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I Wilmington, North Carolinrt 28402 

Dear Roger: 

Enclosed is some integrated information from our survey and experimen'al 
work on trihalomethanes in North Carol4na. We thought you might? findL 
some of these preliminary results interesting. 8 

Please let me know if you have any questims. 

PCS: pc 

Sincerely, 
r? ,. . 
I i 

. ..& 
Philip C. Singer 
Professor 
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in anticipation of the United States Environmenta Protection Agency*‘s 
est&Jishment of a maxlmum COntiXninarlt level (MCL) of ZOO ug/? for trihafo- 

.: 
' 

methanes in drinking water, a survey was conducted at thirteen water treatment 
plants in North Carolina. The results of the :survey showed a strong corre- 
Jation 'between total organic carbon (TOC) concentrations in the raw water and 
instantaneous and terminal THM production in the finished water In four . *. 
‘plants, the instantaneous THM concentrations were observed to bi in excess of 
the 100 ug/J MCL. An experimental program was carried out to eva’iuate the 
feasibility of modifying p?ant :operatfons at three of these uti’iities in 

i . . 
order to bring the finished waters into comp‘ljance with the regu?ation. 

Th,e, results show that alum coagulation and settl ing represents an effec- 
tive means of removing THM precursors from drinking water. Reductions in the 
7-day trihalomethane formation potentia’l of approximately 60% were noted. 
Modification of prechlorination practices, by moving the point of chforine 
appl ication downstream of the settling tanks, appears to be an efficient 
mechanism for controiJing THM formation at these utiJities. In those plants 
where oxidative pretreatment of the water is required, oronatian or peman- 
ganate addition to the raw water can be substituted for prechJorinat+on 
with 1 itt’le impact on subsequent aJum coagu7ation and its capabi‘l ity for . . 
removing Tl-!M precursors. 

En 7 ‘anticipation de 7 ‘e&b1 r’ssement d’un norme fed&-a? pour Je niveau 
maximum de contamination de 100 vg/J du trihaJomethane dans J’eau potable, 
pre1bwnent.s d’eau ont effect& sur. treize stations d’;puration d’eau en 

des 

Caroline du Nord. Les rikultats de ces p&J&ements ont demontr; une forte 
carrel aticn entre la concentration COT de 7 ’ eau brut et 12 production 
lnstantanee et terminate du trihaionethane dans I ‘eau Gpu&e. 
ces 

Dans quatre de 
stations d'&uration, Jes concentrations instantan du trihalomethane ant 

f5tfZ supkieures a 100 lrg/l, Un programe de recherehe a Gtg Gtab? i afin 
d’&aJuer dss possibiJites de modification dans J ‘op&ation de trois des 
stat-ions d’epurations afin de produire une qualit d’eau qui peut satisfaire 
ies nornies. 

Ces r&wJtats ont d&ontrG que Ja coaguJation avec afun suivit par la 
dgcontation est vn moyen efficace d'enlever Jes pr&urseurs du trihalomethane 
de 1 ‘eau, Les reductions d ‘environ 60% sur Je niveau de potential de - 
formation du trihalomehtane (7-jours) ont Gtg constat&. Dans Jes stations qui 
pratiqueS Ja prech70ruration, on pourrait &iter ia formation du trihalo- 
methane par 7 ‘application du chlore a J ‘avaJ du basin de dgcantation. Dans 
Jes cas ou on pr&rgitement oxidatif de l'eau est requit,.J’addition d’ozone 
ou de permanganate a 1 'eau brut peut etre substituge pour la prGchloruration 
sacs impact sur Ja coagulation avec al un et sa capaci t& d1 en‘iever 7 es 
precurseurs de trihafometbane. 

00 0 0 0 0 0 3 si5 “-;q,. L- 
.-.a. . . . 







