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Water Care and
Treatment Guide

Your life just got a lot easier.
This Water Care and Treatment Guide is directed to pool and spa
owners as well as professionals in the pool and spa industry. It
introduces the basic issues involved in pool or spa water chemistry.
It also provides clear water treatment directions and tables.

A Word about Expiration Dating.
Be sure to discard and replace any reagent that has passed its
expiration date, or reagent that has been exposed to extreme
temperatures for a prolonged time. If your product does not display
an expiration date or if you have difficulty understanding the date,
please contact the manufacturer before use.
If products are used after the expiration date, the test will not perform as expected and the results will not be accurate.

Take Proper Care of your Testing product!
Store your testing product at room temperature and away from
direct sunlight when you are not using it. Leaving the product
exposed to extreme temperatures will stress the test strips and
reagents, and may shorten the shelf life. Dispose of liquid reagents
that have become greatly discolored or that contain solids such as
crystals inside the reagent bottle or have become contaminated in
some way during use.
Keep the cap on tight between uses. This helps protect the testing
products and reagents from extended humidity exposure, which can
also affect their shelf life.
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I. Sanitizers
Sanitize for Safety
Swimming pools and spas require some form of sanitizer to protect
swimmers or bathers. Anyone who has seen a pool knows that all
sorts of contaminants can make their way into the water. There
may be dust, insects, debris, algae and sand. Trees can drop sap,
seeds or bits of leaves into the water. Swimmers may leave behind
hair, dander (dried skin), suntan lotion, cosmetics, sweat and even
urine. All in all, it would become quite a mess without the help of a
sanitizer –a broad category name for a type of chemical responsible
for destroying dirt and killing microorganisms.
There are numerous sanitizers in use today; chlorine and bromine
are two of the most common ones. A sanitizer has three critical
functions:
1. To sanitize, which means to kill all bacteria, algae,
disease-causing organisms, and any other uninvited
guests. One important job of any sanitizer is to provide a
sanitizer residual, a level of sanitizer that hangs around
(resides) in the water for some period of time to destroy
any newcomers.

2. To oxidize, or destroy all the dirt and inorganic matter
in the water. A sanitizer can oxidize materials such as am
monia, nitrogen-containing contaminants and swimmer
waste. Many people forget that sanitizers can oxidize for
eign matter, but actually that is the role they perform most
frequently in a pool or spa.
3. To disinfect, or kill living organisms on contact. The
difference between a disinfectant and a sanitizer is the “kill
time”: a disinfectant kills 99.9% of living organisms in
stantly. Chlorine and bromine are the only two sanitizers
classified as disinfectants.

Chlorine – the most popular sanitizer
All chlorine products do the same thing when added to the water,
regardless of the form of chlorine added. They form hypochlorous
acid and hypochlorite ions. Together these two are considered free
available chlorine (FAC). Hypochlorous acid is the form of chlorine
that kills bacteria, algae and disease-causing organisms.
The pH of the water determines the ratio of hypochlorous acid to
hypochlorite ions. Lower pH levels would be the most effective in
producing a higher level of hypochlorous acid, making the chlorine
more efficient for disinfection. However, very low pH levels would
destroy the equipment and irritate swimmers. Therefore, you need
to maintain pH at an appropriate level (7.2 – 7.6 is ideal) to balance
the water for both swimmer and equipment safety. The closer the
water is to the low end of the ideal range (7.2), the more effective
the chlorine will be because there is more hypochlorous acid
present.
You must maintain free chlorine at a sufficient level to disinfect potential contaminants on contact. The more chlorine in the water, the
more it can sanitize and oxidize the water. (Remember that sanitizing and oxidizing are the processes that chlorine uses to keep the
water clear and clean.) However, if the free chlorine level gets too
high, it can make the water uncomfortable for swimmers. The trick
is to keep the free chlorine level in the ideal range. In a swimming
pool, keep free chlorine at a minimum of 1 ppm (parts per million)
and a maximum of 10 ppm, with an ideal concentration of

1 to 3 ppm. (When you have superchlorinated a pool or spa, bathers should not re-enter the water until the free chlorine level falls
below 10 ppm.)
In spas, the level needs to be maintained at a slightly higher level
due to the smaller volume and higher temperature. (Chlorine is less
stable in hot water.) The minimum level should be 2 ppm in a spa,
again no higher than 10 ppm, and ideally 3 to 5 ppm.

Chlorine and Water Quality Process Cycle
Maintaining proper sanitizer levels is critical to providing a clean and
healthy recreational environment. Depending upon variables such
as pH, temperature, and the amount of organic or ammonia nitrogen present, chloramines and other chlorine-containing compounds
may form. These compounds, referred to as combined chlorine,
are the result of free chlorine reacting with nitrogen-containing
chemicals. They have little or no sanitizing power. Another term,
total chlorine, is actually the sum of free and combined forms and
consequently includes both sanitizing and non-sanitizing forms of
chlorine.
An overabundance of combined chlorine causes eye irritation and
strong, sometimes offensive, chlorine odors. Most people think that
there is too much chlorine in the water when they smell this strong
odor or experience eye irritation. They are right but it is the wrong
form of chlorine! The free chlorine has combined with organic
waste to create those foul-smelling, irritating combined chlorine
products. At this point, more sanitizer needs to be added to the
water; shocking or superchlorination is often needed.

Chlorine Products, Active Ingredient
The pool and spa industry makes use of many forms of chlorine.
The most common ones include sodium hypochlorite (liquid chlorine), calcium hypochlorite, lithium hypochlorite, dichlor and trichlor.
There are advantages and disadvantages to using each of these
chlorine compounds.

Dichlor and Trichlor
For one thing, dichlor and trichlor contain cyanuric acid (stabilizer
or conditioner). Cyanuric acid helps slow down the rate at which
chlorine dissipates from the water due to sunlight. Cyanuric acid
plays a helpful role, but too much of it can cause chlorine to work
inefficiently. Pool owners who use dichlor or trichlor need to test the
cyanuric acid level more frequently. When the cyan level gets too
high, they will have to drain and refill the pool; draining partially may
be sufficient.

Dichlor contains almost 100% active chlorine. Dichlor is usually

sold in granular form, and it has a long shelf life. It makes a good
shock chemical because it dissolves quickly and will not cloud the
water. Dichlor has a fairly neutral pH, around 6.8, and does not
require the addition of any pH neutralizing chemicals.

Trichlor is available as tablets, sticks, and granules, all of which
contain approximately 90% active chlorine. It has a long shelf life
and dissolves slowly, so it works well in floaters (containers that
hold chlorine tablets and float around the pool) and other erosionstyle feeders.
The main thing you should remember about trichlor is that it is
extremely acidic, with a pH of about 3.0. When using trichlor, the
pool owner must add something like soda ash or sodium carbonate to raise the pH and keep the water neutral. Otherwise, the low
pH can damage the pool’s plaster and equipment. In particular, do
not place trichlor directly into the skimmer! The skimmer filters
the water as it leads into the filtration system. Putting trichlor in the
skimmer amounts to pouring acid into the pump and heater. As you
can imagine, that would not be a good thing.
Trichlor dissolves too slowly to act as a shock chemical. However,
the granular form can function as a spot algaecide to concentrate
on specific, small areas of algae growth.

Hypochlorites
The hypochlorites do not contain any cyanuric acid (stabilizer), so
those pool owners using a hypo compound will need to add some

cyanuric acid to the water. All three of the hypochlorite compounds
are basic (the opposite of acidic) and will raise the water pH when
added. Consequently, pool owners who use one of the hypochlorites will have to add acid (such as muriatic acid or sodium bisulfate)
periodically to lower the pH and neutralize the water.
Here are some other features of hypochlorites:

Sodium hypochlorite or liquid chlorine contains about 12%

active chlorine. (This percentage describes the weight of actual
chlorine sanitizer in the product; the remaining ingredients do nothing for sanitizing pool water.) However, it is not entirely stable at this
concentration and it will dissipate over time in storage. Because
heat and sunlight accelerate the dissipation process, you must store
this liquid in a cool, dark place.
On the positive side, sodium hypochlorite will react immediately to
form hypochlorous acid (the killing form of chlorine) when it is added
to the water. It is often used as a shock chemical for this reason.

Calcium hypochlorite (Cal-Hypo) contains approximately 65%

active chlorine. Cal-Hypo is most commonly available in granular
form. This chlorine compound is stable—it has a long shelf life—
with no significant loss in active chlorine content. It will quickly form
hypochlorous acid upon introduction to the water, making it a good
shock chemical. However, there is something important you must
know about Cal-Hypo: because of its chemical properties, you must
handle it with care.
Avoid mixing Cal-Hypo with anything other than water, as this
may cause a fire!
You must follow the chemical manufacturer’s instructions closely
when you add Cal-Hypo into the water. The manufacturer will probably direct you to scatter it widely into the pool to avoid concentrating the chemical in any one area. The manufacturer will probably
also instruct you to pre-dissolve Cal-Hypo in water before adding it
to a vinyl-lined system. This will eliminate the risk of bleaching the
liner.

Cal-Hypo can also cloud the water temporarily since it takes a short
time to dissolve completely. Be sure to balance the alkalinity and pH

properly to avoid longer-term cloudiness. Adding Cal-Hypo elevates
the water hardness slightly, so the pool owner must test the water
more frequently for hardness.

