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Integrated Water Treatment

The primary role of a Swimming pools water treatment system is to prevent the transmission of human pathogens
and disease, this is a biological problem, but most of the swimming pool industry is either non technical or is based
on a chemical or engineering perspective and have failed to factor in the biological component. In this context
Dryden Aqua is the only biologically centred research & development company with a strong manufacturing base
providing an integrated approach to pool water treatment in Europe.

In addition to viewing pool systems as a biological process, Dryden Aqua have also considered the impact the
systems have on the health and wellbeing of the pool staff and the public using the facility. There are two issues;

1. water quality
2. air quality above the surface of the water.

Choramines

There has been a great deal of emphasis on inorganic combined chlorine (trichloramine) as a key water quality
parameter. Research conducted by many laboratories around Europe confirm that trichloramine is implicated in
lung damage and respiratory disorders as well as stress corrosion cracking of the pool buildings and corrosion of
ventilation systems, the human and infrastructure costs are enormous. The primary production mechanism of
trichloramine is bio-chemical, and through detailed understanding of the mechanism, Dryden Aqua is able to
completely solve the problem.

In addition to inorganic chloramines, there are also organo-chloramines that are less dangerous because most are
non-volatile, they are detected by DPD3 reagents, and as such they are often confused with inorganic trichloramine.
The analytical procedures used by the pool industry therefore do not reflect the true nature or chemistry of the
water.

Volatile lipid soluble gas

Of more concern are volatile lipid soluble chemicals including THM's such as chloroform, or chemicals including
cyanogen chloride that are nerve toxins. The lipid soluble nature of the gas means that they diffuse through the
water surface into the air, and then readily pass through lung tissue and enter your blood stream. Blood chloroform
levels can increase 50 fold in as short a time span as 10 minutes and one exposure to high levels of nerve toxins can
result in long term neurological problems and health related issues. Children under two years of age are most at risk
because they do not have a fully developed blood brain barrier and lipid soluble chemicals may reach spinal nerve
tissue.

It is the opinion of Dryden Aqua that the acute and chronic toxicity of volatile lipid soluble chemicals have either not
been fully appreciated, or the authorities are not aware that a potential serious public health hazard actually exists.
Given the biological back-ground of Dryden Aqua we understand the importance of lipid soluble toxic gases, and
have serious concern regarding the system design configuration and chemicals used in both the private and public
sectors of the pool industry.

Cloudy pool water

The cloudiness or turbidity of the water may be caused by solids breaking through un-stable filters due to transient
worm-hole channelling. System instability can be caused by many factors, but most sand filters or filters containing
poor quality media will be unstable. Little concern is expressed over slightly cloudy pool water, as long as the
chemistry is okay and no bacteria can be detected. However turbidity is usually due to a colloidal suspension of
lipo-polysaccharide molecules with bits of bacterial cell walls or dead bacteria, there may also be other solids,
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oocycts and flocculant chemicals present. Chemicals excreted by bacteria or the remains of bacteria are exotoxic &
endotoxic, and while they are non pathogenic they can sill cause an allergic response or a fever, and as such they are

almost as dangerous as living bacteria.
Solution to the problem

Problems have been identified in the
swimming pool industry, but little has
been done to correct the problems,
especially in the UK. There are parallels in
industry, for example we are all aware of
the risk and dangers from smoking and
asbestos, but very little was actually done
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and harm caused is not known, but this
should not be an excuse to sit on the fence and do nothing.

If you are aware of a problem then this gives the opportunity to either avoid or eliminate the problem, and if this can
be achieved by also reducing the running costs, carbon foot print and chemical costs, then it is a win:win situation.
In order to achieve this task Dryden Aqua has developed an integrated approach to water treatment using AFM®
Active Filter Media, APF® Active Polyfloc, ZPM® Zeta Potential Mixers and NoPhos®. The products all work together
to provide a system performance much greater than the sum of the parts to eliminate more than 90% of the chlorine
and oxidation by-products. The Dryden Aqua system not only reduces chlorine demand but also the oxidation
demand of the water, which allows chlorine or chlorine free products to work much more effectively.

Certification for safe products & chemicals

AFM® is an activated filter media manufactured under 1SO9001-2008 procedures to the best European drinking
water standards. Inevitably companies will try to copy products and procedures, but without the knowledge or
understanding the consequences can often be dangerous.

Crushed glass has been used in various forms for the last 50 years for water filtration, this is not a new idea. Indeed
glass such as glass fibre filter has been used in laboratories and industry for decades. Sintered forms of glass coated
with silanes and metal ion catalysts are also being used, again this is not new. What is new is the use of un-
controlled and non-certified or regulated crushed glass as a filter media for the treatment of water in contact with
humans in the swimming pool industry. Given that the majority of the products on the market are derived from
recycled waste source, Dryden Aqua consider there to be a potential very serious health and safety risk associated
with such products.

