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1. INTRODUCTION AND BACKGROUND 
 
Virotec Global Solutions Pty Ltd (“Virotec”) was engaged by EnviRemed LLC 
(“EnviRemed”) to research a viable treatment method to reduce 
phosphate runoff and leachate from agricultural applications flowing into 
Lake Okeechobee, in South Florida, USA. It is well documented that Lake 
Okeechobee has had for several decades, and continues to have, 
significant water quality problems. The high levels of phosphorus (up to 120 
ppb) found at Lake Okeechobee cause downstream eutrophication. 
Eutrophication is an increase in the levels of chemical nutrients in a given 
ecosystem, promoting excessive plant growth and oxygen deprivation in 
water. Certain species of plants will grow abundantly to the detriment to 
others, resulting in the removal of oxygen and the production of excessive 
ammonia in the water body. Both wastes will not only disenable a balanced 
aquatic life but also create drinking water problems (including taste and 
odour).  
 
Increased urbanization and the use of agricultural fertilizers have resulted in 
a dramatic surge in the volume of municipal wastewater and biosolids, 
agricultural runoff and leachate, and other contaminated wastewater 
produced around the world. They have also created significant challenges. 
Both sludge disposal and odour pollution are worldwide problems. The 
capacities of sewage treatment plants (STPs) and wastewater treatment 
plants (WwTPs) are constantly being stretched, and regulators strive to find 
ways to protect the environment and minimise health risks with more 
stringent treatment and discharge requirements.  
 
Of primary concern in agricultural and municipal wastewater treatment are 
the following: total phosphorus (TP); phosphate (PO4); total nitrogen (TP); 
nitrates (NO3-) and nitrites (NO2-); potassium (K); odour generated from all 
points in the STP, WwTP or agricultural lagoon, usually due to hydrogen 
sulphide (H2S) and esters of nitrous acid; biochemical oxygen demand 
(BOD), chemical oxygen demand (COD), heavy metals, pathogens, such as 
E.coli, and total suspended solids (TSS). Agricultural wastewater, leachate 
and runoff, municipal biosolids and other industrial solids (e.g., the 
dewatered underflow of STPs and WwTPs) contain concentrated forms of 
some or all the above contaminants.  
 
The widespread dispersal of phosphorus from agricultural effluent, industrial 
wastewater, detergents, and runoff from urban and agricultural land has 
played a major part in the eutrophication of many freshwater and marine 
ecosystems throughout the world (e.g., European Environment Agency, 
2000). The relationship between phosphorus and eutrophication has been 
known for many years (e.g., Bowles & Quennell, 1971; Bressan, 1986; 
Cartwright, et al., 1993), and the role of sewage effluent, above other point 
and diffuse sources of phosphorus in water pollution, has been well 
documented (Jarvie, et al., 2006).  
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In order to help tackle eutrophication in inland and coastal waters, more 
stringent measures are being applied to, for example, agricultural pollution 
(Environmental Data Services, 2004; 2006) and detergents use (Commission 
of the European Communities, 2007), and stricter discharge limits are being 
imposed by environmental regulators on phosphate (PO4) concentrations in 
effluent from sewage treatment plants (STP), Concentrated Animal Feedlot 
Operations (CAFOs). Allowable phosphate concentration limits have 
dropped from typically between 5.0 mg/L (ppm) and 10 mg/L to ≤2.0 mg/L, 
as 2.0 mg/L is the maximum allowable concentration of PO4 in water to 
disallow eutrophication processes. The required phosphorus levels entering 
in Lake Okeechobee should be ≤10 µg/L (ppb). 
 
The need for stricter limits is supported by studies on lowland river 
catchments, which have concluded that PO4 in sewage effluent presents a 
greater eutrophication risk to the environment than agricultural runoff (e.g., 
Jarvie, et al., 2006). Research has found there is a strong correlation 
between soluble PO4 emissions and algal growth, with sewage effluent and 
agricultural runoff as being the main sources.  
 
