
What are the key objectives of your research?

Our key objective has been to create a 
bioremediation method for contaminated 
soils that cannot be treated by conventional 
composting. We also wanted to develop a 
method for remediation that destroys the 
organic contaminants in the soil so that they are 
no longer a problem, and that is less expensive 
and requires less energy than combustion in 
high temperature, as temperatures of over  
1,000 oC are needed for chlorinated compounds 
to avoid formation of extremely toxic dioxins. 

How are you expanding on existing 
research on the bioremediation of soils?

The biodegradation capability of wood-
degrading fungi has been extensively 

studied. These fungi live in trees, and 
while using carbohydrates in wood as a 
substrate they also degrade aromatic, 
recalcitrant lignin in order to reach all the 
carbohydrates maximally.

However, experiments were initially 
conducted in liquid cultivation or 
lignocellulosic substrate, and it was only 
discovered later that the fungi often 
grow poorly in soil, raising the idea that 
litter-decomposing fungi could be used. 
Bioremediation studies on soil composting 
have been performed and it is a very 
efficient method of remediating soil 
with organic contaminants, but typically 
the most recalcitrant compounds and/
or the largest molecules remain non-
degraded. Fungal technology should help 
this problem by degrading contaminants 
extracellularly.

In which specific areas of bioremediation 
are you concentrating in order to 
achieve your goals?

Our project focuses on the ability of the 
studied fungal strains to grow in soil and 
compete with native microbes. For this, we 
mainly looked at litter-decomposing fungi, 
and also screened some white-rot fungi in 
non-sterile soil. We used real contaminated 
soil in which the contaminants are attached 
to soil organic matter and are hidden in micro 
pores in the soil structure – differing from 
spiked soil where contaminants are easier to 
reach for microbes.

Can you expand upon the term eco-efficiency? 
How is it an important aspect of the project?

In the concept of eco-efficiency three aspects 
are taken into account: the environmental 
effects; the reduction of risks; and the 
costs. We wanted to compare our fungal 
treatment method with other methods 
used to treat similarly contaminated soil, in 
this case contaminated with polyaromatic 
hydrocarbons (PAH). We calculated the 
environmental effects from the treatment 
process (such as energy consumption and air 
pollution), the reduction of the risks (such 
as impacts on human health) and the costs. 
An eco-efficient process would maximise 
the reduction of the risks with minimal 
environmental impacts and costs.

Do you intend to communicate your results to 
soil treatment industries? 

As several companies participated in the 
project, we have talked about our results very 
much within the industry. Unfortunately, 
some questions remain that must be 
answered through future work, but one of 
our partners, Ekokem-Palvelu, is offering 
the fungal technique for soil treatment and 
developing the method further. In addition, it 
would be beneficial if the results were spread 
to companies and researchers in wastewater 
treatment, where the fungal technology could 
be used to degrade endocrine-disrupting 
compounds or pharmaceuticals; the process 
would be even easier to control than fungal 
growth in soil.

Microorganisms can play a central role in removing 
pollutants from soil. Dr Marja Tuomela elucidates 
her work to develop more sustainable, efficient and 
environmentally friendly methods for bioremediation

Novel methods 
of bioremediation

PARTICIPATING INSTITUTES

University of Helsinki: provided access to 
their large fungal culture collection; knowhow 
in fungal cultivations and enzyme production 
by fungi

Aalto University: expertise in up-scaling 
fungal cultivations and soil treatments

Finnish Environment Institute: 
specialists in molecular methods, soil 
monitoring and eco-efficiency analysis

COMPANIES

Soilrem, Suomen Erityisjäte and Ekokem-
Palvelu: provided facilities for large-scale 
experiments and equipment for soil handling

Ramboll Finland: helped with up-scaling the 
soil treatment

Mzymes: provided fungal inoculum. Ekokem-
Palvelu now owns the rights of this technique 
and continues to offer soil treatment by fungi.

PUBLIC SECTOR

Finnish Defence Forces and the City 
of Helsinki provided contaminated soil 
for experiments
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REMEDIATION OF SOIL is an essential process 
for sanitising environments that have been 
contaminated by undesirable substances that 
can threaten the health of humans, wildlife, 
livestock and crops. Traditional methods for 
remediation include placing hazardous waste 
in landfill; the use of bitumen to stabilise 
soils; and combustion in high temperatures. 
However, as industries and authorities 
become more aware of and accountable to 
environmental considerations, these strategies 
for remediation are becoming increasingly 
acknowledged as outdated and unsustainable. 
Both bitumen stabilisation and landfilling 
isolate the contaminating compounds from 
the environment, leaving them free to cause 
problems in future; moreover, combustion at 
high temperatures has a limited capacity and 
consumes a large amount of energy.

