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Abstract: 

My occupation as a lifeguard piqued my interest in the use of cyanuric acid (CYA) as a 

stabilizer for chlorine in swimming pools. The amount of time that chlorine is present is 

affected by many variables and that CYA was the solution to these issues interested me. 

Not only is the pool water kept safe, but it also prevents health risks. Further 

investigation into the use of CYA led me to the research question: To what extent is 

cyanuric acid an effective stabilizer for the concentration of hypochlorite ions in the 

presence of UV radiation and urea in outdoor pool water, as a function of time? This 

study explored whether CYA was effective in maintaining the concentration within the 

recommended 1-3 ppm range, and to what extent when faced with factors of UV light and 

urea over a period of 3 hours. Five environments modeled the presence and absence of 

CYA with different variables. The concentration of hypochlorite ions was 

spectrophotometrically analyzed at 30 minutes intervals per environment in order to 

determine the depletion of hypochlorite ions. It was confirmed that CYA was effective as 

only environments with CYA were above 1 ppm. Upon further analysis it was determined 

that CYA was less effective with the presence of urea due to the oxidation of urea by 

chlorine, given that only 61.5% chlorine remained. Whereas UV radiation had a 

significant less effect on the hypochlorite with 65% chlorine remaining. Both urea and 

UV radiation reduced the concentration of hypochlorite to 1.11 ppm with 55.5% chlorine 

remaining. This is only slightly above the minimum requirement and would be 

unacceptable in practical. Therefore, it was concluded that cyanuric acid is an effective 

stabilizer so long as the concentration of urea and the duration of UV radiation were 

under 3 hours and 1.5mgL-1 respectively. 
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1.0 Introduction 

I work as a lifeguard at a nearby public swimming pool and we are always required to 

clean the pool to prevent illness due to harmful bacteria released from the swimmer’s 

bodies. Given that swimmers can add up to several pounds of perspiration, and feces 

through excretion per day (Gromicko, 2001), it is absolutely necessary that we disinfect 

and sanitize the pool for the safety of the public. In order to do so, chlorine-based 

disinfectants are used and more specifically, calcium hypochlorite (Ca(ClO)2), for 

disinfecting the swimming pool water. However, calcium hypochlorite degrades when 

exposed to sunlight making it ineffective for extended periods of time (Gray, 2014). 

Therefore, cyanuric acid (C3H3N3O3) is added to the pool water. Cyanuric acid will be 

abbreviated as CYA throughout this document. The cyanuric acid acts as a stabilizer for 

the chlorine in the swimming pool reducing the harm of the Sun’s ultraviolet rays 

towards the free chlorine content. Since cyanuric acid is used to prevent the loss of free 

chlorine content from ultraviolet radiation and our bodily waste (Giovanisci, 2020), I 

became interested in studying the effectiveness of cyanuric acid against these common 

factors.  

 

1.1 Free and combined chlorine in pools 

Initially when chlorine is added to a pool. All of the chlorine is unused and available to 

kill harmful bacteria and microorganisms in the water. In effect this is known as free 

available chlorine (FAC). I.e. FAC = HOCl + ClO- + CYA bound Cl 

Over time the concentration of free chlorine decreases as it begins to combine with 

organic and inorganic compounds in the water. This is known as combined chlorine and 



6 
  

is less effective as a disinfectant. Given the differences, free chlorine will be examined 

and measured within this investigation to determine if the concentration meets the ideal 

concentration of 1ppm-3ppm in pools (Centers for Disease Control and Prevention, 

2016). If there are irregular amounts of chlorine, then it may cause harm. Too little 

chlorine would be ineffective against micro-organisms and cause illness. Too much 

chlorine can cause irritation and burning sensations. Thus, the amount of chlorine is kept 

in a specific range to be deemed effective yet safe 

 

1.2 Formation of hypochlorite ion 

Through the disinfectant of chlorine and water, hypochlorous acid is formed. 

Cl2 + H2O → HOCl + HCl ………………………..………………………… Equation 1 

The hypochlorous acid formed dissociates further in water and produces hydrogen and 

hypochlorite ions (ClO-) almost immediately. 

