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INTRODUCTION 

     Chlorine is commonly added to municipal wastewater treatment plant effluent to 
reduce potential pathogens. Residual chlorine, can be toxic to aquatic life. To 
reduce this toxicity, environmental regulations set a maximum level for total 
residual chlorine, TRC, for the treatment plant effluent.  Meeting this level typically 
requires a dechlorination process.  Sodium bisulfite addition is a technique 
frequently used to reduce the residual chlorine in treated effluent, converting it to 
chloride.  This chemical dechlorination process can be difficult to control when near 
zero levels of residual chlorine are required.  Overdosing of sulfite can lead to 
sulfate formation, reduced dissolved oxygen, and lower pH of treated effluent. In 
addition to the environmental impact, chemical overdosing (both chlorine and 
sulfite) results in increased operational costs. 

     In Ontario, the regulatory limitation for wastewater treatment plant effluent 
total residual chlorine is set for 0.02 mg/l.  The 2012 Great Lake Water Quality 
Control Agreement between Canada and the United State has targeted nutrient 
removal to reduce toxic algal blooms.  Chemicals of Mutual Concern (Annex 3 of 
the Agreement) seeks to address chemicals from all sources discharged to the 
Great Lakes Basin. 

     Online control of wastewater effluent chlorination and dechlorination involves 
three important aspects: regulatory compliance, environmental impact and 
chemical cost saving.  The goal of an online control system is to accomplish (1) 
sufficient chlorine concentration at the end of chlorine contact chamber to 
maintain required disinfectant CT value and (2) operate at an optimum sulfite 
dosage to reduce chlorine concentration so that to meet 0.02 mg/l TRC.   

     Due to the toxicity of chlorine, and risk of environmental damage and non-
compliance, the accuracy and reliability of the analyzer equipment is critical. 
Common control methods are: (1) ORP automation, (2) dose sulfite to maintain a 
level up to 5 mg/l SO2 in the effluent, and (3) automation dosing set points on 
grab samples. Conservative dosing of the chemicals to meet regulatory 
requirement is not an uncommon occurrence with existing practices.    

    To address this need, ASA Analytics has developed a chlorine analyzer 
utilizing colorimetric DPD chemistry for analysis at the chlorine contact chamber 
and using its ultra-low sensitivity, analysis after dechlorination (ChemScan mini-
LowChlor).   ASA Analytics has also developed a sensitive colorimetric sulfite 
analyzer utilizing a proven but seldom used DTNB chemistry (ChemScan mini-
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Sulfite).  An on-site pilot demonstration trial was conducted at Region of Peel, 
Clarkson Wastewater Treatment Plant, Ontario from June to September, 2013; 
then at City of Guelph, Ontario from October 2014 to October 2015.  The purpose 
of this pilot program was to: (1) evaluate the suitability of an online chlorine 
analyzer for ultra-low-level chlorine monitoring; (2) compare data from the 
chlorine and sulfite analyzers to ORP data; (3) enhance the understanding of the 
relationship between chlorine and sulfite in the dechlorination process; and (4) 
estimate potential chemical savings.   

 

PHASE I PILOT AT CLARKSON WWTP, PEEL REGION, ONTARIO 

Pilot Demonstration Setup 

     For the duration of the demonstration in 2013, Clarkson WWTP chlorinated 
the treated wastewater seasonally from May to September.  A simulator replicates 
the plant chlor-dechlor process allowing for monitoring and control adjustments 
through operator grab samples.  Flow available to the simulator is pressurized and 
chlorinated to ~ 0.5 mg/l residual chlorine. The actual chlorine concentration can 
vary based on the plant operation.   

