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Hi Danielle,

Sorry if you came by looking for me and | wasn't here. | apologize for being late this morning. | will stay
later this afternoon to make up for it. Jon is in San Diego at a conference for wark and | have fish duty.
Unfortunately, there was a major filtration problem in the tank with the hatching baby fish and | had to
figure out how to fix things.

Anyhow, attached below is a draft with only the major comments included. Once you have a chance to
look at this, we should probably meet up. | also want to talk to you about whether we should consider
including any of the other previous comments (either from Audrey's version, or the draft comments |
prepared on 1/6).

Major topics included in the comments below are:
Biofilms, Question 2, Footnote 3.

Question 19

Question 27

Question 27, Footnote 2 on nitrification

Secondary disinfection vs. disinfection residual
Organochloramine

Water chemistry vs. Water quality terminology correction
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BASIC INFORMATION ABOUT CHLORAMINES

1) What are chloramines?

Chloramines are disinfectants used to treat drinking water.

+ Chloramines are most commonly formed when ammonia is added to chlorine to
treat drinking water,

* The most typical purpose of chloramines is to protect water quality as it moves
through pipes.

» Chloramines provide long lasting protection as they do not break down quickly in
water pipes.

The different types of chloramines are monochloramine, dichloramine,,
trichloramine, and organochloramine.

¢ When chloramines are used to disinfect drinking water, monochloramine is the
most common form.

¢ Dichloramine, trichloramine, and organochloramine are produced when treating
drinking water but at much lower levels than monochloramine.

« Trichloramines' are typically associated with disinfected water used in swimming
pools.

The Environmental Protection Agency regulates the safe use of chloramines in
drinking water. *

« EPA requires water utilities to meet strict health standards when using
chloramines to treat water.

» EPA chloramines regulations are based on the average concentration of
chloramines found in a water system over time.

« EPA regulates certain chemicals formed when chloramines react with natural
organic matter® jn water.

Additional Supporting Information:

1.

Deliberative draft - do not cite or distribute

Trichloramine formation does not usually occur under nommal drinking water treatment
conditions. However, if the pH is lowered below 4.4 or the chlorine to ammonia-nitrogen
ratio becomes greater than 7.6:1, then trichloramine can form. Trichlormaine formation can
occur at a pH between 7 and 8 if the chloramine to ammonia-nitrogen ratio is increased to
15:1. Source: Optimizing Chloramine Treatment, 2™ Edition, AwwaRF, 2004

The drinking water standard for chloramines is 4 parts per million (ppm) measured as an
annual average. More information on water utility use of chloramines is available at
http://www.epa.gov/safewater/disinfection/index.html and in the 1997-1998 Information
Collection Rule, a national survey of large drinking water utilities for the Stage 2 Disinfection
Byproducts Rule (DBPR). Information on the Stage 2 DBPR is available at
hitp://www.epa.qgov/safewater/disinfection/stage2/.

More information on EPA's standard setting process may be found at:

http://www.epa.qov/OGWDW/standard/setting.html.
Natural organic matter is a complex mixture of compounds formed as a result of the
breakdown of animal and plant material in the environment; Source:

http://www.iwahg.org/templates/ld_templates/iayout 633184.aspx?0Objectld=661579,
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2) How long has monochloramine been used as a drinking water disinfectant?
How is monochloramine typically used? How many people/water utilities use
monochloramine?

Monochloramme has been used as a drinking water disinfectant for more than 90
years.'
% Monochloramine has been shown to be an effective disinfectant based on
decades of use in the U.S., Canada, and Britain.
& Monochloramine is usually used along with chlorine as part of the drinking water
treatment process.

& Monochloramine helps protect people from wateroorne diseases.”

Monochloramine is most often used to maintain water quality in the pipes.®
» Monochloramine provides long lasting protection of water quality.
&% Monochloramine is effective as a disinfectant because it does not dissipate as
quickly as chlorine.
» Monochloramine helps lower levels of potentially harmful regulated disinfection
byproducts compared to chlorine.