HOCl (aq) + H2O(l) ↔ H3O+(aq) + ClO-(aq) ………………………..…………... Equation 2 

The presence of the hydronium ion, H3O+, in this reaction directly affects the pH and thus 

forms an equilibrium that is pH dependent. In water, HOCl and the weaker oxidant, ClO-, 

exist in equilibrium. The combined concentration of both these chemicals is referred to as 

“free chlorine”. 

 

1.2.a. Differences between HOCl & ClO- 

Both hypochlorite ions and hypochlorous acid attack the membranes in cell walls of 

micro-organisms. However, hypochlorous acid is 80-100% more effective than 

hypochlorite ions (hydroinstruments, 2010). This is due to the negative charge present in 
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both the ClO- and the cell walls that slows down the entry due to repulsion. Yet, both 

substances are ineffective as disinfectants when exposed to sunlight as they are not 

protected from ultraviolet radiation. 

 

1.3 Calcium hypochlorite 

Disinfectant used for water are mainly chlorine-based and among the most popular are 

bleaching agents. One of these agents is known as “bleaching powder” or calcium 

hypochlorite (Ca(ClO)2). With a higher chlorine concentration than liquid bleach, 

calcium hypochlorite is much more stable. A great advantage is that Ca(ClO)2 is the 

cheapest form of chlorine sold in the form of granulated chlorine as it is easy to transport.  

As a strong oxidant such as calcium hypochlorite is added, a disproportion reaction takes 

place between the reactant and water to form hypochlorous acid as such: 

Ca(ClO)2 (s) + 2H2O(l) ↔ Ca+(aq) + 2OH-(aq) + 2HOCl(aq) ……………..……. Equation 3 

HOCl ↔ H+ + ClO-…………..………………………..…………………….. Equation 4 

Both HOCl and ClO- are substances responsible for oxidation and disinfection and 

provides the necessity of chlorine-based disinfectants in swimming pools.  

On a side note, calcium hypochlorite is a very strong base that raises the pH levels of the 

swimming pools water. In order to stabilize the pH, an acid such as hydrochloric acid 

(HCl), which is inexpensive and effective, or carbon dioxide gas (CO2) is often used in 

pools. 

 

 

 



8 
  

1.3.a. Safety measures for Ca(ClO)2 

Calcium hypochlorite can become dangerous and hazardous depending on the usage and 

exposure methods. Calcium hypochlorite may cause burns and irritation to the skin and 

eyes and if contact occurs, the area should be flushed with water. Calcium hypochlorite 

has the ability to release corrosive chlorine gas which is dangerous if inhaled or ingested 

in case of such emergency, emergency services and/or a poison control center should be 

contacted and the victim should be evacuated to fresh air (ClearTech, 2018). In 

accordance, a lab coat, gloves and safety goggles will be worn during this experiment. 

 

1.4 Ultraviolet photolysis 

Hypochlorite ions rapidly dissociate through photolysis by ultraviolet rays (λ=290nm to 

340nm) emitted by the sun (Matter, 2008). In turn this causes 90% of the free available 

chlorine loss in outdoor swimming pools (Intrest, 2015). Although, both hypochlorous 

acid and hypochlorite ions break down when exposed to ultraviolet radiation with 

wavelengths between 180-400nm, hypochlorite ions break down faster making them less 

effective.  

2ClO+(aq) + UVB → 2Cl-(aq) + O2(g) ………………...………………..……...… Equation 5 

2HOCl (aq) + UVB → 2HCl(aq) + O2(g) ...……………………….….……...…… Equation 6 

(Where, UVB refers to the ultraviolet wavelength of 280-320nm) 

Despite the chloride ions formed to aid in disinfecting the water, a product of 

hypochlorous acid is hydrochloric acid, HCl. Hydrochloric acid is known to be unsafe as 

it can lower the pH levels and cause irritation.  
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1.5 Cyanuric acid 

 

Figure.1: The chemical structure of CYA (Stringfellow, 2017) 

In order to reduce the photochemical decomposition of the free chlorine, cyanuric acid is 

used as a stabilizer. It has an empirical formula of (CHNO)3 and an IUPAC name of 

1,3,5-triazine-2,4,6-triol. Cyanuric acid can also be abbreviated to (CYA) and will be 

throughout this investigation. 