Phase I Pilot was conducted at Clarkson WWTP as shown in Diagram 1.  Sample 
flow (about 0.2 mg/l Cl2) available for test is taken from the simulator flow prior 
to the simulator entrance.  Sample flow was approximately 38 – 57 liter/min 
discharging to drain.  The pilot dechlorination system consists of a metering feed 
pump injecting sodium bisulfite into sample flow at an adjustable but fixed feed 
rate via inline mixer.  The system ensures a desired low chlorine sample (0.01 to 
0.2 mg/l as Cl2) available to the pilot test. A pressurized sample is delivered to the 
analyzers at a flow rate of ~ 0.5 liter/min. The chlorine and sulfite analyzers 
measure the sample simultaneously via a “sample extraction system that uses the 
high (38 – 57 liter/min) flow rate.  This high flow rate to the analyzers inlets 
ensures little or no degradation of chorine or sulfite due to biological buildup in 
the sample lines.   

 
 

Diagram 1   Phase I Pilot setup at Clarkson WWTP 
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Results and Discussion 

1. Graph 1 and graph 2 illustrate that variations to the sulfite concentration 
are inversely correlated to the chlorine concentrations as expected.  When 
sodium bisulfite concentration is greater than 0.5 mg/l, residual chlorine 
was less than 0.02 mg/l;  

2. The ultra-low chlorine analyzer responded below 0.02 mg/l range with a 
sensitivity of 0.005 mg/l CL2 

 

Graph 1   Chlorine and Sulfite Data 

   
Graph 2   Chlorine and Sulfite Data 

3. Graph 1 and graph 2 also illustrate the unexpected simultaneous presence 
of both chlorine and sulfite.  In pure water, chlorine and bisulfite do not 
co-exist.  In wastewater, this apparent co-existence can be explained 
several ways.  One is that compounded chlorines (such as organic 
chloramines) are detected by the DPD method and may require a longer 
reaction time in dechlorination.  Due to hydraulic constraints, the pilot 
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configuration only allowed a maximum of 10 second of dechlorination 
reaction time.  Additional test runs at longer reaction time are planned at 
the Phase II pilot.    

Phase II Pilot Plan and Goal 

Following the evaluation of the Phase I data, a Phase II test plan was developed.  
 

1. Install and operate the analyzers at the plant current sample points.  
Collect and compare the on-site laboratory data with analyzers’ data logs;  

2. Comparison existing ORP data used to control the process with the 
analyzers’ data logs; 

3. Validate Ultra-low (0.02 mg/l) chlorine data and accuracy; 
4. Construct a simulation loop allowing test runs at variable dechlorination 

reaction time;  
5. Upgrading the analyzers’ automatic cleaning system to eliminate any 

chlorine or sulfite demand in the analyzers’ sample lines; 
6. Discover the optimum chlorine and sulfite dosage so that potential 

chemical savings can be determined. 
 

PHASE II PILOT AT CITY OF GUELPH WWTP, ONTARIO 

Pilot Demonstration Setup (Real time Monitoring) 

     Guelph WWTP provides tertiary treatment facility with design flow of 64 
MLD.  The treatment processes include preliminary screening, grit removal, 
primary sedimentation, extended aeration activated sludge and two stage tertiary 
treatments utilizing rotating biological contactors (RBC) followed by sand 
filtration.  Disinfection of the final effluent is accomplished by the addition of 
sodium hypochlorite followed by the addition of sodium bisulfite for 
dechlorination prior to discharge to the receiving stream, Speed River.  

     Current sodium hypochlorite dosing is controlled by an online ORP system, as 
well as sodium bisulfite dosing.  Two ORP probes installed downstream of the 
chemical injection points. The chemical feed are controlled via a feed-back loop.   

     Diagram 2 shows the Phase II Pilot system configuration.  A sample pump 
draws a side-stream flow from the chlorine contact chamber outlet where the 
process flow has been chlorinated through the existing ORP control system.  This 
chlorinated sample is delivered to the chlorine analyzer for analysis. The operator 
uses the same flow to periodically grab a sample for laboratory chlorine analysis. 

