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ABSTRACT

Plant-scale studies at seven water utilities using the Ohio, Allegheny,
Beaver, and Monongahela Rivers as their source of supply evaluated various
water treatment process modifications for both the control of trihalomethane
levels and the modifications' impact on bacteriological quality of the fin-
ished water. Process modifications studied, based on comprehensive organic
analysis, included relocation of the chlorine application point, chlorination/
ammoniation, partial or complete substitution of chlorine dioxide for chlor-
ine, and placement of four different types of virgin granular activated car-
bons in filter beds., OSupplemental studies included organic analysis of month-—
ly raw and finished water samples collected for a one-year period at each of
11 participating water utilities. In addition to providing plant facilities
and persomnel, the 11 utilities joined USEPA in funding this project, which
was conducted by the Ohio River Valley Water Sanitation Commission.

This report was prepared in fulfillment of USEPA Grant R-804615 for pro-
ject activities for the period October 1976 to August 1979,

DISCLAIMER

Mention of trade names, commercial products
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_ SECTION 1

INTRODUCTION

BACKGROURD

halomethanes and other organlc compounds in the E~b11c qugglgg_Eg;ex_gggplies
in thé’UE’b'R*VEE‘YEIJEQE}ﬁiI'HEEEonw1dé:I_3 ‘Some compounds were present in
rivers that were the water sources for water utilities, and trihalomethanes
and other compounds were formed during the water treatment process,

Because of increasing concern about these organic compounds, the Ohio
River Valley Water Sanitation Commission (ORSANCO) and its Water Users
Committee, representatives of public and industrial water supply systems using
the Ohio River and major tributaries as thelr soutce, developed a cooperative
project to evaluate treatment process modifications for the control of tri-
halomethanes and analyze the utilities' raw and finished waters for organic
substances. The project established a program to be operated by the
Commission with the assistance of eleven water utilities, who pledged both
financial support and use of their water treatment facilities and personnel.
The U, S. Environmental Protection Agency (USEPA) awarded the Commission a
research grant for the project in October 1976,

PARTICIPATING UTILITIES
The project utilities (Figure 1) were:

Evansville Water Department, Indiana

Louisville Water Company, Kentucky

Cincinnati Water Works, Ohio

Huntington Water Corporation, West Virginia
Wheeling Water Department, West Virginia

Beaver Falls Authority, Pennsylvania

Municipal Authority of the Borough of West View, Pennsylvania
Western Pennsylvania Water Company, Pennsylvania
Pittsburgh Department of Water, Pennsylvania
Wilkinsburg-Penn Joint Water Authority, Pennsylvania
Fox Chapel Authority, Pennsylvania

OBJECTIVES

The first of two major objectives was the investigation and evaluation of
—— 6
modifications of water treatment practices for the control oE EFihalomé thanes,
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These control studies were based on bench scale and pilot plant studies done
by USEPA to investigate, sample for and control trihalomethanes.4~7 This ob-
jective also included an investigation of bacteriological levels to ensure /
that treatment modifications designed to lower trihalomethane concentrations
were not compromising finished water quality,

The second major objective was the determination of the levels of tri-
halomethanes and other selected organic compounds in raw and finished waters
at all project utilities for one year. Other compounds for investigation were
selected from a list designated by USEPA as _organic Priority Pollutants for
which an analytical protocol was available.

CONTRACT LABORATORY

A laboratory service contract was awarded to the Radian Corporation,
Austin, Texas, after a review of propesals from several private laboratories
detailing analytical costs and capabilities for performing gas chromatography
(GC) and gas chromatography/mass spectrometry (GC/MS) analyses for selected
organic Priority Pollutants.

SCOPE OF WORK

Early in the project, members of the staff vigited each participating
water utility to study its treatment practices and to determine the level of
‘participation by each utility. Minimum participation included monthly samp-
ling for organic analyses of raw and finished waters for one year, and
measurement and reporting of several background water quality parameters.
Participation in trihalomethane control studies included: sampling of raw,
in-plant, and finished waters for organic analysis several times a week for
periods ranging from four weeks to several months; determination of levels of
routine physical, chemical, and bacteribological water quality parameters for
each sampling location; and reporting of hydraulic, maintenance, and operation
data during routine and modified treatment (Sections 5 and 6).

Monthly sampling began at all 11 utilities in July 1977 and continued
through June 1978. Trihalomethane control studies at seven of the utilities
began in July 1977 and concluded in November 1978. The project staff worked
with each utility to coordinate sampling schedules and shipment to the con-
tract laboratory and to follow the progress at those utilities involved in
trihalomethane control studies,

The staff worked with Radian Corporation personnel to develop GC and GC/
MS quality control programs, coordinate organic analyses and shipment of sam-
ple bottles to the utilities, and review the progress of organic analyses.
This review led to changes in some analytical procedures and the implementa-
tion of a more rigorous quality assurance program, (Laboratory procedures and
quality assurance programs are described in Section 5 and Appendices A, B, D,
G and I.)

The project staff reviewed, interpreted and compiled all organic data

received from the contract laboratory and all data received from the utility
laboratories (Sections 6 and 7). Utility personnel collected a total of 3,446
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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.



SECTION 2

CONCLUSIONS

The following conclusions are based on findings summarized in this sec—

tion. They apply to raw and finished water in the treatment plant but not to
the water in the distribution system.

~

l. Trihalomethanes are formed during the treatment of surface water when
free chlorine is present for significant periods of time.

2. Modifications of the chlorination process which may be viable trihal-
omethane control methods include: relocation of the initial chlorine applica-
tion to a location where treatment has reduced the precursor concéntration;
ammoniation to convert free to combined chlorine; and chlorine dioxide as an
alternative to chlorine as the initial disinfectant,

.r— 3. Granular activated carbon (GAC)} used in place of sand in the gravity
filters (filtration/adsorption) may be an effective trihalomethane control
process for approximately two months; however, periodic GAC reactivation is
necessary if GAC is to be used for trihalomethane control for extended periods

\Jgf time.

4, Evaluation of the effectiveness of treatment process modification for
trihalomethane control should include determination of instantaneous and ter-
minal trihalomethane concentrations and the trihalomethane formation potential
(a measure of precursor concentration) to aid in defining changing precursor
levels in the raw water and in determining the effects of treatment on precur-
sor removal and trihalomethane formation.

5. Total coliform and standard plate count levels should be determined ?
routinely on In-process and finished water samples to ensure that process v
modification for trihalomethane control has not adversely affected bacterio- J
logical levels in the treated water.

6. Process modification for trihalomethane control should extend over a’
period of time adequate to determine short-term, seasonal and other variations?
in raw water precursor concentrations, bacterial levels, and other water .
quality parameters, and to evaluate the effects of these variations on the y
quality of the treated water. :

7. For the evaluation of raw, in-process, and finished water quality, a
complete and continuing quality assurance program is necessary to ensure the
accuracy and precision of the analytica al procedures and the resulting data for

trihalomethanes and other organic compounds.
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8. Chilorvform 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 occasionally 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 detectlon 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 dichloroiodomethane 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)
varted seasonally, with the lowest levels occurring during the winter and the
highest levels during the summer. The levels also varied with each utilicy'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 utilities treating surface
water, trihalomethane levels in finished waters were:

Concentration, ug/L
Mean Annual HMaximum

Chloroform 35 180
Bromodichloromethane 13 54
Dibromochloromethane 5.6 33
Bromoform 0.4 4.4
Dichloroiodomethane 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 (TIIMFP). Data averaged from ten
utilitles treating surface water indicated that 3% 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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tion system. Reduction in terminal TTHM concentrations generally coincided
with reduction in turbidity levels.

Trihalomethune Treatability

Moving the point of injtial chlorine application to a location where
treatment had reduced precursor levels resulted in decreased instantaneous
trihalomethane concentrations in the finished water, because a better quality
water, in terms of reduced THMFP, was chlorinated. The reduction of precur-
sor-chlorine reaction time was also a factor in the decreased trihalomethane
formation,

In studies at Pittsburgh and Wheeling, significant reduction in bacterial
densities occurred in unchlorinated waters when potassium permanganate was fed
with other chemicals prior to flocculation and settling.

At Pittsburgh, Wheeling and Cincinnati, moving the initial chlorine
application point caused a delay in reduction of bacterial densities, but the
bacterial quality of the finished waters was maintained.

The Louisville study showed that when sufficient ammonia was applied to-
in-plant waters to convert free chlorine to combined chlorine, little or no .
further trihalomethane formation resulted. The bacterial quality of the fin~
lshed water was satisfactory; ammoniation followed three hours of free
chlorine contact time. At the Western Pennsylvania Water Company's Hays Mine
Plant, only very low levels of trihalomethane were formed when raw water
ammonia levels were such that no free chlorine resulted from raw water
chlorination.

The study at the Western Pennsylvania Water Company also showed that
little or no trihalomethanes were formed when chlorine dioxide was fed to the
raw water in place of chlorine. Although 1.5 mg/L chlorine dioxide was not as
effective as 2.6 mg/L chlorine in reducing raw water bacteria levels, clear
well chlorination provided adequate disinfection. Chlorine dioxide was gener-
ated from sodium chlorite and hydrochloric acid at an 80% yield and with only
limited formation (less than 5%) of free chlorine. Although 60 to 70% of the
chlorine dioxide reacted with substances in the water forming chlorite ion,
flocculation, settling and filtration through two-and-one-half year old GAC
reduced the residual chlorite concentration in the treated water to leas than

0.1 mg/L.

The effects of individual treatment materials, including powdered acti~-
vated carbon (PAC), potassium permanganate or chlorine dioxide, on precursor
levels could not be determined, because all of the chemicals axe generally
added at a single point prior to flocculation and settling.

During summer months at Huntington and Beaver Falls, virgin granular
activated carbon (GAC) operated in the filtration/adsorption mode in beds
designed for sand filtration was exhausted for the vemoval of chloroform at
seven to 15 weeks of operation, for bromodichloromethane at eight to 15 weeks
of operation, for dibromochloromethane at eight to 15 weeks of operation, for
total trihalomethane at seven to 15 weeks of operation, and for THMFP at seven



to 12 weeks of operation, 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 l,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 1in service for five months descrbed trihalomethanes
" at Beaver Falls.

