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reducing overall disinfectant demand, thereby reducing the possibility of the
formation of all disinfection byproducts.

Neither chlorine dioxide, nor ozone, nor chloramines produce trihalomethanes
at significant concentrations when used alone as disinfectants. Furthermore, the cost
of any of these unit processes is very low. The major disadvantage of using
alternate disinfectants for trihalomethane control relates to the lack of any
precursor removal.
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EPA-600/J-80-360
Journal Article

Removing Trihalomethanes
from Drinking Water

An overview of treatment techniques

by James M. Symons, Alan A. Stevens, Robert M. Clark, Edu}in E. Geldreich, O. Thomas Love, Jr. and Jack DeMarco

n 1974, researchers, both in this
Icountry1 and in The Netherlands?
discovered that chloroform, bromo-
dichloromethane, dibromochlorome-
thane and bromoform, were formed
during the chlorination step in drink-
ing water treatment. Nationwide sur-
veys showed that this reaction oc-
curred to some extent in every drink-
ing water treatment plant where free
chlorine was being used for disinfec-
tion. As a result of these findings, an
intensive research program was begun
here and abroad to study all aspects of
this emerging problem. Six years later,
although research on some aspects was
still continuing, sufficient new infor-
mation was availabie to warrant com-
piling these data into a single research
report,} summarized in this article, as
an update of the June, 1976 “Interim
Treatment Guide for Controlling Chlo-
roform and Other Trihalomethanes.”

Section 1401 (1){D) of the Safe Drink-
ing Water Act. PL 93-523, states that
“the term 'primary drinking water reg-
ulation’ means a regulation which con-
tains criteria and procedures to assure
a supply of drinking water which de-
pendably complies with such max-
imum contaminant levels. ..” and Sec-
tion 1412 (a)(2) states that “National
interim primary drinking water regula-
tions promulgated under paragraph
(a){1) shall protect health to the extent
feasible, using technology, trcatment
techniques, and other means, which

About the Authors

The authors are with the Drinking Water
Rescarch Division, Municipal Environ-
mental Rescarch Laboratory, U.S. Environ-
mental Protection Agency, Cincinnati,
Ohio.
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the Administrator determines are gen-
erally available (taking costs into con-
sideration). . .” Thus, for any regulated
contaminant, a “Treatment Tech-
niques” document must accompany
the establishment of a “Maximum
Contaminant Level” (MCL) to provide
compliance guidance. The research re-
port? satisfies the treatment document

requirement for the Trihalomethane

Regulation promuigated November 29,
1979, and is a companion to the “Man-
ual of Treatment Techniques for Meet-
ing the Interim Primary Drinking Wa-
ter Regulations.”s

For completeness, the report covers
several topics related to trihalome-
thanes in drinking water in summary
fashion. It -is;a practical text offering
guidance 18 water utilities, consulting
engineers, Primacy Agencies and
many others.

Health Effects

The finding in 1976 by the National
Cancer Institute that chloroform was a
carcinogen to rats and mice, and the
positive associations between drinking
water quality and some human cancer
sites in several of 18 retrospective epi-
demiological studies led the U.S. Envi-
ronmental Protection Agency
(U.S.EPA) to suspect chloroform and
other trihalomethanes of being human
carcinogens. Under the Safe Drinking
Water Act provisions, this presumed
health effect necessitated regulating
the toncentration of trihalomethanes
in drinking water.

Trihalomethane Regulation

On November 29, 1979, the U.S.EPA
promulgated an amendment to the Na-
tipnal Interim Primary Drinking Water
Regulations establishing a Maximum

Contaminant Lovel {MCL) of 6.10 mg/1
for “Total Trihalomethanes,” which is
the arithmetic sum of the concentras
tions of chloroform (CHCL,), bromo.
dichloromethane (CHBrCL,), dibros
mochleromethane (CHBr,Cl), and bros
moform (CHBr,). That regulation aps
plies to commumity water systems that
add a disin{ectant in the treatment pro-
cess and serve a pupnlation of greater
than 10,000 customors. Compliance
with the repulation must be accoms
plished within 2 voears for community
systems serving
customers and within 4 years for com-
munity systems sorving between 10,000
and 75,000 customeors.+®

Measurement

The Trihalomothane Regulationt
states that samples must be collected
headspuce-freo and should be ana-
lyzed within 14 days by one of twa gas
chromatographic procodures, efther
the purge-and-trap technique or the
liquid-liguid extraction technigque.
Further, these analyses must be per
formed by certified laboratories.