However, Boni, et al. (1991) has shown that municipal wastewater has a 
high eutrophication effect, even after biological treatment, and that a 
deterioration of an STP’s PO4 removal efficiency occurs after heavy rainfall. 
Similarly, inadequate control of aeration within the STP (that might occur 
over weekends when operators are not present or during rain events, for 
example) also has an adverse effect on PO4 removal efficiencies 
(Brdjanovic, et al., 1998).  
 
Virotec has developed a patented system for the treatment of acidity and 
heavy-metal and phosphorus-contaminated in water, soil and sludge. 
Virotec’s technology solutions incorporate the use of ViroPhos™ reagent, a 
patented environmentally safe reagent, which binds phosphate and other 
nutrients in bioavailable forms.  
 
ViroSewage™ Technology (used in municipal wastewater and biosolids 
treatment) and ViroFlow™ Technology (used in industrial and agricultural 
wastewater, solids, run-off and leachate treatment) have been the subject 
of significant documentation and analysis (e.g., Virotec Global Solutions, 
2006a, 2006b, 2006c) and regulators and companies around the world have 
investigated the Technologies thoroughly (e.g., Water Research Council, 
2005). For example, Fergusson (2003a, 2003b) and Fergusson, Gnanam, Blair, 
Clark and McConchie (2004) presented early findings on municipal 
wastewater treatment, Gnanam, Fergusson, Blair, Prowse and McConchie 
(2003) introduced sustainable environmental solutions in wastewater 
treatment and sludge management to the Australian EPA and municipal 
operators of trickling filter and activated sludge (AS) STPs, and Gnanam, 
Fergusson and Blair (2003) considered the question of water from 
wastewater recovery.  
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Gnanam, McConchie, Blair and Fergusson (2004) also considered the 
application of ViroSewage Technology for nitrogen and phosphorus 
removal in STPs. Gnanam, Blair, McConchie and Fergusson, (2004) and 
Gnanam, Fergusson, Blair and McConchie (2004b) introduced the possibility 
that ViroSewage Technology might be an alternative to biological nutrient 
removal (BNR) systems, and Gnanam, et al. (2004a, 2004b) and Fergusson 
(2004) investigated ViroSewage Technology specifically for the removal of 
nitrogen and phosphorus in sewage treatment.  
 
Fergusson, McConchie and Clark (2003) considered waste disposal and its 
relationship to resource recovery in municipal wastewater treatment, 
Fergusson, Gnanam, Blair, Clark and McConchie (2004) introduced the idea 
of sustainable environmental applications in municipal wastewater 
treatment, and Tillotson (2006a) summarised a range of contamination 
issues amenable to ViroSewage intervention. Hogan, et al. (2005) and 
Tillotson (2006b) have presented the advantages of filtration methods over 
direct addition chemical dosing. Akhurst, et al. (2006) has considered the 
mechanisms through which Virotec’s reagent bind phosphorus and treat 
aqueous solutions. 
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3. SAMPLE DETAILS  
 
Forty (40) litres of water as two samples was sent to Virotec’s laboratory in 
Australia for characterisation and treatment. The samples were received by 
the laboratory in late April 2010. These two samples were labelled “Inlet SWA 
1E & 1W” and “Harney Farms.” However, it took four weeks for the samples 
to clear Australian quarantine after autoclaving, due to the sample labelled 
“Harney Farms” because the sample was obviously derived from a farm. 
Virotec apologises for any inconvenience this delay may have caused. 
 
The focus of the project was to significantly reduce soluble total phosphorus 
(TP) from both samples. The two Lake Okeechobee water samples provided 
by EnviRemed were characterised by a near-neutral pH and low to medium 
levels of total phosphorus (TP).  Table 1 below shows the raw sample 
analysis. 

