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WHY BIOREMEDIATION WITH FUNGIWHY BIOREMEDIATION WITH FUNGI

FungiFungi oftenoften toleratetolerate highhigh concentrationsconcentrations of of 
pollutantspollutants and heavy and heavy metalsmetals
LigninLignin degradationdegradation systemsystem isis

nonnon--specificspecific
extracellularextracellular enzymesenzymes
secondarysecondary metabolismmetabolism

WHAT MAKES COMPOUNDS WHAT MAKES COMPOUNDS 
RECALCITRANT FOR MICROBES?RECALCITRANT FOR MICROBES?

GENERALGENERAL

1.1. MolecularMolecular structurestructure ((e.ge.g. . 
substitutionsubstitution withwith Cl)Cl)

2.2. MoleculeMolecule is is tootoo big and big and 
cannotcannot enterenter the the cellcell

3. The 3. The compoundcompound is is notnot
solublesoluble oror itit is is adsorbedadsorbed

4. The 4. The compoundcompound is is toxictoxic

5. The 5. The concentrationconcentration of the of the 
compoundcompound is is tootoo lowlow

FUNGIFUNGI
1. 1. areare ableable to to degradedegrade

chlorinatedchlorinated compoundscompounds
2.2. degradedegrade pollutantspollutants withwith

extracellularextracellular enzymesenzymes
3.3. maymay degradedegrade eveneven nonnon--

solublesoluble oror humichumic boundbound
compoundscompounds

4.4. oftenoften toleratetolerate higherhigher
concentrationsconcentrations of of pollutantspollutants
and heavy and heavy metalsmetals thanthan
bacteriabacteria

5.5. seesee 2.2.

Ecophysiological groups of basidiomycetesEcophysiological groups of basidiomycetes
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Trametes versicolor

Gymnopilus penetrans

Pleurotus ostreatus

Irpex lacteus

Phlebia
tremellosa

Agrocybe praecox

Wood-rotting fungi
(white-rot fungi)

Litter-decomposing
fungus

Wood-degrading
agaric fungus

FUNGAL
FRUITING BODIES

White-rot

White-rotted wood and
Bjerkandera adusta Brown-rot

ROT TYPES OF WOOD
White-rot = All components
of wood are degraded, but
often lignin selectively, 
residue is mainly cellulose

Brown-rot = Cellulose and 
hemicellulose are degraded, 
residue is modified lignin

The The degradationdegradation capabilitycapability of of whitewhite--rotrot and and 
litterlitter--decomposingdecomposing fungifungi is is basedbased on on theirtheir

ligninlignin degradationdegradation systemsystem

LigninolyticLigninolytic enzymesenzymes
ManganeseManganese
peroxidase (peroxidase (MnPMnP))
LaccaseLaccase
LigninLignin peroxidase peroxidase 
((LiPLiP))
OtherOther peroxidasesperoxidases
and and oxidasesoxidases
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ContaminationContamination typestypes suitablesuitable for for 
fungalfungal remediationremediation

FillingFilling stationsstations (PAH)(PAH)

SawSaw millsmills ((chlorinatedchlorinated phenolsphenols, , dioxinsdioxins))

ChemicalChemical industryindustry

OilOil and and petrochemicalpetrochemical industryindustry

MilitaryMilitary areasareas

CONTROL OF ENVIRONMENTAL CONTROL OF ENVIRONMENTAL 
CONDITIONSCONDITIONS

•• TemperatureTemperature
•• pHpH
•• OO22

•• MoistureMoisture
•• NutrientsNutrients: : CarbonCarbon sourcesource (N, P)(N, P)

ChallengesChallenges of the of the fungal 
bioremediation technologies

SurvivalSurvival of of fungusfungus in in soilsoil
CompetitionCompetition withwith otherother organismsorganisms
EnvironmentalEnvironmental factorsfactors
InhibitionInhibition of of soilsoil humichumic substancessubstances (WRF)(WRF)

GrowthGrowth is is slowerslower thanthan bacterialbacterial growthgrowth
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Ability of fungi to grow into soilAbility of fungi to grow into soil EXAMPLES OF DEGRADATION EXAMPLES OF DEGRADATION 
CAPABILITY OF FUNGICAPABILITY OF FUNGI

1.1. FourFour-- and and fivefive--ringring PAHPAH--compoundscompounds
2.2. PentachlorophenolPentachlorophenol (PCP)(PCP)

MineralizationMineralization of of [7,10[7,10--1414C]C]--BaPBaP byby fungifungi
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Over 6000 saw mills Over 6000 saw mills 
in Finland used in Finland used KYKY--55

Commercial product against blueCommercial product against blue--staining fungistaining fungi
Mixture of: Mixture of: 

Chlorophenols (60%)Chlorophenols (60%)
•• 2,3,4,62,3,4,6--TeCPTeCP 7575--85%85%
•• PCPPCP 55--15%15%
•• 2,3,62,3,6--TCPTCP 55--15%15%

NaOHNaOH (30%), H(30%), H22O (10%)O (10%)
ImpuritiesImpurities::