Mechanism of Formation
Trihalomethanes are primarily
formed by the reaction of free chlorine
with humic materials, for example,
humic and fulvie acids, called lri\\a-

_ lomethane precursors. The reaction s

nat instantancons, bt takes place over
a period ranging fiom 1 or 2 howz o
several days. 1t is influenced by tems
perature. pl, precursor type and cons
centration, bromide concentration, die
infectant residual type, and possibly
disinfectant residual coneentration,

t

continued v page 56
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Trihalomethanes are primarily formed by the reaction of {ree chlorine with humic
materials, for example, humic and fulvic acids, called trihalomethane precursors.

continued from puge 50
JTreatment Evaluation

In order to properly evaluate any
proposed trihalomethane control
scheme, the behavior of three parame-
ters must be well understood.” These
are: (1} instantaneous trihalomethane
concentration {InstTHM), or the triha-
lomethane concentration at the time a
sample is collected; (2) terminal triha-
lomethane concentration (TermTHM),
or the prediction of some future triha-
lomethane concentration determined
by storing a chlorinated sample for a
specified time period under conditions
that are equivalent to those encoun-
tered in the treatment plant or distri-
bution system under study:* and (3] the
trihalomethane formation potential
concentration (THMFP) or the mea-
sure of the trihalomethane précursors
that will eventually react with free
chlorine to produce trihalomethanes
under the selected conditions, calcu-
lated as the arithmetic difference be-
tween the previously two defined pa-
rameters.

Treatment Techniques

The reaction for the formation of tri-
halomethanes is: Free Chlorine + Pre-
cursors {Humic Substances] + Bro-
mide---> Trihalomethanes + Other
By-Products and leads to three ap-
proaches for controlling the concentra-
tion of trihalomethanes in drinking
water. Any process must be evaluated
in terms of maintaining or improving
bacteriological and overall chemical

_qualtiv. Thus, minimizing the potential
for the formation of other disinfection
by-products is prudent.

Trihalomethane Removal. Three
unit processes were studied: oxidation,
aeration, and adsorption. Each of these
processes has advantages and disad-
vantages. Of the oxidation processes
studied, only ozone combined with
ultra-violet radiation was effective for
trihalomethane destruction. but the
possibility of undesirable oxidation by-
products being formed during treat-
ment cannot be neglected.

Acration can be effective for triha-
lomethane removal and does not pro-
duce any by-products. Waters high in
the brominc-containing trihalome-
thanes are difficult to treat by aeration,

however, because these compounds -

have a less favorable Henry's Law

*This is nat to he confused with U.S.EPA Method
$10.1 “"Maximum Trihalomethane Potential” that
is appropriately usid only in connection with the
Trihalomethane Regulation® for certain ground-
waler evalualions.
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Constant compared lo chloroform,
thereby lowering the cfficiency of the
process. Further, aeration as a treat-
ment technigue has the disudvantage
of possibly creating an air pollution
problem. Finally, if aeration is contem-
plated. design factors may have to
include an enclosure or some protec-
tion from freezing in some climates
and include techniques for avoiding
entrainment of particulates.

Two adsorbents were studied: acti-
vated carbon and synthetic resins. Of
the two, the synthetic resin Ambersorb
XE-3401 was the more effective for tri-
halomethanes. Both were much more
effective for adsorbing the bromine-
containing trihalomethanes than for
chloroform; therefore, if these species
dominate the trihalomethane mixture
in a given location, adsorption might
be the most effective approach. Both of
the granular adsorbents studied have
to be renewed when exhausted and
will desorb previously adsorbed con-
taminants if the influent concentration
declines. If powdered activated carbon
is used, sludge disposal may be a prab-
lem, because adsorbent doses needed
for effective treatment may be much
higher than commonly used for taste
and odor removal.

