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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 Drinking Water System (DWS) supplies drinking water to more than 50,000 

people in a city in Ontario. Water for the DWS is obtained from a surface water 

source, a large lake nearby. The surface water treatment plant (WTP) is a direct 

filtration plant incorporating coagulation, flocculation and dual-media filtration with 

no sedimentation stage. The WTP is rated at 40,000 m3 per day and it relies on 

chlorination for both primary and secondary disinfection. 

The WTP is currently utilizing alum as a coagulant and is dosing approximately 6 

mg/L. Prior to being introduced into the distribution system, the treated water 

requires pH adjustment and the addition of a corrosion inhibitor. Higher alum doses 

were identified to potentially impact the degree of pH adjustment, lower turbidity, 

and lower the alkalinity of the water (30 – 40 mg/L as CaCO3). The DWS also 

identified a concern that residual aluminum levels in the filtered water were at or 

nearing the Operational Guideline (OG) in Ontario (MECP, 2006). 

Objectives 

The overall objective of this bench-scale testing project was to assess the 

performance of alternative coagulants and the performance of coagulant and 

polymer combinations.   

The detailed objectives are as follows: 

1) To assess the potential impact of selected coagulants and polymers on the 

need for treated water pH adjustment; 

2) To assess the performance of selected coagulants and polymers in cold and 

warm water conditions; and 

3) To assess the potential impact of selected coagulants and polymers on the 

amount of residual aluminum in the filtered water. 
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Approach 

Raw water was collected on-site at the WTP prior to coagulant addition, using 20L 

plastic containers. Containers were then shipped to the Centre. Upon arrival at the 

Centre, raw water containers were placed in a refrigerator until the bench-scale 

testing was conducted using a Phipps and Bird jar tester. 

 

Four coagulants were selected for testing based on specific technical qualities. The 

selected coagulants for testing were: 

1)    PAX XL52 (polyaluminum chloride); 

2)    SternPAC 50 (polyaluminum chloride); 

3)    PAX XL 1900 (aluminum chlorohydrate); and 

4)    Alum (aluminum sulphate). 

A total of 12 jar tests were conducted in three weeks. The coagulant currently 

being used by the WTP, alum, was compared with the three other potential 

coagulants in cold and warm water conditions with two-stage flocculation. The top 

performing coagulant, PAX XL 1900, was then compared to alum in conditions 

with one-stage flocculation. 

Key Findings 

The following conclusions can be made based on the bench-scale testing results: 

1) PAX XL 1900 performed well compared to the other coagulants tested at 

bench-scale when analyzed for their effects to pH and alkalinity in the treated 

water. This coagulant would be best suited to potentially eliminate the need 

for the full-scale WTP to adjust pH of the treated water effluent in both cold 

and warm water conditions. 

2) Filtered water turbidity levels when using PAX XL 1900 as a coagulant were 

either similar or lower in both cold and warm water conditions compared to 

all other coagulants tested.  
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3) PAX XL 1900 performed better than other coagulants tested in terms of 

filtered aluminum residuals in both cold and warm conditions with a 

maximum concentration of less than 0.05 mg/L. 

4) The turbidity, alkalinity and residual aluminum results were observed to be 

comparable with the full-scale WTP measurements when dosing alum at 6 

mg/L in cold water conditions on December 10, 2020. 

5) The effects of using one or two-stage flocculation on pH and alkalinity varied 

depending on the coagulant applied and whether the sample was under cold 

or warm conditions. 

6) For filtered turbidity, one-stage flocculation performed better than two-stage 

flocculation for all coagulants except alum under warm water conditions.  

7) The one-stage flocculation process resulted in higher residual aluminum in 

the treated water compared to that of two-stage flocculation for both PAX XL 

1900 and alum. 
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1.0  Introduction 

 

The Drinking Water System (DWS) supplies drinking water to more than 50,000 

people in a city in Ontario. Water for the DWS is obtained from a surface water 

source, a large lake nearby. The surface water treatment plant (WTP) is a direct 

filtration plant incorporating coagulation, flocculation and dual-media filtration with 

no sedimentation stage. The WTP is rated at 40,000 m3 per day and it relies on 

chlorination for both primary and secondary disinfection. 

