
Tapping into green innovations, Dr Carmen Mihaela Neculita explains how her research  
seeks to resolve outstanding issues in the treatment of contaminated mines; a project  
that informs industry of effective measures towards recovery and remediation

Could you begin by outlining the main aim 
and direction of your research?

The overall objective of my work is the 
improvement of treatment systems for mine 
waters, which is a major environmental 
challenge. One specific objective seeks to 
increase the understanding of biogeochemical 
processes – in order to improve efficiency 
and extend the lifetime of passive treatment 
systems for mine waters. I also conduct 
research on the use of microbial fuel cells 
– a promising new technique that converts 
chemical energy into electrical energy to 

treat acid mine drainage (AMD). Finally, I 
have developed a growing research interest 
on new approaches for cyanide treatment in 
gold mine effluents. Through my research, I 
intend to improve knowledge on the treatment 
of waters, and provide useful information 
to mining companies and governments that 
manage active and abandoned mine sites. 

Other than AMD, what applications benefit 
from your studies?

My research focuses on the treatment 
of main contaminants in mine-impacted 
waters, including mine drainage – both 
AMD and neutral mine drainage (NMD) – 
and cyanides. In the past, my research also 
concentrated on the assessment of mercury 
fate and toxicity in highly contaminated soils 
from chlor-alkali plants.

What are the predominate challenges faced 
when treating contaminated water? How 
widespread is AMD?

Despite scientific advances in recent years, 
many studies have confirmed that the 
treatment of highly contaminated AMD is very 

challenging, especially when using passive 
systems. As a leading example, the removal 
of two very common but problematic metals 
– iron (Fe) and manganese (Mn) – are often 
unsatisfactory. The removal of Fe at high 
concentrations (>1 g/L) is challenging because 
Fe precipitation acidifies treated water, whereas 
Mn immobilisation is limited by the high 
solubility of its minerals. This explains why our 
research focuses on Fe pre-treatment in Fe-rich 
AMD, before other metal removal, such as Mn. 

Are passive biological treatments a good 
investment on an industrial scale? Do these 
treatments need to be developed further?

Conventional AMD treatment technologies 
use limestone and/or lime. Although they 
are effective, these approaches involve 
significant costs in the long term; they are not 
considered a viable reclamation method by 
governments, but rather a palliative approach 
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for the short term. Passive treatment is one 
possible, sustainable approach to address 
mine-impacted water problems. Over the last 
30 years, passive systems have progressively 
evolved from an experimental concept, to 
full-scale implementation at hundreds of sites 
worldwide. One benefit of passive biological 
treatment is the ease of installation and 
affordability, whereas the leading drawback 
is their relatively limited lifetime (around 10 
years). Site-related variables such as AMD 
flow and composition, as well as locally 
available residual materials used in filling 
composition, influence the design and long-
term efficiency. Nowadays, processes involved 
in AMD treatment are better understood, 
but the practical aspects of technology 
application remain a challenge and their 
longevity is still a critical issue. Different 
aspects still need to be further investigated for 
better design and operation of on-site, passive 
treatment systems.

How effective is geochemical modelling? 
Can it be used in the field?

Geochemical modelling could be a very 
useful tool to predict contaminated water 
quality and evolution over time. However, 
as a starting point, accurate data should be 
input into the models, while careful validation 
of the results is required. In addition, we 
should always be critical and understand the 
problem we want to solve before modelling.  
Considering all the factors of influence can 
complicate models, so we must be careful as 
to which variables we use.

Finally, in what way do the results you 
obtain in the lab differ to those on site?

The construction of a large-scale system 
requires the completion of laboratory tests, 
which must then be extrapolated for the 
transition to the full scale. In this way, the 
scale effect is extremely important and can 
often explain the differences observed in 
the field bioreactor results relative to those 
obtained in the laboratory. This is why we 
intend to focus on the evaluation of the 
effects of scale processing.

RIME and reason
Scientists at the Research Institute on Mines and Environment 

– a corroborative partnership between Université du Québec en 
Abitibi-Témiscamingue and Polytechnique Montréal, Canada – are 

involved to finding the best possible treatments for mine contamination to 
curb the wealth of environmental hazards associated with acid mine drainage

ONE OF CANADA’S 
primary economic 

activities is mining; the 
Canadian mining industry is 

very strongly developed. As one 
of the leading mining nations in the 

world, in 2010 alone, mining and mineral-
processing industries generated a staggering 
CAD $34.7 billion for the Canadian economy, a 
total equivalent to 2.8 per cent of the national, 
annual GDP. As Canada’s mining industry 
plays such a pivotal role in the production of 
global energy, its maintenance and continued 
success is of worldwide concern. However, the 
continued demand for resources is accompanied 
by significant environmental and economic 
challenges – which must be regulated and 
resolved if the industry is to remain profitable 
and provide sufficient levels of corporate social 
responsibility. Mining can generate numerous 
waste products; how such waste is treated and 
drained from the site is a matter of both growing 
interest and concern. 

