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01. Pollution 

Physical Pollution 

Physical pollution is one of the three main categories of pollution that concerns pool plant 

operators (the other two being chemical and biological). Physical pollution is made up of 

contaminants that do not dissolve in the water: 

 Dirt  

 Grit 

 Sand 

 Plasters  

 Bits of float   

Lighter physical pollution will float on the surface of the water, where it can be removed via 

the following methods: 

 Netting – using a long handled pole with net attachment 

 Scooping – using a long handled pole with scoop attachment 

 Skimming – the top layer of pool water is removed via the surface-water-draw-off-

system (either scum trough, skimmer basket, or deck-level) 

Heavier physical pollution will sink to the bottom of the pool and will settle on the bottom, 

where is can be removed either by sweeping it towards the pool outlets, or vacuuming the 

bottom of the pool (either manually, or with an automated pool vac). 

Any smaller physical pollution that gets past the defences mentioned above will be 

transported via the circulation system to the plant room, where it will be removed via the 

filtration system. 

Chemical Pollution 

Chemical pollution refers to all chemicals that are dissolved or suspended in the swimming 

pool water. There are a large number of different chemicals that are introduced into the 

water, either deliberately as part of the treatment regime, or incidentally due to the nature 

of the source water or via transfer from bather’s bodies. Some examples: 

 Disinfectant (e.g. chlorine) 

 Disinfectant by-products 

 pH correctant (e.g. Acid) 

 pH buffer (e.g. Sodium bicarbonate) 

 Calcium harness increaser (e.g. Calcium chloride) 

 Calcium minerals (i.e. hard water) 
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 Cosmetics (e.g. de-odorants etc.) 

 Urine 

 Sweat 

 Mucus 

It is worth noting that much of the chemical pollution is caused by the addition of treatment 

chemicals (chlorine, pH correctant etc.) and that the rate of addition of these chemicals is 

often directly proportional to the addition of chemical (and other) pollution introduced by 

bathers. The key message here is that the importance of embedding a culture of pre-swim 

showering cannot be under-estimated. 

Total Dissolved Solids (TDS) 

The levels of chemical pollution present in the 

pool water can be measured using an 

instrument called a ‘Total Dissolved Solids’ 

meter (TDS meter). This measures the electrical 

conductivity of the pool water. As pure water is 

not a conductor of electricity, the more 

conductive the swimming pool water is, the 

more it must contain by way of elements other 

than water, i.e. it is the chemicals dissolved 

within the swimming pool water that is conducting the electricity, not the water itself. 

The levels of chemical pollution need to be kept under control, otherwise the pool will look 

cloudy and unclean and will also cause a bad ‘chlorine smell’ and cause bathers discomfort 

through eye irritation and rashes etc. The TDS level of the swimming pool should be kept well 

below 1000mg/m3 above the TDS level of the mains water supply. The best way of controlling 

chemical pollution is via prevention. Minimising the amount of chemical pollution being 

introduced into the pool via bathers is the first step. This will then lead to the pool operator 

not having to add as much disinfectant to the pool, which leads to not having to add as 

much pH correctant onto the pool either. Bather pre-showering is the most effective way of 

minimising the amount of chemical pollution that bathers introduce into the swimming pool 

water. 

Chemical pollution can also be controlled re-actively (after the pollution has entered the 

water) by a process of dilution, which is where an adequate supply of clean, fresh water 

(usually from the mains supply) is introduced into the pool on a regular basis. The 

recommended rate of dilution is 30 litres of fresh water to be added per bather, per day.  

Source Water 

There can be several different sources of water to fill swimming pools, some examples: 

 Boreholes 

 Wells 

 Springs 

 Lakes 
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 Reservoirs 

 Lakes 

Water can be supplied to a location in two main ways: 

 Supplied by water companies 

 Abstracted locally under a license from the Environment Agency 

The chemical content of source water can vary according to where it comes from and how 

it’s treated. Records are kept by water suppliers and pool operators should ask for copies 

and use the information as a key input into the pool water treatment regime. 

Biological Pollution 

Biological pollution is any pollution that is a living organism. Examples below: 

 Bacteria 

o e coli 

o legionella pneumophila 

o pseudomonas aeruginosa 

 Protozoa 

o cryptosporidia 

 Algae 

Biological pollution is particularly hazardous to bathers as it can cause a number of infectious 

diseases, some of which can be fatal. It is introduced into the swimming pool water in a 

number of ways. A few examples are given below: 

 On bathers bodies (skin) 

 Faecal matter 

 Blood 

 Mucus 

 Via the source water 

 On the bottom of outdoor footwear 

 Canoes/scuba gear which has not been cleaned 

Biological pollution needs to be dealt with via a 

process of disinfection. The most common way of 

disinfecting swimming pool water in the UK is by the 

addition of a chlorine-based disinfectant to the 

pool water circulation system. Chlorine kills most 

(but not all) types of biological pollution. 
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Microbiological testing 

All non-domestic pools should be getting the pool water tested at a UKAS-accredited 

laboratory for microbiological contamination. In most pools this should be done on a monthly 

frequency, but certain pools, such as hydrotherapy pools, it should be done on a weekly 

basis. Whenever a microbiological sample is taken it is important that a pool water chemical 

test of free and combined chlorine and pH is taken at the same time as a reference. The 

water clarity and the bather load should also be noted. 

 The four standard tests and the acceptable levels for each are: 

 Aerobic Colony Count  < 10cfu/ml 

 Total Coliforms    <10cfu/100ml  

 E. Coli     <1cfu/100ml 

 Pseudomonas Aeruginosa  <50cfu/100ml  

If you get the lab results back and any of them are outside of these ranges, you need to get 

the water tested again as the samples may have been taken just after someone 'released' 

something into the water and the system has not had time to deal with it yet. If the repeat 

tests are still not within the acceptable ranges, the pool operator should take this as an 

indication that the pool water treatment and/or management system is not functioning as it 

should. The system and arrangements for managing the pool water quality will need to be 

looked at with a view to pinpointing exactly what is wrong and then putting it right.  

Aerobic Colony Count 

This is a count of all types of bacteria that have been able to form a colony on the 

laboratory media under the test conditions. 

Total Coliforms 

Total coliforms are a particular type of bacteria. They exist in animal (and human) intestines 

as well as being present in the environment (on vegetation and in soil). The presence of total 

coliforms in the water may indicate that faecal or environmental contamination. 

E. Coli 

A type of coliform bacteria. This particular type of bacteria cannot multiply in water, but they 

are normal inhabitants of the intestinal tract. Therefore, the presence of this bacteria in the 

water is an indication of faecal contamination. 

Pseudomonas Aeruginosa 

These bacteria can cause folliculitis (a type of skin infection) and are widely distributed in the 

environment. The presence of these bacteria indicates colonisation of part of the system 

(probably the filters). They can be present in a sample, even in the absence of coliforms, 

hence their inclusion in the standard microbiological tests. 
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Gross Microbiological Contamination 

What if the results are way outside the acceptable ranges though? At what point does the 

pool operator need to close the pool down due to gross microbiological contamination? The 

official guidance is that the pool should be closed down if any of the routine monthly 

microbiological test results indicate either of the following scenarios: 

 Greater than 10cfu’s E. coli per 100ml in combination with an unsatisfactory aerobic 

colony count (>10cfu’s per ml) and/or an unsatisfactory aeruginosa count (>10cfu’s 

per 100ml)  

 greater than 50cfu’s aeruginosa per 100ml in combination with a high aerobic colony 

count (>100 per ml)  

Pre-Swim Hygiene 

All sorts of things can go wrong with swimming pool water for any number of different 

reasons. Things can get out of hand very quickly if you don't know what you're doing. 

However, there is one key variable that can have a dramatic influence on the quality of your 

pool water. Get this issue right, and you will experience far fewer problems with regard to 

pool water quality, you'll spend far less money on expensive chemicals and you and your 

duty managers will spend far less time trying to resolve issues. What's more, to implement and 

control this issue is very easy and simple to do and will hardly cost you anything in time, 

money or effort. So, what is this issue that can have such a dramatic effect? Pre-swim 

showering!  

You should look at your pre-swim showering policy and consider the following facts: 

1. the pollution on bather bodies is what makes up most of the pollution into the pool 

2. the remainder of the pollution only exists in the first place because of the chemical 

reactions resulting from the chemicals you are having to add to deal with 1. 

3. pre-swim showering removes most of the pollution on bathers 

4. less bather pollution = less chemicals = less chemical by-products = better pool water 

= happy bathers 

How difficult would it be to ensure that every bather, without fail, showers before entering 

your pool? It is, after all, your pool and your responsibility to keep it clean and safe.  

Ensure that the pre-swim showers are working, that they are warm, and that they are situated 

on the journey from the changing rooms to the swimming pool. 

Similarly, with toilets, ensure that they are not unpleasant to use, are kept clean, and are 

situated conveniently so that swimmers are not discouraged from using them. 

Exclusion of Swimmers 

Parents should be encouraged not to bring children under the age of 6 months to public 

swimming pools where they share the water with other general swimmers (unsuitable water 

temperatures and pool water chemicals may affect sensitive skin). Ideally, young children’s 
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pools should be provided with separate water treatment and filtration and should be able to 

be emptied in the event of a faecal fouling incident. 

Very young children should use special swimming nappies, which are designed to absorb 

and retain any soiling. Standard nappies are not adequate protection. Neither is suitable in 

the event of diarrhoea; in this case babies should not use the pool. 

Convenient nappy changing facilities should be provided in changing areas (these should 

be cleaned regularly), be equipped with sinks for hand-washing and have bins for nappy 

disposal which are emptied regularly. 

Control entry using notices at reception saying that people with diarrhoea must not swim – 

then, or for 48 hours afterwards. Those who have been diagnosed with cryptosporidiosis must 

not swim for 14 days after diarrhoea has stopped. 

