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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, Edwin E. Geldreich, O. Thomas Love, Jr. and Jack DeMarco 

I n 1974, researchers, both in this 
countryl 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 available 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 (l){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 "Notional 
interim primary drinking water regula­
tions promulgated under paragraph 
(a)(l) shall protect health to the extent 
feasible, using technology, trentment 
techniques, and other means, which 

About tho Authors 
The lIutllllrs ure wjth the Drinkjng Waler 
Resl~urt:h Di\'isjon. Munjcjpal Envjron· 
mllnhll R"5(~urch Luborotory, U.S. Envjron­
ml!ntlll rratcclion .... sency, Cjncjnnati, 
Ohjo. 
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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 accompnny 
the establishment of a "Maximum 
Contaminant Level" (MCL) to provide 
compliance guidance. The research re­
portS satisfies the treatment document 
requirement for the Trihalomethane' 
Regulation promulgated November 29. 
1979,· and is a companion to the "Man­
ual of Treatment Techniques for Meet­
ing the Interim Primary Drinking Wa­
ter Regulations. "5 

For completeness. the report covers 
several topics related to trihalome­
thanes in drinking water in summary 
fashion. It -is. a practical text offering 
guidance 10 water utilities. consulting 
engineers, Primacy Agencies and 
many others. 

Health Effects 
The finding in 1976 by the Notional 

Cancer Institute that chloroform wns a 
carcinogen to rats and mice. nnd the 
positive associations between drinking 
water quality and some human cnncer 
sites in several of 18 retrospective epi­
demiological studies led the U.S. Envi­
ronmental Protection Agency 
(U.S.EPA) to suspect chloroform nnd 
other trihalomethanes of being humnn 
carcinogens. Under the Snfe Drinking 
Water Act provisions. this prcsumed 
health .~ffe.ct necessitated regulating 
tlTh~-coricenfration of trihnlomethoncs 
in drinking water. 

Trihalomethane RegulatIon 
On November 29,1979. the U.S.EPA 

promulgated an nmendment to the Nn­
tii,>nal Interim Primary Drinking Wnlor 

Contnminnnll.uvll\ (MCL) of 0.10 m~1I 
for "Tolal Trlhnlllmothnnes." which Is 
Ihe arithmotic slim of Ihe conccnlrn­
tions of chlornfnl'ln (CHCLs)' hromo­
dichloromethnnc (CHOrCL.). dlhr.,­
mochlf)romothllnn (el IOr:CI): and bro­
moform (CHB .. ,). Thnl regulalion lip­
plies to community woter systems Ihllt 
odd a disinfectnntln the treatment pn)­
cess and serve 0 Jlllplllnlion of !lrn;l\clr 
Ihan 10,000 customers. Compliancc 
with tho I'Cgulntlnn must be nt~:om­
plished within :! yl~lIrs for community 
svstems sorvln~ ~I'Cntor than 75,0410 
cilstomers ond within 4 years for com­
munity systems snn:lng between 10,0011 
and 75.000 custonw~.u 

Measuroment 
The Trlhn ll1l1wlllnne Regulnllnl\4 

states that slll1lpl"s must be conl!Ct~d 
hcadspncc-rr\lO nnd should be t,"~­
lyzcd wilhin 101 clnys hy one of twn )1;13 
chromatogrnphlc prncndures. clther 
the purge-anil-Irllll h'chnique or Ih~ 
liquid-liquid l'xtr;II:\lon technl'l\l~, 
Further, Ihose nn;,I\'stls must be l)r.r­
formed by cllrliliclll )lIhnrnlories. 

Mechanism of F'ormlltlon 
Trihnlomuthnnl'ls nrc prim;trll~' 

Cormed by thc l'I!nl:tinn of free chilII'll\{! 
with humic mnt"I·\;IIs. for eXllml'll'l, 
humic nnd fulvll: ;Idds. cnlled Irlh,,­
lomclhnne 11I't'I:I\I'NIII'S. 'fhe rClll:thm Is 
not instanllllWII\IS. hut lakes plnGl! ll\'~r 
n period I'iInsln~ fl'll\\\ 1 or 2 hnll~ tll 
severn I d{l\'s. \I Is Innuonced b\' l\'lm­
pcrntlll'll. IlB, PI'I'lI:III'Sllr Iype anrll,'\\I\o 
ccnlrntilln, 11I~II\1I'\~ 1:lmcenlrnth\l\, tll:t­
infl~ctal\t rl'sl.I\I;\1 lyptl. and p'I:o>);ihly 
di:;inflll:t;IlIt 1'I·si,hl<'lII:lInr.cntrati\\l\. 

Regulations establishing n ~111ximum conlhlu",II1/1 /l,Itl" 56 
I 
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Trihalomethanes are primarily formed by the reaction of free chlorine with hUlllic 
materials. for example. humic and fulvic acids, called trihalometlHlne Pft!CUl'sors, 

c;onlinu~d from PUil!: 50 

/Treatment E"'alnalion 
In order 10 properly evaluale any 

proposed trihalomethane control 
scheme. the behavior of three parame­
ters must be well understood.7 These 
are: (1) instantaneous trihalomethane 
concentration (lnstTHM), or the triha­
lomethane concentration at the time a 
sample is collected: (21 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 (31 the 
trihalomethane formati'on potential 
concentration (THMFP) or the mea­
sure of the trihalomethane precursors 
that will eventually react with free 
chlorine to produce trihalomethanes 
under the selected conditionli, 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 

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

Trihalomelhane 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. 