Trihalomethane Precursor Remov-
al. Of the seven techniques studied
{clarification, source control. acration,
oxidation, adsorption, biological deg-
radation and lowering the pH]} all but
aeration had a significant effcct on the
trihalomethane : precursor concentra-
tion. If its confrol’is desired, the raw
water source should be examined to

" determine if changes are possible that

would result in a lower concentration
of trihalomethane precursors.
Clarification has been shown to be
effective for removal of some triha-
lomethane precursors. Existing plants
should be examined to dectermine if
their performance can be improved by
changing the coagulant dose, type or
both. . Additionally, under certain cir-
cumstances, existing plants using
source water chlorination may he
modified easily by moving the point of
chlorination downstream to further re-
duce trihalomethane concentrations.
Thesg circumstances can be judged a
priort® by detérinining the concentra-
tions of trihalomethanes and trihalom-
ethane precursors {InstTHM,
TermTHM and THMFP) at various

tMention of commercial products does not constis
tule endorsement by the U.S. Environmental P
tection Agency.

stages. Chances for successfully lowaer.
ing trihalomethane precursor concone
trations by moving the chlorination
paint are better if: (1} under routinge
aperitions prior to moving the point of
chlorination, a high percentage of tri
halomethane procursors is settled oul
during clarification and {2) under rous
tine aperation prior to moving the
point of chlorination, o high percent.
age of trihalomaethane precursors has
reacled with free chlorine 1o form tri.
halomethanes during clarification.
Another possibla allornative is to ope
crate the treatment plant and the dis-
tribution svstem at a lower pH. if high |
pH is the current method of preventing
corrasion, ar to investizate the use of
potassium permanganate. These teche
nigues may be instilmted with minor
modifications of existing processes. -
If these relatively simple approaches
to trihalomethune precursor removal
arc not sufficiently effective to lower
the average concentration of total tris
halomethanes in the distribution sys-
lem 1o meet the 1otal trihalomethane
Maximum Contaminant Level, the des
signer and operatar may try other ap-

* proaches, such as ozone or chlorine

dioxide oxidation, or adsorption with
powdered activated carbon {PAC) or
granular activated carbon (GACG).
Note, during oxidation by chlorine
dioxide, both chlorite und chlorate
may be formed. Because of concerns
over toxicity,® the U.8.EPA has recom- |
mended that the sum of the residual
concentrations of chlorine dioxide,
chlorite, and chlorate in the drinking
water should not excead 0.5 mg/ls

Of the alternative treatments notod
above, granular activated carbon wads
sorplion is initinlly the most effective
for trihalomethane precursar removal,
When fresh, this adsarbent is able to
provide almast enmplete removal of
these materials from water. At empty
bed contact times fempty bed volume
divided by flow rate) of 5 to 10 min.,
however, this excellont performance is
nat long-lasting. -

Use of Alternative Disinfectants. Als
though none of the unit processes stads
jed {ozonation, ecmmbined chilorination’
and treatment by chlorine  dioxide)
produce trihalomathanes, each disine
fectant has specific advantuges and
disadvantages bovond the general digs
advantage that they all form some
organic by-products® Ozone is an exs,
collent biocide and the hiocidal activis
v is not affected by the pH of the

continued on page 61 [‘\
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waler. Ozone does nat praduee a disin-
tectant residual. however, amd if it
were tsed alone, no bivaidal agent
woulld he present in the distribution
systemt. More thad 1000 waler treat
weit plants around thy world generate
veune on-site, but dho  generation

vtijuipment is more claburate than that

required when free chiocing is used.
Finally, reports have indicated that
when ozone is used, organies in the
water become more  biodegradable,
and this can result in higher microbio-
lovical activity in the distvibution sys-
tem,

Chlorumines [combined chlorine re-
siuall have the advantage of being
vasy to generate and feed and produce
a persistent residund that can be main-
tained through the distribution system.
Chloramines are weaker biocides and
the biocidal action is reduced when
thu ptl of the water i high because
munochloramine formation is favored
uver dichloramine formation. Two re-
ports in the literature docwment possi-
ble problems with chluramine tox-
jvity.m v Chloramines are currently un-
dergoing carcinogenesis  hioassay  at
the National Cancer [nstitute.