Lithium hypochlorite contains approximately 35% active chlorine. It is a powder form of chlorine. It has a long shelf life and dissolves very rapidly, so it is a popular shock chemical. You can also
safely use it in vinyl-liner pools with no pre-dissolving necessary.
With any form of chlorine, consult the manufacturer’s label on the
specific chemical for the recommended dosages.
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Combined Chlorine Details and how to determine
It is free, available chlorine that does the hard work of killing bacteria and oxidizing contaminants. When the free chlorine combines
with these contaminants, such as ammonia, soap and other nitrogen-containing organic compounds, we call it combined chlorine,
or chloramines. In pool and spa water, this form of chlorine has
very little sanitizing ability, and no oxidizing ability. You can think of
combined chlorine as a spent bullet.
Water treatment plants often use chloramines to treat drinking water

because chloramines are more stable than free chlorine, and they
last longer. Those chloramines are specially developed for treating
drinking water, and as a result they have very little odor.
However, free chlorine has a much bigger job in swimming pools
and spas because of all the nasty things that can make their way
into the water. When free chlorine combines with different contaminants like human waste, the resulting chloramines put off a foul
odor. Combined chlorine can also irritate the skin and eyes of bathers and swimmers. Therefore, when the combined chlorine concentration is greater than 0.2 ppm (parts per million), you need to shock
(superchlorinate) the pool or spa. Superchlorinating will oxidize the
combined chlorine and get rid of the contaminants for good.
There is no convenient, direct testing method that measures combined chlorine. Instead, we often have to start with total chlorine,
which we can easily measure. Total chlorine is just the sum of combined chlorine and free chlorine. In other words,
(combined chlorine) = (total chlorine) minus (free chlorine)
For example, a test that yields a total chlorine level of 3 ppm and a
free chlorine level of 1 ppm indicates a combined chlorine level of 2
ppm (3 ppm total – 1 ppm free = 2 ppm combined chlorine).
There are other indicators that suggest the presence of combined
chlorine. Your nose is a good place to start. As we mentioned
above, combined chlorine can emit an odor bad enough to make
your eyes water. This odor is often misinterpreted. Many swimmers
and pool operators assume that the “strong chlorine smell” means
there is too much chlorine in the water. In reality, that smell probably
indicates that the pool needs more active chlorine, not less. Consider the smell of household bleach, which contains a greater concentration of chlorine than any swimming pool or spa should have. The
bleach still smells fresh and not too strong. On the other hand, the
odor of chloramine is so strong and unpleasant that your nose will
complain many yards away from an average swimming pool.
In addition to the awful smell, your body may detect the presence
of combined chlorine in the form of skin and eye irritation. Some
people who have experienced this irritation have thought they were
allergic to chlorine. Instead, it is more likely that they were sensitive to the buildup of chloramines. There was probably not enough

free chlorine present to sanitize the water and oxidize the combined
chlorine. This is especially true in spas and hot tubs where the sanitizer residual is used up quickly.

Shock (Superchlorination Process)
So how do you handle a pool in which the combined chlorine level
has become elevated? Unfortunately, just adding the usual dose of
free chlorine to reach the usual ideal level of free chlorine won’t do
the job. That would be like trying to push a lawn mower when the
grass is already two feet tall. If your water testing confirms the presence of excessive chloramines (greater than 0.2 ppm), it is time to
shock (superchlorinate) the water.
Usually a shock treatment requires a free chlorine compound in
an extra large dose. You may need a dosage of three to six times
the regular amount to remove these contaminants from the water.
Higher levels of organic impurities may require even more chlorine.
As you add this higher dosage of free chlorine to the water, the
measurable (total) chlorine level will rise until all the combined
chlorine is oxidized. At that point, the total chlorine level will drop
suddenly because the combined chlorine will disappear. We call
that point, at which all combined chlorine is completely oxidized, the
breakpoint.
To achieve the breakpoint, you generally have to add an amount
of free chlorine that is 7 to 10 times the amount of the combined
chlorine (chloramine) level. For example, let’s say that your water
testing reveals that the pool has 3 ppm of combined chlorine. In that
case, you may need 30 ppm of additional fresh chorine to oxidize
or destroy all of the combined chlorine. Once you have reached the
breakpoint in the water, you will notice a reduction of the odor and
irritation caused by the chloramines. Only free chlorine will remain
in the water after you have gotten to the breakpoint.
Most likely you will not be able to swim or allow swimming until this
process is complete and the free chlorine is below 10 ppm.
It is also possible to use a non-chlorine chemical to shock the water.
See the section on “Monopersulfate” in this booklet for more information about this option.

Bromine, BCDMH
Bromine is commonly used as an alternative to chlorine. It is
most commonly sold in the form of bromochlorodimethylhydantoin
(BCDMH). Bromine is more effective than chlorine in spa conditions (hotter water, less water volume, etc.), which explains why it is
a good choice for use in spas.
On the downside, ultraviolet (UV rays) from the sun can destroy the
pool or spa’s bromine concentration in a very short period of time.
Whereas cyanuric acid can help protect chlorine from sun degradation, nothing has been found to stabilize bromine. This sensitivity is
the primary reason that bromine is not used in many outdoor pools
or spas.
Unlike the combined form of chlorine, which does not have much
sanitizing ability, bromine can effectively kill bacteria and other
organisms even after it chemically combines with ammonia products (such as perspiration, skin particles, urine, etc.). Therefore,
what you really want to measure is total bromine (the sum of free
and combined bromine). Many liquid test kits and test strips on the
market measure only free bromine, but it is preferable to use a kit
that measures total bromine.
There are two bromine systems available to pool or spa owners.
The first is a two-part system using sodium bromide salt and a
separate oxidizer chemical. Sodium bromide is NOT a sanitizer by
itself. To work as a sanitizer, the sodium bromide needs an oxidizer,
such as free chlorine or non-chlorine shock (monopersulfate), to
activate it. The oxidizer converts the bromide into hypobromous
acid – the sanitizing form of bromine. After destroying bacteria, algae and other organisms, the hypobromous acid becomes bromide
once again. The oxidizer shocks the water and off-gases the physical waste. This cycle can occur repeatedly.
The second method is a one-part system that uses organic bromine
in a tablet or stick form. The tablet form is popular and usually dispensed in a floating feeder. In this system, bromine and chlorine,
the sanitizer and oxidizer, are already combined together in a tablet
or stick. As the tablet or stick dissolves, it releases the bromine and
chlorine. The two work together immediately to produce hypobro-

mous acid for sanitization. While sanitization and oxidation both
occur, you should still shock the water to destroy bromamines,
chloramines, ammonia or other organics. Important point: these
tablets and sticks are very acidic and will require pH-balancing
chemicals to maintain the pH in the pool or spa.

Monopersulfate
Monopersulfate is a non-chlorine shock chemical. It is often used
in brominated pools and spas to oxidize the combined bromine and
get rid of the contaminants. One of its advantages is that the waiting time before entering the water is much shorter than it is with a
chlorine shock treatment.
Monopersulfate is also used frequently to shock pools that employ
a mineral purification system. Many owners choose these systems
in order to reduce the level of chlorine in the water. Shocking with
chlorine would elevate the residual chlorine level, defeating the
purpose of an alternate sanitizer and preventing a swimmer from
entering the water.
There is one critical thing to keep in mind about monopersulfate.
Although it is an efficient oxidizer, it is not a sanitizer: it does not kill
microorganisms. A mineral purification system’s minerals combine
with any microorganisms in the water; the monopersulfate then
oxidizes (destroys) the combined molecules. It would not work
effectively on its own. For this reason, you should never try to use
monopersulfate as a stand-alone sanitizer. You should only use it
when you want to shock the water without using chlorine.
When you are testing the monopersulfate level, be sure to do so
shortly after adding the chemical to the water, as soon as it is thoroughly mixed. Monopersulfate does not remain in the water long;
checking it promptly will ensure that you have shocked the water
the appropriate amount, eliminating all wastes.
Please be advised that monopersulfate is highly acidic, so it causes
the pool’s pH to drop— you should test the pH frequently.

Measuring sanitizer
Sanitizer levels should be measured frequently-twice a week in
residential pools, and at least once a day in public pools and hot
tubs. You should also measure the sanitizer level before and after
shocking the water. For public pools and spas, check the state and
local health regulations that apply to water testing.
Many methods exist for measuring sanitizer concentrations in water.
Liquid test kits
The two most common methods include DPD (diethyl-p-phenylenediamine) and OTO (orthotolidine) methods. OTO will only measure total chlorine or total bromine. However, DPD can selectively
measure free chlorine, which is important because this is the more
effective form of chlorine that sanitizes. Furthermore, many state
regulations require the DPD method for testing free chlorine in public facilities. DPD test kits also measure bromine and FAS-DPD kits
can measure monopersulfate as well.
Test strips
Test strips are the most popular testing method for residential pools
and hot tubs because they are fast and easy to use. They can measure both free and total chlorine. The difference between the free
and total chlorine measurements gives you the combined chlorine
level. Test strips that can measure bromine, monopersulfate and
biguanide are also available. Although not required by state regulations, test strips can be used as a supplemental free chlorine test.

Alternatives
Biguanide
Biguanide is a common name for PHMB (polyhexamethylene biguanide). PHMB is an organic biocide, and is an alternate sanitizer
to chlorine or bromine. It is the active agent in the commercial
products sold under the brand names of: BAQUACIL® ChlorineFree Swimming Pool Sanitizer and Algistat, BaquaSpa™ Sanitizer,
SoftSwim™ Bactericide, or Revacil™ Swimming Pool Sanitizer.
Mineral Systems
Mineral sanitizer systems use minerals, metals or elements derived

from the natural environment. Silver and copper are often used
in these systems. Silver is effective against harmful bacteria and
viruses, and copper is widely used as an algaecide. These sanitizers may be made in the form of electrolytic cells or cartridges that
contain or utilize the minerals. The systems commonly require an
oxidizer for removal of wastes produced by the mineral sanitization
process.
Ozone
Ozone is used as an alternative to chlorine for the disinfection of
swimming pool water. The use of ozone to disinfect swimming
pools and spas has been a common practice in Europe for over 50
years. In recent years, the United States pool and spa industry has
become increasingly interested in ozone as a supplemental disinfectant to traditional chlorine and bromine-based water treatment.
The reasons for this include a need to provide exceptional water
clarity with minimum chlorine odor and bather discomfort.
BBDMH
BBDMH, or 1,3-dibromo-5,5-dimethylhydantoin, is one of several
available dry sources of the sanitizing agent hypobromous acid.
Hypobromous acid is a very effective biocide or sanitizer. Besides
BBDMH, hypobromous acid can be generated from a number of
compounds including liquid bromine and N-bromo organic compounds, or by reacting a bromide salt with a solution of hypochlorous acid or other oxidizing agents.
UV
Ultraviolet (UV) light is used as an alternate sanitizer in many
water treatment applications, including swimming pools. Up to
99.9% of microorganisms can be destroyed as pool water passes
through the UV unit. This reduction in the microbial populations
helps to maintain proper sanitary pool water conditions. The use of
UV reduces the amount of chemical sanitizer needed to maintain
proper, sanitary water quality, and its use keeps the underwater
surfaces free of bacterial or algal growth. A UV Sanitizer must be
used in conjunction with another sanitizing product, e.g. chlorine,
ionizers or mineral purifiers. Oxidation of waste products must be
accomplished with the use of chlorine, ozone, shock or hydrogen
peroxide. An additional benefit of the UV process is to control and
remove chloramines which cause chlorine smell, eye irritation and
skin discomfort.

II. Water Balance

If pH Is High:

Swimming pools and spas require a delicate chemical balance for
optimal life enjoyment of the equipment. The pH, total alkalinity,
hardness (calcium hardness) and total dissolved solids all play a
key role in helping to protect the pool or spa and the expensive
equipment within the system. The pH must stay in the proper range
to maximize the efficiency of chlorine and protect equipment. Total
alkalinity acts as a buffer to keep pH from fluctuating suddenly.
Low levels of hardness and pH can cause corrosion of metal pipes
and fixtures. Analyzing the water often and keeping it balanced will
ensure that your equipment will have the longest possible life.