Aeration can be effective for triha­
lomethane removal and docs not pro­
duce any by-products. Waters high in 
the bromine-containing trihal.orne­
thanes arc difficult to treat bv aeration. 
however. becnuse these compounds 
have fI less favorable Henry's Law 

·This i. nnt tnlM' "n"fll""d with U.S.EPA Method 
510.1 "r-..la,imlllll Trih"lmncth.mc P"tential" that 
is llppnIJlriat .. l) "" .. Innly in cnnn"ctinn with the 
Trihalnnll'than,· R"~III;,tion' for ccrtain ground­
w,ller r.\"alu,llinns. 
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Constant compared to chloroform, 
thereby lowering the efficiency of the 
process. Further, aeration as 0 treill­
ment technique has the disadvantage 
of possibly creating an air pollution 
problem. Finally. if aeration is conlem­
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-340t was the more effective for tri­
halomethanes. Both were milch more 
effective for adsorbing the brumine­
containing trihalomethanes than for 
chloroform: therefore, if these species 
dominate the trihalomethane mixture 
in a given location. adsorptio'n 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 cl1rbon 
is used. sludge disposal may be a prob­
lem. because adsorbent doses' needed 
for effective treatment mav be much 
higher than commonly used for taste 
and odor removal. 

Triha)omethane Precursor Remov­
al. Of the seven techniques studied 
(clarification. source control. aeration. 
oxidation, adsorption. biological deg­
radation and lowering the pH) all but 
aeration had a significant effect on the 
trihalomethalle.:p.I:ecursor concentrn­
tion. If its confrol"is desired. the raw 
water source should be examined to 
determine if changes are possible thnt 
would result in a lower concentration 
of trihalomethane precursors. 

Clarification has been shown to be 
effective for removal of some trihn­
lomethane precursors. Exiliting plants 
should be examined to determine if 
their performance can be improved by 
changing the coagulant dose. type or 
both .. Additionallv. under certain cir­
cumstances. existing plants using 
source water chlorination rna\' he 
modified easily by moving the point of 
chlorination downstream to fmther re­
duce trihalomethane conr.entrations. 
Thesr, ct~\=t,l~~t.ances can he j uti!-!t!ll n 
priorI' byi:felermining the Cllnclmtrn­
tions of trihlilomethanes and trihalmn­
ethane precursors (lnstTHM. 
TermTHM and THl-.1FP) at \'aritlus 

tl\fenlion of commercial pnwhu:Is. do«'s null:unsli. 
tute endorsement bv the U.S. Em'j"III"'I!lItllll'n" 
tection Agency. . 

sta)olt!s. Chanr.t!s for sUt:t:t~ssfull\' lowt!r. 
in).! trihalntnt,th;tth' 11t,·t:tlr.~or concon. 
trillillilS Il\' t1111\"ttl\.: lilt' chlorination 
point arc 'huller if: ttl under roulinu 
operations prior tn lll'l\'inlolthe pointnf 
chlurinntion. n hllolh ptll'C(lntn~e of trl· 
hillomethane prnt:ul'NOI1l is sellled lIIll 
during clarification tlnd (:!) under rou· 
tine operation prillr til mllving thp. 
point of chlorination, n hi~h percent­
oge of trihalmlluthnnt! prt!Cllrsors hllli 
rcmctcd with fnltl I:hlorino to form trl· 
holomethnnes durin).! dtlrlficnlion. 

Anolher possihlu IIlttlrnntive is to np­
ernte the trentmunt plnnt nnd the dl)!­
Irihulinn systcm ilt iI lower pH. if hi).!h 
pH is Ihe curren I n",thllli nf preventin).! 
corrosion. or tn invt'stiJ,tilte the lise IIr 
potassium pt~rlllatl)ol;ItHtil!. These tech­
niques may ht~ inslitutml with minllr 
modifications of t'xistin~ proccsses .. 

If thelie rdati\'dy simpit! IIpproachllll 
to trihalometlllllll! prm:llrsor remuvlII 
nrc not liuflicicnll\' ..rfl!ctive to 100,\.'Ilr 

the overage cOI1l:t;nlralion of totnl trl· 
halomethanes in lIlt! distribution 1i\'I1-

tern to meet tl\l~ hltlll lrihalometlll~nc 
Moximum Contaminant Level. the dtl­
signer nnd opcrnt"r Illny try other liP-

. pronches. liuch ns 1I1.0111~ or chlorine 
dioxide oxidulinn. nr ndsorption with 
powdered nctivnhltl I:arhlln (PAC) lIr 
~ranulllr nclivntlHl t:nrhon (GAr:). 
Nole. during oxltl,ltllln hy chlorintl 
dioxide. holh chlllrihl lind chlomhl 
mo\' be formed. Iltll:nuse of concernll 
ov~r toxicil\'."tlm ll.S.EPA hns recolll­
Ilwnded Ih;11 Ihe sum of Ihe residulIl 
cnncenlrotions uf c:hlllrine dioxhlt!, 
chlorite. ilnd chlnmle in the rlrinkin)l 
waler should not eXI:llct! 1l.5 mg/l.< 

or the nlternllti\'t! t ... lntmunls nohltl 
nbove. gmnulllr IIcti\'ntlld cnrbon Illl­
sorption is initially thn most effcClh'() 
for trihaltllllt~thnn\l prllt:UTSor remo\' .. !. 
When fresh. this lulsorll\mt is able In 
provide nlmost cnlllplcin removal nf 
these matcrinls fl'lllll wnhlr. At eml'I~' 
Il\.-o contnct linws I,'mpty hud volum~ 
divided by now rnhl\ nf 5 to 10 min .. 
however. this cxct!lhmt Il\lrfnrmanctl III 
not lung.lnsling. 

