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Presenter
Presentation Notes
Today I’m going to talk about Dichlor and Trichlor.



After this presentation:

1. Familiar with chlorinated cyanurates & use

2. Understand water chemistry & implications

3. Aware of things to consider in practice

4. Familiar with web–based application

Presenter
Presentation Notes
When we are done today, I hope you will take away four things.

1st, I want you to be familiar with chlorinated cyanurates and their use.

2nd, I want you to understand their water chemistry and the associated implications.

3rd, I will go over a few things to think about in terms of how they are used in practice.

Finally, I want to make you aware of a web-based application that will allow you to simulate the water chemistry in these systems and about future updates that are planned for the application.



Free Chlorine & Sunlight (Pools)

 Free chlorine
 Hypochlorous acid (HOCl) + hypochlorite ion (OCl–)
 Absorbs ultraviolet (UV) light   decomposes

Wavelengths > ~280 nm reach Earth’s surface
 Peak absorbance (λmax):  OCl– = 292 nm & HOCl = 235 nm
 30 minute half–life

Source:  Zayat et al. (2007)

Presenter
Presentation Notes
To start, these first couple of slides refer to outdoor pools, but I think it is important to understand why and how chlorinated cyanurates were originally used.  Free chlorine as we know consists of hypochlorous acid and hypochlorite ion.  It decomposes in sunlight because it absorbs UV light. 

This is a problem in outdoor pools as hypochlorite ion absorbs at wavelengths that reach the Earth’s surface which leads to chlorine residual loss.  As a result, studies have shown that free chlorine only has an approximate half-life of 30 minutes, meaning it will degrade by half in 30 minutes under typical sunlight conditions.



Cyanuric Acid Addition (Pools)

 Cyanuric acid (CYA)
 Not related to cyanide
 Outdoor pools since 1958
 Added to “stabilize” free chlorine
 Forms chlorinated cyanurates

 Lowers free chlorine concentration
 “Reservoir” of free chlorine  releases back into water
 λmax = 215–220 nm  more stable in sunlight

 Public pool concentrations (ANSI/APSP 2009)
Parameter Minimum Ideal Maximum

Total (Available) Chlorine (mg Cl2/L) 1 2–4 4
Cyanuric Acid (mg/L) N/A 30–50 100

Presenter
Presentation Notes
To address free chlorine loss from sunlight exposure, outdoor pools add cyanuric acid to form chlorinated cyanurates.  First, cyanuric acid is not related to cyanide as the name might suggest.  Cyanuric acid has been added to outdoor pools since 1958 to stabilize free chlorine by forming chlorinated cyanurates which lowers the standing free chlorine concentration because some of the chlorine becomes bound in the chlorinated cyanurates.  The chlorinated cyanurates serve as a reservoir of free chlorine such that free chlorine can be released back into the water if chlorine demand occurs.  Importantly, chlorinated cyanurates absorb at wavelengths lower than those that reach the Earth’s surface, which is why they stabilize free chlorine in outdoor pools.

As a reference point for pools, it is recommended to have between 2 to 4 mg/L of total chlorine and 30 to 50 mg/L of cyanuric acid in pool waters.



CYA Stabilization (Concentration)

0

10

20

30

40

50

60

70

80

90

100

0 1 2 3 4

ng
ni

ai
R

em
ne

 
or

i
 C

hl
ot

al
en

t o
f T

c
erP

0 mg/L CYA

25 mg/L CYA

100 mg/L CYA

↑ CYA ↑ Stability

pH 7
84–90 °F
2.5 mg Cl2/L Total Chlorine
Sunlight Exposed

Source:  Wojtowicz (2004) Time (hours)

Presenter
Presentation Notes
This graph shows the stability of 2.5 mg/L of total chlorine exposed to sunlight with varying doses of cyanuric acid.  The Y-axis is the percent of total chlorine remaining and the X-axis is time in hours.  This first line just shows adding free chlorine with no cyanuric acid addition.  For this case, free chlorine is half-gone at 30 minutes with minimal remaining at 3 hours.

Next, if you add 25 mg/L of cyanuric acid, the total chlorine stability greatly improves.

Increasing the cyanuric acid to 100 mg/L, slightly improves stability further.  The take home message is that cyanuric acid improves chlorine stability in outdoor pools by forming chlorinated cyanurates.