We need product certification and regulation in accordance to acceptable standards to protect the pool installers as
well as the public. There are many good products manufactured for the pool industry but sometimes the
combination with other products and chemicals can have really dangerous side affects. By way of example, some
pool products contain surfactants, if the products are added to the water they destabilize the sand filters and the
solids in the filter along with bacteria and cryptosporidium oocysts will be instantly discharged into the pool. The
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only way to avoid these problems is to have proper certification of pool products and chemicals. However until this
situation is reached, Dryden Aqua can provide a completely integrated approach to pool water treatment, for which
we are now winning recognition and innovation awards through-out Europe.

Benefits of DrydenAqua integrated water treatment

95% lower inorganic chloramines

hr: ft26SNI ¢1 aQa

95% + elimination of endotoxins

High protection against cryptosporidium

50% to 80% reduction in water

Up to 90% reduction in chlorine

Up to 90% reduction in pH correction chemicals
18 month return in capital out of revenue savings
Safe water for the public and your family
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Dryden Aqua is re-writing the text books on how to treat pool water. Fundamentally most pool systems require only
minor modification, and with proper training and support of the pool plant operator, major improvements to water
quality, air quality and costs savings are easy to achieve.

Water Flow-rates

100 Graph 1. AFM and sand filter
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Table 1. Filter Performance at different flow rates

Filter performance % reduction of chlorine oxidation demand at
two water flow-rates

30m/hr 15m/hr
Sand 8 50
Crushed glass 12 61
AFM® 22 88
AFM® + APF® & ZPM® 28 97

Sand

The data presented in the graph 1 and table 1 is based on new sand and filter media. New sand behaves very
differently from sand that has been in a filter for several weeks or months. When dealing with new sand, the sand
works as a mechanical filter media trapping suspended solids as they pass through the filter bed. In some cases new
sand can work better than a crushed glass media or even AFM® especially if a poor quality rough sand or a zeolite is
used. The irregular structure of the sand surface traps solids that may otherwise slip past AFM®, especially at high
water flow-rates in excess of 30 m/hr. As suspended solids and organic matter accumulate in the sand bed, they
start to act as a food source for the growth of bacteria, and the performance of sand will start to deteriorate.
However at high water flows in excess of 60 m/hr, bacteria have difficulty colonising the surface of sand due to the
scouring affect of the water, and under these conditions the performance of sand may continue to be better than
AFM®, but overall filter performance is very poor as illustrated in Graph 1.

Graph 2. Backwash performance of Sand & AFM
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At start up of a new sand filter, more solids will be removed by sand than are discharged in the back-wash water, as
illustrated by graph2. The graph shows that 30% more solids are discharged from AFM® during a back-wash in
comparison to sand.

During the first few weeks, solids are accumulating and bacteria are growing on all the sand grains. Initially the
bacteria help to improve water quality by removing dissolved organics and nitrogen compounds such a urea and
ammonium. However, biological activity of the filter is un-stable, and after the first few weeks the growth of bacteria
will start to impact on filter performance. The lipo-polysaccharide alginate coat excreted by bacteria provides them
with protection against oxidation by chlorine, this behaviour allows the bacteria to continue to grow and develop
irrespective of the concentration of chlorine and after a short while the alginates start to stick (coagulate) the sand
grains together. Coagulation of the sand promotes instability leading to the development of transient worm-hole
channelling of un-filtered water directly through the sand filter.

Sand filters tend to go through cycles, sometimes they work well and then all of a sudden the water will go cloudy
for no apparent reason, this is due to their biological instability or the opening of a transient worm-hole through the
filter bed. The high turbidity is caused by the lipo-polysaccharides, dead bacteria and bits of bacteria cell wall, there
may also be some coagulants and suspended solids that had been dumped from the top of the filter bed through a
worm-hole channel. The instability means that sand filter can discharge high levels of cryptosporidium oocysts into
the water, or organic matter. However of more concern is the endotoxic nature of the polysaccharides, dead
bacteria and bits of bacteria cell wall. The bacteria do not need to be alive to cause an allergic response or an
endotoxic fever. Indeed dead bacteria are almost as dangerous and living bacteria from a health perspective. This
aspect of swimming pool public health has been completely ignored by European health authorities and is one of the
reasons for Dryden Aqua developing AFM® .

