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INTRODUCTION TO TRIHALOMETHANES (THM'S)

A. THM Formation
Aqueocus chlorine + precursor* —>»
Ehhloroform + other THM's

* — Humic substances (humic and fulvic acids)

Other THM's normally found: »
C Oas ¢
bromodichloromethane} dibromochloromethane, and bromoform.

The following iodo compounds have also been reported where iodide
was present in the raw water: dichloroiodomethane and
bromachloroiodomethane.

B. Factors Influencing THM Formation
1. Temperature - Increasing temperature increases THM formation.

(See Figure 1.)
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" Bromide Ion - Bromide ion is more reactive than chloride;
therefore, a small amount of bromide will create a proportionately

higher concentration of brominated compounds in the presence of

e P

larger amounts of chloride ion( see Figures 2 and 3).
3. pH - Increasing pH increases the rate of THM formation (see Figure 4).
Increasing pH also increases THM formation of simple ketones

that normally react very slowly with Cl. (see Figure 5).

2

4. Characteristics and Concentration of Precursors — Increasing the
same precursor increases THM concentration (see Figure 6). How-
ever, precursor substances vary from one location to another;

therefore, rate curves vary (see Figures 7 and 8).

5. Chlorine Dose Rate - Increasing chlorine dose rate increases THM

forqation (see Figure 9). (:l-\ﬂv
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c.

Factors Influencing THM Measurement during Treatment Evaluations

Introduction of Trihalomethane Formation Potential Concept

Because their formation is notfinstantaneous, THM concentrations
increase in the water as it flows ghrough a water-treatment plant
(unless removed during treatment) to reach some value higher than
that which would be observed if an analysis for THM species were
performed immediately after sampling at the first point of chlorina-
tion. Further, the consumer is likely to receive water with THM
concentrations higher than those leaving the plant because the
reaction proceeds in the distributionvsystem. This also occurs
during sample storage and, in each case, the concentration is time-
dependent. The formation rates vary according to all of the reaction
conditions described in the previous section. These factors will be
discussed again in the context of the THM~ﬁeasurement! To evaluate
treatment success, four definitions are important:

p//l. Instantaneous THM (InstTHM) concentration -~ the concentration
of THM in the water at the moment of sampling.

For InstTHM concentration measurement, the reaction of
chlorine with precursor materials must be halted at the time
of sampling with the goal being to measure only trihalomethanes
present at the time of sampling. A small amount of reducing

agent is added to the sample to react with the chlorine and,

thus, render the chlorine unavailable for oxidation or substitu-

tion reactions. A small increase in trihalomethane concentrations
upon storage after addition of reducing agent usually is observed.

This is probably caused by a slow hydrolysis of certain trihalo-
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intermediates. The hydrolysis step does not require the
presence of chlorine, The’distinction should be made between
this minor effect on the InstTHM concentration and the continued
THM formation reaction when no reducing agent is added. The
increase in THM concentration during storage after the addi-
tion of a reducing agent has amounted to only a few percent of
the total wvalue.
Terminal THM (TermTHM) concentration - the concentration of
THM that occurs at the termination of the measurement of this
parameter.

TermTHM concentration is equally important as a parameter
for evaluating consumer risk as is the InstTHM concentration,
but because this parameter is a measure of the sum of the
amounts of THM species already present (instantaneous) and
those formed during the reaction time, a third parameter must
be defined that is useful for evaluating unit-process performance
for removal of unreacted precursor.
THM formation potential (THMFP)-measured as the increase in THM
concentration that occurs during the storage period in the
determination of the TermTHM concentration. The THMFP is obtained
by subtraction of the InstTHM concentration from the TermTHM
concentration either when TTHM or when the individual species
data are nsed. THMFP is‘a measure of the portion of the total
precursor méteriél (of most concern to the consumer) remaining
in the water at a given point in the treatment train. (See Figure 10.)’
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Total precursor - A distinction between THMFP and a total
precursor is important. Total pPrecursor concentration is
the concentration of all orgahic THM precursor materials
present in the water that could react with halogen specfes
under conditions that maximize the yield of trihalomethanes.
Because the identities of these organic compounds ére not
known precisely at this time, total THM precursor concentration
also could be expressed as concentrations of THM or concentra-
tion of TTHM obtained from that reaction. No standardized
procedure for measuring this parameter exists, however, and
considerable research will be required to establish the optimum
conditions to insure the complete reaction of all precursors to

yield maximum trihalomethane concentrations,
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The preceding outline was taken from this paper

{DWRDO002)

FORMATION AND MEASUREMENT OF TRIHALOMETHANES IN DRINKING WATER
by

Alan A. Stevens and James M. Symons

From

Proceedings ~ Control of Organic Chemical Contaminants in Drinking Water

A Series of Seminars Sponsored by

The Office of Drinking Water

U. S. Environmental Protection Agency

Physical & Chemical Contaminant Removal Branch
Drinking Water.Research Division
Municipal Environmental Research Laboratory
U. S. Environmental Protection Agency
' Cincinnati, Ohio 45268

January 1980
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