One significant issue for the environment is 
acid mine drainage (AMD), which necessitates 
industrial treatment. AMD is characterised by 
the outflow of acidic water – water with low 

pH levels and high concentrations of heavy 
metals and sulphates – usually generated from 
unremediated, abandoned metal mines. This 
type of drainage is caused by the prolonged 
exposure of reactive minerals in mine waste 
to air and water; a process in which chemical 
stability becomes compromised and leads to 
mine drainage through the soil profile. Tailings, 
waste rock piles and mine shafts, all containing 
varying levels of toxic metals, contribute to 
localised pollution, which, if untreated, lead to 
wider groundwater contamination. 

AMD is a significant, widespread environmental 
problem, which affects mining industries 
the world over. To contain the spread 
of contaminants and avoid detrimental 
consequence, such as water pollution and 
runoff, effluent must be collected and treated 
before being discharged into the environment. 
However, this feat is much easier said than done. 
AMD treatment is still far from comprehensive 
and long-term solutions need further evaluation 
and deliverance. Fortunately, scientists at the 
Research Institute on Mines and Environment 
(RIME UQAT-Polytechnique) – a joint venture 
between Université du Québec en Abitibi-
Témiscamingue (UQAT) and Polytechnique 

Montréal - are valiantly pursuing studies to 
address such ambiguity. By using existing 
research infrastructure, and establishing 
successful partnerships with significant 
members and companies within the mining 
industry, RIME UQAT-Polytechnique is now well 
positioned to provide expert knowledge on the 
topic of AMD. It is also able to boast a promising 
new space for training and innovation in this 
field of research. 

UQAT and Polytechnique Montréal have a 
strong record of collaboration, concerning a 
number of different projects. This long-standing 
association has already produced a great amount 
of research, the results of which have been 
incorporated into mining practices in Québec, 
Canada and, in some instances, worldwide. The 
establishment of RIME UQAT-Polytechnique 
has cemented this relationship and will serve to 
support an industry that is a significant player to 
both national and global markets. Furthermore, 
the cutting-edge facilities afforded by the two 
institutions, along with high-level scientific 
programming, will facilitate greater knowledge 
development, enabling better understanding of 
optimal solutions for mine waste management 
and site reclamation. 
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RIME UQAT-POLYTECHNIQUE

Established in early 2013 with sponsorship 
from five mining companies eager to work 
towards less destructive practices (Osisko 
Mining Corporation, IAMGOLD, Agnico-Eagle 
Mines Limited, Rio Tinto Iron & Titanium, 
Xstrata Nickel ),  RIME UQAT-Polytechnique 
focuses much of its attention on innovative 
approaches to mine water treatment, both 
passive and active. Not only does RIME UQAT-
Polytechnique work to find solutions to mine 
contamination, it actively promotes training for 
students and professionals in this field.

The principal objective is to develop original 
and practical solutions for the entire lifecycle 
of a mine. So often have previous endeavours 
been polarised that crucial elements of the 
environment are overlooked when attempting 
to restore the landscape, for instance. Lack of 
resources and expertise has inhibited insight 
into the dynamics of the whole system until 
now. With a dedicated and proficient board 
of scientists, RIME UQAT can deliver targeted 
and integrated research, drawing upon 
geotechnicians, hydrogeologists, geochemists, 
mining engineers and industry knowhow. The 
organisation of the department also affords 
participating individuals the opportunity to 
enhance their existing skills and expertise. 

PASSIVE MINE WATER TREATMENT

Within the context of RIME UQAT, Research 
Chair of Canada Dr Carmen Michaela Neculita 
is leading the way in passive treatment of 
contaminated mine water. Through her 
dedicated pursuit, she is slowly becoming a 
prominent scientist in the field, addressing 
broad issues in waste water management and 
associated environmental challenges. Neculita 
explains: “I intend to develop additional 
expertise on the active treatment of mine-

impacted water and sites restoration”. Still 
refining her understanding of the impact of 
cyanide, Neculita praises RIME in its openness 
to fostering talent and sharing skills.

As a Research Chair, Neculita works to treat 
underground/surface waters affected by 
highly contaminated AMD and neutral mine 
drainage (NMD) with sulfate-reducing passive 
biochemical filters and microbial fuel cells 
(MFCs). The former is based on a reactive 
wall, anaerobic wetland or bioreactor design 
whereas the latter uses microbial degredation 
to generate electricity. 

Practical applications have previously been 
limited as biological approaches often fail to 
successfully remove harmful levels of iron (Fe) 
and manganese (Mn), which become oxidised 
and precipitate through the soil profile. With 
this in mind, a team at RIME is currently 
conducting work, which aims to increase the 
use and understanding of biogeochemical 
techniques surrounding the passive treatment 
of such contaminated mines. This research 
is set to improve the efficiency and prolong 
the lifespan of passive treatment systems. A 
significant proportion of this study will also 
examine the effectiveness of MFC treatment 
and for the Research Chair in particular, its 
influence on Fe-rich AMD.

