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The Chemistry Involved in Maintaining a 
Saltwater Pool 

Introduction  
Although many people have chosen to switch to a saltwater pool, under the impression that 

they are maintenance free, this is not the case. Despite the fact that equilibria reactions in 

the pool minimise the amount of maintenance required, chemicals still need to be added 

regularly to keep the pool clean and hygienic.  

This report outlines the chemicals and equipment necessary to maintain a saltwater pool, 

and examines the various chemical reactions that occur in the pool. Alternative sanitisation 

methods and the amount of each chemical required to set up a new saltwater pool are also 

discussed.  

Discussion  

Chemicals and Equipment Required to Maintain a Saltwater Pool  

It is essential to maintain appropriate levels of various chemicals in a pool in order to kill 

pathogens and maintain chemical balance.  

One of the most important chemicals in a pool system is hypochlorous acid, which is a 

powerful disinfectant. In a saltwater pool, the chlorine generator converts chloride ions into 

chlorine gas, which in turn forms hypochlorous acid when it dissolves. The chlorine 

generator needs a relatively high concentration of chloride ions to operate, so a large 

amount of sodium chloride (NaCl) is initially added to the pool. After this, sodium chloride 

only needs to be added occasionally, as the chloride is recycled within the pool system.  

Hypochlorous acid is rapidly broken down by UV radiation, so the stabiliser isocyanuric acid 

(C3H3N3O3) is used to reduce the effects of sunlight. Other chemicals used include 

hydrochloric acid (HCl) and sodium carbonate (Na2CO3), which are used to lower and raise 

the pH, and sodium bicarbonate (NaHCO3), which is used to increase the total alkalinity. In 

some situations, particularly when starting a new pool, calcium chloride (CaCl2) may be used 

to raise the hardness.  

A pool test kit with bottles of reagents or dip sticks is necessary to monitor the levels of 

various chemicals, and should include tests for pH, hardness, total alkalinity, salinity, 

stabiliser levels, and total and free chlorine.  

A pool pump and filter are required, as well as other general maintenance equipment.  
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Supplementary Chemicals 

Over time, dirt particles too small to be trapped by the filter accumulate in the water, so 

alum is used to rectify this. Alum – Al2(SO4)3 – is a flocculant, a substance that causes small 

particles to clump together so they can be filtered out. When alum is added to the water, it 

slowly forms a gelatinous precipitate of Al(OH)3, taking suspended particles with it. The 

precipitate is then able to be removed by the water filter. Note that the water must be 

slightly alkaline to form a hydroxide precipitate (Ash & Hill 2008).  

Another supplementary pool chemical is calcium hypochlorite – Ca(OCl)2. It is commonly 

used as a source of hypochlorite ions for ‘shocking’, or superchlorinating a pool; as chlorine 

generators do not produce chlorine fast enough for superchlorination (Trouble Free Pool 

2014). Calcium hypochlorite dissolves to produce Ca2+ and OClˉ ions, and hypochlorous acid 

is formed from the hypochlorite ion (see equation 3 below). The elevated concentration of 

hypochlorous acid and hypochlorite ions rapidly kills all algae and bacteria present, and 

oxidises any chloramines and other organic compounds. Adding large amounts of calcium 

hypochlorite may cause scale to form, due to the excess calcium ions (see equations 17 and 

18 below).  

 

Chemical Reactions in a Saltwater Pool 

There are many chemical reactions that occur in the pool environment. Most of these 

reactions are equilibrium reactions (indicated by the double arrow ⇋), and thus do not 

proceed to completion.  

Chlorine Generator  

Inside the chlorine generator, chloride ions are converted to chlorine gas via the process of 

electrolysis. The chlorine is needed to produce hypochlorous acid (as shown in equation 3), 

for disinfecting the pool. The net reaction inside the chlorine generator is:   

2Clˉ(aq) + 2H2O(l) → Cl2(g) + H2(g) + 2OHˉ(aq)    (1) 

This reaction raises the pH of the water, as it creates hydroxide ions.  

pH  

pH is a measure of the concentration of the hydronium ion (H3O+). The formula used to 

calculate pH is:  

pH = -log [H3O+]  

In an aqueous solution, the concentrations of hydronium and hydroxide ions are related by 

the equilibrium reaction:  

2H2O(l) ⇋ H3O+(aq) + OHˉ(aq)   Kw = 1 × 10-14  (2)  

The equilibrium constant for this reaction is:  
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In an aqueous solution, the concentration of water can be considered to be constant, and so 

the equilibrium constant can be written as:  

Kw = [H3O+][ OHˉ]  

This means that increasing the concentration of hydroxide ions reduces the concentration of 

hydronium ions, and vice versa. Therefore adding hydroxide ions, such as in equation 1, 

lowers the pH.  