In three studies (Huntington, Beaver Falls and Western Peansylvania Water
Company) bacterial densities in GAC effluent waters exceeded densities in GAC
influent waters when water temperatures “exceeded 10°CT "The Bactérial quality
8t the finished waters was satisfactory with clear well chlorination.

Other Organic Compounds

Carbon tetrachloride was occasionally 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 waterg at all -of the utilities. Its presence in finished waters was
probably attributable to contamination of chlorine used for disinfection.

TN r'___d__.,——-——-- ‘-——‘-—n_.__ e o e e v e
Chlorobenzene was occasionally present in Huntington's raw and treated q“g

ater at concentrations up to 1 ug/L. It was not _found in untreated or fin- N
shed- waters upgtream from Huntington,ﬁllt was frequently found 1i Wést View's
untreated groundwater at concentrations reaching 3.9 ug/L. After a reported
upstream spill, chlorobénzene was found at 8.5 ug/lL 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-

enzene 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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waters at levels greater than 0.2 ug/L. It was more frequently found at and
downstream from Cincinnati.

Unidentified halocarbons were detected in chlorinated waters but these
compounds were rarely found in raw waters. These may have been chlorination
products or may have resulted from contamination of chlorine used for
disinfection.

1,2-Dichloroethane, l,2~dichloropropane, and 1,l-dichloroethane were
occasionally present in raw and finished waters at concentrations of 0.1 to 1
ug/L.

Tetrachloroethylene was found in Allegheny River water at approximately
60 ug/L as a result of what appeared to be an upstream spill.

Other specific organic Priority Pollutants were not present or were
rarely present at or above their lower detection levels in raw and finished
waters.,




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 Ohio
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 on specific
organic compounds to be considered in renewal of NPDES permits.

Carbon tetrachloride and unidentified halocarbons may have been intro-
duced to treated waters as a result of chlorine contamination. Chlorine manu-
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 products other than trihalomethanes is
needed.

When water temperatures exceeded 10°C, bacterial demsities in GAC filterx
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 to 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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SECTION 4

PROJECT ORGANIC COMPOUNDS

TRIHAT.OMETHANES

Five individual trihalomethane (THM) compounds were qualified and quanti-
fied in utility waters. Theyw form, bromodichloromethane, dibromo-
chloromethane, bromoform and dichloroiodomethane. In order to facilitate the
investigation of trihelomethanes—and-their-eentred; other parameters were also
utilized. Although these parameters are discussed elsewhere’ they will be
defined here as they applied to this project.

-

Vi. Total trihalomethane (TTHM) concentratiom is the summation of the
concentrations of five individual THMs in a sample. Example: 42 ug/L CHCl; +
12 ug/L CHBr€l, + 8 ug/L CHBr.Cl + 1 ug/L CHBrs + 1 ug/L CHICl, = 64 ug/L
TTHM.

#2. Instantaneous TTHM (inst TTHM) is the concentration of TTHM in the
water at the time the sample is collected.

3, Terminal TTHM (term TTHM) is the sum of TTHM present in the water at
the moment of sampling and TTHM subsequently formed during additional reaction
time under defined conditions. During the project, the reaction was driven
toward completion by adding chlorine to exhaust the precursor. The sample was
stored at finished water pH and temperature for seven days, i.e., beyond the
normal detention time in the distribution system of the utilities, with suffi-
cient free chlorine added to satisfy demand. After seven days under storage
conditions, a concentration was reached that was assumed to represent a com-
pleted reaction. For the project, that concentration was defined as terminal
TTHM.

4. Trihalomethane formation potential (THMFP) is the difference between
the terminal TTHM and the instantaneous TTHM (term TTHM - inst TTHM = THMFP),
an indirect measure of the unreacted precursor in the water sampled. It is
the increase in the TTHM concentration that occurred during the storage period
for the determination of the terminal TTHM concentration. The unreacted pre-—
cursor has the potential to further increase TTHM concentrations in the pre-~
sence of free chlorine.

These parameters, illustrated in Figure 2, were used to evaluate trihalo-
methane concentration and control in Sectioms 6 and 7.
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THMFP =

indirect measure of
the concentration of
unreacted precursor
present at the time term TTHM =

water is sampled TTHM concentration
possible for the
water sampled under
defined conditions.*

inst TTHM =

TTHM concentration
at the time water
is sampled

(reacted precursor)

LA

*buffered to finished water pH, 15 mg/L chlorine added,
stored for seven days at finished water temperature.

Figure 2. Graphical representation of trihalomethane parameters.

OTHER PRIORITY POLLUTANTS

Analyses for numerous other organic compounds were performed throughout
the study. These compounds were chosen from USEPA's Priority P nts-list
on the basis of three criteria: they were of known oY suspected health con-
cern; their occurrence in the waters of the Ohio Valley was a possibility
because of their association with industrial discharges or agricultural run-—
off; and USEPA had proposed a GC/MS analytical procedure for analyses for
these compounds in water,

8

Consideration of project objectives, available funds, and analytical
costs and capabilities led to a decision to analyze for some, but not all, of
the Priority Pollutants. Tables 1, 2 and 3 list the organic compounds for
which analyses were performed.

Analyses were not performed for three groups of organic compounds: vola-
tile hydrocarbons by GC/flame ionization detection (toluene, benzene and ethyl
benzene), because of unacceptable detection levels; acid extractable halocar—
bons by GC/Hall detection (chlorophenols), because of unacceptable detection
levels; and base/neutral extractable nitrocarbons (benzidine, nitrotoluenes,

12



etc.), because of detection levels and GC/MS sensitivity (Section 5 and
Appendix H).

TABLE 1. PROJECT ORGANIC COMPOUNDS
PURGEABLE HALOCARBONS, GC/HALL DETECTOR

Chloroform 1,2-Dichloropropane
Bromodichloromethane trans-1,3~Dichloropropene
Dibromochloromethane Trichloroethylene
Bromoform cis—1l,3-Dichloropropene
Dichloroiodomethane 1,1,2-Trichloroethane
1,1-Dichloroethane 1,1,2,2-Tetrachloroethane
1,2-Dichloroethane Tetrachloroethylene
1,1,1-Trichloroethane Chlorobenzene

Carbon- Tetrachloride

TABLE 2. PROJECT ORGANIC COMPOUNDS
BASE-NEUTRAL EXTRACTABLE HALOCARBONS, GGC/HALL DETECTOR

1,3-Dichlorobenzene & ~BHC (Lindane)
1,4~Dichlorocbenzene -~ ~BHG
Hexachloroethane Heptachlor
1,2-Dichlorobenzene p—~BHC
bis(2-Chlorociosopropyl) ether Aldrin

bis (2-Chloroethyl) ether Heptachlor epaxide
1,2,4-Trichlorobenzene a—~Endosulfan
Hexachlorobutadiene Dieldrin
bis(2-Chloroethoxy) methane DDE
Hexachlorocyclopentadiene Endrin
2-Chlorenaphthalene DD
4~Chlorophenyl phenyl ether p~Endosulfan
4-Bromophenyl phenyl ether DDT

a—-BHC Methoxychlor

TABLE 3., PROJECT ORGANIC COMPOUNDS
BASE-NEUTRAL EXTRACTABLE HYDROCARBONS, GC/FLAME IONIZATION DETECTOR

Naphthalene Butyl benzyl phthalate
Acenaphthylene bis (2-Ethylhexyl) phthalate
Acenaphthene 1,2-Benzanthracene
Dimethyl phthalate Chrysene

Fluorene 3,4-Benzoflucoranthene
Diethyl phthalate 11,12-Benzofluoranthene
Phenanthrene ) Benzo(a)pyrene
Anthracene Indeno(1,2:C,D)pyrene
Di-n—~butyl phthalate 1,2:5,6-Dibenzanthracene
Fluoranthene 1,12-Benzoperylene
Pyrene

13




GAS CHROMATOGRAPHY VERSUS MASS SPECTROMETRY

The USEPA protocol for the organic Priority Pollutants is based on GC/MS
analysis.8 A decision was made to analyze all samples by GC and the Hall or
other detectors to provide presumptive identification of organic compounds,
because the cost of GC/MS procedures would limit the number of samples which
could be analyzed. GC/MS analyses were used to provide positive or negative
confirmation of presumptive identifications. For individual organic compounds
there were significant differences between the lower detection levels by
GC/detector and GC/MS. Specific examples are discussed in Sectiom 7.
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SECTION 5

ANALYTICAL PROCEDURES AND QUALITY ASSURANCE

ORGANIC CONTRAGT LABORATORY

At submicrogram and microgram per liter (ug/L) levels of analysis for
organic compounds, a comprehensive quality assurance program must accompany
all aspects of sample handling and analysis., The program is necegsary for
two reasons: GC reports of an organic compound should be the result of the
presence of the compound in the water at the time it was sampled and not the
result of procedural contamination; and, the significance (accuracy and preci-
sion) of the data must be known before interpretation. The following sub-
sections and their related appendices describe the quality assurance program,

General Laboratory Controls

Extensive laboratory control procedures were necessary to ensure that
interferences were definable at acceptably low concentrations. General lab-—
oratory control procedures involved the following: the cleaning, preparation
and handling of bottles for sample collection and of laboratory glassware used
in the analysis of project samples; the preparation of low organic water for
purgeable blank analyses, preparation of purgeable standards, rinsing of
glassware, recovery tests for extractable compounds, and preparation of
buffers; the identification and control of interferences from materials such
as solvents and gases for purging and chromatography; and the storage of pro-
ject samples to maintain integrity prior to anmalysis. These control proce—
dures are detailed in Appendix A.