MICROBIAL FUEL CELLS

AMD has become an ever-increasing threat 
to fresh water, often leading to hypoxia and 
eutrophication. As scientists at RIME UQAT-
Polytechnique have become all too aware, 
traditional treatment methods for AMD are 
often expensive and not considered as a 
desirable reclamation method by governments. 
The high-energy requirement of existing 
treatment systems means that the quest for 
alternative, less expensive and more efficient 

treatment technology is paramount. However, 
such treatment methods are still in need of 
refinement. One technology, which seems to 
hold promise for better AMD treatment, is that 
of MFCs. Astonishingly, it is also thought that 
MFCs have the potential to treat the AMD and 
generate electricity at the same time. As a third 
generation biofuel, its timely application could 
also support the renewables sector. 

MFCs are a relatively new system that uses 
bacteria as catalysts to convert the chemical 
energy of biodegradable materials into electrical 
energy, without an intermediate conversion into 
mechanical power. Occupying two functions, 
this really is an exciting tool for the mining 
industry. Utilising wastewater, MFCs can provide 
a green power source to the local economy while 
revolutionising the way managers go about site 
regeneration. The process is as follows: the pH 
of AMD is raised so pollutants such as Fe can 
be precipitated; once settled, wastewater can 
be treated and recovered metals can be fed 
into the MFC system as fuel for the microbes 
(substrates range from carbohydrates, volatile 
fatty acids, alcohols, amino acids, proteins and 
even inorganic components such as sulfides or 
AMDs). Compared to conventional chemical 
fuel cells, MFCs require lower temperatures 
and a neutral pH; they do not require additional 
caustic chemicals, which mean that MFCs could 
have lower operational costs. “It is theoretically 
possible,” explains Neculita, “that if domestic 
wastewater is used as the fuel, the MFC can 
utilise it to reduce the acidity of AMD.”

Neculita is particularly excited about the 
untapped potential of MFCs. She first became 
involved in the technology back in 2011 as 
part of a collaborative project with Dr Olivier 
Lefebvre from the National University of 
Singapore. Amongst some of the initial findings, 
there was the selection of the best design, 
which generated the highest electrical power 
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during efficient treatment of Fe-rich AMD using 
MFC. This line of enquiry and testing continued 
in 2012, and is still ongoing in the UQAT 
laboratories, affiliated with RIME. 

The treatment process developed through this 
research could be attractive as a sustainable 
alternative for the treatment of AMD in more 
remote areas. Unfortunately, the capital costs 
associated with MFCs are currently viewed 
by some as a major disadvantage due to lack 
of existing infrastructure. However, as the 
technology matures, these costs are expected 
to drop drastically in the future. Thus, not only 
will Neculita’s research result in significant 
advances in the passive treatment of AMD 
and provide useful information to the mining 
companies and governments who manage 
abandoned mines, it will lead to an affordable 
and green alternative. 

A LONG-TERM PROJECT

Though the Research Chair of Canada research 
is in full swing at RIME UQAT-Polytechnique, 
there is still considerable work to be done 
before the MFC is fully understood. Firstly, 
the membrane design poses a problem; the 
long-term stability of membrane MFCs has to 
be improved. More research is needed before 
the design is optimised, but current thought 
is that the use of a bipolar membrane could 
alleviate the issue of membrane fouling. Both 
salt bridge and membrane MFCs have been 
explored to assess the best method for AMD. 
Neculita explains: “Compared to membrane 
MFC, salt bridge MFC had lower treatment 
efficiency in terms of raising pH and removing 
Fe ions. The highest pH that the salt bridge 
reached was 4.87 and the highest Fe removal 
efficiency was 56.40 per cent, whereas the high 
pH in the membrane MFCs can reach up to 9.9 
while the Fe reduction efficiency reached up to 
99 per cent”.

Another feature of this process, which is in need 
of improvement, is its efficiency to maximise 
treatment and energy production. As such, 
Neculita and her team plan for scaled-up 
MFC testing systems in the future to enable 
a thorough evaluation of the process. The 
use of artificial AMD comprised with ferrous 
iron (Fe2+) – the most common form of Fe 
present in AMD – in these experiments would 
also help garner greater understanding of the 
complexities of such metals. Additionally, the 
substrate for anaerobic bacteria at the anode 
of the MFC needs to be changed to a more 
realistic source – such as wastewater or sludge 
found at treatment plants. Furthermore, higher 
concentrations of calcium carbonate could be 
tested as a neutralising and buffering agent to 
withstand the pH dropping over time. 

One final improvement of MCF treatment, 
which would truly bolster the efficiency of 
this process, would be to ensure the recovery 
of precipitate at the end of the treatment. 
Better still, by improved understanding any 
prospective uses of this precipitate for practical 
applications, such as pigment for paints, the 
process could become truly self-sustaining 
and efficient. Neculita is considerate of the 
refinements needed and steadfast in her mission 
to resolve such issues. With further study, it will 
soon be possible to extend these efforts beyond 
the Canadian border and make the technology 
available to mining companies worldwide. 

They hope to extend these efforts 

beyond the Canadian border and 

make the technology available to 

mining companies worldwide 
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treatment systems. 
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