UNIVERSIDADE FEDERAL DOS VALES DO JEQUITINHONHA E MUCURI
Programa de Pds-Graduacao em Tecnologia, Ambiente e Sociedade

Ana Paula Rufino Santos

BIOMONITORAMENTO E EFEITOS GENOTOXICOS DA EXPOSICAO
OCUPACIONAL A METAIS EM MINERADORES DE GEMA DO VALE DO
JEQUITINHONHA

Tedbfilo Otoni

2018






Ana Paula Rufino Santos

BIOMONITORAMENTO E EFEITOS GENOTOXICOS DA EXPOSICAO
OCUPACIONAL A METAIS EM MINERADORES DE GEMA DO VALE DO
JEQUITINHONHA

Dissertacdo apresentada ao Programa de Pds-
Graduacao em Tecnologia, Ambiente e Sociedade da
Universidade Federal dos Vales do Jequitinhonha e
Mucuri como requisito parcial para obtencdo do
titulo de Mestre.

Orientador: Prof. Dr. Jairo Lisboa Rodrigues
Co-Orientadora: Profa. Dra. Marcia Cristina da Silva

Faria

Tedbfilo Otoni

2018



Ficha Catalogréfica
Preparada pelo Servico de Biblioteca/UFVJM Bibliotecario
responsavel: Gilson Rodrigues Horta — CRB6 n° 3104

S237b
2018

Santos, Ana Paula Rufino.

Biomonitoramento e efeitos genotdxicos da exposicdo ocupacional
a metais em mineradores de gema do Vale do Jequitinhonha. / Ana
Paula Rufino Santos. Tedfilo Otoni, 2018.

62 p. ; il.

Dissertacdo (Mestrado) — Universidade Federal dos Vales do
Jequitinhonha e Mucuri. Programa de P6s-Graduacdo em Tecnologia,
Ambiente e Sociedade, 2018.

Orientador: Prof. Dr. Jairo Lisboa Rodrigues.

Coorientador: Profé, Dr2, Marcia Cristina da Silva Faria.

1. Minas artesanais. 2. Contaminacdo ambiental. 3. Exposi¢do

ocupacional. 4. Genotoxicidade. 5. Biomonitoramento. I. Titulo.

CDD: 549




ANA PAULA RUFINO SANTOS

BIOMONITORAMENTO E EFEITOS GENOTOXICOS DA EXPOSICAO
OCUPACIONAL A METAIS EM MINERADORES DE GEMA DO VALE DO
JEQUITINHONHA

Dissertacdo apresentada ao Programa de Pds-
Graduagdo em Tecnologia, Ambiente e Sociedade da
Universidade Federal dos Vales do Jequitinhonha e
Mucuri como requisito parcial para obtencdo do

titulo de Mestre.

Orientador: Prof. Dr. Jairo Lisboa Rodrigues
Co-Orientadora; Profa. Dra. Marcia Cristina da Silva

Faria

Data da Defesa: 28/05/2018

Prof. Dr. Jairo Lisboa Rodrigues
Instituto de Ciéncia, Engenharia e Tecnologia

Profa. Dra. Marcia Cristina da Silva Faria
Instituto de Ciéncia, Engenharia e Tecnologia

Profa. Dra. Cleide Aparecida Bomfeti
Instituto de Ciéncia, Engenharia e Tecnologia

Prof. Dr. Mauro Lucio Franco
Faculdade de Ciéncias Sociais Aplicadas e Exatas

Prof. Dr. Leonardo Meneghin Mendonga
Centro de Ciéncias Naturais e Humanas



AGRADECIMENTOS

Agradeco inicialmente a DEUS, meu pai protetor por ter guiado 0s meus passos
até aqui, me dando forca e coragem nos momentos de dificuldade.

A0S meus pais e a0 meu irmao por todo o apoio e por terem sido minha base em

todos 0os momentos.
A toda minha familia e amigos pela torcida e oragdes constantes.

Ao meu amorzinho Victor, por todo o amor, carinho e apoio, ndo s6 no periodo do

mestrado, mas em todos 0s momentos em gue convivemos juntos.

Aos meus orientadores Jairo Lisboa Rodrigues e Marcia Cristina da Silva Faria

por todo o conhecimento transmitido, paciéncia e compreensao.

Aos colegas de curso, amigos e em especial ao importante apoio de Thain4,
Andrade, Mayra Soares e Thamyris Torres. Ndo poderia deixar de citar o significativo auxilio,

dedicacdo e companheirismo do nobre Lucas Silva.

Agradeco & UFVJM pela concessdo da bolsa, crucial nesta jornada, a FAPEMIG,
ao PPSUS, a Secretaria de Salude de Itinga, na pessoa de Eliana Castro por toda a gentileza,
presteza e disposicdo em auxiliar no que fosse preciso e a equipe do Laboratdrio Labcenter —
Itaobim/ Itinga pela disponibilidade, atencdo e assisténcia tanto na coleta do sangue, quanto

na sua preparacdo prévia.



RESUMO

Os seres humanos, em geral, estio em constante exposicdo a diversos agentes quimicos,
fisicos e bioldgicos, por vias respiratdrias, dérmicas ou de ingestdo. Os processos de
mineracao liberam metais no meio ambiente, que podem se acumular em rochas, solos, agua e
sedimentos. A biodisponibilidade de metais toxicos tem rela¢cdo com o potencial de promover
efeitos deletérios e exposi¢do ocupacional. Este estudo foi realizado no Distrito de Taquaral
de Minas, localizado no Vale do Jequitinhonha, Minas Gerais, Brasil. O Vale é uma das areas
mais ricas e produtoras de pedras preciosas do Brasil. Cinco minas foram analisadas: Bode
(M1), Pirineu (M2), Pinheira (M3), Lajedo (M4) e Marmita (M5). Vérios metais toxicos (Be,
Zn, Mn, Ba Cd, Hg, U) foram encontrados em solos, poeira e poeira sobre as rochas e os
solos. Amostras de 22 individuos expostos ocupacionalmente e 17 pessoas ndo expostas, que
formaram o grupo de referéncia, foram analisadas quanto aos elementos quimicos. A
genotoxicidade foi avaliada pelo Teste de Micronucleo em células da mucosa bucal esfoliada.
As seguintes alteracGes foram classificadas: células binucleadas (BN), carioliticas (KL) e
micronucleos (MN). Os resultados do teste MN mostraram um aumento em todas as
alteracbes do grupo exposto em relagdo aos controles (p <0,05; teste t de Student). A
comparacdo de MN e concentracbes de sangue e urina mostrou diferenca significativa P
<0,05. A analise de urina mostrou concentracbes de Cr, Ni e Ba,e Pb e As no sangue
superiores ao recomendado pelo ATSDR. O aumento dos anos de trabalho elevou as
concentracdes de elementos no sangue, provavelmente devido a exposicao crénica. Entdo, ha

riscos potenciais na salde dos trabalhadores devido a mineracao de pedras preciosas.

Palavras-chave: Minas artesanais; contaminagdo ambiental; exposi¢do ocupacional;

Genotoxicidade; biomonitoramento.



ABSTRACT

The humans are general in constant exposition to diverse chemical, physical and biological
agents, by respiratory, dermal or ingestion routes. The mining processes release metals into
the environment, which can accumulate in rocks, soils, water and sediments. The
bioavailability of toxic metals has a relationship with the potential to promote deleterious
effects and occupational exposure. This study was carried out in the Taquaral de Minas
District, located in the Jequitinhonha Valley, state of Minas Gerais, Brazil. The valley is one
of the richest and most gem-producing areas in Brazil. Five mines were analyzed: Bode (M1),
Pirineu (M2), Pinheira (M3), Lajedo (M4) and Marmita (M5). Several toxic metals (Be, Zn,
Mn, Ba Cd, Hg, U) were found in soils, dust and dust over the rocks and the soils. Samples
from 22 individuals occupationally exposed and 17 unexposed persons, who formed the
reference group, were analyzed for chemical elements. Genotoxicity was evaluated by
Micronucleus Test in exfoliated buccal mucosa cells. The following changes were scored:
micronuclei (MN) binucleate (BN) and kariolytic (KL) cells. The results of the MN test
showed an increase in all alterations of exposed group compared to controls (p <0.05;
Student’s t Test). The comparison of MN and concentrations of blood and urine showed
significant difference P <0.05. Urine analysis showed levels of Cr, Ni Ba, Pb and As in the
blood higher than the ATSDR recommended levels. The increase of the years of working
elevated the elements concentrations in blood, probably due chronic exposure. Then, there are

potential risks in the health of workers due gem mining.

Keywords: Artisanal mines; environmental contamination; occupational exposure;
genotoxicity; biomonitoring.
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CAPITULO 1

1. Introducéo

Em muitas regibes do pais, a busca por gemas e outras raridades minerais
constitui-se numa atividade degradante da saude, do viver e do ambiente dos que nela
labutam, muitas das vezes sendo a Unica alternativa de sobrevivéncia que se oferece a milhdes
de trabalhadores bracais, estes expostos a elementos e substancias diversificadas, agentes
desconhecidos previamente e a um conjunto de fatores considerdveis ao desenvolvimento e
agravamento de doencas ocupacionais desenvolvidas no cursar das etapas laborais (SANTOS
e PEGO, 2015).

Dentre as regibes difusas pelo territorio brasileiro que apresentam essa exposi¢ao
ocupacional, encontra-se o Vale do Jequitinhonha, que é classificado pela Companhia de
Pesquisa de Recursos Minerais (CPRM, 2003) como uma das mais relevantes areas
produtoras de gemas do mundo, destacando seu reconhecimento mundial em funcdo da
qualidade gemoldgica regional e também pela abundancia e diversificacdo dos minerais ali

existentes.

Grande parte da producdo mundial de pedras coradas € proveniente do Brasil,
estimada em 30%, sendo o estado de Minas Gerais responsavel pela metade de toda producéo
comercializada (TEIXEIRA e OLIVEIRA, 2005). O Vale do Jequitinhonha é reconhecido
mundialmente por ser detentor de subsolo riquissimo responsavel pela producdo em
abundancia de gemas, com importantes ocorréncias de turmalina, berilo, estanho (cassiterita),
feldspato, litio (ambligonita, espoduménio e petalita), mica, nidbio-tantalo (columbita-
tantalita) e quartzo, distribuidos nos municipios de Virgem da Lapa, Rubelita, Coronel Murta,
Itinga, Medina e Pedra Azul (CPRM, 2003). A extracdo de gemas, no entanto, pode ocasionar

danos a satde devido sua exposicao ao longo do tempo de trabalho.

Na literatura, estudos a respeito dos efeitos da exploragdo de minerais a salde séo
destague na Geologia médica ou geomedicina (SELINUS et al., 2005). Dentre os que
apresentam maiores riscos, a silica € considerada a de insalubridade de grau méaximo
(BRASIL, 1998).
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E objetivo da toxicologia ocupacional fundamentar o gerenciamento e a
compreensdo dos diversos riscos quimicos presentes no ambiente de trabalho (CASSARETT,
DOUL and KLASSEN, 2001). Dentre esses riscos, Ferreira e Wermelinger (2013)
argumentam que o ser humano esta exposto a agentes quimicos, fisicos e bioldgicos diversos,
com um indice de periculosidade elevado. Esta exposicao decorre do contato com 0s mesmos,
por meio de vias respiratdrias, dérmicas ou ingestdo. Desta forma, a saude de individuos
expostos a agentes toxicos, portanto, pode ser analisada ou estimada por meio de

monitoramento ambiental ou biomonitoramento humano.

Processos de mineracdo, em geral, liberam metais e semimetais ao meio ambiente,
que estdo concentrados nas rochas, nos sedimentos, na dgua e no solo, que consiste em uma
importante fonte tanto na forma organica ou inorganica (KLAASSEN e WATKINS, 2012).
Quanto maior a disponibilidade, maior serd o potencial tdéxico e a bioacumulagdo da
substancia no organismo, cuja magnitude dependeré da espécie do metal (OGA, 2008). Nesse
contexto, a exposicdo as substancias quimicas pode provocar efeitos toxicos e alteracdes no
estado de salde dos individuos que vivem ou tem contato com ambientes dessa natureza
(FERREIRA e WERMELINGER, 2013).

