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PRODUÇÃO ONSHORE 

140 mil barris por dia (bpd) 

5% da produção nacional



2020: só no Pólo Pré-Sal da Bacia de 
Santos, 1,8 bilhões de barris !



O histórico do derramamento de óleo demonstra a importância de estudar 
processos de remediação de ambientes contaminados com 
petróleo!!!!



....qual é a composição do petróleo ??



! Efeitos da 

poluição

Poluição ambiental - consequências

Efeito Afetados

Câncer, doenças pulmonares, 
cardíacas e de pele, alergias, 
capacidade reprodutiva

Humanos

Biomagnificação Humanos, meio ambiente

Toxicidade aguda ou crônica Humanos, meio ambiente
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Toxicidade aguda ou crônica Humanos, meio ambiente

Neurotoxicidade Humanos, meio ambiente

Perda da biodiversidade Meio ambiente

Fitotoxicidade e Zootoxicidade Meio ambiente

Eutrofização Meio ambiente

Desoxigenação Meio ambiente

Explosão e incêndio Humanos, meio ambiente e 
infraestrutura

Corrosão Infraestrutura

Radiação Humanos, meio ambiente
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Gestão de ambientes contaminados

3 pilares principais 

Depende do local de contaminação 
(contato com a população)



Poluição ambiental - tratamento

! Rachel Carson (1960) – Bioacumulação de pesticidas

conservação e restauração de ambientes contaminados

! Solução
Ações corretivas → remediação do local afetadoAções corretivas → remediação do local afetado

! Métodos físico-químicos: aterro de resíduos, emulsificação,
evaporação, solidificação, dispersão, incineração, etc.

! Desvantagens
custo,  decomposição incompleta dos contaminantes, 
danos à estrutura do solo e uso de substâncias 
químicas prejudiciais ao ambiente



Poluição ambiental - Biorremediação

! Biorremediação

Conjunto de processos de tratamento que utiliza organismos 
(bactérias, fungos e vegetais) para biodegradar, reduzir ou (bactérias, fungos e vegetais) para biodegradar, reduzir ou 
eliminar o risco de compostos orgânicos perigosos ao meio 

ambiente e à saúde humana



Poluição ambiental - biorremediação

! Biorremediação

! Sustentável

! Eficiente

Método Custo da remediação
($ US/tonelada de solo)

Incineração 400-1200

Lavagem 200-300! Eficiente

! Econômica

Lavagem 200-300

Biorremediação 20-200

Fonte: Tata Energy Research Institute 
(http://www.cleantechindia.com/eicnew/successstories/oil.htm)





Biorremediação

! Estratégias de biorremediação

! Utilizando micro-organismos

" Atenuação natural monitorada
" Bioestimulação
" Bioaumento
" Bioenriquecimento

! Utilizando plantas (fitorremediação)



Biorremediação

! Atenuação Natural Monitorada (ANM)

! Gerenciamento da biodegradação do contaminante sem a
utilização de recursos de engenharia

! Comunidades microbianas indígenas metabolizam o
contaminante

! Monitoramento do movimento e da concentração do
contaminante



Biorremediação

! Bioestimulação

! Melhoramento do processo de biodegradação pela
população microbiana indígena

" Adição de nutrientes" Adição de nutrientes

" Adição de biosurfactantes

" Adição de água

" Aeração

" Correção do pH



Biorremediação

! Bioaumento

! Inoculação de micro-organismos indígenas ao ambiente
contaminado visando aumentar a biodegradação do composto
poluente

! Bioenriquecimento

! Inoculação de micro-organismos exógenos ao ambiente
contaminado visando aumentar a biodegradação do composto
poluente

! Utilização de micro-organismos com capacidades metabólicas
complementares às da comunidade microbiana indígena



Biorremediação

! Fitorremediação

! Uso de plantas para a remediação de solos e águas contaminadas,
através da remoção, degradação, armazenamento ou imobilização
de contaminantes orgânicos ou metálicos