A series of new studies, led by Dr Marja Tuomela 
at the Department of Food and Environmental 
Sciences at the University of Helsinki, Finland, 
is focused on developing more sustainable and 
efficient methods of remediation, with the 
hope that soil can eventually by sanitised on-
site without the need for specialist or expensive 
equipment, and in a way which maximises 
results whilst minimising energy consumption.

THE CONTAMINANTS

Tuomela and her fellow researchers set their 
focus on the most recalcitrant and the largest 
molecules of organic contaminants, which often 
resemble lignin molecules because of their 
shared aromatic qualities due to their benzene 
rings. Tuomela’s studies to date have shown that 
fungi can be effective agents of bioremediation. 
In general, the most tolerant strains of fungi 
can cope with very high concentrations of toxic 
chemicals, they all grow in hyphal mode helping 
them to spread efficiently in soil and provide 
a ‘fungal highway’ for bacteria which might 
take part to the biodegradation process. These 
properties make fungal technique an ideal 
solution for bioremediation. However, before a 
large-scale application, the toxicity of soil must 
be tested with a fungus or fungi. 

METHODOLOGIES

The project has drawn upon a variety 
techniques. The field trials have shown that 
active aeration is an effective tactic in helping 
the fungus to grow in soil, but laboratory 
experiments have suggested that passive 
aeration is most probably sufficient and would 
reduce energy consumption even further. In 
terms of specific fungal strains, the researchers 
found Phanerochaete velutina to be particularly 
promising, with Gymnopilus luteofolius and 
Stropharia rugosoannulata also demonstrating 
capabilities in providing tolerant and efficient 
bioremediation. S. rugosoannulata, an edible 

fungus commonly grown in Germany, is not 
very sensitive to other microorganisms, making 
it a good choice for bioremediation trials. Each 
of the strains tested tolerated exposure to 
contaminants well, was able to grow in the soil 
and, most importantly, successfully degraded 
the undesirable organic compounds. P. velutina 
showed most tolerance towards contaminants, 
and also produced more manganese peroxidase 
– which is considered the most important 
enzyme for degradation of contaminants – than 
the other fungi.

One unresolved problem that has resulted 
from the trials is the issue of the contaminants’ 
bioavailability: most are degraded during 
treatment with the fungi but, following this 
process, the soil is not necessarily entirely 
clean or pure. Even if it is no longer considered 
to be hazardous, its reuse is often restricted 
to landfill areas or instances where special 
permission from the authorities has been 
granted. In order to overcome this problem 
and confirm the safety of the resulting soil, 
more research is needed.

RESULTS AND APPLICATIONS

A particularly fascinating result thrown up by 
the research is the degradation of dioxins by 
fungi in soil. Previously, there had been very 
few studies to confirm that polychlorinated 
dibenzo-p-dioxins and dibenzofurans (PCDD/
Fs) could be degraded in soil by any organisms, 
but Tuomela and her team succeeded in 
breaking down 62 per cent of dioxins. This 
took place over a three-month period using P. 

FIELD-SCALE SAMPLING
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Tackling organic contaminants
As diverse industries around the world strive to become more sustainable, ongoing studies at the University of 
Helsinki are investigating novel methods for sanitising soil, which could be widely adopted in the near future

FUNGAL TUBES PRODUCED BY AALTO UNIVERSITY
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BIOREMEDIATION OF 
CONTAMINATED SOIL WITH FUNGI

OBJECTIVES

To develop a new bioremediation method 
based on ligninolytic fungi for the most 
recalcitrant organic compounds.