The effectiveness of these controls was routinely evaluated by the labo-
ratory. At the same time project samples were analyzed, system blanks were
analyzed to detect interferences. When an unacceptable interference was
observed in system blanks, sample analyses were discontinued until the inter-
ference was identified and/or controlled,

Analytical Procedure for Purgeable Halocarbons

The purgeable halocarbon Priority Pollutants for which routine amalysis
was performed and the approximate lower detection levels are listed im Table

The USEPA Priority Pollutant Pr0t0c018 for analysis of halocarbons by
purge, trap, desorption and gas chromatography/mass spectrometry (GC/MS) was
revised by the laboratory9 to enable analysis by purge, trap, desorption and
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TABLE 4. PURGEABLE HALOCARBONS, GC/HALL DETECTOR

Approximate Lower
Detection Level

Compound ug/L
1,1-Dichloroethane 0.1
Chloroform 0.1
1,2-Dichloroethane 0.1 a
1,1,1-Trichloroethane 0.6 - 2.6
Carbon Tetrachloride 0.1
Bromodichloromethane 0.1
1,2-Dichloropropane 0.1
trans—1,3-Dichlcropropene 0.1
Trichloroethylene 0.5 - 1.9%
cis—1, 3~Dichloropropene
1,1,2-Trichlorcethane 0.1
Dibromochloromethane b
Dichloroiodomethane 0.1
Bromoform 0.1
1,1,2,2-Tetrachloroethane 1.0 - 3 4a
Tetrachloroethylene * -
Chlorobenzene 0.1

aLaboratory contamination; see Section 7
Quantification relative to 1,4~dichlorobutane

GC/Hall detection with occasional GC/MS verification. A detailed description
of the purge, trap, desorption and GC/Hall detector equipment and analytical
Procedures as used by the laboratory is given in Appendix B.

Qualitative and quantitative determinations of the purgeable halocarbons
were based on a calibration standard of these compounds (excluding dichloro=~
iodomethane} and an internal standard of 1,4-~dichlorobutane added to calibra-
tion standards and project samples. These determinations were automatically
performed by a Hewlett Packard 3380A programmable integratorl0 and were
reviewed in each chromatogram by the project staff, Qualification (identifi-
cation) of peaks in sample chromatograms was based on relative retention time
(RRT) matching within * 5% of RRT of standard peaks in calibration chromato-
grams. Quantification was based on a comparison of the response of a compound
and the internal standard in the calibration. Figure 3 represents a typical
chromatogram of a calibration standard, Figure 4, a typical system blank
chromatogram and Figure 5, a typical chromatogram of a project sample.

A stable calibration standard of dichloroiodomethane could not be main-
tained. Therefore, its relative retention time was obtained only once and it
was not a component of the purgeable halocarbon standard, Qualification in
field samples was based on this relative retention time. The GC/MS labora-
tory confirmed dichloroiodomethane GC identified in this manner. Routine
quantification was relative to 1,4-dichlorobutane.

Both qualitative and quantitative data produced by GC/Hall analyses are
presumptive. However, validity of the GC/Hall procedure for purgeable com-
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Figure 3. Typical gas chromatogram of purgeable halocarbon
Priority Pollutants calibration standard using Hall detector.
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Figure 4. Typical gas chromatogram of
purgeable system blank using Hall detector.
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Figure 5. Typical gas chromatogram of purgeable sample using Hall detector,
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pounds was mainr~ined through the use of daily calibration standards, USEPA
reference standards, an internal standard for qualification and quantification
and occasional GC/MS verification.

The trihalomethane compounds in terminal level samples were also evalua-
ted by purge, trap, desorption and GC/Hall detection. The calibration stan-
dard contained only chloroform, bromodichloromethane, dibromochloromethane,
bromoform, and the internmal standard, 1,4-dichlorobutane. The equipment and
analytical procedures used were the same as for other purgeable halocarbons,
with the exception of temperature programming. Details are given in Appendix
B.

Quality Assurance for Purgeable Halocarbaons

In order to ensure that GC reports of a compound were not a result of
interference and to provide sufficient data to define the accuracy and preci-
sion of GC data, laboratory analyses were supplemented by a comprehensive
quality assurance program.

Periodic Quality Assurance——

The laboratory established a concentration above which the purgeable
halocarbons could be routinely detected in project samples by the method of
analysis detailed in Appendix B, The lower detection level was defined as an
integrable peak greater than an arbitrary area count of 1000 units and was
determined by diluting the calibration standards by factors of two until inte-
gration could not occur. These levels are listed in Table 4. TFor most of the
purgeable halocarbons, the approximate lower detection level was 0.1 ug/L.
This level appeared to have good validity when compared to GC/MS werification
of GC/Hall detector data close to the reported detection level and when tested
by periodic analyses of calibration standards at 0.1 ug/L.

Because the HP 3380A integrator assumes linearity of the Hall detector
response when quantifying, the linear relationship between the amount of com—
pound purged and the Hall detector response was tested, A least squares
regression analysis, assuming a linear model, was done using detector respouse
as the dependent variable. Concentrations expected in project samples were
evaluated, i.e., chleroform ranging from 1.0 ug/L to 200 ug/L, bromoform
ranging from 1.0 ug/L to 10 ug/L. Correlation coefficients of 0.98 verified
the linearity of the Hall detector over the range of concentrations in project
samples.

The variability of standard analyses at several concentrations was eval-
uated periodically. Appendix C, Tables C-1 to C-15, contains compiled data
on the reproducibility of laboratory standards by purge, trap, desorption and
Hall-detection over a range of concentrations., The data indicate that concen-
trations were slgnificant to two figures from 0.1 ug/L to 200 ug/L. This
level of significance was applied to project sample data,

Routine Quality Assurance--

Daily control criteria and limits were established by the project and
laboratory staffs. If control limits were exceeded, sample analyses were dis-
continued until conditions were again within the limits, Control criteria

-
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data were also accumulated for determination of the significance of project
sample data.

The daily control program involved an initial analysis of a l6-component
calibration standard containing the 1,4-dichlorobutane internal standard.
This analysis was used to program the integrator for relative retention times
and response factors. Interspersed with subsequent project sample analyses
were the following: USEPA reference sample analyzed daily as an unknown
against the calibration standard; low organic water analyzed periodically
through the day as a system blank to determine possible interference from the
syringe, purge, trap, desorption, GC/Hall system or laboratory air; each day,
a previously analyzed sample was reanalyzed for comparative evaluations of
day-to—-day analytical conditions; and calibration standard analyzed approxi-
mately every six hours as an unknown to determine stability of the system for
RRT and response factors. In addition to the laboratory control program,
approximately 12 per cent of project field samples were submitted in
replicate.

The background concentrations defined by system blanks were used to
correct data by one of two methods. An interference detected on only one
analytical day was subtracted from all sample data produced that day. A re-
curring interference was evaluated over the period of occurrence and statisti-
cally weighted (mean interference plus two standard deviations) to reflect the
interference over that periocd. This statistical correction was subtracted
from all sample data produced over that period.

Application of Quality Assurance Data
for Purgeable Halocarbons to Sample Data—

Accumulated quality assurance data from analyses of USEPA reference sam-
ples, calibration standards handled as unknowns, replicate field samples, and
reanalysis of single field samples are presented in Appendix C for the purge-
able halocarbons. These data defined the significance of the sample data,
The following examples demonstrate the application of these quality assurance
data to sample data.

Quality assurance data for chloroform are presented in Appendix C, Table
C-1 and Figures C-1 to C-3. An examination of these data provides a measure
of both the accuracy and precision that must be considered in interpretation
of chloroform data. Data were compiled from analyses of replicate field sets
and from replicate analyses of single field samples. The mean concentration
of each data set was plotted versus the deviation of the set about the mean.
(For example, a pair of field duplicates were analyzed for instantaneous
chloroform. Concentrations obtained for the pair were 88 ug/L and 72 ug/L
producing a mean value of 80 ug/L and a relative average deviation of * 10%.
For this set, the mean of 80 ug/L was plotted versus the relative average
deviation of * 10%. If more than two field replicates were analyzed for
instantaneous chloroform and concentrations were 41 ug/L, 45 ug/L and 46 ug/L,
a mean value of 44 ug/L and a relative standard deviation of * 6%, the mean of
44 ug/L was plotted versus the relative standard deviation of * 6%.)

Instantaneous chloroform data obtained from the replicate sets were
plotted in concentration ranges. See Figure C-1. 1In the concentration range

t
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of 5.0 to 140 ug/L, chloroform replicated within 19% within a set, 95% of the
time. Thus, if the concentration of chloroform in a sample was determined to
be 42 ug/L, reanalysis of the sample or analysis of a duplicate field sample
produced a concentration within * 19% of 42 ug/L, 95% of the time., Therefore,
concentrations of 36 ug/L and 47 ug/L could not be differentiated.

For instantaneous chloroform data in the concentration range of 1.0 to
5.0 ug/L, chloroform replicated within 23% within a set, 95% of the time, as
shown in Figure C-2, As the concentrations of instantaneous chloroform
decreased below 1.0 ug/L and approached the approximate detection limit of
0.1 ug/L, variability increased greatly. Figure C-2 shows that the vari-
ability approached * 100% at the detection limit, Therefore, concentrations
of 0.1 ug/L and 0.2 ug/L could not be differentiated.

Terminal chloroform data were also plotted for sets of field samples and
are shown in Figure C-3. 1In the concentration range of 5.0 to 325 ug/L,
chloroform replicated within 20% within a set, 95% of the time, not unlike the
* 19% variability for instantaneous chloroform data in a similar concentration
range.

In addition to quality assurance data from field samples, data from
reproducibility of USEPA reference standards and laboratory calibration stan-
dards were compiled as shown for chleoroform in Table C-1. At concentrations
for which a large number of standards were analyzed, data indicate variability
similar to that shown in field data in the same concentration range. USEPA
reference standards containing chloroform at 68.5 ug/L were analyzed 83 times
as part of the routine guality assurance program. The data were blank
corrected. A mean value of 70,9 ug/L with a relative standard deviation of
+ 14% resulted. The mean represented a relative error of + 4% from the true
value as reported by USEPA. Calibration standards containing chloroform at
10 ug/L were analyzed 57 times as unknown samples by comparison to the pro-
grammed calibration standard as part of the routine quality assurance program.
The data produced were blank corrected. A mean value of 9.4 ug/L with a rela-
tive standard deviation of * 20% resulted. The mean represented a relative
error of - 6% from the true value reported by the laboratory. These data
indicate that quantification of chloroform standards at or above 10 ug/L were
accurate within £ 6%. Repeatability (precision) of analyses was within * 20%.
Quality assurance data2 from the analyses of pure compounds in low organic
water (Table C-1) only suggest the significance of data produced from the
analyses of field samples. Quality assurance data from replicate analyses of
field samples (Tables C-1 to C-3) are more meaningfully applied in determining
the significance of sample data.

