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Disclaimer 

The pilot testing project report is presented solely for information purposes and is not 

intended to provide specific advice or recommendations in any circumstances. This pilot 

testing project report includes information from different sources and such information has 

not been independently confirmed for correctness or completeness. The information 

provided does not imply on the part of the Government of Ontario, the Walkerton Clean 

Water Centre (Centre) or its employees, any endorsement or guarantee of any of the 

information. The Government of Ontario, the Centre and its employees, do not assume 

and are not responsible for any liability whatsoever for any information, interpretation, 

comments or opinions expressed in the pilot testing project report. 
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Executive Summary 

Background 

The Wauzhushk Onigum Nation (WON) community has been on a long-term boil water 

advisory since 2012. WON is planning to implement a decentralized system for a portion 

of the community. Approximately 40 residents rely on surface water intakes from Lake of 

the Woods. The community retained a consultant to design a decentralized water 

treatment process, including UV disinfection, for the residents. According to NSF 55 

(2017), water entering a UV unit must meet certain minimum water quality requirements. 

The Walkerton Clean Water Centre completed a pilot testing project to assess various 

point of entry treatment processes to ensure the quality of the water meets the criteria for 

adequate UV disinfection.  

Objectives 

The overall objectives of this pilot testing project are: 

¶ To compare the effect of sand and carbon pressure filtration with ion exchange on 

WONôs surface water.  

¶ To assess if grab samples from the carbon pressure filter and ion exchange 

satisfies the minimum turbidity and UV transmittance requirements for effective UV 

disinfection (e.g. turbidity < 1 NTU and UV transmittance > 75%) during this test 

period. 

Aspects of the drinking water system, such as the disinfection process and the removal of 

cyanobacteria (blue-green algae) or cyanotoxins are outside the scope of the pilot testing 

project.  
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Approach 

This project included pilot scale treatment technologies that were installed at the 

communityôs location. The pilot scale treatment technologies were tested using the source 

water from Lake of the Woods.   

Phase 1 involved piloting a series of depth filters, followed by either a Point of Entry (POE) 

carbon filter or a fixed bed anion exchange system. The results from Phase 1 showed that 

the POE carbon cartridge filter was not effective at controlling colour and UV transmittance 

(Phase 1 results are not shown in this report). Phase 2 involved alternative pilot plants, 

which consisted of two trains. Train 1 consisted of a backwashable sand filter, followed by 

a backwashable granular activated carbon (GAC) pressure filter, followed by a depth filter. 

Train 2 consisted of a series of depth filters and a fixed bed anion exchange system.  

 

Figure ES - 1. Phase 1 and Phase 2 pilot testing experiments 

ÅThe POE cartridge carbon filter was not effective at 
controlling colour and UV transmittance.  

ÅResults from Phase 1 are not shown in this report, 
but were essential to determining the plan for Phase 
2. 

Phase 1 

ÅAn alternative pilot was tested (backwashable sand filter 
and GAC pressure filter) to compare with the ion exchange.  

Phase 2 
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Key Findings 

Through the pilot scale tests, it was determined that: 

¶ The POE carbon cartridge filter (Phase 1) and the carbon pressure filter (Phase 2) 

did not adequately increase UV transmittance to above 75%. 

¶ The fixed bed ion exchange increase UV transmittance to above 75%, as stated as 

one of the criterion to satisfy the minimum requirements for effective UV disinfection 

(NSF 55).   

¶ On average, the GAC pressure filter reduced apparent colour by 23% from its 

influent, whereas the fixed bed ion exchange reduced apparent colour by 93% from 

its influent, which resulted in an average low apparent colour (1.55 Pt-Co) 

¶ When comparing the pre-filters, the water quality from the sand filter in Train 1 and 

depth filters in Train 2 were similar. However, the backwashable sand filters 

reduced the particulate load on the depth filters in the same train, whereas the pre-

filter depth filters on Train 2 had a shorter lifespan.  
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1. Introduction 

The Wauzhushk Onigum Nation (WON) has been on a long-term boil water advisory 

since 2012. The WON community is planning to implement decentralized systems for 

a portion of the population that is not connected to a separate centralized distribution 

system. Approximately 40 residents rely on surface water intakes from Lake of the 

Woods and 8 - 10 residents rely on shallow wells that are ground water under the 

direct influence (GUDI) of surface water. 