•• Polychlorinated Polychlorinated dibenzodibenzo--pp--dioxinsdioxins ((PCDDPCDD))
•• Polychlorinated Polychlorinated dibenzofuransdibenzofurans ((PCDFPCDF) ) 
•• Polychlorinated Polychlorinated phenoxyphenolsphenoxyphenols (PCPP)(PCPP)

MineralizationMineralization of of 1414CC--PPCP CP byby fungifungi

FungiFungi werewere
pregrownpregrown eleveneleven
daysdays in in autoauto--
clavedclaved barkbark and and 
inoculatedinoculated to to 
nonnon--sterilesterile
contaminatedcontaminated
soilsoil

controlcontrol = = 
nonnon--sterilesterile soilsoil
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DegradationDegradation of PCP of PCP byby TrametesTrametes versicolorversicolor

T. versicolor degraded both PCP (pink) and humic bound PCP (brown)

= tot. PCP
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NEW APPROACH AND PROJECTNEW APPROACH AND PROJECT

DioxinDioxin contaminatedcontaminated soilsoil fromfrom sawsaw millmill
ExcavatedExcavated soilsoil willwill bebe combustedcombusted
ProblemProblem:: soilsoil containscontains
upup to to 860 g organic matter / kg 860 g organic matter / kg dry massdry mass

PossiblePossible solutionsolution::
pretreatmentpretreatment withwith woodwood--degradingdegrading fungusfungus

Started 1st August 2006

Together with Niska & Nyyssönen Oy,
Helsinki University of Technology, Mycocenter Oy

””CombustionCombustion unitunit”” –– ThermalThermal desorptiondesorption unitunit
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1.1. BeltBelt conveyorconveyor 5. 5. SecondarySecondary burnerburner//OxidizingOxidizing unitunit 9. 9. FunnelFunnel

2.2. DrumDrum furnacefurnace 6. 6. HeatHeat exchangerexchanger 10. 10. WaterWater//OilOil tankstanks

3.3. ScrewScrew 7. 7. ReagentReagent supplysupply 11. 11. CompressorCompressor

4.4. CykloneCyklone 8. 8. FilterFilter 12. 12. ElectricElectric centrecentre//ControlControl cabincabin

COMBUSTIONCOMBUSTION

HighHigh organicorganic mattermatter
→→ substantialsubstantial amountamount of of COCO22 is is evolvedevolved
→→ volumevolume of the of the exhaustexhaust gasgas is is increasedincreased
→→ maymay blockblock upup gasgas treatmenttreatment unitunit, i.e. , i.e. filterfilter

FUNGAL PRETREATMENTFUNGAL PRETREATMENT

FUNGUS FUNGUS shouldshould
degradedegrade organicorganic mattermatter ((woodwood) ) efficientlyefficiently and and nonnon--
selectivelyselectively = = degradedegrade allall componentscomponents of of woodwood
growgrow fastfast
bebe ableable to to competitecompetite withwith nativenative microbesmicrobes
toleratetolerate pollutantspollutants in in soilsoil

PILES PILES havehave possibilitypossibility forfor
aerationaeration
moisturemoisture regulationregulation
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SCREENING FUNGISCREENING FUNGI

GrowthGrowth speedspeed
CompetitionCompetition capabilitycapability

nonnon--sterilesterile conditionsconditions

TolerationToleration (and (and degradationdegradation) of ) of toxictoxic compoundscompounds
teststests in in contaminatedcontaminated soilsoil

DegradationDegradation capabilitycapability
massmass lossloss of of woodwood
productionproduction of COof CO22

reductionreduction of of totaltotal organicorganic carboncarbon (TOC)(TOC)

FUNGI SELECTED FOR SREENINGFUNGI SELECTED FOR SREENING

EarlierEarlier experimentsexperiments
Wood Wood blockblock testtest
PCP PCP degradationdegradation experimentexperiment

FungiFungi knownknown to to bebe efficientefficient degradersdegraders in in naturenature
FungiFungi thatthat degradedegrade woodenwooden buildingbuilding materialsmaterials

PLATE TESTSPLATE TESTS

Piptoporus betulinus

Gloeophyllum trabeum

Fungi are grown on agar
plate with non-sterile
and dioxin contaminated
piece of wood

FUTURE RESEARCHFUTURE RESEARCH

TOTAL MASS REDUCTIONTOTAL MASS REDUCTION
PlatePlate teststests withwith contaminatedcontaminated soilsoil
LaboratoryLaboratory scalescale experimentexperiment withwith contaminatedcontaminated soilsoil

productionproduction of COof CO22

reductionreduction of of totaltotal organicorganic carboncarbon (TOC)(TOC)

DEGRADATION OF CONTAMINANTSDEGRADATION OF CONTAMINANTS
DegradationDegradation of of dioxinsdioxins and and agedaged chlorophenolschlorophenols
MineralizationMineralization of of 1414CC--PCPPCP
EnzymesEnzymes involvedinvolved in in degradationdegradation
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