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Introduction

Drinking water quality is a common  
concern among homeowners today. 
The quality of  municipal drinking water 
is regulated by the U.S. Environmental 
Protection Agency (EPA) and some  
state agencies. But individuals who  
drink from private waters such as  
springs, ponds, wells, and cisterns are 
responsible for monitoring the water  
they drink. Few states mandate that  
individual supplies be tested and treated.

A water test can confirm the presence  
of  contaminants in a private water  
supply. If  a supply is found to be  
contaminated, water treatment is one  
option. It can improve drinking water  
safety by killing harmful organisms or  
by reducing the concentration of  con-
taminants. It can also improve the 
aesthetic quality of  water. For instance,  
hydrogen sulfide, the “rotten egg” gas,  
can be removed via home water treat-
ment. The selection of  a treatment  
device or system should be based on a 
case-by-case technical evaluation and  
on an economic assessment.

Homeowners have other options to  
consider besides water treatment. It  
may be possible to avoid contamina-
tion by better protecting the water  
supply or by eliminating the source of  
contamination. Other alternatives are  
to find a new water source or to buy 
bottled water for drinking and cooking. 
If  the contaminants do not affect health, 
it may be more economical to simply  
live with the problem.

About This Publication
This publication is a reference about 
common home water treatment de-
vices. Homeowners on private water  
supplies can reference it to find the  

device or system appropriate for treat-
ing contaminants. Others can use it in 
educational programs. It is also de-
signed as a desk reference for coop-
erative extension agents, regulatory  
personnel, and industry professionals. 
Individuals on public water systems  
may find the information useful for  
improving the aesthetic quality of  wa-
ter or for treating contaminants that  
may leach from household plumbing. 

Chapter 1 reviews the basics of water  
treatment and includes common ter-
minology and a table that summarizes  
possible water treatment methods for 
various contaminants. Chapters 2 and 
3 present physical and chemical home  
water treatment devices, their effects  
on water quality, and their basic prin-
ciples of  operation. Although mainte-
nance requirements and capacity vary  
by device design and construction,  
general statements for each type of   
device provide information to help  
homeowners decide whether to pur-
chase a device. Any special consider-
ations, such as controversy about the  
safety of  a particular device or state  
laws that restrict the use of  certain  
devices, are given as appropriate. The  
last section, entitled “Final Thoughts,”  
summarizes the text and discusses the  
future of  the water treatment industry.

Three appendixes provide informa-
tion on drinking water contaminants  
and will help homeowners interpret a  
water test report, pinpoint which con-
taminants exist in a water supply, and,  
if  necessary, choose an appropriate  
treatment technology. A fourth appen-
dix lists conversion factors. A glossary  
is included beginning on page 103;  
terms are defined within the context 
of  home water treatment. Finally, a 

reference section lists documents the 
authors consulted in the development of   
this publication. 

Water Quality and Water 
Testing 

Private Drinking Water Supplies: Qual-
ity, Testing, and Options for Problem  
Waters, NRAES–47, is a companion to 
this publication and serves as a gen-
eral reference on drinking water quality.  
(For ordering information, please see  
page 120.) It includes information about 
water quality standards, water testing,  
land use practices that affect water  
quality, and options for problem wa-
ters. The following is a summary of  the  
information in NRAES–47. 

Water Quality

The EPA has standards for municipal  
water supplies that are useful in deter-
mining if water treatment is justified for  
private supplies. The EPA’s Primary  
Drinking Water Standards concern haz-
ardous contaminants and define the 
Maximum Contaminant Level (MCL) 
allowed in municipal drinking water  
supplies. Homeowners can use the  
standards as a guide to assess the  
quality of  private water supplies. 

The EPA’s Secondary Drinking Water 
Standards concern substances that af-
fect the aesthetic quality of  water and  
can be used to evaluate the suitability  
of  a water supply for drinking and  
other domestic uses. They include  
standards for taste and odor; chemi-
cals that stain clothes or plumbing  
fixtures; and contaminants that cause  
cosmetic effects, such as teeth or skin 
discoloration, if  consumed for an ex-
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tended period. Secondary standards  
are not enforced by the federal govern-
ment but may be enforced by some  
state or local governments for municipal 
supplies. 

If a substance is not included in the  
standards, it may still pose a health  
risk or affect the aesthetic quality of  
water. A standard is set only when  
enough information is available to  
justify it. Even after researchers ob-
tain the necessary data, the process of   
creating a standard can take several  
years.

The EPA issues health advisories for 
drinking water contaminants that are  
not yet covered by the standards.  
Health advisories summarize current,  
acceptable contaminant levels in drinking 
water. Different levels are set depend-
ing on the duration of  consumption 
and on whether a child or an adult  
consumes the water.

Appendix A summarizes the EPA’s  
Primary Drinking Water Standards and  
health advisories. Appendix B lists the  
EPA’s Secondary Drinking Water Stan-
dards. Potential treatment technolo-
gies, as recommended in the stan-
dards and health advisories, are also  
included in appendixes A and B. Ap-
pendix C lists names of  pesticide prod-
ucts that contain EPA-listed drinking  
water contaminants.

Water Testing

Water testing determines if  a water  
supply is contaminated. Regular test-
ing of  private water supplies is not  
mandated by the federal government, 
although some states or lending institu-
tions require testing when a home is  
sold or when a new water supply is  
developed. The homeowner is respon-
sible for routine water testing and an  
awareness of  local land use practices  
that may contaminate the water sup-
ply. Such practices may include min-
ing, excessive land application of   
sludge or nutrients, or improper waste 
storage or disposal.

Homeowners should test water sup-
plies annually for total coliform bac-
teria, nitrate, pH, and total dissolved  
solids (TDS). These routine tests help 
identify changes in water quality due  
to microbiological contamination and  
some land use practices.

For most organic chemicals, even minute 
concentrations in drinking water may  
affect health if the water is consumed  
over a number of years. Routine tests  
do not pinpoint organic chemical con-
tamination; other specific tests are necessary  
if homeowners suspect the presence  
of such chemicals based on current or past 
land use practices.

Further testing is necessary if  potential  
for contamination from local land use 
practices exists, if  recurring health prob-
lems may be caused by contaminated 
water, if  a neighbor’s well is discovered  
to be contaminated, if  household  
plumbing contains lead, or if  water  
quality changes noticeably. Periodic  
testing is recommended to assure that 
 a treatment device is working properly. 
In addition, it is important to test water 
before purchasing a home that has a  
private water supply to determine  
whether water treatment equipment  
may be an additional expense.

If  a particular contaminant such as lead 
or benzene is suspected, it is necessary 
to test specifically for that contaminant. 
For contaminants included in the EPA’s 
standards or health advisories, the con-
taminant concentration in the untreated 
water should be compared to the maxi-
mum concentration listed in the stan-
dard to determine if  the water supply is  
unsafe or of  unacceptable quality.  
Knowing the contaminant concentra-
tion is helpful when selecting treatment 
equipment. 

An EPA or state-certified laboratory  
should conduct the water test if  a  
contaminant that is a health hazard is  
suspected. Many water treatment com-
panies offer complimentary in-home  
testing, but such tests are appropriate  
only for nonhazardous contaminants.  
Homeowners should be wary of  in-
home tests that claim to determine  
more than the level of  hardness, pH,  
iron, sulfur, and TDS. 

Water tests are never 100 percent  
reliable. If  a test shows that a water  
supply has an unacceptable level of  a 
contaminant, the water should be tested 
again to confirm the results. It is crucial 
to follow laboratory instructions when 
collecting samples.

Test the Water

♦	 when a new water supply is developed

♦ yearly for coliform bacteria, nitrate, pH, and TDS

♦	 if  potential for contamination from local land use practices exists

♦	 if  recurring health problems may be caused by contaminated water

♦	 if  a neighbor’s well is contaminated

♦	 if  household plumbing contains lead

♦	 to assure that water treatment devices are working properly

♦	 before property exchange
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Water treatment options include pass-
ing water through a treatment medium,  
heating it, exposing it to ultraviolet  
light, adding a chemical to it, or a  
combination of  these. When choosing  
a treatment system, identify the device  
best able to solve the water quality  
problem. Choose a device that offers an 
acceptable level of  treatment and a man-
ageable maintenance schedule. 

Home Water Treatment 
Language

A variety of terms describe water treat-
ment devices, their maintenance re-
quirements, and their efficiencies of  
operation. Point-of-entry (POE) devices 
treat all the water coming into the  
house. Point-of-use (POU) devices treat  
the water at a single tap or multiple taps  
but not water for the entire household;  
these devices are generally used to treat  
water used only for drinking and cook-
ing. Devices may also be in-line, line- 

bypass, or off-line. In-line devices are in-
stalled in the water supply line and treat all 
water moving through the line. Line-bypass 
units treat water diverted from the cold 
water line and supply treated water through 
a separate treated water faucet. Untreated 
water is available while the treatment unit 
is being serviced. Off-line devices are 
not connected to the water distribution 
system. An example of  an off-line device 
is a countertop distiller to which untreated 
water is added manually. 

The capacity of  a device has two  
components: the flow rate capacity  
and the contaminant removal capac-
ity. Flow rate refers to the rate of  water  
flow through a device and is measured 
in gallons per minute or gallons per  
day. One gallon per minute is equal to  
1,440 gallons per day. The most im-
portant flow rate capacity is at normal  
household water pressure, which is  
about 30 to 60 pounds per square 
inch. Assuming a water pressure of  30  
pounds per square inch, the minimum  
initial flow rate acceptable for a line- 

bypass unit with a treated water stor-
age tank is 2 gallons per day; for a line-
bypass unit without a storage tank, it is  
0.2 gallons per minute; for an in-line, 
single-tap unit without a storage tank,  
it is 0.5 gallons per minute; and for an  
in-line POE unit, it is 4 gallons per  
minute. These rates are based on mini-
mum service flow rates stated in stan-
dards set by the National Sanitation  
Foundation (NSF). [See the section  
entitled “The National Sanitation Founda-
tion (NSF)” on page 7.] 

Flow rate is affected by the pressure  
drop, which is the difference in water  
pressure between the inlet and outlet  
sides of  a treatment device or between  
the outlet of  a treatment device and a  
faucet. Excessive pressure drop causes 
decreased water flow at faucets. Most 
home water treatment devices are de-
signed for installation in a pressurized 
water distribution system. For mu-
nicipal water supplies, the distribution 
system supplies the water pressure. 
For well water, the well pump sup-

The Basics of 
Water Treatment1
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plies the water pressure. For surface  
water supplies, a pump supplies the  
pressure unless the water source is at  
a higher elevation than the home— 
then gravity supplies the pressure.  
Figure 1.1 illustrates a natural gravity  
water system.

The contaminant removal capacity re-
fers to both the percent reduction in a 
contaminant concentration between the  
untreated and treated water and the total 
amount of  contaminant a device can 
remove before maintenance is required. 
Before purchasing a device, review the 
product information to assure that the unit 
will reduce the contaminant concentration 
to a desirable level and maintain that level 
for a reasonable period of  time without 
excessive maintenance. Water treatment 
salespeople have information about se-
lecting devices to achieve the necessary 
contaminant removal capacity.

A common contaminant is suspended 
solids. Suspended solids may either be 
visible as individual particles or they  

may give water a cloudy appearance.  
Suspended solids include silt or clay;  
decayed plants or other organics; and  
iron, manganese, or sulfur particles.  
Microorganisms are also considered 
suspended solids. Suspended solids  
result in turbidity, which gives water a  
cloudy appearance. Suspended solids  
may interfere with water treatment, 
because they shield microorganisms  
from disinfection agents and may ad-
sorb contaminants. Suspended solids 
may also clog certain home water  
treatment devices. 

A properly operating device reduces the 
concentration of  a particular substance 
to a safe or acceptable level. Breakthrough 
occurs when the contaminant concentra-
tion in the treated water rises above that 
level. Some devices, when allowed to 
operate beyond breakthrough, may actu-
ally start releasing contaminant into the 
water, resulting in a higher contaminant 
concentration in the treated water than in 
the untreated water. This is referred to as 
unloading, or dumping. 

Depending on the quality of  the un-
treated water and the desired treated 
water quality, pretreatment or post-
treatment may be required. Pretreat-
ment involves installing additional treat-
ment devices before the primary de-
vice and is most often required when  
untreated water contains suspended  
solids that may shield microorganisms  
from disinfection or clog devices. Post-
treatment involves installing additional 
devices after the primary treatment  
device. Posttreatment will remove any 
lingering chlorine taste or smell after  
chlorination or adjust the pH, which 
may rise or fall to an unacceptable  
level after certain water treatment  
methods.

Preferential treatment occurs when  
untreated water contains several sub-
stances that are removable by the  
treatment device being used, but the  
device prefers one substance over  
another. For example, an anion ex-
change unit prefers sulfate over ni-
trate. If  the anion exchange unit is  
installed to remove nitrate, and the  
untreated water contains both nitrate  
and sulfate, the system’s capacity for  
nitrate removal diminishes (see section on 
anion exchange, page 45). 

Backwashing is a maintenance pro-
cedure required for some treatment 
devices when the contaminant removal  
capacity of  the device has been ex-
hausted. Backwashing reverses the  
normal water flow direction through a 
treatment device and flushes out sub-
stances that have accumulated in the  
device. 

Regeneration, another maintenance  
procedure, is required for water soft-
eners and other ion exchange de-
vices. During regeneration, a concen-
trated solution called the regenerant  
is passed through the treatment device. The 
regenerant removes any retained contami-
nants from the device and replenishes the 
contaminant removal capacity. Regenera-
tion is sometimes loosely referred to as 
backwashing.

Figure 1.1 
Gravity water system. 
Note: For a satisfactory flow, there should be at least a 20-foot elevation difference between the 
spring and the highest faucet. If the distance to the spring is great, more than 20 feet would be desir-
able to account for pressure loss in the pipe. 

Diversion ditch
Catchment basin

Fence

20
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. m
in

.

BedrockBedrock

Pipe to housePipe to house
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Many treatment devices require a minimum 
contact time between contaminants and 
the treatment medium. For adsorption 
processes, the contact time is the amount 
of  time the water must be in contact with 
the adsorption surface (see section on 
adsorption processes, page 24). For treat-
ment involving chemical reactions, it is 
the time required to complete the reaction 
between the treatment chemical and the 
untreated water. Contact time is especially 
important for disinfection by chlorination 
(see page 47).

Determining Household 
Water Needs
Determining the water needs of a home  
is an important step in selecting a water  
treatment system. Systems vary in the 
amount of treated water they provide.  
Generally, the more water that needs 
to be treated, the larger and more ex-
pensive the required treatment system.  
Plumbing changes may lessen the load  
on treatment equipment by diverting  
some untreated water to flush toilets or 
water lawns. Table 1.1 can help estimate a 
household’s daily water use. 

Home Water Treatment  
Systems
Some water quality problems require a  
treatment system comprising multiple  
devices. As a general rule, when a  
treatment system is necessary and un-
treated water contains suspended sol-
ids, mechanical filtration should be the  
first step in the system. Fine sand, silt,  
or other particulates can clog water  
treatment devices and shelter bacteria  
from disinfection. Beyond this recom-
mendation, it is difficult to generalize  
about the preferred order of treatment 
devices. Much depends on what con-
taminants need to be removed, the  
demands of other treatment devices,  
and the desired water quality. Chapters 2 
and 3 discuss recommended pretreatment 
and posttreatment procedures for individual 
devices, as appropriate. 

Considerations When  
Choosing a Device

A variety of  treatment options usually  
exists to safely resolve a water quality  
problem. The selection of  a device or 
system should be based on a case-by- 
case technical evaluation and on an  
assessment of  the economics involved. 
Choose the device with the best bal-
ance of  the following criteria: high  
contaminant removal capacity, high  
flow rate capacity, few maintenance  
requirements, easy adaptability to the  
owner’s lifestyle, few space consider-
ations, and low cost. Keep in mind that  
most treatment devices do not elimi-
nate a contaminant but only reduce  
the concentration to an acceptable  
level, which is usually defined by the 
U.S. Environmental Protection Agency 
(EPA) drinking water standards (see  
appendixes A and B). 

When deciding between a POU or  
POE device, consider the nature of  
the contaminant in question. A POU 
device at the kitchen sink will not elimi-
nate all potential exposure to volatile  
organic chemicals (VOCs) or radon.  
These chemicals, which are hazardous when 
inhaled, move from dispensed water into 
the surrounding air—especially through 
showers, dishwashers, or washing machines.

When to Test Treated  
Water
When treating contaminants that cause 
health effects, it is important to moni-
tor a treatment device’s performance by 
periodically testing treated water. Test 
water immediately after installation to 
assure that the unit is working properly. 
Subsequent, regular testing will ensure  
continued effectiveness. 

Table 1.1
Approximate daily water needs for home and farm



6 Home Water Treatment 

Contaminated area

Direction of contaminant movement

Top of water table

Bedrock

Unsaturated zone and aquifer

Water
table

If  the contaminant concentration in  
the untreated water is sure to remain 
constant, relax the testing schedule 
after a period and define a mainte-
nance routine based on the results of  
the testing schedule. Remain aware of  
conditions that may change the con-
centration of  contaminants and affect  
the maintenance interval. Understand-
ing contaminant sources will help de-
termine if  such a change may occur.  
For example, contaminants may wash 
into an unprotected water supply during 
flooding and increase certain contaminant 
concentrations. 

As illustrated in figure 1.2, concentra-
tions of contaminants that result from 
an improper land use such as mining 
or dumping vary as the contaminant 
plume moves through the aquifer. If 
the contaminant source is removed, the 
contaminant concentration eventually 
diminishes. Concentrations of naturally 
occurring contaminants in the aquifer 
may be more consistent. 

When the contaminant has no distinct 
odor or taste, treatment may give a 
false sense of  security, because breakt- 
hrough is not obvious. In such cas-
es, test the water regularly or buy  
a unit with a warning device that indicates 
when the unit is malfunctioning. Always 
pay special attention to the manufacturer’s 
maintenance instructions. 

Equipment Maintenance 
Requirements 
Water treatment equipment requires  
regular maintenance such as refilling 
chemical supplies, cleaning or changing  
components, and making various adjust-
ments. Before purchasing any equipment, 
thoroughly examine all maintenance require-
ments. Many dealers offer maintenance con-
tracts for those who are unable or unwilling 
to properly care for a treatment unit.

Maintenance contracts are sometimes 
a good idea, but they can also be 

unnecessary depending on the type 
of  contaminant and unit in question.  
When dealing with health hazards or a 
complex maintenance procedure, a main-
tenance contract may be worthwhile. When 
treating only for nuisance contaminants or 
when the maintenance interval is long and 
the procedure simple, a contract may not be  
worth the extra cost. 

Federal and State  
Regulations 
The EPA does not test or approve 
home water treatment equipment, al-
though an EPA registration number 
may appear on some devices. Such a  
number appears on treatment devices 
that use iodine and on activated car 
bon devices that contain silver, an 
element that limits bacterial growth.  
The EPA used to require that all  
devices containing silver be regis-
tered since silver was once an EPA 
primary drinking water contaminant. 
Devices using iodine must be regis-
tered because of  concern about pos- 
sible health effects. An EPA registra-
tion number does not mean that the 
EPA has evaluated or approved a  
device.

Few states currently regulate the wat-
er treatment industry; however, many 
states are considering implementing 
or strengthening requirements on the 
types of  devices that manufactur-
ers can sell, and on the selling tech-
niques and promotional tools dealers 
can use. Unscrupulous dealers may 
use tactics designed to frighten people 
into purchasing equipment. Some 
even use misleading newspaper ar-
ticles or misrepresent water test re- 
sults, hoping to sell a treatment de- 
vice that may be unnecessary. Many 
people contend that the water treat- 
ment industry can successfully police
itself  through trade organizations such 
as the Water Quality Association  
(WQA) and voluntary participation in  
programs that promote ethical sales 
guidelines.

Figure 1.2 
A plume of contaminated water moving through the aquifer.
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Table 1.2
National Sanitation Foundation (NSF) standards for drinking water treatment

The National Sanitation 
Foundation (NSF)

The National Sanitation Foundation 
(NSF) is a third-party, nonprofit orga-
nization that establishes performance 
standards for water treatment equip-
ment. The standards define testing  
procedures and minimum require-
ments for evaluating the performance  
of water treatment units, as well as  
requirements for customer informa-
tion and product labeling. The NSF  
currently has eight standards for drink-
ing water treatment devices. They are  
listed in table 1.2.

The NSF standards also include speci-
fications for pressure drop, minimum 
service flow rates, materials, design,  
device construction, and overall per-
formance. All products certified by  
the NSF have a data plate that states  
the minimum requirements of  any  
applicable standards. The NSF also  
requires that a fact sheet be available  
to consumers who purchase NSF-
certified units. The fact sheet must  
specify information such as the ser- 
vice flow rate, pressure drop, capac-
ity, maximum and minimum operat-
ing pressures, maintenance require-
ments, warranty information, and the 
removal capacity for the contami-
nants covered by any applicable stan- 
dards.

If  a device is advertised as able to  
remove chemicals that cause adverse  
health effects, NSF standards require  
that the device have a means of  alert-
ing the owner of  a malfunction. This  
may be accomplished by: 

1. Having the unit stop discharging 
treated water.

2. Sounding an alarm or having a flashing 
light appear.

3. Providing an obvious, readily in-
terpretable indication of  malfunc-
tion, such as a 50 percent decrease  
in water flow.

4. Providing simple, explicit instruc-
tions for determining when main-
tenance is needed with a mini-
mum 100 percent safety factor.  
For example, the manufacturer  
may provide a meter that mea-
sures gallons of  water treated and  
recommend maintenance (such as 
cartridge replacement) when the  
treatment device has treated half   
of  the total gallons it is capable of  
treating. 

A device does not have to be certified 
by the NSF to adequately treat water 
as claimed by the manufacturer. Manu-
facturers must pay between $10,000  
and $50,000 for NSF testing. If  a device 
passes, the NSF certifies it and contin-
ues to monitor the manufacture and  
performance of  the device. The opin-
ions and findings of  the NSF represent  
professional judgment based on laboratory 
evaluation.

Physical vs. Chemical 
Treatment
In this publication, water treatment is divided 
into physical and chemical procedures. 
Physical treatment, discussed in chapter 2, 
removes contaminants from water without 
adding chemicals or minerals. The owner is 
not required to stock and refill chemicals, 
but these systems may reduce water pressure, 
consume lots of energy, or require 

waste disposal or frequent cleaning.  
Chemical treatment, discussed in  
chapter 3, changes, removes, or inact- 
ivates a contaminant through the  
addition of a solid, liquid, or gas to the 
water. In general, chemical treatment  
systems treat all water entering the 
house,correct a wide variety of wa-
ter quality problems, and do not re-
quire electricity. The disadvantages of  
chemical treatment methods include  
having to stock and refill chemicals,  
dealing with safety hazards associ-
ated with chemical handling, maintain-
ing injection equipment, or adding an 
undesirable taste or odor to the treated 
water. 

The selection of  individual or combina-
tions of  technologies to reduce con-
taminant levels should be based on a  
case-by-case technical evaluation, and  
on an assessment of  the economics 
involved. Water test results can be  
used with information in the water  
treatment key (table 1.3 on page 8)  
and appendixes A and B to identify  
potential treatment technologies. 

Before purchasing any water treat-
ment device or system, consider  
whether water treatment is needed at  
all. If  the water quality problem does  
not present a health hazard, it may  
make more sense to simply live with  
the problem or buy bottled water for  
drinking and cooking. 



Table 1.3
Water treatment key

a The recommendations in this table are general. Water pH, total dissolved solids (TDS), other particulate substances, or other water quality or water 
distribution system factors may affect the effectiveness of a treatment device. Before purchasing a device, be sure to investigate its limitations. For more 
information about potential treatment technologies available to remove a specific contaminant, see appendixes A and B.

b Fluoride concentrations in the range of 1 milligram per liter are desirable in drinking water for protection against tooth decay. For this reason, fluoride may 
be added to a municipal water supply. Fluoride concentrations greater than 2 milligrams per liter may have negative effects (see appendix A, table A.1, 
and appendix B, table B.1).

c This treatment method oxidizes dissolved iron, manganese, and hydrogen sulfide. The resulting particles must be removed with a mechanical postfilter.
d The U.S. Environmental Protection Agency approves iodination only for emergency or temporary use due to possible health effects. Nevertheless, some 

states allow routine iodine disinfection. Consult local regulations for more information.
e Phosphates are not allowed in some states. Consult local regulations for more information.
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Five types of systems treat water with-
out chemicals: filtration, reverse osmo-
sis, adsorption, heating, and ultraviolet  
light. During filtration and adsorption, 
untreated water passes through the  
treatment device and contaminants are  
retained in the device. Reverse osmosis  
units have a membrane that separates 
contaminants from water; contaminants 
are then sent to waste. Heating systems 
boil water to kill microorganisms, va- 
porize volati le organic chemicals  
(VOCs), or separate contaminants from 
water. Ultraviolet light damages the  
genetic material of  microorganisms, pre-
venting cell replication and effectively 
killing the microorganisms. 

Mechanical Filtration

Mechanical filtration systems include  
cartridge sediment filters, media and  
multimedia filters, and precoat filters.  
They are used most often in home wa-
ter treatment to remove sediment or  
iron, manganese, or sulfur particles.

In mechanical filtration systems, water  
passes through a medium such as cloth 
or sand. Particles become trapped on  
the surface of or within the medium.  
The pore size, or space between media 
granules or fibers, determines what size 
particles a filter can retain. The pore  
size varies around an average value that 
depends on the manufacturing method. 

Filters are rated according to the small-
est particle they can trap. Particles are  
measured in microns. (One micron is  
equal to one thousandth of a millimeter  
or four hundred thousandths of an  
inch.) For example, a 5-micron filter  
would remove particles that are 5 mi-
crons or larger. Some filters have a wide  
variety of pore sizes and are nonspe-
cific to the size particle they allow  
through. Figure 2.1 on the following  
page shows the range of particle sizes 
filterable by various mechanical filtra-
tion processes and reverse osmosis,  
which is discussed beginning on page 
19. It also indicates the relative sizes of  
common water contaminants. 

The required rate of water flow  
through a device depends on the  
intended use—as a point-of-use (POU) 
device on a single faucet or as a point-
of-entry (POE) device for the whole 
house. The flow rate also depends on  
the surface area and pore size of the 
filter medium, the water pressure,  
and the suspended solids concen-
tration in the untreated water. The 
surface area is the amount of filter 
medium in contact with the untreated  
water. For all of the devices discussed 
in this publication, surface area is 
measured in square feet. The larger  
the surface area, the greater the pote- 
ntial flow rate through the filter. 
The potential flow rate decreases 
as pore size decreases. 

Each of the filter types discussed in 
this section is a pressure filter. Wa-
ter enters the filter under pressure 
and leaves at a reduced pressure due  
to pressure loss in the filter. If the in-
coming water pressure is insufficient, 
a booster pump can help achieve an  

Physical 
Treatment2
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acceptable flow rate. Normal house-
hold water pressure ranges from 30 to 
 60 pounds per square inch. The pres-
sure may be supplied by a municipal  
water system, a water pump, or grav-
ity (for more explanation, see figure 
 1.1, page 4). 

Which filtration method to select de-
pends on the concentration and size of   
suspended solids in the source water 
and the rate at which water needs to be  
treated. Media filters such as sand  
filters have a greater contaminant re-
moval capacity than other types of   
filtration devices. However, cartridge  
filters with fiber or ceramic filter mate-
rial are made with a smaller and more  
uniform pore size and can be more  
reliable in removing small particles. 

This section discusses options for fil-
tration devices that are installed in the 
home. For surface water sources such  
as ponds, slow-sand filtration is recom-
mended as pretreatment. Slow-sand  
filtration is different from sand media 
filtration.

Surface waters have higher concentra-
tions of  suspended solids than ground-
water or protected springs. They may  
even contain large particles such as  
leaves and algae. Slow-sand filters  
have a greater capacity for filtering  
these larger solids than the sand fil-
ters discussed in this publication. For 
more information on how to design, 
construct, operate, and maintain a 
slow-sand filter, see Private Water Systems 
Handbook, MWPS–14.

Cartridge Sediment Filters

Cartridge sediment filters remove only 
suspended solids. Manufacturers rate  
them according to the size of  particles  
they remove. Some activated carbon  
devices are also rated by the size of   
particles they remove, but it is uneco-
nomical to use activated carbon for  
particle filtration. 

Cartridge filters have a housing, usually 
made of plastic, and a filter made of  
paper, cellulose, polypropylene, cloth, 
ceramic, or string. The filter material is 
often wound or corrugated to provide 
the maximum surface area for filtration. 
A typical filter housing and several 
cartridge filters are shown in figure 2.2. 

Figure 2.1
The filtration spectrum.
Source: Adapted courtesy of Osmonics, Inc., Minnetonka, Minnesota ©1993.

Notes: (1) 1 micron = 0.001 millimeter or 0.00003937 inch (2) Definitions of sand, silt, and clay particles are based on U.S. Department of Agriculture
classifications. (3) The width (smallest dimension) of Giardia lamblia cysts ranges from 7 to 10 microns. The width (smallest dimension) of 
Cryptosporidium parvum oocysts ranges from 4 to 6 microns. (4) Media, multimedia, cartridge, and precoat filters are rated based on the smallest 
particles they remove. The ranges given in this figure refer to the range of particle size ratings. (5) Media and multimedia filters are not recommended  
for waterborne bacteria, viruses, or protozoan cysts such as Giardia lamblia and Cryptosporidium parvum. Cartridge sediment filters that are rated to 
remove particles 1 micron in diameter or greater may be used to remove Giardia lamblia cysts or Cryptosporidium parvum oocysts. Precoat filters are 
not recommended for bacteria or viruses, but they can be designed to remove Giardia lamblia and Cryptosporidium parvum. Consult a water treatment 
professional for more information. 
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Figure 2.2
Various cartridge filters used in a cartridge sediment filter.
Adapted with permission from Water Technology magazine.
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Uses

Cartridge filters can be either point of- 
use (POU) or point-of-entry (POE).  
They remove particles that cause tur-
bidity; are one step in removing iron,  
manganese, and hydrogen sulfide; and 
prefilter water to protect other treat-
ment devices. Dissolved iron, man-
ganese, or hydrogen sulfide must be  
oxidized into solid particles via chlo-
rination or ozonation before they can 
be removed by a cartridge filter. These 
processes are described in more detail 
in chapter 3. 