 

The community retained consultants to design a decentralized water treatment 

process, including UV disinfection, for the residents. According to NSF 55 (2017), 

water entering a UV unit must meet minimum water quality requirements (iron < 0.3 

ppm, manganese < 0.05 ppm, hardness < 7 grains per gallon or 120 mg/L as CaCO3, 

tannins < 0.1 mg/L, turbidity < 1 NTU and UV transmittance > 75%).  The community 

is seeking pilot testing of point of entry (POE) treatment processes to ensure the 

quality of the water meets the criteria for adequate UV disinfection. 

 

Based on the recommendations in the consultantôs design phase, pilot scale testing is 

needed to test the effect of the POE water treatment process on WONôs surface water 

source. Phase 1 involved piloting a 50/5 µm dual gradient depth filter, followed by a 

25/1 µm dual gradient depth filter, followed by either a carbon filter or a fixed bed ion 

exchange system with resin designed to remove organics during April 2019 at two 

locations. The results from Phase 1 showed that the carbon filter was not effective at 

controlling colour and UV transmittance. Therefore, an alternative pilot plant was 

incorporated in Phase 2, which included a backwashable sand filter, followed by a 

backwashable GAC pressure filter, and followed by a 25/1 µm dual gradient depth 

filter. The alternative pilot, along with an ion exchange unit, was installed at a single 

location along the shoreline of Lake of the Woods.  

The objectives of the pilot testing in Phase 2 are: 

1. To compare the effect of sand and carbon pressure filtration with ion exchange 

on WONôs surface water.   
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2. To assess if grab samples from the carbon pressure filter and ion exchange 

satisfy the minimum turbidity and UV transmittance requirements for effective 

UV disinfection (e.g. turbidity < 1 NTU and UV transmittance > 75%) during this 

test period. 

 

Aspects of the drinking water system, such as the disinfection process and the removal 

of cyanobacteria (blue-green algae) or cyanotoxins are outside of the scope of the pilot 

testing project. 

2. Materials and Method 

2.1 Raw Water and Locations of POE Filtration Units 

The POE filtration processes were assembled at the Walkerton Clean Water Centre 

(Centre) and transported to WON. Centre staff travelled to WON to assemble the POE 

filtration units. Raw water quality was analyzed and is summarized in Table 1.  

 

Table 1. Raw Water Quality 

Parameter March ï May 2019 (Phase 1) July 2019 (Phase 2) 

 
Values  
(± SD) 

# of samples 
Values  
(± SD) 

# of samples 

Turbidity (NTU) 0.64 ± 0.05 3 1.02 ± 0.07 10 

pH 6.90 ± 0.28 2 6.98 ± 0.09 3 

Apparent colour 
(unfiltered) (Pt-Co) 

21.5 ± 4.0 3 27.2 ± 9.7 9 

True colour (Pt-Co) 11 1 - - 

UV254 absorbance (cm-1) 0.228 ± 0.020 6 
0.225 ± 
0.018 

10 

UV transmittance (%) 59.1 ± 2.5 6 60.1 ± 1.9 9 

Dissolved Organic Carbon 
(mg/L) 

10.6 1 - - 
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2.2 Pilot Plant Experiments 

The pilot system consisted of a sand filter, followed by a GAC filter and a depth filter 

(Train 1) and a series of depth pre-filters, followed by an ion exchange (Train 2).   

 

Train 1 included a sand filter, followed by a GAC filter and a depth filter (Figure 1). The 

sand filter was selected to extend the life of the depth filter. The sand filter is a 

backwashable pressure filter that contains a bottom layer of gravel and has an effective 

size of 0.4 ï 1.4 mm (Figure 1).  

 

The GAC is a backwashable pressure filter that contains a coal-based carbon with an 

effective size of 0.55 ï 0.75 mm. The GAC is designed to remove dissolved organic 

carbon, including taste and odour and colour. A 20ò, 25/1 µm depth filter was included 

after the GAC filter to provide a final polishing (Figure 1).  

 

Train 2 included dual gradient depth filters as a pre-treatment for the ion exchange 

system (Figure 2). Each filter unit was placed in a pressurized housing and the 

pressure differential was monitored daily to determine when the filter was exhausted. 

The depth filters for this project included a 20ò, 50/5 µm depth filter, followed by a 20ò, 

25/1 µm depth filter (Figure 2). 