Chlorine dioxide hus soveral advan-

tawes as an alternative disinfectant; it

has yood biocidal activity over the pH
range usually oceurring in water treat-
ment. so it is applicable o must sys-
tems. It can be yeneruted and fed
readily, although care {8 needed to
maintain a low concuntration of chio-
rine. Also, it produces a residual that
can persist through the distribution
svstem. Lastly, chlorine dioxide does
not react with ammonia. Therelore,
the disinfectant demand for chlorine
dioxide may be somewhat less than for
free chiorine.

A major disadvantage of using chlo-
rine dioxide as an alternative is the
formation of chlorite and chlorate. Be-
canse of the potential toxicity? of chlo-
rite and chlorate, the US.EPA has rec-
ommended in the Trihnlomethane
Regulation that the sum of the residual
concentrations ol chlorine - dioxide,
chlorite and chlorute be limited to 0.5
my/! in.drinking water.t The use of
chlorine dioxide muy be Hmited if this
recommendation iy aduopted by Prima-
ey States because many waters in the
U.8. have disinfectant demands that
waoutld result in a totul rosidual concens
tration exceeding 0.5 my/! when ade-
yuate chlorine divxide in applicd to
meet the demand.

Of the three approaches o trihalo-
methane control, the use of alteenate
disinfectants appears W be the most
offective and the lesst costly. Theoreti-

cally, any utility, with any trihalo-

muthane precursor concentration,

“eoutld reduce its tribalomethane con-

T centration to almaost zeto by the use of

o of these throe disinfectant alteenas~

-~ 1o free chlurine. Fuetlicrmore, the

HIt W eAan.

cost uf any of these unit processes, cal-
culated either with or without contact
chambers, is very low. Because of the
cost advantage, a water utility requir-
ing trihalomethane control probably
would consider the use of alternate
disinfectonts as the first approach to
meceting the Trihalomethane Regula-

tion.? but the utility managers and their _

consultants should also consider the*
disadvantagest 4 of this approach.
Alternatively, for the control of tri-
halomethanes by removal of trihalo-
methanes and trihalomethane precur-
sors, Table 1 (pages 52-53) compares
the performance and cost of 11 cur-
rently available unit processes. The
table also describes the behavior of

these unit processes with respect to
several common areas: the effect on
trihalomethane precursor concentra-
tions, the effect on trihalomethane
concentrations, the formation of other
by-products, the effect on disinfection,
and the representative estimated
costs.

" Using data collected at specific utili-
ties studied, these estimated costs were
calculated for a single size of treatment
plant, 100 mgd, at three levels of treat-
ment success and were based on the

cost of chemical dosages and of other

operating parameters that achieved
specified levels of treatment. These
data should be used for comparison
purposes of costs for equal treatment
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and should not be taken as universally
applicable. Absolule effectiveness of
vnit processes and costs will van
among locations.