Cartridge filters are used as prefilters  
when suspended solids in the untreated  
water could reduce the effectiveness or  
service life of the primary treatment  
device. For example, consider untreated 
water that contains suspended solids 
and an organic chemical removable 
with activated carbon. If an activated 
carbon device were used to remove  

the organic chemical and the sus-
pended solids were not removed first,  
the suspended solids would clog the 
activated carbon unit, thus reducing 
its service life. Therefore, a cartridge 
filter or other mechanical filter should 
precede the activated carbon device to  
remove the suspended solids. 

Manufacturers rate cartridge filters 
according to the particle sizes they 
remove. As indicated in figure 2.1, car-
tridge filters can remove particles as  
small as 0.35 micron in diameter. It 
is important to check the filter rating  
before purchasing a device, since some 
filters are rated only for particles larger 
than 20 microns. 

Generally, cartridge sediment filters  
are not recommended for remov-
ing microbiological contamination. 
However, protozoa such as Giardia 
lamblia and Cr yptosporidium par vum 
resist conventional disinfection meth-

ods, and filtration may be the only  
option for removing them. These mi-
croorganisms are more likely to occur  
in surface water supplies such as  
springs, ponds, or streams than in  
groundwater. To remove microor-
ganisms such as Giardia lamblia and 
Cr yptospor id ium par vum,  choose a 
filter material that has a uniform pore 
size and is rated to remove particles 1 
micron in diameter or greater. A poorly 
designed filter may allow untreated  
water to bypass the filter material.  
Alternate methods for removing pro-
tozoa include precoat filtration (see  
page 18), boiling (see page 32), and  
distillation (see page 33).

Cartridge sediment filters are not rec-
ommended for removing organic  
chemicals. Activated carbon devices  
can remove certain organic chemicals.  
They are discussed in more detail  
beginning on page 26. Some manufac-
turers combine activated carbon with  
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Figure 2.3
Cartridge filter operation.

the filter material in a cartridge sedi-
ment filter, in which case the cartridge 
filter should remove both suspended 
solids and certain organic chemicals.  
For information on other possible meth-
ods for removing organic chemicals,  
see the water treatment key (table 1.3 on 
page 8) and appendix A. 

Principles

During filter operation, untreated water 
flows through the cartridge and sus-
pended solids are retained on the filter  
material surface. Water flows from the  
outside of the cartridge to the cartridge  
core. If the pore size of the filter mate-
rial is too small, or if  the concentration 
of  suspended solids in the untreated  
water is too high, the filter will become 
clogged easily and require frequent 
replacement. If  the pore size is too  
large, suspended solids may pass  
through the device. Cartridge filter opera-
tion is illustrated in figure 2.3.

The maximum water flow through a 
cartridge filter occurs after a new or 
replacement cartridge is first installed.  
As suspended solids accumulate in the  
filter, they assist in the filtration pro-
cess, and the filter’s effectiveness in-
creases. Water flow, however, gradu-
ally decreases. When water flow is no  
longer acceptable, the cartridge or 
filter material should be replaced.

Types

The two basic types of cartridge filters 
are depth-type and pleated. Both are  
illustrated in figure 2.4. The depth-type  
filter has a 3⁄4- to 7⁄8-inch-thick porous 
wall and is made of  cotton, spun 
polypropylene, or resin-bonded cel-
lulose. Some depth-type filters need a  
center polypropylene core for support. 
Certain manufacturers offer filters that  
have graded densities—openings are  
large at the outermost surface of  the  
filter and decrease in size toward the  
center core. For these filters, some  
particles are trapped within the filter 
material instead of  on the surface. Depth 
cartridges are usually inexpensive. 

The second type of  cartridge filter is 
the pleated type. The pleats increase the  
flow rate capacity by providing a greater 
surface area for filtration. The filter wall 
ranges from 1⁄32 to 3⁄32 inch thick. The 
filter accumulates particles on the out-
ermost surface, allowing a filter cake to  
build up and thus increasing the filter-
ing action. Water flow usually slows as  
the filter cake develops. Heavy-duty  
pleated filters have an increased sur-
face area to further improve flow rate  
and filtering capacity.

Most pleated filters can be rinsed in the 
sink or with a garden hose and reused 
several times. They handle large quanti-
ties of  turbidity before water pressure  
drops noticeably. Although they ini-
tially cost more than other cartridge  
types, in the long run they are less  
expensive.

Pleated cartridge filters contain a rigid 
polypropylene core for support and 
are made of  one of  the following  
materials:

Untreated
water

Suspended solids
accumulate on the
filter material

Filter housing

Filtered
water

Filtered water contains
particles too small to be
trapped by the filter.

0 1 2 3 4 5

 Pleated

Heavy-Duty

Depth

Feet

Figure 2.4
Depth versus pleated cartridge filters.
Adapted with permission from Water Technology magazine.
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♦	 Pleated paper. These filters are 
the most economical but are not 
reusable. They are sensitive to  
water with a low or high pH (less 
than 6.5 or greater than 8.5). Use 
them only when the water con-
tains no active bacteria, which  
feed on the cellulose portion of  
the filter. 

♦	 Pleated cotton/polyester. These 
filters are generally considered to  
be the most versatile because they 
combine the filtration ability of   
cotton with the strength of  poly-
ester. If  the water pH is between 4  
and 9, they can be cleaned and  
reused several times.

♦	 Pleated polyester and polypro-
pylene. These filters are the most 
expensive but can be rinsed re-
peatedly and reused. Since the  
fibers are rather smooth, they are  
not as effective in retaining par-
ticles as cotton/polyester filters. In  
fact, unloading can be a problem  
with these filters. 

Capacity

Base the selection of  a particular car-
tridge filter on the flow rate produced  
at household water pressure, the  
amount of  water treated before main-
tenance is required, and the desired  
water quality. Flow through the filter  
depends on the water pressure and  
characteristics of  the filter material and 
source water. 

The manufacturer should be able to  
provide information concerning the 
initial flow rate through the device at  
a specific pressure. The initial flow  
rate is the water flow immediately  
after installing a new or replacement  
cartridge, before particles accumu-
late on the filter. This flow gradually  
decreases as suspended solids ac-
cumulate. The National Sanitation 
Foundation (NSF) suggests a minimum  
initial service flow rate of 4 gallons  
per minute for POE units, 0.5 gallon  
per minute for in-line POU units, 2  

gallons per day for line-bypass POU  
units with a storage tank, and 0.2  
gallon per minute for line-bypass POU 
units without a storage tank. (All flow  
rates are at 30 pounds per square  
inch—typical household water pres-
sure). Other sources suggest a mini-
mum flow rate of  7 to 10 gallons per  
minute for POE units and 1 gallon per 
minute for POU units. 

When investigating the service flow  
rate of  any particular device, note the  
water pressure required to achieve the  
flow rate advertised by the manu-
facturer. If  the filter will be used to  
pretreat water, the primary treatment  
device will determine the required  
capacity.

Maintenance

Replace or clean the cartridge when 
there is a noticeable drop in water flow 
through the device—usually after sev-
eral weeks or months of  use. Some 
cartridges are rated according to the 
number of  gallons they can treat. While 
these ratings provide a guideline for 
maintenance, variations in the nature  
and quantity of  suspended solids make 
it difficult to accurately predict the  
time between cartridge replacements. 

If  the cartridge requires replacement 
too often, a media filter may be more 
economical. Media filters effectively  
treat water containing particles greater  
than 10 microns in diameter. Use the  
equations below to compare the an-
nual cost of  a cartridge filter with the 
cost of  a media filter. Costs vary, so  
check with a local water treatment  
dealer for current prices and a more  
accurate calculation.

annual cost of
a media filter =

purchase price

expected operating
 life in years

annual cost of a
cartridge filter =

purchase price x 12

months between
changes

annual cost of
a media filter

=
$700

10 years
= $70 per year

Example:

annual cost of
a cartridge filter

=
$50 x 12

6 months
= $100

per year

Special Considerations

Plastic housings for cartridge sediment 
filters generally look the same. The fil-
ter material differentiates one device
from another. The same plastic housing 
used for cartridge filters may be used to
enclose activated carbon or reverse 
osmosis membranes. Be sure to ex-
amine filter information completely to  
ensure purchasing the correct device. 

Media Filters 

Media filters consist of a tank, a filter  
medium, a support system, and an 
underdrain. The filter medium is usu-
ally 24 to 36 inches deep and can be  
silica sand, aluminum silicate, or an-
thracite. The tank encloses the filter  
medium; the support system, usually  
gravel, prevents the medium from being 
washed out of the device. 

Water enters the filter tank through the 
top and percolates through the me-
dium, which traps any suspended sol-
ids. Treated water exits the device via  
the underdrain. Unlike some cartridge 
sediment filters, media filters can be  
cleaned and reused.

It is important to note that sand filters  
discussed in this section are pressure 
filters, not slow-sand filters. See Private 
Water Systems Handbook, MWPS–14, 
for information on slow-sand filtration.

Uses

Media filters are point-of-entry (POE) 
devices. They remove partcles that 
cause turbidity and are one step in  
removing iron, manganese, and hy-
drogen sulfide. Dissolved iron, man-
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ganese, and hydrogen sulfide must be  
oxidized into solid particles via chlorina-
tion or ozonation before they can be  
removed by a media filter. These treat-
ment methods are further described in  
chapter 3. 

Media filters are used as prefilters when  
suspended solids in the source water  
could reduce the effectiveness or ser-
vice life of the primary treatment  de-
vice. For example, an ultraviolet (UV)  
light device disinfects water. If sus-
pended solids are not removed prior to  
the UV device, the solids may shield  
microorganisms from the light and result 
in incomplete treatment.

Filters are rated by the smallest particle 
sizes they remove. As indicated in  
figure 2.1 on page 10, media filters  
should not be used for removing sus-
pended solids smaller than 10 microns  
in diameter. They are also ineffective  
in removing microbiological contaminants 
and organic chemicals.

Principles

Water enters the filter under pressure and 
passes through the medium, which re-
tains suspended solids. Treated water  
exits the filter at a slightly reduced pressure. 
Figure 2.5 illustrates this process. 

As suspended solids accumulate on  
the media surface, they help filter fine 
particles but gradually increase resis-
tance to water flow. If  not correctly  
maintained, the filter will provide increas-
ingly less treated water. 

The media particle size affects the size 
of suspended solids that can be re-
moved from the water—the smaller the  
media, the smaller the particles that can  
be removed. However, water flow  
through the unit also decreases as the  
media particle size decreases. 

Capacity

The filter tank’s diameter determines a 
media filter’s flow rate capacity—the 
greater the diameter, the greater the 

flow. The flow rate is also affected by 
the media particle size and the sus-
pended solids concentration in the  
water. 

Table 2.1 gives approximate service 
flow rates per square foot of  media 
surface area for different types of  
media. To calculate the media surface  
area, measure the diameter of  the  
media column in inches. Divide this  
diameter by twenty-four, square the  
resulting number, and then multiply  
by 3.14. 

media surface
area in

square feet
=

8 inches

24
x 3.14

2

For example, for an 8-inch-diameter  
media filter, the surface area would be:

media
surface
area in

square feet
=

8 inches

24
x 3.14

2
Example:

=
0.35

square
feet

Based on the service flow rates in table  
2.1 for a silica sand media filter, the flow  
rate for a media filter with a surface area 
of  0.35 square foot would vary from  
0.35 gallon per minute to 1.4 gallons  
per minute, depending on the sus-
pended solids concentration in the  
water. The backwashing requirement  
would vary from 4.2 gallons per minute  
to 5.2 gallons per minute.

Figure 2.5
Media filter components and operation.
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Table 2.1
Characteristics of some filter media used in media filters

Source: Adapted with permission from Water Technology magazine.

If the backwashing flow rate from the 
well, spring, or other water source  
limits the filter size to one with an  
unacceptable flow rate capacity, use  
multiple, smaller filter tanks as il-
lustrated in figure 2.6. Using manu-
facturers’ data for various filter sizes, 
determine the tank diameter that can  
be backwashed with the available  
flow rate. Then, to determine the  
number of tanks needed, divide the 
desired flow rate by the maximum  
service flow for the chosen tank  
diameter.

When using two tanks, it is important 
to backwash each tank individually 
since all the available flow is needed 
to achieve the required backwash 
rate of a single tank. For example,  
consider a sand tank for which the 
available flow rate is 6.5 gallons per 
minute. According to table 2.2, if the 
desired yield is 4.4 gallons per minute, 
use two 10-inch tanks in parallel (as 
shown in figure 2.6) and backwash  
them individually. This yields a treated 
water flow of 4.4 gallons per minute, 
and the 6.5 gallon-per-minute flow 
r a t e  shou ld  be  su f f i c i en t  fo r  
backwashing. 

Maintenance

Media filters should be backwashed  
on a regular basis to prevent accumu-
lated particles from clogging the device. 
Backwashing reverses the direction 
of  water flow through the filter by  
forcing water into the bottom of  the  
filter tank and out through the top. As 

a Service flow rates are greater for multimedia filters with the same tank diameter.
b Backwash flow rate requirements are similar for multimedia filters with the same tank diameter.

Table 2.2
Sample data for sand filters

Untreated
water

Filtered
water

2.2 gallons/minute
service flow rate

10-inch diameter

4.4
gallons/
minute2.2 gallons/minute

service flow rate

10-inch diameter

4.4
gallons/
minute

• Flow available from well 6.5 gallons/minute.
• Desired service flow rate 4.0 gallons/minute.
• Backwash flow rate required for one 10-inch-diameter filter 6.5 gallons/minute.
• Backwash each filter separately.

Filter #1

Filter #2

Figure 2.6
Using two media filters to overcome inadequate backwash flow rate.
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is illustrated in figure 2.7, this flow 
expands the media bed and washes 
collected suspended solids out of  the  
filter. Backwash a media filter at the  
manufacturer’s recommended rate for  
ten to fifteen minutes. Backwash  
manual systems once a week. Auto- 
matic filters may be set to backwash  
daily. 

Every filter has a water flow rate re-
quirement for backwashing that is  
recommended by the manufacturer.  
Rates are usually two to five times the 
service flow rate. For homes with an  
inadequate flow rate, some venders  
provide a backwashing service. 

Table 2.1 on the previous page lists  
some approximate backwash water  
flow rates per square foot of  surface  
area for different media. A formula for 
calculating the surface area of  filter  
media is given on page 14.

Special Considerations

It is important to minimize the add 
itional hydraulic waste load backwash 
water puts on a septic system. To  
illustrate why, consider a 12-inch-di-
ameter sand filter that requires a back-
wash rate of between 9 and 12 gallons 
per minute. Backwashing daily for ten  
minutes at 9 gallons per minute would 
add 90 gallons to the septic sytem each  
day, along with the suspended solids 
washed from the filter. Manufacturer’s 
r e c o m m e n d a t i o n s  f o r  b a c k -
w a s h i n g  r a t e s ,  t i m e s , a n d  
frequencies can help estimate the in-
creased load backwashing would  
exert on a particular septic system.  
It is also important to consider the nature of 
the contaminants being removed by back-
washing and their proper disposal.

Certain arid regions of  the United 
Sta tes  a re  cons ider ing  banning  
backwashing because it increases 
water consumption. Before purch- 
asing equipment that requires backwashing, 
consult a local health department or coop-
erative extension office for information on 
any local restrictions.

Multimedia Filters
Multimedia filters have the same basic  
construction as media filters except the  
filter tank encloses three or four layers  
of different media. The filter media can  
be backwashed and reused. A multi-
media filter has a greater filtering ca-
pacity than a single-media filter with  
the same tank diameter. Multimedia 
filters also operate at a higher flow rate  
and longer maintenance interval than  
single-media filters, so operating expenses 
tend to be less.

Uses

Multimedia filters are point-of-entry 
(POE) devices. They remove particles 
that cause turbidity and are one step 

in removing iron, manganese, and 
hydrogen sulfide. Dissolved iron, man-
ganese, and hydrogen sulfide must  
be oxidized into solid particles via  
chlorination or ozonation before they  
can be removed by a multimedia  
filter. These chemical treatment methods 
are further described in chapter 3. 

Multimedia filters are rated according  
to the size of  particles they remove. In 
general, they are ineffective in remov-
ing particles smaller than 10 microns  
in diameter; bacteria, viruses, and cysts; 
and organic chemicals.

Provided that it has an appropriate  
density and particle size, activated  
carbon can replace the sand layer in a  
multimedia filter. Activated carbon re-
moves tastes, odors, and some organic 

Untreated water bypass
valve open

Drain valve open

Discharge drain

Untreated
water

Quartz gravel underdrain

Sand

Filter tank

Untreated
water

Figure 2.7
Backwashing a media filter.
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chemicals. For more information on its 
uses in water treatment, see the section 
on activated carbon devices later in this 
chapter on page 26.

Multimedia filters are sometimes used  
as pretreatment devices to remove  
suspended solids in the source water  
that might reduce the effectiveness or  
service life of  the primary treatment  
device. For example, a multimedia  
filter may be used to remove sus-
pended solids from hard water before  
the water enters a POE water soft-
ener. If  the suspended solids are not 
removed prior to softening, they may  
clog the water softener and shorten  
the device’s maintenance interval. 

Principles

In a multimedia filter, the coarsest  
media layer is on top. Each succes-
sively lower layer is finer. One ex-
ample of  layering in a multimedia filter  
is bituminous coal or plastic beads on 
top followed by layers of  anthracite 
coal, sand, and garnet. The total media  
depth is approximately 48 inches. A  
med ia  suppor t  sys tem and  an  
underdrain are located beneath the  
media bed. The media support system  
is usually gravel and prevents the  
med i a  f rom wash ing  in to  the  
underdrain.

Multimedia filter operation is illus-
trated in figure 2.8. Water enters the  
top of  the tank under pressure and  
flows through the media layers. Sus-
pended solids pass through the top  
layer and are trapped by lower layers. 

Single-media filters, described in the  
previous section, retain particles on  
the top of  the media column. In mul-
timedia filters, the entire depth of  the  
media column traps particles, thereby  
allowing a longer maintenance inter-
val. This also increases the flow rate to  
6 to 8 gallons per minute per square  
foot of  surface area, which is greater  
than the flow rates for single media  
filters listed in table 2.1 on page 15. 

The particle sizes of  the media layers  
determine what sizes of  suspended  
solids the filter can remove. If  some of  
the suspended solids are too large to  
pass through the top layer, a filter cake  
may form on the media surface, prevent-
ing solids from infiltrating the lower 
media layers. As a result, the unit  
would behave more like a single- 
media filter, and the filter’s contaminant 
removal capacity would be diminished. 

Capacity

The f i l ter  tank diameter ,  media 
types, and media bed depth deter-
mine the service flow rate. In gen-
eral, the greater the tank diameter, the  
greater the service flow rate. The water flow 

rate available for backwashing limits  
the tank size unless a water treat-
ment equipment dealer provides a  
backwashing service. Manufacturers  
or water treatment equipment dealers  
can provide information concerning  
flow rates for various-diameter mul-
timedia filters. Select the maximum  
tank diameter appropriate for the  
available backwash rate. 

As with single-media filters, if  the  
available backwash flow rate limits the  
size of  the filter, use additional tanks.  
Each filter is backwashed separately  
since all the available flow is necessary  
to achieve the backwash flow rate of  a 
single device. To determine the num-
ber of  tanks needed, divide the de-
sired flow rate by the flow rate for the 

Figure 2.8
Multimedia filter operation.
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Drain valve closed

Discharge drain

Untreated
water

Filtered water

Sand

Untreated water

Filter tank

Garnet

Anthracite coal

Bituminous coal

Quartz gravel underdrain



18 Home Water Treatment 

chosen tank diameter. For more in-
formation, review the previous dis-
cussion on page 15 about using two  
single-media filter tanks.

Maintenance

To maintain a consistent quantity and  
quality of treated water, backwash the  
filter media regularly. Backwashing re-
verses the water flow through the de-
vice, suspending media particles and  
carrying away any accumulated solids. 

The physical characteristics of  the fil-
ter media allow the layers to resettle in  
their proper order after backwashing. 
Although the upper layers are coarser,  
they are not as dense as the lower  
layers. For example, plastic beads in  
the top layer may be larger than a  
garnet grain, but they do not sink in  
water as fast. As a result, the finer garnet 
particles settle faster than the coarser 
plastic beads. 

Multimedia filters can fail because of  an 
inadequate backwash flow rate, an irregular 
backwashing schedule, or insufficient time 
allowed for backwashing. If  backwashing 
is done improperly, untreated water may 
eventually channel through the media, 
resulting in a clogged underdrain or in-
complete treatment. For households with 
an inadequate backwash flow rate, some 
water treatment equipment dealers offer 
a backwashing service.

Special Considerations

As with media filters, it is important to 
minimize the additional hydraulic waste load 
backwash water puts on a septic system. To 
illustrate why, consider a 12-inch-diameter 
multimedia filter that requires a backwash 
rate of  between 9 and 12 gallons per min-
ute. Backwashing daily for ten minutes at 
9 gallons per minute would add 90 gallons 
to the septic system each day, along with 
the suspended solids washed from the 
filter. Manufacturer’s recommendations  
for backwashing rates, times, and fre-
quencies can help estimate the in-

creased load backwashing would exert  
on a particular septic system. It is also 
important to consider the nature of  
the contaminants being removed by  
backwashing and their proper disposal.

Certain arid regions of  the United 
Sta tes  a re  cons ider ing  banning  
backwashing because it increases water  
use. Before purchasing equipment that 
requires backwashing, consult a local health 
department or cooperative extension office 
for information on any local restrictions.

Precoat Filters
Precoat filters require less space than media 
or multimedia filters that have the same 
filtering capacity. A precoat filter consists 
of  a filter tank, a powdered filter aid, and 
a porous membrane called the septum that 
supports the filter aid. The pores in the 
septum are small enough to allow water 
through but not filter aid particles.

As untreated water enters the tank, it 
mixes with the filter aid and forms a cake 
that coats the septum. Suspended solids 
become trapped in the filter cake. Treated 
water passes through the filter cake and 
out of  the device. 

When the flow rate decreases to the point 
where insufficient treated water is produced, 
the filter aid is washed away with the trapped 
suspended solids and discarded or used as 
a soil amendment.

Uses

Precoat filters are point-of-entry (POE) 
devices that remove particles that cause 
turbidity; are prefilters that protect  
other treatment devices from sus-
pended solids contamination; and are  
one step in removing iron, manga-
nese, and hydrogen sulfide. Dissolved  
iron, manganese, or hydrogen sulfide  
must be oxidized into solid particles  
via chlorination or ozonation before  
they can be removed by a precoat  
filter. These chemical treatment methods 
are further described in chapter 3.

Properly designed precoat filters are  
recommended for removing protozoa,  
s u c h  a s  G i a r d i a  l a m b l i a  a n d 
Cr yptosporidium par vum, and some 
forms of  asbestos. The filter aid par-
ticles must be small enough to trap the  
protozoa or asbestos fibers. Protozoa  
resist chlorination and are more likely  
to be found in surface water than  
groundwater. Other methods for remov-
ing protozoa include cartridge filtra-
tion (see page 10), boiling (see page  
32), and distillation (see page 33).

The filter aid is sometimes mixed with 
activated carbon to improve the treat-
ment capabilities of the filtration unit.  
Activated carbon is capable of re-
moving tastes, odors, and some or-
ganic chemicals. See the section on 
activated carbon beginning on page 26  
for more information on its water  
treatment uses. 

Principles

The precoat filter tank encloses the  
septum, which can be fabric, bronze,  
stainless steel, or a wire-wrapped cyl-
inder. The septum is supported by a  
rigid structure called a filter element. 

Initially, water enters the filter tank  
and mixes with filter aid, forming a 
1⁄16- to 1⁄8-inch-thick filter cake on the 
septum. The septum pore size must be  
small enough to retain the filter aid 
so the filter cake can form. Figure 2.9  
illustrates filter cake formation. 

In a process called body feeding,  
additional filter aid is added to the  
incoming water to extend the fil-
ter run. Body feed doses can be in-
creased for high concentrations of  
suspended solids.

As water continues to pass through the 
filter, the filter aid traps suspended solids, 
thus preventing the septum from clogging. 
The size of  suspended solids trapped de-
pends on the filter aid. If  the filter aid is 
an activated carbon–based material, some 
tastes and odors may also be removed.
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Figure 2.10
Reverse osmosis treatment system.
Source: Linda Wagenet and Ann Lemley. “Reverse Osmosis Treatment of Drinking Water,” Water 
Treatment Notes, Fact Sheet 4, Cornell Cooperative Extension (1988).

Figure 2.9
Precoat filter cake formation.
Reprinted with permission from McGraw-Hill, 
Inc., ©1990.

Filter cake
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Untreated
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water
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Filter aid comes in different grades or  
particle sizes that range from fine to  
coarse. Fine-grade filter aid removes smaller 
particles but produces a shorter filter run. 
Common filter aids are diatomaceous 
earth—a powder made up of the skeletal 
remains of sea organisms called diatoms—
and perlite.

Capacity

The service flow rate of a precoat filter 
is determined by the surface area of the 
septum and ranges from 2 to 7 gallons per 
minute per square foot of septum area. The 
service flow rate decreases as the particle 
size decreases and as the suspended solids 
content increases. 

Maintenance

When the filter cake becomes clogged 
and the filter no longer provides adequate 
treated water, remove the filter element. 
Wash the filter aid and accumulated solids 
from the filter element, then reposition the 
element in the filter tank. Add fresh filter 

aid to the inflow water to recoat the septum. 
The average replacement interval for filter 
aid is two months but will vary based on 
water quality, flow rate, and filter design.

Cleaning the filter element thoroughly is 
important. Any remaining suspended solids 
may clog the septum, and the filter may 
not provide its previous flow rate. When 
disposing of  filter aid, consider the type of  
contaminant collected in the filter aid and 
its potential impact on the environment.

Special Considerations

Precoat filters are most effective in waters 
with low turbidity and low bacteria counts. 
They are not recommended for removing 
bacteria or viruses; disinfection is recom-
mended instead. For more information 
on disinfection, see the sections on boiling 
(page 32), distillation (page 33), ultraviolet 
disinfection (page 34), chlorination (page 
47), and iodination (page 56). 

Asbestos fibers have been linked to in-
creases in certain cancers. Giardia lamblia and 
Cryptosporidium parvum cause giardiasis and 

cryptosporidiosis—diseases that result in 
diarrhea, fatigue, and cramps. When using 
a precoat filter to remove these hazard-
ous contaminants, proper operation and 
maintenance is crucial to ensure that they 
do not bypass the filter medium.

Reverse Osmosis
Reverse osmosis (RO) devices reduce the 
total dissolved solids (TDS) concentration 
in water. The simplest RO systems consist 
of a housing for the RO membrane and a 
storage container for treated water. Gener-
ally, RO systems also include a cartridge 
sediment prefilter to remove suspended 
solids and an activated carbon postfilter 
to remove undesirable tastes or odors and 
some organic chemicals. Some systems 
require an activated carbon prefilter to 
remove chlorine that could damage certain 
membranes. Figure 2.10 illustrates a typical 
RO treatment system. 

Home RO units are often cylindrical 
and measure approximately 5 inches in 
diameter and 25 inches long, excluding 
the treated water storage tank and any  
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Pressurized
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water
storage
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Treated
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Figure 2.11
Reverse osmosis device.
Reprinted with permission from Lewis Publishers, Inc., © 1992.

pretreatment or posttreatment devices. 
Untreated water is diverted to the RO  
unit from the cold water line near the  
point of  use—often beneath the kitchen 
sink. A separate water tap delivers  
treated water for drinking and cooking. 
A TDS meter is usually attached to the 
treated water tap to monitor the device’s 
performance.

Uses
RO units are point-of-use (POU) de-
vices and are recommended to reduce  
the concentration of most inorganic 
components of TDS—including alu-
minum, arsenic, barium, bicarbon-
ate, boron, cadmium, calcium, chlo-
ride, chromium, copper, fluoride, lead,  
magnesium, manganese, mercury, nitrate, 
orthophosphate, potassium, selenium,  
silica, silver, sodium, sulfate, and zinc.  
Certain forms of each of these con-
taminants may be more easily removed  
from water than other forms. Be aware  
of the exact nature of the contaminant  
in question before assuming sufficient 
removal by an RO device. Although 
RO devices reduce the amount of a par-
ticular contaminant, they may not reduce  
the concentration to a nonhazardous  
level. 

RO systems also effectively remove some 
organic chemicals but are usually not recom-
mended for these contaminants. If using an 
RO device to remove an organic chemical, 
test the device for the specific chemical 
in question. The ability of an RO device 
to remove a specific organic contaminant 
depends on the membrane as well as other 
system factors, such as pretreatment and 
posttreatment devices. Activated carbon 
(see page 26), distillation (see page 33), or 
aeration (see page 57) may be preferable 
to an RO system for removing organic 
chemicals.

RO systems are not recommended 
for microbiologically unsafe water. Al-
though the RO membrane is capable of  
removing virtually all microorganisms, 
it can develop pinholes or tears that al-
low bacteria or other microorganisms  

to pass into the treated water. A single 
exposure to a microorganism can cause 
adverse health effects. Small doses of  toxic 
chemicals, however, can be tolerated by the 
human body for short periods of  time.

Principles
During reverse osmosis, water mol-
ecules are forced through a semiper-
meable, cellophane-like membrane.  
As is illustrated in figure 2.11, the mem-
brane allows water to pass through  
it, but dissolved solids movement  
through the membrane is limited. The 
concentration of  dissolved solids in  
the untreated water increases as water  
passes through to waste.

Two streams of  water emerge from the 
RO device. Ten to 20 percent of  the  
water passes through the membrane  
and exits the device as treated water.  
The other 80 to 90 percent contains  
any material that did not permeate the 
membrane; this wastewater is diverted  
to the drain. Percentages vary with the 
pressure, quality, and temperature of   
the water; the characteristics of  the  
semipermeable membrane; and the  
concentration and chemical formula-
tion of  the contaminants present in the  
untreated water.

Some RO systems have a shut-off valve 
to stop water flow when the storage  
tank is full. Others continue to divert  
water, sending all of  the incoming wa-

Treated
water

Semipermeable
membrane

Untreated water

Treated water
to storage tank

Wastewater

Indicates water pressure on
the semipermeable membrane
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ter to the drain when the storage tank  
is full. If  a unit does have a shut-off   
valve, less water is wasted but the  
membrane life may be adversely af-
fected. To conserve water, certain states  
are considering legislation to require a 
shut-off  valve on all RO systems.

Water pressure is one of  the key ele-
ments in an RO system—a higher water  
pressure results in more effective con-
taminant removal and a larger quantity 
of  treated water. POU systems usually 
use household water pressure (30 to 60  
pounds per square inch) as the driv-
ing force. The home water pressure 
required by a particular RO system 
depends on factors such as the TDS  
concentration in the untreated water  
and the pressure on the treated water  
side of  the membrane.

