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Northumberlandia; the Lady of the North (UK)

_'{i Recuperacao: objetivos gerais

Opera de Arame - Curitiba Pedreira Paulo Leminski
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Figura 3 - Composigdo de quebra-ventos de arvores. Maiores alturas requerem
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Tabela 1. Utilidades adicionais de
como quebra-vento.
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Eucalyptus saigna 1
1= Propria para a Catogora indicada na coluna,
- Monos

que
X~ N8O Gave ser utiizada na Categoria Indicada na colune.
Fonte: (Baéta & Souza, 1997).
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pollution

Table 5. Useful plant species useful for controlling air

Special properties

to entrap and hold
dust particles

Leaves and branches
to slow wind

Blossoms and foliage
that provide pleasant
smell to mask odour

Leaves and branches
to slow the action of
rain

Plants that absorb SO,

Pubescence on leaves

Name of species

Guazama, Putranjiva,
Nyctanthes, Trema,
Holop telea, Terminalia

Albizzia, Samania,
Peltophorum,
Tamarindus, Dalbergia

Morinda, Cestrum,
Annona, Michelia,
Jasminum, Citrus,
Plumeria, Magnolia

Azadirachta, Melia, Acacia
auriculiformis, Delonix,
Cassia

Lichens, Fagus, Acer
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Table 4. Trees tolerant to air pollutants
Dust pollution Sulphur dioxide
Alstonia scholoris Albizzia lebbeck
Cassia siamea Allanthus excelsa
Dalbergia sissoo Alstonia scholaris
Ficus benghalensis Azadirachta indica
F. infectoria Ficus religiosa
Mangifera indica Lagerstroemia
el fe elangi
Polyalthia lognifolia Polyalthia longifolia
Shorea robusta Terminalia arjuna
Syzygium cumini Acer platanoides
Tectona grandis Quercus palustris
Alnus viridis Q. rubra
Ozone Oxides of nitrogen
Acer negundo Gagus orientalis
Acer plantanoides Quercus rubra
Quercus palustris Robinia pseudocacia
Sambucus nigra
Peroxyacetyl nitrate Lead
Acer platanoides Cassia siamea
A. negundo Zizyphus mauritiana
Quercus palustris

Técnicas de recuperaciao § Técnicas de recuperacao

FONTE: Drumond et al., 2011
FONTE: Drumond et al., 2011

Figura 1. Vista geral da drea de B0 de rejeitos finos do
processo de ratamento do minéno: a) deposic 80 de rejentos finos; b @ C) vista geral da bacia de
rejetos; d) perfil da drea de deposi 8o de rejetos finos. Area total de aproximadamente 700 ha.
(Fotos: Marcos Antdnio Drumond)

Figura 2. Primeiros estagios Eucaiyptus
finos da o)E 20

:b) E.
2 anos de idade: ¢) £ camaldulensis aos 3 anos de idade; d) E. camaidulensis acs 4 anos de
dade, Ja contribuindo para a fixag8o de capim-bufiel. {Fotos: Marcos Anténio Grumond).

Mineragéo Caraiba, Jaguarari, BA
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Figure 3.2 Distance of eucalypt from mine*

FONTE: Drumond et al., 2011

Figura 7. Quebra-vento com tamarix acs_18 anos de idade. eficiente na contenc3o do efeito
dunas na bacia de rejeitos finos da mineracao de cobre ) Anies do quebra vento Com famarnx.
b) deposs do quebra-vento com tamarix. (Fotos: Marcos Antdnio Drumond).

¢

Fevereiro, 2014
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Ilha de Rapu Rapu, Filipinas (Au, Cu, Ag e Zn)

Itabirito (MG)/ VALE
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Figure 2: “Mega-dump’ of reprocessed gold tailings, south-cast of Springs,

Gauteng Province. Heavy rains in February 2008 led to landslides that denuded large parts of the previously vegetated slope.
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Resultado apés 30 dias de plantio

06.03.2008 b
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liﬂ | Supervised classification
H B Sol (46,776%)
Geotextile (50,996%)

B Vegetation (2.258%)

a - Digital Photography
Supervised classification
W Soll (4.418%)
Geotextile (18,425%)
B Vegetation (77,157%)

Crescimento das gramineas ap6s 1 més de plantio.