Maintaining Bacteriological Quality
Drinking water treatment madifica-
tions to reduce trihalomethane precur-
sors must be applied cautiousiv with
careful consideration to the changes
that such alternatives may intraduce in
the microbial quality of drinking water
produced in the plant and transmittod
through the distribution network. In all
of the many field studies examined
during this research effort, no overt
evidence of microbial deterioration in
the finished water leaving the treat-
ment plant occurred. In the trade-off to
delay disinfection until near the final
stages of the treatment process to ob-
tain Jower trihalomethane concentra-
tions, however, some microbial migra-
tion deeper into the treatment train
must be accepted. Therefore, greater
reliance must be placed on final disin-
fection, with maintenance of a disin-
fectant residual in the distribution sys-
tem to effectively counter low level
coliform populations and pathogens
that have survived earlier treatment.
" Microbial penetration of the multi-
ple barriers in drinking water treat-
ment is more pronounced during ab-
normal pollution loads in the source
water. Under these situations, normal
microbial reductions in early phases of
the treatment chain will not be ade«
guate to suppress the residual bacterial
population to low levels. This condi-
tion places a greater burden on the last
in-plant treatment barrier, i.c., disin-
fection. Therefore. daily bacteriologi-
cal monitoring of all in-plant processes
is recommended during periods of
warm water temperatures. abnormal
increases.in squrce water poilution, or
both. This approach, as a companion to
microbiological and disinfection resid-
ual monitoring in a distribution system,
will ensure that high-quality water will
continue to be distributed to the con-
sumer.

Examples of Treatment Options

To assist water utility managers,
consulting engineers and others in as-
sessing treatment options, some treat.
ment possibilities for four systems**
will be discussed:

The alternative of using a disinlec-
tant other than free chlorine will not
be discussed because that application
is relatively straightforward. The read-

**The first three examples will be discussed for
two different cases: {A) Where a laree percentage
of the possible ‘Irihalomethane production has
occurred rapidly at the treatment plant and (B}
where a large amount of the possible trihalumes
thane production occurs in the distribution s\stem
after the water has left the plant.

er is reminded of the disadvantoges,
cited previoushy, to this approach.

Cansideratan of these examples fo-
cuses on trililomethane and tribalo-
muothane procursor removal options in
an attemp! 1o show how water utility
mamgers, consulling engineers ind
uthers can determine treatment effecs
tiveness and estimand treatment costs
as a first step (o selocting the most ren-
sunable options for pilot study. Many
other treatment options are possible
and should be considered in an actual
casc. As nolad in Table 1, (pages 52-53}
cach process has disadvantages, and,
although they are not always mentions
cd, they must not he overlooked.

{1A) 10 mpd Groundwater Utility++
THM Concentration 2xMCL - 0.15
mg/! InstTHM in Finished Water: In
the case of the smaller utility treating
groundwater by chlorination only,
with a relatively high InstTHM con-
centration {0.20 my/lj in the distribu-
tion system, an approximate 50 percent
decline in the trihnlomethane concene
tration in the distribution svstem
would be required so that the average
concentration of irihulomethanes in
samples collected throughout the dis-
tribution svstom would be less than
0.10 mg/]. Because much of the source
water precursor has been converted
inta trihalomethanes prior to Jeaving
the treatment plant in this example
{i.c.. the InstTHM concentration in the
finished water was 0.15 mg/1 with an
incrense of 0.05 mg/} out in the distris
bution system] then acration could be
employed to remove these trihalome-
thanes. Accarding to Table 1, a 20:1 air
to water ratio (or o diffused-air system,
or a 32:1 air to water ratio for a tower
acration svstem achicved 80 percent
removal of the InstTHM at one loca-
tion. This would produce an expected
average InstT1IM  concentration of
0.03 mg/l leaving the plant (0.15 -
{0.8)(0.15)) = 0.03 and 0.08 mg/] (0.03
+ 0.05] owt in the distribution system,
less than the trihalomethane MCL4 An
estimated added cost for these two sys.
tems would be 14¢/1.000 gal* and
4.5¢/1,000 gal, respoctively, neglecting
the cost of treating the air (filtering,
scrubbing, and so forth).

