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Water sampling and analysis
E�  uent water quality was monitored by 
weekly sampling and analysis of the physico-
chemical parameters, including pH, redox po-
tential (ORP), alkalinity, acidity, sulfate () and 
total metals. � e pH and ORP were measured 
with an Orion Triode sensor coupled with a 
Benchtop pH/ISE Meter Orion model 920 
(relative precision +/- 0.01 pH) and with a Pt/
Ag/AgCl sensor linked to a Benchtop pH/ISE 
Meter Orion 920 (relative precision +/- 0.1 

Mixture PBR#1 PBR#2 

(% dry weight)

Carbon sources and porous material

 Wood chips / sawdust 48 0

 Sphagnum peat moss 0 50

Nitrogen sources

 Leaf compost 10 20

Neutralizing agent

 Ash 30 20

Structural agent

 Sand 10 10

Inoculum 

 Sludge from the Rouyn-Noranda WWTP* 2 0

Total 100 100

Table 2 Components and proportions of reactive mixture composition

*WWTP: Wastewater treatment plant

Figure 1 Laboratory schematic representation of PBR column treatment scenarios

mV), respectively. � e alkalinity and acidity 
were obtained by titration on non-� ltered 
samples with a Metrohm Binkmann, 716 
DMS Titrino titrator (APHA, 2012) (relative 
precision of 1 mg CaCO3/L). Filtered samples 
(with a 0.45 μm � lter) used to quantify metal 
content were acidi� ed with 2% (v/v) of nitric 
acid (70%) before analysis. � e techniques 
used to analyze metal concentrations were 
Inductively Coupled Plasma-Atomic Emis-
sion Spectroscopy (ICP-AES; Perkin Elmer 
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3000 DV) and Inductively Coupled Plasma-
Atomic Mass Spectrometry (ICP-MS; Agilent 
7700X ICP-MS) for the non-saline and saline 
MD, respectively.

Results and discussion
� e results will be discussed according to 
evolution of the treated water chemistry: 1) 
� rst period: 0-95 days, and 2) second period: 
96-240 days, while highlighting the e� ect of 
temperature and salinity, as well as in combi-
nation for the treatment of each level of MD 
quality. 

In� uence of temperature on MD treat-
ment
During the � rst period (0-95 days-22°C), pH 
increased from 5.5–6.2 to 6.4–8.2 in all CND 
columns which was essentially maintained 
when the temperature was decreased (to 5°C) 
during the second treatment period (96-240 
days). For the AMD columns, pH increased 
from 2.8-3.5 to 7.3-8.4 at room temperature 
and then slightly decreased at 5°C (6.8-7.9). 
Oxidizing conditions (ORP between 200 and 
414 mV) were found in the CND columns 
with low HRTs (0.5 and 1 day) at both tem-

Figure 2 Evolution of pH, ORP, alkalinity and SO42- removal during CND/AMD treatment in column reac-
tors
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peratures. Nevertheless, for the AMD col-
umns with 2.5 and 5 days of HRTs, anoxic 
conditions were noted (ORP from 200 to -400 
mV) for 0–95 days, at room temperature, in 
contrast to the low temperature where slight-
ly oxidizing conditions were maintained (>80 
mV) (� g. 2). � e lower HRTs used for CND 
treatment relative to AMD could explain 
these results.

Alkalinity increased from 0-20 to over 200 
and 700 mg CaCO3 /L, for CND and AMD 
columns, respectively, at room temperature. 
However, alkalinity deceased signi� cantly 
at low temperature to reach 100 mg CaCO3 
/L (� g. 2). � ese � ndings are consistent with 
the evolution of acidity removal (results 
not shown). For SO42- removal, the results 
showed a release during the � rst three days, 
for both CND and AMD columns. A low re-
moval e�  ciency (<27%) was noted for CND 
columns, regardless of the temperature and 
the HRT, as an indication of limited micro-
bial reduction. However, for AMD reactors, 
better removal e�  ciencies were observed 
at room temperature, especially for AMD-
5 (25-100%), contrary to low temperature, 
where e�  ciency decreased to <10%. One 
explication could be related to the low mi-
crobial activity at low temperature. For metal 
removal (Cu, Ni and Fe), results showed that, 
unlike copper which was e�  ciently removed 
(80%-99%) during the � rst and second pe-
riods, Fe and Ni removal was a function of 
HRT and temperature. Higher metal removal 
was found with 1-day HRT for the CND col-
umns. More than 99% of Ni was removed in 
CND-1, at room temperature, relative to 70%, 
at 5°C. However, Fe removal was maintained 
at >95% for CND-1, regardless of the temper-
ature. In the AMD columns, metal removal 
was better at room temperature (>97%) and 
no HRT dependent. E�  ciency dropped to 
80% for Fe but remained high for Ni at 5°C 
for AMD-5. Higher HRTs (1 day for CND 
and 5 days for AMD) showed better results 
for all parameters.