The WTP is currently utilizing alum as a coagulant and is dosing approximately 6 

mg/L. Prior to being introduced into the distribution system, the treated water 

requires pH adjustment and the addition of a corrosion inhibitor. Higher alum doses 

were identified to potentially impact the degree of pH adjustment, lower turbidity, 

and lower the alkalinity of the water (30 – 40 mg/L as CaCO3). The DWS also 

identified a concern that residual aluminum levels in the filtered water were at or 

nearing the Operational Guideline (OG) in Ontario (MECP, 2006). 

2.0  Objectives 

 

The overall objective of this bench-scale testing project was to assess the 

performance of alternative coagulants and the performance of coagulant and 

polymer combinations.   

The detailed objectives are as follows: 

1) to assess the potential impact of selected coagulants and polymers on the 

need for treated water pH adjustment; 

2) to assess the performance of selected coagulants and polymers in cold and 

warm water conditions; and 

3) to assess the potential impact of selected coagulants and polymers on the 

amount of residual aluminum in the filtered water. 
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3.0  Materials and Methods 
 

3.1 Raw Water Collection, Transportation and Storage 

Raw water was collected on-site at the WTP prior to coagulant addition, using 20L 

plastic containers. Containers were then shipped to the Centre. Upon arrival at the 

Centre, raw water containers were placed in a refrigerator until the bench-scale 

testing was conducted using a Phipps and Bird jar tester. 

 

3.2 Coagulants 

Four coagulants were selected for testing based on specific technical qualities. The 

selected coagulants for testing were: 

1)    PAX XL52 (polyaluminum chloride); 

2)    SternPAC 50 (polyaluminum chloride); 

3)    PAX XL 1900 (aluminum chlorohydrate); and 

4)    Alum (aluminum sulphate). 
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Table 1: Coagulant Information 

Product 

Name 
Major Ingredients 

Details  

(Gebbie, 2006 and product  

technical data sheets) 

PAX – XL52 Polyaluminum 

chloride 

Reduced sludge production, less pH 

adjustment, longer filter runs, superior 

finished water quality, improved cold water 

performance.  Designed for high levels of 

turbidity removal. 

SternPAC 50 Polyaluminum 

chloride 

Reduced sludge generation, less pH 
adjustment, longer filter runs, superior 
finished water quality, and improved cold 
water performance.  Designed for colour 
removal. 

PAX XL 1900 

 

Aluminum 

chlorohydrate, 

50% solution 

Compared to alum, ACH generally requires 

1/3 of the dose, but is more costly. Reduced 

sludge production, less pH adjustment, 

longer filter runs, superior finished water 

quality, improved cold water performance.   

Alum:  

Current 

Coagulant 

Aluminum sulphate Alum generally has a lower cost. Raw water 

that is coloured, low turbidity, low pH and/or 

alkalinity may require lime, soda ash or 

caustic soda to improve coagulation. 
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3.3 Jar Testing 

Jar testing was conducted using a Phipps and Bird jar tester. The jar tester is 

capable of accommodating six separate jars, housed within a water bath to help 

control the temperature. As coagulant efficiency depends on the temperature of the 

water, experiments analyzing cold water performance of selected coagulants 

utilized a mixture of ice and water placed around each jar in a water bath to maintain 

a target temperature of approximately 6°C.  This temperature was selected as an 

average water temperature experienced by the WTP in the month of February.  

Experiments that analyzed coagulant performance during warm water conditions, 

or room temperature water, did not utilize the water bath, but instead had raw water 

removed from refrigeration 16 hrs prior to testing. Details of the jar testing 

procedure are summarized below in Table 2. 