Crushed glass & AFM®

There are many different grades and qualities of sand and given the un-controlled nature of crushed glass we have
also identified major inconsistencies in the performance of basic crushed glass as a filter media. Poor quality media
will experience a lensing effect in the filter. Mechanical filtration performance will be good, but the pressure
differential will increase rapidly necessitating frequent back-washing up to 2 to 3 times per week. While solids
removal may be okay, there will be a differential water flow across the bed due to the lensing effect giving rise to
high water velocities around the periphery of the filter. A crushed glass filter does not work with coagulants such as
PAC or Dryden Aqua APF® and NoPhos as illustrated by graphl, and as a consequence the oxidation demand or
chlorine demand of the water will not be reduced. Given that we are trying to reduce chlorine reaction products
and oxidation demand there is little advantage to be gained from using a crushed glass because you still have the
toxic reaction products, poor performance with chlorine free products and the public health hazard from using an
un-regulated product.

Graph 1 shows a high quality crushed glass product giving a better performance than sand, but some crushed glass
products are much worse than sand and all carry a health and safety risk (see appendix 2). When crushed glass is
compared against AFM® in terms of the chlorine oxidation demand, AFM® shows on average a 30% better
performance. The oxidation demand of water relates to suspended solids and dissolved organic matter that can be
oxidised by chlorine. It is absolutely critical that the oxidation demand is reduced to the lowest possible level. The
lower the oxidation demand the lower the chlorine chemical demand, and the lower the concentration of chlorine
reaction products.

We now know that when chlorine is used for water disinfection, if the water is exposed to short wavelength UV light,
or even to strong sun-light in an out-door pool, lipid soluble volatile chlorinated organics such as cyanogen chloride
will be generated. The volatile nature of the chemicals means that a high concentration may accumulate on the
water surface, this will occur in outdoor pools unless a wind is blowing across the surface. With indoor pools it really
R2Say Qi YIFIGGSNI K2g 3F22R GKS @SyuArtlriArazy aeadasSy Aia
water surface. Chemicals such as cyanogen chloride and similar volatile lipid soluble chlorinated by-products will
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enter your blood stream and may cause organ and nervous system damage. In young children under 2 years of age,
their blood brain barrier is not fully developed and even one exposure to chemicals such as cyanogen chloride can
lead to nerve damage and possible spinal deformities such as scoliosis 10 years after exposure. It is the opinion of
Dryden Aqua that the Health Authorities in Europe have either under-estimated, or are not aware of the potential
serious health issues identified by Dryden Aqua. It is for this reason that Dryden Aqua have developed AFM® and
an integrated water treatment approach in an effort to try and eliminate chlorine reaction products and oxidation
by-products.

Public swimming pools should always use chlorine to prevent the horizontal transmission of disease among the
bathers. The risk of disease transmission is a greater hazard than chlorine reaction products in most cases, so there
is no option but to use chlorine in public pools. However with proper filtration combined with APF® , NoPhos, and
ZPM® units the risk from chlorine reactions products can be greatly reduced.

With regard to the private pool sector, it is acceptable to use a chlorine free alternative unless more than one family
use the pool, in which case we again recommend the use of chlorine. AFM® with good filtration, APF®, NoPhos and
ZPM® units will reduce the oxidation demand of the water to almost zero. This then allows other non-chlorine based
products, to be effective in controlling pathogens in the water. The Dryden Aqua integrated approach to swimming
pool water treatment makes chlorine free products work much better, and AFM® (not sand or a crushed glass) is
essential in order to achieve this objective.

Why is the quality of the filter media important ?

AFM® is a highly engineered product manufactured from processed glass as a raw material. The performance of
AFM® s related to three aspects.

1. Chemical composition of the raw material
2. Particle shape, particle size distribution and fluid dynamics
3. Processing by zeolitification to increase surface Qve zeta potential and oxidation potential

The primary focus is to prevent toxic chlorine or oxidation by-products, and to prevent disease transmission between
the bathers. To achieve this task we must remove the dissolved organic matter which constitutes some 80% to 90%
of the load on chlorine. The dissolved organic matter is also the primary source of bacteria nutrients. The
coagulation and flocculation chemicals APF and NoPhos drag the dissolved chemicals out of solution to form small
flocculated particles that can be removed by the filter. The ZPM units makes the APF and NoPhos work efficiently
and imparts a +ve charge on all the particles.

AFM has been engineered to have a high Qve charge, to adsorb the small +ve charged particles electrostatic
attraction. AFM has also been engineered to have a high surface oxidation potential which prevents the bacteria
from growing in the filter. The particle size distribution and shape of AFM insure that we do not have differential
pressure gradients across the filter bed which would prevent to flocculation reactions working due to the high
velocity shear forces. AFM is therefore greatly superior to crushed glass, and because it does not suffer from
transient worm-holes it is many times better than sand.

Some examples that explain the importance of good filtration

Dryden Aqua are marine biologists specialising in water treatment systems for aquatic animals. By way of example if
you have cetaceans such as dolphins in a chlorinated system, the animals will suffer from chlorine disinfection by-
products which manifest in damage to their skin, eyes, lung tissue and nervous system. The animals are placed
under stress, their immune system is compromised and as such they are predisposed to infection such as
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pneumonia. The Dryden Aqua integrated approach using AFM, APF, NoPhos and ZPM unit solves the problems, and
our work in this field gives us confidence that we have the correct solution for public and private swimming pools.