 

The anion exchange unit includes a resin that is specifically designed to remove 

organics and tannins (Figure 2). Under normal operations, the anion exchange is 

programmed to automatically undergo a daily regeneration; however, this feature was 

disabled so we could test the quantity of treated water produced before regeneration 

was required. 
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Figure 1. Schematic of Train 1 Pilot: Sand Filter, GAC Filter and Depth Filter 

 

Figure 2. Schematic of Train 2 Pilot: Depth Filter and Ion Exchange 
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2.3 Water Quality Analysis 

The pilot systems were operated 5 days each week, for approximately 7 hours each 

day. Samples were collected and analyzed for turbidity, pH, UV absorbance, UV 

transmittance and apparent colour (Table 2). Additional samples were collected and 

sent to a licensed laboratory for sodium, chloride and sulphate. Pressure differential and 

flow rate was measured at the daily start-up and shut-down of each day of operation.   

 

Table 2. Methods of Water Quality Analysis 

Parameter Method Range 

Analyzed on-site 

Turbidity USEPA Method 180.1 0 ï 1000 NTU 

pH   

Apparent colour 
(unfiltered) 

Hach Method 8025 
Platinum-Cobalt Standard Method 

5 ï 500 Pt-Co 

UV254 absorbance Real Tech UV254 Method 0 ï 2 Abs/cm 

UV transmittance Real Tech UV254 Method % 

Parameter Method Detection Limit 

Analyzed at a Licensed Laboratory 

Sodium EPA 200.2/6020B 0.050 mg/L 

Chloride EPA 300.1 (mod) 0.10 mg/L 

Sulphate EPA 300.1 (mod) 0.30 mg/L 
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3. Results and Discussions 

3.1 Pressure Differential  

The pressure differential can indicate whether a filter is clogged and needs to be replaced. 

Figure 3 shows the pressure differential of the filters in Train 1 and Train 2 with increasing 

volume of water treated. According to the manufacturer, 20 psi pressure differentials of the 

20ò depth filters indicate that the filters need to be replaced.  

3.1.1 Train 1 

The sand and GAC filter did not have a large pressure differential with increasing volume 

of treated water. Additionally, the 25 ï 1 µm depth filter on Train 1 did not reach a 20 psi 

pressure differential threshold (Figure 3A). This is most likely because the sand filter and 

GAC filter reduced the particulate load on the depth filter, which extended the life of the 

depth filter. 

3.1.2 Train 2 

Train 2 included the 50/5 µm and 25/1 µm depth filters as pre-filtration for the ion 

exchange. The pressure differential of the 50/5 µm depth filter reached 20 psi after 43,031 

L of filtered water (Figure 3B). The filter was replaced and appeared to be clogged based 

on visual inspection as well (Figure 4). Once the filter was replaced, the pressure 

differential dropped below 5 psi, but quickly reached 15 psi just after 20,896 L of treated 

water (Figure 3B). The 25/1 µm filter on Train 2 consistently had higher pressure after the 

filter, resulting in a negative pressure differential (Figure 3B). A possible explanation is that 

the ion exchange, following the 25/1 µm depth filter, created back-pressure exerted on the 

depth filter.  
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Figure 3. Pressure Differential (psi) at Increasing Volume Treated (L) for Train 1 (A) and Train 2 (B) Pilots 

 

 

 

 

 

 

 

Replaced Filter 

(see Figure 4) 

Figure 4. 50 - 5 µm Depth Filter after exhaustion as indicated in Figure 3B. 
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3.2 UV Transmittance and UV Absorbance  

To satisfy the NSF 55 criteria, adequate UV disinfection must have water with UV 

transmittance above 75%. The ion exchange is the only process that satisfied this criterion 

(Figure 5). UV absorbance was monitored as an indicator of organic matter. Aromatic 

organics absorb UV light at 254 nm wavelength in proportion to their concentration. 

Therefore, UV absorbance at 254 nm (UV254) wavelength is a surrogate of natural organic 

matter (Edzwald and Tobiason, 1999).  