CONTROL OF TRIHALOMETHANES IN NORTH CAROLINA 

DRINKING WATERS BY OXIOATION/COAG~LATIOM ?I 

bY , 

Alan E. Scrivner (Research Assistant), Philip C. Singer (Professor) 
and James J. Barry III (Reseiircb Assistant) 

Department of Environmental Sciences and Engfneering 
-_ School of Public Health, University of North Caro?ina 

1 . Chapel Hill, North Carolina USA 

Introduction 

On November 29, 1979, the United States Environmental Protection Agency 
amended (I) the National Intm-im Primary Drinking Water Regulations c-stab- 
‘ijshing a maximum contaminant Ieve (MU) of 0.1 mg/l (100 pg/l) f& l&al. 
trihalomethanes {TTHM's), including chforofom, CHCl 

3 
. The effective-date of 

the MCL is two years following promulgation of the r gulation for comunity 
water systems serving 75,000 or more persons, and four years for comu,nity 
water systems serving 10,000 to 75,000 persons. In anticipation of this 
regulation, a research project sponsored by the Water Resources Researt-h 
Institute of the University of North Carolina was initiated in Septemb& 1978 . 
to analyze raw and finished water quality at selected water treatment plints 
in North Carolina with respect to trihaiomethane formation. 

The data collected at each of the plants were analyzed by comparing the 
trihalomethane concentrations in the finished waters of each of the facilities 
with the LOO pg/l standard. In addition, the trihalomethane concentrations 
in the finished water were statistically compared to the raw water total 
organic carbon concentrations. More tilan ZOO s~mpfes~were collected during 
various times of the year from the water treatment plants at Asheville 
Charlotte, Chapel Hill, Durham, Gastonia, Greensboro, Raleigh, WinstonzSalem, 
and Wilmington, North Carolina. 
sampled. 

Zn all, thirteen treatment plants were 
The samples were analyzed for total organic carbon, and instantaneous 

and termina? THM concentrations at various locations throughout the plants. 
The results cf these analyses were reviewed, along with other water quality 
data and pertinent operational characteristics of the plants in question in 
an effort to ascertain trends associated with trihalomethane formation. -*The 
data collected included the nature (source) and quality of the raw water, time 
of collection (season), chlorine dose and point of applicatjon, coagulant 
additions, pH, temperature, use of other chemical oxidants or adsorbents, 
and detention times through various unit processes. All of the treatment 
plants surveyed, with the exception of the Qurham plant, employed prechlori- 
nation of the raw water either as the water entered the plant or as it entered 
the pipeline carrying it from the source to the plant. 

The results of this survey and analysis have previously been presented 
at the June, 1980 Annual Conference of the American Water Works Association 
Examples of some of the correlations developed between raw water TO 
instantaneous THM production, and raw water TOC and terminal THM pr 
in the finished water are shown in Figures f and 2, respectively. 
collective nature of the TOC parameter in that it is a measure Of allorganic 
substances in the water, it appears to be a good indicator of the trihalo- 
methane formation potential of the water. 

..c ,. -. '. -- ,_ 
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Analysis of the data also showed that THM concentrations tended to be 
'I .,.; 

higher in the centra'l and eastern parts of the State than in the western .region 
This may be due to the,yature of the vegetation in the different watershe&, 
or due to the accumulation of humic materials in the surface waters as they 
flow toward the coast. 

'The data aJso showed that TOC concentrations were reduced an average of 
3S-40% as a result of coagulation and settling and that the terminal triha'io- 
methane concentrations were reduced cm-respondingty, as suggested by the 
correlation in Figure 2. In fact, the percent reduction in TOC was strongly . 
correlated to the percent reduction in terminal THM's (r = 0.80). 

In three cities, Chapel. Hill, Raleigh, and Wilmington, the instantaneous ,' 
THM concentrations in the finished water leaving the plants were observed to 
be in excess of the 100 ;1g/l MCL. For these utilities, an experimental pro- 
gram was carried out in order to evaJuate the feasibility of modifying pJant 
operations in order to bring the finished waters into compliance with the 
regulation. In particular, the feasibility of altering the prechlorination 
practices at these plants, by moving the point of chlorine application down- 
stream of the settling tanks, was investigated. Such a modification was 
previously found to be effective at Durham, NC (3). In conjunction with this 
re?ocation of the point of chlorine addition, the impact of adding ozone or 
potassium permanganate as afternative pretreatment chemicals, in place of 
chi orine, was also evaluated. 
mental program. 