Note that in aqueous solution, the hydrogen ion (H+) is found in the form of the hydronium 

ion (H3O+); however it is often written as H+ to simplify equations.  

Dissolution of Chlorine Gas 

The chlorine gas produced by the chlorine generator dissolves in water to create 

hypochlorous acid, and hydrogen and chloride ions:  

Cl2(g) + H2O(l) ⇋ HOCl(aq) + H+(aq) + Clˉ(aq)    (3) 

The dissolution of the chlorine increases the acidity of the water (as hydrogen ions are 

created). This partly offsets the increase in pH from the generation of the chlorine gas, 

however the net result is an increase in pH. Only half of the chlorine in the gas is converted 

to hypochlorous acid; the rest forms chloride ions.  

Hypochlorous acid 

Hypochlorous acid forms an equilibrium with the hypochlorite ion (OClˉ), as shown below:  

HOCl(aq) + OHˉ(aq) ⇋ + OClˉ(aq) + H2O(l)     (4) 

This reaction is very dependent upon the pH. When the pH is high, there is a higher 

concentration of OHˉ ions and the reaction is forced to the right, according to Le Chatelier’s 

principle. This means that more hypochlorite ions are created. Conversely, when the pH is 

lower, there are few hydroxide ions and the equilibrium position shifts to the left, creating 

more hypochlorous acid.  

Hypochlorous acid is a much faster oxidiser than the hypochlorite ion, so a lower pH is 

desirable for sanitation. However, the pH of a pool system must be kept above 7.2 to 

prevent eye irritation and etching of the plaster walls (Smith et. al 2010).  

Decomposition of  “chlorine”   

The decomposition (photolysis) of both hypochlorous acid and the hypochlorite ion is 

catalysed by UV rays, i.e.  

2HOCl(aq) + UV light → 2Clˉ(aq) + 2H+(aq) + O2(g)    (5) 

2OClˉ(aq) + UV light → 2Clˉ(aq) + O2(g)     (6) 

About 90% of the ‘chlorine’ in a swimming pool is lost in this way (Smith et. al 2010). For this 

reason, indoor pools require a lot less chlorine than outdoor pools.  

Stabilisers 

Isocyanuric acid, commonly called stabiliser, is added to the pool to slow the loss of 

chlorine. Isocyanuric acid creates a ‘storage bank’ of chlorine by converting hypochlorite 

ions to dichoroisocyanuric and trichloroisocyanuric acids:  
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C3O3N3H3(aq) + 2OClˉ(aq) ⇋ C3O3N3Cl2H(aq) + 2OHˉ(aq)   (7) 

C3O3N3H3(aq) + 3OClˉ(aq) ⇋ C3O3N3Cl2H(aq) + 3OHˉ(aq)   (8)  

Di- and tri-chloroisocyanuric acid are stable in UV light, so only the hypochlorite ions and 

hypochlorous acid remaining in the water gets broken down. As the hypochlorite levels 

decline, the equilibrium positions for reactions 7 and 8 shift to the left, forming more 

hypochlorite in order to re-establish equilibrium. Similarly, decreasing hypochlorous acid 

levels lower hypochlorite levels (equation 4), which in turn force more hypochlorite to be 

released from the stabilised chlorine.  

When extra chlorine or stabiliser is added, more stabilised chlorine is formed as the system 

acts to minimise the disturbance and regain equilibrium. These reactions are also pH 

dependent. When the pH is increased, more hypochlorite ions are formed from the stored 

chlorine, and vice versa.  