In reverse osmosis, a constant pressure 
termed osmotic pressure exists on the 
treated water side of  the membrane.  
This pressure must be overcome by the 
incoming water pressure for reverse  
osmosis to work. Figure 2.12 helps 
illustrate why. Side B contains the un-
treated water and side A contains treated  
water. If  pressure is not applied to  
either side, osmosis naturally occurs  
and water moves from A to B—that is,  
from low TDS to high TDS, as is illus-
trated in the upper portion of  the figure.  
In reverse osmosis, however, a pres-
sure must be exerted on side B to  
overpower the natural movement to-
ward side B and force pure water  
across the membrane to side A.

The pressure needed to prevent water 
movement from A to B must equal the  
osmotic pressure. For each 100 mil-
ligrams per liter TDS in the untreated  
water, approximately 1 pound per  
square inch of  osmotic pressure must  
be overcome. Therefore, if  the TDS  
concentration is 1,000 milligrams per  
liter, about 10 pounds per square inch 
pressure must be applied to side B. 

If  the RO system includes a pressur-
ized storage vessel for treated water, 
the pressure in the vessel increases as  

it fills. This back pressure must also be 
overcome to push water from B to A. 
Therefore, the net available pressure is cal-
culated by subtracting the osmotic pressure 
and the back pressure from the household 
water pressure. 

For example, assume that the house-
hold water pressure is 60 pounds per 
square inch, the osmotic pressure is 10 
pounds per square inch, and the stor-

age tank back press-ure varies from 5 to  
40 pounds per square inch. The presure 
available to push water across the  
membrane will vary from 45 pounds  
per square inch (60 minus 10 minus 5)  
to 10 pounds per square inch (60 
minus 10 minus 40). The increasing 
pressure in the storage tank leads to a 
decrease in available pressure, and, as 
a result, a decrease in the percentage 
of  treated water recovered and in the  

Figure 2.12
Principles of osmosis and reverse osmosis.
Adapted with permission from Water Technology magazine.
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amount of  contaminant that passes through 
the membrane.

Water temperature also has a signifi-
cant impact on RO performance—the  
higher the temperature, the better the 
performance. Many RO devices are  
tested at an incoming water temperature 
of  77 degrees Fahrenheit. Ground-
water temperature is about 55 degrees  
Fahrenheit. The amount of  treated water 
from an RO unit decreases by 30 to 40 
percent if  the water temperature is 55 
degrees Fahrenheit instead of  77 degrees 
Fahrenheit.

An RO device seldom stands alone—it 
is part of  a system of  devices. Refer to 
figure 2.10 for an illustration of  a typical 
RO treatment system. Pretreatment and 
posttreatment devices are usually neces-
sary depending on the quality of  the 
untreated water. High concentrations  
of  iron, manganese, and hydrogen sul-
fide; excessive hardness; and high tur-
bidity can damage the membrane and  
clog the RO device. To protect the  
membrane and prevent clogging, cor-
rect such conditions with a cartridge  
sediment prefilter—usually one with 
a 5-micron rating. For more informa-
tion on cartridge sediment filtration, see  
page 10. Add a water softener if  the 
hardness is greater than 10 grains per  
gallon (180 milligrams per liter). Water 
softeners are discussed beginning on  
page 41 of  chapter 3.

Activated carbon pretreatment is needed 
only if  the water is chlorinated and chlorine-
sensitive RO membranes are used. Acti-
vated carbon can also be a posttreatment 
device for remov-ing some organic chemi-
cals and dissolved gases not removed by the 
RO device. For a more detailed discussion 
of  activated carbon and its capabilities, see 
the section beginning on page 26.

Types
Various membranes and membrane 
structures exist for RO devices. Mem-
branes are approximately 2 inches in 
diameter by 12 inches long and are  

inserted into a plastic housing similar 
to those used in other treatment de-
vices. The most common materials  
used are cellulose acetate (CA), cel-
lulose triacetate (CTA), polyamide, and  
a thin-film composite (TFC) composed  
of  a modified polyamide. Table 2.3  
compares some of  the different mem-
branes. 

Generally, polyamide and TFC mem-
branes operate over a wider pH range  
and are more resistant to biological  
attack than are CA or CTA membranes. 
Polyamide and TFC membranes are  
also easier to clean and have a some-
what better rejection rate for ionic  
contaminants. They cannot resist chlo-
rine, however, and CA or CTA mem-
branes are recommended for use on  
chlorinated water if  no activated car-
bon prefilter is included to remove  
chlorine. 

Certain RO membranes are designed  
specifically to overcome low house-
hold water pressure. Some studies  
have shown TFC membranes to have  
a greater contaminant removal capac-
ity at very low water pressures than CA 
membranes.

The two types of RO membrane struc-
tures are spiral-wound and hollow-
fiber. In each case, the structure is  
designed to increase the surface area  
that comes into contact with untreated  
water. The larger the surface area, the  
greater the flow rate.

Spiral-wound membranes are more  
common than hollow-fiber membranes  
in home systems. Spiral-wound mem-
branes are designed to treat water with  
high levels of  dissolved solids. They 
consist of  two layers of  semiperme-
able membrane that are separated by  
a woven fabric such as nylon, Dacron,  
or polyester. This membrane “sandwich” 
is then spiraled around a tube. 

Hollow-fiber membranes are manu-
factured by spinning the material into 
thin fibers that are bundled together 
in a “U” shape or straight line. These  

fibers are wrapped around a support-
ing structure. Hollow-fiber membranes  
are easily clogged by hard water, but  
they require less space and are some-
what easier to maintain than spiral- 
wound membranes.

Capacity
RO units have a limited flow rate ca-
pacity and therefore usually treat only 
drinking and cooking water. Units that  
operate at household water pressure  
(about 30 to 60 pounds per square 
inch) yield about 3 to 5 gallons per day. 

When evaluating an RO system, deter-
mine if  the gallons-per-day claims are  
for the whole system—including  
prefilters, postfilters, and the storage 
tank—or just for the RO device. If  the 
production claims are only for the RO 
device, to determine the pressure avail-
able for the RO device, subtract the  
reduction in water pressure that occurs  
in pretreatment devices from the water 
pressure entering the system.

A booster pump can be added to raise 
water pressure to over 100 pounds per  
square inch, resulting in an increased  
yield of  10 to 15 gallons per day. When 
selecting a booster pump, consider the flow 
capacity, inlet pressure requirements, outlet 
pressure, noise, energy efficiency, and cost. 

The percent recovery of  treated water for 
a particular RO system is determined by 
dividing the amount of  treated water by 
the amount of  untreated water and mul-
tiplying by 100. 

percent
recovery =

gallons treated water
gallons untreated water

x 100

For example, assume that an RO unit pro-
duces 5 gallons of treated water for every 
50 gallons of untreated water. The percent 
recovery would be:

percent
recovery=

5 gallons
50 gallons

x 100 = 10 percent
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Variability in recovery percentages is usu-
ally due to design characteristics of the RO 
unit, water temperature, water pressure, 
the ability of the RO unit to handle dif-
fering levels of TDS, and other factors.

The percent rejection for a specific 
contaminant or for TDS is easily  
calculated. First, measure the contaminant 
concentration in the untreated water and 
the concentration in the treated water. 
The percent rejection is then calculated 
with the following formula: 

percent
rejection = x 100

untreated
conc.

treated
conc.

untreated
conc.

–

For example, consider untreated wa-
ter with a lead concentration of  0.128  
milligram per liter. If  RO treatment  
reduces the lead concentration to 0.008 
milligram per liter, then the percent  
rejection of  lead would be:

percent
rejection =

0.128 – 0.008
0.128

x 100 = 94
percent

When checking a manufacturer’s  
claims for percent rejection rates, be 
sure to note the pressure under which 
the advertised rejection rates were 
achieved. Devices for in-home use  
are usually tested at 50 pounds per square 
inch of  pressure, and most household water 
pressure is somewhere between 30 and 60 
pounds per square inch.

Source: Adapted by permission from Water Conditioning and Purification magazine, December 1983.
a Values are for feed water under 65 pounds per square inch pressure and having a 70-degree-Fahrenheit temperature and a 500 milligrams per liter 

mixed-ion total dissolved solids (TDS) concentration. 
b Reverse osmosis does not completely remove a contaminant; some will pass through the membrane. How much contaminant passes through depends 

on the concentration and chemical formulation of the contaminants present in the untreated water as well as water quality parameters and system char-
acteristics.

c These membranes are made of a blend of cellulose acetate (CA) and cellulose triacetate (CTA). 

Table 2.3
Comparison of reverse osmosis membranes

Maintenance

RO membranes have a lifetime of three to 
five years. Eventually the RO membrane 
tears, allowing dissolved solids to pass 
through. The membrane must then be 
replaced. 

Since it is impractical to visually in-
spect the membrane for tears, test  
treated water at installation and regularly af-
ter installation to monitor RO performance. 
Test water more frequently if  removing 
hazardous contaminants.

Monitoring methods for RO systems 
are based on service time, gallons  
of  water treated, or TDS concentra-
tion. A TDS monitoring device attached 
to the delivery faucet is best because it 
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monitors actual water quality and may 
detect an early tear in the membrane or  
untreated water bypassing the mem-
brane. A sudden change in TDS in-
dicates that either the RO device or a  
prefilter is malfunctioning. A sudden  
decrease in treated water flow may  
indicate either a clogged RO mem-
brane, in which case the membrane 
must be replaced, or a clogged  
prefiltration or postfiltration device.

When a hazardous contaminant such  
as nitrate or lead is present, monitor  
specifically for the contaminant rather 
than TDS. Nitrate is especially hazard-
ous to infants, as infants who ingest  
water containing a high nitrate con-
centration are at risk of  developing  
methemoglobinemia, or blue baby syn-
drome. Long-term consumption of  
water with a high lead concentration can  
result in chronic health effects such as  
cancer and brain damage. For more  
information on water testing, see Pri-
vate Drinking Water Supplies: Quality,  
Testing , and Options for Problem Waters, 
NRAES–47.

Although the storage container in the  
RO system should be presterilized,  
certain bacteria may still colonize the  
tank. Periodic cleaning may be neces-
sary. Some systems may have a disinfec-
tion system installed after the storage  
tank. 

Since the RO system may include a cartridge 
sediment prefilter for removing suspended 
solids; an activated carbon prefilter for re-
moving chlorine; and an activated carbon 
postfilter for removing unpleasant tastes, 
odors, and certain organic chemicals, main-
tenance is not limited to changing the RO 
membrane and monitoring treated water 
quality. Before purchasing an RO system, 
consider the cost to maintain the entire 
system and compare it to other options for 
a safe water supply. 

Special Considerations
Before purchasing an RO system, in-
vestigate other treatment options. Most  

inorganic contaminants can also be  
removed by distillation, which is dis-
cussed beginning on page 33. Other  
alternatives, such as buying bottled  
water, could be more cost-effective. 

Drawbacks to RO systems are that they 
waste water, may be expensive, generally 
produce water solely for drinking and cook-
ing, and require pretreatment and posttreat-
ment. Any pretreatment and posttreatment 
devices require additional maintenance.

If  using an RO unit equipped with a 
shut-off  valve, the danger exists of  
contaminating other water lines in the 
household. When the valve is acti-
vated, pressure in the RO system goes  
to zero. Since the RO wastewater line  
is often directly connected to a drain  
line in the residential plumbing sys-
tem, sewage could conceivably flow  
up into the potable water sup-
ply when pressure on the RO sys-
tem abates. Residential plumbers can  
offer a variety of  ways to avoid such 
backflow.

Some systems are advertised as be-
ing able to remove certain organic 
chemicals. Such claims are usually due to 
activated carbon pretreatment or post-

treatment devices, not the RO device. 
As with all water treatment devices,  
be careful not to buy a more elaborate 
treatment system than is needed.

Adsorption
Adsorption is the process by which 
one substance adheres to the surface  
of another substance termed the ad-
sorbent. In adsorption systems, the  
adsorbent accumulates and retains  
contaminants as water passes through  
the system. While filters block con-
taminants, adsorption devices rely on  
an attraction between the adsorbent 
and the contaminants that holds the  
contaminants to the adsorbent sur- 
face. Figure 2.13 illustrates this con-
cept.

Confusion often exists about the pro-
cess of  adsorption versus the process 
of  absorption. A sponge illustrates the 
difference. Water is absorbed into  
and becomes part of  a sponge while  
soil is adsorbed onto the surface of  a 
sponge.

The ability of  an adsorption device 
to remove a contaminant depends on 

Figure 2.13
The adsorption process.
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Figure 2.14
The zone of adsorption.
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several factors, including the type and  
amount of  adsorbent, the design of  
the device, the contact time between 
the adsorbent and the water, contami-
nant characteristics, and general water  
quality.

The media used in devices in this 
section are activated carbon and ac-
tivated alumina. Considering the me-
dium as a column, if  the water flow  
rate is appropriately slow, the con-
taminant adsorbs instantaneously onto  
the medium at the top of  the column. 
This creates a zone of  adsorption that 
migrates down the column as adsorp-
tion sites fill and upper parts of  the  
column become saturated with con-
taminant. In this manner, untreated  
wa te r  encounter s  prog ress ive l y  
cleaner adsorbent as it travels down  
the column. The zone of  adsorption is 
illustrated in figure 2.14.

As the zone of  adsorption approaches  
the end of  the column, less contami-
nant is removed from the water since  
fewer sites are available for adsorp-
tion. The contaminant may eventually  
breakthrough, or exceed an accept-
able concentration, as is illustrated in  
figure 2.15. If  water continues to pass 
through the device, the entire adsorp-
tion medium becomes saturated with 
contaminant, and the contaminant 
concentration in the treated water will  
equal that of  the untreated water.

If  the untreated water has more than 
one chemical that can be adsorbed, 
the effectiveness of  the device in  
removing a particular contaminant 
depends on the strengths of  attraction  
between the contaminants and the  
adsorbent. For example, consider un-
treated water that contains two differ-
ent chemicals—one that is strongly  
adsorbed (contaminant A) and one  
that is weakly adsorbed (contaminant 
B). As water passes through the de-
vice, a zone of  adsorption for con-

Figure 2.15
Contaminant breakthrough.
Adapted with permission from Water Technology magazine.
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taminant A develops in the upper part 
of  the column. In time, the zone 
moves down the column, leaving the  
medium behind it saturated with contami-
nant A. 

Since contaminant A is preferen-
tially adsorbed by the medium, the 
adsorption zone for contaminant B  
exists below that of contaminant A.  
As the adsorption zone for contami-
nant A migrates down into the area  
saturated with contaminant B, con-
taminant B can be displaced by the  
more strongly attracted contaminant 
A. The displaced contaminant B is 
then added to the passing water.  
Thisprocess is called dumping, or  
unloading, and may result in treated 
water with a higher concentration of 
contaminant B than that in the un-
treated water. Before purchasing an  
adsorption device, test water to de-
termine whether other contaminants  
are present that may affect the adsorp-
tion process.

Contaminant breakthrough and dump-
ing are concerns for both activated  
carbon and activated alumina de-
vices—especially when they are used  
to remove tasteless, odorless chemi-
cals. In such cases, the capacity of  the  
device should be determined by regu-
larly testing the treated water until  
breakthrough occurs.

Activated Carbon Filters
Although these devices are com-
monly known as carbon filters, they  
actually adsorb contaminants to an 
activated carbon medium instead of 
physically blocking them, as cartridge 
or media filters do. The effective-
ness of these devices depends on  
the type and amount of activated  
carbon used, the device design, the  
contact time between the adsorbent  
and the water, contaminant charac-
teristics, and general water quality.  
Activated carbon filters are recom-
mended for use only on microbiologically 
safe water. 

Uses

Carbon filters can be either point-of- 
entry (POE) or point-of-use (POU) 
devices. They reduce unpleasant tastes 
and odors as well as levels of  chlorine, 
iodine, radon gas, and a wide variety  
of  organic chemicals—including pe-
troleum products, pesticides, and  
trihalomethanes (THMs). Table 2.4 pro-
vides information on the use of  activated 
carbon for various contaminants.

While activated carbon is the most  
effective treatment for many organic  
chemicals, it is not appropriate for all  
of  them. Table 2.5 compares adsorp-
tion levels for various organic chemi-
cals. An explanation of  the chemical  
classes in the table is beyond the scope  
of  this publication, but the table is  

helpful in assessing which organic  
chemicals can be effectively removed  
with activated carbon. See appendix A  
for more information about using ac-
tivated carbon to remove a specific  
organic chemical.

Principles

Activated carbon is a specially treated  
carbon source derived from petro-
leum coke, bituminous coal, lignite, or  
wood products. The carbon source is 
crushed and heated to between 500  
and 1,800 degrees Fahrenheit. The  
heating action produces a network of  
large and small pores called macropores 
and micropores, respectively. When water 
passes through activated carbon, certain 
contaminants adsorb to the pore structure. 

Table 2.4
Guidelines for the use of activated carbon

Source: Revised from Linda Wagenet and Ann Lemley, “Activated Carbon Treatment of Drinking 
Water,” Water Treatment Notes, Fact Sheet 3, Cornell Cooperative Extension (1987).

Note: The types of carbon and activated carbon devices mentioned in this table are explained more 
fully later in this section.
a Activated carbon is not effective for all contaminants in this category. Other treatment methods may 

be more effective. See appendix A for more information.
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Table 2.5
Readily and poorly adsorbed organics

Source: U.S. Environmental Protection Agency, Technologies for Upgrading Existing or Designing 
New Drinking Water Treatment Facilities, Document EPA/625/4-89/023.

Note: Standards and health advisories issued by the U.S. Environmental Protection Agency may have 
further information concerning the use of activated carbon for a specific contaminant. See appendix 
A, tables A.1 and A.2, beginning on page 64.

Micropores within activated carbon 
range in size from 0.001 to 10 microns  
in diameter. Micropores result in a 
surface area within activated carbon  
of 275,000 to 366,000 square feet 
per ounce. Macropores in the carbon  
guide untreated water throughout the 
activated carbon to the micropores,  
where most of the adsorption takes  
place. 

Several forms of activated carbon can  
be used in activated carbon filters.  
Granular activated carbon, the most 
common type used in home water  
treatment units, varies by particle 
size, particle density, pore size, and 
surface area. It is most effective in 
removing chemicals with low solubil-
ity—that is, those that do not dissolve  
easily. Granular activated carbon is  
not recommended for use as a mechani-
cal filter.

Powdered activated carbon removes  
tastes and odors. It can be included 
in multimedia filters (see page 16) and  
precoat filters (see page 18) to add 
taste and odor removal capabilities. 
Powdered carbon that is pressed into a  
block is less apt to channel—that is, 
create preferential flow patterns. The  
reduced pore spaces are easily clogged, 
however, and may result in significant  
water pressure loss. 

Block carbon is effective in removing  
certain organic chemicals. A few manu-
facturers have claimed that some con-
figurations successfully remove lead.  
However, using block carbon to re-
move inorganic chemicals such as lead 
and mercury is controversial, since the 
pH and chemical composition of  the 
water as well as the physical form of   
the chemical can greatly affect re-
moval capabilities. Be especially care-

ful when considering activated carbon  
to remove an inorganic chemical  
whose concentration exceeds the  
maximum contaminant level (MCL)  
set by the U.S. Environmental Protec-
tion Agency (EPA). Refer to table 1.3  
on page 8 or tables A.1 and A.2 in  
appendix A for other treatment methods 
recommended for specific inorganic con-
taminants.

Because adsorption is an equilibrium 
process, sudden changes in the con-
taminant concentration may cause the 
activated carbon to release previously 
adsorbed contaminant into the water.  
Therefore, water with a variable con-
taminant concentration may result in  
inconsistent treated water quality.  
Causes of  variable contaminant con-
centrations are discussed in chapter 1  
on page 6.

Other contaminants in the water be-
sides the targeted contaminants may 
affect the efficiency of  activated car-
bon. This phenomenon, known as 
dumping or unloading, is discussed in  
the introduction to the adsorption sec-
tion, which begins on page 24. If  a  
contaminant is known to cause ad-
verse health effects, it is important that  
the untreated water be tested for other  
contaminants that may interfere with  
activated carbon treatment. 

To prevent clogging, turbidity should be re-
moved with a 5-micron cartridge sediment 
filter prior to activated carbon treatment. 
Sediment filter discussion begins on page 
10. Pretreatment to remove iron and man-
ganese may also be required. See table 3.5 
on page 47 for a summarization of  methods 
used to remove iron and manganese.

Types

The five types of  activated carbon 
units are pour-through, faucet-mount, 
in-line, line-bypass, and POE. The 
particular activated carbon device ap-
propriate for a given situation is deter-
mined by the type and concentration  
of  the contaminant and the unit’s de-
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sign—particularly how much carbon it  
contains. The types of  activated car-
bon devices are illustrated in figure  
2.16. The same plastic housing used  
for some activated carbon filters may  
also be used to enclose cartridge sedi-
ment filters or reverse osmosis (RO)  
membranes. Be sure to examine filter 
information completely before purchas-
ing a device. 

Pour-through and faucet-mount units 
should be used only for nonhazard-
ous taste and odor problems and when  
small amounts of  water are to be  
treated. Pour-through devices are simi-
lar to a drip coffee maker. Faucet- 
mount units attach to a faucet, usually  
the kitchen faucet. Both are inex-
pensive but do not contain enough 
activated carbon or provide sufficient 
contact time between the carbon and 
water for reliable contaminant removal.  
Installation is simple, and maintenance  
is required when the tastes or odors  
return or when the device becomes  
clogged. The filter material is usu-
ally replaced, not backwashed. Significant  
bacterial growth can occur on the  
carbon in these units, so they should  
be thoroughly flushed if  unused for  
more than a few days.

In-line devices are usually installed in  
the cold water line beneath the kitchen  
sink. Diverting water from the unit for  
uses other than drinking or cooking is  
not an option. If hot and cold water  
come from a single tap, the hot un-
treated water may mix with the cold 
treated water in the faucet. This problem  
does not occur with line-bypass units.

Line-bypass units are attached to the cold 
water line and have a separate faucet for 
delivering treated water. The separate 
faucet system slows the flow rate, which 
increases contact time and adsorption 
effectiveness. 

Neither in-line nor line-bypass units 
are recommended for removing ra-
don or volatile organic chemicals 
(VOCs). Inhaling these chemicals is 
more hazardous than ingesting them,  

and since exposure may occur when 
the chemicals vaporize from show-
ers, dishwashers, or washing ma-
chines, POE devices that are vented  
outside the home are recommended.

POE devices are installed where water 
enters the house, so they treat all water 
used in the home. There is no bypass  
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option for in-home uses, although  
water can be diverted for outdoor use  
prior to treatment. These devices are 
recommended for treating radon,  
VOCs, and other contaminants neces-
sitating that treated water be provided 
throughout the house. Systems used  
for removing VOCs should be vented  
to the outside atmosphere.

Figure 2.16
Types of activated carbon units.
Source: Adapted from Linda Wagenet and Ann Lemley, “Activated Carbon Treatment of Drinking 
Water,” Water Treatment Notes, Fact Sheet 3, Cornell Cooperative Extension, December 1987.
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Source: Data reprinted from Paul Schorr, Point of Use Device: Granular Activated Carbon, State 
of New Jersey Department of Environmental Resources, Division of Water Resources (September 
1988).

Capacity

The flow rate and contaminant re-
moval capacity are the two factors that  
determine the total capacity of  an  
activated carbon device. The flow rate  
depends on the surface area and  
micropore network of  the activated  
carbon and the available pressure. As 
the surface area increases, so does the  
flow rate as long as other factors  
remain equal. POE units provide a 
larger surface area in contact with  
untreated water than single-tap de-
vices and therefore have a greater flow  
rate capacity. The size of  the micropore 
network determines the likelihood of  
clogging—the smaller the micropores, 
the higher the chance of  clogging. If  
the filter becomes clogged, the flow  
rate decreases. Available pressure di-
rectly affects flow rate—the higher the  
pressure, the higher the flow rate. 

At a water pressure of 30 pounds per 
square inch, POE units should pro-
duce a flow rate between 4 and 10  
gallons per minute, and the pressure  
loss for these systems should not  
exceed 3 to 5 pounds per square inch. 
Line-bypass units produce 1 gallon  
per minute at normal household pres-
sure, with a pressure loss of about 1  
pound per square inch. 

The contaminant removal capacity is 
determined by the contact time, which  
is determined by the flow path, the 
device design, the flow rate, and the  
network of  micropores. The contact  
time of  a typical POU unit is less than 
three minutes, whereas POE systems  
have contact times extending to thirty 
minutes.

Figure 2.17 illustrates two water flow 
paths that may occur in activated car-
bon devices: longitudinal and radial. In  
a longitudinal design, the water flows 
from the bottom to the top of the device 
or vice versa. In a radial flow design, 
the water flows from the outside to the 
center. For equal volumes of carbon, the 
longitudinal flow design has a greater 
contact time and is therefore better for  

removing health-related contaminants. 
A radial flow path, however, provides  
more surface area for flow and has a  
higher flow rate. Radial designs are  
adequate for taste and odor removal.  
The filter media in radial designs may  
be wrapped with wound string or plas-
tic or wire mesh to remove sediment  
particles. 

For POE devices, in general, taller,  
thinner filter tanks provide a longer  
contact time than shorter, rounder  
tanks with the same amount and type  
of activated carbon. For example, a  
tank that is 54 inches long with a 10- 
inch diameter would provide a longer  
contact time than a tank that is 36  
inches long with a 12-inch diam-
eter. This is because, in the 10-inch-
diameter tank, the water must travel a  

Figure 2.17
Water flow paths in activated carbon units.

Table 2.6
Approximate amounts of activated carbon in treatment devices
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Untreated
water

Treated
water

Radial flow

Untreated
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Treated
water

longer path through the filter. The 12- 
inch-diameter tank would have a  
higher flow rate than the 10-inch- 
diameter tank, but the 10-inch tank  
would have a greater contaminant  
removal efficiency.

The primary determinant of  contami-
nant removal capacity among the var-
ious activated carbon filters is the 
amount of  carbon in the device. The  
more carbon a filter contains, the larger  
its capacity for adsorption. Table 2.6  
describes the approximate volume and 
mass of  activated carbon in pour-
through, line-bypass, in-line, and POE 
activated carbon devices. 

The type of activated carbon a device 
contains also affects the quantity and 
type of contaminants it can remove.  
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Figure 2.18
Using two activated carbon units to protect against breakthrough.
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Refer to page 27 for a complete discus-
sion on the types of  carbon available. 
Types vary according to the original 
carbon source, the method used for  
activation, the temperature at which  
the carbon is formed, and the size of  the 
micropores. 

When the contaminant to be removed  
has potential adverse health effects,  
two activated carbon devices can be  
connected in a series to increase con-
taminant removal efficiency. This is  
illustrated in figure 2.18. Should con-
taminant breakthrough occur in the  
first device, the second device would  
offer additional protection. To ensure  
that a fresh backup device is always  
available, when the first device fails, 
the second device is moved into its  
place. A fresh device is then installed  
in the second position.

Maintenance

Maintaining activated carbon devices may 
involve replacing the activated carbon, 
backwashing, or both. Maintenance may 
also involve testing the water periodically. 
Manufacturers usually suggest guidelines 
for maintenance frequency based on gal-
lons of water treated or time the device 
is in operation. Guidelines will vary with 
water quality and flow rate. Maintenance 
recommendations based on an avoidance 
of bacteria buildup should take precedence 
over other recommendations. 

Immediately after installing a device, 
test treated water once per month 
until the unit’s contaminant removal 
capacity is established. The capac-
ity is reached when the concentration  
of  the contaminant in the treated  
water exceeds the safe or acceptable 
level determined by EPA drinking water 
standards (see appendixes A and B). 
Once the capacity is known, establish a 
maintnance schedule based on gallons 
of  water treated or time in operation. 
Be aware that the concentration of  any 
contaminant in groundwater may change 
with time, so occasional testing is still 
necessary. For more information on con-

taminant fluctuations in groundwater, see  
page 6 in this publication, or see Private 
Drinking Water Supplies: Quality, Test- 
ing , and Options for Problem Waters,  
NRAES–47.

Backwashing activated carbon flushes  
any trapped par t ic les and some  
adsorbed contaminants from the de-
vice. Backwashing is not recommended 
if  the contaminant being removed has 
potential adverse health effects, as the 
wastewater may contain a high con-
centration of  contaminants and may  
p r e s e n t  a  d i s p o s a l  p r o b l e m .  
Backwashing can also disrupt the posi-
tion of  activated carbon particles in  
the bed and release adsorbed material  
into the treated water.

If  backwashing is not an option, a 
carbon cartridge saturated with con-
taminant can be regenerated by burning  
off  the contaminants and reactivat-
ing the carbon. Commercial water  
treatment firms offer such regeneration 
services. 

A final alternative to backwashing is to 
discard the exhausted carbon cartridge 
as solid waste. When disposing of  
cartridges, consider the type of  con-
taminant collected in the cartridge and its  
potential impact on the environment. 

Special Considerations

Bacterial growth is a potential prob-
lem encountered with activated car-
bon units. Both the activated carbon  
and any adsorbed organic contami-
nants are a growth medium for bac-
teria. Chlorination may eliminate bac-
teria on the activated carbon but will  
also “use up” the carbon’s contami-
nant removal capacity. If  the activated  
carbon is being used to remove or-
ganic chemicals, chlorine may dis-
place or degrade the organic chemi-
cals; chemical degradation may result  
in unknown byproducts. Activated car-
bon treatment should be used only on  
microbiologically safe water. 

If  a filter has not been used for more 
than five days, to reduce the amount of  
bacteria in the treated water, run water 
through the device for thirty seconds  
or until 1 to 2 quarts have passed  
through it. Some manufacturers claim  
that infusing compounds such as silver  
into the carbon prevents bacterial  
growth on the carbon surface. Current 
research, however, does not support  
this claim. 

Before purchasing activated carbon 
equipment for VOCs or radon, inves-
tigate aeration as a treatment option.  
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Source: Data from Robert L. Lake, “Activated 
Alumina for POU/POE Removal of Fluoride and 
Arsenic,” Proceedings: Conference on Point-of-
Use Treatment of Drinking Water, U.S. Environ-
mental Protection Agency Document EPA/600/9-
88/012 (October 1987).

Note: Data are based on untreated water with a 
pH between 5.5 and 8.5. 