• Calcium and metals tend to come out of solution (the opposite
of dissolving) at high pH levels, creating the potential for stain and
scale formation.
• Swimmers and bathers can experience discomfort from burning
eyes and itchy skin.
• High pH can contribute to cloudy water.
• As the pH increases, chlorine becomes less efficient as a
sanitizer.

pH
We use pH as an index to express how acidic or basic a solution is.
A pH greater than 7.0 is basic, and a pH lower than 7.0 is acidic. In
pools and spas, it is important to maintain the water in the slightly
basic range of 7.2 to 7.8.
You should know one more important point: the pH scale is logarithmic. Small pH differences represent really large changes in the
hydrogen ion concentration [H+]. That means that one unit of difference on the pH scale indicates an increase (or decrease) of a factor
of 10. (The Richter Scale uses the same relationship to represent
the relative strength of earthquakes.) For example, a pH of 8.2 is
10 times more basic than a pH of 7.2; 9.2 is 100 times more basic
than 7.2. Therefore, it is critical to keep a pool or spa in the narrow
recommended range.
Losing control of pH in the water unleashes a
whole series of problems.
If pH Is Low
• The water can corrode surfaces, metal equipment or fixtures.
• Swimmers and bathers can experience discomfort from burning
eyes and itchy skin.
• The chlorine may dissipate more quickly.
• The water may cause pitting and etching of the plaster.

You can use sodium carbonate (soda ash) or sodium bicarbonate to
increase pH when levels are too low. Sodium bisulfate and muriatic acid can lower the pH when it gets too high. Sodium bisulfate
is popular because it is granular, making it safe to handle and easy
to use. Muriatic acid is a concentrated liquid acid that can cause
severe burns in direct contact with skin.
If you are adding other chemicals to the water, take into consideration the pH of those chemicals. Depending on the pH, they help to
neutralize the water, or they may make it more acidic or basic. This
will play an important role in determining the amount of pH neutralizer required. For example, it is common to use trichlor tablets to
sanitize the water, and then use sodium hypochlorite to shock the
system on a routine basis. Because trichlor has a pH of around 3,
and sodium hypochlorite has a pH of 13, the two chemicals offset
one another. This helps to keep the pH more neutral. By following
this routine, you can use a much smaller amount of pH neutralizer
than if you stick with one compound or the other.

pH Values:
How Spa and Pool Chemicals Stack Up

Total Alkalinity
Total alkalinity is the measure of the amount of alkaline buffers (primarily carbonates and bicarbonates) that are present in the water.
These alkaline substances buffer the water against sudden changes
in pH. Think of the alkalinity as training wheels: it keeps the pH in
balance without allowing it to tip too far to either side. Of course the
pH can still drift upward or downward, but that change will happen
gradually as long as the alkalinity falls within the ideal range.
In normal pool conditions, most of the carbonate ions are present
in the bicarbonate form to provide buffering. Also, carbonates and
hydroxide concentrations may be significant when algae is present.
If the alkalinity is too low, anything introduced to the water will have
an immediate impact on pH. This is often referred to as pH bounce.
Maintaining an ideal level of alkalinity will protect your pool or spa
and its equipment from the harmful effects of pH bounce. (Abrupt
shifts in pH can cause scaling or corrosion of metal equipment and
fixtures as well as other problems.)
If Total Alkalinity Is Low:
• The pH may fall, corroding surfaces, metal equipment and
fixtures.
• The pH may bounce around and cause problems.
If Total Alkalinity Is High:
• Calcium and metals tend to precipitate or come out of solution—
mineral deposits may build up on the pool and equipment,
staining and forming scale.
• The pH can drift upward. You may have to add large amounts of
acid to lower pH, and even this may not ensure that the pH will re
main stable once the desired level is attained. The pH may
continue to climb back up after being balanced.
Sodium bicarbonate is the most effective and popular chemical for
increasing total alkalinity. Other chemicals that can raise the total
alkalinity are sodium carbonate (soda ash) and sodium sesquicarbonate. The amount required varies from pool to pool; it depends on
the chemical used.

When the total alkalinity is too high, you can lower it by using muriatic acid or sodium bisulfate.

Total Hardness
Hardness in water is caused by dissolved minerals, primarily calcium and magnesium. Calcium and magnesium ions usually are the
only ions present in significant concentrations; therefore, hardness
generally is considered to be a measure of the calcium and magnesium content of water.
Hardness in pool and spa water originates in various sources,
including metals introduced from source water, algaecides, or other
treatment chemicals. The majority of hardness found in pool and
spa water, has its origins in the magnesium and calcium found in
the source water. When determining whether the water is liable to
cause scale or corrosion, calcium hardness is of greatest interest.
Like alkalinity and pH, hardness affects the tendency of the water to
be corrosive or scale-forming. When hardness is too high, the calcium present in the water will react with some of the total alkalinity
to form scale deposits. Elevated pH and warmer temperatures will
increase the potential for scale build-up in pipes and equipment. In
addition, the water may become cloudy or slightly discolored if the
hardness level is above the proper range. There are metal sequestering agents that can reduce the hardness level to some extent.
However, the most efficient way to reduce the calcium hardness
level is to (partially) drain and refill with fresh water that has a lower
hardness level.
Low hardness levels can be very dangerous to your system!
Water that is not properly saturated with hardness—water in
which the hardness level is too low—will be very corrosive,
causing significant damage to metal pipes and fixtures as well
as plaster. When the hardness level is low, it is urgent that you
increase the hardness immediately to limit the damage of corrosive
water! Calcium chloride is the most common chemical active ingredient used to increase the hardness level in a pool or spa.

Cyanuric Acid
Cyanuric Acid (conditioner, stabilizer) is the chemical that protects
chlorine from the degrading effects of the sun’s ultraviolet (UV)
rays. Sunlight and its UV radiation can destroy chlorine in a matter
of hours. Cyanuric acid acts as a “stabilizer” or “conditioner” that
makes chlorine more stable when exposed to the ultraviolet rays.
Dichlor and trichlor compounds contain cyanuric acid as well as
chlorine. If this is the type of chlorine a pool owner is using, then
there is usually no need to add additional stabilizer. The downside
is that cyanuric acid levels may build up with the continued use of
one of these sanitizers.
If cyanuric acid is too high, it can contribute to high total dissolved
solids. An increased total dissolved solids level may lead to scale,
stains or cloudy water. Chlorine efficiency is reduced. High cyanuric
acid levels cause chlorine to react more slowly to kill bacteria entering the water. It is necessary to drain and refill with fresh water in
order to lower the level. Local health authorities often require pools
and spas to be maintained under 100 ppm.
When the cyanuric acid level is low, you must increase the level
if the pool or spa is outdoors and exposed to sunlight. Keep in
mind that the pH of cyanuric acid is around 4.0, so it may cause a
downward shift in the pool’s pH level. The only efficient method to
reduce the cyanuric acid level is to partially drain and refill with fresh
water.
The APSP recommends a minimum cyanuric acid concentration in
pool water of 10 ppm, an ideal range of 30-50 ppm, and a maximum
of 150 ppm.
Since cyanuric acid is generally stable, you do not need to test it as
frequently as other parameters. However, you should monitor cyan
at least monthly to prevent excessive concentrations from accumulating.

Water Balance & Treatment Regimes
This section describes how to interpret test results and achieve
water balance. The water used to fill a pool or spa can be characterized as undersaturated, oversaturated or saturated.

Undersaturated, or corrosive, water has the capacity to hold
more minerals, but lacks a supply of minerals. The “hungry” water
tries to obtain more minerals by corroding the pool. Undersaturated
water can cause etching and pitting of concrete and plaster lined
pools. It may also cause pool stains, skin and eye irritation, and
vinyl liner wrinkling.
Oversaturated, or scale-forming, water contains an abundance of
dissolved minerals. Under a variety of conditions, the water will be
unable to “hold” these minerals and it will deposit them on the pool
and pool equipment.
Saturated, or neutral, water contains a proper balance of minerals. It will not corrode pool equipment or deposit minerals in the
pool.
Preventing corrosion or scale requires keeping several water quality
parameters within recommended ranges. The Association of Pool
and Spa Professionals (APSP) recommends maintaining certain
parameters within the optimum ranges listed in the Recommended
Treatment Levels Table (see table on page 34.)

Langelier Saturation Index
The Langelier Saturation Index assesses the overall water balancewhether or not the water is neutral or properly saturated. Even if
each of the parameters tests within the “acceptable” range set by
the APSP, the water can still be out of balance as a whole.
Here are the steps you use to calculate the index. After we work
through some examples, we will explain more about how the index
works.

STEP 1: Test the water
Measure the water temperature in the spa or hot tub in degrees
Fahrenheit. Be sure to use the temperature at which you routinely
maintain your water. (If you keep the hot tub at 100°F, use that number in your calculations.)
Next, measure the following parameters. Write down the results for
each of these:
• pH
• Total alkalinity
• Total hardness
• Total dissolved solids (TDS)
• Cyanuric acid (if there is cyanuric acid in the pool or spa)
STEP 2: Adjust for cyanuric acid
You only need to do this step if the pool or spa has cyanuric acid
in it. If there is no cyanuric acid in the water, skip to Step 3.
Multiply the cyanuric acid value times one-third. Then subtract that
number from the total alkalinity value that you measured in Step 1.
Use this adjusted “true total alkalinity” value in Step 3.
Here is an example: if you measured total alkalinity at 180 ppm
(mg/L), and cyanuric acid at 60 ppm, then:
180 - (1/3 x 60) = 160 ppm
Therefore, 160 ppm is the true total alkalinity value you should
use in Step 3.
STEP 3: Look up the factors
Now you need to look up some factors.
First, determine the TDS factor:
12.1 — for TDS less than 1000 ppm
12.2 — for TDS between 1000 and 2000 ppm
12.3 — for TDS greater than 2000 ppm

Next, using the table below, look up the factors for temperature,
total hardness and total alkalinity using the test values you obtained in Step 1. If you calculated a revised number for total alkalinity in Step 2 (cyanuric acid adjustment), use that value instead.

Temperature

Hardness

Alkalinity

but in this case, zero indicates that the water is perfectly balanced.
If the SI value from the equation lies between +0.3 and – 0.3 then
the water is also considered balanced and no adjustments are
needed.

Higher than +0.3 indicates the probability of the water to be

scale-forming (over-saturated with minerals). The higher the SI
value, the greater the chance of scale formation.