(Ise of .r\)krnlllh'c' /)isinft)CIOnls. AI. 
though none uf tIlt' IInlt I'1'tl(;csses st",l. 
it!d I01.onalion, ctllllhhh'll chlorinalitll\' 
,lilt! trt!lItnlt'nt hy c:hlnril\c dinxi"l'l 
produce triha II I til til h,tIlllS. tlllCh disi,,> 
f"I:tnnt has spl'dfil: IIlh'lIl\llIg05 111111 
dislHl\'antn~t!s h"ytlllllllHl ~tmerlll tllll> 
mh'anhl)!c that thI1\' nil form 1iI1"'~ 
\11').!anic 'hy-prol!tlt:ts:· O;'(\IlI! is nn ,,\.'. 
c:dl.lnt hinc:it!I' ,lilt! tIlt' hindtlal "did .. 
ty is not "fTm:hltl hy thl~ pI I of Ih" 



w,lh'r. Ozune docs nllll'rulluctl n "bin­
f"d,IIII residual. hll"'I)\,,'r .• Hlld if it 
\WI',' used alont!. no hilld",,' n~l1nl 
"1'Hld he present ill tl", "lsh:ih'~lilln 
s\'~h'lII. More than Uilltl w,Ih,r h'ent­
Ii", II \ plants around II~ wIII'III ~I"llH'alc 
U':"IW on-sile, but .111t' ~lHlllrntiun 
"lIl1il'lIIent is mOI'I! dubllnlltl thall thllt 
rt'lluiwtl when freu chllll'jllll is used. 
Filllllly. reports hll\'u lntlicatcd thnt 
wllt'll ozone is \ISI~t1, ol)lllnit:s in the 
W,lh,r become Il\OI'l.l biutlc~rndable. 
,"'" this ciln result in hh:IWl' microbio­
lu~il:,,1 IIctivity in tho ,lil\tl'ilmtioll SY$­
tCIlI. 

Chlurumines (colllhillt~1 chlorine re­
l\itluOIlI hilve the 1l1lvllntilgtl of being 
\!ill\y ttl generate alltl fl.wtl illlll produce 
II pl'rsistent residun' thilt I:nn bo muin­
Inillet! through the tiistrihutilln system. 
Chillralllines are WOnkl!r hillcitlcs <lnd 
the hiocidal action i!\ f\~d\lccd when 
Iho pH of the Wilier ill hi~h bL'Clluse 
lIIullllchloraminc furlllntiull is fllvored 
U\'cr dichloramine furlllilliun. Two re­
I'tlrls ill the literilture tltlClllllellt possi­
hIe prublems with chlurnmino tolC­
iI.:it\'. '"'' Chlorantitws lire l;urrentlv un­
d,!r~t'ing carcintlgl~nl~~i:; hiolls..>;<;y ilt 

• the Nntional Cunccr h\l\titllto. 
Chlurine dioxidtl hilS lIovemllldvnn­

III\.:t~~ liS nn alternative tlbinfectant; it 
h.;l\ !-(uud biocidal activity liver the pH 
rull~C uSlllllly occurring in waler treilt­
lI\un\' so it is applicilhlu III Illust sys­
Imll~. It can be gCl\crntcd and fed 
rmulily. although cure III needed to 
",,,intilin a low Ctlm:lmtmtilll\ of chlo­
rine. Also. it producl!s a residual that 
can persist thron~h tho llislrilJlltion 
~\'slulII. Lastlv, chlorine tliuxido does 
liut react wiih I1l1Il1Ionin. TherC£ore. 
the tlisinfectant dmllilllll fur chlorine 
diuxide may be SlIlIIcwhllt less than for 
(ree chlorine. 

A major dis"dv\lntil~ll ue lIsing chlo­
rine dioxide as lin 1Ilt01'llilrive is the 
furlllilliun of chlurite 111111 chlurate. Be­
CIIIIl\C of the putentlilituxicity· of chlo­
rite and chlorate, Ihe U.s.l::l'A hilS ree­
(llllllllllltled in tho Trilmlomethllne 
Re\.:ulatinn that the slim tlf rhe residual 
cut;centrations of chlorillO' diolCide, 
chilirite and chlomto bo limited to 0.5 
1lIj.:/1 in. drinking Wllter.· The usc of 
chlorine dioxide mllv ho limited if Ihis 
rl~t:ulllmendation is i~dul'ted by Prima­
cv Slates becilnsll IlIl1nV wiltel'S in the 
U.S. have disin rct:tllnl tlcl1IlInds thnt 
wunld result in a tolnl rosiduill concen .. · 
Imlilln exceeding 0.5 1Il!(/1 when ade­
qUlltc chlorine dioxide ill lIPl'lied to 
o\l'd the demand. 

Of the three a\11'r".II:h"" to trihalo­
IlIl:tlliInc control. the IISI, 11£ .Iltel'llate 
disinfectants apl'l'''''s til bll the mllst 
dfl,,;tive <Inu the {ell~tl:\lSt!y. Thetlreti· 
(;itll\,. illlV utilit\'. with .IIlY trihillo­
II": illil II C • preclirl\tlr r:lIIlt:entration. 