Table 2.7
Preferential order of ion removal for acti-
vated alumina

This treatment method is described  
beginning on page 57. Aeration may be 
preferred, as it has no medium that will  
accumulate high concentrations of  haz-
ardous materials. Activated carbon used  
for radon removal can become a low- 
level radiation source within the home. 

Activated Alumina
Similar to activated carbon, activated alumina 
adsorbs contaminants instead of filtering 
them. The effectiveness of activated alumina 
depends on the contaminant, characteristics 
of the alumina, the device design, and water 
quality. 

Uses

Activated alumina can be a point-of-entry 
(POE) or point-of-use (POU) device. It re-
duces the concentration of fluoride, arsenic, 
selenium, and chromium in water. For each 
of these contaminants, reverse osmosis (dis-
cussed on page 19) and distillation (discussed 
on page 33) are other options for removal. 

For arsenic removal, anion exchange 
(discussed beginning on page 45) is 
an alternate treatment. The choice 
between activated alumina and an-
ion exchange depends on the water  
quality and maintenance considerations. If  
the water has a high total dissolved solids 
(TDS) level or sulfate concentration, ac-
tivated alumina would be more effective. 
However, a serious drawback to using acti-
vated alumina is that regenerating it requires 
the use of  strong acid and base solutions 
that are undesirable for home storage and 
handling. Anion exchange resin, on the 
other hand, can be regenerated at home 
with less dangerous chemicals.

Principles

Activated alumina devices contain a 
packed bed of activated alumina gran-
ules that range in size from 44 to 297 
microns. Activated alumina is prepared 
by dehydrating aluminum hydroxide at 
a temperature between 550 and 1,100  

degrees Fahrenheit, then grinding and 
screening it. The resulting activated  
alumina particles are very irregular and 
porous with a surface area between  
15,560 and 95,560 square feet per ounce. 
The density and pore size also vary.

The bed of  activated alumina gran-
ules is enclosed in a housing. As water  
passes through the device, certain con-
taminants are adsorbed to the acti-
vated alumina granules. The effective-
ness of  activated alumina depends on  
its ability to adsorb the targeted con-
taminant, the general water quality,  
and the design of  the treatment device.

Activated alumina is capable of  remov-
ing several contaminants from water.  
When more than one such contaminant  
exists in the untreated water, activated  
alumina preferentially adsorbs contami-
nants in the order listed in table 2.7. The  
ions are listed from the most strongly 
adsorbed to the most weakly adsorbed. 
Some research has reported that sulfate 
reduces the adsorption capacity of  acti-
vated alumina for fluoride and arsenic,  
even though fluoride and arsenic are pre-
ferred over sulfate.

In addition to competition from other 
ions, the effectiveness of  activated alu-
mina depends on the chemical form of   
the contaminant to be removed. For  
example, two forms of  arsenic, arse-
nate and arsenite, predominate between  
pH 6 and 9. Although a discussion of   
the various chemical forms of  arsenic is 
beyond the scope of  this publication, it 
is important to note that under certain 
circumstances, chlorinating the water  
before activated alumina treatment con-
verts arsenic into the form most likely to  
be adsorbed by activated alumina. 

Table 2.7 can also be used to evaluate  
the impact of  additional contaminants 
on the effectiveness of  activated alu-
mina. Most importantly, the water pH  
should be less than 8.5. The pH de-
fines the relative concentration of  hy-
drogen ions (H+) and hydroxide ions 
(OH–). As pH increases, the concentration 
of  hydroxide ions increases. 

Hydroxide ions are preferentially  
adsorbed by activated alumina when 
the pH exceeds 8.5, which will affect  
adsorption of  other ions. For this rea-
son, whether activated alumina is suc-
cessful in removing fluoride or arsenic  
is pH-dependent. For fluoride, a pH  
between 5 and 6 is optimum. For  
arsenic, a pH of  7 is recommended.  
Pretreatment to reduce pH may be  
necessary for activated alumina to be  
effective (see discussion on pH adjustment 
beginning on page 37).

When the untreated water contains  
suspended solids, pretreatment with a  
5-micron cartridge sediment filter is 
required to prevent clogging. Cartridge 
sediment filters are discussed begin-
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ning on page 10. In addition, iron and 
manganese concentrations should be  
below levels in the U.S. Environmental 
Protection Agency (EPA) Secondary 
Drinking Water Standards (see appendix 
B for a listing of  these standards). 

Capacity

Flow rate and contaminant removal  
capacity are the two factors in determining 
the total capacity of an activated alumina 
device. Flow rate is dependent on the surface 
area of flow, the pore size of the activated  
alumina granules, and the available  
water pressure. As the area of flow in-
creases, the flow rate increases, assu 
ming other factors are equal. Flow rate 
decreases as pore size decreases.

Household water pressure (about 30  
to 60 pounds per square inch) is  
usually sufficient for producing ad-
equate amounts of  treated water. POU  
activated alumina units with a sepa-
rate faucet generate approximately 1 
gallon per minute of  treated water at  
household water pressures. Larger POE 
devices may produce as much as 7 to  
10 gallons per minute. If  additional  
flow capacity is needed and a larger  
device is not available, use two devices in 
parallel.

The contaminant removal capacity 
depends mostly on the amount of  alu-
mina in the device. For example, a unit  
containing 4 ounces of  alumina can 
treat approximately twice as much  
water as a unit containing 2 ounces of  
alumina.

Maintenance

Maintenance for an activated alumina 
device includes replacing the cartridge and 
monitoring treated water quality. Manu-
facturers may sugest guidelines for main-
tenance based on gallons of  water treated 
or time the device is in operation. These 
recommendations give a rough estimate, 
but maintenance will vary depending on 
water quality and flow rate. 

Since most of the chemicals removed  
by activated alumina are tasteless and  
odorless, test treated water once per  
month for the first few months after  
installation to determine the device’s  
contaminant removal capacity. The ca-
pacity of the device is determined when 
the concentration of the contaminant in  
the treated water exceeds the safe level de-
termined by EPA drinking water standards 
(see appendixes A and B).

After the capacity of  the device is  
determined, develop a maintenance  
schedule based on gallons of  water  
treated or time in operation. Of  these  
two methods, monitoring based on  
gallons treated is preferred since water  
use can vary. Be aware that the con-
centration of  any contaminants in  
groundwater may change, so occa-
sional testing after the capacity is de-
termined is still necessary to ensure  
that contaminant levels have remained 
constant. For more information on  
contaminant fluctuations in ground-
water, see page 6 in this publication or  
see Private Drinking Water Supplies: 
Quality, Testing, and Options for Problem  
Waters, NRAES–47. 

Activated alumina granules are regen-
erated by washing the granules with a  
strong base solution, which replaces  
the adsorbed contaminants with hy-
droxide ions. The granules are then  
washed with acid to remove the hy-
droxide ions and prepare the bed for  
use. Cartridges should be sent to water 
 treatment professionals for regen-
eration since the chemicals used are  
hazardous.

Water treatment dealers should also 
backwash the activated alumina mate-
rial immediately after installation and  
regularly as part of  the regeneration  
service. Backwashing removes the fin-
est activated alumina particles and  
dust from the filter material, which is  
necessary to prevent the activated alu-
mina particles from cementing together.  
Cementing occurs when the device is 
unused for several days, and it reduces 
adsorption capacity.

Special Considerations

When activated alumina is used to  
remove a hazardous chemical, dispose 
of or regenerate the activated alumina 
carefully to avoid contaminating water  
supplies or landfills. Noncoliform bac-
teria can grow on the activated alumina  
medium, but coliform bacteria do not  
seem to grow in the filter. 

Heat
Heating water is a common water treat-
ment method, especially for disinfec-
tion purposes. Heat sources vary from  
an electric heating element to a wood  
fire. Boiling and distillation are two  
water treatment methods that use heat. 

Boiling 
Bringing water to a boil requires no  
special equipment, so it is a convenient and 
fairly inexpensive water treatment method. 
Boiling disinfects water during emergencies, 
on camping trips, or when a microbiologi-
cally safe water supply is unavailable.

Uses

Boiling water is a point-of-use (POU) treat-
ment that kills bacteria—including disease-
causing microorganisms such as Giardia 
lamblia and Cryptosporidium parvum. Boiling 
also vaporizes some volatile organic chemi-
cals (VOCs) such as tetrachloroethylene, 
trichloroethylene, and carbon tetrachloride. 
It does not, however, reduce or eliminate 
nitrate, lead, or other minerals and met-
als. In fact, boiling may concentrate these 
contaminants, since some water evaporates 
while the contaminants are left behind.

Principles

Boiling water is the most widely avail-
able form of  disinfection. Any heat 
source can be used, including electric 
stoves, gas stoves, camping stoves, 
wood fires, and microwave ovens.  
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Figure 2.19
Air-cooled distillation device.
Reprinted with permission from Water Technology magazine.

Table 2.8
Inorganic contaminants removable by distil-
lation

Vigorously boiling water for three to  
five minutes will kill disease-causing  
microorganisms, inclu-ding Giardia 
l a m b l i a  c y s t s . C r y p t o s p o r i d i u m 
parvum oocysts require thirty minutes 
of  continual boiling.

Capacity

Boiling is an off-line system. The vol-
ume of  water that can be disinfected at  
once is limited by the heat source and  
the size of  the water vessel. It may take  
as long as fifteen minutes to boil only  
1 gallon of  water, after which the water 
has to be set aside to cool to drinking 
temperature.

Maintenance

Mineral scale accumulates in vessels used 
for boiling water. To dissolve the scale, 
soak vessels in a weak acid such as vinegar 
or lemon juice.

Special Considerations

Normally, boiled water is not dispensed 
through a tap. Boiling is an off-line treat-
ment system that requires separate sterile 
storage for the treated water, as the distilled 
water can be recontaminated by pathogens 
if  it is exposed to air. One major drawback 
to boiled water is that it may taste stale. 

Distillation
Distillation is one of  the oldest water 
treatment processes. Water is boiled and 
the resulting steam is collected and cooled 
in a separate chamber. The treated water 
is relatively free of  many contaminants. 
Gener-ally, distillation is used to supply 
water only for drinking or special uses.

Home distillation units are usually electrical 
devices. They can be countertop units that 
are manually filled as water is needed, or 
they can be automatic and be connected to  
the household plumbing for continuous 
operation.

Uses

Distillation units are point-of-use (POU) 
devices that disinfect water, reduce  
the concentration of  toxic metals, and 
remove some organic contaminants. A  
list of  inorganic contaminants removable 
by distillation is given in table 2.8.

Distillation kills or removes micro-
organisms, including Giardia lamblia 
and Cryptosporidium parvum. Volatile 
organic chemicals (VOCs) may be  
difficult to remove, and pretreatment or 
posttreatment may be required. An alterna-
tive to distillation always exists. Refer to the 
water treatment key, table 1.3 on page 8, and 
appendixes A and B for a list of  options. 

Principles

The distillation process is illustrated in  
figure 2.19. A supply of  feed water is 
diverted from the cold water line of  the 
household distribution system, which  

allows continuous operation. The water 
is heated to boiling. (Most household  
distillation units use electricity as the heat 
source, but oil, wood, or any other heat 
source can be used.) The resulting steam 
flows into a condenser—a tube or coil 
cooled with cold water or air. The steam 
condenses in the cold tubing, and treated 
water is collected below the condenser.

Distilled water to
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One way to save water and energy is to 
purchase a distiller that uses diverted 
water as coolant before sending it to the 
distillation chamber. During the cool-
ing process, the temperature of  the 
coolant water increases, thus reducing  
the energy necessary for evaporation  
once the water reaches the distillation 
chamber. A maximum water temperature 
of  70 degrees Fahrenheit is suggested for 
such a design. Air is another coolant option 
that avoids waste.

Distillation removes all dissolved sol-
ids, regardless of  their effects on water  
quality. Minerals in the dissolved solids  
give water its flavor, so distilled water 
is often flat and tasteless. Removing 
dissolved solids also makes the water  
aggressive, so the storage tank and  
other distiller components must be made 
of  corrosion-resistant materials. Since 
distillation is generally a POU treat-
ment, the household water distribution  
system need not be corrosion-resistant.

Manufacturers usually state minimum 
water quality parameters for the un-
treated water. Very high hardness  
levels or dissolved solids concentrations 
reduce the efficiency of  the distiller.  
Dissolved solids precipitate in the boil-
ing chamber and, over time, reduce  
the heat exchange efficiency between  
the heating element and the water. For  
more efficient distillation, pretreat ex-
cessively hard water (water containing  
more than 12 grains per gallon or 200 
milligrams per liter hardness) with a  
water softener. 

VOCs that vaporize at temperatures  
lower than the boiling point of  water 
may pass through the condenser coil  
and become concentrated in the treated 
water. Preheating the water in a vented  
part of  the distiller before it enters the  
boiling chamber will allow the VOCs to 
escape. The vapors must be vented to  
the outside so they do not accumulate  
in the home. If  undesirable organic  
chemicals remain in the distilled water, 
posttreatment with an activated carbon 
device may remove them. Activated  
carbon is discussed on page 26. 

A good distiller includes a water level  
sensor that shuts off  the heat source if   
the boiling vessel runs dry. Others  
may have a temperature sensor to  
prevent overheating. 

Capacity

The size of the boiling chamber, while 
it may dictate how often a distiller  
needs to be refilled, does not indicate  
the unit’s production rate, which is  
usually stated in gallons per day.  
Production rates vary with the type of 
condensing system. Air-cooled de-
vices typically produce 1 gallon of  
treated water for each gallon of un-
treated water. Water-cooled units may  
require 5 to 15 gallons of untreated  
water for each gallon of treated wa-
ter. About four hours are required to  
produce 1 gallon of water. 

Electricity requirements also vary. Por-
table units, which generally produce  
3 to 4 gallons per day, typically have  
500- to 700-watt heating elements. 
Larger units have heating elements of  
1,000 to 1,500 watts and produce 8 to 
12 gallons per day. Home units gen-
erally operate on 115 volts (normal  
household power). It takes about 800  
watts of electricity to distill 1 quart of  
water in one hour (an equivalent  
measure is 0.8 kilowatt-hour per quart). 
Costs will vary based on the temperature 
of incoming water and system design, but 
the electrical costs for distilled water usu-
ally range from $0.25 to $0.33 per gallon.

A continuously operating, off-line distiller 
for home use should have a storage tank 
to hold treated water until it is needed. 
The storage tank capacity may provide 
an estimate of  a distillation unit’s capac-
ity. Most tanks drain by gravity, but some 
may have a pump to deliver treated water 
to other locations. 

Maintenance

Any water that remains in the distilla-
tion unit is concentrated with minerals 

and metals, so dispose of it care-
fully. Mineral deposits can be re-
moved by adding a weak acid such as  
vinegar or lemon juice to the boiling  
chamber. It is important to keep min-
eral buildup on the heating element  
to a minimum, as it reduces heat  
transfer and results in higher energy  
costs. Buildup may also necessitate  
periodically replacing the heating el-
ement, although an individual ele-
ment should last approximately three  
years.

How often to clean a distiller depends 
on the water quality—especially the  
hardness level. After installation, check 
the boiler chamber and heating element in 
continuously operating units on a weekly 
basis for scale accumulation. Check coun-
tertop units after each distillation cycle. 
Develop a regular maintenance schedule 
based on these initial observations. 

For continuously operating distilla-
tion units, periodically draining or  
sending to waste part of the water  
from the boiling chamber may pre-
vent solids from precipitating and  
may eliminate some solids that have  
already precipitated.

Special Considerations

Distillation units require electricity,  
although power usage can be de-
creased in units with automatic shut-
off  devices. Distillers also generate  
heat and can increase the temperature  
in a small room. Shock and fire haz-
ards can be avoided by only using  
equipment approved by Underwriter’s 
Laboratory. Such equipment is marked 
with the letters “UL.”

Ultraviolet Light
Ultraviolet (UV) light rays—those that  
we get from sunlight—are known to  
have a strong germicidal ability. As is  
illustrated in figure 2.20, they have a  
longer wavelength than x rays and a  
shorter wavelength than visible light. 
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UV light has been used to disinfect  
water supplies for over seventy-five  
years, but only recently have home UV 
systems become available. Municipali-
ties sometimes use UV instead of  chlo-
rination for disinfection to avoid the  
byproducts that chlorination may produce 
in the treated water supply. 

The main advantage to UV treatment is 
that it disinfects water without the use  
of chemicals. Its main disadvantage is  
the lack of residual disinfection.

Uses

UV devices may be either point-of- 
use (POU) or point-of-entry (POE).  
UV light inactivates bacteria, viruses, and 
some cysts. It does not kill Giardia lamblia 
cysts or Cryptosporidium parvum oocysts, 
which must be re-moved by cartridge fil-
tration (see page 10), precoat filtration (see 
page 18), boiling (see page 32), or distillation 
(see page 33). UV is not recommended if  
the untreated water has a coliform content 
exceeding 1,000 total coliforms or 100 fecal 
coliforms per 100 milliliters. 

It is important to note that, although 
UV is an effective disinfectant, disinfec-
tion only occurs inside the unit—no 
residual continues to inactivate bacteria  

that survived or were introduced after UV 
treatment. If residual disinfection is neces-
sary, chlorination (discussed on page 47) 
may be necessary in addition to or as an 
alternative to UV.

Principles

The typical UV device, illustrated in  
figure 2.21 on the following page,  
requires electricity and consists of  a  
cylindrical chamber that houses a low-
pressure mercury lamp. The lamp,  
which resembles a fluorescent lamp, pro-
duces the UV light in the range of  260 
nanometers. (A nanometer is one billionth 
of  a meter.) Most microorganisms are af-
fected by radiation between 200 and 300 
nanometers.

The lamp is encased by a quartz glass sleeve, 
which prevents the water from contacting 
the lamp and helps keep the lamp at an 
ideal operating temperature of  104 degrees 
Fahrenheit. Approximately 95 percent of  
the radiation passes through this glass 
sleeve and into the untreated water. The 
untreated water either flows in a thin film 
over the sleeve, or it flows through quartz 
glass tubing that is spiraled around the 
lamp. The latter design allows for a longer 
contact time between the UV light and the 
untreated water.

Figure 2.20
Ultraviolet light for disinfection.

UV treatment does not remove organ-
isms from water—it merely inactivates  
them by inhibiting DNA replication.  
Lamp intensity, contact time, and general 
water quality determine the effectiveness 
of  the process. 

The lamp intensity is reported as mi-
crowatt seconds per square centimeter. 
Water quality agencies can recom-
mend a lamp strength based on water  
quality and the microbes targeted for  
destruction. A general recommenda-
tion is to have a lamp intensity no less  
than 16,000 microwatt seconds per  
square centimeter. More than 20,000  
microwatt seconds per square cen-
timeter is preferable. Most devices 
provide a lamp intensity of  30,000 to  
50,000 microwatt seconds per square 
centimeter. A flow control device on  
the UV unit can regulate the contact time.

The UV unit may be the last device in  
a treatment system. Particulates and  
turbidity affect light transmission into  
the microorganisms and must be re-
moved with a cartridge sediment filter  
(see page 10) prior to UV disinfection.  
Color resulting from decaying plant 
matter must be removed with an ac-
tivated carbon device (see page 26) 
prior to UV disinfection. When un-
treated water has high mineral levels,  
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pretreatment with a water softener  
(see page 41) or phosphate injection  
system (see page 57) may be neces-
sary to prevent minerals from building  
up on the lamp. 

A UV unit should be located as close as 
possible to the point of  use, as any part  
of  the plumbing system could be con-
taminated with bacteria. Before using  
a UV system for the first time, disin-
fect the entire plumbing system with  
chlorine.

Capacity

There is a limit to the numbers of   
bacteria that can be treated with UV.  
An upper limit for UV disinfection is  
1,000 total coliforms per 100 mil-
liliters or 100 fecal coliforms per 100  
milliliters.

UV systems may have a flow rate  
capacity from 0.5 gallon per minute to  
several hundred gallons per minute.  
Household water requirements dictate  
the level of treated water needed. Table  
1.1 on page 5 can help estimate water  
usage for a particular household.

Maintenance

Since UV light must contact bacteria to  
kill them, the housing for the light  
source must be kept clean. Commer-
cial products are available for rinsing  
the unit and removing any film that  
forms on the lamp housing. An over-
night cleaning with a solution of  0.15  
percent sodium hydrosulfite or citric  
acid also effectively removes such film. 
Some units, such as the one pictured in 
figure 2.21, have wipers to help clean  
the lamp housing.

UV lights do not burn out—they gradu-
ally lose power with use. Therefore,  
replace the lamp at least once per year. 

Figure 2.21
Ultraviolet treatment device.
Reprinted with permission from Lewis Publishers, Inc., ©1992.

It is not uncommon for a new lamp to 
lose 20 percent of  its intensity within  
the first one hundred hours of  use.  
However, the remaining intensity will  
last for the next several thousand hours. 

Some UV units are equipped with UV 
emission detectors to warn users when 
the unit needs cleaning or when the  
light source is failing—an important  
feature to ensure a safe water supply.  
A detector that emits a sound or shuts  
off  the water flow is preferable to one  
with a warning light. Detectors should  
not supplant annual replacement of   
the light source or regular cleaning of   
the lamp housing.

UV-treated water should be moni-
tored monthly for at least the first six 
months after installation. Monitor for 
coliform and heterotrophic bacteria. If   
these microorganisms are found to be  
present in the treated water, check the  
lamp intensity and shock chlorinate  

the entire plumbing system. For a  
detailed description of  shock chlorination, 
see page 49.

UV systems are designed for con-
tinuous operation. They should be shut  
down only when treatment is not  
needed for several days. It usually  
takes a few minutes for the lamp to  
warm up again following shutdown.  
To remove any untreated water from  
the system following a period of  disuse, 
thoroughly flush the entire plumbing 
system.

Special Considerations

It is important to remember that UV 
provides no residual disinfection. If   
the contact time is insufficient or if   
suspended solids shield the microor-
ganisms, the microorganisms will still  
be a health hazard. Storing UV-treated  
water could result in recontamination. 
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Chemical 
Treatment3

Chemical treatment involves adding a 
solid, liquid, or gas to water to improve 
water quality. Solids used in water treat-
ment include salt, limestone, phosphates, 
iodine, and potassium permanganate. 
Liquids include solutions of  chlorine and 
soda ash. Air and ozone are the primary 
gases used in home chemical treatment 
systems. 

Chemicals have varied effects on un-
treated water. Some change the pH; 
others exchange contaminants for less 
objectionable substances. Chemicals 
called sequestering agents “tie up” or 
inactivate a contaminant. Air may be 
used to vaporize contaminants or oxidize 
certain dissolved minerals. 

pH Adjustment 

The acidity or alkalinity of  water is 
measured using the pH scale, which is 
illustrated in figure 3.1 on the following 
page. The scale ranges from 0 to 14. A 

pH of  7 is neutral. When the pH is greater 
than 7, the water is alkaline; when it is less 
than 7, it is acidic. The addition of  an acid 
solution to water lowers the pH, whereas 
the addition of  a base increases the pH.

Drinking water should have a pH between 
6.5 and 8.5. If  the pH is too low, water 
may corrode plumbing; if  it is too high, 
water may have a “soda” taste and scale 
is more likely to form in plumbing. 

Certain water treatment methods, such 
as chlorination, require water to be in a 
certain pH range for treatment to be ef-
fective. Chemicals that are either injected 
into or dissolved in the water can adjust 
pH. Monitoring pH before and after treat-
ment is easy with test kits or pH paper. 

The presence or absence of  carbon diox-
ide affects acidity. When carbon dioxide is 
dissolved in water, it forms carbonic acid 
and makes water acidic, unless offsetting 
levels of  bicarbonate alkalinity neutralize 
the acidity.

Neutralizing Filters 

A neutralizing filter is a very simple 
treatment device that raises the pH of  
water by adding a neutralizing material. 
The neutralization process may increase 
water hardness, however.

Uses

Neutralizing filters are in-line, point-of-
entry (POE) devices that raise water pH 
to near neutral (pH 7), which reduces or 
eliminates corrosion problems. Calcium 
carbonate effectively treats water with a 
pH greater than 6; synthetic magnesium 
oxide effectively treats water with a pH 
less than 6.

Principles

During neutralization, acidic water flows 
through a tank filled with granular calcium 
carbonate (limestone), crushed oyster 
shells, marble chips, or a synthetic mag-
nesium oxide medium. The neutralizing 
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material dissolves, raising the water pH. 
Figure 3.2 illustrates the process. 

In the case of calcium carbonate, the 
carbonate ion neutralizes the acidity 
while the calcium ion remains in solution.  
This dissolved calcium may create 
hard water problems. Magnesium from  
synthetic magnesium oxide may create 
similar problems. The resulting hard-
ness level depends on the pH and the  
contact time between the neutralizer  
material and the untreated water and may 
get as high as 120 milligrams per liter.  
If hard water becomes a nuisance, 
the neutralizing filter should be fol-
lowed by a water softener. Water  
softeners are described later in this  
chapter beginning on page 41. NRAES–47, 

Private Drinking Water Supplies: Quality, 
Testing , and Options for Problem Waters, 
contains additional information on water  
hardness.

Capacity

How much neutralizer a filter con-
sumes depends on the acidity of  the 
water and the contact time between the  
neutralizer and the untreated water.  
The amount consumed can be esti- 
mated by a water treatment profes- 
sional based on information in a  
water test.

Because the neutralization process  
takes time, the rate of  water flow  
through the device is crucial to com-

plete neutralization. In general, the flow  
rate should be no faster than 3.0 gallons 
per minute per square foot of  filter bed 
area. 

A bed depth of  32 to 36 inches is neces-
sary to provide adequate contact time.  
Shallower bed depths will result in in-
complete neutralization.

Maintenance

Neutralizing material must be added 
every few weeks or months to replace 
the dissolved material. Backwashing 
can eliminate particles that become  
trapped in the medium. Because the 
neutralizing material can be very dense, 
backwash for at least ten minutes at a  

Figure 3.1
The pH scale.

Figure 3.2
Neutralizing filter components and operation.

Untreated
water

Untreated water bypass
valve closed

Treated
water

Neutralizing
media

Gravel
support
structure

14.0

13.0

12.0

11.0

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

1.0

0.0

Extremely alkaline

Strongly alkaline

Slightly alkaline

Neutral

Slightly acidic

Strongly acidic

Extremely acidic

2.0

Household lye

Ammonia

Milk of magnesia

Borax

Baking soda
Sea water

Blood

Bleach

Milk
Corn

Boric acid

Common
range for

most
natural
waters

Orange juice

Vinegar
Lemon juice

Battery acid



Chapter 3: Chemical Treatment 39

rate of  at least 6 gallons per minute 
per square foot of  bed area. A longer  
backwash time may be required for  
high-iron, low-pH waters. To reduce  
fouling and decrease the need for  
backwashing, remove particles before 
water enters the filter (see the section  
on mechanical filtration beginning on 
page 9). 

Special Considerations

The biggest drawback to neutraliz-
ing filters is that they may cause or in 
crease water hardness. If  the hardness 
is subsequently treated with a water 
softener, the softener will replace the 
hardness minerals with sodium, which 
may be unsuitable to persons on a  
low-sodium diet. In addition, the cal- 
cium carbonate material in neutraliz- 
ing filters is finely ground and may  
cause significant water pressure loss. 

Neutralizing filters are normally in 
stalled after the pressure tank, so nei- 
ther the pressure tank nor the well  
pump is protected against corrosion. 
When the flow rate is high, a liquid 
injection system (described in the next 
section) may be better than a neutral- 
izing filter, as it is installed before the 
pressure tank and thus provides corro- 
sion protection to the tank and the plumb-
ing system.

Soda Ash/Sodium  

Hydroxide Injection

Soda ash (sodium carbonate) and so- 
dium hydroxide, when injected into a 
water system, raise the pH, thus reduc- 
ing corrosion problems. Unlike neu- 
tralizing filters, injection systems do not 
cause hardness problems in treated water.

Uses

Injection systems are point-of-entry 
(POE) systems. Soda ash and sodium 
hydroxide raise the pH of  water to near 
neutral, which reduces or eliminates 
corrosion.

Principles

A corrosion-resistant chemical feed 
pump, adjusted to achieve the desired pH, 
injects a solution of  soda ash or sodium 
hydroxide into the water system. Figure 
3.3 illustrates the process. The feed rate 
should be adjusted until the pH in the 
tap farthest from the injection point is 7. 
If  a well supplies the water, the solution 

should be fed into the well to protect the 
well casing and pump from corrosion.

The amount of  chemical needed depends 
on the carbon dioxide content of  the un-
treated water. For complete neutralization, 
each milligram of  carbon dioxide per liter 
of  water requires at least 2.5 milligrams per 
liter soda ash or 0.85 milligram per liter 
sodium hydroxide. If  the water needs to 

Soda ash

Depth to
groundwater

Corrosion-resistant
chemical feeder

Treated
water to
pressure
tank

Submersible
pump

Chemical
feeder tube

Outlet
(placed near
pump intake)

Pump motor
Chemical flow

Water flow

Figure 3.3
Soda ash injection.
Adapted from Planning for an Individual Water System, Fourth Edition, American Association for 
Vocational Instructional Materials, ©1982.
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be disinfected as well as neutralized, dual 
treatment is possible by adding a chlorine 
(sodium hypochlorite) solution along with 
the neutralizing chemical.

Capacity

Soda ash and sodium hydroxide injec- 
tion systems can treat water with a pH as  
low as 4. Carbon dioxide readings are  
too complicated to make on-site, so  
determine the soda ash or sodium hy- 
droxide dose through trial and error.  
Begin by mixing 0.25 pound of neutral- 
izer with 1 gallon of water and injecting  
the solution into untreated water. Use 
a pH test kit to determine the resulting 
pH. Increase the solution concentration if  
the pH is still too low. A typical injection 
system uses a solution of 0.5 to 1 pound  
of neutralizer per 1 gallon of water. 

Maintenance

As with all chemical feed systems, the 
chemical feed pump must be main- 
tained and the chemical storage tanks 
refilled. Soda ash, the preferred chemi- 
cal, is safer to handle than sodium  
hydroxide. Screens and filters should  
be periodically checked and cleaned if 
necessary. 

Special Considerations

Use caution if using sodium hydroxide.  
If adding it manually, maintain good 
ventilation to avoid breathing vapors  
and add the chemical to the water  
slowly with complete mixing. Wear  
protective rubber gloves and goggles to 
avoid getting the chemical on the skin  
or in the eyes. Sodium hydroxide is  
often sold in 1-gallon plastic contain-
ers that include a deposit to encour-
age the user to return the container 
to the supplier. This prevents the  
container from being used for other 
purposes. Transport sodium hydroxide 
carefully, and store it in a cool, dry place 
away from flammable materials. 