Goyer (1996), descreve que todos 0s metais e seus compostos apresentam
toxicidade, que € designada pela capacidade de um elemento quimico de causar efeitos sobre
organismos vivos, dependendo do grau, quantidade e tempo de exposicdo ao mesmo. A
exposi¢do humana a essas substancias quimicas diversificadas favorece o desenvolvimento de
efeitos deletérios, que variam desde danos ao ecossistema como efeitos toxicos a saude
(neurotoxicidade, efeitos carcinogénicos ou mutagénicos) de forma que € crescente a
preocupacdo com as populacbes ocupacionalmente expostas. (FLORES e YAMAGUCHI,
2008).

Nas localidades onde ocorre a extracdo de gemas em garimpos, portanto, acabam-
se por estruturar situacdes que se exemplificam nos impactos incisivos na situacéo de trabalho
e saude dos garimpeiros, expostos a situacdes diversas de contato com agentes e elementos
quimicos, substancias toxicas, além de condic¢Ges insalubres que acabam por combalir seus
organismos e predispor o aparecimento de doengas, com consequente perda de capacidade

laboral e efeitos negativos no cotidiano social destes trabalhadores e de seus dependentes.
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Para a realizagdo deste proposito investigativo o estudo teve como recorte espacial
de andlise as areas de extracdo de gemas do distrito de Taquaral de Minas, no municipio de

Itinga, pertencente ao distrito mineraldgico de Araguai, no Vale do Jequitinhonha— MG.

2. Objetivos

2.1  Objetivo Geral

Avaliar a exposicdo ocupacional da populacdo garimpeira dos Distrito de
Taquaral de Minas, Itinga-MG, mediante analises ambientais e observacdo de pardmetros

toxicoldgicos para determinacao de possiveis agentes quimicos patogénicos.

2.2  Objetivos Especificos

> Determinar metais tdxicos e essenciais em amostras de urina e sangue dos

garimpeiros voluntarios da pesquisa;

> Determinar metais em amostras do solo na superficie e do pd/poeira acumuladas nas

rochas e no solo do ambiente subterraneo de exploracao;

> Avaliar a genotoxicidade por meio de teste de micronicleo em células da mucosa

bucal.
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3. Revisao de Literatura

3.1 Extragdo de gemas e sua influéncia sobre o desenvolvimento de doengas

ocupacionais

Tém-se a mineracdo como uma atividade que desencadeia intensa degradagéo
ambiental, bem como danos a salde, que desde os primordios da humanidade exigiu a retirada
de bens minerais da natureza, sendo considerada sua existéncia associada a um “mal
necessario” como aponta Mathis, Brito e Bruseke (1997). Porém, é de fundamental

importancia para o desenvolvimento econdmico de paises em todo o mundo.

O Brasil, por processos geologicos particulares, apresenta-se como um dos
principais detentores de reservas minerais do planeta, cujo desenvolvimento est intimamente
relacionado a demanda e comercializagdo destes recursos (IBRAM, 2012). Em especial, no
Estado de Minas Gerais (MG), sdo encontradas uma abundancia de minerais gemas e

amostras raras, constituindo-se como um dos maiores produtores brasileiros.

Nesse contexto, em Minas Gerais, o Vale do Jequitinhonha, é classificado
segundo a Companhia de Pesquisa de Recursos Minerais (2003) como uma das mais
relevantes regies produtoras de gemas do Estado, tanto pela qualidade gemoldgica como por

apresentar um subsolo riquissimo em minerais raros corados.

Pedrosa Soares (2005) afirma que o “garimpeiro ¢ o individuo que vende sua
forca de trabalho, ou seja, é a médo-de-obra”, partindo do pressuposto que a produgido se
resume em trés esferas principais: “O dono da terra, o fornecedor e o(s) garimpeiro(s). O dono
da terra € o proprietario do terreno explorado. O fornecedor é aquele que mantém o garimpo,

custeando a alimentagdo e os equipamentos necessarios a exploragao”.

Mendes (2003) descreve que a primeira monografia escrita a respeito das doencas
ocupacionais em mineiros foi por Paracelso (1493-1541), que observou os métodos de

trabalho, as substancias e doencas as quais estavam expostos diariamente.

Assim, a luz das concepgbes tedricas, a toxicologia ocupacional aplica os
principios e metodologias da toxicologia basica visando a compreensao e gerenciamento dos
riscos presentes no ambiente de trabalho cujo objetivo é de prevenir os efeitos adversos a

salde decorrentes de exposi¢Oes a agentes quimicos, desde que os mesmos sejam avaliados e
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gerenciados sistematicamente (KLASSEN, 2008). Especificamente, as exposi¢des ambientais
podem se manifestar em naturezas diversas, sendo a exposicdo quimica o principal foco da
toxicologia (ZACARIAS, 2011).

A toxicologia inicialmente se restringia a utilizagdo e compreensdo de venenos,
termo este conhecido por muitos como uma porgdo mortal que ao ser ingerida pode gerar
danos imediatos ou até fatais. Partindo deste pressuposto, alguns conceitos foram se
consolidando, como o de toxicidade, definido como qualquer efeito adverso provocado por
um agente em um organismo Vivo; enquanto o termo toxicante se refere a algo com a
caracteristica de produzir efeito indesejavel ou adverso a saude (JAMES e ROBERTS et al.,
WILLIAMS, 2000).

Diante de tais circunstancias, as exposicdes a agentes tdxicos podem ser
agrupadas em quatro categorias conforme Manahan (1999): a exposicdo aguda e cronica,
locais ou sistémicas. A exposicdo aguda ocorre em um periodo curto, entre segundos ou
poucas horas, afetando a pele, olhos ou membranas das mucosas; a crénica local por sua vez
pode provocar efeitos nos mesmos locais da aguda, porém em um intervalo de tempo
longinquo. A exposicao aguda sistémica esta associada a inalagdo ou ingestéo, é breve, porém
pode afetar alguns 6rgdos como o figado. A exposi¢cdo cronica sistémica por sua vez, estd
relacionada a um longo periodo de contato com o agente agressor, sendo neste caso, a do

objeto de estudo da pesquisa.

A salde ocupacional nesse sentido possui sua abordagem na prevencao,
rastreamento e diagnostico precoce dos agravos relacionados ao trabalho. Incluem-se
acidentes no decorrer das atividades, contaminacdo por metais toxicos e as pneumoconioses
(LIMA, 20009).

Denominada por Zenker em 1866, as pneumoconioses se agrupam entre as
doencgas ocupacionais ocasionadas pela inalagdo de poeira mineral patogénica. Castro, Silva e
Vincentim (2005), destacam aquelas quando se trata de exploracdo mineral: a beriliose
(ocasionada pelo elemento berilio) e a silicose a mais comum e frequente do grupo de doencas
pulmonares, onde o p6 da silica é desprendido em operagdes de lavra. Ramanzzini (2000),
caracteriza essa atividade como insalubre por afetar a satde dos trabalhadores das minas, com

efeitos lesivos a saude humana.

Em seu trabalho que enfatiza a respeito dos riscos ocupacionais que afetam a

saude do trabalhador, Colacioppo (2005), ressalta que na realidade brasileira ainda existem
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situacOes diversas em que o trabalhador em sua vida laboral pode estar exposto a um agente
agressivo, apresentando efeitos imediatos como os acidentes ou a longo prazo, como as
doencgas ocupacionais. Garimpeiros e trabalhadores rurais sao os principais afetados, uma vez
que, ndo podem muitas vezes receber atencdo médica por estarem distantes fisicamente das

equipes de salde.

Tambellini (1985) conceitua a saude do trabalhador como a area do conhecimento
que estuda os fatores que afetam a saude dos trabalhadores e seus familiares, e as
consequéncias da acdo destes fatores, as doengas, que incidem em determinada populacéo.
Concomitante, o Ministério da Salde do Brasil (2001) considera as minas subterraneas de
extracdo de gemas como atividades extrativistas que apresentam grandes riscos a saude,
exemplificadas pelas insuficientes condicbes de seguranca, salde e higiene. Faustman e
Omenn (2001 apud Omenn, 2007), consideram os riscos a saide ambiental como “a

caracterizagdo cientifica sistemética dos potenciais efeitos adversos a saude, decorrentes da

exposicdo humana a agentes ou situagdes perigosas”.

No caso dos metais, estes sdo importantes determinantes de contaminagdo em
ambientes de extracdo mineral. Apesar de essenciais, alguns podem se tornar toxicos quando
ultrapassadas as concentracfes limite, outros ndo existem naturalmente em nenhum
organismo Vivo, e sua presenca assim pode ser extremamente prejudicial, como € o caso do
chumbo (Pb), mercurio (Hg), cadmio (Cd), arsénio (As) e aluminio (Al), cuja relacdo de
toxicidade varia em funcdo da natureza e espécie do metal envolvido (FERREIRA e
WERMELINGER, 2013).

Uma caracteristica especial dos metais refere-se a sua tendéncia de se acumular
em tecidos biolégicos e no ambiente cuja eliminacdo ocorre de forma lenta nesses casos. Uma
vez que estdo no sistema bioldgico, eles se mantem por um periodo longo e a exposicao pode
resultar em efeitos prejudiciais a saude. Constata-se a exposi¢cdo ambiental e funcional e
posterior introducdo de metais téxicos no organismo por exemplo, mesmo que em
concentracdes baixas, constitui-se como um grave problema de satde publica pelo potencial
de se acumular no corpo humano (FERREIRA e WERMELINGER, 2013). Tal fato se aplica
em trabalhadores do setor de mineracdo, industrial ou agricola ou & aquelas pessoas que

utilizam os compostos metalicos em suas ocupagdes (JEFFERY, 2001).

De diversas maneiras, alguns fatores incidem decisivamente na exposic¢éo laboral

aos metais com caracteristicas toxicas. Klaassen e Watkins (2012) os classifica em: dose, via,
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a duracdo e a frequéncia de exposicao além de outras variaveis como idade, sexo e capacidade
de biotransformacéo do organismo.

O desencadeamento da sintomatologia apos a introducdo de um agente toxico ao
organismo depende de um periodo de tempo determinado, de tal forma que as intoxicacGes
agudas surgem pouco tempo apds a absor¢do enquanto as crénicas sao tardias devido ao
processo cumulativo ser gradual e lento (ROCHA, 2009). Analises toxicoldgicas, tais como a
determinacdo de metais em espécimes bioldgicas como sangue, urina e cabelo, dessa forma,
estédo relacionadas tanto a eventos de longo prazo como aos efeitos sdo agudos, estes bem
evidentes (FERREIRA e WERMELINGER, 2013).

3.2 Toxicidade dos metais no solo

Distribuidos por toda a natureza, alguns metais sdo considerados micronutrientes
essenciais as plantas. Outros elementos ocorrem por sua vez, em valores baixos em solos
dependendo da composi¢do do material de origem, dos processos de desenvolvimento do
solo, - processo de formacdo do solo - e das caracteristicas ambientais da area (CAIRES,
2009).

Apesar de estarem associados a capacidade toxica, uma série de metais
constituem-se como elementos acessorios na constituicdo das rochas e possuem ocorréncia
natural no ambiente como o Fe, Mn, Ni, Cu, Zn, Mo e o Co benéfico a plantas, enquanto o Pb,
Cd, Hg séo potencialmente toxicos sem qualquer essencialidade ao solo e a funcao bioldgica
do organismo (BIONDI et al., 2011). Tais elementos, em concentracdes elevadas, podem
ocasionar abortos, ma formacdo neuroldgica e canceres - pele, pancreas e pulméao (DIXON,
1997), comprometendo, portanto, a saude dos individuos e a qualidade ecossistémica.

Os solos se comportam como um compartimento “tampdo” para elementos
quimicos (organicos e inorganicos) e xenobiéticos. Se tratando dos elementos inorganicos,
como 0s metais toxicos, as caracteristicas fisicas e quimicas dos solos os retém em sua matriz
minimizando a disponibilidade. Porém, a situacdo agrava-se quando o limite de retencéo é
ultrapassado (CAIRES, 2009).

Caires (2009) ainda defende que por estarem estritamente relacionados a “génese”

dos solos, os metais sdo considerados compostos naturais das rochas e ocorrem em teores
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minimos em solos virgens, ou seja, aqueles ndo antropizados, cujas entradas naturais estdo
voltadas a sua formacdo ou deposicGes atmosféricas. Porém, conforme os diversos usos
estabelecidos, alguns cenarios podem facilitar a entrada em propor¢des superiores ao que

ocorre naturalmente.

