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INTRODUCTION
The subtitle of this report was a toss up between “Water, water every where and not a drop to
drink” and “WATER: Everything you ever wanted to know or at least need to know so that
you won’t be without safe drinking water.” Although somewhat verbose, the later one won out
because it was more proactive. Regardless, that about says it all and is what this paper is all
about.
This paper will tell you how to find “hidden” water, properly store water, and how to use a wide
variety of methods to make safe drinking water from a wide variety of alternative water sources.
Since many people have many thousands of gallons in swimming pools this report will use that
particular source as an example of how you can make safe drink water but the principals apply to
most any water. More importantly, this paper will provide real, practical, researched, and
referenced solutions on all aspects of obtaining, making, and having safe drinking water
regardless of the source. Finally, I will also provide you with numerous links and references
enabling you to get more information on particular topics or subjects of interest, although some
will only be mildly rated to the main subject. However, it is to be noted, that while attempting to
cover the topic with a broad brush, this paper is not is a treatise on every aspect of water and
water purification.
The goal of this paper is to empower your self sufficiency to the point that you will never be
without safe drinking water. To reach that goal the information on viable solutions is presented
in a fairly comprehensive and detailed way providing unequivocal guidance. The more practical
and lower cost solutions are further detailed allowing you to print this report and use it as a
guidebook in the event you do not have use of your computer or the internet. In most cases,
sources for the solutions are also provided.
I started this effort researching what I need to do to protect and provide for my family should we
be without water for any extended period of time or if the municipality provided water was
unsafe. Over time, my research morphed into this report. If you like this report go to
http://www.arielco.us for my other reports.
In writing this report, I wrote it for what the average person, maybe with their horizons stretched
some like I have had to do, could do to have safe drinking water. The links and references
section, however, will contain reference to a number of more exotic and extreme methods and
strategies that the reader can pursue as desired.

WATER REQUIREMENTS
From a survival point of view, water is the most important thing you need. A person can survive
for a long time on their extra carbohydrate and fat, some of us a bit longer than others depending
on how many extra pounds we are carrying, but few people can survive very long without water.
The Rule of Three, which I picked up somewhere, states that a person can live for:
•

3 minutes without air

•

3 days without water

•

3 weeks without food
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The human body is about 60% water. The amount of water lost from the adult body through
urine, water vapor out of the lungs, and through perspiration for an average sized adult is about 2
liters (2.1 quarts) per day. When doing any strenuous work, or just living in a dry and/or hot
climate, may result in the loss of considerably more water. All water loss must be made up by
total fluids consumed and by the water produced in the body as a result of metabolic processes.
If not, the body quickly becomes dehydrated and many of those same metabolic processes stop
working correctly.
In a survival mode, the body will reduce its need for water down to about a pint/day and can
“digest” about half the body's protein without being in real danger but a loss of only 15 to 22
percent of body weight as water is generally fatal.
The effects of dehydration on the body are dramatic. At only 2% dehydration a person starts
being thirsty and when this goes to 5% you will become very thirsty, hot, tired and have much
less endurance. If you do not rectify this initial stage of dehydration, fatigue, emotional
instability, sleepiness, apathy, nausea, and impaired reasoning soon set in and then become more
and more pronounced as the body further dehydrates. If the person is not immediately hydrated,
the condition progresses to where at about 10% loss you will have labored breathing, dizziness,
delirium, comatose, and finally death at 20% or less.
Depending on the climate, physical activity, and person, dehydration can occur in a remarkably
short time. Infants, children, the elderly and physically ill persons are particularly susceptible to
dehydration.

WHY SHOULD YOU STORE WATER?
While a municipal water system works by the pressure of the water falling down the pipes from
the big water tanks set on a hill or on stilts, most water systems depend on electricity to get the
water up there and all need highly trained workers and specialized electrically powered
equipment to keep it functioning and safe. Besides the obvious need during localized natural
disasters and emergencies, various agencies, including the US Dept. of Health and Human
Services, warn that public water systems may not be available or safe during an extended bird flu
pandemic.
The reasons are:
•

Proper operation requires electricity. The electrical grid is fragile and at capacity and can
be easily broken or fail for extended periods of time.

•

Proper operation requires skilled workers who may also become sick.

•

Disinfected water usually requires a chemical agent such as chlorine. The on-site stores
of disinfectants generally will not last more than a few days to a week. (Check with your
local water provider but be careful how you ask otherwise you could end up on a
potential terrorist list with a resulting knock on your door from the Men in Black wanting
to know why you were asking. It has happened.)

Additionally, a general lack of electricity, natural disasters, terrorism, and other odd things
happening, can take down or pollute the municipal water supply for extended periods of time.
Ask the people in Queens, St Louis, New Orleans, or Milwaukee. More recently, a large portion
of the NW was without power for an extended period of time.
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Those same experts are also recommending that everybody have two weeks worth of water (and
food) stored up. Some viral and bird flu influenza experts like Dr. Webster of St Jude’s Hospital,
have stated that you should have anywhere from one to three months. (For additional
information on the potential catastrophic affects of pandemic bird flu, see my Bird Flu Report.)
Most people are grossly unaware of how much water they use on a daily basis because in the
USA it is just one of those things that is always there, is relatively inexpensive, and is simply
taken for granted. However, things happen where you could be without water, or at least safe
water, for extended periods of time. For potential natural disasters and a Bird Flu pandemic, you
should have some water stored up and know how to make drinkable water from various raw
water sources should the need arise.

HOW MUCH WATER IS NEEDED?
Life and death survival requires about 1 pint of water per person per day. In an emergency or
disaster situation, an absolute minimum of 1L (~1QT)/person/day is required, however it really
depends on the climate you are in and the activities being done. Realistically, figure on 2 to 4
liters (1/2 to 1 gallon) per person per day. Children and small adults on the lower side and larger
and active adults as well as everybody in a hot and/or dry climate on the upper side. Add more
water for pets.
Should you want to factor in personal hygiene, washing of dishes, counter tops, etc. then the
amount goes up to 4 gallons per person per day, although strict water conservation practices can
lower that to 2.0 - 2.5G/person/day. Add a conventional toilet and you are now up to 5 to 12, or
more, gallons per person per day, depending on the toilet and how many times it is flushed. In
most cases it will probably be more practical to store paper plates and utensils, and minimize
food preparation, than to attempt to store more water, although the two go hand in hand as part of
your overall water strategy. Some water conservation strategies are addressed towards the end of
this report in the TIPS for CONSERVING WATER section
As noted above, flushing a toilet takes a lot of water. While the newer “low water” toilets use a
lot less water than old toilets, even then it is still1.6G/flush. Since the impact on your precious
water supply of flushing a toilet is very great, this issue will be specifically addressed in TIPS for
CONSERVING WATER.
As Katrina and other localized disasters clearly revealed, you can not depend on the state or
federal government to save you and you could be without food and water for a lot longer than
you would think could ever happen. Without exception, the Federal and State Governments of
the USA as well as the FEMA, the Red Cross and other disaster response organizations, are
advising all Americans to have two weeks worth of food and water stored up to be prepared for
the potential results of pandemic Bird Flu. As previously noted some experts are saying 1-3
months worth. However, that is a lot of water, so start with two weeks and build up from there
and get the equipment and knowledge to be able to make safe drinking water from alternative
raw, unsafe water sources. This report will tell you how to do both.

5

SOURCES of WATER IN YOUR HOME
The water in your house has already been purified (disinfected and filtered) and should be your
first choice for getting more water as it is your best initial source of emergency drinking water
when the water is no longer coming out of your faucet.
Hot Water Heater
Depending on size, there is typically 40-60 gallons of water in your hot water heater that can
be tapped using the drain valve on the bottom of the heater. Attaching a short, clean hose will
make it easier to extract the water and get it into a container. You may have to open a hot
water faucet in the house to allow the water to easily drain. Let the water run out of the bottom
of the water tank for a few seconds to clear out the relatively benign crud in the bottom of the
water tank before you put the water into the collecting container. While the crud generally
won’t hurt you, it will make your collected water look and taste “yucky.”
At this point it is worth noting the first caveat in this paper. In an emergency situation one
does what is necessary to survive and that may mean doing things that are less than ideal.
Throughout the remainder of this paper, I will tell you how to do things necessary to survive
and then how to do those same things right, or at least more correctly. What you will need to
do, however, will depend on the circumstances. Most of the time, some proper pre-planning
and purchasing of supplies beforehand will facilitate doing things correctly, even in poor
circumstances. To always have safe drinking water, be like a Boy Scout (prepared) and
MacGyver (educated and creative)
Thus I now need to inform you that a garden hose is not designed or rated for transporting
water for human consumption. If possible, get a hose rated for potable water. Check with a
building supply or plumbing store. If you plan on using a garden hose, be aware that when
water is traveling through a new garden hose it will pick up nasty chemicals, even more so
when hot water is in the hose. If it is an old hose where lots of water has already passed
through it there will be far less leaching of chemicals to worry about. To keep the exposure as
low as possible, cut the hose off to the minimum length you need to get the water out of the
water heater and into a container. That will only be 3-4 feet at most. Waiting until the water
in the hot water heater has cooled down will also reduce the amount of chemicals the water
will pick up from the hose. While the amount of chemicals picked up, even from a brand new
hose, will probably be very low, it is always better to be safe than sorry. This is an axiom that
is applied throughout this report as I do not have the time to research every associated subject
in detail.
VERY IMPORTANT: turn off the gas or electricity to the water heater before draining out the
water. Not doing so could damage the water heater OR START A FIRE when the power
comes back on. When the water and power come back on, fill the water heater first before
turning the power to the heater back on. You will probably need to open a hot water faucet
somewhere in the house for the water to be able to fill the heater.
It is always a good idea to drain some of the water from your water heater once every six
months. Open the drain valve and allow the water to run until it flows clear. This will flush
out the crud which is dirt, rust and mineral deposits, that has settled to the bottom of the water
tank. Also, removing these deposits will usually make the heater more efficient saving a bit on
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the energy required to heat the water. In any case it will extend the usable life of your water
heater.
Water Pipes
You also have water in the plumbing. While this works the best in a multilevel house, opening
the drain valve on the water heater and all the hot water faucets in the house will also drain the
water in the hot water pipes. You can get the water in the cold water pipes by turning off the
main water supply valve into the house and turning on the highest cold faucet in the house.
You can then get the water out of the cold water pipes by turning on the lowest faucet.
Freezer
You might also have ice in your freezer(s). Thoroughly rinsed out plastic, 1G, milk jugs are
actually good for augmenting this type of stored water. (see section below, Using Empty Food
Containers for Storing Water, for steps on cleaning them before using them.)
When filling up the empty and cleaned plastic milk jugs, fill them up all the way to the top,
squeeze out about ½ cup of water and then, holding the squeezed position so that the water is
still at the top, put the lid on tightly. This gives room for the water to expand when it freezes
so it won’t rupture the milk carton. Put a number of them in your freezer. Having all this ice
in your freezer, especially if a chest freezer, will also keep things cold longer after the power
goes out. As long as it stays frozen, the water stored this way basically lasts indefinitely.
Toilet
Some people will note that you also have water in the upper tank of your toilet but,
realistically, if the water has been out that long you probably flushed the toilet a long time ago.
However, if not, you can use it if you don’t have any chemical additives (i.e. Tidy Bowl) added
in the tank. However, if you want to drink it, you should purify it first with a little bit of iodine
or chlorine (see EMERGENCY DISINFECTION OF WATER below) just to be on the safe
side.
Swimming pool
Don’t even think about drinking it unless you have some serious filtering equipment or a
distiller to purify the water. Chlorine is not the only chemical in a swimming pool and there is
a lot of chlorine (typically 10 times or more of what is in drinking water) and numerous
chlorine byproducts. If consumed raw, swimming pool water can easily cause serious diarrhea,
due to the high content of chlorine and other chemicals, and the high concentration of all the
various chemicals can’t be good for you, especially your kidneys that need to remove it.
Swimming pool water should only be directly used for bathing and flushing the toilets.
However, if you just happen to have many thousands of gallons of water in a swimming pool
you can filter or distill it and turn it into safe drinking water. This will actually be much more
cost effective than buying additional containers to store just a fraction of the water that a
swimming pool holds. Details on how to turn swimming pool water into emergency drinking
water are in the Distiller and Filter sections. Of the two methods a distiller would be preferred,
if you have the power readily available, since it will remove all chemical additives.
The main advantage of using a swimming pool for emergency drinking water is that you
already have LOTS of stored water and it is already disinfected, if the chlorine content is
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correct. While the filtering is a bit more intensive than what you would normally need to filter
tap water it is actually not that much more, the cost of acquiring it is not prohibitive, and it is
actually extremely cost effective on a $/G basis compared to buying tanks to store water. An
additional bonus is that the same filtering system you might some day need to filter the water
from the swimming pool could also be used now to filter the tap water in your house (you
would be surprised what is actually in your tap water!). Also keep in mind that if you are
converting swimming pool water into drinking water you don’t have any municipality provided
water so get some plastic to put on the surface of the water in the pool to slow down the
evaporation.
Water Bed
The water in a water bed is far worse water than swimming pool water. The mattress is almost
always made of polyvinylchloride (PVC), a cancer causing material. It has leached into the
warm water, usually for years, and the heater under the PVC mattress has greatly facilitated the
process. Additionally, a harsh and very toxic biocide chemical to control the growth of mold
and algae and other equally nasty things should have been added to the water in the filling
process. Even if you didn’t add it, some water bed mattresses contained the chemicals inside
the mattress.
While technically you could filter or distill it, similar to filtering or distilling swimming pool
water, it will not be a cost effective solution because a water bed mattress does not hold any
where near as much water as a swimming pool. Additionally, you would have to be sure the
filter removed whatever toxic chemicals were added to the water. If you are even thinking of
trying it, get a distiller. Otherwise, use water bed water only to flush a toilet.
If you want a low cost bag for storing lots of water, see the Water Bladders section in the
following section on STORING WATER, immediately below.

STORING WATER
Basically here is all you need to know:
WHEN STORING WATER, ONLY USE CONTAINERS THAT ARE RATED and
APPROVED for FOOD and/or POTABLE (DRINKING) WATER. PERIOD.
Now for the details.
Exactly how much water you will need to store will depend on how much hidden water you have
available, how many people you are storing water for, how much water a day will be used, and
how long you will need replacement water for. For the purpose of this paper we have assumed
the minimum of 1G/person/day as recommended by most emergency preparation experts.
Assuming 4 people and two weeks, you would need 56 gallons. Make it three months and you
need 360 gallons. The former is easily achievable utilizing the existing and readily available
water sources in your home, as detailed in an earlier section, along with some minor
augmentation. However the later starts to get into some serious water storing.
Remember, the 1G/day does not include water for flushing toilets, washing dishes or clothes,
sponge bathing, et cetera. The realistic minimal amount of water you need is probably 2-3 times
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as much. If you want to find out how much water you really need, turn off the water coming into
your house for three days and then measure how much of your stored water you go through.
Until one learns how to live on minimal amounts of water, the amount of water we normally use
is quite substantial. To help reduce your water requirement, see TIPS for CONSERVING
WATER towards the end of this report.
Most liquids count towards the minimal water requirements and the 1G/person/day requirements.
Whether that includes alcoholic beverages or not is beyond the scope of this paper but I will note
that red wine contains resvatrol which is an antiviral compound which could be useful to help
keep you from catching influenza. If one were building up to have a 90 day supply of water,
technically 90 gallons of Coca-Cola in 2L bottles would meet an individual’s water requirement
and the 2L bottles met the requirements of proper storage containers but such a “water” storage
strategy might have some unintended long term consequences.
Bottled Water and Other Liquids
While having some soda and juices as part of your “water” storage plan would probably be wise,
and such things packaged in aluminum cans, 2L hard plastic and various glass bottles will last a
long time, sooner or later you will need to be storing water, lots of water. This section will detail
how to do it.
Other than buying commercially provided “bottled” water in sizes ranging from 8oz to 2.5
Gallons which will already be in the proper types of containers and appropriately purified to last
a long time, you will need to acquire a lot of water storage ability, at a lower cost, and the
knowledge of how to make it last a long time. Exactly where the water is coming from is
immaterial to proper storage if the water is properly treated.
Water should be stored in sturdy, food grade, plastic containers, preferably opaque or dark. In
general do not use containers that will break easily (i.e. glass) and never use containers which
will decompose (often caused by exposure to light, especially sunlight) or which can be easily
punctured.
Plastic Bottle Types
The soft, very flexible, cloudy looking, polyethylene (HDPE/LDPE) plastic 1 gallon jugs that
some purified water comes in and which are most commonly used for 1G milk containers are
NOT good long term storage containers, outside of the freezer, because they become very brittle
over time and can easily crack or be punctured. They also absorb some of whatever was in them.
If the original content was water that isn’t bad but there are some potentially serious
consequences if the previous contents were milk or juices. They are also somewhat permeable to
hydrocarbon vapors so if you do use them, keep away from stored gasoline, kerosene, pesticides,
or similar substances.
The hard, clear, PET/HPTE plastic containers, typically used for 2 liter soda bottles, are much
better if you thoroughly clean them out. They also make an excellent container for providing
Solar Disinfection of Water, a subject addressed in the Purification section.
You can also use empty chlorine bleach bottles IF THEY ONLY CONTAINED PURE
CHLORINE (sodium hypochlorite) AND IF YOU THOROUGHLY WASH THEM OUT. Other
than pure chlorine bleach bottles, NEVER reuse any container that once stored a toxic substance!
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Later in this section I will detail the proper method for cleaning and reusing food and beverage
containers.
Plastic Water Jugs
The next larger size option is the typical 5 – 7 gallon containers that are made with a thicker
plastic, often polycarbonate. These are much more rugged containers designed for camping and
small water storage requirements. However, when using these, be aware of the following:
5 Gallon Plastic Water Jugs Contain BPA
Consumers Union 2000
•

Our findings - Eight of the ten 5-gallon polycarbonate jugs we checked leached
bisphenol-A into water--from 0.5 ppb to 11 ppb. Any health effects would be most likely
to occur in developing fetuses, judging from animal research.

•

Source - Bisphenol-A (BPA) is the building block of polycarbonate and can from there
into water or food.

•

Health effects - BPA is a suspected carcinogen and mimics the hormone estrogen in
animal studies.

•

Limit - There is none.

Add BPAs to the “oops – we didn’t think it would poison you” category. While the problem is
not limited to just water storage jugs, to be safe, try not to buy any containers made in China and
other Far East countries, or no-name brands from unknown manufacturers. Your health is not
worth saving a few bucks. (What is your health insurance deductible for a few visits to the
oncologist or for chemotherapy?) Try to buy jugs from a name brand such as Reliance whose
products are (allegedly) sold in WalMart, Kmart and REI, as well as by Cabellas and Basspro.
Both my Reliance 6 and 7 gallon containers say that they are approved for storing water. Since
Reliance is a Canadian company (tighter health and advertising regulations) and water storage
products are their primary business, I am fairly confident they are what they say they are and are
as safe as they can reasonably be – until the next “oops” anyway.
If you are not sure exactly what you are buying, fill them up part way and add a half cup of
baking soda. Shake vigorously for a minute or two and then fill them all the way up and let them
sit for a good while. Then empty, rinse, dry and store dry until needed. At the first sign of Bird
Flu in your area, or a coming natural disaster such as a hurricane, rinse again and then fill them
up. For the “unknown” you might keep a few filled and handy.
BTW, the baking soda rinse will take out most of the “plastic taste” from brand new containers,
even ones from Reliance.
55 Gallon Water Barrels
Should you want to store a lot of water, many preparedness advocates recommend using FDA
approved 55G water barrels or a water bladder. These MUST be rated for food use or potable,
i.e. drinking, water. However, keep in mind that a 55G water barrel will weigh about 484
pounds once you fill it. (Water weighs 8.35 pounds/Gallon and the barrel is about 25 lbs)
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A more manageable 15G drum will weigh about 135 pounds while a 30G one will weigh about
265 pounds. The very best price I’ve seen on a new 55G drum is $50 which would probably cost
you something like $85 delivered. You can buy a lot of 5G containers at WalMart for that. If
the 5G containers are on sale you might even get as many to hold the equivalent amount of water
for about the same or even lesser price. On a $/G basis, the smaller 5, 15 and 30 gallon
containers and drums are almost always more expensive than a 55G drum. Since the delivery
charge on a drum or two is relatively high compared to the cost of the drum, if you can pick them
up yourself you might check for a local source (“Barrels & Drums” in the Yellow Pages) that
brings them in larger quantities to reduce the shipping charges. Baytec containers is an internet
source for new and reconditioned drums.
Water Bladder / Pillow Tank
A water bladder, a.k.a. pillow tank, comes in many different sizes starting at around 30G and
commonly going to around 300G. Heavy duty commercial ones go to many thousands of
gallons. On a $/G basis, they are generally as expensive as barrels or 5G jugs at the smaller sizes
but are usually more cost effective as the storage capacity goes up. As an example, a great buy
on a 55G barrel might cost you $55, excluding shipping. That is $1/G. A 150G water bag will
typically cost around $100 which is $0.66/G. The water bag is also much less expensive to ship.
However, keep in mind that a 150G water bag will also take up 3’ x 8’ which is much more floor
space than three 55G water barrels would take. Plus you can’t stack anything on top a water
bladder while you can on top a water barrel (But not another filled water barrel!)
Shop around for water bladders. Here’s one source that has them in sizes from 100G to
50,000G. The best buy on a small one I’ve seen is a 250G one for $99.
Water Bed Mattresses and Other Storage Devices
In case you are thinking of it, you can NOT use a water bed mattress for storing drinking
water. While they are lower cost than a potable water rated water bladder, they are almost
always made from vinyl, polyvinylchloride (PVC), which is a cancer causing chemical. It has
leached into the warm water, usually for years, and the heater under the PVC mattress has greatly
facilitated the process. Additionally, a harsh and very toxic biocide chemical to control the
growth of mold and algae and other equally nasty things should have been added to the water in
the filling process. Even if you didn’t add it, some water bed mattresses contained the chemicals
inside the mattress.
You also can not use plastic garbage cans, above ground swimming pools, hot tubs, et cetera, for
the same reasons. Most of that stuff is made in China now and if you could actually find out
what kind of plastic it is you have no easy and/or cost effective way of finding out what else is in
the plastic. (See warning on 5-7G jugs above) Remember, you and your family will be drinking
the water stored in such containers and some compounds in plastics are VERY toxic and cancer
causing and for some compounds it doesn’t take too much.
There are, however, 2 EXCEPTIONS:
1. If you use a clean plastic garbage can, you can first put a water proof, food grade bag
liner inside the can and then fill it with water. When doing this, keep in mind that you do
not want any condensation from the inside of the lid dripping back into the water so
another bag over the top of the can, under the lid, might be in order. This will also help
keep the fumes released by the lid from being absorbed by the water.
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2. If you have a readily available source of power, you can safely distill water from nonpotable water storage containers. This will be covered in detail later.
Otherwise, use the water in water bed mattress and water from other non-potable storage
containers water only to flush a toilet.
In the event you want to know how much water an above ground swimming pool can hold, go
here.
Water Tanks
Moving up in size, the next category are tanks made or provided by companies who know what
they are doing, such as Plastic-Mart, Water Tanks, or Tank Depot. These tanks are generally
made with an opaque, UV-inhibited, polyethylene plastic. The tanks are FDA approved, for
storing potable water. The polyethylene tanks are sun resistant and can be placed outdoors.
They can also be allowed to freeze, if they aren’t filled all the way up. NOTE: all the rest of the
fittings and hoses must be rated for outdoor use too.
In general, the larger the tank the lower $/G cost to store the water. As an example, at the time
of the writing of this report a 300G tank is $204 + shipping. Excluding shipping, that is $0.68/G
while a 1500G tank is $741 or $0.49/G. Of course, a 1,500G tank would weigh over 12,500
pounds when filled. You could put it outside, but if it gets cold enough to freeze then you need
to be careful it is not completely filled or go with a buried water cistern in which case the $/G
price goes up some because of the extra strength required for a buried tank. A 1400G cistern is
$899 + shipping.
For more information on large tanks you might check with the Consumer Buying Guide Water
Storage Tank Guide.
Sample comparative pricing on various sized water tanks from Plastic-Mart as of the writing of
this paper is listed below. These are the best overall priced tanks in terms of the number of
gallons per $ that I was able to locate from a quick search of about 10 tank providers but it never
hurts to shop around. Note that anything larger than a 300 gallon tank won’t fit through the
standard 36 inch wide entry door that is on most houses. Also keep in mind that many interior
doors and hallways are even less wide with many interior doors being only 30 inches wide.
CHECK the maximum dimensions along the interior pathway in your house that the empty tank
has to traverse before ordering unless you also want to do some extensive remodeling to get your
tank into your house.
Note too that there are different prices for different tanks of the same capacity. Also note that
weight of water is 8.35lbs/gallon so a lot of water is HEAVY. A full 200G tank will weigh
about 1,800 pounds. Be careful of where you are putting them inside your house as they could
easily fall through the floor. The bigger tanks or numerous smaller tanks may need to go on a
concrete slab or on the ground. If in doubt, check with your local building department as to the
maximum permitted loading for your type of house construction. Your home owner’s insurance
may not pay for repairing your house if a 1000 gallon water tank falls through your floor. Note
too that it could be very dangerous for anybody under the tank if it fell through the floor.
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Sampling of Plastic-Mart tanks
VERTICAL TANKS - ROUND
P/N
TYPICAL 55G
Drum
TC2364IW
TC3536IW
TC2376IW
VT0135-28
NW150VERT
VT0160
TC3158IW
NW165VERT
VT0175
NW200VERT
6332
NW210VERT
VT0225
VT0265
TC3581IW
VT0300-35
VT0425
TC4676IW
TC750XIW
TC6974IW
VT1050
RMG1500-72
TC8765IW
6378
TC9589IW

http://www.plastic-mart.com/class.php?cat=25

Gal

Dia.

Hght

Gal/$

Water
lbs

$60

55

24

36

0.92

458

3.1

146

$94
$101
$123
$173
$193
$175
$122
$206
$184
$248
$250
$242
$230
$255
$204
$250
$275
$273
$399
$418
$470
$725
$498
$749
$736

100
110
130
135
150
160
165
165
175
200
200
210
225
265
300
300
425
500
750
1000
1050
1500
1550
2000
2500

23
35
23
28
30
28
31
31
31
30
34
31
31
31
35
35
42
46
46
69
85
72
85
90
95

64
63
76
56
56
66
58
55
60
72
57
69
72
84
81
77
75
76
119
74
52
94
65
79
89

1.06
1.09
1.06
0.78
0.78
0.91
1.35
0.80
0.95
0.81
0.80
0.87
0.98
1.04
1.47
1.20
1.55
1.83
1.88
2.39
2.23
2.07
3.11
2.67
3.40

833
917
1083
1125
1250
1333
1375
1375
1458
1667
1667
1750
1875
2208
2500
2500
3542
4167
6250
8333
8750
12500
12916
16666
20833

2.9
6.7
2.9
4.3
4.9
4.3
5.2
5.2
5.2
4.9
6.3
5.2
5.2
5.2
6.7
6.7
9.6
11.5
11.5
26.0
39.4
28.3
39.4
44.2
49.2

289
137
375
263
255
312
262
262
278
339
264
334
358
421
374
374
368
361
541
321
222
442
328
377
423

$$$$

Area
Sq Feet

Loading*
lbs/sq ft

RECTANGULAR TANKS - horizontal mounting
P/N
FS0165
FS0225
FS0335
WC2
FS0510-57
FS0535-48
FS1010
FM2600

Water
Area
$$$$
Gal
L
W
H
Gal/$
lbs
Sq Feet
$215
165
42
32
32
0.77
1375
9.3
$275
225
52
38
38
0.82
1875
13.7
$299
335
56
44
44
1.12
2792
17.1
$440
400
60
29
63
0.91
3333
12.1
$420
510
80
57
39
1.21
4250
31.7
$419
535
78
48
48
1.28
4458
26.0
$800
1010
130
48
48
1.26
8416
43.3
$2,000
2600
212
62
62
1.30
21666
91.3
* Loading does not include the weight of the tank. Check with the MFR.

To help prevent the water from acquiring a plastic taste, rinse out any new storage container
before filling. Some baking soda added to the rinse water will greatly help.
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Loading*
lbs/sq ft
147
137
163
276
134
171
194
237

Store water away from heat and all hazardous or toxic substances. Cool, dry, and dark locations
are always the best. Many of the tanks come in translucent or solid colored plastic. Translucent
containers allow you to see the water level but solid colored tanks block the light. A
compromise solution is to use a translucent tank but then wrap in black plastic, leaving a slit to
monitor the water level.
Swimming Pool
A swimming pool contains a LOT of water. If you have one, use it as part of your emergency
water storage plan. HOWEVER, you can not drink raw swimming pool water as there is too
much chlorine, typically ten times the maximum amount allowed in drinking water. Even if not
containing that much chlorine, there will be all sorts of other chemicals and compounds such as
pH balancers, cyanuric acid, algaecides, metal removers, and water clarifiers which are equally
harmful or worse. If that doesn’t convince you, remember, in effect you would be drinking
something that is not too much different than bath water. To be able to drink swimming pool
water it must first be purified. See the section Filtering Swimming Pool Water, below, for
specific details on how to do it.
Using Empty Food Containers for Storing Water
While it is recommended that you purchase new food-grade water storage containers, everybody
always wants to make use of some of the empty food or beverage containers that they already
have and/or are buying on a weekly basis. In this case, the thing to remember is that you do not
want infectious pathogens in or growing in the water so the containers must be thoroughly
cleaned and disinfected prior to filling with clean drinking water.
Before filling a previously used container with drinking water, thoroughly clean the container
with warm water containing hand dishwashing soap. Rinse completely so there is no residual
soap. Rinse water with a little baking soda is helpful. Then follow the guidelines below on
filling the container with water.
If you choose to use your own storage containers, the best ones to use are the crystal clear, 2
liter, hard plastic polyester (PET) containers most commonly used for soft drinks. The softer
“high density polyethylene” (HDPE) milk and juice jugs will inevitably have protein and sugars
in them which have seeped into the soft plastic over time. These compounds are very hard to
completely remove. Protein and sugar provide an excellent environment for bacterial growth
when water is stored in them.
If you do use any empty containers make sure they originally had food products in them. The
bottom of the container should be stamped with the triangular recycle symbol with a “2″ inside.
The commonly used HDPE and PET containers are FDA-approved for food. Other containers
should not be used because of possible chemical interactions between the water and the plastic.
What Is Food Grade Plastic?
The U.S. Food & Drug Administration (FDA) requires that plastics used in food packaging be of
greater purity than plastics used for non-food packaging. This is commonly referred to as food
grade plastic. Plastics used to package pharmaceuticals are held to an even higher standard than
food grade.
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Food grade plastic does not contain dyes or recycled plastic deemed harmful to humans.
However, this does not mean that food grade plastic cannot contain recycled plastic. The FDA
has detailed regulations concerning recycled plastics in food packaging.
Another aspect of food grade plastic is matching the appropriate type of plastic to the food in
question. Foods that are highly acidic or that contain alcohol or fats can leach plastic additives
from the packaging or container into the food. As a result, you should only use plastic containers
that are FDA approved for the particular type of food the plastic will come into contact with.
Finally, it should be noted that a plastic container can no longer be considered food grade if it
has been used to store non-food items like chemicals, paint, or detergent.
Types of Plastic
According to the American Plastics Council, the following six resins account for nearly all of the
plastics used in product packaging. Each carries a unique code stamped into the plastic container
as noted below:
PET or PETE (polyethylene terephthalate) is a clear, tough polymer with
exceptional gas and moisture barrier properties. PET's ability to contain carbon
dioxide (carbonation) makes it ideal for use in soft drink bottles.
HDPE (high density polyethylene) is used in milk, juice and water containers in
order to take advantage of its excellent protective barrier properties. Its chemical
resistance properties also make it well suited for items such as containers for
household chemicals and detergents. Most five gallon food buckets are made from
HDPE.
Vinyl (polyvinyl chloride, or PVC) provides excellent clarity, puncture resistance
and cling. As a film, vinyl can breathe just the right amount, making it ideal for
packaging fresh meats that require oxygen to ensure a bright red surface while
maintaining an acceptable shelf life. However, PVCs are carcinogenic and can
leach into the water so stay away from any containers made with PVCs.
LDPE (low density polyethylene) offers clarity and flexibility. It is used to make
bottles that require flexibility. To take advantage of its strength and toughness in
film form, it is used to produce grocery bags and garbage bags, shrink and stretch
film, and coating for milk cartons.
PP (polypropylene) has high tensile strength, making it ideal for use in caps and lids
that have to hold tightly on to threaded openings. Because of its high melting point,
polypropylene can be hot-filled with products designed to cool in bottles, including
ketchup and syrup. It is also used for products that need to be incubated, such as
yogurt. Many food storage containers from companies such as Tupperware and
Rubbermaid are made from PP.
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Another important type of plastic is polycarbonate, a clear shatter-resistant material used for
years in restaurant food storage containers and more recently in the Rubbermaid Stain Shield line
of home food storage containers.
Appropriate Plastic Containers
Any food grade HDPE, PP, or polycarbonate container is appropriate for storing water.
As a general rule:
•

Food storage containers that originally came with food in contact with the plastic container are food grade containers. These are usually food grade HDPE, PP, or polycarbonate.

•

The interior of ice chests are usually made of food grade HDPE.

•

Any white, opaque plastic bucket that contains food for human consumption is generally
made of food grade HDPE. These are the ones found in commercial food preparation
activities.