This paper presents the results of this eicperi- 

Procedures 

The experimental studies were performed on a bench-scale in the labora- 
tory, using conventional jar test procedures. 
from Raleigh, Wilmington, 

Raw water samples were collected 
and Chapel HilJ, North Carolina and ana'iyzed for 

total organic carbon (Beckman 91WCarbon Analyzer), turbidity (Hach Model 
210ilA Turbidimeter), and UY absorbance (254 nm wavelength, 1 cm cell). Samples 
of the different raw waters were dosed with alum at the same concentrations 
as those employed at the respective treatment p'tants. Th,- treated samples 
were gently mixed at 40 RPM for 30minutes on a paddle stirrer. Following 60 
minutes of settling, aliquots of the settled water were removed and anaJyzed 
for residual TOC, turbidity, and UV absorbance. Samples of the coagulated and 
settled water and the raw untreated water were then dosed with chlorine to 
determine the trihalomethane formation potential (THMFP) and ch‘lorine demand 
of the water. All chlorinations were accomplished by adding a known amount of 
chlorine (15-20 mg/l), and buffering the solutions at pH 6.7 using a phosphate 
buffer. The chlorinated solutions were stored at room temperature, in the 
dark, in headspace-free sealed bottles, for seven days. After this time 
period, an aliquot was removed for the measurement of residual chlorine, using 
the DPD procedure (4). In a17 cases, residual chlorine was present after 
the seven-day storage period. The remainder of the solution was quenched 
with excess sodium suffite and seated, headspace-free, prior to the analysis 
for triha?omethanes, The con‘centrations of the THM species were subsequentJy 
determined using the purge and trap procedure (5), employing a Tenax trap, 
Tracer MT-220 Gas Chromatograph with a Chromasorb 101 column, and a Hall1 
EJ ectrolytic Conductivity Detector. In a?J' cases, CHCl was the pred 
THM specie present, with only small traces of CHBrCi‘--o&erved on CCC ~-gj?fi 

To evaluate the impact of ozone and potassium p&manganate on the THMiP 
of the raw water and on the behavior of a'fum during the fours 
coaguJation and settling, parallel samples of the raw water ~f~~~e~~~ 3 9 9 
1-S mg/l of ozone, and f-3 mg/l of KMn04. Concentrated solutions of ozone . 

_. 
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{up to %I mg/'l) were generated by ozonating dilute sulfuric acid solutions " 
(pH 4), prepared from organic-free deionized water. Ozone was generated from 

axygen, using a Union Carbide Model No. SG4060 laboratory ozone generator. '. 
The concentration of ozone in the stock sofution was determined iodimetrically 
(4). 
KMnO 

In the case of potassium permanganate, stock solutions of reagent-grade 

Stan % 
\qcre prepated and standardized amperometrically, by titration with 

ard phenylarsine oxide (PAO) (4). Various dilutions of the ozune or 
KMnO S&k solutions were added to samples of the different raw waters, and 
the $H was adjusted if necessary, to a value near its original pH. The 
waters Wre held foe 45 min. to 2 hours, until no residual 0 or MnO - could . 
be deteezed, Aliquots of the treated water were analyzed fog resW& TOG, 
turbidi'& and UV absorbance, and then chlorinated, under the same conditions 
as described above, for the measurement of THMFP and chlorine demand. 

Parallel samples of the ozonated or permanganate-treated water were 
coagulated With alum, using the jar test procedures described above, and 
settled, The sett!ed water was analyzed for residual TOC, turbidity, and UV 
absorbance, and then chlorinated to determine the residua? THMFP and chlorine 
demand. A fJow sheet outlining the treatment procedures is shown in Figure 3. 
In all cases, the THMFP refers to the 7-day trihalomethane format'ion potential, 
at PH 6,?, in the presence of excess Cl*. 

Results ,md Discussion 

Table L shows the characteristics of the raw kater at the three utilities 
investigztgd. With the exception of the second Chapel Hill sample, the waters 
have a Wlatively moderate turbidity and a rather substantial organic carbon 
content, as reflected by the high TOC concentrations and UV absorbance values. 
Accordingly, the raw waters are also seen to have an appreciable 7-day tri halo- 
methane formation potential. 

The results of the alum treatment and subsequent settling are summarized 
in Table 2. It is apparent that alum is capabfe of reducing the 7-nday trihalo- 
methane donation potential of the waters by an average of approximately 60%. 
These,- results suggest that modifying chlorination practices at. Chapel Hill, 
Raleigh ?Vorthside, and Wilmington, 
downstream of the settling tanks, 

by moving the point of chlorine app?ication 
may bring these treatment plants into corn- I 

Pliance .with the new THM standard. 
Table 3 summarizes the results of the ozonation and coagulation treatments 

on the Raleigh Northside water. The ozonated waters show noticeable reductions 
in the T-day THMFP and IJV absorbance values compared to the raw water, along 
with miter reductjons in turbidity, '/-day Cl demand, and TOC (discounting the 
ah-rant 3.1 value). The ozonated and coagu ated ? samples, however, except for 
some minor variations, show iittle apparent difference ii7 resultant quality 
when co-red to the sample which was only coagulated. Hence, ozonation, 
while it does alter the nature of the organics in the water to some degree, 
sears to have little impact on the capability of alum for coagulating and 
removing organic precursors of trihalomethantis. 