The plant dechlorinates the process flow by adding sodium bisulfite to the channel 
directly after the chlorine sampling point.  The dechlorination chemical dosing is 
controlled by second ORP system with the probe placed in the downstream 
effluent channel prior to the final outfall.  A temporary sample pump and piping 
was installed at the same location to deliver the sample to the building housing the 
pilot equipment.  This sample was delivered to the sample extraction system 
where it was drawn in for analysis by the sulfite analyzer draw for analysis. 
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Diagram 2   Phase II Pilot setup at City of Guelph WWTP 

Results and Discussion (Real time Monitoring) 

     Chlorine Data: Graph 3 to 6 are the chlorine comparison data over an 8 week 
period, where chlorine analyzer is shown in blue line, lab simultaneous samples 
analyzed by a handheld spectrometer are in red dots and ORP data is in grey line.   

     The Graphs demonstrate (1) the Analyzer and lab test matched very well with 
an occasional outlier. (2) Although analyzer and ORP shows some similar 
trending, it is apparent ORP does not necessary reflect true chlorine reading since 
ORP is the general oxidation and reduction potential reading.  The Chlorine data 
shows more variability than the ORP which is confirmed with the lab tests. This 
could indicate using the chlorine analyzer for the process control would provide a 
more stable and constant chlorine concentration in the contact chamber.  By 
reducing the variability, potential chemical overdosing could be reduced resulting 
in possible operational savings.   

 
Graph 3   Chlorine Comparison Data: Analyzer, Lab Test and ORP 
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Graph 4   Chlorine Comparison Data: Analyzer, Lab Test and ORP 

 
Graph 5   Chlorine Comparison Data: Analyzer, Lab Test and ORP 

 
Graph 6   Chlorine Comparison Data: Analyzer, Lab Test and ORP 
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     Sulfite Data:  Graph 7 is the sulfite comparison data, where sulfite analyzer is 
shown in orange line, lab simultaneous sample analyzed by a bench scale titrator 
are in blue dots and ORP data is in grey line.   

 The operator collected their sample directly from the channel using dipper. 
The temporary sample line installed for this test was a garden hose 
running about 200 meters to the analyzer.  Due to the relatively low flow, 
it was evident a biomass and algae grew in the sample line.  This growth 
affects sulfite concentration reaching the analyzer’s sample extraction 
assembly.  Therefore, we only present initial 7 days of data before the 
growth development.   

 The operator titration test uses a titrant where the number of drops are 
counted until a noticeable color change is observed.  Since each drop is 
equivalent to 0.64 mg/l sulfite, the test resolution is not very high and the 
lab data recorded is in discrete levels (0, 0.64, 1.28, 1.92, 2.56 …).  Even 
with these limitations, the Analyzer and lab data matches reasonable well.   

 The spikes in sulfite data are caused by ORP probe daily cleaning. The 
ORP reading returns to normal shortly after cleaning is completed, but the  
sodium bisulfite requires time to recover to the desired control level.   

 The variability in the analyzers sulfite data as compared to the relatively 
stable ORP data may be due to the ORP does not solely respond to 
chlorine or sulfite.  ORP is a general oxidation reduction potential, which 
can be affected by existence of many chemical compounds, such as 
ammonia, nitrite, manganese, iron and dissolved solids, etc.  As mentioned 
with the chlorine data, a control system utilizing the sulfite data would 
provide a more stable chemical concentration, reducing the over-feed 
conditions resulting in chemical savings. 

 To eliminate the sample line effects on sulfite concentration, in permanent 
installation, either the analyzer would be installed very near the sample 
point or an appropriate piping system would need to be installed. 

 
Graph 7   Sulfite Comparison Data: Analyzer, Lab Test and ORP 
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Pilot Demonstration Setup (Simulation Loop)  

 
Diagram 3   Simulation Loop Setup at City of Guelph WWTP 

     In the second part of Phase II Pilot, a simulation loop is built allowing chlorine 
and sulfite analyzers take sample at various controlled reaction times.   

