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Table 1. Screening of Trihalomethane Control Options.

• Preferred Control Option.

utilized oxidant in water treatment is chlorine. Other oxi­
dants used in water treatment include: (1) ozone, (2) chlo­
rine dioxide, (3) potassium permanganate, (4) hydrogen
peroxide, (5) bromine, and (6) oxygen or air. Although
oxygen is an oxidant, aeration generally is not feasible for
oxidizing THM precursors due to very slow reaction rates.

Strong oxidants are generally harmful substances by
virtue of their oxidizing strength. In addition, some by­
products of oxidation reactions may be harmful to' human
health, such as THMs. In general, the oxidant dosage should
be minimized while maintaining the desired level of treat­
ment to reduce by-product formation as well as oxidant costs.
Due to the complexity of the oxidation reactions that may
occur and the dependence of performance on raw water char­
acteristics, site-specific testing is generally required. The
following paragraphs bri~fly describe use of two advanced
wastewater processes for the ,oxidation of ttihalomethane pre­
cursors.

Preozonation. Ozone (03) is the strongest oxidizing
agent currently applied as a water treattnent. It is an un­
stable, allotropic fonn of oxygen (O~. In general, ozone
transfers an atom of oxygen to the compound being oxidized
and degrades to elemental oxygen in the process. As a
result, the by-products of ozone oxidation are oxygen and the
oxidation by-products formed from the original compounds.
The dosage range of ozone typically required for significant
THM precursor oxidation is approximately 1.5 to 5.0 mg/l.
This dosage level is far from that required for complete
oxidation of ozone-consuming compounds, however. Due to
the cost of ozone generation, dosages greater than about 5
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mgll are usually economically unattractive. In addition,
higher dosages are generally not warranted since the partially
oxidized ozonation by-products may be removed more effec­
tively in subsequent treatment processes. In addition to
THM precursor reduction, ozone is effective for improving
taste and odor, oxidizing iron and manganese, improving
flocculation, reducing color, enhancing adsorption, and pre­
disinfection. Ozone's rapid degmdation, however, does not
permit the maintenance of an ozone residual. Consequently,
a final disinfectant other than ozone is required to mai.ntain a
disinfectant residual in public water supplies.

Ozonation has been practiced for decades in Europe,
while interest in the United States has generally been low
due to the high cost of ozone relative to other disinfectants
and oxidants, primarily chlorine. Interest in the United States
has grown in recent years and large-scale facilities have been
built in Los Angeles, California and in Hackensack, New
Jersey. The effectiveness of preozonation depends upon raw
water characteristics as well as the performance of subsequent
conventional treatment processes. Pilot studies are necessary
to determine the cost-effectiveness of preozonation for THM
control on a particular raw water supply.

Although currently available ozonation systems are
highly automated, considerable operator training is generally
required due to the lack of experience of current plant staff
with ozone generation and contractor technologies. Ozone
plants require sophisticated control and monitoring of supply
gas humidity, power consumption, ozone generator perfor­
mance, and vented ozone scavenger systems, in addition to
water quality and performance indicators such as total or­
ganic carbon and THM formation potential.

Advanced Oxidation Processes. Recent research has
indicated that oxidation can be greatly enhanced by using
two powerful oxidation processes together. Strategies being
investigated for water treatment mclude combinations of the
following processes: (1) ozone, (2) hydrogen peroxide, and
(3) ultraviolet radiation. All of these processes, referred to
as advanced oxidation processes, encourage the formation of
the hydroxyl radical which is an even more powerful oxidant
than ozone (Glaze et al., 1987).

Of these technologies, the combination of ozone and
hydrogen peroxide (being termed ttperoxonett) has been the
most thoroughly investigated to date. Peroxone appears to
offer several distinct advantages over ozone alone. Spe­
cifically, a more rapid and more complete oxidation occurs
due to enhanced formation of the hydroxyl radical. This
phenomenon also appears to enhance the mass transfer of
ozone into solution. Pilot studies indicate that peroxone may
be less costly than ozone alone, due to the above factors

-' (McGuire and Davis, 1988).
At the present time, advanced oxidation processes have

not been tested in a full scale water treatment facility.
Further, the potential adverse health impacts of their oxi­
dation by-products have not been thoroughly investigated.
However, they do hold considerable promise for the future
and warrant continued attention as the technology develops
particularly if: (1) regulations on THM:s are tightened, (2)
health concerns over by-products of advanced oxidation pro­
cesses are resolved, and (3) apparent perfonnance and cost
benefits are verified on a large scale facility.

