaliar os possíveis efeitos à saúde 

decorrentes desta exposição, através de um estudo retrospectivo de mortalidade. 

Através de múltiplas estratégias de seguimento, foi possível rastrear o status vital de 

91.5% da coorte. As causas dos óbitos foram identificadas através de busca das 

Declarações de óbito nas Secretarias Estaduais de Saúde do Paraná e outros estados. A 

taxa de sucesso na identificação das causas de óbitos foi de 100%. 

A coorte final incluiu 1946 trabalhadores de subsolo e 910 de superfície. A análise das 

Razões Padronizadas de Mortalidade (SMR) mostrou uma menor mortalidade para 

todas as causas para ambos trabalhadores de subsolo (SMR=88, 95%CI=78-98) e 

superfície (SMR-96, 95%CI-81-113). Uma elevação significativa na SMR foi 

observada para Pneumonia como causa de morte entre os trabalhadores de superfície 

(SMR-284, 95%CI=118-684) e de subsolo (SMR=254, 95%CI=140-459), enquanto um 

significante aumento no risco de mortalidade por câncer de pulmão foi observado nos 

trabalhadores de subsolo (SMR=177, 95%CI~105-299) com uma tendência de aumento 

significativa em. relação ao tempo de serviço no subsolo. Tendo em vista que a 

mortalidade por outros tipos de câncer relacionados ao fumo não se apresentou elevada 

nos trabalhadores de subsolo e que durante o tempo de trabalho na mina não foram 

utilizados equipamentos a diesel, pode-se sugerir que o a exposição ao radônio e seus 

produtos de decaimento seja o responsável pelo incremento significativo da mortalidade 

por câncer de pulmão nos trabalhadores de subsolo. 

Este trabalho consiste na primeira coorte histórica brasileira envolvendo mineiros 

expostos ao radônio e uma das poucas coortes históricas acompanhadas no Brasil. 

Estima-se que muitos trabalhadores de minerações subterrâneas no Brasil possam estar 

expostos a níveis de concentração de radônio elevados e conseqüentemente sujeitos a 

um maior risco de mortalidade por câncer de pulmão. 

Palavras chaves: Radônio, mineração, neoplasias pulmonares, estudos de coorte, 

mortalidade 
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ABSTRACT 

High levels of radon concentration were found in the underground workplace of an 

underground coal mine in Paraná state, which has been in activity since 1942. Many of 

these workers were exposed for a long period of time to a work atmosphere with high 

radon, and radon decay products concentration. Taking this into account, it was decided 

to carry on a historical cohort, study with the workers' of this mining universe 

(underground and surface) in. order to evaluate the possible health effects related to this 

exposure, by means of a retrospective study of mortality. 

Through multiple strategies, it was possible to trace the vital status of 90% of the 

cohort. The causes of the deaths were identified by active search, of Death Declarations 

in the Health Office of Paraná state and also in and other states. The success rate of 

cause of death identification was 100%. 

The final, cohort included 1946 underground workers and 910 surface workers. Standard 

mortality ratio (SMR) analysis showed lower mortality from all causes for both 

underground (SMR-88, 95%CI=78-98) and surface workers (SMR=96, 95%CI=81-

113). A highly significant SMR was observed for pneumonia cause of death among 

surface ((SMR=284, 95%CI=118-684) and underground miners (SMR-254, 

95%CI=140-459), while a highly significant lung cancer mortality risk was observed 

only for underground miners (SMR^177, 95%CI=105-299) with a significant trend in 

relation to years of underground work (duration of exposure). Taking into account that 

mortality from smoking-related cancers other than lung cancer is not elevated in 

underground workers and diesel equipments were not used at this mine, the results 

suggest that the exposure to radon daughters may have been responsible for the lung 

cancer excess among underground workers. 

This work consists of the first historical Brazilian cohort involving miners exposed to 

radon and one of the few historical cohorts built in Brazil. It should be considered the 

fact that many workers of underground mines in Brazil can be exposed to high level of 

radon concentration and consequently subject to a larger mortality risk for lung cancer. 

Key-words: Radon, mining, lung neoplasm, cohort studies, mortality 
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1- INTRODUÇÃO 

Estudos epidemiológicos com trabalhadores em minas subterrâneas e experimentos com 

animais têm mostrado consistentemente um aumento no risco de câncer de pulmão 

associado com a exposição ao radônio e seus produtos de decaimento (NRC, 1988). A 

primeira evidência documentada de câncer de pulmão em mineiros foi realizada há mais 

de 100 anos por Harting and Hesse (1879). Desde então, outras evidências do aumento 

no risco de câncer de pulmão associado à exposição ao radônio surgiram em estudos 

envolvendo trabalhadores de minas de urânio nos Estados Unidos, Tchecoslováquia, 

França e Canadá e em outras minerações subterrâneas, como mineração de fluorita, 

ferro na França e Inglaterra, estanho na China e Inglaterra e outras minerações de metais 

nos Estados Unidos e Suécia (NRC, 1988). 

O radônio é um gás radioativo, originado através do decaimento radioativo do urânio e 

posteriormente do rádio, presente naturalmente na crosta terrestre, A importância do 

radônio, do ponto de vista da radioproteção, decorre da radiotoxicidade de seus produtos 

cc-emissores de meia-vida curta, o Po e o Po e de sua maior abundância no meio 

ambiente (NRC, 1988). A energia das partículas alfa liberadas pelos produtos de 

decaimento do radônio, o P o 2 1 8 e o P o 2 1 4 , depositadas nas células do epitélio respiratório 

é considerada a causa do câncer de pulmão associado à exposição ao radônio. A 

concentração de energia alfa potencial de qualquer mistura de filhos de radônio de 

meia-vida curta no ar é a soma da energia alfa potencial destes átomos presentes por 

unidade de volume de ar, expressa em J m"3. A concentração de energia alfa potencial 

de qualquer mistura de filhos de radônio no ar pode ser, também, expressa em termos de 

Concentração Equivalente Equilíbrio de Radônio, CEE, que é a concentração de 

atividade do radônio em equilíbrio radioativo com seus filhos de meia-vida curta que 

tem a. mesma concentração de energia alfa potencial que a mistura dos filhos em 

desequilíbrio no ar, expressa em Bq m . O fator de equilíbrio é definido como a razão 

entre a Concentração Equivalente Equilíbrio e a concentração de radônio no ar. Este 

fator caracteriza o desequilíbrio entre a mistura dos produtos de decaimento de radônio 

no ar e o próprio radônio em termos de energia alfa potencial (ICRP, 1993). 

Os produtos de decaimento do radônio formados no ar sãó rapidamente combinados 

com os gases, vapores e pequenas partículas em suspensão no ar, formando 

aglomerados ("clusters"), os quais são chamados de filhos de radônio não associados 

("unattached"). Em um espaço de tempo inferior a 1 segundo, esses aglomerados, que 

possuem um alto coeficiente de difusão se depositam em superfícies ou se associam 
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rapidamente às partículas em. suspensão no ar, formando os filhos de radônio 

associados ao aerossol conhecidos como fração "attached". A partir de então, todo 

comportamento dos filhos de radônio "attached" é governado pelo comportamento dos 

aerossóis no ar. 

A dose no pulmão é fortemente influenciada pelo tamanho das partículas de aerossol. 

Uma grande proporção de atividade dos produtos de decaimento do radônio inalado 

como átomos livres ou como clusters de cerca de lOnm em diâmetro (fração 

"unattached") é depositada nas vias aéreas, resultando em uma alta dose por unidade de 

incorporação (James, et ai. 1988), enquanto uma proporção bem. menor de filhos de 

radônio associados a partículas de aerossol (fração "attached") chega às vias 

respiratórias inferiores, resultando em uma baixa dose por unidade de incorporação. 

Logo, a pequena fração de energia alfa potencial na fração "unattached" é dominante na 

determinação da dose para o pulmão. 

A exposição acumulada aos filhos do radônio entre mineiros é usualmente expressa em 

termos de concentração de energia alfa potencial total dos filhos do radônio no ar, 

integrada no seu tempo acumulado de trabalho. Em todos os estudos epidemiológicos 

em mineiros, esta exposição é expressa em termos da unidade histórica "Working Levei 

Months"(WLM). A exposição acumulada em WLM é o produto das concentrações dos 

filhos do radônio em "Working Levei" (WL) e o tempo de exposição, historicamente 

quantificado em blocos de 170 h, definido como 1 mês de trabalho. Um ano de trabalho 

corresponderia a aproximadamente 1870 horas, isto é, 11 períodos de 170 h. Logo, uma 

exposição anual à 1WL corresponderia a 11 WLM/ano. A unidade "Working Levei" 

(WL) é definida como qualquer combinação dos filhos de radônio de meia-vida curta 

em 1 litro de ar que resulta na liberação de 1.3 x IO5 MeV de energia alfa potencial. No 

Sistema Internacional de Unidades, 1 WL é igual a 2,08 x IO"5 J m"3 . A principal 

limitação do uso de WLM. como um índice de risco é que ela é uma medida de 

exposição e não de dose. Sua definição não leva em conta fatores tais como taxa de 

inalação e fração de filhos "unattached" e é sabido que cada um destes fatores modifica 

a relação entre a exposição e a dose. 

As evidências sobre radônio e câncer de pulmão estão atualmente disponíveis em mais 

de 20 estudos epidemiológicos envolvendo trabalhadores de minas subterrâneas. Lubin 

et al (1994) realizaram uma meta-análise envolvendo onze estudos de coorte em 

mineiros. Esta meta-análise foi utilizada para prover informações quantitativas na 

relação exposição-resposta entre radônio e risco de câncer de pulmão e representa 

atualmente o estudo mais completo no assunto. 
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A Tabela 1 apresenta as principais características dos 11. principais estudos de coortes 

em mineiros utilizados na. análise conjunta dos dados (Lubin et al, 1994). 

Os dados combinados incluíram cerca de 68.000 trabalhadores e mais de 2700 casos de 

mortes por câncer de pulmão, cerca de 1,2 milhão de pessoa-ano de observação. A 

exposição média acumulada em WLM apresenta grande variabilidade nos estudos, 

sendo da ordem, de 7,6 WLM na coorte de Radium Hill até 807 WLM. na coorte de 

Colorado. A duração média da exposição foi geralmente pequena, entre 5 e 13 anos, 

com exceção da coorte Sueca, com duração média de 18 anos. 

Todos estes estudos tiveram limitações, tanto no seguimento da coorte quanto na 

identificação da causa de óbito, ou mais criticamente, na estimativa da exposição aos 

produtos de decaimento do radônio. Medidas incompletas de radônio para alguns 

períodos ou para áreas de trabalho foram comuns nestes estudos, resultando em 

incertezas na estimativa da exposição acumulada. Para a maioria das coortes, dados de 

medidas de WL foram realizados somente em. períodos mais recentes, requerendo 

extrapolações para os primeiros períodos de exposição. Muitos destes estudos dispõem 

de estimativas da exposição a outros agentes carcinógenos no ambiente das minas, 

sendo porém estas constituídas por aproximações grosseiras. Entre os 11 estudos de 

coortes considerados nesta análise conjunta, somente 3 estudos de coorte apresentam 

dados disponíveis sobre fumo para todos os indivíduos da coorte (New México, Radium 

Hill e Colorado), outros 3 estudos apresentaram dados limitados (China, Newfoundland 

e Suécia) e os demais não apresentaram informações sobre fumo. 

O resultado desta análise conjunta confirma que o Excesso de Risco Relativo (ERR) 

para câncer de pulmão apresenta uma relação linear com a exposição acumulada aos 

produtos de decaimento radônio, estimada em Working Levei Months (WLM). O 

ERR/WLM combinado para todos os estudos foi de 0,49% (95% Cl: 0,2 - 10). No 

entanto, esta relação ERR/WLM é fortemente modificada por vários fatores: 

decrescendo com a idade alcançada, com o tempo decorrido desde que a exposição 

ocorreu (o efeito da exposição no passado distante é menor do que o efeito de 

exposições mais recentes), e com o tempo decorrido depois de cessada a exposição. 

Os achados também sugerem que: a) a idade na primeira exposição não é um fator 

modificador importante no ERR/WLM; b) O ajuste para outros agentes carcinogênicos 

dentro do ambiente da mina. pode reduzir a estimativa do efeito da exposição ao 

radônio; c) a análise dos dados sobre fumo sugere que os não fumantes apresentam um 

risco maior de câncer de pulmão induzido pelo radônio e que o Excesso de Risco 

Relativo por WLM seja maior que para os fumantes. Isto implica que o uso de um 
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modelo multiplicativo na predição do risco superestima o risco para os fumantes e 

subestima o risco para os não fumantes, d) Para uma grande faixa de dose acumulada 

total, a análise conjunta destas 11 coortes indicou um efeito de taxa de exposição 

inversa, isto é, o efeito da exposição aumenta à medida que decresce a taxa de 

exposição. 