     Diagram 3 shows that sample pump draws chlorinated sample from the 
Chlorine Contact Chamber outlet.  The sample flows through a simulation loop.  
Flow rate is controlled via hand valve at end of the loop.  Chlorine and sulfite 
reaction time is determined by taking sample from one of the three sample ports.    

     Diluted sodium bisulfite is injected to the sample stream through an inline 
mixer.  Sodium bisulfite injection rate can be adjusted by either the pump stroke 
or frequency or both. Both the Chlorine and Sulfite analyzers monitor sample 
taking from the loop outlet simultaneously.   

     Under this controlled condition, the ultra-low level chlorine analysis can be 
tested and the chlorine and sulfite relationship can be revealed.  An optimum 
chlorine and sulfite dosage ratio can be determined so that potential chemical 
saving can be determined.  Since both the chlorine and sulfite concentrations are 
expected to be below the operator’s lab tests’ limit of detection, comparison data 
was not collected.  To confirm the accuracy and response of the analyzers data, a 
validation procedure was performed as described by the analyzer manufacturer.   

Results and Discussion (Simulation Loop) 

     Graph 8 – 12 show the simulation runs data, where chlorine is in blue line, 
sulfite is in orange line.  The solid bold black in each graph indicates 0.02 mg/l 
regulatory discharge limitation.  To determine the effect of the sulfite reaction 
time, five different reaction time runs are conducted: 5, 7, 15, 21 and 30 minutes. 
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Graph 8   Simulation Loop Run – 5 min Reaction Time, Oct 7 – 8, 2015 

 

  
Graph 9   Simulation Loop Run – 7 min Reaction Time, Sept 23 – 24, 2015 

 

 Graph 10   Simulation Loop Run – 15 min Reaction Time, Sept 24, 2015 
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Graph 11   Simulation Loop Run – 21 min Reaction Time, Oct 1 – 2, 2015 

Graph 12   Simulation Loop Run – 30 min Reaction Time, Sept 24 – 25, 2015 

 The graphs demonstrate the analyzers’ reliability and responsiveness 
monitoring ultra-low chlorine level.  It is unlikely the ORP probe could 
respond to the chlorine at such an ultra-low concentration range.   

 The data reveals the relationship between chlorine and sulfite.  As 
expected, the chlorine and sulfite have are inversely proportional, i.e., the 
high the sulfite, the lower the chlorine.  Under Guelph WWTP treatment 
process conditions, to “drive” chlorine below the 0.02 mg/l level discharge 
limitation, sulfite level in final effluent needs to be kept at approximately 
0.2 mg/l level or greater. 

 Some publications or operation manuals suggests that after instant mixing, 
the dechlorination reaction time can be 1 – 2 minutes.  The pilot data 
confirms increasing reaction time does not change the chlorine-sulfite 
relationship.   

 During the pilot at the Guelph WWTP, the minimum sulfite concentration 
in effluent was found to be 0.2 mg/l to ensure the chlorine is reduced to 
below 0.02 mg/L.   For a feed-back loop control, an operation range of 0.2 
to 0.4 mg/l sulfite could be considered.  
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ANALYZER PERFORMANCE AND VALIDATION TEST 

Analyzer Factory Performance Tests   

Graph 13.  Chlorine Analyzer Factory Performance Test Data: R2 = 0.9998, Limit of Detection = 0.005 mg/L 

Graph 14.  Sulfite Analyzer Factory Performance Test Data: R2 = 0.9998, Limit of Detection = 0.005 mg/L 

     During the development of analysis methods, the performance data is collected 
to find the linearity, accuracy and precision of the analyzer.  The below data is the 
factory performance test results for the Chlorine and Sulfite Analyzers as defined 
in EPA SP 846. 

Field Validation 

     Due to unstable nature of chlorine and sulfite in water, it is difficult to collect, 
transport and analyze samples in a laboratory.  The samples tends to change as 
soon as they are extracted and the ultra-low levels makes it even more difficult.   