Figure 8: Photo comparison of vegetation cover developing

§ Técnicas de recuperacao

Possiveis componentes para o substrato:

1. Selantes

2. Quebra de capiliraridade

e > . s i T
Figura 5. Disposigio dos mucro-terragos sobre os taludes de aterro ¢ inicio do processo de

germinacio das espécies comerciais e nativas (Fonte: Gongalves. F.S.). 3. Tops: ,J]

Gongalves, 2012
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QUEBRAICAPILARIDAD

Fonte: Luiz E. Dias UFV/DPS
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Regeneragéao a partir de topsoil

lakovac, 2007

Regeneragao a partir de topsoil

Figara 1. Coleta da serapilhetsa 1a drea djacense 4 Mina Limeira, de prop
s Coupanhia de Cimento Ribeirso Grande (CCRG). Dezesubro de 2004, Ribeir3o Grande. SP.

Figura 2. A esquerda, distribuicao do topsoil com muilio de maquinitio, A direita, espalhamento
manual do foprotl depositado o talude expertmenial de propriedade s Companhia de Cimeato
Ribeirso Grande (CCRG). Dezembro de 2004, Ribeirko Grande, SP.

Regeneragao natural a partir de topsoil

Figura 6. a) Aspecto dos tratamentos de sulco (i esquerda) e madeiramento (a direita), antes da
implantagdo do ropsoil. b) Aspecto geral do talude, preparado para o deposito do ropsoil. em
dezembro de 2004, Ribeirdo Grande-SP.

bakovac, 2007

§ Técnicas de recuperacao

Uso de topsoi

Africa do Sul (Impala Platinum); ); Ni, Cu e Co

11
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751-765

Environmental Management (2011) 47:
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Fig. 2 Cumslative Appolachisn sreas roctsimed and relessed from joction. At the end of 2000 for the seven staes, 3m adlitions!
SMCRA regulation in seven states, 1978-2009. Eastern Kestacky 50,000 ha i reporied 25 partally reclaimed but sot selexsed from
areas are esimated from Keaacky fotls in proportson to sseusl coal  SMCRA regslation. Dt from US Office of Surface Mining

/ Native hanbwood cogeneration o & Tomevsce mine we

reclaimed m 1998 by plaseing early saccessions
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Figura 1A. Uma paisagem de mina de carvdo desativada e
destinada a pastagem (Virginia, USA)

Figura 1B. Uma paisagem de mina de carvdo desa
destinada a pastagem (Virginia, USA)
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—— Actinomycetes (x10%g)
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Fig. 6
Variation of microbial population in differently aged soil dumps
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s »

Geoderma 161 (2011) 168-176

Altura

v 5 metros (max) arenosos
[ 2-3 metros text. média
v 1 metro argilosos

3’% Técnicas de recuperacao

Topsoil: manejo
—1.Acidez
2.Salinidade
3.Sodicidade
Qualidade

4.Inoculagado

5.Adubagdo (macro e micro)

6.Caracteristicas fisicas (agua, raizes)
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Bioresource Technology 91 (2004) 223-231
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BIORREMEDIAGAO

_'{f Técnicas de recuperacao

-

Biorremediacio in-situ

Tipo de tratamento de solo

1 } } }
0 820 1640 2460
Custo do tratamento por m’ de solo (délar)

o custos d d pr tecaicas

Figura 1.C: 2
(modificado de EPA)
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Fitorremediacao

FONTE: Favas et al., 2014

@ Técnicas de recuperacao

Fitoextracdao

compostagem,
incineracio,
compactacio

Eliminacio apés

§ Técnicas de recuperacao

Quadro 1. Faixa normal, valores minimos de teor de metais pesados pa
e hip e nimero de espéci:

hiperacumuladoras

Elemento  Faixa Limiar Uimiar Numero de
normal __hip t
“reseeeeseeeee MG kg (Matéria seca)

As = - 1.000 8

Cd 0,1-3 20 100

Co 0,03-2 20 100 28

Cr 025 50 100 Desconhecido

Cu 5-25 100 1.000 37

Mn 20-400 2.000 10.000 9

Ni 1-10 100 1.000 317

Pb 0,1-5 100 1.000 14

Se 0,05-1 10 1.000 20

Zn 20-400  2.000 10.000 15

Fonte: Boyd (2007).