We know that exposure to a chemical at a very early age can manifest itself in problems later on in life, by way of
example, exposure to lipid soluble chlorinated organics with under 2 years old humans, may cause scoliosis,
degenerative neural disorders and cancer 10, 20 or 60 years after the initial exposure. The cause and effect can be
decades apart, which makes quantifying the data just about impossible. But from examination of other animals such

as dolphins with a shorter life span, we know there are problem with humans, 4 S 2dza il R2y Qi 1y 26
long term implications will become. There is a great deal of research being conducted by Government laboratories

and universities around Europe with regards to the impact of trichloramine in relation to lung damage and asthma in
children, the results are rather disturbing.

Most of the Government sponsored research has been devoted to identification of the problems and quantification
about how serious the problems are with regards to public health. For example we have known about the dangers of
smoking and asbestos for many decades, but it has only been over the last 10 years that any concerted corrective
action has beentaken. ¢ KS LIKAf 242LIKe& 2F 5NEBRSY ! | dzl youkan elidhirale thé 2 dz
problem then there is no need to wait 40 years fully quantify how bad the problem may become or the impact that it
Y& KIF@S 2y OKvausimpEintR robkr anél thek youlran quantify how bad the problem would

have been as opposed to counting the damage that would otherwise be caused to public health.

We are often asked why pay more for AFM® when sand is a perfectly good filtration media. This is a reasonable
guestion but nobody has been able to answer because up until the work of Dryden Aqua and some Government
laboratories there has been a lack of understanding of the problems encountered in swimming pools. At Dryden
Aqua our primary objective is to protect the health and wellbeing of the public. We have identified some potential
very serious health implications in pools for which we have provided a partial solution using AFM®, and an almost
complete solution as illustrated in Graph 1 by adopting a an Integrated approach to water treatment.

The approach to zero chlorine or oxidation reaction products requires the elimination the oxidation demand of the
water. This can only be achieved be using of good coagulation and flocculation with APF, NoPhos and ZPM unit
because most of the oxidation demand and reaction product precursors are in solution. Even if chlorine is not used,
if the pool is exposed to UV irradiation, ozone or strong sunlight in the presence of non chlorine based catalysts,
toxic products may still form. For a non chlorine based private pool, AFM® reduces the oxidation demand of the
water and allows chlorine free products to work more effectively.

Chlorine free products and external infection

Chlorine free products often taken up to 90 minutes to kill bacteria and may not be affective against nematodes,
protozoa, viri, some bacteria and bacteria & protozoan cysts. Out-door pools will be subject to animals such as birds
defecating in the water or disease transmission from insects. Non-chlorine based products may not be affective
against bird flu virus, bacteria responsible for psittacosis or insect disease vectored infections, so in the opinion of
Dryden Aqua we have some concern over the use of chlorine-free products for private out-door swimming pools.

Closing Comments

Water filtration in a swimming pool has been viewed as mechanical filtration process for the removal of suspended
solids in fact it is a bio-mechanical process for the removal of dissolved chemicals. Around 90% of the oxidation
demand of pool water is not from solids but dissolved organics, urea, ammonium and other chemicals that are in
solution. Once this simple fact is accepted then other issues start to drop into place. It becomes essential to use
flocculation agents such as PAC, Dryden Aqua APF® and NoPhos combined with a ZPM®. The performance of the
filtration system now relates not only the solids but the chemicals in solution and the behaviour of the water. These
aspects of water treatment relate to the Zeta Potential or electrical charge density of everything in the water, and it
is for this reason that AFM® is manufactured to impart a high surface negative Zeta Potential.
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AFM® is approximately 40% better than sand and 30% better than the best crushed glass, this result means that
AFM® is removing 4 times more dissolved chemicals that would otherwise react with chlorine or act as a food
source for the growth of bacteria. The three characteristics of AFM® provide AFM® with a higher performance than
any other filtration media, and when combined with APF®, NoPhos and ZPM® units we aim to eliminate the side
effects of toxic chemicals and minimise the risk to the public from disease transmission, and at the same time reduce
running costs by saving on water, chemicals and energy.