The results illustrating the effect'of pennanganate oxidation and coagu- 
lation on Wi'lnrington water are shown in Table 4. Permanganate oxidation 
appears To reduce the 7-day THMFP to some extent, in much the same way as 
Previously reported for Durham and Chapel Hill (6). There appears t 
slight i,I:rease in TOC and UV absorbance following the permanganate 
but this cannot be explained other thar: by possible analytic 
of the respective measurements. 
alum aga-3, 

The samples treated by pem 
as in the case of ozone, show little difference 

SamPIe t--eated by alum alone. 



. . 

Figures 4 and 5 summarize the more significant results of treating the 
five different raw waters by ozone or permanganate oxidation, alum coagulation 
and settling. Figure 4 shows that in aJ1 five cases, while alum alone reduces' 
the XC by 44-62S, oxidative pretreatment reduces the effecti veness of alum 

0 for removing organic carbon. This impact of: the oxidants is inore striking 
when the combined d&a for all five waters i's examined than when the indi- 
viduaf data for any one water is considered. The reduced eff<ciency of afum 
for coaguJating the organics remaining in the oxidant-treated wat,er probably . 
arises from the increased solubility and decreased molecular weight of the 
resultant organics comprising the total organic carbon. Nevertheless. despite 

: . this increased presence of TOC arising from 'the oxidative pretreatment. '.., 
! . . . 

Figure 5 shows that the oxidants have essentially no effect on the efficiency 
of alum for removing THM precursors. 

Conclusions 

Alum coagulation and settling represents an effective means of removing 
trihalomethane precursors from drinking water. 
practices, 

Modification OF prechlorination 
by moving the point of chtorine application downstream of the 

sett'ling tanks, is an efficient mechanism for controlling tribal omethane 
for;nation in those facilities where the finished water exceeds the maximum 
contaminant level of 100 pg/l for trihalomethanes. In those plants where 
oxidative pretreatment of the water for controlling taste and odor and iron 
and manganese prob'lems is required, ozonation or permanganate addition to 
the ran water can be substftuted for prechlorination with little impact on . 
subsequent alum coagulation and its capability for removing trihalomethane 
precursors. 
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THMFP,** Chlorine 

--"l&l- Demanda*** mq/l 

288 10.9 

294 8.6 

341 '.. 12.0 

411 14.8 

376 13.4 

. 

** Trihalomethane formatiOn potential after 7-days storage in pH 6.7 phosphate-buffered solution, in the 
presence of excess chlorine. 

**-k ?-day chlorine demand in pH 6.7 phosphate-buffered solution, 

0 
d 
0 
0 

Table 1. RAW WATER CHARACTER1 STICS 

Sample 

Chapel Hill 

Water 
Source 

Lake 

Turbidfty, 
NTU 

15 

TOT., uv 
mJ/J Absorbance* 

6.1 170 

Chapel Hill Lake 6.1 3.4 116 

Raleigh Northside River 15 .6.6 lG0 

Wilmington River 15 6.7 190 

Wilmington River 14 5.9 190 

Jr Measured at 254 nm, 1 cm cell, on filtered raw water Sample. 
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Table 2. EFFECT OF ALUM COAGULATION AND SETTLING 

. 
Alum Dose, PERCENT REDUCTION 

. 

