
Open your eyes with DrydenAqua and save more than just money     

Dryden Aqua Ltd 
Butlerfield | Bonnyrigg | Edinburgh EH19 3JQ | Scotland   
Tel +44 (0)  1875822222 Fax +44 (0) 18758 22229 

Copyright property of Dryden Aqua 2009 

Integrated water treatment for swimming pools 

Water treatment for swimming pools comprise of a variety of processes both chemical and 

physical in order to control both water quality and the biological safety of the water.  

It is essential that water quality is 

maintained as well as the 

atmosphere just above the surface 

of the water.  In recent years there 

has been a focus on chlorine by-

products in the atmosphere.  The 

noxious gases are formed by 

chlorine reacting with organic 

matter as well as nitrogen 

compounds. The noxious gases 

have been implicated in lung 

damage and asthma as well as 

potential nerve and spinal damage conditions such as scoliosis in children.  Presently 

chlorine is the only acceptable disinfectant permitted in public swimming pools because it 

provides residual disinfection and prevents transmission of infection between the bathers. 

Other products will perform the same task, but chlorine will destroy most bacteria in well 

under 30 seconds, alternative product take up to 90 minutes which means they provide 

essentially zero protection against disease. All public pools must use chlorine, and all private 

pools that are used by more than one family should also consider the use of chlorine. 

The design of the water treatment systems will dictate the quality of the water and the 

production of chlorine disinfection by-products in the atmosphere. The atmospheric 

concentration relates to the air space just above the surface of the water which is 

unaffected by the ventilation system or even if the pool is out-doors.  Indeed out-door pools 

may have higher levels of cyanogen chloride because of the higher UV irradiation level 

received by the water reacting with chloramines.   

By the application of new technology developed by Dryden Aqua it is now possible to 

reduce chlorine consumption by up to 95% in a typical public pool. It will eventually be 

possible to eliminate the use of chlorine altogether, however until that point is reached the 

best we can hope for is to reduce the concentration of disinfection by-products by reducing 

chlorine consumption.  

The swimming pool industry is scoring some own goals, by way of example, UVc is being 

used as a means of reducing combined chlorine, the process is certainly effective but it is 

not alchemy, the chlorine is still present,  it is just the form the chlorine takes has changed. 

A high proportion of the combined chlorine will be converted to a volatile group of 
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chemicals called THM`s and cyanogen chloride, both of which are extremely toxic.  It is 

therefore the considered opinion of Dryden Aqua that UVc irradiation of swimming pool 

water should not be applied when chlorine is used as a means of achieving a residual 

disinfection.  The use of medium pressure UVc irradiation will increase chlorine 

consumption by a factor between 2 and 4 times, a similar situation exists with the use of 

ozone. 

The production of chorine by-products is a function of the concentration of dissolved 

organic matter and inorganic nitrogen compounds. The first logical step is to try and reduce 

the concentration of these chemicals as much as possible and thereby reduce the 

opportunity o to form chlorine by-products.  The role of achieving this tasked falls upon the 

performance of the filtration system. 

Sand Filtration 

Sand filters, or media bed filters will only remove suspended solid particles from the water,  

however in excess of 80% of the loading on chlorine is not attributed to solids in suspension, 

but dissolved organic matter and ammonium that will be in solution.  Sand filters can not 

remove the dissolved components without some assistance. 

In any sand filter, irrespective of the concentration of chlorine, a thin film of bacteria called 

a biofilm will grow on the surface of the sand.  Urease enzyme produced by the bacteria will 

convert urea to ammonium, chlorine will then react with ammonium to form mono-

chloramine.  The pH of the water in the thin bacterial biofilm layer is very acidic, and under 

these conditions the equilibrium reactions favours the production of trichloramine which is 

the chemical that gives pools their characteristic chlorine smell.  Trichloramine will cause 

lung damage and stress corrosion cracking of stainless steel and concrete. The sand filters 

and biofilm layers are not the only source of trichloramine, but it is considered to be the 

primary source of the chemical and one which can be easily solved. 