Appendix 1. Zeta Potential hydrogen bonding and electrical charge density

One of the key properties of AFM® is the high negative electrical charge, or zeta potential on the surface of the
media. Appendix 1 gives a detailed explanation of the importance of zeta potential and how it relates to other
aspects of pool water treatment to provide an integrated water treatment approach. AFM® will improve water
quality, but when combined with APF® , NoPhos and ZPM® units, the performance is not just the sum of the parts
because each component works together to exponentially amplify the performance of the whole integrated system.
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The zeta potential of water relates to the electrical charge density of particles and dissolved components in the
water. The particles will predominantly have a negative charge, but some will be positive while others will have a
neutral charge. If you have a solution of small particles such as a colloidal suspension of lipo-polysaccharide
molecules with bits of bacterial cell walls in a swimming pool, the water will be slightly turbid (exotoxin & endotoxic
products). By way of another example, milk is a colloidal suspension of oil drops and red blood cells are a suspension
in which all the particles have the same electrical surface charge that keeps them apart and supported in suspension.

Normally the charge is negative, and when the particles have the same electrical charge they repel each other to
form a stable suspension. If the electrical charge density on the particles is changed this will have a profound impact
on the way the particles and liquid behaves. If some of the particles are changed from negative to positive, they will
become attracted to other negative particles, and dissolved components will coagulate and small particles will
flocculate. When this happens, the bits of bacteria and polysaccharides that make swimming pool water cloudy will
drop out of suspension and the water becomes clear, milk will become butter, and red blood cells starts to clot.
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The Zeta potential does not only control particles in suspension or chemicals dissolved in water, it will also dictate
how the water molecules line up and behave with each other. This has the effect of changing the hydrogen bonding
or surface tension of the water. Also if you can change the hydrogen bonding you then influence how easy it is for
water to pass through desalination membranes, you reduce the amount of energy required to pump water through
pipes, and blood flows through your veins more easily.

With regards to the swimming pool industry, in order to optimise results from the use of AFM® we need to shift the
zeta potential of the water from negative to positive before the filters. This is accomplished by using APF® (Active
Poly Floc) or NoPhos chemicals that are added or injected into the water. PAC (Polyaluminium chloride) is a good
flocculent, but APF® and NoPhos have a much wider spectrum and as such they are more effective. Also we have
found that PAC for some reason often contains impurities such as trichlorophenol (TCP). In drinking water this is not
an issue because of the low concentration, but in swimming pool water, because the water is recycled many times,
any impurities in the PAC can accumulate to a give high concentrations in the recycled pool water. Products used in
swimming pools therefore need to be of a higher quality than the equivalent product used for drinking water
treatment. To solve this problem Dryden Aqua manufacture APF® Active PolyFloc and NoPhos.

The performance of the chemicals can be dramatically amplified by use of a ZPM® unit Zeta Potential Mixer. The
ZPM® unit flanges into the pipe-work between the pumps and filters and is the injection point for APF® or NoPhos.
The ZPM® unit can improve the performance of APF® and NoPhos 4 fold, and drop the zeta potential to a positive
value. Now when the water passes through the negative zeta potential AFM® media, virtually everything in the
water will be adsorbed onto the surface of AFM®, this does not happen to the same extent with sand or crushed
glass. If you want to reduce chlorine chemical consumption or make non chlorine disinfectants work, then it is
essential that water flows are reduced and APF®injected continuously into the water via a ZPM® unit. By this
approach we have effectively eliminated trichloramines and other disinfection by-products such a THM's and
cyanogen chloride.

Hydrogen bonding and zeta potential also controls how nutrients and waste are transported across semi-permeable
membranes in all cells, it dictates how bacteria can absorb nutrients and it controls the ability of any organism to
osmoregulate.

The implications of hydrogen bonding and electrical charge density are profound, not only in water treatment but in
every biochemical mechanism, including nutrition, medicine, and disease transmission. At Dryden Aqua we are at
the forefront of this technology and are using our understanding to develop new products such as
www.WaterWasp.com for mosquito and bacteria control. We have also developed ACO which is part of a new
generation of coagulation and oxidation products.

The zeta potential is related to and influenced by many mechanical, chemical and physio-chemical inter-reactions.
Water chemistry is also inter-connected, for example, if you change the pH or mono-valent to di-valent cation ratio,
this will impact on the redox potential, zeta potential, water clarity, and bacterial activity. Indeed the simple act of
just moving water or a liquid will impact on these parameters. In this context we have developed a ZPM® r unit that
flanges into the pipe work after the filters. The ZPM®r unit physically shift the zeta potential of the water to a high
negative value, so without any chemicals, we are able to make water self sterilising. ZPM®r equipment will be
available spring 2010.