Chemical or Microbiological Contamination Outbreaks 

A chemical or microbiological outbreak has occurred if more than two people have 

symptoms from the same source at roughly the same time. Written procedure are needed for 

dealing with an outbreak and included as part of the EAP (Emergency Action Plan) section 

of the PSOP (Pool Safety Operating Procedures). Inadequacies in the management 

approach taken with regard to swimming pools and spas has been identified as a major 

causal factor in a number of outbreaks in the UK. Typical problems that have led to 

outbreaks are listed below: 

 Inadequate water disinfection 

 Sewage contamination 

 Inadequate filtration 

 Incorrect backwash procedures 

 Inadequate disinfection of pool surrounds and changing room floors 

 Sharing of towels 

 Hot and cold water system design faults 

 Inadequate cleaning of showerheads 

 Release of faecal matter and/or vomit into pool and/or surrounding area 

 Lack of pre-swim showering 

 Inadequate cleaning of pool inflatables 

An outbreak might be detected by pool staff, or may be picked up by local or national 

surveillance and reporting systems, such as those managed by Environmental Health 

Departments or the Health Protection Agency (HPA). 

An Outbreak Control Team (OCT) is typically established by the HPA in the event of an 

outbreak, which is headed up by a Consultant in Communicable Disease Control (CCDC). 

The OCT will seek to establish the source of the outbreak and identify direct and root causes. 

This might well involve site visits by members of the OCT and the collection of samples of 

water for testing, inspection of the pool plant system, close scrutiny of documentation, and 

the interviewing of key staff. 
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Faecal Contamination 

This is a difficult area, both for pool operators and for those attempting definitive guidelines. 

And there is potentially a lot at stake, as diarrhoea may contain the chlorine-resistant 

pathogen Cryptosporidium – a significant cause of gastroenteritis, particularly in pools. 

If faecal contamination has only been reported, and there is some doubt about the 

accuracy of the report, its presence should be confirmed by pool staff. If it cannot be 

confirmed, pool operators should assess the risk and may decide that the risk of harmful 

contamination is low and allow bathing to resume. This assumes that pH and disinfection are 

within normal limits. 

Solid faeces: the stools should immediately be removed from the pool using a scoop or fine 

mesh net and flushed down the toilet (not put in any pool drains). If there is any doubt that all 

the faeces have been captured and disposed of, and there is possible widespread 

distribution of the faeces in the pool, then the pool should be closed and the advice below 

for runny faeces followed. 

Depending on the extent of the contamination, how public it has been, and how quickly it 

can be dealt with, operators should consider clearing the pool of bathers for, say, 30 minutes 

while the cleaning operation described above is taking place. Bathing should not resume 

until all the faeces have been removed. 

All equipment that has been used in this process should be disinfected using a 1% solution of 

hypochlorite (1:10 dilution of commercially available sodium hypochlorite). 

If the pool is operating properly with appropriate disinfectant residuals and pH values, no 

further action is necessary. 

Runny faeces: watery, runny or soft stool (diarrhoea) is more likely to carry enteric pathogens, 

and be spread through the pool water. It will be impossible to remove like solid stool. 

Operators are unlikely to know if Cryptosporidium is involved, so the safest option is to assume 

it is, close the pool and follow the procedures below. 

There are in principle three procedures that will in time remove Crypto –coagulation/filtration, 

UV and super-chlorination. The procedures to be followed primarily depend on the efficiency 

of the pool’s filtration. 

Pools with medium-rate filtration (up to 25 metres per hour) 

This should include most public pools. Here, the main emphasis is on filtration, which if 

effective should remove some 99% of the Cryptosporidium oocysts in each pass of pool 

water through the filter. 
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Coagulation is critical in this: it should be continuous, and the residence time (that between 

the injection of coagulant and treated water reaching the filter) must be long enough for 

flocculation to happen – at least 10 seconds at a flow velocity no more than 1.5m/sec.  

Secondary disinfection (UV or ozone) and superchlorination are also relevant – see below. 

How long it takes for all the pool water to pass through the filter will depend on two factors. 

First is the pool hydraulics – crucially, how well mixed the pool water is. Dead spots will delay 

the passage of all the pool water through the filters. The second factor is the turnover period 

– the length of time it takes for a volume of water equivalent to the pool water volume to go 

from pool to plant room and round to the pool again. It might take as long as 24 hours for all 

the pool water to pass through the filters – based on the 3 to 4-hour turnover period common 

to many pools. 

1. Close the pool – and any other pools whose water treatment is linked to the fouled 

pool. If people transfer to another pool, perhaps from a teaching pool to a main or 

leisure pool, they should shower first using soap and water. 

2. Hold the disinfectant residual at the top of its set range for the particular pool (eg 

2.0mg/l free chlorine if the range is 1.0 to 2.0mg/l) and the pH value at the bottom of 

its range (eg pH 7.2-7.4). This will maintain the normal level of microbiological 

protection. 

3. Ensure that the coagulant dose is correct – for continually dosed PAC, 0.1ml/m3 of 

the total flow rate. 

4. Filter for six turnover cycles (which may mean closing the pool for a day). This assumes 

good hydraulics and well maintained filters with a bed depth of 800mm and 16/30 

sand. This applies also to pools with secondary disinfection.  

5. Monitor disinfection residuals throughout this period. 

6. Vacuum and sweep the pool. Cleaning equipment, including automatic cleaners, 

should be disinfected after use. This will at least move faecal contamination off 

surfaces and into the main pool water circulation, for eventual removal. 

7. Make sure the pool treatment plant is operating as it should (filters, circulation, and 

disinfection). 

8. After six turnovers, backwash the filters. 

9. Allow the filter media to settle by running water to drain for a few minutes before 

reconnecting the filter to the pool. 
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10. Circulate the water for 8 hours. This will remove any remaining oocyst contamination 

of the pool and allow the filters to ripen. It is optional, depending on the pool 

operator’s confidence in backwashing procedures. 

11. Check disinfection levels and pH. If they are satisfactory re-open the pool. 

12. Any moveable floors and booms should be moved around from time to time during 

the whole process. 

Pools with high-rate filtration (over 25 and up to 50 metres per hour) 

High-rate filters do not filter Cryptosporidium oocysts, or anything else, as well as medium-rate 

filters. But because many pools have them, it is important to know how to deal with faecal 

contamination. 

The main emphasis is on superchlorination. High-rate filters without coagulation remove as 

little as 10% of Cryptosporidium oocysts in each pass. Even with coagulation, and perhaps 

50% removal, it could take two days to be safe.  

1. Close the pool – and any other pools whose water treatment is linked to the fouled 

pool. If people transfer to another pool, they should shower first using soap and water. 

2. If coagulation is not the norm, a supply of polyelectrolyte coagulant should be 

available so it can be hand-dosed in these circumstances, following manufacturers’ 

instructions. 

3. Superchlorinate to 20mg/l adjusting the pH to 7.2-7.4 and leave for 13 hours (or 

50mg/l for 5 hours). Procedures and supplies must be in place for this. 

4. Vacuum and sweep the pool. 

5. Make sure the pool treatment plant is operating as it should. 

6. Backwash the filters. 

7. Allow the filter media to settle by running to drain for a few minutes (rinse cycle) 

before reconnecting the filter to the pool. 

8. Reduce the free chlorine residual to normal by dilution with fresh water or using an 

approved chemical. This may mean using the chemical gradually; procedures and 

supplies must be in place for this.  

9. When the disinfectant residual and pH are at normal levels for the pool, re-open. 
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10. Superchlorination should remove any current contamination but will not guarantee 

future water quality. So it is important to review procedures for the control and 

removal of contamination by Cryptosporidia. 

For further information on cryptosporidia outbreaks, refer to the Public Health Wales 

Publication: ‘Guidance for the investigation of Cryptosporidium linked to swimming pools’. 

Blood Contamination 

Pool disinfectants should kill any pathogenic microorganisms in blood or vomit, provided 

disinfectant residuals and pH values are within recommended ranges. But there are some 

precautions to take. 

Small amounts of blood, from a nose bleed say, will be quickly dispersed and any pathogens 

present killed by the disinfectant in the water. If significant amounts of blood are spilled into 

the pool, it should be temporarily cleared of people, to allow the pollution to disperse and 

any infective particles to be neutralised by the residual disinfectant. Operators should 

confirm that disinfectant residuals and pH values are within the recommended ranges; 

bathing can then resume. 

Any blood spillage on the poolside should not be washed into the pool or poolside drains 

and channels. Instead, like blood spillage anywhere in the building, it should be dealt with 

using strong disinfectant – of a concentration equivalent to 10,000mg/l of available chlorine. 

A 10:1 dilution of the sodium hypochlorite in use may be convenient. Using disposable gloves, 

the blood should be covered with paper towels, gently flooded with the disinfectant and left 

for at least two minutes before it is cleared away. On the poolside, the affected area can 

then be washed with pool water (and the washings disposed of – not in the pool). Elsewhere, 

the disinfected area should be washed with water and detergent and, if possible, left to dry. 

The bagged paper towels and gloves are classed as offensive/hygiene waste, which in only 

small quantities may be disposed of with the general waste. 

Vomit Contamination 

It is not unusual for swimmers to vomit slightly. It often results from swallowing too much water, 

or over-exertion, and so is very unlikely to present a threat through infection. But if the 

contents of the stomach are vomited into a pool, the bather may be suffering from a 

gastrointestinal infection. And if that is cryptosporidiosis, infective, chlorine-resistant 

Cryptosporidium oocysts will be present. This is a rather theoretical, unevaluated risk. 

PWTAG recommends that vomit in the pool should be treated as if it were blood (ditto vomit 

on the poolside).  
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02. Main Features of a Pool Plant 

System 

For the purposes of this course, we are going to consider the circulation system as everything 

the pool water flows through as it makes it journey from the pool, to the plant room, and 

back to the pool again. Substances that are injected into the pool water as it travels through 

the circulation system (such as disinfects and other chemicals) will not be included in this 

discussion of the circulation system, but will be covered in detail elsewhere in the manual. 

The circulation system comprises the following components: 

 

 

 

These components are indicated on the following picture and a brief description of each 

component is given afterwards. 
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Surface Water Draw-Off System 

Most of the pollution in a swimming pool will sit in the top 150mm of pool depth.  Therefore, 

there needs to be an effective system for removing as much of this pollution as possible. 

There are three different types of surface water removal system:  

 Deck-level 

 Skimmer 

 Scum trough 

Which system is installed on a pool is largely down to when the 

pool was built. Deck-level systems are the newest type; scum 

trough systems are the oldest. Each system has varying degrees 

of effectiveness at removing surface water pollution. How much 

pollution is removed is dependent on how much water exits the 

pool at the surface. With the scum trough and skimmer systems, 

20% of the water leaving the pool to be circulated around the 

system is leaving at the surface, with the other 80% leaving at the floor outlet grills, which are 

usually located at the bottom of the deep end in a typical swimming pool. With the deck-

level system, the situation is vice-versa, with 80% of the water leaving at the surface, with 20% 

leaving at the floor outlet grills. This makes the deck-level system the best of the three at 

removing surface water pollution.  