Baseado no mesmo conjunto de dados de mineiros, Darby et al (1995) reportaram 

evidências de risco associado com outros cânceres, como câncer de estômago, fígado e 

leucemia. No entanto, uma relação causal não foi estabelecida, uma vez que não foi 

observada uma relação exposição-resposta. Entre as demais causas de morte, estudos de 

mortalidade em mineiros mostraram principalmente a ocorrência de excesso de óbito 

por doenças respiratórias, doenças do sistema circulatório e causas externas (acidentes, 

homicídios) (Tirmarche et al, 1993; Tomásek et al> 1994; Morrison, et tz/,1988), sendo 

o ambiente pulverulento da maioria das minas, as condições de trabalho e os hábitos de 

vida dos mineiros, como alcoolismo, os principais fatores associados por estes excessos 

de mortalidade. 

Nos Estados Unidos e em outros países, foram implementadas ações regulatórias para 

limitar a exposição ao gás radônio e seus produtos de decaimento em trabalhadores de 

minerações subterrâneas. No Brasil, a situação de trabalhadores expostos ao radônio em 

minerações convencionais (não pertencentes ao ciclo do combustível nuclear) é pouco 

conhecida. 

É importante enfatizar que os trabalhadores de minerações convencionais não estão 

sujeitos a nenhum tipo de controle e monitoramento dos níveis de exposição à radiação, 

como estão sujeitos os trabalhadores de minerações de urânio, considerada uma 

instalação nuclear. 

Reconhecendo os problemas de exposição ao radônio em ambientes de trabalho, outros 

que não minerações de urânio, a International Commission on Radiological Protection -

ICRP (ICRP, 1993) recomenda limites de ação, que estabelece níveis de concentração 

de radônio, nos quais a intervenção é recomendada para reduzir a exposição. Os níveis 

de ação para radônio em ambientes de trabalho estão na faixa de 500 a 1500 Bq.m"3 . 

Ém ambientes de trabalho, onde a concentração de radônio permaneça acima dos níveis 

de ação recomendados, mesmo após a execução de medidas-remediadoras apropriadas, 

deve ser. aplicado o sistema de proteção radiológica e a exposição ao radônio deve ser 

tratada da mesma forma que outros materiais radioativos no trabalho (ICRP, 1993). Os 

limites ocupacionais para a exposição ao radônio são 4 WLM/ano, como média de 5 

anos ou 10 WLM em um único ano. A derivação destes limites teve como base o limite 
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de dose ocupacional de 20 mSv/ano como valor médio em 5 anos, ou 50 mSv em um 

único ano (ICRP,1991). Além do radônio e seus produtos de decaimento, os mineiros 

estão geralmente expostos também a radionuclídeos de meia-vida longa das séries do U 

e Th presentes na poeira do minério e em algumas minas, principalmente minas de 

urânio e tório, à exposição externa a radiação gama e beta. Em geral, os produtos de 

decaimento do radônio apresentam o risco dominante. Sendo a exposição gama externa 

e a inalação de poeira contendo radionuclídeos da série do U e Th, de menor relevância 

em minerações que não sejam de urânio e tório (ICRP, 1986), tendo em vista a baixa 

atividade alfa específica das partículas de poeira. 

Mesmo em minerações de urânio e tório, a possível contribuição da inalação de 

particulado no ar é muito incerta e qualquer efeito carcinogênico pode estar sendo mais 

influenciado pelos aspectos físicos e químicos da poeira do que pelo seu conteúdo 

radioativo (ICRP, 1993). 

Existem 74 indústrias de mineração subterrâneas no Brasil, de acordo com o Anuário 

Mineral Brasileiro do Departamento Nacional de Pesquisa Mineral (DNPM,1997). 

Destas 74 minas, apenas 33 estavam ativas em 1997, perfazendo um total de 

aproximadamente 3500 operários trabalhando na mina e usina. Das 33 minas ativas, 8 

são minerações de carvão e 7 são minerações de ouro. Entre as outras estão minerações 

de fluorita, berílio, feldspasto, chumbo, ferro/manganês, Zn/Cd e tungsténio. O nível de 

exposição dos trabalhadores ao radônio para estas minas ainda é desconhecido. 

A CNEN, através do Instituto de Radioproteção e Dosimetria, vem conduzindo desde 

1995 um projeto para avaliar os impactos radiológicos ambientais e ocupacionais destas 

mineradoras ditas convencionais (que não são minas de urânio e tório). Na primeira fase 

deste projeto, foi identificado, entre outros problemas, níveis elevados de concentração 

de radônio e seus produtos de decaimento em uma mina subterrânea de carvão, no sul 

do Brasil (Mata et al 1998; Veiga at al 2000, Fernandes et al 2002). Os níveis de 

concentração de Rn medidos no subsolo desta mina estão na faixa de 2000 a 7000 Bq 

m"3, e de 0,4 a 0,7 WL para os filhos de radônio, com o sistema de ventilação em 

operação (Veiga et al, 2000). 

Òs trabalhadores desta mina estiveram expostos ao radônio e seus produtos de 

decaimento durante todo período de trabalho no subsolo desde o início de operação da 

indústria em 1942. Nenhum tipo de controle desta exposição foi realizado e 

desconhecem-se, para este grupo, os possíveis efeitos adversos à saúde decorrentes 

desta exposição. 

5 



Tendo em vista a oportunidade única encontrada neste grupo de mineiros, que apresenta 

uma exposição elevada ao radônio e seus produtos de decaimento por um período de 

mais de 50 anos, incluindo neste grupo, trabalhadores com até 20 anos de trabalho no 

subsolo, decidiu-se construir uma coorte histórica com o universo de trabalhadores desta 

mineração (subsolo e superfície) a fim de se avaliar os possíveis efeitos à saúde 

decorrentes desta exposição, através de um estudo retrospectivo de mortalidade. 
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2 - HIPÓTESE EM ESTUDO 

Os trabalhadores subterrâneos da mineração de carvão expostos ao radônio apresentam 

um padrão de mortalidade por câncer de pulmão distinto (taxas mais elevadas) daquele 

apresentado em trabalhadores de superfície e na população masculina do Estado com 

distribuição etária similar. 

3 - OBJETIVO GERAL 

Determinar o padrão de mortalidade em coorte histórica de trabalhadores expostos ao 

radônio em uma mina subterrânea de extração de carvão. 

3.1 - OBJETIVOS ESPECÍFICOS 

1) Determinar a Razão de Mortalidade Padronizada (SMR) para todas as causas e 

para causas específicas em trabalhadores de subsolo e superfície da mineração 

de carvão; 

2) Comparar o padrão de mortalidade observado em trabalhadores de subsolo com 

os de superfície e com aquele descrito na população masculina do estado do 

Paraná; 

3) Determinar a razão de riscos de mortalidade por câncer de pulmão entre 

mineiros de subsolo e de superfície segundo idade, duração da exposição, idade 

alcançada, tempo decorrido após a exposição e período de observação; 



4 - ESTRUTURA DA TESE 

A tese está estruturada em forma de três artigos científicos, abordando a questão da 

exposição dos trabalhadores ao radônio e seus produtos de decaimento na mineração de 

carvão em estudo, a construção da coorte histórica e as múltiplas estratégias utilizadas 

para o seguimento da coorte e por último a avaliação do padrão de mortalidade da 

coorte histórica através da Razão de Mortalidade Padronizada. 

Artigo 1 : "High Radon exposure in a Brazilian underground coal mine" 

Autores: Lene H.S.Veiga, Vicente Melo, Sérgio Koifmane Eliana C S . Amaral 

Publicado : Journal of Radiological Protection, 24 (2004) 295-305. 

Este artigo tem como objetivo apresentar uma avaliação da exposição ao radônio e seus 

produtos de decaimento em trabalhadores de uma mina subterrânea de carvão em 

Figueira. O artigo aborda a situação de desconhecimento dos níveis de exposição ao 

radônio nas minas subterrâneas no Brasil, uma vez que não existe ainda norma nacional 

regulando este tipo de exposição. No caso desta mineração específica, os níveis de 

exposição ao radônio estão acima dos níveis de ação para local de trabalho de 500-1500 

Bq m"3 recomendado pela Comissão Internacional de Proteção Radiológica (ICRP,1993) 

e a dose média estimada para os trabalhadores de subsolo desta mineração é quase 30 

vezes superior à dose média estimada para mineiros de carvão em outros países. 



Artigo 2 : "Logistic and feasibility of conducting a Brazilian historical cohort 

study on miners exposed to radon" 

Autores: Lene H.S.Veiga, Eliana C S . Amaral e Sérgio Koifman 

Neste artigo é apresentada e discutida a metodologia e as estratégias utilizadas para a 

construção e condução da primeira coorte histórica brasileira de mineiros expostos ao 

radônio. Através de múltiplas estratégias foi possível construir uma coorte histórica 

envolvendo 3224 trabalhadores, sendo 2191 de subsolo e 1033 de superfície. Os 

critérios de inclusão na coorte são apresentados assim como as características da 

população em estudo. Este trabalho prove informações acerca da viabilidade de 

conduzir um estudo retrospectivo de mortalidade no Brasil, levando em consideração as 

dificuldades metodológicas e logísticas deste tipo de estudos em países em 

desenvolvimento. 
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Artigo 3 : "A retrospective mortality study of workers exposed to radon in a 

Brazilian coal mine" 

Autores: Lene H.S.Veiga, Eliana C S . Amaral e Sérgio Koifman 

Este trabalho apresenta os resultados da análise das Razões de Mortalidade Padronizada 

da coorte em estudo utilizando a população masculina do Paraná como padrão. A coorte 

final incluiu 1946 trabalhadores de subsolo e 910 de superfície. A análise das Razões 

Padronizadas de Mortalidade (SMR) mostrou uma menor mortalidade para todas as 

causas para ambos trabalhadores de subsolo (SMR=88, 95%CI=78-98) e superfície 

(SMR=96, 95%CI=81-113). Uma elevação significativa na SMR foi observada para 

Pneumonia como causa de morte entre os trabalhadores de superfície (SMR=284, 

95%CI=118-684) e de subsolo (SMR-254, 95%CI=140-459), enquanto um significante 

aumento no risco de mortalidade por câncer de pulmão foi observado nos trabalhadores 

de subsolo (SMR=177, 95%CI=105-299) com uma tendência de aumento significativa 

em relação ao tempo de serviço no subsolo. Tendo em vista que a mortalidade por 

outros tipos de câncer relacionados ao fumo não se apresentou elevada nos 

trabalhadores de subsolo e que durante o tempo de trabalho na mina não foram 

utilizados equipamentos a diesel, pode-se sugerir que o a exposição ao radônio e seus 

produtos de decaimento seja o responsável pelo incremento significativo da mortalidade 

por câncer de pulmão nos trabalhadores de subsolo. 
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5 - ASPECTOS ÉTICOS 

Este projeto foi elaborado segundo as normas da resolução 196/96 do Conselho 

Nacional de Saúde que fixa as "Diretrizes e normas regulamentadoras da pesquisa 

envolvendo seres humanos" (MS, FIOCRUZ, 1998) e foi submetido e aprovado pela 

Comissão de ética em Pesquisa da Escola Nacional de Saúde Pública, Fiocruz. 

6 - SUPORTE FINANCEIRO 

Este projeto de pesquisa teve o suporte financeiro do Instituto de Radioprotecao e 

Dosimetria - CNEN, da Escola Nacional de Saúde Publica Sergio Arouca - FIOCRUZ e 

da Organização Pan-americana de Saúde - OPAS através do programa de 

financiamento para teses na área de saúde pública sob o registro RC/RG-TVBRA/3194. 
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Abstract 

The main source of radiation exposure in most underground mining operations is radon 

and radon decay products. The situation of radon exposure in underground mining in 

Brazil is still unknown, since there is no national regulation regarding this exposure. A 

preliminary radiological survey in non-uranium mines in Brazil indicated that an 

underground coal mine in the south, of Brazil had high radon concentrations and. needed 

to be better evaluated. This paper intends to present an assessment of radon and radon 

decay products exposure in the underground environment of this coal mining industry 

and to estimate the annual exposure to the workers. As a. product of this assessment, it 

was found that average radon concentrations at all sampling campaign and excavation 

sites were above the Action Level range for workplaces of 500-1500 Bq m"3 

recommended by the International Commission on Radiological Protection - ICRP 65. 

The average annual effective dose estimated for the workers was almost 30 times higher 

than the world average dose for coal miners. 
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1. Introduction 

Underground mining is one of the most important technologically enhanced causes that 

highly contributes to occupational risk since the radon gas and the ore dust containing 

the members of the uranium and thorium decay series are transported to the galleries 

through water or air circulation during mining operations. 