ºF

Factor

ppm

Factor

ppm

Factor

32

0.0

5

0.3

5

0.7

37

0.1

25

1.0

25

1.4

46

0.2

50

1.3

50

1.7

53

0.3

75

1.5

75

1.9

60

0.4

100

1.6

100

2.0

66

0.5

150

1.8

150

2.2

76

0.6

200

1.9

200

2.3

84

0.7

300

2.1

300

2.5

Examples

94

0.8

400

2.2

400

2.6

105

0.9

800

2.5

800

2.9

Let’s look at a couple of examples to practice calculating the LSI.

128

1.0

1000

2.6

1000

3.0

Source: Pool-Spa Operators Handbook (National Swimming Pool
Foundation), 1990.
STEP 4: Use the equation
Now, take the four factors that you just looked up, together with the
actual pH value that you measured in Step 1, and plug those numbers into the Langelier equation:

[IMPORTANT NOTE: We have used the most recent version of the
equation and the factor tables. Older versions of the equation and
conversion tables were somewhat different.]
STEP 5: Evaluate the results
The ideal SI value from this equation is zero (0). It is not very
often that you make a calculation in which the target value is zero,

Lower than –0.3 indicates the probability of the water to be corrosive. The lower the SI value, the greater the danger of corrosion.
Like the pH, this SI value is logarithmic, meaning that a difference of
1.0 in the equation equates to a difference of ten times in reality. A
Saturation Index of –2.0 is ten times more corrosive than an SI
of –1.0.

Example 1
Test Results

Factor from Table

pH=7.5

7.5

Temperature (ºF)=75

0.6

Total Alkalinity=120

2.1

Calcium Hardness=400

2.2

pH plus above factors

12.4

minus TDS=1000

12.2

Saturation Index (SI)

0.2

Water is balanced

Example 2
Test Results

Factor from Table

pH=7.5

7.5

Temperature (ºF)=104

0.9

Total Alkalinity=120

2.1

Calcium Hardness=400

2.2

pH plus above factors

12.7

minus TDS=1000

12.2

Saturation Index (SI)

0.5

and spa operators can easily adjust pH or alkalinity. Temperature,
calcium hardness, and total dissolved solids are more difficult to
adjust.
Temperature has a fairly large impact on water balance, although
pools are kept in a fairly narrow temperature range. Calcium
hardness can also have a large effect on water balance, but it is
the most difficult to lower, especially if the source water is high in
calcium. Total Dissolved Solids (TDS) can be changed easily by
draining and refilling water.

Water is scale-forming

Notice that in the second equation the only thing that changed is the
temperature, so water that is balanced in a pool is not necessarily
balanced in a hot tub.
Once you complete the calculation of the index, you can take the
appropriate action. If the index is between +0.3 and –0.3, then the
appropriate action is to go out for pizza: the water is already balanced!
Unfortunately, life is rarely that easy. When the water is corrosive or
scale-forming, you can look at the results and evaluate which parameter would be easiest to adjust to bring the water into balance.
That depends partly on the preference of the person maintaining the
water. In Example 2 above, it would probably be easiest to adjust
the total alkalinity down to reduce the high LSI value. However, you
might choose to lower the calcium hardness level instead by draining and refilling partially with fresh water.
Remember that the Langelier Saturation Index does not take the
place of any regular standards. You should still aim to maintain all of
the balance parameters within the appropriate ranges. When adjusting the water to correct the LSI, try to work with the ideal range of
each parameter.

Adjusting the Water Balance
After measuring the levels of important water quality parameters in
a pool or spa, adjustments in chemical levels may be needed. Pool

Balancing Parameters
You may choose to skip certain steps below if those parameters do
not need readjustment. Here is the order for ongoing adjustments:
1.
2.
3.
4.
5.

Total alkalinity
pH
Sanitizer (chlorine/bromine)
Cyanuric Acid
Hardness

You may refer to the water treatment tables on pages 33-40 for
adjusting the above parameters.

III. Other Water Chemistry Issues
Salt (Sodium Chloride) in use
in Chlorine Generators
Today there are electrical devices that can generate chlorine by using sodium chloride as fuel. These chlorine generators convert salt
into liquid chlorine. The free chlorine generated is the sanitizer and
can be measured via test methods discussed already.
There are a variety of methods for measuring salt, including test
strips, handheld devices, in-line monitoring, and AquaChek Quantab® Titrators which are specially calibrated for improved accuracy
and precision.
The ideal salt concentration level varies according to the type of
chlorine generator, so always follow the manufacturer’s recommendations. If the level is too low, the generator will not produce
sufficient chlorine. When the salt level is too high, the water can
become cloudy and scale-forming.
Even though a chlorine generator saves the work of adding chlorine
to the water, it still necessary to measure and adjust cyanuric acid,
pH, alkalinity, hardness and other parameters as usual. In addition,
many users still check the free chlorine level.

Algae
Many factors can contribute to algae growth. For example, high
temperatures can increase the rate at which algae grows. Bright
sunlight also tends to accelerate algae growth.
Prevention is the best way to control algae. The best prevention
for algae is to have a chlorine or bromine sanitizer level that is
sufficient to kill contaminants. As long as you maintain chlorine or
bromine at the right level, you usually do not need an additional
algaecide.
The most widely used algaecides contain the active ingredient
of quaternary ammonium salts (quats). They are most effective
against green, blue-green and black types of algae. Another class

of algaecides, polyquats, are more expensive, but they work even
for mustard algae.
Some algaecides contain copper as an active ingredient to destroy
algae. Copper is most effective in killing yellow/mustard algae and
green algae. You should remove any metals from the water prior
to adding copper-based algaecide. If there is already high metal
content in the water, the copper will come out of solution and stain
the plaster, liner and equipment.
For the same reason, you should not use copper algaecides in mineral purification systems. Mineral systems utilize copper and silver
to sanitize the water, and you do not want to add any extra copper.

Borate
Borate is used in combination with sanitizers (chlorine, bromine and
biguanide) to kill bacteria and inhibit algae development. Some
studies suggest that borate, combined with reduced levels of chlorine, maintains pool water in better condition than chlorine alone.
The combination of chlorine and borate may actually reduce chlorine consumption. In addition to suppressing algae growth, borate
reduces eye and skin irritation, and it can also improve water clarity.
The best part about borate is that it will not evaporate, and it will
not degrade when exposed to the sun’s ultraviolet rays. Therefore,
once you adjust the borate level to its ideal range (about 50 ppm), it
will remain at that level until you drain and refill the water.
You can use test strips to test for borate levels in your pool. You
won’t waste extra money adding more borate to pools that already
have an ideal level. You may also find that you can spend less
money on chlorine for pools that have the proper amount of borate
in the water.

Phosphate
Phosphates occur naturally in all of our natural water sources—
rivers, lakes, oceans—and they are often present in tap water. In
addition, they are contained in other organic matter that finds its
way into pools, such as leaves, grass and dirt. Phosphates provide

food for the algae that grow in pool or spa water. There are various
chemicals on the market that can remove phosphates from the
water, helping to prevent algae from becoming established.
Phosphates serve some good in pools. They are commonly used
to combat metal staining and scale buildup in pools and hot tubs.
Derivatives of phosphates remove metal oxides and scale because
they form water-soluble complexes with the metals.
Unfortunately, even a very low level of phosphate can feed algae
and create problems in the pool water. In fact, a phosphate level
of 250 parts per billion (0.25 ppm) or greater tends to promote the
growth of algae. If you can keep the phosphate level down around
100 ppb or less, you can almost guarantee that you will not experience an algae bloom. You should test for phosphate once a week:
the concentration in the water can occur rapidly, due to rain, debris
or bather load.

Copper
Copper is a metal that can serve a useful purpose in pools and
spas, but it can also cause nasty stains and discolored water. Copper can be introduced to your swimming pool or spa in different
ways:
• Tap or well water
• Corroded, leaching pipes
• Copper-based algaecides
• Mineral purification systems
Copper will often discolor the water to a deep blue color. Stains
on walls, fixtures, or equipment can also show traces of the blue
coloration. Copper can initially be clear and colorless when introduced into the water or when it exists in very low concentrations.
However, copper stains can soon form due to exposure to oxygen
and chlorine, both of which promote oxidation.
The ideal level of copper is below 0.2 ppm. If the metal content
rises too high, there are two common ways to eliminate or reduce
it. Sequestering compounds bind the metals into large particles
that the filter can capture. Chelating agents capture and hold the
metals in solution so they won’t form solid stains.

If you suspect copper is present, use a copper test strip or test kit
to determine whether the metal is at a high concentration. If you
treat the water because of high metal content, you should test the
water again in 8 to 24 hours. This will help you make sure that you
lowered the levels properly.

Nitrates and Nitrites
Nitrate is a nitrogen compound that forms naturally in our soil, water
and atmosphere. Nitrite compounds can form in water when nitrate
has built up to an excessive level. If you detect nitrite in the water,
it means that you also have a nitrate problem. Nitrate nitrogen can
get into pool water through a number of sources: fertilizer run-off
or overspray (the most common source!), bird droppings, human
waste, rain, or even tap water.
There are two main side effects of nitrates in pool or spa water:
1) First and most important, nitrates will increase the sanitizer
demand in the water. This means that they create a lot of extra work
for the sanitizer to do, causing your sanitizer residual to become depleted more quickly. Even a small amount of nitrate, slightly above
10 ppm, will affect the sanitizer demand. A nitrate level at or above
50 ppm will cause the sanitizer demand to double, and the situation
will become even worse as the nitrates build up further.
2) Second, the algae in your pool love nitrates. They will grow and
grow in the presence of a high nitrate supply: you are actually fertilizing the algae!
High nitrate levels have been known to baffle the most seasoned
pool professional. Algae blooms can occur even when the water
appears to be perfectly balanced. In a case like this, don’t forget to
test the nitrate level! Otherwise you will waste hundreds of dollars
trying to maintain an appropriate sanitizer level and destroy algae.
The only practical way to lower the nitrate level is to drain and refill
the pool or hot tub. Be sure to test the source water for nitrates,
too!