Here is an example of a rectangular, 4-gallon white HDPE bucket that
originally contained barbecue sauce. While the round ones are more
popular, many restaurants and bakeries will give these buckets away
free for the asking. Think pickles, barbecue sauce, soy sauce, chocolate
syrup, strawberry puree, cake mix, shortening, et cetera. All these
things come in food grade plastic buckets Remove any lingering odors
and stains using the procedures immediately following.
As a last bit of advice, when reusing containers to store water, if in doubt, don’t use it!
Removing Odors and Stains from HDPE Buckets
Since HDPE buckets are somewhat porous, they can hold odors and stains from strong foods like
pickles or barbecue sauce. If you can get some free 4 or 5 gallon food grade buckets try this
cleaning routine:
•

Clean out as much “gunk” like oil or shortening as possible using paper towels.

•

Wash the bucket inside and out with warm, soapy water, then rinse.

•

Pour ½ cup of bleach into the bucket and fill with warm water all the way to the top. Stir
to mix, then put on the lid, or cover with aluminum foil.

•

Let the bucket sit in the sun for several days, then empty and rinse out.

•

Pour 1 cup of baking soda into the bucket and fill with warm water all the way to the top.
Stir to dissolve, then put on the lid, or cover with aluminum foil.

•

Let the bucket sit in the sun for several days, then empty and rinse out.

•

Rinse again inside and out with warm water with 1 teaspoon of bleach added then let dry
with the lid or cap off.

If the container has a lid or cap, be sure to clean and disinfect it too. Take particular care in
cleaning out the gasket.
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If you can get a larger 55 gallon drum or tank previously used for food you can read Cleaning
and Disinfecting Water Storage Tanks and Tankers by the WHO and adapt as required. Be very
careful of using any container that even POSSIBLY ever stored any nasty chemicals, especially
if the tank is not stainless steel. This could be a problem when you are getting the containers
second hand from some non-food company source.
Inappropriate Plastic Containers
Any plastic container that is not made of food grade material should not be used. Examples
include:
•

Garbage cans or pails

•

Mop buckets

•

Laundry detergent or kitty litter buckets

•

Dry pet food buckets

•

Household storage containers or totes

•

Any container lined with a plastic garbage bag

•

Kiddie pools and hot tubs.

•

Any food grade container that has been used to store non-food items like chemicals,
paint, or detergent.

Cardboard containers, with a food grade liner are easily damaged and are not designed for longterm storage of liquids. Glass containers are OK if you are very careful not to break them. With
the exception of plain Clorox and other pure bleach products, NEVER use any bottle or container
that did not originally come with a food or beverage in it!
Filling Water Storage Containers
When filling any container, follow these steps:
•

Write the date of filling on the container.

•

Do not take the cap or cover off the clean storage container opening until you are
immediately ready to fill it.

•

Fill with know clean and pure water. If the filling water is from your faucet and has been
commercially treated by a water utility you do not need to add anything else to the water.
If the water you are using comes from a well or questionable water source, treat with
chemical disinfectants as detailed in the Purification section, below.

•

Immediately after filing, tightly close the container using the original cap. Be careful not
to contaminate the sanitized cap by touching the inside of it with your finger.

•

Store in a cool, dark place.

Finally, remember you are bottling water that you will be drinking for long term storage. Follow
the guidelines and try to do it in as clean as environment as you can.
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Taste & Smell
Depending on your purity of your water and the cleanliness of your containers, containers, water
stored for any length of time may eventually develop a disagreeable appearance, taste, and/or
odor.
The odors are often caused by the relatively harmless filamentous bacteria, Actinomycetes and
algae, especially the blue-green algae (cyanobacteria) and flagellates. (NOTE: red colored water
or growth is generally very bad!) They and the chemicals they produce, which are actually
causing the odor, can be removed by passing the water through an activated carbon filter. Their
presence, however, indicates that you did not have enough disinfectant in the water. That being
the case, it would be prudent to retreat and filter before using any water with a notable odor or
bad taste.
Most minor objectionable odors, tastes, and appearances can be removed by filtering the stored
water through an activated charcoal filter. While a solid block filter is preferable, for removing
taste and odor, a granular activated charcoal (GAC) filter will do for this purpose. An easy to
use and low cost one is a water filter pitcher unit, made by Brita or Pur that is found in many
stores. There are many different models – make sure it specifically says that it has an activated
charcoal filter. If the marketing hype says that it reduces chlorine by 95% or more you can
reasonably assume it has an activated carbon filter. Also, you can often tell looking at the
replacement cartridges (Which you should also buy.) as the black carbon is usually visible
somewhere. Details for making an even better, more efficient, and lower costing GAC filter are
provided in the Making Your Own Large Capacity Activated Carbon Filter section towards the
end of this report.
Water that tastes flat can be corrected by adding oxygen to the water through aeration. Pour the
water from one clean container to another three or four times. Some people find that adding a
very small pinch of regular table salt (sodium chloride) or vitamin C to each quart will also
improve the taste.
Shelf Life
The shelf life of water depends on the original purity of the water, the cleanliness of the storage
container, the amount of residual disinfectant in the water, the temperature at which it is stored,
and how much light it is exposed to. If everything is perfect the water will store indefinitely,
however in the real world that is usually not the case. To increase the shelf life of water stored in
translucent containers cover the containers with black plastic trash bags to keep out the light.
Many water experts recommend that you should replace stored tap water every six months. If
you are storing water longer than 6 months, every six months you should measure the residual
chlorine (the most commonly used disinfectant) and add more if necessary. It is always better to
be safe than sorry and post filtering right before use (See GAC Pitcher section) with an activated
charcoal filter will remove most of the chlorine.
Prepackaged bottled water should be rotated once a year. Check the pull date on the container,
although allowing a 50% longer shelf time is probably OK. If unknown, be sure it didn’t sit on
the store’s shelf for a year before you purchased it. Self Serve Bottled Water can be stored for a
year when the water treatment process includes ozonation.
If at all possible, rotate your stored water with the water you use on a regular basis. This practice
helps insure you don’t have water stored longer than one year.
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EXTERNAL WATER SOURCES
After all the additional household sources of clean drinking water have been exhausted and you
will need to get water from an external source. While many people have wells, the most
common source for emergency drinking water is surface water which includes springs, rivers,
streams, lakes, ponds, rainwater runoff, and snow and ice. You should determine which are best,
or most viable, for you now, before you need it. The following may be of some assistance.
Well Water
A well is an independent source of water. However, if you don’t already have a well, getting one
is notably expensive. You can, however, relatively cost effectively drill your own well if you
don’t have to drill too deep. Go to Hydra Drill for more information.
Most well owners have already had their water tested. If not you should do it. Many people on
wells feel secure having a “natural” water source that is untouched by surface pollution.
However many wells have natural, heavy metal pollution from the ground. Additionally, the
bacteria Helicobacter pylori is often found in well water and it has been indicated in a whole
series of gastrointestinal trouble, from ulcers to inflammation of the stomach, and even cancer.
Additionally, tests have found Cryptosporidium and/or Giardia contamination in about 5% of all
wells.
It has now been shown by researchers that live H. pylori often lives in the biofilm that is on the
inside of our water pipes. Continuous chlorination from a municipal water provider usually
prevents it but houses on wells are more prone to the problem. While it is fairly easy to kill H.
pylori on the surface layer, it is harder to kill in the deeper biofilm. These deeper layers don't get
the chlorine treatment and when the water is moved through the pipes clumps in the biofilm
containing viable H. pylori break off and get washed into the drinking water. The Center for
Biofilm Engineering has everything you really never wanted to know about biofilm in your
pipes. The simple POU (point of use) filters described in detail in the Filter section will take
care of any potential problems.
In any case, if you have a well and haven’t done so, get your well water and pipes tested for
organic and biological contaminants. Also, unless you have a source of backup power, figure out
what you are going to do with no power and water pressure, especially if you are currently
relying on a Reverse Osmosis filter and UV sterilizer.
Regardless, the purifying and filtering solutions presented in this paper also apply to well water.
Comparison of Other Water Sources
(from a CAWST report)
Other than a well, the three commonly-used water sources are: ground water (aquifers), surface
water (rivers, streams, ponds, lakes) and rainwater. Water source selection can be based on the
following criteria, however, often there is only one source for a family to access so that is the one
they have to use.
• Water

Quality - How good is it?
• Affordability - What does it cost?
• Adequacy - Is there enough?
• Reliability - How long will it last?
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• Convenience

- How far away?

The following table details the pros and cons of various types of water sources. While not absolute, use it as a guideline for comparative purposes.
Method

Quality

Quantity

Accessibility

Reliability

Cost

Groundwater

Good quality for
deep aquifers;
poor to fair for
shallow aquifers

Good with
little variation

Depends on the
best location of
the well; pumping
required unless
artesian well

Good;
maintenance on
pump required
regularly; must
not overpump
the aquifer

Moderate if
you need to
pump

Springs
&
Seeps

Good quality;
disinfection
recommended
after installation
of spring
protection

Good with
little variation
for artesian
flow springs;
variable with
seasonal
fluctuations
for gravity
flow springs

Storage necessary
for community
water supply;
gravity flow
delivery for easy
community
access

Good for
artesian flow
and gravity
overflow; fair
for gravity
depression; little
maintenance
needed after
installation

Fairly low
cost; with
piped system
costs will rise

Ponds
&
Lakes

Fair to good in
large ponds and
lakes; poor to
fair in smaller
water bodies;
treatment
generally
necessary

Good
available
quantity;
decrease
during dry
season

Very accessible
using intakes;
pumping
required for
delivery system;
storage required

Fair to good;
need for a good
program of
operation and
maintenance for
pumping and
treatment
systems

Moderate to
high because
of need to
pump
and treat
water

Streams
&
Rivers

Good for
mountain
streams; poor
for streams in
lowland regions;
treatment
necessary

Moderate;
seasonal
variation
likely; some
rivers and
streams will
dry up in dry
season

Generally good;
need for intake
for both gravity
flow and piped
delivery

Maintenance
required for both
types of systems;
much higher for
piped system;
riverside well is a
good reliable
source

Moderate to
high
depending on
method;
treatment and
pumping
expensive

Rainwater

Fair to poor;
disinfection
necessary

Moderate and
variable;
supplies
unavailable
during dry
season;
storage
necessary

Good; cisterns
located in yards
of users; fair for
grund
catchments

Must be rain;
some
maintenance
required

Lowmoderate for
roof
catchments;
high for
ground
catchments

The University of Loughborough provides a more elaborate evaluation to determine which water
source is the most appropriate and which purification method is best.
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Springs
If you are lucky enough to have one, a spring can be a source of very pure water. If you have a
spring, the most important thing to do is to protect the water from being contaminated after it
emerges from the ground. Clean the area around the spring, and then prevent ground water
runoff, dust, and animal droppings from getting into the water. Sometimes this can be
accomplished by simply driving a feed pipe into the outlet of the spring and then using
underwater cement to seal the area around the pipe. The spring water can now be piped to a
storage container. If the spring is “oozing” from the ground you might have to make a collection
trench, similar to a French tile drain, or collection basin. In these cases the source should be
completely covered to prevent contamination from outside sources. If you are going to drink
spring water you should first have it tested as surveys have found Giardia and/or Crypto in 26%
of springs in the US. When necessary, or in doubt, filter or treat with the methods described in
the PURIFICATION section.
Rivers, Lakes, and Ponds
Despite what may be inferred in some of the Coors commercials, no water from a river, even
cold fast flowing streams in the Rocky Mountains, can be assumed to be safe for drinking.
Some of the more common water borne diseases found in ground waters are giardia,
cryptosporidium, e-coli, typhoid, dysentery, and hepatitis. If you get any of these things along
with Bird Flu you will surely die. If you get the North American Guinea Worm from drinking
tainted water you will want to die. You should only drink untreated surface water in an absolute
survival situation to offset life threatening dehydration.
Additionally, surface waters are usually polluted with all sorts of chemicals, pesticides, and
herbicides such as MTBE, alachlor, 2,4-dinitrophenol, and glyphosate as well as popular weed
killers such as Roundup and Slam. Some of those crystal clear mountain streams are also
polluted with heavy metals, most notably arsenic, from up-stream gold mining operations of the
past.
Surface water can be safely used for drinking if you know how to properly treat it and have the
equipment and materials to do so. Proper water purification techniques are effective in removing
or killing all pathogens and many to most harmful contaminants can be filtered out. This is
actually not much different than what your local water municipality is doing to provide you the
water that is coming out your tap.
Rainwater
Most people live in an area where it rains. There are the obvious collection methods that include
buckets, kiddie-pools, and tarps but since usually there is not that much rain what you want is a
larger surface to collect the rain. Your house provides a large surface area. Additionally the roof
is elevated facilitating gathering up the water. The amount of water that falls on your roof can be
quite considerable. On a modest 24 x 48 foot house, when just a quarter inch of rain falls that is
24 cubic feet of water running off the roof which is 180 gallons. Twelve inches of rain is 8,640
gallons. This is a precious resource that can fairly easily be captured and stored. For
information and ideas on how to do it correctly, see Portland’s Rain Water Harvesting Rules &
Regulations, Mother Earth’s Harvest the Rain, and The Texas Manual of Rainwater Harvesting,
a comprehensive 88 page report.. As noted in the references of these documents, you do not
want to be (directly) drinking rainwater collected off your roof. Remember, birds land on roofs
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and, besides the obvious, birds carry Bird Flu. You can however, use the same disinfecting and
purifying techniques detailed in this paper for other sources of water to make clean, pure
drinking water from rain water collected off your roof.
When purifying rainwater for drinking water it is always better to have cleaner water to start
with. A roof washer or first-flush diverter spout on the down spout is key to making that happen.
A good roof washer will automatically divert the first 0.02 or so inches of rainfall per 24 hour
period per square feet of roof area away from the rainwater harvesting storage tanks or cisterns.
This effectively washes most of the crude off your roof so the subsequent water is much cleaner.
While the collected rain water will not be free from all contaminates, it will be a lot cleaner and
thus easier to purify.
Snow or Ice
While some of the same precautions needed for rainwater apply, there is an additional precaution
with snow and ice that must be observed: it is cold. Never eat snow or ice directly for rehydration purposes. It will not relieve your thirst and you will continue to dehydrate. Always
melt snow or ice and then drink the water, preferably after it warms up some. If you don’t have
water you may not have power or heat either and if you eat any significant quantities of cold
snow or ice, or drink ice cold water it will lower your body temperature. If you are already
dehydrated and then get hypothermia you will probably die.
When you collect your snow, put the container in direct sunlight to melt the snow. Using dark
containers or wrapping the container in a black plastic trash bag will make the process go faster.
Or bring the snow or ice inside your house and melt it. Unfortunately, a big bucket of snow
yields surprisingly little water as the amount is dependent on the water content of snow. The
water content, by volume, of the snow only ranges from 5% for light, powdery snow, to maybe
25% for heavy, packed down snow.
If absolutely necessary to prevent serious dehydration, you can put the snow inside a small or
medium size capped container and put the container inside your clothing (but not touching your
skin) and your body heat will gradually melt the snow. Doing this you will find all about
calories and why it is so easy to gain weight but so hard to loose it. Melting snow this way is
just the opposite – the melting will consume many calories that will need to be replaced in a
survival situation.
If you are concerned about the cleanliness of the snow, you can treat or filter the resulting water
with the methods described in this paper.

WATER QUALITY
You can take sewage and turn it into pure, clean drinking water. It is only a matter of the degree
of purification. For the sake of this paper we assume the alternative water source water quality is
not sewage, although many of the principals apply.
Many of the principals in this paper are also directly applicable to cleaning up the water coming
out of your tap. Why is this important? It is because of what you don’t necessarily, see, taste or
smell that might be in your water. Consider:

22

•

In Milwaukee a water treatment plant failure that went undetected for two weeks caused
400,000 people to be infected with cryptosporidium. Thousands were hospitalized and
hundreds died.

•

It has been reported that there are some 35,000 registered pesticides containing more than
600 chemical compounds. The EPA only requires your municipal water systems to test
for six. Many of the things not being tested for are known to cause birth defects, nerve
damage, sterility and are carcinogenic.

•

The World Health Organization estimates 75% to 80% of cancer illnesses may be caused
by the water we drink and the environment we live in.

•

More than 700 organic chemicals have been identified in drinking water, and some of
them are suspected cancer causing agents.

•

The General Accounting Office has reported that 20% of the nation's 65,000 community
systems are unable to meet minimum standards set by the Safe Drinking Water Act.

•

A recent government study found that more than 25% of all large U.S. public water
systems contain traces of one or more toxic substances. Public water systems do not test
for all the carcinogens and other dangerous chemicals that are known to be in the water.

•

Much of the in-ground water, wells and springs, are polluted from some 400,000
landfills, ponds, pits and lagoons in the U.S. containing some of the most dangerous
substances known.

•

Gene Rosov, President of Water Test Corporation, a national water testing firm, says
20% of all water samples tested contain some kind of bacterial contamination and as
much as 30% contain measurable lead.

•

The water coming out of your tap is down stream from whatever is happening up stream.
See Water supplies in a pandemic

As bad as all that is, this paper will not focus on all these water quality issues but is instead
focused on how you can make relatively safe emergency drinking water from raw water sources.
The principals, however, can be used to clean up your tap water and protect you from such
things.
To gain an understanding on how difficult it is to clean up water see the Municipal Treatment
Systems section towards the end of this report and then keep in mind that the levels or treatment
implemented are only for the EPA mandated pollutants. The good news in all this is that
mediation steps you can personally implement for one known pollutant also take care of many
other pollutants.
When we talk about water quality there are many methods for purifying water but, regardless of
the method, there are always three main goals: improving the organoleptic characteristics
(turbidity, taste, color, odor), improving the chemical qualities, and removing or eliminating
harmful pathogens.
The organoleptic characteristics are usually a result of the chemicals in the water and for the
purpose of this paper are considered secondary. However for a non-emergency application of
purifying water they are often the main reason the water is being purified. Nobody wants to
drink “yucky” water.
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A brief description of the primary components of the three main categories that affect water
quality are as follows. For additional information see the Clean Water Act or the GE Osmonics
Pure Water Handbook. To glean some insight on why it may not be prudent to completely trust
the water coming out of your tap you also might want to review the River Network's online
course Understanding the Clean Water Act, the PIRG’s comments on the Clean Water Act, the
NSF Contaminant Guide and the EPA’s Water Borne Diseases List. If you want to find out what
is actually in the drinking water in most of the major US cities, go to What's on Tap? Grading
Drinking Water in U.S. Cities. For detailed information on all the various contaminants in water,
along with some interactive self diagnosis, go to Water Quality Association – Interactive
Problem Solver.
Organoleptic Characteristics
Turbidity (Clarity) consists of suspended particles in the water causing a cloudy appearance
from light being scattered or absorbed. The particles can be organic or inorganic. While larger
particles can settle out, the vast majority of the particles causing the turbidity are smaller and will
not rapidly settle so are generally treated with chemicals to reduce turbidity.
Taste of the water is generally coming from various chemicals in the water. The sense of taste is
moderately sensitive. Most people can easily detect concentrations of a few hundred ppm and
many people can detect concentrations below 1 ppm. This is often the reason why some water
tastes OK to some and bad to others.
Color is primarily determined by organic content and some metallic ions. Generally, the color
of water is not a health concern but is an aesthetic concern. “True color” refers to the color of
the water with the turbidity removed. Turbidity contributes to the “apparent” color.
Odor – The human nose is the most sensitive of the senses. Many people can detect odors in
very low concentrations, down to a few parts per billion. Smell is useful to provide an early
warning of contaminated water before needing to taste it, although many harmful contaminations
won’t smell.
Chemical Quality
The chemical quality of water depends on the chemical substances it contains. These substances
include elements, chlorides, sulfates, and other ions. The chemical quality of water involves its
hardness, alkalinity, acidity, and corrosiveness. Common chemical substances that have shown
to have an adverse health effect have established maximum limits. Some of the more common
or serious chemical elements found in water, along with some of their consequences, are as
follows:
Arsenic can be present in natural water sources in a wide range of concentrations. It can
come from either natural or industrial sources. Ingestion of low concentrations of arsenic can
cause nausea, vomiting, abdominal pain, or nerve damage. In high enough doses it can kill.
It is often found in “crystal clear” mountain streams because of naturally occurring
contamination or residual contamination from abandoned upstream mining operations. It is
very toxic in minute quantities.
Chlorides of various salts exists in most natural waters. Sodium chloride is the most
prevalent and is the main anion (negatively charged particle) found in seawater. Chloride
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comes from natural deposits, domestic and industrial waste, and agricultural runoff. In high
concentrations sodium chloride it will cause thirstiness, water retention, and kidney
poisoning. Even in low concentrations, chloride can produce an objectionable taste in water.
Cyanide can be present in natural water. It can come from industrial sources, such as metal
processing, coke production, mining, or photograph development. Chlorination of water
containing hydrogen cyanide results in the formation of cyanogen chloride, a very toxic
chemical agent. Ingestion of low concentrations of cyanide can cause headaches, nausea, or
nerve tremors. In high doses, cyanide can result in convulsions, paralysis, respiratory arrest,
or death.
Lead is present in most surface waters and water systems that have older pipes. It comes
from many industrial applications and the previous use of leaded gasoline. Long term
exposure to even minute amounts impairs mental development in children.
Lindane is a widely used agricultural insecticide. It enters water sources from aerial
spraying, runoff, or direct application for mosquito control. Wells may be contaminated with
lindane when the chemical is spilled around the well during mixing operations or from
prolonged exposure to repeated applications in surrounding areas. When ingested in small
doses lindane can cause dizziness, headaches, nausea, vomiting, or tremors. At higher doses,
severe seizures, respiratory failure, cardiovascular collapse, or death may occur.
Man-Made Pollutants like Lindane are probably the most dangerous category of chemicals
that could be polluting your raw water source. This includes herbicides, pesticides, PCVs,
and a myriad of other toxic chemicals released into the ground, water, and air. These are the
same chemicals that municipal water suppliers have strict EPA mandated thresholds for
removing. See the Clean Water Act or the Pure Water Handbook for a rather long list of the
junk that may be in your raw water.
Magnesium is the eighth most abundant element on earth. It is a principal element
contributing to water hardness. While a little is required for good health and it is hard to get
too much that will cause any lasting damage, when ingested in moderate doses magnesium
acts as a laxative.
Potential hydrogen (pH) is a measure of the acidic or alkaline nature of water. It is
technically defined as the amount of hydrogen ion in concentration. The measurement is on
a logarithmic scale that ranges from 0 to 14. A pH of 7 is neutral (i.e. neither acidic or basic)
with equal numbers of hydroxyl (OH-) and hydrogen (H+) ions. A pH less than 7 is acidic
and a pH greater than 7 is basic. Since the pH is expressed in a logarithmic scale, a pH of 6.0
is 10 times more acidic than a pH of 5.0 and a pH of 5.0 is 100 times more acidic than a pH
of 7.0. The resultant pH of the water has an effect on many aspects of water quality and
purification including the corrosiveness, coagulation, chlorination, and the time required to
kill pathogens.
Sulfates occur naturally in many water sources as the result of dissolution of sulfur-bearing
minerals. Significant concentrations also result from industry sources, such as coal mine
drainage, pulp paper mills, tanneries, textile mills, and domestic waste water. While
generally not too harmful, when too much is ingested, sulfates have a laxative effect. They
also can produce a bad taste in water.
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Radiological Elements may appear in water supplies as a result of naturally occurring contamination, especially in the Rocky Mountains. Radioactive elements may also enter water
from indiscriminate disposal of hospital or industrial nuclear waste.
Hardness is a characteristic of water, is chiefly due to the carbonates and sulfates of calcium,
iron, and magnesium. It is commonly computed from the amounts of calcium and magnesium in
the water and expressed as equivalent calcium carbonate.
Total dissolved solids (TDS)
TDS of water is the amount of mineral salts and small amounts of other inorganic and
organic substances. The proportion of each constituent is often the end result of weathering
of rocks found in the drainage basin along with any industrial contributions. Since TDS is
composed of chloride, magnesium, sulfate, and other ions, its ingestion in water has the same
effects. Too high of TDS concentration can induce diarrhea. TDS is commonly measured
with a conductivity meter which is correlative to the most common salt solution (sodium
chloride) and thus is only an overall approximation.
Microbiological Contamination
Microbiological contamination comes in two types, viable and non-viable. Viable organisms are
those that reproduce and proliferate. Non-viable organisms cannot reproduce or multiply. There
are three types of concern: virus, bacteria, and protozoa. Since this is the most dangerous aspect
of using most raw water, it will be discussed in detail the Waterborne Pathogens section a few
pages following.

PURIFYING WATER
There is a plethora of methods to purify water for municipal, industrial, and household use and
there are over 500 companies making many thousands of products that do just that. This paper
will not even attempt to cover them all but will highlight some of the more common methods and
specific solutions that an individual can use, especially when they are applicable to the primary
intent of this paper. For comprehensive information on water and how it is purified, see the GE
Osmonics Pure Water Handbook.
While some technologies will solve all three water quality requirements, to try to simplify a very
complex subject for the purpose of this paper, I have categorized the methodologies into two
main categories: disinfecting the water and filtering the water.
This is not to say that leaving a hazardous chemical in the water is desirable but in most cases the
user needing some emergency drinking water will have no way of knowing what chemical
contaminants are in the water. However, as noted in the various solutions, some of the methods
for disinfecting or filtering the water will also remove many and in some cases all harmful
chemicals. Should you suspect that an emergency utilization of a known raw water source, such
as a pond by your house, is chemically polluted you should concentrate on acquiring the
solutions that also remove chemicals.
When looking at many commercial products for personal and household use you will note many
claims and a ton of marketing BS. How do you decide? There are basically two organizations
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that provide independent certification for water purification devices, NSF International and the
Water Quality Association (WQA).
NSF International is a group that certifies various water treatment systems, distillers, and bottled
water. NSF certification means that the products perform as specified and that the
manufacturer’s advertisements are accurate and truthful. NSF certifies products on an ongoing
basis to make certain that product continues to perform as advertised.
The WQA has developed a Gold Seal given to systems that have met or exceeded industry
standards for contaminant reduction performance, structural integrity, and materials safety.
Similar to the “Good House Keeping Seal of Approval” the Gold Seal can help consumers
choose quality water treatment products.
You need to be aware that there are a number of different NSF standards and different levels of
compliance within the standards. An NSF certification by itself does not mean much and can be
very misleading unless you know exactly what a specific certification standard is all about. As
an example, a water filter certified to meet NSF Standard 42 Class II for taste, odor and chlorine
and Class II for particulate matter is not equivalent to a filter certified to meet NSF Standard 42
Class I for taste, odor and chlorine and Class I for particulate matter and Standard No. 53 for
Health Effects. The second filter will remove a far wider range of contaminants and will cost
considerably more, e.g. 5-10 times more, than the first one. In general, you get what you pay for.
In making the determination, know what the classifications are and use NSF and WQA approvals
as guidelines, keeping in mind that they are not necessarily “gospel.”
There are currently six NSF Drinking Water Standards relating to water filtration and treatment
devices, each one designed for a specific type of product:
STANDARD 42: Drinking Water Treatment Devices - Aesthetic Effects
STANDARD 44: Cation Exchange Water Softeners
STANDARD 53: Drinking Water Treatment Devices – Health Effects
STANDARD 55: Ultraviolet Microbiological Water Treatment Systems
STANDARD 58: Reverse Osmosis Drinking Water Treatment Systems
STANDARD 62: Drinking Water Distillation Systems
You will often see products advertised as "tested to NSF standards". The key questions are
“tested by who?” and “what were the actual results, especially when compared to the standard?”
If the product was tested by NSF and certified it will be listed on the NSF website, Drinking
Water Treatment Units. Certification is very expensive and not having certification doesn’t
necessarily mean that a particular product isn’t any good. Conversely, relatively poor
performing products can also be certified as long as they meet the minimal requirements of the
particular standard and the manufacturer’s claims.
If you want to find out what are some of the “normal” things that could be in your water, see the
NSF Contaminant Guide and the EPA’s Water Borne Diseases List. If you want to find out what
is actually in the drinking water in most of the major US cities, go to What's on Tap? Grading
Drinking Water in U.S. Cities
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EMERGENCY SANITIZATION OF WATER
When the water coming out of the tap is suspect or when you need to use an alternative source of
raw water it needs to be sanitized. While serious chemical contamination can kill you, harmful
pathogens are generally the most serious problem and thus disinfection is the pressing need.
All emergency and alternate source water used for drinking, cooking, preparing beverages and
brushing teeth should be sanitized. The sanitized water should only be stored in clean, covered
or sealed containers. If your raw, emergency water is really dirty you would want to let it settle
first and then carefully pour off the top ¾ or so that is cleaner. In any case, you will always want
to pre-filter all surface water to remove any sediment and other large material that will inter with
a disinfection process.
While there are a variety of low cost, commercial, “sedimentation” filter cartridges, the coarse
pre-filtering can be done by running the water through several layers of clean cheese cloth or
paper coffee filters (best!) into a clean container. In a pinch, a fine nylon stocking will also work
as will pre-washed cotton or synthetic fiber cloth. A cotton plug in a funnel also works very
well. Ideally, a multiple stage or layered filter is best, i.e. use the coarse material first followed
by the finer material. Stay away from non-food grade paper, i.e. paper towels, and unwashed
cloth unless that is all you have, as both will leach harmful chemicals into the water.
You then need to sanitize the water to kill most of the pathogens that could infect and even kill
you. A common misconception is that water must be 100% sterilized. In actual fact it almost
always takes more than just one “bug” to make you sick. In order to become infected, you need
to be contaminated with around 10 protozoa or virus and 10 to 1,000,000 bacteria, depending on
the species. Any less than that and a healthy body can destroy them before they multiply out of
control. Ho
Regardless, you want to sanitize the water to contain as few pathogens as reasonably possible.
This is done by one of 4 common methods: heating, ultraviolet light, chemical treatment, or
filtering.
You can drink yucky looking, smelling, and tasting water as long as it is disinfected and doesn’t
contain harmful ingredients but you do not want to be drinking crystal clear water if contains
harmful biological pathogens.
This paper will concentrate on disinfecting alternate sources of water and removing many if not
most harmful contents. While the organoleptic characteristic will be improved in some of the
disinfecting processes, sometimes incredibly so, the processes normally used for specifically
improving organoleptic characteristics will be discussed in the Typical Municipal Water
Treatment System section. The same thing goes for the chemical properties.
Water contains a variety of impurities that can generally be classified into five major groups:
•
•
•
•
•