(1B} 10 myd Groundwater Utility -
TIHIM Concentration 2xMCL - 0.01
mg/1 InstT1IM in Finished Water: Bo-
canse a high percentage of the source
water trihalomethane precursar has
nat been converted into trihalome-
thanes Iy the time the water leaves the
treatmoent plant, some trihalomethane

- precursor removal pracess must be

HEor the purposes of these examples these
wrvtndiater susdems e asstmed 10 have all the
fow cullected iy e Jcation,

Al casts are roandsd te wo significant fgneos
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vinpliyed. Because only ehlorination
facilitivs are available at this example
e, a treatment sgheme with o ming.
mm of construction should be consid.
veed Best. Two pussibilities aver (1)
ditect filtration for trihalomethane
precurser removal ot (2} granular acti-
vated carbon adsorption without any
prive sedimentation’. Approximatley 50
perent temoval of the wihalomethane
precursor would be sufficient so that
the: average of the samples collected in
the distribution system would by lower
than 0.10 mg/1.

Acuonting to Table 1. [payes 52-53) a
coagulant dose of 21 my/l of alum und
0.t/ of polymer prmlm.vd approxi-
mately 50 percent prevursor romuval
by divect filtration at one location,
Nute, the water beinyg treated at this
location was a low turbidity surface
water, but for this example the ground-
water was assumed to behave similar-
v, The estimated added cost of such a
process would be 25¢/1.000 gal for this
swste.

Correspondingly, a granular acti-
vated carbon adsorber having a 7-min.
EUUT with the activated carbon res
placed or reactivated wevery three
aveeks would achieve 50 percent re-
“muval of trihalomethane precuesor. On
o theow-away basis, the added cost of
sch o process would bu $1L30/1.000
wal. Using on-site reactivation. the
added cost would be 16¢/1,000 gul.

(2A] 10 mgd Groundwuter Utility -
THAL Concentrution 1.2xMCL - 0.05
my/ ! InstTHM in Finished Wuter: Foe
the second example, a 10 myd treat-
mont plant with a groundwaler source
and chlorination only, whuse average
lnst'I'HNM concentration in the distri-
bution system was 0.12 my/l, only
abuut 10 percent af either trihalome-
thunv or trihalomethane precursor
voncentrations would be newded to
bring this water utility's drinking water
inta compliance. Therefore, becnuse a
significant portion of the source water
trihalomethane precursor has been
vonverted to InstTHM in the finshed
wator, acration could be considered
for the removal of trihulumethanes. If
the IntTHM concentration in the fin-
ished water were about 0,08 my/l, an
avratton device pruducing 50 percent
roaval might be adeyuuate. This could
be done with an air to water ratio of 8:1
tor Jdiffused air and 41 for aeration
towers {Table 1]. The added cost for
these two unit proveses for this size
treatinent plant would be 8.9¢/1,000
sl and 3.46/1,000 wal, vespectively,
neglecting the cost of treating the air.

{24} 10 mgd Groundwater Utility -
THM Goncentration 1L.2xMCL - 0.01
me/ L nstTHM in Finished Water: Be-
vatine insufficient InstTHM 1y preseat
i the finished water to make trihalos
wmcthane removal o usetul option,
Ahnnl i) nnrrnnf ooy || (J !nh 1a

“anethane pru.ur».ur mmhl be ro-

quired. Rither lowering the pt, treat-
ment with potassium permanganate, or
treatment with about 4 mg/1 of chlo-
vine dioxide {estimated) could provide
20 percent removal of precursor, ac-
cording to Table 1 (pages 52-53) using
data from specilic locations, and
would ouly involve the construction of

a contact basin and the use of chigmical

fewdors. The added cost for these three
unit processes would be: pH control,
0.6¢/ 1,000 galit potassium permanga-
nate, 11¢/1,000 gal: and chlorine diox-
ide. 9.0¢/1.000 gal. respectively. Of
course, il chlorine dioxide oxidation
was considered as an alternative, in-
vestigations would have to include a
determination of the production of the
inorganic  by-products chlorite and
chlorute, to compare with the recom-
meaded limit {or the total oxidants of
0.5 mg/L

{3A] 200 mgd Surface Water Utility -
THM Concentrution 2xNICL - 0.15
mg/! InstTHM in Finished Water: For
the third example of a 100 mgd con-
ventional treatment plant ugingTa sur-
face water source and having an aver-
age [nstTHM concentration of 0.20
my/] in the distribution system. a 50
percent decline in precursor concen-
tration should be sufficient to bring
this utility into compliance. Although
they could be considered. approaches
that pruduce modest effects on precus-
surs—improving clarification, moving
the'point of chlorination, lowering the
pH. and oxidation with potassium per-
manganate—probably would not be
adequate.

