














CONTENTS

ABSELACE. « o v o o o o s o o o o o o o = s o o o s = s s « o s+ v o » o o iii
FigUIE5 « o « o = o ¢ o o o o = o o s o s o ¢ & 2 & 4 8 a v o v o v = & vi
TAblESe o o v o = ¢ ¢ s 2 = s » & o s ¢« s s s o & o« 5 o s o & & o ¢ » » #VILL
AcknowledZementS. « o o o o o o s o o s o s & s o v s s s+ o+ o o« o oXiii

1. IntroducCtion. « « ¢ o + o o 4 2 & & « 2 o o 2 s & & a & % s s o 1
2. ConcluSiONns « « o« o o o o s o s & & & ¢ & ¢+ a & a a o s v s + o » 5
3. Areas for Further Study « + o « s « o s o « s+ o « o s s ¢ « s o« 10
4., Project Organic Compounds . « « s + ¢ o« o » o « o « = « o « ¢ « o 11

5. Analytical Procedures and Quality ASsurance . « « + o o ¢ o o o « 13

Organic Contract LaboratOry « o « o o« « o o ¢ 2 o o o o« o« » o 15
Generzl Laboratory COontrols « « « « o o o « « o ¢ o ¢« « « 15
Analytical Procedure for Purgeable Halocarbons: « « « « « 15
Quality Assurance for Purgeable Halocarbons . . . « + . . 19
Analytical Procedure for Base-Neutral Extractable

Compounds...............o...-..22
Quality Assurance for Base-Neutral Extractable Compounds. 30
Attempted Analysis of Base~Neutral Extractable

Nitrogen-Containing HydrocarbonS. « o« « « o« o « « o« » 34
Mass Spectrometer Analytical Procedures . « « o o « « o » 34

Utility Laboratories. « o « « « o o « o s » s s s s s « o ¢« & 35
- L [ ] - 37
. . 37

6. Trihalomethane Treatability Studies . « o« ¢« 2« o o o « » &
Genera 1 - . - - - - - - - L - » L) - L - - - - L 3 - - - - -

The Effect of Chlorine Application Points
on Trihalomethane Formation « . « ¢ o « « « &
Pittsburgh Department of Water. « « « « « ¢ » « o 2 o « & 39
Cincinnati Water WorkS. « o« o o« v o ¢ o o o o « o« o o « « 45
Wheeling Water Department . + « o« 4 s « ¢  « « s + « « » 30

The Effect of Ammoniadtion on Trihalomethane Formation . . .
Louisville Water COmpany. « « « o = o« o «

. 35
. = « s » 3 = 56

The Eifect of Chlorine Dioxide on Trihalomethane Formation, . 63
Western Penmsylvania Water COmPAny. . « « « « o « « « « « b4

The Effect of Granular Activated Carbon
Adsorption/Filtration on Trihalomethane Control . . . . . 75
Huntington Water Corporation, « - + « + + «
Beaver Falls Authority¥. ¢ o « & & & o &« o 4 o & o + « « « 89

iv







ACKNOWLEDGMENTS

The Commission is especially appreciative of the efforts of the superin-
tendents, direectors and managers of the participating water utilities, who
assisted in development, finanecing and conduct of the project. Special thanks
is accorded the water utility personnel, who devoted many hours to the opera-
tion of the project.

Fox Chapel Authority

Melvin Hook; Reginald Adams and Thomas Stehle

(Reginald Adams Laboratory, Pittsburgh, Pennsylvania)
Wilkinsburg-Penn Joint Water Authority

Harold McFarland, Dennis Beck
Pittsburgh Department of Water

John Miller, John Beck and staff
Western Pennsylvania Water Company

William Neuman, Michael Burns and staff
West View Water Authority

Joseph Dinkel
Beaver Falls Authority

Frank Richter and staff
Wheeling Water Department

Albert Campbell and staff
Huntington Water Corporation

Thomas Holbrook and staff
Cincinnati Water Works -

Richard Miller, Edward Kispert and staff
Louisville Water Company

Frank Campbell, Don Duke and staff
Evansville Water Works

. Mahlon Henderson and Matthew Rexing

The cooperation of Radian Corporation of Austin, Texas, contributed to
the success of the project. Individuals who merit special acknowledgment are
Dr. Donald Rosebrook and Dr, Lawrence Keith; Dr. Kemneth Lee, David Present
and the gas chromatography staff; and Dr. Robert Spraggins and the mass spec-
trometry staff,