Ousdeo 2. Plantas hiperacumuiatorss o metis passtos

ol Espacie de s Felerdnea
A5 Prens iata We el ot (2001)

A5 Prens tlauria Sivastea ot ol (2008)

A5 Prens quianaurta Sevistaa o ol (2006)

A5 Prenis nuiyvensis Srivasteva et ul (2006)

A5 PIOgEMMA CAOMEANOS WG & ZNA0 (2009

A5 Piors cratia Wactarsih & Zha (2000)

A Prens lnglols McGaram 8 Zna 12000)

s Pions umbrosa Mot & Zhao (2003)

€4 Thasp crenieseons Bakar & Watker {1969)

Co  Alpssum muale Tappors ot al. (2007)

Co  Maumaniastum rabarti Bracies (1998)

Cf Salsols kai Gardoa-Tarrwsdoy ot ok, (2005)
Cu fpomes apina Baker & Walker (1896)

Cu Aectenthus biformiolus Chaney et al. (2007)

M1 Phyitacos acinasa Xue st al (2004)

WO A bt Chaney et al. (2007)

M Alssum muls Tappara et al. (2007)

M Severia scumingts Jeiles £ al.. (1676

M Bekhoys coddi Fobinson af al.{1997)

M Apssum pacions MorTson a1 al. {1980)

M Thtaspl goasingonsa Barcaki & Foschanriagor (2003)
M Ay pniedasivae Bars & Poschannager (2006)
M Faychotia doaral Barcoid & Foschanriodor (20031
M pryanus sepentis Chaey 3t al. (2007)

Fa  Thiasp solundifoiam Reres & Brocks (1563)

Pa Minuarti vama Bareels & Poschenrioder (2003)
S Asagaks moomoss Bealh et al. (1957

Sa  drassion mcea Orser ot a1 (1299

T dbonis informeia Lelarc ot al. (1998

0 Sacum mired MeGrath & Zhan (200

20 Asabidopsis hatler Barcelo & Paschenriedsr (2003)
o0 Thesspi casrusscens Reaves 8 Brooks (19631

15
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(a) (b)

Apoplastico

Figura 2. Localizagédo subcelular de Ni nas espécies Thlaspi goesingense (a) e
Thlaspi arvense (b), expressa pela percentagem de Ni total nas folhas.
Fonte: Adaptado de Krimer et al. (2000).
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Limitations

Limited to shallow sos or where contamination &5
Iocalized to the surface (<5 m)

Still under development and therefore not accepted by
‘many regulatory agencies

There is little knowledge of farming, genetics,

Metal concentrations in the soil can be toxic and lethal to
plants

Generally, plants are selective in metal remediation
Treatment dower than the traditional phyico chermical

Limitagbes | o

accumulator plants are ingested by animals

Efficient phytoremediating plants may not adapt to
climatic and environmental conditions at contaminated
sites

i
of the metals, these can be leached into groundwater

allow appiication of cultwation techniques

Toxicity and bioavailability of degradation products

remain largely unknown

16
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Combretum leprosum

- Residual (£7)

= Sulphides (F6)

 Cristalyne oxides (FS)

= Amorphous oxides (F4)

= Organic matter (£3)

= Carbonates (£2)
Exchengeable (1)

@ Técnicas de recuperacao

Fitoextragdo Assistida

§ Técnicas de recuperacao

R
Growth Phase Harvest

Figure 2 - Schematic behaviour diagram of a hyperaccumulator plant
(A) and a non-hyperaccumulator plant (B). In example (A), heavy
metal accumulation is gradual and constant during the entire life
cycle of the plant, whereas in example (B), heavy metal uptake
is slow, but after chelate application, the heavy metal uptake
increases rapidly. Figure adapted from Salt et al. (1998).