Deck-Level System 

The surface of the pool water is level with the deck of the pool, with water constantly 

overflowing into a drainage channel which goes around the perimeter of the pool. This is a 

very effective system for removing pollution on the surface of the water. With this system, 80% 

of the pool water leaving the pool is leaving via the surface and 20% is leaving via the outlet 

sumps. 
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Skimmer Basket System 

This system involves several skimmer baskets built in to the pool deck. Water enters the 

baskets through rectangular opening in the pool water. The baskets trap the larger particles 

of surface pollution and have to be removed for cleaning on a regular basis. 

 

 

 

 

 

 

 

 

 

 

Scum Trough System 

With this system, the pool water overflows into a trough that is built in to the pool wall. 

Providing that the pool water level is at just the right place, the water will overflow as 

intended, thus removing the surface water pollution. If however, the pool water level is too 

high, or too low, the water will not overflow and instead will lap against the sides of the pool, 

forming a scum line over time. As well as looking very unsightly, this scum line will harbour 

bacteria as a biofilm will gradually start to build up. This biofilm will serve to protect any 

bacteria against the disinfectant in the pool water and also be a source of nutrition. 

Removable 

skimmer 
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be cleaned 
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Hinged flap 
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Excess Physical Pollution on Pool Surface 

Excess physical pollution floating on the surface of the swimming pool can sometimes cause 

a problem for pool plant operators. The heavier physical pollution sinks to the bottom, but the 

lighter stuff remains floating around on the surface and looks extremely off-putting to pool 

users. This type pollution usually consists of things like; bits of float, plasters, hair etc. There will 

also be chemical pollution sitting on or around the surface of the pool, consisting of such 

elements as biofilm, grease, sweat, mucus etc.  

Modern pools are usually deck-level, meaning that the surface of the swimming pool is level 

with the deck of the pool surround. This system is very good at removing much of this 

pollution that resides on the surface, and within the top 150mm. because as the water laps 

over the edge of the pool, the pollution enters the drainage channel that goes around the 

perimeter of the pool.  

In older pools, the deck-level system is not so common and instead, there may be a skimmer 

system or a scum trough channel. The skimmer system is not very good at removing pollution 

from the surface as the skimmers do not go around the entire perimeter of the pool like a 

deck-level drainage channel does, so not nearly enough surface water goes through the 

skimmer for this to be an effective system. The scum trough channel system isn't any better 

because if the pool level is too high or too low, the swimming pool water will not flow over 
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Scum line will be 

formed here and there 

is also a risk of air, being 

drawn into the 

circulation system. 

 

 

Water level is correct. 

Water will overflow 

into the drainage 

channel, taking 

surface pollution with 

it. 

 

 

Water level is too 

high. Scum line 

will be formed 

here. Water will 

also lap over the 

edge and deposit 

surface pollution 

onto the pool 

deck. 
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the channel in the correct way and you'll end up with what is known as a 'scum-line', which 

needs to be regularly scrubbed off manually. 

If you've got either of the older systems (scum trough or skimmer), chances are that at some 

point you've experienced going on to poolside and seeing excess debris floating around on 

the surface. If you're experiencing this problem regularly, it is an indication that there is an 

underlying problem somewhere. The pool plant operator should ask the following questions: 

 Are swimmers taking pre-swim showers? 

 Is the bathing load too high? 

 Is the correct circulation rate being achieved? 

 Is there enough fresh water going in (30 litres, per bather, per day)? 

 Are backwashes being carried out frequently enough? 

 Are the skimmer baskets being cleaned out frequently enough? 

 Are you using a coagulant, and are you dosing it correctly? 

 Is the skimmer valve closed, or being throttled back for any reason? 
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Outlets 

As well as leaving the pool via the surface water draw off system, water is also leaving via the 

outlets (drains). In a traditional swimming pool, these outlets are usually located on the floor 

of the deep end and are covered with a square grill. The following pictures show the outlets 

from above and below the pool tank. 

 

 

 

 

 

Balance Tank and Pool Outlets (also known as sumps or drains) 

Balance 

Tank 

Outlets 
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The outlets of a swimming/spa pool can be extremely hazardous. The hazards are groups 

under the headings of entrapment hazards and entanglement hazards. 

Entrapment Hazards 

The outlets of a swimming/spa pool 

are connected to a powerful 

circulation pumping system. If the 

outlets are blocked, whatever is 

causing the blockage will be 

exposed to the suction force of the 

circulation pumping system. The 

circulation pumps will be sucking on 

to whatever is causing the blockage, 

causing a vacuum. At this point, it will 

be very difficult to remove the 

blockage without turning off the 

circulation pump(s). If the blockage is 

in the form of a person, then tragic 

consequences can occur, including 

drowning, disembowelment and 

transanal evisceration, which is where 

internal organs are forcefully drawn 

out through the anus. 

There are various ways that suction entrapment can be avoided: 

 Emergency cut-off devices that automatically turn off the suction pumps when an 

increase in suction force is detected 

 Multiple outlets being fitted so that even if one of the outlets gets covered, the 

remaining outlets take the increased water flow and prevent a vacuum being 

created at the blocked outlet. 

 Outlets being designed so that it is impossible to cover them and form a seal. This 

can be achieved via having the grill surface area of sufficient size (450mm2 is the 

standard size usually used). It can also be achieved by the use of outlets that are 

designed to prevent a seal being formed around them when they are covered. 

These are called anti-vortex drain covers. Some examples below. 

 Ensuring that all outlet fittings and fixtures comply with BS EN 13451–1 and 3. 
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There are also fittings that can be placed over a 

drain cover that is not an anti-vortex type that will go 

some way to gaining a similar effect.  

 

 

 

 

 

Drain covers must be maintained. The 

picture here is an example of a drain cover 

that has been allowed to fall into a state of 

disrepair, with obvious hazards. In order to 

prevent children getting fingers/toes 

trapped in the grill, the apertures should be 

no wider than 8mm. 

Once the above design-based precautions have been considered, other precautions can 

be implemented such as providing training for all relevant staff regarding the dangers of 

suction entrapment 

Entanglement Hazards 

Entanglement hazards are slightly different to entrapment hazards. They involve hair being 

drawn into the outlet and then entwining on the other side of the outlet due to the circular 

motion of the water is it goes through the outlet. It may be impossible to free the hair from the 

outlet, even if the circulation pumps are turned off. People using spa pools are at an 

increased risk of suction entanglement due to the fact that they will be in close proximity to 

an outlet no matter where they are situated within the spa pool. For this reason, people using 
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spa pools should be advised to tie long hair back and refrain from submerging their head 

under the water. Staff responsible for supervising the spa pool should be trained sufficiently so 

that they are aware of the hazards associated with outlets. 

Balance Tank 

Balance tanks are designed to ensure that the water in the pool remains at the correct level. 

In pools with a deck-level surface water drainage system, a balance tank is essential. This is 

because in a deck-level pool, the pool water is constantly overflowing at the surface into the 

drainage channel. If, for example, 50 people got into an empty deck level pool at the same 

time, an equivalent volume of water would overflow into the drainage channels. If those 50 

people then all got out straight away, the pool water level would drop significantly and 

water would no longer be overflowing into the drainage channels, thus disabling the 

functionality of the surface water draw-off system, which is to remove the pollution at the 

pool water surface. Pools with scum trough and skimmer surface drainage systems don’t 

always have a balance tank, but those that do will enjoy much better water quality. 

Balance tanks also enable the backwashing (discussed later) of the filters to take place 

without it having an effect on the pool water levels as the water in the balance is used to 

carry out the backwash, rather than the water in the pool. Balance tanks operate in a 

broadly similar way to a toilet cistern. When a toilet is flushed, the cistern (balance tank) 

empties and then get re-filled with fresh water until it reaches the ball-cock valve at the top 

of the cistern that automatically shut off the fresh water supply valve. 

Swimming pool balance tanks need to be emptied and cleaned on an annual basis, with 

spa pool balance tanks requiring cleaning on a weekly basis. Swimming pool balance tanks 

should be regarded as confined spaces and therefore, a ‘permit to work’ system should be 

used to ensure that the job is undertaken safely.  

Pre-Pump Strainer(s) 

After the balance tank (if there is one) the pool water is pulled under suction into the plant 

room. In here it must go through a series of various components that will always occur in the 

same order: 

1. Pre-pump strainers(s) 

2. Pump(s) 

3. Filter(s) 

4. Heat exchanger 
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The pre-pump strainer is designed to trap the larger items 

of physical pollution before they can get into the pump 

itself, where it would cause damage. The strainer basket 

sits inside a vessel and can be removed for cleaning. They 

will need to be cleaned out regularly in order to prevent 

them becoming completely blocked with debris. Here is 

an example of a pre-pump strainer that has been 

allowed to accumulate too much debris. The pre-pump 

strainer is a separate component to the pump on large 

systems, but on smaller systems it is usually an integral 

component of the pump. 

 

 

 

 

 

 

 

 

 

 

 

 

Both types (separate and integrated) have lids which can be removed in order to take the 

strainer basket out for cleaning. The integrated type usually can a lid that is see-though and 

can be turned anti-clockwise on a thread. The strainer vessels that are separate to the pump 

usually have more robust lids that bolted down onto the strainer vessel. Care must be taken 

when replacing the lids after having had the strainer vessel open as it can often be the case 

that the rubber O-ring that forms an airtight seal between the lid and the strainer vessel can 

be misaligned when replacing the lids and therefore wont form a good, airtight seal and will 

start to suck air into the circulation system when the circulation pumps are turned on. 
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Instead of attempting to clean the strainer baskets when they are 

wet, have enough of them in the plant room so that you can rotate 

them. When it’s time to clean the strainer baskets, take out the dirty 

one and replace it with the clean one that you have already 

cleaned. Then leave the dirty strainer basket in a safe place to dry 

out and then remove the debris and repeat the process the next 

time. 

  

Circulation Pumps 

The circulation pumps are the ‘heart’ of the circulation system. They are designed to 

continuously pumps water around the system at a pre-determined rate called the flow rate. 

In larger installations there are usually several pumps working at the same time, with 

additional pump(s) on standby. In smaller installations, there may only be one single pump.  