TDS (Total Dissolved Solids)
The National Spa and Pool Institute Standard defines TDS as “a
measure of the total amount of dissolved matter in water, e.g. calcium, magnesium, carbonates, bicarbonates, metallic compounds,
etc.” The ideal range for TDS in a pool or spa is 1000 – 2000 ppm.
TDS builds up with every chemical that is added to your pool or
spa. Also, each time you add fresh water to your pool or spa, you
are increasing the total dissolved solids. When water evaporates,
dissolved salts, minerals, etc. are left behind. These levels of dissolved solids increase in the pool or spa as water evaporates over
time.
If you experience a general problem with water balance, TDS
may be the right thing to examine first. Strange things can happen in a pool or spa with high TDS. Algae might grow despite having a good free chlorine level. Corrosion may occur even though
the water is well balanced. Water may be cloudy when filtration is
good. High pool or spa TDS levels can result in a number of additional problems including discolored water, fixture corrosion and
scale build-up.
High levels of TDS (greater than 3000 ppm) can reduce the efficiency of the sanitizing chemicals in the pool. A high TDS level in
a pool or spa is a direct indication that it is time to drain and refill the
water. This is the only way to lower the TDS levels.
Note: In the case of a pool with a salt generator, you should subtract the ppm of salt from the total ppm of TDS. Keep this adjusted
TDS level in the ideal range of 1000-2000 ppm. (Sodium Chloride
is highly soluble, so it does not cause the same problems as other
TDS contributors.) For example, if the total TDS is 4500 ppm but
you measure the sodium chloride at 3200 ppm, then the adjusted
TDS of 1300 ppm is still in the ideal range.

Filtration Water Clarity
While considering chemistry issues, sometimes it is just as important to understand filtration as it relates to water clarity. Having the
right size of filter for the water volume, understanding the circulation
patterns and turnover rate, and the type of filter needed (RO or DE)
are important considerations for water clarity issues.

IV. Hot Water Chemistry in Spas
Pools and spas are different breeds. Hot tubs operate at a higher
temperature, and they are much smaller. These two facts change
everything. That is why APSP (the National Spa and Pool Institute
in the U.S.) has established separate standards for spas and pools.
The two big differences—higher temperature and smaller volume—
lead to a bunch of smaller differences. Here are two lists of the side
effects. We will discuss each item in more detail in the rest of this
section.
Higher temperature will
cause…

Smaller water volume will
cause…

1. Faster chemical reactions

1. Heavier bather load

2. Faster evaporation rate

2. Lower chemical dosages
needed

3. Increased scale formation

3. Higher filtration (turnover)
rate

4. More organic waste in the
water

4. Faster depletion of sanitizer
residual

5. Accelerated bacteria growth

5. More abrupt changes in pH

Higher Water Temperatures
Pools usually operate between 76 - 86°F (25 – 30°C), while spas
fall in a range of 96 – 104°F (36 - 40°C). This difference in temperature changes the water chemistry in important ways.
1. Faster chemical reactions
Chemical reactions take place much faster in spas than in pools.
In fact, for every 10°C (18°F) increase, the chemical reactions
proceed twice as fast. For example, the chemical reactions in a
spa at 102°F occur twice as fast as in a pool at 84°F. As a result,
any chemical adjustments you make occur more quickly.
Hot water does not decompose chlorine. (This is just a common myth that gets retold around campfires). In reality, the faster
chemical reaction rate simply depletes the chlorine more quickly.
It’s like you’re running the chlorine video on fast-forward. The
chlorine would have had to do all of that cleanup work anyway.
Once the chlorine has oxidized all the contaminants in the water,
the residual chlorine level will remain fairly stable.
2. Faster Evaporation Rate
The water in a hot tub evaporates at a high rate due to high
water temperature, rapid water circulation and aeration. As the
water evaporates, the hot tub owner adds make-up water to
refresh the system. The water that evaporates is pure, so it
leaves behind everything else—the stuff that we call TDS (total
dissolved solids). High levels of TDS decrease the effectiveness
of some chemicals and may cause cloudy water, as we mentioned in the TDS section of this manual.
3. Increased Scale Formation
While most chemicals dissolved more quickly in hotter water,
calcium carbonate scale works the opposite way: it is actually
more insoluble in hot water. Therefore, calcium carbonate scale
is more likely to occur in hot spa water.
4. More Organic Waste in the Water
We don’t want to gross you out, but the fact is that hot water
makes people sweat. The average bather sweats a pint (about
half a liter) in just twenty minutes. In addition, those power jets in
a spa can scrub off dirt and dead skin faster than a dip in the
pool would.

5. Accelerated Bacteria Growth
If the bit about organic waste didn’t get your attention, consider
this: your spa makes a perfect incubator for bacteria. Hot water
promotes the growth of most types of bacteria, including Legionella pneumophila and Pseudomonas aeruginosa.
We don’t mean to scare you out of getting in a hot tub; we just
want to remind you of an important fact. Proper spa maintenance is serious business. Bacteria will constantly enter your
water from various sources (including the bathers themselves!).
If your primary sanitizer does not destroy the bacteria, they will
quickly grow to levels that can be difficult to treat and remove.
So don’t mess around—test and treat the spa’s water regularly.

Smaller Volume
Clearly, spas are much smaller than pools. Again this obvious difference leads to some differences that may not be as obvious.
1. Heavier Bather Load
Spas experience a much heavier bather load because they are
so much smaller. Two bathers in a 400-gallon spa are roughly
equivalent to 150 people in a 30,000-gallon pool. The high
bather load can decrease the sanitizer levels very quickly.
2. Lower Chemical Dosages Needed
Because of the lower water volume in a spa, you have to
measure chemicals precisely. Misjudging the required dosage
can drastically alter the chemistry in such a small volume of
water.
3. Higher Filtration (Turnover) Rate
We define the turnover rate as how quickly all the water in a
pool or spa pumps through the filtration system. The water in a
hot tub should turn over every 25 to 45 minutes when the system
is running with the proper filtration. The turnover rate in spas
is significantly higher than in a pool, where the water might turn
over in 6 to 12 hours. The faster turnover rate can take a toll on
your spa’s filtration system, particularly if your chemicals are not
in proper balance. As a result you will have to perform maintenance on the filter more often.

4. Faster Depletion of Sanitizer Residual
If this was not clear enough in the Bather Load section, we will
tell you again. A hot tub, with its small water volume and higher
water temperature, uses up the sanitizer residual very quickly.
This is why you need to maintain a higher level of sanitizer in
your hot tub water than you do in your pool. The APSP standards reflect this fact, requiring sanitizer levels to be higher in
spas and hot tubs.
5. More Abrupt Changes in pH
The spa’s water volume means that even small additions of sanitizer and other chemicals can have an immediate effect on the
pH of your water. Be sure to measure the sanitizer carefully and
check your pH frequently to avoid equipment damage.

Sanitizers for Spas
Bromine is the most commonly used spa and hot tub sanitizer.
As we mentioned previously, bromine is very stable in hot water.
Bromine is highly effective in sanitizing as both free and combined
bromine, and it does not have that chloramine odor. In addition,
bromine is more effective in a wide range of pH. (This helps quite a
bit since the pH can change more suddenly in hot tubs.) And since
most spas and hot tubs are protected from ultraviolet (UV) radiation
by a cover, or because they are indoors, the fact that bromine cannot be stabilized in the presence of UV becomes irrelevant.
Chlorine compounds are also commonly used for spas. The most
popular ones for hot tubs are dichlor and lithium hypochlorite.
Trichlor is less popular because it is very acidic and this is more
dangerous to equipment in small water volumes. Sodium hypochlorite and calcium hypochlorite are not favorite sanitizers for hot tubs
because they contribute to scale formation and cloudy water at
higher temperatures.
Spas and hot tubs should also be shocked (superchlorinated) on a
routine basis. Dichlor in granular form makes a good shock because
of its neutral pH. Alternatively, monopersulfate works well as a nonchlorine shock. This is a good shocking agent because of its powerful oxidizing ability. Monopersulfate will not increase the chlorine
level, and it allows swimmers to enter the pool sooner after a shock

treatment. Be advised that monopersulfate is quite acidic, with a pH
around 2; you will have to monitor the pH carefully.
TDS (total dissolved solids) is one other parameter that you should
check on a routine basis in hot tubs. TDS can build up quickly in a
hot tub because you are adding lots of chemicals to a small volume
of water. Measure the TDS level al least twice per month. A TDS
level above 3000 parts per million (3000 mg/L) means you should
drain and refill the hot tub.
Now it is time for the good news about caring for a spa or hot tub.
All of the potential problems that we have covered in this section
can be fixed relatively easily. If the water gets bad, just drain and
refill it. The following equation can help you to determine when it
might be necessary to drain and refill a hot tub or spa:
Volume of spa in
GALLONS ÷ 3

=

Number of DAYS
before dumping a
spa

=

Number of DAYS
before dumping a
spa

Maximum number of users
per day
Volume of spa in
LITERS
Maximum number of users
per day X 12

For example, a 400-gallon spa used by a maximum of two people
per day should be drained every 67 days, or about every two
months [(400 ÷ 3) ÷ 2 = 66.66 days].

V. Trouble-Shooting Guide for Water
Chemistry
The following is a compiled list of common pool problems and their
solutions. We hope you will find it helpful!
If all else fails, calculate the Langelier Saturation Index value to
see if the water is properly balanced.

If the problem is . . . Algae
Possible Cause

Solution

Green, black or pink algae.

Treat with algaecide or
superchlorinate and backwash.

Yellow/mustard algae.

Superchlorinate or treat with
algaecide. Brush and vacuum
required. Backwash filter.

If the problem is . . . Cloudy Water
Possible Cause

Solution

High pH, alkalinity, calcium or
TDS can contribute to cloudy
water.

Reduce levels or add fresh
water to dilute.

Reduced filtration.

Check for blockage and clean
traps.

Heavy bather load.

You may need to
superchlorinate.

If the problem is . . . Colored Water
Possible Cause

Solution

Green: algae growth, low free
chlorine.

Treat with algaecide and/or
superchlorinate.

Reddish-brown: high iron or
manganese.
Blue-green: high copper.

If the problem is . . . Foam on the Water
Possible Cause

Solution

Hardness too low.

Adjust up.

Some algaecides produce
foam.

See manufacturer’s directions.

Source unknown.

Add defoamer.

If the problem is . . . Unable to Maintain Free Chlorine (or other
primary sanitizer)
Possible Cause

Solution

High TDS or pH.

Add sequestering (chelating)
agent.

Reduce levels or add fresh
water to dilute.

High combined chlorine level.

Add sequestering (chelating)
agent.

Superchlorinate. May require
double dose or more.

Sunlight dissipating chlorine.

Add cyanuric acid (stabilizer).

Heavy bather loads.

Increase sanitizer distribution.

High nitrate level increases
chlorine demand.

Add fresh water to dilute.

If the problem is . . . Scale Buildup
Possible Cause

Solution

Calcium hardness level too
high.

Add fresh water to dilute.

Total alkalinity, pH or TDS too
high.

Adjust down or add fresh water
to dilute.

Calcium hardness level too low; Increase hardness level.
rough soft water scale forms.
Metals present in high levels
leading to buildup.