Cyanuric Acid (H3Cy)

Cyanuric Acid
(enol form)

Isocyanuric Acid
(keto form)

⇌

 “Cy” = Cyanurate structure  H3Cy
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Now, I want to start moving towards talking about drinking water.  Here is cyanuric acid’s chemical structure.  It has two forms, but for our purposes, this really doesn’t matter. 

What does matter is the three locations where hydrogens are present.  These three locations can have hydrogens, be empty and have a negative charge, or have chlorine bound.  The base cyanurate structure without the hydrogens is typically donated as Cy; therefore, cyanuric acid can be denoted as H3Cy.



Chlorinated Cyanurates
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 Cy + free chlorine ⇌ chlorinated cyanurates
 Free chlorine is disinfectant
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So, if you add cyanuric acid to water, there are four possible chemical species.

The speciation will depend solely on pH with you essentially dropping hydrogens as pH increases.

If you would then add free chlorine, you can also form six chlorinated cyanurate chemicals.

In lieu of adding free chlorine and cyanuric acid separately, you could also add specific chlorinated cyanurate chemicals which are typically referred to as Dichlor and Trichlor.  Adding either Dichlor or Trichlor is effectively adding free chlorine and cyanuric acid in a defined ratio.  I’ll explain this more in a little bit.

You essentially have a system where free chlorine is in equilibrium with the chlorinated cyanurates.  Furthermore, free chlorine is the true disinfectant in these systems as I will illustrate shortly.



Terminology

3 Cl3Cy + 2 HCl2Cy + H2ClCy + 2 Cl2Cy−
+ HClCy− + ClCy2− + HOCl + OCl−

No ammonia present (i.e., no chloramines)
Free chlorine = hypochlorous acid + hypochlorite ion
Available chlorine = six chlorinated cyanurates
Total (available) chlorine (TOTCl) = free chlorine + 

available chlorine

Total cyanurate (TOTCy) = 10 species with Cy
Cl3Cy + HCl2Cy + H2ClCy + Cl2Cy− + HClCy−

+ ClCy2− + H3Cy + H2Cy− + HCy2− + Cy3−

Presenter
Presentation Notes
I want to briefly summarize terminology at this point.  Free chlorine is just hypochlorous acid and hypochlorite ion.

Available chlorine is the sum of the six chlorinated cyanurates

Total chlorine is then the sum of free and available chlorine.

Total cyanurate is the sum of the 10 species that contain the cyanurate structure or Cy.



Drinking Water Use

 Federal Insecticide, Fungicide, and Rodenticide Registration Act
 1st approval, July 2001  Oxychem Corporation
 Routine treatment of drinking water

 Manufacturer NSF 60 Certification
 Function  disinfection & oxidation (30 mg/L max)
 Dichlor1 = 6 (2 others for well cleaning)
 Trichlor2 = 7

 World Health Organization (WHO) guidelines
 Sodium dichloroisocyanurate (Dichlor): 50 mg/L
 Cyanuric acid: 40 mg/L

 Practical TOTCy concentration
 5–10 mg/L maximum
 100 mg/L pool maximum

 Safe Drinking Water Act primacy agencies may approve use

1http://info.nsf.org/Certified/PwsChemicals/Listings.asp?ChemicalName=Sodium+Dichloroisocyanurate
2http://info.nsf.org/Certified/PwsChemicals/Listings.asp?ChemicalName=Trichloroisocyanuric+Acid

Presenter
Presentation Notes
In addition, manufacturers have obtained NSF 60 certification for adding Dichlor or Trichlor to drinking water with a 30 mg/L maximum concentration. 6 Dichlor and 7 Trichlor manufacturers have received certification.  Interestingly, I could not find any companies that have received certification for cyanuric acid.

WHO also has guidelines for Dichlor at 50 mg/L and cyanuric acid at 40 mg/L.

Practically, you are unlikely to get above a total cyanurate concentration of 5-10 mg/L in drinking water compared to 100 mg/L in a pool; therefore drinking water has an order of magnitude lower total cyanurate concentration than pools.