Sci. Agric. v.70, 0.4, p.290-295, July/August 2013

Q Técnicas de recuperacao
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Quadro 3.

de com

de uso na fitoextracao

la producao de biomassa e potencial

Espécie Contaminante/substrato F

Salix Melais pesados/solo Greger & Landberg (1999)

Populus Ni/solo, 4gua, agua Barcelé & Poschenrieder
subterranea (2003)

Brassica napus, B. Metais pesados, Se/solo Brown (1996); Bafuelos et al.

juncea, B. nigra (1997)

Cannabis sativa Cd/solo Ostwald (2000)

Helianthus Pb, Cd/solo EPA (2000); Elkatib et al.

(2001)
Phragmites australis  Metais il i et al. (2001)

Glyceria fluitans Metais pesados/rejeitos

McCabe & Otte (2000)

2 Técnicas de recuperacao

Perspectivas

1

1.Domesticagdo ;2 gﬁ"”

Técnicas de recuperacao

FITOMINERACAO
“colheita” / recuperagdo de metais

BB $399

Mestupenie v S
i sctianion of e metah

Técnicas de recuperacao

Sournsl of Geochemical Exploration 67 (1999) 407415

THE PHYTOMINING
OPERATION -

o Al

Crop grown on sodl contaning metal 'l

Nickel / Thalfium / Gold

( Passile production
of electricy

’Y%

T2 0 @
v 8

(oio-ore) containing high Smelt bio-ore
| concentration of target metai 10 yield metal

Fig. 4. Model of a proposed system for phytomining for metals.
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Fig. 2. Scanning electre

micrographs of precipitates containing
sulphate-reducing bacteria SRB-GJ.

S
Organic matter (C, H, 0) + 503~ —]

JMeS(] 1+ H (Me™ —the metal cation)

§ Técnicas de recuperacao
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Preparar “solos sob medida” derivados de residuos a

imagem dos solos de acordo com as necessidades

ambientais

¥ Estabilizar matéria organica.

¥ Reduzir acidez ou alcalinidade excessiva

v Imobilizar metais e outros el tos de caracter toxico

¥ Reter, tar ou reduzir o po de residéncia, filtrar aguas.

¥ Controlar o fluxo e qualidade da agua.

3 Técnicas de recuperacao

Componentes dos tecnhosolos usados para imobilizar esses

| tos (afinidades)

Matéria orgénica: Cu, Fe, Pb, Cd, Ni e Co
Argilominerais: Fe, Cd, Co e Ni
Oxidréxidos: Cr, Hg, As e Pb

Carbonatos: Co, Cd, Cu, Fe, Pb e Zn

Mina de Touro (Cu)

e )
T RS T S ——— S

Drenagem Acida

4FeS, + 150, + 14 H,0> 4Fe(OH); + 8S0,2 16H*

(FeCu)S, + 14 Fe3*+ 8 H,0> 15 Fe?* + Cu + 2S0,% + 16H*

20
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(Reddy ef al. 1986)

Reacio AG" (keal/mol)
1.-CHi1206 + 6 02 > 6CO, + H,O -686.4
2.- 5CH 206 + 24NO5™ + 24 H = 30C0, + 12N,+ 42 H,O -646.0
3.- CHpOs + 12 MnO,+ 24 H' 56 CO, +12 Mn®* + 12 H,0 -457.8
4.- CeH 0 + 24 Fe(OH); + 48 H' 56C0, + 24@}} +66 H,0 -100.0
5.- CeHOg + 3 SO:7 > 6 CO, + 3's2+ 6 H,0 -91.0

(Fe, Me)+S*>(Me Fe) S,

TURBAS CON TYPAS ¥ OTHOS|

Fig 22 .- Zonificacion biogeoquimica en un humedal de Thypha lanfolia

Q Técnicas de recuperacao
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Fonte: F. M. Vazauez (USC)

Aguas pH=7

Ebnte: F. M. Vazauez {USC)
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MACROINVERTEBRADOS

Athericidae

VERTEBRADOS
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Controladores de temperatura para
Y L

a ¢do de
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