Sample mg/l* Turbidity- rot UV Absorbance THMFP Chlorjne Demand 

Chapel Hill i 50 62 62 68 63 69 

Chapel Hill 30 77 44 76 50 * 49 

Raleigh NorthsIde 40 77 52 78 57 50 

Hilmington 30 77 54 81 66 51 

Wilmington 30 86 49 81 67 64 

AVERAGE -- 76 52 77 61 57 

Jr ZS Al2(SO4)3 . lfH,O (MW = 666). NOT,': 1 mg A12{S04)3 l 181~20 is equrvalent to 0.081 mg Al, 

0 
0 
O 0 

* I 

0 r 
0 
=b , .; .:.. 
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; i 1 . . TYW of 
ha tmen t 

40 mg/l Alum 

1.3 mg/? 0 
3 

2-5 q/7 0 plus 
40 m!3/1 3A?um 

.4-d Kv7 0 p?us 
40 w/l 3A7um 2.5 

Turbidity, 
NTU 

15 

3.5 

15 

14 

12 

2.6 

1.4 

TOC, 
fw7 

6.6 

3.2 

a-1 

5.9 

5.7 

3.1 

3.2 

4.6 

UV 
Absordance 

160 

40 

165 

136 

88 

- 35 

35 

32 

THMFP, 
w/J 

341 

147 

299 

291 

250 

148 

135 

140 

Gh7orine 
&nand, Mg/f 

12.0 

6.0 
-. 

13.1 

11.4 

10.5 

.5.3 

6.6 
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Table 4. RESULTS OF PERMANGANATE OXIDATION/COAGUlATION OF WILMINGTON WATER I- 

Type of 
Treatment 

none 14 5.9 190 376 13.4 .I LI.- . 
30 mg/i 

" 
A?um 

?-.-5. 
1.9 3.0 37 123 4,8 '-.'.'; 

' . 
i-0 mg/l KMno4 

': - 
12 7.0 216 343 11.9 '*.. .: 

2.0 mg/l farlo 12 _ 7.1 196 320 12-4 ., 

* 3.0 mg/l k34n04 11 6.5 220 308 11 .I3 

1.0 mg/7 KMn04 plus 
30 mg/'l Aium 2.0 3.3 35 123 6.9 

2.0 mg/l KMn04 p'i!ts 
30 mg/l A'lum 3.0 3.3 45 134 6.8 

3.0 ma/1 KM&4 plus 
30 mg/l Alurn 1.2 3.7 37 134 8.1 



. 

. 
. 

4 

t 
t 

t t 

t 

--: 
,I 

. 
.?. 



I 
- 

FIGURE 2, 
' 

CORREIATIOd BETNEEN RAW MITER TOTAL ORGAiIIC CARBON AM TERII,IIiQJL TRIWALOFiEPWAJiES ' ' 

(TERM, Tth’l) = 53~ 
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FIGURE 4, 1 . * INFLUENCE OF OZONE AND PERMANGANATE PRETREAT/jENT ON T()C RE/iOVAL &' ALU14 COAG@Aif(jii 
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FIGURE 5, I INFLUEiJCE OF OZONE AND PERkiANGAi4ATE PRETREATEIE/jT O;J TH/FP RE1)UCTIOij &jD SUBSEQUEiJ~oe ' . . 

TMFP REMOVAL BY ALUM COAGULATIOii 

ioo I I 
LEGENR: 
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OXIDANT ;;OSE, MG/L' . 
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TRIHALOMETl=lANES IN NORTH CAROLINA DRINKING WATERS _ .-"' -,,I? 
L I.. ;?'i 

. :‘; .-'3 _.. ,'. ,.:.; ;*.F$ 

On November 29, 1979, the Environmental Protection Agency amended 
(1') 'f' - ,: 

' ^_ . . . ..:t ..z 
the National Interim Primary Drinking Water Regulations, establish*ing a .'- ':'-_' : - .r- 1.2, 
maximum contaminant 'lerel (MCL) of 0.1 mg/l for total trihalomethanes 

(TTtiWs), including chloroform, CH&$ For community water syst2ni:s serving . 
-I 

: 

75,000 or more persons, the effective date of the MCL is two years following 
: _7,.- 

promulgation of the regulation; For community water systems serving 10,OOlJ to "'J"~! . : :. 
75,000 persons, 

_. St, 
the effective date of the MC1 is'four years from the date of ,:. 

promulgation. 
, ":' i 

:e- . _. :.r- 1 yu^. " ._f. _I ., : 2 
In anticipation of this regulation, Dr. Philip C. Singer and graduate 

students James J. fJarry, Alan E. Scrivner, and Glenn M. Palen have been 

. . 

conducting a research project,.sponsored by the Water Resources Research 

Institute of the University of North Carolina, to analyze raw and finished 
:. 

water qua'lity at selected water treatment plants in North Carolina with 
. . 

rcviewcd and f&oratory t;eatati:ity studias are bzing performed to 
-2 

-7;: 

investigate alternative means of reducing and controlling triha 
-.?q 

lomethane q. 

formation at these facilities. 
. - .."i" I_,--_ ..(_ ‘-;;5 , >:=; : . ,i. 

