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PAPER  9 (Background data or your information)



Your Name ____________________
POOL WATER SANITISATION

This is an information paper. 
Please read each section and Initial current corrosion

the box to signify you have read and understand the content and information 

NAME


ADVANTAGES

DISADVANTAGES

__________________________________________________________________________________

Chlorine (Gas)

Strong (100% Av. Chlorine)

Dangerous for amateurs
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Does not alter hardness fully

Must be dosed together with 


1






Soluble 
Soda Ash/Bicarbonate of 









Soda to prevent acid build-up 










(i.e. low pH) Strict regulations

                                                                                                         cover storage and use 

__________________________________________________________________________________

Sodium Hypochlorite
Not a fire risk



Lower strength (12 1/2%

(Liquid pool chlorine)
Easy to handle



Available chlorine loses 




Easy to Automate


strength slowly (quickly if


1

Does not alter hardness


incorrectly stored or mis-

Fully soluble



handled).

__________________________________________________________________________________

Calcium Hypochlorite
Strong (65% Av. Chlorine)

Fire risk if incorrectly stored

(Granular Pool Chlorine)
Negligible loss of strength 

or mishandled




Strength on storage only 

Some insoluble matter 

small effect on pH


raises hardness

__________________________________________________________________________________

Sodium 

Strong (60% Av. Chlorine)

Fire risk if incorrectly stored

Dichloroisocyanurate
Negligible loss of strength

or mishandled. 

(Stabilised Chlorine)
Strength on storage


UV stabiliser slows the 




Little effect on pH 


'killing speed" hence may 




Fully soluble 



not be possible to use it 

Does not alter hardness


continuously

__________________________________________________________________________________

Trichloroisocyanuric
Strong (85% Av Chlorine)

Fire risk if incorrectly stored

Acid (Trichlor Tablets)
Negligible loss of strength

or mishandled




on storage



UV stabiliser slows the 




Fully soluble



"killing speed" hence may 




Does not alter hardness 

not be possible to use it 

Contains UV stabilizer


continuously - Lowers pH

__________________________________________________________________________________

Electrolytic

Safe




May be under/over dosing 

Chlorinators

Semi-Automatic



possibility of strong current

("Salt Chlorinators") 





current corrosion and “Voltage Leak”








Raises pH to > 10






__________________________________________________________________________________

Brominated Hydantoin
Strong




Cannot be UV stabilised

(Bromine Sticks)
Fully soluble



Costly




Does not alter hardness




More stable in hot water




conditions.

__________________________________________________________________________________

Iodine Compounds
Strong




Cannot be Uv stabilised




Fully soluble



Costly




Does not alter hardness


Stains if in excess 

__________________________________________________________________________________

NAME


ADVANTAGES


DISADVANTAGES

__________________________________________________________________________________

Poly (Hexamethylene
Odourless, Tasteless 

Incompatible with Chlorine

Biguanide)

Long lasting effect

Requires good filtration

Hydrochloride - 

Stable to UV light

systems, well maintained

Hydrogen Peroxide 
Safe to handle (except

Does not bleach out leaf stains




hydrogen peroxide)




Should not aid "Black




Stain" formation in




Fibreglass pools




Fully soluble




Does not alter hardness

__________________________________________________________________________________

Silver/Copper

Stable



Slow in action - must usually

Compounds 

Safe



be used in conjunction with 








chlorine








Water chemistry must be 








closely controlled to prevent 








staining problems. 

___________________________________________________________________________________

OZONE
(Infra Red)         Good pool sanitiser

More deadly to bacteria than chlorine
                          Does not alter hardness              



Cheap to produce

Bubbles in pool, quickly dissipates


                                       Good water clarity

__________________________________________________________________________________

OZONE
(Corona)
Very Strong sanitiser

Gas is harmful to people and residues 




Does not alter hardness 
must be removed before returning to pool 




More costly to run than IR
More suitable for Public swimming pools
__________________________________________________________________________________
UV Radiation

Fair sanitizer 


Effectiveness quickly 




Does not effect 


Reduces with distance




Water chemistry 

Harmful to eyes of swimmers

___________________________________________________________________________________
CHLORINE-BASED SANITISERS

Chlorine gas is made from salt solution by electrolysis.  By-products from the production are caustic soda and hydrogen gas.  The manufacturing process can be described by the following equations:


1.
2 NaC1
+
2 H2O
-->
C12
+
2  NaOH
+.
H2+


.
  salt

water
   


chlorine caustic hydrogen

When chlorine gas is dissolved in water it forms hypochlorous acid and hydrochloric acid:


2.
C12
+
H20
-->
HOCI
+
HC1







hypochlorous acid

The HYPOCHLOROUS ACID formed in the reaction is the active compound in all of the chlorine-based sanitizers as hydrochloric acid has no bactericidal properties.

Chlorine gas is too dangerous to handle therefore it is not sold to backyard pool owners.  Instead chlorine is made safer by neutralizing it with caustic solution to form sodium hypochlorite and salt. 


