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~ biofilm processes
.= for development

* of bioremediation
- metal strategies

« for ARD

HOW and to what extent do biofilms affect
reactive metal transport?




OTENTIAL OF BIOFILM MICROSCALE PROCESSES TO IMPACT
BULK SYSTEM METAL TRANSPORT

Biofilms:
_ _ _ BIOFILM
biologically controlled solids: structure

and zonation is metabolically ordered

highly concentrated stratified microbial
populations: intense metabolic activity
produces strong geochemical gradients

iInternal geochemical microenvironments
differ substantially from bulk system
conditions . . L .

biofilms may represent a significant, in situ,
“ sequestration mechanism for metals with differing
controlling processes from bulk H,O



Presenter
Presentation Notes
Biofilms are biological reactors 
Create geochemical microenvironments that differ substantially 
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METAL
ACTERIA BEHAVIOUR

agents of geochemical change (pH,redox)

passive / active biomineralization

bacterial surfaces are geochemically reactive



OBJECTIVES

metal retention by ARD
BACTERIA IS

key biofilm solids for
metal sequestration

microbial —
geochemical linkages involved in
metal retention

REACTIVE METAL TRANSPORT



MECHANISTIC APPROACH:
‘

Characterize microbial microbial community structure
functional zonation using molecular RNA probes

Link to geochemical microprofiling of internal

gradients geochemical gradients

identification of key solids
MDSET):. microscopg -
SEM/SEM/TEM + EDS:

mineralogy XRD

and metal partitioning

IDENTIFY key microbial processes
controlling metal sequestration



DAPI- FISH —
all bacteria specific species

Identification of microbial species: molecular tools
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Environmental Scanning Electron Micrograph of biofilm
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Analyses -> ICP-MS

TAILINGS-BIOFILM MINERALOGY ( XRD)
FALCONBRIDGE TECHNOLOGY CENTRE

Main i
Biofilm Sample Minor

Sequential extraction /
microwave digestion

MDSET

P I\/Ilcrowave dlgestlon sequentlal
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Trace (>5%)

L

extraction technlque

. Clinochlore, Gypsum
Jarosite, quartz, . .
31-05, 15:00 albite biotite, actinolite
Quartz, albite, _Jarosite_, Actinolite
21-06, 15:00 gypsum clinochlorite,
biotite
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1. Exchangeable

2. Carbonates

3. Amorphous
Oxyhydroxides

4. Crystalline
Oxyhydroxides

5. Organics/Sulfides

6. Residual

Haack & Warren, Env. Sci. Technol
submitted
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GEOCHEMICAL GRADIENTS WITHIN BIOFILMS
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METAL PARTITIONING AMONG BIOFILM SOLIDS

TOTAL [M?*] Fe Mn Ni Co Cu
(Hmol/g) (100) (8.66) (200) (1.03)  (1800)
%0Exchangeable

<10%
%Carbonates
%Amorphous Oxide 7/8-93 44-48 8-37 7-35 35-73
%Crystalline Oxide 2.5-3.5
%0rganic/Sulfide 41-88 58-88 7-54
%Residual

3.5-4.5 27-47

[

biofilms ARE significant metal sequestrators 1.
Biominerals of Mn oxyhydroxides

2. organic matrix of biofilm itself
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BIOFILM
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ESEM-EDS BIOGEOCHEMICAL BIOFILM ARCHITECTURE

¥ biofilm surface Microtopography of biofilm surface indicates

4§ e ¢ .  distinct zones of mineralization
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MICROSCOPY: BACTERIAL — MINERAL — METAL ASSOCIATIONS
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Bacterial — mineral
assemblages occur within
biofilm structure: bacterial

pods

Extremely fine grained
minerals within bacterial
pods occur

Metals are associated

specifically with bacterial cells

and fine grained minerals



Composite: minerals
DAPI (all bacterial DNA)
gamma proteobacteria




Microbial geochemical architecture of biofilms:
relevance to metal behaviour

Bacterial Pods D
microbial consortia within a sheath structure

75-100 pm

phototrophic cyanobacteria

® S oxidizers (gamma proteo-)

O Fe/Mn oxidizers (beta proteo-)

associlated interior biominerals and exterior minerals
(O Mn oxyhydroxides?
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Mn oxyhydroxides: Field & Lab

Lab: reactivity under varying

logic conditions

involved in formation

53

Repeated wetting and drying
results in changes in surface
reactivity and an increased

sorptive capacity for metals.

Kennedy, Smith and Warren,
Env. Sci. & Technol. submitted
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Fe — S cycling

(PH 3.1) 0,

Fe/S o
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CONCLUSIONS

OBJECTIVES

metal retention by ARD biofilms

STRONG METAL CONCENTRATION BY
BIOFILMS : 103 — 10° fold over H,O

key biofilm solids for metal sequestration

Mn oxyhydroxides (biomineral) and organic
components: i.e. biofilm specific solids
generated by microbial function

microbial — geochemical linkages involved in
metal retention

Bacterial “pods”: microbial — mineral
assemblages micro-hotspots for metals

REACTIVE METAL TRANSPORT
MICROBIAL ECOLOGY
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