. t"Htlt! wlllICC its trih,tllHlwthane con­
''''lIlr;llion til almost .~I·nl hy the lise of 
"",' ,,[thesl! ihn'l' tl i:-il1 r. 't.I.1I1 t.illt~rnil­

., to frec chluril1'" Fllrtliel"lllure. the 

cust lIf any tlC these unit processes, cal­
Clllilll!d dther with or without contact 
chlllllhers. is very low. Because of the 
Clll\t advilnlage. a water utility requir­
ing trihillomelhilne control probably 
wlI\lld consider the use of alternate 
t1isinfeclllnls as the first approach to 
meuting. the Trihalomethane Regula­
tioll, ~ but the utility managers apd. their _ 
cllnslIilnllts should also conside'r ""the ~ 
dismlvilntnges"" of this approach. 

Altel'lliltivc\y. for the control of tri­
hulullIethnlles by removal of trihato­
Il\cthllnes und trihalomethane precur­
sors. Table 1 (pages 52-53) compares 
the purformance and cost of 11 cur­
rently ilvuilable unit processes. The 
tllble ulso 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 olher 
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 

Whether your system is cast iron, ductile. asbestos 
cement. iron pipe size plastic or C-900 PVC pipe. the 
strength of your system depends on the connecting 
joints. Trinity Valley products are manufactured under 
strict control standards to assure that our customers 
receive high quality cast iron fittings. These fittings have 
the strength and durability to meet the requirements of 
any water system. With Trinity Valley fittings. you can 
rest assured that you have the strongest connecting 
joints you can install. 
As one of the world'S largest independent manu­
lacturers, our stock provides virtually any size or type of 
litting required. Our stall is trained in working with 
variouS piping systems to help select the best fitting for 
your application. 
Shipments can be mixed to include the correct fitting for 
every joint in the system. Trinity Valley goes to almost 
any extreme to satisfy our customers. 

Meet Rodney Nolen. 
Sales Engineer. help-
109 you select the 
best littlOg lor lOb 
requirements. 

'9 Ttia~ny YoJley 
D.. i3 iton & ,teel compoftlJ 
P.O. Box 2388 Fort Worth, Texas 76113 
817/738- 1925 

Ql~O~ 
. r,nd.,mrtrll rf!qlster~ bv fne Gr,ff,,, P'pe PrOdUCts 
Co Inc O'YIS.O" 0' Amstea InduS(fIctS, 

MlCh.n,al Joint GrlII-TH,' a PUlh~a Joint lOr C·9OO CI 
00 PVC Pilll. CII0·A21.10·n .ad At·Ca"'OKI CI Fin, ••• 10' 
A.b, .... C.menl Plo •. CI 1'IIIlI~. Joinl Finln •• 'a' IPS 00 
PVC Pipe. fllll9'. FiRl_V' .1Id Fill""'''' Pig •. 
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answer to 
removfng 
priority 
pollutants 
from 
wastewater? 

lei Americas 
HYDRODARCO® 
powdered 
carbons. 

• Adsorb toxic pollutants 
efficiently by direct 
adsorption or enhancing 
activated sludge 
treatment 
• Help form more 
compact sludge 
• Reduce handling costs 
• Compatible with most 
processes 

ICI Americas can help 
you meet your industry's 
regulations. We have the 
experience and strong 
technological background. 
For information, caU 
the Purification Sales 
Manager at (302) 575-3549. 
Or write to ICI Americas . 
Inc., Wilmington, DE 19897. 

BrOldlst 
Activllred 

Carbon LiM 
To ~aci~!lly 
MilIch Your 

Needs 

® lei Americas Inc. 
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and should not he 'aken as llni\'crsall\" 
applicable. Absolule cffccli\'cnnss cir 
unit processes ,lIld cnsls will vary 
among locations. 

Maintaining Bacteriological Quality 
Drinking water treatment modifica­

tions 10 reduce Irihalomcthanc precur­
sors must be applied cautiously with 
careful consideration to the changcs 
that such alternatives ma\' introd\Jce in 
the microbial quality of d'rinking water 
produced in the plant and transmittod 
through the distribution network. In all 
of the manv 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 olr 
tain lower trihalomethane concentra­
tions. however, some microbial migra­
tion deeper into the treatment tmin 
must be accepted. Therefore. greater 
reliance must be placed on final disin­
fection. with maintenance of a disin­
fectant residual in the distribution s\'s­
tern 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 air 
normal pollution loads in the source 
water. Under these situations. normal 
microbial reductions in early phases of 
the treatment chain will nol be ado-' 
quate to suppress the residual bncterial 
populalion to low levels. This condi­
tion places a greater burden on the last 
in-plant treatment bnrrier. i.e .. disin­
fection. Therefore. daily bncteriolo~i­
cal monitoring of all in-plant processes 
is recommended during periods of 
warm water temperatures. abnormnl 
increasesjn sQurce water pollution. 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 manngers. 

consulting engineers and others in as­
sessing treatment options. some trent­
ment possibilities. for four systems'" 
will be discussed: 

The alternative of using a disinfec­
tanl other than free chlorine will not 
be discussed because that applicatinn 
is relatively straightforward. The rcmd-

""The firsl Ihree exampl'l!I will br. <1;'":11,,-,,,,1 ror 
two difl'crDnt Cil!iOCS: fAI \\rlu~rc a I"".. .. , J.h\n:,-nt'l)Ir 
of Ihe possible Irihatum"lhanc p ... h .. :tiun h". 
occurred rapidly at the Ir!'atmenl pl.lnl ..... 1 1111 
where a large amollnt or Ihe p"".ihl.· trihat .. m ... 
thane production occurs in Ihe distrihuli .. n ~y"t"m 
afler the waler has Icfl Ihe plant. 

er i~ n'mindt'" ttr lilt' "isild\·ilnl.I~"~. 
c:ilt'cJ prC'\·ittltsh. Itt Ihis approilch. 