Microorganisms.
Particulate matter.
Pyrogens, endotoxins, DNase and RNase.
Dissolved non-ionized solids and gases.
Dissolved ionized solids and gases.
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The first 2 groups of contaminants, including the pathogens, are all essentially "particulate
matter" in one form or another. While the larger ones can be easily filtered out, the smaller
microorganisms are hard to filter for large quantities of water and are generally killed by one
means or another. In most cases, killing the small ones also kills the large ones. There is,
however, one critical exception that all users of raw water must be aware of, cryptosporidium,
which is covered in detail a few pages down.
Since somebody else used to ensure that your drinking water was disinfected and contained no
waterborne pathogens and now you have to do it, we will spend some time on exactly what kind
of pathogens could be in your raw emergency water.
Waterborne Pathogens
Waterborne Pathogens fall into four categories:
Helminth
Helminths or parasitic worms, are not considered "microbes" in the strict sense since as the
adults are often large enough to be seen with the naked eye. They range from the barely
visible round worms (0.3 mm) to huge tapeworms that can grow as long as 25 meters. Eggs
and larvae, however, can be as small as 10 microns.
By no means complete, the most prevalent worms spread by the ingestion of water are
certain nematodes (roundworms), including Guinea worm (Dracunculus medinensis), blood
flukes (Schistosoma spp.), sheep liver flukes (Fasciola hepatica), stomach worm (Ascaris
lumbricoides), whip worm (Trichuris trichiura), hookworm (Ancylostoma duodenale and
Necator americanus) and threadworm (Strongyloides stercoralis). Schistosomes are a
growing problem around the world. Nematodes can also ingest bacteria and protect them
from disinfection. Go here to see the full list and here and here for more info. NOTE: you
might want to finish off your food or glass of water first before you start clicking on the links
otherwise you may not have a thirst or appetite after.
Common disinfection methods kill Helminths. Filtration to five micron removes all
helminths, including their eggs and larvae.
Protozoa
Protozoa are single-celled eukaryotes (organisms whose cells have nuclei) that show some
characteristics usually associated with animals, most notably mobility and heterotrophy that
vary in size from 2 to 100 microns. They live in many insects and animals and many form
cysts (protective shells) in their life cycles to survive adverse conditions or their host
organism.
Protozoa cysts are usually the largest number of pathogens in drinking water, and are
responsible for many of the waterborne disease cases in the US. Protozoa cysts range in size
from 2 to 15 microns but can squeeze through smaller openings, especially under higher
water pressures.
Protozoa include Giardia lamblia (Giardia) and Cryptosporidium Parvum (Crypto), two of
the most ubiquitous parasites in the world. Cyclospora cayetanensis, is an increasingly
common waterborne pathogen. Then there is Naegleria fowleri and Acanthamoeba spp,
Entamoeba histolytica, and Isospora belli.
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According to Chuck Hilber, professor emeritus at Colorado State University, and a
parasitologist who has spent a lifetime analyzing backcountry water "In one of our studies
we had over 10,000 samples from streams all across America, Alaska to Arizona, and we
didn't find one without giardia". Other tests have also found Giardia and/or Crypto in up to
5% of vertical wells and 26% of springs in the US.
While protozoa are fairly easily killed with various chemical disinfectants, protozoa egg
cysts, and most notably cryptosporidium, are VERY resistant to almost all chemical
disinfectants and must therefore be killed by other methods (e.g. UV or heat) or be removed
mechanically by filtration. While a 2 micron absolute filter will probably work against most
or even all cysts, in order to be absolutely sure, many experts recommend an absolute pore
size of 1 micron.
Giardi and cryptosporidium are a growing problem in US water supplies. As reported in
New York City’s Waterborne Disease Risk Assessment Program 2004 Annual Report, in
2004 there were 138 cases of cryptosporidiosis and 1,087 cases of giadiasis in 2004. Note
that while these were only the reported or known cases and that they are a very small number
compared to the number of residents, this was when everything was working “right.”
Bacteria
Bacteria can generally be defined as a class of microscopic, single-cell procaryotes that
reproduce by binary fission. Bacteria are the most prevalent organism on earth. A cubic
centimeter of soil contains more than a million organisms. Bacteria are smaller than
protozoa and are responsible for many diseases. Bacteria range in size from 0.2 to 0.6
microns.
The more notorious bacteria found in water include typhoid (Salmonella typhi), paratyphoid
(Salmonella paratyphi-A), bacillary dysentery (Shigella spp.), campylobacter enteritis
(Campylobacter jejuni) salmonellosis and enteric fever (Salmonella spp.), leptospirosis
(Leptospira), Campylobacter, cholera (Vibrio cholerae), Aeromonas hydrophila, and the very
nasty Escherichia Coli serotype O157:H7, a rare variety of the common E.coli bacteria..
Because bacteria are essential to the processing of nutrients, they are present in astounding
numbers in the digestive system of mammals. Once deposited in surface water, they can
survive for weeks, awaiting further ingestion by a carrier who can support their reproduction.
Waterborne bacteria can be easily killed with a variety of disinfection methods, as well as
heat and UV, but a 0.2 micron absolute filter is required to remove them.
Virus
Are the smallest agents of disease, and are considered by many to be the 2nd most
problematic pathogen, behind protozoa. Waterborne pathogenic viruses range in size from
0.004 - 0.030 microns (4 - 30 nanometers), and are too small to be filtered out by a
mechanical filter. By one calculation, a single gram of typical human feces contains about
one billion virus.
As with protozoa, most waterborne virus don't present a lethal hazard to a healthy adult,
however there are some that do. All waterborne enteric viruses affecting humans occur
solely in humans, thus animal waste doesn't present much of a viral threat as in the other
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three categories. Historically, few cases of waterborne disease have been attributed to
viruses but this probably had more to do with the limitations in diagnosis.
However, according to Timothy Ford of the Harvard School of Public Health, advances in
identifying viral agents has significantly increased the number of cases of enteric disease that
are determined to be of viral etiology. A number of authors now suggest that Norwalk virus
and Norwalk-like viruses are the major causes of both food and waterborne illnesses
worldwide, including 6.5 million annual cases of waterborne viral disease in the United
States alone.
Echovirus and poliovirus are also transmitted by drinking water as are Hepatitis A, C, E,
rotaviruses and enteroviruses which have also shown some resistance to normal levels of
chlorination. Since there is very limited treatment for any viral infection, waterborne viruses
are particularly dangerous, especially for people with compromised immune systems. In
developing countries, hepatitis A and E are extremely dangerous, with hepatitis E causing 1
to 2 percent mortality in the general population, and a horrific 20 to 30 percent mortality in
pregnant women.
Waterborne viruses are normally controlled through disinfection as they are very difficult to
filter except through using a Reverse Osmosis filter with membrane pores smaller than .
0.002 micron (2 nanometer).
The last 3 are dissolved non-ionized solids and gasses include natural organic remains, manmade organic chemicals. These will be prevalent in many surface waters, notably brackish
water, and are a bit harder to remove, regardless of quantity.
Dissolved ionized solids and gasses come from exposure to rock and minerals in the earth.
These are such things as sodium chloride, calcium carbonate (limestone), calcium magnesium
carbonate (dolomite), and other soluble chemicals that occur either naturally or as a result of
man-kind's contamination of the water supply. The main ionized gas is carbon dioxide. These
contaminants contribute to the hardness, conductivity, alkalinity and pH of the water. Many of
the dissolved ionized solids and gasses will not hurt you and some, like calcium and magnesium,
are actually beneficial. Others like arsenic are deadly. Regardless, some can be easily removed
and others are hard to remove.
Discussion of the four main disinfection processes follows. Some of the processes will have
subcategories as noted. Depending on the level of contamination in your water and how pure of
water you want, you will most likely be using two or more methods.
However before we do that let us revisit the major premise of this paper:

Everything you ever wanted to know or at least need to know about
water so that you won’t ever be without safe drinking water.
As a result, we will digress a bit and spend some time on one subject you need to know more
about so that you can fulfill the goal of this paper because it impacts many of the things you will
be doing. The subject is one of the protozoa mentioned earlier:
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Cryptosporidium
Cryptosporidium, “crypto” for short, is a very widespread, water borne protozoa. If you get
infected you get a disease called Cryptosporidiosis and you will get very sick but probably won’t
die. If you get Cryptosporidiosis and have or catch nearly any other series disease at the same
time, including “regular” influenza you will probably die. However, if you get Cryptosporidiosis
and Bird Flu, you will surely die.
In discussing Cryptosporidium, it is worth noting that there is a similar pathogen called Giardia,
which is just as widespread, if not more so, and which causes Giardiasis and is another disease
you do not want to be catching either. However, in the grand scheme of things, Giardia is not
quite as bad as Crypto and any mediation efforts done for Crypto will automatically take care of
Giardia..
Cryptosporidium is already in the raw water of most municipal water supplies as nearly all
surface water sources are polluted with Crypto and it is getting worse every year. Crypto has a
life cycle where its eggs, called cysts, have a nearly impenetrable hard outer shell. In this stage it
is VERY HARD to kill. As a result your municipal water source has added or increased the
methods used to try to kill it and usually added additional and very extensive filtering to prevent
it from getting through and coming out your tap.
Occasionally, however, something goes wrong and, as a result of Cryptosporidium, bad things
can happen to a lot of people. In the Milwaukee incident, 400,000 people were infected,
thousands hospitalized, and hundreds died. Many of those who were infected never completely
recovered and have lasting side affects. Smaller Crypto infections are occurring with increasing
frequency every year, including notable outbreaks in Georgia, Missouri, Nevada, and Oregon.
For more information on the massive Milwaukee disaster, see 10 years ago, crypto gripped the
city
The reason you are even reading this paper is because you expect to be in a situation where the
water coming out of your tap is suspect or there is no water coming out of your tap. In both
cases the water that you will be using is most likely polluted. If that water is surface water there
is a very high probability that it is already infected with Cryptosporidium. However, as the
Milwaukee incident revealed, it does not take an outside factor to occur for you to get infected
with Cryptosporidium.
How hard are Cryptosporidium cysts to kill? As noted in Disinfection and oocyst survival “Few
commercial disinfectants are effective against the oocysts, nor is chlorination at normal drinking
water treatment levels” and one study noted that “long-term exposure to 70-100% bleach is
necessary to completely eliminate infectivity” and “3% chlorine as Na hypochlorite for up to 18
h does not affect viability.” Another report noted that “crypto cysts suspended in 5.25% aqueous
Na hypochlorite (full-strength Clorox bleach) for up to 2 hours still initiated infection.” The
Waterloo Centre for Groundwater Research refers to cryptosporidium as the “the
environmentally stable lifeform.”
For more information on Cryptosporidium, see: A Review of Cryptosporidiosis,
Cryptosporidium: an emerging pathogen and Cryptosporidium - A Review of the Organism, the
Disease, and Implications for Managing Water Resources
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What will disinfect water of Cryptosporidium? According to the Army:
Chlorine:

Ineffective, even at high CT values. (CT= Concentration X Time in
mg minutes per liter)

Chlorine Dioxide:

Effective at high CT values. If possible, use longer contact times
instead of higher dosages to achieve adequate CT values. Colder
water temperatures require higher CT values. Use a two-fold increase
in CT for every 10° C decrease.

Iodine:

Not Effective

UV:

Effective at reasonable doses.

The bottom line for our emergency water scenarios is that there is nothing you can add to
polluted water to be 100% sure of killing Cryptosporidium, despite what others may be saying.
The only viable additive chemical additive solution for our purposes that might POSSIBLY kill
Cryptosporidium is Chlorine Dioxide, covered in the Chemical section, below.
However, all is not lost. Crypto can be killed with a modest amount of heat and is relatively easy
to filter out of water. The heating methods are discussed immediately below and for filtering all
you need is a mechanical filter with an absolute pore size of 2 microns, ideally 1 micron. This is
covered in the Filter section.
METHODS of DISINFECTING WATER
There are a number of methodologies that can be used to disinfect water. Some of the more
common ones are detailed below. As previously noted, some of these methods only disinfect the
water and do nothing to improve the organoleptic characterists or remove other harmful
chemicals while some do both. Filtering is covered in a separate section.
HEATING
There are three related methodologies of heating that are used to sterilize water: Boiling,
Distilling, and Pasteurizing. Each uses heat in a slightly different way to kill pathogens and the
end results are somewhat different. Heating is extremely effective in disinfecting water and will
achieve a 100% kill rate. Heating easily kills Cryptosporidium and Giardia cysts which are hard
if not impossible to kill by most other disinfecting methods. Pasteurizing is nothing more than
using lower heat for a longer time. The time - temperature relationship for disinfection is noted
in the Pasteurization section and a practical application for its use is covered in the section Solar
Disinfection of Water.
Boiling
Any heat source, such as an electric or gas range, camp stove or wood fire can be used to boil
water. Even microwave ovens can heat water to boiling. The method is fairly straightforward:
place the water in a clean container and bring it to at least a simmering boil for 30 seconds. If
you are more than 5,000 feet above sea level, you might want to increase the boiling for 15
seconds for every additional 1,000 feet. The reason for this is that water boils at 212F at sea
level but at a lower temperature with increasing altitude and/or lower barometric pressure. At
5,000 feet water boils at about 202F.
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It is worth noting that there is a temperature-time relationship required to kill pathogens. As an
example 99.999% of cryptosporidium is killed in 10 seconds at 70C or higher of a water
temperature but at 140F (60C) it requires 10 minutes. As a note, for years milk was pasteurized
at 164F (73.3C) for 5 seconds but that has been recently changed to 161F (72C) for 15 seconds.
While Crypto is not one of the more prevalent pathogens in milk, it is often in raw milk and is
the hardest one that pasteurization has to kill.
At boiling the temperature is high meaning the time can be relatively low but as the temperature
decreases with altitude most “experts” recommend that the time must be extended some as noted
above. In any case, just the time required to reach boiling, combined with the increasing
temperature, will kill all pathogens. Letting the water boil for only 30 seconds will absolutely
ensure it.
The oft repeated recommendation to disinfect water by boiling for “5-10” minutes at a full boil
and increase the boiling “1 minute for every 1000 feet” must have been originally written by
some one who must have never read anything on pasteurization, as both are major overkills, or
by somebody who doesn’t understand that the water temperature is the same on a low boil as it is
on a full boil. More importantly, it needlessly wastes heating resources which may be very
limited and precious in an emergency situation.
In any case, the boiled water should be kept covered while cooling to keep from being recontaminated from things floating around in the air. In general, the boiling container should not
be covered during boiling so that the Volatile Organic Compounds (VOCs) can be vaporized and
any that are vaporized won’t condense on the cover and drip back into the water. If the water
and/or energy is precious, covering the container during boiling will speed up the process a bit
and reduce evaporation. For more information on boiling see Drinking Water for Emergency
Use and the recommendations of the EPA but be sure to read the CT information on heat
pasteurization, in the Pasteurization section a few pages down, as well.
Boiling will kill all pathogens but does not remove non-volatile pollutants. Excessive boiling
will actually concentrate inorganic pollutants such as nitrates and heavy metals.
From a practical level, if the water is cloudy, it should be filtered before boiling. This can be as
simple as running the raw water through such things as coffee filters (the best!), cheesecloth, or a
cotton plug in a funnel.
The advantages of Boiling Water include:
•

All pathogens in the water will be killed.

•

Boiling will also drive out some of the Volatile Organic Compounds (VOCs) that might
also be in the water.

The disadvantages of Boiling Water include:
•

Boiling should not be used when toxic metals, chemicals (lead, mercury, asbestos,
pesticides, solvents, etc.), or nitrates have excessively contaminated the water. NOTE:
you generally don’t know what is in raw water.

•

Boiling will concentrate the harmful contaminants that do not vaporize as some of the
raw water will boil off.

•

Energy, a lot of energy, is needed to boil the water
34

Boiled water will definitely taste flat and the boiling will not remove most of the objectionable
tastes being caused by other compounds in the water. The flat taste can be improved by poring
the water back and forth a few times from one clean container to another clean container, adding
a pinch of salt or about 50 mg of Vitamin C per quart. Then there is always Kool-Aid or Tang.
And Fizzies are back!
Distilling
A variation on boiling is distilling. This is the oldest
technology for producing pure water, up to and including
laboratory grade, ultra-purified water with some of the
more elaborate (and very expensive) distillers. While there
are low temperature distillers (See Solar Distiller in
following section) traditional distilling involves heating
water to its vapor point and then condensing and collecting
the water vapor. In theory, only "pure" water would be
vaporized but in actual practice in the simple distillers,
some of the contaminants that have a boiling point less than
or near that of water are also vaporized and come over with
the pure water.
Volatile organic compounds (VOCs) are a good example of
a contaminant that will evaporate and condense with the water vapor. A vapor trap, carbon filter,
or other device must be used along with the distiller to ensure a more complete removal. Salts,
sediment, metals - anything that won't boil or evaporate remain in the distiller and will
eventually need to be removed.
The main differences between boiling and distilling:
•

boiling is faster for disinfecting the water but does not remove any of the minerals,
compounds, or contaminants in the water

•

distilling is slow and even more energy intensive but delivers very clean and pure water
with almost nothing in the water that shouldn’t be there.

The advantages of Distillation include:
•
•
•
•

Distillation kills and removes pathogens in the water.
It is one of the few practical ways to remove nitrates, chloride, and other salts that normal
filtration can not remove.
As long as the distiller is kept clean and properly working, the high quality of treated
water will be very consistent regardless of the incoming water.
No filter cartridges to replace, unless a carbon filter is used to remove volatile organic
compounds.

The disadvantages of Distillation include:
• Distillation takes a lot of time to purify the water. It typically takes two to five hours to
make a gallon of distilled water.
• Distillers uses electricity all the time the unit is operating.
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•
•
•

Distillers require periodic cleaning of the boiler, condensation compartment, and storage
tank.
Countertop Distillation is one of the more expensive home water treatment methods,
typically requiring $0.25 to $0.40 of electrical energy per gallon.
Most home distillation units require a lot of electricity, and will not function in an
emergency situation when electrical power is not available.

If you are thinking of getting one of the more expensive distillers, you might want to check with
NSF International to see if the distillation system you are interested in purchasing is certified.
Given the limitations, a distiller can take nearly any water and deliver nearly pure drinking
water. To be absolutely sure, you can even add some iodine or chlorine as the distilling process
will leave most if not all (depends on the distiller) of the disinfectant behind.
If you have utility provided electricity available, and don’t need too much
water and don’t mind manually filling it, consider a low cost Love Water
distiller which is about the size of a medium coffee pot.
The Love Water distiller will distill 1G of water in about 4 hours and will take
about 3.2KWhr of power to do it. At 10 cents per kilowatt hour, 1G of
distilled water is thus costing you about 32 cents.
The best price I know for the Love Water distiller is $99. Identical looking
units being sold under different names all over the internet, often at 2-3 times
the price, are the same unit, made in the same factory in Korea – despite what
anybody says. There are a couple upgrades to the Love Water distiller, such
as the stainless version and newer model 3 that makes water a bit faster and
has a glass instead of a polycarbonate catching container that you may be
interested in.

The operation is simple: take off the top, pour a bit more than a gallon of raw water into the
boiling container, put the top back on, align the catching container, plug it in and turn it on. The
distiller will start boiling the water sending the steam through a coil cooled by a fan where the
steam condenses and turns back into water and drips into the catching container. The unit
automatically shuts off when the boiling chamber is empty. (NOTE: given the power being
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consumed and the fact that it uses a single snap action thermostat to sense when the raw water
container is empty, I wouldn’t leave it running unintended when you are not around to “monitor”
it in case the thermostat fails.)
Since small distillers like this send some of the VOCs up with the steam the unit is equipped with
a small charcoal filter as well. However, they are not very substantial so transferring the water,
after it has cooled down, to a Brita or Pur water pitcher with a larger activated carbon filter
wouldn’t hurt.
I personally have a Love Water Distiller. While the municipality provided water in Colorado
where we live is actually very good, on a relative scale for municipality provided water, I was
still surprised at all the “gunk” in the bottom of the distiller tank. The Love Water Distiller is a
great buy at $99 and everybody should have one just in case something goes wrong with your
municipal system and the authorities are advising everybody to boil their water before drinking.
You’d be surprised how often that happens across the USA. My only negative with the Love
Water unit is that the fan is a bit noisy. Allegedly the newer Model 3 has a quieter fan.
If you need more water, and will have the AC power available, an automatic-fill distiller like the
American Water Distiller 9C will make 8G/day. It is about $535. 8G will, however, require
about 26.4KWhr which is a considerable amount of power, although not that much money at
utility provided power rates and still much cheaper than buying bottled water.
If you have no utility power but a lot of other alternate “flame” power available and don’t need
too much water you might consider one of non-electric emergency distillers. They look like a
double kettle. Put it on a heat source like a camp stove and it boils the water which then drips
out of a long spout. About $150.
For any of these distillers go to Wholesale Water Distillers. (740-544-5842) Ask for Dave. I
bought my Love Water unit from Wholesale Water Distillers in 1999 so the unit and they have
been around for a while – something that is relatively unusual in the distiller and water
purification industry.
As an aside, many health providers say you should not routinely drink distilled water as it will
“leach” minerals out of your body. Adding some dry Gatoraide powder may prevent that.
Homemade Still
Somewhere along the line, maybe back in
“Y2K” days, I picked this up but don’t have
the reference. (My apologies to the original
source) And yes, it will work for making
moonshine but I don’t have the recipe.
Equipment Needed:
1. Pressure Cooker (any size).
2. Copper Tubing (12 to 15 feet).
3. Cooling Bucket (2 to 5 gallons).
4. Clean Cook Pot or Clean Water Bucket.
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The copper tubing should have an inside diameter that matches the outside diameter of the
steam exhaust port on your pressure cooker. Change the fitting if necessary. Leave about fourfeet at both ends of the copper tubing relatively straight. Wrap the center of the copper tubing
into a coil around any cylindrical object that is a few inches smaller in diameter than the inside of
the cooling bucket. Remove the cylindrical object after you have successfully coiled the middle
of the copper tubing.

Instructions for Distilling Water:
1. Follow all the standard safety instructions for a pressure cooker.
2. Pour some water through a clean cloth to pre-filter the water and remove any large impurities.
3. Fill the pressure cooker up no more than about 3/4 full of pre-filtered water.
4. Put the pressure cooker on the stove top but do NOT turn on the heat yet.
5. Put a cooling bucket on a chair near the stove. Fill the cooling bucket with cool water.
6. Place an empty clean cook pot or clean water bucket on the floor.
7. Attach one end of the copper tubing to the steam exhaust port on top of the pressure
cooker. Place the center coil of the cooper tubing inside the cool water in the cooling
bucket. Place the other end of the copper tubing in the clean cook pot on the floor.
8. Turn on the heat to the pressure cooker. The water inside the pressure cooker will gradually turn into steam and travel up through the steam exhaust port into the copper tubing.
The steam will enter the cooling coil and cool down and become water again. It will then
flow into the cook pot on the floor.
9. You may reduce the heat to the pressure cooker after water starts flowing into the cook
pot on the floor. However, it does need to remain at a decent boil. Do NOT touch the
pressure cooker or the copper tubing as they will be HOT.
Solar Still
A solar still is basically a lower temperature distiller that is using the sun as the heat source. If it
is not real cold outside, you can extract the water from the ground, out of green plants, or grossly
polluted water by building a solar still.
Solar stills are easy to make and cost almost nothing. The requirements are simple: you need an
area that receives full sunshine for at least 8 hours per day, a 4’ X 4’piece of clear or opaque
plastic, ideally 4 mil poly, room to dig a pit about 3 feet in diameter and 18–24 inches deep,
some moist soil, green organic material, or a source of questionable water, and a small water
container.
Dig the hole so that your plastic will overlap the sides of the hole by about 6 inches. Put the
water receptacle in the approximate center of the pit, preferably a 1-2 quart stainless pot, but
anything from an open beer can (drink before using) to a bottle will work. You can add green
vegetation, arranged around the collection container, or wet the inside of the pit with raw water.
Cover the entire pit with the clear or opaque plastic sheet. The sheet must completely cover the
hole. Pile at least 3 inches of soil on top edges of the sheet to make the pit air tight. Be careful
not to allow stones or sticks to poke holes in your plastic as any holes or tears will greatly reduce
the efficiency. (Add some duct tape to your emergency supplies for such contingencies.)
Carefully place a small, smooth, rounded stone on top of he plastic sheet EXACTLY over the
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water receptacle. The stone should be big enough to depress the sheet from all directions enough
to make an inverted cone over the container but not so big as to push the sheet into the container.
When finished, a side view of your solar still will look like this:
pile dirt around perimeter
on plastic lap to seal hole
clear or translucent plastic
small stone
satio
nden
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wat

~18 inches
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container
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Heat from the sun will cause moisture in the soil and vegetation to evaporate, condense on the
plastic sheet, run down to the center and drip into the container beneath. A Solar Still will
produce 1 – 4 pints of distilled water per day depending on the moisture in the soil, vegetation,
outdoor temperature, and strength of the sun. Adding a reflector or two around the pit to direct
more sunshine onto the still will speed up the process and allow use at lower outside
temperatures.
This is a good science project for the kids. A variation on the theme is to use a large, steel, wash
tub. Paint it black for more heat absorption.
ULTRAVIOLET LIGHT
Ultraviolet (UV) light is part of the light spectrum, which is classified into three wavelength
ranges: A, B, and C. Light at the proper wavelength, duration, and concentration and can
sterilize most any microorganism in water and reduce the amount of organic carbon compounds
that are present, by breaking them down into their less harmful constituents.
Blacklight and tanning booths use light in the 315-400nm wavelength which is known as UVA.
UVA is not too harmful to humans, except as the wavelength gets towards the shorter end of the
band and the exposure gets too long which will result in a sunburn. Light in the band from 280315nm is called UVB and is what gives you sunburn, skin cancer, and cataracts. It is mildly
germicidal which is part of the reason why sunlight disinfects things. Light in 200-280nm band
is called UVC and is highly germicidal as it is very damaging to the DNA of all living
organisms, including humans. Very little of the shorter wavelength UVC makes it through the
earth’s atmosphere as it is absorbed by the ozone layer.
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Many commercial and higher end home water filtering systems use UVC light as a disinfecting
source because it is generally cheaper to kill really small pathogens than filter them out.
Sterlight, Pura, and UltraViolet are common brands used in water filters. Omnipure is a low cost
UV purifier. There are also undersink combination systems and countertop UV purifiers. UVC
light is now being added to air conditioning ducts in commercial buildings to control the growth
of pathogens, such as the virus that causes Legionnaires Disease, that thrive in dark, cool,
environments. UVC is also used in commercial and home air filters to disinfect the air. UVC
light will kill pathogens but will not remove any pollutants.
In a UV water purifier, water passes through a clear chamber where it is exposed to UVC
radiation. How well the UV system works depends on the energy dose that the organism
absorbs. That in turn depends on the turbidity of the water, the intensity of the light, and the
exposure time. If the energy dose is not high enough, the organism’s genetic material may only
be damaged rather than disrupted. Some pathogens, like cryptosporidium and giardia cysts, are
very tolerant to UVC and are harder to kill.
In actual practice, UVC light will generally not inactivate all pathogens because there is a
minimum energy killing requirement for specific micro-organisms. Note the following table
from the paper "Monitoring and Treatment of Recycled Water for Nursery and Floriculture
Production" by Martin Meballs et al that lists the killing dosage required for some very UV
resistant pathogens:
UV-C LIGHT killing dosage in uW seconds per square centimeter
Phytophthora cinnamomi zoospores

21,000

Phytophthera cinnamomi chlamydeespores

60,000

Pythium ultimum

80,000

Fusarium oxysporum

300,000

Alternaria zinniae

850,000

Treatment of drinking water (typical)

17,000

Besides the obvious energy difference required for killing various pathogens, in water
sterilization applications, the turbidity of the water and flow rate has a great impact on the
effectiveness of UVC disinfection. Both of these variables are hard and/or expensive to monitor
on a minute by minute basis and if either one is incorrect live pathogens can make it through the
UV disinfection system. Thus when dealing with a potential H5N1 or cryptosporidium
contamination, it would not be prudent to rely solely on UV light.
A more recent “last resort” and portable application for UV light for emergency water
purification are battery powered UV sources for treating small quantities of water. Aquastar and
Steripen are trade names for two. These systems are designed for use with dirty water and the
exposure time is manually controlled on a batch by batch basis.
The advantages of using UV include:
•
•

Many pathogenic microorganisms are killed or rendered inactive.
Removes some organic contaminants
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•
•
•
•
•

Requires very little contact time (seconds versus many minutes for most chemical
disinfection)
No known toxic or significant nontoxic byproducts introduced
Improves the taste of water because some organic contaminants and nuisance
microorganisms are destroyed
Leaves no smell or taste in the treated water
Does not affect minerals in water

The disadvantages of using UV include:
•
•

•
•

•

Some pathogens, including cryptosporidium, are fairly resistant to UV light
UVC is not suitable for water with cloudy water or water with high levels of suspended
solids as these materials can block the UV radiation, reducing disinfection performance.
Turbidity makes it difficult for radiation to penetrate water and pathogens can be
'shadowed', protecting them from the light. NOTE: passing the turbid water through a 1
Micron Absolute (or finer) filter before it reaches the UV chamber will alleviate this
cloudy water / turbidity problem and remove all cryptosporidium.
UV light is not effective against any non-living contaminant such as lead, asbestos, many
organic chemicals, chlorine, etc.
Should the electricity fail when the water is flowing through a UV filter all the harmful
pathogens will be passed through. NOTE: some of the better (i.e. more expensive)
systems have a “Lamp Out Circuit” which provides an automatic water flow stoppage if
the lamp is not functioning for whatever reason. This protects against contamination of
the system by stopping passage of untreated water.
UV systems require electricity to operate. In an emergency situation when the power is
out, the purification will not work.

•

No effect on bio-film and it can actually grow on the lamp effectively reducing its output.

•

Radiation with a wavelength of 254 nm has the greatest bactericidal action, while
radiation at shorter wavelengths (185 nm) is most effective for the oxidation of organics.

•

The damage done to the pathogens with UV light can be reversed if the water is exposed
to visible light (specifically 330-500 nm) through a process known as photoreactivation.

•

UV treatment leaves no residual component in the water to insure its continued
disinfection.

•

UV systems tend to be placed into service and then forgotten, however the UV light
elements have a definite life span, usually about 1 year.

UV is typically used as a disinfection stage on some filtration systems. If you are concerned
about completely removing contaminants, most notably Giardia, and Crypto, you need to use
additional filtering methods. However, if you want to use UV, make sure it at least complies
with the 1966 HEW standard of 16 mW.s/cm2 with a maximum water depth of 7.5 cm.
For more info on UV light sterilization see UV Disinfection, UV Disinfection basics, and UV
Dosage Table.
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PASTEURIZATION
Pasteurizing water disinfects it by raising the water temperature above a minimum level that
pathogens can survive. This is a temperature and time and function: the lower the temperature
the longer the time it takes to kill the pathogen and vice versa. This is similar to the timetemperature relationship for people getting scalded or burned by hot water.
The chart below indicates the temperatures at which the most common waterborne pathogens are
rapidly killed, thus resulting in at least 90 percent of the microbes becoming inactivated in one
minute at the given temperature. As the time or temperature increases so does the kill rate. Thus,
five minutes at these temperatures would cause at least a 99.999 percent (5 log) reduction in
viable microbes capable of causing disease.
Microbe
Worms, Protozoa cysts (Giardia,
Cryptosporidium, Entamoeba)
Bacteria (V. cholerae, Escherichia coli,
Shigella, Salmonella typhi), Rotavirus
Hepatitis A virus

Killed Rapidly At
55°C (131°F)
60°C (140°F)
65°C (149°F)

Very little time in boiling water is required for to kill all pathogens. Conversely, many food
products, such as milk, use a lower temperature and longer time. In actual fact, it doesn’t take
too much time & temperature to kill all pathogens. Since many of the pathogens that will be
present in raw water sources are also present in milk, we can learn much from the study of milk
pasteurization. Complete details on the subject are found in the report Pasteurisation of Dairy
Products: Times, Temperatures and Evidence for Control of Pathogens form the New Zealand
Food Safety Authority.
An example of the time-temperature relationship for pasteurizing fluid milk, which has many of
the same pathogens found in raw water, is as follows:
Temperature-Time Pasteurization Requirements for Fluid Milk
Temperature

Time

150°F (66°C)

30 minutes

161°F (72°C)

15 seconds

191°F (89°C)

1 second

212°F (100°C)

0.01 second

Thus contaminated water can be pasteurized at temperatures well below boiling as long as the
time is increased. The Solar Disinfection of Water process, described following, uses much
lower temperatures and longer times. The time – temperature requirement for killing various
pathogens is different but there is a minimum “safe” time-temperature disinfection that will kill
all pathogens as follows:
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Go here for a report that contains a larger chart of the relationship. It is on page 41. Also see
The science of safe water. For specific information on low temperature pasteurization for
Cryptosporidium see Effects of environmental conditions on Cryptosporidium oocyst viability: a
pilot study
Solar Solutions developed a relatively low cost ($20), self contained, 1G AquaPak with built-in
temperature indicator for pasteurizing water. On a sunny day, the AquaPak will pasteurize about
4G of water a day. The article A Summary of Water Pasteurization Techniques contains further
information on low cost ways to apply solar pasteurization of water.
It is to be noted that pasteurizing does not remove any chemical contaminants in the water. It is
further noted that the same time/temperature relationship holds when cooking food, however, the
”when done” is usually just indicated by the temperature of the food because of the relatively
long cooking times.
SOLAR DISINFECTION of WATER
A combination that uses heat pasteurization and UV treatment to disinfect raw water is the Solar
Disinfection method developed for third world countries. Basically, a longer exposure to a lower
heat and exposure time to UVB/C light from the sun will disinfect water allowing it to be safely
consumed. It is a very simple, low cost, and “last resort” method to create some drinkable water.
Here is how it is done:
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I should add that you really need to pre-filter the water before using it in the solar disinfection
process. Besides the obvious, the turbidity blocks the UVB/C light.
To increase the water temperature and UV radiation exposure, you may also paint a bottle as
follows:

With the clear side of the bottle facing the sun, as shown above, the half-blackened bottle will
increase the heat gain. How much is a good science project goal.
The Solar Disinfection method relies on heat and UV radiation. While either alone in high
amounts will kill pathogens, collectively in lower amounts they are very efficient in killing
pathogens. However, for this to be accomplished the sun must be strong enough to heat the
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water to a minimum of 50C (122F), and preferably 60C (140F), for at least an hour. Thus the
process will not work in very cloudy and overcast areas. Also during the winter in the northern
latitudes putting the bottles on a roof may not work and the corrugated sheet that the bottles rest
on may need to be tilted to face the sun and periodically adjusted to track the sun. Adding
reflectors around the bottle to concentrate the sun will make the process more efficient.
If sufficient dissolved oxygen is available, sunlight will cause the temporary formation of reactive forms of oxygen such as hydrogen peroxide and oxygen free radicals. This form of water
treatment is called solar photooxidative disinfection or sol-air water treatment. Sol-Air water
treatment has been shown to dramatically reduce the level of fecal coliform bacteria. There is
some evidence that other bacteria and viruses may be affected also, however this interacts with is
time-temperature relationship. Sol-Air treatment requires bright sunlight, and has been shown to
be effective when ever the sun causes a distinct shadow to be cast. Exposure to 4.5 hours of
bright sunlight has been shown to cause a thousand fold reduction in fecal coliform in lab tests
In order for Sol-Air to be effective, oxygen must be present. Experiments have shown that
shaking a bottle filled 1/4 with air will restore oxygen levels to near saturation. As the treatment
continues some of the oxygen will come out of solution, while other oxygen will be consumed
by the killed pathogens, so the shaking should be repeated every hour to increase the oxygen
content of the water. Test data shows that maximum disinfection activity occurs when the water
temperature is above 50deg C (122deg F).
Each day a new batch should be treated due to the lack of a residual disinfection. While they can
be saved for a day or two, after consumption of the water the bottle should be air dried to prevent
algae growth with continual use.
The recommended container for the outdoor solar disinfection process is the 2L polyethelene
terephtalate (PET) container. These are the ones almost all soda pop is in. If all you have is a
clear glass bottle it will work too. You can not use polyvinyly chloride (PVC) bottles as they
leech cancer causing PVCs into the water and they do not transmit enough UV light. As a
caution, clear PVC bottles look somewhat like PET bottles. You can tell the difference by
looking carefully at the bottles. A PVC bottle will have a slight bluish tint, even more noticeable
when looking at the edge of a piece cut out of the bottle. When you burn that piece, PVC will be
pungent while PET will have a sweet smell. Also, PET burns more readily than PVC.
CAUTION: Burning PVC produces dioxin, the highly toxic cancer-causing compound in Agent
Orange. Do not smell more than a whiff!
The frosty looking HDPE bottles (1 gallon milk containers) will not work in this application as
they breakdown when exposed to UV and they do not transmit enough UV to kill the pathogens
in the water.
To avoid any confusion, add a few liters of your favorite soda pop to your water saving plans and
make sure you keep the bottles around when empty. I don’t know what the shelf life of CocaCola is but I would guess it is quite long.
For technical details on the Solar Disinfection process go here or download the complete manual
(5.3MB). A Summary of Water Pasteurization Techniques has more ideas on how to do it. Sun
and water: an overview of solar water treatment devices has more info and a good number of
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additional links. The Solar Disinfection process would make a good science project for your
kids.
One potential solution to not having enough sun light to heat the water directly is to use a solar
oven, something you should probably have as a reserve cooking source any way, to just heat
water. As a word of caution however, the glass in an enclosed commercially provided solar oven
may be designed to filter out the UVA so you may need to heat the water to a higher temperature
or the same temperature for a longer time as noted in the Pasteurization section. Assume the
worst and act accordingly.
Go here for lots of information on various solar ovens that you can make yourself, some of
which are very easy and cost effective to make. More science project stuff.
As noted, the SOLAR DISINFECTION of WATER method only kills pathogens in the water, it
does not remove any contaminants, some of which can be very harmful. If chemical
contamination is an expected problem, revisit the section on Solar Stills.
CHEMICALLY TREAT
Water treatment chemicals are used to kill pathogens, disinfecting the water, but also to rid the
water of various particulates and other chemicals. Overall, it is the simplest and least expensive
way to turn surface water into usable drinking water. In this section we will only discuss
chemicals used to disinfect the water. In most cases, nothing is done for any pesticides, salts,
VOCs, and heavy metals that may also be in the water. Chemicals used to treat water to get
particulates and other chemicals out of the water are discussed the section INSTRUCTIONS FOR
MAKING A MINI-WATER TREATMENT SYSTEM towards the end of this report with many of
the methods being directly applicable when you are chemically treating water.
Chemicals are added to water kill the pathogens in the water. Chlorine is the most common.
The practice of drinking water chlorination is one of the most significant public health advances
of the 20th century. Our quality of life depends on the knowledge that when we turn on the tap,
the water will be clean and safe. For that reason, over 98% of water treatment facilities in the
United States disinfect with chlorine and chlorine-based chemicals and compounds. How
important has this been? Consider:

46

For a comprehensive report, albeit from the Chlorine Chemistry Council, see Drinking Water
Chlorination White Paper - A Review of Disinfection Practices and Issues
The two most common and inexpensive ways to chemically treat water for emergency use is to
use chlorine or iodine. The following sections will detail the use of both.
Using chemicals to disinfect the water will kill most pathogens but does not remove pollutants.
Whether “most” becomes “all” or not depends on the type of pathogen, the type and
concentration of the chemical, the exposure time, and the water temperature and pH. Some
pathogens in the egg or cyst stage are very hard to kill. As previously noted in the Milwaukee
incident, very bad things can happen to a lot of people. You do not want to make that mistake.
As a rule of thumb, time is on your side so the longer you can leave the chemicals in the water
the more effective they will be in killing any pathogens
In order for chemicals to kill the pathogens they must come in contact with the pathogens. If the
water contains dirt and organic compounds the pathogen can “hide” inside and not be exposed to
the chemical. This is why pre-filtering and various coagulation techniques are used before the
water is treated. Also, the effectiveness of chemicals is often dependent on the pH of the water.
As an example, chlorine is most effective in water with a pH between 6.8 – 7.2.
Iodine
Iodine's use as a water purification method emerged after WW2, when the US military was looking for a replacement for Halazone tablets. Iodine was found to be in many ways superior to
chlorine for use in treating small batches of water as iodine is less sensitive to the pH and organic
content of water, and is effective in lower doses. While there is still some questions about long
term routine consumption of too much iodine, there seems to be little concern to long-term exposure to low levels of iodine as long as the consumer does not have a hyperthyroidism condition.
Nevertheless experts are reluctant to recommend iodine for long term use. The average American iodine intake is estimated at 0.24 to 0.74 mg/day, higher than the RDA of 0.4 mg/day. Due to
a recent National Academy of Science recommendation that iodine consumption be reduced to
the RDA, the EPA discourages the use of iodized salt in areas where iodine is used to treat drinking water.
Traditionally, when iodine is used for water purification a dose of 5-8 PPM is generally recommended to treat clear water and the effectiveness of this dose with only 10 minutes of contact
time has been shown in numerous studies. Cloudy water needs twice as much iodine or twice as
much contact time. In cold water (Below 41deg F or 5deg C) the dose or time must also be
doubled. In any case doubling the treatment time will allow the use of half as much iodine
However, the 5-8 PPM treatment level was based on the faulty assumption that iodine would kill
cysts. More recent studies have shown that iodine is not very effective in killing cysts and most
raw water sources now have both giardia and cryptosporidium cysts.
Since iodine won’t, for all practical purposes, kill cysts, the water must be filtered. When the
water is pre-filtered with a 1 micron absolute filter to remove cysts the iodine treatment can be
lowered to only 0.5 PPM.
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Common sources of iodine are:
•

Tincture of iodine - 2% elemental iodine in water/ethanol base – available at your local
pharmacy or drugstore. Use as noted below.

•

Polar Pure Water Disinfectant. A bottle treats 500 gallons. About $15. Use directly
according to directions.

•

Bulk USP grade Iodine Crystals It will have to be made into a tincture and diluted.

The iodine from your medicine cabinet or first aid kit will sanitize water. It will usually be
found at the strength of 2% United States Pharmacopoeia (U.S.P) and is known as “tincture of
iodine.” Using the common 2% concentration, the treatment directions are as follows:
Number of Drops* of Tincture of Iodine
Volume of Water

Clean Water

Cloudy Water

One quart
5
10
One gallon
20
40
*5 drops = 1/3 of 1/8 teaspoon
10 drops = 2/3 of 1/8 teaspoon
20 drops = 2/3 of 1/4 teaspoon
40 drops = 1/4 teaspoon plus 1/3 of 1/4 teaspoon
Adjust the amount proportionally for different concentrations. Let stand in a sealed container for
30 minutes, when the water temperature is above 30C/59F, before drinking. For colder water
increase the wait time 30 more minutes for EACH 5C/10C that the water is colder thus for water
that is at a temperature of 10C/50F the wait time should be 30 + 30 +30 = 90 minutes. Iodine
does not go bad and will store nearly indefinitely. You can find more details of treating water
with iodine here.
It is to be noted that a USP tincture of iodine usually contains 2% iodine and 2.4% sodium iodide
dissolved in 50% ethyl alcohol. For water purification use, the sodium iodide has no purification
effect, but contributes to the total iodine dose. Thus it is not a preferred source of iodine, but can
be used if other sources are not available. Another common iodine source, Lugol's solution,
contains 5% iodine and 10% potassium iodide. Again, the potassium iodide has no purification
properties but contributes to twice as much iodine.
It is also worth noting that iodine treated water tastes worse than chlorine treated water, although
that might have something to do with the fact that nearly everybody has grown up tasting
chlorinated water. Usually elemental iodine can't be tasted below 1 PPM, and up to 2 PPM the
taste isn't too objectionable for most people. However, when the concentration gets to around
5PPM, the “standard” treatment level, the taste of Iodine treated water is very objectionable to
most people. The iodine taste can be removed by treating the water with vitamin C (ascorbic
acid), but it must be added after the water has stood for the correct treatment time.
Flavored beverages containing vitamin C will accomplish the same thing. Sodium thiosulfate
can also be used to combine with free iodine, and either of these chemicals will also help remove
the taste of chlorine as well. Note that removing the iodine taste does not reduce the dose of
iodine ingested by the body
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As previously noted, Iodine is not considered to be very effective against cysts, most notably
Cryptosporidium, and has limited effectiveness against Giardia (Chlorine is slightly better than
iodine against Giardia.) so if you can’t filter don’t skimp on the iodine or the treatment time.
Post filtering iodine treated water through a small pore (2 micron or less) absolute ceramic or
activated charcoal filter will ensure the removal of both should the iodine not kill them.
Should you want to test your water for Iodine, you can use simple Iodine Test Strips.
CAUTION: while there is such a thing as an iodine deficiency, and the presence of perchlorate
exasperates the problem, you can also get too much iodine so the CDC and other experts warn
that pregnant women and people with thyroid disease should not drink water with iodine in it for
more than 2 weeks. If you are in one of these two categories and using iodine in an emergency
situation to disinfect the water you probably want to stop using iodized salt and will want to use
the guidelines noted above to reduce the amount of iodine used in water purification treatment.
Finally, it is also worth mentioning that many people who have an allergy to shellfish also
believe that they are also allergic to iodine. Not so. Nobody is allergic to iodine.
Chlorine
Chlorine is the most commercially used water disinfectant. It is what is most commonly used in
the United States, starting in Jersey City in 1908. It is readily available and what is most often
recommended to be used as an emergency water disinfectant. Because of these factors, this and
following sections will provide comprehensive information on chlorine and its use for
emergency water disinfection.
Chlorine is readily available from regular household bleach, i.e. plain Clorox and equivalent
products, generally in 5.25% concentration of sodium hypochlorite (NaOCL) by weight. Some
discount brands only provide 3% (you get what you pay for) and the new “ultra Clorox” is 6%
(and you pay way more the extra 0.75%). Regardless of brand and concentration, it can be used
as the source for the chlorine. However, do not use any liquid bleach that is “scented” or that has
any thing in it besides sodium hypochlorite and water. It is listed on the label under ingredients.
Lemon Fresh Clorox does not contain lemon juice.
When getting some bleach to have around for emergency water disinfection, do not use granular
forms of sodium hypochlorite, unless you know what you are doing, because the stuff is very
dangerous in its concentrated powder form and must first be diluted. Also, many granular
household bleaches either are different chemicals or contain other chemicals so do not use them
and consider them poisonous. NOTE: if you want a dry source of chlorine use calcium
hypochlorite, as discussed later in this section.
When using common sodium hypochlorite liquid bleach, i.e. plain ole Clorox, to disinfect
questionable water, most emergency preparedness sources recommend using a fairly high
concentration of chlorine either because they assume a user doesn’t knows what the actual
chlorine content of the bleach is, doesn’t know the relationship between concentration and
exposure time, doesn’t know the relationship between exposure time and water temperature,
can’t count, or figure it is better to be safe than sorry. Or maybe they don’t know how many
drops are in a teaspoon and assume nobody else does either.
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Before we look at the treatment, this is a good place to note that most emergency preparedness
organizations and “experts” recommend using chlorine to also kill bacterial cysts, including
Cryptosporidium and Giardia, that may be in your water. As this paper has documented, that is
BAD advice and could potentially end up harming you. However, real solutions for eradicating
cysts are covered in various topics throughout this paper.
How much bleach to use? For the standard 5.25% concentration of liquid bleach, to treat a
gallon of “clean” water, the Red Cross says to use 15 drops, the South Dakota Dept. of
Environment and Natural Resources says 3, LSU and North Carolina U. say 16, the US Army
says 1-2, Ohio State University says 5, the EPA says, 8-10, and 8/40. The City of North Miami
says 16, and FEMA is all over the place. Tracing it back to the most popular source, Clorox says
to use “½ capful (1 teaspoon)” and doesn’t mention the number of drops, although it would be
far more than 16. Further complicating the issue is exactly how many drops are in a teaspoon?
This is important to know when treating larger quantities of water
As noted above, there are widely different Clorox treatment recommendations for the same
gallon of water. You will also see a number of different definitions for how many drops are in a
teaspoon. A quick search on Google yields everything from 15 to 120, with 80 and 84 seemingly
being the most popular.
However, according to the data on Wikipedia, the teaspoon is used as a unit of volume,
especially in cooking recipes and pharmaceutic prescriptions. The modern definition of 1
teaspoon is 5 mL, defined in U.S. federal law (21CFR101.9(b)(5)(viii)). The same definition is
used in many other countries (e.g., Australia, Canada, New Zealand, United Kingdom). Older
definitions of the unit teaspoon include:
1 U.S. customary teaspoon = 1/6 U.S. fl. oz (4.93 mL)
1 Imperial teaspoon = 1/8 Imperial fl. oz (3.55 mL)
And of course 3 teaspoons = 1 tablespoon, except in Australia where, for some reason, it is 4
teaspoons per tablespoon.
A possible solution to the mystery is again provided by Wikipedia. A drop is a unit of measure
of volume. It is a variable amount of fluid and depends on the device and technique used to
produce the drop and on the physical properties of the fluid. This is similar to units like the cup,
tablespoon, and teaspoon that depend on the spoon or cup and are not exact either.
•
•
•
•
•
•

the "metric" drop is defined as 1/20 mL (50 μL)
the medical drop is defined as 1/12 mL (83 1/3 μL)
the Imperial drop is defined as 1/36 of a fluidram which, of course, is 1/288 of an
Imperial fluid ounce, or 1/1440 of a gill. (approximately 99 μL)
an alternate, possibly apocryphal, definition of the drop is 1/1824 of a gill
(approximately 78 μL)
the U.S. drop is defined as 1/60 of a teaspoon or 1/360 of a U.S. fluid ounce
(approximately 82 μL)
an alternate definition of the U.S. drop is 1/76 of a teaspoon or 1/456 US fl oz
(approximately 65 μL)

According to the Webster dictionary, a "drop" indicates the smallest volume of a liquid that may
be measured and the size of drop will vary with the viscosity of the liquid. I have been told that
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a USP standard medicine dropper is designed to dispense 0.045 -0.055 ml per drop but I don’t
have a clue at what viscosity that is at or what the viscosity of Clorox is.
I trust that clears everything up. Maybe the US Govt should take some of $BILLIONS being
spent on Tamiflu and sponsor a university study on exactly how many drops of Clorox are in a
teaspoon and how many drops of Clorox should be used to treat a gallon of questionable water.
Until then, this paper will use 1 tsp = 60 drops of Clorox.
Regarding the recommended dosage, this paper will ignore Clorox, since they are selling the
stuff, and the EPA since they are double minded, and use the consensus of the sampling noted
above and recommend the following:
Chlorine Concentration

Number of Drops of Clorox to Disinfect
1 Gallon of Water
Clean Water

Cloudy Water

5.25% or 6.0%

16 (~1/4tsp)

32 (~1/2 tsp)

3.0%

32 (~1/2 tsp)

64 (~1tsp)

As it is difficult to estimate ¼ tsp, a better approach is to give up on drops and teaspoons, and
use a syringe calibrated in tsp and ml. Get one at your local pharmacy. They are often free. The
conversion is ¼ tsp = 1.2ml. Be sure to thoroughly rinse out the syringe with clean water after
using it for dispensing bleach as I do not know what long term exposure to bleach will do to the
syringe. While we are on it, better get a few syringes.
For different concentrations, in ppm and for larger quantities of water, go here. Note that 1mg/L
= 1ppm so you can read the desired ppms directly by the mg/L dosage. Note too that these are
the US Army’s numbers where they use a lower chlorine concentration, a little over 1ppm, and
where their teaspoon contains 74 drops. Adjust for your desired concentration accordingly. The
thing to remember is that 1 drop of new 5.25% chlorine bleach into a gallon of water is about
1.2ppm. To treat a 55G drum of reasonably clear raw water and have an initial 5 ppm
concentration use 4 teaspoons. Write those numbers on the bottle of 5.25% bleach, along with
the date you bought the bottle.
Part of the problem with all the recommendations is that the concentration of residual chlorine in
drinking water can range from a low of around 0.25 ppm to the upper limit of 4.0 ppm, set by the
Safe Water Act. This is a 16:1 range.
Regardless, liquid bleach “decays” with time and the amount of available chlorine decreases.
Therefore, increase the amount by 50% if your bottle of bleach is older than 6 months and 100%
if older than a year, you are using dirty surface water, or the water is cold. If you want to get
clever, do it proportionally. In any case, a little more chlorine won’t hurt you in the short term
(and can be easily removed) but not having enough could be disastrous.
If you have the ability to test for residual chlorine you can lower the amount of bleach you use
dramatically. In any case, the recommended dosage of ¼ teaspoon = 16 drops of 5.25%
concentration of chlorine per gallon of clear raw water is about 16ppm. This is actually 4 times
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the maximum standard according to the Safe Water Drinking Act which has 4 mg/l (or ppm as it
is equivalent) limit. (NOTE: also see the section Additional Information on Chlorine, below)
Note that the key is RESIDUAL FREE chlorine, not TOTAL chlorine added. The WHO
standard is a residual chlorine level of 0.2 to 0.5 mg/l after a 30 min. contact time.
The EPA’s justification for 4.0 mg/l chlorine in drinking water is that, under federal law, water
companies must ensure a minimum of 0.02 mg/l to customers living at the end of, sometimes,
very lengthy water mains. This means that customers living at the front end of the pipe will be
drinking water with higher levels of chlorine. Some water treatment facilities that use alternative
disinfectant processes to chlorination may be exempt from the 0.02 mg/l chlorine minimum.
As noted by the decline in residual chlorine along the “lengthy water mains,” the actual amount
of chlorine required is dependent on how much “stuff” is in the water that is reacting with the
chlorine. In effect, some-most-all of the chlorine gets used up killing pathogens and reacting
with other organic material. How much depends on how bad the water is. Since there is still
“stuff” in the ”purified” water being put into the water distribution pipes, the residual chlorine is
being used up as the water travels down the pipes. Thus much more chlorine on the “better to be
safe than sorry” principal. For information on testing for residual chlorine you have in your
water see the Residual Chlorine – dpd indicator test section a few pages down.
Adjust the amount proportionally for different chlorine concentrations. When in doubt, add a
few more drops. Mix thoroughly by stirring or shaking water. Let the water stand for 30
minutes, when the water temperature is above 21C/70F, before drinking. For colder water
increase the wait time 30 more minutes for EACH 5C/10C that the water is colder. The colder
the water the longer the time needed thus for water that is at a temperature of 10C/50F the wait
time should be 30 + 30 + 30 = 90 minutes. While the best thing to do is to actually test for
residual free chlorine, a slight chlorine odor should be detectable. If not then the dosage should
be repeated and the water allowed to stand for an additional 30 minutes. You can find more
details of treating water with chlorine here and in the References and Links section at the end of
this document. Go here for very technical information on sodium hypochlorite.
Should you want to be a bit more precise, or are simply interested, when chlorine is added to raw
water, the chlorine is used up killing pathogens and reacting with the various organic compounds
in the water. If you don’t add enough chlorine some contaminants will remain untreated. If you
add exactly the right amount there will be no untreated contaminants and no left over chlorine to
take care of any future contaminants. What you are shooting for is to have some residual free
chlorine, ideally something in the range of 0.3 to 0.8 mg per liter, (0.3 – 0.8 ppm) a typical
amount provided by municipal water systems at the entry to your house at the end of the
distribution system. (NOTE. 1 liter = 1.06 quart.)
It is again worth noting that the cysts of Cryptosporidium and Giardia lamblia are very
resistant to chlorination and, despite what others say, you probably have little hope of
killing them, especially Cryptosporidium, with chlorine. In any case, don’t skimp on either
the chlorine or wait time, especially if the raw water is from a lake or pond or is cold. For
disinfection purposes, a little more is always better than a little less. Post filtering chlorine
treated water through a small pore (a maximum of 2 microns absolute) ceramic or activated
charcoal filter will ensure the eradication of both pathogens as the smaller of the cysts are about
4 microns. An activated charcoal filter will also remove almost all of the chlorine so adding a bit
more to be on the safe side won’t make the end water taste like chlorine.
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Regardless of the chlorine content, post filtration through an activated carbon filter is always a
good idea. While it is better to have a proper filter, in an emergency situation use a low cost
water filter pitcher, such as the Brita or Pur found at Walgreens, and elsewhere, that contain an
activated charcoal filter. WARNING: see GAC pitcher and faucet mounted filters section!
As previously noted, liquid bleach loses strength over time, about half its potency per every six
months. This why most bleach bottles have a “sell before” date on them, although I don’t know
the time span between manufacturing and the “sell before” date. Given that the manufacturers
wouldn’t want anybody complaining that their bleached whites aren’t getting white enough I’d
guess 3-6 months maximum. In any case, if the bottle doesn’t have a “sell by” date, mark the
stored bleach container with the purchase date. Increase the number of drops based on how old
your liquid bleach is plus maybe three months. I.e., if it is six months old add 50% more and if
one year old double the number of drops.
At two years the amount of chlorine left is only 1/16 as much as a new bottle so the number of
drops will need to be 16 times as many. Since there are 768 teaspoons in a gallon, 1 new gallon
of regular Clorox will treat somewhere between 1500 – 3000 gallons of raw water. Old Clorox
will treat proportionally less depending on how old.
Buying smaller bottles and keeping them away from heat and oxygen (i.e. don’t open them) may
extend the shelf life. In any case, they are also a lot easier to use than a 1G bottle of Clorox.
You may be tempted to purchase a large quantity of bleach for this purpose, but did you know
that Chlorine gas can also bleed through most plastic bottles? That is the “Clorox smell” in the
grocery aisle. I have also noted that some of the off-brand offering’s bottles tend to be thinner
than those used by Clorox so it may be prudent to spend a little more and actually buy the Clorox
brand. Also, storing bleach in a warm place will speed up the gas leakage and the
decomposition. So over a long time your Chlorine concentration will diminish to a level you
have no way of knowing. If this were to happen you will have no idea how much to put in the
water, making chlorine disinfection and even more shaky situation. This is another reason to
have one of the chlorine measuring accruements noted a few paragraphs below.
Chlorine is more effective when the pH of the water is lower and is not effective in killing microorganisms when the water pH reaches 8 or more. (NOTE: Iodine can go to pH 10 before it is no
longer effective.) Chlorine is not as effective as the water temperature decreases. For adequate
levels of purification, both conditions will require a longer contact time or more chlorine. For
detailed information on the effectiveness of chlorine at various pH levels, water temperatures,
and contact times, see the Chlorine Bulletin from Ohio State University.
Some of the chlorine test kits will also test the pH of the water. If necessary, you can adjust the
pH up or down by adding, in a pinch, a little vinegar or lemon juice, or baking soda. Making
matters more complicated, it is to be noted that just adding chlorine to the water will raise the pH
so adding a lot more may not necessarily do any more good.
As the pH of the water increases from 5 to 9, becoming more basic, the form of the residual
chlorine changes from hypochlorous acid (HOC1) the most effective form to kill pathogens to
hypochlorite ion (OC1) which is less effective. The most effective disinfection occurs when the
pH is between 5.5 and 6.5, more acidic, but most water is closer to 7.0. A pH of 7.2 has 3 times
the destructive power of water with a pH of 8.0. At the same pH, a longer contact time also
results in increased disinfection.
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To adjust the pH:
Raise pH: ounces sodium bicarbonate = gals x ppm x .000224
Lower pH: ounces sodium bisulfate = gals x ppm x .00034
Lower pH: ounces 31% Muriatic = gals x ppm x .000256
Since you generally want to make the water more acidic to be more effective, a little lemon juice
will also help.
Store an eye dropper with your emergency supplies, to be used only for measuring drops of
Clorox. Better yet, get some syringes calibrated in milliliters.
FYI: sodium hypochlorite is what is still being added to most municipal water systems.
Residual Chlorine – dpd indicator test.
A simple and cost effective way to tell if you have any residual chlorine left is to do a dpd
(diethyl paraphenylene diamine) indicator test. In this test a sample of water is drawn and a
tablet or some liquid or powder dpd reagent is added to the water. The dpd will combine with
the free chlorine turning the tested water a shade of red. The shade is compared against a color
chart to indicate the concentration of residual chlorine. For more info, go here. There are also
test strips and low range Chlorine Strips and EPA approved test strips for drinking water that are
simply dipped into the water to be tested.

Both types of test kits, as well as test kits for measuring the pH level, are available from
swimming pool and spa suppliers. If you want to spend some money, you can get a very
accurate chlorine pocket probe for about $160. Combination kits, such as a Basic 4 DPD Test
Kit, will test Free Chlorine, pH, Acid Demand and Total Alkalinity. Some kits will even test for
other contaminants.
The test strips are simple and give a relatively accurate, for our purposes any way, indication of
the free chlorine. There are also some more accurate individually packaged ones for measuring
low levels of chlorine which also have a much longer shelf life. Regardless, the additive kits
generally give a much more accurate reading of free chlorine, with the test probe being the most
accurate From all indications, the test kits that use a regent in dry powder or tablet form have a
longer shelf life than kits that have dpd regent in liquid form. The chlorine pocket probe’s major
advantage, besides being very accurate and easy to read, is that it will last as long as the batteries
hold out which could be longer than the shelf life of the dpd testers.
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You can find more info from WHO at How to measure chlorine residual in water.
CAUTION: Do not put any test chemicals or indicator strips directly into your container of
drinking water, as they themselves contain chemicals you don't want to drink. Rather, following
the directions, get a small sample of the water you want to test in a testing container and then
discard this water after the test is finished.
Additional Information on Chlorine
When chlorine combines with various organic matter in the water it creates substances called
trihalomethanes (THMS) which are known carcinogenic chemicals. The amount and number of
new chemicals created is a veritable cornucopia of chemical reactions including:
Trihalomethanes:

Haloacetonitriles:

Haloketones:
Miscellaneous:
Haloacetic Acids:




















Chloroform
Dichlorobromomethane
Dibromochloromethane
Bromoform
Trichloroacetonitrile
Dichloroacetonitrile
Bromochloroacetonitrile
Dibromoacetonitrile
1,1,-Dicholoropropanone
1,1,1-Tricholoropropanone
Chloropicrin (trichloronitromethane)
Chloral hydrate (knock-out drops)
Cyanogen chloride
Monochloroacetic acid
Dichloroacetic acid
Trichloroacetic acid
Monobromoacetic acid
Dibromoacetic acid

This is why you want to pre-filter to reduce the amount of organic matter and post filter through
activated carbon to reduce the amount of all this stuff.
The EPA has mandated through an update to the Safe Water Act that municipal treatments plants
reduce the amounts of THMSs in drinking water. The only practical way to do this for large
volumes of water is to increase the coagulation methods, however these efforts are causing
degradation of the infrastructure. As a result, to comply with the mandate, many municipal
treatment facilities are switching from chlorine to chloramine. Unlike chlorine, chloramines do
not form so many THMs (and haloacetic acids (HAAs)), rapidly dissipate from standing water,
and does not dissipate by boiling. However, if you take some chloramine treated water out of
your faucet and put it into your aquarium it will kill your fish. Chloramines also react with
certain types of rubber hoses and gaskets, such as those on washing machines and hot water
heaters. Black or greasy particles may appear as these materials degrade. The EPA says you can
simply replace them. And the fish too I suppose.
There are some indications that chlorine may contribute to heart disease and other indications
that chlorinated water may increase the risk of bladder cancer. Whether the cause for
contributing to cancer is the chlorine itself or the THMSs is unknown. And there are some
suspicions that there may be a link between chlorine and the incidence of kidney stones. Having
gone through that experience a few times, trust me, you will immediately get rid of all chlorine
in your drinking water if there is but a snow ball’s chance in hell of that association being true.
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Regardless, there are no known positive benefits of drinking chlorine so it is probably prudent to
filter it out of your drinking water, including the water coming out of your kitchen faucet. This
will also protect you in case some time in the future the EPA goes “Oops” on chlorine. That
however, would not happen until some years after all the municipal water providers have quietly
switched to something “better.” In any case, filtering out chlorine will also protect you from
cryptosporidium and many other pathogens (excluding bacteria and virus) in case your municipal
water supplier has an “oops.” See the Filter section on how to correctly filter out chlorine and
cryptospridium.
It is worth noting that it took almost 40 years before it was discovered that THMSs were a
negative disinfection-by-product (DBP) of chlorine. Many water experts wonder if chloromine
will also prove to generate negative DBPs or if it may prove to be just as bad as chlorine, and
how long it will take to find out.
In line with the previous information on the killing effectiveness of bleach being affected by the
pH, it is worth noting that most people will also use a diluted Clorox solution to disinfect things.
As noted in Killing Power Of Bleach Increased By Vinegar:
“Diluted bleach at an alkaline pH is a relatively poor disinfectant, but acidified diluted bleach
will virtually kill anything in 10 to 20 minutes," says Miner. "In the event of an emergency
involving Bacillus anthracis spores contaminating such environmental surfaces as counter
tops, desk and table tops, and floors, for example, virtually every household has a sporicidal
sterilant available in the form of diluted, acidified bleach."
Miner recommends first diluting one cup of household bleach in one gallon of water and then
adding one cup of white vinegar.” NOTE: lemon juice will also lower the pH.
On a final note, everybody is so used to just using Clorox they neglect to read all the safety
information and warnings. Sodium hypochlorite (bleach) is a strong oxidizer, is corrosive, can
burn skin and cause permanent eye damage, particularly when used in concentrated forms.
Bleach should never be mixed with other household cleaners, especially not with ones containing
acid, since this will generate chlorine gas. It should also never be mixed with anything
containing ammonia, since chloramine gas can be produced from this combination. Urine
contains ammonia, so bleach should not be used to clean urine spills. Both chlorine and
chloramine gas are highly toxic. Chlorine also reacts rather violently with hydrogen peroxide.
Use the stuff carefully and with caution.
Calcium Hypochlorite
Should you want a lot of chlorine based product, or want some that will not go bad any where
near as fast, get dry, granular calcium hypochlorite [Ca(ClO)2]. You should be able to get it
from nearly any swimming pool or spa provider or a specialty chemical house. Swimming pool
chemical providers often sell it labeled as HTH (for "high-test hypochlorite") or “pool shock.”
Make sure you are getting pure calcium hypochlorite with nothing else added, i.e. no antifungals, clarifiers, etc.
Pure calcium hypochlorite provides a minimum of 65% available chlorine. Calcium
Hypochlorite is not hygroscopic (does not attract water), is practically clear in a water solution,
and is a stable chlorine carrier. It is rarely available in small quantities so transfer it into smaller
1 lb plastic containers with plastic lids that can be tightly sealed.
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BE SURE TO CAREFULLY READ AND FOLLOW ALL HANDLING DIRECTIONS
AND HEED ALL WARNINGS. It is always a good idea to be using calcium hypochlorite in
an EXTREMELY well ventilated area, (i.e.OUTSIDE!). If calcium hypochlorite becomes
contaminated by foreign substances it can cause combustion. Do not breathe the dust or get it in
your eyes. This stuff is not Play Dough. Also see: OSHA Hazard Information Bulletin
For granular calcium hypochlorite, 1oz = 50ml = 10.1 teaspoons
To treat clear raw water with 65-70% calcium hypochlorite there are a couple of ways to do it. If
you want to directly treat the water with calcium hypochlorite use the following:
1 Gallon: add one grain, about the size of the period at the end of this sentence.
55 Gallons: add 1/8 teaspoon for a ~5ppm solution.
400 Gallons: add 1 level teaspoon for a ~5ppm solution.
To make a 5% chlorine solution to be able to use the drop method for disinfecting water, add and
dissolve add ½ teaspoon of 65-70% calcium hypochlorite to ¾ cup of water. This will decay at
the same rate of purchased 5.25% bleach so don’t make more than you will use in a fairly short
time.
Here is a detailed conversion chart for using calcium hypochlorite at various concentrations and
water quantities.
Remember, you want a residual, after treating, concentration of about 0.5 ppm so get some pdp
test material.
Get a plastic ½ teaspoon and small 1 cup to 1 pint glass or plastic bottle pre-marked with a ¾
cup level and store with your calcium hypochlorite. NOTE: the bottle must not have a metal lid
if you will be storing the calcium hypochlorite solution for any period of time..
Advantages
•

Extended shelf life. Providing it is kept dry, cool and in an airtight container, it may be
stored for at least 5 years with minimal degradation. If you want to keep chlorine in
larger quantities or for a long time, this is the item to store.

•

Very concentrated: 1 pound of 65% calcium chloride will treat about 65,000 gallons of
water at an initial 5 ppm concentration.

•

Cheap.

Disadvantages
•

You usually have to buy a lot of it. Typically 5 pounds minimum.

•

In its concentrated form the stuff is dangerous so be sure to read all the safety warnings
and handling precautions and use with the utmost care.