This report serves to illustrate that there can be no short cuts in the development of high performance water
filtration system, but it does not mean that the system will be expensive. Indeed in most cases when the Dryden
Aqua integrated approach has been adopted, while the capital cost of the systems are higher, the extra cost is
normally recovered out of revenue saving in chemicals, energy and water in under 18 months. However the most
important aspect of the process it that we able improve water and air quality, mitigate disease and toxic chemicals
and make swimming a much safer and healthier activity.
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http://www.waterwasp.com/
http://www.drydenaqua.com/chemicals/flocculants%20and%20coagulants/aco/acd%20active%20catalytic%20oxidation.htm

Appendix 2. Health & Safety for the Public and our Environment

There have been several major public health issues regarding companies passing off crushed glass as equivalent to
AFM® | please be advised that AFM® and crushed glass are completely different and should not be confused.
AFM® Active Filter Media is a registered Trade Mark and Patented product that has been through a major research
and development project with the European Commission and the UK Government authorities and has been tested
for almost 20 years. AFM® s certified under Regulation 31 of the UK Drinking Water inspectorate, AFM® s
compliance with European Water Directive (98/83/EC) & (80/778/EEC) and is manufactured under 1SO9001-2008
quality in accordance to BSEN12902 and BSEN 12904.

If it's not AFM® it's not activated or safe to use and this is why
AEM® crushed
glass
1 AFM® © is manufactured by Dryden Aqua and the process is certified
under ISO9000 : 2008 to insure a quality product / X

1 hypodermic needles, biohazard and toxic chemical risk, (not a risk /
concern with AFM® )
1 Drinking water approval full certification checked by WRC-NSF

x

f Surface activation gives AFM® © a high zeta potential and redox
potential, greatly enhances performance

1 AFM® ® rejects bacterial growth and activation process makes it self
sterilizing

1 Activation removes micron and sub micron particles as well as organics
that make up 80% of the loading swimming pool systems

1 The leading manufactured filter media for the swimming pool industry in
Europe

1 Risk Analysis conduct by one of Europe's largest independent water
consultant organisations ENTEC report concludes AFM® © s safest
media

1 15 years track record 100% success in pools & spas

1 Backed by 1.2 million Euro research program with European
Commission and water companies

1 Protected by Dryden Aqua Patent and backed by our continuing product
improvement by Research & Development

N XX X X X X XX

Dryden Aqua Ltd | Butlerfield | Bonnyrigg | Edinburgh EH19 3JQ | SCOTLAND

Tel +44 (0) 18758 22222 Fax +44(0) 18758 22229 www.AFM.eu DRYDEN

AFM® is an Internationally registered trade mark and covered by Patent —
=AQUA




Filter . . e . .
. Risk Associated with filter media Risk
media
scale O (best) to 4 (worst) Score
Type
Risk to the
supplier or Risk to the public and staff running the pool
the
installer
Water building
Dust / quality, air quality, structure, || Eye damage, || contamination
silicosis / || disease and || respiratory stress ingestion, || issues & toxins or
cancer parasitic disease corrosion abrasion |[human pathogens
infection cracking
AFme © * 0 1 1 0 3 0 5
crushzed 1 3 g 3 5 3 18
glass
CCTUELlS) 2 2 2 2 2 1 11
sand
B 3 4 3 3 2 2 17
sand
zeolites ° 4 4 4 4 3 1 20
et 1 1to3 2t0 4 2t0 4 1 3to 4 10to 17
carbon
Risk range ” Risk implications
Oto5 best possible mechanical filtration media
6to 10 very good filter media for all applications
11to 15 acceptable filter media should give good results
>15 Considered a public health risk and should not be used

1. AFM® ® is manufactured by Dryden Aqua under very strict quality control procedures ISO 9000 : 2008
procedures with independent regular audits to insure compliance

2. Crushed glass cannot be regulated or certified, there may be everything from organic toxins to heavy metals,
hepatitis or AIDS contaminated syringes

3. A good quality filter sand is actually a very good filter media for pools and drinking water, but AFM® ® will provide
much better solids and dissolved organics removal performance

4. There is huge variability in the quality of sand and crushed glass available, if you use sand then only use the best
available sand.

5 Dr.Howard Dryden completed a PhD on zeolites and is a leading authority on zeolite filtration systems in Europe,
Dryden Aqua also supply zeolites but not for swimming pool applications

6. Activated carbon, if small carbon filters are used and changed on a regular basis then they can improve water
quality. The above table relates to activated carbon in a recycle loop, when used properly it will give good results,
but if left in the filter for months or years it will cause risk bacterial risk issues. The risk is therefore associated with
how the product is used, and when used properly the risk is low.
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Dryden Aqua Performance Factor

Public pools must comply with statutory water quality and air quality requirements, but it is often difficult to know how a pool is
actually performing or to compare one pool against another. The DAP Factor is an easy approach that can be used to quantify
the performance of any pool water treatment system. The DAP Factor can be used as a tool to mitigate the risk to the public,
pool staff and avoid structural damage to the building, as well as a tool to help reduce running costs and save money. Indeed we
have found that a typical public pool could save up to 50% of their water treatment costs, but only if you are aware that there is
the possibility to save costs and improve performance. In this context the DAP Factor lets you know how well you are
performing, or if there is scope for improvement.