They work by having an impeller (which is similar to a propeller), which is housed within the 

pump casing and is connected to an electric motor, which rotates it at high speed. This 

causes water to be sucked into the pump on the suction side and forced out of the pump on 

the delivery side. 

 

 

 

 

 

Suction 

Side 

Delivery 

Side 
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Filters 

Filtration is an essential part of swimming pool 

water treatment and its importance has 

been emphasised in recent years due to 

several outbreaks of cryptosporidiosis, 

because this organism is not killed by the 

disinfectant in the pool water and therefore 

must be removed in order to prevent bathers 

becoming infected by it. 

Chemical by-products of the disinfection 

process will also remain in the swimming pool 

water until they are filtered out, not to 

mention physical pollution such as dirt and 

sand etc. 

 

 

Filtration is a fairly simple process; water leaves the pool via the deep end outlets and the 

surface water draw-off system (deck-level, skimmer baskets, overflow channels etc.). It is 

piped to the plant room and gets directed into the top of the filter (or several filters in large 

pools), passes through the filter media (usually sand) where all the contaminants and 

pollution are trapped and the pool water comes out of the bottom and continues through 

the remaining components of the pool plant system. 

There are 3 main processes happening during filtration: 

 Straining 

 Sedimentation 

 Adsorption   

Straining 

Involves dirty water passing through the filter media and particles of pollution becoming 

trapped in the small gaps (pores) between the grains of sand because they are too large to 

pass through. 

Sedimentation  

This is where fine particulate matter settles on the upward-facing surfaces of the sand grains. 

The process of sedimentation can remove finer particles of pollution than straining. As the 

amount of sediment increases, the amount of space in between sand grains (pores) 

decreases. This will cause the velocity of water through the filter to increase. Further 
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sedimentation can then no longer occur and, due to the higher velocity, some sediment 

could get pushed further down into the filter bed.   

Adsorption  

This is where particles of pollution adhere to the sand grains. It is not to be confused with 

absorption. With adsorption, very small particles of pollution adhere to the surface of the 

sand grains. This process is promoted by electrostatic charges within the particles (similar to a 

balloon 'sticking' to a wall). Once particles begin to adhere to the sand grains, a sticky 

coating builds up, which promotes further adherence of particles onto the filter media.  

Heat Exchanger 

The heat exchanger is usually the final component that the 

pool water is circulated through before it is returned to the 

swimming pool. There are two types of heat exchanger 

used in pool plant. They are the coil heat exchanger and 

the plate heat exchanger. The plate heat exchanger is the 

newer type and is more efficient at heat exchange than 

the older coil heat exchanger, although the principles on 

which they work are very similar. 

 

Water is heated by the boiler and circulated through copper pipes around the building. This 

is called the domestic hot water (DHW) and supplies hot water to the hot water taps and 

showers etc. It also gets piped to the heat exchanger where it either flows through a coiled 

pipe (usually made of copper) or in between plates (usually made of stainless steel), 

depending on what type of heat exchanger is installed. Swimming pool water also gets 

directed to the heat exchanger and flows through the chamber 

containing the coil (if a coil heat exchanger is installed, or in 

between the hot plates (if a plate heat exchanger is installed). 

The pool water never actually mixes with the domestic water, but 

picks up the heat it requires from the coil or the plates before being 

circulated back to the pool. The temperature is controlled via a 

motorised valve fitted to the domestic how water flow pipe, which is 

connected to a thermostat and automatically opens and closed 

the motorised valve depending on whether more or less heat is 

required. 

The temperature that needs to be achieved in the pool will depend upon the type of pool 

and the type of clientele. Most average users of public swimming pools seem to favour 

higher temperatures. The recommended temperatures for a range of pools are given below. 
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Recommended Pool Temperatures 

Competitive swimming, training etc.       28°C 

Recreational swimming        29°C 

Leisure pools          30°C 

Children’s swimming lessons        31°C 

Babies and disabled swimmers       32°C 

Hydrotherapy pools         35°C 

Spa pools          40°C                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

Valves 

The method of regulating the flow and direction of water through the system is via the use of 

valves. The main type of valve used, especially on larger installations is a butterfly valve, 

which consists of a disc that is either open, partially closed, or fully closed. They should be 

inspected and maintained on a regular basis and should not be operated while the 

circulation is on, unless they were designed to be. Normal practice is to turn the circulation 

off before opening or closing valves in order to prevent possible shock pressure. 

Butterfly Valves 

 

 

 

Multi-port valves 

Smaller swimming pool filter are often fitted with a 

multi-port valve. As the name suggests, this type of 

valve has multiple ports which allows one valve to do 

all the several functions of normal filtration, backwash 

and rinse etc. There is a single valve handle-lever on 

top of the unit which is pressed down and rotated 

according to what function is required at the time. This 

action closes off certain chambers within the valve 

casing, whilst simultaneously closing off others in order 

to redirect the path of the circulation flow.  
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03. Disinfection 

As it relates to swimming pools, the term disinfection refers to the methods used to remove 

the risk of infection to people who come into contact with the pool water. The methods by 

which disinfection is achieved in a swimming pool are a combination of physical (filtration, 

heat, ultra violet etc.) and chemical (chlorine, ozone etc.). 

In all pools, it is essential that the water contains sufficient concentrations of a chemical 

disinfectant at all times. The primary purpose of this chemical disinfectant is to act as a 

biocide that will kill micro-organisms (such as bacteria). If you are swimming in close proximity 

to another bather carrying infectious bacteria, you would want the water to have adequate 

biocidal properties in order to kill the bacteria as quickly as possible (within a few seconds of 

them being introduced into the pool water). This is the aim of maintaining a level of chemical 

disinfectant in the pool water as is referred to as primary disinfection. 

Most of the disinfectant in common use act as effective biocides via their ability to oxidise 

organic compounds. Oxidation is a process whereby the organic compounds are broken 

down as a result of the biocide (e.g. chlorine) stripping them of electrons (the sub-atomic 

particles that orbit atoms). 

There are two main factors that influence the effectiveness of the primary disinfection 

process: 

 The amount of disinfectant in the pool water (free chlorine residual) 

 The time that the disinfectant will be in the pool water (contact time) 

When these two factors are multiplied together, the result is the exposure value. 

When it comes to choosing a primary disinfectant, there are a number of factors a pool 

operator will need to consider, discussed below: 

Calcium hypochlorite 

 dry product (pellets or granules) 

 65 - 70% chlorine 

 pH of approx. 10 - 11 

 recommended for soft water areas 

 long storage time 

This is a dry product and typically gets supplied as pellets or granules. It often goes by the 

name of HTH, but this is a common brand name, not the name of the chemical. It gets mixed 

with water to form a solution and then gets injected into the circulation pipework either 

before or after the filters (systems that include non-residual disinfection, such as ultra violet or 

ozone will always have their chlorine dosed after the non-residual disinfection point of 

contact, which will always be after the filters). 
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As the name suggests, calcium hypochlorite contains quite a lot of calcium compared to 

sodium hypochlorite. Therefore, it is usually not recommended to use this type of product in 

hard water areas, as there will already be a lot of calcium in the source water. Because of 

the high calcium content, calcium hypochlorite creates a rather ‘gritty’ solution when mixed 

with water. This grit settles out of solution on the bottom of the tank and can also clog up the 

feed lines and injector points etc. 

Calcium hypochlorite is a dry and relatively stable compound of chlorine, calcium and 

oxygen. It must be kept dry and free from contact with all organic materials including paper 

products, oil and oil products, detergents, cleaning fluids and acids. Contact with organic 

materials, including isocyanurates and other chemicals, causes a heat reaction, and can 

lead to explosion, fire and the emission of toxic fumes. Contact with acids liberates toxic 

chlorine gas. 

Spillage should be avoided, as mixture with other chemicals already on the floor or other 

surfaces could also cause these problems. It should be stored in sealed containers, off wet 

floors and away from pipes and hot water heaters.  

There must be ‘no smoking’ signs in the storage area where this chemical is kept. Suitable 

personal protection should be used when handling and the provision of an emergency 

shower considered in large installations. 

Sodium hypochlorite 

 wet product (liquid) 

 10 - 15% chlorine 

 pH of approx. 13 

 recommended for hard water areas 

 short storage time 

This is a liquid product and is very similar in appearance and odour as ordinary household 

bleach. It usually gets delivered in plastic carboys and is then transferred to the day tank(s) 

via a hand pump. In larger facilities it gets delivered via a tanker that fills up a bulk tank at a 

filler point and then the product is transferred to the day tank. 

Sodium hypochlorite is the recommended disinfectant for areas that have hard source 

water. If calcium hypochlorite was used in a hard water area, the result would be calcium 

hardness levels that are too high, leading to problems with scaling. 

As sodium hypochlorite is a liquid; if a liquid acid is used with it, there should be safeguards to 

prevent any confusion between them. The inadvertent direct mixing of an acid with sodium 

hypochlorite will liberate toxic chlorine gas and the system should be designed to prevent 

this taking place. 

Carbon dioxide (or carbonic acid) may be used as the acid in some pools. The system works 

by metering carbon dioxide gas into the water recirculation system. It works best where the 

total alkalinity of the water supply is less than 150 mg/l of CaCO3 and where there are no 
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water features such as wave machines or fountains which expel the carbon dioxide from the 

water. It has the advantage that, unlike other liquid acid systems, there is no possibility of the 

accidental generation of chlorine gas. 

Storage of liquid carbon dioxide (particularly in a relatively confined space) does, however, 

carry its own risk: displacement of oxygen, leading to asphyxiation; and toxicity at high 

concentrations. Cylinders of carbon dioxide should be stored outside buildings in well-

ventilated areas.  

Sodium hypochlorite can also react vigorously with oxidising materials such as chlorinated 

isocyanurates. Suitable personal protective equipment should be used when handling and 

there should be ready access to an emergency shower where bulk tanks are used. 

Chlorinated isocyanurates 

For the purposes of pool plant operation, chlorinated isocyanurates (also referred to as 

stabilised chlorine) can be thought of as a combination of cyanuric acid and chlorine. Why 

would a pool plant operator want cyanuric acid in addition to just chlorine? The answer is 

because in outdoor pools that are exposed to sunlight, the chlorine will get diminished by the 

UV in the sunlight. It needs an additional chemical to be added to prevent this from 

happening. This chemical is cyanuric acid. It is possible to simply add some cyanuric acid to 

the circulation system in conjunction with sodium/calcium hypochlorite (but dosed 

separately – never allow them to mix). Many outdoor pool operators prefer to add a 

chemical that contains both the chlorine and the cyanuric acid. There are two chemicals on 

the market: 

 Dichloroisocyanuric acid. 55% available chlorine. Comes as a white powder. pH is 

around 6.5.  