The comprehensive task of preparing the initial draft report was carried .
out by Richard J. Miltner, Principal Investigator, and Bonnie Barger Cummins,
Project Scientist, under the general direction of the Project Director, Robert
J. Boes.

xiii







BEAVER

WEST VIEW WILKINSBURG

.
WESTERN &
PENNSYLVANIA &
' ” WATER CO. 52
0-? &

PENNSYLVANIA ‘J\o“

WEST
VIRGIN(A

WHEELING

WEST
VIRGINIA

INDIANA

EVANSVILLE

LOUISVILLE

A

KENTUCKY \

Figure 1. Utility locations.







samples for organic analyses of which 2,950 produced usable chromatograms or
mass spectra., Data from about 500 samples were not available because of dam-
age in shipment, damage at the contract laboratory, headspace development in
volatile samples, samples not analyzed, and data not usable for reasons
including occasional loss of GC sensitivity or deviation from routine GC oper-—
ating conditions.







8. Chloroform and other trihalomethanes were detected in many raw and
all treated surface water samples. At most utilities, the reaction between
precursor and free chlorine resulted in significant increases in trihalome-
thane concentrations. Other compounds oOccasionally present in raw and treated
water samples included carbon tetrachloride, dichlorobenzene isomers, 1,2,4~
trichlorobenzene, 1,2-dichloromethane and several polyaromatic hydrocarbons.

9, Analytical procedures more sensitive than those employed for project
samples (lower detection levels generally 0.1 to 0.2 ug/L) would be necessary
to evaluate the removal of organic compounds, other than trihalomethanes, by
normal or modified water treatment processes,

SUMMARY OF FINDINGS

The following summarizes the results of the treatment process modifica-
tion studies and the analysis of raw and finished water monthly samples.

Trihalomethanes

Chloroform was present in the majority of untreated surface water samples
at levels generally less than 1 ug/L; bromodichloromethane and dibromochloro-
methane were present less frequently, with most levels below 0.1 ug/L; bromo-
form and dichloroicdomethane were not present above 0.1-ug/L. )

Trihalomethanes were formed during water treatment in the presence of
free chlorine. Trihalomethane levels in treated water (clear well effluent)
varied seasonally, with the lowest levels occurring during the winter and the
highest levels during the summer, The levels also varied with each utility's
treatment. Total trihalomethane (TTHM) levels for finished surface waters
ranged from 2 ug/L at one utility in February to 240 ug/L at another utility
in August. Finished water total trihalomethane levels at West View, a ground-
water source, did not exceed 2 ug/L., For ten utilitiles treating surface
water, trihalomethane -levels in finished waters were:

Concentration, ug/L

Mean Annual Maximum
Chloroform 35 180
Bromcdichloromethane 13 54
Dibromochloromethane . 5.6 33
Bromoform 0.4 4.4
Dichloroliodomethane 0.1 1.0
Total trihalomethanes 54 ——

Relatively higher concentrations of brominated trihalomethanes resulted in
finished water when the in-plant reaction time with free chlorine was reduced.

All finished waters contained unreacted trihalomethane precursor as mea-
sured by trihalomethane formation potential (THMFP). Data averaged from ten
utilities treating surface water indicated that 23% of raw water THMFP was
converted to total trihalomethane during treatment, 37% of raw water THMFP was
removed by treatment, and 40% of raw water THMFP was passed into the distribu-
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to 12 weeks of vperation. Time to exhaustion was different for each utility
and type of GAC used. GAC filter/adsorbers passed carbon tetrachloride at
concentrations that could not be differentiated from influent concentrations
after four to seven months of operation, and 1,4-dichlorobenzene at concentra—
tions that could not be differentiated from influent concentrations after five
to 12 weeks of operation.