3.2.1 Train 1 

The sand filter in Train 1 provided similar UV transmittance (Figure 5A) and UV 

absorbance (Figure 6A) of the raw water, which indicates that there was no removal of 

organics during this step, which was expected. The GAC filter reduced 25% of UV 

absorbance, which indicates some organic reduction (Figure 6A); however, the water 

quality did not consistently meet the 75% UV transmittance criterion for UV disinfection 

(Figure 5A). The 25/1 µm depth filter in Train 1 had an overlapping trend as the GAC filter, 

which indicates that the depth filter did not reduce any additional organics (Figure 5A, 

Figure 6A).   

The GAC and sand filters were backwashed on July 26, 2019 to determine if the water 

quality would improve after a backwash; however, the water quality did not improve after 

the backwash (Figure 5A, Figure 6A). 

3.2.2 Train 2 

The depth filters (50/5 µm and 25/1 µm) had overlapping trends with raw water of UV 

transmittance and UV absorbance, which confirms that the depth filters did not remove 

any organic content, which was expected (Figure 5B, Figure 6B). The ion exchange 

consistently produced water that had very high UV transmittance (average UVT = 103%). 

It is suspected that the UV transmittance of the ion exchange was above 100%, because 

the water from the ion exchange may have been cleaner than the deionized water that 

was used to blank the UV analyzer. The ion exchange removed an average of 98.9% of 

UV absorbance, which indicates that it significantly reduced the organic content (Figure 

5B, Figure 6B).   
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Figure 5. UV Transmittance (%) of Train 1 (A) and Train 2 (B) 
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Figure 6. UV Absorbance (cm-1) of Train 1 (A) and Train 2 (B) 
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3.3 Turbidity 

According to the NSF 55 standard for UV disinfection, the water must be below 1 NTU to 

ensure adequate disinfection (NSF 55, 2017). Turbidity can shield pathogens from 

disinfection. Turbidity indicates filtration efficiencies and pathogen removal credits (Health 

Canada, 2017; MECP, 2006a; MECP, 2006b). 

3.3.1 Train 1 

The average turbidity of the raw water was 1 NTU. On Train 1, the sand filter removed 

18% of turbidity, on average, which reduced the turbidity below 1 NTU, satisfying the 

criterion for UV disinfection (Figure 7A). The GAC filter did not substantially reduce the 

turbidity; however, the 25/1 µm depth filter reduced an additional 18% of turbidity, on 

average (Figure 7A). After the sand and GAC filter was backwashed on July 26, 2019, the 

turbidity from the filter effluents was lower than it was on the previous dates (Figure 7A).   

3.3.2 Train 2 

On Train 2, the 50/5 µm depth filter reduced 34% of the turbidity, on average, which 

reduced the turbidity below 1 NTU, satisfying the criterion for UV disinfection (Figure 7B). 

The 25/1 µm depth filter did not substantially reduce the turbidity; however, the ion 

exchange reduced an additional 10% of turbidity, on average (Figure 7B). On July 26, 

2019, the 50/5 µm filter was replaced. Although, there was no difference in turbidity after a 

new filter was replaced, the 25/1 µm provided lower turbidity with the new 50/5 µm filter, 

indicating that the clogged 50/5 µm filter may have provided additional load on the 25/1 µm 

filter (Figure 7B).  

 

 

 



18 
 

 

 

 

 

Figure 7. Turbidity (NTU) of Train 1 (A) and Train 2 (B) 
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3.4 Apparent Colour 

Colour can occur from natural organic matter and can contribute to disinfection by-

products (Health Canada, 2017; MECP, 2006b). 

3.4.1 Train 1 

With the exception of the July 18, 2019 sampling, the sand filter produced water with an 

average of 17% less apparent colour than the raw water and the GAC filter produced 

water with 23% less apparent colour than the sand filter effluent (Figure 8A). On average, 

the final filtration step on Train 1 (25/1 µm depth filter) also removed an additional 22% of 

apparent colour (Figure 8A). Although the sand and GAC filters were backwashed on July 

26, 2019, no additional removal of apparent colour was observed with the backwashed 

filters (Figure 8A). Compared to Train 2, Train 1 was not as effective as Train 2 at 

removing the apparent colour (Figure 8).    