 Trichloroisocyanuric acid. 90% available chlorine. Comes as white powder, granules 

or tablet. pH is around 3.0.  

Dichlor and Trichlor should never be mixed. When choosing one, the main factors to consider 

would be the method of dosing, the pH levels and how these are going to affect the rest of 

the pool plant system, and the amount of available chlorine in each product. 

There is a range of products in this category, with many brand names. They are white or off-

white granules or tablets with a chlorine odour. Confusion with other white chemicals must 

be guarded against. The granules are stable when dry but will slowly liberate chlorine when 

in contact with water. They can explode in contact with calcium hypochlorite, ammonium 

salts and other nitrogenous materials and will react vigorously with strong acids, alkalis and 

reducing agents. Chlorinated isocyanurates should be kept well-sealed in a cool, well-

ventilated place, away from combustible materials. Feeders must be designed for the 

particular chemical, and not used for any other. 

We do not recommend the use of chlorinated isocyanurates in commercial pools, unless 

there is the need to stabilise the chlorine against UV degradation (such as in outdoor pools). 

A better choice would be a hypochlorite disinfectant, which is not going to push the levels of 

cyanuric acid up and potentially cause chlorine lock. Otherwise, the pool operator will 
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probably always be battling to dilute the excess cyanuric acid out of the pool, which will 

cause unnecessary work and also has cost implications related to the heating of potentially 

large volumes of fresh water. 

Free, Combined and Total Chlorine 

Free Chlorine 

Free chlorine is measured with the DPD1 test. It indicates how much of the total chlorine in 

the pool has not yet reacted with any pollution (i.e., combined) and is therefore free and 

available to carry out its purpose as a disinfectant. 

There should always be enough free chlorine in the pool to minimise the risk of cross-

contamination. The recommended range is 1.00 – 3.00mg/l for most types of pool, but spa 

pools, because of their increased risk of legionella contamination, have a higher 

recommended range of 3.00 – 5.00mg/l. 

Combined Chlorine 

When the disinfectant gets into the pool water, the free chlorine contained within in 

immediately gets to work and starts combining with pollution. Once chlorine combines it 

hangs around in the pool water and is no longer effective as a disinfectant and is now 

actually more of a pollutant itself. It needs to be removed from the pool by a combination of 

dilution and filtration. 

Combined chlorine is measured by calculating the difference between the total chlorine 

and the free chlorine. 

 

Free Chlorine (DPD1) + Combined Chlorine (total minus free) = Total Chlorine (DPD3) 

E.g.: 1.50mg/l    0.50mg/l   2.00mg/l 

Much of the chemical pollution in swimming pools is in the firm of ammonia, which is a 

decomposition by-product of urea (which comes from sweat and urine etc. from bathers). 

This ammonia reacts with chlorine to form what are known as ‘chloramines’. These are 

measured as combined chlorine by subtracting the free chlorine reading from the total 

chlorine reading. 

Combined chlorine levels should be kept as low as possible, and certainly no more than 50% 

of the free chlorine level. In the example above, you can see that the levels of combined 

chlorine are within acceptable parameters. 

There are four main categories of chloramines to be aware of: 

 Monochloramine  
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 Dichloramine 

 Trichloramines 

 Organic Chloramines   

Monochloramine is one of the chloramines which contribute to the level of combined 

chlorine in the water. It is produced when chlorine reacts with ammonia. In simple terms, the 

reaction is: 

Chlorine + Ammonia > Monochloramine 

Monochloramine isn't really that much of a problem, in fact, it acts as a disinfectant itself, 

although it is nowhere near as effective as free chlorine. Things don't stop there though and 

further chemical reactions will take place to produce dichloramine and trichloramine (these 

are the chloramines that are the cause of problems and a pool plant operator needs to 

know how to get rid of them and minimise their production in the first place). 

Dichloramine is one of the chloramines that contribute to combined chlorine levels in the 

pool water. It is the second stage of the chemical reaction that takes place between 

chlorine and ammonia. It is produced when chlorine (or, to be more specific; hypochlorous 

acid) reacts with monochloramine (which are produced during the first stage of the 

reaction): 

Hypochlorous Acid + Monochloramine > Dichloramine 

You don't want high levels of dichloramine in your pool as it can go on to form further 

chemical reaction by-products such as trichloramine, which we will discuss later. It's an 

unstable chemical though and as long as your pH is at the correct level it will break down 

fairly easily. At this point, your combined chlorine readings will reduce because there are no 

chloramines left to react with. This is known as 'breakpoint chlorination'. 

Typically, in practice, you won’t know how much monochloramine and dichloramine you 

have in your pool as normal testing procedures don't distinguish between the two. As long as 

you keep combined chlorine levels under control (i.e., less than half of the free chlorine), you 

won’t really need to know, but if you start having difficulties keeping combined chlorine 

levels low enough, you may need to carry out a DPD2 test in order to find out which of the 

chloramines is contributing most to the combined chlorine levels. 



35 

 

Breakpoint Chlorination 

In basic terms, as far as pool 

plant operators are 

concerned, breakpoint 

chlorination describes the 

point at which there is twice 

the amount of free chlorine 

than combined chlorine. 

Imagine a swimming pool 

that has high levels of 

pollution. If you were to 

introduce some much-

needed chlorine into the 

pool, it would quickly end up 

as combined chlorine as it 

literally combines with 

bacteria etc. kills it and then 

becomes virtually useless as a disinfectant. In fact, combined chlorine could now be classed 

as pollution and it is combined chlorine that makes people’s eyes sting and causes irritation 

to nasal passages etc. Combined chlorine is something we want as little of as possible, as 

close to zero as we can possibly get it and certainly no more than 1.00mg/l. 

As all the chlorine we have introduced has now become combined chlorine, we need to 

add some more. We always need to have some chlorine available (or, free) in order to 

quickly neutralize microbiological contamination. This is referred to as 'free chlorine'. We 

need the free chlorine levels to be at least double the combined chlorine levels. Free 

Chlorine is measured with the DPD 1 test, Total Chlorine is measured with the DPD 3 test, and 

Combined Chlorine is the difference between the two. 

As you continue to add free chlorine into the pool, and as that free chlorine continues to 

convert into combined chlorine, the combined chlorine reading (the difference between 

the free and the total chlorine readings) will increase. Eventually though, if everything is 

operating properly, the chemical reactions that were discussed earlier will continue and 

progress even further: 

Monochloramine + Dichloramine > Hydrochloric Acid + Nitrogen 

The above reaction is dichloramine decomposing, and as long as this reaction continues, 

there will come a point where there is no more dichloramine left for the monochloramine to 

react with. At this point, the combined readings will start to fall, rather than continue to rise. 

This is referred to as breakpoint chlorination, which can be more easily achieved by 

adopting the following good practices: 

 Get people into the habit of taking a shower before swimming so that there is less 

pollution available for the chlorine to combine with; 
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 Dilute the swimming pool water with enough fresh water (30 litres per bather, per 

day); 

 Ensure enough chlorine is being dosed into the swimming pool (an automated 

system is always recommended for any type of commercial facility); 

 Make sure that the pool turnover time is fast enough for your type of pool; 

 Make sure you’re not overloading your pool. 

 Keep the pH within the recommended parameters. 

If you follow these steps, you should have no problem achieving breakpoint chlorination. 

However, if these good practices are not followed, things can start to go wrong. Instead of 

the dichloramine decomposing away, it starts to react with the hypochlorous acid in the 

pool and forms hydrochloric acid and trichloramine. The reaction looks like this: 

Dichloramine + Hypochlorous Acid > Hydrochloric Acid + Trichloramine (Nitrogen Trichloride) 

Trichloramine (and to a lesser extent dichloramine) are the chemicals that can cause the 

strong chlorine smell in badly-run swimming pools. It can also cause irritation to the mucous 

membranes by forming hydrochloric acid on them when they react with water. They can 

also trigger asthma attacks in people already suffering from asthma, but are not thought to 

actually cause the condition. 

Organic chloramines are formed by the reaction between chlorine and organic nitrogen 

compounds. These are introduced into the pool at the same time as ammonia from bather 

urine/sweat etc. The key difference for the pool operator with organic chloramines is that 

they are stable and will not break down by the addition of more chlorine. In fact, the 

opposite is true; the levels will increase with the addition of more chlorine. Therefore, the 

levels must be kept under control by a process of dilution at the appropriate rate. 
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04. pH Control 

pH is abbreviation for ‘power of hydrogen’ and is a critical factor in the treatment of pool 

water. The recommended range for the pH level to be maintained at is 7.2 - 7.6. The reason 

that the pH level needs to be kept between these values is that the disinfection efficiency of 

chlorine falls off significantly at higher pH levels and the coagulant will also not be as 

effective. At lower pH values, the pool water will be too corrosive. 

The effect of the pH level on the 

disinfection process is an area that 

many pool plant operators fail to fully 

understand. Therefore, they don't take 

the correct actions and end up with 

low quality swimming pool water and 

an excessive yearly spend on chlorine. 

Let's take a look at what's going on 

with pH and chlorine. 

The trend line in the graph represents 

the percentage of active disinfectant 

in the chlorine and as you can see, 

the percentage of is dependent on 

the pH level. When you add chlorine 

to the swimming pool water, chemical 

reactions start to occur. The chlorine 

reacts with the water and ends up 

producing the following two 

substances: 

1) hypochlorous acid 

2) hypochlorite ion 

The key disinfectant in chlorine is hypochlorous acid, which is about x100 stronger than the 

hypochlorite ion, so that's what we want more of.  

The higher the pH level, the higher the proportion of hypochlorite, the lower the pH level, the 

higher the proportion of hypochlorous acid.  

At a pH level of 7.5, you've got about 45% of the chlorine as hypochlorous acid, so if your free 

chlorine reading was 1.0 mg/l when tested, in real terms the amount of active disinfectant 

would only be around 0.45mg/l. If the pH level was allowed to get to 8.0, then only 25% of the 

chlorine would be hypochlorous acid, so if the test reading came out at 1.0 mg/l again, the 

actual amount of active disinfectant would only be 0.25mg/l, which would be too low for 

adequate disinfection. 
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You need to bear in mind that the free chlorine reading includes both the hypochlorous acid 

and the hypochlorite, but it does not tell you the proportion of each. This is why it's so 

important for pool plant operators to understand how and why the pH levels have such a 

dramatic effect on the disinfection process. 

