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WATER MANAGEMENT

CONTINUED ON PAGE 26

The Canadian regulation for mining effluent discharge 
mainly focuses on toxicity of the final effluent to the 
receiving body. One of the main objectives of the regu-

lation was for the water to be non-toxic for the greater daphnia 
(Daphnia magna) and for the rainbow trout – two surface-wa-
ter fish species. There was, therefore, no possibility to discharge 
saline water because salinity is toxic to these two fresh water 
species. However, this situation changed in June 2018 as the 
Canadian water management regulation was amended and 
renamed the Metal and Diamond Mining Effluent Regulation. 
Among many changes, the amended regulation allows for dis-
charge of a mine effluent in a marine environment by adding 
the threespine stickleback (Gasterosteus aculeatus), a brackish 

water fish, to the acute lethality testing 
protocol. Hence, acute lethality testing 
may be done either in saline water con-
ditions with the threespine stickleback 
or in fresh water with the rainbow trout 
and the greater daphnia.

The amended regulation provides more flexibility with 
respect to water management for mines that have the opportu-
nity to discharge in saline water.

Sources of toxicity
The toxicity of a mine effluent can be related to several parame-
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ters, most notably metals and ammo-
nia. Metals removal is achieved 
by physico-chemical processes. 
However, ammonia is a complex tox-
icity source to address with standard 
physico-chemical methods. Ammonia 
treatment remains a challenge and 
few technologies are available as 
chemical and physical processes (e.g. 
the break point chlorination, strip-
ping). In many applications, biologi-
cal treatment is known to be a good 
solution to address ammonia toxic-
ity. However, little reference could be 
found for ammonia removal in saline 
water effluents.

Biological treatment for  
ammonia removal
Biological treatment was intensively 
investigated in fresh water effluent. In 
surface water, ammonia removal can 
be addressed using a biological treat-
ment such as a moving bed bioreactor 
(MBBR). Supported by more than 35 
years of continuous research, develop-
ment and process expertise, Veolia’s 
trademarked AnoxKaldnes MBBR 
is a compact fixed-film technology 
that provides a resilient solution for 
biological degradation of ammonia. 
It also offers a better resistance to toxic shocks and adapts to 
various operating conditions (moderate loading variations, cold 
water operation). An added benefit of applying the AnoxKaldnes 
MBBR for ammonia removal is that it has proven to require lim-
ited chemical dosages and maintenance. The MBBR has proven 
to be an interesting solution for Canadian wintery conditions in 
many mining applications.

Veolia conducted a laboratory study in collaboration with a 
northern mining site in order to determine if the MBBR tech-
nology could be applied in a saline water effluent. The objec-
tive of the laboratory study was to determine the possibility of 
operating a biological treatment in saline water conditions and 
to determine the influence of the water salinity on the biomass. 
The study mainly focused on the establishment of the complete 
nitrification of ammonia (from ammonia to nitrate) in saline 
water and to achieve a non-toxic effluent to the threespine 
stickleback.

Methodology
The mining effluent used for the laboratory study contained 
both high salinity and ammonia concentrations due to the use 
of explosives in underground mine operations. The salinity of 
the mine effluent was higher than the salinity expected in the 
sea. As such, the mining effluent was diluted to a salinity of 30 

g/L using tap water, with a composition similar to surface water 
composition available on site. The biological treatment was fed 
with a mining effluent at 30 g/L of salinity.

A six-month biological treatment trial was conducted on the 
saline water effluent, with ammonia concentration up to 50 mg 
N/L (after dilution). The behaviour of the biomass growth in 
saline conditions as well as start-up strategies were the main 
focus of the development of this new MBBR application. The 
mining effluent was poor in bacteria, so a municipal sludge was 
used to seed the biological treatment. While this is probably 
not mandatory, this helped speed up the process start-up. In 
order to help the development of an adapted biomass, the mine 
effluent was diluted to brackish water conditions to start the 
biological treatment.