Ultimately, Safe Drinking Water Act primacy agencies may approve the use of Dichlor and Trichlor.

http://info.nsf.org/Certified/PwsChemicals/Listings.asp?ChemicalName=Sodium+Dichloroisocyanurate
http://info.nsf.org/Certified/PwsChemicals/Listings.asp?ChemicalName=Trichloroisocyanuric+Acid


Dichlor & Trichlor

Dichlor Anhydrous (Dihydrate) Trichlor

·2 H2O

Property Dichlor Anhydrous Dichlor Dihydrate Trichlor
% Available Chlorine 65 55 92

pH, 1% solution 6.0–7.0 6.0–7.0 3.0
Solubility (25°C, %) 24 28 1.2

Total Chlorine (mg Cl2/L) per Label 0.81 0.69 0.76
Total Cyanurate (mg/L) per Label 0.73 0.63 0.46

Presenter
Presentation Notes
In drinking water, we do not add cyanuric acid proper.  Rather, Dichlor or Trichlor are added.  Here are the structures of Dichlor and Trichlor.  Dichlor comes in two salt forms.  One is anhydrous.

The other is a dihydrate where you just have a couple of waters added.

The table here summarizes some properties of the three chemicals.  % available chlorine ranges from 55 to 92%.  As you would expect, Trichlor has an additional chlorine; therefore, it has a higher % chlorine.  Concentrated solutions of Dichlor have a relatively neutral pH while Trichlor is acidic.  Because Dichlor is a salt, it is more soluble than Trichlor and dissolves faster in water.  Finally, I have provided the total chlorine you will actually add to water if you make each chemical per their FIFRA label where you are adding between 0.7 and 0.8 mg/L of total chlorine and 0.5 to 0.7 mg/L of total cyanurate.



Dichlor & Trichlor Addition

Chemical Addition Scenario
Assumes 100% Chemical Purity

Dichlor
Anhydrous

Dichlor
Dihydrate Trichlor

TOTCl mg Cl2
Chemical mg

0.65 0.55 0.92

TOTCy mg
Chemical mg

0.59 0.50 0.56

Chemical mg
TOTCl mg Cl2

1.54 1.82 1.09

TOTCy mg
TOTCl mg Cl2

0.91 0.91 0.61

Presenter
Presentation Notes
This table summarizes various conversions that may be helpful when dealing with Dichlor and Trichlor.  Basically, it provides ratios for various ways of thinking about adding the chemicals.  The first two rows provide how much total chlorine or total cyanurate are added per mg of chemical added, and the last two rows provide how much chemical or total cyanurate are added per mg of total chlorine added.  Specifically, note the last row which shows that for the same total chlorine, you effectively add 50% more total cyanurate with dichlor versus trichlor.



Reasons for Use (Free Cl2)

 Benefits (Kuechler 2009)
 Easier to handle

 Tablet or granules
 Safer than liquids or gases 
 Long storage life (i.e., years)

 Concentrated chlorine
 Trichlor  90%
 Dichlor  55–65%
 Calcium hypochlorite  65–70%
 Sodium hypochlorite  10–15%

 No calcium addition
 Dichlor specific

 Easily dissolves
 More soluble
 Neutral pH

Presenter
Presentation Notes
So, why would you want to use Dichlor or Trichlor as drinking water will likely not be exposed to sunlight?  Here are some stated benefits.  They are sold as solid chlorine sources and are promoted as safer than liquid and gas forms of chlorine with longer storage lives.  They are concentrated forms of chlorine.  A couple of other benefits specifically for Dichlor over Trichlor are that Dichlor dissolves easily, has a much greater solubility, and its solutions are at a neutral pH.

Based on the known chemistry, a couple of other possible advantages are that you might expect dichlor or trichlor to provide greater residual stability and impact DBP formation compared to using free chlorine only.



After this presentation:

1. Familiar with chlorinated cyanurates & use

 Dichlor & trichlor for drinking water

 Free chlorine source

 FIFRA approved & NSF 60 certified

 Cy + free chlorine ⇌ chlorinated cyanurates

Presenter
Presentation Notes
That ends what I wanted to provide as background.  The major points are that dichlor and trichlor are the chemicals that are added to drinking water and they effectively contain both free chlorine and cyanurate.  They are chlorine sources that have received FIFRA approval and NSF 60 certification.  Overall, you can view that their exists a very fast equilibrium between free chlorine and chlorinated cyanurates.  Now, I’m going to move into the details on the water chemistry.