As a second example, quality assurance data in Table C-7 for chloroben-
zene illustrate the significance applicable to data as concentrations approach
the detection level. Analyses of 19 sets of field replicate samples indicate
increasing variability of data with decreasing chlorobenzene concentrations.
Six samples within sets producing chlorobenzene data in the 1.4 to 2.9 ug/L
range, replicated within * 29%. The variability of replicatlion increased to
+ 59% in six sets of samples producing data in a lower range of concentrations
from 0.1 to 0.8 ug/L. Seven sets of samples producing chlorobenzene concen-
trations less than 0.1 ug/L varied * 100% in replication. Thus, chlorobenzene

21




concentrations of 1.0 vg/L and 2.0 ug/L in project samples could be differ-
entiated, but concentrations of 0.1 ug/L and 0.2 ug/L could not be
differentiated.

A comparison of the field quality assurance data to the data on precision
of chlorobenzene from analyses of laboratory standards at concentrations below
1.0 ug/L indicates less variability in laboratory than in field samples; how-
ever, the evaluations at low concentrations were based on a small number of
analyses of pure compounds in low organic water. When calibration standards
containing chlorobenzene at 10 ug/L were analyzed 57 times, as part of the
routine quality assurance program, a precision of * 37% was obtained, a value
similar to the * 29% obtained for field samples in the concentration range of
1.4 to 2.9 ug/L.

Application of the significance of quality assurance data to total tri-
halomethane (TTHM) values must also be made for interpretation of instantan-
eous and terminal TTHM project data. Instantaneous and terminal TTHM data
were compiled from analyses of replicate field sets and from replicate
analyses of single field samples, The mean TTHM concentration of each data
set was plotted versus the relative deviation of the set about the mean. The
resulting levels of precision for 95% of the sample sets were * 207 for
instantaneous TTHM and * 16% for terminal TTHM, as illustrated in Figures C-11
and C-12, respectively. These levels of variability generally agree with
levels from replicate data sets of individual trihalomethane compounds at con-
centrations greater thanm 1.0 ug/L. These data indicate that sample instan-
taneous TTHM concentrations of 40 ug/L and 65 ug/L can be differentiated but
instantaneous concentrations of 80 ug/L and 86 ug/L cannot.

Quality assurance data from analyses of field samples and from analyses
of standards and blanks are presented for each purgeable compound in Appendix
C. These data must be carefully evaluated and applied to the interpretation
pf project sample data for each of the purgeable compounds.

Analytical Procedure for Base-Neutral Extractable Compounds

The basic and neutral organic Priority Pollutants extracted from a sample
with methylene chloride under alkaline conditions are referred to within this
report as base-neutral extractable compounds. The extraction procedure, as
deseribed in USEPA's Protocol,8 was used with several laboratory modifications
as detailed in Appendix D.9

Two groups of compounds were analyzed from an extracted and concentrated
sample. One group, extractable halocarbons including specific pesticides,
was analyzed by GC/Hall detector (GC/Hall). Individual compounds and their
approximate lower levels of detection are listed in Table 5. Figure 6 is a
representative GC/Hall chromatogram for a direct injection analysis of cali-
bration standards, Figure 7 a chromatogram of a system blank, and Figure 8 a
chromatogram of an extracted and concentrated sample.

The second group, non-halogenated extractable hydrocarbons, was analyzed

by GC/flame ionization detector (GC/FID). Individual compounds and their
approximate lower levels of detection are listed in Table 6. Figures 9, 10,
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Figure 6. Typical gas chromatogram of base-neutral extraciable halogenated
Priority Pollutants calibration standard using Hall detector.
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Figure 7,

Typical gas chromatogram of base-neutral extractable
solvent blank using Hall detector.
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= g—-endosulfan

Figure 8. Typical gas chromatogram of base-neutral
extractable sample using Hall detector.
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TABLE 5.

HALOGENATED BASE-NEUTRAL EXTRACTABLE PRIORITY POLLUTANTS
GC/HALL DETECTOR AND 3,000 CONCENTRATION FACTOR

Reference
Code

Approximate Lower
Detection Level®
Compound ug/L

A
B

C

moHIEZOE =™

=

<o 4 bR oo X

1,3-Dichlorobenzene 0.1
1,4-Dichlorobenzene 0.1
Hexachloroethane 0.1
1,2-Dichlorobenzene
bis(2-Chloroiosopropyl) Ether
bis(2-Chlorcethyl) Ether
1,2,4-Trichlorobenzene
Hexachlorobutadiene
bis(2-Chloroethoxy)methane 0.1 - 0,
Hexachlorocyclopentadiene 0.1 0
2-Chloronaphthalene 0.1
4-Chlorophenyl Phenyl Ether 0.1
0.1

0,2

4-Bromophenyl Phenyl Ether
a—-BHC

¥-BHC (Lindane)

8 -BHC

Heptachlor

B-BHC

Aldrin

Heptachlor Epoxide
a-Endosulfan

Dieldrin

DDE

Endrin

DDD

B-Endosul fan

DDT

Methoxychlor 0.1 - 0,2

.

*

-

o O O O coQo ©
- -*
[ L I S T

»

a = not corrected for extraction losses

and 11 are chromatograms of a direct injection calibration standard, a system
blank, and an extracted and concentrated sample, respectively.

The method of qualitative determination differed for the two groups of

extractable compounds. Compound identification by GC/Hall analysis was based
on relative retention time match within * 5% RRT of the corresponding compound
in the calibration standard and an extracted internal standard of hexachloro-
benzene in each sample. When the sample was analyzed by GC/FID, qualification
was based on absolute retentjion time match within * 5% of absolute retention
times of standard peaks in the calibration chromatograms. Although the hexa-
chlorobenzene internal standard did not elicit a sufficient response on the
flame ionization detector for intermal standard qualification, it did cause a
small, integrable response that was used as an internal standard for relative
retention time matching when chromatograms were reviewed by the project staff.

The recovery of these compounds by extraction was variable; therefore,
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Figure 9. Typical gas chromatogram of base-neutral extractable
Priority Pollutants calibration standard using flame ionization detector.
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1 «w+—dimethyl phthalate

'_'F -«—hexachlorobenzene (internal standard)
ra —~——di-n-butyl phthalate

~— bis{2-ethylhexyl) phthalate

Figure 10, Typical gas chromatogram of base-neutral
extractable solvent blank using flame jonization detector.
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Figure 11, Typical gas chromatogram of base-neutral
extractable sample using flame ionization detector.
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TABLE 6. NON-HALOGENATED BASE-NEUTRAL EXTRACTABLE PRIORITY POLLUTANTS
GC/FLAME IONIZATION DETECTOR AND 3,000 CONCENTRATION FACTOR
Approximate Lower
Detection Leveld

Compound ug /L
Naphthalene 0.5
Acenaphthylene 0.5
Acenaphthene 1.0
Dimethyl Phthalate 5.0
Fluorene 0.5
Diethyl Phthalate 2.0
Phenanthrene 1.0
Anthracene .
Di-n-butyl Phthalate 0.5
Fluoranthene 1.0
Pyrene 0.5
Butyl Benzyl Phthalate 2.0

bis{2-Ethylhexyl) Phthalate

1,2-Benzanthracene

Chrysene

3, 4-Benzofluoranthene 5

11,12-Benzofluoranthene

Benzo{a)pyrene 5

Indena(l,2:C,D)pyrene 10.
0

ot
.
o

1,2:5,6~Dibenzanthracene
1,12-Benzoperylene
a = not corrected for extraction losses

this procedure for base-neutral extractable Priority Pollutants must be con—
sidered semi-quantitative. Quantification was based on a comparison of the
response of corresponding peaks in the concentrated sample extract and cali-
bration chromatograms, and the concentration factor. The concentrations were
not corrected for extraction losses. Both qualification and quantification
were automatically handled by a Hewlett Packard 3380A programmable integra-
tor-" and were reviewed in each sample chromatogram by the project staff.

GC data generated for the base-neutral extractable compounds with the
Hall and FI detectors are presumptive. In order to determine the validity of
data produced by GC only, GC/MS confirmation attempts were essential. Section
7 discusses comparative GC and GC/MS data for each compound.

Quality Assurance for Base-Neutral Extractable Compounds

An extensive quality assurance program was necessary to ensure the signi-
ficance and validity of the data.

Periodic Quality Assurance--—

Approximate lower detection levels were established for routine analysis
of the extractable compounds by direct injection of calibration standard com-
pounds diluted by factors of two until an arbitrary area count fell below
1,000 units,
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For the halogenated compounds, the lower detection levels by GG/Hall
detection varied throughout the project and ranged from approximately 0.1 ug/L
to 0.2 ug/L depending on the particular compound (Table 5), Validation of
detection levels in this range was supplied by extraction recovery tests of
calibration standard compounds analyzed by GC/Hall, and by GC/MS confirmation
of GC/Hall data at the lower levels of detection for some, but not all, of the
halogenated compounds.

For the non-halogenated compounds analyzed by GC/FID, the levels ranged
from 0.5 ug/L to 10 ug/L depending on the particular compound (Table 6).
Further validation of these levels was supplied by direct injection and
extraction recovery tests of calibration standard compounds analyzed hy
GC/FID, and by GC/MS confirmation of GC/FID data at the lower detection
levels,

Extraetion recoveries of the base-neutral extractable Priority Pollutants
at several concentrations were determined by spiking calibratien standard com~
pounds in methanol into three liters of low organic.distilled warer., Extrac-
tiorr was evaluated by averaging the recoveries of triplicate extractiom and
concentration tests. Values were carrected for interferences that occurred in
blanks representative of three liters of low organic distilled water extracted
and concentrated in an identieal manmer, Percent recoveries fer each halo-
genated compound are given #n Appendix E, TabIes E~1 through E-20 and fer the
non-halogenated compounds in. Appendix F, Table F-1.