Sand filter water-flow & AFM 

The performance of any media bed filter is a direct function of the water flow through the 

filter.  The slower the water flow rate the better the performance, however the relationship 

is not linear, if the water flow is reduced by 50% performance may increase by 200%.  In this 

respect slow to medium rate water filtration is in keeping with good water quality and we 

advocate the use of medium rate filtration at a water flows of 15 cubic meters of water per 

hour per square meter of filter bed surface area,  15 m3hr-1m2.  Slower flow rates may be 

used but we strongly recommend 15 m/hr as a water velocity is not exceeded. 

Operating the sand filters at a slow flow rate will insure good performance in terms of solids 

removal, but it will not stop the growth of bacteria or the production of trichloramine.   

However if the sand media is changed to AFM (Active Filter Media) the biomass of bacteria 
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in the filters will be greatly reduced. Every 1000 kg of sand has a surface area of some 3000 

square meters, the sand is therefore the largest solid surface area in contact with the water 

and is the perfect substrate to incubate bacteria.  Anthracite and activated carbon are even 

better than sand in supporting bacterial growth so these products should only be 

considered with caution.  AFM is an activated media manufactured by Dryden Aqua from 

reprocessed glass and is activated in our factory to change the surface chemistry to provide 

surface disinfection and a high negative zeta (electrical charge) potential. While AFM is 

manufactured from glass as a raw material it should not be confused with crushed glass 

product, it would be like comparing anthracite with activated carbon,  they are two 

completely different products. 

Back-washing AFM filters 

What goes into a filter must come back out again,  if any solids or food for bacteria remain 

in the filter, then the bacteria  will simply grow on top of the filter bed an rapidly consume 

the organic matter.  The chlorine will not stop the growth of these bacteria and given a 

doubling time of 30 minutes, one bacterium has the potential, given sufficient food, to 

become 300 billion in 24 hours.  Efficient and thorough back-washing is essential to remove 

the organic matter, and to insure the continued operation of the filter.  The filter bed should 

be air purged for 5 minutes at an air flow of 95 m3hr-1m2, this is essential for sand filters, and 

useful for AFM filters.  After the air purge the filter is back-washed with water at a flow in 

excess of 45 m3hr-1m2.  This water flow will be sufficient to fluidise the bed by around 15%, 

because unless the bed is fluidised you will not be properly back-washing the filter media.  A 

viewing window on the side of the filter is a very useful addition through which you can 

visually confirm a proper back-wash.  The back-wash cycle should be for a duration of 2 to 5 

minutes for AFM or 5 to 10 minutes for sand. 

Flocculation of dissolved pollutants and particles 

Most of the loading in a swimming pool will be dissolved components, indeed dissolved 

nitrogen, and organic matter account for more than 80% of the loading on the chlorine and 

water treatment system.  In order to remove dissolved components they must be 

coagulated out of solution to form very small particles, these particles are then made larger 

by a process known as flocculation.  Conventionally this process is achieved by using 

chemicals such as PAC (poly-aluminium chloride), indeed the use of PAC or similar products 

is essential not only to remove the dissolved components but to allow the filters to remove 

very small particles such as the parasitic oocysts of cryptosporidium. 

The sand filters or AFM filters will not remove the flocculated particles if the water flow rate 

is too high, this is one of the main reasons for operating the filters at a slow flow rate of 15 

m3hr-1m2. 
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PAC is a good general purpose coagulant / flocculant however it will only drag a proportion 

of the dissolved organic matter out of solution. The second issue is that not all PAC is the 

same, different products have different degrees of polymerisation and some may even 

contain high levels of iron and phenolic contaminants.  The spectrum over which PAC 

operates also needs to be increased by the addition of other inorganic coagulants that will 

bond onto different dissolved chemicals in the water.  In order to achieve this task Dryden 

Aqua have developed APF (Active Poly Floc)  which contains only high purity products.  We 

have found that chemicals used in swimming pools need to be of a much higher grade that 

the products used in drinking water.  This may sound surprising, however in swimming pool 

water is recycled and reused hundreds of times more than drinking water, so any 

containments or imperfections in the products will be amplified in the pool water. 

