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BASIC INFORMATION ABOUT CHLORAMINES  tali t i  

1) What are chloramines? 

most common form. 
Dtohtotamtne&hf~~i~m@g, . " - A  areproduced - - - - + - - - - - - - + - -  when treating. - - 
drinking water but at much lower ieveis man monochloramlne. 
~richlbramlnes~ are typically associated with (lisintected water useid in SHimmtng '- 
pools. 

The Entfironmental Protection A w c y  wguhfas We safe use of chforamines in 
drinking water. ' 

ERA requireswater utilities to meet strict health standards when using 
chloramlnes to treat water. 
EPA chloramines regulations are based on the average concentration of 
chloramlnes found In a water system over time. 
EPA regulates certain chemicals formed when chloramines react with natural 
organio man w^er.-+- --- ---- -- ----- - - - - - - -  ---- - ^  Â *--'{Â¥- -1 



2) How long has monochloramlne been used as a drinking water disinfectant? 
How is monochloramfne typically used? How many peopletwater utilities use 
monochloram he? 

Monuchloramine has been used as a drinking water disinfectant for more than 90 
yearag 

Monochloramlne has been shown to be an effective disinfectant based on 
decades of use in the US., Canada, and Britain. 
Monochloramine is usually used along with chlorine as part of the drinking water 
treatment process. 
Monochloramine helps protect people from waterborne diseases2 

Monochloramlne 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. 

1 1  I 

New drinking water regulations limit the concentration of otentially harmful 
disinfection byproducts that may occur in drinking water. p 

4 Several large citles such as Denver and Philadelphia have been using 
monochloramlne as part of their treatment process for decades. 

Additional Supporting Information: 
1. For more information on the history of drinking water disinfection visit: 

h ~ : / ~ , ~ ~ v / s a f e w a t e r / m n a u ~ ~ h i ~ . ~ d f .  
2. For more information on waterborne disease visit: 
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BASIC IN FORMATION 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 disinfectants, . - - -  many people became ill or died 
because of contaminated water, 
Disinfection reduces or eliminates illnesses%quired through drinking water. 
â‚¬ and CDC believe the benefits of drinking water disinfection outweigh the 
potential risks from disinfection byproducts. 

Primary disinfection kills or Inactivates bacteria, viruses, and other potentially 
harmful organisms In drinking water? 

Disinfection prevents infectious diseases such as typhoid fever, hepatitis, and 
cholera. 
Some disinfectants arb more effective 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. 

I -0ndaw d i ~ ~ n f = t m P ! ? ~ ! & ! ~  !~~~ e!& mmv! ~ ~ - @ ~ - W ! w C  - 

moves through pipea 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 
Monochloramlne may be more useful than chlorine in killing certain potential! ^ 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 disinkct 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. Poten8ally harmful oiganlsms include disease-causing bacteria, viruses, and protozoa. Chlorination 
and chforamtnatfon are not effective at inactivating Cryptospoffdium. For infonnation on alternative 
disinfectants and other oxidants vlsi 
4. For more informalion on these In 
p r n J i m . W . a w ~ 8 e ~ i ~  ahm (for 6hok-J fever); 

a6.htm (for hepatitis); 
listimdchdara a i - ~  (hi M&. 

5. MI Utilities that use surface water am required to treat or remove 99-99% of viruses and also to filter 
their water. However, some surface water systems may 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 reqiared to disinfect as necessary and are not 
required to have a detectable disinfectant residual. Ground water systems thai are found to be influenced 
by surface water (for example, wells located next to rivers) are required to follow the treatment 
reqiOTements for surface water. In adcfitkm, 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 treatment requirements visit 



4) What disinfectants are available for drinking water? 

Most water utitfths use chlorine as a primary disinfectant because of its 
effectiveness in killing potentially harmful organisms.' 

Chlorine is effective in killing bacteria, viruses, and other potentially harmful 
organisms in water. 
One disadvantage of chlorine is it can react with natural organic matte? present 
in water to form potentially harmful disinfection byproducts. 
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 - , . - -[ M- * A. -- 
- .  

- ,  

water as ft trawls 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, 
One disadvantage of monochloramlne 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 utjiitses may use ozone, W fight, or chlorine dioxide as primary 
disinfectants In the treatment plant. 