Add sequestering agent to
reduce metal content.

If the problem is . . . Corrosion
Possible Cause

Solution

Low pH or hardness levels.

Increase levels to balance
water.

High salt or TDS concentrations.

Add fresh water to dilute.

High chlorine or bromine levels
for extended period of time.

Remove source of sanitizer and
allow level to drop. Add fresh
water to dilute if necessary.

If the problem is . . . Swimmer/Bather Skin and Eye Irritation
Possible Cause

Solution

High or low pH or alkalinity, or
both.

Maintain pH and alkalinity at
ideal levels for optimum
swimmer comfort.

High free chlorine level.

Remove source and allow level
to drop. Add fresh water to
dilute if necessary.

High chloramine (combined
chlorine) level.

Shock (superchlorinate) to
remove combined chlorine.

If the problem is . . . test strip gives no free chlorine reading,
but DPD liquid kit gives a high free chlorine reading
Possible Cause

Solution

Very high chloramine level.
(High combined chlorine can
cause DPD#1 kits to give false
readings for free chlorine.)

The free chlorine reading on
your test strip is correct! This
is a common problem at the
beginning of the season. Test
for total chlorine. You may need
to shock the water.

If the problem is . . . Recurring Algae Growth
Possible Cause

Solution

High nitrate level.

Add fresh water to dilute.

Insufficient free chlorine
content.

Maintain an ideal level of free
chlorine. Increase dosage if
necessary.

Leaves, pollen or other organic
waste frequently enters pool
system.

Keep covered when possible
during peak times of
contamination.

High phosphate levels.

You can add a phosphate control chemical.

If the problem is . . . Foul Odor
Possible Cause

Solution

Foul chlorine odor: chloramine
level is too high.

Shock to eliminate combined
chlorine.

Rotten egg smell: excess
metals present.

Add sequestering agent to
reduce metal level.

VI. Frequently Asked Questions

If the problem is . . . Green Hair
Possible Cause

Solution

Elevated copper in the water.

Test copper level. Reduce copper level with a sequestering
agent.

Extremely high free chlorine
level (around 50 ppm) can
bleach hair.

If free chlorine level is excessive, keep bathers out of water
until level drops.

Q: After I treat my pool, how long should I wait before I test
again?
A: Always wait as long as it takes for your pool or spa to complete
one complete filtration cycle before testing again. This will ensure
that your water has been properly mixed and has had adequate
time to equilibrate.
Q: How frequently should I test?
A: For residential pools, you should test at each end of the pool
twice a week. Test your spa before each use. Due to the size
and availability of public and semi-public pools, health regulatory
agencies establish test frequency requirements for those facilities.
Consult your state and local health regulatory agency concerning
the guidelines in your area if you are testing a public pool or hot tub.
Q: Should I record my test results?
A: Yes. Recording the test results is recommended for several
reasons. First, health department regulations may require that
operational records be maintained in a public pool or hot tub. Second, recording your test results allows you to identify any recurring
problems and helps to determine the best procedures for balancing
your pool or spa. Finally, if you encounter a problem you cannot
solve, your records are an excellent reference for your pool or spa
service technician.
Q: Why can’t I measure combined chlorine directly?
A: There is no method for measuring combined chlorine directly.
The easiest method is to measure free chlorine and total chlorine,
then subtract the free chlorine concentration from the total chlorine
concentration.
Q: Do test strips really work?
A: Yes. Test strips were developed in the medical diagnostic industry in the 1960’s. Since that time, they have replaced liquid reagent
tests for urine and blood testing. AquaChek Test Strips use that
same technology.
Q: How accurate are test strips?
A: Test strips are at minimum comparable in accuracy to liquid

color comparator tests. Because test strips are more convenient,
we believe they actually deliver greater accuracy. They reduce the
chances of human error associated with liquid kits, which require
measuring samples and counting drops of reagent.
Q: What information supports the accuracy of test strips?
A: Most test strips are manufactured and released against standard reference procedures from the 17th Edition of Standard Methods For the Examination of Water and Waste Water.
Q: Is DPD more accurate than test strips?
A: The DPD test for chlorine can be affected by interferences, such
as an over-abundance of monochloramines or potassium monopersulfate (used for shock-treating pools). These can give a false positive reading for free chlorine with the DPD chemistry. (See the next
two questions below.) Recognized technical studies are available
to support these claims. In addition, the DPD test requires careful
technique and several steps to get the best test.
Q: Can test strips or reagents be used after the expiration
date?
A: No. Test strips and other liquid reagents should be discarded
when the expiration date on the bottle label is reached. This ensures the user they are getting reliable results.
Q: Are test strips and reagents less accurate after the expiration date?
A: If the test strips and reagents are handled and stored properly,
they should give reliable results through the expiration date on the
bottle label. It is impossible to determine how reliable the results will
be after the expiration date has passed.

VII. Calculating pool and spa volume
To use the treatment tables in this booklet, you will need to know
the volume of the pool or spa. Spas have regular shapes (square,
rectangle or round) and even depths while pools can vary greatly
in shape and depth, making it more difficult to estimate volume.
Review the example below to help you calculate pool volume.
For example, let’s say a pool is 27 feet (8.23 m) long, 15 feet (4.6
m) wide, 8 feet (2.4 m) deep at the deep and, and 2 feet (0.6 m)
deep at the shallow end.
1. First, measure the depth or calculate the average depth by adding the deep end and shallow end depth measurements and
dividing the result by 2. For the example above, the average
depth of the pool is 5 feet (1.5 m):
8 feet + 2 feet = 10 feet; 10 feet / 2 = 5 feet
(2.4 m + 0.6 m = 3.0 m; 3.0 m / 2 = 1.5 m)
2. If your pool or spa is rectangular or square, calculate the total
water volume in gallons by multiplying the length times the
width times the average depth in feet times 7.5. For metric volume, multiply length times width times average depth. Continuing our example, the total water volume is 15,188 gallons
(56.8 kL):
27 feet x 15 feet x 5 feet x 7.5 = 15,188 gallons
(8.23 x 4.6 x 1.5 = 56.8 kL)
3. If your pool or spa is round or oval, multiply the diameter (one
direction) times the diameter (other direction) time the average
depth and then multiply the result by 5.9 to get the water volume
in gallons, or multiply by 0.785 for metric volume.
If a round pool measures 20 feet (6.0 m) in one direction and 20
feet (6.0 m) in the other direction, and it has an average depth of
5 feet (1.5 m), calculate the volume as follows:

20 feet x 20 feet x 5 feet x 5.9 = 11,800 gallons
(6.0 m x 6.0 m x 1.5 m x 0.785 = 42.66 kL)
4. Round your calculation to the nearest 1,000 gallons or nearest
kL to use the treatment charts in this guide.
For example, the 15,188 gallon (56.8 kL) calculation will round to
15,000 gallons (57 kL), and the 11,800 gallon (42.66 kL) calculation
will round to 12,000 gallons (43 kL).

• Muriatic acid liquid (about 30%) is concentrated and very corrosive. Dry acid (sodium bisulfate) is also very corrosive. Handle
acid very carefully. Rinse plastic dispensing containers with water after use. Wear protective eyewear. Wash away spills thoroughly with water. Keep material away from children. Do not
get on skin, in eyes, or on clothing. In case of contact, immediately flush eyes or skin with large amounts of water for 15 minutes. Call a physician.
• Never store acids and chlorine compounds next to each other.

VIII. Water Treatment Tables

• Always add acid to water; never add water to acid.

Warnings for handling chemicals

• All chemicals used for any purpose in or around the pool should
be handled very carefully. Always follow the precautions recommended by the manufacturer!

• Do not add chemicals when swimmers are in the water!
• Carefully add liquid or dry acid into various areas at the deep
end of the pool away from ladders, skimmers and metal parts.
Alternatively, for vinyl liners, fiberglass, smaller pools, and spas,
the prescribed quantity of dry acid (sodium bisulfate) should be
dissolved in a 2-5 gallon plastic pail of water before adding to the
pool or spa. Circulate water for at least 2 hours and retest.
Several incremental additions over a 2-day period will be required for larger quantities of acid. As a general rule for pools,
do not add more than 1 quart (95 mL) of muriatic acid or 2.5
pounds (1.1 kg) dry acid per 10,000 gallons (38 kL) of pool water
per day.
• For spas, the pump should be turned off, and the pre-dissolved
acid should then be added and mixed vigorously by turning on
the aeration (air blower). The purpose of this approach is to prevent a surge of acidic (corrosive) spa water from entering the
pump and heater which could result in metal corrosion. Concentrated muriatic acid (liquid) is not recommended for use in
spas because it is so highly concentrated and so little is needed.
For spas, do not add more than 1 ounce (28.3 g) of dry acid per
500 gallons (1.9 kL) at any one time. After 30 minutes, retest.
Additional acid may then be added to the spa.

Remember these tips for making conversions:
1,000 gallons = 3.8 kL
5,000 gal. = 19 kL

1 lb. = 0.4536 kg
1 oz. = 28.35 g

10,000 gal. = 38 kL

1 lb. = 16 oz.

25,000 gal. = 95 kL

1 gal. = 4 qts.
ppm = mg/L

APSP Recommended Treatment Levels

Chlorination Chart – Pools
(Amount Needed to Introduce 1 ppm)

Chemical Parameter

Min.

Ideal

Max.

Free Chlorine, ppm – Pools*

1

1-3

10

Free Chlorine, ppm – Spas*

2

3-5

10

Type of
Chlorine

Combined Chlorine, ppm

None

None

0.2

1000

5000

10000

15000

Bromine, ppm

2

4-6

10

Dichlor

1/4 oz.

1 oz.

2-1/4 oz.

3-1/4 oz.

3/4 oz.

1-1/2 oz.

2-1/4 oz.

7.2

7.4-7.6

7.8

Trichlor

1/8 oz.

pH
Total Alkalinity, ppm

60

80 - 120**
100 - 120***

180

Sodium
Hypochlorite

1 oz.

5-1/2 oz.

10-1/2 oz.

1/2 qt.

1000 - 2000

3000

Calcium
Hypochlorite

1/4 oz.

1 oz.

2 oz.

3 oz.

Lithium
Hypochlorite

1/2 oz.

2 oz.

4 oz.

6 oz.

TDS, ppm

300

Hardness, ppm

150

200 - 400

500 1000+

Cyanuric Acid, ppm

10

30 - 50

150****

All parameters except pH are given in ppm (mg/L).
* As established by US EPA.
** For calcium hypochlorite, sodium hypochlorite, and lithium
hypochlorite
*** Dichlor and Trichlor compounds, chlorine gas, and bromine
compounds
**** Except where limited by Health Department requirements,
often to 100 ppm.