 
Table 1: Raw Sample Analysis Performed on Samples in USA and Australia 

 
 

Parameter 
 

USA Analysis 
 

 
Australia Analysis 

 
 

 
pH 

 
TP  

(mg/L) 
 

 
pH 

 
TP  

(mg/L) 
 

 
Inlet SWA 
1E & 1W 
 

 
7.8 

 

 
0.15 

(150 µg/L or ppb) 
 

 
8.8 

 
0.14 

(140 µg/L or ppb) 
 

 
Harney 
Farms 
 

 
6.9 

 

 
0.43 

(430 µg/L or ppb) 
 

 
8.2 

 
0.42 

(420 µg/L or ppb) 
 

 
Virotec also concluded that the presence of other nutrients (such as total 
nitrogen (TN), ammonia (NH3), ortho-phosphate (M3PO4), total potassium 
(K)), also contributors to eutrophication, could be present in the samples 
and decided to test for these along with TP. These parameters, as 
measured in Australia in the untreated raw samples, are shown in Table 2. 
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Table 2: Raw Sample Analysis for Other Select Nutrients 
 
 

Parameter 
 

Total 
Nitrogen 
(mg/L) 

 

 
Ammonia 

(mg/L) 
 

 
Ortho-

phosphate 
(mg/L) 

 

 
Total 

Potassium 
(mg/L) 

 
 

 
Inlet SWA 1E 
& 1W 
 

 
6.4 

 

 
0.50 

 

 
0.14 

 

 
16.3 

 

 
Harney 
Farms 
 

 
3.8 

 

 
0.18 

 

 
0.31 

 

 
15.5 

 

 
The treatment targets, as provided by EnviRemed, for the samples are 
shown below in Table 3. 

 
Table 3: Treatment Targets for pH and Total Phosphorus 
 

 
Parameter 

 
Treatment Target 

 
 
 

 
pH 

 
TP  

(mg/L) 
 

 
Inlet SWA 
1E & 1W 
 

 
7.0-9.0 

 

 
0.01 

(10 µg/L or ppb) 
 

 
Harney 
Farms 
 

 
7.0-9.0 

 

 
0.01 

(10 µg/L or ppb) 
 

 
The focus of this laboratory test work was to treat the sample with ViroFlow 
Technology utilising both direct addition and filtration methods with 
ViroPhos reagent. Treatment success would be determined by a reduction 
in phosphorus concentrations to those shown in Table 3. Further 
consideration to the direct addition and filtration methods that can be 
employed “in the field” on a larger scale are discussed in more detail in 
Section 6. 
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3. TREATMENT METHODOLOGY 
 
All treatments were conducted in Virotec’s laboratory in Australia. One litre 
sub-samples were taken of each sample for test work and analysis. Each 
sample was treated with both a direct addition of ViroPhos reagent and with 
a filter system containing ViroPhos reagent. Direct additions of powdered 
ViroPhos reagent were applied at a dose rate of 0.7 g/L. This dosing rate was 
pre-determined by Virotec based on previous direct addition projects when 
treating TP. After direct addition of the ViroPhos reagent, sub-samples were 
mixed for one hour and allowed to settle for 24 hours prior to analysis for pH, 
TP, TN, ammonia, ortho-phosphate, and TK.  
 
Filter systems were composed of 200 g of 70% washed river sand (to add 
porosity) and 30% ViroPhos reagent in powdered form. Sub-sampled liquid 
was passed through the filter using gravity. Hydraulic retention time (“HRT”) in 
each filter was approximately two (2) hours. This HRT was pre-determined by 
Virotec based on previous filtration projects when treating TP. After filtration, 
filtrate was analysed for pH, TP, TN, ammonia, ortho-phosphate, and TK. 
Figure 1 shows the configuration of the filter systems, with filtrate collected at 
the bottom. 
 
All treated subsamples were analysed by Australian Laboratory Services 
(“ALS”), a NATA-certified, independent laboratory. ALS used the following 
methods of analysis: 
 
1. Continuous Flow Analyser (“CFA”); 
2. Total phosphorus and total nitrogen were analysed by digestion followed 

by CFA analysis; and 
3. All analytical methods were taken from the American Public Health 

Association (APHA) standard methods for water analysis. 
 
Figure 1 shows the configuration of the ViroPhos filter system 
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4. RESULTS 
 
Figure 2 shows the Inlet SWA 1E & 1W (top left) and Harney Farms (top right) 
samples before treatment and different examples of the samples after 
treatment (bottom row). It should be noted that the samples were yellowish 
in colour upon receipt, although not turbid; after treatment the sub-samples 
were clear. 
 
