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Water Quality

Editor’s Note: This is the second of 
three articles to help water system oper-
ators understand ammonia and how to 
monitor and control its effects at the plant 
and in the distribution system. The first 
article (Opflow, April 2012) provided an 
overview of ammonia’s chemistry, ori-
gins, and water system effects. This article 
focuses on treatment options for removing 
ammonia from source water prior to dis-
tribution and how to monitor and control 
ammonia. Next month’s article will pro-
vide case studies explaining how utilities 
have dealt with ammonia.

M ANY WATER UTILITIES 
across the United States 
and Canada encounter 
ammonia (NH3) in drinking 

water sources or treated water. Ammonia 
can be added for chloramine secondary 
disinfection, or it can be naturally or 
anthropogenically introduced to source 
water. Compared with an ammonia-free 
system, the presence of ammonia increases 
the complexity of water treatment 
and distribution system operation. Of 

particular concern is the occurrence of 
microbiological nitrification and associated 
issues, such as corrosion, nitrite and nitrate 
generation, taste-and-odor complaints 
in treating nitrification, and increased 
difficulty maintaining a disinfectant 
residual should nitrification occur. Research 
indicates that less than 0.05 mg/L of free 
ammonia reported as nitrogen (NH3–N) 
minimizes the potential for nitrification and 
water quality deterioration.

TreaTMenT OpTiOns
The most commonly applied treatment 
options for ammonia in drinking water 
are

 ■ monochloramine formation.
 ■ breakpoint chlorination.
 ■ biological treatment, such as inten-

tional nitrification in filters.
Table 1 highlights the advantages and 

disadvantages of each approach. When 
selecting a treatment strategy, consider 
the amount of ammonia in the source 
water. Source water ammonia concentra-
tions of 1 mg/L as N should be addressed 
prior to distribution.

Monochloramine Formation. Many 
groundwater systems don’t require free 
chlorine concentration × time (CT) for 
bacterial inactivation. For systems that 
also have a low concentration of ammo-
nia—less than 1 mg/L NH3–N—the sim-
plest treatment approach may be using 
ammonia to purposefully form monochlo-
ramine. As discussed in the first article, 
chloramine formation reduces disinfection 
by-products (DBPs) but introduces the 
risk of nitrification, which is the bacterial 
conversion of ammonia to nitrite (and ulti-
mately to nitrate if oxygen levels and bac-
terial populations are sufficient). Nitrite’s 
maximum contaminant level (MCL) is  
1 mg/L as N at the point of entry. It isn’t 
advisable to send ammonia into a system 
at levels greater than 1 mg/L as N, because 
full nitrification of the ammonia could 
result in exceeding the level above which 
nitrite can pose an acute health hazard. If 
raw water ammonia concentrations vary 
over time, accurately controlling the chlo-
rine dose to form monochloramine may 
be an operational challenge.

Breakpoint Chlorination. Breakpoint 
chlorination removes ammonia by chem-
ical reaction with chlorine, usually in the 
range of 8–11 times the mg/L of ammo-
nia (as N) present. Theoretical breakpoint 
occurs at 7.6:1, according to the reaction 
below. However, other constituents in the 
water increase the actual ratio needed by 
causing a demand on the chlorine.

Ammonia is an operational concern, whether it’s 
added intentionally as part of the chloramination 
process or it occurs naturally in source water. 
Several treatment options are available to 
effectively manage ammonia. 
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NH4
+ + 1.5 HOCl → 0.5 N2 (gas) + 1.5 H2O 

+ 2.5 H+ + 1.5 Cl-

Breakpoint chlorination is the most 
widely practiced method for removing 
ammonia from drinking water. In this 
process, which is detailed in the figure on 
page 16, chlorine directly converts ammo-
nia to nitrogen gas. Breakpoint chlorina-
tion is losing favor with many systems 
because of the potential for forming high 

levels of DBPs, such as total trihalometh-
anes (TTHMs) or haloacetic acids (HAA5), 
caused by a high chlorine dose.

DBP restrictions are becoming more 
stringent with the new Stage 2 Disin-
fectants and Disinfection Byproducts 
Rule that became effective in April 2012. 
However, for systems requiring CT for 
disinfection (e.g., surface waters, ground-
water under the influence, or systems 
complying with the Groundwater Rule 

through CT calculations for virus inacti-
vation), breakpoint chlorination or bio-
logical treatment may be the best option, 
because forming monochloramine with 
natural ammonia may not provide enough 
primary disinfection.