A considerable amount of evidence has established that prolonged exposure to the a-

emitting decay products of Rn, more precisely Rn and its progeny Po and Po, 

increases the risk of lung cancer among underground miners (NRC 1988, NRC 1999, 

Lubiner al 1994) 

In response to the abundant evidence of the carcinogenic potential of inhaled radon, 

occupational standards for Rn progeny concentrations in mines have been implemented 

in many countries and exposure have declined since then (Lubin et al 1994). The 

International Committee on Radiological Protection - ICRP, in publication 65, derives a 

range of Action Levels for radon at workplaces in the range between 500-1500 Bq.m"3 

(ICRP 1993). 

In Brazil, the situation of radon exposure in underground mines is still unknown, since 

there is no national regulation regarding this exposure. According to the National 

Department of Mineral Production - DNPM , there are 74 underground mines in Brazil: 

Approximately 33 were in operation, with approximately 3200 workers in underground 

activities (DNPM, 1997). Of these, 8 are coal mines and 7 are gold mines; among the 

others are the fluoride, beryllium, feldspar, lead, iron/manganese, Zinc/Cadmium and 

tungsten mines. 

In 1995, the Brazilian Nuclear Energy Commission conducted a national program in 

order to investigate the potential environmental and occupational radiological impacts 

associated with some non-uranium mining and milling industries (Fernandes, et al 

1997; Pires do Rio 2002; Lipsztein et al 2001). The results of this project called 

attention to the coal mining industry located in the south of Brazil, which presented high 

levels of radon concentration (Mata et al 1999; Veiga at al 2000, Fernandes et al 2002). 
01 ft 

High values of " T o in urine samples of some workers from this mine indicated the 

inhalation of radon progeny as a relevant source of occupational exposure as reported 

by Lipsztein et al (2001). 
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Six of them had their activities completely closed. Some of these sites were as deep as 

200 m. 

A ventilation system was introduced early in the past but it was intermittent at that time 

and since then radon concentrations in workplace have never been monitored. 
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3. Methodology 

3.1 Radon and radon daughters concentration measurements 

Measurements of radon concentration and potential alpha energy concentration of radon 

decay products-WL1 were performed inside the underground galleries in order to have 

an estimation of radon and radon daughters' exposure. 

For radon concentration measurements, a portable radon monitor "Alphaguard" 

(Genitron instruments) was used. For potential alpha energy concentration of radon 

decay products, the Working Level Monitor WLM-200 plus (Tracerlab Instruments) 

was used. 

Individual radon measurements were also performed by using etched track dosimeters 

fixed to the worker's helmets during working-period. 

Radon gas concentration was determined using alpha particle sensitive Makrofol 

detector prepared and analyzed according to Urban et al (1985) andBinns et al (1998). 

Three sampling campaigns took place. The first campaign was in December 1999. The 

excavation Site 1 was the first one to be explored in the past and it was re-opened to 

assess the remaining coal reserves. Excavation Site 1 was 138 m deep with, a vertical 

access by elevator. Measurements of radon concentration were performed along the 

main gallery, from, the entrance (elevator) until the mining shaft, where most of the 

underground activities occur. The distance from entrance to mining shaft was about 

1600 m. 

Individual, radon measurements were also performed by selecting 12 underground 

workers to use an alpha track detector fixed to their helmets during working time. 

Detectors were attached to the helmets during six working days. Between working 

hours, the helmets with the fixed detector were stored, at a room, in the surface, where 

the radon concentration was about 10 Bq m' 3 . This low background radon value was 

considered negligible. After the measurement period, detectors were removed, sealed in 

appropriate transport bags and sent by mail to the laboratory of the Institute of Radiation 

Protection and Dosimetry to be processed. Detectors w.ere kept in a low radon 

environment prior to use. 

1 One Working Level (WL) equals any combination of radon progeny in one liter of air which results in 
the ultimate emission of 130,000 MeV of energy from alpha particles .It corresponds to an activity 
concentration of 3700 Bq m*3 for 2 2 2Rn. One WLM is exposure of 1 WL during 170 h per month or 3.5 x 
1 0 ' 3 J h m 3 . 
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The second campaign was held in May 2000 and Site 1 was still active. At this time, the 

mining shaft was 800 m distant from the entrance. Radon and "WL measurements were 

performed continuously during 31 working hours at the front of the mining shaft and 32 

underground workers were selected to use the alpha track detectors fixed to their 

helmets during their working hours. 

The third sampling campaign was in April 2003. At this time, Site 1 was completely 

disabled and a new site has been investigated - Excavation Site 7, which is 35 m depth 

with an access by foot through a slanted ramp. Measurements of radon concentration 

were performed continuously during 71 hours at the front of the mining shaft and radon 

individual measurements were also performed for 44 underground workers using alpha 

track dosimeters. 

3.2 Radon Dose and Exposure Assessment 

The annual radon dose was determined employing data from individual radon 

measurements and the methodology described by the International Commission on 

Radiological Protection in ICRP-65 report (ICRP 1993) and the United Nations 

Scientific Committee on the Effects of Atomic Radiation (UNSCEAR 2000). Average 

individual radon concentration was used instead of workplace measurements since it 

seems to be a more representative measure of radon exposure since it was time 

integrated. 

Average equilibrium factor values can be estimated only for sampling campaigns 1 and 

2. For Sampling Campaign 3, no WL measurements were performed. As can be seen in 

the results, the average equilibrium factor for Sampling Campaign 1 was 0.36 ranging 

from 0.28 to 0.46. In the second Sampling Campaign, it was 0.53 ranging from 0.37 to 

1.05. Since those measurements reflects only a period of the whole working hours and it 

can vary with parameters such as humidity, ventilation and aerosol concentration, the 

authors considered the 0.4 default value for underground mining (ICRP, 93) as more 

representative for the three sampling campaigns. 

Radon concentration was converted to WL assuming one WL is present when 3700 Bq 

m"3 of radon, is in. radioactive equilibrium with its daughters. The occupancy in the mine 

was taken to be 1848 h year"1 for workers, assuming 7 hours per day, 6 days per week 

and 1.1 months per year. Annual Effective Dose was estimated using the conversion 

factor of 5 mSvper WLM at work as suggested by ICRP (1993). 
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4- Results and Discussion 

Results of workplace and individual radon concentration and also radon progeny 

concentration at Excavation site 1 during the sampling campaigns of December 1999 

and May 2000 are presented in Table 1. 

It can be observed that average values of radon and WL concentrations were lower 

during the second sampling campaign than during the first one (December, 1999). 

Average values of radon and WL concentration were 6.0 kBq m"3 and 614 mWL, 

respectively in December 1999 and 2.4 kBq and 345 mWL, respectively, in May 2000. 

Lower individual radon measurements were also observed for the second campaign 

compared to the first one. For the first campaign, the average value for individual radon 

concentration was 2.8 kBq m"3 while for the second campaign the average value of 

individual radon concentration was 1.1 kBq m"3. 

Table 1 

Average equilibrium factor for the May campaign (0.53) is higher than for the 

December campaign (0.36), suggesting a lower ventilation rate for second campaign. 

Nevertheless, the equilibrium factor can vary with many parameters such as ventilation 

rate, humidity and aerosol concentration in air, increasing with decreasing ventilation 

rate and increasing aerosol concentration. 

In this specific situation, different sampling campaigns were realized in different places 

of the excavation site 1, where conditions of ventilation rate, humidity and aerosol 

concentration could be different in each place. The only certainty is that the mine shaft 

in the second campaign was located closer to the entrance and therefore, in a more 

ventilated area. Therefore, the more plausible explanation about the different average 

results between the two campaigns would be a better ventilated environment in the 

second campaign. Other parameters such as aerosol concentration and air humidity 

could be contributing to the equilibrium factor discrepancy. 

It can also be observed that individual measurements were almost 50% lower than 

workplace measurements in both campaigns. This can be explained by the fact that 

values of individual radon concentrations were time-integrated measurements during 6 

working days, where the worker is always in movement. On the other hand, workplace 

values were local measurements related only to some hours in front of the mine shaft. 
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A radon survey carried out in South African gold mines also reported individual 

dosimetry 50% lower than area measurements (UNSCEAR 2000). 

Radon concentrations at underground locations can have a great variability, as can be 

seen in Figure 1, which presents measurements along the main underground gallery of 

Excavation Site 1. Radon concentration increases gradually towards the mine shaft, 

from 1000 Bq m"3 at the entrance of the gallery, where ventilation was more efficient, to 

about 7000 Bq m"3 in the mine shaft. 

Figure 1 

The variability of radon concentration and the potential alpha-energy of radon decay 

products (WL) at the mine shaft during working time in the first and the second 

sampling campaign are presented in Figure 2 and 3, respectively. 

For the first sampling campaign. 1, values of radon concentration ranges from 5.1 kBq 

m 3 to 7.2 kBq m' 3 (average^ 6.0 kBq m"3) and WL ranges from 458 to 780 mWL 

(average= 614 mWL). Estimated equilibrium factor was 0.4. 

During sampling campaign 2, efforts were made to measure radon concentration for a 

longer period (31 hours) in order to observe variation of radon concentration during 

ventilation stoppages, when detonations occurred. 

Radon measurements start at 10:00 (23 May 2000) and finished at 9:00 (24 May 2000). 

WL measurements were performed only in part of this time due to operational 

problems. 

During the working time, the ventilation system stopped three times: the first stop at 

11:30 (23 May) was due to operational problems. The second and third stops at 17:00 

(23 and 24 May) were due to detonation activities. No workers were inside at those 

times. 

It can be observed from the data that when ventilation stopped, radon and potential 

alpha energy concentration increased to values up to lOkBq m"3 and 2800 mWL, 

respectively. As soon as the ventilation system was activated, radon and WL 

concentrations dropped dramatically. The average radon, concentration during the 

ventilated working time period was estimated to be 2.4 kBq m"3 as reported in Table 1. 

Figure 2 
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Figure 3 

For the third sampling campaign, a new excavation site has been opened (Excavation 

site 7) Individual and workplace area radon concentrations were investigated in this site 

and the results are presented in Table 2. 

Radon concentrations found at excavation site 7 were lower than at Excavation Site 1. 

Excavation Site 1 was deeper than Excavation Site 7 (138 and 37 m, respectively). 

Besides the depth, many factors can contribute to this, such as geology, ventilation 

circuit and mine architecture. 

Contrary to the observed values at Excavation Site 1, individual radon measurements at 

this site were higher than the working place measurements. 

Table 2 

Figure 4 presents the variation of radon concentration during 71 hours at the mine shaft 

of the Excavation. Site 7. 

Two programmed stoppages of the ventilation system occurred at 1.7:45 and. 21:15 in 

the three days of measurements. At these periods, auxiliary fans were used during 

maintenance activities that were performed by 8 workers at other locations 

underground. It can be observed that the radon concentration increased from 1.3 kBq m" 
3 to 4.0 kBq m' 3 at the mine shaft. After ventilation began, it took almost 4 hours of 

continuous ventilation to reach the previous radon concentration. Nevertheless, a group 

of workers used to start working just 45 minutes after the beginning of ventilation. 

When comparing radon concentration values observed during the unventilated period at 

both sites, it can be observed that radon concentrations at Excavation Site 7 were still, 

lower than those observed at Excavation Site 1. This may indicate that lower radon 

concentrations at this site cannot be regarded as only a matter of better ventilation 

efficiency. 

Figure 4 

Average radon concentrations at all sampling campaign and excavation sites were above 

or in the range of the action level for workplaces of 500-1500 Bq m"3 recommended by 

ICRP (1993). 
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About 92% of radon individual personnel measurements were higher than 500 Bq m" 

and 40 % exceeded the upper value of 1500 Bq m"3. If the workplace measurements 

were taken into account, 100% were above 500 Bq m"3 and 36% exceed the upper limit. 

Average radon concentrations in some coal mines of the world have been summarized 

and are given in Table 3. In the last row of this table is given the overall average value 

of individual radon concentrations for a Brazilian Coal mine. 

> 

Table 3 

It can be observed that the Brazilian coal mine presented the highest average radon 

concentration value among all coal mines. Brazilian and Polish coal mines were the 

only one that have radon concentration measurements above the Action Level range of 

500-1500 Bq m' 3 . Nevertheless, in Polish coal mines only 10% of measurements were 

higher than 1500 Bq m*3 (Chruscielewski 1984). 

An overall average individual, radon concentration can be estimated as 1.7 kBq m' 3 , 

ranging from 0.2 to 6.1 kBq m"3, considering all individual measurements. 

Taking into account this average individual radon concentration, the average annual 

radon progeny exposure in WLM and radon effective doses was estimated, as described 

previously. 