Water Chemistry

No ammonia present
 Issue  free chlorine measurement bias measure total
O’Brien (1972)  equilibrium system (25°C)
 3 known species:  TOTCl, TOTCy, and pH  [H+]
 12 unknown chemical species

𝐶𝐶𝐶𝐶3𝐶𝐶𝐶𝐶 , 𝐻𝐻𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 , 𝐻𝐻 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 , 𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶−2 2 2 , 𝐻𝐻𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶− , 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶2− ,
𝐻𝐻 𝐶𝐶𝐶𝐶 , 𝐻𝐻 𝐶𝐶𝐶𝐶− , 𝐻𝐻𝐶𝐶𝐶𝐶2− , 𝐶𝐶𝐶𝐶3−3 , 𝐻𝐻𝐻𝐻𝐶𝐶𝐶𝐶 , 𝐻𝐻𝐶𝐶𝐶𝐶−2

 12 equations
 TOTCl
 TOTCy
 Free chlorine equilibrium
 9 cyanurate equilibrium

Unknowns = Equations  Solvable

Presenter
Presentation Notes
Before I get into the water chemistry, I want you to keep in mind two things.  The first is that what I am talking about today assumes there is not ammonia present as that changes the chemistry.  The second thing is that the one issue associated with dichlor and trichlor water chemistry that I will shortly discuss in greater detail and that is that you cannot accurately measure free chlorine in these systems with currently approved methods.  What happens is you end up measuring total chlorine which is the free chlorine plus the chlorine bound in the chlorinated cyanurates, meaning you bias the measurement high.

The only comprehensive study on the water chemistry of these systems is from 1972 and was conducted at 25C.

For these systems, you need to know three pieces of information:
The total chlorine concentration
The total cyanurate concentration
The pH which gives you the hydrogen ion concentration

If you know these there pieces of information, then you are left with 12 unknown chemical concentrations.

This is fine because we have 12 equations:
One for total chlorine
One for total cyanurate
One for free chlorine equilibrium
Nine for cyanurate equilibrium

The bottom line is that we then have 12 unknowns and 12 equations; therefore, we can solve the system to calculate each species’ concentration.  I’m going to use this fact, to illustrate how the percent of total chlorine that is free chlorine changes under various conditions.



Equilibrium – “Fast” System

NH2Cl + H2O ⇌NH3 + HOCl 
Monochloramine (Hydrolysis)

t1/2 = 9.2 hours

HClCy– + H2O ⇌ H –
2Cy + HOCl 

HClCy – (Hydrolysis)

t1/2 = 4.1 seconds

HClCy– releases HOCl ~ 8,000x faster than NH2Cl
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Presentation Notes
Provide example of why this system can be assumed to be at equilibrium.



Free Chlorine % Variation
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In these systems, various things impact the amount of free chlorine actually present at a given time.  This graph shows the free chlorine percent of total chlorine versus pH.  The balance of the total chlorine is chlorinated cyanurates.  If you make up a 1 mg/L total chlorine solution from Trichlor, its percent free chlorine is shown here versus pH.  You can see the variability in the % free chlorine versus pH where a minimum occurs around pH 7 to 7.5 and very little impact of chlorinated cyanurates is seen at pHs above 9.  The dot shows the actual free chlorine concentration at pH 7.

The first take home message is that the % free chlorine varies with pH.

If you make a comparable solution from Dichlor, it looks like this.  Dichlor produces a lower % free chlorine than Trichlor because you are effectively adding more total cyanurate, leading to more of the chlorine tied up in the chlorinated cyanurates.

The second take home message is that % free chlorine is lower for Dichlor.

If you make higher concentrations, the % free chlorine is not constant and decreases substantially.  Typically, you won’t be adding a target 4 mg/L concentration, but you might dose 4 mg/L if there is significant demand in the water.  As you increase dosage, you decrease the % free chlorine.  In this example, you increased total chlorine by 3 mg/L but only realize a 1 mg/L increase in free chlorine at pH 7.

The third take home message is that % free chlorine decreases with increased chemical dosage.