Junior (2016) esclarece que a quantificacdo de metais ou metaloides em solos
constitui-se como tarefa complicada pelo fato destes elementos serem constituintes
morfologicos naturais ou em muitos casos, inseridos por atividades antropogénicas: “o uso de
fertilizantes ou pesticidas, os depdsitos irregulares de residuos e a mineracdo”, elementos
estes com potencial toxico cuja permanéncia é indefinida e com capacidade de provocar riscos
a satude humana. O Cd e o Pb, por exemplo, apresentam caracteristica de imobilidade e

tendem-se a acumular no solo.

Por esta ampla distribuicdo nos diversos compartimentos ambientais, o
conhecimento dos teores naturais dos metais torna-se caracteristica de fundamental
importancia, uma vez que permite a definicdo de parametros orientadores de qualidade, como
valores de referéncia, que podem ser aplicados em praticas de monitoramento a fim de
verificar a existéncia de possiveis contaminagdes (CAIRES, 2009).

Neste aspecto, a contaminacdo pode ser definida como a ocorréncia de um
elemento em um teor superior a aquele encontrado em uma determinada area, baseando-se
nos indices de referéncia especificos, que pode ocasionar efeitos adversos a organismos Vvivos
(PIERZYNSKI et al., 2005).

Atualmente, no Brasil, 0 CONAMA (Conselho Nacional de Meio Ambiente) é o
orgdo responsavel por estabelecer valores orientadores de qualidade do solo para metais e
substancias toxicas a partir dos dados obtidos pela CETESB (Companhia Ambiental do
Estado de Sdo Paulo) e outros o6rgdos. A legislacdo brasileira estabelece trés valores
orientadores distintos: o de referéncia de qualidade (VRQ) — baseado na avaliagdo dos teores
naturais dos metais no solo ndo incluindo a influéncia de atividades antropicas; o Valor de
Prevencdo (VP), por sua vez, se apresenta intermediario ao VRQ e o de investigagdo, definido

como o valor limite do metal no solo (BIONDI et al., 2011).
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3.3 Mutagenicidade, Citoxicidade e Genotoxicidade

3.4 O teste do micronucleo e sua relevancia na avaliacdo de alteracfes citogenéticas

em células epiteliais esfoliadas

Dentre as metodologias para avaliacdo da toxicidade e posterior identificagdo de
potencial carcinogénico ou de mutagenicidade oriundos de exposi¢do a produtos quimicos
(RIBEIRO et al., 2004), o ensaio de microntcleo é frequentemente utilizado na avaliacdo das
consequéncias genotdxicas de exposi¢cbes ambientais (ERGENE et al., 2007; QIU et al.,
2011).

Flores e Yamaguchi (2008) consideram o teste do micronicleo como um teste
citogenético de investigacdo de células previamente expostas a agentes quimicos cujo objetivo
é de detectar quebras ou perdas cromossémicas.

Entende-se por mutagenicidade, a capacidade de algum agente provocar
alteracOes subitas no material genético, sendo este efeito persistente e permanente na estrutura
ou contetido do mesmo (DEARFIELD et al., 2002; OGA, 2008). A mutacédo, nesse sentido, é
uma alteracdo permanente no material genético, ocorrida tanto em células somaticas como
germinativas, alteracdes estas classificadas em génicas ou cromossémicas (GRIFFITHS et al.,
1998).

A citotoxicidade, por sua vez, consiste na capacidade de um composto provocar

alteracdo metabdlica nas células, culminando ou ndo em sua morte (FRESHNEY, 2005).

Um agente genotdxico, em contrapartida, é aquele que possui a capacidade de
danificar uma molécula de DNA (MITCHELMORE e CHIPMAN, 1998). Compostos que
apresentam genotoxicidade, entdo, sdo aqueles que podem provocar efeitos sobre 0 DNA:
lesbes na fita, sintese ndo programada, efeitos estes que podem ser transitérios por serem
passivos de reparos (DEARFIELD et al., 2002).

2.3.2 Teste do Micronucleo no Epitélio Bucal
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Proposto por Stich Curtis e Parida (1982) na década de 80, o Teste de
Microndcleo em células esfoliativas objetiva o biomonitoramento de populagdes humanas

expostas a mutagenos.

Em seres humanos, tal teste pode ser facilmente avaliados em eritrdcitos,
linfocitos e células epiteliais esfoliadas tanto do epitélio oral, nasal, ou bucal, a fim de
mensurar o dano genético/genémico in vivo, em situacdes em que o individuo esteja exposto
ocupacionamente/acidentalmente ou na avaliacdo de estilos de vida, detec¢do de cancer ou
doencgas neurodegenerativas (FENECH, 2010; HOLLAND et al., 2008).

A mucosa bucal consiste em uma area formada por um “epitélio escamoso
estratificado que consiste de quatro camadas celulares distintas” (THOMAS et al., 2009),
representadas na Figura 1. O estrato corneo compreende células perdidas constantemente por
meio de atividades diarias, como a mastigacao. Tanto o estrato granuloso (células granulares)
e 0 espinhoso (células espinhosas) sdo compostos por células diferenciadas e apoptéticas. Sob
estas camadas encontra-se 0 estrato germinativo, formado por células basais que mantém o
processo de divisdo ativa a fim de manter o perfil, estrutura e integridade da mucosa bucal.
(DARZYNKIEWICZ et al., 2011).

Figura 1 — Representacédo do Epitélio Bucal

Cavidade oral

Extrato corneo

Extrato granuloso

‘ Extrato
J espinhoso

-

Extrato
germinativo

-~

@ Célula basal ( @ ) Célula cariorréxe
Célula basal com @ Eniuia Fimnoleads
Célula com cromatina condensada

micronticleo

) Célula dif iad. i 2 5 s
@ ) Célula diferenciada breo::s‘ mll:lr;r;;a a com < ® > Célula pcinética

@ Célula diferenciada com micronticleo <:> Célula cariolitica

Fonte: Adaptado de Thomas et al. (2009).

O epitélio oral, portanto, é mantido pela renovagdo continua celular que, por

mitose, novas células séo produzidas na camada basal e migram a superficie para substituir as
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perdidas. E na camada basal que sio encontradas as células tronco que podem apresentar
danos genéticos como os micronucleos, cujas células filhas que podem ou ndo os conter,
diferenciam-se, migram a camada superficial e sdo esfoliadas dentro da cavidade bucal
(DARZYNKIEWICZ et al., 2011; THOMAS et al., 2009).

O microndcleo (MN) é definido como uma pequena massa nuclear delimitada por
membrana e separada pelo nucleo principal, sendo formado durante o processo de diviséo
celular, na tel6fase, no momento em que o envelope nuclear é reconstruido ao redor dos
cromossomos das células filhas. Os mesmos constituem-se por fragmentos “cromossdmicos
acéntricos ou cromossomos inteiros” que sao perdidos durante o processo de divisdo nuclear e
por tal motivo excluidos do nucleo principal das células filhas. A deteccdo dos MN, portanto,
representam perda da cromatina em funcdo do dano estrutural cromossémico ou do aparelho
mitético, sendo considerados como mutacfes transmitidas as células, uma vez que, o dano
genético se manifesta nas células filhas (BONASSI et al., 2003; FENECH, 2010; RIBEIRO,
2003).

Neste processo, algumas células podem degenerar-se formando as com cromatina
condensada (aquelas que apresentam processos de apoptose). Células cariorréticas, cujos
nucleos encontram fragmentados, além de indicar a fase final do apoptose, podem indicar
biomarcadores de doencas e exposicdo a agentes genotdxicos. As picnoticas se apresentam
com desintegracdo nuclear ou podem perder totalmente o material nuclear, constituindo as
celulas carioliticas também conhecidas como “fantasmas”. Outras células podem ser
bloqueadas quando estdo no estagio binucleado, o que indica falha do processo de mitose,
exibindo brotos nucleares ou “broken eggs” (CHEN et al., 2006; HOLLAND et al., 2008;
THOMAS et al., 2009; TOLBERT, SHY, ALLEN, 1992).

Todos estes biomarcadores de dano genémicos, como 0s MN, brotos nucleares, os
de morte celular - caridlise, podem ser observados em testes com células bucais,
oportunizando uma avaliagdo mais compreensiva do que apenas o0 MN, quando os conceitos
de citotoxicidade e efeitos citostaticos estdo em pauta (STICH e ROSIN, 1983).

A eficécia do teste do MN em células do epitelio oral tem sido reconhecida por
diversos estudos (CAVALLO, 2005; SARAN et al. 2008) na deteccao de efeitos genotoxicas
ou exposicdo a mutagenos. Tal teste, dessa forma, pode ser aplicado nas mais diversificadas
situagbes em que o individuo esteja exposto a algum agente, garantindo resultados

pragmaticos e incisivos.
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Garaj-Vrhovac e Zeljezic (2002), por exemplo, realizaram um estudo que
comprovou a eficacia do teste. ApOs oito meses sem a exposicdo a alguns produtos, a
frequéncia de microndcleos e aberragdes cromossémicas sofreu um decréscimo relevante na
populacdo estudada, o que o fortalece como importante marcador bioldgico na indicacdo de
mutagenicidade e monitorizacdo de organismos. Desta forma, este bioensaio € um excelente

indicador de alteragdes celulares.

3.5  Biomonitoramento de Elementos Quimicos Essenciais e TOXxicos

A determinagdo da concentracdo de elementos essenciais e toxicos em fluidos
bioldgicos (biomonitoramento) tanto na exposicdo de elementos tdxicos ou avaliacdo
nutricional tem sido utilizada em diversos estudos clinicos. Oga (2008) cita 0 monitoramento
biol6gico como importante instrumento de avaliagdo, uma vez que busca analisar os agentes
presentes no ambiente de trabalho por meio de tecidos e secre¢Bes dos individuos, incluindo-
se cabelo, unha, sangue e urina (dependendo do metal), para avaliar a exposicao e o risco a

salide, mediante pardmetros dos indicadores biologicos ou biomarcadores.

Para compreender o conceito de biomonitoramento, € necessario considerar a dose
externa, que é entendida como a concentracdo de elementos toxicos no ar, agua, poeira,
alimentos em que determinada populacdo estd exposta. Esta dose externa é absorvida pelos
6rgdos (pulmaéo, intestino, pele). O biomonitoramento permite dessa forma, a avaliacdo da
dose interna deste elemento ou do seu metabolito em um tecido ou fluido biol6gico
(BATISTA, 2009).

Os elementos essenciais sao aqueles utilizados unicamente para manter as fungdes
fisiol6gicas normais. Em caso de deficiéncia dos mesmos, 0 organismo pode apresentar
disfuncdes, seja no ciclo de vida ou no crescimento saudavel, uma vez que estes estdo
presentes em proteinas fundamentais na execucdo de fungdes bioldgicas especificas. Incluem
aqueles com média e baixa toxicidade (onde concentracdes elevadas do metal sdo necessarias

para gerar um efeito toxico (DOULL’S, 2001).

Os elementos essenciais se subdividem conforme as concentragdes encontradas,
sendo que aqueles com 1 mg L™ em fluidos biolégicos ou < 100 mg Kg™ em tecidos s&o

denominados de elementos “maiores”, incluem neste grupo o “ potéssio, céalcio, magnésio,
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ferro, silicio, fosforo ¢ enxofre”. Os encontrados em concentragdes menores que 10 pg L™
em fluidos bioldgicos ou <100 mg Kg* em tecidos corporais sdo conhecidos como
“menores”. Outra subclassificagdo, inclui os “ultra-traco”, que compreendem os que se
encontram em concentragdes menores que 1 pg L™ em fluidos bioldgicos. Todavia, um grupo
de elementos quimicos ndo apresentam qualquer funcdo fisiologica conhecida, sdo 0s
elementos ndo essenciais ou toxicos: chumbo, cadmio, mercdrio, arsénio, cromo, vanadio e
antimonio, que mesmo em concentracBes traco apresentam efeitos adversos (BATISTA,
2009; SAVORY e WILLS, 1992).

Parsons e Barbosa (2007) explanam que a toxicidade de qualquer elemento
dependera de alguns fatores como: “concentragdo, periodo e nivel de exposicdo como também
da forma quimica, isto é, das espécies quimicas do elemento presentes no individuo”. O
estudo da toxicidade, assim, deve considerar carateristicas dos grupos toxicantes, ja que
enquanto todos os elementos quimicos sdo toxicos em determinado grau de exposi¢do, muitos

nutrientes sao essenciais a saude.