Because both calcium hypochlorite and sodium 

hypochlorite (the most commonly used chlorine 

disinfectants) are very high on the pH scale, the 

pH of the pool water will be pushed when these 

disinfectants are dosed into the pool. As 

explained above, this would mean that the 

effectiveness of the disinfectant would be 

reduced. What needs to happen is a chemical 

needs to be dosed that is low on the pH scale 

(i.e., an acid). Some chemicals that are 

commonly used for this purpose are: 

 Sodium Bisulphate (dry acid) 

 Carbon Dioxide 

 Sulphuric Acid 

 Hydrochloric Acid 

These chemicals serve no other purpose than to 

bring the pH level back down to between 7.2 – 

7.6. They make the disinfectant far more effective, 

but they do not act as disinfectants directly. 

Sodium Bisulphate 

A highly acidic substance that converts to 

sulphuric acid when dissolved in water. Supplied 

as a dry powder and often referred to as ‘dry 

acid’. 

Carbon Dioxide 

Supplied as a gas and stored on site in several gas bottles or a large bulk container. Converts 

into carbonic acid when dissolved in water. Is an asphyxiant, so CO2 detectors should be 

installed to alert staff of leakages. 

Sulphuric Acid 

Liquid substance that is very acid. This is what sodium bisulphate becomes when mixed with 

water.  

Hydrochloric Acid 

Another liquid substance. Very acidic and tend to give off fumes. Not as common as the 

other pH reducers. 
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All the above substances will react strongly with chlorine and alkalis in general as well as with 

oxidising substances. Storage arrangements should be such that the risk of accidental mixing 

of incompatible substances is reduced to as low a level as is reasonable practicable, or, 

even better, eliminated completely. 
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05. Chemical Dosing 

A pool operator is advised to make a realistic assessment of the type of swimming pool they 

are operating – domestic, or commercial? This book and the course is aimed at commercial 

swimming pools and spas, not domestic. Some factors to consider when making this 

assessment are: 

 Size of pool 

 Bathing loads 

 Setting (school, leisure centre, hotel, etc.) 

 Hours of operation 

If the pool is a commercial facility, then it needs to be operated as such. Far too many 

operators are running commercial pools using practices more appropriate to a domestic 

pool. This can lead to major inadequacies in arrangements. 

Automatic Dosing  

Automatic monitoring and dosing of water treatment chemicals should be the norm in a 

commercial swimming pool/ spa. Hand-dosing chemicals should only be undertaken in 

exceptional circumstances, after a thorough and robust risk assessment has been 

conducted, and only by people trained and competent to do so. Chemical dosing should 

be continuous, 24 hours a day.  The automatic dosing system should be backed up by 

regular monitoring and verification. 

Usual practice is to dose 

disinfectant prior to filtration. 

This is achieved by injecting a 

solution into the circulation 

pipework by means of a 

chemical dosing pump. A 

common type of pump used 

for this purpose is a diaphragm 

pump, which uses a rubber 

disc (the diaphragm) to create 

suction in the chemical feed 

line when it moves backwards, 

and then creates a pressure in 

the feed line on the discharge side when it moves forwards. Dosing disinfectant before the 

filter(s) prevents inadvertent mixing of disinfectants and acids (which should be added post-

filter). With ozone and ultraviolet systems (which removes residual disinfectant), dosing is 

always after the ozone or UV treatment.  

The pH correctant (in the UK, usually acid-based), is usually dosed after filtration, in a similar 

manner to that described above for disinfectant dosing.  
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Monitoring 

Commercial swimming pools should have a system installed to automatically dose the 

disinfection, pH control and coagulation chemicals into the pool water circulation system. 

Manually dosing chemicals (sometimes referred to as ‘hand-dosing’) is a hazardous activity 

that can be easily avoided by the installation, use and maintenance of such systems. 

Automatic dosing systems also provide a much more reliable level of control over the 

swimming pool chlorine and pH levels. 

A typical automatic dosing system will comprise of an electronic control unit connected to 

probes that are being supplied with a representative sample of pool water via a feed line 

taken from the circulation pipework. These probes are constantly monitoring the levels of free 

chlorine and pH, and are electrically interlocked to pumps that turn on or off according to 

the readings from the probes and the parameters that have been pre-programmed into the 

control unit. See below for a labelled image of a typical control unit. 

 

Control unit 

Probes (usually one for free 

chlorine and one for pH 

In-line filter. Needs to be cleaned 

or replaced regularly in order for 

the probes to provide accurate 

readings 

Incoming feed. This feed is usually 

coming from the main circulation 

line in the vicinity of the 

circulation pump(s) 

Outgoing line. This usually loops 

back into the circulation system 

pipework, or to drainage 

Sample line valve for taking 

samples of pool water when 

carrying out control unit 

calibration 
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The sample line is usually taken from the circulation pipework in the plant room, prior to the 

pre-pump strainer(s). In older pools, it may be taken form extract points in the pool wall. 

It is recommended that a service contract is arranged for the ongoing service and 

maintenance of automatic dosing systems. As technology improves, these systems are 

becoming ever-more complicated and sophisticated. The following is a list of items that 

could be undertaken by a suitably competent member of staff: 

Fail-Safe Systems 

In all disinfecting systems which incorporate automatic chemical dosing (including those 

using chlorine, unless the chlorine injection system is negative pressure and the chlorine gas 

line has a vacuum-operated regulator), the following precautions should be considered as 

appropriate: 

 interlocking the dosing system electrically with the water circulating pumps, to 

prevent the continuation of dosing, should the pumps fail 

 incorporating into the circulation system a fail-safe, flow measuring device capable 

of detecting a reduction or cessation of flow and interlocking this with the dosing 

pumps to prevent continuation of dosing 

 siting the pool water circulation pumps below the level of the pool water, to minimise 

the risk of the pumps losing their prime 

 locating an additional sampling point close to the chemical injection point for alarm 

purposes. (Automatic dosing systems operate by sampling the water and activating 

or stopping the dosing pumps as required, for example following a change in bather 

loads.) Disinfectant dosing should cut off when the system fails 

 siting the calcium/sodium hypochlorite and acid injection points as far apart as 

possible (preferably a minimum of 1 m); ideally the hypochlorite injection point should 

be located before the filter and the acid dosing point after the filter and heat 

exchanger (although, this is not possible if using UV or ozone disinfection systems) 

 designing dosing lines so that they are protected from damage, and so that they 

cannot, inadvertently, be connected the wrong way round 

 displaying notices warning of the risks of mixing calcium/sodium hypochlorite and 

acids, and the importance of maintaining pool water circulation during dosing 

 ensuring that pressurised chemicals in the line are safely relieved before breaking the 

delivery line for maintenance work to be carried out 

Pipelines and injection points can become blocked by calcium deposit. Removal is usually 

carried out with acid; therefore the pipes will need to have been flushed out, the acid then 

added to descale, flushed out again and released for maintenance. 

Chemical dosing operations 

Written procedures should be established for day tank filling, mixing or diluting chemicals and 

cleaning injectors. There should also be built-in safeguards to cover those periods when the 

plant is not attended. 



43 

 

If the plant is to be shut down for longer than 60 hours, valves infilling lines between the day 

and bulk tanks should not be closed, as decomposition products might otherwise build up. 

After such a shutdown, the whole of the dosing system should be flushed through gently with 

low-pressure water. 

Chemical dosers should be interlinked with the circulation pumps and the circulation of 

water through the system, so that dosing stops if there is pump failure. 

Day Tanks 

Day tanks are vessels for holding the chemical 

solution, from where they are pumped into the 

circulation system, usually via an injector. They 

should be constructed from UV-stabilised 

polyethylene and ideally be fitted with: 

 High and low level indicators and alarms 

 Overflow pipe 

 Water inlet form header tank 

 Drain valve 

 Agitator 

Preparing dosing chemicals 

 Chemicals should always be added to water and never the other way around when 

preparing solutions. 

 Non-liquid chemicals should be kept dry until dissolved in water. 

 Calcium hypochlorite should be kept away from all other chemicals in its preparation 

for dosing. 

 Calcium hypochlorite should be dissolved in water at a ratio of 1:33 

 Sodium hypochlorite can be dosed at its delivery concentration (10-15%) 

 If hydrochloric acid is not being dosed direct from a container, dilution should be 

introduced by filling the day tank with a known quantity of water, adding a known 

quantity of concentrate, and mixing thoroughly. 

 Any sludge formed from the incomplete dissolving of chemicals should be cleared 

periodically. 

Manual Dosing 

Sometimes there will arise a need to introduce chemicals into the pool manually (hand-

dosing). This is a potential hazardous activity and should not be performed by people who 

have not received the appropriate level of training. 

General Procedures 

 Always wear the appropriate PPE. 

 Always add the chemical to the water, NEVER add water to the chemical. 

 NEVER mix a chemical with another chemical. Only ever mix with water. 

 Never hand-dose chemicals into the swimming pool when occupied. 
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 Always allow time for thorough mixing and distribution of the chemical into all 

areas of the swimming pool water. 

Increasing Chlorine 

The following method will outline how to add a hypochlorite disinfectant to the swimming 

pool. If you’re using a chlorinated isocyanurate disinfectant, follow the manufacturers’ 

instructions as the method will be different. 

We recommend using calcium hypochlorite granules for the purpose of hand-dosing. It’s 

safer to store and handle than sodium hypochlorite. 

Step 1. The first thing you need to do is calculate how many cubic metres of water you have 

in your swimming pool. Do this by multiplying the length by the width by the average depth. 

See the worked example below: 

Length (20m) X Width (10m) X Average Depth (1.5m) = 300m3 

Step 2. The next thing to do is calculate how much calcium hypochlorite granules you need 

to add in order to increase the free chlorine reading by 1mg/l. Do this by dividing the pool 

volume figure (from step 1.) by 0.65. The reason you need to divide by 0.65 is because 

calcium hypochlorite is typically only 65% chlorine. Some products are 70% chlorine, in which 

case you would divide by 0.70. See the worked example below: 

300m3 / 0.65 = 462 

The figure obtained provides you with the amount of grams of calcium hypochlorite granules 

you need to add to the swimming pool in order to increase the free chlorine reading by 

1.00mg/l. 