•

It is highly oxidizing so do NOT store concentrated calcium hypochlorite in your house.
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Chlorine Dioxide
While Chlorine Dioxide has been around and used in water disinfection for some 50 years,
mostly in Europe, it has only recently seen renewed interest in municipal water treatment
applications in the USA. The main reason it hasn’t been used more is price: it costs 5-10 times
more than chlorine. The reason for the renewed interest is its efficacy.
Chlorine Dioxide is a disinfectant that directly reacts with the cell wall of microorganisms. The
reaction is not as dependent on time or concentration. Compared to chlorine, the Chlorine
Dioxide concentration needed to effectively kill microorganisms is much lower and
microorganisms cannot built up any resistance against Chlorine Dioxide. Also, Chlorine Dioxide
remains in its molecular form in the pH range typically found in natural waters and it is far more
effective in treating the water for cysts and controlling biofilms.
Since Chlorine Dioxide does not react with ammonia, nitrogen, amines or other oxidizable
organic matter, it generates fewer harmful byproducts. Chlorine Dioxide does not produce
THMs and produces only a small amount of total organic halide. The inorganic disinfection-byproducts chlorite and chlorate are produced, but these can be quite easily be removed with the
addition of a little ferrous sulfate. (NOTE: unlike chlorine, chlorite and chlorate can create
problems for dialysis patients).
For the purpose of our application, Chlorine Dioxide is about the only thing you can add to
water with the possibility that it will kill cryptosporidium. Some data on this issue is as
follows:
According to one study, 0.3 – 0.4 ppm of Chlorine Dioxide completely deactivates tough
Cryptosporidium oocysts in less than 20 minutes. Also, according to the Dept. of Microbiology
and Immunology at the U. Arizona, in a report entitled Effects of ozone, Chlorine Dioxide,
chlorine, and monochloramine on Crypto viability, ozone and Chlorine Dioxide more effectively
inactivated oocysts than chlorine and monochloramine did. Exposure to 1.3 ppm of Chlorine
Dioxide yielded 90% inactivation after 1 h, while 80 ppm of chlorine required approximately 90
min for 90% inactivation.
Cryptosporidium Inactivation with Chlorine Dioxide: “…is effective against viruses, fungi and
algae over wide temperature and pH ranges. The use of Chlorine Dioxide reduces contact time 3
- 10 times over chlorine and 40 - 60 times over chloramines while being effective over a wide pH
range. Chlorine Dioxide is applied to the front end of a drinking water plant, where it disinfects
the water and inactivates Cryptosporidium. The typical dosage is less than 2-ppm, because of
limits in finished water.”
Common disinfectants against Cryptosporidium species: Chlorine Dioxide 0.4 parts per million
for 15 min.
However, as a word of caution, Purified oocysts showed marked differences when using
Chlorine Dioxide suggests that some strains of Crypto may be resistant to Chlorine Dioxide.
This study suggest that if Chlorine Dioxide is all you are using to purify water it would probably
be prudent to increase the concentration and exposure time before drinking the water.
In water, Chlorine Dioxide is active as a biocide for at least 48 hours. For the pre- oxidation and
reduction of organic substances, between 0.5 and 2 mg/L of Chlorine Dioxide is required at a
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contact time between 15 and 30 minutes. For post-disinfection, concentrations between 0.2 and
0.4 mg/L are applied. The residual byproduct concentration of chlorite is very low and there are
currently no known risks for human health.
While using Chlorine Dioxide as a disinfectant, one has to keep in mind that Chlorine Dioxide
gas can escape from a watery solution containing Chlorine Dioxide. When disinfection takes
place in a sealed space, this can be dangerous because when concentrations in air reach 10% or
more, Chlorine Dioxide becomes explosive.
Like most any chlorine product, when the amount is too high it can cause skin irritations and
burns. It will also burn your eyes. Chlorine Dioxide gas can be absorbed by the skin, where it
damages tissue and blood cells. Inhalation of Chlorine Dioxide gas causes coughing, a sore
throat, headaches, lung edema and bronchio spasma. Chronical exposure to Chlorine Dioxide
causes bronchitis. The health standard for Chlorine Dioxide is 0.1 ppm. For more info see:
Chlorine Dioxide, Safety Sheet and EPA Guidance
Unlike chlorine, inactivation of pathogens is generally more rapid at pH 8 than at pH 6 but like
chlorine the efficacy drops with temperature. For example, for inactivation of N. Gruberi cyst at
pH 7, a CT (mg min/L) of 3.9 is required at 30C, and a CT of 15.5 is required at 5C.
The advantages of using Chlorine Dioxide include:
•
•
•
•
•
•

More effective than chlorine, chloramines, and iodine against Cryptosporidium
Oxidizes iron, manganese, sulfides.
Controls taste and odors caused by algae and rotting vegetation, as well as phenolic
compounds
With proper use, halogen-substituted Disinfection-By-Products are not formed
Biocidal properties not affected by pH
Provides residual for continuing protection

The disadvantages of using Chlorine Dioxide include:
•
•
•
•

Forms chlorite and chlorate as by-products of generation and reactions.
More expensive than chlorine
Decomposes in sunlight
It can go boom!

The chlorites can be reduced or removed by the addition of a little ferrous sulfate.
The only practical way to use Chlorine Dioxide in our application is to take advantage of off-theshelf commercial products, typically designed for treating water in camping and hiking
environments or industrial sanitization.
If you will be using surface water and can not boil, distill, or pasteurize, and do not have a filter
with a minimum 2 micron absolute pore size, and ideally 1 micron, I would highly recommend
getting some of these:
Chlorine Dioxide tablets, such as Potable Aqua, $5 for a small bottle, or the Katadyn
Micropur MP 1, which come in sealed foil bubble pack and have a 2-3 year shelf life. 30
tablets, with each tablet treating 1L. About $12.00
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Klear Water is a one part Chlorine Dioxide liquid, allegedly the only one in existence, and
the 2.7 oz bottle will treat 8.5G. Here are some test reports.
Aqua Mira is a small size, two part Chlorine Dioxide treatment for 30 gallons. It is about
$11 and is supposed to have a 4 year shelf life.
Another two part liquid product is called Purogene. Also called Oxine. The best prices for
smaller bottles are here and a 16oz bottle ($13.80) will treat 640G. Or how about a gallon for
$25?
Allegedly, Purogene has a 5 year shelf life because it is a stable Chlorine Dioxide carrying
compound. To activate it a food grade acid (phosphoric, citric, ascorbic, lemon juice, etc) is
added and allowed to react with it for 5 minutes to release Chlorine Dioxide before adding it
to the raw water. As noted on one site, 1 oz. of Purogene per 30 gals makes the water safe to
drink for five years or longer. Go here for a medical test report on Purogen and a USDA-like
report here. Some marketing info follows:
OXINE AND PUROGENE: For years it has been known that Chlorine Dioxide gas is a
powerful anti-microbial agent however this gas is toxic and unstable in an aqueous
solution. Modern technology has overcome these problems with Oxine (North American
name) and Purogene (European name). Today, stabilized Chlorine Dioxide (CLO2) is
available in a concentrated stable form with very low toxicity.
As a powerful oxidant, stabilized CLO2 is virtually unaffected by organic load and hard
water. These technical advances have resulted in the FDA (reference CFR 178-1010),
EPA (registered for food and beverage contact surfaces), USDA (D-2, P-1, 3-D and G-5)
and the majority of international authorities approving stabilized CLO2 as an acceptable
sanitizer for numerous applications within the brewery, winery, soft drink, dairy and food
(meat, fish, fruit and vegetable) processing plants.
ACTIVATION OF CLO2 CONCENTRATE: Since the ClO2 is in a stabilized form in
concentrate, it must be "activated" before using. To manually activate Oxine add, in a
well ventilated area, a food grade acid such as citric or phosphoric to lower the pH to
below 4 pH. A Litmus paper test at 4 pH is a simple method to be sure of activating
correctly. Activation can also be verified by a corresponding color change of the
concentrate from clear to yellow/green. Keep stirred and let stand for 5 minutes before
using. Any number of acids will activate the stabilized ClO2, however, food grade Citric
or Phosphoric acid is recommended. Activated ClO2 has a half-life of approximately 48
hours under standard conditions.
STORAGE: Concentrated ClO2 can be stored in a dry, cool area away from acids for up
to 3 years under standard conditions.
Ozone
Ozone is used extensively in Europe to purify water. Ozone is much more effective as a disinfectant than chlorine and no residual levels of disinfectant exist after ozone turns back into O2.
Some sources reference a half life of only 120 minutes when ozone is added to distilled water at
20deg C.
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The formation of oxygen into ozone occurs with the use of energy. Ozone is a naturally
occurring component of fresh air. It is produced by the ultraviolet rays of the sun reacting with
the Earth's upper atmosphere (which creates a protective ozone layer) and by lightning. To make
ozone, a similar process is carried out by an electric discharge field as in the CD-type ozone
generators (corona discharge simulation of lightning), or by ultraviolet radiation as in UV-type
ozone generators (simulation of the ultra-violet rays from the sun). In addition, ozone may also
be made through electrolytic and chemical reactions.
The ozone molecule contains three oxygen atoms whereas the normal oxygen molecule contains
only two. Ozone is a very reactive and unstable gas with a short half-life before it reverts back to
oxygen. Ozone is the most powerful and rapid acting oxidizer man can produce, and will oxidize
all bacteria, mold and yeast spores, organic material and viruses given sufficient exposure.
While ozone has demonstrated effectiveness against the very hard to kill crypto cysts, the
required concentration is a minimum of twice the ozone limit for drinking water. As a result
household ozone disinfection units use a lower amount of ozone and augment with other
disinfectant methods such as UV.
The advantages of using Ozone include
•

Ozone is primarily a disinfectant that effectively kills all biological contaminants.

•

Ozone also oxidizes and precipitates iron, sulfur, and manganese so they can be easily
filtered out of solution.

•

Ozone will oxidize and break down many organic chemicals including many that cause
odor and taste problems.

•

Ozone produces no taste or odor in the water.

•

Since ozone is made of oxygen and reverts to pure oxygen, it vanishes without trace once
it has been used.

The disadvantages of using Ozone include
•

Ozone treatment can generate residual ozone in the air and create undesirable byproducts
that can be harmful to health if they are not controlled.

•

The process of creating ozone in the home requires electricity. In an emergency with loss
of power, this treatment will not work without back-up power.

•

Ozone is not effective at removing dissolved minerals and salts.

•

When ozone is used to disinfect the water there is no residual disinfectant, so chlorine or
another disinfectant must be added to minimize microbial growth during storage.
The effectiveness of ozone purification is dependent, on good mixing of ozone with the
water, and ozone does not dissolve particularly well, so a well designed mixing system is
important.

•

In the home, ozone is often combined with activated carbon filtration to achieve a more complete
water treatment.
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Hydrogen Peroxide
Compared to chlorine and most other purification techniques (ozone, Chlorine Dioxide, or UV
light, etc), Hydrogen peroxide, H2O2, is a rather poor disinfectant and is not approved as a
stand-alone treatment for microbial control in water systems. Consequently, it is unlikely that
any stand-alone process will be available in the foreseeable future. On the other hand, H2O2 can
be used to improve the performance of certain other disinfection methods (e.g., ozonation and
UV-photolysis). Additionally, the problem with using H2O2 to treat household water supply is
one of controlled dosage – over-dosage may present health risks. Most commercial grades of
H2O2 contain chelants and sequestrants which minimize its decomposition under normal storage
and handling conditions. In some applications (e.g., copper etching or cosmetic formulations) a
high degree of stabilization is needed; whereas, in others (e.g., drinking water treatment or
semiconductor manufacture) product purity is more important.
Since hydrogen peroxide degrades even faster than bleach, it is hard to determine the strength
and the residual concentration, and I can find no reliable data on using hydrogen peroxide as a
drinking water disinfectant, it is not considered for our application. Should you want to
independently pursue the topic, you can get a laboratory grade 35% H2O2 relatively
inexpensively. As far as I know, that is the highest concentration that can be shipped without
extraordinary measures (and costs) being required. For more info on H2O2, see: H2O2 –
Hydrogen Peroxide and Material Safety Data Sheet
Silver
Silver is a known anti-pathogenic agent. It has been used for thousands of years to purify water
and is more recently finding all sorts of applications
However, as much as I am convinced of the properties and characteristics of silver, I could find
no references with verifiable test data on using it to treat water. However, as a last resort, you
might want to have a couple of real silver dollars around. While the old ones were mostly silver,
a new Canadian Maple Leaf or US Liberty Dollar are 99.99% silver.
Potter’s for Peace provides information in their IDEAS brochure on making ceramic clay gravity
filters and instructs that the clay is to be impregnated with colloidal silver which deactivates any
bacteria that pass through its pores. This same filter technique, with the colloidal silver, is being
used today in Iraq as noted in Water filter provides factions reason to unite to combat water
problems in region.

Regardless, the addition of chemical agents will, however, kill bacteria or any virus so the
ceramic filter is used to remove the chemically tolerant cysts.

Other Chemical Treatments
While much more expensive than using readily available bulk iodine or chlorine as detailed
above, convenient water disinfecting tablets, often containing a form of iodine, chlorine, or silver
are available in drug, camping, and sporting goods stores.
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As an example, the Potable Aqua Germicidal Tablets and Polar Pur are nothing more than iodine
tablets. The Katdyn Micropur Forte tablets are a Silver Ion and Calcium Hypochlorite product
which costs about $14 for 100 tablets. Each tablet treats 1L (~1Qt.). It also comes in a liquid
form. Redi-Chor is a chlorine releasing tablet that comes in both a blister packs and bottle.
Aqua Mira is a two part Chlorine Dioxide treatment for 30 gallons. About $11. It has a 4 year
shelf life. Klear Water is a Chlorine Dioxide liquid for treating 8.5G. Katadyn Micropur MP 1
are also Chlorine Dioxide tablets but they come in 30 tablet, sealed foil bubble pack and have a
2-3 year shelf life. Each tablet treats 1L. About $12.00
The water purification tablets containing calcium hypochlorite typically have a shelf life of two
years and lose their effectiveness if they get damp or are exposed to a lot of humidity. That is
why some are in some serious “child proof” packaging.
The shelf life of unopened KlearWater is approximately 2 years if stored correctly, (cool, dark
storage). Once opened KlearWater remains active approximately 8 months to 1 year if stored as
above. Refrigeration will extend the life of KlearWater in both conditions. UV light, exposure
to air, and heat will cause premature deterioration.
The very latest on the world market is Proctor & Gamble’s PUR Purifier of Water packets but
they are not available in the US as of the date of this report (December 2006) as they are still
undergoing approvals. The PUR Purifier of Water “consists of a packet containing a grayish
powder composed of a variety of chemicals that collectively are capable of removing
contaminates within minutes of being added to water. The main active ingredients of the powder
is calcium hypochlorite , previously discussed, which can kill a wide range of deadly pathogens,
and ferric sulfate, a particle binder that can remove impurities such as dirt which masks killing of
pathogens by the bleach.
MIRACLE WATER TREATMENTS
In trying to determine what works for this report I came across all sorts of things that a plethora
of companies and people are hawking, especially on the internet, as miracle water treatments.
These treatments fall under a wide range of categories, including: pi mag; oxygenation; various
'catalytic', vortex, magnetic, and photonic treatments; microclusters, super-ionization, etc. Most
are rather expensive on a $/G basis and have little bona fide science to back up their claims.
Most, if not all, are probably nothing more than junk water science.
Be aware that these products are not regulated, over and above the rules that apply to Bottled
Water. The companies making all the interesting claims are free to make as many
unsubstantiated claims they wish as long as they don’t cross the line into medical claims, in
which case that would place them under the jurisdiction of the FDA where they would be
required to scientifically prove their claims. You can read about these things at:
American Council on Exercise (ACE) Study Investigates Super Oxygenated Water
An AMA study on claims of boosted sports performance
Super-Oxygenated Water Is Latest Sports Scam
Oxygenated Water
Aqua Scams
Cluster Quackery
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Oxy Scams
http://www.randi.org/jr/08-24-01.html
http://www.randi.org/jr/08-31-01.html
http://www.randi.org/jr/110201.html (about 3/4 of the way down)
http://www.randi.org/jr/083002.html (about 1/2 of the way down)
http://www.randi.org/jr/121903lins.html ( just over 1/2 of the way down)
Water Structure and Behavior
Magnetic water
Index of Water-Related Frauds and Quackery
"Ionized" and alkaline water – snake oil on tap
With that in mind, caveat emptor.
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FILTERING
The basic concept behind nearly all filters is fairly simple. The contaminants are physically
prevented from moving through the filter when the water is passed through a sieve or filter that
has a pore size that is smaller than the matter to be removed. A variation on the process is where
some filters also trap the particles within the filter matrix by attracting them to the surface of the
filter media (a process of adsorption).
As noted in Drinking Water Treatment Methods:

While there are many, many different types and styles of filters that are used throughout industry
and water filtering applications, this paper will only focus on the ones that the average user can
use to treat raw water. However, even then, the topic is rather complicated because there are so
many models available (some 500 companies making over 2,500 different models) and because
there are so many types of filtration strategies. All claiming to be the best, by the way.
Additionally the topic is further complicated because there is so much private labeling making it
hard to determine what you are actually getting. As an example, Pentaair owns or makes
American Plumber, Everpure, Pentek, Omnifilter, ShurFlo, and Fibredyne filters.
To provide some order to the myriad of options, the following are general categories and/or
descriptions of the more common filter types. This section is followed by more detailed
information on the more popular filters particular to our application.
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Particle or sedimentation filter
This can include anything from a coarse sand filter, with an effective pore size greater than 1,000
microns (a micron is 1um or a millionth of a meter), to a filter with a pore size of less than 1
micron. Note that an average brown colored human hair is about is about 100 microns in
diameter, while the smallest particles visible to the naked eye, such as fine smoke particles, are
about 30 microns in diameter.
Sedimentation filters are typically used to capture fairly large physical contaminations either
through the total thickness of the filter medium or on a surface, usually made of thinner materials
like papers, woven wire cloths. In both cases, the filters are usually constructed as cartridge
filters which are also designed as being disposable, which means that they have to be replaced
when the filter is clogged. As such, however, they are easy to replace. The common physical
characteristics of cartridge sedimentation filters are as follows:
String Wound Cartridge Filters are the original Cartridge Filter.
Spun Bonded Cartridge Filters are a newer class of “Depth Filters” which are
manufactured by firing a controlled density of polypropylene onto a center core.
Pleated Cartridge Filters use surface filtering with numerous folds or pleats in the media
to provide a greater surface area.
Sedimentation filters are often used as the first filter stage on a multiple filter setup to keep the
following smaller pore stages from getting clogged.
Microfilter
Also known as a sub-micron filter, microfiltration includes filter devices with pore sizes ranging
from 1 micron to about 0.05 micron. Bacteria, which range from about 0.2 to 30 microns in
diameter, can actually be removed from water via microfiltration at the 0.2 micron level.
Essentially, this is how beer is "cold sterilized". Virus are, however, smaller and will go right
through a sub-micron filter.
Nanofilter
A nanofilter has an effective pore size of 0.001 to 0.01 micron which is 1 – 10 nanometers.
Nanofilters are usually very expensive and generally require some serious pre-filtering to keep
from being clogged. A nanofilter will filter out a virus. The Bird Flu virus, H5N1 as an
example, is an average sized oblong virus with a diameter of 80 – 120nm (0.08 – 0.12 micron).
Nanofilters will not remove chlorine.
A fairly new and relatively low cost nanofilter, the Argonide NanoCeram, uses a technology
similar to activated charcoal (electrical attraction) to create a high flow rate, low pressure drop,
spun ceramic fiber filter with an effective rating of only 0.03 microns. The NanoCeram filter has
a flow rate that is 500 – 1000 times greater than competitive filters and has a minimum pressure
requirement of only 2 PSI. Go here and here for detailed performance information. However,
since the NanoCeram’s absolute rating is 2 micron, it can not be used as a stand alone treatment
against bacteria and virus but can be used to reduce the Cryptosporidium count, although health
and “biological reduction” claims are not allowed to be made as it is not NSF 53 certified..
Activated Carbon Filter
Carbon is one of the workhorse materials in the separations field. It is used for chlorine and
organics removal from municipal water supplies and for organics, color and other purifications in
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the plating and printed circuit industries. The specifics of the filter are addressed in detail later
but basically impurities such as organic compounds and chlorine are actually attracted to
activated carbon filters, and essentially "cling" to them, much as water clings to skin. It is a
simple and relatively low cost way to dramatically “clean up” the water that has been chemically
treated with the additional benefit that it will also remove almost all the chlorine used to treat the
water allowing additional chlorine to be used on questionable water. Activated carbon will also
filter out iodine. A charcoal filter also has an absolute pore size allowing some with smaller
absolute pores to also be directly used against some of the larger pathogens, like
Cryptosporidium.
It is worth noting that an Activated Charcol filter will remove most (exactly how much depends
on the quality and size of the filter) chlorine and typically 40-60% of the fluoride that is in the
water. FYI: to remove 95% or more of the fluoride you will need a specialty filter.
Specialty Filter
A specialty filter is built specifically to remove a particular contaminate in the water such as lead
or fluoride or small pathogens. Some times they are combined with other filters, generally an
activated charcoal filter. Some examples of specialty filters can be found here. Note that they
are usually physically configured as a cartridge filter detailed in the following section.
While technically not a particulate filter, a deionization filter, also known as ion exchange or
demineralization, involves passing the water through resin beds that have an affinity for
dissolved, ionized salts. One example of a product that does this is Purolite Mixed Bed Resins.
The mixed bed resin technology has finally been formed into standard sized replaceable filter
cartridges that fit into standard sized plastic filter housings that can be hooked up to any typical
water line.
Another specialty filter that is especially germane to our application is the very special but not
too expensive Matrikx Microbiological Barrier cartridge filter that will filter out bacteria AND
virus. Currently, it is sold only under the name of Watts Premier WP2-BVC by a very few select
companies such as Premium Water Filters. The Watts Premier WP2-BVC is a double stage,
under-the-sink system that hooks up to your cold water line for providing very pure and
disinfected drinking water. Depending on configuration it is $100 - $150. It is the only solution
besides a Reverse Osmosis filter that will remove virus and it can operate on ½ the pressure of a
RO system. It also has another advantage compared to a RO filter in that the cartridge will get
eventually get clogged and stop working and it will not tear and fail.
Reverse Osmosis Filter (RO)
Reverse osmosis or RO filters are a type of membrane filter operating on a different principal
that typically has a pore size less than 0.001 micron, giving them the ability to separate out
individual ions (i.e., dissolved solids) from a solution, including nitrates and heavy metals, as
well as organic chemical pollutants. RO filters will filter out all virus when working properly,
although no manufacturer is willing to make any promises as that would open them up to legal
suits, especially if the membrane ruptured. A RO filter must be preceded by a particulate filter to
keep the membrane from clogging up, and a functioning activated carbon filter to remove the
chlorine which will destroy (degrade) the RO membrane. Low end RO systems are very
affordable ($200 -$300), especially given the quality of water delivered, however RO systems
also require a lot of water pressure to be effective (typically 65 PSI) and they waste more water
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than they produce, often 3 gallons of “waste” water for every 1 gallon of purified water. High
end, and very expensive, RO systems can provide
almost laboratory grade water.
In a RO filter, water pressure is used to force water
molecules through a membrane that has extremely
tiny pores, leaving the larger contaminants behind.
Purified water is collected from the "clean" side of
the membrane, and water containing the concentrated
contaminants is flushed down the drain from the
"contaminated" side.
The average RO system is a unit consisting of
sediment and chlorine pre filter(s), the reverseosmosis membrane, a water storage tank, and an
activated-carbon post filter. They cost from $150 to over $1,500 for point of use systems.
The advantages of Reverse Osmosis include:
•
•
•
•

RO significantly reduces salt, most other inorganic material, and some organic
compounds. With fresh carbon filters the purity of the treated water approaches that
produced by distillation.
All microscopic parasites (including viruses) are removed as membrane pore size is
typically around 0.001 micron (1 nanometer)
Though slower than a carbon or sediment water filter, RO systems can typically purify
more water per day than distillers and are less expensive to operate.
RO systems do not use electricity but they do require relatively high water pressure (65
PSI) to operate. That may mean they will need an electrically powered booster pump.

The disadvantages of Reverse Osmosis include:
•

Damaged membranes are not easily detected, so it is hard to tell if the system is
functioning normally and providing disinfected water. For this reason they are not
recommended as stand-alone disinfection for biologically unsafe water. A TDS Tester
(~$25) is what is needed to get an idea of how well your membrane is performing.

•

Many conditions affect the RO membrane's efficiency in reducing the amount of
contaminant in the water. These include the contaminant concentration, chemical
properties of the contaminants, the membrane type and condition, and operating
conditions (like pH, water temperature, and water pressure).

•

RO systems waste water. Typically, two to four gallons of "waste" water are flushed
down the drain for each gallon of filtered water produced.

•

Some pesticides, solvents and other volatile organic chemicals (VOCs) are not
completely removed by RO. A good post activated carbon filter rated for VOC reduction
is recommended to reduce these contaminants. It will also remove the plastic taste the
water may pick up while in the RO storage tank.
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•

Because of the extremely small pore size of the membranes they can be become clogged.
A good particulate filter(s) is usually required and highly recommended before the RO
filter.

•

Chlorine will damage and degrade the performance of the RO membrane. A good
chlorine removing activated charcoal filter is required before the RO membrane.

•

RO systems require high water pressure to work effectively. This may require the use of
a booster pump. NOTE: these typically cost between $100-$160 but can be acquired in
120 volt AC or 12 volt DC versions.

•

When the power goes out in an emergency situation and your water pressure is lower
than 65 PSI, it will need an external pump and a back-up power source.

•

RO systems require more maintenance than most water purification methods. The pre
and post filters and the reverse osmosis membranes must be changed according to the
manufacturer's recommendation, and the storage tank must be cleaned periodically.

If you are interested in a RO system at a good price, contact Mark at Premium Water Filters.
You probably want to get a system configured with the NanoCeram prefilter and a good, small
pore, solid block activated carbon pre and post filter. Depending on your water pressure or other
emergency use you may need a water pressure booster pump too.
Cartridge Filter
A cartridge filter is a passive mechanical filter with replaceable filter media in the form of a
small cylinder or cartridge which then goes into an individual holder called the housing. Other
than faucet mounting and water pitcher filters, which also may have a small replaceable
cartridge, a cartridge filter is the most popular type of water filter. There are industry standard
sizes where the cartridge length ranges in size from about six inches to many feet. Obviously,
the bigger the cartridge the more water it can filter. A smaller water filtering requirement, such
as a point-of-use (POU) filtered water spigot mounted under your sink, will use the smaller size
cartridge while a point-of-entry (POE) filter such as a whole house water filter will use the larger
size cartridges.
A typical cartridge water filter is made up of one or more cartridges with the whole assembly
being referred to as the “filter’ with the elements or cartridges going into a housing. Usually
there is more than one particulate cartridge, with decreasing pore size, and the filter will often
have one or more specialty cartridges depending on how the water is to be purified.
The number of individual filters is referred to as “stages.” The reason for declining pore sizes is
that the larger particles in the raw water will quickly clog a very small pore filter. A properly
configured water filter will remove some larger pathogens and many pollutants. A laboratory
filter will use a number of cartridges, and usually a Reverse Osmosis stage, to get to the “all”
category but they would be very expensive. Most home filters rely on the chlorine that is already
in the water to kill the smaller pathogens that would otherwise be too expensive to filter out. The
only other alternative is to use the Matrikx Microbiological Barrier referenced in the Specialty
Filter section as one of the stages in a cartridge filter configuration.
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A major benefit of a passive mechanical filter is that they require no electricity to filter the water
as normal home water pressure is used to force the water though the filter. Additionally, some
cartridge filters work off of very low pressure which the end user can easily create with a
relatively small head (i.e. vertical water column). This is a characteristic we will take advantage
of later in this paper to make a very cost effective low pressure filter for meeting our primary
goal. The only routine maintenance required for cartridge filters is periodic replacement of the
filtration element(s). The cost of the replacement filter elements is generally fairly reasonable,
meaning that having a multiple-stage, high-end water filter can be very inexpensive if you look
at the long term costs and compare it with other solutions on a $/G basis.
A water filter, cartridge or system, is rated by the absolute size of its filtering and any reputable
one will have independent laboratory tests to verify filtering efficacy. As an example, a
relatively good one may have a filtration efficiency that removes a minimum of 99.99% (while it
may do better often they are only specified to 99.99% maximum removal) of all particles greater
than 0.9 microns, 99.9% at 0.5 microns, and 98% down to 0.2 microns. The “0.9 micron” rating
is the absolute pore size.
In this example, such a filter will take care of everything bigger than bacteria but the 2% “down
to 0.2 micron” that will come through includes some bacteria and all virus which are typically
around 0.05 to 0.08 micron in size. In such an example it is not uncommon for a manufacturer to
call the filter a “0.2 micron filter.” To configure a filter correctly, you need to know what you
are needing to filter for and what the potential filter actually filters which is why the devil is in
the details. In any case, always look for the ABSOLUTE rating. If not provided, move on.
It is worth noting that Bird Flu is caused by the H5N1 virus and is carried by ducks and geese
which inhabit surface waters. The same water source that your municipal water supplier may be
getting their water from. As of the date of publishing this report I have not been able to find any
definitive data on whether H5N1 is resistant to chlorine or not and WHO doesn’t know, only that
there is a potential for contamination. Most likely it is not but if so, and if your water source
ends up with H5N1 contamination, you will need some serious filtering or need to employ some
of the other disinfectant methods.
Since filtering out a virus is impractical for many emergency water sources that have no or very
little pressure (If you can create a 12 foot drop it only creates 5PSI) you will need a biological
filter that operates off extremely low pressure or will need to kill the virus in the water. The only
way to kill a virus in the water is to treat the water chemically or with UV light as previously
noted. Filters with activated charcoal/carbon will remove almost all the chemical additives
typically used to kill the virus.
In researching this topic, I have noted that many of the 500 or so companies that sell particulate
cartridge filters charge way too much, especially since some/many/most are now made in China.
They also tend to be especially overpriced when sold by a MLM. It is not uncommon to find a
filter selling for two to five times higher than the same or an identically performing filter. The
discount and home improvement stores generally sell the least capable product at the lowest cost.
Many are peddling filters from Far East sources of questionable quality because after all “a
carbon filter is a carbon filter.” As this paper details, that is not the case and caveat emptor truly
applies in the case of water filters.
While I haven’t visited the websites of all the 500 or so companies selling water filters, I have
visited many. While I did not even attempt to put them all in the References and Links section, I
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did add a few listing for some of the water filter companies when they have something unique or
germane to the purpose of this paper.
In my quest for what works at the best prices, one of the most competitive sources I have found
that will sell you only what you need is Premium Water Filters. It is my recommended source
and Premium water Filter is one of the few if only company that carries both of the two new
water filter technologies, discussed a bit further below, that are very applicable to our goal.
Details on some of the more popular types of filter technologies germane to our application now
follows:
Activated Carbon Filter
An Activated Carbon (AC) filter is particles of carbon that have been treated to increase their
surface area and increase their ability to adsorb a wide range of contaminants. The activated
carbon is particularly good at adsorbing organic compounds. There are two basic kinds of
activated carbon filters: Granular Activated Carbon (GAC) and Solid Block Activated Carbon
(SBAC). There are some notable differences and costs between the two. They are not the same!
Contaminant reduction in AC filters takes place by two processes: physical removal of
contaminant particles, that is by blocking anything that is to big to pass through the absolute pore
size and by a process called adsorption where the contaminants are attracted to and held
(adsorbed) on the surface of the carbon particles.

The characteristics of the carbon material (notably surface area, chemistry, density, and
hardness) influence the efficiency of the adsorption and the actual science is rather esoteric.
Activated carbon is a highly porous material; therefore, it has an extremely high surface area for
contaminant adsorption. One reference mentions " The equivalent surface area of 1 pound of AC
ranges from 60 to 150 acres (over 3 football fields)".
AC is made of tiny clusters of carbon atoms stacked upon one another. The carbon is from a
wide variety of materials with the most common ones being coal, coconut husks, and peanut
shells. The raw carbon source is slowly heated in the absence of air to produce a high carbon
material. The carbon is activated by passing oxidizing gases through the material at extremely
high temperatures. The activation process produces the pores that result in such high adsorptive
properties. An article about Activated Carbon states that "Activated carbon is one of the best
tools which can be used to reduce risks to human health and provide an aesthetically pleasing
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product at reasonable cost.” The article also describes how AC works and has some great
scanning electron microscope pictures. For more info, see: What is Activated Carbon,
Adsorption and History of AC.
The effectiveness of carbon filters to reduce contaminants is primarily affected by the adsorption
listed above and three additional characteristics of the filter, contact time between the water and
the carbon material, the amount of carbon in the filter, and pore size.
The length of contact time between the water and the carbon material is governed by the rate of
water flow and the amount or volume of activated carbon and it has a significant effect on
adsorption of contaminants. More contact time results in greater adsorption. Thus an AC filter
will have a recommended maximum GPM of water flow.
The amount of carbon present in a cartridge or filter affects the amount and type of contaminant
removed. As an example, less carbon is required to remove taste-and odor-producing chemicals
than to remove trihalomethanes. The better AC filters will have a larger quantity of AC. Few
manufacturers list the mount of AC in their filter but you can get a rough comparative value by
noting the shipping weights.
The pore size characteristics are the biggest difference between SBAC and GAC filters. GAC
filters contain loose granules of activated carbon and thus, effectively, a much large pore size
due to the “channels” between the granules. In SBAC filters the activated carbon is in the form
of very small particles bound into a solid, matrix with very small pores through the block.
SBAC filters are much more difficult to make than GAC filters and thus are notably more
expensive.
The pores of activated carbon filter cartridges will eventually get clogged with particles as water
flows through the filter. How fast that will be will depend on how much stuff is in the water.
When the pores are clogged the flow rate will be reduced. The decrease in flow rate is an
indication that the pores are clogged and an increase in chlorine is an indication that adsorptive
surface is at capacity, something that could happen at a different time depending on the
concentration of chlorine in the water. The former can be measured (if the water pressure is
comparable) while the latter will require a residual chlorine test to compare the outgoing water
with the incoming water.
All manufacturers recommend or warn that hot water should NEVER be run through a activated
carbon filter. Evidently, the hot water can damage some filters or cause trapped contaminants to
be released in the passing water potentially making the water going out of the filter more
contaminated than the water going in. This is more of a problem for counter-top and faucetmount carbon filtration systems.
Solid Block Activated Carbon (SBAC)
Activated carbon is the primary raw material in solid carbon block filters (SBAC) but instead of
carbon granules comprising the filtration medium, the carbon has been specially treated,
extensively compressed, and bonded in a uniform matrix. The effective pore size can be very
small (0.5 – 1 micron). SBAC, like all filter cartridges, eventually become plugged or saturated
by contaminants and must be changed according to manufacturer's specifications. Depending on
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the manufacturer, the filters can be designed to better reduce specific contaminants like arsenic,
MTBE, etc. (an example).
This combination of features provides the potential for greater adsorption of many different
chemicals (VOCs, pesticides, herbicides, chlorine, chlorine byproducts, etc.) and greater
particulate filtration of parasitic cysts, asbestos, etc. than many other purification processes. By
using other specialized materials along with specially prepared activated carbon, customized
SBAC filters can be produced for specific applications or to achieve greater capacity ratings for
certain contaminants like lead, mercury, arsenic, etc.
The advantages of SBAC filters include:
•

Have a larger adsorption surface and a longer contact time area than GAC filters.