Os métodos analiticos, portanto, estdo sendo cada vez mais utilizados ou
validados na determinacao de elementos essenciais e toxicos. Dentre eles, o espectrometro de
massas com plasma indutivamente acoplado (ICP-MS) consiste em um instrumento
responsavel por separar ions em movimento, com base em suas razdes massa-carga (m/z).
Definida como ferramenta versatil, sensivel e largamente utilizada na identificacdo de
elementos em amostras, o ICP-MS possui aplicacdes diversificadas: na geoquimica, area
ambiental, biologica e de alimentos, pelos baixos limites de deteccdo, seu alto grau de
seletividade, a sua razoavel precisdo e exatiddo, a rapida deteccdo das razdes isotopicas, ao
pequeno volume de amostras e a capacidade multielementar; pois cerca de 90% dos
elementos podem ser determinados com limites de detecgo na faixa de 0,1 a 0,001 pg L™
(ppb) em solucdes aquosas (VEIGA, 2000). O ICP-MS portanto, se mantém na vanguarda
como técnica analitica sensivel e versatil, assumindo um poderoso papel na analise de

elementos.

3.6  Biomonitoramento e Exposi¢do ocupacional

Pela similitude com o objeto analisado, véarias obras oportunizam subsidios

tedricos a investigacdo, dentre elas, destacam-se alguns estudos de biomonitoramento que
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estardo elencados a seguir: o de Wegner et al. (2000), que objetivou averiguar o grau de
exposicdo ocupacional ao elemento quimico berilio em garimpeiros de areas de extragdo de
aguas marinhas e esmeraldas, na Alemanha. Constatou-se por meio de analises de urina que
no desenvolver da profissdo 0s mesmos estdo expostos a metais carcinogénicos como o
aluminio, crémio, niquel e chumbo. Cheyns et al. (2014), por sua vez, buscou averiguar 0
nivel de exposicdo humana e ambiental ao cobalto, na Africa, por meio de analises de poeira,

solos contaminados e urina.

Paruchuri et al. (2010), descreveu questdes referentes a exposicdo ocupacional e
ambiental ao mercdrio em areas de mineracdo de pequena escala ou artesanal, de extracdo do
ouro, evidenciando a exposi¢do cronica a poeira contaminada. A publicacdo de Steckling et
al. (2008) que seguiu as mesmas diretrizes do estudo anterior, discorre também a respeito da
exposicao ao mercdrio tanto da populacéo residente como dos garimpeiros durante o trabalho.
Em especifico foram analisadas amostras de sangue, urina e cabelo dos moradores das areas

contaminadas pela atividade mineraria.

Outra pesquisa foi conduzida por Molina-Villalba et al. (2015) na Espanha, a fim
de verificar a exposicdo de criancas ao arsénio e a alguns metais tracos (cadmio, mercdrio,
manganés e chumbo). Resultados conclusivos indicam uma concentracédo representativa de Cd
e Hg naquelas que residem em areas préximas as zonas industriais e de mineracdo, individuos
estes que apresentam uma vulnerabilidade acentuada em relacdo aos efeitos toxicos e

neurotoxicos destes metais.

Outro estudo de biomonitoramento ocorreu na regido da Republica do Congo,
com o objetivo de comparar as concentra¢fes do cobalto e outros metais em individuos que
viviam proximos a mineragdo e a aqueles que residiam em localidades mais distantes a fim de
avaliar a exposicdo. As analises foram feitas em amostras de urina por meio da técnica de
Espectrometria de Massas com Plasma Acoplado Indutivamente (ICP-MS) cuja conclusao
evidenciou a existéncia de uma maior concentracdo de metais nos que habitavam em regifes
préximas a mineradora (BANZA et al., 2009).
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ABSTRACT

The bioavailability of toxic metals is directly related to their potential to promote deleterious
effects and broad occupational exposure. This study was carried out in the Taquaral de Minas
District, located in the Jequitinhonha Valley, state of Minas Gerais. The valley is one of the
richest and most gem-producing areas in Brazil. Five artisanal mines were sampled (Bode,
Pirineu, Pinheira, Lajedo and Marmita). Several potentially toxic metals (Be, Zn, Mn, Ba Cd,
Hg, U) were found in soils, dust and dust over the rocks and the soils. Samples from 22
individuals occupationally exposed and 17 unexposed persons, who formed the reference
group, were analyzed for trace elements. Genotoxicity was evaluated by Micronucleus Test in
buccal mucosa epithelial cells. The following changes were scored: micronuclei (MN)
binucleate (BN) cells, and kariolytic (KL) cells. The results of the MN test showed significant
increased frequencies in all alterations of exposed individuals compared to controls (p <0.05,
Student’s t Test). The results of the MN test in the analysis of the changes and the comparison
between the concentrations found in blood and urine presented significant results for P <0.05.
Urine analysis showed levels of Cr, Ni Ba, Pb and As in the blood higher than the ATSDR
recommended levels. The higher the years of working, the higher the concentrations in the
blood due to the chronic exposure. The results of the present study indicate an environmental
contamination and potential risk to the health of those miners suggesting an intervention.

Keywords: Miners; environmental contamination; occupational exposure; genotoxicity;
biomonitofing.
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1. Introduction

In many regions of the country, the search for gems and other mineral rarities is a
degrading activity in the health, living and environment of those who work on it, often being

the only alternative of survival for millions of manual workers (SANTOS and PEGO, 2015).

Among the diffuse regions in Brazil that exhibit this extensive occupational
exposure, are the Jequitinhonha Valley, which is classified by the Mineral Resources
Research Company (CPRM, 2003) as one of the most important gem-producing areas in the
world. The region is known worldwide for producing an infinite number of gemstones, with
important occurrences of tourmaline, beryl, tin (cassiterite), feldspar, lithium (ambligonite,
spodumene and petalite), mica, niobium-tantalum and quartz. Localized in the cities of
Virgem da Lapa, Rubelita, Coronel Murta, Itinga Medina and Pedra Azul (CPRM, 2003).

Mining processes generally release metals and semimetals into the environment,
which are concentrated in rocks, sediments, water and soil, an important source of exposure
(KLAASSEN, 2012). The higher the availability, the higher the toxic potential and the
bioaccumulation of the substance in the organism (OGA, 2008). In this context, exposure to
chemicals may cause toxic effects and changes in the health status of individuals living in or
in contact with such environments (FERREIRA and WERMELINGER, 2013).

Colacioppo (2005) reported that in the Brazilian reality, the worker performing an
activity may be exposed to an aggressive agent, having immediate effects such as accidents or
occupational chronic diseases, reaching workers in the artisanal mines. The toxic effects from
exposure to metals can be classified as acute (intoxication) and chronic as the development of
carciromas (REID et al., 1993).

The objective of occupational toxicology is to manage and understand the various
chemical risks present in the work environment (Cassarett, Doul and Klassen 2001). Ferreira
and Wermelinger (2013) argue that the human being is exposed to diverse chemical, physical
and biological agents whose exposure arises from contact through the respiratory, dermal or
ingestion routes. Klassen (2000) in turn describes that all metals and their compounds present

toxicity depending on the degree, amount and time of exposure.

Therefore, human exposure to these diversified chemical substances favors the

development of deleterious effects, ranging from damage to the ecosystem such as toxic
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effects on health (neurotoxicity, carcinogenic, mutagenic effects) (FLORES and
YAMAGUCHI, 2008). Mutagenic effects occur when an agent is able to cause sudden
changes in genetic material, and this effect is persistent and permanent in its structure or
content (DEARFIELD et al., 2002; OGA, 2008). In contrast, a compound that causes
metabolic alteration in cells, culminating or not at death, presents cytotoxicity (BOGO, 2012).
In this sense, the genotoxic agents only have the capacity to damage a DNA molecule, usually
associated with situations of environmental pollution (MITCHELMORE E CHIPMAN,
1998).

In the localities where the extraction of gems occurs in mines, therefore, we end
up structuring situations that are exemplified in the incisive impacts in the work and health
situation of the workers. The aim of this research was to evaluate the occupational exposure
of the population working in the artisanal mines, through environmental analyzes (soil,
soildust and stonedust) and observation of toxicological parameters including analysis of
blood and urine for the determination of possible pathogenic chemical agents, which allowed

the evaluation of genotoxicity by means of micronucleus tests in cells of the buccal mucosa.

2. Materials and Methods

2.1  Study Area

The district of Taquaral de Minas is located in the municipality of Itinga,
southwest of the district, in the Jequitinhonha mesoregion, in the northeast of Minas Gerais.
In geological terms, Taquaral de Minas is located at an area with abundance and variety of
gems, in the Eastern Pegmatitic Province of Brazil (Fig. 1). This area has an estimated
absolute population of 2.364 inhabitants as shown in the 2014 Epidemiological Map, which
was consulted at the Family Health Station (PSF) in Taquaral de Minas.

The Eastern Pegmatitic Province of Brazil extends from northeast to east of Minas
Gerais, especially along the valleys of the rivers Doce and Jequitinhonha, where their main
rocky bodies appear. This district has an abundance of rare chemical elements such as lithium
and boron in pegmatites that, through the changes generated by the geological processes, have

become deposits with a large number of valuable minerals of land (PEDROSA, 2005).
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Fig. 1 - Representation of The District of Taquaral de Minas

2.2 Population Study

The study population consisted of 22 workers from areas of artisanal gem mining
in the district of Taquaral de Minas, Itinga, Minas Gerais. The control group was composed of
17 individuals with no involvement in any occupational activity, including students,

administrative staff and docents of the Institute of Science, Engineering and Technology

(ICET) of the Federal University of the Valleys of Jequitinhonha and Mucuri (UFVIM).

The general characteristics of the populations studied are summarized in Table 1.

Twenty-two individuals exposed to the artisanal mining activity and seventeen controls

participated in the study, all of whom are male.

Table 1. Characteristics of the Study Populations (Mean + SD)

Control Group

Occupationally Exposed

Group
Number of subjects 17 22
Age (years) 33.23+7.54 53.68 +12.28
(Mean = SD; range) (23 -48) (26 —77)

Smoke habits
Nonsmokers. n (%)

Smokers. n (%)

Alcoholic consumption
Positive. n (%)
Negative. n (%)

16 (94.12%)
1 (5.88%)

11 (64.70%)
6 (35.30%)

19 (86.36%)
3 (13.64%)

12 (54.55%)
10 (45.45%)
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The existence of the mines in the Jequitinhonha Valley has a historical character,
with importance in the creation and settlement of several cities. It happened in Taquaral de
Minas, a settlement nucleus that emerged on the banks of the Jequitinhonha river due to the
discovery and extraction of gems (Vieira, 2012). Among the mineral resources withdrawn in
the 30 mines around Taquaral de Minas, gemstones of tourmalines are highlighted, (SANTOS
e PEGO 2015).

The lack of previous data on the condition of mining as an activity that allows an
occupational exposure to those who toil daily reinforces the pioneering nature of the study, in
which information or data form the basis for future programs or studies related to
occupational theme.

2.3 Analytical Instrumentation

All the trace elements were determined by an Inductively Coupled Plasma Mass
Spectrometer (ICP-MS). The ICP-MS is a relatively new and effective technique for multi-
element determinations, ideal for analysis of soil, water, biological samples (blood, urine,
hair, fingernail. Therefore, a Perkin Elmer Nexion instrument was used with a Meinhard
nebulizer and cyclonic spray chamber and continuous nebulization. The operating conditions
were: i) nebulizer gas flow rates: 0.95 | min™; auxiliary gas flow: 1.2 | min™; ii) plasma gas
flow: 15 I min'; iii) lens voltage: 7.25 V; iv) ICP RF Power: 1200 W; v) CeO/Ce = 0.031.

24  Reagents

Nitric acid was previously purified by sub-boiling distillation using a Kurner
quartz distiller (Analysentechnik, Rosenheim, Germany). The type | water (resistivity 18.2
MQ-cm) was obtained by a Thermo Scientific Barnstead Nanopure purification system. The
solutions were prepared and all analysis were performed in the Laboratory of Analytical
Instrumentation of the UFVJM-Campus Mucuri, a clean room class 1000. Quality control for
the determination of metals was carried out via analysis of standard reference materials. The
reference samples were analyzed before and after ten runs of ordinary water samples. There
were no statistical differences between the concentration values obtained for the reference

materials and the "target-values" for 95% confidence intervals using the T-test.
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25 Collection of Soil, Soildust and Stonedust

The soil, soildust and stonedust samples of the rocks inside the underground
mines were collected in October 2016 at five specific mining sites namely Bode, Pirineu,
Pinheira, Lajedo and Marmita. The determination of metals in dust samples superimposed on
the underground extraction environment followed the guidelines proposed by Ono et al.
(2011). This stage consisted of scraping a brush of bristles of nylon (18 cm long), in the
depths of 0-10 cm, to remove the soildust and stonedust. Soil sampling was performed by
composite sampling using a manual excavation survey at a depth of 0 to 20 cm. The samples
were homogenized and stored in a soil collecting bag (NASCO brand). Three samples of each
artisanal mining were collected at specific points: two of the dust accumulated in the soil and

in the rock wall. The plastic bags were labeled and sealed at the end of collection.