 

Figure 2: Equilibrium between CYA and ClO- (Matter, 2008) 

This is effective due to the formation of chlorinated isocyanurates (Figure.2) that do not 

absorb ultraviolet rays. In this way, the CYA acts as a “chlorine buffer”. However, the 

presence of CYA also reduces the chlorine’s ability to disinfect. This is especially 

important since there a limit of 100ppm of CYA due to health issues. Cyanuric acid is 

only effective as a stabilizer with concentrations under 100ppm as a higher concentration 

will decrease the efficiency of HOCl and may lead to liver and kidney damage. Thus, low 

levels of CYA are recommended by health officials (Griffiths, 2003). The efficiency of 

CYA with various concentrations and external factors upon the concentrations of 
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hypochlorite ions has not yet been quantitively tested. Thus, the concentration of CYA 

will be the independent variable and kept constant. 

 

1.5.a. Equilibrium application 

The reaction between cyanuric acid and hypochlorite ion is: 

C3H3N3O3 + 2ClO- ↔ 2OH- + C3HCl2N3O3 ……………………..….….…... Equation 7 

This reaction is kept at equilibrium given Q = Keq such that 
["#!]"[%#"#&#%'"#]
["%(!]"[%#"#&###]

. 

Given that this is an equilibrium equation, Le Chatelier’s Principle is in effect as when 

the concentration of ClO- decreases in exposure to UV radiation. In order to compensate 

for the loss in ClO-, the equilibrium position shifts to the left. 

Being that the limit of the concentration of CYA in a swimming pool is 100ppm, the 

equilibrium between CYA and ClO- is established in a range of 25-50ppm. If extra CYA 

was added, then the reaction adjusts itself by shifting to the right due to Le Chatelier’s 

Principle. Thus, the concentrations of the products would increase, and the concentration 

of the reactants would decrease. In return, this would decrease the efficiency of 

disinfecting the pool. 

Referring to equation 7 above, a decrease in the concentration of ClO- will also decrease 

the amount of HOCl. This is not ideal as HOCl is the major sanitizer in pool water. In 

effect, the excess CYA is also pointless in the pool as it reduces the efficiency of 

disinfecting of ClO- and HOCl. 
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1.6 Effects of pH 

 

Figure 3: A graph showing the effect of pH on the concentration of HOCl and ClO- 
(INSTITUTE, 1992) 

 

As mentioned, HOCl is more effective as a disinfectant. However, the higher the pH, the 

less HOCl available to disinfect and oxidize. At higher pH levels, more HOCl is required, 

thus bacteria and algae will take longer to kill (Griffiths, 2003) as seen in figure 3. 

However, a pH of less than 7.2 would make the water very acidic and corrosive. To 

prevent HOCl from losing its effectiveness, pH levels are recommended to be maintained 

between 7.2 and 7.8 (Griffiths, 2003). This can cause deterioration of plaster and also 

itchiness and irritated eyes and skin. In contrast, a high pH also poses a threat as chlorine 

no longer disinfects fully and eyes can become irritated along with dry skin. Due to these 

reasons, the pH of a pool is recommended to be maintained within the range of 7.2-7.8. 

The exact pH in this investigation was not controlled as the concentration of the 

hypochlorite ions is affected by the change in the pH. Instead, distilled water was used to 

give a neutral pH and was measured to be within the necessary range. 
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1.7 Urea 

 

Figure 4: The chemical structure of urea (NEUROtiker, 2008) 

During a survey containing 3100 Americans adults, 40% of those 3100 have admitted to 

peeing in the pool (Council, 2019). Urea [CO(NH2)2] can be introduced to the pool 

through perspiration, urine and other bodily excretions and it contains ammonia and 

ammonia-like compounds. The major downside to urea is that free chlorine can be 

consumed by oxidizing these compounds and this process leads to the production of 

dichloramine and trichloramine. These products are responsible for the distinct smell of a 

pool and burning eyes. It is also known to cause respiratory symptoms such as asthma 

which is most commonly found in elite swimmers over any other sport (Doyle, 2015). 