Average annual exposure to radon progeny was estimated to be 2.1 WLM, ranging from 

0.2 to 7.2 WLM and the average radon effective dose was estimated to be 10.7 mSv y"1, 

ranging from 1.0 to 36.0 mSv y"1. 

The world average annual effective dose for underground coal miners was estimated to 

be 0.36 mSv and 2.4 mSv for other underground ore-miners (except uranium miners) 

according to UNSCEAR (2000). 

The estimated radon effective dose for these Brazilian coal miners is almost 30 times 

higher than the world average dose for coal miners. It is also above the intervention 

limit for workplace of 3 to 10 mSv y"1 recommended by ICRP (1993). 

Notwithstanding these considerations the estimate of annual exposure to workers does 

not exceed the annual radon progeny exposure limit of 4 WLM for practices (ICRP, 93). 

It must, however, be emphasized that these dose estimations take into account only the 

individual radon measurements. For instance, the overall average WL radon progeny 

exposure at Excavation Site 1 was 514 mWL, ranging from 255 to 780 mWL. If these 

measurements were considered, it would represent an annual exposure of 5.6 WLM, 
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ranging from 2.7 to 8.5 WLM, which would exceeds the annual limit for radon progeny 

exposure to workers. 

If considering an average of 5 years for an underground exposure time, a cumulative 

WLM exposure of 28 WLM can be estimated. This cumulative exposure is closer to the 

exposure estimated for the Ontario uranium cohort study in Canada, which was 30 

WLM for an average exposure duration of 3 years (Kusiak et al 1993). 

It can be stated that underground workers of this Brazilian Coal mine have been 

exposed to radon and radon progeny concentration levels that cannot be considered safe 

from the radioprotection point of view. 

In the absence of national regulations to deal with this situation, international 

regulations should be applied. According to the ICRP (65) and the European 

Commission. (1996), remedial measures should be implemented to reduce this exposure 

to values below the action level. If this is not possible or if the remedial measures are 

not successful the exposure of the workers has to be controlled like in a Practice. 

The most effective radiation protection measure for reducing this exposure has been 

improvements in. ventilation. For this, three components are particularly important: air 

volume of the ventilated area, air throughput and direction of ventilation (change from 

underpressure to overpressure) (Kraus and Schedt, 2002). 

In general, exposure in coal mines is low because good ventilation is required to reduce 

the risk of methane. Nevertheless, coal mines without a methane hazard seems to 

present a radiological problem as presented, in this paper and also in most Polish coal 

mines (Chruscielewskiera/1984) 

Another relevant aspect to be considered is that those measurements reflect only present 

exposure, since radon exposure in the past has been unknown. This coal mining industry 

has been operating since 1942 and almost 4,000 workers have since then worked in 

underground activities without any compliance to regulatory standards. 

Considering that ventilation systems and mine architectures have been improving along 

the time, it could be assumed that radon concentrations in the past may have been much 

higher than at present. 

Recognizing that workers from this coal mine could have been exposed to higher radon, 

concentration in the past that were not safe from the health hazards related to decay 

products, a retrospective mortality study was initiated by the Institute of 

Radioprotection and Dosimetry and the National School of Public Health to evaluate the 
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possible health, effects related to radon exposure. Results from this first radon 

epidemiological study in Brazil will be published soon. 

Conclusions 

The average individual radon concentration values at this Brazilian coal mine were 

above the recommended action level of the ICRP 65. If workplace measurement were 

taken into account, exposure in annual WLM exceeds the annual limit for workers of 4 

WLM. 

The estimated effective dose is almost 30 times higher than the world average dose 

estimates for coal miners. It can be concluded that these mine workers have not been 

working safely from the perspective of the health hazard related to radon and radon 

progeny exposure. Proper remedial measures should be implemented in order to reduce 

exposure below the Action Level. 

Regarding this opportunity, a retrospective mortality study has been conducted to 

evaluate possible health effects related to radon exposure. 
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Table 1 - Results of radon concentration and WL measurements at Excavation Site 1 of 

the Brazilian coal mining. Range of values in brackets. 

Sampling Campaign 1 Sampling Campaign 2 

Type of measurement (December, 1999) (May, 2000) 

N Mean value N Mean Value 

Workplace 3 radon 

concentration 25 6.0 28 2.4 

(kBq rn 3 ) (5.1 - 7.2) (1.7 - 3.4) 

Workplace b WL 

concentration 15 614 9 346 

(mWL) (458 - 780) (255 - 638) 

Equilibrium factor-F 15 0.36 9 0.53 

(0.28-0.46) (0 .37-1.05) 

Individual radon c 

concentration 16 2,8 32 1.1 

(kBq m - 3 ) (0.7 - 6.1) (0.2 - 3.4) 
aInstantaneous measurements using Alpha Guard equipment 
bInstantaneous measurements using WLM-200 instrument 
cIntegrated measurements using track etching detector 
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Table 2 - Results of individual and Workplace radon concentration at Excavation Site 7 

of the Brazilian coal mining. Range of values in brackets. 

Type of Measurement N Mean value 

Workingplace a radon 

concentration 333 1.25 

(kBqrn' 3) (0 .78-1 .8) 

Individual radon b 

concentration 44 1.83 

(kBqrn' 3) (0 .45-3.99) 
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Table 3 - Average radon concentration in some coal mines of the world. Range of 

values in brackets. 

Country Number of 

Coal mines 3 

England and 

Scotland 

12 

Average radon 

concentration 

(Bqm- 3) 

Source 

74 

(22 -518 ) 

Duggan et al 1968 

Godavarikhani, India 

Iran 

Poland 

Turkey 

10 

71 

145 

(46 -354 ) 

Vishnuprasad et al 2001. 

320 

(146-520) 

Ghiassi-Nejad et al 2002 

740 Chruscielewski, et al 1984 

( 0 - 7 0 0 0 ) 

( 3 1 - 1 8 5 ) Yener et al 1998 

Pakistan 192 

(121 - 4 0 8 ) Qureshi,e¿a/ 2000 

Brazil 1650 

(170-6100) Present study 

'Number of coal mines included at the study. 
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Figure 1 - Variation of radon concentration along the main underground gallery of 

the Site 1 - First Sampling Campaign 

Figure 2 - Variation of radon concentration and potential alpha energy of radon 

daughters (mWL) in front of the mining chain of the Site 1 - First Sampling 

Campaign. 
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Figure 3 - Variations of radon concentration and potential alpha energy of radon 

daughters (mWL) in front of the mining chain of Site 1 - Second Sampling Campaign. 
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Figure 4 - Variations of radon concentration in front of the mining chain of Site 7 

Third Sampling Campaign. 
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1. Abstract 

The first Brazilian historical mortality cohort study on miners exposed to radon is being 

conducted. The cohort consists of 3224 workers of an underground coal mining industry 

in south of Brazil. This industry has been operating since 1942 without any compliance 

to regulatory standards, since there was no national regulation regarding this situation. 

Recent radon concentration measurements indicated that mine workers have not been 

working safely from health hazard related to radon and radon progeny exposure. The 

cohort inclusion criterion was defined as: a) all male employees who had worked for at 

least one year at the coal mine; b) complete workplace information (underground and 

surface); c) employment hiring between 1945 and 1997 and d) to be alive on 1 s t January, 

1979. Through multiple strategies it was possible to follow-up the members of the 

cohort with a success rate of 92 percent. This paper presents the characteristics of the 

study population and provides information about the feasibility of conducting a 

retrospective mortality study in Brazil, taking into account the methodological and 

logistic difficulties of such kind of studies in developing countries. 
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2. Introduction 

Radioactive radon (more specifically radon-222, hereafter referred to as "radon") is an 

inert gas that can migrate from soil and rocks and tends to accumulate in enclosed areas 

such as homes and underground, mines. Its carcinogenic potential derives principally 

from alpha particles emitted during the radioactive decay of its short-lived progeny, 

polonium-218 and polonium-214. Epidemiological studies of underground miners 

exposed to radon, together with experimental animal studies and in vitro cellular 

studies, have clearly established that radon decay products are carcinogenic and that 

exposure to radon progeny at levels found in mines increase the risk of lung cancer 

(Lubin 1994, Lubin et al, 1994; NAS, 1988;Samet, 1989) 

Published data on radon and its decay products in coal mines show that concentrations 

are generally low (Unscear,2000). Besides the geologic aspects, it can also be explained 

by the fact that in most coal mines, the ventilation system suitable for methane hazard is 

sufficiently effective to eliminate also radon hazard. Nevertheless, some radiologically 

significant levels of radon have been reported in non-methane hazard coal mines in 

Germany and Poland (Eicker and Zimmermayer, 1981; Chruscielewski, 1985). 

Recently, the Brazilian Nuclear Energy Commission conducted a national program in 

order to investigate the potential environmental and occupational radiological impacts 

associated to some non-uranium mining and milling industries (Fernandes, et al, 1997; 

Pires do Rio, 2002). The results of this project called attention to a non methane hazard 

coal mine located at Parana State in the south of Brazil, which presented high levels of 

radon concentration (Mata et al, 1999; Veiga at al, 2000, Fernandes et al, 2002). 

Current radon concentration was about 1.7 KBq m , ranging from 0.2 to 6.1 KBq m 

and average annual exposure to radon progeny was estimated to be 2.1 WLM, ranging 

from 0.2 to 7.2 WLM (Veiga et al, 2004). Those measurements only reflect current 

exposure, since radon exposure in the past was unknown. The Coal Mining has been 

operating since 1942 without any compliance to regulatory standards, since there was 

no national regulation regarding this exposure, unless for uranium mining. 

Considering that ventilation systems and mine architectures.have been improving along 

time, it can be assumed that radon concentrations in the past should probably be much 

higher than currently observed. 

While studies of miners exposed to high, levels of radon progeny have documented the 

causal, link to lung cancer, studies of miners with lower exposures are needed to address 
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the safety of present exposure limits for miners and the risk of environmental Rn 

exposure for the public (Samet et al, 1991). Particular attention has also been given to 

the risk of other cancer sites besides lung cancer, such as stomach cancer, liver cancer 

and leukemia, although causal relationship is still questionable since no exposure-

response relationship was observed (Darby et al, 1995; Kreuzer et al, 1999). 

Considering the importance of the problem and the availability of personnel records at 

the company, it was decided to conduct a historical cohort study of workers employed at 

the company. The cohort includes underground and above ground workers and aims to 

investigate whether workers of the industry were affected by an elevated mortality from 

cancer, and to ascertain whether the excess, if any, concerned underground miners, who 

used to work wherein high radon exposure has been reported. 

Taking the challenge into account, the cohort was established and the mortality follow-

up has been started. The aim of the cohort study is to screen for an increased risk of 

death, mainly from lung cancer, with respect to a reference population, and to verify 

whether it increases as a function of the cumulative exposure to radon and its daughter 

products. This paper presents the characteristics of the study population and provides 

information about the feasibility of conducting a retrospective mortality study in Brazil, 

taking into account the methodological and logistic difficulties of such studies in 

developing countries. 

2.1 - Cohort construction 

The selection of members to the mine workers cohort was based on personnel and 

occupational files of the Coal Mining Company, settled in the city of Figueira, state of 

Paraná, Brazil. It includes a total of 4859 workers employed between 1942 and 1997. 

Eligible cohort members were defined as all male employees who had worked for at 

least one year at the coal mine from the start of its operation in 1942 through the end of 

1997, whose vital status was known, in or after 1979 and who had complete workplace 

information (underground and surface). The follow-up period started in 1979, when 

population death rates from the Brazilian Information Mortality System began. 

Miners who had worked less than one year (1477 workers), with missing workplace 

information (28) and all women workers (130), were excluded from the studied cohort. 

Therefore, the cohort subjects under study comprise 3224 workers. The date of entry 

into the cohort is defined as the date of first employment plus one year. The date of exit 
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is defined as the earliest, chosen among the date of death, the date of last known vital 

status and. the date of last Brazilian President election, 27 October 2002. 

A database was created containing all relevant data such as date of birth, parents name, 

personnel document identification number, electoral voting card number and all 

occupational data (dates of starting and ending at each function and place of working). 

Tins database was the basis for the mortality follow-up, which ended on October 2002. 

2.2 - Vital Status Identification 

The central strategy to identify the vital status of each cohort participant was carried out 

through the Regional Electoral Court search. This option was chosen taking into 

account: the mandatory poll for all Brazilian over 18 years of age. A list containing the 

worker's name, mother's name and date of birth was used by the electoral Court to 

check at the national voting database. Workers who voted at the 2000 and 2002-year 

election for president were considered alive at this time or at the time related to the last 

year of valid vote. For the workers who had the voting card cancelled by death, the 

electoral court also informed the local and date of death. 