2.6 Preparation and analysis of Environmental Samples

The samples were transported to the UFVJIM, Campus Mucuri, and were air dried,
macerated (grade and pistil). A 150 um nylon sieve was used for sample sieving. Acid
extraction was done using the US EPA 3051 A method of the US Environmental Protection
Agency (USEPA, 2007), in a microwave assisted sample digestion system MARS-6®
(910900, CEM, U.SA). For this procedure, 0.5 g of solid material were added in a Teflon
flask with 10 ml of previously purified HNO3; with sub-boiling distillation using a Kurner
quartz distiller (Analysentechnik, Rosenheim, Germany). After digested, the samples were
transferred to a Falcon tube completing its maximum capacity, 15 ml with Type | water
(ultrapure resistivity 18.2 MQ-cm) obtained in Thermo Scientific Barnstead Nanopure
purification system.

In the analysis stage; 0.1 ml of the supernatant was diluted 1000-fold with 2%
(v/iv) HNOjz; for multielement determination by Inductively Coupled Plasma Mass
Spectrometry Nexlon 300D PerkinElmer, Norwalk, USA.

2.7 Collection, preparation and analysis of oral exfoliative cells

The individual samples were collected for evaluation of human exposure after

approval by the Research Ethics Committee (CEP) of the Federal University of the
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Jequitinhonha and Mucuri Valleys, protocol number 1,691,988 and with the signature of the
Term of Free and Informed Consent by research volunteers.

The collection of buccal cells followed the protocol proposed by Thomas et al.
(2009) scraping the buccal mucosa with the help of a wooden tongue-tossing model. The
material was transferred to falcon tubes containing 10 ml of buccal buffer (Tris-Sigma
Aldrich, USA; EDTA-Sigma Aldrich, USA; and Sodium Chloride-Sigma Aldrich, USA) on a
vortex-type stirrer - Thermo Scientific, M37615, China.

Cells were placed in a Centrifuge model Centec 6000R, Brazil and centrifuged for
10 minutes at 581 g at room temperature, with the process been repeated three times. About
120-150 ml of the cell suspension were transferred to the air-dried slides fixed in Carnoy
solution containing ethanol - Neon, Brazil and glacial acetic acid - Isofar, Brazil (3: 1). In the
staining step, the slides were dipped for one minute each into flasks containing 50% (vol /
vol) and 20% (vol / vol) ethanol and washed for two minutes in a vessel containing Milli-Q
water. After that, they were placed in a vial of 5 M hydrochloric acid (Isofar, Brazil) for 30
minutes and then rinsed in tap water for 3 minutes. Schiff's reagent - Sigma Alcrich, USA was
added for core staining (approximately one hour, in an environment without incident of
light.). For the counter staining of the cytoplasm, the Fast-Green - Sigma Aldrich dye, USA,
has been used between 20-30 seconds. The analysis occurred at magnification of 1000 and
400 times under an optical microscope. The scoring criteria followed those described by
Thomas et al. (2009) in a minimum of 2.000 differentiated for micronucleus and 1.000 other

changes (shoots, binucleate, karyiorrex, cariolytic, picnotic).

2.8 Collection, preparation and analysis of biological specimens (blood and urine)

The venous blood samples (4 ml) of the volunteers were collected by a nurse in a
private laboratory. Prior the venous puncture, the skin was cleaned with 70% alcohol. The
blood was collected in vacuum tubes for trace elements (BD, Vacutainer®) containing
anticoagulant (EDTA). They were transported at -20 °C and stored at -80 ° C until analysis.
The analysis of urine and blood were carried out as described elsewhere (BATISTA et al.,
2009a and 2009b). All samples were prepared using a diluent containing distilled HNO3 0.3
% v v and Triton® X-100 0.002 % m v'*. For analysis, the samples of blood and urine were

diluted 1+49 and 1+19, respectively. All analytical calibrations were from 1 to 20 pug L™
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except for Hg, which the calibration ranged from 100 to 1000 ng L™. The reference materials
of trace elements in whole blood Seronorm L-2 (Sero, Norway) and in freeze-dried urine
NIST 2670a (National Institute of Standard and Technology, USA) were analyzed for quality

assurance.

2.9  Statistical analysis

The concentrations of chemical elements in the environmental samples were
compared with the Guiding Values for Soil and Groundwater (Quality Reference Value —
QRV and Prevention Value — PV) presented in the most recent publication in the Official
Gazette of the State of S&o Paulo, the Decision of the Board of Directors 045/2014 of
CETESB, National Environmental Council (CONAMA), the Normative Deliberation of
COPAM (Specific Council of Environmental Policy) 166/2011, specific to the state of Minas
Gerais, in addition to the ATSDR International Resolution (Agency for Toxic Substances and
Disease Registry) for the year 2002.

The descriptive statistics (mean and standard deviation) were used for soil and
dust / soil and rock samples. The Microsoft Excel® (2016) was used. For the analyzes
obtained by the micronucleus assay, descriptive data regarding age, results expressed as mean
and standard deviation, habits such as tobacco use and alcohol consumption were presented in
percentages.

In the comparison of the frequencies of the changes in the exposed individuals
and controls and in the concentrations of chemical elements, the test T paired was used, P
<0.05 for significant cases. Blood, and urine results were expressed as minimum and
maximum intervals, mean, median and 10%, 25%, 75% and 90% percentiles. All statistical

analyzes were enhanced using the GraphPad Prism V7.4 program.

3. Results and Discussions

3.1  Concentration of chemical elements in environmental samples
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Distributed throughout nature, some metals are considered essential
micronutrients to plants. Other elements occur in turn, in low values in soils depending on the
composition of the source material, soil development and formation processes, as well as the
environmental characteristics of the area (CAIRES, 2009).

Although they are associated with toxic capacity, a number of metals constitute
accessory elements in the constitution of rocks and have a natural occurrence in the
environment such as Fe, Mn, Ni, Cu, Zn, Mo and Co beneficial to plants, while the Pb, Cd,
Hg are potentially toxic without any essentiality to the soil and the biological function of the
organism (BIONDI et al., 2011). Such elements, in high concentrations, can cause abortions,
neurological malformation and cancers - skin, pancreas and lung (DIXON, 1996), thus
compromising the health of individuals and ecosystemic quality.

In this study, of the analysis of the elements Li, Be, V, Cr, Mn, Ni, Cu, Zn As, Sr,
Cd, Ba, Pb, Bi, U, Hg were carried out in fifteen samples of soil and dust in the respective
artisanal mines visited: Bode, Pirineu, Pinheira, Lajedo and Marmita. The results were the
means of reading for triplicates of each sample. Tables 2 and 3 present the values (mg kg™) of
the metals concentration in the soil samples, soil / rock dust and dust, in addition to
establishing a comparison with established values by CETESB (2014), COPAM (2011) and
ATSDR (2002) respectively. We will discuss in this paper only the elements that have
obtained significant changes: Ba, Be Cd, Hg, Zn, U, Mn.
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Table 2. Concentration of metals (mg kg™) in the analyzed soil samples and comparison with
reference values (Mean + SD)

. . . COPAM CETESB
Element Mine Soil Soildust Stonedust ORV PV _ORV PV
3222 + . 0.16 +
Bode 439 <Lob 0.13
.. 68.28 + . N
Pirineu 0.53 <LOD <LOD
C . 2732 +
Ba Pinheira 0.20 <LOD* <LOD* 93.00 150.00 75.00 120.00
. 45,40 + 1.44 +
Lajedo 0.34 1.49 +0.03 0.03
. 104.18 11.70 +
Marmita +088 5.30 £0.04 0.03
0.33+ 0.69 +
Bode 0.00 0.42 +0.01 0.01
.. 0.53 + 0.72 +
Pirineu 0.01 0.85 +0.03 0.01
. 0.33+ 0.50 +
Cd Pinheira 0.00 0.81 +£0.02 0.01 0.40 1.30 0.50 1.30
. 0.45 + 0.52 +
Lajedo 0.01 0.73+0.01 0.01
. 0.46 + 0.97 +
Marmita 0.01 0.67 £0.02 0.02
Bode 133.81 1576.67 + 840.79 +
+18.77 111.87 37.57
Pirineu 180.15 339.04 + 185.16 +
+ 40.67 22.46 26.24
Hg C . 92.32 + 916.18 401.63+ 0.05 0.50 0.05 0.50
Pinheira
28.94 +64.66 28.52
Lajedo <LOD* <LOD* <LOD*
. 45,98 + . .
Marmita 1276 <LOD <LOD
61.50 + 479 +
Bode 0.56 69.75+0.92 0.32
Pirineu 78.25 + 104.54 + 94.16 +
0.67 1.01 0.89
N 2221 + 43.16 +
Zn Pinheira 0.29 82.36 +1.13 0.59 46.50 300.00 60.00 86.00
Laiedo 23.24 + 132.77 + 33.98 +
I 0.28 1.28 0.52
. 61.63 + 45.03 +
Marmita 0.83 36.50 + 0.29 0.38

*QRV/PV (Quality Reference Value/Prevention Value) COPAM and CETESB regulations.

When comparing the values of the concentrations of the elements obtained in the
environmental analyzes according to the Resolution of COPAM 166/2011 and data of the
Decision of Directors 045/2014 of CETESB, the elements Ba, Cd, Hg and Zn present values
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of Quality Reference above which is advocated. According to the 2002 ATSDR (Agency for
Toxic Substances and Disease Registry), those that exceed the established limit are Be, Mn,
Zn and U, the other elements are within what is established.

From the analyzes carried out, it can be verified in Table 1 that the soil collected
in the Marmita mine presented Ba concentration (104.18 mg kg™), a reference quality value
(RQV) greater than 75 mg kg™ - 93 mg kg™ and as recommended by CETESB and COPAM
respectively.

According to CETESB (2014) and COPAM (2011) the soil samples in the
Pirineu, Lajedo and Marmita garimpos and the soildust / dust in all the analyzed and dust /
stonedust in the Bode, Pirineu, Lajedo and the Cd QRYV above the permitted value (0.40 mg
kg™ and 0.50 mg kg ™). Cd pollution may be due to several factors such as weathering, soil
erosion, landfill leaks and mining residues, because it is chemically similar to Zn, both are
usually found together in geochemical processes (AZEVEDO et al., 2003). which may
explain a higher concentration of these in the prospected mines.

As for Hg, the element concentration values exceeded QRV (0.05 mg kg*) and
PV (0.50 mg kg™*) (prevention value) of COPAM (2011) and CETESB (2014) in large part of
the mines visited, with the exception of Lajedo and soil dust in the Marmita, which presented
a lower value than the ICP-MS (<LOD) Detection Limit. Hg enters the environmental
compartment in different ways, either due to its use or incorrect waste management (Au
mining) (MANAHAN, 1999).

In relation to Zn, according to the value of the QRV of both COPAM (2011) -
465 mg kg* - and CETESB (2014) and ATSDR - 60 mg kg™ - showed high soil
concentrations in the Bode, Pirineu and Kettle; dust / soildust in Bode, Pinheira, Lajedo and
Pirineu and the dust / stonedust in Pirineu are above value. In relation to PV (80 mg kg™),
soildust (Pirineu and Lajedo) and stonedust (Pirineu) present concentrations at higher levels.
Amorim (2012) argues that although zinc is an abundant and non-toxic element, processes

such as mining can bring environmental concerns and liabilities.
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Table 3. Concentration of metals (mg kg™) in the analyzed soil samples and comparison with

reference values (Mean + SD)

. . . ATSDR
Element Mine Soil Soildust Stonedust W
Bode 2.74 £0.03 11.33 £ 0.47 20.73 +0.23
Pirineu 41.32+0.42 71.22+1.11 28.62 + 0.62
Be Pinheira 3.04 £0.05 26.94 +0.29 9.31+0.11 15.00
Lajedo 5.33+0.10 40.77£0.92 38.37+0.31
Marmita 4,76 £0.05 17.59 £ 0.52 34.62+£0.29
Bode 161.00 £ 0.89 106.77 £ 1.29 504.95 + 7.13
Pirineu 957.99+535 1256.87 +12.94 470.15+4.72
Mn Pinheira 539.31 +4.79 761.78 + 11.53 395.56 + 4.09 330
Lajedo 360.63 + 2.25 185.09 £ 2.91 178.79 £ 2.54
Marmita 413.29 +3.12 707.50 + 5.98 1600.49 + 9.37
Bode 19.33+0.21 3.67£0.01 4,90 £0.02
Pirineu 58.09 + 0.62 32.04 +£0.34 4.61+0.01
U Pinheira 24.82 +0.31 12.08 +0.09 4.82+0.01 3
Lajedo 19.88 + 0.32 4.43+0.02 4.31+0.01
Marmita 102.00 £ 1.06 9.00 +0.03 13.56 + 0.08
Bode 61.50 £ 0.56 69.75 + 0.92 4,79 +0.32
Pirineu 78.25 + 0.67 104.54 £ 1.01 94.16 + 0.89
Pinheira 22.21+£0.29 82.36 £1.13 43.16 £ 0.59
Zn 60
Lajedo 23.24 £ 0.28 132.77 £ 1.28 33.98 £0.52
Marmita 61.63 £ 0.83 36.50 £ 0.29 45.03+0.38

*QRV (Quality Reference Value) ATSDR regulation.