More than one in five Americans use drinking water treated with
monochloramine.
» Monochloramine use has increased in recent years due partly to new drinking
water regulations developed to limit certain disinfection byproducts.
» New drinking water regulations limit the concentration of 4pt:otentially harmful
disinfection byproducts that may occur in drinking water.
¢ Several large cities such as Denver and Philadelphia have been using
monochloramine as part of their treatment process for decades.

Additional Supporting Information:
1. For mors information on the history of drinking water disinfection visit;
h v/saf er/pdf/hist.pdf.
2, For more information on waterborne disease visit:
http://www.cdc.qov/neidod/diseases/list_ waterborne.htm.
Drinking water is treated before it is passed through the pipes, however, waler is not sterile and

can contain low levels of microorganisms that survive through treatment and distribution. Deleted: Continuous disinfection in
: : pr . T : " the distribution system controls the

Microorganisms can grow on pipe surfaces forming a thin biolilm layer. Cerain changes in growth of microbes and the

waler conditions or guality can cause portions of the bicfilm to be released from the pipe walls. development of biofilm. Drinking

When chioramines react with biofilms, the chloramines concentration decreases (also known as water in the distribution system is not

sterile, regardless of the degree to
which water Is treated. The water
contains microbes that survive the
drinking water treatment process and
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increased disinfection demand). In addition, microoraanisms in the biofiims may contribute to
corosion or nitrification reaclions and the release of contaminants such as nitrite, nitrate, and
lead into the water. See question 27 for additional information on contaminant release, biofilms,
and nitrification. Under some conditions, biofilms have been known to harbor microbes that

cause disease, especially in severely immunocompromised parsons. See Drinking Water form biofiims are typically hammless. |
Distribution Systems — Assessing and Reducing Risks—chapters 6 and 7, :‘;‘:"h; e nsowh ||
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BASIC INFORMATION ABOUT DRINKING WATER DISINFECTION

3) Why is drinking water disinfected? What is the difference between primary and
secondary disinfection? How is monochloramine used in a treatment plant?

Drinking water is disinfected to protect public health.'

« Prior to the widespread use of dlsmfectants many people became ill or died
because of contaminated water.”

» Disinfection reduces or eliminates illnesses acquired through drinking water.
&« EPA and CDC believe the benefits of drinking water disinfection outweigh the
potential risks from disinfection byproducts.

Primary disinfection kills or macrrvales bacteria, viruses, and other potentially
harmful organisms in drinking water.’

. Dlsm!ecuon prevents infectious diseases such as typhoid fever, hepatitis, and
cholera.”

~» Some disinfectants are more eﬁechve than others at inactivating certain
potentially harmful organisms.®

» Disinfection processes vary from water utility to water utility based on their needs
and to meet EPA treatment requirements. °

moves through pipes to consumers.
« Secondary disinfection maintains water quality by killing potentially harmful
organisms that may get in water as it moves through pipes.®
» Monochloramine is commonly used as a secondary disinfectant.
» Monochloramine may be more useful than chlorine in killing certain potentiall
harmful organisms in pipes such as those that cause Legionnaire's disease. ",

Additional Supporting Information:
1. Not all federally-regulated ground water utilities are required to disinfect their water. Regulatory
authorities work with utilities to decide if treatment is necessary.
2. See question 2 for additional history on drinking water disinfection.
3. Potentially harmful organisms include disease-causing bacteria, viruses, and protozoa. Chlorination
and chloramination are not effective at lnactwanng C:yp!ospondmm For information on alternative
disinfectants and other oxidants visit: Y imi#disi
4. For more information on these inlectlous diseases visit lhe following websites:
htip://www.cdc. gou!ngldod!dbmgdiseasemfoflmhoidfgvgr g.htm (for typhoid fever);
: e a6.htm (for hepatitis);
tigjlm cdc. ggv!ng;vg_d_fqmm@g §g_a§g Il;jmmnolerg gi.html (for cholera).