Individuals on a low-sodium diet 
should consult a doctor before install-
ing an injection system. Use manufac- 

turer specifications to compare so- 
dium levels in the treated water to  
levels consumed from other sources in 
the diet. Potassium hydroxide may be 
substituted for sodium hydroxide but  
it is currently more expensive.

Acid Injection

Acid injection reduces the pH of  wa 
ter, which eliminates a “soda” taste,  
improves the effectiveness of  chlori 
nation, or both. Water with a pH above  
9 can corrode metals such as brass,  
copper, zinc, aluminum, and iron, so 
acid injection reduces the potential for 
corrosion.

Uses

Acid injection is an in-line, point-of- 
entry (POE) system. It reduces the pH 
of  water to near neutral, thus reducing  
or eliminating corrosion problems and 
soda tastes and improving the effec 
tiveness of  certain treatment processes.

Principles

A chemical feed pump made from 
corrosion-resistant materials injects a 5 
percent solution of  acetic acid (white 
vinegar) into high-pH water. Citric  
acid and alum can be used instead,  
although they are more expensive.  
Weak solutions of  hydrochloric acid or 
sulfuric acid also lower pH but they are 
more hazardous and require special han-
dling. They are recommended, however, 
if  the pH of  the untreated water is 11 or 
higher. When diluting acid solutions, always 
add acid to water slowly, never add water to 
acid. After adding the acid solution, the 
feed rate should be adjusted so that the 
pH at the tap farthest from the injection 
point is 7. 

Maintenance

As with all injection systems, the pump 
must be maintained and the chemicals 
refilled. Wear goggles and chemical 
protective clothing when handling acid  
solution. 

Special Considerations

Chemicals used in acid injection sys- 
tems should be handled carefully and 
stored in clearly marked containers, 
out of  the reach of  children. Be sure 
to thoroughly examine manufacturers’ 
recommendations before purchasing 
an acid injection system or the neces- 
sary chemicals.

Ion Exchange

Ion exchange replaces unwanted min- 
erals in water with less objectionable  
ones. The exchange occurs in a fiber 
glass tank or plastic-lined steel tank 
filled with a special ion exchange  
material—either a commercial resin, 
which is a petrochemical compound 
shaped into beads, or a synthetic zeo- 
lite, which is a crystalline formulation of  
aluminates and silicates.

The appropriate exchange material to use 
depends on the untreated water quality and 
the desired water quality. Certain exchange 
materials deteriorate in the presence of 
chlorine or other oxidants. Zeolites are 
more able to reduce the concentration of 
iron and manganese than are commercial 
resins. 

Typically, the exchange material is pre-
pared by exposing the beads to a salt 
solution. As untreated water passes 
through the device, the undesired ions 
are exchanged for ions on the exchange 
material.

The two types of  ion exchange units 
are water softeners and anion exchange 
devices. Water softeners remove cations 
(positively charged minerals such as cal-
cium and magnesium) and replace them 
with sodium. Anion exchange devices 
remove anions (negatively charged ions 
such as arsenic and nitrate) and replace 
them with chloride. 

Mixed media ion exchange units remove 
both cations and anions. A typical mix 
would be 60 percent cation exchange 
material and 40 percent anion exchange 
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Untreated hard water

Ion exchange
material

Calcium ions

Sodium ions

Treated soft water

Magnesium ions

Figure 3.4
The softening process.

material. These units usually must be 
regenerated at a central processing plant. 
Two-bed deionizers, which use separate 
cation and anion vessels, can be back-
washed to remove trapped particles.

Water Softening  

(Cation Exchange)

Water softeners are the most widely used 
home water treatment devices. They re-
move minerals that form scale on water 
heaters and soap film on sinks. Water 
softening is sometimes referred to as 
water conditioning. 

Uses

Softeners are in-line, point-of-entry 
(POE) devices that remove hardness 
minerals. Softeners also remove barium, 
radium, and small amounts of  dissolved 
iron and manganese.

Principles

Water softeners consist of  a corrosion-
resistant tank that is filled with resin 
beads that are saturated with sodium. 
The resin prefers calcium and magnesium 
(the principle components of  hardness) 
over sodium. As water passes over the 
beads, sodium is released and calcium 
and magnesium are adsorbed. Figure 
3.4 illustrates this process. A distributor 
or baffle disperses the untreated water 
throughout the resin. This assures that 
all the untreated water contacts the ex-
change material instead of  channeling, 
or passing directly through the column 
without contact.

Some softeners include a brine tank for 
holding dry salt pellets and for mixing 
brine solution. Brine is the concentrated 
salt (sodium chloride) solution used in 
regeneration. The brine tank is usually 
made of a corrosion-resistant material 
such as fiberglass or plastic. A brine tank 
is shown in figure 3.5. 

Water softeners may include addi-
tional softener tanks (in which case  

the system is called a twin-alternating 
or parallel system); additional valves for 
regenerating the resin; and switches, flow-
meters, or time clocks for automatic or 
semiautomatic regeneration. Flowmeters 
measure gallons of  water treated instead 
of  time the unit is in operation. If  using 
a softener equipped with a flowmeter, it 
may be wise to pretreat the water with 
a 5-micron sediment filter to prevent 
clogging.

Capacity

Water softeners can either treat all the 
water in the house or only the water  
leading to the hot water heater. Before  
installing a softener, consider the pro-
posed uses of  the treated water. In 
some cases, only the hot water should be 
softened to reduce scale formation in the  
water heater and hot water pipes. In other 
cases, water used only for cleaning, bathing, 
and laundering should be softened to pre-
vent detergent films from forming. Water 
used for drinking and cooking should not  

Figure 3.5
Two types of water softeners.
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need to be softened, nor should water 
used outdoors. Toilet water should be 
softened only if  the softener is be-
ing used to remove low levels of  iron,  
which may cause staining. A plumber 
or water treatment specialist can help 
determine the best installation scheme 
for a particular household. 

The appropriate size of softener de- 
pends on the hardness level, daily  
water use, and flow rate. A water- 
testing laboratory can determine the  
hardness level, which is reported as  
either grains per gallon or milligrams  
per liter as calcium carbonate. One  
grain per gallon is equal to 17.17 milli- 
grams per liter. 

The hardness levels classified in table 
3.1 are from the American Society of 
Agricultural Engineers (ASAE). The 
amount of calcium and magnesium 
in water is reported as if it were all  
present as calcium carbonate, which 
allows total hardness to be reported  
as one number. Both calcium and  
magnesium ions may result from a  
variety of dissolved chemical com-
pounds. For instance, calcium may  
occur as calcium bicarbonate or cal- 
cium chloride.

Table 1.1, “Approximate daily water  
needs for home and farm,” can help  
estimate daily water use (see page 5). 
Once hardness and daily water use 
are known, daily water hardness can 
be calculated with the formula below.  
Daily water hardness can help deter 
mine the softener size needed.

daily
water

hardness
# people in
household

xx

daily
water

use per
person

= water
hardness

daily
water

hardness

4
people

x 50 gallons/
person

x 15 grains/
gallon

=

Example:

daily
water

hardness
= 3,000 grains

The system flow rate depends on the  
demands of  all the fixtures and appli- 
ances used in the home. The softener’s 
flow rate will not be greater than the 
water pump’s flow rate; therefore, use  
the pump capacity to select an appro-
priately sized softener. For example,  
according to table 3.2, if  the pump  
capacity is 10 gallons per minute, a 
30,000-grain softener would be used. 

Other cations such as iron will also  
affect capacity. Manufacturers may pro-
vide recommendations for maximum 
dissolved iron levels. Use table 3.3 to 
determine the additional bed volume 
required for various dissolved iron  
concentrations. Water softeners can  
only be used for dissolved iron (also 
called clear water iron). If  the water  
has a red tint, or if  rust-colored par- 

Source: U.S. Department of Agriculture, Agricultural Research Service and Extension Service. Water-
Quality Improvements for Farmstead and Rural Home Water Systems, Farmers Bulletin Number 2274 
(1984).
a Clear water is water containing only dissolved iron.

Table 3.2
Hardness limits

Table 3.1
Water hardness levels (hardness as calcium carbonate—CaCO3)

Source: Jay Lehr, Environmental Education Enterprises, Columbus, Ohio.

Source: Reprinted from ASAE Standards 1994, ASAE Standard S339, The American Society for 
Agricultural Engineers.

Table 3.3
Additional bed volume required for iron removal
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ticles can be seen in the water, the iron 
present is not dissolved.

Another way to compensate for poten- 
tial iron fouling is to increase the regen- 
eration frequency. See page 44 for an  
equation for regeneration frequency. 

Maintenance

When the softener has exchanged all of  
its available sodium, its exchange ca- 
pacity is exhausted. In a process called 
regeneration, brine is passed through  
the bed to release the adsorbed calcium 
and magnesium ions and restore so- 
dium to the resin. The released ions are  
carried away in the wastewater. This 
process is illustrated in figure 3.6. The 
distributor or baffle prevents resin from 
being washed out of the softener. 

The regeneration process can be  
manual, semiautomatic, or fully auto- 
matic. Manual systems require the  
homeowner to initiate the regeneration 
and rinsing cycles as well as the return 
to service. With semiautomatic sys- 
tems, homeowners must initiate the  
regeneration cycle but the softener  
controls everything else. Fully auto- 
matic softeners are equipped with a  
timer that automatically starts the re- 
generation cycle and every step there 
after; regeneration is usually done dur- 
ing a period of low water use. 

A fourth type of regeneration, demand-
initiated regeneration (DIR), automati- 
cally regenerates the softener. The sys- 
tem initiates regeneration based on the 
gallons of  water used, a change in the 
electrical conductivity of  the resin bed, 
or a change in treated water hardness. 

The two sty les  of  regenerat ion 
are cocurrent and countercurrent.  
Cocurrent regeneration passes the brine 
solution in the same direction as the 
water flow when the unit is softening, 
which may result in leakage. Cations 
at the bottom of  the resin column are 
not completely removed, so when the 
unit begins treating water, these cations 
leak into the softened water. Since the  

regeneration flow is in the same direction 
as service flow, trapped particles will not 
be removed.

Countercurrent regeneration is more 
expensive than cocurrent regeneration. 
In this style, brine flows opposite to 
the water flow and the top of  the resin  

column is not fully regenerated. When 
the unit begins treating water, cations 
remaining at the top of  the column 
are removed lower on the column, and 
leakage is not a problem. With counter-
current regeneration, the tank should 
be designed to minimize bed expan-
sion. If  the bed expands by more than  

Figure 3.6
Water softening and regeneration cycles.
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Figure 3.7
Two styles of softener regeneration.

5 to 10 percent, the resin will not be 
fully regenerated. This will increase the 
regeneration frequency. Cocurrent and 
countercurrent regeneration are illus-
trated in figure 3.7. 

To determine the regeneration sched- 
ule, meter the gallons of  treated water 
or the pH or conductivity of  the treated 
water (a change occurs when the ex- 
change capacity is exhausted), or cal- 
culate a typical time interval between 
each regeneration (usually six to four 
teen days). The latter method is the 
least exact, because it does not account  
for changes in water use.

Estimate the regeneration frequency 
by dividing the softener capacity by  
the amount of  hardness removed daily 
(see page 42 for an equation for hard- 
ness removed daily).

regeneration
frequency

softener
capacity=

hardness removed
per day

regeneration
frequency

30,000-grain
softener=

3,000 grains
per day

= every
10 days

Example:

Many different types of  salt effectively 
regenerate the resin column. All salt  
supplies used to regenerate exchange  
resin must be refilled periodically. Rock 
salt is inexpensive, but it can be quite  
dirty and may add sediment to the  
softener. Purified salt is less likely to  
foul equipment. It comes in granu- 
lated, pellet, and block forms. Sodium 
chloride is the most common salt used 
in water softeners.

To determine the annual salt con- 
sumption, multiply the salt dosage  
required per regeneration (recom- 
mended by the manufacturer) by the 
number of regenerations per year  
(365 divided by the days between  
regenerations).

annual
salt

salt dosage
per regeneration

x
365

= days between
regenerations

annual
salt

15 pounds 
salt

x
365

= 10 days

Example:

= 547
pounds

Potassium chloride can be used in-
stead of  sodium chloride to avoid 
elevated sodium levels in softened 
water. However, potassium chloride is  

more expensive and somewhat harder  
to find than sodium chloride. In addi- 
tion, potassium adheres more strongly  
to the resin, so it may reduce the  
exchange efficiency. The water treat- 
ment industry views potassium chlo- 
ride as a possible substitute for sodium 
chloride when the latter is not allowed  
for health-related or environmental  
reasons. Potassium chloride is not  
thought to be a feasible replacement  
for sodium chloride in all situations. 

Regeneration does not completely re- 
store the exchange capacity of  the  
resin, so the softener’s effectiveness 
will gradually decrease. Exhausted resin 
should be replaced. Another alterna- 
tive is to ask water treatment profes- 
sionals for guidance on improving  
exchange capacity with a strong acid  
or base solution.

Sediment can clog the exchange resin, 
nozzles, and orifices in softeners and  
reduce regeneration effectiveness. Nor-
mal countercurrent regeneration may 
not be enough to remove sediment 
from the softener, so prevent sediment 
buildup by pretreating water to re- 
move turbidity, sediment, or particles  
of  iron, manganese, or sulfur. (See the 
section on mechanical filtration, page 
9, for possible pretreatment options.) 
During cocurrent regeneration, open-
ing the tank and stirring the resin beads 
with a rod or broom handle will dislodge 
trapped particles. 

Iron fouling is a serious problem in water 
softeners. Water softeners remove dis-
solved iron, but once this iron is exposed 
to air or chlorine, it oxidizes and forms a 
solid that is trapped in the softener. If a 
softener becomes iron-fouled, commer-
cially available products containing either 
sodium hydrosulfite or polyphosphates 
effectively clean the resin. (It is important 
to note that phosphate use is banned in 
states bordering the Great Lakes and may 
be banned in other areas. Consult a local 
cooperative extension office or health 
department for information on possible 
local regulations.) 

Service and
regeneration

flow

Service flow

Exhausted resin
remaining
following

regeneration

Regeneration
flow

and regeneration flow
run top to bottom.

flow runs opposite
regeneration flow.

Cocurrent - Service Countercurrent - Service
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Because badly fouled exchange ma- 
terial is so difficult to clean, preven- 
tion is the best maintenance proce- 
dure. To lessen or help prevent iron 
fouling, prefilter oxidized iron par- 
ticles before softening. (See the sec- 
tion concerning mechanical filtration  
beginning on page 9.) Another op- 
tion is to use salt compounds that  
contain an iron-cleaning chemical.  
These compounds are commercially 
available and clean the exchange bed 
with each regeneration.

Slime such as iron bacteria sometimes 
forms in softeners. To prevent this  
buildup, disinfect water before it enters  
the softener. If using chlorine for disin- 
fection (see page 47), remember that 
chlorine oxidizes iron to a solid, which 
can lead to iron-fouling. If  this happens, 
use filtration in addition to chlorination 
before water enters the softener. 

The softener exchange material can be  
periodically disinfected with chlorine 
bleach. High levels of chlorine can  
destroy certain resins, so use care when 
disinfecting the exchange material. Con- 
sult a water treatment professional for  
guidance. Chloramine also disinfects  
exchange material and has a lesser  
impact on the resin than chlorine bleach. 

Hydrogen sulfide, a noxious gas, is a 
problem in a softener only if  the hydro- 
gen sulfide mixes with iron, manga- 
nese, or copper. The resulting reaction  
creates a black deposit of  metallic sul- 
fide. If  this occurs, remove any hydro- 
gen sulfide before the water contacts 
the exchange material. Consult the wa- 
ter treatment key, table 1.3 on page 8,  
for methods to remove the gas. Com- 
mon softener cleaners will not clean a  
bed fouled by hydrogen sulfide; hydro-
chloric acid should be used instead. 

Special Considerations

Regeneration places an additional hy-
draulic load on a septic system. It takes 
approximately 50 gallons of water (equal 
to a washing machine load) to regenerate 
a softener. 

Certain states prohibit disposing of   
brine in an on-site sewage system.  
Exercise caution when disposing of   
regeneration water from a softener  
used for removing radium, as the wa- 
ter is radioactive. Check with local  
health officials for information on lo- 
cal regulations.

Salt bridging, a process in which salt  
forms bridges between exchange ma- 
terial beads, may occur when conden- 
sation collects in the resin tank. Salt 
bridges are similar to the clumps that 
form in salt shakers when salt is damp.

Whether to soften water is a matter of  
personal preference. While softening  
does reduce deposits in water heaters  
and other components of  the water  
distribution system, it also adds sodium  
to water. About 8 milligrams per liter  
sodium is added for every grain of   
hardness the softener removes (or about 1 
milligram per liter sodium for every2 mil-
ligrams per liter hardness). This amount 
is small when compared to the salt in a 
typical daily diet; nevertheless, persons 
on a low-sodium diet should consult a 
physician before drinking softened water. 
If  necessary, a bypass water line can be 
installed at the kitchen sink to provide un-
softened water for drinking and cooking.

Anion Exchange

Anion exchange operates on the same 
principle as cation exchange. The only 
difference is that anion exchange devices 
adsorb anions such as nitrate and sulfate 
instead of  cations such as calcium and 
magnesium. 

Uses

Anion exchange devices can be either 
point-of-entry (POE) or point-of-use 
(POU). They reduce the concentrations 
of  sulfate, nitrate, and arsenic in water. 
POU units remove hazardous chemicals 
such as nitrate from drinking and cook-
ing water only and can be connected to 
a single tap. POE devices treat water for 
the whole household.

Source: Adapted with permission from Water 
Technology magazine.

Table 3.4
Order in which anion exchange resin 
adsorbs anions 

Principles

The surface of  anion exchange resin 
beads is covered with chloride. As  
water passes through the device, the  
resin adsorbs anions such as sulfate  
and nitrate and releases chloride into  
the water. Any naturally occurring  
bicarbonate in the water is also ex- 
changed for chloride, which makes  
the water corrosive (bicarbonate keeps 
the pH neutral). 

The simplest anion exchange unit con- 
sists of  a tank to hold the resin and 
appropriate plumbing for untreated 
and treated water. The tank should be 
corrosion-resistant because regenera- 
tion uses concentrated salt solutions. 
Some units may have a separate tank 
for brine mixing and storage, additional 
valves for regenerating the exchange resin, 
and detectors that monitor the nitrate 
concentration in treated water.

Resins give preferential treatment to 
certain ions. The order of  adsorption 
depends on the characteristics and 
concentration of  each ion in the water. 
Table 3.4 lists the order in which most 
resins adsorb different anions. Typi- 
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1.  The resin is
saturated with
chloride ions
when use
begins.

2.  A zone of 
adsorption
develops for
sulfate and
nitrate.

3.  Nitrate dumping
occurs. Sulfate
replaces nitrate on
the resin column,
resulting in a
greater nitrate
concentration in
the treated water.

Time = 0 Time = Later

Unused resin saturated with chloride ions.

Sulfate zone of adsorption.

Nitrate zone of adsorption.

Nitrate Dumping

Figure 3.8
Nitrate dumping.

cally, resins prefer sulfate over nitrate;  
in fact, sulfate pushes nitrate off  the  
resin column if  the two are competing. 
This process, known as nitrate dump- 
ing, is illustrated in figure 3.8. 

Most resins are ineffective in removing 
nitrate if  sulfate is also present in the 
water. Nitrate-selective resins rearrange 
the preference order: nitrate is adsorbed 
first, then sulfate, then chloride, then 
bicarbonate. Nitrate-selective resins 
push sulfate off  the exchange material  
if  the two ions are competing but do  
not dump nitrate when the resin ca- 
pacity is exhausted. These resins are  
not yet widely available in the United 
States, however. 

Capacity

Before installing an anion exchange 
unit, consider the requirements of the 
treatment system. Nitrate and sulfate 
are odorless, colorless, and nonstain- 
ing, so only drinking and cooking water 
may require treatment.

The amount of  water an anion ex- 
change device can treat depends on  
the contaminant being removed. If  
removing nitrate, the removal capacity 
will depend on both the nitrate and the 
sulfate concentration in the water, as  
anion exchange resins preferentially  
adsorb sulfate. When all the exchange  
sites are filled, the sulfate will bump  
nitrate from the resin and into the  
treated water.

The size of  the unit needed and the  
time between regenerations also de- 
pends on daily water use and flow  
rate. Consult a water treatment pro-
fessional for assistance in selecting a  
device.

Maintenance

When all the chloride has been ex-
changed, the resin beads are said to be 
exhausted. They are regenerated with 
brine. The brine solution releases the 
adsorbed contaminants and replaces 
them with chloride. The released an 

ions are washed out with the waste 
brine. Maintaining an anion exchange  
unit also includes stocking the salt  
supply. 

Anion exchange treats water containing 
contaminants that can have negative 
health effects. It is crucial to monitor the 
treated water for these contaminants to 
verify that the unit is working properly. 
Home test kits are available to estimate 
nitrate and sulfate concentrations. If  
testing shows that contaminant con-
centrations exceed an acceptable level, 
regenerate the unit. 

Special Considerations

Anion exchange units lower the water pH, 
which makes the treated water corrosive. 
If  the treated water is distributed through 
metal plumbing or used as drinking water 
for ruminant animals, it may be necessary 
to follow the anion exchange unit with a 
neutralizing system. Iron or turbidity may 
foul anion exchange units, so pretreat-
ment to remove these contaminants may 
be necessary.

Use caution when disposing of the waste 
brine produced during regeneration. The 
brine contains the contaminants removed 
by the exchange resin, and the contami-
nants may reenter groundwater or surface 
water supplies if the brine is deposited on 
the ground surface, into a leaching pit, or 
into a septic system.

Oxidation

Oxidation processes such as chlorina-
tion, greensand filtration, and iodina- 
tion change the chemical form of   
some contaminants in water. For ex- 
ample, certain dissolved metals, when 
oxidized, are changed to particles that  
can be filtered. Iron and manganese  
are commonly removed via oxidation. 
Table 3.5 summarizes methods used  
to remove iron and manganese. Some  
oxidizing agents may also kill disease-
causing organisms that may be in the 
water. 
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Source: Linda Wagenet and Ann Lemley, “Iron and Manganese in Household Water,” Water Treatment Notes, Fact Sheet 6, Cornell Cooperative Extension 
(1989).

Chlorination for Disinfection

Sewage infiltration, improper well con-
struction, or unprotected springs can 
lead to drinking water contaminated  
with bacteria, viruses, or other micro- 
organisms that cause disease (patho 
gens). Chlorination is one way to make 
microbiologically unsafe water suit- 
able for drinking.

Uses

Chlorine disinfection is a point-of- 
entry (POE) treatment that kills patho-
gens, including certain viruses and 
bacteria. In addition, chlorination can 
offer residual disinfection throughout 
the household water distribution sys- 
tem.

The amount of chlorine normally used 
to disinfect water (0.3 to 0.5 milligram  
of chlorine per liter of untreated water) 
does not effectively treat parasitic pro- 
tozoa such as Giardia lambl ia  or 
Cr y p t o s p o r i d i um  pa r v um .  Gia r d i a 
lamblia require exposure for fifteen 
minutes to 1.5 milligrams per liter chlo- 
r ine  a t  77  deg rees  Fahrenhe i t .  
Cr yptosporidium par vum require ex-
posure to 80 milligrams per liter chlo- 
rine for two hours at 77 degrees Fahr-
enheit. In both cases, 70 percent to full-
strength chlorine bleach must be used. 
Because such a long contact time and 
high chlorine concentration are necessary, 
chlorination is impractical for protozoa 
removal. Consult the water treatment key, 
table 1.3 on page 8, for more suitable 
removal methods.

Principles

The effectiveness of chlorination depends 
on various factors including water tem-
perature, water pH, general water quality, 
and contact time. Chlorination is more 
effective at a high temperature and a low 
pH. Turbidity decreases the effective-
ness of chlorination, as microorganisms 
may “hide” behind particles and avoid 
disinfection. 

The contact time is the time available 
to complete the reaction between the 
chlorine and untreated water. A longer 
contact time results in more effective 
disinfection. The required contact time 
varies with the chlorine concentration, 
the types of  microorganisms present, 
and general water quality parameters  

Table 3.5
Treatment of iron and manganese 
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Source: Reprinted from Karen Mancl, “Bacteria in Drinking Water,” The Ohio State University, Coop-
erative Extension Service (1988).

Source: Reprinted from Karen Mancl, “Bacteria in Drinking Water,” The Ohio State University, 
Cooperative Extension Service (1988).

Source: Reprinted from Karen Mancl, “Bacteria in Drinking Water,” The Ohio State University, 
Cooperative Extension Service (1988).

such as pH and temperature. As the  
chlorine concentration increases, the 
required contact time decreases. 

To ensure a proper contact time, install 
a holding tank. Table 3.6 lists contact 
times provided by a 50-gallon, unbaffled 
holding tank at various water flow  
rates. Pressure tanks, while often thought 
to be sufficient, are usually too small to 
provide a reliable contact time.

A better although more expensive way  
to provide the necessary contact time  
is to run the chlorinated water through 
a coil of  pipe. Whereas a pressurized 
retention tank has an efficiency of   
approximately 28 percent (due to the 
possibility of  short-circuiting), coiled 
pipe can achieve an efficiency of  75 to  
80 percent. Table 3.6 lists available  
contact times from 1,000 feet of  11⁄4-
inch pipe.

The quality of  the untreated water af-
fects the chlorine demand. Chlorine 
readily combines with other compo- 
nents dissolved in water—including  
iron, manganese, and hydrogen sul-
fide; microorganisms; plant material;  
tastes; odors; ammonia; and organic  
color such as that from decaying peat 
moss. These components “use up”  
chlorine and constitute the chlorine 
demand of  the treatment system. It is 
important to add sufficient chlorine to 
meet the chlorine demand and still provide 
residual disinfection.

The chlorine that does not combine  
with other components in the water is  
the free chlorine residual. An ideal  
disinfection system provides a chlorine 
residual concentration of  0.3 to 0.5  
milligram per liter. The residual should 
be measured frequently. Simple, inexp 
ensive test kits, most commonly the  
DPD colorimetric test kit (so called  
because diethyl phenylene diamine pro-
duces the color reaction), are available.

The residual must be maintained for 
several minutes. The time varies with 
chlorine concentration and overall wa-
ter quality. Tables 3.7 and 3.8 list the  

necessary contact times for disinfec- 
tion based on the free chlorine re- 
sidual, water temperature, and pH.

Chlorine is available in two formula-
tions: as a dry powder or pellet (cal- 
cium hypochlorite) or as a liquid 
(sodium hypochlorite). Both are de-
scribed in more detail in table 3.9. 
Chlorine gas, used by public water 

 systems, is too dangerous and expensive 
for home use. 

Chlorine solutions from powders should  
be prepared frequently since the 
strength of the solution decreases gradu- 
ally after mixing. To avoid hardness  
deposits on equipment, manufacturers 
recommend using softened or distilled 
water when mixing chlorine solutions.

Table 3.7
Contact time for disinfection (water temperature 50˚ F)

Table 3.8
Contact time for disinfection (water temperature 32 to 40˚ F)

Table 3.6
Contact time from an unbaffled 50-gallon holding tank and 1,000 feet of 11⁄4-inch pipe
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Shock Chlorination
♦	 Shock chlorinate after constructing a well, when modifications are 

made to a well, or when a coliform test is positive.

♦	 Use household bleach containing 5.25 percent available chlorine—
the kind sold in supermarkets. The label should indicate that shock 
chlorination is an approved use.

♦	 Mix 1 quart of  bleach with 5 gallons of  water; pour into well while 
pumping. Repeat this procedure. Then:

– Circulate the solution until a strong chlorine odor is observed at  
all taps.

– Continue circulating for one hour.

– Close all taps and stop the pump.

♦	 Mix an additional 2 quarts of  bleach with 10 gallons of  water; pour 
into well without pumping.

– Allow well to stand at least eight hours (preferably twelve to twenty-
four hours).

– Pump water to waste, away from grass and shrubbery, until chlorine 
odor dissipates. Chlorine may persist seven to ten days.

♦	 After complete chlorine removal (one to two weeks after flushing), 
test water for biological contamination.

♦	 Repeat testing in two to three months.

Types

The different types of chlorine disinfec- 
tion are batch disinfection, simple chlo-
rination, superchlorination followed by 
dechlorination, shock chlorination, and 
emergency chlorination. They vary in  
the amount of chlorine used.

Batch disinfection treats water in batches 
when the chlorine demand fluctuates.  
It is especially useful for cisterns, hold- 
ing tanks, or during emergencies or  
other special situations. Three tanks,  
each capable of holding a two to three 
days’ water supply, are alternately filled. 
The water is treated and used as needed. 

Simple chlorination maintains a low 
level (0.3 to 0.5 milligram per liter) of  
free chlorine residual for the necessary 
contact time (see tables 3.7 and 3.8).  
The residual should be measured at the 
faucet farthest from the chlorine source. 

When the necessary contact time is  
unattainable, superchlorination followed 
by dechlorination (chlorine removal) is  
an option. Superchlorination produces  
a free chlorine residual of 3.0 to 5.0  
milligrams per liter—ten times higher  
than the residual from simple chlorina- 
tion. At this concentration, the neces-
sary contact time is reduced to less 
than five minutes for water at pH 7.  
Superchlorinated water has a strong 
chlorine smell and taste that is remov- 
able with an activated carbon postfilter  
(see page 26). If the water contains  
dissolved iron, manganese, or sulfur, it  
may be necessary to install a cartridge 
sediment filter before the activated car- 
bon unit to prevent clogging. See page  
10 for a discussion on cartridge filtration.

Shock chlorination, outlined at right, 
is recommended when a well is new, 
newly repaired, or temporarily con- 
taminated. This treatment uses very 
large amounts of chlorine. Unlike su-
perchlorination, shock chlorination is 
a single event. Dechlorination is not 
required, as the chlorine is depleted 
as water flows through the system. If 
bacteriological problems persist after 

Table 3.9
Comparison of liquid and dry chlorine



50 Home Water Treatment 

Figure 3.9
Positive displacement pump.

 one or two episodes of shock chlorination, 
install a continuous disinfection system or 
consider a new water source. 

For emergency chlorination or when  
camping, disinfect small quantities of 
water by adding a few drops of chlorine. 
The amount needed varies with the avail-
able chlorine. Use table 3.10 as a guide. 
After adding the proper amount, mix the 
water thoroughly and let it stand for thirty 
minutes.

Capacity

The effectiveness of  chlorination de-
pends on the amount of  chlorine used. 
The amount is controlled by adjusting 
the equipment described below or by 
changing the amount of  chlorine added 
for batch disinfection.