3.
C12
+
2NaOH
-->NaOC1
+
NaC1
+
H20

Sodium hypochlorite thus produced is the active ingredient of the liquid pool chlorine. 

When chlorine is added to lime water calcium hypochlorite and calcium chloride are produced:


4.
2C12
+
2Ca<OH>2
--> Ca<OCI>2

+
2 H20

Calcium hypochlorite is the active ingredient of granular pool chlorine. 

Chlorine is also reacted with isocyanuric acid to produce the stabilized chlorines, namely sodium dichloroisocyanurate and the trichloroisocyanuric acid.

ELECTROLYTIC CHLORINE GENERATORS

The process, sometime referred to it as salt water chlorination, requires about 0.4% (4000 mg/L) salt in the pool water.  The water is pumped through the cell where the electric current converts salt and water to sodium hypochlorite, sodium hydroxide and hydrogen gas. Requirements of the generators are:

a.
to produce enough chlorine within 5-6 hours of operation;

b.
to prevent generating chlorine and hydrogen when the pump is not operating;

c.
to be installed in such a manner that the hydrogen gas cannot find its way back into the pump where it may cause an explosion;

d.
high levels of calcium hardness should be avoided as this causes scale build-up on the electrodes;
Before deciding on the use of salt in the pool water its corrosive effect on the pool's structure and its surrounding should be considered. 

HOW CHLORINE WORKS

As indicated earlier when chlorine is dissolved in water both hypochlorous acid and hydrochloric acid are formed as indicated below:


C12
+
H2O
-->
HOC
+
HC1

When calcium hypochlorite, the active ingredient of granular pool chlorine is dissolved in water that also forms hypochlorous acid as shown below:


Ca(OCI)2
+
2H2O
-->
2HOC1
+
Ca(OH)2

In fact all chlorinating compounds produce hypochlorous acid in pool water, which is the same active ingredient irrespective of the form in which these chemicals are sold, i.e. granules, tablets or liquid etc. 

Hypochlorous acid is a powerful oxidizing agent which can destroy organic matter to produce carbondioxide and water.  A simplified equation describes the reaction:

CH4
+
4HOC1
-->
CO2
+
2H20
+
4HC1

As a result chlorine can destroy leaf-stain, tannins and this property is responsible for bleaching of coloured clothes. 

Hypochlorous acid is an excellent sanitizer because it is a small and neutral molecule that can penetrate the cell walls of bacteria, algae and other micro-organisms.  Once inside it destroys the enzymes which are essential for the metabolism of the organisms. 

In addition hypochlorous acid is capable to react with or to destroy contaminates like sweat, urine, etc.  These body waste products contain nitrogen and are related to ammonias or urea.  Depending on the concentration of the chlorine relative to the amount of contaminates the following reactions may take place:


NH3

+
HOC1
-->
NH2C1 (monochloramine)
+
H20


NH2C1

+
HOC1
-->
NHC12 (dichloramine)

+
H20


NHC12

+
HOC1
-->
NC13    (trichloramine)

+
H20

These chloramines together are called combined chlorine. 

Monochloramine has significantly less bactericidal activity than free chlorine (about 2,500% less!), di- and trichloramines have none.  Trichloramine strongly irritates the eyes, it imparts a "chlorinous" odour and an objectionable taste to the water even at low concentrations. 

Due to their undesirable side effects that chloramines should be kept to a minimum by maintaining a sufficient concentration of free chlorine in the pool water at all times and after heavy use of the pool, when the regular dose is inadaequate, they should be eliminated by superchlorination. 

When chlorine is insufficient excess the chloramines are oxidized to nitrogen gas and chlorides. 

Mono - and dichloramines are produced within minutes after they are introduced into the pool, however, their destruction may take hours. 

Trichloramine is formed at any pH, however, it is more likely to be produced and is more stable if the water is acid.  It will decay slowly at the alkaline conditions, provided that chlorine is well in excess. 

There are small amounts of un-reactive chloramines which cannot be eliminated by chlorination. 


CHLORINE DEMAND

This is the amount of chlorine needed in any particular pool water to destroy all of the bacteria, algae and organic matter including the combined chlorine.  This amount may vary from pool to pool, depending on the swimming load and on the amount of wind-borne debris.  For instance, two neighbours may each have an identical pool.  One of them is exposed to the wind carrying dust, pollen and leaves into it.  The area around the pool is not paved and there are several kids in the family and they use the pool constantly.  

The other pool is more sheltered, it is quite free of leaves, the surround is all paved and only the middle-aged couple use it occasionally.  The first pool water will have a much higher chlorine demand than the second one. 

FREE OR AVAILABLE CHLORINE


Chlorine which is in the form of hypochlorous acid is referred to as FREE or AVAILABLE CHLORINE, capable of carrying out the above tasks.  The free chlorine residual is the amount of free chlorine which is left AFTER THE CHORINE DEMAND HAS BEEN MET.  The purpose of pool water sanitization is to maintain a sufficient amount of free chlorine in the pool in order to have a safe, pure, non-irritating water.