Figure 2: Inlet SWA 1E & 1W and Harney Farms Samples Before and After 
Treatment 

 
Table 4 shows the pH and TP treatment results for Inlet SWA 1E & 1W and 
Harney Farms samples using direct addition and filtration.  
 
The direct addition treatment results for Inlet SWA 1E & 1W indicate that the 
treatment met the treatment target for pH but not the treatment target for 
TP. Total phosphorus was reduced from 0.14 mg/L down to 0.04 mg/L, a 72% 
reduction. This finding suggests that not enough ViroPhos reagent was 
added to the sample. It is projected that an addition rate of 1.0-2.0 g/L is 
required to reduce the TP by another 0.03 mg/L or 30 µg/L to reach the 
target of 10 µg/L.  
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The direct addition treatment results for Harney Farms indicate that the 
treatment did not meet the treatment target for pH of 7.0-9.0 and did not 
meet the treatment target for TP. Total phosphorus was reduced from 0.42 
mg/L down to 0.04 mg/L, a 91% reduction. This finding suggests that not 
enough ViroPhos reagent was added to the sample. It is projected that an 
addition rate of 1.0-2.0 g/L is required to reduce the TP by another 0.03 mg/L 
or 30 µg/L to reach the target of 10 µg/L. 

 
Table 4: Treatment Outcomes for pH and Total Phosphorus 
 

 
Parameter 

 
Treatment Outcome 
For Direct Addition 

 

 
Treatment Outcome 

For Filtration 
 

 
 

 
pH 

 
TP  

(mg/L) 
 

 
pH 

 
TP  

(mg/L) 
 

 
Inlet SWA 
1E & 1W 
 

 
7.3 

 

 
0.04 

(40 µg/L) 
 

 
10.7 

 

 
0.06 

(60 µg/L) 
 

 
Harney 
Farms 
 

 
6.01 

 

 
0.04 

(40 µg/L) 
 

 
7.0 

 

 
0.02 

(20 µg/L) 
 

 
The filter treatment results for Inlet SWA 1E & 1W indicate that the treatment 
did not meet the treatment target for pH of 7.0-9.0 and not the treatment 
target for TP. It should be noted that soluble P is not readily removed at high 
pH levels, and that the filter system needs to be modified in order to reduce 
pH and then TP will also be reduced significantly. TP was reduced from 0.14 
mg/L down to 0.06 mg/L, a 58% reduction. This finding suggests that not 
enough ViroPhos reagent was added to the sample. It is projected that an 
addition rate of 2.0 g/L is required to reduce the TP by another 0.05 mg/L or 
50 µg/L to reach the target of 10 µg/L.  
 
The filter treatment results for Harney Farms indicate that the treatment met 
the treatment target for pH but did not meet the treatment target for TP. TP 
was reduced from 0.42 mg/L down to 0.02 mg/L, a 96% reduction. This 
finding suggests that not enough ViroPhos reagent was added to the 
sample. It is projected that an addition rate of 1.0 g/L is required to reduce 
the TP by another 0.01 mg/L or 10 µg/L to reach the target of 10 µg/L. 
 
Table 5 shows the TN, ammonia, ortho-phosphate and TK treatment results 
for samples from Inlet SWA 1E & 1W using direct addition and filtration.  
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The direct addition treatment results for Inlet SWA 1E & 1W indicate that the 
treatment reduced TN from 6.4 mg/L to 6.2 mg/L (a nominal 4% reduction), 
ortho-phosphate from 0.14 mg/L to 0.02 mg/L (a significant 85% reduction), 
and TK from 16.3 mg/L to 14 mg/L (a modest 15% reduction); ammonia 
remained unchanged. 
 