The DAP Factor is based in a simple approach; the less chlorine used per bather, the better the system performance. Since most
of the chlorine added will gas off as a variety of chlorine by-products, the running costs and safety of the system are directly
related to the DAP Factor. The DAP Factor is therefore a unifying measurement which encompasses all chlorinated public and
private swimming pools irrespective of the size or design of the facility, because it is calculated from two simple
measurements;

1. Average daif bather load
2. Average daily consumption of chlorine

Dryden Aqua DAP Factor pool performance table
DAP factor . . . L .
Comment Risk associated with swimming pools water and air hazard
Kg.Cl,/day/1000 bathers
Extremely low risk associated with water quality and air quality, achieved using Dryden Aqua fully
<1 Integrated system operated properly with good overall hygiene and pool management. AFM, ZPM, APF,
ACO and ZPMr. DIN standard Filters operating at less than 15 m/hr
Well operated and Very low risk associated with water quality and air quality, very good pool, fitted with AFM, ZPM and APF.
1-19 . . .
managed pools using good ||Filters operating at less than 20 m/hr
SOCIDSt Low risk pool but could do better. There may be high combined chlorine but no smell or sore eyes which
indicates organic chloramine but low inorganic chloramines. Pool may be using AFM but flow rates are too
2t03.9 . o . . . .
high or poor quality filters are used. There may be equipment or operational problems. Filters operating at
less than 25m/hr
High risk associated with using the pool or for the staff working in the pool environment. Potential bio-
Poor quality pools that hazard from bacteria, oocysts, bacteria exotoxins and endotoxins. Public may experience an allergic
81010 should instigate response to the pool water and / or the atmosphere. Increasing potential risk of health problems especially
immediate improvement for children under 2 years of age.
to procedures and Very high chlorine consumption indicative of a poor system desigh and operating conditions. In the opinion
>10 equipment. of Dryden Aqua any pools with a DAP Factogreater than 10 should be treated with extreme caution,
especially for the pool staff, children, elderly or immune depressed individuals.

Note. Public pools not using chlorine have a high risk associated with horizontal transmission of disease between the bathers unless the water has a

residual disinfection potential sufficient to kill all bacteria within a time frame of less than 30 seconds.

In a poorly operated and designed pool, most of the chlorine will be discharged as chlorine reaction products to the atmosphere
in the building, this will usually account for more than 80% of all chlorine used. In a well operated and designed pool, chlorine
consumption will be lower, and the form the chlorine by-products will be less toxic with a higher percentage discharged as
coagulated suspended solids in the back-wash water. Very little chlorine is discharged in make-up water used for dilution, for
example if we assume a total chlorine concentration of 1 mg/l in the pool and discharge 30 litres per bather, then the amount of
water discharged by 1000 bathers will equal 30 m3. The amount of chlorine in 30 m?is only 30 g, but a well managed pool will
use around 1500 g of chlorine per day, so the amount of chlorine dumped in the make-up water is only about 2 % of the total.
The data confirms that most of the chlorine used in a swimming pool will gas off as chlorine reaction products through the water
surface.
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While water quality is very important from a bio-hazard disease perspective, the key factor is the amount of chlorine actually
used because this will reflect on the air quality. Most of the chlorine will end up as a gas such as nitrogen trichloride and will be
discharged through the water surface in a poorly operated pool. It does not matter if it is an indoor or an out-door pool; you will
still have a high concentration of organic and inorganic chlorinated gases at the water surface, unless there is a wind blowing
over the pool. Itis chlorinated gaseous chemicals that represent the greatest health risk to pool staff and the public especially
for the very young. Children under 2 years do not have a fully developed blood-brain barrier and as such they are most at risk
from neurological damage arising from lipid soluble volatile chlorine gas such as cyanogen chloride and the THM's.

By way of example, UVc irradiation will improve water quality by reducing chloramine concentrations, the same situation applies
to out-door pools, or pools exposed to strong sunlight. The chlorine component of the chloramine is not removed it is simply
changed into a different form which includes volatile chlorinated chemicals that gas-off though the water surface. Volatile
chlorine by-products are much more toxic when taken into your lungs because unlike you skin, your lungs have a huge surface
area designed for gas exchange. Your skin is designed to prevent chemicals entering your body, so in terms of toxicity the risk
from chemicals in air is perhaps 1000 times higher than the risk from the same chemicals in solution. Dryden Aqua ACO (Active
Catalytic Oxidation) was developed as a means of protecting chlorine from UV irradiation and sunlight and thereby reduces
chlorine consumption and minimises the production of chlorine by- products.