5. All utilities that use surface water are required to treat or remove 99.99% of viruses and also to fiiter
their water. However, some surface water systems may obtain waivers for filtration if the water comes
from a protected source. Surface water systems must also have a detectable disinfectant residual in their
distribution system. Ground water systems are only required to disinfect as necessary and are not
required to have a detectable disinfectant residual. Ground water systems that are found to be influenced
by surface water (for example, wells located next o rivers) are required to follow the treatment
requirements for surface waler. In addition, States may have more stringent treatment requirements and
may, for example, require all of their ground water systems to disinfect. For more information on EPA
surface water traalmenl requtremenls visit:

| men htm! and for information on requirements for ground water
systems wsn: h : I .epa.gov/ icinformation.html.

& For more information on Legionnaire’s disease visit http:/www.nlm.nih.gov/medlineplus.
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4) What disinfectants are available for drinking water?

Most water utilities use chlorine as a primary d.‘sinfectant because of its
effectiveness in killing potentially harmful organisms.'
% Chlorine is effective in killing bacteria, viruses, and other potentially harmful
organisms in water.
s One disadvantage of chlorine is it can react with natural organic matter” present
in water to form potentially harmful disinfection byproducts.
s Water utilities sometimes use chlorine several times during treatment because
the initial dose loses its effectiveness over time.

Monochloramine is commonly used as a secondary disinfectant to protect the
water as it travels from the treatment plant to consumers.
« Monochloramine is effective in killing bacteria, viruses, and other potentially
harmful organisms but takes much longer to act than chlorine.
e One disadvantage of monochloramine is it can react with natural organic matter
present in water to form potentially harmful disinfection byproducts.
« Monochloramine is more chemically stable than chlorine, which makes it longer
lasting and an effective secondary disinfectant.

Water utilities may use ozone, UV light, or chlorine dioxide as primary
disinfectants in the treatment plant.
w» Ozone, UV light, and chlorine dioxide are effective in killing bacteria, viruses, and
other potentially harmful organisms in water at the treatment plant.
» One disadvantage of ozone, UV light, and chlorine dioxide is they do not provide
protection as water travels through pipes.
o Either chlorine or monochloramine must still be used jn addition to any primary
treatment process to protect the quality of treated water as it travels from the
treatment plant to the customer.

Additional Supporting Information:

See question 3 for a discussion of primary and secondary disinfectants. See questions 5 and 6
for a specific discussion of chlorine and monochloramine as a primary and secondary
disinfectant.

1. Potentially harmful organisms include disease-causing bacteria, viruses, and protozoa.
Chlorination and chloramination are not effective at inactivating Cryptosporidium.

2. Natural organic matter is a complex mixture of compounds formed as a result of the
breakdown of animal and plant material in the environment. Source:

http://iwww.iwahag.org/templates/ld_templates/layout 633184. aspx?Obijectid=661579.

L
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5) How effective is monochloramine vs. chlorine as a primary disinfectant?

Monochloramine can be an effective primary disinfectant in limited situations.
« Monochloramine takes much longer than chlorine to kill most potentially harmful
organisms.'
» Monochloramine can be used as a primary disinfectant but the amount of time
needed for treatment makes it impractical for most utilities.
« But because it is longer lasting than chlorine, monochloramine is often used as a
secondary disinfectant.

Chlorine is a very effective primary disinfectant.
« Chlorine is very effective at killing most potentially harmful organisms.”'
« Chlorine kills most potentially harmful organisms quickly.
« Chlorine is the most frequently used primary disinfectant of drinking water.

A combination of disinfectants is often used for primary disinfection.
» Primary disinfection usually consists of multiple disinfection steps that may start
as the water enters the treatment plant.
« When used as a primary disinfectant, monochloramine effectiveness is increased
by combining it with other disinfectants.
« The choice of which combination of disinfectants to use varies from water utililx
to water utility based on their needs and to meet EPA treatment requirements.

Additional Supporting Information:

See question 3 for a discussion of primary and secondary disinfectants.

1. Potentially harmful organisms include disease-causing bacteria, viruses, and protozoa.
Chilorination and chloramination are not effective at inactivating Cryptosporidium.