! Muito utilizada para a remediação de locais contaminados com
metais pesados e elementos nucleares
" Ex: Girassóis de Chernobyl

Phytotech (EUA)/ 1996 - em 10 dias as
plantas absorveram 95% dos agentes
radioativos - césio e estrôncio - da mistura
de metais que havia no local



Hidrocarbonetos 
do petróleo



Biorremediação

! Técnicas de biorremediação

! Exemplos:

! Landfarming ! Biopilha/Compostagem



Biorremediação

! Técnicas de biorremediação

! Exemplos:

" Biorreatores" Biorreatores

Biorremediação

! Técnicas de biorremediação

! Exemplos:

" Biorreatores" Biorreatores



Biorremediação

! Desvantagens

! Dificuldades de reproduzir os resultados experimentais em
campo

! Ambientes diferentes respondem de forma diferente aos
tratamentostratamentos

ENTRETANTO...

É uma alternativa importante para
a redução do impacto ecológico de
diversos poluentes do meio ambiente
e que já vem sendo utilizada em
diversos países, inclusive no Brasil



Não se faz biorremediação (ou não se otimiza 
qualquer potencial biotecnológico diretamente no 
ambiente) sem se conhecer a comunidade 
microbiana do local!





Biorremediação Carmópolis, Sergipe (prevenção)
40L de petróleo 

Monitoramento da 
biorremediação 

ANM  
12 meses 
42% do óleo 



Biorremediação Carmópolis, Sergipe (modelo ideal)
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Cyperus rotundus L. is a perennial herb that was found to

be dominating an area in northeast Brazil previously

contaminated with petroleum. In order to increase

our knowledge of microorganism-plant interactions in

phytoremediation, the bacterial community present in the

rhizosphere and roots of C. rotundus was evaluated by

culture-dependent and molecular approaches. PCR-DGGE

analysis based on the 16S rRNA gene showed that the

bacterial community in bulk soil, rhizosphere, and root

samples had a high degree of similarity. A complex

population of alkane-utilizing bacteria and a variable

nitrogen-fixing population were observed via PCR-DGGE

analysis of alkB and nifH genes, respectively. In addition,

two clone libraries were generated from alkB fragments

obtained by PCR of bulk and rhizosphere soil DNA

samples. Statistical analyses of these libraries showed that

the compositions of their respective populations were

different in terms of alkB gene sequences. Using culture-

dependent techniques, 209 bacterial strains were isolated

from the rhizosphere and rhizoplane/roots of C. rotundus.

Dot-blot analysis showed that 17 strains contained both

alkB and nifH gene sequences. Partial 16S rRNA gene

sequencing revealed that these strains are affiliated with

the genera Bosea, Cupriavidus, Enterobacter, Gordonia,

Mycoplana, Pandoraea, Pseudomonas, Rhizobium, and

Rhodococcus. These isolates can be considered to have

great potential for the phytoremediation of soil with C.

rotundus in this tropical soil area.

Keywords: Petroleum, phytoremediation, Cyperus rotundus,

nitrogen fixation, alkane degradation

Petroleum is the major energy resource consumed throughout

the industrial world [18]. As with any large scale-industrial

process, petroleum production can lead to contamination

of soil and groundwater [48], and therefore necessitating

remediation of oil pollutants. Over the last few years, the use

of plants for environmental cleanup has gained scientific

acceptance and popularity among governmental agencies and

the industry [28]. This technology, known as phytoremediation,

makes use of the naturally occurring processes by which

plants and rhizosphere microbial flora degrade and sequester

organic and inorganic pollutants [47].

One benefit of phytoremediation is that a unique plant

can remediate a contaminated environment in several ways.

