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BACKGROUND 
The problem of surface water pollution from run-off at mines and spoil heaps has 
been well documented.  Metal-contaminated waters arise from inundation of mine 
workings, ore processing and percolation of oxygenated rainwater through spoil 
heaps. 

 Extensive research has been conducted over the last 20 years into the most 
sustainable and cost-effective means of treating these wastewaters such that their 
discharge poses no detrimental impact upon the receiving environment.  Both active 
and passive treatment methods have been developed, with the primary focus based 
on the removal of soluble iron, whereby treated waters can be discharged without 
impacting upon the pH of the water body or depositing insoluble iron oxyhydroxides 
as unsightly red deposits which have a smothering effect on the natural flora and 
fauna. 

A number of approaches have been adopted for the treatment of these ferruginous 
waters.  Passive treatment technologies have favoured the use of anoxic or oxic 
drains and wetlands.  Active techniques have involved raising the pH of the target 
minewater, combined with an oxidation step to precipitate the soluble iron species.  
Although both techniques have shown successes, they also have disadvantages.  
The land requirement for most passive technologies can be prohibitively large.  In 
addition, wetlands and reed beds have finite life spans of around 10 - 15 years, at 
which point the build-up of toxic sludge can prevent biological growth requiring bed 
replacement and disposal of sludge.  Active treatment technologies involve the use of 
chemicals that are costly and hazardous.  These processes also produce large 
volumes of caustic, hazardous sludge, which require off-site disposal. 

Due to the inflexible characteristics of some of these technologies, and the 
unpredictable nature of groundwaters, legislative problems can develop. This will 
usually result in site discharge consents being breached at regular intervals, thereby 
preventing long term environmental sustainability. 

Application of Virotec’s ViroMine™ Technology can reduce or even remove many of 
the problems associated with these conventional approaches. 
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 TECHNOLOGY 

ViroMineTM Technology is a total treatment solution incorporating a range of 
toxicologically safe formulations, which when added to minewaters immobilise heavy 
metals. 
The physical properties of ViroMineTM reagents are unique in that they have a high 
charge-to-mass ratio and a high surface area-to-mass ratio.  They are composed of 
up to 80% of solid grains 10µm or less in dry powder or slurry, are highly insoluble 
and non-dispersive in water, displaying rapid settling characteristics and producing a 
stable sediment when applied directly to water. 
 

The process of immobilisation permanently binds the metals in a non bio-available, 
chemically inert form, limiting the potential for the translocation of bound metals into 
the surrounding environment or their absorption by plants or animals. Binding of 
ferrous ions is rapid, followed by the co-absorption of other soluble heavy metals.  
The mechanism of iron absorption is accretion, where loadings of up to 150g Fe per 
kg media can be achieved.  The simultaneous absorption of other heavy metals of up 
to 70g per kg media has also been demonstrated. 

ViroMineTM reagents have excellent acid neutralisation properties (neutralisation 
capacity of up to 14 moles/kg) allowing maintenance of near neutral pH in the 
application area.  
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VIROMINE
TM

 TECHNOLOGY: OPERATION AND APPLICATION  

ViroMine™ Technology can be applied as a direct addition, active approach where 
media in a free-flowing powder form is added to contaminated minewater and 
thoroughly mixed.  It can also be applied as a passive permeable barrier using a 
pelletized ViroMine™ media.  As a general rule, treatment of waters with higher 
metals levels and/or low pH conditions would employ the active approach whereas, 
the passive approach would be used for the treatment of less contaminated waters.   

ViroMine™ Technology can offer many advantages over conventional alternatives. 
These include: 

·  Optimal treatment performance.  ViroMine™ Technology solutions can 
outperform conventional techniques, as the media and treatment plant are 
designed to cope with variations in wastewater quality whilst still maintaining 
environmental performance.  Even when major changes to the minewater 
parameters are encountered, changes to media dose rate or minewater 
residence time are easily implemented ensuring continued legislative 
compliance. 