Adding Chlorine
• See the warnings for handling chemicals on page 33.
Safety comes first!
• Never mix chemicals together, particularly cal-hypo (calcium hypochlorite) with trichlor tablets (trichloro-s-triazinetrione) in erosion/feeder-type canisters. A fire and/or explosion could result.
• Calcium hypochlorite (granular or tablets), 10% sodium hypochlorite (liquid), and lithium hypochlorite (granular) are all very
alkaline materials and the same handling precautions outlined
for acids should be followed.

Type of
Chlorine

Pool Volume in Gallons

Pool Volume in Gallons
20000

25000

50000

Dichlor

4-1/4 oz.

5-1/2 oz.

11 oz.

Trichlor

3 oz.

3-3/4 oz.

1-2/3 qt.

Sodium
Hypochlorite

2/3 qt.

3/4 qt.

1-2/3 qt.

Calcium
Hypochlorite

4 oz.

5 oz.

10-1/4 oz.

Lithium
Hypochlorite

1/2 lb.

10 oz.

1-1/4lb.

Chlorination Chart – Spas
(Amount Required to Introduce 4 ppm)
Type of
Chlorine

Spa Volume in Gallons

Dichlor

1/10 oz

1/4 oz.

1/2 oz.

Sodium
Hypochlorite

2/5 oz.

1 oz.

2 oz.

Lithium
Hypochlorite

1/5 oz.

1/2 oz.

1 oz.

Superchlorination

Superchlorination – Spas

In addition, you may need to shock (superchlorinate) on occasion to
get rid of combined chlorine that has built up. When combined chlorine exceeds 0.2 ppm, or free chlorine drops to 0, you may have to
apply a shock treatment to reestablish a free chlorine residual. The
following is a chart to help you determine the appropriate amount to
use.

(Amount Required to Introduce 10 ppm)
Type of
Chlorine

Pool Volume in Gallons
1000

5000

10000

15000

Dichlor

1/4 oz

2/3 oz.

1-1/4 oz.

2-1/2 oz.

Superchlorination – Pools

Sodium
Hypochlorite

1 oz.

2-1/2 oz.

5 oz.

10 oz.

(Amount Required to Introduce 10 ppm)

Lithium
Hypochlorite

2/5 oz.

1 oz.

2 oz.

4 oz.

Type of
Chlorine

Adding Bromine

Pool Volume in Gallons
1000

5000

10000

15000

2-1/4 oz

11 oz.

1-1/3 oz.

2 lb.

Sodium
Hypochlorite

10 oz.

1-3/4 qt

3-1/4 qt.

1-1/4 gal.

Calcium
Hypochlorite

2 oz.

10 oz.

1-1/4 lb.

2 lb.

Lithium
Hypochlorite

4 oz.

1-1/4lb.

2-1/3 lb.

3-3/4 lb.

Dichlor

Type of
Chlorine

Pool Volume in Gallons

See the warnings for handling chemicals on page 33. Safety
comes first!
Remember that the most common form of BCDMH is a tablet. Each
one-ounce tablet weighs approximately 1 oz. Where small doses
less than one ounce are required, a whole tablet may be used. You
can also make adjustments to allow the tablet to dissolve more
slowly or quickly. Therefore, dosages may vary depending on the
rate at which the tablets are dissolving. The faster they dissolve, the
more bromine will be introduced to the water.

20000

25000

50000

Dichlor

2-2/3 lb.

3-1/3 lb.

6-3/4 lb.

Sodium
Hypochlorite

1-2/3 gal.

2 gal.

4 gal.

Calcium
Hypochlorite

Increase
(ppm)

500

1000

5000

10000

20000

25000

2-1/2 lb.

3-1/4lb.

6-1/2 lb.

1

0.1 oz.

0.1 oz.

0.5 oz.

1 oz.

2 oz.

2.5 oz.

5 oz.

2

0.1 oz.

0.2 oz.

1 oz.

2 oz.

4 oz.

5 oz.

10 oz.

4

0.2 oz.

0.4 oz.

2 oz.

4 oz.

8 oz.

10 oz.

20 oz.

Lithium
Hypochlorite

4-3/4 lb.

6 lb.

12 lb.

Establishing or Increasing Bromine Level
Spa/Pool Volume in Gallons
50000

Adjusting pH

Adjusting Alkalinity

See the warnings for handling chemicals on page 33. Safety
comes first!

See the warnings for handling chemicals on page 33. Safety
comes first!

Lowering pH With Muriatic Acid (Hydrochloric Acid)

Raising Alkalinity Using Sodium Bicarbonate

(When pH is over 7.8, add the amount of acid indicated below, then
retest)

pH Level

1000

5000

Spa / Pool Volume in Gallons
1000

5000

10000

15000

20000

25000

50000
7-1/2 lb.

Spa / Pool Volume in Gallons

10

2-1/2 oz.

12 oz.

1-1/2 lb.

2-1/4 lb.

3 lb.

3-3/4 lb.

10000

20

4-3/4 oz.

1-1/2 oz.

3 lb.

4-1/2 lb.

6 lb.

7-1/2 lb.

15 lb.

30

7-1/4 oz.

2-1/4 lb.

4-1/2 lb.

6-3/4 lb.

9 lb.

11-1/4 lb.

22-1/2 lb.

40

9-1/2 oz.

3 lb.

6 lb.

9 lb.

12 lb.

15 lb.

30 lb.

50

12 oz.

3-3/4 lb.

7-1/2 lb.

11-1/4 lb.

15 lb.

18-3/4 lb.

37-1/2 lb.

15000

20000

25000

50000

7.8 - 8.0

1-1/2 oz.

8 oz.

16 oz.

24 oz.

1 qt.

1-1/4 qt.

2-1/2 qt.

8.0 - 8.4

2-1/2 oz.

12 oz.

24 oz.

1-1/4 qt.

1-1/2 qt.

2 qt.

1 gal.

Over 8.4

3 oz.

16 oz.

1 qt.

1-1/2 qt.

2 qt.

2-1/2 qt.

1-1/4 gal.

Raising Alkalinity using Sodium Sesquicarbonate

Lowering pH using Sodium Bisulfate (Dry Acid)
(When pH is over 7.8, add the amount of acid indicated below, then
retest)

pH Level

Increase
(ppm)

Spa / Pool Volume in Gallons
1000

5000

10000

15000

20000

25000

50000

7.8 - 8.0

0.1 lb.

0.3 lb.

0.6 lb.

0.9 lb.

1.2 lb.

1.5 lb.

3 lb.

8.0 - 8.4

0.2 lb.

0.5 lb.

1 lb.

1.5 lb.

2 lb.

2.5 lb.

5 lb.

Over 8.4

0.3 lb.

0.8 lb.

1.5 lb.

2.3 lb.

3 lb.

3.8 lb.

7.5 lb.

Spa / Pool Volume in Gallons

Increase
(ppm)

1000

5000

10000

15000

20000

25000

10

0.1 lb.

0.6 lb.

1.3 lb.

1.9 lb.

2.5 lb.

3.2 lb.

6.3 lb.

20

0.3 lb.

1.3 lb.

2.5 lb.

3.8 lb.

5 lb.

6.3 lb.

12.5 lb.

30

0.4 lb.

1.9 lb.

3.8 lb.

5.7 lb.

7.5 lb.

9.5 lb.

18.8 lb.

40

0.5 lb.

2.5 lb.

5 lb.

7.5 lb.

10 lb.

12.5 lb.

25 lb.

50

0.6 lb.

3.1 lb.

6.3 lb.

9.4 lb.

12.5 lb.

15.6 lb.

31.3 lb.

50000

Raising Alkalinity Using Soda Ash

Raising pH With Soda Ash (Sodium Carbonate)
(When pH is under 7.2, add the amount of soda ash indicated
below, then retest)
Spa / Pool Volume in Gallons

Spa / Pool Volume in Gallons

Increase
(ppm)

1000

5000

10000

15000

20000

25000

50000

10

0.1 lb.

0.4 lb.

0.9 lb.

1.3 lb.

1.8 lb.

2.2 lb.

4.4 lb.

20

0.2 lb.

0.9 lb.

1.8 lb.

2.7 lb.

3.5 lb.

4.4 lb.

8.8 lb.

1000

5000

10000

15000

20000

25000

50000

30

0.3 lb.

1.3 lb.

2.7 lb.

3.9 lb.

5.3 lb.

6.7 lb.

13.3 lb.

7.0 - 7.2

3/4 oz.

4 oz.

8 oz.

12 oz.

1 lb.

1-1/4 lb.

2-1/2 lb.

40

0.4 lb.

1.8 lb.

3.5 lb.

5.3 lb.

7.1 lb.

8.8 lb.

17.7 lb.

6.7 - 7.0

1-1/4 oz.

6 oz.

12 oz.

1 lb.

1-1/2 lb.

2 lb.

4 lb.

50

0.5 lb.

2.2 lb.

4.4 lb.

6.6 lb.

8.8 lb.

11.1 lb.

22.1 lb.

Under 6.7

1-1/2 oz.

8 oz.

1 lb.

1-1/2 lb.

2 lb.

2-1/2 lb.

5 lb.

pH Level

Raising Hardness Level

Lowering Alkalinity using Muriatic Acid

10000

15000

20000

25000

50000

See the warnings for handling chemicals on page 33. Safety
comes first!

1/3 qt.

2/3 qt.

1 qt.

1.8 lb.

2.2 lb.

4.4 lb.

Raising Hardness using Calcium Chloride

2/3 qt.

1-1/3 qt.

2 qt.

3.5 lb.

4.4 lb.

8.8 lb.

6 oz.

1 qt.

2 qt.

3 qt.

5.3 lb.

6.7 lb.

13.3 lb.

40

8 oz.

1-1/3 qt.

2-2/3 qt.

1 gal.

7.1 lb.

8.8 lb.

50

10 oz.

1-2/3 qt.

3-1/4 qt.

1-1/4 gal.

8.8 lb.

11.1 lb.

Spa / Pool Volume in Gallons

Increase
(ppm)

1000

5000

10

2 oz.

20

4 oz.

30

Spa / Pool Volume in Gallons

17.7 lb.

Increase
(ppm)

1000

5000

10000

15000

20000

25000

50000

22.1 lb.

10

2 oz.

10 oz.

1-1/4 lb.

1-3/4 lb.

2-1/2 lb.

3-1/4
lb.

6-1/4
lb.

20

4 oz.

1-1/4 lb.

2-1/2 lb.

3-3/4 lb.

5 lb.

6-1/4
lb.

12-1/2
lb.

30

6 oz.

1-3/4 lb.