Consulting the National Social Security Institute, which has a database including all 

Brazilian workers receiving allowance for medical care or retirement, was the second 

used strategy. Workers were then searched at this database and active retired workers 

(still receiving allowance) could be traced and were considered alive. Workers, who 

received disease allowance in previous years, were also identified and were considered 

alive at that time. Finally, the retirements that were cancelled by decease could be 

identified as well as date and local of death. Workers' wife names were also used to 

check against files of pensions allowances. 

Workers were also traced at the National database for monthly contributions to the 

National Social Security Institute (INSS) since contributions from all employees and 

employers to INSS during the working periods are mandatory. 

A third, used strategy was to check the situation, of the Individual Taxpayer Registration 

(CPF), through the Federal Revenue and Customs Secretariat. If the CPF status was 

regular, we considered the person as alive. Otherwise, if the CPF was cancelled, vital 

status was considered ignored. For those workers who had the CPF number at the 

registration form, the search could be done directly at the homepage of the Federal 

Revenue and Customs (Secretaria da Receita Federal, 2002). 
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For the workers that could not be traced with the strategies above, an active search at 

the city where the industry is located was performed. It consisted of a search at the only 

Death Registration Office of the city and personal interviews with older workers from 

the company and professionals of the local Health Center. A list of workers with 

ignored vital status was checked against the files from the Death Registration Office and 

also presented to older workers and professionals of the health center at the city to be 

identified. The information obtained was checked with a relative towards personal or 

telephone contact. 

At last, the fifth strategy used was to check the remainder "unavailable vital status 

information" workers against the files from other Death Registration Offices at the State 

of Paraná. It was realized through the association of Registrations Office of the State of 

Paraná that sent the workers' list to be checked to all Death Registration Offices from 

28 selected counties. A total of 78 Registration Offices had carried out the search. 

2.3 - Cause of death identification 

All deceased members of the cohort were checked against the files from the Health 

Office of any State wherein the death was registered. The States Health Offices have all 

death certification, documentation computerized since 1979, when the Brazilian 

Information Mortality System (SIM) was implemented in the country. Nevertheless, at 

some Health Offices names were omitted at the SIM database and the search had to be 

done by crossing information of birth's date and death's date. Usually only one register 

was identified, which could be confirmed against the original death declaration. A 

photocopy of the death declaration was thus obtained for each identified worker. 

For all members of the cohort that were previously identified as deceased by vital status 

search at the Death Registration Offices, a copy of the death certification was also 

obtained at the Health Office to assert the transcription of the causes of death at the 

death certificate. The underlying cause of death was coded according to the 

International Classification of Diseases (CID) 9 t h for deaths before 1995 and 10 t h 

revision for deaths thereafter, establishing devised tables of equivalence between the 

different revisions. 
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3 - Results 

The final cohort includes a total of 3224 subjects. Overall, 2191. subjects had worked in 

an underground set for sometime and 1033 subjects had worked only at surface. 

Characteristics of the cohort stratified by subcohorts are presented in Table 1. 

Stratification was based on date of first employment and aimed to reflect the different 

environmental mining conditions at each period. The subcohort C (hiring between 1982-

1997) presented the highest numbers of miners (38.%). The proportion of underground 

workers was almost the same for subcohort A and B (70%) and slightly lower for the 

subcohort C (63%). 

The mean age at first admission was 26.5 and 25.9 years for underground and surface 

workers, respectively. On average, the study subjects were employed at the coal mine 

for 6 years at underground and 5 years at surface. In general, it can be observed that 

mean, duration of employment underground was higher than at surface for all 

subcohorts, except for the subcohort C (1982-1997). 

Through multiple strategies it was possible to build a Brazilian cohort of 3224 subjects 

and follow them retrospectively. The efficacy of each, strategy was presented in Figure 

2, The Electoral Court could identify the status vital of 56% members of the cohort. It 

was the central strategy of the search, followed by the National Social Security Institute 

and the Individual Taxpayer Registration (CPF) search that could identify, respectively 

about 30 and 48% of the remainder lost members of the cohort. Around 275 subjects 

could not be traced through any of the strategies adopted, representing 8.5% of the total 

cohort. 

The information presently available on the vital status of the cohort is presented in 

Table 2. About 16% of the subjects of the total cohort are known to be dead, 7 1 % were 

still alive at 2000-2002 period and 8.5% were lost to follow-up. Most of the unidentified 

and dead workers belong to the subcohort A (1942-1969), while most of the living 

workers belong to the subcohort C (1982-1997). As subcohort C (1982-1997) is still 

relatively young, follow-up continuity is planned. 

4. Discussion 

Few historical cohort studies have been carried out in Brazil and. few have completed 

the follow-up with an acceptable losses amount. Fassa et al (1998) conducted one of the 
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first historical cohort studies carried out in Brazil as part of a multicentric study on the 

paper industry conducted by IARC in 18 countries. This Brazilian cohort was composed 

by 3622 workers from the pulp and paper industry. Using also multiple search 

strategies, the authors reported a follow-up success rate of 93 percent and cause of death 

could be identified in 99 percent of the cases. 

Mattos et al (2002) conducted a cohort study of 10,017 electric power plant workers 

from 1978 to 1994. Information about the follow-up and cause of death identification 

was obtained directly at the industry through the Company payment roll, and Social 

Security. Therefore, follow-up was completed with 3 percent of losses and only two 

causes of deaths could not be identified (99.6 percent success rate). Recently, another 

retrospective cohort study of Brazilian workers in the rubber industry was initiated and 

follow-up has been carried out using also multiple strategies (Wiinsch Filho, personal 

communication). 

One of the more important aspects of such studies in Brazil was to establish strategies to 

overcome the methodological challenges such as data access, data accuracy and data 

availability, especially in a large follow-up period. 

m Brazil, like in other countries, law restricts the access to personnel data. In case of a 

scientific research, this can be facilitated if data confidentiality is guaranteed. 

The second search strategy at the database of the National Social Security Institute was 

exhausting, since three different databases were used: the death system, allowance 

database system and the Social Security contribution database. Two research assistants 

could accomplish this search, which makes it faster. Crossing personal data could insure 

the quality of the information. 

The third strategy, the Individual Taxpayer Registration (CPF) search, was the one of 

easier access. For those workers who had the CPF number at the registration form of the 

company, the search could be done directly at the homepage of the Federal Revenue and 

Customs Secretariat. Individual Taxpayer Registration (CPF) is a mandatory document 

in Brazil. It is a unique identification number in all national territory and accompanies 

the person for the whole life. CPF number is need to open bill accounts in banks, to 

receive allowances from the National Social Security and others. 

Every year, all Brazilian individuals are forced to declare revenues and goods to 

maintain the CPF number in a regular situation. Low-income people were exempted to 

pay income taxes and had to present annually an exemption declaration. This situation is 
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applied to almost all members of the cohort. Therefore, members of the cohort were 

considered alive when the CPF registration situation was regular. 

Therefore, it was also a search strategy for living people, once only the information of 

regular CPF situation could be used to assume that person was alive. Canceled CPF 

could be interpreted as much as for a person that did not regularize the CPF situation 

than for a deceased people. The distinction between these two situations was not 

available at the homepage. The only exception was for one member of the cohort that 

could be identified as deceased by the CPF situation. 

The active search in the city was considered very effective. Mainly, because it was 

carried out in a small city, where everyone knows each other and because most of 

workers' relatives still live in. the city. Retired miners were also very important to 

identify the vital status of the workers lost to follow-up. 

The main difficulty of this strategy was to guarantee the quality of the information 

received. All information about workers' vital status was only considered valid when it 

could be confirmed by phone contact with relatives or even with the own sought person. 

The last strategy, the search at the Death Offices of the Parana state, identified the 

deceased workers that were lost to follow-up. As this search identified just dead 

workers, it compensated the greater identification of living people by others searches. It 

was also useful to confirm information, of deceased members of the cohort obtained 

during the active search. 

In spite of the logistics difficulties, the loss of follow-up was only 8.5%. This only 

could be achieved by an exhausting strategy of search, seeking to guarantee the validity 

of the study. The success with which the follow-up is achieved is probably the basic 

measure of the quality of the study. If a substantial proportion of the cohort is lost to 

follow-up, the validity of the study's conclusions is seriously called into question. 

The International Agency for Research on Cancer - IARC reports studies with a loss to 

follow-up of 0.1 to 10% as an indicative of target to be achieved in cohort studies 

(Breslow and Day, 1987). 

The analysis of the lost to follow-up group is of extreme importance in order to evaluate 

if this group differs substantially from the ascertained members of the cohort and 

consequently, if this loss can introduce some important distortion in the study's 

conclusions. 

Table 3 presents a comparison of characteristics of the lost to follow-up group with the 

total ascertained cohort. The proportion of underground and surface workers, as well as 
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the mean, age at admission does not differ a lot from the ascertained total cohort. 

Notwithstanding, the duration of employment is a little smaller for the lost to follow-up 

than for the ascertained total cohort. 

According to data presented in Table 2, it was observed that workers' sub-cohorts 

admitted before 1971 presented the largest proportion of lost to follow-up, representing 

about 83% of the total lost to follow-up group. Some hypotheses can be assumed to 

explain these losses. 

When considering the attained age of these workers at the end of the study, a first 

hypothesis that can be suggested is that these workers would be deceased. Among the 

members of the cohort lost to follow-up, about 80% would have more than 60 years if 

they were alive at the end of the study. Comparatively, among the living members of the 

cohort, only 19% presented more than 60 years of age at the end of the study. 

Once the workers lost to follow-up were not identified as retired workers, it can also be 

supposed they were deceased for a long time. Therefore, their names had been already 

removed from the Social, security and Electoral court database. 

A second hypothesis would, be related to the own search strategy. More than 90% of 

these workers did not present the CPF number neither the wife's name at the registration 

form employment. This fact disabled these workers to be traced by the CPF situation, as 

well as for the wife's name search in the Social Security database. At last, as voting is 

optional for age up to 65; the electoral court search strategy was not effective for this 

group. 

Therefore, it cannot be excluded the hypothesis that part of these lost workers in the 

follow-up can still be alive, without formal employment and without retirement 

allowance (usual situation in Brazil). Notwithstanding, this group represents only 8.5% 

of the whole cohort and probably will not introduce any significant change. 
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Conclusion 

This study constitutes one of the few Brazilian historical cohorts and the first 

epidemiological study in Brazil on miners exposed to radon. Through multiple strategies 

it was possible to follow the members of the cohort with a success rate of 92 percent. 

Important information about the feasibility of conducting a retrospective mortality study 

in Brazil was discussed taking into account all methodological and logistic difficulties 

of such kind of studies, mainly in developing countries. 

Therefore, other cohort studies to be carried out in the country could use similar 

strategies to ascertain the vital status of cohort members. 
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Table 1 <- Characteristics of the study population stratified by subcohorts 

Mine Employment Starting periods 

1942-1969 

A 

1970-1981 

B 

1982-1997 

C 

Total 

Number of Workers 

Underground a 

Surface1* 

1052 (100%) 

741 (70%) 

311 (30%) 

940 (100%) 

669 (71%) 

271 (29%) 

1232 (100%) 

781 (63 %) 

451 (37%) 

3224 (100%) 

2191 (68%) 

1033 (32%) 

Age at admission - years (Mean ± SD) 

Underground 

Surface 

26.8 ±9 .1 

26.6 ± 7.8 

27.1 ±11.6 

27.1 ±8 .8 

27.1 ± 7.2 

26.9 ±11.9 

25.3 ±7.9 

25.7 ±6 .3 

24.4 ± 10.1 

26.3 ±8 .6 

26.5 ± 7.1 

25.9 ±11.3 

Duration of employment - years (Mean ± SD) 

Underground -

Surface 

6.9 ±6 .6 

7.4 ±6 .5 

5.7 ±6 .7 

5.9 ±4.8 

6.4 ±4 .7 

4.9 ±4 .9 

4.7 ±3.9 

4.7 ±3 .8 

4.6 ±4.0 

5.8 ±5.3 

6.1 ± 5 . 2 

5.0 + 5.2 

underground for at least 1 year. 
bSurface for at least 1 year, but less than one year underground. 
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Table 2 - Frequencies distributions of vital status of cohort members, Figueira, Parana, 

1942-1997 

Mine Employment Starting periods 

Vital Status 1942-1969 

A 

1970-1981 

B 

1982-1997 

C 

Total 

Total numbers 1052 940 1232 3224 

(100%) 

Alive at the end of follow-up 378 697 '1117 2192 

(68%) 

Alive between 1979 to 1997 38 57 15 110 

(3.4%) 

Alive between 1998 to 2001 37 31 49 117 

(3.6%) 

Deceased 341 139 50 530 

(16.4%) 

Before 1979 87 5 - 92 

(2.8%) 

After 1979 254 134 50 438 

(13.6%) 

Vital status not known 258 

(24%) 

16 

(1.7%) 

1 

(0.08%) 

275 

(8.5%) 
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Table 3 - Comparison of characteristics of the lost to follow-up group with the 

ascertained total cohort 

Lost to follow-up Ascertained total 

cohort 

Number of Workers 

Underground2 

Surfaceb 

275 

179 (65%) 

96 (35%) 

2949 

2012 (68.2 %) 

937 (31.8%) 

Age at admission - years (Mean ± SD) 27.6 ± 9 . 7 26.2 ± 8.5 

Duration of employment - years (Mean ± SD) 4.6 ± 4.9 5.9 ±5 .3 
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COHORT CONSTRUCTION 
N= 3224 

INDUSTRY FILES 

ALIVE = 54 DEAD=54 NO INFORMATION =3116 

ï 
ELECTORAL COURT SEARCH 

53.3% 

1 
r 

ALIVE 
1556 

DEAD 
105 

NO INFORMATION 
1145 

NATIONAL SOCIAL SECURITY SEARCH 

1 
28.2% 

r 
ALIVE 

261 
DEAD 

142 
NO INFORMATION 

1044 

INDIVIDUAL TAXPAYER REGISTRATION 
CPF SEARCH 

49.7% 

f r r 

ALIVE DEAD NO INFORMATION 
519 1 524 

ACTIVE SEARCH AT THE CITY 

T 7 I —Z7Z 

28.2% 

ALIVE DEAD NO INFORMATION 
29 121 374 

DEATH OFFICE SEARCH 

28.0% 

DEAD 

107 

NO INFORMATION 

275 . 