Low-molecular-weight compounds can be removed from

the soil and released through leaves via evapotranspiration

processes (phytovolatilization), whereas some of the

nonvolatile compounds can be degraded or rendered nontoxic

via enzymatic modification and sequestration within the

plant (phytodegradation, phytoextraction). Other compounds

are stable in the plant and can be removed along with the

biomass by sequestration or incineration [47]. However,

the main contribution of the plant to the remediation of

petroleum hydrocarbons is through the rhizoremediation

process, which is based on its interaction with the microbes

associated with its rhizosphere [10, 22]. Complex interactions

involving roots, root exudates, rhizosphere soil, and microbes

result in accelerated degradation of toxic organic compounds

to nontoxic (or at least less toxic) forms. 

Sugars, organic acids, and larger organic compounds are

released by plants to the environment, stimulating the

growth of surrounding microorganisms. Bacteria found in

the rhizosphere can positively influence plant growth and

health by a variety of mechanisms, such as increasing

the bioavailability of nitrogen (through nitrogen fixation);

repressing soilborne pathogens (by the production of hydrogen
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Após 18 meses de 
biorremediação 



Após 18 meses de 
biorremediação 

Células que receberam  
água produzida: mais 
impactadas 
Aumento da salinidade 
dificulta a colonização 
vegetal



Panelas/ SE (Cerrado)

Área de exploração de petróleo onshore 
2004 - Derrame de petróleo e ÁGUA PRODUZIDA

ANM        ANMS          BA          BAS

BIOAUMENTO

Acidentes: Um grande problema



Estação brasileira Comandante Ferraz

Inverno de 1986: Derrame de mais 
de 20.000L de óleo diesel (DFA) 
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Conclusions

Fig. 1. (A) Map of Antarctic continent with King George Island, the biggest island of the South Shetland archipelago, amplified.
(B) The Comandante Ferraz Station with the sample sites (indicated by numbers). Three samples were collected from each
sampling site.

Table 1. Physical, chemical and environmental proprieties of sampling sites
Sample Localization Samples proprieties

lat, lon pH N (dag.kg-1) MO (g kg-1) P (mg.dm-3) K (mg.dm-3) Fe (mg.dm-3) TPH  (µg g-1)

Aliphatic 
hydrocarbons 

(µg g-1)

Aromatic 
hydrocarbons 

(µg g-1)

PAH from 2 to 3 
aromatic rings 

(µg g-1)

sA 62º05’2.2’’S; 58º23’29.5’’W 7.06(0.30) NDa 16(1.9) 181(17) 79(5) 195(49) 426446 426404 41.322 40.906

sB 62º05’2.9’’S; 58º23’29.1’’W 7.06(0.09) ND 19(2.2) 182(6.5) 201(7.9) 254(28.5) 325194 325136 57.884 57.461

sC 62º05’3.4’’S; 58º23’30.6’’W 8.14(0.10) ND 7.2(0.8) 145(21) 110(7.23) 102(8.06) 154893 154850 43.322 43.118

sD 62º05’5.9’’S; 58º23’30.6’’W 7.98(0.05) ND 1.7(0.7) 195(4.66) 105(5.29) 115(12) 101356 101318 37.743 37.704

sE 62º05’6.9’’S; 58º23’29.3’’W 8.27(0.22) ND 3.8(1.3) 179(19) 197(11) 126(24.5) 81967 81942 25.624 25.349

a Not Detected

Natural environments are negatively affected by petroleum-derived fuel spills around
the world. We now realize that this is also a threat to unique and sensitive
environments, such as Antarctica, which comprises one of the last remaining pristine
zones on Earth. Bioremediation methods based on the ability of microbes to utilize
petroleum hydrocarbons as carbon and energy sources represent a promising
solution to the problems associated with Antarctic environmental cleanup. Therefore,
the aim of this study was to understand the impact of different petroleum
hydrocarbon concentration on microbial communities in Antarctic sites.