Recoveries were based em extraction of calibration standard compounds
from low organic distilled water and only suggest that similar recoveries oc—
curred when extracting Priority Pollutants frem field samples representing
varied and complex waters. While extraction recovery tests from selected
field waters rather than from distilled water would have been more representa-
tive, there was no assurance that a relatively small number of such recovery
tests would have been representative of the hundreds of samples analyzed dur-
ing the project.

The accuracy and precision of standards analyzed at several concentra-
tions by direct injection were evaluated periodically and as part of a routine
quality assurance program. The data are compiled in Appendix E, Tables E-1
through E~20, and Appendix F, Tables F-2 and F-3, for the halogenated and the
non—~halogenated base-neutral extractable Priority Pollutants, respectively.
The results of the data indicate that concentrations were significant to two
figures at the ug/L level., This level of significance was applied to field
data.

Reutine Quality Assurance--

A routine quality assurance program was found te be particularly impor-
tant in the preparation of samples for the analysis of thé extractable
Priority Pollutants. Extraction of compounds from samples into solvent and
concentration of the solvent were found to introduce significant levels of
impurities causing interference in the GC/FID analyses. The purity of
solvents was routinely evaluated as part of an evaluation of the entire analy-
tical procedure that included glassware cleaning, solvent extraction, concen-
tration, storage and analysis. This evaluation was conducted by analysis of
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solvent blanks handled in a manner identical to samples, i.e., volumes of sol-
vent as specified in the procedure were introduced to extraction glassware,
concentrated, exchanged for a second solvent, concentrated, stored and ana-
lyzed by both GC/Hall and GC/FID.

Solvent blank analyses identified an interference in the analysis of bis-
chloroethers. This problem is detailed in Appendix G.

The daily quality assurance program for base-neutral extractable analyses
was based on a group analysis concept. One bottle of methylene chloride con-
tained sufficient volume for six extractions utilizing 530 mL each. Four
samples and two control blanks were exiracted from each bottle of solvent:
Initial analyses of extracted and concentrated groups indicated that variabil-
ity of interferences between the two blanks within a group was often high.
Further, variability of blanks among groups was often high. Thus, the fre-
quency of two blanks per extraction group was maintained in order to charac-
terize the purity of each bottle of solvent and all analytical conditions
associated with the procedure. Data was corrected in groups for solvent blank
interferences specific only to a group. Data was statistically corrected for
several groups for solvent blank interferences that occurred consistently.

Samples were extracted, concentrated, stored and analyzed in groups with
associated solvent blanks. The daily GC/Hall and GC/FID analysis included the
following components per group: four field samples, a direct injection cali-
bratien standard used to program the integrator for relative retentien times
and response factors, two solvent blanks, a previously analyzed field extract
for comparative evaluations of day-to-day analytical conditions, and a direct
injection calibration standard handled as an unknown to determine stability
of the system for RRT and response factors. In addition, approximately ten
percent of the field samples were submitted in replicate,

All quality assurance data were used daily to ensure that analytical con-
ditions were within established control limits, All data were also compiled
for determination of the significance of project sample data.

Application of Quality Assurance Data to Sample Data--

Accumulated quality assurance data from analyses of standard compounds
extracted from distilled water, direct injected standard compounds handled as
unknowns, replicate field samples, and replicate analyses of single field
samples are presented in Appendices E and F for base-neutral extractable
Priority Pollutants. These data define the significance of the project sam-
ple data.

Application of Quality Assurance Data for Base-Neutral Extractable Halo-
carbons--Two examples demeonstrate the significance of this data.

The quality assurance data for 1,3-dichlorobenzene are presented in
aAppendix E, Table E~Z. These data indicate that approximately 60% of the com-
pound was extracted from distilled water; however, extraction recovery data
only suggest that recovery of the compound by extraction from raw and treated
field waters was similar. For example, when a concentrated extract of a
field sample was analyzed for 1,3-dichlorobenzene, the indication is that the
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quantification represented approximately 60% of the field concentration.
Further, the precision obtained from analyses of extracts from field replicate
samples and from replicate analyses of extracts from single field samples in-
dicates that concentrations of 1,3-dichlorobenzene above 0.1 ug/L reported in
field extracts may be * 58% to * 100%. Thus, when 0.4 ug/L of 1,3-dichloro-
benzene was detected in a field extract, extraction recovery data suggest that
0.6 ug/L to 0.7 ug/L may have been in the sample, and precision data indicate
that an extract concentration of 0.4 ug/L could not be differentiated from
extract comcentrations of 0.3 ug/L or 0.6 ug/L.

The second example illustrates the implications of co-eluting compounds.
The quality assurance data for co-eluting 1,2,4-trichlorobenzene and hexa-
chlorobutadiene are presented in Appendix E, Table E-4. Because of co-
elution, GC/Hall quantification was based on the assumption that both com—
pounds were equally present. This assumption was valid for laboratory extrac-—
tion and reproducibility tests, but not for analyses of sample extracts, Only
GC/MS analyses of extracts determined whether ome or both compounds were pre-
sent. Thus, when 0.3 ug/L of 1,2,4~-trichlorobenzene and/or hexachlorobuta-—
diene were detected in a sample extract, and compiled GC/MS data consistently
identified the Hall-detected peak as 1,2,4~-trichlorobenzene and not as hexa=-
chlorobutadiene, the quantification at 0.3 ug/L, based on the assumption that
both compounds were present, was only an estimated value. The true concentra-
tion of 1,2,4-trichlorobenzene could not be determined.

The importance of quality assurance data and its application to project
data cannot be overemphasized. These data must be evaluated and applied to
the interpretation of project sample data for any of the base-neutral extract-
able halocarbons,

Application of Quality Assurance Data for Non-Halogenated Base-Neutral
Extractable Hydrocarbons--Quality assurance data were obtained from standard
compounds analyzed by direct injection and from standard compounds extracted
from distilled water. Quality assurance data from sets of field sample
extracts were not obtained because GC/FID analyses of sample extracts pro-
duced little data above the approximate lower detection levels. Quality
assurance data produced from standard compounds injected at 5.0 ug/L and 10
ug/L and analyzed as unknown samples are contained in Appendix F, Tables F-2
and F-3,

Data produced from analysis of standard compounds at 1.5 ug/L and 10 ug/L
extracted from distilled water are presented in Appendix ¥, Table F-1.
Although variability of extraction recoverjes for standard compounds analyzed
in triplicate on any one day was low, variability between tests run on dif-
ferent days during the project was very high. These data are not sufficient
to establish the relationship between the levels of compounds in field
extracts and the levels in field waters. The variability of recoveries only
suggests that extraction recoveries of project samples were also highly
variable.



Attempted Analysis of Base-Neutral Extractable
Nitrogen-Containing Hydrocarbons

Analyses were attempted for nitrogen-containing base-neutral extractable
Priority Pollutants by GC/alkali detector. This analytical task was aban-
doned, however, because GC/alkali detector data could not be supported by
GC/MS. Appendix H details the attempted analyses of these compounds.

Mass Spectrometer Analytical Procedures

Gas chromatography/mass spectrometry (GC/MS) verification of GC/Hall or
GC/FID data was done using the USEPA Protocol.8 Details of the laboratory's
MS equipment and procedures are given in Appendix I.

GC/MS support of GC data was used in several ways. Requests for GC/MS
confirmation were based on the need to define the validity of GC/Hall or GC/
FID presumptive identification of Priority Pollutants., GC/MS confirmatioms of
these compounds at concentrations close to the GC/Hall and GC/FID approximate
lower levels of detection were frequently made. As a quality control measure,
GG/M3 searches were also conducted for compounds not identified by GC/detector.
GC/MS was used to identify non-halogenated, base-neutral extracted hydrocarbon
Priority Pollutants at concentrations below the GC/FID lower level of detec-
tion. For the halogenated base-neutral extractable compounds, however, the
GC/MS and GC/Hall lower levels of detection were approximately the same.

Although the characterization of selected organic compounds in project
samples was the primary objective, GC/MS identification of frequently occur-
ring unknown compounds was also attempted,

Qualitative and Quantitative Determination-- T 8

Characteristic masses or mass ranges as given in the USEPA Protocol” were
used for qualitative and quantitative determinations of project compounds.
Generally, in support of GC -identifications at concentrations in excess of one
ug/L, extracted ion current profiles (EICP) were obtained ia the scanning mode
for GC/MS confirmation or quantification of GC/Hall or GC/FID data. An EICP
is defined as a reduction of GC/MS data obtained from continucus, repetitive
measurement of spectra by plotting the change in relative abundance of the
primary or secondary ions as a function of time. A positive GC/MS confirma-
tion was based on the following conditions as recommended in the Protocol: the
time at which the peak occurred was within a retention time match of + 1 min-
bte; a characteristic primary and secondary ion for a compound were found to
maximize in the same spectrum; and the ratio of the primary and secondary ion
Bgreed with relative intensities established for the compound.

In support of GC identifications at concentr.itions below one ug/L, GC/MS
selected jon monitoring (SIM) was used. SIM is defined as a measurement of
the GC/MS response at one or several characteristic masses in real time.
Again, a primary and secondary ion were used for confirmation in the SIM mode.

GC/MS-SIM was the approach most often used in support of GC data for pro-

ject compounds, other than the trihalomethanes in in-plant or finished water
samples, because GC data were often in the 0.1 to 1.0 ug/L range of concentra-
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tions. Identification of a recurring unknown peak in project samples was
attempted only when a concentration of approximately one ug/L was present,
because the GC/MS-scanning mode was needed for generation of a total ion
current profile.

UTILITY LABORATORIES

Sample Scheduling

Schedules were established for all organic, inorganic and bacterioclogical
sampling. Early in the project, each ut111ty was visited, plant hydraulics
were discussed, sample locations were selected, and sample collection was
sEHEHETEHﬂh_ggaple'EBIIEE?TBn times weredesigned to follow the flow of a
theoretical plug of water through the plant. 1If dictated by changing hydrau-
lics, utility personnel modified pre-scheduled sample collection times.