Reaction of “chlorine” with nitrogenous wastes 

Hypochlorous acid and the hypochlorite ion also react with nitrogenous wastes (those 

containing ammonia) to form chloramines.  

HOCl(aq) + NH3(aq) → NH2Cl(aq) + H2O(l)     (9) 

HOCl(aq) + NH2Cl(aq) → NHCl2(aq) + H2O(l)     (10) 

The chloramines slowly form nitrogen trichloride, e.g.  

NHCl2(aq) + HOCl(aq) → NCl3(aq) + H2O(l)     (11)  

Nitrogen trichloride is irritating to the eyes and mucous membranes, and is also the source 

of the common ‘chlorine’ smell associated with pools. Therefore a strong ‘chlorine’ smell 

indicates that more chlorine should be added, as the chlorine in the pool has been used to 

form chloramines and nitrogen trichloride.  

Dissolution of calcium hypochlorite 

Calcium hypochlorite is occasionally used for superchlorination. When it dissolves, it 

increase the hypochlorite ion concentration:  

Ca(OCl)2(s) ⇋ Ca2+(aq) + 2OClˉ(aq)      (12)  

As the hypochlorite concentration rises, hypochlorous acid and hydroxide ions are formed 

(equation 4 proceeding to the left), raising the pH.  

The bicarbonate buffer 

One of the most important equilibrium systems in a swimming pool is the bicarbonate 

buffer. Sodium bicarbonate dissolves in water to produce the bicarbonate ion:  

NaHCO3(s) ⇋ Na+(aq) + HCO3ˉ(aq)      (13)  

The bicarbonate ion forms an equilibrium with both carbonate ions and carbonic acid.  

HCO3ˉ(aq) ⇋ H+(aq) + CO3
2
ˉ(aq)      (14)  

HCO3ˉ(aq) + H+(aq) ⇋ H2CO3(aq)      (15)  

Carbonic acid is also part of an equilibrium with the carbon dioxide dissolved in the water:  

H2CO3(aq) ⇋ CO2(g) + H2O(l)       (16)  
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Thus the equation for the whole buffer system is:  

CO3
2
ˉ(aq) + 2 H+(aq) ⇋ HCO3ˉ(aq) + H+(aq) ⇋ H2CO3(aq) ⇋ CO2(g) + H2O(l)  (17)  

The bicarbonate ion has a much lower ionisation constant (4.7 × 10-11) than carbonic acid 

(whose ionisation constant is 4.5 × 10-7), so the carbonate ion plays only a minor role in the 

buffer system.  

When sodium bicarbonate is added to the pool, the pH usually increases as hydrogen ions 

are used to form carbonic acid (equation 15). Carbonic acid is slowly lost as carbon dioxide 

and water (equation 16); when this happens, bicarbonate ions form more carbonic acid 

(equation 15). This means that sodium bicarbonate needs to be added to the pool regularly 

to replace the lost bicarbonate ions.  

When an acid (containing H+ ions) is added to the buffer system (equation 17), the 

equilibrium position shifts to the right (as the system is trying to minimise the disturbance, 

as per Le Chatelier’s principle). The excess hydrogen ions are used to create more 

bicarbonate ions and carbonic acid, neutralising the acid.  

Conversely, when an alkaline substance is added, the equilibrium position shifts to the left, 

and more carbonate, bicarbonate and hydrogen ions are created. The hydrogen ions 

neutralise the alkaline hydroxide ions, maintaining the pH of the system.  

Calcium carbonate equilibrium 

Another important reaction in the pool environment is the formation of scale, or the etching 

of plaster (which contains calcium carbonate). Calcium carbonate is slightly soluble in water:  

CaCO3(s) ⇋ Ca2+
 (aq) + CO3

2
ˉ(aq)     (18)  

However much more calcium dissolves when carbonic acid is present in the water:  

CaCO3(s) + H2CO3(aq) ⇋ Ca2+
 (aq) + 2HCO3ˉ(aq)    (19)  

When the pool water is acidic, more carbonate ions in the buffer system will form 

bicarbonate ions (equation 17 moves to the right). This causes more calcium carbonate to 

dissolve (etching the plaster), due to the lower levels of carbonate (equation 18).  