2. All utilities that use surface water are required to treat or remove 99.99% of viruses and also
to filter their water. However, some surface water systems may obtain waivers for filtration if the
water comes from a protected source. Surface water systems must also have a detectable
disinfectant residual in their distribution system. Ground water systems are only required to
disinfect as necessary and are not required to have a detectable disinfectant residual. Ground
water systems that are found to be influenced by surface water (for example, wells located next
to rivers) are required to follow the treatment requirements for surface water. In addition, States
may have more stringent treatment requirements and may, for example, require all of their
ground water systems to disinfect. For more information visit:
hitp://www.epa.gov/safewater/mdbp/implement.html and for information on requirements for
ground water systems visit:

hitp:// .epa. fewater/disinfection/qwr/basicinformation. html.
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6) How effective is monochloramine vs. chlorine as a secondary disinfectant*?

Both chlorine and monochloramine are effective secondary disinfectants.’
¢ Both chlorine and monochloramine protect the quality of treated water as water”
travels through pipes.
s Both chlorine and monochloramine produce disinfection byproducts, some of
which are harmful to human health.
s EPA and CDC believe the benefits of drinking water disinfection outweigh the
potential risks from disinfection byproducts.

Monochloramine has several advantages over chlorine as a secondary
disinfectant,
& Monochloramine is more chemically stable than chlorine.
¢ Monochloramine produces fewer potentially harmful regulated disinfection
byproducts than chlorine.?
¢ Monochloramine is longer lasting than chlorine offering continued disinfection,
and making it useful for killing certain harmful organisms found in pipes such as
those that cause Legionnaires’ disease. *

The choice of which secondary disinfectant to use varies from water utility to
water utility based on their needs.
s Regulatory agencies and water utilities work together in selecting primary and
secondary disinfectants. '
e Regulatory agencies and water utilities balance a wide range of factors in
deciding which disinfectant to use. °
s Either chlorine or monochloramine are used as secondary disinfectants by water
utilities.

Additional Supporting Information:

1. See question 3 for a discussion of primary and secondary disinfectants. See questions 17
and 18 for advantages and disadvantages in monochloramine use.

2. See question 2 for a more information about protecting the quality of water as it travels
through pipes

3._EPA has enforceable regulations to limit occurrence of disinfection byproducts in drinking
water for a group of four total trihalomethanes (TTHMs): (chloroform, bromodichloromethane
(BDCM), dibromochloromethane (DBCM), and bromoform), a group of five haloacetic acids
(HAAS) (monochloroacetic acid (MCA), dichloroacetic acid (DCA), trichloroacetic acid (TCA),
monobromoacetic acid (MBA), and dibromoacetic acid (DBA)), and the individual byproducts
chlorite and bromate. The maximum contaminant levels for these disinfection byproducts are:
TTHMs (0.080 mg/L), HAAS (0.060 mg/L), chlorite (1.0 mg/L), bromate (0.010 mg/L). See Stage
2 Disinfection Byproducts Rule (71 FR 388, January 4, 2006) for more information on
disinfection byproducts and discussion of uncertainties, http:/www.epa.qov/fedrgsti/EPA-
WATER/2006/January/Day-04/w03.pdi.

4. For more information on Legionnaire's disease visit www.nlm.nih.gov/medlineplus.

5. Factors include the type and condition of source water, how much water needs to be treated,
complexity of operation, etc. Guidance manuals are available at:
http://www.epa.gov/safewater/disinfection/stage2/compliance.html. Hard copies are available by
ordering publications through EPA's Water Resource Center (phone: 202-566-1729).
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WATER SYSTEMS, DISINFECTION BYPRODUCTS, AND THE USE OF
MONOCHLORAMINE

7) Why are disinfection byproducts a public health concern?