In Week 1, four jar tests, one for each coagulant at 6 different doses, were 

conducted with raw water at a temperature of approximately 6˚C. Dosages of 2, 4, 

5, 6, 8 and 10 mg/L were used because the WTP was currently using 6 mg/L of 

alum during the time of pilot testing and the main intention was to obtain trends 

using different coagulants rather than solely focus on optimization.  

In Week 2, all jar test conditions remained the same, except jar testing was 

conducted using raw water at room temperature. In Week 3, PAX XL 1900, which 

was selected based on the results obtained from Week 1 and 2, was analyzed at 

cold and warm water temperatures for performance using a modified one-stage 

flocculation process. A total of 12 jar tests were conducted over the three-week 

period. 



 

Table 2:  Jar Test Conditions 

Week Temperature Coagulant  Dose (mg/L) 

Jar Test Conditions 

Rapid mixing 
Flocculation 

(Stage 1) 
Flocculation 

(Stage 2) 

1 
 

~ 6°C 

 
PAX XL 52 (PACl) 

 

2, 4, 5, 6, 8, 10 

100 RPM 
(1 min) 

20 RPM 
(7.5 min) 

10 RPM 
(7.5 min) 

PAX XL 1900 (ACH) 

SternPAC 50 (PACl) 

Alum 

2 
 

~ 21˚C 

 
PAX XL 52 (PACl) 

 
100 RPM 
(1 min) 

20 RPM 
(7.5 min) 

10 RPM 
(7.5 min) PAX XL 1900 (ACH) 

SternPAC 50 (PACl) 

Alum 

 
3 
 

~ 6°C 
PAX XL 1900 100 RPM 

(1 min) 
20 RPM 
(15 min) Alum 

 
3 

 
~ 21˚C 

PAX XL 1900 100 RPM 
(1 min) 

20 RPM 
(15 min) Alum 



3.4 Water Quality Analysis 

Samples were collected from each jar following the final stage of flocculation and 

filtered through a 0.45 µm filter to estimate the performance of direct filtration (Tchio 

et al., 2003). For each sample, general water quality parameters including turbidity, 

pH, alkalinity, true and apparent colour, aluminum, dissolved organic carbon (DOC) 

and UV absorbance at 254 nm (UV254) were analyzed at a similar temperature. A 

coagulant charge analyzer (CCA) was used to measure streaming current at 

various stages of the jar test, and descriptions of the floc were recorded. The details 

of the analytical procedures are summarized in Table 3.



Table 3:  Methods of Water Quality Analysis 

Parameter Preparation Method Range 

In-House Analysis 

Turbidity N/A USEPA Method 180.1 
0 – 1000 

NTU 

pH N/A Hach Method 8156 0 – 14 

True / apparent 
colour 

True colour was 
0.45 µm filtered 

Hach Method 8025 
Platinum-Cobalt 
Standard Method 

5 – 500  
Pt-Co 

UV254 absorbance 
(UV transmittance) 

0.45 µm filtered Real Tech UV254 Method 
0 – 2 

abs/cm 

Dissolved organic 

carbon (DOC) 
0.45 µm filtered 

Standard Method 5310C 

UV/persulfate oxidation 

with conductometric 

detection 

4 ppb to  

50 ppm 

Alkalinity N/A Hach Method 8203 
10 – 4000 
mg/L as 
CaCO3 

Dissolved 
aluminum 

0.45 µm filtered 
Hach Method 8326 

Eriochrome Cyanine R 
Method 

0.006 – 
0.250 mg/L 

Coagulant Charge 
Analyzer 

N/A Chemtrac LCA Method No range 
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4.0  Results and Discussions 

4.1 pH adjustment requirement 

4.1.1 Cold Water Conditions 
 

Figure 1 shows the pH and alkalinity in cold water conditions. 

The pH and alkalinity trends observed when using PAX XL 52 showed that as pH 

was reducing, alkalinity was first decreasing and then increasing as more coagulant 

was added. One outlier was observed in an alkalinity reading of 61 mg/L CaCO3 

when 6 mg/L of PAX XL 52 was dosed.  