Equipment Options

Various kinds of injection devices and 
pumps are used to chlorinate a private water 
supply. The injection device should operate 
only when the water pump is functioning, 
and the water pump should shut off if the 
chlorinator fails or if the chlorine supply 
runs out. When deciding on a location 
for chlorination equipment, ensure that 
the location meets the following criteria:

♦	 Any necessary electric sources are 
conveniently located.

♦	 Adequate ventilation is provided to 
exhaust chemical fumes and cool any 
motors.

♦	 The area is relatively free of  dust and 
dirt, which can collect on movable 
parts and lead to malfunction.

♦	 The area is protected from excessive 
sunlight or freezing.

♦	 The area has easy accessibility for 
maintenance and refilling.

♦	 If  using a chemical tank, the tank 
is located as close as possible to the 
feeder.

A brief  description of  common chlorina-
tion devices follows.

The most common type of chlorine  
injection is chemical feed with a posi- 
tive displacement pump. The pump is  
activated by water flow. The pump 
cycle for a positive displacement pump 
is shown in figure 3.9. The pump  
motor withdraws a piston to pull back 
a diaphragm that is part of the pump 
mechanism. This creates a vacuum in 
the pump chamber that opens a suc- 
tion valve and draws in the chlorine.  
The motor then drives the piston to 

push on the diaphragm, forcing the 
chlorine out of the chamber and into 
the water line. 

The amount of  chlorine added may 
be constant or may vary with the flow 
rate. Water treatment specialists rec- 
ommend this type of  chlorinator when 
the water distribution system has low  
or fluctuating water flow rates. 

Two types of  suction devices can be 
used to inject chlorine into a water 
supply. The first type consists of  a 
single line that runs from the chlorine  

Source: Adapted from Karen Mancl, “Bacteria in Drinking Water,” The Ohio State University, Coop-
erative Extension Service (1988).
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solution container through the chlori- 
nator unit to the suction side of  the 
pump. The suction created by the water 
pump pulls the chlorine solution from 
the container.

The second type of  suction device  
introduces the chlorine solution di- 
rectly into the well. This type also  
consists of  a single line, but the line 
terminates in the well below the water 
surface instead of  on the influent side 
of  the water pump. Operation of  the  
water pump opens a valve in the 
chlorinator and pulls the chlorine so- 
lution into the well.

In both of  these devices, a control  
valve regulates the solution flow rate, 
and the chlorinator operates only when 
the pump is operating. The pump  
circuit should be connected to a liq- 
uid-level sensor so that the water sup- 
ply pump stops when the chlorine  
solution is exhausted.

An aspirator, illustrated in figure 3.10, 
operates on a simple hydraulic prin- 
ciple: The vacuum created when wa- 
ter flows through a venturi tube draws  
the chlorine solution from a container 
into the chlorinator unit, where it is 
mixed with water passing through the 
unit. The solution is then injected into 
the water system. 

In most cases, the water inlet line to  
the chlorinator is connected to receive 
water from the discharge side of  the  
water pump, with the chlorine solu- 
tion being injected back into the suc- 
tion side of  the same pump. The  
chlorinator operates only when the 
pump is operating. A control valve  
regulates the solution flow rate, al-
though pressure variations may cause  
changes in the feed rate.

Pellet droppers and erosion chlorina- 
tors are the two types of  solid feed 
units that deliver chlorine. A pellet 
dropper, illustrated in figure 3.11, sits 
over the top of  the well and drops 
solid chlorine tablets directly into the 
water. Pellet drop rates for various  

Figure 3.11
Chlorine pellet dropper.
Reprinted by permission from Driscoll, Groundwater and Wells, Second Edition. Copy-
right ©1986 by Johnson Division, St. Paul, Minnesota.  

Figure 3.10
Aspirator chlorinator.
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Source: Reprinted with permission from Water Technology magazine.

Table 3.11
Chlorine pellet drop rate chart

volumes of  water are given in table  
3.11. Pellet droppers must be prop-
erly secured above the well so that the  
mount is able to withstand weather, 
bumps, and servicing. In addition, the 
well must be vented properly to pre- 
vent moist air from entering the pellet 
housing, which results in pellets ce- 
menting together. Vents may be in- 
cluded with the chlorinator but sometimes 
must be bought separately. 

In the erosion chlorinator, water passes 
over chlorine tablets, dissolving them 
to supply a chlorine solution. A water  
meter controls the amount of  water  
passing over the tablets. This system 
does not require electricity, but main-
taining a consistent concentration of   
chlorine is difficult.

Maintenance

Maintaining a chlorination system may 
involve periodically checking for loose, 
worn, missing, or broken parts; lubri-
cating the entire system semiannually; 
cleaning all surfaces showing corro-
sion; refilling chlorine supplies; and 
cleaning any clogged orifices. Be sure 
to unplug any power cords before 
maintenance.

Special Considerations

Trihalomethanes (THMs) are chemicals 
that form when organic material from the 
breakdown of plants and leaves combines 
with chlorine. They are most common in 
surface water. Groundwater rarely con-
tains high levels of  these organic materials.

THMs are linked to increases in blad-
der and rectal cancers. The potential 
for human exposure to THMs from 
chlorinated drinking water varies with 
season, contact time between the 
chlorine and water, water temperature,  
pH, water chemistry, water consumption, 
and the disinfection method used. 

Although consuming THMs in chlo-
rinated drinking water presents some 
risk, the health hazards of  consum-
ing microbiologically unsafe water are  
much greater. THMs can be removed  
with certain activated carbon devices.

Both solid and liquid formulations of  
chlorine can irritate the skin and are 
poisonous in concentrated form. They  
must be handled and stored carefully. 
Chlorine tablets should be stored in a dry 
location. Both liquid and solid formula-
tions should be stored in their original 
labeled containers, away from children 
and animals. 

Light triggers photochemical reactions 
that reduce the potency of  chlorine 
solutions, so store solutions in opaque 
containers or in a dark place. 

Chlorination for Iron,  
Manganese, and Hydrogen 
Sulfide Removal

Iron and manganese do not affect health, 
but they do make water bitter, stain  
laundry and fixtures, and discolor water. 
The U.S. Environmental Protection Agen-
cy (EPA) has given a Secondary Drinking 
Water Standard of 0.3 milligram per liter for  
iron and 0.05 milligram per liter for man-
ganese. Hydrogen sulfide is a nuisance 
contaminant that gives water a “rotten 
egg” odor.

Uses

Chlorination devices are point-of-
entry (POE) devices that oxidize 
dissolved iron to red particles and dis-
solved manganese to black particles.  
Hydrogen sulfide, present in ground-
water as a gas with a “rotten egg” odor, 



Chapter 3: Chemical Treatment 53

oxidizes to yellow sulfur particles upon 
chlorination. Once oxidized, these 
contaminants can be filtered by one of  
several mechanical filtration devices (see 
the water treatment key, page 8, for more 
information).

Under certain conditions, iron and  
manganese combine with organic ma-
terials present in the water. Chlorine  
a l so  ox id izes  these  org an ica l l y  
complexed iron and manganese com-
pounds to solids that are removable  
via filtration. However, it takes more 
chlorine and a greater contact time to 
remove these compounds than to remove 
inorganic iron and manganese.

Chlorine kills iron, manganese, and 
sulfur bacteria, which are not hazard-
ous but cause a red-brown or black 
slime that appears in toilet tanks and 
clogs faucets. The gelatinous mass 
resulting from chlorination must be 
removed via filtration. Shock chlorinat-
ing the water source before installing 
iron, manganese, or hydrogen sulfide 
filtration equipment also kills the 
 bacteria. (Shock chlorination is described 
in more detail on page 49.)

Principles

As it percolates through rock, ground-
water dissolves iron and manganese 
that occur naturally in the rock. In 
dissolved form, these minerals are 
colorless. Chlorine oxidizes iron and 
manganese into red-brown or black 
particles and hydrogen sulfide into 
yellow particles so that removal by 
filtration is possible.

A pH between 6 and 8 is best when 
chlorinating for iron or hydrogen sul-
fide removal. If  the pH is too low in 
iron-bearing waters, add a caustic ma-
terial such as soda ash along with the 
chlorine to raise the pH above 6. Each 
milligram per liter iron requires 0.3 
milligram per liter free chlorine for 
oxidation. Manganese removal is most 
effective when the pH is greater than 
9.5, and each milligram per liter man-
ganese requires 1.3 milligrams per liter 

free chlorine for effective oxidation. 
Higher dosages of  chlorine are needed 
to effectively oxidize hydrogen sulfide: 
Each milligram per liter hydrogen 
 sulfide requires 9.0 milligrams per liter 
free chlorine.

A certain amount of  contact time 
between the contaminant and the 
chlorine is required. Contact usually 
occurs in the water system’s pressure 
tank, although water might not remain 
in the tank long enough for com-
plete oxidation. A rule of  thumb is to 
provide a tank that has ten times the 
capacity of  the chemical feed pump. 
Multiply the capacity of  the chemical 
feed pump (in gallons per minute) by 
ten to determine the pressure tank size 
in gallons.

An alternative to using a tank to achieve 
 an adequate contact time is superchlorina-
tion, or adding much more chlorine than 
is necessary. This procedure, described 
in more detail on page 49, results in more 
efficient oxidation but the excess chlo-
rine must be removed with an activated 
carbon filter.

Chlorine is available in two forms: 
as a dry powder or pellet (calcium  
hypochlorite) or as a liquid (sodium hy-
pochlorite). For more information on 
the types of chlorine, see table 3.9 on  
page 49.

Capacity

The effectiveness of  chlorination de-
pends on the amount of  chlorine added 
to the water. The amount is controlled 
by adjusting the equipment used to 
add the chlorine. For more informa-
tion on chlorination equipment, see 
the section entitled “Equipment Op-
tions” on page 50 of  the “Chlorination 
 for Disinfection” section.

Maintenance

The same type of equipment used in 
chlorination for disinfection systems 
can be used in chlorination for iron, 
manganese, and hydrogen sulfide re-

moval systems. For more information 
on the maintenance requirements of such 
equipment, see the “Maintenance” sec-
tion on page 52 of the “Chlorination for 
Disinfection” discussion. 

Filtering devices, necessary after this type 
of chlorination to remove the resulting 
particles, require regular backwashing, 
media replacement, or both.

Special Considerations

Chlorination to oxidize iron, manga-
nese, and hydrogen sulfide often re-
sults in residual chlorine in the treated  
water. If  a chlorine residual is unnec-
essary for disinfection or control of   
iron bacteria, activated carbon can 
remove the residual and any chlorine 
taste. Activated carbon can also re-
move oxidized iron, manganese, or 
hydrogen sulfide particles, but it is 
better to filter the particles with a me-
chanical filter because particles can 
quickly clog the carbon cartridge. See  
page 26 for more information on acti-
vated carbon.

Trihalomethanes (THMs) are chemicals 
that form when naturally occurring  
organic materials combine with free 
chlorine. THMs are linked to in-
creases in some cancers. For more 
information on their occurrence in 
chlorinated water, see the “Special  
Considerations” section on page 52. 

Oxidation with Potassium  
Permanganate
Potassium permanganate oxidizes dis-
solved iron, manganese, and hydrogen 
sulfide into solid particles that can be  
filtered. The particles formed with 
potassium permanganate treatment 
are larger and therefore easier to filter 
than those formed when chlorine is the  
oxidizing agent.

Uses

Potassium permanganate is a point-
of-entry (POE) treatment method that 
oxidizes dissolved iron, manganese, and 



54 Home Water Treatment 

hydrogen sulfide. It can also be used to 
control iron bacteria growth in wells.

Principles

Potassium permanganate is available 
as a dry, purplish solid. For treatment 
of  dissolved iron, manganese, and 
hydrogen sulfide, a device injects a 
solution of  potassium permanganate 
into the water between the water pump 
and the holding tank. The holding 
tank should be able to hold a fifteen-
minute supply of  water at peak de-
mand. For example, if  the pump rate is 
10 gallons per minute, use a 150-gal-
lon tank. The water pH should be  
between 6 and 9. Use sufficient per-
manganate to create a slight pink tint 
in the water at the point of  injection. 

Potassium permanganate oxidizes 
iron, manganese, and hydrogen sul-
fide into particles. The particles are 
then filtered with either manganese-
coated aluminum silicate above man-
ganese-treated greensand or an 8- 
inch layer of anthracite above man-
ganese-treated greensand. If an insuf-
ficient amount of iron, manganese, 
or hydrogen sulfide is oxidized prior 
to filtration, the manganese coating 
on the filter media acts as a backup 
oxidant to treat any remaining con-
taminant. If  too much potassium per-
manganate is fed into the water prior 
to filtration, the excess potassium 
permanganate serves as a regenerant 
for the filter media. The water should 
be colorless (have no pink tint) when 
it leaves the filter.

When treating water to remove iron 
bacteria, a solution of potassium 
permanganate is fed into the well. A  
concentration of 1,000 to 2,000 mil-
ligrams per liter has been found to 
be very effective. After the solution 
is in the well, continuous agitation 
will help loosen and disintegrate sedi-
ment and organic material produced 
by the bacteria, thus enhancing treat-
ment effectiveness. Agitation can 
be accomplished by turning the well 
on and off, which brings water up 

through the well casing and then lets it 
fall back into the well.

Maintenance

Potassium permanganate supplies must 
be periodically refilled as part of  the 
maintenance routine. If  using potas-
sium permanganate in a well, periodic 
treatment to dissolve iron deposits and 
mineral scale may also be necessary. Such 
treatment requires the use of  strong acids, 
so consult a water treatment specialist 
for guidance. Potassium permanganate 
injection devices and pumps are similar 
to those used in chlorination systems. For 
more information about such devices and 
their maintenance requirements, see the 
sections entitled “Equipment Options” 
and “Maintenance” in the “Chlorina-
tion for Disinfection” discussion, which 
begins on page 47.

Special Considerations

Using potassium permanganate requires 
careful calibration, maintenance, and 
monitoring. Potassium permanganate is 
sensitive to temperature extremes and 
performs best between 50 and 72 degrees 
Fahrenheit. Well water is approximately 55 
degrees Fahrenheit. 

Potassium permanganate is poison-
ous and irritates skin, so handle it 
carefully and ensure that there is no 
excess potassium permanganate in 
the treated water. The chemical gives 
water a slight pink tint. Water should 
be colorless after treatment. The con-
centrated chemical must be stored 
in its original container, away from 
children and animals. Protect storage 
containers from physical damage. 

Oxidizing Filters

Oxidizing filters oxidize and filter iron, 
manganese, and hydrogen sulfide in 
one unit. The filter contains one of  a 
variety of  media, the most common 
being manganese-treated greensand. 
Other media used are manufactured 
zeolite, which is a crystalline formula- 

tion of  aluminates and silicates coated 
with manganese oxide; plastic resin 
beads; Birm, which is a light silicon 
dioxide with a manganese dioxide 
coating; or Filox, another manufactured 
resin. 

Uses

An oxidizing filter is an in-line, point-
of-entry (POE) device that precipitates 
and filters dissolved iron, manganese, and 
hydrogen sulfide. 

Principles

In many oxidizing filters, the media  
granules are prepared by washing them  
with a chemical—commonly potassium 
permanganate. This forms a black man-
ganese oxide coating on the medium.  
The coating reacts with the iron, man-
ganese, and hydrogen sulfide to form 
solid particles that are then trapped in  
the filter. Figure 3.12 illustrates a manga-
nese greensand filter. 

Birm does not require a potassium 
permanganate wash. Instead, Birm 
adsorbs oxygen and iron present in the 
untreated water, which puts the two  
elements in close contact so that oxida-
tion can occur. Birm is variably effec-
tive in oxidizing manganese. Although  
it can also oxidize hydrogen sulfide, the 
sulfur particles formed foul the Birm  
bed. Birm is not consumed in the 
oxidation process; therefore, it does 
not need to be regenerated with a 
chemical such as potassium perman- 
ganate.  It  does require periodic  
backwashing, however, to remove the 
accumulated particles.

Untreated water must meet specific  
requirements for Birm to be effective.  
For example, the dissolved oxygen 
content should be at least 15 percent 
of  the iron content; the pH should be 
at least 6.8 for iron treatment and 
above 7.5 for manganese treatment; 
and the water should contain no hy-
drogen sulfide. Table 3.12 gives various 
other statistics for Birm, Filox, and 
manganese greensand.
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Source: Adapted with permission from Water Technology magazine.

Figure 3.12
Manganese greensand filter.

Table 3.12
Specifications for various oxidation media

Capacity

Most oxidizing filters remove up to 
10 milligrams per liter iron or manga-
nese every several weeks. Hydrogen 
sulfide, however, may exhaust a filter 
very quickly and necessitate regen-
eration every few days. Therefore, use  
oxidizing filters only for small amounts 
of  hydrogen sulfide.

Most oxidizing filters remove 75 to 90 
percent of  the iron or manganese in 
water. It may be necessary to follow 
 the oxidizing filter with a water soft- 
ener if  the iron or manganese concentra-
tions are not sufficiently reduced.

Maintenance

Particles can clog the filter within a 
few days to a few weeks, so regular 
backwashing is necessary to assure 
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Source: Adapted from Karen Mancl, “Bacteria in Drinking Water,” The Ohio State University, 
Cooperative Extension Service (1988).

that the filter is working properly. With 
certain oxidizing filters, the manga- 
nese oxide coating is consumed, so 
regeneration may also be necessary.  
In many instances, the backwashing 
or regeneration chemical is potassium 
permanganate. For homes without the 
required backwash flow rate, many  
vendors offer a backwashing or re-
generation service. They will supply a  
fresh filter and take the exhausted  
filter off-site for regeneration.

It is very important that the filter 
be kept clean. If  the filter is not 
completely cleaned, a reddish-brown  
sludge will enter the distribution sys-
tem. Do not use acid cleaners on  
zeolite, as the acid degrades the zeo- 
lite; use chlorine instead. 

Special Considerations

In its concentrated form, potassium 
permanganate stains and irritates skin 
and is poisonous. Use caution when 
handling the chemical and store it in its 
original, labeled container out of  reach 
of  children and animals.

Iodination

Iodine has been used to disinfect water 
since the early 1900s. Currently, the U.S. 
Environmental Protection Agency (EPA) 
approves iodination only for short-term 
or emergency use due to health effects 
concerns. Iodination is not recommended 
for routine use where iodine residual may 
remain in the treated water. 

Uses

Iodination is a disinfecting process  
that kills bacteria and some viruses. 
Because it is not recommended for long-
term use, iodination is used primarily for 
emergency or temporary disinfection such 
as during camping trips, while traveling, or 
when a well is temporarily contaminated. 
Iodine is not effective in treating water for 
organic or inorganic chemical contamina-
tion, nor is it an effective algaecide.

Principles

In its natural state, iodine is a solid  
black crystal that is soluble in water.  
The higher the temperature, the more 
easily iodine dissolves. Iodine remains 
effective over a wide range of  pH levels 
and does not lose its effectiveness until 
the water pH reaches 10. Chlorine, on 
the other hand, loses effectiveness above 
pH 8.

Types

Iodine is available in two forms: as a tablet 
and as a tincture. Iodine tablets were de-
veloped during World War II to disinfect 
small amounts of water for emergency or 
temporary use. This type of disinfection 
is popular with campers, the military, and 
the space program. A tincture of iodine 
from a household medicine cabinet will 
also disinfect water. Table 3.13 gives the 
appropriate doses of tincture of iodine for 
disinfecting either 1 quart or 1 gallon of 
water. After adding the proper amount of 
iodine, mix the water thoroughly and let it 
stand for thirty minutes.

Iodinated resins, a third type of  iodin-
ation, have been in use worldwide since 
the 1970s. Their use in the United States 
is limited, however, because they are not 
yet approved by the EPA due to concerns 
about possible health effects. To win EPA 
approval, they must remove all residual 
iodine from the treated water. Consult 
a water treatment specialist for more 
information about the current status and 
availability of  this technology.

Iodinated resins are manufactured by 
attaching iodide ions to an anion ex-
change resin. Figure 3.13 shows the 
structure of  an iodinated resin bead. 
The positive charge on the structure 
attracts microorganisms such as bac-
teria and viruses, which are killed on  
contact. 

Because the resins release iodine only 
upon contact with microorganisms, they 
are referred to as “demand-release” resins. 
They minimize residual iodine present in 
the treated water, thus minimizing any 
possible health effects. (Constant-release 
resins are also available, but they do not 
reduce iodine residual and thus do not 
address the concern about health effects.)

Iodinated resin water treatment is a three-
stage process requiring pretreatment and 
posttreatment. First, sediment filtration 
removes any particulate matter that might 
interfere with the disinfection process. 
Stage two is the iodinated resin disinfec-
tion process. Stage three incorporates 
activated carbon filtration to remove 
residual iodine from the treated water. 

Maintenance

Iodinated resin systems require very little 
maintenance. The resins have a very large 
capacity and do not require frequent 
replacement. Consult manufacturers’ 
recommendations for more informa-
tion. In addition, they do not require an 
external source of  electricity, cannot be 
biologically fouled, and can be left for 
long periods of  time.

Table 3.13
Emergency disinfection with iodine
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Figure 3.13
Iodinated resin bead.
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Special Considerations

In 1982, the EPA issued a policy stating 
that iodine disinfection is acceptable 
only for short-term or emergency use. 
Long-term iodine use is unaccept-
able because residual iodine may be a 
problem for people with thyroid condi-
tions. Nevertheless, some states allow 
the use of  iodination; consult local 
regulations for more information. 

All iodine technologies must be registered 
with the EPA. Currently, the only approved 
technology is a traveler’s pour-through cup 
that must carry a label stating that it is to 
be used only for emergencies. 

Iodine treatment for dairy drinking water 
supplies is also a concern. Dairy cattle 
can drink 15 to 25 gallons of  water per 
day. Iodine residuals in the treated water 
may carry over into milk.

Phosphates 

Phosphates sequester, or “tie up,” met-
als and minerals to prevent problems 
associated with hardness or dissolved 
iron. Without treatment, the minerals and 
metals would oxidize and settle, which 
results in soap film formation.

Uses

Phosphate treatment is usually point-
of-entry (POE). It reduces hard water 

problems and treats small amounts of  
dissolved iron in water supplies. Phos-
phates cannot treat iron particles and are 
ineffective against iron bacteria. 

Principles

Phosphate compounds such as sodium 
hexametaphosphate sequester iron or 
hardness minerals instead of  removing 
them. Consequently, a metallic taste may 
develop in the treated water.

Phosphates can be added to water with 
a bypass saturator or a chemical feed 
pump. A bypass saturator is an in-line 
device that adds dissolved phosphate 
to the water supply. Untreated water is 
diverted to the saturator, where it dis-
solves phosphate crystals. The resulting 
phosphate solution reenters the water line. 
One problem with these devices is that 
the solution concentration will fluctuate 
with water flow, but bypass saturators are 
simpler and less expensive to operate than 
chemical feed pumps. 

Capacity

The phosphate dosage is set through trial 
and error. Use approximately 5 milligrams 
per liter phosphate for every 1 milligram 
per liter iron. The total phosphate dosage 
usually ranges from 2 to 20 milligrams 
per liter. Phosphates can tie up as much 
as 3 milligrams per liter dissolved iron. 

Maintenance

To maintain a chemical feed pump, peri-
odically inspect the pump and restock the 
chemicals. For bypass saturators, replenish 
the solid phosphate. Both devices should 
be checked periodically for worn, broken, 
or loose parts and for clogs.

Special Considerations

Phosphates are a common compo-
nent in detergents or other laundry 
additives. Some states, hoping to re-

duce the incidence of algal blooms in 
lakes, reservoirs, and other surface 
waters, have banned the sale of phos-
phate detergents. Consult a state 
environmental agency or cooperative 
extension office for more information 
on any local restrictions. High doses 
of phosphate in drinking water give 
water a slippery feel and may cause 
diarrhea.

Aeration 

Until recently the most common way  
to remove volatile organic chemicals 
(VOCs) from water was with an acti-
vated carbon device. Aeration, how-
ever, removes the volatile chemicals 
without creating a solid waste product 
such as spent carbon.

Aeration is the general term for in-
troducing air into water to reduce the 
concentration of  a variety of  con-
taminants—most often VOCs. Aeration 
devices range from a simple, open hold-
ing tank that allows dissolved gases to 
 diffuse into the atmosphere to a more 
complex aeration system that has a  
column or tower filled with packing 
material. As water passes through the  
packing material, the gases are re-
leased. This section focuses primarily 
 on the more complex aeration systems.

Uses

Aeration is an in-line, point-of-entry 
(POE) process that reduces the con-
centration of  VOCs such as chlorinated 
hydrocarbons (tetrachloroethylene, tri-
chloroethylene, and carbon tetrachloride). 
Aeration also removes dissolved gases 
such as hydrogen sulfide, methane, and 
radon. 

Aeration oxidizes dissolved iron, although 
the resulting iron particles can foul the 
packing material in some aeration devices. 
Therefore, remove iron from the water 
prior to aeration treatment. For a sum-
marization of  methods used to remove 
iron, see table 3.5 on page 47.
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Principles

Aeration vaporizes a contaminant by 
injecting air into the water. A vent  
releases contaminants into the atmo-
sphere. Water repressurization is usu-
ally necessary following treatment.  
Repressurization involves installing 
a pump after the treatment device to 
distribute the water throughout the 
home. 

Types

The three types of aeration devices 
common in home usage are packed 
tower aerators (PTA), multistaged dif-
fused bubble aerators, and spray aera-
tors. The PTA system shown in figure 
3.14 has a tower that may be as tall as  
10 feet and is filled with packing mate-
rial. This packing material can range  
from 1⁄4 inch to 3 inches in size and may 
be pieces of  ceramic or plastic. There is 
no strong evidence indicating that one 
type of  packing material is preferable to 
another. In general, however, the smaller 
the individual pieces of  a particular 
type, the greater the removal efficiency 
but the higher the energy costs for air  
pumping.

In PTA systems, water falls from the top 
of  the tower by gravity while air is blown 
from the bottom of  the unit in a direc-
tion opposite to the water flow. Volatile 
contaminants are transferred to the air, 
rise to the top of  the tower, and vent to 
the outside. Carefully monitor water flow 
in the packed tower aerator to prevent 
flooding at the top of  the column. Man-
age the flow by choosing an appropriately 
sized packing material and by controlling 
the air-to-water ratio. 

A diffused bubble aerator, illustrated in 
figure 3.15, has several chambers and a 
diffuser through which air blows. The 
diffuser produces fine bubbles that 
rise through the water as it flows from 
chamber to chamber. These bubbles 
carry the volatile chemicals through a 
vent system to the outside atmosphere. 
The more chambers the system has, the  

greater the air-to-water contact. Some 
diffused bubble aerators have a high-
float switch that triggers an alarm when 
the chambers are in danger of  flooding.

The packed tower system is better if  a 
water pump follows the treatment sys-
tem. The energy requirement for each 
device is similar. Contaminants emit- 
ted from these devices must vent to the  
outside atmosphere to prevent expo- 
sure to hazardous chemicals.

The third type of  aeration, spray 
aeration, removes low levels of  volatile  

contaminants—especially radon. A spray 
aeration system is illustrated in figure 3.16. 
Water enters through the top of  the unit 
and emerges through spray heads in a fine 
mist. Treated water collects in a vented 
tank below the spray heads. Radon and 
other volatile contaminants are released 
and vented to the outside atmosphere. 

Maintenance

To ensure efficient operation, main-
tain the blower for packed tower and 
diffused bubble aerators by periodi- 

Figure 3.14
Packed tower aerator.

Figure 3.15
Diffused bubble aerator.
Adapted from the American Society of Agricultural Engineers.
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cally lubricating the motor and chang-
ing the air filters. Aeration tanks 
and trays accumulate slimes and pre-
cipitates, and these must be removed 
periodically as well. In addition to 
aerator maintenance, carbon filters on 
activated carbon posttreatment de-
vices also need to be changed. Activated  
carbon posttreatment is sometimes 
used to further reduce the concentra-
tion of  organics in the treated water. 
For more information on activated 
carbon, see the discussion beginning 
on page 26. 

Special Considerations 

Aeration systems remove volatile chemi-
cals from water and release them  
into the atmosphere. Be sure to consider 
the height and location of  the gas vent 
for the aerator tower or basin and any 
contaminants that may exit into the 
atmosphere. 

The best location for an aeration system is 
away from the residence in an outbuilding. 
If  housing the system in an outbuilding, 
be sure to consider the added energy costs 
of  pumping the water to this building and 
back to the household distribution system. 
Also keep in mind that aeration pro-
duces a fairly corrosive water, so all water  

distribution components should be 
made of  corrosion-resistant materials  
such as plastic.

Aeration systems are generally more 
expensive than other water treatment 
systems. They are most often used in 
situations where the levels of  VOCs 
are extremely high. If  the VOC con-
centration is below 1 milligram per 
liter, or if  radon levels are below 5,000 
picocuries per liter, activated carbon  
may be a more economical treatment 
method. If, on the other hand, the 
VOC concentration exceeds 1 milligram 
per liter, radon levels are above 5,000 
picocuries per liter, or a large quantity  
of  water is to be treated, aeration may be 
a more viable alternative. 

Another consideration is the length of  
time that treatment is required. If  the 
water source is only temporarily contami-
nated, aeration may be a more complex 
system than is necessary; use activated 
carbon instead. For more information on 
activated carbon, see the section begin-
ning on page 26.

Some concern exists about the poten-
tial for microorganism growth on the 
packing material in PTA systems. For 
this reason, many aeration systems 
employ a disinfection unit such as a 

chlorination device after the aeration 
system and just prior to the household 
water distribution system. For more  
information on disinfection systems, 
see the water treatment key, table 1.3, 
on page 8.

Ozone

Ozone is an unstable form of  oxygen  
gas that was first used to treat drinking 
water in Europe in 1893. It is a much 
stronger and faster oxidizer than chlorine 
and has been used as a disinfectant and 
oxidant in large-scale water treatment 
facilities for many years. Only recently has 
ozone technology been used in homes. 

Uses

Ozone water treatment is usually a point-
of-entry (POE) system. Ozone kills bac-
teria, viruses, and other microorganisms; 
precipitates many metals; oxidizes iron, 
manganese, and hydrogen sulfide; and 
removes color, odor, and many tastes. 

Some research has shown that ozone is 
more effective than chlorine or ultraviolet 
disinfection for treating Giardia lamblia or 
Cryptosporidium parvum. However, ozone 
is not recommended for use against mi-
croorganisms in home water treatment 
systems. Ozone may be recommended 
as a pretreatment to control biofouling 
of  reverse osmosis membranes and ion 
exchange resin, as certain membranes and 
resins are degraded by chlorine.