PARTNERS

University of Helsinki (coordinator), Finland

Aalto University, Finland

Finnish Environment Institute

FUNDING

Tekes – The Finnish Funding Agency for 
Technology and Innovation

Ekokem-Palvelu Oy

Soilrem Oy

Suomen Erityisjäte Oy

Ramboll Finland Oy

Mzymes Oy

Finnish Defense Forces

City of Helsinki

CONTACT

Dr Marja Tuomela 
Principal Investigator

Department of Food 
and Environmental Sciences  
PO Box 56 
Biocenter 1 
University of Helsinki 
00014 Finland

T +358 9 191 59321 
E marja.tuomela@helsinki.fi

MARJA TUOMELA studied chemical 
engineering at Helsinki University of 
Technology and taught environmental 
engineering during the last years of her 
Master studies. She has been a research 
scientist at University of Helsinki since 1994 
in the field of environmental microbiology 
and graduated with a PhD in 2002. Most of 
her research topics have dealt contaminated 
soil and fungal technologies and she has 
cooperated widely with industry. She is a 
board member in the Finnish Society for Soil 
Investigation and Remediation (MUTKU).

velutina in a laboratory experiment at a 1 kg 
scale. Additionally, in a pilot scale using 300 
kg of soil, P. velutina was shown to degrade 70 
per cent of the nitroaromatic, trinitrotoluene 
(TNT). The studies were also successful in their 
attempts to upscale the processes both of soil 
treatment and fungal inoculum production. 
Moreover, the group developed a novel 
molecular method for detecting fungal activity 
and the earlier developed molecular method 
for bacterial polyaromatic hydrocarbons (PAH) 
degrading activity also proved to be working 
well: “Treatment of PAH contaminated soil in 
the field was successful. However, there are still 
open questions about PAH availability in soil and 
the connection between PAH concentration and 
ecotoxicology, and who was really responsible 
for cleaning the soil: fungi, bacteria or both,” 
Tuomela notes.

The studies have shown just how challenging 
the bioremediation of soil and concomitant 
control of all potential variables can be, but 
Tuomela and her colleagues are confident that 
their findings can lead to the industrial takeup 
of new techniques. The methods developed by 
the researchers are already viable for use in the 
bioremediation of excavated soil ex situ or on 
site, and the hope is that they can eventually 
be used in situ for non-excavated soil: “This 
could be achived by excavating holes in the soil 
and introducing the fungal inoculum into the 
holes; fungus will then spread to other parts 
of the ground from inocula, simultaneously 
degrading any organic contaminants which are 

present,” states Tuomela. Such a method would 
constitute a significant breakthrough for soil 
remediation practices and the researchers are 
confident it can be achieved.

A SUSTAINABLE FUTURE

Building on the success of this work, the 
Finnish team is hoping to move into the 
study of fungal degradation of endocrine 
disrupting compounds and pharmaceuticals 
in wastewater sludge. Such a study could 
potentially be combined with research into 
the recovery of phosphorus and even with 
production of biogas, looking at ways in which 
it is possible to obtain more energy from the 
anaerobic treatment of sludge: “Endocrine 
disrupting compounds and pharmaceuticals 
are a growing concern in wastewaters and 
wastewater sludge; it would be sustainable to 
use sludge in fields where plants are grown, 
but more should be known about various 
pollutants which are present in the sludge and 
how to degrade them,” notes Tuomela. For any 
such study, though, the lab would be relying on 
a variety of foundations for funding.

The group is is also enthusiastic about the 
prospect of looking into the phosphorus cycle to 
reduce the use of chemical fertilisers in the fields 
and the degradation of lignin for enhancing the 
energy production from agricultural waste. 
Lignin is an obstacle to attaining greater 
amounts of energy from waste via anaerobic 
treatment and anaerobic fungi might be 
the key organisms for efficient degradation. 
As such, researchers are keen to investigate 
ways in which lignin can be degraded more 
efficiently from waste, either by pre-treatment 
with white-rot fungi or enhancing the activity 
of anaerobic fungi in biogas production. The 
objectives of Tuomela’s lab, then, are both 
wide-ranging and ambitious, but the studies so 
far give every indication that the optimism of 
the staff involved is well-placed, as they build 
towards a more sustainable and efficient future 
for bioremediation.

Among the contaminants that can 
be treated by white-rot or litter-
decomposing fungi (ligninolytic 
fungi), are: 

• Polycyclic aromatic hydrocarbons

• Chlorophenols

•  Polychlorinated dibenzo-p-dioxins 
and dibenzofurans

•  Nitroaromatics such as 
trinitrotoluene

•  Metallo-organic compounds such 
as tributyltin Endocrine-disrupting 
compounds or pharmaceuticals from 
waste waters

Tuomela and her colleagues are 

confident that their findings can 

lead to the industrial takeup of 

new techniques

Countering contaminants
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