Impactos do rompimento da
barragem “fundao” sobre a biota
aquatica e estrutura de seus habitats
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Vigéncia e Abrangéncia

Vigéncia:
1/12/2016 a 31/12/2021

Abrangéncia do relatorio:
01/06/2017 — 26/03/2019

Atraso na liberacao da verba: 6 meses



Desenho amostral

PONTOS DE COLETA BACIA DO RIO DOCE

Legenda

® Pontos de coleta
“._- Hidrografia_Bacia_Rio_Doce

Cﬁ Bacia Rio Doce

SISTEMADE CCORDEMADAS: GCS SIRGAS 2000
DATUM: SIRGAS 2000

UNIDADE: GRALIS

TONTE: IBGE, ANA

1:2.000.000

Ao longo da bacia do rio
Doce, selecionamos 40
pontos amostrais,
abrangendo locais
dirtamente afetados (rio
Gualaxo do Norte e
calha do rio Doce) e
nao afetados
diretamente (demais
afluentes do rio Doce).

2 estacoes / ano
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Esquema dos transectos amostrados em cada trecho de curso d’agua estudado, para a mensuracao das variaveis ambientais e de habitat
que comporéo o Indice de Integridade Bidtica. Figura extraida de Macedo, DR; Pompeu, PS et al. Uso e ocupacéo do solo, sorteio de
sitios amostrais, reconhecimento em campo e realizacdo de amostragens. In: Callisto, M; Alves, CBM; Lopes, JM & Castro, MA (orgs.)
Condicoes ecologicas em bacias hidrograficas de empreendimentos hidrelétricos. Companhia Hidrelétrica de Minas Gerais, 1. 47-68,
2014. CEMIG, Belo Horizonte, cap. 3, p. 57.




Variaveis ambientais

* Habitat fisico relativo a calha do rio:
profundidade, substrato, largura, moprfolgia do
canal, entre outros

* Habitat ripario: cobertura de dossel, tipo de
cobertura vegetal

* Disponibilidade de abrigos para peixes



Integracao entre ecossitemas,
projetos e grupos taxonomicos
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Produtos

* Dois Workshops (2017 integrado ao Il
Seminariolntegrado do Rio Doce, organizado
pelo PPG da UNIVALE “"Gestao Integrada do
Territorio (GIT)”; 2018: "Dia D do rio Doce”,
UFOP)

* Trés videos PITCH de divulgacao

* 11 comunicacdes em congresso (4
internacionais)


https://www.youtube.com/channel/UCsVn5b01wPTJnwlzrDkqD-w

| Workshop: integrado ao lll Seminario
Integrado do Rio Doce (UNIVALE)

Ihvale’ [MIE ) Ge

Iniviraicade Vil do Fio Doce Ed u{ngﬁn a Disiﬁ n:iu for E{

INiCIO CURSOS ACADEMICO SERVICOS CONHEGCA A UNIVALE CONHEGCA A F

20/11/2018 - 20h46
Univale realiza Ill Seminério Integrado do Rio Doce

A-| A+

. s Durante a manha, tarde e noite desta terca-feira (20), a
U S Universidade Vale do Rio Doce (Univale) realiza a
terceira edicdo do Seminario Integrado do Rio Doce.
O evento relembra e discute os trés anos da tragedia
ambiental ocorrida apos o rompimento da barragem
da Samarco em Fundéo, distrito de Mariana (MG), que
culminou no derramamento de rejeitos de minério da
empresa no rio Doce.

A proposta é formar uma Rede Interinstitucional de
Pesquisa Socioambiental de Govemnador Valadares.
O objetivo da rede e integrar os esforgos de
pesquisadores da Univale, Universidade Federal de
Juiz de Fora (UFJF) e Instituto Federal de Minas
As B.i'l..'iI:IB.I:iES. da terceira Edicﬁc-l:lc- Sen‘inaric-r'tegral:ln do Rio Gerais “EMGJ Ao ESIL!GDS, criando mecanismos de
Dioce foram marcadas por trés encontros realizados em locais cooperacao, cmmpartlihamenm de dados =
diferentes de Governador Valadares, que propiciaram a infraestrutura, além de coordenar esforcos para fazer
b avancar as pesquisas e, dessa forma, contribuir para a
producédo de conhecimento, e para as acbes de

desenvolvimento sustentavel no principio da Ciéncia Cidada e da ética moral.