CI>Il.~id<·r.III"1I tlr Ihl·.,,, c~xampl"., foo 
cltses till trih,.J<IIIlI·lh.lIIl~ and Irih;'],,­
lIl'~lh.JJlt' 1'1 "';IIr.~1I1' mlllll\'aJ options in 
i/n illlt~tIlpl 10 sho\\, h"w waler ntilily 
mOlnllI-lCll'S. !:tlllstJltill/l en~incel'!l !lnd 

uthers clln dllh'\'Illinc Irentment errec­
ti\'cnc!lS and I'sli\llah~cllrealmenl cnsts 
os n lirst sh~Jlltl ~ .. l"t:lin!l the most rcn­
sunilhlc oJllltlns fllr pilot study. t-.1any 
othcr Irnatnwnl IIptions ilfe pOS-'1ihlc 
nnd should ho !:ollsidnrod in an ncluol 
cnso. As nolod In Tablo 1. (pages 52-531 
ellch process hns disadvantages. nnd. 
nlthough thoy nl't! not nlways menlion· 
cd. thc\' nlllst nllt he overlooked. 

(lAI'1O lllild Groundwater Ulility+t 
THM ConcI!lltrtltion 2xMCL - 0.15 
mgll Insl'l'llM in Finished Water: In 
the cnSe of the smnller utility trenting 
groundwnter h~' chlnrinntion only. 
with a rollltivnly hillh InstTHM con­
cenlration (o.:!o mlllll in the distribu­
tion S)'stcm. lin npprmdmate 50 percent 
!lnclinc in tIl(! Iriltnlotl\cthane concen­
tration in the distrihution s\'slom 
would he requll'Uti so thot the average 
concentralilln IIf Irlhillomethanes in 
samples collC!t:lml thruughout the dis­
trilmtion S\'Shll\l would be less thnn 
0.10 mgl/. n .. C:;IIISt· milch of the scmrce 
wnler Im:cul'Sor has Imen converted 
into trihlllllllll!thnncs prior to lenving 
the treiltment \llnnt in this exnmple 
li.e .. the InstTIIM concentration in the 
finished wllter WIIS 0.15 mg/l with nn 
increllse of O.Il:i Illg/l 0111 in the distri­
hution S\'stlllll I t hun lIl~ration could be 
emplllynd to rcmlOVC Ihese trihalotne­
th.mes. At:clInlin!ollo Table 1. a 20:1 nir 
to WilIer rntin fllr n diffused-air S\·stcm. 
or n 32:1 air til "'ater rlltio for a'tower 
IIcralinn s\'ShHll m:hievtld 80 percent 
rcmo\'nl of lilt! IllslTIlM at one loca­
tion. This Wllllltl prtlClllce an eXJlected 
IIvcrnlle InstTIIt-.·' concentration of 
0.03 mg/l lea\'ll\~ the plnnt (0.15 -
(0.81(0.1511 - 0.03 lind 0.08 mg/l (0.03 
+ 0.05) out in the distribution system. 
less thnn Ihe Irllllllnmcthnnc MeL.· An 
estimnted mldml COllt for these two S\'S­
terns would bc He/l.OOO gal- n"nd 
01.5'-'1.000 ~t\l. 1't$lltlr.ti\'ely. neglecting 
the cost of tl't~IIt1l\g the air (filtcring. 
scruhhing. 1\1\11 1Ie1 rnrthl. 

110) 10 llllol!l (il'tlll/Ilill'ofer Utilitr -
TUM Conr.t!ntrtltinn :!xMCL - 0.01 
mgllI nsfI'll At in Finished Water: 00. 
CtlllSC n hi~h Jl"l'r.tmtllge of the snlll'CO 
wnter trihnltll1wtlulIl{l precursor hilS 
not hllon COI\\·,'rtlld into trihnlol\\o­
thnnes II\" tl\(l IIml! Ilttl wilter lCI\\'tllllho 
treallll'ltlt Illnnl. IIcll\\C trihalomtlthnno 
prC!clIl'Snr I'tlllltl\'nl process mllst be 