The data col'Iected at each of the plants are being analyzed by comparing .I'. 
- -;>. 

the trihalomethane concentrations in the finished waters of each of the 
r..&- ..a .i . 

facilities with the 100 ug/l standard, and by statistically comparing the 
: '&; 

:i: : . . . 
final trihafomethane concentrations to the raw water tota? organic carbon 

. . i i.g;>~y ._. . ..+y 
-: _ ..;z. . . 

respect to trihalomethane formation. ” Additionally, plant operations are being .’ ._ N 

concentrations. To date,more than 100 samples have been collecteti during 
: 'Y,> ., : 

.; . . 'L.-V ', . . . . 
various times of the year from the water treatment plants at Asheville, . ,-: i? 



Charlotte, Chapel Hill, Durham, Gastonia,'Greensbaro, Raleigh, Winston-Salem, _ 
. - .-. . . 

and Wilmington, North Carolina. The samples have been analyzed for total . 
.: . I,. :..w 

organic carbon, and instantaneous and terrriinal THM concentrations at various 
c :;.; 

locations throughout the plants, The results of these analyses are being "7r'C'r "'Y 
. -2 .* ., -;>-. 

reviewed, along with other,water quality data and pertinent operational 
I .A'< t.. -_ 

: : : 
characteristics of.the plkts in questian, in an effort to ascertain trends. - ._ y- 

associated with trihalomethane formation. The data being collected include 
. . 

the nature (source) and quality of the raw water, time of collection (season), “."‘ 

chlorine dose and point of application, coagulant additions, pH, temperature, 
. .,I 

use of other chemical oxidants or adsorbents, and detention times through 

various unit processes. All of the treatment plants surveyed, with the 

,.,: : . 

exception of the Durham plant, employ prechlorination of the raw water either 

as the water enters the plant or as it enters the pipeline carrying ‘it from 

the source to the plant. 

Examples of some preliminary correlations between raw water TOC and 

terminal THM production, and raw water TOG and instantaneous THM production in 

the finished water are shown in Figures 1 and 2, respectively. Despite the 

collective nature of the TOC parameter in'that it is a measure of all organic 

substances in the water, it appears to be a good indicator of the 

trihalomethane formation potential of the water. 

Analysis of the data also shows that THM concentrations tend to be higher " 

in 

l-h 

or 

the central and eastern parts of the State than in the western region. 
. .: 

is may be due to the nature of the vegetation in the different watersheds, ..*., .‘.. " :.. 
due to the accumulation of humic materials in the surface waters as they 

m r-:: - ._, 
flow toward the coast. 

The data also show that TOC concentrations are reduced an average ct 

3540% as a- result of coagulation'and settling and that the 
010 0 0 4 1.3 

trihhmethane concentrations are reduced correspondingly, as suggested by the 
i 
:- - .-+>y 

:.A, .&-’ - ,J.:” 
._..... -. --, _. _ -- _ .--.- --- 



correlation in Figure 2. In fact, the percent reduction in TDC is strongly 

correlated to the percent reduction in termina? THM's (r = 0.80). 
. 

In three cases where the instantaneous THM concentrations in the fiiished 

water leaving the plant have been observed to be in excess of ,the 100 ug/7 " 
* 

MCL, bench-scale experiments have shown that coagulation and settling of the'- 
. . 

water prior to the addition of chlorine reduces the ?-day trihalomethane 

formation potential of the water to concentrations below 150 ug/?. These" ' 

results suggest that altering prechlorination practices by moving the point of 

chlorine application downstream of the settling tanks may bring these 

treatment plants which exceed the MCL into compliance with the regulation, I" 

This is in accordance with earlier studies conducted at Durham I'- . These PI 

studies have also shown that the use of ozone or potassium permanganate as 

alternative pretreatment chemicals to chlorine does not influence the behavior 

of alum with regard to its capability for removing THM precursors, It should 

be noted, however, that if such changes in chlorination practices are made, 

close attention should be paid to the biological monitoring prcgram to ensure 
- 

the adequacy of disinfection under the modified operating scheme. 

Editor’s Note: The results of this research will be presented at the 
American Water Works Association Annual Conference in At 
in June. 

Janta 

. .m. yg 
,..,. ,i.% 22; 
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