•

Have a smaller pore size to physically trap particulates and cysts. If the pore size is
around 0.5 micron or smaller the bacteria that become trapped in the pores do not have
enough room to multiply, eliminating a problem common to GACs.

•

Do not have the GAC’s channeling and dumping problems.

•

Do not require electricity to operate and low pressure versions (2.5 - 4 PSI) are available.

•

Do not waste water.

•

Many dissolved minerals, such as beneficial calcium, magnesium, potassium are not
removed.

•

Simple, economical, and easy to maintain. Typically one or more inexpensive filter
cartridges only need to be replaced every few months to a year, depending water, use, and
the manufacturer's recommendation.

The disadvantages of SBAC filters include:
•

Unless specifically designed to do otherwise, SBAC filters, like all activated carbon
filters, do not reduce the levels of soluble salts, including nitrates, fluoride, and some
other potentially harmful minerals like arsenic and cadmium.

•

Hot water should NEVER be run through a SBAC filter.

There is no easy way to determine when a filter is nearing the end of its effective life except that
the 'filtered' water rate begins to slow and eventually begins to taste and smell like the unfiltered
water. To know when to change cartridges, a residual chlorine test should be utilized or the
manufacturer's strict guidelines need to be followed. Another alternative is to install a low cost,
digital Flow Meter that will count the number of gallons filtered.
Granular Activated Carbon (GAC)
In this type of AC filter, water flows through a bed of loose activated carbon granules which trap
some particulate matter and remove some chlorine, organic contaminants, and undesirable tastes
and odors. The three main problems associated with GAC filters are: channeling, dumping, and
an inherently large pore size. Most of the disadvantages discussed below are not the fault of the
activated carbon filtration media itself but the inherent use of loose granules of activated carbon.
The bottom line is that GAC filters are an effective and valuable water treatment device when
used properly but have some serious limitations that need to be considered, especially for
emergency water treatment applications.
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The advantages of GAC filters include
•

Low cost aesthetic water treatment that will reduce chlorine and particulate matter as well
as improve the taste and odor.

•

Higher flow rates since the loose granules of carbon do not restrict the water flow any
where near as much as a SBAC filter would. This enables GACs to be used for whole
house filters, where maintaining a high water flow rate and pressure is important.

•

Don’t require electricity and they do not waste water.

•

Many dissolved and beneficial minerals such as calcium, magnesium, and potassium are
not removed.

The disadvantages of GAC filters include
•

Water seeks the path of least resistance and will attempt to "channel" around the carbon
granules thus avoiding filtration. When that happens, water flowing through the channel
does not come in contact with the filtration medium. Your filter has now failed with no
obvious indication that it has failed.

•

Pools of contaminated water can form in a loose cavity of carbon granules but then
collapse with changes in water pressure or flow rates dumping the contaminated water
into the outgoing "filtered" flow.

•

The carbon granules are fairly large (typically 0.1mm to 1mm) making the effective pore
size of the filter relatively large (20 - 30 microns or larger). This means that GAC filters
can not remove bacteria or cysts.

•

Hot water should NEVER be run through a GAC filter

GAC filters can become breeding grounds for the bacteria they trap resulting in some
manufacturers to suggest running water through them for a few minutes each morning to flush
out any bacteria or storing them in the refrigerator if you will not be using them for a few days.
That alone should be a red flag and, in general, GACs are not a real good filter choice for
emergency water treatment applications except as a filter of last resort.
GAC pitcher and faucet mounted filters
Low cost water filter pitchers along with various faucet mounted filters are specifically
addressed because they are so common. The most popular brands such as Brita or Pur are almost
always GAC filters that will sometimes also contain granules of an ion exchange medium (you
can often see or hear the granules rattling around). Basically, they have all the inherent
advantages and disadvantages of a GAC filter with the additional limitation that they have even
less activated charcoal.
They are very limited in the type and number of contaminants they remove, but typically do
notably reduce chlorine, taste and odor and perhaps lead, and copper when they have some ion
exchange media included. They are NOT effective treatments for any biological contaminants,
including Cryptosporidium or chemical contaminants of health concern unless specifically NSF
certified to Standard 53 to do so. NOTE: Giardi is bigger than Cryptosporidium so the unit must
claim a Crypto reduction to provide you with last resort protection from cysts.
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Basically, all of these filters are mostly designed to improve the aesthetics of drinking water
(taste & odor improvement) and reduce levels of a limited number of harmful contaminants.
Like a GAC, the pitcher filers are subject to possible bacterial growth channeling and should be
stored in the refrigerator. Since the replacement filter cartridges are fairly expensive on a $/G of
water filtered basis they are also fairly expensive if you are using them to filter more than about a
gallon a day. All of that puts Pitcher and faucet filters in the “better than nothing” category.
A new one on the market is the Crystal Quest Pitcher Water Filter that has a 4 stage filter, the
last being GAC, that will filter 2000 gallons. About $35. The replacement filters are $13.50
each, minimum order of two. The Crystal Quest Filter Pitcher received a August 2006
Consumer’s Digest “Best Buy” award. Crystal Quest also has a 5 stage faucet filter.
Advantages and disadvantages: they are better than nothing and useful when used in conjunction
with other water treatment methods providing you understand the serious limitations.
Ion Exchange Filters
A deionization filter, also known as ion exchange or demineralization filter, involves passing the
water through resin beds that have an affinity for dissolved, ionized salts. Cationic resins
remove positively charged ions, giving up an H+ in the process, while anionic resins remove
negatively charged ions, giving up an OH- in the process. The 2 kinds of resins can either be in
separate containers, or mixed together (a Mixed Bed). When mixed together in a single
container, they allegedly perform an almost infinite series of positive and negative ion
exchanges, resulting in the greatest removal of ionic particles of all types. If you need de-ionized
water for any particular reason this is one way you make it. One example of a product that does
this is Purolite Mixed Bed Resins.
The science behind Ion Exchange filters is rather exotic and in the end they provide no real
benefit in our application. The reader should be aware that some companies make ion exchange
filters with all sorts of unsubstantiated claims so caveat emptor.
Filtering Conclusions
Filtering is a practical and low cost way to be sure you remove 100% of all Cryptosporidium
cysts from raw water. In order to do that you need a filter that is certified to meet NSF Standard
no. 53 for "cyst removal" or one independently tested to have a maximum of a 2 micron
ABSOLUTE pore size. 1 micron absolute is even better and doesn’t cost that much more. Get a
ceramic, SBAC, or RO filter to do it. The Matrikx Microbiological Barrier is the only one I
know of that will also filter out all bacteria and virus.
While a Reverse Osmosis filter will also filter out bacteria and virus, it require a lot more
pressure, often necessitating use of a booster pump, and wastes more water than it filters. For
those two reasons I do not recommend them for emergency water purification.
There are two viable types of common commercial filters for use in emergency purification of
water: portable and gravity. Examples of the better ones, starting with an application to filter
swimming pool water, follow. I have also included detailed information on a simple Low
Pressure Segmented Filter that is an even better and lower cost solution than standard gravity
filers for those who don’t mind being a little unconventional. The principals detailed below to
turn swimming pool water into clean drinking water apply to nearly all emergency water filtering
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situations. The only variable is how dirty is the source water? The dirtier the source the more
important pre-filtering will be and more extensive post filtering will be needed.
After doing research on water for this report I have personally come to the conclusion that it is
very prudent to have a point-of-use filter on everybody’s drinking water tap. I have done so and
am recommending it to all my family. Some of the reasons are listed throughout various sections
of this paper. A few more are:
•

The water coming out of the tap is downstream from whatever is happening up stream.
An “oops” can kill you.

•

Cryptosporidium and the Public Water Supply

•

What's on Tap? - Grading Drinking Water in U.S. Cities

•

Study: Dirty tap water puts pregnant women at risk

•

Is Your Family's Water Safe?

•

Tap Water at Risk

•

Geographical relation between Alzheimer's disease and aluminum in drinking water.

•

Why I Changed My Mind About Water Fluoridation

•

Few Answers to Support Fluoride Use

•

Government Asked to Evaluate the Cancer-Causing Potential Of Fluoride in Tap Water

•

PIRG’s comments on the Clean Water Act

•

NSF Contaminant Guide

•

EPA Water Borne Diseases List.

•

Pesticides and childhood cancer

•

Water chlorination and birth defects: a systematic review and meta-analysis

•

Disinfection Byproducts and Pregnancy - Journal Abstracts

•

NPR Report: Water Lead-Levels Misrepresented

•

The Coming Water Crisis

•

Protecting Vulnerable People from Drinking Water Disease and Illness

•

The Global Infectious Disease Threat and Its Implications for the United States

•

The 700 or so synthetic chemicals in drinking water supplies across the country that your
water provider is not testing for. A potential big “oops.” Most of these chemicals did not
exist 25-30 years ago. Nobody knows what the long term affects of each of these
chemicals are, let alone in the myriad of combinations. Only a small number of the
synthetic chemicals have any EPA limits for drinking water and fewer are routinely
tested for.

•

Links are mounting on the connection between chlorine and prostrate cancer (and who
knows what else in the ensuing years).

•

Suspicions that chlorine may contribute to kidney stones
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As an example of what you don’t know can hurt you, when writing this report a construction
crew cut the main water line to our neighborhood. They simply turned the water off, repaired it
and turned the water back on. They did not notify anybody, flush out the pipes, or super
chlorinate the water. We only found out about it when brownish looking water started flowing
out of our tap.
As a result of what I have learned when researching this paper and personal experience, I have
added a two cartridge system consisting of the Matrikx +1 activated carbon filter followed by the
Watts Microbiological Barrier filter to my drinking water tap. This is a very cost effective
solution that will protect you from all pathogens and greatly reduce many other things that could
harm you. If you have a lot of sediment in your water (or want to have all the parts to make an
emergency, low pressure water filter) also get the NanoCeram. Both are available from Premium
Water Filters and are discussed below in the following sections.
However, despite the unsuitability for emergency purification, if you have “at risk” people in
your household you probably should have a Reverse Osmosis filter.
If you have lead in your water or live in a house built before 1987 (it may have lead in the
fixtures, pipes and joints) and/or you have small children or pregnant women, you probably want
to get the Matrikx Pb1 filter that removes more lead. You can substitute it into the first stage of
the Watts Microbiological Barrier filter.
If you know don’t know what is in your drinking water the EPA’s Local Drinking Water
Information is a good place to start. If you can find out what contaminates are actually in your
tap water, the Drinking Water Contaminant Removal Table will provide guidance on their
removal. As an example, if you have aluminum in your water you will also need a specialty
filter, Reverse Osmosis filter, or will need to distill the water. While water testing companies
can tell you exactly what is in your tap water a full series of tests is rather expensive and will
cost you much more than just getting a few filters.
In the following sections it is worth noting that other than the Watts Microbiological Barrier and
NanoCeram filters there are other very good filter providers that may also have appropriate
filtering solutions. However the Watts and Nanoceram filters are unique and very important to
our primary goal. Premium Water Filters is the only company that I am aware of that carries
both. Additionally, from comparing a good number of filter sources, I have found that the
quality and pricing on Premium Water Filters’ other filters is very good. Additionally, Mark at
Premium Water Filters spent much time and effort working with me on developing the low cost
and very effective low pressure segmented water filter solution described in detail in a following
section. As a result, Premium Water Filters is my recommended source for various water filter
solutions.
FILTERING SWIMMING POOL WATER
If you will have plenty of AC power available when you will need to be drinking the swimming
pool water, a distiller is the easiest way to turn swimming pool water into very pure drinking
water. As noted earlier in this report, a low-end manual-fill distiller that can make a gallon in 45 hours is about $100. A decent, automatic-fill distiller that will make about 8G per day is about
$550. The major downside of a distiller is that they take a lot of power to make one gallon of
water – typically around 3.3KWhr per gallon, regardless of the brand or type of distiller as it
takes a lot of energy to boil water and turn it into water vapor. A distiller will also consume a bit
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more water than it delivers, although not enough to generally be concerned about. For more
information on distillers go to the Distiller section.
For an emergency requirement of turning swimming pool water into drinking water a filtered
solution will be more much cost effective if you need more than a few gallons a day, provide
more drinking much water faster, needs far less power to produce a gallon of water, and can be
easily configured to operate off your emergency power source. Additionally, they can be used
every day on your normal tap water to provide both healthier drinking water and protection in the
event something goes wrong in your municipal water system.
The only way to convert swimming pool water to drinking water without power or water
pressure whatsoever is to use a solar distiller. See the Solar Still section for information on how
to do it.
Assuming a pressure filtered solution, first, you will need an appropriately rated water pump to
lift the water from the pool and provide the necessary head (pressure) to push it through a bank
of filters. Whether you go with an AC or 12VDC input pump will depend on what power you
expect to have available when you need to be drinking the swimming pool water and what other
alternative power sources and converters you might have. For everyday use of the filter on your
tap water the pump is not needed.
Excluding a distiller, to clean up the swimming pool water for drinking purposes you basically
have three filtering options:
Configuration 1 - Simplest and most cost effective. About $140 + pump ($105)
Use a three stage activated charcoal filter ($140) with a pump ($105), such as the , 12VDC
input Aquatec 6800 or the 120VAC input Aquatec Model 6800 pumps, to pump the water out
of the swimming pool into and through the filter. Using simple cartridge filters is the most
cost effective but should be considered ineffective against bacterial and especially potential
H5N1 viral contamination of the end product. To prevent that, you would want to make
ABSOLUTELY sure the water has the proper chlorine concentration for the minimum
amount of time before you pump the swimming pool water through the filters. If using this
configuration, make sure you have the ability to test the chlorine concentration. If the
chlorine level is not adequate, pre-treat the water to be filtered with additional chlorine. As
noted earlier, however, chlorine and iodine will not kill cryptosporidium so you must be sure
that one of the filter stages removes cryptosporidium.
The first stage could be a low cost 3-5 micron particulate filter, but for a few bucks more you
can have a much more effective, top of the line particulate filter, the Argonide NanoCeram.
The NanoCeram physically filters all particulates and debris down to 2 microns, but then
electrostatically “traps” almost all particulates (including most bacteria and some viruses),
down to 0.2 microns (200 nanometers or 200nm) in size. Although health claims are not
allowed to be made on it's capabilities for reducing pathogens, bacteria and virus are
particulates, and all particulates greater than 200nm are mostly eliminated by the
NanoCeram. While very effective in filtering bacteria, cysts, such as cryptosporidium, and
other pathogens, many virus are smaller, with the H5N1 virus being only 80 – 120 nm in
diameter.
The biggest advantage of the NanoCeram is that it provides the maximum protection against
clogging and bio-fouling of the finer absolute porosity carbon block filters that follow. It
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also has an enormous “dirt holding” capacity and will reduce turbidity (cloudiness) down to
nearly zero. Turbidity is known to interfere with the effectiveness of chlorine disinfection as
well as any UV disinfection.
The second and third stage would be two, high performance, carbon block filters with
sequentially decreasing pore size, such as a Matrikx +1 (0.6 – 2 micron) followed by a
Matrikx CR1 (0.5 – 1 micron). These high performance activated carbon blocks will
efficiently remove chlorine, chlorine byproducts, organic chemicals, pesticides, VOCs, and
any particulate greater than about 0.5 micron that made it through the NanoCeram. In
laboratory tests, filters with pores no bigger than 1 - 2 micrometers are effective at straining
the 4-5 micrometer crypotosporidium cysts.
Note however, that the absolute minimum pore size of this system is bigger than the H5N1
virus. This method relies on the proper amount of chlorine always being present to kill
bacteria and virus. Allowing any untreated and polluted water into the filters will allow the
pathogen to stay there. Subsequent water pressure, treated or not, will push the contaminated
water through the filter and into your drinking water. It is to be noted that this Configuration
is ineffective for removing inorganic contaminants such as dissolved salts.
This configuration can turn chlorinated swimming pool water into emergency drinking water
at a rate of up to ½ gallon/minute at a low cost.
Configuration 1A – More effective but more expensive. About $340 + pump.
The same as above, but at the end of stage 3 you would pass the filtered water through a
highly effective, 120VAC operating UVA light disinfector such as the Sterilight S2Q-PA
Ultraviolet Disinfection System which would provide 99.99% disinfection. For a UV system
to sterilize the water it requires about 22 watts of power whenever the water is flowing. In
the emergency situation where you are pumping out swimming pool water this is not a
problem as you also need to be providing power for the pump. (NOTE 1: for a UV system to
be effective the exposure/intensity ratio must be correct. In effect this means that you MUST
reduce the flow through the system to 2-3 GPM. NOTE 2: If you are configuring your
emergency power for 12VDC, a low cost 12VDC to 120VAC inverter could be used to
power the UV light source and a 120VAC pump.)
Prior to emergency use of filtering and disinfecting swimming pool water, this system would
be extremely effective for everyday use under your kitchen sink. Besides filtering the normal
junk that is in your tap water, should any contamination occur (With or without pandemic
bird flu. For a water horror story see Milwaukee) you will be automatically protected (as
long as you also have power) and not reliant upon some after-the-fact notification from the
health authorities after they are alerted that lots of people are getting sick and dying.
Configuration 1A would give you near absolute protection against all infectious pathogens.
Premium Water Filters carries all the parts for both configurations at a very good price.
This configuration can turn swimming pool water into emergency drinking water at a rate of
up to 1/2 gallons/minute.
Configuration 2 – Less expensive and more reliable. About $110 or $190, plus pump
Get a Watts WP-2BVC and use as is ($115.) or modify it to make it much more effective
($190). The WP-2BVC is the only filter cartridge system in existence that is NSF certified to
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remove 99.99% - 99.9999% of bacteria, virus, and cysts. You can easily modify it
(technically at your own risk) to make it much better at removing chlorine and organic
chemicals while simultaneously making it last longer (filter more gallons of swimming pool
water).
The popular multiple stage cartridge water filters have individual filter elements that come in
individual canisters, thus a 2 stage filter has two distinct canisters, each holding a particular
filter cartridge. You can easily replace or substitute the filter cartridge inside one canister
with a different and better performing filter cartridge. However, it is worth noting that the
moment you modify a NSF certified device in the configuration it was certified for you lose
the “NSF certification” on the system even if the resultant modification makes it better.
Somebody would have to pay about $100,000 to get the new configuration NSF certified.
A standard Watts Premier WP-2BVC filter system is a two stage water filter that consists of a
5 micron sediment filter followed by a very special Matrikx Microbiological Barrier filter
from KX Industries. This is where the bacteria and virus are captured and filtered out of the
water.
NOTE: do not confuse the Watts WP-2BVC filter with the similar looking but far less
effective two or three stage filter systems sold by places like Sam’s Club, Home Depot, and a
plethora of other places around the internet. They are not the same. You want to have safe
water, including removing a virus that is currently killing over 60% of the people that catch
it, so this is no time to skimp on questionable products.
A more effective system ($190) would add an additional filter housing which holds a
NanoCeram particulate cartridge which provides about 100 times more pre-filtering
capabilities than the standard Watts 5 micron sediment filter which is not much more than a
rudimentary sediment filter whose main purposes is to protect the third cartridge from getting
clogged too fast. (NOTE: the pore size in the standard Watts configuration is too big. The
much more effective NanoCeram particulate cartridge also filters down to a much smaller
particulate size.)
The “standard” 5 micron sediment filter in the WP-2BVC is a 5 micron carbon block, that
does nothing to remove chlorine or harmful chemical contaminants. It can be replaced by a
high performance Matrikx +1 carbon block filter which contains almost 1 pound of
compressed (extruded) activated carbon and which filters down to 0.6 micron, 2 micron
absolute. It will remove nearly all chlorine, many chemicals, very fine sediments, and VOCs
and provide additional protection for the third cartridge.
The two upstream filters are now followed by the Watts WP-2BVC’s Microbiological Barrier
cartridge which is the only filter cartridge system in existence that is NSF Certified to
remove 99.99% - 99.9999% of bacteria, virus, and cysts (technically in it's unmodified,
original configuration).
The magic for the great final biological contaminant filtration is in the Microbiological
Barrier cartridge, not the first two cartridges.
The modifications do three things:
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A. It voids the official NSF Certification but NSF Certification does not determine which
filter is better only that a specific filter configuration does what the manufacturer says
it does.
B. You will remove a heck of a lot more chlorine, organic chemicals, very fine
sediments, VOCs, and all sorts of other junk.
C. You will end up with much greater protection against clogging and chemical
saturation for the final stage of the Watts WP-2BVC, where the real magic occurs.
Additionally, the majority of the fine particulants, chlorine and organic chemicals are
now removed by the lower costing Matrikx +1 cartridge (typically changed every 12
months), leaving the Matrikx Microbiological Barrier) cartridge (typically changed
every six months) less obstructed and more electrochemically “active” for a longer
period of time. This is the cartridge that you want to protect for as long as possible,
because this is where the virus capture occurs.
Note that this system only requires a minimum of 25 PSI, something that the Aquatec 6800
12VDC input or the Aquatec Model 6800 120VAC pump ($105.) can easily deliver. Like
Configuration 1 this system, sans the pump, could be installed under your sink to provide
continuous protection of your tap water. Since it doesn’t require any power it will always be
protecting you. Any modifications must be done yourself. Contact Mark at Premium Water
Filters to order the system and any extra components you want. Don’t forget to order
replacement cartridges before a crisis causes a resulting shortage.
These configurations can turn swimming pool water into safe drinking water at a rate of
about 1/2 gallon/minute.
Configuration 3 – Most expensive but delivers the purest water. About $253 + pump
Take a 5 -Stage Reverse Osmosis System, and replace the standard sediment filter in stage 1
with a 10” NanoCeram filter cartridge. This will provide the maximum protection from
clogging and bio-fouling for the other downstream filters, especially the sensitive RO
membrane, as well as significantly reduce the count for the biological [particulate] pathogens
exiting the first stage.
Almost all reverse osmosis membranes require a minimum operating water pressure of 45 to
50 PSI to push to water through the RO membrane efficiently. The entire filtering system
requires a recommended minimum operating pressure of about 65 PSI due to the pressure
drop caused by the other filter cartridges. To do this in an emergency situation you will need
a water pump capable of providing that much pressure, such as the Aquatec 6800 12VDC
input or the Aquatec Model 6800 120VAC pump.
Electrical efficiency would be improved by using a 75 GPD (Gallons Per Day) RO
membrane instead of a 50 GPD RO membrane. The larger capacity membrane will provide
more water for the same or less work required to push the water through the pores of the
membrane, thus using less electrical energy per gallon of water. A typical 5 stage RO system
with a 50GPD filter will provide 2.0 gallons/hour while one with the 75GPD filter will
provide 3.1 gallons per hour. The 12VDC pump requires about 84 watts thus resulting in
42Whr of power to produce 1 gallon of water using the 50GPD membrane. The 75GPD
membrane produces a gallon using 27Whr.
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It is worth noting that a RO system uses additional water to flush the RO membrane resulting
in a loss of 3 - 4 gallons of water for every 1 gallon of purified water produced, however, this
water can be piped back into the pool or captured and used for flushing toilets. Additionally,
with RO membranes, as you decrease the temperature of the water or the pressure of the
water, the membrane produces purified water more slowly, but the quality of purification is
not affected. Also, unlike the other systems, the RO system will also efficiently remove
nitrates, toxic metals (such as arsenic, mercury, and lead), chemicals, inorganic
contaminants, calcium, salt and most of whatever else is in the swimming pool water.
The 5 stage RO system could also be installed under your sink, without the pump, until such
time as you need to remove it and start filtering swimming pool water. Contact Mark at
Premium Water Filters to get the system and the 12VDC pump. Don’t forget the necessary
hardware and fittings necessary to be able to use it to purify swimming pool water. And
spare filters while they are available.
This configuration can turn swimming pool water into safe drinking water at a rate of about
2 - 3 gallons/minute.
Starting with swimming pool water, Configuration 1, assuming proper chlorination, will
deliver emergency drinking water, that won’t taste “yucky.” Configuration 1A will deliver the
same drinking water only now it will be at least 99.99% disinfected. Configuration 2 will deliver
drinking water equivalent to many disinfected municipal provided waters, without the chlorine
taste. Configuration 3 will deliver water far purer than the water currently coming out of your
faucet and nearly as good or even better, in some cases, than some commercially provided
bottled waters. With the 1 micron absolute SBAC filter all three systems will protect you from
cryptosporidium.
If you install any of these systems on your current tap water they will all dramatically increase
the quality and purity of what you are currently drinking while simultaneously protecting you
from the most unknowns currently flowing out your tap. Maybe more importantly, they will
provide additional protection should your municipal water system have a failure or screw-up.
(NOTE: #1 can’t protect you from a virus or bacteria if the municipality provided disinfection is
missing.) Finally, configuration 1A, 2, and 3 should protect you to a high degree (nothing in life
is certain except death and taxes) from nearly everything biologically harmful that potentially
could come out of your tap, regardless of the cause. Even more so if you first properly disinfect
the water with chlorine. As long as you understand the potential drawbacks, the highest
protection you could get would be a 5-Stage RO System with a Sterilight SQ2-PA Ultraviolet
Disinfection System.
It is worth noting that for home-sized carbon filters, such as the ones detailed above, to be
effective you must keep the flow rate through the filters down to a maximum of 1/2G per minute
and ideally around 1/4G per minute. If the flow is greater, chlorine and chemicals will whip
through the carbon filters without being captured. (Note- this does not apply to RO filters even if
the last stage is a carbon block because the RO membrane is what is doing the bulk of the
filtering.) To verify and set the flow you will can use a flow rate meter, such as a low cost
digital flow meter (or periodically measure the flow by timing how long it takes to fill up a 1/2G
or gallon container.) and a pressure reducer, which can be automatic or a simple manually
adjusted valve. NOTE: when the filters start to become used up, i.e. clogged, the flow will
naturally decrease.
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When using any of the above systems for making emergency drinking water from swimming
pool water, you will also need to routinely test the filtered water for residual free chlorine which
would indicate that the filters need to be replaced. Since the SBAC filters remove the chlorine,
when the residual chlorine level starts rising it is time to change the filter. This test is easily
done by a dpd (diethyl paraphenylene diamine) indicator test, something that is routinely done on
swimming pools to ensure that they are safe to swim in.
For more info on testing for chlorine go here. The simple test strips used for testing the chlorine
in a swimming pool for swimming purposes are often not accurate enough for detecting very low
amounts of chlorine so get a reagent additive test kit like a Basic 4 DPD Test Kit or a super high
efficiency Chlorine Test Strip which comes in individually sealed in heavy foil/ plastic, that will
test for trace chlorine (< 1 ppm). A pen type Total Dissolved Solids (TDS) Meter or inline TDS
Meter may also be useful for monitoring the water quality. Remember, all this may be for a virus
that is carried by water fowl which land and defecate in lakes, rivers, reservoirs, and swimming
pools and which is currently killing over 60% of the people that catch it. An ounce of protection
(and a few well spent dollars) is worth a pound of cure.
As noted in each configuration, the best place I have found to get all the filtering equipment and
necessary widgets is Premium Water Filters. Premium Water Filters is the only filter company I
could find that carries both the Watts microbiological filter and the NanoCeram filter. They also
sell the NanoCeram at the same web price that Argonide does. Talk to Mark to get a whole
system put together. Don’t forget to order spare filters which otherwise may not be available
when you might actually need them.
The advantage of using a swimming pool for emergency drinking water is that you already have
LOTS of stored water and it is already disinfected, if the chlorine content is correct. While the
filtering is a bit more elaborate than what you normally need to filter tap water, the cost of
acquiring it is not prohibitive and it is actually extremely cost effective on a $/G basis compared
to buying tanks to store water. As previously noted, the same filtering system you might some
day need to filter the water from the swimming pool could also be used now to filter the tap
water in your house (you would be surprised what is actually in your tap water!). Also keep in
mind that if you are converting swimming pool water into drinking water you don’t have any
municipality provided water so get some plastic to put on the surface of the water in the pool to
slow down the evaporation.
Keep in mind that for legal reasons, none of the manufacturers or providers noted above will
officially recommend their products be used for “cloudy” or “contaminated” drinking water
purification, let alone for swimming pool water purification. Even the best manufactures of
ultra-filters or reverse osmosis membranes will not make any specific claims about virus removal
from infectious water anymore. They all know there are too many variables involved, including
neglect on the part of the consumer to properly install the system or change the cartridges when
needed, failure to operate the system within the correct operating parameters (temperature,
pressure, flow rates, etc) internal leaking or “bypassing” the gaskets, or even product failure, to
name a few.
That basically means you are on your own. However by following the suggestions and
guidelines noted in this report, along with some common sense application, some residual
chlorine testing, and occasional question to the right source, you can obtain some assuredness
that you have done all there is that one can reasonably do to protect yourself and family from
dangers that could be lurking in your drinking water.
83