II !'or Ih.· t."rt .... •• or Ih.·",· ,'xanlpl.·", Ih.·,,", 
!o:.I'UUlhh\.lh't ",,,"'U')Ir. .11'- .I~ ... utnt"tl ttl hU\"t· ~n t}", nnw ClIH,,,: .. ,,1 h. ,"'~ 1." .. \11".,. 
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"I\II''''~ "d, Becun:;,' lin Iy I!hllll'illillhlll 
{;Idlllk:> .lre avail"hl., ,II Ih\~ Ilx,lmplt) 
~ih" .1 h'I'.llnlenl :<4Oh,'III1> wllh iI milll· 
11111\,1 "f I:unslrudiull :;hlllll.l h" \:1I1\:;i"· 
"1'1'.1 tll'lit. Two ~\,.",.dbillti,:s 11ft!: II \ 
"1t'1',:1 fIltrulioll Cor Il'ih.II"llwlh.lIlC 
\,1'1'1:1lI':<I.r remO\'al or t:!l ~I'ilnulilr nclI­
\'.,h'd 1!.lrbon adliOl'pllll1l wlthllut nnr 
tll'hll' ~1'\lhnenlntiulI', Al'pl'uxlmillluy 50 
""1,\:,'111 \'emovalof th" Il'ihil!t'll\"lhant) 
I'I'I'~III's,'r wOllld btl :lutlkit!llt :10 Ihilt 
Ih" .l\·I'I\I~e of tho !'ilnlplv:< c(lllt!eled In 
111\1 dbtdllution s\"stOI\\ wl1uld btl lowor 
t h.", ll, 1\1 mg/1. • 

/\ccllnling to Tabla 1. hl;I~C!l 5:!-S3) il 
CUil~\lI.lIIt dose of:!l m~/I tlf ilium lind 
\I, I 1II~/1 of polymer prmluctld rtpproxl­
\l\Illdy SO percenl P",'C\\I':\Uf rOIl\ll\',,1 
b\' tllt'\'I:t filtration al ontl locutiun. 
Nlltc. the water beillg Ift'lIlcd llt this 
1t,,:nli,'1\ was a low tmbillltv surfnce 
WHIM. but for this eXillIIl'ltl tho ground­
w.llt,r " .. IS assume,l ttl bchilvo similar­
I\,. Thu t!stimaled mldd Ctllil of snch n 
,;I·',C,,:-.,>I would be :!5c/I.UtlU gill for this 
ll\':>II·I\\ . 
. Col't'l'lipondingly. u ~l'iInlllllr acti­

vcllct! cMbon adsorher ha\'ill~ il i-min, 
EIlCT with the act!\'atCl\ cnrhllll re­
pllu:t'll ur reactivillt!d UVCI'!' thl'cu 

,wud.:lI wuuld achiu\'u 50 pt'I't:unt re­
,l1Iu\'III IIf Irihalomelhulle pl't'I!Ul'sur. On 
.1 Ihl'llw-awav bus ill. till! mhh·d Cllst llr 
~\II:h ., process would hu $1.:lU/l.OllU 
~ial. Using on-site runc.:tivutlun. Ihu 
iIIhbl cust would btl \(i¢/ I.UIIO gul. 

1:: .. \ I 10 mgd Grountlwult>r Utility -
'1'''/\/ Concenlrolioll t.::.'CMCI. - 0.05 
1II~/llnliITHM in Fini:;hl)11 Wuler: For 
Ih'l lIecund examplo. n 10 mgd treut-
1I\1l1I1 plnnt with u grulllltlwiller SOIlrc.:O 
,lilt! chlufination onl~·. whulitl averugu 
IlIliITHt-.1 concentmllon In tho dish'i­
hllliull system wus 0, I:! mg/1. only 
"buut 10 percent of uithor trihulomo­
thilnu or trihalonltllhnllo precursor 
t:unt:unlrlltions would btl nuutled to 
hrillg Ihis water utility's drinking WilIer 
11110 l:ul1\pliance. Thcrururu. buclluso 11 

~1!(I\i!kilnt portion of thtl :\II\II'CO WilIer 
trihillumelhane prCClII'lIl1r hus beun 
cunvurled to InstTHM In tho finshed 
Willuf. neration could be considered 
fur tho removal of IrihlllulIlIllhllnes. tr 
Ihu InlilTHM concenlrllUlI1l In tho fin­
IlIhcJ WilIer were nbuut 0,05 mg/l. nn 
.ltlfHllun device producin).l 50 percent 
rUlI\uvul might be ndel\lIutu. Thill could 
htl done with an air 10 wnlur riltio or 8:1 
rur t.ltrrllsed air Dnt) -4:1 for aorlllion 
IUWtJrlI (Table 11. Tho ntltlml cosl for 
Ih,'lIu Iwo unit pl'ocelltlS Cor Ihis 9i:.w 
\1·",,1111"1\1 plant wlluhl btl tl.\)¢/1.0011 
~.d .llId 3A¢/1.000 ~,d. l·t!~l't·t;!i\'dy. 
1I"~I,,t:!lng the cost oC !rtlll!llI!l !he air. 

(:.!!l1 10 mgd GrOlillt/wlItt'r Ulility -
TI /.\/ Concenlru/iol1 1.:.!.'(,\lCL - O.ut 
III~ i 1111!itTH ,'\11 in "'illi~~wtl Wtller: Du­
I;,tll!<" Illsufficient (nstT! I~ { III prllsent 
III Iho finished wa!t!r !lI 111,1", Irih"llI­
lIidh."I" removal ,I lI~dlll lIpliulI . 
• !tH,HI! ;1 :.!f} percent n~HH!\\d- ot-~rHu.~ 
. ,,,,,·111.1111) precursllr wUllld btl ru-