In real waters, another thing we have to consider is the chlorine demand in the water.  Total cyanurate can be considered relatively constant in drinking water; therefore, a water’s chlorine demand effectively decreases total chlorine while total cyanurate remains constant.  The results is that the % free chlorine decreases as demand occurs in these systems.  To highlight this, I’ve assumed that the 4 mg/L initial dose has had its total chlorine reduced to 0.2 mg/L from chlorine demand.  As you increase total chlorine loss, you decrease the % free chlorine.

The fourth take home message is that % free chlorine decreases with increased chlorine demand of the water.




Disinfection

Disinfection process
HOCl reacting with an organism
HOCl + Organism  Inactivation
 Reaction Rate = kI[HOCl][Organism]

For same total chlorine
↑TOTCy↓[HOCl]
↓ reaction rate (i.e., speed)
↓ disinfection

Presenter
Presentation Notes
Next, I want to discuss how chlorinated cyanurates may impact disinfection.  First, if you simplistically view disinfection as essentially hypochlorous acid reacting with an organism.  How fast this reaction occurs can be represented by a simple reaction rate.  In this reaction rate, you’ll have a rate constant multiplied by the HOCl and organism concentrations.

Comparing a system with free chlorine only and a system using Dichlor or Trichlor that maintain the same total chlorine concentrations, the only difference is the HOCl concentration.
By adding Dichlor or Trichlor, you effectively decrease the HOCl concentration, slowing the above reactions.
Therefore, when using Dichlor or Trichlor, you would expect disinfection to be slower.



Disinfection Impacts (C. parvum)
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To illustrate these points, I want to show a few graphs.  First, here is a graph showing the log inactivation versus time for crypto.  Steeper lines mean faster inactivation.  This first line shows adding free chlorine only.

The subsequent lines show increasing amounts of total cyanurate.

It is obvious that increasing the total cyanurate concentration slows inactivation in these experiments.



Actual Disinfectant (S. faecalis)
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Here is another example for disinfection of streptococcus.  This graph is now showing the time for 99% kill versus concentration.  Shown here are a variety of experiments at various total cyanurate concentrations.  When plotted using the total chlorine concentration, you see no relationship between concentration and kill.

But, if you take the same results and plot against hypochlorous acid concentration, a nice linear trend is now seen.

Overall, this highlights that hypochlorous acid is the true disinfectant in these systems and that the chlorinated cyanurate species are not important disinfectants.



After this presentation:

2. Understand water chemistry & implications

 Temperature  only 25°C known

 % Free Cl2 varies with pH

 ↑ Dosage or ↑ Demand ↓ % Free

 HOCl is disinfectant in system

Presenter
Presentation Notes
That covers the 2nd point I was trying to convey.  The major points are that we know the water chemistry for 25C, % free chlorine varies based on several factors, and that hypochlorous acid is the important disinfectant in these systems.  Now, I want to discuss some things to consider about Dichlor and Trichlor.



Things to Consider
Free Chlorine Measurement

Cy + free chlorine ⇌ chlorinated cyanurates
Fast equilibrium
Method cannot react with free chlorine
Method cannot change pH
Free chlorine test measures total chlorine

What does not work?
DPD (Whittle 1970; Wajon & Morris 1980)
Amperometric titration (Wajon & Morris 1980)
 Indophenol (Wahman et al. 2017)
ChemKeys (Wahman et al. 2017)
Currently, no approved method

Presenter
Presentation Notes
First, is the issue of knowing the “true” free chlorine concentration in these systems that I mentioned earlier.  The reason this is so difficult is that free chlorine is in a fast equilibrium with the chlorinated cyanurates; therefore, if the method reacts with free chlorine or changes pH, it will disturb the equilibrium and effectively measure the total chlorine present.

So, what does not work.  Research from the 70s and 80s showed that DPD and amperometric titration does not work.  This is because both of these methods react with free chlorine and change pH.  Overall, I know of no approved method that can directly measure free chlorine in these systems.



Hydrolysis & Direct Reaction
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Provide example of why you measure total chlorine with DPD method.



Dichlor at pH 7

 Free measures total

Source: Wahman et al. (2017)

Presenter
Presentation Notes
To highlight the bias seen with the free chlorine tests, I am showing results of some research we conducted where we compared several different methods.  The y-axis shows the measured concentration from each method and the x-axis shows the added total chlorine concentration.  The first bar at each total chlorine concentration is the free chlorine concentration that we would want the free chlorine methods to measure, while the remaining bars are what each method actually measured.  I am only showing Dichlor results at pH 7, but similar results were seen for Trichlor and at pH 9.