Resultados positivos do | Workshop

Contato com atingidos e movimentos sociais:
multiplicidade de interesses e sutilezas

« Demandas da sociedade

* Acréscimo de objetivo suplementar:
concentracao de metais pesados para avaiar
seguranca alimentar



Il Workshop: Dia D do rio Doce (UFOP)

28, 29E 30 DE NOVEMBRO, EM QURO PRETO -MG

PROGRAMACAD:
28/N0V - QUART-FEIRA / BHOD AS 18K

Sadde humana e comservacao do
ecossitema: uma visdo Integrada
(Ciclo de palestras)

£9/N0V - DUINTA-FEIRA / BH30 RS 18H
Ciéncla Cidadé: Demandas dos
atingldos e construcdo coletivade
propostas para a recuperacao
dabacia do rio Doce

(Palestras e dinémicas)

30/N0V - SEXTR-FEIRA / BHOD AS 19H
Redes do ric Doce em busca de
cooperacdo entre pesquisadores
(Apresentacao das pesquisas e
construcdio de parcerias)

Dimas Belarmina de Sou
P Campus Morro do Cru
Quro Preto - MG

INSCRICHES:

Inscriches pre ais no dia e
do evento

PROGRAMACAD:
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Estrutura do Il Workshop

* Saude humana e conservacao de
ecossistemas: uma visao integrada

* Ciéncia cidada : demandas dos atingidos e

construcao coletiva para a recuperacao da
bacia do rio Doce

* Redes do rio Doce: em busca de cooperacao
entre os pesquisadores
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Perfil no facebook
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Resultados preliminares



Effects of the iron mining tailing
mudflow in the Doce River
on the concentration of metals and
arsenic in fish

Frederico Ferreira’, Neucir Szinwelski?, Natallia Vicente',
Laila Carine Campos Mederios’
Jorge Abdala Dergam? Carlos Sperber’

"'PPG Ecologia, UFV
2Universidade Estadual do Oeste do Parana
SFundacdo Renova

‘DBA, UFV
’DBG, UFV

Integrated Environmental
Assessment and Management

yct factor: 3.22
Sl Jou Citation Repc F ng: 2018: 81/250 (Environmental Sciences);, 33/93 (Toxicology)
Jnline 155M: 1551-3793
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Doce river basin
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4 flooded 4 control
Doce river Doce river
main channel tributaries

Sl=
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Variables and statistical analyses

GLMMs

Univariate models Sampling site
(ANOVAS) as random factor

J, | l l Y

Main explanatory Interactions:

: Co-variables .
variable Impacted x co-variables

l l .

Impacted by the ;
tailing torrent Water Fishes
l | i | l
| ’ ! !
Fagtg;:gh pH salinity 02 conductivity Weight Sex

TERRA AGUA

REBE DE PESOQUISA

FUNDAO ¢ DAM SCIENCE MEETING
26 e 27 de junho de 2019 | CAPES | Brasilia - DF - Brasil




Methods

* n = 10 sites (4 affected, 6 control)

* Sampling dates: November 2018 to March 2019 (three yers
after the dam break)

* Main explanatory variable: factor affected, with two levels
* Covariables: pH, salinituy, O2, conductivity, fish weight and sex

* We extracted > 50g muscle tissue of 248 fish individuals and
evaluated trace elements through inductively coupled plasma -
optical emission spectrometry (ICP-OES)

* Response variables: Al, Cr, Fe, Mn, N1, Cu, Zn, As, Ag, Cd, Hg,
Pb (log-transformed)

* GLMM with sampling site as random factor (intercept)

=
J

TERRA AGUA

FESQ

FUNDAO P 5 DAM SCIENCE MEETING
) /)‘ 26 e 27 de junho de 2019 | CAPES | Brasilia - DF - Brasil



Sampling design

PONTOS DE COLETA BACIA DO RIO DOCE

® Affected sites

® (Control sites

Legenda

® Pontos de coleta

“._- Hidrografia_Bacia_Rio_Doce

(:3 Bacia Rio Doce

SISTEMADE CCORDEMADAS: GCS SIRGAS 2000
DATUM: SIRGAS 2000 100 50 0 100

UNIDADE: GRAUS Km
TONTE: IBGE, ANA
1:2.000.000




Results



Results

We collected 295 adult fishes, gathering 37 species.