Figure 1 - Efficacy of each strategy used in the status vital search 
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1 0 - A R T I G O 3 : 

A retrospective mortality study of workers exposed 

to radon in a Brazilian coal mine 

Veiga 1, L.H.S., Amaral 1, E.C.S, Koifman 2, S. 

Abstract 

A cohort study of the mortality experience (1979-2002) of 2,856 Brazilian coal miners, 

with 1946 underground workers occupationally exposed to radon daughters has been 

conducted. Standard mortality ratio (SMR) analysis showed lower mortality from all 

causes for both underground (SMR=88, 95%CI=78-98) and surface workers (SMR=96, 

95%CI=81-113). High statistically significant SMRs were observed for pneumonia as a 

cause of death among surface ((SMR=284, 95%CI=118-684) and underground miners 

(SMR=254, 95%CI=140-459)3 likewise to lung cancer mortality for underground 

miners (SMR=177, 95%CM05-299) with a statistically significant trend according to 

exposure length on underground work. Taking into account that mortality from 

smoking-related cancers other than lung cancer is not elevated in underground workers 

and diesel equipments were not used at this mine, the results suggest that the exposure 

to radon daughters may have been responsible for the lung cancer excess among 

underground workers. 
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I Introduction 
i 

An increased risk of lung cancer is now well documented in metal and fluorspar miners 

who have worked underground and this excess risk is proportional to cumulative 

; exposure to alpha radiation from short-lived radioactive daughters of radon-222 gas in 

'mines (Armstrong et al, 1979; Cocco et al, 1994; Hornung and Meinhardt, 1987; Howe 

et al, 1986, Kusiak et al, 1991, Lubin et al, 1994, Meijers et al, 1988; Morrison et al, 

1988; Radford et all, 1984; Solli et al, 1985). Conversely, among underground workers 

in coal mines, which generally have low levels of radon daughters, little excess of lung 

: cancer has been found (Armstrong el, 1979; Costello et al, 1974; Crofton, 1969; Duggan 

. et al, 1970; Eicker and Zimmermeyer, 1981; Goldman, 1965; James, 1955; Meijers et 

al, 1988 and Rockette, 1977). This evidence indicates that radiation exposure is the 

principal cause of lung cancer in underground mines. 

In Brazil, the situation of radon, exposure in underground mines is still unknown, since 

there is no national regulation regarding such exposure. According to the National 

Department of Mineral Production — DNPM, there are 74 underground mines in Brazil. 

Of these, approximately 33 were in operation, with approximately 3200 workers in 

underground activities. Among these, 8 are coal mines, 7 are gold mines and the others 

are the fluoride, beryllium, feldspar, lead, iron/manganese, Zinc/Cadmium and tungsten 

mines (DNPM 1997). 

In 1995, the Brazilian Nuclear Energy Commission conducted a national program in 

order to investigate the potential environmental and occupational radiological impacts 

associated with some non-uranium mining and milling industries (Fernandes, et al 

1997; Pires do Rio 2002; Lipsztein et al 2001). The results of this project called 

attention to the Figueira coal mining, an industry located in Parana State, south of 

Brazil, which presented high levels of radon concentration (Mata et al 1998; Veiga at al 

2000, Fernandes et al 2002). High values of 2 I 0 P o in urine samples of some workers 

from this mine indicated the inhalation of radon progeny as a relevant source of 

occupational exposure as reported by Lipsztein et al (2001). 

Veiga et al (2004) presented an evaluation of radon and radon decay products exposure 

in the underground, environment of this coal mining industry and estimated, an average 

annual exposure to radon progeny of 2.1 WLM, ranging from 0.2 to 7.2 WLM. 

Nevertheless, those measurements reflect, only present exposure, since radon exposure 

in the past has been unknown. This coal mining industry has been operating since 1942 
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and almost 4,000 workers have worked since then in underground activities not 

subjected to any regulatory requirements. 

Considering that ventilation systems and. mine architectures have been, improving along 

the time, it could be assumed that radon concentrations in the past should be much 

higher than at present. 

Considering the importance of the problem and the availability of personnel records at 

the industry, it was decided to conduct a historical cohort study, including underground 

and aboveground workers. The purpose of this study was to investigate whether workers 

of this industry were affected by an elevated mortality from respiratory cancer and to 

ascertain whether the excess, if any, concerned underground workers. 

Material and Methods 

Subject selection 

The development of the cohort and the multiple strategies for follow-up has been 

described in a previous publication (Veiga, et al, 2004). Briefly, eligible members of the 

cohort were all workers employed at the Coal mining industry between 1942 and 1997 

having at least 1 year of employment with complete occupational history. Short-term 

employees were excluded from the analysis because of the difficulties in tracing them as 

reported in many publications (Simonato et al, 1994; Breslow and Day, 1987). 

Of the 4859 company personnel, records, 1625 were excluded (1477 having less than 1 

year employment, 28 with missing workplace information and 130 women). Therefore, 

the cohort subjects under study comprise 3224 workers, being 2191 (69%) underground 

miners and 1033 (31%) surface workers, which include administrative staff (less than 

10%) and miners. 

Determination of vital Status 

Workers vital status information was ascertained from the mine company records, the 

Regional Electoral Court, the National Social Security Institute, the Federal Revenue 

and Customs Secretariat and also from an active search at the city carried out at 78 

Death registration Offices of the state of Parana, wherein the mine is located. Electoral 

court was the central strategy of follow-up, identifying 53% of the vital status of cohort 

(Veiga et al, 2004). The cohort was matched against the national voter registration list 

for the years of 1994, 1996, 1998, 2000 and the last president election in October 27 t h 
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2002, date of the end of follow-up. The last voting register was considered as the last 

date known to be alive. 

As regional general population death rates needed for most analyses were available only 

after 1979, the follow-up period began on the date of hire or January 1 s t 1979, 

whichever was later, and finished in October 27 t h 2002. 

Causes of death were generally obtained from the Health Office of the State or the 

Death Registration Offices wherein the death was registered. Cause of death was 

ascertained for 100% of the known deceased cohort members after 1979. The 

underlying cause of death was coded by an expert nosologist according to the 

International Classification of Diseases (CID 9 t h) for deaths before 1995 and the 10 t h 

revision for deaths thereafter, establishing devised tables of equivalence between the 

different revisions. 

Exposure Information 

Coal miner's environment includes many well-known threats: dust of coal and waste 

rock, fumes and noxious gases, radiation (radon and radon daughters), noise and 

vibrations, poor light, work in a forced position together with the lack of oxygen, 

unfavorable microclimate (high temperature and air humidity), and stress due to the 

awareness of the risk of death (Skowronek and Zemla, 2003). The most frequent 

occupational disease is silicosis together with complications (e.g., tuberculosis, 

bronchitis, emphysema and chronic respiratory system disease of unknown etiology). 

Exposure to radon and radon progeny in the studied coal mine was only estimated for a 

recent period (Veiga et al, 2004). Based on an average individual radon concentration of 

1.7 kBq m (range:0.2 to 6.1 kBq m ), the authors estimated an average annual 

exposure to radon progeny of 2.1 WLM, ranging from 0.2 to 7.2 WLM. No 

measurements were available prior to 1995 and the challenge to overcome this fact was 

to estimate the cumulative exposure as many uncertainties would arise from using 

current radon measurements to make inferences on the past levels for a so long period. 

Radon levels in the past may differ due to many factors, such as, changes in ventilation 

pattern, structural alterations in the mine along the time and also the different 

environmental and geological conditions of all exploited excavations sites. Even 

considering a job-matrix based on work environment, architecture and ventilation, it 

would be required an extended period of extrapolation in the estimation of the WLM for 
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the early years of exposure. Therefore, it was decided to rely on duration of employment 

in underground jobs as a surrogate for exposure. 

Regular measurements of airborne dust from personal and static sampling devices were 

available starting in the 1980s. Respirable dust concentrations at underground 

workplaces averaged < 1.0 mg m"3. 

As this is a non-methane hazard mine, electrical power was used instead of diesel-

powered equipment underground. Therefore, diesel fumes do not constitute an 

important environmental carcinogen at this mine. 

Data analysis 

The principal aim of this study has been to screen for an, increased risk of death from 

cancer, mainly from lung cancer, with respect to a reference population, and to verify 

whether it increases as a function of duration of employment underground as a surrogate 

of exposure to radon and its daughter products. 

The standardized mortality ratio (SMR) was the measure of association used to compare 

worker's mortality rates with that experienced by the general male population of the 

State in which the mine industry was located. SMR was computed as the ratio of 

observed to expected numbers of deaths multiplied by 100, using the STATA Statistic 

Data Analysis Software. The numbers of deaths and person-years of follow-up 

experience were grouped into strata defined, by age (10-y intervals from 10-19 through 

70-79, and > 80) and calendar interval (1979-1983, 1984-1987, 1988-1991, 1992-1995, 

1996-1999, and 2000-2002). Expected numbers of deaths were calculated by applying 

the regional male mortality rates per calendar year and 10-year age range to the number 

of person-years corresponding to the cohort. The 95% confidence intervals (CIs) of the 

SMRs were calculated- assuming a Poisson distribution for the observed number of 

deaths and tests for homogeneity and for trend of SMRs (Breslow and Day, 1987). 

Because cohort subjects were required to have at least one year of employment, person-

years were accumulated beginning 1 year after the hiring date. Therefore, the individual 

follow-up starting was defined as the hiring date plus one year or 1 January 1979, 

whichever was later, and the follow-up ending was defined as one among these dates: 

date of death, the last known vital status date or October 27 t h 2002, the cutoff date for 

follow-up. 

For certain causes of death in excess, we analyzed subgroups specified on the basis of 

period of hire, years since first exposure and years worked. 
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Results 

Characteristics of the cohort 

The cohort was divided into 3 sub-cohorts based on date of first employment, i.e, 

Subcohort A (1942-1969), subcohort B (1970 - 1981) and subcohort C (1982-1997). 

This stratification aimed to reflect the different environmental mining conditions at each 

period. There are slightly more miners in subcohort C (hiring between 1982-1997) than 

in subcohort A and B (32% and 29%, respectively). The proportion of underground 

workers was almost the same for subcohort A and B (70%) and slightly lower for the 

subcohort C (63%). The mean age at first admission was around 26 years and the mean 

duration of employment was 6 years at underground and 5 years at surface. In general, 

mean duration of employment for underground workers was higher than at surface for 

all subcohorts, except for the subcohort C (1982-1997) as described by Veiga et al 

(2004). 

At the end of follow-up period on 22 October 2002, vital status was ascertained for 92% 

of cohort members (2949/3224). After 1979, It was established 438 deaths, 92 deaths 

before 1979, 227 subjects alive in any period between 1979 and 2001, and 2192 (68%) 

alive at the end of follow-up. Vital status remains still unknown for 275 subjects, 94% 

of these belonging to subcohort A (1942-1969). 

The 275 subjects lost to follow-up and 92 subjects died before 1979 were not included 

in the SMR analysis. Subject known to be alive any period, between 1979 and 1997 

computed person-years until the last date they were known to be alive. Subjects known 

to be alive any period between 1998 and. 2001 were considered alive at the end of 

follow-up, since they were traced nominally at the death information system of de State 

Health Office and.no record was found. Therefore, the total number of subjects included 

in the SMR analysis consisted of 2856 male workers (1946 underground workers and 

910 surface workers). 