Overall, the results confirm that the free chlorine methods are actually measuring total chlorine in these systems.



Things to Consider
Free Chlorine Measurement

What could work?
 Cannot disturb equilibrium  no reaction or Δ pH
 Direct measurement

UV absorption  interferences & detection limit
 Amperometric electrode mixed results
Water chemistry estimate from actual sample
 pH  directly measure
 Total chlorine (TOTCl)  free chlorine DPD
 Total cyanurate (TOTCy)

 Current methods for pools (> 5 mg/L TOTCy)
 Need drinking water field method (0.1–5 mg/L TOTCy)
 Alternative  estimate from chemical dosing

 Temperature  only 25°C (10 equilibrium constants)
 Only known for 25°C
 10 equilibrium constants

Presenter
Presentation Notes
So, what could work.  The method must not disturb the equilibrium, cannot change pH, and will need to provide a direct measurement of free chlorine.

The original work that determined the chemistry of these systems used UV absorption, but this will likely not work in real waters because of interferences present and we cannot measure low enough.

There has also been some research using amperometric electrodes, but the problem is that the chlorinated cyanurates are also measured to some extent with the amperometric electrodes.

Another option is to use the known water chemistry to estimate the free chlorine concentration, and this requires that we know three things and overcome some issues.  As I mentioned previously, we need to know pH, total chlorine, and total cyanurate to use the water chemistry model.
pH we can directly measured so that is not a problem.
The same with total chlorine.  Here we can use the fact that the free chlorine DPD method measures total chlorine in these systems.
Total cyanurate is the 1st issue.  Most methods that measure total cyanurate are made for pools where much higher concentrations of total cyanurate are present (e.g., > 5 mg/L).  Therefore, a method is required for drinking water where the lower limit would be around 0.1 mg/L.  This could be worked around by estimating the total cyanurate from the known dosing of the chemical to water and assuming it remains constant.
The 2nd issue is that the water chemistry has only been studied in detail at 25C.  Drinking water will obviously be present at a wide temperature range.  Therefore, the model would require expansion to include the temperature range of drinking water to be of practical use.  This would require information on 10 equilibrium constants.



Other Things to Consider?

Goal of providing disinfectant residual
 System integrity indicator
 Quantifiable target  “detectable” vs. number
 Microbial barrier (e.g., 0.5 mg Cl2/L for N. fowleri)

 Feed solution degradation
 TOTCl/TOTCy ratio

 Decrease with time?
 Impact on estimating TOTCy dose?

 Chlorite/chlorate formation (10,000 mg Cl2/L  ~1% Free)
 Disinfection of mains and/or tanks
 ANSI/AWWA C652–11 (Water Storage Facilities)
 ANSI/AWWA C651–14 (Water Mains)

 Chloramines & blending disinfectants
 Cyanurate related DBPs

Presenter
Presentation Notes
In addition to be able to measure free chlorine, there are other things to consider that come to my mind.  I don’t know the answers to these, but I wanted to bring them up as things to think about.  I’m only going to focus on the 1st point.  What is the goal of providing a disinfectant residual?  Using Dichlor and Trichlor should still serve as an integrity indicator because if free chlorine is being used, the measurement will decrease.  If “detectable” is required, these should work, but what if you require a specific number?  Also, what if you are also having this act as a microbial barrier for a specific organism?

What happens in the concentrated feed solutions as they degrade?  Degradation will impact the amount of total cyanurate you add to get the same total chlorine concentration as your chlorine will decrease, but the total cyanurate concentration will stay constant.  One good thing is that it is likely that you would form less chlorate because these solutions should be more stable.

Will these chemicals be used for disinfection of mains and/or tanks?  The AWWA standards allow for alternate disinfectants.

Are there any issues with forming chloramines with dichlor and trichlor as chlorine source and what happens when you blend disinfectants?

What happens when you mix disinfectants?

Are there DBPs related to the cyanuric structure?
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After this presentation:

3. Aware of things to consider in practice
 No approved method for free chlorine
 Simulation possible
 Need TOTCl, TOTCy, pH

 Temperature limitation

 Other practical issues

Presenter
Presentation Notes
That gets us through point three.  The main points are that there is currently no approved method that will measure the true free chlorine concentration in systems using dichlor or trichlor, but we are able to simulate the free chlorine concentration at 25C.  Finally, I want to make you aware of a web-based application I have developed to simulate the water chemistry and some ongoing research to expand it.