Another problem is that soft water (with little calcium present) will dissolve plaster walls 

until an equilibrium level of Ca2+ is established. On the other hand, hard water (with too 

much calcium present) will cause the precipitation of scale (CaCO3). Carbonic acid can also 

dissolve calcium carbonate (equation 19); however this reaction is limited by the 

concentration of calcium ions already in the water.  

Changing the pH 

Finally, there are several reactions that occur when a pH adjuster (HCl or Na2CO3) is added. 

Hydrogen chloride forms H+ and Clˉ ions, lowering the pH of the pool. This is counteracted 

to some degree by the buffer system (H+ ions are used to form more HCO3
2
ˉ and H2CO3), 

however the capacity of the buffer system is limited. The decrease in pH increases the 

amount of hypochlorous acid present (see equation 4), raising the effectiveness of 
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disinfection. Lowering the pH will also cause more hypochlorite to be stored by isocyanuric 

acid (reactions 7 and 8), and may cause etching of plaster.  

When sodium carbonate is added, it dissolves into Na+ and CO3
2
ˉ ions. The addition of the 

carbonate ion forces the buffer system (equation 17) to the right, using up hydrogen ions 

and raising the pH. The increase in carbonate ion concentration may cause scale to form 

(equation 18 moving to the left), and more hypochlorite ions will be formed from the 

stabilised chlorine. A higher pH will also reduce the amount of hypochlorous acid present.  

 

Stressors on the Pool System  

There are many things that can disturb a pool system; however equilibrium reactions tend 

to restore equilibrium without any human intervention. This is in accordance with Le 

Chatelier’s principle, which states that if a system at equilibrium is disturbed, it acts in such 

a way as to minimise the disturbance.  

As mentioned previously, sunlight speeds up the decomposition of hypochlorous acid and 

the hypochlorite ion. The chlorine generator is not typically fast enough to replace this, but 

as the concentrations of HOCl and OClˉ decrease, more hypochlorite and hypochlorous acid 

is formed from stabilised chlorine (equations 7 and 8 proceeding to the left), re-establishing 

suitable chlorine levels.  

When the pH is lowered (e.g. by dissolution of Cl2 gas, addition of alum or rainwater, 

decomposition of organic matter), the buffer system uses the hydrogen ions to create 

bicarbonate ions and carbonic acid, and raises the pH again (equation 17 moving to the 

right).  

When the pH is raised (e.g. by algae growth, swimmer wastes, addition of Na2CO3, Ca(OCl)2 

or NaHCO3), the equilibrium reactions of the buffer system proceed backward, due to the 

lack of H+ ions (equation 17 moving to the left). This creates more hydrogen ions, which 

neutralise the excess hydroxide ions, maintaining approximately the same pH.  

Another stress is bather load, which includes sweat, body oils, and sunscreen. Bather load 

alters the pH, and removes hypochlorous acid and hypochlorite ions, which react with the 

nitrogenous wastes. The change in pH is counteracted by the buffer system, and the loss of 

sanitiser causes more hypochlorite ions (which in turn form hypochlorous acid) to be 

formed from stabilised chlorine.  

A change in temperature can affect many chemical equilibria; however one of the most 

noticeable effects is on the formation of scale. The dissolution of calcium carbonate in the 

presence of carbonic acid is exothermic, so it can be written as:  

CaCO3(s) + H2CO3(aq) ⇋ Ca2+
 (aq) + 2HCO3ˉ(aq) + heat  (20)  
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When there is an increase in temperature, the equilibrium position of the reaction moves to 

the left. This causes calcium carbonate to become less soluble, and it precipitates out in the 

form of scale. On the other hand, decreasing the temperature increases the solubility of 

calcium carbonate, which can cause the etching of plaster walls.  

Windy conditions and excessive splashing increases the rate that carbonic acid is lost to the 

atmosphere as carbon dioxide (equation 16). When carbonic acid is lost in this way, the 

buffer system (equation 17) moves to the right, creating more carbonic acid and restoring 

equilibrium.  

 

Quantities of Chemicals Required in a New Saltwater Pool 

Below are the approximate amounts of each chemical required in a saltwater pool, in order 

to raise the concentration of that chemical to the recommended levels. All calculations 

assume a 50,000L pool, filled with pure water which has a pH of 7.  