Affected Control

Species Individuals Individuals TOTAL

Males Females Males  Females

Astyanax (5 spp) 0 3 & 25 M

Cichla piquiti 0 0 4 0 4

Crenichla lacustris 0 0 2 0 2

Cyphocharax gilbert 0 0 1 1 2

Delturus carinotus 0 0 2 0 2

Geophagus brasiliensis 0 5 25 6 3%

Gymnotus carapo 0 5 25 & 35

Henochilus wheatlandi 0 0 7 0 7

Hoplias (2 spp) 7 6 & 7 26

Hoplosternum littorale 1 0 0 0 1

HypomasticLs mormyrops 0 0 6 3 9

Hypostomus (3 spp) 5 0 12 8 25

Leporinus (5 spp) 4 1 7 & 18

Lophiosilurus alexandri 1 0 1 0 2

Loricarichthys castaneus 0 2 8 b 16

Myleus maculatus 0 1 0 0 1

igosarcus argenteus 0 1 22 5 28

Oreochromis niloticus 0 3 1 3 7 A
Pachyrus adspersus 1 0 11 5 17 T E R R A A G U A
piﬂ'ﬂ FDdUS macu!atus o 4 o q 7 REBE DE PESQUISH
Prochilodus (2 spp.) 4 0 0 0 4

Pseudauchenipterus sp. 0 0 1 1 2

Rhamdia quelen 0 2 2 1 5

Salminus brasiliensis 2 1 0 0 3

Trachelyopterus stratulus 0 1 0 0 1

TOTAL 25 35 149 86 295

FUNDAO . DAM SCIENCE MEETING

26 e 27 de junho de 2019 | CAPES | Brasilia - DF - Brasil




Results

Not affected by
the disaster
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Results

Affected by
the disaster

Al

TERRA AGUA

As

Y Y

Cu Hg

Mn

FUNDAO

Pb
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Results

Y

Al
Lower in
affected
sites
Y
Increased
with weight
(bioaccumulation)

TERRA AGUA

REEE DE P

ESQUISA

Increased
with salinity
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log(Al)
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—e— Impacted gy . .
GOSN e * Aluminium increased
LRt "'.,?’ MR 8 with fish weight and
) . : water salinity.

log(Al)

* In affected sites Al was
lower then expected by
salinity and by weight.
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Results

As
Higher in
affected

sites
Y
Control sites
Y ¢ Y
Increased
i : Increased Increased
WIER Wielgit with salinity with conductivity

(bioaccumulation)

TERRA AGUA

REBE DE PESQUISHA
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Affected sites

l

Higher in males
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log(As)

log(As)
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* Arsenium increased with
fish weight, water salinity
and conductivity in control
sites.

* As was higher in affected
sites, and was even higher in
males.



Results

Cu
J’ Y Y l
Lower in Decreased
affected with weight Increased Higher in females
sites (biodilution) y
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log(Cu)

log(Cu)

0.0

A —6— (Control

—A— Impacted

Salinity (scaled)

* Copper decreased
with fish weight and
increased with
water salinity in
control sites.

* The effect of weight
was less
pronounced in
affected sites,

* and was higher in
female fishes.

TERRA AGUA
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Results

Y

Higher in
affected
sites

Y

Decreased
with salinity

TERRA AGUA

FUNDAO

DAM SCIENCE MEETING
26 e 27 de junho de 2019 | CAPES | Brasilia - DF - Brasil

de | CAPES | Brasilia



* Mercurium decreased with water salinity,
* and was higher then expected by salinity in affected sites.
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Results

Mn

Y

Control sites

L

Decreased
with weight
(biodilution)
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* Manganese decreased with fish
weight in control sites only.

—e— (Control
2 e —A— Impacted

log(Mn)

Weight (scaled)
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Results

Pb
! ’ v !
Higher in affected Lower in affected Increased Decreased
sites then expected sites then expected with salinit with weight
by weight by salinity y (biodilution)
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log(Pb+4e-4)
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Al
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Lower in
affected
sites

Disaster effects

Clu T T
Lower in i
Lower in affected Hi .
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affected sites then
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sites expected .
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by salinity
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Higher in l
affected Affected sites

sites

l

Disrupted increase
with conductivity

Mn

Affected sites
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Disrupted decrease
with weight
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with salinity
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Effect of fish weight

As Mn
Control sites Al Control sites Pb Cu
K/ \ 4 lf Y
Increased Decreased
with weight with weight
(bioaccumulation) (biodilution)
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Effect of fish sex

As

Y
Affected sites

Y

Cu

¥

Higher in females

Higher in males
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Water salinity and cunductivity

As

'

Control sites

Pb

Cu

Y

Increased
with conductivity

Al
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Increased
with salinity

Vlrvr

Hg

Y

Decreased
with salinity
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Discussion

* To our knowledge, this 1s the first
evaluation of the effects of the Fundao dam
break on the concentration of heavy metals 1n
fish tissue.
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Discussion

* The presence of As, Hg, Al and Zn 1n the
Doce river basin have historical
accumulation due to extrativist mineration

(Costa 2006).
* Previous studies showed t

water was already harmfu

hat Doce river
| to fish before the

disaster (Gomes et al. 20

TERRA AGUA

7).
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* The higher concentration of As and Pb 1n fish
tissues from impacted sites may be due to
two:

1) the mechanical revolving of the bottom,
caused by the passage of the tailing mud
stream,

11) the interaction of the tailing mud with
dissolved heavy metal.