Drinking water research indicates that certain byproducts of water disinfection
have the potential to be harmful.'
s Some research indicates that certain byproducts of water disinfection are linked
to increases in cancer incidence, including bladder cancer.
+» Some research indicates that certain byproducts of water disinfection can be
linked to liver, kidney, central nervous system problems, and reproductive
effects.
» Some research indicates that certain byproducts of water disinfection can be
linked to anemia. ®

Assessments of the risks of water disinfection can be highly uncertain.
« Scientists from many organizations conduct research on the effects of
disinfection byproducts.
» In some cases research results are contradictory; some studies show links to
adverse health effects and others do not.
» Regulatory documents describe the uncertainties in risk assessments of
disinfection byproducts.'

The Environmental Protection Agency considers risk and uncertainty in
establishing regulations for water disinfection.
& Regulators weigh the public health benefits of disinfection against the risks of the
potentially harmful disinfection byproducts.®
» EPA sets limits for certain disinfection byproducts which are linked to health
effects such as bladder cancer.’

» EPA and other organizations continue to conduct research on disinfection
byproducts.

Additional Supporting Information:

1. EPA has enforceable regulations to limit occurrence of disinfection byproducts in drinking
water for a group of four total trihalomethanes (TTHMs) (chloroform, bromodichloromethane
(BDCM), dibromochloromethane (DBCM), and bromoform), a group of five haloacetic acids
(HAAS) (monochloroacetic acid (MCA), dichloroacetic acid (DCA), trichloroacetic acid (TCA),
maonobromoacetic acid (MBA), and dibromoacetic acid (DBA)), and the individual byproducts
chlorite and bromate. The maximum contaminant levels for these disinfection byproducts are:
TTHMs (0.080 mg/L), HAAS (0.060 mg/L), chlorite (1.0 mg/L), bromate (0.010 mg/L). See Stage
2 Disinfection Byproducts Rule (71 FR 388, January 4, 2006) for more information on
disinfection byproducts and discussion of uncertainties, hitp://www.epa.aov/iedrgstr/EPA-

WATER/2006/January/Day-04/w03.pdf.
2. For more information on anemia and disinfection byproducts visit

htip://www.epa.qov/ogwdw/hfacts.html.

3. Also see question 8 for a discussion of how the regulated disinfection byproducts serve as
indicators of other disinfection byproducts.

Deliberative draft — do not cite or distribute i |



8) How does EPA regulate disinfection byproducts (DBPs)?

EPA uses the presence of regulated d:smfectlon byproducts as indicators of the
presence of other disinfection byproducts.’
¢ EPA sets limits for two individual and two groups of disinfection byproducts
(DBPs)? that are linked to health problems.
o Disinfectants react with natural organic matter® to produce disinfection
byproducts, some of which are of health concern.
e Recent EPA drinking water regulations require water utilities to reduce the
concentrations of particular disinfection byproducts.'

Water utilities must test water regularly to make sure regulated disinfection
byproducts are within EPA limits,
s EPA recently strengthened regulatory limits for certain disinfection byproducts.?
s Regardless of the disinfectant used, the types and concentrations of disinfection
byproducts will also vary from day-to-day and among utilities.
¢ The concentration and type of disinfectant byproducts depends on many factors,
including source water type, water temperature, the levels of natural organic
matter in the water as well as the amount and type of disinfectant used.

EPA conducts research to better understand disinfection byproducts in drinking
water.
s EPA scientists coordinate their research on disinfection byproducts with
scientists from many organizations.
e Scientific studies are focused on identifying disinfection byproducts that may
need to be regulated.’
o EPA scientists and decision makers review regulatmns of disinfection byproducts
every six years to determine if they need to be revised.”