IllIit·"11. Either IO\\,t!ring tho pH. trent­
nW1\t with \lulnssiulIl permnllganale. or 
11'1~"lllwl\t with aboul ~ mg/I of chlo­
rilW dluxide (eslilllnl!!d) could provide 
;:11 p\)\'\:unl remu\'al uf precursor. ac· 
c(l\'\lIng 10 Table 1 (pnges S:!-531 using 
dnlil frolll specific loclltions. and 
wlluld unlv involve the construction of 
II conlnet l;nsin lind the uso of ch'(imicol'" 
fel~dol'l\. The added cnst fIll' these Ihree 
unit prlleesses wuuld be: pH control. 
0.6(/1.000 gal:t pOlils..~iulll permangn­
Rille. \1¢/1.000 gill: nnd chlorine diox· 
lue. 9.tlcll.OOO gul. respectively. Of 
course. if chlorine dioxide oxid'ltion 
was considered as UR alternative, in­
vcstignlions would hu\'o 10 include a 
llctcrminn\ion of Ihe production of the 
inurgunic by-products chlorite and 
chlorule. to com pure with the recom­
mentled limit for the total oxidants of 
0.5 m.ll/\' 

131\)100 mgd Surface Waler Utility­
l'IU\'1 Concentration 2XJ\ICL - 0.15 
mglllnslTHlvl in Finished Waler: For 
thu Ihin! example of n 100 mgd con­
ventiunnl Ireatment plnnl tIlli.n.s.:a SUf­

Cace Willer source and having an aver­
nge InstTHM conccntmtion of O.ZO 
mg/I in the distribulion system. a 50 
percent decline in precursor concen­
Irnliun should be sufficient to bring 
Ihis utility into compliance. Although 
Ihey could be considered. approaches 
Ihllt producc modesl effects on precur­
sors-improving clnrificalion. moving 
the' point of chlorination. lowering the 
pH. and Olddation with potassium per'­
milngnnnte-probably would not be 
adequllle. 

Declluse the InstTHM concentration 
in the finished water is high. 0.15 mg/\. 
trihnlumelhune removnl should be 
considered. An aenltion system oper­
ating ilt 80 percent removal should be 
sufficient 10 reduce the InstTHM con­
ccntrution to a value below the MeL.' 
Using dnlll from one location. a dif­
Clllicli-uir system al 20:1 air to water 
rlltio or 110 aeration tower at the air to 
wnler Milia of 32:1. costing an addition­
al 14c11.000 8ul and 2.!lc/1.000 gal 
res!JCGtlvely, neglecting the cost of air 
trclltmenl. might be adequate fJ'able 
1~ 

1381100 mgd Surface Woler Utility -
TH M Concentralion 2xMCL - 0.01 
mg/I Cns!THM in Finished Water: Be­
clluse Ihe InstTHM concentration in 
Ihe finished water is not high. the 
romuvlIl of trihulomethane precursors 
wOllld be required. According to Table 
1. eilher Ilxidation wilh ozone or chlo­
rillt! diuxide or adsorption with pow­
dered or granular aClivolCd carbon 
shuuld be able to produce a 50 percent 
relillcliun in Irihillomethane precursor 
conct:n!ru!iun. The added costs for 
theso. CUllr processes are: ozone. 7.9¢/ 
t.OO() gul: chlorine dioxide. 11¢/1.000 
).Inl: P:\C t 1¢/1.0(\0 gal: ami CAe (santi 

-- fC~tkul.,ii.~t-ln "'-n\,mnt~r ~\md.fr h.fchturint,-t,Hux" 
Itlc. htu lL"'tIl)iC the ,l"propri.lle t:hclI1it.:.al. 
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Cost effective 
answer to 
removing taste, 
odor and 
toxic organics 
from 
drinking water?_ 

lei Americas 

i)\~ i,) ; 
/:j,"",~ol 

TOTAL ACTION PROGRAM 

Water Service 
using . 
HYDRODARCO® 
granular 
activated 
carbon. 
• UHle or no capital 
Investment 
• Comprehensive plant 
review to determine needs 
• Equipment for installing 
HYDRODARCO in existing 
rapid gravity filters 
• On-site core sample 
analyses, technical 
assistance 
• Choose from numerous 
opt/ons 
• Custom-designed 
financial arrangements 

For information. call the 
Purification Sales Manager 
at (302) 575-3549. Or write 
to ICI Americas Inc .• 
Wilmington. DE 19897. 

® lei Americas Inc. 
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rrrlClcement. on-sile rracti\';]tinnI11cl 
1.1l00\.!<l1. rt:SP"r:llvch ]1,'\Iln<l th,' dif­
fen'n~es in cost. each prnr:::.~~ h.)~ .iIS­
ad\'antaucs; ozone pr(lduc(!s other or­
ganiC b~'-prodllcts as \\ell as chlorile 
ilnd chlorate. disJlosal of slIHIf!e may 
bc a problem with powdered acth'ated 
carbon. and granular ilclimled carhon 
reljuires replacemenl or reaclivation 
(Table 11. Decisions as to which pro­
cesses to shidv should lake all faclors 
into account. 'bul the least expensive 
treatment. ozone oxidation. would be 
the first choice. 

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

i , 
.~ ., .. 
/. .-

1 ;j .j, 
-' 

In hundfedS 01 installat,ons. Koma. 30 
Mot,onless Mixers are prtlVid'ng supenor 
In·llne water And waste water tre3tment. 