In addition, chlorine compounds used 
by utilities require certification to the 
NSF International/American National 
Standards Institute (ANSI) Standard 60. 
Additives certified to NSF Standard 60 
have a stated maximum use limit, which 
is intended to ensure that any poten-
tial trace contaminants don’t exceed the 
health-based limits at the maximum dose.

Biological Treatment. Removing ammo-
nia through biological treatment involves 
the microbiological oxidation of ammo-
nia to nitrite by ammonia oxidizing bac-
teria (AOB), followed by oxidation of 
nitrite to nitrate by nitrite oxidizing bac-
teria (NOB). AOB and NOB are common 
in the environment and grow naturally 
on filtration media in a water treatment 
system if sufficient oxygen is present. 
For complete nitrification, 4.57 mg O2 is 

Many utilities don’t know that they have 
ammonia in their source water. a simple 

test kit can confirm whether a utility has 
ammonia levels that may affect operations.
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table 1. Ammonia treatment options
Choosing the most appropriate treatment option depends on water quality.

treatment 
Approach Advantages disadvantages

Chloramine 
formation

 ■ Lower DBPs compared with free chlorine second-
ary disinfection or breakpoint chlorination

 ■ Simplest option if ammonia concentration is 
constant

 ■ May be the least expensive option

 ■ Less effective primary disinfectant than free chlorine
 ■ Requires an ammonia concentration less than 1 mg/L to 

avoid potential nitrite MCL exceedance in case of incomplete 
nitrification

 ■ Challenging if ammonia concentration is fluctuating, because 
it’s important to ensure monochloramine formation, rather 
than dichloramine or trichloramine formation

 ■ Ammonia still exists in the form of chloramines and can be 
released as free ammonia again if disinfectant residual is 
degraded

Breakpoint 
chlorination

 ■ Allows primary disinfection using free chlo-
rine (in case a certain CT must be achieved for 
disinfection)

 ■ Ammonia is completely oxidized and removed 
from water

 ■ Potential for formation of high DBP concentrations
 ■ High dose of chlorine needed (about 8–11 times higher dose 

of Cl2 compared with NH3 as N)
 ■ Maximum use limit with NSF/ANSI 60 certification must be 

considered

Biological 
treatment

 ■ Bacterial growth on granular activated carbon, 
anthracite, and sand naturally treats high levels of 
ammonia (up to about 1.75 mg/L NH3–N unless 
oxygen is added)

 ■ Ammonia is converted to nitrite then nitrate

 ■ Requires an acclimation period for the bacterial population on 
the media

 ■ Public perception of biological treatment can vary
 ■ Limited, but increasing, regulatory acceptance
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required for each mg of NH4
+–N oxidized. 

It’s important that aeration systems are 
appropriately designed so oxygen levels 
are sufficient to meet the stoichiometric 

amount necessary to address source 
water ammonia levels; if they aren’t, 
incomplete nitrification will occur. The 
goal should be to convert ammonia to 

nitrate, which has an MCL of 10 mg/L 
as N. The amount of ammonia that can 
be treated by biological treatment is lim-
ited by the saturation level of oxygen 
in water (and the microbial populations 
present).

If water contains more ammo-
nia than can be stoichiometrically 
addressed with oxygen present, alter-
native approaches must be considered. 
If the ammonia concentration exceeds  
1 mg/L as N, the conversion of ammonia 
all the way to nitrate is critical.

The number of facilities using filters 
for biological treatment of ammonia has 
increased. Cases of inadvertent biolog-
ical treatment have been observed, par-
ticularly in US Midwest communities 
with high natural ammonia concentra-
tions in groundwater (up to about 1.75 
mg/L as NH3–N based on stoichiometry, 
assuming a dissolved oxygen saturation 
of 8–10 mg/L). Additional ammonia can 
be removed if innovative approaches to 

Water Quality

table 2. Ammonia monitoring methods
Various field and laboratory methods are available to analyze ammonia concentrations.

online Analyzers operation mode Advantages disadvantages
Colorimetric  ■ Reagents added (such as phenate and hypo-

chlorite or salicylate)
 ■ Color intensity measures levels of monochlo-

ramine and/or total ammonia
 ■ Free ammonia is the difference between the 

two measurements 

 ■ Simple to operate
 ■ Less susceptible to inter-

ference from other water 
quality parameters

 ■ Requires chemical 
reagents

 ■ Waste stream must be 
managed

UV absorbance 
spectrophotometric

 ■ Reagents added (such as pH-adjusting buf-
fer and hypochlorite)

 ■ Free ammonia converted to 
monochloramine

 ■ Monochloramine concentration measured by 
UV absorbance

 ■ Multiple analytes mea-
sured simultaneously 
through absorbance at 
multiple wavelengths