Key features of the saline biological treatment operation
Ammonia oxidation to nitrite was quick to establish itself in 
brackish water conditions, as is often observed in surface water 
applications. However, when salinity was increased too quickly, 
it resulted in the loss of ammonia removal and the detachment 
of all the biomass on the MBBR carriers. A gradual increase 
in salinity to the biological system was required to prevent los-
ing ammonia oxidation efficiency. After an appropriate rate 
of salinity increase, the AnoxKaldnes MBBR achieved stable 
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ammonia removal efficiency at 30 g/L of salinity.
The salinity was shown to have a greater impact on the bac-

teria responsible for the nitrite oxidation; complete nitrite oxi-
dation to nitrate was achieved after six months of operation. 
During acclimation of the nitrite oxidizing bacteria, ammonia 
loading was slowly increased. At the end of seven months of 
operation, final ammonia loading was similar to the ammonia 
loading usually applied to a newly commissioned AnoxKaldnes 
MBBR system in a surface water application.

Once the biological process was fully acclimated, the bio-
logically treated mine effluent was subjected to a toxicity test. 
The result has shown the effluent not to be acutely lethal to 
threespine stickleback (0% mortality). The final ammonia and 
nitrite concentrations were below 1 mg N/L.

New leads to explore
In the coming years, reduction of nitrate concentration in the 
mine effluent will also become an important part of pollution 
reduction. Nitrate is indeed known to be an important source 
of eutrophication in natural surface water, thus leading to more 
stringent regulations to limit the impact of industrial activities 
on the environment. During acclimation of the nitrite oxidation 
bacteria, a side test was conducted to determine the efficiency 
of denitrification (biological reduction of nitrate to nitrite and 

of nitrite to nitrogen gas). The side test was run for a limited 
period (two months). Through these two months, nitrate reduc-
tion to nitrite was observed but reduction of the nitrite concen-
tration was only partial. Since an extended acclimation period 
was required for nitrite oxidation in the nitrification reactor, 
Veolia is expecting a similar conclusion for the denitrification 
success in saline water effluent.

Conclusion
The testing completed in Veolia’s laboratory has shown great 
promise for ammonia removal in a saline water mine effluent and 
highlights the possibility to provide a complete nitrogen removal 
biological system (nitrification + denitrification) in saline water 
effluent. Once the start-up of the process was well understood, 
the efficiency of the MBBR system proved to be as efficient 
as surface-water applications. Thus, the AnoxKaldnes MBBR 
technology can provide a robust and low-maintenance solution 
for nitrogen removal in saline water mining application.	 CMJ

Veolia conducted a lab study in 
collaboration with a northern mining site to 
determine if the MBBR technology could be 

applied in a saline water effluent. 

The Coronavirus (COVID-19) pandemic is a great concern for you and your 
families. At this time Glacier Resource Innovation Group wants you to know that the well  
being of our valued customers, business partners and employees is of the deepest concern 
to us. With this in mind we have already and will continue to take measures to protect all 
parties we are in contact with. We value your business and our goal is to ensure that we 
continue to provide you with a high level of service during this uncertain time.

DELIVERING AND MAINTAINING 
CLIENT SERVICE
Despite the current concerns, business 
must continue as usual where possible. 
That means we are committed to giving 
you the high level of service that you 
expect. We have taken steps to ensure 
that the quality of our services carries 
through these trying times.

We will continue unabated in supporting 
and updating our news, education and 
intelligence platforms. We are committed 

to ensuring that all of our products 
and services will perform to the high 
standards you have come to expect and 
our events will also carry on as virtual 
conferences.
 
OUR APPROACH WILL EVOLVE 
WITH THE SITUATION
We are continuously monitoring events 
closely and are following guidance 
from local, provincial and federal 
health authorities to ensure that our 
practices are aligned with the latest 

For further details, please visit: https://glacierrig.com/contact/

recommendations. We will also keep our 
lines of communication open to inform 
you of the latest developments.

YOU CAN SPEAK TO US 
We are committed to being here for you: 
our contact centres can still help you 
with registration, questions or concerns. 
You may experience slower than usual 
response times due to a high volume of 
calls but please be patient and know that 
we are committed to providing you with 
the best service we can.

https://glacierrig.com/contact/
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