3.4.2 Train 2 

The 50/5 µm depth filter removed an average of 18% of apparent colour from the raw 

water, however, no additional colour was substantially removed by the 25/1 µm depth filter 

on Train 2 (Figure 8B). On average, the ion exchange removed an additional 93% of 

apparent colour, which provided a very low apparent colour (1.55 Pt-Co) for the effluent of 

Train 2. Although the 50/5 µm depth filter was replaced on July 26, 2019, no additional 

removal of apparent colour was observed with the newly replaced depth filter (Figure 8B).  
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Figure 8. Apparent Colour (Pt-Co) of Train 1 (A) and Train 2 (B) 
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3.5 Sodium and Chloride 

Although sodium is not toxic, it can cause a salty taste when it exceeds the aesthetic 

objective (200 mg/L) (Health Canada, 2017; MECP, 2006b). If sodium levels exceed 20 

mg/L, consumers should be notified for health concerns for people with hypertension or 

congestive heart disease (Health Canada, 2017; MECP, 2006b). Chloride is also not toxic 

and can cause a salty taste above the aesthetic objective (250 m/L) (Health Canada, 

2017; MECP, 2006b).  

Cation exchange softeners (typical water softeners) can increase the sodium levels in 

drinking water. The ion exchange that was used in this pilot test was an anion exchange, 

therefore the positively charged (cation) sodium ions did not increase from this process, as 

expected (Figure 9). 

On average, the anion exchange (Train 2) had a 12 fold increase in chloride levels, 

compared to Train 1 and raw water (Figure 10). The anion exchange process replaces 

chloride on the exchange sites with negatively charged organics and tannins. Therefore, 

the ion exchange releases chloride. Over time, the chloride levels from the ion exchange 

decreased from 40 mg/L to 9 mg/L, which indicates that the exchange sites are getting 

saturated (Figure 10). Regeneration with brine solution (sodium chloride) would restore the 

ion exchange. All chloride levels were well below the aesthetic objective.   
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Figure 9. Sodium Levels (mg/L) of Raw and Treated Water from Train 1 and Train 2 

 

Figure 10. Chloride Levels (mg/L) of Raw and Treated Water from Train 1 and Train 2 
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3.5 Sulphate 

Sulphate can affect taste above 150 mg/L and can be reduced to sulphide, which can 

cause odour problems (Health Canada, 2017; MECP, 2006a; MECP, 2006b). The 

aesthetic objective of sulphate is 500 mg/L (Health Canada, 2017; MECP, 2006a; MECP, 

2006b).  

Sulphate is a negatively charged ion (anion), which may be removed with the anion 

exchange. The sulphate levels were reduced below the detection limit (0.3 mg/L) from the 

ion exchange, which confirms that the ion exchange is functioning properly (Figure 11). If 

sulphate started to increase from the ion exchange over time, it would indicate that the ion 

exchange was approaching exhaustion; however this trend was not observed.   

 

Figure 11. Sulphate Levels (mg/L) of Raw and Treated Water from Train 1 and Train 2 
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4. Conclusions 

4.1 Depth Filters vs. Sand Filters 

The sand filter in Train 1 and the depth filters in Train 2 were in place as a pre-filtration 

barrier. The water quality from the sand filter in Train 1 and depth filters in Train 2 were 

similar. Based on the results, the sand filter reduced the particulate load on the depth 

filters in Train 1 and ultimately extended the life of the depth filter in Train 1, compared to 

the depth filters in Train 2. The sand pressure filter requires automatic backwashes at a 

pre-determined frequency; however, the depth filters would need to be replaced once they 

are exhausted. Additional operational cost would be required to replace the depth filters.  

4.2 Carbon vs. Ion Exchange 

The carbon cartridge filter (Phase 1) and the carbon pressure filter (Phase 2) did not 

adequately reduce colour or organics. The ion exchange demonstrated effective reduction 

in colour and effective UV transmittance to satisfy the minimum turbidity and UV 

transmittance requirements for effective UV disinfection (e.g. turbidity < 1 NTU and UV 

transmittance > 75%) (NSF 55, 2017). 

4.3 Additional Considerations 

Consideration should be given to sodium, chloride and sulphate for the ion exchange.  

Additionally, the communityôs source water (Lake of the Woods) has seasonal 

cyanobacteria blooms. Ion exchange is not effective at removing toxins produced by 

cyanobacteria (Colling, 2019), which may be problematic during a cyanobacteria bloom.  

The pilot testing was not conducted year round to encompass the seasonal changes and 

worst raw water quality conditions resulting from natural events such as lake turnover, 

snow melt and storm runoff. 
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