Disinfection Using Chloramines

Chloramines are a group of compounds formed by the
reaction of free chlorine and ammonia in water. They are
less effective disinfectants than free chlorine, particularly at



low pH. However, they are relatively stable and persist in
the distribution system much longer than free chlorine resid­
uals. Chloramination has been used as the primary disinfec­
tant for 70 years in Denver, Colorndo and has recently been
implemented at the Metropolitan Water District of Southern
California, and at many other treatment facilities throughout
the United States.

Chloramination, together with the elimination of prechlo­
rination, can significantly reduce THMs in the distribution
system if the process is yrell monitored and controlled.
Eliminating prechlorination requires altemative methods for
control of iron, manganese, biological growth, taste, and odor
problems. Advantages of chloramination include: (1) con­
siderable operating experience, (2) persistence of a disinfec­
tion residual, (3) ability to meet low THM requirements, and
(4) the relatively low cost for conversion from chlorination to
chloramination. The disadvantages of chloramination include:
(1) lack of data on long-term health effects of chloramines,
(2) toxicity to fish, (3) long contact time required for disin­
fection if used as a primary disinfectant, and (4) acute health
effects for kidney dialysis patients.

In addition to the engineering aspects of converting to
chloramination, an exhaustive public education program
would be required. Key groups which would require special
notification and education would include hospitals, kidney
dialysis patients, pet stores, aquarium owners, and zoos.
Point of use treatment to remove chIoramines (i.e., granular
activated carbon) would be required for customers adversely
affected by chloramines.

TRmALOMETHANE CONTROL STRATEGIES

Trihalomethane control is the most complex 'treatment
issue facing the City of Raleigh at the E.M Johnson WI'P.
Uncertainties exist in both the regulatory picture and the
effectiveness of treatment technologies. Several alterative
strategies were developed to accommodate this uncertainty.
Combinations of treatment options were utilized to develop
alternatives when individual treatment options could not
reliably achieve treatment goals. A summary of the alter­
natives which were developed and their anticipated perfor­
mance is presented in Table 2.

RECOMMENDATIONS

The trihalomethane control strategy developed for the
EM. Johnson WI'P includes the following:

(1) Reduce or eliminate prechlorination through the use of
alternative preoxidants such as potassium permanganate
in the short-term and preozonation in the long-term.
Although not fully tested, advanced oxidation process
technology should be monitored as it developed.

(2) Improve waste solids handling facilities to reduce the
recycling of iron and manganese which increases preoxi­
dant demand.

(3) Conduct laboratory and pilot scale studies to assess the
effectiveness of alternative preoxidants and PAC for pre­
cursor removal.

(4) Consider conversion to alternative disinfectant combina­
tions such as: (a) ozone and chlorination, (b) ozone and
chloramination, or (c) chlorine and chloramination.
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Table 2. Probable Effectiveness of Trihalomethane
Control Alternatives.

Achievable THM standard.~
Alternative description 100 70 50 20

Altemative 1--0ptimized
existing conventional
processes Yes No No No

Altemative 2-Altemative
preoxidant, solids contact
clarification with PAC' Yes Yes No No

Altemative 3-Altemative
preoxidant and alternative
disinfeetan~ Yes Yes Yes No

Altemative 4-Preozonation
and alternative disinfectant Yes Yes Yes Yes

Alternative S-Altemative
preoxidant, solids contact
clarification with PAC,
alternative disinfectan~ Yes Yes Yes No

Altemative 6-Preozonation,
solids contact clarification
with PAC Yes Yes Yes Yes

• The total trihalomethane standard is expressed as a moving.
annual average. To interpret this table following a change iil the
compliance calculation procedure, a relationship between the
annual moving average and the new criterion would be required.

b "Alternative Preoxidant" refers to preoxidant other than ozone.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the contributions
of Dale Crisp, Wade Smith, and Gerald Latta of the City of
Raleigh for their input and assistance throughout the project;
and Dr. Phil Singer of the University of North Carolina at
Chapel Hill for his technical review of the draft project
report. The authors also wish to acknowledge Lyle Hoag at
Brown and Caldwell and the late James C. Brown of Olsen
Associates for their contributions.

LITERATURE CITED

American Water Works Association, 1982. Treatment Tech­
niques for Controlling Trihalomethanes in Drinking
Water. AWWA.

Glaze, W.H., J.W. Kang, and D.H. 'Chapin, 1987. The
Chemistry of Water Treatment Processes Involving
Ozone, Hydrogen Peroxide and Ultraviolet Radiation.
Ozone Science and Engineering Vol. 9, No.4.

McGuire, M.J. and M.K. Davis, 1988. Treating Water with
Peroxone: A Revolution in the Making. Water Engi­
neering and Management