Table 1. presents the characteristics of the 2857 miners included in the study. The cohort 

has a small proportion (6.5 %) of miners still working at the end of follow-up. The 

number of person-years was 48450, i.e. a mean follow-up-duration of 17 years. At the 

end of the study, 77% of the miners in this cohort were still alive. Attained age was 65 

years for subcohort A and only 38 years for subcohort C, indicating this as a very young 

subcohort. 
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Mortality experience 

Table 2 shows the observed and expected numbers of deaths for selected causes, using 

the specific male mortality rates for Parana State as the standard population. Mortality 

from all causes was significantly less than that expected from the general population 

(SMR=90,CI=82-99). Lower statistically significant mortality estimates were also found 

for all cancers (SMR=73, CI=55-96), Chronic respiratory diseases (SMR=49, CI=25-

95) and digestive system diseases (SMR=53, CI=32-87). 

Among single cancer sites, only lung cancer presented a non-significant excess of 

mortality (16 observed vs 11 expected). 

Non-significant excesses were found for endocrine, blood and nutritional diseases, 

specifically diabetes and malnutrition and also for some external causes of deaths such 

as accidental falls, drowning and suicide. A significant excess mortality for pneumonia, 

2,6 fold excess in comparison with male population from Parana state was found for the 

total cohort. 

Table 3 shows the mortality experience of underground and surface workers. Mortality 

for all causes was statistically significantly lower than expected among underground 

workers, whereas it was slightly lower among surface workers. A significant, deficit of 

mortality was also found for all cancers, chronic respiratory diseases and digestive 

system diseases among underground workers, whereas a non-significant deficit was 

observed among surface workers. Deaths from tuberculosis (three deaths) occurred only 

among underground workers, with a non-significant excess of mortality. 

Mortality from pneumonia was equally above expectation among surface and 

underground workers, with significant 2.8-fold excess among surface workers and 2.5-

fold excess for underground workers. Although mortality from all cancers was lower 

than expected among underground workers, lung cancer mortality was significantly 

increased among underground workers, whereas a non-significant deficit was observed 

among surface workers. 

Lung cancer and pneumonia, which occur in excess compared with the general 

population, were studied for duration of exposure (years worked), period of hire and 

time since last exposure. 

Table 4 presents the SMRs, for mortality from lung cancer and pneumonia for 4 

different exposure groups and their 95% confidence intervals: not exposed group 

(surface workers), less than 5 years, 5-10 years and more than 10 years of underground 

exposure duration. Standardized Mortality Ratios for lung cancer tended to increase by 
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duration of exposure, reaching statistical significance for the category of duration of 

exposure greater than 10 years (SMR=261; 95% CI 117-581), and a statistically 

significant positive trend was found. 

An increased pneumonia mortality risk was observed for both surface and underground 

workers. There was not a trend for duration of exposure among underground workers 

and a significant mortality risk was found among underground workers with 5 to 10 

years worked. For surface workers a statistically significant pneumonia mortality risk 

was observed only for miners with less than 5 years worked (SMR=477, CI(95%)=198-

1148). For other duration of exposure categories, SMR was null since there was no 

observed death (results not shown). 

Table 5 presents lung cancer mortality risk by duration of exposure among underground 

workers stratified, by time since last exposure. From 14 lung cancer deaths observed 

among underground workers, 12 deaths were observed for time since last exposure 

greater than 10 years. At this category, standardized mortality ratio increased with 

duration of exposure. This is consistent with an occupational etiology for this cancer 

considering a minimum latency period of 10 years. Therefore, the only two deaths that 

occurred before the 10 y interval were probably unrelated to workplace exposure. 

Concerning the analyses by subcohorts based on period of hire, we considered only two 

subcohorts: miners hired before and after 1970. This was due to the small number of 

lung cancers to be stratified. Table 6 presents lung cancer mortality risk by period of 

hire. Miners starting employment after 1970 have increased lung cancer mortality with a 

significant trend with duration of exposure. Ten lung cancer deaths occurred against 

only 2.4 expected. These 10 lung cancer deaths occurred among miners hired between 

1970-1980. For miners hired before 1970, 4 lung cancers deaths occurred against 5.5 

expected. This can suggest a bias caused by the great proportion of unknown vital status 

(24%) among this subcohort that was removed from the analysis. 

When evaluating period of hiring and exposure duration for pneumonia mortality risk, a 

significant excess mortality risk was found for 1970-1997 period of hire (SMR= 299, CI 

(95%)^156-576) and a non significant excess mortality risk for workers hired before 

1970 (SMR=150, CI(95%)=37-603). No trend was observed among duration of 

exposure categories. 

It must be pointed out the non-significant excess for mal-nutrition and external causes 

mortality, mainly due to drowning and suicide, probably reflecting the low social 

economic condition of this group. 

- 6 2 -



Discussion 

The present study allowed an investigation of the mortality of Figueira coal miners 

exposed to radon and radon daughters at underground work environment. The major 

finding of this study is the significant excess risk of lung cancer among underground 

workers and the observed increasing risk according to increasing duration of exposure 

(years worked underground). Contrary to lung cancer, pneumonia mortality risk seems 

to be unrelated to underground exposure. 

The healthy-work effect could be an explanation for the lowest observed than expected 

for all causes of deaths, once working population comprises individuals necessarily 

healthy enough to be employable and whose mortality risk is therefore initially lower 

than observed in the general population. Working population has typically presented a 

mortality risk ranging 60% - 90% to that of the general population (McMichael, 1976). 

However, the significant reduction on all cancers mortality observed among miners was 

not. consistent with other observations of the healthy-worker effect in which cancer is 

usually less affected than other chronic conditions (Mattos, et al, 2002; McMichael, 

1976.) We can also consider this deficit could be explained by the lack of complete 

information of vital status of the 110 subjects who were known to be alive any period 

between 1979-1997. 

Two hypotheses can be considered to evaluate the effect of this missing information. If 

we considered that the 110 subjects were dead at the time they were lost to follow-up 

and deaths show the same distribution as the 437 deaths, the SMR for all causes of 

death should be increased by about 23% (SMR=111, 95% C I - 102-121) and no 

healthy-worker effect would be observed. Otherwise, if those subjects were considered 

to be alive at the end of follow-up, a lower SMR value of 83 (95%CI-75-91) would be 

observed, indicating a significant deficit for all causes of death in comparison with 

general, male population mortality risk. The hypothesis of being alive is probably the 

most plausible, since those subjects were exhaustively searched in Health Office of 

Parana State, but no records for them were found. It would be improbable that deaths 

occurred outside Parana State, since among all deaths registered in the cohort, 88% 

occurred in Parana State, against 9% in Sao Paulo State and 3 % in other Brazilian 

States. 

An increased mortality risk of lung cancer was found for underground workers with a 

strong relationship with years worked (duration of exposure). Nevertheless, the major 
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potential confounder of any association with lung cancer is, of course, smoking. It has 

been reported that manual workers in general have smoking habits different from those 

of the general population (Breslow and Day, 1987). Since smoking information of 

cohort members was not available, it is necessary to rely on indirect evidence. Other 

authors used the SMR for cancer sites other than the lung cancer that are presumably 

related to smoking to evaluate the confounding effect on the risk estimate for lung 

cancer (Coceo et al, 1994). Mortality from smoking-related cancers (i.e, cancers of 

larynx, esophagus, oral cavity and bladder) other than lung cancer is not elevated, in 

underground workers. Any mouth and bladder cancer death was observed. There is also 

no excess for chronic respiratory diseases. These figures indirectly suggest that smoking 

was unlikely to bias greatly the present results. 

The most important limitation of the present study is related to exposure quantification 

due to the unavailability of cumulative radon exposure estimate. Nevertheless, there is 

strong evidence that those miners have been exposed to a. high radon and radon 

daughthers concentration environment during their working time. In the present study it 

is not feasible to distinguish between the effects of exposure to radon and radon 

daughthers and other lung carcinogenic contaminant possibly present in the work 

environment, such as coal dust or other contaminant possibly present in underground 

environment. In the case of diesel, it can be ruled out because diesel equipment has not 

been used in this mine. It should be taken into account that significant evidence exists 

both from epidemiologic studies and animal studies (NRC, 1980) of an increase in risk 

of lung cancer associated to radon and. radon daughters. No such comparable evidence 

has been presented, for exposure to coal dust or other contaminants possibly present in 

underground environment of coal mines. It would therefore appear that among the lung 

carcinogenic agents possibly present in the coal mine underground environment, radon 

and radon daughters exposure, indeed ascertained in this coal mine, are more likely 

candidate for a causal association with lung cancer. 

Concerning thoron, no measurements were available. After inhalation of thoron 

daughters, tissues at bone surfaces and in the kidney are considered at greatest risk, 

together with lung tissues. This situation is in contrast to inhalation of radon daughters, 

where only lung is considered at greatest risk (Solli, M. H et all, 1985). In the present 

study group, no bone or kidney cancer was found. This finding suggests that the thoron 

daughters seem to have contributed relatively little or did not contribute at all to the 

radiation hazard among the underground workers. 
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In interpreting the results of this study, some limitations must be kept in. mind. The 

number of lung cancer deaths is relatively small with the current follow-up, limiting the 

analysis for modifying variables. 

The study has demonstrated an increase in the lung cancer mortality for underground 

workers, with a significant increase for duration of employment. Although duration of 

employment was only a poor surrogate for exposure in this study, it is conceivable that 

the cumulative dose of alpha radiation absorbed in the underground environment may 

have contributed to generating the different pattern of mortality from lung cancer in the 

suited workers. 

For many epidemiological studies of underground coal miners, with low levels of radon 

daughters, no excess of lung cancer has been found (Armstrong el, 1979; Costello et al, 

1974; Crofton, 1969; Duggan et al, 1970; Eicker and Zimmermeyer, 1981; Goldman, 

1965; James, 1955; Meijers et al, 1988 and Rockette, 1977). On the other hand, an 

increased risk of lung cancer (diseases and deaths) was observed among coal miners in 

Poland (Skowronek and Zemla, 2003) under condition of short-lived radon progeny 

hazard. An increased risk for lung cancer was also observed among American coal 

miners, in a study that used data derived from decennial census counts of coal miners 

combined with counts of death certificates. In this study only occupation information 

was used, kind of exposures and possible causal agents were not given (Enterline, 1972; 

Scarano et al, 1972). Howe et al (1983) presented a study with retired railway workers 

in relation to diesel fume and. coal dust, suggesting that diesel fumes exposure would be 

responsible for an increased lung cancer risk among workers (Howe et al, 1983). 

These findings also give some support to the hypothesis that the higher lung cancer 

mortality observed for underground miners in this study could be associated to radon 

and radon daughters exposure, rather than a confounding for smoking or coal dust 

exposure. 
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Table 1 - Characteristics of the study population stratified by hiring employment 

subcohorts, 1942-1997. 

Mine Employment Starting periods 

1942-1969 

A 

1970-1981 

B 

1982-1997 

C Total 

Number of miners 

Underground 

Surface 

707 (100%) 

509 (74%) 

198 (26%) 

919(100%) 

656(71%) 

263 (29%) 

1231 (100%) 

781 (63 %) 

450 (37%) 

2857 (100%) 

1946 (68%) 

911 (32%) 

Person years 13867 19133 15449 48450 

Mean age at admission 

(years) 

25.7 ±7 .6 26.9 ± 8.7 25.3 ± 7.9 25.9 ±8 .2 

Mean duration of 

employment (years) 

7.6 ± 6.9 6.0 ±4 .8 4.6 ±3 .9 5.8 ±. 5.2 

Percentage alive at the end 

of follow-up (%) 

53 76 91 77 

Percentage in. activity at the 

end of follow-up (%) 0.1 0.5 14.5 6.5 

Attained age- years 65.0 ±9 .9 51.0 ±9.5 38.9 + 8.7 49.2 ±13.9 

I 
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Table 2 - Standardized mortality ratios and 95% confidence intervals by specific cause 

of death among among coal miners of Figueira, Brazil, 1979 to 2002 

International 
Classification of Cause of death Obs* Exp** SMR (95% CI) 

Diseases 
ICD-9 ICD-10 

001-999 A00-Z99 All causes 437 487.4 90 (82-99) 
001-139 A00-B99 Infectious and Parasitic diseases 12 18.2 66 (37-116) 
010-018 A15-A19 Tuberculosis 3 3.5 85 (27-263) 
140-239 C00-D48 All cancers 52 71.3 73 (55-96) 

150 C15 Esophagus 4 7.2 55 (21-148) 
151 C16 Stomach 11 11.9 92 (51-166) 

153-154 C18-C21 Colon, rectum, anus 1 4.3 23 (3-165) 
161. C32 Larynx 1 2.9 34 (48-245) 
162 C33-C34 Trachea, Bronchi, lung 16 11.0 145 (89-237) 
185 C61 Prostrate 2 5.1 39 (9-155) 