Organic Sampling and Handling

The collection and handling of samples for organic analysis were done by{’
utility personnel using,g595ggg5gg_ﬁgsgiii:i_hx_iha_nrajﬁct staff and sample
bertles prepared and shipped by Che contract laberatory. Sample bottles were |
stbred“ét'fHE“foITf?mzaggﬂzggﬁgg"E;ﬁtainers until used. Samples were !
collected according to the procedures detailed im Appendix J. rgeable and }
extractable sgmples were refrigerated in the dark until shipment. After addi-
tion of excess chlGFfIAE, terminal level purgeable samplés weére stbred in the
dark for seven days at a temperature approximating that of the utility's i
finished water, quenched with thiosulfate, and refrigerated in the dark until ;
shipment, Time in refrigeration for all samples at the utility ranged from
one to seven days. All samples were shipped in insulated containers with
frozen ice packs via air transport to the comtract laboratory. Time in
transit between the utility and the laboratory was typically one or two days
but occasionally as long as four days.

Inorganic Water Quality Analyses

At each organic sample location, waters were sampled by utility personnel
for analyses of background water quality parameters. All utilities analyzed
for physical and chemical parameters known to affect the THM reaction, i.e.,
pH, temperature, chlorine residuals. Utilities participating in THM control
studies performed additional sampling and analyses for other parameters
necessary for evaluation of the control, i.e., ammonia, turbidity, taste,
odor, irom, manganese, chlorine dioxide, etc. Methods used for measurement of
those parameters were those routinely used by the utility and detailed in
Standard Methods.ll The only exception was the utilization of an analytical
procedurel? for the measurement of chlorine, chlorine dioxide and chlorite in
sample waters.

Bacteriological Water Quality Analyses

Bacteriological monitoring was done by utility personnel during each THM
control study to ensure that the quality of the finished water was not compro-
mised by the treatment modification being studied. At each organic sample
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location, waters were sampled for bacteriological amalyses, Total coliform
{TC) and standard Ylate count (SPC) analyses were performed according to
Standard Met hods. !

Tests were also conducted to evaluate a membrane filter procedure using
m-SPC agar for all treated samgles in which low standard plate count denrsities
were expected. This procedure 3 permitted the examination of sample volumes
greater than one mL, the sample limitation of the SPC pour plate technique.
The procedure is detailed in Appendix K. A USEPA microbiologist visited the
utilities performing these analyses to review bacteriological procedures and
to familiarize utility personnel with the membrane filter SPC procedure.

Water quality parameters that affect disinfection conditions (turbidity,
temperature, pH, ammonia) and residual concentrations of disinfectants (chlo-

rine, chlorine dioxide) were evaluated for each bacteriological sample.

Operational Data

During THM control studies, utility personnel provided the operational
data necessary for evaluation of the control, i.e., chemical feed rates,
filter/adsorber hydraulics, filter/adsorber backwashing history, etc.
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SECTION 6

TRIHALOMETHANE TREATABILITY STUDIES

GENERAL

One project objective was to evaluate existing and modified utility water

treatment practices to control trihalomethane concentrations. Trihalomethanes.

result from the reactions?:

/ €la + precursor -» €CHels

i
\}élz + precursor + Br + I -» other THMs
To control THMs,

hree approaches are possible. The_reaction can_be allowed
to proceed with the subsequent removal of the THMs, steps can be taken to pro-

hiQEEEEQE_LQQELJLELthmprDceedingA*Eg;Poth approaches can be employed.

USEPA examined such controls on pilet plant and bench seales.6 This pro-
ject studied full scale applications of those controls to reduce TTHM concen—
trations in clear well effluents. Another aspect of the control studies was
to investigate the effect of treatment on precurser levels as measured by the
parameters THMFF and termimal TTHM. The modification implemented to control
THMs at a utility was the decision of the preject staff and the utility per-
sonnel after studying the adaptability of the utility's treatment to
modification. ’

There were other aspects of the THM treatability studies. Evaluations of
treatment modifications were made to ensure that treatment changes did not
compromise the bacterioclogical integrity of the finished water, Evaluations
of halocarbons other than THMs were conducted to assess the effect of existing
and modified treatment on these compounds. Bromide and iodide concentrations
wvere not determined.

Finally, it was expected that water quality parameters (pH, temperature
and chlorine levelg) and chemical application rates (chlorine, powdered acti-
vated carbon and chlorine dioxide) that can affect the THM reaction’»% would
vary during the study period, Water quality data and chemical application
rates are discussed only when their variation may have had a significant
effect on THM formation.

DATA INTERPRETATION

Te evaluate a treatment modification for THM control or to evaluate the
control of other Priority Pollutants, comparisons were made of the means
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of data sets, and of data from individual samples. Such comparisons were
based on statistical evaluations which determined means or individual data to
be different or to be non-differentiable.

Comparison of Mean Data

To cvaluate comparatively routine and modified treatment for control of
trihalomethanes, the significance of the statistical parameters used in the
evaluation was defined.

A comparison of data from two periods of treatment, i.e., finished water
TTHM during routine and modified treatment, was based on mean values obtained
from averaging data representing the study periods. The significance of each
mean value was dependent on the variability of the set of data used in its
calculation. To establish whether the means of two distributions (study per-
iods) were different, a 90% confidence interval for the difterence between
the means was calculated using a "t" distribution. The confidence interval
was established at a 907 level rather than at some greater level, Calculation
of the interval for the difference between means is based on three factors:
the number of samples representing the distributions, the variation in sample
data within each distribution, and the level of confidence at which a state-
ment of difference is to be made. Each treatment period was represented by a
relatively small number of samples. Cost and time demands for increasing the
number of samples and analyses were prohibitive. Variability of raw water
precursor over a sampling periocd could not be predicted or controlled. There-
fore, in order to differentiate between mean values within the design of the
study, a 90% confidence interval was chaosen,.

On the basis of the calculated interval, it was established fer each com—
parison of means whether the values were statistically different.

Comparison of Data frem Endividual Samples

A detatled discussion of significance applicable to interpretation of
data praduced from individual samples is presented in Sectijon 5, pages 28 ta
22. As stated in that section, a comparison of data from single samples,
i.e., adsorber influent and effluent samples collected in plug flow sequence,
was based on the significance of data obtained from amalyses of numerous sets
of field replicates and of replicate analyses of single samples. The signi-
ficance of data varied for different compounds and for different concentration
ranges.

THE EFFECT OF CHLORINE APPLICATION POINTé ON TRIHALOMETHANE FORMATION
General
An examination of the THM reaction
Cl, + precursor + Br + I -» THMs

indicates that if the chlorinatiom practice were discontinued, the reaction
would not proceed. Unless an equally effective alternative disinfeetant is

'N#M -
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used, elimination of chlorination for THM control is not acceptable, However,
fﬁaﬁFTTgrfof precursor levels prior to chlorination is a viable appfgzbh to

THM control, "'TSEFE_H"*"aemonstrated on the p1lot plant scale that coagulatlon
\H_EEEfIIEé reduced precursor | levelb.6 At three project utilities, the ini-
tial chlorine a appllcatlon polnt was moved further into the treatment process
in order to reduce precursor levels prior to chlorination and to reduce the
in-plant THM reaction timé. This means of control was studied at tho
Pittsburgh-Depdrticnt of"_hter, the Cincinnati Water Works and fhe Wheeling
Water Department,. -

At each utility, raw, in-plant, and finished waters were sampled two to
four times weekly for periods of one to two weeks during both routine and
modified treatment studies. For each sample day, waters were sampled fol low-
ing a theoretical plug from raw water through the plant to the clear well.

Pittsburgh Department of Water

Routine and Modified Treatment--

Pittsburgh routinely chlorinated untreated Allegheny River water. For
THM control, the chlorine application was moved to a point immediately follow-
ing coagulation and clarification. The utility's treatment scheme and water
quality data representative of two weeks of sampling during routime treatment

and two weeks of sampling during modified treatment are presented in Figure
12,

During the study period, 75% of the clarified water received 13 hours of
settling and the remaining 25% bypassed settling. These two waters were mixed
prior to filtration. During modification, water influent to the filter was a
mix of chlorinated settled water and unchlorinated clarified water.

Evaluation of Trihalomethane Control--

Instantaneous and terminal TTHM concentrations ‘based on data from two
weeks of sampling with raw water chlorination and from two weeks with clari-
fied water chlorination are illustrated in Figure 13.

A statistical comparison of mean terminal TTHM concentrations indicates
that raw water precursor levels could not be diffcrentiated during the two
study periods.

For both study pericds, raw and clarified mean terminal TTHM concentra-
tions could be differentiated, but clarified and finished mean terminal TTHM
concentrations could not he differentiated. Thus, coagulation and ciarifica-
tion reduced precursor levels but subsequent treatment likely did not.

Figure 12 indicates that mean raw water turbidity levels of 7.2 and 7.1
NTU were comparable over the two study periods and that coagulatiorn and clari-
fication reduced turbiditics to mean levels of 0.8 and 1.0 NTU. These data
show that as coagulation and clarification reduced turbidity, it also reduced
precursor levels; however, when turbidities fell below 1,0 NTU, further reduc-
tion in precursor levels could not be aobserved.