PORTABLE FILTERS
These are lightweight and easy to transport. They were originally developed for backpacking
and camping applications. That means they are usually fairly rugged and reliable but also that
they do not filter a lot of water and do only the minimal requirements for filtering what is usually
found in ground water when out in the boonies. They do not filter out virus. Addition of
chemical agents or pre-treatment with a portable UV light sources are needed to take care of that.
Some information on a few of the more popular ones follows.
Katadyn Mini Filter – about $90. This filter has the same high
performance as the Pocket Filter with the advantage of being much more
compact and light weight. Ideal for traveling or backpacking. Element:
Ceramic, Pore Size: 0.2 microns, Weight: 8 oz., Output: 1/2 Quart/Minute.
Replacement filter is about $50.
The General Ecology First Need, shown to the right, has a similar physical
configuration with the difference being that it will filter out bacteria, and
virus. While a bit pricey, it is the only portable filter I am aware of that
will remove bacteria and virus.
Katadyn TRK Drip Ceradyn ceramic filter with gravity container - about $185 . Exclusive silver
impregnated ceramic elements ( 3 ) last up to 39,000 gallons. Field-cleanable 0.2 micron
ceramic depth filter. Output approx. 1 gallon ( 4 liters) / hour. Weight = 7.3 lbs. Height = 18
inches. Comes with 3 cleanable filter elements, measuring gauge and cleaning pad. Works on
gravity pressure from upper compartment; no hook-up required. Raw water is filled on top with
up to 2 1/2 gallons of untreated water and slowly drips through the three ceramic elements into
the bottom container. A set of three replacement filters is about $150.
Katadyn TRK Drip Gravidyn – about $160. Similar to the Ceradyn ( above ) but with activated
carbon filters to reduce chemicals and bad taste. A set of three replacement filters is about $120.
As you may have gleaned, I’m a bit biased towards Katadyn. They make good, reliable filters
that are reasonably priced for the quality and performance of the product.
Maintaining a clean water supply has been a particularly vexing problem for the military too.
Soldiers in the field either have to carry their own water with them or operate bulky equipment to
purify water where they find it. A Seattle-based outfit called Mountain Safet Research has
teamed up with MIOX of Albuquerque, N.M. - and a little funding help from the Defense
Advanced Research Projects Agency - to create a lightweight piece of equipment than can purify
a lot of water easily without being too bulky. A larger consumer version of the Miox technology
is expected to be available soon.
The MIOX method uses electricity to convert table salt into a disinfectant
that can render many toxins and impurities as powerful as E. coli and
crytposporidium harmless. The device uses a camera battery to provide
the electricity and is designed to be easy to use. Pour a small amount of
water into the purifier, shake it up, then press a button on the outside of the
device. The process that takes place inside the purifier uses electrolysis to
created a mixed-oxidant solution. Pour this solution into a canteen or
other container of impure water and within 30 minutes that water will be
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safe to drink, though it may take longer if the water is infected with stronger organisms. Purity
indicator strips are included to show that the water is safe after the wait period. The system
weighs less than 4 ounces and is about the size of a magic marker or small flashlight. It can treat
about 50 liters of water with one salt pellet and 200 liters on one set of batteries. It meets the
standards of the U.S. Environmental Protection Agency which requires that 99.9% of all viruses
be inactivated. About $130.
A new one on the market is the Seychelle Water Filter Bottle that is good for about 200G. They
do a good job of removing a lot of junk. About $30 –if you shop around n Froogle.
Go here for a relative comparison on some of the portable filters.
GRAVITY FILTERS
These filters require no electricity and very little water pressure. They look like a big coffee
maker. Simply pour polluted water (you should always pre-filter for particulates – see below) in
the top and it is gravity filtered through large surface area, low resistance ceramic elements
called “candles.”
The simplest gravity filters are the ceramic clay ones built and used in third world countries. If
you are handy with ceramics, you can make your own. Probably the best place to go for
information is Potters for Peace. They will filter out bacteria and cysts but I was not able to find
any data on while or not they will filter out a virus. I would presume not. Interestingly, the
IDEAS brochure on the subject mentions that the clay is to be impregnated with colloidal silver
which deactivates any bacteria that pass through its pores. Regardless, the addition of chemical
agents will, however, kill bacteria or any virus so the ceramic filter is used to remove the
chemically tolerant cysts.
While you can find ceramic gravity filters sold in the US, the more common types of gravity
filters are the ones that use large ceramic or activated charcoal filters, commonly called
“candles” due to their resemblance. Since these type are more common the following discussion
will relate to candle-type of gravity filters but the principals apply to ceramic clay types of
gravity filters as well.
A gravity filter creates a small amount of water pressure by the weight of the water in the
container pressing on the candle. Since water generates about ½ PSI per foot of height the
bottom of the candles are exposed to about ¾ PSI when the container is full and the top of the
candle will have correspondingly less water pressure. As the water gets filtered through the
candle the water level drops lowering the effective pressure. This is why the first ½ gallon
comes out much faster than the last ½ gallon. NOTE: topping off the source water will create
filtered water faster. The water flows through the candles and then drips into a storage container
on the bottom.
Gravity filters are available with 1-4 candles. The more candles the filter has the greater the
surface area exposed to the low water pressure which results in a greater combined flow through
the candles. The 4 candle models will filter up to 30G/day and are good up to about 10,000
gallons if you can keep the surface from getting all clogged up. Units with a smaller number of
candles filter proportionally less.
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Like almost all mechanical filters, they are not rated for filtering out virus but pre-treating the
water with iodine or chlorine will take care of any viral contaminants. The filters will filter out
almost all (97-99+%) of the chlorine allowing one to err on the side of caution when adding
chlorine. Some contain integrated activated carbon filters, which will also remover the chlorine
and iodine.
However, do not pour the polluted water in the top and add iodine or chlorine. In order for
iodine or chlorine to be effective they have to present a long exposure time to the pathogen.
How long depends on the individual pathogen, the concentration of disinfectant, the water
temperature, and how much particulates the water contains. Once you pour the polluted water
into the gravity filter some will immediately start making its way through the filter, with any
virus present but without any chlorine or iodine. Thus what will fall into the bottom collection
container is filtered water with virus but without disinfectant. Before pouring the water into the
gravity filter, first treat the water with a disinfectant in a bucket, allowing it to stand an
appropriate amount of time, before pouring it in a gravity filter.
The low pressure candles of a gravity filter are very susceptible to clogging from particulates
where the performance drops dramatically. While they can be cleaned to “scrap off” the clogged
outside layer of the ceramic, it is a good idea to filter the raw water through sediment screens in a
separate container before adding the chlorine and pouring into the gravity filter to remove as
much particulate matter as possible before the water comes in contact with the candles.
Cheesecloth, nylon, silk, or drip coffee filters make good sediment filters.
The most popular gravity filter if the British Berkefeld Big Berkey Water Filter – about $250
with 4 candles. The British Berkefeld is the standard in gravity “coffee pot” filters and has been
around for over 100 years. The “Big Berkey” comes with four 9 inch long "Super Sterasyl"
Ceramic Filters “candles” which reduce up to 99.99% of particulates, cysts, parasites and
pathogenic bacteria including but not limited to E. Coli, Salmonella Typhi, Cryptosporidium, and
Giardia.
Additionally, the filters will reduce chlorine, iodine, rust, sediment and organic chemicals. With
nominal particulate filtration rating efficiencies of >99.99% filtration at 0.9 microns >99.9% at
0.5 microns >98% down to 0.2 microns. Constructed of high grade, polished stainless steel, the
Berkefield will produce about 1.25 gallons per hour. With reasonably clean, pre-filtered,
polluted water and four candles, the Berkefeld will filter 10,000 gallons of water. It measures:
19.4'' H X 8.5''diameter and has a capacity of 2.4 gal. Empty, it weighs 8.5 lbs. 4 replacement
filters are ~$150.
The Aquarain Model 400 is competition to the Big Berkley with similar performance and priced
about the same. The biggest difference is that the Aquarain candles filter to 0.3 micron absolute
while the Berkfeld (Daulton candles) are 0.9 micron absolute.
The “candles” of the Berkefeld Big Berkey are made by Doulton (I do not know who makes the
candles in the Aquarain offerings.) model. Doulton has been making diatomaceous earth
ceramic filters since the British Empire still ruled much of the world.
While there is a significant difference in pore size between the two units, in actual practice
neither unit will filter out a virus. Aquarain doesn’t specifically say what their smaller pore size
filters that the Berkfeld doesn’t. In any case, both units have small enough absolute pore size to
filter out Cryptosporidium which is very hard to kill.
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Both manufacturers provide smaller versions with fewer candles. Shop around for the best price
and availability. You can Froogle both names and get many suppliers.
Katadyn TRK Drip Ceradyn comes in a 2.5G double poly bucket with three field-cleanable 0.2
micron ceramic candles with granular activated carbon. It delivers about 1G/hour and “up to”
39,000 liters (10,303 gallons!) “depending on water quality.” About $150 with 3 replacement
candles being almost as much (~$135).
Pure Water Products offers a single Doulton candle Gravity & Siphon Filter for $45.
And it is fairly easy to make your own gravity filter by mounting the candles in a food grade
poly bucket.
Reiterating, the biggest complaint about gravity filters is the vastly reduced performance which
is caused by the outside of the candles getting dirty/clogged. There just isn’t enough water
pressure to push the water through any dirt on the outside of the candles. If you go this route
take pre-filtering to heart and make sure you have an extra container and some very fine filtering
material available, especially if your raw water is very dirty. Add your chemical treatments in
this bucket and, after an appropriate treatment time, let the “crud” settle before putting the water
in a gravity filter.
Another disadvantage with gravity filter is that because of their physical makeup most people
would bring raw water into the house to pour into the filter. With the potential of H5N1
contaminated water this is not a prudent thing to be doing, so pre-filter and treat with chlorine
outside the house.
SEGMENTED LOW PRESSURE FILTER
A solution almost as easy as a gravity filter with far better performance is a Segmented Low
Pressure Filter. The difference between the two is that a gravity filter creates a small amount of
pressure from the vertical column of water inside the filter while an SLPF relies on a relatively
small external vertical column of water that is considerably higher to deliver about eight or more
times the pressure. The column of water and raw water source is also separated from the
filtering section which makes the filter system a segmented filter.
In a gravity filter, the pressure is generated by the weight of the water pressing on the candle.
Since water generate about ½ PSI per foot the bottom of the candles are exposed to about ¾ PSI
when the container is full. As the water gets filtered, the water level drops lowering what little
pressure there is on the candles quite a bit. This is why the first ½ gallon comes out much faster
than the last ½ gallon.
A variation on the theme is to use a segmented low pressure filter which has more water pressure
developed from an external column and selected standard cartridge filters that will operate on a
low 5 PSI to create a Low Pressure Filter. The 5 PSI pressure can be easily generated from a 12
foot head, i.e. a vertical water drop.
You can easily get the necessary PSI by setting a raw water supply pail on a table in a 2 story
house and running a hose down to ground level where the filter(s) are. You now have a 12 foot
head generating about 5 PSI. Or you can go down the stairs into the basement. Or off the roof to
the ground. Or use a rope and pulley to hoist the feed bucket 12 feet or more off the ground.
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With additional length of hose, the raw water source container can also be located outside the
house, something very important when the raw water source may be contaminated with
biological pathogens.
Mark at Premium Water Filters (210-568-3828) has put together all the parts you need to have a
SLPF, except the user supplied disinfectant and eye dropper. The SLPF is similar to the Katadyn
TRK Drip Gravidyn noted in the portable filters only it will filter much more water far better and
much faster. It will also cost you less. Premium Water Filters has put together two kits to make
a SLPF, with the major difference being the filters. Both kits have at least a 2 micron absolute
filter for removing Cryptosporidium and giardia.
The single filter Emergency Disinfection Low Pressure Filter - Single (# EDLPF1) costs about
$105 ($74 without the pails) and includes:
•

Two Heavy Duty (HDPE, FDA approved) 5 gallon, Plastic Pail (white with pour spout
lid and carrying handle), with a hole drilled near the bottom on one side of each pail for
installation of the hose fitting and spigot.

•

A premium quality tube fitting with washer for the feed pail

•

A water on/off spigot for the purified water pail.

•

25 feet of 3/8” O.D. potable water hose with attachment hardware already installed.

•

An in-line on/off ball valve already assembled into the hose to control water flow

•

A single cartridge filter housing with a Matrikx +1 carbon block filter for you to install.
(Simple to do, however, do not open the airtight package and install the filter cartridge
until you are ready to use the SLPF.)

•

3 feet of outlet hose attached to cartridge housing to deliver the purified water into the
purified water receiving container (user supplied).

•

Strainer cloth and bungee cord

This filter system is designed to only be used on water that has been properly and thoroughly
disinfected with a disinfectant such as chlorine bleach, iodine, calcium hypochlorite, or
Chlorine Dioxide.
After the bacteria and virus are killed by your choice of disinfectant chemical, the elevated
(to create pressure) water is to a Single Stage filter housing that contains an activated carbon
block filter cartridge. This system will filter out chlorine-resistant Cysts and also remove the
chlorine and reduce the nasty byproducts of chlorination before dripping the water into your
purified drinking water jug.
The dual filter Emergency Disinfection Low Pressure Filter- Double (#EDLPF2) for about
$150 ($105 without the pails) includes all the parts of kit 1 but adds an additional pail (a total
of 3) and changes the filters and filter housings to:
Stage 1: a single cartridge filter housing with a 10” Argonide NanoCeram cartridge to
remove solids, particulates, turbidity (cloudiness), and a certain amount of microorganisms
BEFORE chlorination. This will allow the chlorination to work much better for cloudy or
murky river or lake water, reduce the “chlorine demand” in certain cases, and will help the
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chlorination process yield less byproducts of chlorination in water laden with organic solids
and microorganisms.
The second stage filter housing contains either a Matrikx +1 cartridge, or a Matrikx Pb1
cartridge that removes the chlorine and reduces the chlorine byproducts, although in this case
only the +1 cartridge is rated for efficient VOC removal, and only the Pb1 cartridge is rated
to effectively remove 99.9% of chlorine-resistant cryptosporidium cysts. In actual practice
however, the Matrikx +1 has a 2 micron absolute pore where cryptosporidium is 4-5 micron
in diameter.
Remember, chlorine-resistant Cysts are biological pathogens, so for our application if you
want to be absolutely sure the Pb1 would be your safest bet from a biological perspective. A
pathogenic microorganism will harm you faster than some trace VOCs.
In operation, you would put four gallons of raw water in the upper bucket and add
disinfectant. After proper, thorough, and time appropriate disinfection, the chemically
treated water is sent down a long hose to be cleaned up by the filter(s) before it drips into
your purified drinking water bucket.
OPTIONS
•

A box of 30 individually sealed “Free Chlorine and Total Chlorine” Test Strips (0.1 –
5.0 ppm range) for testing for the very desired residual Free Chlorine in disinfected
water. #FCTCstrip30 ($18.00)

•

Replacement Matrikx +1 carbon block cartridge, #PLUS1 ($15.00)

•

Replacement Matrikx Pb1 carbon block cartridge #Pb1 (17.50)

•

Replacement NanoCeram cartridge #Nanoceram P2.5-10 ($27.69)

•

Digital TDS Pocket Meter, # TDS4 ($23)

•

Digital Flow Meter gallon counter, #DFM ($38.00)

•

Additional pail, with Pour Spout Lid #5PAIL ($12) (Note: the pour spout is priceless
for pouring the contaminated water without splashing it all over when it is poured into
the holding pail with the filter on top. All the parts fit inside the top pail when they
are stacked.)

The only assembly required is that you need to insert the hose fitting and spigot into the predrilled holes on the bottom of the 5 gal. pails and put on the washer and nut. Attach the 25 foot
hose to the fitting and you are ready to start making clean drinking water. (Do not open the
airtight package and install the filter cartridge until you are ready to use the SLPF.)
If you can get your own pails and can drill the hole for the hose fitting and spigot, you can save
some money by ordering the kits without the pails as noted above. You will also save some
more on the shipping. Check with your local bake shop for the pails.
You also need a pail for the raw water to be acquired. This is NOT the same pail as the sitting
feed pail which has the gross particulate filter fabric (supplied) on the top. This additional pail is
supplied in the Double Stage kit so that you will have three pails that stack for easy storage. For
the basic kit, you can order an extra pail from Premium Water Filters if need be although the 5G
pails are readily available from local sources.
IMPORTANT: The reason you do not use the upper feed pail for treating the water is twofold:
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1. The on/off valve is located on the feed hose. You do not want any untreated water to go
down that part of the hose and then get pushed through the filter.
2. All raw water and anything that comes in contact with it should be considered
contaminated and handled as such! Since the feed pail is probably in your house treat the
water in the treatment pail outside if possible. Also disinfect the outside of the pail
before bringing it into your house. Gloves and good hygiene should be used at all times
whenever handling any raw water, especially water that may be contaminated with
H5N1. Make sure the outside of the treatment pail is disinfected before bringing it in the
house.
You also need to supply your own chemical disinfectant and a measuring device. If using a
chlorine disinfectant you should also get a dpd test kit or the accurate test strips Mark sells as an
options as noted above.
As in the standard gravity filter usage, you want to pre-screen the water as much as possible
before treating and filtering it. While the LPF comes with a fine particulate fabric screen for the
feed pail, you can also add another to the treatment pail. A piece of plastic window screen
and/or other fine mesh filtering material for gross particulate filtering works well here. You can
tell if your pores of your very tight-woven material are small enough by holding it up to the sun
or a bright light – you shouldn’t see any light coming through. When the filter(s) is attached,
slowly pour the raw water through it.
When the treatment pail has a bit over 4 gallons of water in it, remove the screen and add a
chemical disinfectant into the raw water. See the section on chemicals above. When the
chemical is added, stir thoroughly for at least 2 minutes. Stir again for a minute once every 10
minutes until 30-40 minutes has transpired. NOTE: the filter screens that you took off will be
the most contaminated part of the LPF. Handle with care and disinfect appropriately.
If using chlorine to disinfect the raw water, the treated water should have a slight chlorine smell.
For every 20 degrees below 73 F the water is add another 15 minutes of ”sitting time.” You
may, at the end of 30-40 minutes, use chlorine test strips (or other chlorine testing methods) to
test for a minimum of 0.5 ppm residual Free Chlorine. If detected pour the treated water into the
feed pail. If no residual chlorine is detected add additional chlorine and repeat the process.
At this point the upper feed pail should be at least 9 feet, and preferably 12 feet, above the filter
cartridge. The upper feed pail has a slim hose that runs down to the filter. The output of the
filter goes through the short discharge hose into a collection pail with the water spigot. This
gravity fed system would require a minimum pressure of about 4 PSI to operate and will generate
approximately ¼ gallon of purified water in a minute or two. How many gallons you can purify
will depend on the clarity of the raw water and how well you pre-filter it. Adding additional
layers of filtering will only help. Depending on what is in the raw water to be filtered, you
should be able to filter between 750 - 6000 gallons with just the Matrikx +1. Much more with
the NanoCeram in the Double kit. When the time to filter a gallon of water doubles it is time to
change the filter. On the Double filter SLPF, change the carbon block first as the NanoCeram
will probably be good for at least two charcoal filters, depending on how dirt the water was.
It is worth noting that for every additional foot the source bucket can be raised above the filters
you will increase water pressure by another 0.43 lbs which will help to push water through the
filters faster. As noted earlier, you can easily get a 12 foot head by running the hose from the
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send floor to the first or the first floor to a basement. You can also hoist it up in the air with
some rope and a pulley attached to a tree branch. The kit comes with 25 feet of feeder hose so
there is plenty of extra hose to increase the height. CAUTION: 4 gallons of water in the pail will
weigh about 35 pounds. That is enough weight to throw off your balance when carrying it on a
sloped surface. Falling off the roof trying to get more height will kill you faster than Bird Flu
could. Also, do not let anyone stand underneath the hoisted bucket, either, for safety reasons.
The SLPF setup will look like this:
Put raw water and
chlorine treatment in
this pail and let sit for
30-40 minutes.
Test for residual
Do not poor out
chlorine before
any sludge.
pouring into feed pail.
upper feed pail

mesh
particulate
filter

raw water
treatment pail

fo
od

gr
ad
e

ho
se

9 feet
minimum

storage container
for clean water

filter(s)

You now have a very effective, portable, low cost water filtering system for emergency use. The
two or three pails stack and all the parts will fit inside one making it easy to store and transport.
NOTE: store the chemical treatment additive there too so everything is in one place. For long
term storage, use the commercial tablets, iodine, Chlorine Dioxide, or a bit of calcium
hypochlorite.
If you would like to filter more water you can use a larger feed container such as a 12 or 30
gallon drum such as these but you will have to drill a hole for the hose fitting.
MISCELLANEOUS
When purifying any water, it is recommended that you only purify enough water to last a
maximum of 48 hours. Water allowed to sit around for much longer than this may become recontaminated from outside sources or the occasional pathogen that survived intact if there is no
residual disinfectant. If you are going to keep it around any longer, add more disinfectant
according to the directions for the disinfectant you are using.
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Should you want to rig up a filtering system using various commercial filter cartridges, you will
need water pressure to drive the water through the filter. How much pressure will depend on the
individual cartridge, or string of cartridges, and how fast you need the water. The fact that you
don’t need water squirting out of the hose dramatically lowers the pressure requirements.
As noted in our other applications, one of the best fairly small pore particulate filters around, the
Argonide NanoCeram, uses nano-particles to create a high flow rate, low pressure drop, spun
ceramic fiber filter with an effective rating of only 0.03 microns. If functioning properly, that is
small enough to filter out 99.9999% of all virus and bacteria but note that the ABSOLUTE pore
size is 2 microns in size. The NanoCeram filter has a flow rate that is 500 – 1000 times greater
than competitive ultafilters and has a minimum rated pressure requirement of only 2 PSI for a
low pressure application. For full rated delivery, the pressure is only 10.2. Go here and here for
detailed information. If you don’t have much pressure and are going to have only one filter this
should be it. . To use this filter as a primary defense against cryptosporidium, keep the flow rate
low. Also disinfect the raw water with Chlorine Dioxide would provide additional protection.
If you have some reasonable pressure, something in the 15PSI range, the filter to get is the
Matrikx Microbiological Barrier cartridge but put a NanoCeram and 1 micron SBAC in front of
it to protect it from getting clogged.
Water Pressure
The unit of pressure used in atmospheric work on Earth is the hectopascal; 1 hPa = 100 Pa. So
the pressure 1 m below the surface of water (ignoring the pressure exerted by the atmosphere on
top of it) is 98 hPa. Standard atmospheric pressure is 1013.25 hPa, so it takes 1013.25/98 = 10.33
meters of water to produce a pressure of 1 atmosphere. That's about 34 feet.
The static head corresponds to the fact that water exerts
0.433 lbs of pressure at one foot. This converts to one lb.
of pressure at 2.31 ft.
Thus a water container on the roof of a single story house with a
hose leading down to the filter at ground level will provide about
12 feet of static pressure which is only 5.2 PSI (12 X 0.433).
That is enough pressure for the NanoCeram but no where near
enough for most filters, including the Matrikx Microbiological
Barrier. If you have a reliable source of power available you can get a 12VDC water pump to
create the requisite pressure.
Total Dissolved Solids
One of the important measures of water quality is the amount of dissolved minerals in the water
which is called Total Dissolved Solids(TDS). TDS is typically measured by devices which
quantify how the water sample conducts an electrical current. All the measurements with the
exception of the GPG figures are electrical measurements. The different units are used to make
it convenient to express the Total Dissolved Solids (TDS) values.
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The most important thing to remember is that the all the units measure the same thing and are all
done by electrical current conduction. The measuring instrument’s internal electronics make the
conversions to the unit of measurement shown on the dial.
For instrumentation to measure TDS, see: Instrumentation - Myron-L Ultrameter.
Conductivity is measured in MS/cm2 which is Micro-Siemens per Square Centimeter. This
measurement is used more commonly for Untreated City Water and often in Cooling Tower and
Boiler Water Conductivity.
Resistivity is measured in Meg-Ohm/cm2 which is Million Ohms per Square Centimeter. This
measurement is used commonly in Treated Deionized or RO/DI Water Systems for High Purity
Applications. The reason that Resistivity is used is that Conductivity at High Purity results in
low readings which are difficult to discern.
TDS, measured in GPG, translates to dissolved Grains per Gallon of solution. This is the old
avoirdupois system in Grains, ounces pounds and tons. It is commonly used to measure water
hardness and resin capacities in Grains per Cubic Foot(FT3) of Resin.
TDS, measured in Mg/L, translates to dissolved Milligrams per Liter of solution. To make sense
out of all the different measurement units the various measurements can be converted to this unit.
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COMMERCIAL WATER TREATMENT SYSTEM PRACTICES
Principal Stages
There are three principal stages in a municipal water purification system:
1. Primary treatment - Collecting and screening, including pumping from rivers and initial
storage
2. Secondary treatment - removal of fine solids and the majority of contaminants using
filters, coagulation, flocculation and membranes
3. Tertiary treatment - polishing, pH adjustment, carbon treatment to remove taste and
smells, disinfection, and temporary storage to allow the disinfecting agent to work.
Each of the steps, especially as applicable to a mini-water treatment system, are detailed
below. Understanding how a municipality makes drinking water will help you in your efforts
to make your own water purification system.
Primary Treatment
Pre-conditioning
Many waters rich in hardness salts are treated with soda-ash to precipitate calcium carbonate
out utilizing the common ion effect.
Screening
The first step in purifying surface water is to remove large debris like sticks, leaves, trash and
other large particles with a Screen filter which may interfere with subsequent purification
steps. The smaller the holes in the screen the smaller the debris must be to pass through. Thus
a screen with small holes will filter out more debris, but will become clogged faster and
require cleaning more frequently. Thus there are multiple screens with progressively smaller
holes.
Storage
Proper storage allows some natural biological purification to take place. This is especially
important if treatment is by slow sand filters. The filtered water is often treated to remove or
inactivate remaining potentially harmful microscopic organisms including viruses, protozoa
and bacteria. This removal step comprises part of a multi-step process of disinfection which
is completed by chemical and/or ultraviolet light treatment which damages and makes noninfectious any remaining viable harmful microbes. For waters that are particularly difficult to
treat such as from catchments with intensive agriculture, extra physical, chemical and
biological treatment steps may be necessary.
Secondary treatment
Secondary treatment involves the removal of fine solids and the majority of contaminants
using aeration, filters, coagulation, flocculation and membranes. There are a wide range of
techniques that can be used to remove the fine solids, micro-organisms and some dissolved
inorganic and organic materials. The choice of method will depend on the quality of the
water being treated, the cost of the treatment process and the quality standards expected of
the processed water. All, however, use some form of coagulation and flocculation.
Coagulation and Flocculation
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Together, coagulation and flocculation are purification methods which work by using
chemicals that effectively "glue" small suspended particles together so that they settle out of
the water or stick to sand or other granules in a granular media filter.
Untreated surface waters contain clay, minerals, bacteria, inert solids, microbiological organisms, oxidized metals, organic color producing particles, and other suspended materials.
Some of the microbiological organisms can include Giardia cysts, pathogenic bacteria, and
viruses. Oxidized metals include iron and manganese. All of these materials can inhibit disinfection, cause problems in the distribution system, and leave the water cloudy rather than
clear. The purpose of coagulation is to remove these particles.
Coagulation techniques can remove 60-98% of coliform bacteria, 65-99% of viruses, 60-90%
of giardia along with various amounts of organic matter and heavy metals.
Coagulation works by eliminating the natural electrical charge of the suspended particles so
they attract and stick to each other. The joining of the particles so that they will form larger
settleable particles is called flocculation. The larger formed particles are called floc. The
coagulation chemicals are added in a tank (often called a rapid mix tank or flash mixer),
which typically has rotating paddles. Generally, the retention time of a flocculation basin is
at least 30 minutes with speeds between 0.5 feet and 1.5 feet per minute (15 to 45 cm /
minute). Flow rates less than 0.5 ft/min cause undesirable floc settlement within the basin.
Making the water slightly alkaline ensures that coagulation and flocculation processes work
effectively.
An increasingly popular method of floc removal is by dissolved air flotation. A proportion of
clarified water, typical 5-10% of throughput is recycled and air is dissolved in it under
pressure. This is injected into the bottom of the clarifier tank where tiny air bubbles are
formed which attach themselves to the floc particles and float them to the surface. A sludge
blanket is formed which is periodically removed using mechanical scrapers. This method is
very efficient at floc removal and reduces loading on filters, however it is unsuitable for
water sources with a high concentration of sediment.
The coagulation chemicals are added in the rapid mix tank a tank. The mixture remains in
the rapid mix tank for 10 to 30 seconds to ensure full mixing. The amount of coagulant that
is added to the water varies widely due to the different source water quality. coagulation
chemicals
Coagulants
The most common coagulant that is used in the United States is aluminum sulfate, sometimes
called filter alum. It reacts in water attracting smaller suspended particles to form flocs of
aluminium hydroxide. The usual dose for alum is 10-30 mg/liter of water. This dose must be
rapidly mixed with the water, then the water must be agitated for 5 minutes to encourage the
particles to form flocs. After this at least 30 minutes of settling time is need for the flocs to
fall to the bottom, and them the clear water above the flocs may be poured off. Most of the
flocculation agent is removed with the floc, nevertheless some question the safety of using
alum due to the toxicity of the aluminum in it, even if there is little to no scientific evidence
to back this up.
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Virtually all municipal plants in the US dose the water with alum. Aluminum sulfate is an
inexpensive coagulant but also produces sulfuric acid that may cause rapid corrosion of
water mains if soda ash or lime is not used to raise the pH. Aluminum sulfate coagulation
leaves about 0.1 to 0.15 mg/L (e.g. = ppm) of aluminum in the water. It has been established
that Aluminium is toxic to humans at high concentrations and many suspect it to cause other
problems in lower concentrations.
Ferrous sulfate or Ferrous chloride as well as magnesium sulfate (Epsom Salt) are other
common coagulants. Iron coagulants work over a larger pH range than aluminum sulfate but
are not effective with many source waters. Other benefits of iron are lower costs and in some
cases slightly better removal of natural organic contaminants from some waters. However,
coagulation with iron compounds typically leaves a residue of iron in the finished water.
This may impart a slight taste to the water, and may cause brownish stains on porcelain
fixtures. Because the taste and stains may lead to customer complaints, aluminum is favored
over iron for coagulation.
The principal can be used to treat any raw water. Add a pinch for 4 gallons, stir well, for a
few minutes and let it sit for about a half hour. Do this before adding any chlorine! You
will see the junk coagulate out. Pour out the good water and then add chlorine.
Sedimentation
Water exiting the flocculation basin enters the sedimentation basin, also called a clarifier or
settling basin. It is a large tank with slow flow, allowing floc to settle to the bottom. The
sedimentation basin is best located close to the flocculation basin so the transit between the
two does not permit settlement or the floc break up. The outflow of the sedimentation basin
is typically over a weir so only a thin top layer furthest from the sediment-exits.
The amount of floc that settles out of the water is dependent on the time the water spends in
the basin and the depth of the basin. The retention time of the water must therefore be
balanced against the cost of a larger basin. The minimum clarifier retention time is normally
4 hours. A deep basin will allow more floc to settle out than a shallow basin. This is because
large particles settle faster than smaller ones, so large particles bump into and integrate
smaller particles as they settle. In effect, large particles sweep vertically though the basin and
clean out smaller particles on their way to the bottom.
As particles settle to the bottom of the basin a layer of sludge is formed on the floor of the
tank. This layer of sludge must be periodically removed and treated. The amount of sludge
that is generated is significant, often 3%-5% of the total volume of water that is treated.
Filtration
After separating out most floc, the water is filtered as the final step to remove remaining
suspended particles and unsettled floc. The most common type of filter is a rapid sand filter.
Water moves vertically through sand which often has a layer of activated carbon or
anthracite coal above the sand. The top layer removes organic compounds which could
include dangerous disinfection by-products as well as those with taste and odor. The space
between sand particles is larger than the smallest suspended particles, so simple filtration is
not enough. Most particles pass through surface layers but are trapped in pore spaces or
adhere to sand particles. So not just the top layer of the filter cleans the water, but effective
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filtration extends into the depth of the filter. This property of the filter is key to its operation:
if the top layer of sand blocked all particles the filter would quickly clog. To clean the filter,
water is passed quickly upward through the filter, opposite the normal direction (called
backflushing) to remove embedded particles. This contaminated water can be disposed of,
along with the sludge from the sedimentation basin, or it can be recycled by mixing with the
raw water entering the plant.
Ultrafiltration membranes
These are a relatively new development which uses polymer film with chemically formed
microscopic pores which can be used in place of granular media to filter water effectively
without coagulants. The type of membrane media determines how much pressure is needed
to drive the water through and what sizes of micro-organisms can filtered out.
Tertiary treatment
The final step in preparing the water is improving the organoleptic characteristics (color,
turbidity, taste, odor) and making any final adjustments. This involves polishing, pH
adjustment, activated carbon filtering, disinfection and temporary storage to allow the
disinfecting agent to work and adding desired or removing unwanted chemicals.
Disinfection
Disinfection with aggressive chemicals to destroy any pathogens is normally the last step in
purifying drinking water. Most municipal water systems intentionally leave residual
disinfection agents in the water after exiting the plant so it travels throughout the distribution
system. The most common disinfection method is some form of chlorine such as chlorine
gas, sodium hypochlorite, chloramine or Chlorine Dioxide. The water and chemical mix are
allowed to sit in a large tank, called a clear well. The water must sit in the clear well to
ensure that the water is in contact with the disinfectant for a minimum amount of time
because it takes time to inactivate any possible harmful pathogens. Other disinfection
methods include using ozone which acts very rapidly or Ultra Violet light that is almost
instantaneous also inactivate pathogens.
Chlorine gas and sodium hypochlorite are the most commonly used disinfectants, because
they are inexpensive and easy to manage. Both have strong residuals in the water once it
enters the distribution system. Chlorine compounds are very effective in killing bacteria and
virus but have limited to no effectiveness against protozoans that form cysts, notably
Cryptosporidium and Giardia.
The main drawback in using chlorine gas or sodium hypochlorite is that these react with
microorganisms and organic compounds in the water to form potentially harmful levels of
the chemical by-products trihalomethanes (THMs) and haloacetic acids, both of which are
carcinogenic and regulated by the U.S. EPA. The formation of THMs and haloacetic acids is
minimized by effective removal of as many organics from the water as possible before
disinfection and/or by adding ammonia immediately after chemical disinfection is
completed. Formerly, it was common practice to chlorinate the water at the beginning of the
purification process, but this practice has mostly been abandoned to minimize the production
of THMs, although Chlorine Dioxide applications in this stage are starting to appear.
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Chloramines are not as effective disinfectants compared to chlorine gas or sodium
hypochlorite, but do not form THMs or haloacetic acids. They are typically used only in
stored and distributed treated water. An example of this sort is proceeses using ozone for
primary disinfection which is very quickly accomplished then using monochloramine to
create a residual level of disinfectant in the water. Chlorine Dioxide is another rapid acting
disinfectant against bacteria but unlike ozone it leaves a long lasting residual in the water.
Despite these beneficial characteristics, it is rarely used because it may creates excessive
amounts of chlorate and chlorite, both of which are regulated to low allowable levels. In this
case, ferrous sulfate is often used to reduce the chlorites.
Ozone is a very strong, broad spectrum disinfectant and is widely used in Europe to disinfect
water. It is the most effective method to inactivate harmful protozoans that form cysts and
works well against almost all other pathogens. Other benefits of ozone are that it does not
form any dangerous by-products and does not add any taste or odor to the water. One of the
main problems with ozone is that it leaves no disinfectant residual in the water.
UV radiation can be used to disinfect water as well. UV radiation is very effective at
inactiavitng cysts, as long as the water has a low level of color and Turbidity (cloudiness
caused by suspended fine particulates) so the UV can pass through without being absorbed.
The main drawback to UV radiation is that is like ozone also leaves no disinfectant residual
in the water.
Final Adjustments
Fluoridation
In most municipal water systems in the USA, fluoride is added to water, usually by the
addition of hydrofuosilicic acid or dihydrogen hexafluorosilicate, for the purpose of
preventing tooth decay. Some areas have too much natural fluoride in the source water. In
that case, excessive levels are reduced, often with activated alumina. There is some very
serious debate going on from qualified scientists that direct and indirect consequences of
fluoridation are not so benign and may actually be unhealthy. For our applications we will
skip the fluoride treatment.
Water conditioning
Usually this means reducing the effects of hard water, usually salts of calcium or magnesium,
which crystallize out as calcium or magnesium carbonate. Water with high concentrations of
hardness salts can be treated with soda ash (sodium carbonate) which precipitates out the
excess salts, through the common ion effect.
Plumbo-solvency reduction
In areas with naturally acidic waters of low conductivity (i.e. surface rainfall in upland
mountains of igneous rocks), the water is capable of dissolving lead from any lead pipes that
it is carried in. The addition of small quantities of phosphate ion and increasing the pH
slightly both assist in greatly reducing plumbo-solvency by creating insoluble lead salts on
the inner surfaces of the pipes.
Radium Removal
Some groundwater sources contain radium, a radioactive element. Radium can be removed
by ion exchange, or by water conditioning.
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For a good and fairly detailed, but not overly so, explanation on how a smaller municipality
treats its water go here. Go here for a listing of some of the common chemicals used in water
treatment systems. There is a lot more involved in having pure drinking water than simply
turning on the faucet.
Slow Sand Filter
Where sufficient land and space are available, water may be treated in slow sand filters. These
rely on biological treatment processes for their action rather than physical filtration. Slow sand
filters are carefully constructed using graded layers of sand with the coarsest at the base and the
finest at the top. Drains at the base convey treated water away for disinfection. A film of
bacteria, protozoa, fungi, and algae builds on the surface of the sand. This is the Schmutzdecke
layer that removes all the impurities. Slow sand filters are not common in North America but
they have been used in Europe for over a century, most notably in London. Studies have shown
that slow sand filtration is highly efficient for Crypto. parvum removal, attaining >99.997%
reduction in oocyst numbers. The depth of the sand (usually a minimum of a meter) makes a
slow sand filter impractical for our application however one could probably build one on a
smaller scale using a large pipe and going vertical.