Because the InstTHM concentration
in the finished water is high, 0.15 mg/},
trihaulomethane removal should be
considered. An aeration system oper-
ating at 80 percent removal should be
sufficient to reduce the InstTHM con-
centration to a value below the MCL.4
Using data from one location, a dif-
fused-air system at 20:1 air to water
ratio of un aeration tower at the air to
water ratio of 32:1, costing an addition-
al 14¢/1,000 gal and 2.9¢/1.000 gal

respectively, neglecting the cost of air
treatment, might be adequate {Table
1)

(3B) 100 mgd Surface Water Utility -
THM Concentration 2xMCL - 0.01
my/! [nstTHM in Finished Water: Be-
cause the InstTHM concentration in
the finished water is not high, the
removal of trihalomethane precursors
wouhd be required. According to Table
1, either oxidation with ozone or chlo-
rine divxide or adsorption with pow-
dered or granular activated carbon
should be able to produce a 50 percent
reduction in trihalomethane precursor
concentration. The added costs for
these. fuur processes are: ozone, 7.9¢/
1.000 gul: chlorine dioxide. 12¢/1,000
gal: PAG 11¢/1.000 gal; and GAC {sand

- ttudenlaiedin @ manner similor fo chiorine diox- -

e, but usng the appropriate chemical.
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replacement, on-sile reactivation) 11¢/
1.000 gal. respectively. Bevond the dif-
ferences in cost. each procoss has dis-
advantages: vzone produces other or-
ganic by-products as well as chlorite
and chlorate, disposal of sludge mav
be a problem with powdered activated
carbon. and granular activated carbon
reyuires replacement or reaclivation
{Table 1}. Dccisions as to which pro-
cesses to study should take all factors
into account, but the least expensive
treatment, ozone oxidation, would be
the first choice.

(4} 100 mgd Surface Water Utility -
THM Concentration 1.2xMCL: The
fourth example is a 100 mgd utility
with a conventional treatment plant.
Its surface water source and average

InstTHM concentration of 0.12 my/) in
the distribution svstem would reanire
a rcanction of trihalomethane pieenr-
sor concentration of only about 20 per-
cent (o bring the utility into compli-
ance. Under these circumstinces,
techniques producing a modest remov.
al of trihalomethane precursar. either
improving clarificalion. moving the
chlorination point, adjusting pH. or
adding some oxidant. should allow the
average InstTHM concentration in the
distribution systcm to become accept-
able at a very madcst cost {Table 1).
With diligent disinfection as the fi-
nal treatment step and proper surveil-
lance of the distribution svsiem. any of
these processes can be used for trihalo-
methane control with the knowledge

Better in-ine treatment plus

in hundreds of installations, Komax 30
Motioniess Mixers are praviding supernor
in-line water and waste water treatment. - - -
Plus substantial energy cost savings. —_—

Only Komax's palented design performs A‘
tripie- action three-dimensional mixing— .
featuring a tughty efficient third mixng
action resuling trom unique internal
vomices crealod by sach mixng slement. ~
This exclusive back-mixing fealur® assures
that additives are totally dispersed within
one pipe diameter with no flocculation

e,

significant energy savings

They're available from 34" to over 8
feet in diameter. Contact Komax
for a comparative demonstration
of the amazing 3D Molonioss
Mixer. i pays for asel.