Mean raw water turbidity and raw water terminal TTHM concentrations were

39




‘8/6T 12qo31dp ~ 19quezdag ‘(sonTwa uesw) viIep LITTenb 193EM
‘(oW 09) Lep/u nd Q00°gZZ ‘a93eM 3O Juamiaeda Y3angsIITd Iv Jusmyedrl T Landry

(@334 VYNOILdO)

obl 40 LAO4TY TIONIS ONIQNTOKI : LNtod 31dwivs = ()
IoNIARLAIINI Tounw = LNTWLVIYL nm_u_ooi\rzmzimm.r ANILNOY
s3aLloN WECER
/v 1>/ € qS/ € ogz/ i1g - 1w/ DdSs
15/ 1> 1>/ 1> 1>/ 1> 1>/ 1> 00£2/0029 1w 00I/ DL
20/20 v 0/€0 20/ €0 2 0/20 - Wdd'Soviod
ror/1'0 1ro/ro go/2o0 ol0*/20 . Wdd'%1D 3334
2'8/0'8 8'8/88 8'8/8°'8 8'8/8'8 re/ve Hd
1rox/ro> 1'o>/ 10> b'0/2°0 o'1/80 1L/zL niN‘gandt
- - - - 12/+2 Do 'dW3L
zE 9l = 2 o SH' IWIL

® ® ® @ O AALINVAVYL

>
r
m
)
AINWATOL w_
ﬁ L .vm_Uvn_ Z
INTWLvYadL OUWA <
JalAoNny n_.m_uzoo.)_”_ o _”FZME_&I_J‘MMF ’
HSY VY90S (INIZOTHD) WOTY 3NILNoA] /1
INIHOTHD sl r*. INWI (INIAOTHD) <
(-]
EH3VLLISHALIAVY R
g I3 * g =F- =l niE A Dﬂ—( 2 XIW E’ *c\ \
AW3IID Y L\(m.uu SWOD 7

% aZ

40



‘8L6T 19903120 - z1aqualdag “(U9R 09) ABp/m nd 000°QZZ
‘193eM JO jusmyxedo(q y8inqsiaig *(senfea ussW) uoTIEPWIO] JUBRY3aWOTEYTI], ‘¢TI 9IndTy

LNIWIVINL a3idiaon T_u Wdd L2 212 Wdd 50 v Wed m.L
2 oVd Wdd #0
LNIWIVIASL INILAOE [%1D Wdd v'2 Zi5 wdd 2°|
a
A3arsINId azAuILIS a311.13% oﬂ_@_wﬁww MY
- i R |
s L2l 72 2 m s (o] 4
=2 m = L S
7 o¢ =7 1€ 4_ a
] v 0
“ " "
] [ V] )
] —
WHL L immk"D.m 75 > n
WHLL LSNI = m
b i Lu‘lLul Lu‘lL! L bt
d3WHL = D - . — T - —
b8t ] .
YN
Loz lL_—g02 20z
ST
£22 - —z2e
LNIWLVYIAL dII4ITOW = LHOIY Loz ]
LNIWLYISL 3INILAOY = 1437

sz

/67 NOILYBLINDSINGD NYIW

41

Instantaneous and terminal TTHM concentrations for the clear

well and reserveoir are given in Table 9,

the atmosphere.

Statistical comparison of these mean



comparable during the two study periods; however, on a day~to-day basis, both
fluctuated and not always in the same direction.

As shown in Figure 13, chlorination of raw water with a mean THMFP of 274
ug/L (275 ug/L term TTHM - 1 ug/L inst TTHM = 274 ug/L THMFP) resulted in 56
ug/L megn‘lnstantaneous TTHM in the finished water. Chlorination of clarified

TTHM concentrations indicates no difference between clear well and open reser-
voir waters but it should be noted that sample times for these two locations
were not in plug flow agreement.

TABLE 9. TTHM CONCENTRATIONS,a ug/L, PITTSBURGH DEPARTMENT OF WATER
(MEAN VALUES)

Water .
Parameter Clear Well Open Reservoir Treatment ___
inst TTHM 56 53 Routine (raw water chlorination,
term TTHM 203 197 September 6-September 19)
inst TTHM 26 27 Modified (clarified water chlorination,
term TTHM 207 2 1, September 20-October 6)

aCC/Hall detector

Bacteriological-Evaluation—-

A comparison of the bacteriological cenditioms durlng the two periods of
sampling was made to ensure that treatment modifications did not compromise
the bacteriological integrity of the finished water. Total ceoliform and-
standard plate ceunt densities obtained for both periods are presented in
Figure 12, These data indicate that raw water chlerination resulted in a re—
duction of the mean raw water total coliform density from 6,200/100 nL to
{1/109 nl. after clarification. A similar reduction of raw water total eoli-
form density from mean values of 6,300/100 mL te <1/100 mL is indicated after
clarification without raw water ehlerinatien. Thus, clarificatiom in eombina-
tign with applicatien of powdered a=tivated carbon and permangamate was as
effective in coliform reduction as raw water chlorination and clarifieation in
combination with PAC and permanganate application, Altheugh permanganate was
applied at approximately 1 mg/L for manganese control during the study, it
probably contributed to disinfection.

The chlorine disinfection conditiens were more favorable during modified
treatment because chlorine was applied.to a clarified water of ome turbidity
unit as eompared to the routine application of chlorine to a more turbid raw
wateE.

The delay in chlorine application caused a parallel delay in reduction of
the general bacterial pepulation as measured by the standard plate ceunt.
After the processes of chlorination amd elarification, the mean standard plate

count density was 31 bacteria/mbk; after clarification aleme, the mean demsity
was 230/mL.

The quality of the fimished water was not altered by the delay in ehlor-
ination. DPuring both periods of study, bactericlogical conditions in the
finished water were satisfactory, i.e., total celiform and standard plate
count densities complied with the 1975 USEPA Interim Drinking Water Standard15
0of ¢l ecliform colony/100 mL and the rceommended limit for the standard plate
count of <500 organisms/mL.

Findings——

1 Trihalnamntrhanace rmmrn Farmad diswmdomn Fwmomotomsem e ~fe nem L1 oL



applied.

“7. As clarification reduced turbidity te 1.0 NTU, it alse reduced pre-
cursor levels. When turbidities fell below 1.0 NTU, further reduction in pre-—
cursor levels could not be observed.

v, Moving the chlorine application point from raw water to c¢larified
water resulted in chlerinating a water of lower THMFP,

é/ﬁf_ Moving the chlorine application point to a better quality water in
terms of reduced THMFP resulted,in significantly lower finished water trihalo-
methane ccncentrations.

L’g. Moving the chlorine application point from raw water to clarified
water resulted in a savings in chlorine feed.

6. Moving the chlorine application point reduced the in-plant THM reac-
tion time 6% and had no significant effect on the ratio of individual THM
compounds found in finished wager.

L-7. A tetrachloroethylene spill was observed on the Allegheny River with
concentrations in the plant reaching 60 ug/L.

’gf Permanganate, flocculant, and PAC application followed by clarifica-
tion were as cffective in coliform reduction as chlorine applied with the
other materials prior to clarification.

V- Moving the chlorine application point caused a delay in reduction of
the general bacterial population as measured by the standard plate count, but

the bacterial quality of the finished water was not altered.

Cincinnati Water Works

Routine and Modified Treatment--

The city of Cincinnati stores Ohio River water in a large, open reservolr
where it is treated with a coagulant. Qther treatment chemicals and chlorine
are routinely added ahead of in-plant treatment processes. Relocation of this
chlorine application point to the effluent from the settling basins was
studied., The treatment schematic and water quality data representing two
weeks of routine treatment sampling and two weeks of modified treatment samp-
ling are presented in Figure 14.

Evaluation of Trihalomethane Control--

A problem at the contract laboratory resulted in a considerable loss of
project samples collected during September and October 1977--the time of this
study. Consequently, instantaneous and terminal TTHM data presented in
Figure 15 are mean values for 80% of the samples collected during routine
treatment and 60%Z of the samples collected during modified treatment.

A statistical comparison of mcan terminal TTHM concentrations indicated

a difference in raw water precursor levels between routine and modified treat-
ment study periods. During the two-wcek period when reservoir settled raw
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water was chlorinated, the mean raw water terminal TTHM concentration was 508
ug/L and mean raw water turbidity was 32 NTU. During the two-week period when
in-plant settled raw water was chlerinated, the mean raw water terminal TTHM
concentration was 309 ug/L and the mean rav water turbidity was 14 NTU.

During the four-week period, reservoir settling reduced turbidity to
levels of approximately 1.0 NTU. At the same time, reservoir settling reduced
precursor levels an average of 31% (mean terminal TTHM from 508 ug/L to 343
ug/L during the two-week peried of routine treatment and mean terminal TTHM
from 309 ug/L to 215 ug/L during the two-week modified treatment period).
During the four-week period, subsequent treatment, including in-plant coagula-
tion and settling, did not significantly reduce precursor levels. During the
routine treatment period, mean terminal TTHM concentrations of 343 ug/L and
338 ug/L could not be differentiated. During modified treatment, mean term-
inal TTHM concentrations of 215 ug/l, and 232 ug/L could not be differentiated.
Thus, 48 hours of alum enhanced reservoir settling reduced precursor levels
but subsequent treatment, including in-plant coagulation and settling, had
little, if any, effect on precursor levels., These data suggest that as reser-—
voir settling reduced turbidity it also reduced precursor levels but that when
turbidities had been reduced to levels of approximately 1.0 NTU, further re-
duction in precursor levels could not be observed.

Figure 1% indicates that when chlorinating reservoir settled water with
a mean THMFP concentration of 342 ug/L, a mean of 106 ug/I, instantaneous TTHM
resulted in the finished water. When chlorinating in-plant settled water with
a mean THMFP concentration of 223 ug/l, a mean of 65 ug/L TTHM resulted in the
finished water. While it appears that moving the chlorine application point
to a better quality water in terms of THMFP resulted in reduced finished water
TTHM concentrations (106 ug/l, to 65 ug/L), an inspection of the percent forma-
tion of finished water instantaneous TTHM from available raw water precurs?ffz/
indicates that a reduction did not likely result. O0f the 507 ug/l. THMFP
available in the raw water during the period of routine operation, 21% formed
finished water instantaneous TTHM (106 ug/L finished water inst TTHM/S507 ug/L
raw water THMIP). Of the 308 ug/L raw water THMFP available during the
period of modified treatment, 21% again rcicted to form TTHM in the finished
water. These data suggest that the reduction :n finished water instantaneous
TTHM during modified treatment was attributable to significantly lower raw
water precursor levels during that period. During both routine and modified
treatment, significant reduction in precursor did not occur beyond reservoir
settling, Thus, moving the chlorine application point to an in-plant settled
water resulted in chlorinating a water of lower THMFP only because precursor
levels were significantly lower during that time. The decrease in THM reac-
tion time from 7% to 3% hours had no apparent effect in limiting THM formation
because per cent formation relative to raw water precursor was unchanged.

20

These data demonstrate the importance of the terminal TTHM and THMFP
parameters in evaluating trihalomethane control and suggest the need for
further investigation to understand the effect of both the variability of raw
water precurser levels and treatment processes on finished water TTHM levels.