Therefore, the presence of urea is not advisable as it reduces the amount of free chlorine 

available. The amount of urea used during this investigation will be 1.5mgL-1 as this is 

was the concentration of urea present during a study of 50 swimming pools. (Laat, 2010) 

 

1.8 Variables 

Independent variable:  

• Presence and absence of UV light and urea 
 
Dependent Variable:  

• The concentration of hypochlorite ions at 30-minute intervals 
 
Controlled Variable:  

• Room temperature was monitored throughout as proxy, since the temperature of 
the solution could not be controlled. 
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• Duration of UV light exposure 

• The quantity of CYA and Ca(ClO)2  
 

Within this investigation, the presence and absence of UV light and urea will be an 

independent variable as it will determine the effectiveness of CYA and the concentration 

of hypochlorite ions. The amount of urea was equal to the amount found in urine. One 

controlled variable was the amount of CYA added to each sample as the concentration 

will affect the dependent variable and the duration that the solution will be analyzed. The 

second controlled variable was the initial concentration of calcium hypochlorite. Another 

major variable would be the temperature; however, this would be impractical as the 

temperature of the water can fluctuate and will be difficult to keep constant in situation. 

 

1.9 Research question 

After consideration, the variables that would be most practical and effective were chosen 

in modeling a water environment similar to an outdoor swimming pool. Thus, I arrived at 

the research question: 

To what extent is cyanuric Acid an effective stabilizer for the concentration of 

hypochlorite ions with the presence of UV radiation and urea in outdoor pool water, as 

a function of time? 

2.0 Purpose 

The presence of CYA is necessary to reduce the rate of the decomposition reaction in 

order to increase the concentration of free chlorine present over time. Although, there 

have been many studies regarding the effects of UV radiation on the use of calcium 

hypochlorite as a disinfectant, there exists very few studies that contain the factor of 

cyanuric acid involved and fewer yet with urea. Thus, all these variables must be 
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investigated to model a realistic pool and display the quantitative effects on the rate of 

decomposition. 

 

3.0 Hypothesis 

Since CYA is manufactured with an aim to decrease the rate of decomposition from UV 

light, there is little study on the effects of urea. Thus, it is predicted that CYA will be the 

most effective with neither factor. In contrast, the highest effect should occur with the 

presence of urea and UV light. The factor of UV light will dissociate the hypochlorite 

ions whereas urea will consume the free chlorine. Thus, the factor of urea will have a 

greater impact on the [ClO-] in comparison to UV light. It is also hypothesized that the 

hypochlorite concentration will stay above 1 ppm only with the addition of CYA.  

 

4.0 Investigation 

Table 1: Present factors marked with a check mark per environment 

 

 

 

 

 

 

  
In order to record the efficiency of CYA under various circumstances, 5 different 

environments will be set up. Environment zero will have only water and calcium 

hypochlorite to determine if the CYA is effective in the presence of factors. Each of the 

 CYA UV light Urea 

Environment 0 ✖ ✖ ✖ 

Environment 1 ✔ ✖ ✔ 

Environment 2 ✔ ✔ ✔ 

Environment 3 ✔ ✔ ✖ 

Environment 4 ✔ ✖ ✖ 
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standard environments (1-4) will have equal quantities of CYA (100 ppm) to determine 

its effectiveness. Environment one will have no variables (UV light nor urea) in order to 

act as a control. Environment 3 and 4 will have equal durations UV light (3 hours) to see 

the effect on the decomposition. Environment 2 and 3 will have equal amounts of urea 

(1.5mg) added to see how the presence and absence of UV light alters the effect of CYA.  

 

4.1 Apparatus/ Chemicals 
 

Table 2 and 3: An ordered list of apparatus and chemicals with quantity 
 
No. Apparatus Quantity 
1 Aluminum foil roll 1 

2 Beaker, 1000 cm3 (±50 cm3) 5 

3 Black Cardstock paper, 24” x 36” 2 

4 Black labeling marker 1 

5 Cardboard box 2 

6 Digital timer, (±0.01s) 1 

7 Electronic balance, (±0.001g) 1 

8 Magnetic stirrer/ magnetic mixer with stir bar 1 

9 Measuring cylinder, 10 cm3 (±0.1 cm3) 5 

10 Plastic pipette (±0.1 cm3) 5 

11 Spectrophotometer (Milton Roy Spectronic 601), λ= 195nm – 999nm 1 

12 Stirring rod 1 

13 Wash bottle with distilled water 1 

14 Weighing paper 15 

 
No. Chemical Quantity 
1 Calcium hypochlorite 1 g 

2 Cyanuric acid 1 g 

3 Distilled water 6 dm3 

4 Hydrochloric acid, 2M 40 cm3 

5 Methylene blue, 0.05% 20 cm3 

6 Potassium iodide, 2% 40 cm3 

7 Sodium acetate, 1M 80 cm3 

8 Urea 2.0 g 
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4.2 Environment set-up 

A box was modified with aluminum foil on the outside and black cardstock paper inside 