The filtration treatment results for Inlet SWA 1E & 1W indicate that the 
treatment reduced TN from 6.4 mg/L to 3.1 mg/L (a significant 52% 
reduction), ammonia from 0.50 mg/L to 0.17 mg/L (a significant 76% 
reduction), ortho-phosphate from 0.14 mg/L to 0.02 mg/L (a significant 85% 
reduction), and TK from 16.3 mg/L to 1.8 mg/L (a significant 89% reduction).  

 
Table 5: Treatment Outcomes for Other Nutrients in Inlet SWA 1E & 1W 
 
 

Inlet SWA  
1E & 1W 

 

 
Total 

Nitrogen 
(mg/L) 

 

 
Ammonia 

(mg/L) 
 

 
Ortho-

phosphate 
(mg/L) 

 

 
Total 

Potassium 
(mg/L) 

 
 

 
Direct 
Addition 
 

 
6.2 

 

 
0.49 

 

 
0.02 

 

 
14 

 

 
Filtration 
 

 
3.1 

 

 
0.17 

 

 
0.02 

 

 
1.8 

 
 

It should be noted that of the total phosphorus present in the Inlet SWA 1E & 
1W sample, approximately 90% of the TP is actually ortho-phosphate, and 
that TP removal efficiencies almost exactly tracks ortho-phosphate removal 
efficiencies. Therefore, as ortho-P is reduced so to is TP in this sample. 
 
Table 6 shows the TN, ammonia, ortho-phosphate and TK results for Harney 
Farms using direct addition and filtration.  
 
The direct addition treatment results for Harney Farms indicate that the 
treatment reduced TN from 3.8 mg/L to 3.4 mg/L (a nominal 11% reduction), 
ortho-phosphate from 0.31 mg/L to 0.02 mg/L (a significant 94% reduction), 
and TK from 15.5 mg/L to 13.4 mg/L (a modest 14% reduction); ammonia 
remained unchanged. 
 
The filtration treatment results for Harney Farms indicate that the treatment 
reduced TN from 3.8 mg/L to 3.1 mg/L (a 19% reduction), ammonia from 0.18 
mg/L to 0.09 mg/L (a significant 50% reduction), ortho-phosphate from 0.31 
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mg/L to 0.01 mg/L (a significant 96% reduction), and TK from 15.5 mg/L to 1.7 
mg/L (a significant 98% reduction).  

 
Table 6: Treatment Outcomes for Other Nutrients in Harney Farms  
 
 
Harney Farms 

 

 
Total 

Nitrogen 
(mg/L) 

 

 
Ammonia 

(mg/L) 
 

 
Ortho-

phosphate 
(mg/L) 

 

 
Total 

Potassium 
(mg/L) 

 
 

 
Direct 
Addition 
 

 
3.4 

 

 
0.20 

 

 
0.02 

 

 
13.4 

 

 
Filtration 
 

 
3.1 

 

 
0.09 

 

 
0.01 

 

 
1.7 

 
 

It should be noted that of the total phosphorus present in the Harney Farms 
sample, approximately 75% of the TP is actually ortho-phosphate, and that 
TP removal efficiencies almost exactly track ortho-phosphate removal 
efficiencies. Therefore, as ortho-P is reduced so to is TP in this sample. 
 
These results indicate that ViroFlow Technology is effective in reducing a 
range of nutrients in the Inlet SWA 1E & 1W and Harney Farms samples. While 
reductions of TP have not yet reached the treatment target of 10 µg/L, it has 
been extremely effective in reaching significant levels of reductions in other 
nutrients, including TN, ammonia, ortho-phosphate and TK. It has been noted 
that the dosing rates of 0.7 g/L used in the direct addition trials and the HRT 
of two hours used in the filtration trials need to be increased in order to 
reduce the remaining levels of TP to below 10 µg/L. Based on its previous 
work in this field, Virotec is confident that such reductions can be achieved 
with further optimization of its treatment protocols. 
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5. CONCLUSION 
 

Based on the analytical results presented in this treatment report, we 
conclude that ViroFlow Technology are successful in significantly reducing a 
range of problematic pollutants in waste farm water and agricultural runoff, 
but that further work is required to reduce TP to within target limits. While 
reductions of 58% and 72% for the sample from Inlet SWA 1E & 1W and 91% 
and 96% for the sample from Harney Farms, given the extremely low required 
value of 10 µg/L, further treatments are required involving increasing the 
dose rate of ViroPhos reagent and the HRT of the ViroPhos filtration system in 
order to reduce the levels of TP even further than those observed herein.  
 