Ozone, UV light, and chlorine dioxide are effective in klUing 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. 
Either chlorine or monochloramine must still be used II~ primary A w 

- 1- treatment process to protect the quality of treated wa from the weted: 

treatment plant to the customer, 

Additional Supportf ng Information: 
See question 3 for a discussion of primary and secondary disinfectants. See questions 5 and 6 
for a specific discussion of chlorine and monochtoramine as a primary and secondary 
disinfectant 
1 . Potentially harmful organisms include dlsease-causing bacteria, viruses, and protozoa. 
Chlorination and chioraminatton are not effective at Inactivating Cryptosporidlurn, 
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.~oy~:- . . - - - - 

. . -  - . - . - - - - - - _ - - - - - - 2 . . . - - - - - - . - - -  

eaidual. 
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5) How affective Is monochloramine us. 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 disinfectonte 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 utilit 
to water utility based on their needs and to meet â‚¬ treatment requirements. 1 

Additional Supporting Infomalion: 
See question 3 for a discussion of primary and secondary disinfectants. 
1. Potentially harmful organisms include disease-causing bacteria, viruses, and protozoa. 
Chlortnatfon and chloraminatton are not effective at inactivating Cryptosporidlum. 
2. AH 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 treatmmt requirements and may, for example, require all of their 
ground water systems to disinfect. For more Information vlslt: 
hflw-- and for infometion on requirments for 
ground watar systems visit: 
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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 water2 
travels through pipes, 
Both chlorine and monochlomine produce disinfection byproducts, some of 
which are harmful to human health. 
EPA and GDC believe the benefits of drinking water disinfection outweigh the 
potential risks from disinfection byproducts. 

Monochiommine has several advantages over chlorine as a secondary 
disinfectant. 

Monochloramine is more chemically stable than chlorine. 
Monochloramine produces fewer potentially harmful regulateddisinfection 
byproducts than ch~orine.~ 

4 Monochloramlne 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. 

Regulatory agencies and water utilities work together in selecting primary and 
secondary disinfectants. ' 
Regulatory agencies and water utilities balance a wide range of factors In . . 
deciding which disinfectant to use. 
Either chlorine or monochloramine are used as secondary disinfectants by water 
utilities. < 

Additional Supporting 1nfoAa tion: 
1 I. 98e question 3 for a discussion of primaty and se~mdaty dls ln fec ta~ .~e -e -qu~e~~q~~  17 - - - - - - 

and 18 for advantages and disadvantages In monochlciramine use. are also known os residual 
dialnfectettte. 2. See question 2 for a more information about protecting the quality of water as it travels - 

through pipes 
1 3__EPA has enforceable regulations to limit occurrence of disinfection byproducts in drinking 

water for a group of four total trihalomathanes (TTHMs): (chforofom, bromodichloromethane 
(BOCM), dibrornochtoromethane (DBCM), qnd bromofom), a group of five haloacetic acids 
(HAAS) (monochloroacattc acid (MGA), dichloroacetic acid (DGA), trichioraacetic acid fTCA), 
rnonobfomoacetic acid (MBA), and dibromoacelic acid (DBA)), and the individual byproducts 
chlorite and bromate. The maximum contaminant levels for these disinfection byproducts are; 
TTHMs (0.060 mg/L), HAA5 (0.060 mg/L), chlorite (1.0 mgIL), brornate (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, ~ . e m - : m v f l a ~ / E P A -  
WATER/SMe/Jaauaiy/Dav-M/wo&Ddf. 
4. For more information oh Legionnaire's disease visit www.nlm.nih.aovfmedllnffl3lus. 
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.eua.mv/saf 6water/disinfectioJi/staae2/com~ll^ic@. html. Hard copies are available by 
ordering publications through EPA's Water Resource Center @hone: 202-566-1729), 
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WATER SYSTEMS, DISINFECTION BYPRODUClS, AND THE USE OF 
MQIWCHLOWINE. :4,, , 

7) Why are di~infectlon byproducts a public heahh concern? 