·  Flexibility of technology.  Alternative formulations of ViroMine™ media, each 
with unique physical characteristics to suit specific environmental situations, 
can be applied. For example, a more alkaline media type would be used to 
treat heavily contaminated acidic minewaters.  Cost savings can be realised 
as ViroMine™ media continues to absorb metals after the initial reaction 
period, so media rich sludge can be returned to the process after settlement, 
thus allowing further metal absorption to the active sites of the recycled media 
and hence allowing reduction in media feed rate whilst still maintaining plant 
performance.  In addition, sludge from the treatment process can be added to 
the mine spoil, thereby treating the contamination at source.  As a result, no 
sludge will leave site and contamination levels within the spoil will be gradually 
reduced, giving an end point to the remediation project. 

·  Ease of deployment.  ViroMineTM reagent is safe to use, in contrast to 
significant health and safety concerns when using, lime or sodium hydroxide 
based treatments. Application of the inert ViroMineTM reagent is operationally 
simple, being most effective when it is intimately mixed with the material to be 
treated as a dry powder. Spray irrigation with reagent slurries has also proved 
successful. Pelletized media has been added to a variety of scenarios, 
including trenches, tanks and redundant lagoons. 
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Figure 1 – Application of ViroMineTM media to contaminated spoil 

 

·  Ecologically safe reagent promotes the recovery of flora and fauna.  
Toxicological studies and field experience have shown that ViroMine™ 
Technology reagents have no adverse ecological impacts.  Sludge from active 
dosing plants will continue to strengthen the mineralisation of bound metals, 
so that unlike traditional caustic sludges, metals are permanently fixed and are 
therefore, not released into the environment.  Passive barriers, using 
pelletized media, create no sludge as metals are absorbed within the media 
structure.  In the treatment of municipal wastewater effluent, ferrous-saturated 
media pellets from minewater treatment projects have been shown to have 
similar phosphate binding capacity as unused media, even at lower pH values. 
This phosphate rich media can then be used as a soil conditioner. 

           

Figure 2 – Spray application of ViroMineTM media slurry to tailings dam 
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METAL BINDING EFFICIENCY 
Table 1 shows the results of analysis from the treatment of contaminated water from 
a redundant coal mine in Northumberland, UK: 

Table 1 – Northumberland minewater treatment analysis 
 

Media 
Dose 

(kg/m3) 

Reaction period (minutes) 

Input 60 90 120 150 

pH 
Fe 

(ppm) pH 
Fe 

(ppm) pH 
Fe 

(ppm) pH Fe (ppm) pH 
Fe 

(ppm) 

1.00 6.08 406 6.75 220 6.93 92.4 8.05 3.84 8.3 0.09 

1.25 6.04 410 6.83 161 7.00 61.5 8.21 0.7 8.42 0.04 

1.50 6.04 428 6.97 102 7.43 8.4 8.41 0.07 NT NT 

2.00 6.00 422 8.14 3.26 8.37 0 NT NT NT NT 
NT = Not Taken 

Results demonstrate the effective treatment capability of ViroMineTM Technology, 
together with the flexibility of treatment, whereby dose rate and reaction period can 
be altered to suit the application whilst maintaining plant performance in near neutral 
pH conditions. 
 
Table 2 shows the results of analysis from the treatment of contaminated water from 
a pre operative mineral mine in Seville, Spain.  Two media types were employed at a 
dose rate of 2.5kg/m3 and a reaction period of 60 minutes. 
 

Table 2 – Seville minewater treatment analysis 
 

Sample pH 

Soluble metals (ppm) 

Cd Co Cu Fe Pb Mn Ni Zn 

Input 3.14 0.084 0.760 13.000 12.580 0.130 8.320 0.230 18.000 

Treated 1 9.58 <0.002 0.014 0.100 0.134 <0.004 0.053 <0.010 0.120 

Treated 2 9.30 <0.002 <0.002 0.007 0.060 <0.004 0.012 <0.010 0.007 

Results demonstrate the ability of ViroMineTM Technology to effectively reduce levels 
of heavy metals and acidity within the minewater stream. 

CONCLUSIONS   
ViroMineTM Technology permanently fixes soluble metals and reduces acidity, 
eliminating the risk of impacting the surrounding environment. ViroMineTM reagents 
are safe to handle, ecologically benign and offer many other advantages over the 
conventional treatment technologies. In conclusion ViroMineTM Technology offers an 
alternative total solution approach to minewater and mine spoil remediation that is 
efficient, cost effective, environmentally sustainable, safe and convenient to use. 