to prevent UV radiations leaks by reflection and absorption respectively. All other 

environments containing UV light were set up in direct sunlight. In the case of leaked 

sunlight or UV radiation, all trials were conduct during the same time of the day to 

minimize errors and in the case of an error (systematic), this would offset all readings, 

thus leading to a greater stabilization of precision.  

 

4.3 Methodology 

This investigation required an analytic technique that was available and capable of 

gathering the required data at 30-minute intervals. 

1. Valid methods of liquid chromatography, gas chromatography, ion 

chromatography, coulometry, polarography, colorimetry and radiochemical 

were excluded due to lack of availability. 

2. Thermal analysis was dismissed as this required a change in temperature and 

that was one variable that was not controlled in this investigation.  

3. Titrimetric analysis was available but not done due to the possibility of delayed 

time in readings. This would alter the values in a time-bound investigation. 

However, if this was not the case then this method would be quick and 

efficient. 

4. Spectrophotometric analysis was used as there was access to a 

spectrophotometer with the desired wavelength range. This method was the 

most efficient as it required minimum preparation. Additionally, it provided 
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quick and instantaneous quantitative results that increased the precision of this 

investigation. 

4.3.a Spectrophotometric procedure 

Aliquots of sample solutions were transferred into four 10 cm3 calibrated flasks, 1 cm3 of 

2M hydrochloric acid and 1 cm3 of 2% potassium iodide were added and the mixture was 

shaken until the color turned yellow to indicate the liberation of iodine. A 0.5 cm3 of 

0.05% methylene blue solution was then added to it followed by the addition of 2 cm3 of 

1 M sodium acetate. The reaction mixture was shaken for 2 minutes and the contents 

were diluted to 10 cm3 with distilled water and mixed well. The absorbance of the 

resulting solutions was measured at 666 nm against distilled water. A blank was prepared 

by replacing the hypochlorite solution with distilled water. The absorbance corresponding 

to the bleached color which in turn corresponds to the hypochlorite concentration was 

obtained by the difference between the absorbance of the blank solution from that of test 

solution. The amount of the hypochlorite present in the volume taken was computed from 

the calibration curve. The calibration curve was created by using seven sample solutions 

with known concentrations of hypochlorite in distilled water.  

 

Given that the sum of all light loss between the light source and the detector is measured. 

Some of that light is simply not aimed directly at the detector, some of it is scattered by 

the cuvette, absorbed or bounced off the detector instead of being absorbed and some is 

absorbed by your sample. A “blank” cuvette was run to only calculate the light lost by 

absorption of the sample. 
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4.4 Preparation of sample solutions 

Five beakers of 1-liter capacity were used to correspond to each environment. All beakers 

had 2 mg calcium hydroxide diluted to 1 dm3 with distilled water. Beaker one had no 

additional factors nor CYA. The second beaker had 100ppm CYA present with no 

additional factors. The third and fourth beaker had CYA and urea added and the fourth 

and fifth beakers were exposed to UV light for 3 hours with CYA. Each beaker was 

labeled with the corresponding environment to avoid gross errors. All quantities of 

variables were tabulated in table 4 below. 

 

 Table 4: The quantity of factors present per environment 

 

 

 

 

 

 

 Beaker # CYA 
(mg) 

UV light 
(hours) 

Urea  
(mg) 

Ca(ClO)2 
(mg) 

H2O  
(dm3) 

Environment 0 1 0.0 0.0 0.0 2.0 1.0 

Environment 1 2 100.0 0.0 0.0 2.0 1.0 

Environment2 3 100.0 0.0 1.5 2.0 1.0 

Environment 3 4 100.0 3.0 1.5 2.0 1.0 

Environment 4 5 100.0 3.0 0.0 2.0 1.0 
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5.0 Results 

A calibration curve was graphed using the absorbance against known concentrations of 

hypochlorite ion solutions in order to determine the [ClO-] for each environment. 