204-208 C91-C95 Leukemia 1 2.5 39 (5-278) 
240-289 D50-E90 Endocrine and blood diseases 19 14.8 128 (82-201) 

250 E10-E14 Diabetes 15 13.1 114(69-190) 
260-269 E40-E46 Malnutrition 2 1.6 122 (30-488) 
390-459 100-199 Cardiovascular diseases 167 165.8 100 (86-117) 
401-405 110-115 Hypertensive disease 12 11.9 102 (56-176) 
410-414 120-125 Isquemic heart disease 59 60.2 97 (76-126) 
430-438 160-169 Cerebrovascular disease 61 66.1 71 (71-118) 
460-519 J00-J99 Respiratory systems 36 35.6 100 (73-139) 
480-486 J12-J18 Pneumonia 16 6.1 263 (160-429) 
490-493 J40-J47 Chronic respiratory diseases 9 18.2 49 (25-95) 
520-579 K00-K93 Digestive system 16 29.9 53 (32-87) 

571 K70-K77 Liver chronic disease and 
cirrhosis 

9 16.2 55 (28-106) 

580-629 N00-N99 Genital.urinary diseases 4 5.5 72 (27-192) 
780-799 R00-R99 Ill-defined causes 43 51.7 83 (61-110) 
800-999 S00-Y98 External causes 85 79.9 106(86-112) 
800-848 V01-V99 Transport accident 27 33 81 (55-118) 
850-888 W00-W19 Accidental Falls 4 3.7 106(39-282) 

910 W65-W74 Drowning 5 3.7 133 (55-321) 
950-959 X60-X84 Suicide -9 7.5 120 (63-231) 
960-969 X85-Y09 Homicide 17 19 88 (54-141) 

Obs - Observed deaths 

** Exp Expected deaths according to male mortality data, State of Parana Health 

Office 
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Table 3 -Standardized mortality ratios and 95% confidence intervals by specific cause 

of death among coal miners of Figueira, Brazil, 1979 to 2002 - Comparison between 

surface and underground workers 

Cause of death 
Surface workers Underground workers 

Cause of death 
Obs Exp SMR 

(95% CI) 
Obs Exp SMR 

(95% CI) 
All causes 134 139.6 96 (81-113) 303 344.8 8 8 ( 7 8 - 9 8 ) 
Infectious and Parasitic diseases 4 5.2 77 (28-204) 8 12.9 62 (31-123) 

Tuberculosis 0 1 0 3 2.5 118(38-367) 
All cancers 15 20.2 74 (44-123) 37 51 72 (52-99) 

Esophagus 0 2 0 4 5.2 77 (29-206) 
Stomach 3 3.4 88 (28-274) 8 8.5 93 (47-187) 
Colon, rectum, anus 1 1.2 82 (1.1.-583) 0 3.1 0 
Larynx 0 1 0 1 2.1 48 (6-341) 

Trachea, Bronchi, lung 2 3.1 64(16-257) 14 7.9 177 (105-299) 
Prostrate 0 1.4 0 2 3.7 54 (13-216) 
Leukemia 0 1 0 1 1.8 55 (8-393) 

Endocrine and blood diseases 7 4.2 166 (79-348) 12 10.5 113(64-200) 
Diabetes 7 3.7 189 (90-397) 8 9 85 (43-170) 
Malnutrition 0 0.5 0 2 1.2 170 (42-680) 

Cardiovascular diseases 55 47 117(89-152) 112 118.8 94 (78-113) 
Hypertensive disease 6 3.4 176 (79-393) 6 8.6 69 (31-158) 
Isquemic heart disease 12 17 70 (39-123) 47 43 108 (81-144) 
Cerebrovascular disease 23 18 122 (81-184) 38 47.3 80 (58-110) 

Respiratory systems 11 10 109 (60-198) 25 25.6 97 (66-144) 
Pneumonia 5 1.8 284 (118-684) 11 4.3 254 (140-459) 
Chronic respiratory diseases 4 5.1 78 (29-207) 5 13 38 (16-92) 

Digestive system 4 8.4 47(18-127) 12 21.5 56 (32-98) 
Liver chronic disease and 

cirrhosis 
3 4.5 66(21-205) 6 11.6 51 (23-114) 

Genital urinary diseases 0 1.6 0 4 3.9 101 (38-269) 
Ill-defined causes 13 14.9 87 (50-149) 30 36.8 81(57-116) 
External causes 24 24.6 97 (65-145) 61 55 110(86-141) 

Transport accident 8 10.2 78 (39-156) 19 23 82 (52-129) 
Accidental Falls 1 1.1 90 (12-642) 3 2.6 113 (36-352) 
Drowning 1 1.2 82(11-584) 4 2.5 158(59-422) 
Suicide 2 2.3 87 (22-350) 7 5.2 135 (64-283) 
Homicide 4 6.2 65 (24-173) 13 13.1 99 (57-170) 
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Table 4 - Observed and expected numbers of death, SMR and 95% CI for lung cancer 

and pneumonia cause of death by duration of exposure - Coal miner cohort, Figueira, 

1979-2002 

Cause of 

death 

Duration of 

Exposure 

Person-

Years 

Obs/Exp SMR(95%CI) RR Test for 

trend (p-

value) 

Lung cancer 

Not-exposed a 15,019 2/3.1 64 (16-257) 1.0 

0.0014 Lung cancer 

< 5 years 17,170 3/3.3 91(29-282) 1.42 

0.0014 Lung cancer 5-10 years 8,453 5/2.3 216(90-520) 3.37 0.0014 Lung cancer 

> 10 years 7,802 6/2.3 261(117-581) 4.08 

0.0014 

Pneumonia 

Not-exposed a 15,019 5/1.7 284 (118-684) 1.0 

0.47 Pneumonia 

< 5 years 

5-10 years 

17,170 4/1.8 220 (82-587) 0.77 

0.47 Pneumonia 

< 5 years 

5-10 years 

17,170 

4/1.3 307(115-820) 1.08 0.47 Pneumonia 

> 10 years 7,802 3/1.2 247(79-768) 0.87 

0.47 

a Surface workers 
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Table 5 - Observed and expected numbers of lung cancer, SMR and 95% CI by time 

since last exposure and duration of exposure for underground workers - Coal miner 

cohort, Figueira, 1979-2002. 

Time since 

last exposure 

Duration of 

Exposure 

Person-

Years 

Obs/Exp SMR(95%CI) Test for 

trend (p-

value) 

< 5 years 1,461 0/0.03 0 

< 10 years 5-10 years 598 2/0.01 2251(563-9003) N/A 

> 10 years 8.6 0/0 0 

< 5 years 15,838 3/3.6 89 (29-276) 

> 10 years 5-10 years 7,889 3/2.3 128 (41-398) 0.01 

> 10 years 7,823 6/2.4 254 (114-565) 
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Table 6 - Observed and expected numbers of lung cancer and pneumonia cause of 

death, SMR and 95% CI by period of hire and duration of exposure for underground 

workers - Coal miner cohort, Figueira, 1979-2002. 

Cause of 

death 

Period of 

hire 

Duration of 

Exposure 

Obs/Exp SMR 

(95%CI) 

SMR-To ta l 

(95% CI) 

Lung Cancer 

Pneumonia 

1942-1969 

< 5 years 2/2.2 88 (22-354) 

72 

( 2 7 - 1 9 2 ) Lung Cancer 

Pneumonia 

1942-1969 5-10 years 0/1.5 0 72 

( 2 7 - 1 9 2 ) Lung Cancer 

Pneumonia 

1942-1969 

> 10 years 2/1.8 112(28-494) 

72 

( 2 7 - 1 9 2 ) Lung Cancer 

Pneumonia 

1970-1997* 

1942-1969 

1970-1997* 

< 5 years 1/1.1 97 (14-686) 

426 

(229-792) 

Lung Cancer 

Pneumonia 

1970-1997* 

1942-1969 

1970-1997* 

5-10 years 5/0.8 627(261-1508) 426 

(229-792) 

Lung Cancer 

Pneumonia 

1970-1997* 

1942-1969 

1970-1997* 

> 10 years 4/0.5 774 (290-2063) 

426 

(229-792) 

Lung Cancer 

Pneumonia 

1970-1997* 

1942-1969 

1970-1997* 

< 5 years 4/1.2 338 (127-902) 

299 

(156-576) 

Lung Cancer 

Pneumonia 

1970-1997* 

1942-1969 

1970-1997* 

5-10 years 3/0.9 333 (107-1035) 299 

(156-576) 

Lung Cancer 

Pneumonia 

1970-1997* 

1942-1969 

1970-1997* 

> 10 years 2/0.9 217(54-868) 

299 

(156-576) 

Lung Cancer 

Pneumonia 

1970-1997* 

1942-1969 

1970-1997* 

< 5 years 4/1.8 220 (82-587) 

150 

(37-603) 

Lung Cancer 

Pneumonia 

1970-1997* 

1942-1969 

1970-1997* 5-10 years 4/1.3 307(115-820) 150 

(37-603) 

Lung Cancer 

Pneumonia 

1970-1997* 

1942-1969 

1970-1997* 

> 10 years 3/1.2 247 (79-768) 

150 

(37-603) 

*Test for trenc - p-value < 0.05 
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11 - CONCLUSÃO E COMENTÁRIOS FINAIS 

Os resultados deste estudo indicam que os trabalhadores de subsolo da mineração de 

carvão no Paraná tiveram um risco de mortalidade por câncer de pulmão maior do que 

se poderia esperar para a população masculina do estado do Paraná, observando-se uma 

variação concomitante daquela com o tempo de serviço no subsolo. No entanto, este 

aumento na mortalidade por câncer de pulmão não foi observado para os trabalhadores 

de superfície. Dentre os vários agentes cancerígenos presentes em ambiente de mina, o 

gás radônio e seus produtos de decaimento podem ser apontados como a principal causa 

para este incremento no risco de câncer de pulmão destes trabalhadores,uma vez que 

outros estudos epidemiológicos em minerações de carvão, que não possuem risco de 

exposição ao radônio, não apresentarem um aumento de risco de mortalidade por câncer 

de pulmão. 

A exposição acumulada ao radônio não pode ser estimada, tendo em vista as 

dificuldades em se extrapolar medidas recente para períodos distantes onde não se 

dispunha de nenhuma medida das concentrações de radônio. Uma alternativa para se 

estimar a exposição acumulada ao radônio seria a medida in vivo do 2 1 0 P b , 

radionuclídeo proveniente do decaimento do radônio, acumulado nos ossos, Dantas 

(2004, comunicação pessoal) realizou medidas in vivo em um. grupo de mineiros desta 

coorte, obtendo resultados que preliminarmente indicam uma maior incorporação de 

Pb que poderia ser explicada pela exposição acumulada ao radônio. A relação entre a 

exposição ao radônio e seus produtos de decaimento e a incorporação do Pb nos ossos 

não é direta e depende de vários fatores, estando portanto, sujeita a grandes incertezas. 

No entanto, tendo em vista ser esta a única foram de se obter uma medida indireta da 

exposição acumulada ao radônio, pretende-se avaliar no futuro a possibilidade se 

utilizar as medidas in vivo de Pb como estimativa da exposição ao radônio na 

continuação da coorte. 

Os resultados deste estudo apontam para a necessidade de se conhecer os níveis de 

exposição ao radônio e seus produtos de decaimento em minerações subterrâneas no 

Brasil, a fim de garantir que trabalhadores destas minerações não estejam sujeitos a 

níveis de exposição ao radônio maiores do que os níveis considerados seguros. 

A CNEN através da Norma 4.01, entre outras questões, trata também da regulamentação 

do controle da exposição ao radônio em minerações de U e Th associados. Esta norma 
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se encontra em fase de aprovação pelo comitê deliberativo e deve entrar em vigor 

brevemente. 

Pretende-se continuar o acompanhamento desta coorte a longo prazo. Para tal,está sendo 

'firmado um convenio com o Ministério da Previdência Social para consulta ao sistema 

de óbitos - SISOBI que é um sistema nacional de notificação compulsoria de óbitos 

entre os cartórios e a Previdência. Desta forma todos os membros da coorte que venham 

a falecer em qualquer estado brasileiro poderão ser rastreados. 

Como continuação deste trabalho, pretende-se: 

a) Continuar o seguimento prospectivo desta coorte a longo prazo e continuar o 

rastreamento visando a identificação dos membros da coorte com status vital 

ainda desconhecido; 

b) Investigar os níveis de exposição ao radônio em outras minerações subterrâneas 

no Brasil. 

c) Avaliar a viabilidade de se utilizar medidas in vivo de 2 1 0 P b como indicativo da 

exposição acumulada ao radônio nos trabalhadores de subsolo; 
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