The soil samples: Soil samples used in “Part 1” were collected in 2010 from a transect of non-contaminated to highly
hydrocarbon-contaminated soils (n=15) located around the Brazilian Antarctic Station, King George Island, Antarctic (Fig.
1). Physical and chemical proprieties of the sampled soils are shown in Table 1.
For “Part 3”, uncontaminated soil (SN) and contaminated soil (SC) were sampled in 2011. These soils were used to set up
microcosms as follow: SC.C = contaminated soil; SC.BE = contaminated soil biostimulated with MAP (monoamonium
phosphate); SN.C = uncontaminated soil plus 2% of diesel fuel Antarctic (DFA); SN.BE = uncontaminated soil plus DFA
and biostimulated with MAP. T1 and T3 represent 15 and 45 days of microcosm incubation, respectively.
Prokaryotic analysis: Indigenous microbial communities’ were characterized by the sequencing of community 16S rRNA
genes and by shotgun metagenomic sequencing (Illumina). The phylogenetic analyses were performed using QIIME (iTag)
and MethaPhyler (metagenomic data). The analyses of assembled genomes were performed using the KEEG database.
The proteome analyses were performed using duplicate LC-MS/MS analyses. Further, MS/MS spectra were searched
against soil metagenomic annotated data.

Introduction and objectives Material and Methods

Results
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Fig. 3. (A) Assemblage of Polaromonas-like genome; (B)
Coverage of Polaromonas-target genome assembling based on
metagenomic database from sampling site B; (C) Hydrocarbon
degradation potential of Polaromonas-like assembled genome from
metagenomic database. The presence of at least the key enzyme
coding for the first step of hydrocarbon degradation was
considered.

Fig. 2. (A) The relative
abundances of prokaryotes
phylum in metagenomics data;
(B) The relative abundances of
prokaryotes phylum in 16S
rRNA gene iTag sequencing;
(C) The relative abundances of
prokaryotes genera in 16S rRNA
gene iTag sequencing; (D)
Principal Coordinate Analysis
(PCoA) of prokaryotes
distribution observed in King
George Island soils.

o Metagenome and iTag sequencing revealed a successive change in the
microbial community according to the level of contaminant concentration in
soils;

o Polaromonas genus showed higher relative abundance in soils containing
higher concentration of PAH;

o Polaromonas-target genome assembling revealed the presence of
Polaromonas with genetic information to the degradation of different
aromatic hydrocarbons;

o Microcosm experiments showed that biostimulation increased the relative
abundance of Polaromonas genus in previously contaminated soil, and
proteome results showed the identification of proteins containing amino acids
sequences related with that coded in Polaromonas-like genome.

ABC
D

E

Polaromonas-like genome assembling

iTag (rrs gene)

Proteome

Part 2: Evidence of the role of Polaromonas in PAH 
degradation (Figs 3 and 4A, B and C)

Part 3: Microcosms and proteome confirming the Polaromonas
activity in contaminated soils (Fig 5A, B and C)

B

A

C

Metagenome
B

A

C

Fig. 4. (A) The relative abundances of prokaryotes genera in 16S rRNA gene iTag sequencing.
The samples are named as stated in M&M section; (B) The relative abundances of prokaryotes
phylum and genera in metagenomics data obtained from SC sample; (C) The relative
abundances of identificated proteins related with bacterial genera and the distribution of proteins
related with alkane and PAH degradation pathways.

PAH
2 to 3 aromatic rings

Fig 3. Relative abundance of Polaromonas genus in (1) metagenome data and (2) 
iTAG sequencing, and distribution and concentration of (3) aliphatic hydrocarbons 
and (4) aromatic hydrocarbons in King George Island soils.