 

Graph 1: A calibration curve plotted with absorbance against concentration 

 

 

With a correlation coefficient (r) of 0.999, the calibration curve shows an almost perfect 

positive correlation between the data sets that will thus increase the reliability and 

accuracy of the data. This also indicates that the calibration curve obeys Beer -lambert 

law in the range of 0-6 µgml-1. 
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5.1 Raw data     Table 5: Quantitative data of absorbance results per 0.5 hours 
 
Environment # 0 1 2 3 4 

Time (hours) Absorbance 
 (±0.001 AU) 

Absorbance 
 (±0.001 AU) 

Absorbance 
 (±0.001 AU) 

Absorbance 
 (±0.001 AU) 

Absorbance 
 (±0.001 AU) 

0.0 0.428 0.427 0.427 0.429 0.428 
0.5 0.364 0.406 0.392 0.375 0.406 
1.0 0.341 0.377 0.345 0.341 0.353 
1.5 0.317 0.349 0.321 0.319 0.321 
2.0 0.279 0.332 0.296 0.283 0.313 
2.5 0.247 0.311 0.283 0.266 0.300 
3.0 0.196 0.298 0.264 0.238 0.279 

 

Blank absorbance: 0.002 ±0.001 AU  

The blank absorbance was subtracted from each absorbance value and processed into table 5.3 (Processed data). 
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5.2 Calculations 

Sample calculation of [ClO-] of sample solution (Environment 1) at 0 minutes: 

The concentration of hypochlorite could be calculated graphically using the calibration 

curve or algebraically using the equation of the graph. 

Graphically: Algebraically: 

The equation of the slope can be split into a system 

of equations to solve for x. 

!! = 0.213( − 0.001 

!" = *+,-.+*/01 = 0.425	 ± 0.001	 

 
In this case the x-value of the intersection point of 

the two equations is the [ClO-] = 2.0 ppm. 

 

! = 0.213( − 0.001 

6ℎ1.1, ( = [:;<#] 
*/>	! = *+,-.+*/01 

= 0.425	 ± 0.001 

(0.425) = 0.213( − 0.001 

(0.425) + 0.001
0.213 = ( 

( = [<:;#] = 2.0	BBC 

 

 

Sample calculation of % Cl available of sample solution (Environment 1) at 30 

minutes: 

Concentration at 0 minutes: 2.0 

Concentration at 30 minutes: 1.9 

D1.92.0F (100) = 95% 

Thus, there is 95% chlorine available at 30 minutes. 

 

y1
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5.3 Processed data        Table 6 and 7: Processed quantitative data of results per 0.5 hours 

Environment # 0 1 2 3 4 

Time (hours) [ClO-] 
(ppm) 

% Cl 
available 

[ClO-] 
(ppm) 

% Cl 
available 

[ClO-] 
(ppm) 

% Cl 
available 

[ClO-] 
(ppm) 

% Cl 
available 

[ClO-] 
(ppm) 

% Cl 
available 

0.0 2.00 100 2.00 100 2.00 100 2.00 100 2.00 100 

0.5 1.70 85.0 1.90 95.0 1.83 91.5 1.75 87.5 1.9 95.0 

1.0 1.59 79.5 1.76 88.0 1.61 80.5 1.59 79.5 1.65 82.5 

1.5 1.48 74.0 1.63 81.5 1.50 75.0 1.49 74.5 1.50 75.0 

2.0 1.30 65.0 1.55 77.2 1.38 69.0 1.32 66.0 1.46 73.0 

2.5 1.15 57.5 1.45 72.5 1.32 66.0 1.24 62.0 1.40 70.0 

3.0 0.91 45.5 1.39 69.5 1.23 61.5 1.11 55.5 1.30 65.0 

Environment # 0 1 2 3 4 

Time (hours) Absorbance  
(AU) (±0.001) 

Absorbance  
(AU) (±0.001) 

Absorbance  
(AU) (±0.001) 

Absorbance  
(AU) (±0.001) 

Absorbance  
(AU) (±0.001) 

0.0 0.426 0.425 0.425 0.427 0.426 
0.5 0.362 0.404 0.390 0.373 0.404 
1.0 0.339 0.375 0.343 0.339 0.351 
1.5 0.315 0.347 0.319 0.317 0.319 
2.0 0.277 0.330 0.294 0.281 0.311 
2.5 0.245 0.309 0.281 0.264 0.298 
3.0 0.194 0.296 0.262 0.236 0.277 
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The concentration of hypochlorite for each environment was graphed against time to 

show the effect the factors had on the rate of decomposition. 