Principles

Ozone is an odorous, highly unstable gas 
formed from pure oxygen or ambient air. 
Home systems usually use ambient air. 
Because it reverts to oxygen soon after 
formation, ozone must be generated at 
the point where it is used.

Ozone is produced in one of  two 
ways: by exposing oxygen-containing 
gas to ultraviolet (UV) radiation or by 
passing it through a corona discharge 

Figure 3.16
Spray aerator.
Reprinted from the Water Well Journal, National Well Water Association.
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Figure 3.17
Ozone formation.
Adapted with permission from Jay Lehr, Environmental Educational Enterprises, Columbus, Ohio. 

device, which is a high-energy electri-
cal apparatus. The corona discharge 
method, illustrated in figure 3.17, uses 
about the same amount of  electricity 
as a television set. 

Most ozone generators are equipped 
with an air-drying mechanism that  
dr ies  the incoming a ir  pr ior  to  
ozonation. Drying the air increases the 
ozone production rate, increases the 
ozone concentration, and ensures a 
nonfluctuating concentration of  ozone  
in the untreated water. 

Ozone is combined with untreated  
water via a venturi-type injector or 
via pressurized dosing. At the point 
where the ozone mixes with the water, 
turbulence and bubbles are created; 
these ensure that the ozone contacts as  
much of  the untreated water as pos-
sible. The greater the water flow rate,  
the greater the pressure differential  
and turbulence, and the more effective  
the treatment. One problem with in-
jectors is that they may reduce water  
flow to an undesirable level. Reduced 
water flow can also interfere with  
backwashing any pre- or posttreat-
ment filters. Another problem is that  
contaminants can precipitate and clog  
the narrow orifice of  the injector.

In the pressurized dosing method, which  
is illustrated in figure 3.18, ozone is 
pumped into a contact chamber. The 
ozone is usually forced through a dif-
fuser stone or glass-like material that  
decreases the ozone bubble size and  
increases the amount of  ozone dis-
solved in the untreated water. The  
stone is located near the bottom of  the 
chamber. The bubbles produced rise  
into the untreated water in the contact 
chamber. A vent at the top of  the chamber 
allows excess gas to escape. This method 
tends to require less maintenance but is 
initially more expensive than the venturi 
injection method.

The effectiveness of  ozonation de-
pends in part on the contact time. In  
general, ozone requires a shorter con-
tact time than chlorine. The contact 

time required varies with the water 
treatment situation, but, in general, 5  
to 10 minutes is sufficient In compari- 
son, the contact time for simple chlorina-
tion can be as high as 30 minutes.

The solubility of  ozone in the untreated 
water also affects treatment. Solubility  

depends on the water temperature, 
the water pH, the ozone demand, and 
the concentration of  ozone generated. 
In general, the lower the water tem-
perature, the more ozone is dissolved 
in the water. Ozone has been found to 
be effective over a wide range of  pH, 
but a slightly alkaline pH (above 7) in- 

Figure 3.18
Ozonation with pressurized dosing. 
Note: The postfilter removes precipitated iron, manganese, and sulfur particles.
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creases treatment efficiency. The ozone 
demand is related to the level of  con-
tamination in the water. When sub-
stances in the untreated water react  
with ozone, part of  the ozone is “used 
up,” which may leave less ozone available 
to treat the targeted contaminants.

Only a portion of  the air entering an  
ozone device is converted to ozone. 
The concentration of  ozone gener-
ated depends on the method of  ozone  
production. In general, the higher the 
ozone concentration, the higher the 
ozone solubility. With UV devices,  
ozone generally makes up 0.01 to 0.1 
percent by weight of  the gas leaving 
the ozone generator. With corona dis-
charge units, the concentration may 
be anywhere from 1 to 3 percent. UV  
devices may not be able to attain a 
high enough concentration to ef-
fectively treat some pathogens; water  
treatment dealers can help determine 
the concentration needed for any given 
situation. 

Most ozone systems require a storage  
tank for the treated water. Because  
ozone is so unstable, it does not pro-
duce a reliable residual—a significant  
drawback. Bacteria and microorgan-
isms can grow in the storage tank and 
in the water distribution system and  
recontaminate water after treatment. 

Some ozone systems store treated water 
in the contact chamber to assure that  
water is continuously treated until used. 
Other systems are able to maintain a  
residual of  0.4 milligram per liter for  
four minutes; it has been determined 
that such a residual will inactivate 99.99 
percent of  most viruses. Another op-
tion is to supplement ozonation with 
secondary disinfection. For more infor-
mation on disinfection processes, see  
the sections on boiling, distillation, and 
ultraviolet disinfection in chapter 2 and 
the section on chlorination for disinfec-
tion in this chapter.

Ozone treatment systems frequently 
have pretreatment and posttreatment 
devices. Filtration may be required as 

Table 3.14
Comparison of corona discharge and ultraviolet light ozone generation methods

Source: Adapted with permission from Water Technology magazine.
a Lower yields are obtained from 254-nanometer ultraviolet light bulbs.

 pretreatment to remove excessive turbid-
ity or suspended solids that may shelter 
microorganisms from disinfection or 
foul the ozone device. Filtration may be 
necessary as posttreatment to remove any 
oxidized particles. (See the discussion on 
mechanical filtration, beginning on page 
9). Activated carbon is a common post-
treatment device for removing partially 
oxidized organic material. (For more 
information about activated carbon, see 
page 26.) 

Types

As was stated above, the two types of  
ozone generators are UV light devices 
and corona discharge devices. They are 
compared in table 3.14. UV devices are 
initially less expensive than corona dis-
charge devices, but they produce lower 
concentrations of  ozone. A dry air sup-
ply is not required for UV devices, but 
drying the air does result in higher ozone 
concentrations.

Corona discharge devices are more 
expensive than UV devices but pro- 

duce more ozone at constant rates and 
higher concentrations. They require 
a supply of  dry air for operation and  
need less maintenance than UV de-
vices. Corona discharge tubes can be 
linked together to produce very high  
concentrations. 

Capacity

The ozone dose required will vary  
according to water quality, but a typi-
cal ozone dose is 1.0 to 2.0 milligrams 
per liter, which is sufficient to kill most 
bacteria and control tastes and odors. 
The rate of  ozone production for most 
UV devices is 0.5 gram per hour for 
185-nanometer bulbs and 0.3 gram per 
hour for 254-nanometer bulbs. Corona 
discharge devices produce a minimum 
of  2 grams per hour.

The capacity of  the storage tank deter-
mines how much water is available for use. 
The amount of  storage required depends 
on household water use. See table 1.1 on 
page 5 for help in determining the water 
use for a specific household.
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Maintenance

Most home ozone systems do not  
require extensive maintenance. Some 
systems use a desiccant, or air-drying 
material, which needs to be replaced 
periodically. It is also necessary to peri-
odically clean the water storage tank and 
check pumps, fans, and valves for dam-
age or wear. If UV radiation generates 
the ozone, the lamp must be replaced 
periodically. Any pretreatment or post-
treatment devices may require additional 
maintenance. 

In addition, the entire system should  
be routinely inspected by a water  
treatment specialist for any ozone 
leaks. Water treatment equipment  
dealers have more information on  
inspection frequency. Some ozone  
systems have monitoring devices that 
alert the owner to a malfunction or 
failure by shutting down the entire  
system, sounding an alarm, or activating 
a warning light. 

As with any water treatment system,  
an ozone system should be closely  
monitored during the first few months 
after installation to ensure that it is 
working properly. Periodic water test-
ing thereafter will ensure continued 
effectiveness.

Special Considerations

Ozone is a stronger disinfectant than  
ch lo r i n e  and  doe s  no t  fo rm  
trihalomethanes (THMs)—byproducts 
of chlorination that have been linked to  
increases in certain cancers. Some stud-
ies have shown, however, that ozone  
increases the incidence of  certain  
byproducts of  chlorination if  chlorina-
tion is used as a secondary disinfectant.  
Ozone t rea tment  i t se l f  c rea tes  
byproducts, but the health effects they 
may cause are unknown. It is possible 
that some byproducts of  ozonation cause  
even worse health effects than the con-
taminants being removed.

Not much is known about the chronic 
health effects of ozone; there appears  
to be none among healthy people. In more 
than eighty years of  commercial use, no 
deaths resulting from ozone exposure have 
been reported. Short-term health effects 
can occur from exposure to ozone via leak-
ing ozone systems. Health effects resulting 
from exposure to 0.1 to 1.0 milligram per 
liter ozone include headache, dry throat, and 
irritation and burning of  the eyes. 

Most people can smell ozone at a con-
centration of 0.01 milligram per liter 
(well below the level for general com-
fort), and breathing traces of ozone for  

a few minutes is of little health concern. 
To prevent ozone from entering the  
home, any residual ozone in the vent gas 
should be vented outside the home. 

In theory, ozonation has no residual  
such as that provided by chlorina-
tion. In point-of-use (POU) water 
treatment applications, however, some 
ozone may remain in the treated water 
because the time between ozone gen-
eration and treated water consumption is  
shorter than in large-scale operations. 
Again, little information is available  
about the health effects of  ozone-treated 
water.

Ozone can corrode some pipes and  
fixtures, so all surfaces coming in  
contact with ozone should be made  
of ozone-resistant materials such as 
stainless steel or Teflon. Also, com-
bustible materials such as gasoline, 
oil, or grease should not be stored  
near the ozone system, as ozone may  
cause fire if  it comes in contact with 
combustibles.

Ozone is one of  the most expensive home 
water treatment technologies, but the water 
treatment industry is examining ways to 
make ozone more affordable. Check with 
water treatment dealers for information on 
the cost per gallon for treatment.
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Final Thoughts

This publication discusses a variety of   
water treatment methods and drinking 
water contaminants. Its companion,  
Private Drinking Water Supplies: Qual-
ity, Testing , and Options for Problem  
Waters, NRAES–47, presents a broad 
view of  drinking water quality and the 
problems facing individuals on private 
water supplies. Together, they aim to  
help homeowners make enlightened  
decisions about how to make their  
drinking water safe. In this publica-
tion, the authors did not thoroughly 
cover every water treatment system 
available. Rather, they chose to focus  
on the most common treatment sys-
tems available for the most common  
water quality problems.

An important theme emphasized  
throughout this publication is that wa-
ter treatment is rarely simple. Although  
there are small treatment devices that  
simply attach to the kitchen faucet,  
these devices are suitable only for  
taste and odor problems—not the 
complicated health hazards that plague  
some water sources. A systems ap-
proach is crucial to designing effective  
water treatment schemes. Pretreatment  
and posttreatment devices are often  
necessary. Keep in mind that these  
devices not only improve water qual-
ity but also increase cost and mainte-
nance requirements. If  the water qual-
ity problem involves only tastes, smells,  
or appearances and not safety, water 
treatment becomes a matter of  personal 
preference.

State or federal regulations for water  

treatment systems are a major topic 
in the water treatment industry today.  
Lobbyists have labored intensely 
against such regulations on behalf  
of  the industry. Certain states already  
make the water treatment industry ac-
countable for claims it makes about  
equipment. 

California and Iowa, for example, re-
quire manufacturers to submit perfor-
mance test data for all water treatment  
equipment used to remove health-
related contaminants; only after the  
states approve the data can the equip-
ment be sold. Wisconsin approves all  
water treatment equipment that at-
taches to pipes (including faucets),  
whether the equipment removes  
health-related contaminants or nui-
sance contaminants. New York re-
quires that water treatment devices be  
accompanied by a performance data  
sheet and a label instructing consum-
ers to read the data sheet. Although  
the law states that the data sheets must 
be factual, the state does not review  
the data and does not require that a  
U.S. Environmental Protection Agency 
(EPA) or state-certified laboratory test 
the devices or that a specific test  
protocol be followed. 

The water treatment industry believes  
that self-regulation is the best regula-
tion. The industry seeks a compromise 
with state legislatures to assure that 
consumers are protected from unsub-
stantiated claims about the effective-
ness of  water treatment systems or the 
condition of  a particular water supply.  

Recently, officials in the Water Quality 
Association (WQA), an industry trade 
organization, wanted their voluntary  
ethics guidelines enforced more strictly. 
Others even suggested publishing the 
names of  companies that continue to 
violate the guidelines.

Some in the water treatment industry 
predict that the residential water treat-
ment market in the U.S. will mush-
room from $1.64 billion in sales in  
1992 to $2.81 billion in 1996—the bulk  
of  the demand being for treatment  
systems that solve taste and odor prob-
lems. Activated carbon, ultraviolet dis-
infection, and distillation systems are  
expected to have the largest increases  
in sales.

Water treatment technology is com-
plex and confusing. The press can  
make it even more confusing by bom-
barding consumers with stories about  
the alleged unhealthy state of  both  
groundwater and surface water. But  
with a little research, homeowners can 
make their own decisions. By having  
their drinking water tested yearly for 
certain water quality parameters such  
as coliform, nitrate, pH, and total dis-
solved solids (TDS), homeowners can  
monitor the general quality of  their  
water. Further testing can pinpoint  
specific problems. If  a problem does  
exist, local cooperative extension of-
fices or health departments may be  
able to assist. Home Water Treatment 
will further help consumers decide on 
a responsible, reasonable, and effective 
course of  action.
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Appendix A
U.S. EPA Primary Drinking Water  
Standards and Health Advisories

See footnotes on page 73.

Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)
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Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)—continued

See footnotes on page 73.
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Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)—continued

See footnotes on page 73.
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Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)—continued

See footnotes on page 73.
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Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)—continued

See footnotes on page 73.
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Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)—continued

See footnotes on page 73.
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Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)—continued

See footnotes on page 73.
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Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)—continued

See footnotes on page 73.
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Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)—continued

See footnotes on page 73.
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Table A.1
U.S. EPA Primary Drinking Water Standards (as of May 1994)—continued

Source: Maximum Contaminant Levels (MCLs) are taken from Drinking Water Regulations and Health Advisories, Office of Water, U.S. Environmental 
Protection Agency (EPA), Washington, D.C. (May 1994). Uses and/or sources (except those marked with an asterisk), possible chronic health effects, and 
possible water treatment methods all excerpted from various health advisories published on various dates by the EPA Office of Water. Uses and/or sources 
marked with an asterisk excerpted with permission from the 1994 Farm Chemicals Handbook, Meister Publishing Company. 
a Chronic health effects occur from ingesting small amounts of the contaminant over long periods of time. Daily consumption of water with a contaminant 

concentration well above the Maximum Contaminant Level (MCL) over a long period of time increases the risk of the listed health effects. In determining 
MCLs, the U.S. Environmental Protection Agency assumes that a person consumes 2 liters of water per day.

b Selection of individual or combinations of technologies to attempt contaminant reduction must be based on a case-by-case technical evaluation, and on 
an assessment of the economics involved. Boiling is occasionally listed as a possible treatment technique for volatile organic contaminants. Boiling is a 
short-term, emergency treatment only, as health effects may result from inhalation of a contaminant when it escapes from water. Reverse osmosis is also 
occasionally listed as a possible treatment technique for organic or volatile organic contaminants. In some health advisories, the operating pressure used 
in tests of reverse osmosis systems ranged from 300 to 1,000 pounds per square inch, which is far above normal household water pressure. See page 
19 for more information on reverse osmosis.

c Water with a contaminant concentration at or below the Maximum Contaminant Level (MCL) is acceptable for drinking every day over a lifetime and does 
not pose any health concerns unless the MCL is marked with a “!”. For these contaminants, the U.S. Environmental Protection Agency (EPA) assumes 
that there is no risk-free dose, as the contaminant is a known or probable carcinogen. The MCL is set as close to zero as is feasible based on current 
water treatment technologies and the means available to measure the concentration of the contaminant in water. 

d A document is available from the U.S. Environmental Protection Agency (EPA) Office of Water that details the formation of the standard for this contami-
nant. The document includes information about the contaminant’s physical properties and its behavior in the environment; detailed accounts of short-
term and long-term exposure studies involving humans and/or laboratory animals and the health effects that resulted from such studies; and calculations 
for a one-day, ten-day, and longer-term health advisory for a 10-kilogram child, as well as for a longer-term and lifetime health advisory for a 70-kilogram 
adult. The document will also have more information concerning the possible water treatment methods listed in this table. For information about ordering 
such a document, contact the EPA Office of Water at 202-260-7571, or call the EPA Safe Drinking Water Hotline at 1-800-426-4791. 

e This contaminant is an ingredient in some pesticide products and therefore may be distributed under several different product names. See appendix C, 
table C.1, for a list of product names.

f The Maximum Contaminant Level (MCL) for this contaminant is listed as “treatment technique.” As discussed in the introduction to this publication, the 
primary drinking water standards are developed for municipal water supplies. “Treatment technique” indicates that municipal water treatment facilities 
should alter their treatment systems until contaminant levels fall below the action level set by the U.S. Environmental Protection Agency (EPA). When 
water corrodes pipes and causes lead or copper contamination, a treatment technique may be required to make the water noncorrosive. For acrylamide, 
treatment technique indicates that the municipality should minimize the amount of acrylamide used in water treatment. For more information, contact the 
EPA.

g Fluoride concentrations in the range of 1.0 milligram per liter are desirable in drinking water for protection against tooth decay. For this reason, fluoride 
may be added to a municipal water supply. The actual optimum concentration is related to average daily air temperatures at the location. See also ap-
pendix B.

h Cholinesterase inhibition may cause nausea, blurred vision, stomach cramps, excessive sweating, muscle weakness, headaches, and rapid heart rate.
i The values for m-dichlorobenzene are based on data for o-dichlorobenzene.
! See footnote “c.”
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See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)
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Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued

See footnotes on page 85.
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See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued
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See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued



78 Home Water Treatment 

See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued
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See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued
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See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued
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See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued
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See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued
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See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued
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See footnotes on page 85.

Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued
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Table A.2
Selected contaminants for which U.S. EPA health advisories have been issued (as of May 1994)—continued

Source: Lifetime Health Advisory Levels are taken from Drinking Water Regulations and Health Advisories, Office of Water, U.S. Environmental Protection 
Agency (EPA), Washington, D.C. (May 1994). Uses and/or sources (except those marked with an asterisk), possible chronic health effects, and possible 
water treatment methods all excerpted from various health advisories published on various dates by the EPA Office of Water. Uses and/or sources marked 
with an asterisk excerpted with permission from the 1994 Farm Chemicals Handbook, Meister Publishing Company.

Note: A document is available from the U.S. Environmental Protection Agency Office of Water that details the formation of the health advisory for each of 
the contaminants in this table. The document includes information about the contaminant’s physical properties and its behavior in the environment; detailed 
accounts of short-term and long-term exposure studies involving humans and/or laboratory animals and the health effects that resulted from such studies; 
and calculations for a one-day, ten-day, and longer-term health advisory for a 10-kilogram child, as well as for a longer-term and lifetime health advisory 
for a 70-kilogram adult. The document will also have more information concerning the possible water treatment methods listed in this table. For information 
about ordering such a document, contact the EPA Office of Water at 202-260-7571, or call the EPA Safe Drinking Water Hotline at 1-800-426-4791. 
a Chronic health effects occur from ingesting small amounts of the contaminant over long periods of time. Daily consumption of water with a contaminant 

concentration well above the Lifetime Health Advisory Level over a long period of time increases the risk of the listed health effects. In determining 
Lifetime Health Advisory Levels, the U.S. Environmental Protection Agency assumes that a person consumes 2 liters of water per day.

b Selection of individual or combinations of technologies to attempt contaminant reduction must be based on a case-by-case technical evaluation, and on 
an assessment of the economics involved. Boiling is occasionally listed as a possible treatment technique for volatile organic contaminants. Boiling is a 
short-term, emergency treatment only, as health effects may result from inhalation of a contaminant when it escapes from water. Reverse osmosis is also 
occasionally listed as a possible treatment technique for organic or volatile organic contaminants. In some health advisories, the operating pressure used 
in tests of reverse osmosis systems ranged from 300 to 1,000 pounds per square inch, which is far above normal household water pressure. See page 
19 for more information on reverse osmosis.

c Water with a contaminant concentration at or below the Lifetime Health Advisory Level is acceptable for drinking every day over a lifetime and does not 
pose any health concerns unless the Lifetime Health Advisory Level is marked with a “!”. For these contaminants, the U.S. Environmental Protection 
Agency assumes that there is no risk-free dose, as the contaminant is a known or probable carcinogen. Daily consumption of water with a carcinogenic 
contaminant concentration equal to the Lifetime Health Advisory Level will theoretically result in a one-in-a-million chance of developing cancer as a 
direct result of ingesting the contaminant.

d The information listed for this contaminant is taken from a draft health advisory.
e This contaminant is an ingredient in some pesticide products and therefore may be distributed under several different product names. See appendix C, 

table C.1, for a list of product names.
f Cholinesterase inhibition may cause nausea, blurred vision, stomach cramps, excessive sweating, muscle weakness, headaches, and rapid heart rate.
g Dinitrotoluene exists as a mixture of two or more of its six isomers; 2,4-dinitrotoluene and 2,6-dinitrotoluene are the most predominant isomers. The 

health advisory is based on technical-grade dinitrotoluene, which is composed of 76 percent 2,4-dinitrotoluene, 19 percent 2,6-dinitrotoluene, and 5 
percent other dinitrotoluene isomers.

h If ethylene glycol is misused as an antifreeze in potable water supplies, flush the distribution system vigorously.
! See footnote “c.”
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Table A.3
Additional U.S. EPA drinking water contaminants for which documentation is unavailable (as of May 1994)

See footnotes on page 87.



Appendix A: U.S. EPA Primary Drinking Water Standards and Health Advisories 87

Table A.3
Additional U.S. EPA drinking water contaminants for which documentation is unavailable (as of May 1994)—continued

Source: Drinking Water Regulations and Health Advisories. Office of Water, U.S. Environmental Protection Agency, Washington, D.C. (May 1994).
a The listed advisory levels are Lifetime Health Advisory Levels, tentative Maximum Contaminant Levels (MCLs), or proposed MCLs. Water with a con-

taminant concentration at or below the advisory level is acceptable for drinking every day over a lifetime and does not pose any health concerns unless 
the advisory level is marked with a “!”. For these contaminants, the U.S. Environmental Protection Agency assumes that there is no risk-free dose, as the 
contaminant is a known or probable carcinogen. Daily consumption of water with a carcinogenic contaminant concentration equal to the advisory level 
will theoretically result in a one-in-a-million chance of developing cancer as a direct result of ingesting the contaminant. 

b This contaminant is an ingredient in some pesticide products and therefore may be distributed under several different product names. See appendix C, 
table C.1, for a list of product names.

c The advisory level listed for this contaminant is from a draft health advisory.
d This contaminant is a trihalomethane (THM). The U.S. Environmental Protection Agency has stated that the total Maximum Contaminant Level for all 

THMs combined cannot exceed 0.80 milligram per liter.
e This contaminant is a haloacetic acid. The U.S. Environmental Protection Agency has stated that the total Maximum Contaminant Level for all haloacetic 

acids combined cannot exceed 0.06 milligram per liter.
! See footnote “a.”
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Appendix B
U.S. EPA Secondary Drinking Water  
Standards 

See footnotes on page 90.

Table B.1
U.S. EPA Secondary Drinking Water Standards (as of May 1994)
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Table B.1
U.S. EPA Secondary Drinking Water Standards (as of May 1994)—continued

See footnotes on page 90.
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Table B.1
U.S. EPA Secondary Drinking Water Standards (as of May 1994)—continued

Source: Secondary Maximum Contaminant Levels (SMCLs) are taken from Drinking Water Regulations and Health Advisories, Office of Water, U.S. 
Environmental Protection Agency (EPA), Washington, D.C. (May 1994). Uses and/or sources (except those marked with an asterisk), possible water quality 
effects, and possible water treatment methods all excerpted from various health advisories published on various dates by the EPA Office of Water. Uses 
and/or sources marked with an asterisk excerpted with permission from the 1994 Farm Chemicals Handbook, Meister Publishing Company.
a The water treatment recommendations in this table are general. The water pH, total dissolved solids (TDS), other dissolved or particulate substances, 

or other water quality or water distribution system factors may affect the effectiveness of a treatment device. Be sure to investigate the limitations of a 
device before purchasing.

b This contaminant is an ingredient in some pesticide products and therefore may be distributed under several different product names. See appendix C, 
table C.1, for a list of product names.

c See also appendix A.
d Fluoride concentrations in the range of 1.0 milligram per liter are desirable in drinking water for protection against tooth decay. For this reason, fluoride 

may be added to a municipal water supply. The actual optimum concentration is based on average daily air temperatures at the location. See also ap-
pendix A, table A.1.
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Appendix C
Pesticide Products That Contain  
U.S. EPA Drinking Water Contaminants

† Discontinued

Table C.1
Pesticide products that contain U.S. EPA drinking water contaminants
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Table C.1
Pesticide products that contain U.S. EPA drinking water contaminants—continued

† Discontinued
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Table C.1
Pesticide products that contain U.S. EPA drinking water contaminants—continued

† Discontinued
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Table C.1
Pesticide products that contain U.S. EPA drinking water contaminants—continued

† Discontinued
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Table C.1
Pesticide products that contain U.S. EPA drinking water contaminants—continued

† Discontinued
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Table C.1
Pesticide products that contain U.S. EPA drinking water contaminants—continued

† Discontinued
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Table C.1
Pesticide products that contain U.S. EPA drinking water contaminants—continued

† Discontinued
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Table C.1
Pesticide products that contain U.S. EPA drinking water contaminants—continued

Source: Excerpted with permission from the 1994 Farm Chemicals Handbook, Meister Publishing Company.
† Discontinued
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Appendix D
Conversion 
Factors

Table D.1
Conversion factors
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Table D.1
Conversion factors—continued
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Table D.1
Conversion factors—continued
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Table D.2
Temperature conversions

Table D.3
Metric (SI) prefixes and their corresponding multiplication factors
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Glossary

A

Absorption. The process by which
 one substance is taken into the body 
of  another substance, as when a sponge  
absorbs water. See also adsorption.

Acidity. A water quality parameter in 
which the pH is less than 7. See also pH.

Action level. The concentration of  
lead or copper in water specified by the  
U.S. Environmental Protection Agency  
as being acceptable for long-term con-
sumption. The action level for copper 
is 1.3 milligrams per liter. The level for  
lead is 0.015 milligram per liter. If   
concentrations in municipal water sys-
tems exceed the action level, municipal  
treatment facilities must alter their treat-
ment systems until copper and lead  
concentrations fall below these levels. 

Activated alumina. An adsorption 
medium that reduces the concentra-
tion of  fluoride, arsenic, selenium, and  
chromium. Activated alumina is formed 
when aluminum hydroxide is dehy-
drated at a temperature between 550  
and 1,100 degrees Fahrenheit, then  
ground and screened. See also ad-
sorption.

Activated carbon. An adsorption me-
dium that reduces the concentration of   
some organic chemicals, radon, odors, 
tastes, and smells. It is formed when  
petroleum coke, bituminous coal, lig-
nite, or wood products are crushed  
and heated to between 500 and 1,800 

 degrees Fahrenheit in the absence of  air. 
The heat creates a porous structure that 
increases the surface area for adsorption. 
See also adsorption.

Adsorbent. During adsorption, the me-
dium (usually a solid) to which a substance 
adheres. See also adsorption.

Adsorption. The process by which 
one substance adheres to the surface  
of  another substance, usually a solid.  
See also absorption and adsorbent.

Aeration. A water treatment process 
that brings air into intimate contact  
with water, usually by spraying water  
into air or by bubbling air through  
water. Aeration increases the rate at  
which volati le organic chemicals  
(VOCs), radon, and other dissolved  
gases move from water to air. 

Aesthetic. Referring to water charac-
teristics such as taste, odor, color, and  
appearance that reduce the quality of   
drinking water but do not necessarily  
result in adverse health effects.

Algal bloom. A mass of  algae that 
appears in lakes or ponds when the  
water has sufficient concentrations of  
nitrogen and phosphorus. Algal blooms 
give water a green, yellow, or brown  
color and often result in a depletion of  
dissolved oxygen in the water.

Alkalinity. A water quality parameter 
in which the pH is higher than 7. See  
also pH.

Anion. A negatively charged ion such 
as chloride (Cl–), fluoride (F –), or nitrate 
(NO3

–). See also cation.

Anion exchange. A water treatment 
process in which objectionable anions  
such as nitrate are removed from water and 
replaced with less objectionable anions such 
as chloride. See also cation exchange.

Aquifer. A water-saturated geologic 
zone that yields a sufficiently high  
volume of  water to supply wells and  
springs at a rate so that they can serve  
as practical sources of  drinking water.

B

Backflow. An event that occurs when 
a potable water line is connected to a  
sewer line and pressure in the water  
line is lower than the pressure in the  
sewer line. The condition results in  
sewage flowing into the water line.

Back pressure. The pressure that 
builds on the treated water side of  
a reverse osmosis membrane as the 
treated water storage tank fills. See  
also reverse osmosis.

Backwash. To subject a filter bed to 
water flow in a direction opposite to 
the service flow. Backwashing loosens 
the filter bed and flushes solid materials  
that have accumulated in the bed to  
waste. A special solution is sometimes  
used to also regenerate the filter medium. 
See also regeneration.
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Bacteria. Typically, one-celled micro-
organisms that have no chlorophyll  
and multiply by simple division. Some 
bacteria cause disease, but others are  
necessary for processes such as fer-
mentation and nitrogen fixation. Bac-
teria range in diameter from 0.5 to 5.0  
microns.

Base. A substance that releases hy-
droxide (OH–) ions when dissolved in 
water, thus increasing the pH. A strong  
base will release a large number of  
hydroxide ions, whereas a weak base  
will release a small number of  hydroxide 
ions. See also pH. 

Birm. A manufactured oxidizing me-
dium made of  a light silicon dioxide  
with a manganese dioxide coating.  
Birm is used to reduce the concentrations 
of  iron and manganese in water. 

B l u e  B a b y  S y n d r o m e .  S e e 
methemoglobinemia.

Body feeding. Extending the filter run 
of  a precoat filter by introducing doses  
of  filter aid to water entering the device. 
See also filter aid and precoat filter.

Biofouling. The colonization of  a 
treatment device or water distribution  
system by microorganisms. Biofouling  
results in a film composed of  bacteria,  
other microorganisms, and slimes 
produced by the microorganisms.  
Biofouling can result in malfunction or  
failure of  a treatment device, odors,  
discolored water, and corrosion.

