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Principais fontes de exposicao

(Pb) Fabricas de bateriais, tintas, pigmentos, ceramicas, combustiveis
(Ag) Fotografias, equipamentos elétricos

(Hg) Amalgamas dentarios, derivados de combustiveis fosseis
lampadas fluorescentes, extracao de ouro, producao de cloro, consumo
de alimentos de origem marinha, peixes

(Tl) Semicondutores, lentes e componentes eletronicos

(Mn) Atividades de mineracgao

(Cr) Pigmentos de tintas, eletrogalvanoplastia

(Pt) Catalizador em industrias quimicas

(Sn) Soldadores

(Cd) fumo, alimentos de origem marinha



ATSDR-Agency for Toxic Substances & Disease Registry
Classificacdo de 2019

Substancia Colocacao
Arsénio 1
Chumbo 2
Mercurio 3

Cloreto de vinila 4
Bifenilas policloradas 5
Benzeno 6
Cadmio 7
Benzo(a)pireno 8
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Vitimas do saturnismo Deus saturno idolatrado na Roma Antiga

\ Exposicao ao chumbo

Caligula
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Chumbo (Pb)

Fontes de exposicao
— Mineracao - Fundicao
— Metalurgia
e Soldadores
— Fabricas de baterias
— Municao
— Tintas
— Vidraria
e Pirex
e Cristais

What employers
e Tubos para TV e computador "2 and employees

need to know

— Ceramicas




Pb sangue (ug/dL)
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Adaptado de: Corey, G et al., Chumbo: Série Vigilancia 8,
Organizacdao Panamericana de Saude (OPS), Washington, DC 1989.

Ingresso Distribuicao Eliminagao

Ingestio — Trato digestivo (§5_§E;r?.‘1§iﬁdu;
Alimentos

agua

Absorcao

(10-15% adultos) Figado S :
50% criancas uor, pelo e
(0% 5 Pele | unhas (8%)
Saliva
Leite

Glandulas | —1—

\ 0Ossos e dentes

depésito,

Muasculos

ereoro 92-94% adultos
0-75% criangas

Rins y Urina (75%)
Absorgao

(30-50% adultos)
> 50% criangas

Inalacdo I - —
Arg > ' Trato respiratorio s Ar exalado




Qual o melhor biomarcador de dose interna ao chumbo ?

Cabelo ?
Tecidos duros ?
Ossos
Unha? Dentes
\ Sangue
Saliva ? Plasma, soro ?

Urina ?



Case Studies in Environmental Medicine:Lead Toxicity. US Public Health Service/ATSDR, 1990
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Chumbo e biosintese de heme

4 ALA-U e ALA-P
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Relacao entre chumbo no sangue e biomarcadores de efeito

CPU pg/i ALAU mg/l

4004 EP ALAU CPU 2ALAU Lo

ne=201 n=316 n=252
r =090 r =062 r = 067

upper normal limits

L 1

T
80 100 120 140
PbB ug/100 mi

Figure 9 - Relationship between PbB and indicators of effect in adult males currently exposed
to lead '




Elementos essenciais e toxicos ao
homem "
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Hg

Formas quimicas, fontes de exposicao e efeitos toxicos

Chapeleiro
maluco

FORMAS FONTES (1865)

« Ocupacional, amalgamas

H g (O) dentéarios, termoémetros, EEFEITOS

lampadas fluorescentes;

(

H g (l |) » Ocupacional, Cremes pele, Danos ao sistema nervoso
alimentos. )
Danos renails
Danos sistema reprodutor
A TS G G Da_nos Carsllovasculares
marinha, peixes; (Hipertensao)
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EtHg Antissépticos, vacinas. Mercurialismo

k Arsenic, cadmium, and mercury-induced hypertension: mechanisms and
epidemiological findings

Airton da Cunha Martins Jr, Maria Fernanda Hornos Carneiro®, Denise Grotto ©2°, Joseph A Adeyemi?,
and Fernando Barbosa Jr. »°

JOURNAL OF TOXICOLOGY AND ENVIRONMENTAL HEALTH, PART B

ATSDR, t0X|CO|Og|CaI profl |es for Hg, 1999 https/ 1080/10937404.2018.1432025



Ciclo do Hg no ambiente
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Intoxicacao por Hg

Local AnNo Casos Motivo

Minamata 1953-60 > 2.500 Chisso
Corporation

Nigata 1964-65 Petroquimica
Showa
Denko

Semente de
Iraque 1956-1971 > 50.000 trigo
contaminada




Amazonia Brasileira

Mercury Contamination in the Amazon:
A GOId RUSh consmuence AMBIO VO, 17 MO 4, 1988

Report By Luiz A. Martinelli, Jose R. Ferreira, Bruce R. Forsberg and Reynaldo L. Victoria