Graph 2-7: Graphs displaying the depletion of hypochlorite ions over time 
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Graph 2: Environment 0
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Graph 3: Environment 1
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Graph 4: Environment 2
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Table 8: A display of the slope of each graphed environment 

 

All five environments were graphed with the concentration of hypochlorite ions against 

time with a line of regression. The correlation coefficient (r) determined the strength of 

the linear correlation between the time and [ClO-]. Comparable slopes were also provided 

in order to determine the effectiveness of CYA.  

 

6.0 Discussion 

The quantitative data displayed in table 6 show that the concentration of hypochlorite 

ions decreases over the course of three hours. All environments had a relatively constant 

depletion as seen through graphs 2-7 and table 8. Environment 0 had no CYA and lost 

54.5% chlorine resulting in 0.91 ppm [ClO-] after 3 hours. This is below the 

recommended range and was hypothesized due to the absence of CYA. Contrastingly, all 

environments (1-4) with the presence of CYA remained above 1 ppm. Environment 1 had 

no additional factors and had the highest [ClO-] at 1.39 at 3 hours. The addition of UV 

during the 4th environment decreased the concentration and in environment 2 with urea. 

Environment 3 had the greatest influence on [ClO-] with the presence of CYA with a loss 

of 44.5% chlorine. For this investigation, it was considered that the sample was at 

equilibrium.  

In consistency with Equations 5 and 6. The OCl and HOCl underwent photolysis by UV 

radiation in environments 3 and 4. The excessive use of 100 ppm CYA in such a small 

Environment 0 1 2 3 4 

Slope -0.3329 -0.2086 -0.2543 -0.2829 -0.2350 

 r value 0.991 0.994 0.980 0.989 0.969 
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sample used in this investigation made it impossible to see other side effects. For 

example, the pH levels nor the temperature were monitored for the samples. The results 

were higher than would be expected if the system was at equilibrium. For this 

investigation, it was considered that the sample was at equilibrium. The concentration of 

ClO- decreases as per Equation 2. It is not possible within the timeframe of this 

investigation to know whether or not equilibrium has been re-established. 

As hypothesized, the effect on the [ClO-] was most evident with the addition of urea. The 

concentration of urea added was realistic as it not only included the urea form urine but 

also perspiration, despite the dilution of urine in large volumes. 

 

7.0 Conclusion 

A conclusive result to the research question; “To what extent is cyanuric acid an 

effective stabilizer for the concentration of hypochlorite ions in outdoor pool water 

with the factors of UV radiation and urea, as a function of time?”, was reached by 

two sub-investigations on the function of CYA. 

1. Was CYA effective in keeping the hypochlorite ions within the 1-3 ppm range? 

2. Which factors had a greater effect on the [ClO-] with the addition of CYA? 
 
 
 
7.1 Effectiveness of CYA 

Upon comparison between environment 0 with no CYA and 1 with CYA. It was 

concluded that CYA was an effective stabilizer as it had 24% more chlorine remaining at 

3 hours. Additionally, the [ClO-] was kept well within the recommended range and would 

have remained as such for longer if no factors were present. 
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7.2 Influence of factors    

Environments 2-4 were set-up in order to judge the influence that each factor had on the 

[ClO-]. Environments 2 and 4 had the factors of urea and UV radiation respectively and 

environment 3 had both factors present. The absence and presence of UV light was 

included to compare between indoor and outdoor pools. Through quantitative data in 

table 6, it was concluded that urea had a greater effect on the [ClO-] than UV radiation. 

This was hypothesized and the combination of both factors reduced the [ClO-] to 1.11 

ppm with 55.5% chlorine remaining. Given that CYA would be not added every 3 hours, 

this would not be ideal as it is only slightly over the minimum limit. Thus, it was 

concluded that CYA was an effective stabilizer with the factors of UV radiation and urea 

so long as they were under the limits of 3 hours and 1.5mgL-1 respectively.  