Making a Mini-Water Treatment System
(adapted from http://www.ih2000.net/chembio/water.htm)
As noted above, Municipal Water Treatment Systems take some pretty nasty water and through
various processes turn out clean water. While none of the practices remove everything by
themselves, when used together they are remarkably effective to remove most contaminants.
If all you want to make is pure, clean, drinking water, from a reasonable quality but polluted
water source you can fairly easily and cost effectively build a home system that parallels the
operation of a municipal water treatment plant.
However, unless you have the time, money, and expertise to own and operate some rather
expensive and sophisticated water testing equipment, you do not know what contaminants are in
the water and which could or could not be removed by simply employing one or two purification
modalities. Additionally, you may not have any electricity to power the equipment. Thus you
need to assume the worst and implement most of the purification processes in a simple manner.
In a mini-home water treatment system, simply omit the primary sludge removal and implement
the other steps as follows:


Draw the water. You need about 3 - 4 gallons.



If debris (shurbs, leaves, mud, etc) is present, pre-filter into another container. If necessary
use multiple screens with progressively smaller openings.



Aerate the water, ideally under strong sunlight conditions.

Aeration removes some unwanted gasses from the water and adds additional oxygen into the
water for oxidation reduction of substances such as iron, manganese, and sulfides. It reduces
hydrogen sulfide, Volatile Organic Chemicals (VOCs), Synthetic Organic Chemicals (SOCs),
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Pesticides, Trihalomethanes (THMs), and THM precursors. Aeration encourages the growth of
aerobic bacteria and other microorganisms that facilitate the removal of dissolved organic matter
to carbon dioxide and water and also exposes any pathogens to oxygen and sunlight which kill
most micro-organisms.
Aeration Methods
A. Spray Aeration:
Place the pre-filtered water in a clean, never used for chemical spraying, and preferably
stainless steel, 2 gallon garden sprayer. Pump up and spray this water once or more upward
with a 4 - 6 foot arc into the sunny air, allowing it to fall into a clean, plastic wading pool.
(NOTE: try to find one that is not made of PVC – good luck.) You have just aerated your
water, as much as possible, without knowing Henry's Law and Mass Transfer, or having
special equipment, nozzle sizes, and so forth. It is the best you can do under the
circumstances.
B. Inclined Washboard Aerator
This is the method called the Washboard effect of aeration. You want a washboard like
surface at an inclined plane of 45 degrees for the water to flow over creating thin surface
flows and many small waterfalls as it journeys down.
One of the easiest ways to build this (there may be better and more simple ways – use your
imagination) is simply to get a piece of ¾ inch plywood that is 24 inch wide, and thoroughly
screw a 1” x 2” frame around the outside. Drill two 3/8 inch holes about two inches apart
from centerline on one end for two 3/8 X 1 inch copper tubes to be used for the drain holes.
Press fit the copper tubes and then coat the inside and outside of the assembly with two coats
of polyurethane.
Have a ¼ in sheet of clear plexiglass cut into 35 slates that are 2.5 in wide by 22.5 inches
long. Starting 3-4 inches from the top, use Polymeric Systems PSI-601-FG food grade
silicon caulk, or equivalent, to glue the sides of the plexiglass slates in where they are at 45
degree down angle in the direction of the drains relative to the surface of the plywood. It is
important that they be parallel. Use the 45 degree corners on a carpenter’s square to assure
alignment. Locate the next one 2.5 inches down. Continue down until about 4 inches from
the bottom. When dry fill in the gaps along the top of the slates so water can’t flow behind
the slates.
The Washboard aerator will look like this:
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1.5" x 22.5"
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after slates are glued in,
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drain

3/8 copper
drain pipes

glue in slates at sides with
PSI-601FG Food Grade
silicon caulk
(all slates)

bucket

When finished, test the flow of the water over the slates. You might also need to glue on a few
small dams if the slates aren’t parallel and all the water is pouring off one end. When you get the
Plexiglas cut, also get a few pieces cut that are ¼ X ¼ and a few feet long. Cut to length and
locate as necessary. .
To aerate, point the washboard in the direction of the sun. Place the drain end on top of
collection bucket and lift opposite end up until washboard is at a 45 degree angle. Pour water in
top and collect at bottom. Repeat the process several times. One could also rig up a small
12VDC water pump to make the process more automatic and thorough.
PROCEDURE for COAGULATION REMOVAL of PARTICULATE MATTER
1. Apply 97.2 mg of Alum (Aluminum Sulfate Al2(SO4)3), all at once, per 1 gallon of prefiltered and aerated raw water (NOTE: Aluminum Sulfate is a fairly benign chemical.
Just don’t eat it or inhale it. It has a density of 1.04grams per cubic centimeter thus
97.2mg is 0.093 cc or about 1/10 of a teaspoon.) You can sometimes find Aluminum
Sulfate at your local hardware store in the garden department. Or get it through a
specialty chemical provider. Or EBay: Typically 1lbs for $5.23 + $5.45 shipping. A
better choice might be ferrous sulfate, especially if you are using Chlorine Dioxide as a
disinfectant. Get in on EBay too.
2. Stir rapidly until all the coagulation compound is dissolved.
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3. Allow to sit for about an hour – a little longer of the temperature is below 71F/21C. A
gelatinous material will form on the surface. If allowed to sit too long, re-stablization of
naturally occurring organic matter (NOM) will form. This means the destabilizing agent
or coagulant, the precipitated Aluminum bound to the NOMs, will start letting go and
much NOMs will go back into solution with the water.
This procedure, coagulation (flocculation), is trapping various types of micro-organisms
(bacteria, viruses, algae), organic matter, hydrous aluminum oxide, and "inorganic particles as
clay, sand, or carbon, and such organics as color colloids, wastewater particulates...."
Some of the resulting sludge will settle out. Carefully remove the treated water by pouring the
water into another clean container. Pour through a particulate filter (same material as the prefilter).
Many authors stress the significance and importance of pretreatment---especially chemical
coagulation (flocculation) for filtration processes. For example, it was concluded that “Chemical
pretreatment prior to filtration is more critical to success than the physical facilities at the plant."
---Chemistry of Water Treatment.
Coagulation (flocculation) is an excellent pretreatment for activated carbon adsorption after
aeration. Pretreatment increases (1) the life of the filter bed substance, in this case Activated
Carbon. (2) Higher-molecular weight substances (macromolecules) are adsorbed to a lesser
degree than low-molecular-weight species onto activated carbon; thus, coagulation (flocculation)
removes the macromolecules giving you a more purified water, and, (3) organic materials are
removed by coagulation at the best pH range of 5 to 6. With such a pH, the adsorption using
Granulated Activated Carbon of naturally occurring organic matter, NOMs, is more efficiently
removed for your final water. Therefore, you may want to add a little vinegar to the raw filtered
water prior to coagulation (flocculation) with the Alum.
The next step is to treat with iodine, chlorine, calcium hypochlorite, or Chlorine Dioxide
Standard 5.25% chlorine bleach may be used if that is all you have. If the water was heavily
polluted, use more as previously detailed. The sedimentation with Alum or ferrous sulfate
(coagulation) will have done much to remove organic matter, bacteria, and, especially, organic
chemicals. The prior aeration will have also facilitated this procedure.
If you do use a chlorine based disinfectant, you might want to aerate again to remove volatile
organic chemicals (VOCs) caused by the chlorine combining with any remaining organic
substances. However, because you have removed most precursors that the chlorine could react
with to form by-products through the coagulation stage, you should now have very little byproduct formation from the disinfection process. You could, thus, omit the aeration stage again
if your technique was not sloppy. If unsure, do it again as it is always better to be safe than
sorry.


Using the guidelines noted earlier in this paper, add the disinfectant, stir and then wait a
minimum of 30 minutes. As noted earlier, the wait time must be increased when the
water is colder.

103



Pour the water into your homemade activated charcoal filter, or a gravity filter with
activated charcoal candles. If you don’t have either, then make sure you have a PUR or
similar water filter pitcher that has an activated charcoal filter.

Using the above procedures, you have made, as economically as possible, a simple, home-made,
"municipal" water-treatment plant that will deliver clean, pure water from groundwater that is
comparable to much of the water provided by municipalities from the same source.
When you are finished processing your water, filter and super-chlorinate a half bucket of water
and use it to clean up every thing that the raw water touched, including any of your permanent
particulate filters. Set everything out to dry for the next use.
NOTE: This procedure has some serious limitations in the winter time when it is below freezing
so make sure you have some of the other methodologies on stand-by.
Making a Large Capacity Granular Activated Charcoal Filter
1. Get a clean a #10 size can. A better solution is to use a six inch diameter by 18 inch long
piece of ANSI/NSF Standard 14 listed plastic pipe for potable water. You would also
need one end cap.
2. For making particulate filters, get some plastic window screen and some Marineland
Bonded Filter Pad (from local pet and aquarium shop) or equivalent; or a package of
Cheese Cloth, some 100% pre-washed cotton, or several drip coffee filters.
3. Get a large pail of Granular Activated Charcoal (GAC) or more. You will use 3-6
pounds for each filter. This the last step before you drink the water so you want GAC
that is Certified for drinking water use by NSF (National Sanitation Foundation) and
AWWA (American Water Works Association) Check EBAY: Five Gallons (.67 cubic
feet of carbon, at least 25 lbs) Highest Quality Activated Carbon for $30 + $19 shipping
for CONUS.
4. Construction
 Drill, hammer (with a nail), or punch many holes into the bottom of the can. When
making the holes, try not to distort the bottom of the can too much. If using plastic
pipe drill lots of ~1/8 inch holes in an end cap. In both cases don’t make any holes
within about ¾ from the edge. If using the plastic pipe drill holes in the end cap and
glue the cap onto the pipe.


Cut to fit a round piece of filter pad for the bottom of the filter. Be sure to cut the
filter so it fits within 1/8 inch or less of the edge all the way around. The bottom
filter is just to keep the GAC from escaping.



Place filter in bottom against the holes. Add about an inch of Activated Charcoal on
this layer. Pack down fairly vigorously. Add another inch and repack. Repeat the
process until the can or pipe is about ½ filled.



Lay another layer of filter pad on top of the Activated Charcoal. Double or triple
filter layers here won’t hurt and could greatly help. The layer with the larger holes
should be on top followed by filters with successively smaller holes.
104

Here comes the tricky part. Set your filter on another container to catch the filtered water in
such a way that you can pour water into it but not contaminate your purified water. A 5G
bucket with a hole cut in the lid for the filter is good for this. You can press fit and glue it in.
This is important because you do not want to be accidentally spilling or splashing any raw
water into your clean water catchment container.
Slowly pour the raw treated water through your homemade GAC filter and collect the clean
water on the bottom. When all the water has been filtered, CAREFULLY remove the GAC
and whatever covering you have over the purified water. Dropping just one drip of raw
water into your purified water will pollute the whole batch.
Use a pdp test kit or the very accurate strips and test for residual chlorine. If you do not
detect any add some chlorine or Chlorine Dioxide and some ferrous sulfate. Wait 30 more
minutes and then enjoy your purified water.
Using the super-chlorinated disinfectant, clean the outside of the filter and top of the lid or
clean water covering. Set everything out to dry.
The homemade activated charcoal filter is good to filter at least 30 gallons of water, many
more if done correctly. If you can do a pdp test, on the before and after water, when you see
the residual chlorine increasing it is time to change the filter. In order to do that, just remove
everything and start over. You can partially reactivate old GAC by boiling it for 5 to 10
minutes and spreading out to dry so it might be worth saving in the event you go through the
whole pail of GAC.
The fact that the homemade GAC that you are pouring contaminated water in is so close to
the purified water is the major shortcoming of this approach. To rectify this, you could add
another outer container with a hose but then you have almost exactly what the much higher
performing LPF is as detailed in another part of this paper and for about the same, or maybe
even more, cost.
Parts to Get for the GAC and particulate filters.
1. Plastic or stainless steel screen for home-made filters.
2. Alum (Aluminum Sulfate [Al2(SO4)3])); as a coagulant for organic matter in purifying
water in the Sedimentation stage. (Ferrous sulfate if you are using Chlorine Dioxide to
disinfect the water.)
3. Stainless Steel Garden Sprayer, 1 - 2 gallon and a Wading Pool (if you go for spray
aeration)
4. Vinegar.
5. Cheese Cloth.
6. Lots of Coffee Filters to use as pre-filters and a discarded pot’s filter drawer to hold them
7. Stainless Steel or plastic bucket with holes drilled in the bottom.
8. Marineland Bonded Filter Pad (from local pet and aquarium shop); or two Cheese Cloth,
100% cotton -- approximately 126" x 36" packages.
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9. Purified sand (get 50 lb sack "filter sand" in the swimming pool supply section at Home
Depot). To purify; bake in the oven, while you can, to 350 - 400 degrees F, for 4 - 5
hours. Or, you can place the sand in a clean sock(s) and boil for 20 - 30 minutes. You
need this if you have really dirty water and will use it to make a sand filter like the GAC
filter.
10. If your water source is really dirty, you will need a coarser pre-filter so get some small
pebbles. Get 4 - 5 lbs or more. Use according to previous instructions. Purify by boiling
in water for 20 - 30 minutes.
11. Activated Carbon
WHAT YOU SHOULD GET TO ALWAYS HAVE SAFE DRINKING WATER
1. Water in appropriate storage containers or prepackaged liquids to provide at least 2
weeks of liquid for however many people you will be providing for. Figure on a
minimum of 2G/person/day with at least ¾ of the liquid being water.
2. Some Chlorine Dioxide and ferrous sulfate
3. Water Filtration Pitcher(s) with activated carbon filters
4. A water filter with a 1 micron absolute pore that works without electricity, such as the
portable, gravity or LPF filters described in this paper.
5. Various particulate screening material, and some 5G poly buckets to gather and treat raw
water.
6. .Some Clorox or calcium hypochlorite
7. A dpd kit, chlorine test strips, or chlorine test meter.
8. Some of your favorite soda pop in 2L bottles. (this is part of #1). When used, save the
bottles just in case you need to make a Solar Water Disinfector.
TIPS FOR CONSERVING WATER
Toilets
Every time you flush a regular toilet 3.5G of water is flushed down the sewer pipe. Even the
newer “low water” toilets use about 1.6G/flush. That, however, is a considerable difference. If
you haven’t already done so, now may be a good time to replace at least one toilet in your house
with a low water flushing toilet. If you don’t have any water you won’t have any pressure, so get
a gravity flush one such as the highly rated Toto. There is a BIG difference in performance in
low water flushing toilets. Go here, here, for test reports. Also note this if you have a long
sewer line.
Often a problem with low flush toilets is the toilet paper itself. Some do not dissolve very well.
On the other hand, if you are buying cases of TP, you don’t want to be buying the stuff that is
equivalent to prison grade. See the section below on TPs.
To get less water usage you will need to a composting toilet which uses from 0 to 1 pint of water
per flush. SunMar, Envirolet and Phoenix are popular brands. They are available as distributed
or self contained units and some require no electricity. Composting toilets have or require so
little water that you can not simply replace one of your existing toilets, even a 1.6G/flush one,
with a composting toilet because you won’t have enough water to flush the wastes down your
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sewer line which will then ultimately clog and back up. The wastes in the sewer line won’t be
composting and there may not be a trap in a composting toilet to keep the fumes from coming
back up into your house. In any case, if the municipal water isn’t working you can be fairly sure
that Rotor Rooter isn’t operating either.
Go here for more information on composting toilets, including info on how to build your own. (I
think we used to call them outhouses.).
If it comes to the point where you have no water or no water to spare, you will need an
emergency toilet, basically a seat atop a 5G bucket,
There is also the OutBack Pack Portable Toilet.

A nice step up is a “porta potti” from a variety of manufacturers and often carried by camping
sources such as Cabellas or Dick’s Sporting Goods.
Usually about $75.

Coleman makes the Self-Contained Portable Toilet #827B802T
which can often be found for about $60.

Rules for Flushing
If it is yellow, let it mellow. If it is brown, flush it down.
Blue Goo
While we are on the subject of toilets, if you have added any of those blue disinfectant tablets
into your toilet tank and are having trouble with the toilet flushing properly, especially if it is a
low water toilet, you might want to read up on the “Blue Goo” problems.
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MORE WATER SAVING TIPS
Cooking
Cook one pot complete meals. The Volcano Cook Stove is excellent for this, as well as cooking
several others at the same time.
Save cooking water for stews and soups.
Washing Dishes
Use the three-pot method to wash your eating dishes. Wash your dishes in the first pot of water
with dish soap. Rinse the dishes in a second pot. Rinse the dishes again in a third pot. When the
dish water in the first pot gets really nasty, discard it. Then put dish soap in the second pot and
use it as the initial wash pot. Use the third pot as your first rinse. Add a new pot with clean water
as the final rinse. If your sewer is still working properly, you can pour your waste water from the
first pot down your toilet to flush it.
Bathing
Take a Military shower. Wet your body. Turn the water off. Lather up with soap. Turn water
on, rinse off. This also saves soap. As water keeps running, soap lather is rinsed off requiring
more soap usage. Hydrologists agree, America as a whole, tends to waste a lot of water.
Washing Clothes
Get a Wonder Clean or Power Wash aka Wash 'N Dry Clean Machine. "Wash or dry clean 5
lbs. of laundry without electricity!" "The principle of operation is based on the physics laws of
pressure and heat. The hot water heats the air inside the container. The heated air 'tries' to
expand but is prevented so by the hermetically sealed container. When the expansion of the air
is prevented, the result is that the pressure is built up inside the container. This pressure causes
the soap and the water to penetrate forcefully through the garment and the stains are released.
Turning the container cause the previously released stain to be removed from the garment."
If you use dry detergent with low suds, you get a better wash. Most of the suds in soap is for
visual appeal. This is why hand dishsoap generates lots of suds and dishwasher soap generate
almost none.
Too much sudsing interferes with the cleansing action of the small machine.. Some preparedness
experts recommend Arm & Hammer Super Washing Soda which contains sodium carbonate. It
allegedly gets clothes practically spotless. It is a basic substance, and the more basic, the better
the cleansing action. It acts as a solvent for grease and softens hard water. Used with soaps, it
increases the soap's effectiveness. It also works very well in cold water, saving precious fuel!
Rapid Washer. "No more rubbing and scrubbing of clothes. The Rapid Washer is a plunger for
clothes. Just raise and lower like a plunger. The special tin plate head sends water through the
clothes without overstressing even the finest fabrics. Better than a Wash Board or hand
scrubbing. Works in all size wash tubs or basins. 28" long."
Or there are old fashioned wash boards.

SANITATION & DISEASE PREVENTION
Despite the fact that access to an adequate water supply and Sanitation is a fundamental need for
all people, over two and a half billion people do not have access to improved sanitation.
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Securing Sanitation – The Compelling Case to Address the Sanitation Crisis is a report that
focuses on the economic case for investing in sanitation and explores ways and means to
accelerate progress. Even though this report does not specify what kind of sanitary solutions that
should be chosen, there is a need to emphasize that environmentally sustainable solutions are a
prerequisite, if sanitation should contribute to all the MDG’s. [ download report ]
Any successful measure for managing human excreta includes the principles of separation,
containment and destruction. A Ventilated Improved Pit (VIP) latrine, for example:
Separates excreta from surface and ground water, fields and flies
• Contains the solids wastes
• Destroys the excreta by a process of decomposition and die-off of pathogens
•

Good sanitation is a very important step in stopping the transmission of pathogens from feces to
humans. Using a Ventilated Improved Pit (VIP) or a pour-flush latrine blocks the transmission of
disease on three out of four pathways. To block all the remaining ways of transmitting disease, it
is necessary to have proper hygiene and treat water.
Ventilated Improved Pit (VIP) latrine
The VIP latrine is similar to a conventional pit latrine, but has an offset pit that permits the
installation of a vertical ventilation pipe (or structure) beside the latrine. The design of the VIP
latrine causes air to flow down into the latrine pit through the latrine squat hole and up out of the
ventilation pipe, thus removing odours from the latrine. Flies are always attracted by the smell
from latrines, but in a VIP latrine they are attracted to the top of the vent-pipe rather than to the
latrine squat hole.
The Refugee Camp website has simple easy instructions on how to build a trench latrine, simple
pit latrine, and a VIP latrine. It also has a good glossary define words frequently used in
sanitation.
Water-seal latrines
Water-seal (or pour-flush) latrines are similar to simple pit latrines, but instead of having a
squatting hole in the cover slab, they have a shallow toilet pan with a water seal. In the simplest
type, excreta falls directly into the latrine pit when the pan is flushed with a small quantity of
water.
Pour-flush latrines can be connected at a later stage with either a septic tank, the effluent from
which can be disposed of by means of subsurface-soil absorption, or a small-bore sewer system.
The pour flush latrine is a specially designed water-sealed bowl, which requires 1.5 - 2 liters of
water for flushing the excreta. This water seal latrine eliminates entry of odor and prevents
rodents. This pour flush latrine consists of a single pit either just below the bowl (onset type) or
may be offset from the bowl (offset type) using the pour flush type bowl (pan and trap).
Eco-Sanitation
Eco-sanitation is a system that makes use of human excreta and turns it into a valuable resource
for agriculture, while minimizing health and environmental risks. Visit the following sites for
more information.
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Aquamor : Ecological Sanitation
Ecosan : Ecological Sanitation
Intermediate Technology Development Group : Compost Toilets
Sanitation Connection
TOILET PAPER
The Good Housekeeping Institute's Textiles Lab tested 14 top-selling toilet paper brands to
compare them for softness, absorbency, strength, and quality. It also tested to see how fast the
toilet paper would dissolve, which is important if your toilet clogs or is a low-flow model.
The best overall winner was Charmin Ultra at 32 cents per 170-sheet roll. It was the thickest of
all the toilet papers tested, very soft, and received high ratings in the Institute's strength tests.
Runners-up: Coronet and Charmin Plus. The best buy is the Scott, which at 53 cents per 1,000sheet roll, was strong and the softest of the bargain brands. All the details follow:
Brand

Ratings 5 is
best, 1 worst

Price per roll (1 Softness
-12 rolls/pack)*

Absorbancy

Strength

Quality

Dissolvency
Time in Seconds

Charmin Ultra - 2

4.5

$0.29-$0.66

77

Coronet

4.1

$0.27-$0.38

12

Charmin Plus

3.9

$0.34

9

MD

3.7

$0.28-$0.72

9

Angel Soft

3.5

$0.24-$0.55

12

Soft 'N Gentle 2-Ply

3.5

$0.53-$0.57

21

Quilted Northern Super -2

3.4

$0.74

69

Charmin -1

3.3

$0.28-$0.65

180

Cottonelle - 1

3.2

$0.27-$0.63

96

Scott - 1

3.0

$0.53-$0.68

17

Soft Weve - 1

2.9

$0.66-$0.79

20

Seventh Generation -2

2.8

$0.69-$0.74

21

Markal - 1

2.8

$0.57-$0.58

20

Soft 'N Gentle 1-Ply

2.5

$0.66-$0.67

18

Dissolvency Time in Seconds
Thick, plush toilet papers make you feel pampered, but if your plumbing is prone to clogging,
they can aggravate the problem. Note that the Charmin, Charmin Ultra, Quilted Northern and
Cottonelle were particularly slow to dissolve. So if you have a low-flow toilet, or old, sticky
plumbing that often acts up, those toilet papers may not be your best bet

BASIC HYGIENE
According to studies by the University of Loughborough hygiene is an important factor in the
reduction of disease.
Transmission Routes
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Good hygiene practices break the transmission route for pathogens. To break the transmission
route:
• Use a latrine
• Cover your food, protect it from flies
• Wash your hands properly
• Wash your body
• Treat your water
• Clean your house
• Keep animals away from food, gardens, houses, yards and water sources
• Dispose of garbage appropriately
Hygiene & Hand Washing
The prevention of disease can be greatly assisted by good hand washing practices. The findings
from the World Health Organization show that improved hand washing can prevent diarrhea was
remarkably consistent in a variety of settings.
The Correct Technique: 3 X 3
Three components:
• Wash both hands with water and soap
• Rub hands together at least three times
• Dry hands hygienically
At three critical times:
• Before cooking or preparing food
• Before eating or before feeding children
• After defecating and after changing or cleaning babies
For more information on hand washing, good hygiene practices and school programs to support
these initiatives, check out the School Sanitation and Hygiene Education program developed by
UNICEF and the International Water and Sanitation Centre.
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LINKS & REFERENCES
Water & Sanitation
CAWST - Center for Affordable Water and Sanitation Technology
CDC: Safe Water System (SWS) References and Resources
CDC: parasitic diseases that may be associated with water
CDC: Risks from Food and Water
CDC: Disinfecting Water for Drinking, Cooking, and Cleaning
CDC - Division of Bacterial and Mycotic Diseases
CDC-Division of Parasitic Diseases
CDC: Planning and setting up an isolation area
CDC: Instructions on making protective clothing
Disinfection Tech Brief (A National Drinking Water Clearinghouse Fact Sheet)
Emergency Disinfection of Water Supplies (OSU Agricultural and Biological Engineering)
EPA- Drinking Water Standards - Quick Reference Guides
EPA: Emergency Disinfection of Drinking Water
EPA - Ground Water & Drinking Water
EPA: How is drinking water treated?
EPA -Long Term 2 Enhanced Surface Water Treatment Rule
EPA: The Office of Ground Water and Drinking Water
EPA: Water On Tap – What You Need to Know (36 pages)
EPA: Water Where You Live
Everything You Wanted To Know About Drinking Water, But Didn't Know Who To Ask
FDA – “The Bad Bug Book”
FEMA water info
Filtration Tech Brief (A National Drinking Water Clearinghouse Fact Sheet)
Glossary of Water TermsGE Osmonics

Technology Library

How To Find Water and Make It Safe To Drink (by Robert Wayne Atkins, P.E.)
National Drinking Water Clearinghouse
NREL: An Overview of Water Disinfection in Developing Countries and the Potential for Solar Thermal
Pasteurization
Organic Removal Tech Brief (A National Drinking Water Clearinghouse Fact Sheet)
Pandemic Reference Guides – Summarized List of Documents to Print
Potters for Peace
Sanitation Connection - Introduction to low cost sewerage
Smart Sanitation Solutions (a 1.6MB pdf)
Solar Water Disinfection
Waste Stabilization Ponds (a 1.4MB pdf)
Water purification (Wikipedia – great resource!)
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Water Quality Association
Water supplies in a pandemic
WEDC -Water, Engineering and Development Centre (lots of water and sanitation info)
WELL Publication Listing (British organization with lots of info on water, sanitation and health)
WHO Technical Note for Emergencies No. 5 (water purification methods)

WHO - Drinking Water Quality
WHO: Household Water Treatment and Safe Storage Following Emergencies and Disasters
WHO: Review of latest available evidence on risks to human health through potential transmission of avian
influenza (H5N1) through water and sewage.
WHO Slow Sand Filtration Index (ssf9241540370.pdf - the entire document is 6.8MB)
Also see: Biosand Filter Organization
WHO: Technical Notes for Emergencies (by WEDC. See list at end)
Water Environment Federation

Parts, Equipment and Procedures to Purify Water
12VDC Water Pump
AquaMed Testing Service ($108/$183/$331 from basic to complex)
Argoncide NanoCeram (get it from Premium-Water-Filters)
Backpack Gear Test of Filters
Biologically Active Sand Filter (detailed instructions on making one)
Build your own gravity filter pictures
Build Your Own UV Filter
Digital Flow Meter ($38 - battery operated)
Doulton Water Filters
Doulton Drinking Water Filters Research Links (Good collection of water links and resources)
Downspout Diverter ($25 – for capturing rainwater)
Drum liner
Evaluation of Rooftop Rainfall Collection –Cistern Systems in Southwest Virginia
Germicidal Tablets
H2O Warehouse (Carries a wide selection of various name brands)
Health Guard Test Kits (every thing from simple to very comprehensive.)

Independent Filter
Inline TDS Meter (Battery powered - $45)
Karmen Water Purifier (from the guy who invented the Segway)
Lifestraw – a “straw” with integrated filter
OmniPure (one of the first and biggest provider of replaceable cartridge filters)

Potters for Peace - Ceramic Water Filter Project
Premium Water Filters (great place to buy all sorts of filters, incl. NanoCeram and Microbiological Barrier)
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Purifying Water
Recent Advances in Solar Water Pasteurization
PUR Purifier of Water

Pure Water 4U (good selection of pumps – although a bit pricey)
Sechelle Water Bottle with Integrated Filter
Silver Ceramic Water Purifiers (Build a low cost and very effective gravity filter)
Solar Water Disinfection
The Water Exchange (carries the KDF specialty cartridges)
Top Quality Filters - by American Plumber (Filters and plumbing parts)
Total Dissolved Solids (TDS) Meter ($23 - Battery operated “pen” TDS meter)
Treatment Systems for Household Water Supplies (University of N. Dakota)
Treatment Technologies for Small Drinking Water (A Nat’l Drinking Water Clearinghouse Poster)
Ultraviolet Disinfection (A National Drinking Water Clearinghouse Fact Sheet)
UV Water Purification (including a UV lamp for water storage tanks)
Water bladder source

Water Business Center ("World's Largest Listing of Manufacturers & Distributors”)
Water Exchange Net
Water Filter Comparisons to KDF Filters
Water Purification
Water Quality in Kentucky: Using Activated Carbon Filters to treat Home Drinking Water (Outdated but provides
some interesting data on comparative filters)
Water Safe Test Kit (Do-it-yourself test kit for Bacteria, Lead, Pesticides, Nitrates, Nitrites, Chlorine, pH and
Hardness.) or for $150 you can get Laboratory Analysis Kit that tests for 75 contaminants.
Whole Home Water Test Kit w/Optional Arsenic Test

Filter cartridges come in 10” and 20” lengths and either 2.5 or 4.5 diameters.
http://www.arieswater.com/products-ametek.asp
http://www.arieswater.com/order.asp?point=products&iCat=55
http://www.spectrapure.com/St_replac_p4.htm
http://www.primefilters.com/product.php?id=120
http://www.mrwaterfilter.com/replacement-cartridges/mwfrc-02.shtml
Ster-O-Tap test results: http://www.primewater.com/quality-b.htm
http://www.primewater.com/indexenglish.htm
http://totalfiltration.net/cartridges
0.02mm membrane filter
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http://www.usfilter.com/NR/rdonlyres/8C515A92-A984-432E-84067110A7B885C7/0/WEseriespleatedpolysulfonefiltcart.pdf
DOW FilmTec filters
http://www.dow.com/liquidseps/service/lm_techinfo.htm
http://www.bigbrandwaterfilters.com/
http://store.bigbrandwater.com/

Miscellaneous Links
Bird Flu Report (from the author of this report)
Colloidal Silver Report (from the author of this report)
Fluoride Action Network

Killing Power Of Bleach Increased By Vinegar
WATER, by Jiyani (a lot of extreme water survival techniques)
Water PseudoScience and Quakery
Water supplies in a pandemic (what could cause an “oops”)
Pumps
All About HYDRAULIC RAM PUMPS How and Where They Work
Bamford Ram Pump
Deep Well Hand Pump
Fleming Ram Pump

Home-made Hydraulic Ram Pump
Hydraulic Ram & Sling Pumps
Ram Pump
Rope Pump
Solar Power Well Pump
Treadle pump (Human powered pump.)
Treadle Pump Drawings
Wikipedia -Hydraulic ram
http://www.lifewater.ca/ram_pump.htm
http://www.clemson.edu/irrig/Equip/ram.htm

Water Conservation
1.6 Gallon, Low-consumption Toilets
Maximum Performance Testing of Popular Toilets – 2005 Report
Maximum Performance Testing of Popular Toilets – 2006 Report
Report and reviews on low flow water efficient toilets
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The Humanure Handbook
Toilet Test Results
Water Conservation (a big reference list on a wide variety of topics)
Water-Wise Toilets (Composting and low water use toilets)

Water Fittings
John Guest Quick Connect Fittings
John Guest Distributor
Plumbing Supply

Self Reliance Resources
Backwoods Home Magazine (“practical ideas for self reliant living”)
Basic Y2K Preparation Thread for Newbies (good starting place with lots of links)
Cumberland General Store
End Times Report (full of self-reliant information on a wide variety of subjects)
Hydra Drill (Home drilling equip for drilling a water well)
Lehman’s
Mother Earth
Solar cooker resources
Solar Power
WATER, by Jiyani ( a lot of good survivalist info)

http://www.builditsolar.com/Projects/WaterHeating/water_heating.htm
http://www.homepower.com/
WHO - Technical Notes for Emergencies
http://wedc.lboro.ac.uk/who_Technical_notes_for_emergencies/index.htm
1 - Cleaning and disinfecting wells [pdf - htm]
2 - Cleaning and disinfecting boreholes [pdf - htm]
3 - Cleaning and disinfecting water storage tanks [pdf - htm]
4 - Rehabilitating small-scale water dist. systems [pdf - htm]
5 - Emergency treatment of drinking water [pdf - htm]
6 - Rehabilitating water treatment works [pdf - htm]
7 - Solid waste management in emergencies [pdf - htm]
8 - Disposal of dead bodies [pdf - htm]
9 - Minimum water quantity [pdf - htm]
10 - Essential hygiene messages [pdf - htm]
11 - How to measure chlorine residual [pdf - htm]
12 - Delivering safe water by tanker [pdf - htm]
13 - Emergency sanitation - planning [pdf - htm]
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14 - Emergency sanitation - technical options [pdf - htm]
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