Additional Supporting Information:

1. EPA has enforceable regulations to limit the occurrence of disinfection byproducts in drinking water for
a group of four total trihalomethane (TTHMs) (chloraform, bromadichloromethane (BDCM),
dibromochloromethane (DBCM),, and bromofarm), a group of five haloacetic acids (HAAS)
(monochloroacetic acid (MCA), dichloroacetic acid (DCA), trichloroacetic acid (TCA), monobromoacetic
acid (MBA), and dibromoacetic acid (DBA)), and the individual byproducts chlorite and bromate. The
maximum contaminant levels for these disinfection byproducts are: TTHMs (0.080 mg/L), HAAS (0.060
mg/L), chlorite (1.0 mg/L), bromate (0.010 mg/L). See Stage 2 Disinfection Byproducts Rule (71 FR 388,
January 4, 2008) for more information on dasmfecﬂon byproducts and dlscussmn of epldemlologlcal data
on chlorinated water exposure and cancer, 2 - R/2

04/w03.pdf. TTHMs and HAAS typically occur at higher Ievels lhan other known and unknown
disinfectant byproducts. The presence of TTHMs and HAAS is representative of the occurrence of many
other chlorinated disinfectant byproducts; thus, a reduction in TTHMs and HAAS generally indicates a
reduction of other types of disinfectant byproducts.

2. The two groups are total trihalomethanes and haloacetic acids. The two individual DBPs are chlorite
and bromate.

3. Natural organic matter is a complex mixture of compounds formed as a result of the breakdown of
animal and plant material in the environment. Source:
hitp://www.iwahgq.org/templates/id_templates/layout_633184.aspx?0bjectld=661579.

4. See the Contaminant Candidate List online at hitp:/www.epa.qovw/OGWDW/ccl/ccl3.html for
conlaminants EPA proposes to review.

5. EPA scientists consider new disinfection byproducts research as part of the six year review process.

For information on the six year review process visit: hilp:/epa.gov/safewater/review.html.
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9) How do the kinds and concentrations of disinfection byproducts formed by
monochloramine compare to those formed by chlorine?

Water treated with chlorine and monochloramine contain different types and
concentrations of disinfection byproducts.
+» Compared to chlorine, water treated with monochloramine contains fewer
regulated disinfection byproducts that have been linked to human health
problems.
s The formation of disinfection byproducts is influenced by source water type and
the type of disinfectant used.
s Formation can vary daily with the amount of natural organic matter in the water,
temperature, rainfall, and distance from the treatment plant or other factors
influencing water quality.

Compared to chlorine, water treated with monochloramine contains lower
concentrations of regulated disinfection byproducts.'
» Compared to chlorine, water treated with monochloramine contains lower
concentrations of the two major types of regulated disinfection byproducts.'
¢ Compared to chlorine, water disinfected with monochloramine contains fewer
regulated disinfection byproducts linked to bladder cancer.
+» Regardless of the disinfectant used, the types and concentrations of disinfection
byproducts will vary from each utility and also from day-to-day.

Compared to chlorine, water treated with monochloramine may contain higher
concentrations of unregulated disinfection byproducts.®
o EPA scientists are currently studying the unregulated disinfection byproducts®
that form in water treated with monochloramine.
» Compared to chlorine, water treated with monochloramine may contain different
unregulated disinfection byproducts than chlorinated water.
s EPA and other organizations continue to conduct research on unregulated
disinfection byproducts.’

Additional Supporting Information:

1. TTHM and HAAS are the regulated disinfection byproduct groups that form at lower
concenirations with monochloramine. See question 7 for more information about TTHM and
HAAS. See question 18 for more information about unrequlated DBP research.

2. Examples of these unregulated disinfection byproducts include nitrosamines (including
nitrosodimethylamine, NDMA), iodo-trihalomethanes, and iodo-acids. See question 7 for
additional detail on disinfection byproducts. For more information about EPA research on
unregulated disinfection byproducts see guestion 19. Specific information on NDMA can be
found at

http://www.epa.gov/tio/download/contaminant focus/epa542£07006.pdf

Deliberative draft — do not cite or distribute 0



10) Why are water utilities switching to monochloramine?

New EPA regulations reqmre water utilities to reduce levels of regulated
disinfection byproducts.
¢ Water utilities are required to comply with EPA’s revised regulations.
¢ Water utilities are assessing if they need to make changes to comply with revised
EPA regulations.?
¢ To meet the new regulations, a subset of utilities has decided to change their
secondary disinfectant from chlorine to monochloramine.