     In addition, it is difficult to produce an ultra-low level chlorine standard 
solution (<0.05 mg/l level) for field calibration.  Potassium permanganate 
(KMnO4) has been an acceptable, stable substitute used for chlorine validation 
tests for many years.  Potassium permanganate is used in this pilot validation test.    

     Validation started with preparing 2.0 mg/l stock solution KMnO4 solution, 
then use serial dilution make 0.2, 0.02, 0.00 mg/l standard solution, one liter each. 
Each standard is read with the analyzer and the accuracy is confirmed to be 2 
times the detection limit or 2% of the reading (whichever is greater).  
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FURTHER DISCUSSION 

Chlorine and Sulfite Co-existence  

     In pure water, chlorine and bisulfite do not co-exist if mixing and reaction time 
are sufficient.  However, the pilot results from both sites show that chlorine and 
bisulfite can co-exist in wastewater, even after a 30 minute reaction time.  
MOECC best practices and facilities ECA require the owner monitors bisulfite 
residual as a surrogate to total chorine residual. This is done, in order to confirm 
the absence of or equivalence of 0.0 mg/l total chlorine residual. This is important 
and requires further evaluation to determine the optimal concentration of sulfite 
needed in the effluent to ensure a “zero” chlorine residual. Using direct chemical 
analysis of chlorine and sulfite through a reliable method and analyzer may be the 
solution.   

Potential Chemical Savings 

     Because of ultra-low discharge limitation, a chlorination and dechlorination 
process needs to be precisely controlled.  Chemical dechlorination can be difficult 
to control when near zero levels of total residual chlorine are required. The 
process control can be achieved by using an accurate and reliable chlorine and 
sulfite analyzer.  The following hypothetical calculations are based on a flow rate 
of 25 MLD treatment plant to illustrate potential chemical savings: 

Chlorination: 12% liquid sodium hypochlorite at $0.2 per liter 
Dechlorination: 38% liquid sodium bisulfite at $0.4 per liter 
Treatment Flow: 25 million liter per day 

     Theoretically, by cutting 1 mg/l chlorine and 1 mg/l sulfite from the dosing, 
results point to the opportunity to save $15,980 per year on sodium hypochlorite 
and $12,490 on sodium bisulfite per year, i.e., total $28,470 per year.  

 

CONCLUSION 

     Municipal wastewater disinfection prior to discharge is required and chlorine 
is an effective and economical technique but requires dechlorination prior to final 
discharge.    

     A Chlorine Analyzer utilizing DPD chemistry has been demonstrated to 
provide accurate and reliable measurement at the chlorine contact chamber and 
ultra-low level measurement in the final effluent.  A Sulfite Analyzer utilizing 
DTNB chemistry has been developed providing much improved accuracy and 
reliability over current bench test/probes and provides a direct measurement of the 
process chemical.  Both analyzers’ accuracy and response can be confirmed using 
a relatively simple validation procedure. 
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     The analyzer data and ORP data show some similar trending, but ORP data 
doesn’t respond to the true chlorine and sulfite variation.  Therefore, the chlorine 
and sulfite analyzer are appropriate instrument for online chlorination and 
dechlorination control.  A reliable and precise analyzer can help wastewater 
treatment plant to reduce environmental impact, also to reduce operation cost by 
save chemicals dosage. Direct chemical analysis should be considered in the 
chlorination and dechlorination control.  An appropriate analyzer selection not 
only ensure environment compliance, also achieve operation cost saving by 
reduce chemical dosing. 

     Co-exist of chlorine and sulfite in wastewater is clearly observed through 
series of test runs. Therefore, using trace level sulfite as an indicator of non-exist 
chlorine may not be the best practice. 

     At the City of Guelph, an optimum sulfite effluent concentration 0.2 mg/l SO3 
was observed to keep total chlorine residual less than 0.02 mg/l range.  
Maintaining a 0.2 – 0.4 mg/l SO3 operational range is suggested.   
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