In� uence of salinity on MD treatment
� e e� ect of increased salinity will be di-
cussed only for the � rst period (0-95 days-
22°C), period during which the pH and ORP 
showed similar evolution to non-saline CND 
and AMD columns. However, produced alka-

linity was three times less. For SO4
2- removal, 

only from saline AMD, e�  ciency signi� cant-
ly increased at room temperature (from 25% 
to 100% for AMD-5). � is can be explained 
by sulfate microbial reduction, in addition to 
precipitation, especially of gypsum (CaSO4), 
the formation of which is favored at sulfate 
and calcium concentrations greater than 1500 
mg/L and 500 mg/L, respectively (Fernando 
et al., 2018). Metal removal from SCND-
1 also showed less e�  ciency compared to 
CND-1 (65 and 70 % for Ni and Fe, respec-
tively) at room temperature. � e competition 
of major ions (especially Ca2+) with metals on 
the sorption sites could be responsible for it 
(Warrender and Pearce, 2007). For the AMD 
columns, salinity has practically no e� ect on 
metal removal e�  ciencies which were even 
higher than 95% for AMD-5.

Combined e� ect of low temperature and 
high salinity on MD treatment 
� e evolution of the physicochemical param-
eters (pH, ORP, acidity and alkalinity) in the 
CND and AMD columns at low temperature 
and high salinity (96-240 days) were similar 
to non-saline MD over the same period. For 
SO4

2- removal, no signi� cant variation was 
noted for CND, but for AMD, SO4

2- removal 
decreased signi� cantly for SAMD-5 (<40%) 
and was absent for AMD-5. � ese results in-
dicate that mineral precipitation takes over in 
the absence of any microbial activity. At low 
temperature, Ni, Fe and Cu removal did not 
change for SCND-1, whereas for SAMD-5 
metal removal decreased to 74% and 80% for 
Ni and Fe, respectively.

Conclusion
� e objective of the study was to evaluate the 
in� uence of temperature (22°C and 5°C) and 
salinity (0 g/L and 20 g/L as CaCl2) on the 
performance of PBR in the treatment of mine 
drainage (AMD and CND). Eight PBR col-
umns were tested either at 2.5 and 5 days of 
HRT (for AMD) or 0.5 and 1 day of HRT (for 
CND), for a 8-month period. Results showed 
that, at room temperature, acidity neutraliza-
tion and metal removal e�  ciency were main-
tained for saline/non-saline CND and AMD 
for more than 90 days, at HRTs of 0.5 and 2.5 
days, respectively. However, better e�  cien-
cy was found at a HRT of 1 day and 5 days 

4_Saline and Neutral Mine water BOOK.indb   249 9/3/18   11:16 AM



11th ICARD | IMWA | MWD Conference – “Risk to Opportunity”

250 Wolkersdorfer, Ch.; Sartz, L.; Weber, A.; Burgess, J.; Tremblay, G. (Editors)

for Ni, Cu, Fe and SO4
2- removal from CND 

and AMD, respectively. At low temperature, 
metal removal e�  ciency decreased, especial-
ly for Ni, from 99% to 36% and 66% for the 
CND and the AMD, respectively. Regardless 
of the MD quality (CND vs AMD, saline vs 
non saline), biological sulfate reduction was 
severely hampered at low temperature. � e 
simultaneous e� ect of low temperature and 
high salinity decreased the overall e�  ciency 
of the treatment system, especially when used 
to treat AMD. Moreover, metal and sulfate 
removal mechanisms depend on MD qual-
ity. Sorption could be the main mechanism 
for CND treatment, while precipitation as 
oxy-hydroxides, carbonates or sul� des and 
co-precipitation with iron oxy-hydroxides 
could be the main ones for AMD treatment 
with PBR. Nonetheless, a physicochemical 
(e.g. leaching) and mineralogical (e.g. scan-
ning electron microscope and X-ray di� rac-
tion) characterization of the post treatment 
solids would allow a better understanding of 
the treatment mechanisms. 

Acknowledgements
� is research was supported by the Natural 
Sciences and Engineering Research Council 
of Canada (NSERC), the Canada Research 
Chairs Program, the Fonds de Recherche du 
Québec - Nature et Technologies (FRQNT, 
Québec’s Research Funds – Nature and Tech-
nologies), and the partners of the Research 
Institute on Mines and Environment (RIME-
UQAT- Polytechnique): Agnico Eagle, Cana-
dian Malartic Mine, Iamgold Corporation, 
Raglan Mine Glencore and Rio Tinto.