The pH and alkalinity trends observed when using SternPAC 50 showed that as pH 

is increasing, alkalinity is decreasing as more coagulant was added.  

The pH and alkalinity trends observed when using PAX XL 1900 showed that as 

pH is decreasing, alkalinity is also decreasing as more coagulant was added.  

Alum reduced pH and alkalinity more than any other coagulant tested with 

increasing coagulant dose.  

Overall, PAX XL 1900 performed the best out of the coagulants tested for this water 

source at bench-scale when focusing on its effect on pH and alkalinity in the treated 

water. This approach could potentially eliminate the WTP’s current requirement for 

pH adjustment in treated water prior to entering the distribution system in cold water 

conditions. 

 

 



 

16 
 

 

 

Figure 1. pH and alkalinity levels of coagulants in cold conditions 
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4.1.2 Warm Water Conditions 

The pH and alkalinity levels of the tested coagulants in warm water conditions are 

presented below in Figure 2. 

 

 

Figure 2. pH and alkalinity levels of coagulants in warm water conditions 
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As expected, the alkalinity of the treated water dosed with alum reduced with the 

increasing additions of coagulant. The treated water pH was reduced to 7.02 when 

alum was dosed which confirms the challenge experienced at the full-scale WTP 

and their requirement for pH adjustment.  

In warm water conditions, the other coagulants tested, with the exception of PAX 

XL 52, performed better than alum by having less effect on the pH and alkalinity 

trends. PAX XL 52 decreased alkalinity to a larger extent than alum, as it decreased 

from 45.2 to 39.3 mg/L CaCO3. These values were lower than that observed when 

using alum. PAX XL 1900 increased the alkalinity with increasing coagulant dose, 

likely due to PAX XL 1900 having 79.5 - 84.5% basicity.  

When comparing bench-scale results with full-scale WTP data, the alkalinity of the 

treated water when dosed with 6 mg/L of alum in cold water conditions in the jar 

test was 44.4 mg/L CaCO3 compared to 43 mg/L CaCO3 for the WTP filter effluent 

measured on November 10, 2020. pH in the jar test was 7.36 compared to 7.68 of 

the filter effluent of the WTP on November 10, 2020. The alkalinity results were 

found to be very comparable between bench-scale and full-scale applications 

however, the pH levels varied. 

4.2 Performance of coagulants 

4.2.1 Turbidity 
 

Figure 3 presents turbidity levels of samples collected after the flocculation stage 

during jar tests in cold and warm water temperatures. 
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Figure 3. Turbidity levels achieved following addition of coagulants in a) cold and 

b) warm water conditions 
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Turbidity is typically measured without prior laboratory filtration. Measuring the 

turbidity following filtration using a 0.45um filter paper can help represent filter 

effluent in a WTP (Tchio et al., 2003). Filtered turbidity levels of treated water dosed 

with PAX XL 1900 were similar in cold water conditions compared to the other three 

coagulants tested. However, filtered turbidity levels of PAX XL 1900 were the lowest 

among all coagulants in warm water conditions. 

When comparing bench-scale results with full-scale WTP data, the filtered turbidity 

of the treated water when dosed with 6 mg/L of alum was 0.07 NTU. Filtered water 

turbidity levels of the WTP were between 0.031 to 0.076 NTU during the filtration 

cycle dosing 6 mg/L of alum on December 10, 2020. These results show the 

applicability of results from bench-scale testing to full-scale. 

4.2.2 Coagulant Charge Analyzer Values 
 

The CCA values were measured in the sample water following dosing of each 

coagulant in incremental additions of 1 to 2 mg/L. The target CCA value is 0 mV, 

that is the theoretical optimum condition where the negatively charged particles in 

raw water equal the positively charged particles in a coagulant. Figure 4 below 

shows CCA values against coagulant dosages in cold and warm water conditions.  