* Either way, rupture increased bioavailability

of As and Pb.
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Discussion

* In non-impacted sites, the positive
correlation of As with fish weight suggests a
process of bioaccumulation 1n the fishe’s
muscle tissue (intra- or interspecific).

* while the negative correlation between Mn
concentration and fish weight suggests a
process of bio-dilution (intra- or interspecific).

* Disappearance of this pattern in impacted sites
suggests that the tailing mud could have
interfered in the biotic accumulation of these

heavy metals.

M
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Discussion

* The decrease in Cu concentration in fishes
from affected sites can be related to the high
amount of clay and goethite present in the
water after the tailing mud flow.

* Cu has a high affinity for these compounds,
thus Cu’s biovailability could have been
reduced in sites that received the tailing mud
flow.
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Discussion

* The higher concentration of Cu and Hg 1n
female fishes’ may indicate an increased risk
for fish health and population maintenance,
due to potential female fish intoxication.
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Conclusions

* Our results evidenced the importance of
including water chemistry, fish weight and sex
as co-variables, in the evaluation of heavy
metal concentration 1n fishes.

* Even when 1n smaller concentrations than the
limits established for food safety, we cannot
rule out an eventual synergistic effect on
toxicity.

FUNDAO P f DAM SCIENCE MEETING
) /)‘ 26 e 27 de junho de 2019 | CAPES | Brasilia - DF - Brasil

TERRA AGUA




Conclusions

* Information of fish specific and trophic
identity shall shed light on the processes of
bioaccumulation/bio-dilution.

* A more comprehensive sampling, spread
along the whole Doce river channel and
tributaries, will contribute to a full picture.
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Conclusions

* Long-term studies should include testing for
synergistic effects, as well as for effects of
water chemistry on bioavailability and
bioaccumulation,

* 50 as to provide a deeper understanding on
heavy metal effects on the biota and human
food safety.
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List of fish
species
(adults) that
were collected

Affected Control
Species Individuals Individuals TOTAL
Sites Sites
Males Females Males  Females

Astyanax bimaculatus 0 0 0 5 16 8 21
Astyanaox cf scabripinnis 0 0 0 1 7 1 B
Astyanox fasciatus 0 0 0 0 z 1 2
Astyanax sp. 0 1 1 0 o 0 1
Astyanax sp.2 0 2 1 0 ] 0 2
Cichla piguiti 0 0 0 4 a 1 4
Crenichla locustris 0 0 0 2 0 2 2
Cvphocharax gilbert 0 0 0 1 1 1 2
Delturus carinotus 0 0 0 2 0 2 2
Geophagus brasiliensis 0 5 2 25 B 8 36
Gymnotus carapo o 5 2 25 & i 36
Henochilus wheatlandi 0 0 0 7 4] 3 7
Hoplias lacerdae 2 2 2 6 7 6 17
Hoplias malabaricus 5 4 1 0 0 0 2
Hoplosternum littorale 1 0 1 0 0 0 1
Hypomasticus mormyrops 0 0 0 b 3 2 9
Hypostomus affinis 4 0 1 10 8 5 22
Hypostomus aurogutiatus 0 0 0 1 0 1 1
Hypostomus sp. 1 0 1 1 0 1 2
Leporinus conirostris 3 0 2 4 4 3 11
Leporinus copelandi 0 0 0 2 2 3 4
Leporinus macrocephalus 0 1 1 0 0 0 1
Leporinus mormyrops o o 0 1 0 1 1
Leporinus sp. 1 o 1 0 0 0 1
Lophiosilurus alexandri 1 0 1 1 0 1 2
Loricariichthys castaneus 0 2 1 8 [ 3 16
Myleus maculatus 0 1 1 0 0 0 1
OQligosarcus argenteus 0 1 1 22 5 7 28
Oreochromis niloticus 0 3 2 1 3 2 7
Pachyrus odspersus 1 0 1 11 5 4 17
Pimelodus maculatus 0 4 1 0 3 1 7
Prochilodus lineatus 2 0 1 0 0] 0 2
Prochilodus vimboides 2 0 1 0 0 0 2
Pseudauchenipterus sp. 0 0 0 1 1 2 2
Rhomdia quelen 0 2 2 2 1 1 5
Salminus brasiliensis 2 1 1 0 4] 0 3
Trachelyopterus striatulus 0 1 1 0 4] 0 1
TOTAL 25 35 149 86 295




Prospective research:
Effects of food restriction on crickets
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Results and Discussion
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