FolEy g,

. MIXING DY DEMIGN

OMAX

that water with an aceeptable hactenio-
Towical quahty will reach the conam.
v tap O conese, prnany other comin-
nations of sotrce waten gqualities, oxists
g treatiment provesses, aud treatinent
aptions can acenr. The research report?
provides information concorning coste
effective treatimen! provesses that can
be considered by water wiility persons
nel, desien enuinecrs and Primaocy
Agencies 1o successfully control the
concentration of trihnlomethanes in
the nation’s drinking water while
maintaining high hacteriological water
quality at the consumer's tap. B

Acknowledgemaents

The authors wish 10 ucknmeledge Mr.
CGaordon G. Robeck, direcior of the Drinking
Water Research Division U.S.EPA; |. Keith
Garswell, Paul Dorsev, Walter A, Fege,
fohr C. Hoff, Kenneth I Krapp, Garyv 8.
Lousdon, Benjonun W Lvhms, . Richard
[. Miltner, Leowen AL Moore, and Bradford
.. Smith, Drinking \Wuter Research Divi-
sion stuff members.

The authars aiso apprecinte the contribu-
tion of Dr. Michael €. Kavanough of James
M. Montgonwery Consuling Engineers,
inc. Pusadena, GA and Dro Michael ]
MeGure of the Metropolitan Water Dis-
trict of Southern Colilorma, LaVerne, CA.
Special thanks to Als. Mawra ML Lilly.

REFERENCES

1 Bellar. T AL | Lichienberg and R G, Krone
er. "The Oovurrence of Ghegatohalides in
Chlorinated Deinkinge Water ™ Journal Amery.
cant Water Warks Asswcuttion, Gt [ Decembeer,
197} 703706,

. Raook, ). “Farmatiuas of Dalafoems During
Chlorination of Nataval \Water " \Water Treat.
went and Baaoaation, 2%, Part 2 (1903)
234- 2430
Svinans, | ML AL AL Stweens, RN Clark, B
K Geldreieh, OO T Love, Jroand | Deldaren
“Trewtaent Tochanues tor Comtnlling Tew
Walomethanes in Prinking Water,” US EPA,
Cincinnati, N fin press)

Federal Rewister, 33, No. 20 {November 29,
70} GRE2E GRTAT and 4. N 39 (March 11,
19H0) 15542 15647,
L Manial af Tivatment Tochaigues for Meets
ing the Iaterin Primary Dienking Water Regs
ubitions.™ EPAcGun 827005, VLS EPA, Gine
cinnati, O INay, 19727, Revisd April, 1978
NTIS Aecexssion N, 1 sianga,
U Trihalomethane Guidanen.™
Washitngtan, P (i presst
L Stevenss A A and |AL Svmons, "N easites
ment of Trihalomothane and Precursar Cone
ventrition: Changes COvenrrg Daring Water
Treatment and Dhisteihution.” Jauenal Ameee.
con Water Waorks Aswwjatmn, 89 (Octelwer,
UTT) 66 85
A Bull RO Health Efloets of Alerate Disine
fectants amd Theiv Reaction Peaduals.” Jowr
tul American Water Works Association, 72
(M ey, tana) 2an g

A “Health Effects of Diinking Water Disinfees
tants and Dhsafectant MeProducts ™
VEREDA, Cincimnat, O fin press] (Apnld
o1-24. Rt

w

Y

[£]

VLS EPA,

L

damage. No othor statc mixer creates it Shihy Ko Loand | Ledeibese “Chlocamine

bach-mming. ¥ R Metawetests i Racdlus sabtdin ™ Screnee, a2
Komax not only Gives you better control over mixing, but also .. Koman Systoms ine Hune 110761 1130 114

saves yoy mancy. Since there are no moving parts. Komax - 1947 € J2310 Stiset T Baton WO F Kalpicand HE 8 Swoffond

mizers Save energy and shminate mamtonance and downtime. Long Bench, CA 90610 SCldorinatedd Uil Water, A Canse of Diahs

In fact. based on NAlONa! power COSIS. a recent 40 MGD instaila- 213 8304320 o sad Doy i e g

Atrnna seefracer 1Mt
S et

S |

BN 13 paying tor itsgif every four Months in energy savings! k

Write in No. 785 on card

~ Toker 69165 Ramax LGB - o ey LELTE S

FANGUSE 3, 1973 48t A

84 WATCR/Enginearing & Manaaement 1LY 198Y « g