Alkalinity 

The total alkalinity of the pool should be approximately 100 ppm, according to Smith et. al 

(2010). Approximately 6.88 kilograms of sodium bicarbonate is required to raise the total 

alkalinity of a 50,000L pool by 100 ppm (see Appendix 1 for details).  

pH 

The pH should be in the range of 7.4-7.6 (Smith et. al 2010); a pH of 7.5 will be assumed to 

be ideal. Using the formula for the pH of a bicarbonate buffer system from Smith et. al 

(2010), the pH of the pool after the total alkalinity has been adjusted would be 

approximately 8.4 (see Appendix 2).  

Calculations, shown in Appendix 2, indicate that 7.9 litres of 9 M HCl is required to lower the 

pH to 7.5; however data by Smith et. al (2010) indicates that only 1.25 L is required. This 

suggests that the calculations are ignoring some factors, such as the effects of the carbonate 

ion.  

Chlorine 

The amount of free chlorine should be at a residual level of 1-3 ppm (Smith et. al 2010). If 

the water was pure, no extra chlorine would be required to oxidise micro-organisms or 

organic matter, so an initial addition of 2 ppm would be sufficient. To raise the amount of 

free chlorine in a 50,000L pool by 2 ppm, 139 grams of pure calcium hypochlorite is required 

(see Appendix 4 for calculations).  

Stabiliser 

The isocyanuric acid levels should be between 30 and 50 ppm, according to Smith et. al 

(2010), so a concentration of 50 ppm should be ideal. Assuming the stabiliser concentration 

is measured in terms of isocyanuric acid, the total mass of stabiliser required will be:  

 



Joel Johnson, Yr 12, Chemistry ERT 3.1 Final, 11/4/16      Page 8 of 16 

m = c × V  

     = 0.05g/L × 50,000L  

     = 2500 g 

Approximately 2.50 kg of isocyanuric acid will be needed to increase the isocyanuric acid 

concentration by 50 ppm.  

Hardness 

The hardness of the pool should be 200-400 ppm (Smith et. al 2010), so an ideal value of 

300 ppm will be assumed. Approximately 16.64 kg of calcium chloride is required to raise 

the hardness by 300 ppm (calculations are in Appendix 5). Note that in a real life situation 

the water used to fill the pool would already have some calcium in it, so the amount of 

calcium chloride used would be much less.  

Total Dissolved Solids 

According to Smith et. al (2010), the concentration of total dissolved solids for a saltwater 

pool should be 2000-3000 ppm, however Rhodehamel (n.d.) suggests a range of 2700-3500 

ppm. Assuming that a level of 3000 ppm is ideal, a total of 150 kg of dissolved solids is 

required (see Apppendix 6). As 28.75 kg of salts have already been added to the pool, only 

121.25 kg of NaCl is required to increase the TDS to 3000 ppm.  

 

Analysis of Results from a Pool Test Shop 

Sample test results of a pool were obtained from http://olympicpoolandspa.com/wp-

content/uploads/Pool-Watch-Analysis.png, and are shown in Appendix 7. The test results 

are summarised in Table 1, and the recommendations on the results have been analysed 

from a chemical perspective.  

 

Table 1 – Sample Results from a Pool Test 

Test Performed Results Recommended 
Range 

Total chlorine 0.0 1-3 

Free chlorine  0.0 1-3 

pH 6.9 7.2-7.6 

Total alkalinity 190 100-150 

Calcium hardness 255 200-400 

Stabilizer 190 30-100 

 

 

 

http://olympicpoolandspa.com/wp-content/uploads/Pool-Watch-Analysis.png
http://olympicpoolandspa.com/wp-content/uploads/Pool-Watch-Analysis.png
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The actions recommended on the test results are:  

 Consult with the company about the stabilizer levels.  

 Decrease the total alkalinity by adding pH decreaser.  

 Superchlorinate the pool.  

 Increase the pH using pH increaser.  