 ■ Simple to operate and 
maintain

 ■ Less expensive com-
pared with amperometric 
measurements

 ■ Susceptible to interference 
from other water quality 
parameters

 ■ Waste stream must be 
managed

Amperometric  ■ Concentrations determined based on change 
in current across a permeable membrane 
as a function of change in total and free 
ammonia concentration

 ■ No reagents
 ■ Fast response to concen-

tration changes

 ■ Greater impact from pH, 
temperature, and other 
water quality parameters

Amperometric 
using ion selective 

electrodes

 ■ Same as amperometric method, using ion 
selective electrodes

 ■ Measures concentrations of free ammonia 
by comparison with a precalibrated refer-
ence electrode

 ■ Robust
 ■ High accuracy

 ■ Higher cost
 ■ Requires periodic clean-

ing and membrane 
replacement

Breakpoint chlorination curve 
Breakpoint chlorination removes ammonia by chemical reaction with chlorine, usually 
in the range of 8–11 times the mg/L of ammonia (as n) present due to additional 
chlorine demands.

Fully Combined Ammonia
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introduce more oxygen are used. Biologi-
cal treatment can be a cost-effective solu-
tion for high concentrations of ammonia, 
but the treatment must be designed and 
implemented to ensure that bacterial  
populations become sufficiently estab-
lished. The establishment of popula-
tions (called “acclimation”) can require 
a month or more for natural bacterial 
growth. Introduction of bacterial cultures 
can trigger additional treatment require-
ments, such as downstream filtration. 
In addition, biological ammonia treat-
ment may present regulatory or public- 
acceptance challenges, particularly if bac-
terial cultures are added.

Although other technologies, such 
as ion exchange with zeolites, reverse 
osmosis (RO), advanced oxidation pro-
cesses (AOPs), and air stripping, usu-
ally aren’t used for ammonia treatment 
at full-scale, they may provide a solu-
tion under specific conditions. Ion-
exchange studies in the laboratory show 
promising results for ammonia removal 
with cationic zeolite materials, but fre-
quent regeneration may be required. 
Engineered organic cation exchange 
resins aren’t expected to perform well 
in water with moderate-to-high hard-
ness, because exchanged ammonia 
may be displaced by calcium. RO can 
effectively remove ammonia through 
charge-based exclusion, but the con-
version of ammonia into gaseous form, 
which occurs around pH 9 and greater, 
decreases RO rejection. Air stripping, 
which can be useful in treating waste- 
water containing tens of mg/L of ammo-
nia, isn’t favorable as a drinking water 
technology for ammonia because of the 
need for high pH (to convert the ammo-
nia into a gas) and less driving force for 
stripping at lower concentrations more 
typical of drinking water sources.

additional Considerations. Several addi-
tional considerations should be weighed. 
Operational complexity, maintenance 
requirements, and staff availability may 
affect treatment process selection. If 

breakpoint chlorination treatment is to 
be used, consider chemical storage and 
delivery options. Additional redundancy 
may be desired for biological filtra-
tion systems that could experience pro-
cess upsets or re-acclimation periods.  
Several processes could generate a waste 
stream that must be managed, such as 
backwash water for biological filtration 
or brine waste for RO or ion exchange. 
Post-treatment stabilization of water for 
corrosion control could also be needed 
for RO.

A thorough conceptual process selec-
tion matrix can help you evaluate avail-
able technologies and select treatment 
on a case-by-case basis, taking into con-
sideration cost, co-contaminant removal 
goals, and desired secondary disinfection 
strategy.

MOniTOring and prOCess COnTrOL
Measuring ammonia in source water is 
recommended, especially if the water 
contains reduced compounds, such as 
dissolved iron or manganese, sulfide, 
or methane. Ammonia concentrations in 
source water can be easily determined 
using field or laboratory methods, includ-
ing colorimetric, ultraviolet (UV) absor-
bance spectrophotometric, amperometric, 
and ion-selective electrode measurements. 
Online instrumentation is available 

for measuring free ammonia and com-
bined ammonia (i.e., monochloramine). 
Table 2 summarizes the advantages and  
disadvantages associated with each type 
of measurement method.

Author’s Note: This article was pre-
pared jointly by members of the AWWA 
Inorganics and Inorganic Contami-
nants Research committees. Contribu-
tors include Philip J. Brandhuber, HDR; 
Jennifer Baldwin, CH2M HILL; Michelle 
DeHaan, Park City Water; Tarrah Henie, 
California Water Company; and France 
Lemieux, Health Canada.

Ammonia concentrations in source 
water can be easily determined 

using field or laboratory methods.
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ammonia oxidizing bacteria 
convert ammonia to nitrite.
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