The elements Be, Mn and U do not have COPAM or CETESB reference values.
Regarding the element beryllium, the values of dust / soildust soil in Pirineu, Pinheira, Lajedo
and Marmita mines; of the soildust / stonedust in the Bode, Pirineu, Lajedo, Marmita and the
soil in the Pyrenees presented values above 15 mg kg™ as established by ATSDR (2002).

The values of the element Mn, are in a limit higher than that recommended by
ATSDR (2002) - 330 mg kg™ - in Pirineu, Pinheira, Lajedo and Marmita mines (in the soil
samples); Pirineu, Pinheira and Marmita (in the dust / soildust) and in the Bode, Pirineu,
Pinheira and Marmita (in dust / stonedust). Biondi (2010) describes that the knowledge of the
natural Mn contents in the soils is relevant, since they participate as main constituents of
rocks besides being a plant micronutrient Caires (2009) and Junior et al. (2016), in contrast,
found values of manganese in soils (345.76 mg kg™ and 484.05 mg kg™, respectively), closer
to those referring to the soil analyzes obtained in the present study.

Uranium in all soil and dust / dust samples presented values higher than 3 mg kg
according to ATSDR (2002), in the five mines analyzed (Bode, Pirineu, Pinheira, Lajedo and
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Marmita). The U presents as a natural component of soil and rocks, and can be eliminated in
the air by mining processes. The main route of exposure to the element is oral, followed by
inhalation (ATSDR, 2002).

In addition to these elements, in the present study, aluminum values ranged from
4,336.10 mg kg™ to 13,660.41 mg kg, with an average value of 8,127.61 mg kg™, which was
lower than the minimum concentration found by Silva (2011) and Viglio (2010) of 17,770 mg
kg™ in the eight basins of the rivers Velhas, Paracatu, Abaeté, Urucuia, Carinhanha, Jequitaf,
Verde Grande and S&o Francisco analyzed in the state of Minas Gerais.

Silva (2011) also describes that aluminum is present in a series of minerals such
as alunite, andalusite, beryl, biotite, kyanite, cordierite, spodumene, staurolite, muscovite,
feldspar and sillimanite. In this way, natural contamination can be potentiated during
exposure to these mineralized bodies. In this case, when exposure to the element occurs, some
factors should be analyzed, including dose (quantity), duration (how long) and form of
contact, besides age, sex, diet, family characteristics, lifestyle and health status. In Brazil,
there are still no reference values of health or environmental organs for Al in soils that could

be harmful to environmental health.

3.2  Determination of genotoxic changes in exposed individuals and controls

In humans, the Micronucleus Test (MN) can be easily assessed in exfoliated
epithelial cells of either the oral or nasal epithelium in order to measure genetic / genomic
damage in vivo in situations where the subject is occupationally / accidentally exposed or in
the assessment of lifestyles, cancer detection or neurodegenerative diseases (FENECH, 2011;
HOLLAND et al., 2008). The efficacy of the MN test on oral epithelial cells has been
recognized by several studies (CAVALLO, 2005; SARAN et al. 2008) for the detection of
genotoxic effects or exposure to mutagens.

Nuclear abnormalities or additional biomarkers such as binucleated (BN),
karyorrhexis (KR), pyknotic nuclei (PN), karyolysis (KL) and condensed chromatin (CC) and
micronucleus can be identified by means of MN test during cell differentiation, which
indicates damage to DNA, cytotoxicity or cell death when observed at high frequencies.
(STICH and ROSIN, 1984; THOMAS et al. 2009; TORRES-BUGARIN et al. 2014). In Fig.
2, it shows the cellular alterations found in the studied groups and table 4 shows the

distribution of changes in controls de exposed.
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Fig. 2 — The changes observed in exposed individuals and controls. A: Micronucleus cell (MN); B:
Micronucleus cell (MN); C: Karyolysis cell (KL); D: Binucleated cell (BN).

Table 4. Frequency of MN, BN and KL in the control and occupationally exposed groups
(Mean £ SD, Range.)

Micronucleus  Binucleated Karyolysis
Group n yoly

(MN) (BN) (KL)
Control 17 0.35+0.61 418 +1.70 347+1091
(0-2) (2-8) (1-9) he
: 250+265 1286+7.27 179121286 gnaly
Miners 22 0-9) 0 26) o

sis of
the genotoxicity biomarkers showed significant differences (P < 0.05) between the
populations in the frequency of MN, BN and KL, with higher values in those exposed when
compared to the controls in Table 4 and Fig. 3, results similar to those found by Arul et al.
(2017) and Coelho et al. (2011) whose objective was to determine the adverse health effects
of populations living in the vicinity of the metals exposed to the metals (As and Cd) from the
exploration. In Table 5 shows the influences between the habits of the studied groups and the
frequency of nuclear abnormalities. Castafieda-Yslas et al. (2016), with the objective of
evaluating the genotoxic effect on the buccal mucosa by the use of pesticides in farmers and
their children, concluded a high number of MN and nuclear abnormalities (NA) may indicate
future damages to health. Table 5 shows the influences between the habits of the studied

groups and the frequency of nuclear abnormalities.
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Fig. 3 - Distribution of nuclear abnormalities of the control and exposed groups. P<0.05 according to samples t-
test paired.

Table 5. Influence of age, alcohol consumption and smoking one the genotoxity biomarkers

studied.
Alteration frequences between the groups P value (t test)
Age Control Group x Age Exposed 0.1072
MN Control Group x MN Exposed 0.0071"
BN Control Group x BN Exposed 0.0004"
KL Control Group x KL Exposed 0.0003"
Alcoholic Consumption:
MN Control Group x MN Exposed 0.0040
BN Control Group x BN Exposed 0.0001"
KL Control Group x KL Exposed 0.0092"
Non-alcoholic Consumption:
MN Control Group x MN Exposed 0.1184
BN Control Group x BN Exposed 0.0524
KL Control Group x KL Exposed 0.0559
Smokers
MN Control Group x MN Exposed 0.3019
BN Control Group x BN Exposed 0.3063
KL Control Group x KL Exposed 0.2438
Nonsmokers
MN Control Group x MN Exposed 0.0010
BN Control Group x BN Exposed 0.0001"
KL Control Group x KL Exposed 0.0001"

Asterisk indicates significantly different from control, P < 0.05.

The expressive number of changes found in occupationally exposed individuals

may indicate genotoxic damage induced by chronic exposure and possible metallic
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contamination. Baimain et al. (2013), reinforces that genetic alterations are important in the
development of cancer since most cancer cells present genomic instability. Such instability
may be induced by inherited mutations in genes or those acquired in somatic cells in the

development of a tumor.

Bolognesi et al. (2013) indicates that the presence of MN and BN in
occupationally exposed groups reflects on genotoxic damage and cell death, PN, CC, KR, KL
cells in turn originate after the occurrence of cytotoxic damage. The formation of NA by
exposure to chemicals has been associated with the occurrence of chronic and degenerative
diseases. BN cells for example may indicate failure in the cytokinesis process, Mn
chromosomal instability or DNA damage (Deoxyribonucleic acid) while the other changes:

CC, KR, PN, KL are aimed at cell death.

This study showed significant differences (P < 0,05) related to alcohol
consumption between controls and exposed to MN, BN and KL cells, (Fig. 4). The absence of

alcohol consumption in turn does not influence or interfere with the frequency of changes.
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(©)

Fig. 4 - Influence of alcohol consumption on the distribution in the Control (black) and Exposed
Groups (gray). P < 0.05 according to samples t- test paired. (a) Micronucleus (MN), (b) Binucleated
(BN) and (c) Karyolysis (KL).

By the analysis of Figure 4, we observed the differences between the frequency of
changes in the studied groups. The KL cells of exposed individuals presented increased
frequency when compared to BN and MN (Fig 2). In the controls, the increase was in BN,

followed by KL and MN respectively.

In the results of the group on alcohol consumption, approximately 66.67% - eight
exposed individuals - presented MN, the controls in counterpart 33.33% - four individuals. As
for BN, the distribution occurred more regularly when compared to the previous case.
Approximately 73.33% - eleven individuals - of the control group presented such an
alteration, but the frequency in the exposed group was increased, occurring in 100% of the

cases, a fact also observed in KL, whose values were similar.

The alcohol is considered an important chemical agent in the development of
genotoxic damage of the oral mucosa, even considering the high rate of cell renewal, changes
can be observed in exfoliative cells of the mouth of individuals who consume it. (OGDEN,
WIGHT and RICE, 2007). Analyzes such as Ghose and Parida (1995) and Stich (1988)
affirmed a positive relationship between the increased frequency of MNs in individuals who

consumed both alcohol and tobacco.

As observed values of the changes found for controls and exposed smokers, the
established relationship was not significant, since only one individual in the control group was
smoker and three in the exposed group. A similar result was found by Bonassi et al. (2003),
where the frequency of micronuclei in smokers presented no difference when compared to
non-smokers, who presented significant results. The same author mentions that a comparative
study of studies conducted in individuals exposed to genotoxins and their controls in Medline
in relation to smoking found thirty-three publications (89.2%) of those evaluated in which no
association was found between MN and smoking habits (CRUZ et al., 1994). Motgi (2014),
on the other hand, found differences between individuals with smoking compared to controls,

which can trigger cytotoxic and genotoxic damages.
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Due to the similarity with the analyzed object, several works offer theoretical
subsidies to the investigation, among them stand out biomonitoring studies. Wegner et al.
(2000), which aimed to ascertain the degree of occupational exposure to the beryllium
chemical element in miners of marine water and emerald extraction areas in Germany.
Cheyns et.al. (2014), in turn, sought to investigate the level of human and environmental
exposure to cobalt in Africa through analyzes of dust, contaminated soil and urine. Coelho
(2011) evaluated the adverse health effects of metal contamination through biomonitoring of
biological specimens and the Micronucleus Test in Portugal. Joca (2009) evaluated the
genotoxicity in workers exposed to silica in Brazil. Other studies such as Molina-Villalba et
al. (2015), Paruchuri et al. (2010) and Steckling et al. (2011) presented results that related

occupational exposure in mining areas.

3.3 Determination of creatinine

Creatinine adjustment is routinely used to reduce factors that are not directly related to
metal exposure, such as concentration and volume of urine (HINWOOD et al., 2002). The

urine sample results were adjusted and plotted as micrograms of metal per gram of creatinine.

34 Determination of the concentration of Metals in blood and urine

To our knowledge, this study is the first to analyze the possible occupational
exposition by bioindicators (urine and blood) existing in the individuals who work in the

Jequitinhonha Valley gemstones exploration in Minas Gerais (MG).

The general characteristics of the study are summarized in Table 3. Twenty metals
were quantified in blood and urine (Li, Be, Al, Ca, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Cd,
Cs, Ba, Hg, Pb and U) of the exposed population (22) and control individuals (17). Tables 6
and 7 show the values of the concentrations found, which are described as minimum and
maximum, mean, median and 10%, 25%, 75% and 90% percentiles for urine and blood of the

exposed group and control group.