Water treated with monochloramine contains reduced levels of regulated
disinfection byproducts compared to water treated with chlorine.’
s Monochloramine produces lower concentrations of regulated disinfection
byproducts because it is less reactive than chlorine with natural organic matter.®
¢ The formation of disinfection byproducts is influenced by source water type and
the type of disinfection used.
e Formation can vary daily with the amount of natural organic material in the water,
temperature, rainfall, and distance from the treatment plant or other factors
influencing water quality.

Water utilities switching from chlorine to monochloramine report fewer consumer
concerns about water quality.
s Water utilities switching from chlorine to monochloramine report fewer consumer
| concerns about the taste of water.”
» Water utilities switching from chlorine to monochloramine report fewer consumer
concerns about odor.*
» Consumers may still notice a chlorine smell when utilities use monochloramine.”

Additional Supporting Information:

1. See Stage 2 Disinfection Byproducts Rule (71 FR 388, January 4, 2006) for more Information
on disinfection byproducts and discussion of epidemiological data on chlorinated water
exposure and cancer, hitp:/www.epa.qov/iedrastr/EPA-WATER/2006/January/Day-04/w03.pdf.
2. See question 11 for additional ways utilities could comply.

3. Natural organic matter is a complex mixture of compounds formed as a result of the
breakdown of animal and plant material in the environment; Source:

4. Cerain home drinking water treatment systems and filters can reduce or eliminate chlorine

‘ http://www.iwahg.org/templates/ld templates/layout 633184.aspx?Objectld=661579

taste and odog See guestion 29 for more specific information about these devices. - - { Deleted:
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11) Other than chlorine and monochloramine, what options could water utilities
consider to reduce the levels of disinfection byproducts?

Water utilities have several options for reducing disinfection byproducts other
| than chlorine and monochloramine.’
¢ One option for reducnng disinfection byproducts is to reduce the amount of time

| water spends in pipes, - { Deleted: '
« One optton for reducing disinfection byproducts is to use ozone or ultraviolet (UV)
i L s e S { Deleted:*
s One optlon for reducung disinfection byproducts is improved filtration to reduce -
| natural organic matter jn water that react with disinfectants to form byproducts,” - { Deleted: materials
‘[Dalebad: ’

The options for reducing disinfection byproducts have disadvantages.
~ Better system management to reduce the amount of time water spends in pipes

I or improved filtration methods may still not be enough to reduce regulated . - {Deleted:
byproduct levels.
e Ozone, UV and some improved filtration processes require a high level of
sophistication, expertise, and management skills to operate successfully.
« One disadvantage of ozone and ultraviolet (UV) light is they require the
installation of new and expensive technology, making it impractical for many
utilities.

Utilities must still use chlorine or monochloramine to protect drinking water from
harmful organisms in pipes.

« The major disinfection alternatives to chlorine and monochloramine can reduce
the formation of some disinfection byproducts but can increase the production of
others.

e The major treatment alternatives for reducing disinfection byproducts do not by
themselves provide adequate protection for drinking water as it moves through
water pipes.

« EPA Is encouraging water utilities to cons:der a full-range of alternative

| technologies and operational practices” for reducing disinfection byproducts. - { Deleted: practices’

Additional Supporting Information:

1. Guidance manuals are available at:
http://www.epa.qov/safewater/disinfection/stage2/compliance.html. Hard copies are available by

ordering publications through EPA's Water Resource Center [phone: 202-566-1729), - | Deleted:

2. Certain regulated disinfection byproducts will increase over time as water continues to react
with natural organic matter. Natural organic matter is a complex mixture of compounds formed
as a resuit of the breakdown of animal and plam material in the environmenl Source:

3. UV is effective at inactivating disease-causing protozoa such as Cr]._fp:ospond:um | peleted: 2

4, In some cases, natural organic matter (precursors to DBP formation) can be removed. . =1 Detetad: 3

Romoval technologies include nanofiltration, enhanced coagulation, granular aclivated carbon, k™ ==

enhanced coagulation, or ozone followed by biologically active filtration, - | Deleted: through enhanced
coagulation and fillration with can

also control DBP formation.
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