Many of the chlorinated gaseous chemicals in the air do not have a smell so you may be unaware that there is actually a
problem. Nitrogen trichloride has a distinctive chlorine smell but the other chemicals are a great deal more toxic than nitrogen
trichloride and have no smell and are not actually monitored on a regular basis. The DAP Factor now provides you with a tool
that can be used to evaluate any swimming pool, irrespective of the size or design of the systems. The DAP Factor may be used
to determine the potential risk factor associated with the pool and used as a means of reducing operational costs.

How to calculate the DAP Factor

The Dryden Aqua DAP Factor for a swimming pool relates to the chlorine oxidation demand for 1000 bathers per day expressed
as Kg of chlorine used. The first step is to work out the available chlorine in the product that you use in your swimming pool;
this will be a variable so check the product data sheets for an accurate figure. The most common forms and values are as
follows;

1.Calcium hypochlorite, chlorine is approx equal to 0x68e Kg of calcium hypochlorite used per day

2.Sodium hypochlorite solution, chlorine is approx equal to 0.12 x the litres of sodium hypochlorite used per day
3. Dichloreisocyanuric acid, chlorine is approx equal to 0.36 x the Kg of dichlor used per day

4. Trichloreisocyanuric acid, chlorine is approx equal to 0.42 x the Kg of trichlor used per day

5. Chlorine gas, chlorine is equal to 1 x the kg amount of chlorine gas used per day

Example A. A well operated system using AFM, ZPM and APF
Average bather load per day = 1150 per day
Average calcium hypochlorite consumption per day 1.8 kg
Chlorine level in 1.8 kg of calcium hypochlorite = 1.8 x 0.68 = 1.22 kg per day for 1150 bathers
Relate the chlorine consumption to 1000 bathers = 1000/1150 x 1.22 = 1.1 = DAP factor

Example B. A typical public pool using sand filters with basic PAC flocculation
Average bather load per day = 600 per day
Average calcium hypochlorite consumption per day 4.8 kg
Chlorine level in 4.8 kg of calcium hypochlorite = 4.8 x 0.68 = 3.3 kg per day for 600 bathers
Relate the chlorine consumption to 1000 bathers = 1000/600 x 3.3 = 5.5 = DAP factor

Example C. Anold pool, sand changed to AFM, and PAC changed to APF and NoPhos. A frequency inverter was fitted to regulate and control water flow
through the filters. Filters were poor quality horizontal units operating at a water flow of 25 m/hr. A spreadsheet of costs is also given below.
Average bather load per day = 700 per day
Average calcium hypochlorite consumption per day 1.65 kg
Chlorine level in 1.65 kg of calcium hypochlorite = 1.65 x 0.68 = 1.12 kg per day for 700 bathers
Relate the chlorine consumption to 1000 bathers = 1000/700 x 1.12 = 1.6 = DAP factor reduced from 8.6

Dryden Aqua Ltd | Butlerfield | Bonnyrigg | Edinburgh EH19 3JQ | SCOTLAND

Tel +44 (0) 18758 22222 Fax +44(0) 18758 22229  www.AFM.eu DRYDEN

AFM® is an Internationally registered trade mark and covered by Patent —




Example C ------ Actual data for a typical 25m public pool 700 bathers/day

Chemical usage 2007/8/2008/9

Euro | Euro |DAP factor has been reduced from a high risk 8.6 to a low risk 1.6
calcium hypochlorite 6720 | 1249 |[less chlorine is required, because treatment system is more effective
CO2 pH control 6000 | 2200 [because less chlorine is used less pH correction is required
sodium bicarbonate 640 340 |lower autotrophic bacteria activity means less inorganic carbon produced
PAC 800 0
APF 0 1350 [APF dramatically improves coagulation and flocculation
NoPhos 0 250 |NoPhos used when pool is under extreme load
Chemical costs 14160 | 5389
Chemical saving 8771

Water & Energy

|gas for heating 32837 | 26747 |less water is used so less energy is required to heat water
frequency control of pumps saves energy, gives better flow control in filters, lower delta P
electrical consumption 26461 | 22000 |through AFM filters, reduce pumping costs
water savings @ 3 Euro cubm 9000 | 2235 [direct water saving, cost for water and disposal
water & energy costs 68298 | 50982
\Water & energy savings 17316
Running costs 82458 | 56371 |32% saving in running costs, for a partially integrated system
Total annual savings every year 26087 [Total savings achieved for an initial one off capital cost of 19,000 Euro

Example CRSY2y a0 NI S8 (GKS 02aid o0SySTAid 2F NBRdzOAYy3a GKS 5!t CibONRWNIDE
energy costs may be achieved. The bio-hazard and chemical risks associated with the water and air are also reduced as is damage caused by

inorganic trichloramine and SCC stress corrosion cracking of the building fabric. The Dryden Aqua DAP Factor provides you with a tool that can

be used to determine the performance of your swimming pool and lets you know how well the system is operating or if there is scope to make
improvements.
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