Refere nces 
APHA (American Public Health Association) 

(2012) Alkalinity titration, standard methods 
for the examination of water and wastewater, 
22nd ed. Greenberg A (Eds), Washington DC, 
USA

Ben Ali HE, Neculita CM, Maqsoud A, Molson 
JW, Zagury GJ (2018) E�  ciency of batch bio-
chemical reactors for mine drainage treatment 
at low temperature and high salinity. Appl Geo-
chem (submitted).

Benner SG, Blowes DW, Ptacek CJ, Mayer KU 
(2002) Rates of sulfate reduction and metal sul-
� de precipitation in a permeable reactive bar-
rier. Appl Geochem 17(3): 301-320.

Biermann V., Lillicrap AM, Magana C, Price B, 
Bell RW, Oldham CE (2014) Applicability of 
passive compost bioreactors for treatment of 
extremely acidic and saline waters in semi-arid 
climates. Water Res 55: 83-94.

Degens BP (2012) Performance of pilot-scale sul-
fate-reducing bioreactors treating acidic saline 
water under semi-arid conditions. Water Air 
Soil Pollut 223(2): 801-818.

Feng Q, Li T, Qian B, Zhou L, Gao B, Yuan T 
(2014) Chemical characteristics and utilization 
of coal mine drainage in China. Mine Water En-
viron 33(3): 276-286.

Fernando WAM, Ilankoon IMSK, Syed TH, Yell-
ishetty M (2018) Challenges and opportunities 
in the removal of sulphate ions in contaminated 
mine water: A review. Miner Eng 117: 74-90.

Gould WD, Cameron R, Morin L, Bédard P, Lortie 
L (2012) E� ect of lactate/acetate and glucose 
amendments on low temperature performance 
of anaerobic bioreactors treating simulated mine 
drainage. Proceedings of the 9th International 
Conference on Acid Rock Drainage (ICARD), 
Ottawa, Canada.

Kaushal SS, Gro� man PM, Likens GE, Belt KT, 
Stack WP, Kelly VR, Band LE, Fisher GT (2005) 
Increased salinization of fresh water in the 
northeastern United States. Proc Natl Acad Sci 
USA 102: 13517-13520.

Neculita CM, Yim GJ, Lee G, Ji SW, Jung JW, Park 
HS, Song H (2011) Comparative e� ectiveness of 
mixed organic substrates to mushroom compost 
for treatment of mine drainage in passive biore-
actors. Chemosphere 83(1): 76-82.

Nielsen G, Janin A, Coudert L, Blais JF, Mercier G 
(2017) Performance of sulfate-reducing passive 
bioreactors for the removal of Cd and Zn from 
mine drainage in a cold climate. Mine Water En-
viron 37(1): 42-55.

Nordstrom DK, Blowes DW, Ptacek CJ (2015) 
Hydrogeochemistry and microbiology of mine 
drainage: An update. Appl Geochem 57: 3-16.

Oren A (2011) � ermodynamic limits to micro-
bial life at high salt concentrations. Environ Mi-
crobiol 13(8): 1908-1923.

Song H, Yim GJ, Ji SW, Nam IH, Neculita CM, Lee 
G (2012) Performance of mixed organic sub-
strates during treatment of acidic and moderate 
mine drainage in column bioreactors. J Environ 
Eng 138(10): 1077-1084.

USEPA (United States Environmental Protection 
Agency) (2014) Reference guide to treatment 

4_Saline and Neutral Mine water BOOK.indb   250 9/3/18   11:17 AM



11th ICARD | IMWA | MWD Conference – “Risk to Opportunity”

251Wolkersdorfer, Ch.; Sartz, L.; Weber, A.; Burgess, J.; Tremblay, G. (Editors)

technologies for mining-in� uenced water. EPA 
542-R-14-001, 94p.

Vallero MV, Lettinga G, Lens PN (2005) High 
rate sulfate reduction in a submerged anaerobic 
membrane bioreactor (SAMBaR) at high salin-
ity. J Membr Sci 253(1-2): 217-232.

Van Dam RA, Harford AJ, Lunn SA, Gagnon MM 
(2014) Identifying the cause of toxicity of a sa-
line mine water. Plos ONE 9(9): e106857.

Vasquez Y, Escobar MC, Neculita CM, Arbeli Z, 
Roldan F (2016) Selection of reactive mixture 
for biochemical passive treatment of acid mine 
drainage. Environ Earth Sci 75(7): 576.

Warrender R, Pearce NJ (2007) Remediation of 
circum-neutral, low-iron waters by permeable 
reactive media. Proceedings of the International 
Mine Water Association (IMWA) Symposium, 
Cagliari, Italy.

4_Saline and Neutral Mine water BOOK.indb   251 9/3/18   11:17 AM