Free Chlorine & Cy App
https://usepaord.shinyapps.io/cyanuric/

 Assumptions
 Full O’Brien model  25°C
 Know total chlorine
 Know total cyanurate
 Know pH range

 Features
 User–selectable inputs
 Two side–by–side simulations
 Chemical addition scenarios
 Download simulation data (.csv)

 Application Description
 https://nepis.epa.gov/Exe/ZyPU

RL.cgi?Dockey=P100S368.txt
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The application is located at the link shown here.  It was developed using the O’Brien equilibrium model that was developed for 25C.  You must know the total chlorine, total cyanurate, and pH range you want to simulate.

The app itself allows
The user to select the required inputs
Provides the capability of doing side-by-side simulations for comparisons
Has several built-in chemical addition scenarios
Allows the user to download the raw simulation data for use outside of the application.

There is also a document describing the application shown on the right that can be accessed at the provided link or from a link in the web based application.

A limitation with the current application is that the water chemistry has only been determined for 25C.

https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100S368.txt
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Here is a picture of the entire application if you stretched it out.  I realize you can’t read this, but I just want to highlight that there are 4 main areas in the application.

The 1st is a header area that contains some generic information about the application.

Next, is an area to input your specific simulation conditions.

The 3rd area allows you to select some plot preferences.

The bottom area contains the various plots that are generated.

Also, as I mentioned, the application is setup so that you have two simulations designated A and B.




Application Header
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The header area contains some generic items such as the name and version of the application and a basic description of the application.

One thing I do want to highlight is that there is a hyperlink.

This allows the user to access the source literature used to the develop the application.

Simply click on the link and you are directed to the source document.




Application Inputs
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The 2nd area is the input area.

There are a couple of buttons at the top.  The top button provides a way to copy all the conditions from one simulation to another.  This is useful if you want to simply change one variable as you can copy all the input conditions over to the other simulation and then change a single variable.  The bottom button runs the simulation which also generates output plots.

The next area allows the user to specify the pH range of the simulation.  It defaults to a range that will cover drinking water but can be adjusted.

The next area is where you select the chemical addition scenarios and how you are adding free chlorine and cyanuric acid.  There are several drop down boxes that allow you to change between the chemical addition scenarios and this will then change the available options for chemical addition.   You can specify whether you want to add free chlorine and cyanuric acid, Dichlor, or Trichlor.

The next area is where you would actually enter your known chemical concentrations based on the scenario you have selected.

The final area contains a button to download the simulation data to use offline if you desire.  For example, you can save this in Excel.




Application Tooltips
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Before moving on to the next section, I want to point out that there are tooltips that will appear throughout the application for each of the user-selectable items.  If you hover your mouse over an input area, the tooltip will appear.  Shown here is the tooltip associated with inputing the added free chlorine concentration.



Application Plot Preferences
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The third area allows you to select the range of the y-axis for the log concentration plots.  You can change this range and then press the button to update the plots.



Application Output Plots
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There are three different plots that are generated.

The first plot displays the log molar concentration of each chemical versus pH

The second plot displays the log mg/L concentration for each chemical that contains chlorine versus pH.

The third plot, which is probably the one of most interest, shows the total chlorine concentration, free chlorine concentration, and also breaks down the free chlorine concentration into hypochlorous acid and hypochlorite ion.



After this presentation:

4. Familiar with web–based application

 Implements O’Brien model (25°C)

 Inputs  TOTCl, TOTCy, pH

 Outputs  All chemical species

 Future update for temperature

Presenter
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That sums up what I wanted to introduce on the web applications.
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Finally, I have provided a slide with the references I used to create this presentation along with some other reading that might be helpful.  I have also provided the links associated with the existing web–based application.  Again, this will be accessible once the webinar is posted online.

https://usepaord.shinyapps.io/cyanuric/
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100S368.txt


Questions?
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Finally, I want to acknowledge the help of Matt Alexander and Alison Dugan from the Office of Ground Water and Drinking Water with experiments.  With that, I’ll be happy to take any questions.
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