In cold water conditions, the CCA values of PAX XL 1900 increased quickly and 

reached 0 mV at approximately 4.2 mg/L. The CCA values of PAX XL 52 reached 

0 mV at approximately 5.4 mg/L and for alum the CCA reached 0 mV at 19 mg/L 

approximately. SternPAC 50 was not tested under these conditions. 

In warm water conditions, PAX XL 1900 and PAX XL 52 both reached 0 mV at a 

dose of approximately 4.5 mg/L. While SternPAC 50 reached 0 mV at a dose of 

approximately 6.4 mg/L. Alum was dosed up to 20 mg/L and showed a CCA value 

of -0.15 mV, not yet reaching the target of 0 mV. Dosing was halted at 20 mg/Las 

to not overdose the coagulant product. Overall, PAX XL 1900 performed better than 

the other coagulants tested in terms of dose required to obtain the ideal coagulant 

charge in both cold and warm water conditions.  
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Figure 4. Coagulant charge values against coagulant dosages in a) cold and b) 

warm conditions 
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4.3 Residual Aluminum  

 

Filtered residual aluminum levels in cold and warm water conditions are presented 

below in Figure 5. 

 

 
 

Figure 5. Residual aluminum levels of coagulants in a) cold and b) warm conditions 
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PAX XL 1900 performed very well in cold water conditions compared to the other 

coagulants. The range of filtered residual aluminum was between 0.003 - 0.012 

mg/L when PAX XL 1900 was used in cold water conditions.  

As expected, levels of filtered residual aluminum of samples dosed with alum 

coagulant were generally higher than other coagulants. Filtered residual aluminum 

was 0.039 mg/L at a 6 mg/L alum dose in bench-scale tests compared to 0.034 - 

0.055 mg/L measured at the full-scale WTP for similar conditions, which supports 

the applicability of results.  

Similarly, PAX XL 1900 performed better than the other coagulants in warm water 

conditions in terms of filtered residual aluminum. Filtered residual aluminum levels 

achieved in warm water conditions were similar, but slightly higher than the results 

found in cold water conditions. This may be a result of the warmer conditions 

allowing aluminum to dissolve more readily in the sample water. 

 

4.4 Stages of Flocculation 

Week 3 experiments were conducted to evaluate the effect of one-stage 

flocculation against the current practice of two-stage flocculation at the full-scale 

WTP.  

4.4.1 Turbidity 
 

Figure 6 below presents turbidity levels of samples collected after flocculation in 

cold and warm water temperatures. PAX XL 1900 dosed samples had lower 

turbidity levels in one-stage flocculation compared to those of two-stage flocculation 

in cold water conditions. One-stage flocculation also had mostly lower turbidity 

levels than those of two-stage flocculation for the PAX XL 1900 coagulant in warm 

water conditions.  

Similarly, one-stage flocculation for the alum coagulant had lower turbidity levels 

than those of two-stage flocculation. However, alum dosed samples with two-stage 

flocculation in warm conditions performed better than one-stage flocculation. 
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Overall, one-stage flocculation performed better than two-stage flocculation for both 

coagulants tested except for alum in warm water conditions. One of the possible 

reasons is that two-stage flocculation promotes a larger floc formation while one-

stage flocculation generates pin floc, which is usually preferred in direct filtration 

applications. 

 
 

 
 

Figure 6. Turbidity levels of one and two-stage flocculation using PAX XL 1900 and 

alum 
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4.4.2 pH 
 

pH trends when using PAX XL 1900 and alum in warm and cold conditions for 

one and two-stage flocculation are presented in Figure 7. 

 

 

Figure 7. pH levels of one and two-stage flocculation with a) PAX XL 1900 and b) 

alum 
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PAX XL 1900 and alum showed different pH trends for cold and warm water 

conditions. One-stage flocculation when using PAX XL 1900 had higher pH levels 

compared to those in two-stage flocculation in both cold and warm water conditions.  

For alum, two-stage flocculation had mostly higher pH levels than that found in one-

stage flocculation in cold conditions. However, one-stage flocculation had a higher 

pH than that of two-stage flocculation in warm conditions.  