The elimination of trace metals occurs through the kidneys and the

gastrointestinal tract, which is slow to depend on the element. The period of time for which



47

half of the initial bioaccumulated amount is excreted varies widely, Pb and Cd, for example,
take from 10 to 12 years, the four days As and 60 days for Hg. Blood and urine therefore
generally reflect recent exposures including days and weeks, other matrices such as nails may
reflect exposures for months. (DORNE et al., 2011). Hall and Guyton (2011) show that urine
functions as a mechanism in the human body to excrete soluble wastes, excess water and a
variety of toxic substances and metals. Although the study's miners exposure is a chronic
condition and at the same time recurrent by dedication to daily activity, analysis of blood and

urine samples are matched to suit the situation.



Table 6. Urine concentration (ug L™) of the control and exposed groups in range, mean, median and percentiles 10%, 25%, 75% and 90%

Percentile
Minimum Maximum Mean Median
Element 10% 25% 75% 90%
Control Exposed Control Exposed Control Exposed Control Exposed Control Exposed Control Exposed Control Exposed Control Exposed

H 2.37 3.88 12.33 165.26 7.46 30.92 7.82 20.70 3.82 7.70 5.19 14.87 9.70 32.75 10.97 53.83
B 0.04 0.09 0.30 0.61 0.13 0.25 0.12 0.25 0.06 0.15 0.09 0.18 0.16 0.29 0.23 0.34
Al <LOD* <LOD* 28.50 115.77 6.68 33.44 3.92 29.42 <LOD* <LOD* <LOD* 14.45 10.99 39.00 14.20 81.76
ca 31.406,32 11.323.17 303.139,62 26.6427.46 130.072,70 91879.27 120.290,45 92284.76 35.240,12 34688.51 72.249,62 49567.68 195.966,41 127851.51 231.884,04 143940.68
cr <LOD* 0.15 0.62 0.86 0.14 0.38 0.12 0.38 <LOD* 0.20 0.05 0.24 0.14 0.46 0.27 0.51
Mn <LOD* 0.19 0.24 4.00 0.03 0.72 <LOD* 0.49 <LOD* 0.22 <LOD* 0.33 0.03 0.67 0.10 1.41
Fe <LOD* 7.87 33.63 58.46 13.04 19.65 11.27 15.25 5.73 8.91 8.82 11.86 14.04 22.42 24.12 29.13
co 0.19 0.23 1.61 1.03 0.47 0.64 0.41 0.65 0.20 0.37 0.27 0.45 0.48 0.86 0.74 0.99
N 0.27 0.66 4.90 8.55 2.06 3.28 1.84 291 0.49 1.00 1.26 2.27 3.10 4.36 3.67 5.07
o 15.51 32.69 46.44 88.65 31.14 59.80 33.05 58.64 20.14 43.69 25.62 48.01 36.14 67.02 41.54 80.22
an 148.39 75.06 926.08 1357.90 499.20 523.60 443.87 443.90 230.10 124.33 335.97 217.20 647.77 744.72 822.18 940.57
As 211 5.14 49.50 39.02 13.31 20.44 11.13 20.67 5.83 7.37 6.17 15.84 17.22 22.79 20.68 32.32
se 10.99 5.98 94.18 37.52 31.31 19.72 26.49 19.45 15.24 8.26 17.30 11.21 33.01 26.28 54.36 30.94
S 64.22 35.63 395.94 563.73 192.62 200.04 161.46 197.39 70.74 74.66 132.37 120.32 220.04 235.82 366.96 304.14
cd <LOD* <LOD* 0.19 0.43 0.06 0.18 0.05 0.14 0.01 0.02 0.04 0.09 0.08 0.29 0.12 0.37
e 6.58 3.83 38.20 39.55 22.73 22.27 23.71 20.56 14.80 10.98 16.84 15.56 27.39 29.12 33.44 35.23
B 0.21 0.39 18.81 30.37 4.73 6.49 3.31 4.28 1.84 0.80 221 1.59 5.77 9.87 9.15 12.22
Ho 0.45 0.22 2.83 11.50 1.33 3.74 1.12 2.47 0.56 111 0.91 1.48 1.70 6.33 2.39 7.33
P <LOD* <LOD* 1.98 13.88 0.40 2.79 0.18 1.86 <LOD* <LOD* <LOD* 0.19 0.65 4.57 1.09 5.97
v <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD*

* LOD indicates values below the detection limit.
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Table 7. Blood concentration (ug L™) of the control and exposed groups in range, mean, median and percentiles 10%, 25%, 75% and 90%

Percentile
Minimum Maximum Mean Median
Element 10% 25% 75% 90%

Control Exposed Control Exposed Control Exposed Control Exposed Control Exposed Control Exposed Control Exposed Control Exposed
Li 0.02 0.28 0.61 3.67 0.34 0.77 0.36 0.58 0.17 0.33 0.21 0.44 0.47 0.72 0.56 0.89
Be <LOD* <LOD* 0.62 0.45 0.18 0.17 0.13 0.11 0.05 <LOD* 0.09 0.01 0.18 0.30 0.41 0.37
Al <LOD* <LOD* 123.43 23.34 7.42 3.66 <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* 3.76 1.07 14.44
Ca 47,545.59 45360.98 81,846.64 62664.78 55,508.42 54522.24 53,028.06 55280.59 50,464.84 48129.52 51,197.95 52137.47 55,703.05 56925.44 63,491.59 58538.90
Cr <LOD* <LOD* 10.73 3.58 0.77 0.28 <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* 0.25 0.03 0.90 0.59
Mn 6.34 8.73 18.30 17.78 10.59 12.85 10.56 13.16 6.75 8.90 9.12 10.08 11.50 14.60 13.33 16.90
Fe 507058.49 461817.73 859,988.76 721983.16 580,573.83 587174.01 559,489.16 578055.21 533,547.60 546741.57 544,316.16 556251.12 585,012.80 613535.91 607,851.48 665096.52
Co 0.25 0.30 0.59 0.68 0.36 0.44 0.34 0.39 0.30 0.33 0.32 0.35 0.43 0.49 0.46 0.64
Ni <LOD* <LOD* 32.16 281.94 3.34 15.27 <LOD* 0.04 <LOD* <LOD* <LOD* <LOD* 1.17 5.49 9.06 10.25
Cu 639.90 833.98 2,512.27 1403.48 1,109.77 1062.64 983.98 1046.61 841.32 894.72 919.46 973.90 1,029.12 1136.98 1,634.38 1215.32
Zn 5,935.96 5377.24 10,897.07 8640.76 7,213.15 7128.18 7,072.17 6973.87 6,095.39 6105.91 6,175.54 6478.32 7,704.23 7942.23 8,285.53 8395.99
As 1.26 0.68 9.86 2.83 4.18 1.45 2.75 1.39 1.56 0.98 1.96 1.18 4.81 1.71 8.76 1.87
Se 53.30 37.98 93.70 65.80 72.82 53.79 70.86 54.44 58.71 44.87 66.53 47.93 79.10 58.17 89.32 63.23
Sr 4.80 6.35 13.84 19.93 7.83 11.18 7.33 10.69 5.95 8.45 6.34 9.10 9.48 12.63 9.89 14.61
Cd <LOD* <LOD* 0.52 0.38 0.12 0.14 0.08 0.13 0.03 0.05 0.04 0.08 0.14 0.20 0.29 0.23
Cs 7.63 4.00 18.12 11.64 13.62 7.46 14.36 7.22 8.77 4.88 11.21 6.05 16.42 8.84 17.43 10.38
Ba 0.13 0.27 2.73 6.50 1.06 1.46 0.79 0.91 0.41 0.49 0.61 0.60 1.18 1.78 2.67 2.78
Hg 0.29 0.22 3.32 4.09 0.96 0.87 0.64 0.64 0.32 0.35 0.39 0.40 1.39 1.01 1.73 1.11
Pb 7.04 18.60 41.76 204.26 17.02 74.26 14.59 60.11 8.03 29.74 10.15 37.78 21.66 99.27 26.08 126.80
U <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD* <LOD*

* LOD indicates values below the detection limit.
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When comparing the urine results presented in the exposed group in relation to
the control, almost all the analyzed elements have higher mean values, except selenium and
cesium, whose mean in the controls (31.31, 22.73 pg L™ that is above the obtained in the
above (19.72, 22.27 pg L. In the case of uranium, no concentration was obtained for any of
the bioindicators, since the values were below the detection limit of ICP-MS.

The average results of the workers' urine found for the other elements were: Li
3042 ug L, Be 0.25 ug L™, AI33. 44 ug L, Cr0.38 ug L™, Mn 0.72 pg L™, Fe 19.65 pg L
1 C00.64 ug L™, Ni 3.28 pg L™, Cu 59.80 pg L™, Zn 523.60 pg L™, As 20.44 pg LY, Sr
200.04 pg L, Cd 0.18 pg L™, Ba6.49 pg L™, Hg 3.74 ug L™ and Pb 2.79 pg L™

ATSDR (2002; 2007; 2012) establishes reference values for mean concentrations
of some metals in urine and blood. In relation to urine only Be, Mn, Cd, and As are within the
permitted levels - 0.28 pg L™, 1.19 pg L%, 0.185 ug L™ and less than 100 ug L™, respectively.
The ATSDR (2007; 2012) averages for these elements are: Cr 0.22 ng Lt Ni1-3 ug L' Ba
1.5 pg L™ and in Pb 0.66 pg L. Similarly, Al presented high mean levels of 33.44 pg L™

Reference values for several elements in the urine were established by Batista et
al. (2009) in Brazil. For Al, the mean value was 3.4 pg L™, with a minimum and maximum
range of 0.22 - 17.5 ug L™, Ni, 1.3 pg L™ as mean value and intervals of 0.1-4.2 pg L™, Ba
with intervals of 0.2-5.3 ug L™ and a mean of 1.5 pg L™ and in the mean Pb of 0.8 and
intervals lower than 0, 03-2.96 pg L™. Compared with the results of the present study, all the
mentioned elements exceeded the maximum values found, 115, 77 pg L™, 8,55 ug L™, 30,37

ug L 13,88 ug L™, for Al, Ni, Ba and Pb respectively.

An investigation carried out in the Araguai region by Silva (2011) found results
that indicate contamination and exposure of the population of some communities to Al in
plasma. This element is of natural origin and has as route of exposure "rock-soil-water-food".

In a study by Coelho et al. (2012) in Portugal in a deactivated mine in the
Panasqueira where contamination of the volunteer individuals was identified, the means found
for the elements As, Cd, Cr, Mn, Ni, Pb and Se in the urine were 43.01; 0.83; 1.15; 1.36; 8.16;
4.54;31.15pgg ™.

Regarding blood results, the highest values of the exposed group were found in
the elements Li, Ca, Mn, Fe, Co Ni, Sr, Cd, Ba, and Pb. On the other hand, in the controls Ba,
Al, Cr, Cu, Zn, As, Si, Cs, and Hg obtained mean values higher than the values of mine

workers.
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For Al this situation can be explained by taking into account the irregular
distribution of concentrations in the control group by means of the percentiles analyzes. When
verifying the mean and maximum value obtained for the element in the exposed group, we
have 3.66 ug L* and 23.34 ug LY significantly lower than that obtained for the 7.42 ug Lt
and 123.43 pg L controls. However, in 90% of cases, the value found was 1.07 pg L, which
was relatively discrepant for both the mean and maximum values presented. which leads to
the understanding that a single control was responsible for raising the element's mean. The
case of Cr is similar to the previous one, the average value was 0.77 pg L™ and maximum
10.73 pg L™, while in the 90% percentile the value is 0.90 ug L™, In addition to the previous
ones, Hg also presents this characteristic in the control group, observing the values of the
mean 0.96 ug L™, the maximum 3.32 pg L™ and the 90% percentile 1.73 ug L™.

The other elements of the exposed samples As, Cd, Cu, Mn, Ni, Pb e Se were 1.45
gLt 0.14 pg L 1,062.64 pg L, 12.85 ug L™, 15.27 pg L™ 74.26 pug L™ and 53.79 pg L-1.
When comparing with the results obtained by Nunes (2010) 1.1 pug L-1, 0.4 pg L™, 890 pug L°
L96pug Lt 2.1 pg L, 65,4 ug L™ and 89.3 pg L™ for As, Cd, Cu, Mn, Ni, Pb and Se,
respectively, the elements Cd and Se are within what is proposed by the author, while As, Cu,
Mn, Ni and Pb presented higher values.

Among the averages allowed by ATSDR (2007; 2012) in the blood, for Cadmium
0.315 pg L™ and values lower than 1 pg L™ for As, this is above the allowed (1.43 pg L™*) and
cadmium (0.14 pug L ™) is within the mean.