Breakthrough. During the service life 
of  a treatment device, the point at  
which the contaminant concentration  
in treated water exceeds a safe or  
acceptable level.

Bypass saturator. A nonelectric de-
vice used to add a chemical solution to  
water. Untreated water is diverted  
through a bed of  solid tablets such as 
phosphate tablets; the tablets dissolve  
and the resulting solution reenters the  
water line. Solution concentrations may 
fluctuate with water flow. 

C

Capacity. The characteristic of  a treat-
ment device that describes its perfor-
mance. The total capacity comprises the  
contaminant removal capacity and the  
flow rate capacity. The contaminant 
removal capacity refers to the percent 
reduction in contaminant concentration 
between untreated and treated water  
and the total amount of  contaminant a 
device can remove before maintenance  
is required. The flow rate capacity re-
fers to the rate of  water flow through a  
device and is measured in gallons per  
minute or gallons per day. 

Carcinogenic. Capable of  causing 
cancer in humans and animals.

Cartridge sediment filter. A me-
chanical filter that uses a cartridge  
made of  paper, cellulose, polypropyl-
ene sheets, cloth, ceramic, or string to  
separate particles from water. The 
replaceable cartridge is inserted in a  
housing that is usually plastic.

Cation. A positively charged ion such 
as calcium (Ca2+), magnesium (Mg2+), or 
sodium (Na+). See also anion.

Cation exchange. A water treatment 
process in which objectionable cat-
ions such as calcium are replaced with  
less objectionable cations such as so-
dium. See also anion exchange and 
softening.

Channeling. An event that occurs 
when untreated water passes through a 
treatment device without contacting the  
filter material or resin.

Chemical feed pump (also called a 
chemical feeder). A mechanical de-
vice designed to introduce chemicals  
into a water system at a rate proportional 
to the water flow. 

Chemical treatment. Treatment that 
inactivates, changes the chemical form  
of, or reduces the concentration of  a  
drinking water contaminant by the  
addition of  a solid, liquid, or gas. 

Chlorination. In home water treat-
ment, the use of  a chlorine solution to  
oxidize contaminants or disinfect water. 
Municipal systems more commonly  
use chlorine gas, which is too dangerous 
for home use.

Chlorine. A widely used disinfectant 
and oxidizing agent available in gaseous, 
liquid, or solid form. The chemical symbol 
for chlorine is “Cl.” 

Chlorine demand. The amount of  
chlorine that can be consumed or “used 
up” by organic matter (such as plant ma-
terial), microorganisms, iron, and other  
oxidizable substances in untreated water. 
The chlorine demand is calculated by 
subtracting the free chlorine residual from  
the amount of  chlorine added to the 
untreated water. See also free chlorine 
residual. 

Chlorine residual. See free chlorine 
residual.

Clay. A soil particle having a diameter 
between 0.2 and 2.0 microns.

Clear water. A term used to differ-
entiate between water containing dis-
solved iron (clear water) and water  
containing oxidized, or particulate, iron.

Coliform bacteria. A generally harm-
less indicator organism that is carried in  
the intestinal tract of  humans and warm-
blooded animals. A positive total coliform 
water test indicates possible contamina-
tion of  the water supply. Coliform bac-
teria is also found in decaying vegetation  
and soil. See also fecal coliform.

Concentration. The ratio of  the amount 
of  one substance in another substance.  
For example, in seawater, the concentra-
tion of  chlorine is approximately 19,000 
milligrams of  chlorine per liter of  water.

Contact time. The amount of  time 
that water is in contact with a treatment 
medium or chemical.

Contaminant. Any undesirable physi-
cal, chemical, radiological, or microbio- 
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logical substance in water that may have an 
adverse health or aesthetic effect.

Contaminant removal capacity. The 
percent reduction in a contaminant  
between untreated and treated water  
as well as the total amount of  contaminant 
a device can remove before servicing is 
needed.

Corona discharge unit. A high-energy 
electrical apparatus. In water treat-
ment, air or oxygen is passed through  
a corona discharge unit to produce  
ozone.

Corrosion. The dissolving or wearing 
away of  metals.

Cryptosporidiosis. An often severe 
diarrheal illness that is caused by the  
ingest ion of  the Cr yptospor id ium 
parvum oocyst. It is particularly dan-
gerous to the elderly, children, ac-
quired immune deficiency syndrome  
(AIDS) patients, or others with low  
immunity. See also Cryptosporidium 
parvum (C. parvum). 

Cryptosporidium parvum (C. 
parvum) . A parasitic protozoan. 
The environmentally persistent oocyst  
formed during one stage of  the  
parasite’s life cycle ranges in diameter  
from 4 to 6 microns and, when in-
gested, may cause cryptosporidiosis.  
Cryptosporidium parvum resists chlorine disin-
fection and must be removed from water via 
filtration methods, distillation, or boiling. 
See also cryptosporidiosis and oocyst.

Cyst. A dormant stage in the life cycle of  
some parasites in which a resistant shell is 
formed around the parasite.

D

Dechlorination. The removal of  ex-
cess chlorine from a treated water  
supply, usually with activated carbon.

Desiccant. A drying agent. In home 
water treatment, desiccants are sometimes 
used to dry air prior to ozonation.

Diatomaceous earth. A powdery mate-
rial composed of  the skeletal remains  
of  sea organisms called diatoms. Dia-
tomaceous earth, mined from deposits 
on dry land, is a common filter aid in  
precoat filters. See also filter aid.

Disinfection. A process in which 
disease-producing bacteria and other 
microorganisms are killed or inactivated  
(prevented from reproducing). It may 
involve using chemicals such as chlo-
rine or physical treatment methods  
such as distillation.

Dissolved solids. Substances dis-
solved in water, including both or-
ganic and inorganic matter. See also 
total dissolved solids (TDS).

Distillation. A water treatment pro-
cess in which water is boiled and the  
resulting steam is collected and cooled  
in a separate chamber. Distillation 
disinfects water, reduces the concen-
tration of  toxic metals, and removes  
some organic contaminants.

Distilled water. Water that has been 
purified via evaporation followed by  
condensation. Distilled water contains 
minute amounts of  dissolved solids. 

DPD (diethyl phenylene diamine) 
colorimetric test. A water test for 
detecting the presence of  a free chlorine 
residual in water. The test involves adding 
diethyl phenylene diamine to water; a color 
change occurs when chlorine is present.  
See also free chlorine residual.

Dumping. See unloading. 

E

Equilibrium. The state in which the ac-
tion of  multiple forces produces a steady 
balance, resulting in no change over time. 
When a chemical reaction can proceed 
in two directions, equilibrium is reached 
when the rate of  reaction is equal for both 
directions.

Erosion chlorinator. A nonelectric 

chlorinating treatment device in which 
water passes over solid chlorine tab-
lets and dissolves the tablets to supply  
a chlorine solution. A water meter  
controls the water flow.

F

Fecal coliform. Coliform bacteria found 
in human and animal waste. In gen-
eral, they are not harmful to humans, but  
their presence may indicate contamina-
tion of  a water supply with human or  
animal waste and disease-causing organ-
isms. See also coliform bacteria.

Filox. A manufactured resin used in 
oxidizing filters.

Filter. (verb) To send water containing 
particles through a filter medium in  
order to separate contaminants from the 
water. (noun) A treatment device used 
to carry out the process of  filtration. A  
filter consists of  a filter medium and  
suitable hardware for positioning and  
supporting the filter medium in the path  
of  the water. See also filter medium.

Filter aid. A filter medium used in 
precoat filters. Common filter aids are 
diatomaceous earth and perlite. See  
also diatomaceous earth and precoat 
filter.

Filter cake. A densely packed layer of  filter 
medium and suspended solids that develops 
on the surface of  a filter medium. See also 
filter medium.

Filter element. A rigid structure that 
supports the septum in a precoat filter. 
The filter element and septum together 
support the filter cake. See also precoat 
filter and septum.

Filter medium. Plural filter media. The 
permeable substance or material in a fil-
tering device that separates contaminants 
from water.

Filtration. The process of  separating 
contaminants from water by passing water 
through a porous medium. See also filter.
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Flow rate capacity. The rate of  water 
flow through a treatment device mea-
sured in either gallons per minute or  
gallons per day.

Fluoride. A general reference to com-
pounds containing fluoride that may be 
added to municipal water supplies (at a 
concentration in the range of  1.0 milli-
gram per liter) to reduce the incidence of   
tooth decay. Fluoride may also be 
naturally present in water. Long-term 
consumption of  water with a fluoride 
concentration greater than 4.0 milligrams  
per liter may cause bone damage or 
mottling of  teeth. Long-term consump-
tion of  fluoride concentrations greater  
than 2.0 milligrams per liter may discolor 
teeth. The symbol for fluoride is “F–.” 

Free chlorine residual (also called 
chlorine residual or free chlorine). 
Chlorine that remains in water after the  
chlorine demand is satisfied. The pres-
ence of  a residual indicates sufficient  
chlorine was added to disinfect the water. 
See also chlorine demand. 

G

Giardia lamblia (G. lamblia). A 
parasitic protozoan. The cyst formed during 
one stage of  the parasite’s life cycle ranges 
in diameter from 7 to 10 microns and may 
cause giardiasis in humans. Giardia lamblia 
can be removed from water via filtration 
methods, distillation, boiling, and ozona-
tion. See also cyst and giardiasis. 

Giardiasis. A disease, often charac-
terized by diarrhea, that is caused by  
the presence of  Giardia lamblia cysts 
in the intestinal tract. See also Giardia 
lamblia (G. lamblia).

Grain. A unit of  measure equal to 1.43 x 
10-4 pound or 0.0648 gram.

Grains per gallon (gpg). The weight 
of  a substance, in grains, in 1 gallon of   
water. Commonly, grains of  minerals 
per gallon of  water is used as a measure 
of  hardness. One grain per gallon is  
equal to 17.1 milligrams per liter (mg/L).

H

Hardness. A water condition caused 
mainly by calcium and magnesium  
ions. Hardness prevents soap suds from 
forming and results in mineral deposits  
in water heaters and other appliances.

Hydrocarbon. A compound containing 
only carbon and hydrogen.

I

Initial flow rate. The flow rate through a 
device immediately following installation 
and before contaminants accumulate in 
the device. It is especially important for 
mechanical filters, as the flow rate dimin-
ishes as particles accumulate. See also flow 
rate capacity.

In-line. Describes a water treatment device 
that is installed in the water supply line and 
treats all water moving through the line. See 
also line-bypass and off-line.

Inorganic. Refers to naturally occurring 
or synthetic chemicals such as salts, metals, 
and minerals. Inorganics may or may not 
contain carbon.

Iodine. A solid black crystal that is dissolved 
for use as a chemical oxidant and disinfec-
tant. Iodine disinfection is approved by the 
U.S. Environmental Protection Agency only 
for short-term or limited use. The symbol 
for iodine is “I.” 

Ion. An atom or molecule that has a posi-
tive or negative electric charge.

Ion exchange. A water treatment process 
in which certain unwanted ions in water 
are replaced with less objectionable ones. 
The efficiency of  exchange depends on 
the concentration of  ions in the water, the 
attraction between the ion exchange resin 
and the unwanted ions, and the contact 
time between untreated water and the 
resin. See also anion exchange and cation 
exchange.

Ion exchange capacity. The amount 
of  ions that can be removed by a 

specific ion exchange resin.

Iron. A metallic element often found in 
water supplies that occurs in natural  
deposits in rocks and soil. Iron may be  
a component of  pipes and fixtures in 
household water distribution systems  
and, when present, may leach into drink-
ing water. Concentrations of  iron greater 
than 0.3 milligram per liter may give  
water a bitter, metallic taste; cause 
brown-orange stains on fixtures and 
laundry; discolor beverages; and result in 
red-brown sediment in dispensed water.  
The chemical symbol for iron is “Fe.” 

Iron bacteria. Bacteria that use iron as 
a source of  energy. Iron bacteria oxidize  
iron and form a slime that can accu-
mulate in water systems and plug wells,  
water treatment devices, and water dis-
tribution lines. Their presence can also  
result in discolored, or “rusty,” water.

L

Lead. A hazardous metal. Lead may be 
a component of  pipes, fixtures, and  
solders in household plumbing systems. 
When present, it may leach from house-
hold plumbing into drinking water. It  
may also be present in old paint. The  
chemical symbol for lead is “Pb.”

Leakage. An event that occurs when a 
water softener is not fully regenerated  
at the bottom of  the resin column; the  
result is that contaminants are de-
posited in the treated water when the  
device resumes functioning. See also re-
generation and resin.

Line-bypass. Describes a water treatment 
device that treats water diverted from the 
cold water line and supplies treated water 
through a separate treated water faucet. 
Such a device allows water to continue to 
flow through the water distribution system 
while the treatment device is being serviced. 
See also in-line and off-line.

Liter (L). A unit of  metric measure-
ment for volume; roughly equivalent  
to 1 quart or 0.25 gallon.
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M

Maximum Contaminant  Level  
(MCL). The maximum permissible 
concentration of  a contaminant in 
municipally supplied drinking water as 
established by the U.S. Environmental 
Protection Agency Primary Drinking 
Water Standards. See also primary drink-
ing water standards.

MCL. See Maximum Contaminant 
Level (MCL).

Mechanical filtration. A water treat-
ment process used primarily to re-
move sediment or iron, manganese, or  
sulfur particles. During mechanical 
filtration, water passes through a filter  
medium such as cloth or sand and  
particles become trapped either on the  
surface of  or within the medium. 
Mechanical filtration devices include 
cartridge sediment filters, media filters,  
multimedia filters, and precoat filters.

Media filter . A mechanical filter 
that consists of  a tank, a single filter 
medium, a support system, and an  
underdrain. Untreated water flows  
through the medium, which retains  
suspended solids that are too large to  
pass through the pore structure of  the 
medium. See also filter medium and 
mechanical filtration.

Medium. See filter medium.

Methemoglobinemia (also called 
Blue Baby Syndrome). A serious con-
dition affecting infants in which the  
oxygen-carrying capacity of  hemoglo-
bin is reduced as a result of  a reaction  
with nitrite. Nitrite can be formed from 
nitrate by intestinal bacteria. Infant  
hemoglobin is replaced by adult he-
moglobin, which is relatively immune  
to nitrite, by the age of  six months. 

Microbe. See microorganism.

Microbial. Relating to microorganisms.

Microbiologically unsafe water. Wa-
ter that is known to contain disease- 

causing bacteria, viruses, or other mi-
crobiological agents; shows a positive  
test for an indicator organism (coliform 
bacteria); or has been determined to  
be unsafe by an appropriate health or 
regulatory agency.

Micrometer. See micron.

Micron (same as micrometer). A lin-
ear measure equal to 0.00003937 inch  
or one millionth of  a meter. The symbol 
for micron is the Greek letter “µ” (pro-
nounced myoo). 

Microorganism (same as microbe). A 
simple organism with microscopic dimen-
sions. 

Milligrams per liter (mg/L). A unit of  
measure used to express concentration, 
usually in reference to a liquid. Milligrams 
per liter indicates the number of  milligrams 
(thousandths of  a gram) of  a contaminant 
(lead, for example) in 1 liter of  water. 
Milligrams per liter is equivalent to parts 
per million (ppm) when used with water 
quality parameters. See also parts per 
million (ppm).

Molecule. The smallest part of  a sub-
stance capable of  independent existence 
while retaining all of  the properties of  the 
substance. Molecules may be one atom or 
more than one atom.

Multimedia filter. A mechanical filter 
that consists of  a tank, several layers of  
different filter media, a support system, 
and an underdrain. Untreated water flows 
through the media layers; suspended solids 
are retained in the layers. See also filter 
medium and mechanical filtration.

N

Net available pressure. In reverse os-
mosis systems, the pressure available to  
push water across the membrane. The 
net available pressure is calculated by 
subtracting the osmotic pressure and 
the back pressure from the applied 
household water pressure. See also back 
pressure and osmotic pressure.

Neutralization. The addition of  an 
acid to a base or a base to an acid to  
produce a neutral solution. (Generally, 
neutral solutions are considered to have a 
pH of  7.) See also pH.

Nitrate. A common component of  
fertilizers that readily moves through  
the soil to groundwater. Excessive 
concentrations (greater than 10 mil-
ligrams per liter) in drinking water may  
cause health problems in infants. The 
chemical symbol for nitrate is “NO3

–.” 
See also methemoglobinemia.

Nitrate dumping. An event that oc-
curs when sulfate ions displace nitrate  
ions on an anion exchange resin. This  
may result in a nitrate concentration in 
treated water that is greater than that in 
untreated water. See also preferential 
treatment. 

O

Off-line. Describes a treatment device 
that is not connected to the water  
distribution system. Untreated water is 
added to the device manually. A countertop 
distiller is an example. See also in-line and 
line-bypass.

Oocyst. One stage in the life cycle of  a 
large class of  parasites.

Osmosis. Diffusion of  a solvent such as 
water through a semipermeable membrane; 
the membrane allows the solvent to pass 
but not most dissolved substances. See also 
reverse osmosis (RO).

Osmotic pressure. When two solutions 
of  differing concentrations are separated 
by a semipermeable membrane (one per-
meable to water but not most dissolved 
solids), the excess pressure applied to the 
higher-concentration side to prevent water 
from moving across the membrane. See 
also osmosis and reverse osmosis (RO).

Oxidation. A chemical reaction in which 
an atom, ion, or molecule loses one 
or more electrons. In water treatment, 
oxidation is used to precipitate dissolved 
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iron, manganese, and hydrogen sulfide  
so that they can be removed via mechanical 
filtration. See also precipitate.

Oxidizing agent. Any chemical ca-
pable of  oxidizing another substance.  
Oxygen, chlorine, and iodine are ex-
amples used in home water treatment.  
See also oxidation.

Ozone. An unstable form of  oxygen 
that occurs naturally in the upper  
atmosphere and can be created by  
exposing air or pure oxygen to elec-
tricity or ultraviolet light. In water  
treatment, ozone is a powerful oxidant 
and disinfectant. The chemical symbol  
for ozone is “O3.”

P

Parts per million (ppm). A unit of  
measure used to indicate the concentra-
tion of  chemicals or other substances.  
The following comparisons help put the 
unit in perspective: 1 part per million is 
roughly equal to one drop in 60 quarts  
of  water or one second in twelve days. 
Parts per million is equal to milligrams 
per liter (mg/L) when used with water 
quality parameters. See also milligrams 
per liter (mg/L).

Pathogen. A disease-causing microor-
ganism.

PCB. See polychlorinated biphenyl 
(PCB).

Peak demand. The flow rate neces-
sary to meet the expected maximum  
water use rate in a household. For instance, 
the flow rate needed when the washing 
machine, shower, and kitchen faucet are 
in use simultaneously.

Pellet dropper. A type of  chlorinating 
treatment device that is filled with solid 
pellets of  chlorine. The device periodically 
deposits pellets directly into a well, where 
they dissolve and form a chlorine solution.

Percent recovery. A term used to 
describe the amount of  water flowing 

into a reverse osmosis treatment de-
vice that ultimately exits the device as  
treated water. The percent recovery is  
calculated by dividing the volume of   
treated water by the volume of  un-
treated water that entered the device  
and multiplying by one hundred. See  
also reverse osmosis (RO).

Percent rejection. A term used to 
describe the amount of  a specific con-
taminant or total dissolved solids that a  
reverse osmosis treatment device re-
moves from water. The percent rejec-
tion is calculated by subtracting the  
concentration of  the contaminant in the 
treated water from the concentration in  
the untreated water, dividing by the  
concentration in the untreated water,  
and multiplying by one hundred. See  
also reverse osmosis (RO).

pH. A measure of  the alkalinity or 
acidity of  water. The pH scale ranges  
from 0 (extremely acidic) to 14 (ex-
tremely alkaline). A pH of  7 is neutral.  
The pH scale is a nonlinear scale such  
that pH 6 is ten times more acidic than  
pH 7, and pH 5 is one hundred times 
more acidic than pH 7. Technically,  
the pH defines the relative concentra-
tion of  hydrogen ions and hydroxide 
ions; as pH increases, the concentration  
of  hydroxide ions increases.

Phosphates. Compounds used to tie 
up, or render inactive, metals or min-
erals in water (for example, minerals  
that cause hardness). Phosphate use is 
banned in some states. The chemical 
symbol for phosphate is “PO4

3–.” See 
also algal bloom.

Physical treatment. A water treatment 
process that removes contaminants from 
water without the addition of  chemicals. 

Picocurie (pCi). A unit of  measure used 
to express radioactivity. 

POE. See point-of-entry (POE).

Point-of-entry (POE). A term that 
describes a device that treats all water 
entering a household.

Point-of-use (POU). A term that de-
scribes a device that treats water at a  
single tap or multiple taps but not water 
for the entire household. Point-of-use 
 devices are generally used to treat water 
used only for cooking and drinking.

Polychlorinated biphenyl (PCB). A 
hazardous environmental pollutant that  
has various industrial applications and  
tends to accumulate in animal tissues.

Pore size. In mechanical filtration sys-
tems, the space between media granules 
or fibers. The pore size determines what 
size particles a filter can retain and varies 
around an average value that depends  
on how the filter was manufactured.

Posttreatment. Installing a device af-
ter the primary treatment device in a 
water treatment system. An example of   
posttreatment is removing any lingering 
chlorine taste or smell after chlorination. 
See also pretreatment.

Potable. Describes water suitable for hu-
man consumption.

Potassium permanganate. A dry, 
purplish solid used as an oxidizing  
agent in water treatment. The chemical 
symbol for potassium permanganate is 
“KMnO4.” See also oxidation.

POU. See point-of-use (POU).

Precipitate. (verb) The formation of  a 
solid from a solution. (noun) A solid that 
has formed from a solution.

Precoat filter. A mechanical filter that 
consists of  a filter tank, powdered filter  
aid, and a porous membrane called  
the septum. Untreated water mixes  
with the filter aid and forms a filter cake 
that coats the septum. The filter cake traps 
suspended solids. See also filter aid and 
septum.

Preferential treatment. An event that 
occurs when untreated water contains 
several contaminants that are removable 
by a treatment device, but the device 
prefers one over another. For example, 
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an anion exchange unit prefers sulfate  
ions over nitrate ions, so sulfate ions are 
removed more readily when both ions  
are present in untreated water. 

Pressure drop. The difference in water 
pressure that occurs between the inlet 
and outlet sides of  a treatment device  
or between the outlet of  a treatment  
device and a faucet in the home.  
Excessive pressure drop causes decreased 
water flow at faucets.

Pressure filter. A filter such as a 
cartridge sediment filter or media filter 
that is installed in a pressurized home 
water distribution system. A pour- 
through countertop filter is not a pres-
sure filter.

Pretreatment. Installing a device be-
fore the primary treatment device to  
remove contaminants that might re-
duce the effectiveness or service life  
of  the primary device. Pretreatment may  
include removing suspended solids  
that could shield microorganisms from 
disinfection.

Primary drinking water standards. 
Drinking water standards set by the  
U.S. Environmental Protection Agency 
(EPA) for municipal water treatment  
facilities to regulate levels of  drinking 
water contaminants that affect human 
health. See also secondary drinking 
water standards.

R

Radon. A colorless, odorless gas that 
is a natural byproduct of  uranium decay 
and dissolves in groundwater. Radon is a 
health risk when inhaled. While it can enter 
the home environment by escaping from 
dispensed groundwater, it is a more serious 
danger when it enters the home as a gas 
through cracks in the foundation.

Regenerant. A concentrated solution 
that is passed through a treatment de-
vice to remove retained contaminants  
and restore the contaminant removal  
capacity. See also regeneration.

Regeneration. A maintenance pro-
cess that restores the contaminant 
removal capacity of  media. Regen-
eration may involve using a concentrated  
solution, termed the regenerant, that 
is passed through a treatment device 
to remove retained contaminants and 
restore the contaminant removal capac-
ity. Regeneration is sometimes mistak-
enly referred to as backwashing. See 
 also backwash and contaminant removal 
capacity.

Resin. A petrochemical shaped into 
small beads that exchanges unwanted 
ions in water with less objectionable ions. 
The exchange occurs in an ion exchange 
device such as a water softener or anion 
exchange unit.

Resin tank. The main component of  a 
water softener or demineralizer that con-
tains the ion exchange resin.

Reverse osmosis (RO). A process that 
uses applied pressure to reverse the flow 
of  water in the natural process of  osmosis. 
In reverse osmosis, water flows through a 
semipermeable membrane from a more 
concentrated solution to a more dilute 
solution. See also osmosis.

RO. See reverse osmosis (RO).

S

Sand. Soil particles between 50 and 2,000 
microns in diameter.

Secondary drinking water standards. 
Drinking water standards set by the U.S. 
Environmental Protection Agency (EPA) 
concerning drinking water contaminants 
that are not considered hazardous to hu-
man health but that affect taste, odor, or 
color or cause staining on plumbing fixtures 
or clothing. The EPA does not require 
compliance with these standards, but  
they are enforced by some state govern-
ments. See also primary drinking water 
standards.

Sediment. Eroded soil and rock mate-
rial.

Septum. A porous membrane in a 
precoat filter that can be fabric, bronze, 
stainless steel, or a wire-wrapped cyl-
inder. The septum supports the filter  
aid. See also precoat filter.

Sequestering agent. A chemical that 
“ties up” or combines with objection-
able substances in the water supply,  
thus minimizing their negative impact on 
water quality. 

Service flow rate. The volume of  
water that flows through a specific area  
of  a household water distribution system 
per minute, per hour, or per day. 

Silt. A soil particle having a diameter in 
the range of  2 to 50 microns. 

Soda ash. The common name for
sodium carbonate, a chemical com-
pound used to raise the pH of  acidic  
water to prevent corrosion. The chemi-
cal symbol for soda ash is “Na2CO3.” 
See also corrosion.

Sodium hydroxide (also called caus-
tic or lye). A white, brittle solid that is 
used to raise the pH of  acidic water in  
order to prevent corrosion. Sodium 
hydroxide is a hazardous chemical 
and must be handled and stored with 
care. The chemical symbol for sodium 
hydroxide is “NaOH.” See also corro-
sion.

Softening. The process of  exchang-
ing calcium and magnesium ions in  
water for sodium or potassium ions to  
prevent hardness. See also cation ex-
change and hardness.

Solvent. Any substance capable of  
dissolving another substance.

Submersible pump . A pump de-
signed to allow the motor to be sub-
merged in a well below the pump  
intake.

Superchlorination. A method of  chlo-
rination that produces a free chlorine 
residual of  3.0 to 5.0 milligrams per 
liter—approximately ten times higher 
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than the residual from routine chlorina-
tion. At this concentration, the neces-
sary contact time for disinfection is  
reduced and water has a very strong  
chlorine smell and taste that is usually  
removed with an activated carbon 
postfilter. See also contact time and 
free chlorine residual.

Surface area. The area of  filter mate-
rial that untreated water contacts. In a  
media filter, for example, the surface 
area includes the uppermost surface  
of  the filter media.

Suspended solids. Particles in water 
that may either be visible as individual  
particles or give water a cloudy ap-
pearance. Suspended solids include  
silt or clay; decayed plants or other  
organics; iron, manganese, or sulfur  
particles; and microorganisms. If  not 
removed, they may clog certain treat- 
ment devices or shield microorganisms 
from disinfection.

T

TDS . See total dissolved solids 
(TDS).

T H M s .  S e e  t r i h a l o m e t h a n e s 
(THMs).

Threshold-odor concentration . 
The minimum concentration of  an  
odorous substance that can be det- 
ected.

Tincture. A substance in a solution of  
alcohol.

Total acidity. A water quality param-
eter that measures the water’s ability to 
 neutralize alkalinity. It can be measured 
with a water test.

Total coliform. See coliform bacteria.

Total dissolved solids (TDS). A gen-
eral water quality parameter that is a 
measure of  the quantity of  dissolved 
organic and inorganic chemicals in  
water.

Toxic. Harmful to human or animal life. 
Toxic substances may cause health effects 
through chronic (long-term) consump-
tion of  small concentrations. Exposure to 
high concentrations may cause immediate 
health effects.

Trihalomethanes (THMs). Chemicals 
that form when naturally occurring organic 
materials combine with free chlorine. Hu-
mic acid from decaying leaves forms THMs 
when it reacts with chlorine. THMs are most 
common in surface water and are linked 
to increases in bladder and rectal cancers.

Turbidity. A measure of  the cloudiness or 
opacity of  water due to suspended solids. 
See also suspended solids.

U

Ultraviolet (UV) light. Radiation ranging 
from 60 to 390 nanometers in wavelength. 
Ultraviolet light has a shorter wavelength 
than visible light and a longer wavelength 
than x rays. At wavelengths between 200 and 
300 nanometers, it has a strong germicidal 
ability and is used to disinfect drinking 
water. Most UV lamps used in home water 
treatment produce light in the range of  
260 nanometers.

Unloading (same as dumping). The 
process by which contaminants are  
released from a treatment device into  
treated water. Unloading occurs when  
a device is allowed to operate beyond the 
point of  breakthrough and may result in 
a higher contaminant concentration in 
treated water than in untreated water. It 
is especially important in adsorption and 
ion exchange processes. See also break-
through.

UV. See ultraviolet (UV) light.

V

Venturi injector. A device used to 
add chemicals to a water supply. The 
device looks like a short length of  pipe 
that narrows significantly in the cen-
ter. As water passes through the nar-

row part of  the injector, a pressure 
 differential is created that draws the  
chemical into the water line.

Virus. One of  a group of  microscopic, 
self-reproducing organisms that infect 
humans, animals, and plants with disease. 
Viruses range from about 0.01 to 0.4 micron 
in diameter.

VOC. See volatile organic chemical 
(VOC).

Volatile. Readily vaporizable.

Volatile organic chemical (VOC). 
Chemicals that evaporate and may cause 
adverse health effects when inhaled. When 
water is contaminated with volatile organics, 
the chemicals may escape from the water, 
especially when it is heated, agitated, or 
sprayed as it is during cooking, in washing 
machines, or during showers.

Volatilization. Loss of  a substance through 
vaporization.

W

Water pressure. The pressure water is 
under as it moves within a household water 
distribution system.

Water softening. See softening.

Well screen. A filtering device used to 
keep sediment from entering a water well.

Z

Zeolite. A synthetic resin that is a crystal-
line formulation of  aluminates and silicates. 
Depending on how it is prepared, zeolite 
can be used either as an oxidizing agent or 
ion exchange resin.

Zone of  adsorption. In adsorption 
devices, the part of  the media col-
umn where adsorption is occurring. 
As upper parts of  the column become 
saturated with contaminant, the zone 
 of  adsorption migrates down the column. 
See also adsorption.
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