COMBINED CHLORINE


Chlorine in the form of chloramines is called COMBINED CHLORINE.  This form of chlorine has very little sanitizing potential and it is undesirable in the pool water. 

TOTAL CHLORINE


The sum of the free chlorine and the combined chlorine is the TOTAL CHLORINE. Be aware that some Reagent Test Kits will show combined chlorine readings after about one or two minutes, the INITIAL reading being the FREE CHLORINE reading. Don’t be fooled by this phenomenon.
BREAK-POINT CHLORINATION


When sufficient chlorine was added to the swimming pool water after use so that all of the chloramines* were destroyed and any further addition of chlorine forms free available chylorine, BREAK-POINT CHLORINATION was achieved.  The aim of the pool water chlorination is to operate beyond the break-point chlorination as long as possible between dosings. 

*Not all the chloramines can be destroyed by chlorination.  The level of the unreactive chloramines can be reduced only by discharging part of the pool water and replacing it with fresh water. 


METHODS OF DOSING

There are two methods of dosing:  shock or intermittent dosing and continuous dosing. 


SHOCK DOSING.  

The daily dose of chlorine or a large part of it is added to the pool within a few minutes.  Because of the relatively large amount of chlorine added over a short period localised high concentration of chlorine can occur even if the filter is operating therefore the pool should not be used during shock dosing and afterwards until sufficient time lapsed for the chlorine to be mixed with the water. 

SUPERCHLORINATION 

Superchlorination is a form of shock dosing of the pool water with 2-4 times the normal daily dose of chlorine.  It is carried out everytime after heavy or prolonged use of the pool by bathers to destroy the contaminates and chloramines and to restore break-point chlorination in the pool water. 

The solid chlorine granules may be added directly to concrete pools by scattering it over the whole surface or sparsely alongside the edges and corners, but do not follow this procedure with vinyl liner or fiberglass pools or bleaching damage may occur.  Accumulation of the solids should be prevented by immediate and rapid brushing as this may cause fading or blistering of the pool's interior.  Alternatively the granules may be dissolved in water and like the liquid pool chlorine, added to the pool water via the skimmer to ensure maximum dispersion while the filter is operating. 

CONTINUOUS DOSING.   

The daily dose by Floating devide is fed to the pool gradually during the period the filter is operating or as long as the chlorine-containing float is in the water.  A Mechanical dosing system may inject a solution of chlorine into the circulating water or generate the chlorine by electrolysis in the salt-containing water.  As the rate of dosing by the systems with chlorine is low the pool may be used by bathers during the process, however, floats containing chlorine compounds must be removed before people, especially children, enter into the water. Ozone generating sanitizing devices also operate as long as the filtration system and the unit is switched on.
The main dosing of the pool with chlorine is best carried out late in the day after all the swimming activities ceased.  Ideally enough chlorine should be added every day so that all the combined chlorines are destroyed and break-point chlorination is achieved; i.e.  all the chlorine is free available chlorine. 

DOSAGE RATES


Recommendations for dosage rates are provided by the manufacturers of the chlorinating products and those should be followed.   However, as the chlorine demand varies from pool to pool the adequacy of dosing should be checked regularly by testing the pool water.  A general guide for dosage rates is listed in APPENDIX 1.

THE EFFECT OF pH ON CHLORINE

As we have seen previously when chlorine is dissolved in water it forms hypochlorous acid and hydrochloric acid.  However, there is another reaction that takes place as the hypochlorous acid parts to form hydrogen ion and hypochlorite ion according to the equation below:

Equation 1.
 C12
+
H20
-->
HOC1
+
HC1


Equation 2. H0C1
-->
H
+
OC1

The reaction in Eq. 2 depends on the pH. Hypochlorous acid (HOC1) is about 100 times more effective as a sanitizer than the hypochlorite anion (OC1) therefore the aim of the chemical treatment is to maintain a pH which provides optimum sanitization of the water.  

The relative proportions of hypochlorous acid and the hypochlorite anion listed against the various pH values in the graph below:

[image: image1.png]Fig. 1. Dependence of the ratio HOCVOCI- on pH (pK, = 7.5).
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Seen Graph this before? Remember it!
COMMENTS. 

1. 
Although chlorine is more effective at pH values less than 7 the water is too corrosive for use as a swimming pool. 

2.
When the higher pH values are necessary for the chemical balancing of the water the minimum chlorine concentration should be increased, thus if the minimum chlorine is 1 mg/L at pH 7.1, then it should be 3 mg/L at pH 8.0.

3.
Chlorine is NOT LOST due to this dissociation as the equilibrium will be restored immediately as the hypochlorous acid is used up.  However, its potential of killing certain micro-organisms, in particular the amoeba, is weakened. 


· End --
6- 6
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