At Huntington and the Western Pennsylvania Water Company, GAC filter/
adsorbers which had been in service for one to two-and-one-half years were
exhausted for the removal of chloroform, bromodichloromethane, dibromochloro-
methane, and instantaneous TTHM.

Desorption from GAC filter/adsorbers was observed. GAC in use for one to
two-and-one~half years at Huntington desorbed carbon tetrachloride, When GAC
influent trihalomethane concentrations were significantly reduced, two—-and-
one-half year old GAC desorbed trihalomethanes at the Western Pennsylvania
Water Company, and.GACs in service for five months desorbed trihalomethanes
at Beaver Falls.

In three studies-(Huntington, Beaver Falls and Western Pennsylvania Water
Company) bacterial densities in GAC effluent waters exceeded densities in GAC
influent waters when water temperatures exceeded.10°C. The bacterial quality
of the finished waters was satisfactory with clear well chlorination.

Other Organic Compounds

Carbon tetrachloride was occagionally present at concentrations from 0.1
to 0.6 ug/L in raw water at and downstream from Huntington. Carbon tetra-
chloride was occasionally present at 0.1 to 6 ug/L concentrations in finished
surface waters at all of the utilities. Its presence in finished waters was
probably attributable to contamination of chlorine used for disinfection.

Chlorobenzene was cccasionally present in Huntington's raw and treated
water at concentrations up to 1 ug/L. It was not found in untreated or fin-
ished waters upstream from Huntington. It was frequently found in West View's
untreated groundwater at concentrations reaching 3.9 ug/L., After a reported
upstream spill, chlorobenzene was found at 8.5 ug/L in a finished surface
water,

During the winter months, polyaromatic hydrocarbons (PAHs)--naphthalene,
acenaphthylene, acenaphthene, fluorene, fluoranthene, pyrene, and phenanthrene
and/or anthracene--were present in raw and finished waters at concentrations
above 0.1 ug/L. Some GAC filter/adsorbers appeared to be effective in removal
of the PAHs.

Dichlorobenzene isomers were occasionally present in raw and finished
waters at levels above 0.2 ug/L. They were more frequently detected at and
downstream from Huntington. During a reported upstream spill, 1,4-dichloro-
benzene was found in a treated surface water at a concentration of approxi-
mately 11 ug/L.

1,2,4~-Trichlorobenzene was occasionally present in raw and finished
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SECTION 3

AREAS FOR FURTHER STUDY

During the winter months, several polyaromatic hydrocarbons were identi-
fied in raw and finished waters at most project utilities., Further research
into the presence and concentration of these compounds and effective treatment
methods for their removal is needed.

Several Priority Pollutant halocarbons were identified at and downstream
from Huntington, West Virginia, Organic analyses of Kanawha River samples
collected for another project indicated that these halocarbons in the Chio
River at Huntington originated from the Kanawha River. A comprehensive point
source and river survey for these and other organic compounds in the industri-
alized section of the Kanawha River would provide information om specific
organic compounds to be considered in remewal of NPDES permits.

Carbon tetrachloride and unidentified halocarbons may have been intro-
duced to treated waters as a result of chlorine contamination. Chlorine mznu-
facturing processes should be investigated and procedures for control of con-
tamination by carbon tetrachloride and possibly by other halocarbons should be
considered.

Unidentified halocarbons were found in chlorinated waters that were
rarely found in raw waters and may be chlorination products. Continuing
research to identify chlorination preducts other than trihalomethanes is
needed.

When water temperatures exceeded 10°C, bacterial demsities in GAC filter
effluents were higher than in GAC influents at three utilities using GAC for
filtration/adsorption. Comprehensive studies of the nature of this increase
in bacterial densities and the development of methods to control bacterial
levels in GAC effluent are suggested,

Project utilities typically feed powdered activated carbon and potassium
permanganate during treatment. This project was not able te evaluate the
full-scale effects of these chemicals on trihalomethane control but their
effects at typical feed rates should be studied.

This project was not able to evaluate the full-scale effect of applied
chlorine dioxide on precursor levels. Further study of the effect of reason-
able feed rates of chlorine dioxide on the resulting chlorine species and the
nature of resulting organic compounds is needed.
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