Step 3. Use a set of kitchen scales to measure out 462g of calcium hypochlorite granules into 

a clear plastic jug. 
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Mark a clear line on the jug to indicate the level of calcium 

hypochlorite granules at 462g. 

Step 4. Decide how much you need to increase the free 

chlorine reading by. For example, if you have zero free 

chlorine in the pool and you would normally operate at 

2.00mg/l, then you need to increase by 2.00mg/l. This 

equates to the number of jugs of calcium hypochlorite 

granules you need to add to the swimming pool, i.e. 2 jugs. 

Step 5. Now you need to add the granules to the swimming 

pool water. This can be done by carefully depositing the 

granules into either the overflow channel (in a deck-level 

pool) or the skimmer baskets (in a skimmer-basket pool). 

From here, the granules will be drawn into the balance tank 

(if there is one), or directly into the suction-side pipework of 

the circulation system.  

Step 6. Allow some time for the granules to dissolve and make their way around the system 

and into all areas of the swimming pool. How long this will take will be dependent on a 

number of factors, such as the efficiency of the system hydraulics. 

Step 7. Carry out a set of pool tests, taking the sample from a point in the swimming pool as 

far as possible from the inlets. This is to help you determine whether the chlorine you have 

introduced has been distributed to all areas of the swimming pool. If necessary, carry out 

further tests in order to be sure that all areas of the swimming pool have a sufficient level of 

disinfectant. Once you are satisfied of this, you can open the pool again to bathers. 

Decreasing Chlorine  

It may be necessary to decrease the levels of chlorine on occasion and certainly following 

superchlorination. If you are going to be dumping a significant quality of swimming pool 

water for any reason, there would usually be a requirement to let the local water authority 

know and they would almost certainly require you to eliminate all traces of chlorine from the 

water before they granted permission to discharge (chlorine is harmful to aquatic organisms). 

In normal operations, it would usually be better to bring the chlorine levels down by simply 

diluting the swimming pool with fresh water. This is safer and would contribute to less 

chemical pollution as well. 

If you do need to decrease the chlorine quickly though, the chemical to use is sodium 

thiosulphate. The principle to bear in mind is that it takes 5g of sodium thiosulphate to 

neutralise 1g of chlorine. So if, for example, you had 10.00mg/l of chlorine in a 300m3 pool, 

that equates to 3000g of chlorine in the pool, since each m3 would have 10g of chlorine in it, 

and 300m3 X 10g = 3000g. The simplest thing to do would be to calculate how much sodium 

thiosulphate you would need in order to decrease the free chlorine level by 1.00mg/l. See he 

worked example below: 
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300g chlorine X 5g sodium thiosulphate = 1500g 

So, in this particular example of a 300m3 pool, it would take 1500g of sodium thiosulphate to 

reduce the free chlorine level by 1.00mg/l/ 

From here, the same steps can be taken as given above in order to create a jug for the 

purposes of hand-dosing sodium thiosulphate (different jug – NEVER mix chemicals). Then, just 

add the required number of jugs in the same way as for adding calcium hypochlorite. So, in 

the example given, we would be adding 8 jugs of sodium thiosulphate in order to get the 

free chlorine down from 10.00mg/l to 2.00mg/l. 

Increasing or Decreasing pH Value 

The chemicals that are advised to be used for hand-dosing of pH correctant are sodium 

bisulphate powder (dry acid) in order to reduce the pH value and sodium carbonate in 

order to increase the pH value. Hand-dosing pH correctants is more problematic. This is 

because it is difficult to calculate the amount of correctant to add in order to bring about 

the desired change in the pH value of the pool water due to the pH buffering effect of the 

total alkalinity levels of the pool water. The more buffered the water (due to higher total 

alkalinity), the more of a given pH correctant you would need to add in order to get to the 

desired pH value. 

Whatever pH correctant is being hand-dosed, refer to the manufacturer’s instructions, which 

should be on the label on the side of the chemical container. Bear in mind that the 

recommended amounts may need to adjusted, based on your own experience. 
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06. Pool Water Testing  

This chapter will outline how to carry out the range of tests that are required, including: 

 free chlorine 

 total chlorine 

 pH 

The chapter covers the use of comparators and photometers, but does not cover test strips 

as these are not recommended for testing commercial facilities (they are more suited to 

domestic pools). 

Documentation 

All tests carried out on the pool water should be recorded accurately and stored in a system 

that allows for easy retrieval. Electronic recording and storage of data is acceptable, but 

may not be the most practical option, given the environmental conditions. 

Reagents 

Pool water testing works by adding reagents to a sample of pool water and interpreting the 

results according to the colour of the sample once the reagent has had time to react with it. 

Different tests require different types of reagents. The type of testing equipment (comparator 

or photometer) will also influence the type of reagent that needs to be used. Also, with some 

tests (total alkalinity, calcium hardness, cyanuric acid), the reagents have slightly different 

names and product codes, depending on which supplier you use. If you have a photometer, 

look to see who the manufacturer is and contact them direct to order your pool test 

reagents. Explain to them what tests you need to carry out and whether you are using a 

photometer, comparator and/or shaker bottle method (for total alkalinity and calcium 

hardness) and they will be able to ensure you are using the correct reagent for the job. They 

will store your ordering information on your account and this can save a lot of time and 

confusion when it comes to ordering fresh supplies. 

Comparators 

These are simple devices that work by inserting a 

sample of pool water next to another sample of pool 

water with a reagent dissolved in it into the 

comparator, and then inserting a colour wheel in front 

of the samples. The tester then holds the comparator 

up to the light and compares the colour of the two 

samples. The colour wheel is rotated until the closest 

match is found and a reading is then taken from the 

small circular display aperture. 
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Photometers 

These are devices that work electronically. A 

test tube containing a sample of pool water is 

placed in the device, which shines light through 

the sample. A reading is taken and the result is 

displayed on the device’s screen.  

Palintest tests are based on measuring the 

intensity of colours produced by Palintest 

reagents and using Palintest photometers to 

measure that intensity of colour. This is 

colorimetry and can be defined as any 

technique used to evaluate an unknown colour 

in reference to known colours.  

To avoid subjective measurement between test 

samples and colour standards, a colorimeter 

can be used for quantitative measurement of 

the amount of coloured light absorbed by a 

sample (with reagents added) in reference to 

an untreated sample (blank). 

White light is made up of many different wavelengths of light. A colorimeter passes  a  white  

light  beam  through an optical  filter  which  transmits  only  one  particular band of 

wavelength of light to the photodetector where it is measured. The difference in the amount 

of coloured light transmitted by a colourless sample (blank) and the amount of coloured light 

transmitted by a coloured sample is a measurement of the amount of coloured light 

absorbed by the sample.  

The use of filters improves  the  sensitivity  of  this process  and  choice  of  the  correct  optical  

filter  (and, therefore, the correct wavelength) of light is important.  It is interesting to  note  

that  the  filter  that  gives  the most  sensitive  calibration  for  a  test  factor  is  the 

complementary colour of the test sample. For example, the chlorine test produces a pink 

colour proportional to the chlorine concentration in the sample (the greater the chlorine 

concentration, the darker the pink colour). In this case, a green filter gives the greatest 

sensitivity as a pinkish-red solution absorbs mostly green light. Palintest photometers calculate 

and then display the test results directly in milligrams per litre (mg/l) of the test factor, by 

comparing the amount of absorbed light to the calibration data programmed into the 

instrument. 
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Blanks and Samples  

Palintest photometers use a BLANK tube to set the instrument to blank and a SAMPLE tube to 

take the reading. A BLANK tube is a test tube filled with an untreated water sample. A 

SAMPLE tube is a test tube containing the sample to which reagents have been added in 

accordance with the test procedure described.  

The blank setting is held in memory. It is not necessary to reset the blank each time a reading 

is taken if the water samples to be tested are from the same body of water and the 

conditions of use are the same. The blank setting can be confirmed if necessary by taking a 

test reading on the blank tube. 

Taking a Reading  

1. Press the ‘on/off’ button to start the unit.  

2. Press the ‘menu’ button until the test you wish to perform is indicated on the screen.  

3. Insert your blank tube and press the ‘blank sample’ button.  

4. An image displaying a blank tube will be displayed on screen. When this is replaced 

by 0.00 the instrument is finished blanking and ready to take a reading.  

Red light only passes 

through the filter. All 

other light is 

absorbed.   

Wavelengths of blue 

light plus small 

quantities of red 

light pass through 

the solution. 
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5. Remove your blank tube and replace it with the sample tube. Press the ‘Read 

Sample’ button to take a reading.  

6. The result will be displayed on screen in mg/l.  

Care and Maintenance  

The handling of photometer tubes is important to ensure continuing accuracy. Scratches, 

finger-prints and  water  droplets  on  the  tube  or  inside  the  light chamber can cause 

inaccurate results. It is imperative that the tubes and light chamber are clean and dry 

The glassware must be clean and defect-free. Scratches and abrasions will permanently 

affect the accuracy of the readings. Tubes can be acid washed periodically.  

Here are some hints on keeping the photometer clean, free from contamination and in good 

working order: 

1. Prepare your workplace before use.  Make sure that you have enough space to work 

with the photometer and with the reagent systems.  

2. Do not pour out samples or prepare the tests directly over the instrument.   

3. Always cap the test tubes after preparing the blank and test sample.  

4. Wipe test tubes on a clean tissue to remove drips or condensation before placing in 

the photometer.  

5. Do not leave tubes standing in the photometer test Chamber. Remove the tubes 

immediately after each test.  

6. Immediately wipe up any drips or spillages onto the Instrument or into the test 

chamber with a clean tissue.  

7. Keep the instrument clean.  Clean the test chamber regularly using a moistened 

tissue or cotton bud.  

8. Keep the instrument in a clean, dry place when it is not in use. Keep it on a clean, dry 

bench away from Chemicals, place it in a storage cupboard or keep it in a carrying 

case.  

Viewing the Instrument Memory  

To view the previous results (10 results are stored within the instrument memory), hold the 

‘menu’ button whilst the display showing the selected test or result is on the screen.  
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Backlight Operation  

The backlight can be turned on and off by holding the ‘On/Off’ button for a two second 

period during power on.  

The methodologies listed here are for use with the Pooltest 3 and Pooltest 6 instruments.   