This paper presents the results of mercury analyses on fish, plants and
sediments, collected along the Madeira River (Amazon Basin) in January
1986. Mercury levels in muscle and eggs from detritivorous, herbivorous,
carnivorous, and omnivorous fish ranged from 0.04-3.81 ug Hg - g’
Several of these values exceeded the safety limit established by the World
Health Organization. Mercury concentrations in suspended river sedi-
ments, river bedload and floodplain (varzea) sediments ranged from
0.01-0.2 ug Hg - g7, with little difference between sediment types or

among samples collected at different points downstream from Porto

Velho. The highest plant values, 0.91 and 1.04 ug Hg - g', were obtained
for Victoria amazonica and Eichornia crassipes, respectively, collected in
Lago do Macaco.
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GEOGRAFIA DO OURO NA AMAZONIA BRASILEIRA:

uma analise a partir da porc¢io meridional

Mineradoras Industriais na Amazénia brasileira no Princip:



Hg naturalmente presente no solo
amazonico?

SCIENTIFIC CORRESPONDENCE

Mercu w pol I ution ESTIM{{ED Hg EMISSIONS FROM THVE:\?IVIAZF!\HAN B\OMASS DURING DE#ORESTATION

Biomass Average g Hgrelease Hgreleased

f d f t (tonnes per ha) (i ) efficiency (%) (g perha)
ro m e oreSta I 0 n Above-ground wood 260 A 20 11.7

- - . . Above-ground leaves o]
StrR— High mercury tevels in the blood of Above-ground roots 20

fish-eating people in Amazon have Below-ground roots 35
been attributed to gold mining activities Fallen trunks 16

>nducted b\ inforx}lal minc_rs. Howv:\. T, g:':: gfﬂamc matter j%
the high deforestation rate in the region
has not been recognized as contributing to 398
this environmental problem. About 90
tonnes of organic mercury from the maindietin these communities, and about p.p.m.'', whereas crops grown in soils
biomass are estimated to be emitted 90% of the Hg in fish is methylated®. containing less than 0.04 p.p.m. Hg vai
annually to the atmosphere and precipi- Mercury h affinity for organics in from 0.004 to 0.09 p.p.m.'% Little
tated in the aquatic systems for rapid soil; raw humus ranges from 0.2 to 1.9 known about Hg ribution in the Ama-
transformation into methylated forms. p.p.m.Hg’. Our analysisof 0.8 p.p.m. Hg zon flora but aquatic macrophyles show
This is a conservative assessment and may  in fulvic acid isolated from an non- levels between 0.1 and 1.0 p.p.m.
be more than six times this rate, mineralized and uncontaminated soil The temperature range encountered in

NATURE - VOL 368 - 28 APRIL 1994

the Science of the
Total Environment

The Science of the Total Environment

Is the Negro River Basin [ Amazon) impacted by
naturally occurring mercury?

P.S. Fadini®, W.F. Jar




Hg na Amazonia

Exploracao de ouro Natural no solo
(Martinelli, 1988) (Veiga, 1994)

Hg inorganico entra no sistema aquatico

Metilado (bacterias) MeHg

Acumulo em peixes (Guimar3es et al., 1999)

Peixe- Dieta basica de populacao ribeirinha
(Dolbec et al, 2001; Passos & Mergler, 2008)




Elevadas concentracoes de MeHg nos

peixes
(Berzas-Nevado et al, 2010)
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PORTARIA N° 685, DE 27 DE AGOSTO DE 1998 (ANVISA)

MERCURIO
Peixes e produtos da pesca (exceto predadores) 0,5 mg/kg Hg
Peixes predadores 1,0 mg/kg Hg



Hg no sangue (HgS)

150

(HgS)
Média=49,6 pg/L
Mediana= 41,1
(variacgao: 3,5-288,9 pg/L)

D DD
SRS
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HgS-IV National Report on Human Exposure to Environmental Chemicals, 2013
NHANES: (MG, 20-60 anos, em ug/L): 1,04 (,956-1,14). Em SP, os valores de referencia
estdo em torno de 1 pg/L)




Efeitos toxicos: primeiras evidéncias

Neurotoxic Effects of Low-Level Methylmercury Contamination
in the Amazonian Basin

Jean Lebel, *! Donna Mergler, * Fernando Branches,? Marc Lucotte,} Marucia Amorim,§ Fabrice Larribe, *and
Julie Dolbec*

ENVIRONMENTAL RESEARCH, SECTION A

Environmental Health Perspectives = Volume 107, Number 7, July 1999
Children's Health Article

Methylmercury Neurotoxicity in Amazonian Children Downstream from
Gold Mining

Philippe Grandjean,’? Roberta F. White,"2 Anne Nielsen,! David Cleary,? and Elisabeth C. de Oliveira Santos*