Rodrigues et al. (2009) carried out a study in the Amazonian riverside population,
in which the values found for Cu 920 pg L™ and Co 0.40 pg L™ are below those identified in
Taquaral de Minas, where the averages were 1,062.63 g L™ and 0.44 ug L* for Cu and Co
respectively. The concentrations of this study are also high when compared to the maximum
and minimum intervals of the elements Mn (5.1-14.7 ug L), Cu (494.9-2.383,8 pg L™) and
Pb (5.9-330.1 pg L™) analyzed by Rodrigues et al. (2008). On the other hand, the average of
Freire et al. (2015) for Mn was 12.85 pg L™ in an evaluation with metalworking workers.

In relation to Coelho et al. (2012), the mean of the elements Pb, Mn, Se and Ni are
4.54; 1.36; 31.15 and 8.16 pg L™, respectively. When to Hg, the mean of the population in the
in the metropolitan area of Sdo Paulo was represented by 66.00 ug L™ (KUNO et al., 2013).
ATSDR (2007) recommends a mean Pb value of 1.5 ug dL™, which is lower than that of 7.42
png dL™ in this study.
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The analysis of the metal quantification showed significant differences (P <0.05)
between the studied groups when compared to the control group for the two matrices studied.

Urine samples, such as the following, the differences were observed in eight of
the following elements: Li, Be, Al, Mn, Cu, Cd, Hg and Pb. In blood, therefore, seven

elements had significant concentrations: Li, Mn, As, Se, Sr, Cs and Pb, as shown in Table 8.

Table 8. Comparison between urine and blood samples from the control and exposed groups
(P values)
P value (Test t)

Element
Urine Samples Blood Samples

Li 0.0146* 0.0284*
Be 0.0026* 0.6997
Al 0.0126* 0.5825
Ca 0.1918 0.3862
Cr 0.0001 0.3264
Mn 0.0040* 0.0295*
Fe 0.0703 0.9234
Co 0.1675 0.0499*
Ni 0.0855 0.4206
Cu <0.0001* 0.7481
Zn 0.8304 0.8301
As 0.0802 0.0014*
Se 0.0575 0.0002*
Sr 0.7818 0.0005*
Cd 0.0018* 0.4237
Cs 0.9945 <0.0001*
Ba 0.3654 0.1881
Hg 0.0043* 0.9579
Pb 0.0063* <0.0001*

Asterisk indicates significantly different from control, P < 0.05.

In Tables 9 and 10 are presented the age groups and working time related to the
concentration of the elements. The distribution of urine and blood in the age intervals
occurred on a regular basis. The concentration with elements of high value in the urine
occurred between 60-70 years, in Li, Fe, Co, Ni, Cd and Pb. In blood, these values were

observed in the same age group in the Li, Al, Co, Cu, Sr, Cd and Ba elements.



Table 9. Relation (ug L™) between elements in miners’ urine and blood and its age groups.

Urine x age groups

Age group Li Be Al Ca Cr Mn Fe Co Ni Cu Zn As Se Sr Cd Cs Ba Hg Pb U
(Zgz(s)) 1 721 0.292 12.68  43736.14 0.52 0.22 11.36 0.318 0.73 5427 17284 17.73 31.02 73.64 010 3953 1.076 111 <LOD <LOD
30-40 1 3652 0.089 <LOD 14443324 0.15 0.23 15.64 0.699 3.82 50.66 546.09 32.16 24.44 23787 0.07 27.28 5726 1150 238 <LOD
40-50 3 1234 0.259 21.06  68027.37 0.29 0.50 17.09 0.643 335 5829 37267 2531 2506 141.67 0.17 2549 2065 4.10 147 <LOD
50-60 12 2741 0.294 4497  96837.02 0.42 0.88 18.31 0.639 348 6449 630.30 20.14 1830 22296 0.18 19.75 7.545 346 237 <LOD
60 -70 3 7836 0.144 26.64 100571.70  0.42 0.75 34.16 0.737 3.88 50.26 626.55 17.53 21.77 23545 0.27 2733 9.171 327 6.99 <LOD
70-80 2 17.74 0.204 20.11  82666.62 0.27 0.49 15.85 0.668 2.03 5558 11950 14.77 9.09 141.17 0.14 13.84 5820 3.03 262 <LOD

Blood x age groups

Agegroup n Li Be Al Ca Cr Mn Fe Co Ni Cu Zn As Se Sr Cd Cs Ba Hg Pb U
(ZZ?;;) 1 028 <LOD <LOD 52895.05 <LOD 13.16 569634.89 0.473 <LOD 980.42 679832 1.89 6298 9.04 <LOD 6.19 0.707 4.09 127.83 <LOD
30-40 1 0583 0.07 <LOD 56935.92 0.31 10.06 58318453 0.427 <LOD 97283 6610.94 130 4963 843 0.08 1134 1769 257 4193 <LOD
40-50 3 046 027 <LOD 5459315 <LOD 11.72 579976.52 0.365 1.95 1066.04 693440 1.38 5551 9.19 013 6.17 0725 1.06 6813 <LOD
50-60 12 0.72 0.19 5.03 53823.18 0.09 1357 609528.76 0.430 26.08 1024.05 7476.80 1.44 5354 1187 015 7.11 1.634 058 67.85 <LOD
60 -70 3 167 0.18 6.75 55196.04 0.41 11.81 582534.39 0.489 2.24 123144 648831 132 5872 1221 0.20 1025 1.784 0.58 112.07 <LOD
70-80 2 056 <LOD <LOD 57206.33 1.79 13.09 481565.41 0.484 523 112191 671040 1.62 4273 1094 0.13 6.03 1240 0.31 54.60 <LOD

*Bold indicates the maximum value in each age group



Table 10. Relation (ug L) between elements in miners’ urine and blood and its working time.

Urine x working time

Worktime (years) n Li Be Al Ca Cr Mn Fe Co Ni Cu Zn As Se Sr Cd Cs Ba Hg Pb U
0-5 1 721 029 12.68 43736.14 052 0.22 11.36 0.32 0.73 5427 17284 17.73 31.02 73.64 0.10 3953 1.08 111 <LOD <LOD
5_10 3 2925 0.19 2554 123470.33 0.31 0.52 12.26 0.62 434 5446 646.69 2141 19.08 255.02 0.07 2189 6.25 8.01 0.95 <LOD
10-15 3 2885 0.23 1596 14069556 0.49 0.43 21.01 0.72 346 5461 62634 20.89 23.95 29430 0.22 2414 7.08 4.04 353 <LOD
1520 3 1362 0.23 31.74 9234521 0.39 0.75 14.25 0.64 297 6736 77114 14.09 1598 18553 0.25 19.21 4.89 454 279 <LOD
20-30 4 5434 030 3811 87252.03 0.33 0.79 34.17 0.58 3.45 5599 429.82 23.02 18.17 22044 0.20 2351 1256 4.42 6.15 <LOD
3040 6 36.85 0.29 39.19 68573.45 0.37 0.8 15.03 0.83 376 70.11 54992 26.35 22.93 166.90 0.19 2339 427 125 170 <LOD
40 -50 2 9.72 017 57.89 7381289 0.36 2.20 25.71 0.31 1.36 43.72 9750 6.26 7.75 11970 0.14 10.16 555 313 242 <LOD

Blood x working time

Worktime (years) n Li Be Al Ca Cr Mn Fe Co Ni Cu Zn As Se Sr Cd Cs Ba Hg Pb U
0as 1 0.28 <LOD <LOD 52895.05 <LOD 13.16 569634.89 0.473 <LOD 980.42 6798.32 1.89 6298 9.04 0.000 6.19 0.71 4.09 127.83 <LOD
5410 3 055 0.150 <LOD 51708.96 0.10 11.27 604320.51 0.407 <LOD 999.95 7394.31 141 5484 981 0.108 9.26 1.07 1.06 35.88 <LOD
10a15 3 0.60 0.231 157 5543499 0.02 11.22 58801845 0.494 <LOD 1112.06 7661.38 1.11 60.70 1153 0.163 7.93 0.84 052 71.98 <LOD
15-20 3 052 0.110 <LOD 58011.23 0.18 12.00 598673.46 0.353 5.81 1054.13 7202.76 1.29 5224 1114 0.064 6.51 0.77 0.67 63.24 <LOD
20 - 30 4 130 0.227 1.74 53973.27 0.15 12.33 605198.10 0.412 2.09 984.13 7323.04 1.44 53.11 12.03 0.107 7.38 1.76 0.64 109.56 <LOD
30 - 40 6 0.92 0.175 11.49 53807.86 0.79 1578 570567.91 0.505 51.63 1102.18 6572.97 159 49.81 1223 0.207 7.04 245 085 7185 <LOD
40 -50 2 050 0.160 <LOD 56194.24 <LOD 11.10 565478.05 0.343 0.20 1174.87 7258.12 1.64 5285 9.01 0.205 7.56 0.81 0.29 61.61 <LOD

*Bold indicates the maximum value in each age group
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By establishing an association between working time in the mine with a high
concentration in the urine, the elements Li, Be, Fe, Ba and Pb were more observed between
20-30 years of work. In the blood, these values were concentrated in the time range between
30-40 years, in Al, Cr, Ni Co, Mn, Sr, Cd and Ba.

This result indicates that miners with longer working hours have higher blood
concentrations due to possible chronic exposure. The three miners within the age range of 60-
70 years have been working in the mining activity for more than 30 years, confirming that
prolonged exposure and the age factor interfere with an increase in metal concentration of

these bioindicators.

4. Conclusions

The conclusions of the present study indicate that workers in the mining areas are
exposed both environmentally and occupationally. The high concentrations of the metals,
especially the toxins found in the environmental samples (Ba, Cd, Hg, U), are capable of
promoting effects on human health. The dust found in the underground part of the mine
superimposed on soil or rocks, are in direct contact with the dermal and ingestion pathways of
workers. This situation tends to promote genotoxic effects such as those observed by the
significant increase in the number of alterations (MN, BN and KL) found when compared
with the control individuals. Biomonitoring analyzes showed levels of Cr, Ni Ba and Pb in the
urine and As and Pb in the blood higher than the ATSDR averages. In the association between
age groups and working time in gems extraction activities, the results indicate that miners
with longer working hours have higher concentrations in the blood due to a probable chronic
exposure.

The conclusive results of this study are fundamental both for the knowledge of the
levels of concentration found in the exposed population and the simulation of similar
conditions in other areas of artisanal mining. The development of preventive or remediation
measures through the evaluation and understanding between the direct relation obtained by
exposure and the subsequent biological effect may lead to a reduction of health damage or
cancer risks in humans. Therefore, the results found are important in conducting

environmental and biological monitoring activities of mineral exploration areas.
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Consideracoes finais

Os resultados deste estudo indicam que os trabalhadores das areas de mineragéo
estdo expostos a agentes quimicos ambientais e ocupacionais, capazes de produzir efeitos
adversos a salde humana. Altas concentracdes de metais toxicos foram encontradas nas

amostras ambientais (Ba, Cd, Hg, U).

Pelo modo com que a atividade de exploracdo de gemas é conduzida, a poeira
encontrada na parte subterranea da mina, superposta no solo ou nas rochas esta em contato
direto com os caminhos dérmicos e de ingestdo destes individuos. Situacdes como esta,
tendem a promover efeitos genotdxicos, como os observados pelo aumento significativo do
namero de alteragdes (MN, BN e KL) encontradas nos expostos quando comparadas com 0s

controles.

As andlises de biomonitoramento mostraram concentracdes de Cr, Ni Ba e Pb na
urina e As e Pb no sangue superiores as médias permitidas pela ATSDR. Na comparacdo
entre as faixas etarias e tempo de trabalho nas atividades de extracdo de gemas, os resultados
indicam que aqueles com horas de trabalhos mais longas apresentam maiores concentragdes

no sangue devido a uma provavel exposicdo cronica.

Os resultados conclusivos deste estudo sdo fundamentais tanto para o
conhecimento das concentra¢fes encontradas na populacdo exposta quanto para a simulagédo
de condicbes similares em outras areas da mineracdo artesanal. O desenvolvimento de
medidas preventivas ou de remediacdo através da avaliacdo e compreensdo entre a relacdo
direta obtida pela exposicdo e o subsequente efeito bioldgico pode levar a uma reducdo dos
riscos e dos efeitos a saude. Portanto, os resultados encontrados sdo importantes na condugao
de atividades de intervencdo monitoramento ambiental e bioldgico destas areas de exploracao

mineral.