Overall, the effectiveness of one-stage or two-stage flocculation on pH varied with 

type of coagulant and temperature conditions. 

4.4.3 Alkalinity 
 

Figure 8 demonstrates alkalinity levels of PAX XL 1900 and alum in warm and 

cold conditions for one and two stage flocculation. 

One-stage flocculation performed better in terms of resulting in a higher alkalinity 

for most of the dosages when compared to two-stage flocculation in cold and warm 

conditions.  

Alkalinity levels were higher when using alum in one-stage flocculation in cold water 

conditions, but they were similar levels found with PAX XL 1900 in warm water 

conditions. Overall, the effects of one or two-stage flocculation on alkalinity varied 

depending on type of coagulant and temperature conditions. 

 

 

 

 

 

 

 

 

 

 



 

27 
 

 

 

Figure 8. Alkalinity levels of one and two-stage flocculation with PAX XL 1900 and 

alum 
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4.4.4 Filtered Residual Aluminum 
 

Filtered aluminum levels of one and two-stage flocculation in cold and warm water 

conditions are presented below in Figure 9. 

 

 

Figure 9. Filtered residual aluminum levels of one and two-stage flocculation in PAX 

XL 1900 and alum 
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One-stage flocculation for PAX XL 1900 had a generally higher amount of filtered 

residual aluminum than those of two-stage flocculation in cold and warm water 

conditions. However, all filtered aluminum residuals treated with PAX XL 1900 were 

less than 0.05 mg/L which is below the recommended OG of 0.1 mg/L in Ontario 

(MECP, 2006).  

One and two-stage stage flocculation had a similar amount of filtered residual 

aluminum when using alum coagulant in cold water conditions while one-stage 

flocculation had a higher amount of filtered residual aluminum than two-stage 

flocculation in warm water conditions. Overall, the levels of filtered residual 

aluminum were higher for alum than PAX XL 1900. 

5.0 Limitations 

The following limitations were identified during bench-scale testing: 

1) The temperature of sample water in jars was maintained by a water bath 

using ice and water. However, some measurements of the temperature 

varied from jar to jar, particularly in cold water conditions. 

2) The current study focused on the trends of different coagulant dosages 

rather than optimizing for a specific coagulant. Optimization of coagulant 

dose was out of the scope of the current study. 

3) The selection of a coagulant and its dose are likely to impact the chloride to 

sulfate mass ratio, which could lead to heightening the risk of galvanic lead 

corrosion in the distribution system. Analyzing for chloride and sulfate were 

out of the scope of the current study.  
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6.0  Conclusions 

The following conclusions can be made based on the bench-scale testing results: 

8) PAX XL 1900 performed well compared to the other coagulants tested at 

bench-scale when analyzed for their effects to pH and alkalinity in the treated 

water. This coagulant would be best suited to potentially eliminate the need 

for the full-scale WTP to adjust pH of the treated water effluent in both cold 

and warm water conditions. 

9) Filtered water turbidity levels when using PAX XL 1900 as a coagulant were 

either similar or lower in both cold and warm water conditions compared to 

all other coagulants tested.  

10) PAX XL 1900 performed better than other coagulants tested in terms of 

filtered aluminum residuals in both cold and warm conditions with a 

maximum concentration of less than 0.05 mg/L. 

11) The turbidity, alkalinity and residual aluminum results were observed to be 

comparable with the full-scale WTP measurements when dosing alum at 6 

mg/L in cold water conditions on December 10, 2020. 

12) The effects of using one or two-stage flocculation on pH and alkalinity varied 

depending on the coagulant applied and whether the sample was under cold 

or warm conditions. 

13) For filtered turbidity, one-stage flocculation performed better than two-stage 

flocculation for all coagulants except alum under warm water conditions.  

14) The one-stage flocculation process resulted in higher residual aluminum in 

the treated water compared to that of two-stage flocculation for both PAX XL 

1900 and alum. 
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