 

7.3 Further investigation    

Improvements to the accuracy of the investigation: 

• More trials could have been conducted to obtain consistent results. However, this 

was not done due to time constraints of 3 hours per environment. 

•  Lower concentrations of known hypochlorite solutions could be used for the 

calibration graph in order to ensure a constant slope. 

• The temperature could have been monitored during the stirring to avoid any 

additional factors on depletion of [ClO-]. 

Improvements to the precision of the investigation: 

• The pH could be consistently monitored despite the minimal effect of CYA, but 

the effect of urea on the pH was not considered. 
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• A UV radiator could have been used to improve the consistency of available UV 

light. 

• A UV chamber could have been used as the rudimentary set up required the 

constant opening and closing to measure the solution at certain intervals 

Extensions to the investigation: 

• The rate of the decomposition of the [ClO-] could be calculated to provide an 

in-depth assessment. However, temperature affects the rate according to the 

Arrhenius equation and was uncontrollable.   

• Effects of different wavelengths of UV radiation could be investigated as 

obstacles such as glass can alter the wavelengths.  

• Decomposition of oxyacid salts are known to be affected by the pH and the rate 

kinetics in relation to the pH could be investigated with CYA. 

 

7.4 Reflection    

Through this investigation, I was able to understand the chemistry found in maintaining 

an outdoor swimming pool. The strategy of using calcium hypochlorite as the supply of 

chlorine in a pool and the addition of CYA to maintain it was seen to be effective from 

the results. The factors of UV radiation and urea helped model a realistic environment 

that I as a lifeguard notice. The effects of these factors have been investigated before, but 

the combination of both UV radiation and urea to judge the effectiveness of CYA was 

new information to me as no literature value was found. This investigation provided me 

with a deeper understanding of the hidden role of chemistry in the practical world that I 

experience on a daily basis. 
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10.0 Appendices 

10.1 Experimental procedure 

1. Turn on the spectrophotometer and wait 15 minutes to warm up. 

2. Prepare a blank using distilled water and measure the absorbance of the solution 

at 666nm. 

3. Prepare solutions with known concentrations of hypochlorite to create a 

calibration curve. 

4. Measure the absorbance of the solutions at 666nm and subtract the absorbance of 

the blank to create a calibration curve with recorded data. (4.0 Results) 

5. Designate a spot with access to 3 hours of sunlight for environments 2 and 3 

6. Prepare solutions for each environment per beaker (4.7 Preparation of Sample 

Solutions) and label accordingly. Use a magnetic stirrer to avoid clumps in the 

solution. 
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7. Measure the initial absorbance of each sample solution (4.5 Spectrophotometric 

Procedure) and subtract the blank absorbance. 

8. Place each beaker in the corresponding environment 15 minutes apart to provide 

sufficient time for analyzing samples.  

9. Measure the absorbance of each sample at 30-minute intervals and subtract the 

blank to record the final absorbance 

10. After the final absorbance has been measured, shut down the spectrophotometer 

and clean up the workspace. Dispose of all chemicals appropriately. 

11. Create a calibration curve using the data from steps 3 and 4. (5.0 Results) 

12. Calculate concentrations (5.2 Calculations) 

 

10.2 Supplementary calculations 

Unit conversion for mass of calcium hypochlorite: 

Recommended 1-3 ppm 

1""# = 1#%&!" 

∴ 2""# = 2#%&!" 

Other common conversions: 

1)## = 1#& 

1*## = 1& = 1000#& 

30	#./0123 = 0.5	ℎ7083 
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10.3 Photographs of experiment 

Photograph 1: An aluminum foil/black board box to prevent UV radiation to the sample 

 

 
 

Photograph 2: Environment 1 in the box  
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Photograph 3: Spectrophotometer used 

 

 
 
 

Photograph 4: Preparation of environment 3 
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Photograph 5: Blank solutions 
 

 
 
  

Photograph 6: Liberation of iodine 
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Photograph 7: Absorbance value of blank solution 

 

 
 
 

Photograph 8: Initial absorbance value of environment 0 at 0 minutes 
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