Drink@ water research indicates that c8mtt-1 bypmducts of water disinhtlon 
have the poMntid to be harmful: 

Some research lndlcates that certain byproducts of water disinfection are llnked 
to increases in cancer incidencej including bladder cancer. 
Some research Indicates that certain byproducts of water disinfection can be 
linked to liver, kidney, central nemus system problemsj and reproductive 
effects. 
Some resemh Indicates that wtain byproducts of water disinfection can be 
linked to anemia. * 

A~essment8 at the d u b  of water didnfwtbn can be Mghly uncertain. 
a Scientists from many organimtions conduct r e s w c h  on the effects of 

dishfectlon bypmducts. 
In some cases mearch results are contradictory; some studies show links 10 
adverse health effects and others do not. 
Regulatory dmmwnts describe the uncertainties in risk assessments of 
disinfection byproducts.' :, ,; . 

The Envimnmentat Pmtec~m Agency cunsidem risk and uncertainty in 
es?ablishhg reg& tIon8 for water di&nfectiun. 

Regulators weigh the public health benew of disinfection against the risks of the 
potentially hmnful disinfecth bypmduds? 
EPA sets limlts for ceflah disinfection bypmducts which are linked to health 
effects such as bladder cancer.' 
EPA and other organizations continue to conduct research on disinfection 
byproduck 

Ad~tional Supporting lnfortnatlon: 
I .  EPA has enforceable regula~lons to Ilmh occurrem of dishfaon byproduck In drinking 
water for a group of four total trihatomethams (7THMs) (chlomfom, bmdi&loromethane 
{BDCM), dlbrom~hloromethane (DBCM), and hmofom), a p u p  ~f f I v ~  hatoacetic adds 
(HAA5) (rnoncchlom~~lc add (MCA), dich[oroac%tb acid {DCA), trlchlomcetic wid (TCA), 
monobromoacetic acid (MM), and dlbromawtic acid (DBA)), and the indiiidua1 byproducts 
chlorite and bmmate. The maxlmum contaminant levels forthem disinfdon byp~oducts are: 
ITHMs (0.080 mgk), HAA6 (0.060 m@), chlorite (1.0 m a ) ,  b m m b  (0.010 rn@L). See Stage 
2 Dkdnfection Byproducts Rule (71 FH 383, January 4 - 2 0  for m e  infomation on 
disinfaction byproducts and dkussion of mcertaint-w, -- 
-. 
2, For more informatbn on a n d a  and d~~~ bypmdms visit 
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* I 

8) Haw does â‚¬ regulate disinfection byproducts (DBG)? 

EPA uses the presence of regulated disinfection byprducte lie indicators of the 
pmaence of other dlalnfection byproductit.' 

â‚¬ sets limits for two intiikiual and two groups of disinfection b~mdbcts ' 4  u 6 r  

(DBPS)' that are linked to health prob!ems. 
Disinfectants react with natural organic mattep to produce disinfection 

0 

bpr~dUCt~, some of which are of health concern. 
Recent EPA drinking water regulations require wte; utilities to reduce the 
concentrations of parficular disinfeclion byproducb. 

Water Mlities must f#8t wahr mguiarly to ma& sum reguiated di8inMon 
byproduct$ rn withh EPA limits. 

EPA recently strenglhend regula!ory ilmlis for cettain disinfection byprodude? 
Regardless of the disinfectant ueed, the types and concentrations of disInfeetlm 
byproducts will also vary from day-to-day and ammg utitlt~es. 

rn The concentration and type of disinfectant byproducts  depend^ 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. 

â‚¬ conducts msetmh to better understand disirtfection byproduct8 in drinklng '' 
water. .+ ? A,,\ 

EPA scieniists coordinate their research on disinfection byproducts with 
scientists from many organizations. 4 I 
Scientific studies are focused on identifying dhinfectim byproducts that may 1 

- 1 
need to be regulated! 

4 EPA scientists and decision makers review regulations of dishiection byproducts 
every six pars to determine if they need to be revised? 

I .' 



0) How do the kinds and concentration8 of disinfection byproducfs formed by 
mmochloramine cornpara to those formed by chiorhe? 