APF is an active product, because it is actively removing phosphate from the water, if you 

completely eliminate phosphate then you prevent the growth of bacteria. APF also imparts 

a positive charge to the particles which are then mechanically and physio-chemically 

removed by the AFM. The surface of AFM has a negative charge so the positively charge 

small particles including coagulated dissolved organic matter will tend to stick to the AFM 

like magnets.  This characteristic of AFM dramatically improves the performance of the 

water filtration system. 

In order for coagulation and flocculation reactions to work properly, sufficient APF must be 

added to the water, and it should be added in the correct manner. 

ZPM and coagulation with APF 

APF should be injected immediately after the main systems pumps but before the sand or 

AFM filters.  The APF must be mixed with the pool water as intimately and as quickly as 

possible.  If APF or PAC is simply injected in the pipe-line coagulation will not have 

completed before the products start to flocculate. Loss of part of the coagulation phase will 

reduce the ability of the APF to drag dissolved matter out of solution prior to the filters. APF 

or any coagulant should be injected into a static mixer,  the mixer will insure that the 

product is thoroughly mixed with the water to allow the coagulation reactions to develop. 

The time frame for coagulation may only be a fraction of a second, the static mixer will 

insure that the reactions are completed within this short time period. Again not all static 

mixers are the same, Dryden Aqua have developed the ZPM unit specifically for the pool 

industry.  The ZPM unit is manufactured from stainless steel and it should be electrically 

earthed to a good ground.  Water quality and the behaviour of all solids and dissolved 

chemicals in the water are all controlled by their electrical charge density. The APF drops the 

zeta potential which means there is a surplus of electrons, the electrical earth on the ZPM 

insures that the electrons are grounded. As the zeta potential drops the ratio of negative 

particles to positive particles will become closer, which improves the flocculation 

performance of the APF. 
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Bacteria have the potential to grow on the solids removed by the AFM filter media. 

However the low positive zeta potential generated by the APF helps to prevent the growth 

of bacteria, also the APF will precipitate phosphate out of solution.  APF therefore has the 

potential to slow down and stop bacterial growth in the collected solids on top of the filter 

bed. 

ACO (Active Catalytic Oxidation) & ZPMr 

Active Poly Floc will remove negatively charged particles and dissolved organics from the 

water, it will not remove particles or chemicals that have a positive or neutral electrical 

charge.   

In sand filtration systems urea will be metabolised by bacteria and ammonium will be 

produced. Other species of bacteria such as autotrophic nitrifiers will use ammonium and 

converting it to nitrate. In AFM or non biological systems there needs to be a different 

approach to removal of chemicals and particles that can not be coagulated or flocculated.  A 

new product ACO active catalytic oxidation of water was therefore developed by Dryden 

Aqua to solve this problem.   

AFM works because it has a high negative surface electrical charge and oxidation potential 

which make the surface self sterilising.   ACO is a transition metal oxide poly-silicate  which 

completely dissolves in the water, the product has a negative charge so it will tend to 

combine with positive charge particles and make them negative. ACO increases the zeta 

potential of the water which actually makes the wŀǘŜǊ άǿŜǘǘŜǊέ ƛƴ ŜŦŦŜŎǘ it is like a 

surfactant which allows the chlorine to reach the surface of bacteria. The product works in a 

similar way to soap and will start to clean the inside of the pipes and tiles in the pool.  When 

the water returns to the plan room and passes the APF injection point, the ACO will react 

with the APF to form an insoluble precipitate which will collect on top of the AFM filter 

media.  The precipitate is a complex alumina-silicate mineral that has been created from a 

mixture of APF and ACO to generate a third type of product called a zeolite.  The third 

product will absorb organic matter and will exhibit some ion exchange properties by 

absorbing ammonium.   Urea is removed by the formation of polysilicate  calthrates which 

then forms a floc with the APF or is absorbed by the zeolite.  The zeolites precipitate is 

removed during back-washing along with the chemicals it has absorbed from the water. 

In addition to removing negative charge components from the water ACO will also remove 

neutral charged dissolved organics and small particles by oxidation.  ACO is a catalyst which 

will dissociate dissolved oxygen, and to a less extent water to produce hydroxyl radicals that 

go on to crack organic molecules.  The catalysts are also attracted to bacteria where they 

will denature the protein transport molecules in their cell wall, effectively deactivating and 

preventing bacteria from growing.   
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ACO works in conjunction with APF (active poly floc) and AFM (active filter media), the 

whole system is integrated and works synergistically together to provide a very powerful 

means of water treatment.  It is important that ACO is injected at the same flow-rate as APF 

in order produce the optimum zeolites crystal configuration in the filter. 