As ViroPhos has been found to adsorb up to 20 g of P per kg of ViroPhos, it 
has been shown to be a very reliable, cost-effective and practical reagent 
in the treatment of phosphorus and other nutrient contamination. Moreover, 
because phosphorus and other nutrients, such as nitrogen, are bound to the 
reagent in a bioavailable form, “spent” ViroPhos reagent can be used as a 
slow-release fertilizer, as a fertilizer supplement, or as a soil amendment 
agent. Spent ViroPhos (i.e., ViroPhos after its life as a P scavenger has been 
depleted and the reagent is fully loaded with phosphate, nitrogen, etc.) has 
a number of remarkable properties, including its ability to retain moisture in 
soil, promote revegetation initiatives, neutralize acidity in soil, and bind 
heavy metals in soil. 
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6. COMMERCIAL APPLICATION 
 
Based on the analytical results presented in this treatment report, we 
conclude that both the application of ViroPhos reagent via direct addition 
and the application of ViroPhos reagent in filter system would be suitable in 
the treatment of farm leachate and runoff, agricultural lagoon treatment, 
and other sources of phosphate and nutrient contamination in Lake 
Okeechobee. A variety of engineered solutions have been deployed, and 
these can be tailored to the needs of influent sources around Lake 
Okeechobee. The following is a brief overview of ViroFlow Technology as it 
relates to these two general types of applications. 
 
ViroFlow Technology Using Direct Addition 
 
ViroFlow Technology has been applied around the world in a variety of 
direct addition applications. “Direct addition” applications involve the direct 
mixing of a reagent with a contaminant, such as dosing a slurry into a 
wastewater stream, mixing a powdered reagent into a solid stream, or any 
other method of bringing a reagent into direct contact with a contaminants, 
such as phosphorus. These applications include the direct addition of 
ViroPhos (or its equivalent Virotec reagent) in mining, contaminated soil 
remediation, municipal sewage works, wastewater treatment plants, reverse 
osmosis pre-treatment, lead smelters, iron works, paper mills, dairy farms, 
cotton farms, golf courses, timber preservation plants, and highway 
construction projects. 
 
Direct addition is considered to be an “active” treatment method, because 
it involves applying the reagent directly to the contaminant, rather passing 
the waste stream passively through a filter. 

 
Figure 3: The Direct Addition of a Slurried Reagent in a CAFO Lagoon 
 

 
 
Figure 3 shows the effect of directly adding a slurried reagent into a lagoon 
at a CAFO operation in North Carolina. The photo on the left shows the 
effect of high levels of nutrients in the waste stream, including TP at 78 mg/L. 
The centre photo shows the addition of the Virotec reagent as a slurry and 
the photo at right shows the effect of the direct addition on eutrophication 
seven weeks after application. 
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ViroPhos can be applied directly into a mixing tank as a slurry, which 
contains contaminated wastewater, as shown in Figure 4 (left), or it can be 
mixed into a solid stream as a powder, as shown in Figure 4 (right). 
 
Figure 4: Virotec Reagent Being Added Directly into a Waste Stream as a 
Slurry and Powder 
 

  
 
Of greatest importance to this study is the successful past applications of 
ViroFlow Technology for the reduction of phosphorus and other nutrients in 
agricultural lagoons, CAFO wastewater treatment plants, and other 
agricultural projects. ViroPhos can be applied equally effectively as a power 
or slurry, and has been successfully applied in the treatment of phosphorus in 
municipal sewage treatment plants and in industrial wastewater treatment 
plants.  
 