Water mated Wh chlodne a d  momchloramhe conhim d m m t  t y p  and 
concentmtims of d ~ 6 ~ ~ t i o n  b y p t u d u ~ ,  

Compared to chlorine, water treated with monochlwamine contains fewer 
regulated disinfection byproducts that have been linked to human health 
problems. 
The formation of disinfection byproducts is influenced by source water type and 
the type of dlslnfectmt used. 
Formation can vary daily with the amount of mlud organic matter in the water, 
temperature, rainfall, and distance from the treatmnt plant or other factors 
influencing water quality. 

Compared to c h h h ,  wtar fmated with rnonochloramim contain8 lower 
con#ntr&tions of regulated d ; & h h ~ t h  byproducts? 

Compared to chlorine, water treated with rnonochlommlne contains lower 
concentrations of the two major types of regulated disinfection byproducts. ' 
Compared to chlodne, water disinfected with mochioramine contains fewer 
mgula&d disinfeciim byproducts linked to bladder cancer. 
Regardless of the dishfedant used, the types and mhcentrations of disinfection 
byproducts wil vav from each utility end also from day-to-day, 

Cornpard to cMorine, wabr m t e d  wkh tnonmhioram$e may cmhh higher 
comentrdons of unmguiated d ~ s i ~ ~ ~ k f o r ~  byproducts 

EPA scientists are cumnlly studying the unr@afed disinfection bypmduck2 
that form In water treated with monochiornine. 
Compared to c M o ~ ~ ,  water treated with momchloramine may contain diierent 
unregulmd disinfection byproducts than chlorinated water. 
EPA and othar organizations continue to condtjgt research on unregulated 
disinfection byproducts? 

Addi#onal Suppotting Inhrmalion: 
I. ITHM and HAA5 ara the regulatd didnfectim byproduct groups that form at lower 
concentrations WI monachlomine Sea questh 7 for more infomailon abut lTHM and 

1 HM5. 
2. Examples of these unregulated disinfection byproducts hlude nitmamines finciudn~ 
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Naw â‚¬ m g u ~ ~ s  y u h  water uiil l th to Mum levds of reguht0d 
dis~nfmtbn byproduct&. 

Water utilities am mquited to comply with â‚¬P n v k d  regulattons. 
Water utilitiis are assessing if they need to make changes to comply with revised 
EPA regu~adons? 
To me&â he new regulathns, a subset of ytilities has decided to change their 
secondary dishfaant from ch!orine to mnmhlommine. 

W* mbd with npnuchlommhe mnhins W u &  !evela of y u l a t d  
disinfection b y p d u c b  mmpamd to watw tmhd a chlorine. 

Monochloramine produces lower concentrations of regulated dklnf&on 
byproducts because il is less reactive than chlorine with natural organic matter.' 
The formation of dsinfection byproducts is influewed by source water !@e and 
the type of disinfection used, 
Formation can vary dally with the amount of natural organic m~terlal In the waM, 
temperature, rainfall, and dfstance from â‚¬ treatment plant or other factors 
influencing water quality, 



11) Other than chlorine and monochbramine, what option8 could water utilities 
consider to reduce the levels of dlsinfectim byproducW7 

The options for reducing disinbction byprodu& ham dhdvantagea. 
Betier system management to reduce the amount of time water spends in pipes 
@!!mP!W@! MW!I -nW& -WY a'-! !!9! F%@J9 ~ W w d  - - - - - - 
byproduct levels. 
Ozone, UV and some improved filtration processes require a high level of 
sophistication, expettise, and management skills to operate successfuliy. 
One disadvantage of ozone and ubaviolet (UV) IIgM is they require the 
installation of new and expensive technology, making it impractical for many 
utilitiesa .. I 

W / h s  must still urn chiorhe or munochlommhe 10 pmtect drinking water firom 
harmful organisms in pip. 

The major disinfection alternatives to chlorine and monochloramine can reduce 
the formation ol some disinfection byproducts but can increase the production of 
others. 
The major treatment alternatives for reducing disinfection byproduds do not by 
hemselves provide adequate protection for ddnking water as it mves through 
water pipes. 

+ EPA is encouraging water utilitks to consider a full-range of alternative 
1 technologies and operational d f p !  ~@uglng dlsj!f-*or jyprodu:jg.- - - - . 

I .  Guidemi maw&&- 

2 Certain tw~~latecl dMnf6c?im bmroducts irkme over time as water continues to react 
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