Before  attempting  to  do  any  tests,  ensure  you  read ‘Blanks  and  Samples’  and  the  

‘Care  and  Maintenance ‘sections. 

 

There are many different models of photometer available and if you don’t 

want to waste money, it is important to make sure that you buy the correct 

model for your needs. There are many facilities that have spent a lot of 

money on the purchase of a photometer that is capable of carrying 25 

different pool tests, including things like copper, iron, manganese etc. An 

example of this type of photometer is shown on the left below. For most 

pools a photometer like the one shown to the right below is sufficient. It’s supplied by 

Palintest and is called the Pooltest 6 (because it can carry out 6 different types of test; 

Chlorine, pH, Cyanuric Acid, Total Alkalinity, Calcium Hardness, Bromine). For the majority of 

pools, this is more than enough, so there is really no need to go and purchase the much 

more expensive Palintest 25. 

 

 

 

 

 

Pooltest 25 Professional Plus     Pooltest 6 

 

Collecting Samples 

Pool water samples should be collected as far as possible away from the inlets. This is 

because the water returning to the pool from the plant room will have recently been 

injected with a fresh dose of disinfectant. Therefore, the water coming into the pool at the 

inlets will be relatively strong with disinfectant, while the water at the furthest point from the 

inlets will be relatively weak with disinfectant. If you are getting satisfactory readings at the 

furthest point from the inlets (where the disinfectant is weakest), it stands to reason that you 

must have a satisfactory reading throughout the pool. If you took the sample from too close 

to the inlets, you may be led to believe that the disinfectant levels were satisfactory, but 
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there is actually a chance that the disinfectant levels could deplete to below the 

recommended parameter by the time it got to the outlets. 

In terms of the correct depth, it is recommended that the sample should be taken from 

within the top 150mm of pool depth. This is where most of the pollution lies within the pool 

and is therefore representative of ‘worst-case scenario’. If you find that your disinfectant 

readings are satisfactory from within the most heavily polluted area of the pool, you can be 

reasonably confident that disinfectant levels will be satisfactory everywhere. 

General Points on Pool Water Testing 

 the equipment used should be clean and dry 

 reagent tablets should not be touched as this would affect the reading 

 COSHH assessments should be carried out on all reagent chemicals 

 all samples should be taken from the same, pre-determined point every time 

 staff should be trained in pool water testing 

 pool testing and effective lifeguarding cannot be carried out at the same time 

 photometers should be re-calibrated on an annual basis 

 if results are not as expected, always do an immediate re-test 

 put test tubes on a stable, flat surface when crushing the reagent tablets 

Free Chlorine Test 

1. Rinse out two test tubes with pool water. 

2. Fill one up to the 10ml mark, leave the other empty but damp. 

3. Put a DPD 1 tablet into the empty tube, without touching the tablet. 

4. Watch the reaction of the tablet. If you can see any pink colour – there is chlorine. 

5. Fill the test tube with the DPD 1 tablet to the 10ml mark. 

6. Crush the tablet with the crushing rod. Ensure the tablet is completely dissolved and 

there are no bubbles left in the test tube before continuing. 

7. If the water is no longer pink – you have too much chlorine and it has bleached the 

colour out of the sample. Do a retest to confirm. 

8. Obtain a reading according to the type of tester you are using (comparator or 

photometer). See below: 
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For Comparator For Photometer 

9. Put ‘blank’ test tube in the left slot 

and the test tube with the DPD 1 

tablet into the right slot. 

10. Insert the chlorine wheel into the 

comparator so that you can see the 

numbers displayed in the little 

circular aperture. 

11. Hold the comparator up to a good 

source of light and observe the 

colour match. 

12. Rotate the chlorine wheel until the 

best match is achieved. 

13. Record the reading on the pool test 

sheet.  

9. Put the ‘blank’ test tube into the slot 

on the photometer. 

10. Put the light cap (if there is one) over 

the test tube*. 

11. Turn the photometer on and select 

the free chlorine mode. 

12. You will be prompted to ‘zero’ the 

photometer. 

13. Swap the blank with the test tube 

with the DPD 1 tablet. 

14. Remember to replace the light cap. 

15. You will be prompted to press the 

test button. 

16. Record the reading on the pool test 

sheet. 

 

* Photometers work by shining a light through the sample. All external light needs to be 

prevented from ‘leaking’ into the sample. To achieve this, some photometers have a 

separate light cap. Other photometers achieve it by the test tube caps being designed to fit 

snugly so that it stops light entering the sample. 

Total Chlorine Test 

1. Add a DPD 3 tablet to the test tube that already contains the DPD 1 tablet. 

2. Crush the tablet with the crushing rod. 

3. Wait for 2 minutes 

4. Take the reading in the same way as for the DPD 1 test. 

5. Record the reading on the pool test sheet. 
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Depending on the model of photometer you are using, you may have to press the ‘mode’ 

button in order to ensure that the device is set up for reading total chlorine (rather than free 

chlorine). Also, some photometers have a built in timer that counts the two minutes down 

automatically. 

Calculating the Combined Chlorine Reading 

The combined chlorine is worked out by simply taking the free chlorine result away from the 

total chlorine result: 

Total Chlorine  - Free Chlorine  = Combined Chlorine 

pH Test 

1. Rinse out another test tube with pool water (use the same ‘blank’ that was used with 

the chlorine tests). 

2. Fill the test tube up to the 10ml mark. 

3. Put a Phenol Red tablet into the sample, without touching the tablet. 

4. Crush the tablet with the crushing rod. Ensure the tablet is completely dissolved and 

there are no bubbles left in the test tube before continuing. 

5. Obtain a reading according to the type of tester you are using (comparator or 

photometer). See below: 

For Comparator For Photometer 

6. Put ‘blank’ test tube in the left slot 

and the test tube with the Phenol 

Red tablet into the right slot. 

7. Insert the pH wheel into the 

comparator so that you can see the 

numbers displayed in the little 

circular aperture. 

8. Hold the comparator up to a good 

source of light and observe the 

colour match. 

9. Rotate the chlorine wheel until the 

best match is achieved. 

9. Put the ‘blank’ test tube into the slot 

on the photometer. 

10. Put the light cap (if there is one) over 

the test tube*. 

11. Turn the photometer on and select 

the pH mode. 

12. You will be prompted to ‘zero’ the 

photometer. 

13. Swap the blank with the test tube 

with the Phenol Red tablet. 

14. Remember to replace the light cap. 
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10. Record the reading on the pool test 

sheet.  

15. You will be prompted to press the 

test button. 

16. Record the reading on the pool test 

sheet. 
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Appendix 01: Pool Water Testing 

Parameters and Frequencies 

Test Target Parameter Frequency Action: Too 

High 

Action: Too 

Low 

Free Chlorine 1.00 – 3.00 mg/l  

3.00 – 5.00 mg/l 

(spa’s) 

2.50 – 5.00 mg/l 

(if using stabilised 

chlorine) 

Before opening 

and then every 2 

hours during use 

(less if auto-

monitored, but will 

depend on 

bathing load). 

Dilute, or 

add sodium 

thiosulphate 

(5g per 

gram of 

excess 

chlorine) 

Cease 

bathing, add 

more 

disinfectant. 

Total Chlorine See below Before opening 

and then every 2 

hours during use 

(less if auto-

monitored, but will 

depend on 

bathing load). 

See below See below. 

Combined Chlorine < 50% of free 

chlorine 

AND 

< 1.00 mg/l 

Before opening 

and then every 2 

hours during use 

(less if auto-

monitored, but will 

depend on 

bathing load). 

Dilute, 

review pre-

swim 

showering, 

reduce 

bathing 

load, 

backwash 

filters 

Not 

applicable – 

try and get it 

as low as 

possible. 

Total Bromine (if 

bromine used as a 

disinfectant) 

4.00 – 6.00 mg/l Before opening 

and then every 2 

hours during use 

(less if auto-

monitored, but will 

depend on 

bathing load). 

Dilute, or 

add sodium 

thiosulphate 

(5g per 

gram of 

excess 

bromine) 

Cease 

bathing, add 

more 

disinfectant. 

pH 7.2 – 7.6 Before opening 

and then every 2 

hours during use 

(less if auto-

monitored, but will 

depend on 

bathing load). 

Add an 

acid (eg. 

Sodium 

bisulphate) 

Add and 

alkali (eg. 

Sodium 

carbonate). 



57 

 

Total Dissolved 

Solids (TDS) 

<1000 mg/l 

above source 

TDS 

Daily Dilute (30 

litres of fresh 

water, per 

bather, per 

day). 

Backwash 

the filters. 

Not 

applicable – 

try and get it 

as low as 

possible. 

Total Alkalinity 80 – 200 mg/l Weekly Dilute. Add sodium 

bicarbonate. 

Calcium Hardness 75 – 150 mg/l Weekly Dilute. Add calcium 

chloride. 

Water Balance 

(langelier index) 

+ 0.1 - + 0.4 Weekly Depends – 

various 

factors may 

need 

correction. 

Depends – 

various 

factors may 

need 

correction. 

Cyanuric Acid (if 

using stabilised 

chlorine) 

50 – 100 mg/l Weekly Dilute. Add 

cyanuric 

acid. 
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Appendix 02: Swimming Pool Test Log 

Sheet 
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Appendix 03: Gross Microbiological 

Contamination Flow Chart 

 

 

 

 

 

 

 



60 

 

Intentionally Blank 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



61 

 

Appendix 04: Course Feedback 

1. Would you recommend this course to others? 

Yes   No 

 

2. What's the best way we could improve the delivery, the booking procedure or anything 

about the course? Be as specific as you like... 

 

 

 

 

3. Are there any other comments you would like to add? Please write below… 

 

 

 

 

4. Your Name, Job Title and Company (only put this if you’re OK with us using the information 

for testimonials on our website etc.) 

Name     Job Title     Company 
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Intentionally Blank 
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NEBOSH National General Certificate in Occupational Health and Safety 

 

IOSH Leading | Managing | Working Safely 

 

Legionella Awareness and Control (ACoP L8) 

 

Pool Plant Operations | Foundation 

 

Manual Handling 

 

DSE Assessments 

 

COSHH Training 

 

First Aid at Work 

 

Safety Audits 

 

Bespoke health and safety training 

 

 

 

 

We also provide health and safety and leisure water treatment consultany services 

 

01565 650 549 

 

info@stockwellsafety.co.uk 

 

 

 

 