InstTHtvl concenlr;]tion of 01:! Illl.!ll in 
the: distrihlliion syslem \\,11111<1 r':tlllir,· 
a f[;(iUClIOn of Irlh,.1llrndh.lIl'· 1'1,"';lIr­
sor cnnccntrillioll of illlh· ,11111111 ":0l"'r­
cent to bring the utilily inlo cIllnpli­
ance. Under these circlIll1s\;lnccs. 
tcchniques prodllcing il modest rt!1I10\'­
al of trihalomelhanc prpcllrsor. eilher 
improving cl.trificalion. moving the 
chloriniltion point. ildjllstin" pH. or 
adding some oxidant. should illlnw thc' 
average InstTHM conccntralion in the 
distribution system 10 becllIne IIccept. 
able at a very modest cost (Table 1). 

With diligent disinfeclion ilS the fi. 
nal trealment slcp nnd propcr survcil· 
lance of the distribution s\'slem, ilnV of 
these processes cnn be IIscd for trih~lo. 
methane control with the knowledge 

Plus substftnhal energy cost 58",ngS. -. -'--1 
Only Koma.·s pRlenled des,gn performs 

triple--ACttOn thte['·dlmenslonal mlxlng­
reatunng II h'ghly fltrlC,snt thtrd m'"ng 
action I't'su"tng frOm un'Que ,nternal 
1IOr1,c&S t:n>Atod by each ITNXtng elpment. 
This exeluslV(l back.mlJung fealuJe assures 
thai add'tMls III'(> lot ally d,sJ>Crst>d w'lhtn 
one pl~l(' ('tl:l",et(lr With "0 fiocculahon .. ~\ <, 
damage No oth~t ~tattC mllOI cre~les ~' .'1:, 
b3Clo.-nll).,ng . 

Kon't:\\. llC't onty gives you bt?lter control Over miXing, but also ~, 
sa"'e~ you mm~y SInce fMere are no moving parts. Komax ~: .. \~ 
mlJ.ers !tl'W EtnPf9Y and ehmlnAto matntonance and downtime. .' .. 
In fact. b ... t>d on nAllOnal power costs .• recent 40 MGO inSlalla· < .... :-

bOn =s P'iyi1tV tor ilSQ" every rour tnOnihs In energy saVIngS! --: '~-., - -

K('Im:.lt. S~-slt'nlS Inc 
1947 E :Z~I;,:: Sh~f 

long B<>ACh. C" "'"*'0 
21ll\3C4:l.."O 
T<-it-, f$,'t;S~-"M, ... l(:;'8-

Ih.11 \\,JI<'r \\'llh .111 .11","1'1..1.1,· Ir.l(;I,·rlll­

I,,~lt:,d 1\,,;.111\ lI'ill I'· .... 1t Ih,· 1"11'.'1'11. 

I" '" Lip ()f {:IIIII'~I~, ))1.111\ 111111'(" IlIulll­

I1,JII"I1~ "r ~'I1II':I' \\,11," <i".tllll<·~ C;\lsl-
111~ In';iltn"nl i'nll:'·s~,". ;lllti 1r'!iII1111~nl 
"l'lltlllS call OCUlI'. '1'1", "'''',Il'I:h n~pllrt' 
1'''''\'idl!S inflll'lll.lli'lll t:IIllI;'·l'llitl\.! cost. 
1·(fI'CII\·C Irl!;IIII1I'111 P/'''t:I'.\.''~S Ihal clln 
hi' (.tlllsidl!ft!d h\' \\;II"r IItility pl!l'snn· 
1,..1. d,!sl.l:n "IlI,!IIl"'!/'S ,Ind Primae:\ 
.\':"IlCil!S til slII:t:,-ssf"lh 1:01111'01 tilt' 
c,;Ilr.cntratio(1 IIf trihnlllllwlhal1cs in 
the nntion's dl'illkill),( wHlllr while 
11l1lintilinil1!/ hi!/h \J,I{:It!riolll)licnl wntcr 
qllnlity ilt thp r.OIlSlllllm"s Itlp. • 

Aclnowlr.nllf'llloniS 
·flu. ill/lImn; WIsh Itl "dwrI\l'I""IoII! Mr. 

Gor"on C. llnh.,,,k. tllr"clur 'lllh,· DrinkillJl, 
WI//pr 1l"s/"lrr:J1 J)i,·I.WIII 1 1 . .'1. EPA; f. KI!illl 
CIIT'wdJ. rU1I1 nurS'·\·. Wulh'r A /-'''1111'. 
I,,/tll C. //0((. ~r·/IIh·rlt I .. "mrlp. GUf)' ,II 
I.n,.:srlon. /I"l1iuIIIIII I\, 1.1 hiltS. /1' .. llil:hnl'll 
f. {\ f i/tl1l!r. l."flwll A "'IIIIn'. "111/ Brulfford 
I .. Smilh. lJrinklllll Iruh'r /I,'swlTch IJiI'i­
s;un sluff IIlI·mlk,n:. 

Th" .lIIlhurs "lsII IIPP"I't:i,II" Ih" cOl1lrihu­
linn nf Dr. Midltld (;. I.:"'·'"1(111):h of 1!lIllt'S 
.\!. ,\loll/j.lfllll'·r\· r;tl/I"I/I/III.~ };Ilgi",~"rs. 
r,lt' .. r.""d"lltl. C .. I "Ill/ Dr ,\lidltJd / . . "t'! ;1I1r1' of til" .\II'II1I, •• IIr"n I\'owr IJis­
Ir,,:1 of SIlIIlh"I'n Cu lifll I'll 11/. l.uV"rnl!. Co'\. 
S"'cjulritllllhs I" "Is 11/1111111 r.t. Ljl/y. 
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