1 2

3 4

Part 1: Prokaryote distribution in contaminated and 
uncontaminated soils (Fig 2A, B, C and D)

Como otimizar a biorremediação na Antártica?
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Microbial diversity and hydrocarbon depletion in low and
high diesel-polluted soil samples from Keller Peninsula,

South Shetland Islands
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Abstract: The bioremediation of Antarctic soils is a challenge due to the harsh conditions found in this
environment. To characterize better the effect of total petroleum hydrocarbon (TPH) concentrations on
bacterial, archaeal and microeukaryotic communities in low (LC) and high (HC) hydrocarbon-
contaminated soil samples from theMaritime Antarctic clone libraries (small-subunit rRNA genes) were
constructed. The results showed that a high concentration of hydrocarbons resulted in a decrease in
bacterial and eukaryotic diversity; however, no effect of the TPH concentration was observed for the
archaeal community. The HC soil samples demonstrated a high relative abundance of bacterial
operational taxonomic units (OTUs) affiliated with unclassified group TM7 and eukaryotic OTUs
affiliated with unclassified fungi from Pezizomycotina subphyla. Chemical analyses of the LC and HC soil
samples revealed the presence of negligible amounts of nitrogen, thereby justifying the use of biostimulation
to remediate these Antarctic soils.Microcosm experiments showed that the application of fertilizers led to an
increase of up to 27.8% in the TPH degradation values. The data presented here constitute the first step
towards developing the best method to deploy bioremediation in Antarctic soils and provide information to
indicate an appropriate action plan for immediate use in the case of new accidents.

Received 13 February 2014, accepted 20 August 2014, first published online 8 December 2014

Key words: Antarctic soil, bacterial, archaeal and microeukaryotic communities, bioremediation,
diversity of microorganisms, oil

Introduction

Natural environments around the world have been affected
by oil spills. The transport and storage of petroleum-derived
fuels are often sources of soil contamination (Aislabie &
Foght 2010) and are a serious threat to unique and sensitive
environments, such as Antarctica, which possesses the last
remaining pristine zones on Earth (Delille et al. 2004).
Physical and chemical methods are generally applied in
attempts to clean up petroleum hydrocarbon-polluted soils
(Ferguson et al. 2004). However, the utilization of the
machinery necessary for the application of physical methods
on Antarctic soils is very expensive, whereas the application
of chemical methods can be quite dangerous when
considering the risk of additional environmental impacts.
Therefore, bioremediation techniques have been considered
an appropriate remediation technology for Antarctic soils
(Aislabie & Foght 2010).

The hydrocarbon degradation potential of microbial
communities has been demonstrated in different

Antarctic soils, and in other cold ecosystems, such as
in Arctic soils (Aislabie et al. 2008, Flocco et al. 2009,
Panicker et al. 2010, Bell et al. 2011, 2013). Using
microbial culture-based methods, Aislabie et al. (2008)
isolated different hydrocarbon-degrading bacteria related
to Gram-positiveGordonia and Rhodococcus genera from
polluted ornithogenic Antarctic soils and showed that
aliphatic hydrocarbon mineralization in these soils could
occur at 4°C and 15°C. It has also been reported that oil-
degrading bacteria isolated from hydrocarbon-polluted
cold soils generally belong to Gram-positive Rhodococcus
and Arthrobacter, and Gram-negative Acinetobacter,
Sphingomonas and Pseudomonas (Aislabie & Foght 2010,
Panicker et al. 2010).

Culture-based methods can mask the actual diversity
of the microbial communities present in polluted and
unpolluted Antarctic soils. Recent molecular-based
studies in cold hydrocarbon-contaminated Arctic soils
showed that the predominant microbial composition
changed based on the time of soil contamination

Antarctic Science 27(3), 263–273 (2015) © Antarctic Science Ltd 2014 doi:10.1017/S0954102014000728
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Montagem de microcosmos simulando as condições ambientais encontradas 
na Antártica (baixa temperatura); 

Teste da eficiência do bioestimulo para aumentar a biorremediação; 

Determinação da concentração ótima de fertilizantes para o bioestimulo; 

Monoammonium Phosphate (MAP): melhores resultados
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Biorremediação nos solos da Antártica
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