3-3/4 lb.

5-1/2 lb.

7-1/2 lb.

9-1/2
lb.

18-3/4
lb.

40

8 oz.

2-1/2 lb.

5 lb.

7-1/2 lb.

10 lb.

12-1/2
lb.

25 lb.

50

10 oz.

3 lb.

6-1/4 lb.

9-1/2 lb.

12-1/2 lb.

15-3/4
lb.

31-1/4
lb.

Lowering Alkalinity using Sodium Bisulfate (Dry Acid)
Spa / Pool Volume in Gallons

Increase
(ppm)

1000

5000

10000

15000

20000

25000

50000

10

2-1/2 oz.

1/3 qt.

2/3 qt.

2-1/2 lb.

3-1/4
lb.

4 lb.

8 lb.

20

5 oz.

2/3 qt.

1-1/3 qt.

4-3/4 lb.

6-1/2
lb.

8 lb.

16 lb.

30

8 oz.

1 qt.

2 qt.

7-1/4 lb.

9-1/2
lb.

12 lb.

24 lb.

40

10-1/4
oz.

1-1/3 qt.

2-2/3 qt.

9-1/2 lb.

13 lb.

16 lb.

32 lb.

50

12-3/4
oz.

1-2/3 qt.

3-1/4 qt.

12 lb.

16 lb.

20-3/4
lb.

40-1/2
lb.

All of the chemicals that are added to treat total alkalinity may also
affect the pH of the water. As a result, you need to re-test both the
pH and alkalinity after an alkalinity adjustment to ensure that you
have achieved the proper balance. Always add acid to water, never
add water to acid. And always follow manufacturer’s directions for
adding these chemicals to the pool or hot tub. Manufacturers may
require you to add chemicals in smaller doses, breaking up the full
dose into 2 or 3 parts or more.

Adding Cyanuric Acid
See the warnings for handling chemicals on page 33. Safety
comes first!
Remember that if you are using dichlor or trichlor as a chlorine sanitizer, both of these chemical compounds have cyanuric acid built in,
so the level will increase slightly every time you add more chlorine.
It still may be necessary to add a smaller dose of cyanuric acid to
establish a level even when using a “stabilized chlorine.” This will
be obvious if it is nearly impossible to maintain a sufficient chlorine
level when the sun is shining brightly. If using unstabilized chlorine
outdoors, you must establish a minimum level of cyanuric acid to
protect your chlorine.

IX. Glossary of Pool & Spa Terms

Establishing or Increasing Cyanuric Acid Level
Increase
(ppm)

Spa / Pool Volume in Gallons
1000

5000

10000

15000

20000

25000

50000

10

1-1/4
oz.

6-1/2
oz.

12-3/4
oz.

1-1/4 lb.

2-1/2 lb.

3-1/4
lb.

6-1/4
lb.

20

2-1/2
oz.

12-3/4
oz.

1-3/4 oz.

2-1/2 lb.

5 lb.

6-1/4
lb.

12-1/2
lb.

30

4 oz.

1-1/4
oz.

2-1/2 oz.

3-3/4 lb.

7-1/2 lb.

9-1/2
lb.

18-3/4
lb.

40

5-1/4
oz.

1-2/3
oz.

3-1/3 oz.

5 lb.

10 lb.

12-1/2
lb.

25 lb.

50

6-1/2
oz.

2 lb.

4-1/4 oz.

6-1/4 lb.

12-1/2 lb.

15-3/4
lb.

31-1/4
lb.

Because health authorities are usually more concerned with the cyanuric acid level being too high, you should also know how to reduce
the concentration.
The most common way is to drain all or part of the water and refill.
Draining half the water will result in a 50-percent reduction of the
cyanuric acid concentration.

Adding Salt (Sodium Chloride)
See the warnings for handling chemicals on page 33. Safety
comes first!

alkalinity, total

The measure of the amount of alkaline buffers (substances that prevent sudden pH
changes) present in the water.

breakpoint

The point during superchlorination at
which all combined chlorine is completely
oxidized.

bromamine

Bromine that has combined with contaminants, such as ammonia or soap. Also
known as combined bromine.

brominator

A type of system which converts sodium
bromide into bromine (hypobromous acid).

bromine

A popular halogen sanitizer often used in
hot tubs.

bromine,
combined

See bromamine.

bromine, total

The sum of free bromine and combined
bromine (bromamines) in the water.

calcium chloride

A chemical compound often used to increase the total hardness level in water.

calcium hypochlorite

A granular chlorine compound often used
to superchlorinate the water. Also known
as cal-hypo.

chelating agent

A chemical that can suspend metals in the
water to prevent them from staining walls
and fixtures.

chloramine

Chlorine that has been "used up" or combined with contaminants, such as ammonia
or nitrogen compounds. Also known as
combined chlorine.

chlorine

A chemical element which is the most
popular pool and spa sanitizer.

chlorine, active

A percentage which reflects the amount of
chlorine by weight in a chemical compound.

Establishing or Increasing Sodium Chloride Level
Increase
in Sodium
Chloride
(ppm)

Spa / Pool Volume in Gallons
1000

5000

10000

15000

20000

25000

50000

10

2.1 lb.

11 lb.

22 lb.

33 lb.

40 lb.

55 lb.

110 lb.

20

4.2 lb.

21 lb.

42 lb.

63 lb.

84 lb.

105 lb.

210 lb.

30

8.4 lb.

42 lb.

84 lb.

126 lb.

168 lb.

210 lb.

420 lb.

40

17 lb.

84 lb.

168 lb.

252 lb.

336 lb.

420 lb.

840 lb.

50

25 lb.

126 lb.

252 lb.

378 lb.

504 lb.

630 lb.

1260 lb.

chlorine, available A percentage which expresses the actual
sanitizing power of a chlorine compound
before it is added to the water.
chlorine,
combined

See chloramine.

chlorine, free

The "unused" chlorine in the water--the
chlorine which is ready to oxidize and
sanitize. Sometimes called free available
chlorine.

chlorine, total

The sum of free chlorine and combined
chlorine in the water.

chlorine
generator

A type of system which converts salt (sodium chloride) into free chlorine.

copper

A mineral with sanitizing properties; commonly used in algaecides and mineral purification systems. May also cause stains if
present in excess.

cyanuric acid

dichlor

A chemical used to slow down the rate at
which chlorine dissipates from the water
due to sunlight (UV). Also referred to as
stabilizer.
A granular chlorine compound that is fairly
pH neutral (pH 6.8) and also contains cyanuric acid stabilizer.

hydrogen
peroxide

A shock chemical commonly used in biguanide systems.

hypobromous
acid

The form of bromine that kills algae, bacteria and disease-causing organisms.

hypochlorous
acid

The form of chlorine that kills algae, bacteria and disease-causing organisms.

iron

A mineral that occurs naturally in source
water in some regions; excessive amounts
may turn the water reddish-brown.

Langelier
Saturation Index

A numerical expression that reflects
whether pool and spa water is corrosive,
scale forming or in proper balance.

liquid kit

A test kit that utilizes liquid reagents to
measure various chemical parameters.

lithium
hypochlorite

A chlorine compound in powder form; often
used to superchlorinate the water.

mineral
purification

A water purification system that uses
minerals (usually copper and/or silver) to
control contaminants.

monopersulfate,
potassium

A non-chlorine chemical compound often
used for shock treatment. Very popular for
mineral purification systems.

muriatic acid

A concentrated liquid acid sometimes used
to lower pH or total alkalinity levels.

disinfectant

A chemical that kills living organisms on
contact. A disinfectant kills 99.9% of living
organisms instantly.

nitrate

DPD

A liquid reagent sometimes used to test
free chlorine.

A naturally occurring nitrogen compound
that promotes algae growth and depletes
the sanitizer.

nitrite

floater

A container that holds chlorine or bromine
tablets and floats around the pool or spa.

A nitrogen compound that can form in water with an excessively high nitrate level.

OTO

hardness,
calcium

See total hardness.

A liquid reagent sometimes used to test
total chlorine.

oxidize

hardness, total

The measure of the amount of calcium and
magnesium in the water. Often referred to
as calcium hardness.

To destroy all the dirt and inorganic matter
in the water through the process of oxidation.

ozone

A form of oxygen compound which can act
as a powerful oxidizer in pools and spas.

pH

A logarithmic index that expresses how
basic or acidic a solution is.

pH bounce

A sudden change in the pH level of the water, typically when the total alkalinity level is
too low.

phosphate

A mineral salt containing the element
phosphorus; promotes the growth of algae
in pool and spa water.

reagent

A substance used in a chemical reaction to
detect, measure or produce other substances.

residual, sanitizer

The sanitizer which remains in the water for
an extended period of time to oxidize and
disinfect the water as new contaminants
are introduced.

salt generator

A type of system which converts salt
(sodium chloride or sodium bromide) into a
sanitizer.

sanitizer

Any chemical that kills all bacteria, algae
and microorganisms.

scale

A deposit that forms on pool or spa walls
and equipment when the mineral content of
the water is too high.

sequestering
agent

A chemical that converts metals and minerals into larger molecules that can be filtered
out by the filter.

shock treatment

The act of applying a sanitizing chemical,
typically chlorine, in an extra-large dose
to burn off accumulated contaminants. If
chlorine is used this process is called superchlorination.

soda ash

See sodium carbonate.

sodium
bicarbonate

A chemical compound often used to increase pH in the water, or to increase the
alkalinity (buffering capacity).

sodium bisulfate

A granular acid often used to lower the pH
or the total alkalinity in the water.

sodium carbonate A chemical compound often used to
increase pH in the water. Also known as
soda ash.
sodium chloride

Commonly known as salt; chlorine generators can convert it into chlorine by using
electric current.

sodium hypochlo- A chlorine compound often used to superrite
chlorinate the water. Also known as liquid
chlorine.
stabilizer

See cyanuric acid.

superchlorination

See shock treatment.

test strip

Dry-reagent chemical indicator system that
measures various chemical parameters.
Chemical pads attached to a plastic strip
provide this testing method.

total dissolved
solids (TDS)

A measure of the total amount of minerals,
salts, residue and other particles that remain in the water, e.g. calcium, carbonates
and metal compounds.

trichlor

A very acidic chlorine compound (pH 3.0)
containing cyanuric acid; often used in
floaters and other erosion-style feeders.

turnover rate

A term which describes how long it takes
for all the water in a pool or spa to run
through the filtration system.

ultraviolet (UV)

A form of radiation present in sunlight. Also
used by some ozonators to convert oxygen
into ozone.

water balance

The interplay of pH, alkalinity, hardness,
TDS and other factors that results in water
being corrosive, scale-forming or neutral.
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