ACO is a liquid that is dosed into the water after the sand or AFM filters.  The catalysts 

obtains its oxidative energy from the movement of the water, even sunlight will make the 

product work. However in order to obtain the best performance,  ACO should be injected 

into a ZPMr unit. The ZPM units provide a vigorous mixing and agitation energy required to 

mix and activate the catalyst. In addition to this mixing action, as an optional extra we 

recommend a resonator. The resonator uses ultrasound to cavitate the water at a very 

specific frequency, even without ACO,  the ZPMr unit will coagulate and disinfect water, but 

when combined with ACO we have a powerful combination that all works together to give 

residual disinfection. 

At this stage we do not advocate that you stop using chlorine as a residual disinfectant, 

however ACO combined with the ZPMr unit will greatly reduce the amount of chlorine 

required and reduce the concentration of chlorine reaction products.   For the first time in 

the swimming pool history, we now have a product and an integrated system that has the 

potential to provide residual disinfection of the pool water with-out the production of toxic 

reaction products. 

Integrated system 

Swimming pool water treatment systems often comprise of many different mechanical 

products, filters and chemicals provided by a variety of manufactures and suppliers.  We 

find that the products and chemicals do not always work well when combined, or the 

quality of some of the components may be suspect.  While there are guidelines governing 

how the system should be designed and operated, there is no integration of the 

components.   By way of example, some forms of calcium hypochlorite contain high levels of 

phosphate which is a bacterial nutrient and none of the chemical suppliers will tell you that 

you should be using a static matter to make their products work better because you will end 

up using less of the chemicals.  

At Dryden Aqua we have endeavoured to present a holistic approach to swimming pool 

water treatment, and as marine biologists with an understanding about the biology of the 

system we have been able to design a unique range of products and equipment.   Dryden 

Aqua products will all work on their own or as part of an add-on to existing systems.  

The Dryden Aqua integrated system is designed to work with chlorine, the system will 

reduce chlorine consumption by up to 95% and will essentially eliminate the disinfection by- 

products.  The final goal is to eliminate chlorine or any chemical oxidising products 

altogether.  
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How to use the system 

Typical Installation 

 

 

Alternate installation 

ZPM unit ACO and chlorination is on a secondary circuit. In some pools there may not be a 

requirement to increase the filtration level but most pools will benefit from increasing the 

recirculation rate. 
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Pool recycle rate 

The water should be recycled in the pool as quickly as possible. If it is not possible to 

increase the recycle rate through the filter, an extra pump with ZPM and ACO may be used 

on a parallel circuit. 

 Pool turn-over rate 
through the AFM filters 

If the ZPMr and ACBD are not after the 
filter they may be on a parallel circuit at 
the following  turn-over rates 

Private pool 4 to 6 hours 1 hour 

Public pool 3 to 4 hours 1 hour 

Training pool 1 to 3 hours 1 hour 

Leisure pool 1 to 3 hours 1 hour 

 

AFM filtration 

The following figures also apply to sand filters. 

Run phase   15 m3hr-1m2 

Air purge   95 m3hr-1m2 

Back-wash   45 m3hr-1m2 

 

ZPM 

The ZPM units are simply flanged into the pipe work before the filters when used with APF, 

or after the filter on a parallel circuit when used with ACO 

APF 

APF (active poly floc) is supplied as a liquid that should be injected into the pipe work 

between the pumps and the AFM filters.  The product is best used with a ZPM unit.  The 

product is delivered using a small peristaltic of diaphragm dosing pump at a water flow of 

0.5ml to 1.0ml per cubic metre of water passed through the filters every hour. 

ACO 

ACO (active catalytic oxidation), is injected into the pipe work after the sand or AFM filters. 

ACO may also be injected into the pipe work on a parallel circuit to the AFM filters.  The 

product is supplied as a liquid and it should be injected into the pipe work at the same flow 

as the APF active poly floc. 

 