ViroFlow Technology Using Filtration 
 
ViroFlow Technology has been applied around the world in a variety of filter 
applications. “Filtration” applications involve the passing of a contaminated 
waste stream through a porous filter medium in order to bring the 
contaminant into contact with the medium and thereby remove the 
contaminant from the waste stream. Filtration is considered to be a 
“passive” treatment method, because it does not involve bringing the 
reagent to the contaminant, but rather passing the waste stream passively 
through the filter by either gravity or under pressure and allowing the filter 
medium to react with the contaminant. 
 
As with direct addition, filtration involves bringing the contaminant into direct 
contact with the reagent. The filter system may be engineered in a variety of 
ways, including as an in-ground or above-ground permeable reactive 
barrier (“PRB”), as an open-under baffled tank, as a filter bed in a lagoon, or 
in a pressurized tank. Applications using this method include the filtration of 
ViroPhos (or its equivalent Virotec reagent) in mining, municipal sewage 
works, and highway construction projects. Of greatest importance to this 
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study is the application of ViroFlow Technology in a filter configuration for the 
reduction of phosphorus in agricultural lagoons, groundwater and runoff 
treatment, CAFO wastewater treatment plants, and other agricultural 
applications. 
 
Figure 5 shows the use of a Virotec reagent in a pelletized form in an above-
ground drainage gallery at a mine site. This configuration was designed to 
capture and treat contaminated groundwater runoff. The drainage gallery is 
approximately 100 m (300 ft) long and 2.0 m (6 ft) wide. This solution can also 
be applied as an in-ground PRB to intercept and treat contaminated 
plumes, runoff and groundwater. 
 
Figure 5: Example of an Above-ground Reactive Drainage Gallery Filter 
 

 
 

Figure 6 shows how ViroPhos reagent can be used in a series of closed, 
pressurized tanks (left) and how the tank are filled with reagent prior to 
treatment (right) 
 
Figure 6: Example of a Serialized Filter System 
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One of the most applicable and practical design for the treatment of 
wastewater from CAFOs, runoff from agricultural operations such as small 
farms, and municipal wastewater is the use or conversion of existing, disused 
or new lagoons as filter beds for wastewater treatment. Figure 7 shows a 
small lagoon prior to be used as a treatment solution. The lagoon is 
approximately 20 m long (60 ft) x 10 m wide (30 ft) x 2 m deep (6 ft), with a 
void space of about 400 m3 (4,000 ft3) when empty.  
 
Figure 7: Example of a Lagoon Prior to Use as a Filter Bed 
 

 
 
Once emptied such a lagoon can be filled with porous ViroPhos media and 
used to treat contaminated agricultural effluent, farm run-off, municipal 
waste water, etc. Figure 8 shows the lagoon after fitting as a treatment bed 
(left) and the inlet to the filter bed (right). 
 
Figure 8: Example of a Lagoon After Fit-out as a Filter Bed 
 

  
 
ViroFlow Technology can also be applied as a permeable reactive barrier at 
a large-scale. As shown in Figure 9, The Technology has been applied to 
treat contaminated ground water. The photos show the reagent being 
applied (top left and lower left), the permeable reactive barrier being test 
for density (top right) and after the site has been remediated (lower right). 
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This PRB was designed and installed in 2004 by the Korean Government; the 
PRB was configured to have an extremely long-term lifespan; after six years 
of operation, the PRB is still effectively treating highly contaminated 
groundwater. 
 
Figure 9: Example of Virotec’s Reagent Being Used as a PRB 

 
 
Virotec’s reagents have also been used in over-and-under baffle tanks to 
collect and treat contaminated groundwater and highway runoff in Korea, 
as shown in Figure 10. 
 
Figure 10: Example of a Collection and Treatment Tank Using ViroFlow 
Technology in Korea 
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7. DISCLAIMER 
 

The staff and management of Virotec Global Solutions Pty. Ltd. have 
prepared this report with the usual care and thoroughness of the profession. 
It was based on data provided by the client, laboratory analysis, shared 
client data and generally accepted practices and standards at the time it 
was prepared. No other warranty, expressed or implied, is made as to the 
accuracy or professional advice contained herein. We have made no 
independent valuation of data beyond the scope of work contained 
herein.  
 
Document Prepared by:  
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