The stabiliser levels are significantly above the recommended levels and need to be 

reduced. High isocyanuric acid levels reduce the effectiveness of chlorine, as they force the 

reaction  

C3O3N3H3(aq) + 2OClˉ(aq) ⇋ C3O3N3Cl2H(aq) + 2OHˉ(aq)   (7) 

to the right, reducing the amount of hypochlorite remaining in the water, and thus reducing 

the disinfectant power. According to Hampton (2013), the stabiliser level can only be 

lowered by draining some of the water out of the pool and refilling it with fresh water. As 

this requires more than the addition of chemicals, the pool test results recommend that the 

owner consult the company.  

The total alkalinity is also significantly higher than recommended. Adding pH decreaser 

(typically HCl acid) will lower the alkalinity, as the H+ ions neutralise excess HCO3ˉ ions, 

forming H2CO3.  

There is no chlorine in the pool, so a shock treatment has been recommended. Most 

sources recommend a shock treatment when there is no chlorine present, in order to 

oxidise any organic matter or pathogens, and to restore an adequate residual chlorine level. 

The product “Nu Clo Dura Shock” has been recommended, which is lithium hypochlorite 

granules. The LiClO will dissolve to form Li+ and OClˉ ions, and some of the hypochlorite ions 

will form hypochlorous acid (equation 4).  

The pH is lower than recommended, and the addition of pH increaser has been prescribed. 

pH increaser is typically sodium carbonate (Na2CO3), which forms CO3
2ˉ ions when it 

dissolves. The carbonate ions force the equilibrium position of the buffer system (equation 

17) to the right, using up carbonate and hydrogen ions to produce bicarbonate ions and 

carbonic acid. This reduces the amount of hydrogen ions present, increasing the pH.  

 

Alternative Sanitising Methods  

There are several alternatives to chlorine-based sanitisation, including:  

1. Bromine  

2. Copper and Silver Ionization  

3. UV Sanitisers  

Bromine based sanitisation uses the same principles as chlorine sanitisation, and has many 

of the same pros and cons. However, bromine is only effective as a sanitiser, not an oxidizer. 
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This means that another chemical must be added as a ‘shock’ treatment, such as hydrogen 

peroxide or a chlorine based product (Wikipedia 2016b).  

Copper and silver ionization generates copper and silver ions via electrolysis. These ions kill 

algae and bacteria; however concerns have been raised that this type of sanitisation is not 

effective due to the slow action of the ions (Spectra Light Ultraviolet 2015). Therefore a 

minimal level (0.5ppm) of chlorine is still required (Poolinfo.com n.d.).  

UV sanitisation is a relatively new technology, and moderately expensive, however it is “the 

strongest oxidiser available” according to Spectra Light Ultraviolet (2015). As with the other 

alternative sanitisers, some chlorine (~ 0.5ppm) is recommended.  

The most suitable alternative sanitisation method for a backyard pool would probably be UV 

sanitisation, supplemented by a small amount of chlorine-based sanitiser. Although the 

initial cost might be higher than the other alternatives, the long term cost would likely be 

lower, and the reduced chemical levels would definitely be healthier.  

 

Conclusion  
Maintaining safe levels of chemicals in a swimming pool is very complex. Fortunately, most 

of the reactions involved are equilibrium reactions and act to minimise disturbances, 

according to Le Chatelier’s principle. This makes managing a pool a much easier task.  
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Appendices 

Appendix 1 – Amount of Sodium Bicarbonate needed to Raise Total 

Alkalinity to 100 ppm  

The total alkalinity of the pool should be approximately 100 ppm (Smith et. al 2010), which 

is 100 mg/L or 0.1 g/L. Therefore for a 50,000L pool, the amount of HCO3ˉ required is:  

m = c × V 

     = 0.1 g/L × 50,000L  

m = 5000 grams  

The molar mass of HCO3ˉ is 61.02 g/mol, so the number of moles required is:  

n = m/MM  

   = 5000 g / 61.02 g/mol  

n = 81.9 moles  

The reaction for the dissolution of sodium bicarbonate is: NaHCO3 ⇋ Na+ + HCO3ˉ. One mole 

of sodium bicarbonate will form one mole of the bicarbonate ion, so 81.9 moles of sodium 

bicarbonate are required.  

The molar mass of NaHCO3 is 84.01 g/mol, so the mass required is:  

m = n × MM  

     = 81.9 moles × 84.01 g/mol  

m = 6880 g  

Approximately 6880 grams, or 6.88 kilograms of sodium bicarbonate is required to raise the 

total alkalinity by 100 ppm.  

 

http://www.spectralightuv.com/
http://www.troublefreepool.com/content/127-salt-water-chlorine-generators-swg
https://en.wikipedia.org/wiki/Hard_water
https://en.wikipedia.org/wiki/Salt_water_chlorination
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Appendix 2 – Amount of HCl Acid Required to Lower pH from 8.4 to 7.5  

The pH should be in the range of 7.4 to 7.6 (Smith et. al 2010); a pH of 7.5 will be assumed 

to be ideal.  

According to Smith et. al (2010), the equation for the pH of the bicarbonate buffer in a 

swimming pool system is:  

            
     

       
   

The molarity of CO2 in the air is 1.4 × 10-5 M (see Appendix 3 for details).  

The molarity of HCO3ˉ, after the addition of sodium bicarbonate to raise the total alkalinity 

to 100 ppm, is given by:  

c = n/V  

   = 81.9 moles / 50,000L  

   = 1.64 × 10-3 M  

Therefore, the pH of the system (after the total alkalinity is adjusted) is approximately 8.4:  

            
     

      
   

            
         

              

                      

               

              

To lower the pH to 7.5, the concentration of HCO3ˉ must be lowered by adding H+ ions to 

neutralise the bicarbonate ion:  H+(aq) + HCO3ˉ(aq) ⇋ H2CO3(aq).  

The final bicarbonate concentration required can be calculated using the same formula:  

            
     

       
   

             
     

       
   

          
     

       
   

     

       
            

        
     

           

As the molarity of CO2 in the air is 1.4 × 10-5 M, the HCO3ˉ concentration will need to be:  

        
          

           
   2.2 × 10-4 M  

To lower the pH to 7.5, the concentration of HCO3ˉ must be lowered from 1.64 × 10-3 M to 

2.2 × 10-4 M, a reduction of 1.42 × 10-3 M. As one mole of hydrogen ions react with one mole 

of bicarbonate, and one mole of HCl dissolves to form one mole of H+ ions, this will require 

the addition of 1.42 × 10-3 M of HCl.  
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The number of moles of HCl required is given by:  

n = c × V  

   = 1.42 × 10-3 M × 50,000L  

   = 71 moles  

According to Smith et. al (2010), the most common pool acid concentration is 9 mol/L, so 

the volume required is:  

V = n / c  

    = 71 moles / 9 M  

    = 7.9 litres  

Approximately 7.9 litres of 9 M HCl is required to decrease the pH to from 8.4 to 7.5. This 

figure is probably not accurate, as Smith et. al (2010) suggest that only about 1.25 L of 

hydrochloric acid are needed to lower the pH of a properly buffered 50,000 L pool from a pH 

of 8.4 to 7.5.  

 

The molar mass of HCl is 36.46 g/mol, so the mass of HCl acid added is:   

m = n × MM  

     = 71 moles × 36.46 g/mol  

     = 2589 g  

     = 2.59 kg 

 

Appendix 3 – Molarity of CO2 in the air 

For an ideal gas:  

PV = nRT  

n = PV/RT  

Assuming a temperature of 25°C (298.15K):  

n = 1 atm × 1L / (0.082 L atm K-1 mol-1 × 298.15K)  

n = 1 / 24.45 moles 

n = 0.0409 moles  

A litre of gas at 25°C contains 0.041 moles of gases. The atmosphere consists of 0.035% CO2, 

so the amount of carbon dioxide will be:  

amount = moles of air × percentage of CO2  

               = 0.041 moles × 0.035 / 100  

               = 1.4 × 10-5 moles of CO2 per litre  

Therefore the molarity of CO2 in air is 1.4 × 10-5 M.  
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Appendix 4 – Amount of Calcium Hypochlorite Required to Raise the Free 

Chlorine by 2 ppm   

Smith et. al (2010) recommend that the amount of free chlorine should be at a residual level 

of 1-3 ppm. Assuming the water was pure, no excess chlorine would be required to oxidise 

micro-organisms or organic matter, so addition of 2 ppm should be sufficient.  

2 ppm is 0.002 g/L, therefore the mass of ‘chlorine’ required by a 50,000L pool is:  

m = c × V  

     = 0.002 g/L × 50,000L  

     = 100 g  

Assuming the chlorine is measured as hypochlorite (which has a molar mass of 51.45 g/mol), 

the number of moles required is:  

n = m/MM  

   = 100 g / 51.45 g/mol  

   = 1.94 moles  

One mole of calcium hypochlorite dissolves to form two moles of hypochlorite ions:  

Ca(OCl)2 ⇋ Ca2+ + 2OClˉ.  

Therefore, only half this amount of calcium hypochlorite is required:  

n = 1.94 moles / 2  

   = 0.97 moles Ca(OCl)2  

The molar mass of calcium hypochlorite is 142.98 g/mol, therefore the mass required 

(assuming 100% pure calcium hypochlorite) is:  

m = n × MM  

= 0.97 moles × 142.98 g/mol  

= 139 g  

139 grams of pure calcium hypochlorite is required to raise the amount of free chlorine by 2 

ppm.  

 

Appendix 5 – Amount of Calcium Chloride Required to Raise Hardness by 

300 ppm  

A hardness concentration of 300 ppm will be assumed to be ideal, as this value is in the 

middle of the 200-400 ppm range reported by Smith et. al (2010). 300 ppm is 0.3g/L, so the 

amount required for a 50,000L pool will be:  

m = c × V  

     = 0.3g/L × 50,000L  

     = 15,000g  

This value is measured in terms of the equivalent amount of calcium carbonate (Wikipedia 

2016a), so the number of moles of calcium carbonate required is:  

n = m/MM  

   = 15,000g / 100.09g/mol  

   = 149.9 moles  
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As one mole of calcium carbonate forms one mole of calcium ions (CaCO3 ⇋ Ca2+ + CO3
2ˉ), 

149.9 moles of Ca2+ are required. Calcium is usually added as calcium chloride (CaCl2), and 

one mole of CaCl2 will dissolve to yield one mole of Ca2+. The mass of calcium chloride 

required is therefore:  

m = n × MM  

     = 149.9 moles × 110.98g/mol  

     = 16635.9g  

Approximately 16.64 kg of calcium chloride is required to raise the hardness by 300 ppm. 

Note that in a real life situation, the water used would already have some calcium in it. 

Therefore the amount of calcium chloride needed would be much less, and in some 

situations the hardness would already be at an ideal level.  

 

Appendix 6 – Amount of Sodium Chloride Required to Raise Total Dissolved 

Solids to 3000 ppm  

According to Smith et. al (2010), the concentration of total dissolved solids for a saltwater 

pool should be 2000-3000 ppm, however Rhodehamel (n.d.) suggests a range of 2700-3500 

ppm. Assuming that a level of 3000 ppm (3 g/L) is ideal, the mass of dissolved solids 

required for a 50,000L pool will be:  

m = c × V  

     = 3 g/L × 50,000L  

     = 150,000g 

150.00 kilograms of dissolved solids is required. However, there are already some salts 

dissolved in the pool, so less than 150 kg of NaCl will need to be added.  

The amounts of dissolved salts already in the pool are:  

6.88 kg of NaHCO3, 2.59 kg of HCl, 0.14 kg of Ca(OCl)2, 2.50 kg of isocyanuric acid and 16.64 

kg of CaCl2. Thus there is a total of 28.75 kg of salts already in the pool.  

The amount of salt required is:  

150.00 kg – 28.75 kg  

= 121.25 kg of NaCl  

Approximately 121.25 kg of salt (NaCl) is required to increase the TDS to 3000 ppm.  

 

Appendix 7 – Sample pool test results  

The sample pool test results shown below are from http://olympicpoolandspa.com/wp-

content/uploads/Pool-Watch-Analysis.png.  

 

http://olympicpoolandspa.com/wp-content/uploads/Pool-Watch-Analysis.png
http://olympicpoolandspa.com/wp-content/uploads/Pool-Watch-Analysis.png
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