Moving the chlorine application point resulted in a slight savings in
chlorine feed (3.6 ug/L to 3.3 ug/L) when attempting to maintain 1.5 mg/L free
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occurred with the delay in chlorination. A mean density of 5,500 bacteria/mL
in the in-plant settled water without chlorination compared with a mean den-
sity of 500/mL in the in-plant settled water when ¢hlorinated.

The delay in chlorination resulted in a parallel delay in reduction of
bacterial densities until chlorine was applied. This delay resulted in mo
significant change in the bacterial quality of the finished water and resulted
in ne apparent in-plant problems.

Findings—- .
1. Trihalomethanes were formed during treatment after chlorine was
applied.

2. Forty—eight hours of alum coagulated, reservoir settling reduced
turbidity to 1.0 NTU, and also reduced precursor levels. When turbidities
fell below 1.0 NTU, further reduction im precursor levels could not be
observed. )

o

3. Raw water precursor levels were significantly lower during modified
treatment than during routine treatment. Because reduction in precursor
levels could not be observed following reservoir settling, moving the chlorine
application péint from reservoir settled water to in-plant settled water
resulted in chlorinating a water of lower THMFP only because precursor levels
were lower during that peried.

4

i e+
4 4. Significantly lower finished water trihalomethane concentrations

,/resulted during modified treatment presumably because precursor levels were

(\i?wer during that period.

’

. 5. Moving the chlorine application point resulted in some savings in

/ chlorine feed.

——

6. Moving the chlorine application point reduced the in-plant THM reac-
tion time 53% and had a significant effect on the ratio of individual THM
compounds found in finished water; brominated THM concentrations were rela-
tively higher.

a—

7. Forty-eight hours of alum eoagulated, reservoir settling reduced
coliform densities 97%.

8. Moving the chlorine application point caused 2 delay in reduction of
bacterial densities, but the bacterial quality of the finished water was not
altered.

Wheeling Water Department

Routine and Modified Treatment--

Wheeling routinely chlorinated a gravity settled Ohio River water. For
purposes of THM control, the chlorination peint was moved to coagulatred and
settled water. Iron and manganese removal was accomplished by chlorine oxi-
dation, coagulation, settling and filtration during routine treatment. When
treatment was modified, the utility added permanganate as a substitute oxidant



for chlorine, Water guality data representative of twe weeks of routine
treatment and two weeks of modified treatment are presented in Figure 16 with
the treatment schematie. Figure 17 presents mean instantaneous and terminal
TTHM data for both perjods of study.

Evaluatrion of Trihalomethane Control--

The trend of individual texminal TTHM data indicated raw water precursor
levels were lower during routine treatment than during modified treatment.
During either study period, a statistical comparison of mean values indicated
that raw water terminal TTHM and gravity settled terminal TTHM could not be
differentiated; therefore, one hour of gravity settling did not reduce pre-
cursor levels, (Gravity settling did not reduce -turbidity levels,

During routine treatment, gravity settled and coagulated and settled mean
terminal TTHM concentrations (325 ug/L and 265 ug/L, respectively) could be
differentiated. Mean terminal TTHM concentrations in coagulated and settled
and finished water (265 ug/lL and 273 ug/L, respectively) could not be differ—
entiated. Thus, coagulation and settling reduced precursor levels but sub-
sequent treatment likely did not, Turbidity levels were reduced by coagula-
tion and settling and by filtration.

During modified treatment, gravity settled and coagulated and settled
mean terminal TTHM concentrations (371 ug/L and 347 ug/l, respectively) could
not be differentiated but gravity settled and finished water mean terminal
TTHM concentrations (371 ug/lL and 324 ug/lL, respectively) were. different.
Thus, coagulation and settling was not as effective for precursor removal
during modified treatment. The reason for this is not known. Turbidity
levels were reduced by coagulation and settling and by filtration.

Because coagulation and settling was not as effective in lowering pre-
cursor levels during modified treatment and because ‘raw water precurser levels
during that pericd were somewhat higher, moving the application point did not
result in chlorinating a water with lower THMFP (324 ug/L and 346 ug/lL could
not be differentiated).

However, lcwer instantaneous TTHM were formed in the finished water dur-
ing the modification (152 ug/L compared to the modified value of 104 ug/L).
This was a significant reduction in the percentage formation of TTHM from
raw water precursor; 47% during routine treatment compared to 28% during the
modification. Thus, moving the chlorine application point resulted in lowered
finished water TTHM, not because a better quality water was chlorinated, but
because the THM in-plamt reaction time was decreased from 4% to 1% hours.,

Although pH levels ranging from 8,9 to 9.7 were a major factor im the
formation of 104 wug/lL, TTHM in only 1) hours, other factors, such as chlorine
aprplication rate, species of residual chlorine, and the wature and Loncentra—
tion of precursor, may have affected the reaction rate.

The change in the chlorine application peint increased the percentages
of the brominated THMs with a corresponding decrease in chloroform formation
(Table 11). 'This was probably attributable to a reduction in the THM reaction
time, Other factors include the variable nature and concentration of the pre-
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cursor, the effect of unknown raw water bromide concentrations, and the uncer-
tain role of bromine in the THM reaction. .

TABLT 11. RATLO OF INDIVIDUAL TRIHALOMETHANES TO TOTAL TRIHALOMETHANES
IN THE CLEAR WELL (%), WHEELING WATLER DEPARTMENT
(INSTANTANEOUS MEAN LFVELS)

Treatment B
7 "Routine Modified
{chlorination of gravity {chlorination of coagulated
Compound settled raw water) and settled water)

Chloroform 36% 23%
Bromodichloromethane 30% 31%
Dibromochloromethane 25% . 34%
Bromoform 9% 12%
Dichlorojiodomethane 1% 1%
inst TTHM2 152 ug/L 104 ug/L

dce/Hall detector

Chlorine application was based on maiataining a 0.3 mg/L free chlorine
residual onto the filters and a 2.0 mg/L finished water residual, No savings
in total chlorine application resulted from the modification.

The data indicate that modified treatment with oxidation by permanganate
was as effective for iron and manganese control as routine treatment with oxi-
dation by chlorine. The effect, if any, of permanganate on precursor could
not be separated from the effect of coagulation and settling.

Evaluation of Other Priority Pollutants—-

This study was conducted in November of 1978 following the year-long
period of monthly sampling. Annual data indicated -infrequent and low level
occurrence of other halocarbons. For this reason, analyses of theSe compounds
were not performed during this THM control study.

Bacteriologzical Evaluation--
Bacteriological levels were evaluated during both routine and modified
treatment jeriods and are presented in Figure 16.

The data indicate that chlorination of gravity settled raw water resulted
in a complzte reduction of the mean total coliform density from 8,100/100 mL
in the gravity settled raw water to <1/100 mL in the coagulated and settled
water. During modified treatment a significant reduction also occurred. A
mean total coliform density of 6,700/100 mL in the gravity settled raw water
was reduced to 12/100 mL in the coagulated and settled water without chlorina-
tion, when 2one hour raw water gravity settling and application of permanganate
preceeded four hours of coagulation and settling. This combination of pro-
cesses resulted in a significant reduction of coliform organisms; however,
reduction tc <1/100 mL was achieved only after chlorine was applied to the
coagulated and settled water.

The delay in chlorine application during medified treatment caused a
parallel delay in reduction of the standard plate count. After chlorination
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of gravity settled raw water, the mean standard plate count density was 9
bacteria/mL in the coagulated and settled water; after coagulation and sete-
ling without chlorination, the mean density was 380/mL. However, the mean SPC
density was effectively reduced to 2 bacteria/ml. after chlorination of the
coagulated and settled water.

The quality of the finished water was not altered by the delay in chlor-
ination during modified treatmemt. During both periods of the study, bacter-
ial densities in the finished water complied with USEPA Interim Drinking Water
Standards. :

Findings——
l. Trihalomethanes were formed during treatment after chlorine was \\
applied.

T~
2. Raw water precursor levels were higher during modified treatment than
during routine treatment.

3. One hour of gravity settling did not reduce precursor levels. Coagu-—
lation and settling were more effective for precursor removal during routine
treatment than during modified treatment.

4., One hour of gravity settling did not reduce turbidity levels, Turbi-
dity levels were reduced by coagulation, settling and filtration,

5. Moving the chlorine application point from gravity settled water to
coagulated settled water did not result in chlorinating a water of lower THMFP
because raw water precursor levels were higher during that period.

6. Significantly lower finished water trihalomethane concentrations
resulted during modified treatment presumably because THM in-plant reaction
time was reduced 67%. -

™~

7. Moving the chlorine application point and reducing the in-plant THM //)
reaction time 67% had a significant effect on the ratic of individual THM com-
pounds found in finished water; brominated THM concentrations were relatively
higher.

8. Moving the chlorine application point caused a delay in the reduction
of bacterial densities, but the bacterial gquality of the finished water was

not altered.

9, Coagulation, settling dand permanganate application significantly
reduced coliferm and standard plate count densities.

THE EFFECT OF AMMONIATION ON TRIHALOMETHANE FORMATION
General
Bench scale studies have shown that combined chlorine species form tri-

halomethanes at a much slower rate than do free chlorine species.’ Conversion
of free chlorine to combined chlorine was a THM control evaluated full scale
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at the Louisvi!ie Water Company by adding avmonia as a treatment modification.

Raw, in-plant and [inished waters were sampled two or three times weekly
for periods of one to two weeks during both routine and modified treatment
studies. Tor each sample day, sampling followed theoretical plug flow through
the plant,

Louisville Waier Company

Routine and Modified Treatment--

Chlorine was routinely applied to gravity settled raw water and to the
clear well., Modified treatment evaluated the application of ammenia first to
the clear well and second to the "softening" basins, Lime-soda softening was
practiced during periods when raw water total hardness exceeded 140 mg/L.

During the period when routine treatment was studied, softening was
practiced., During the period when ammonia was applied to the clear well,
softening was practiced intermittently,., Softening was off-line during the
final period of study when ammonia was applied to the softening basins. The
treatment schematic is presented in Figure 18. Each ammonia application point
was preceeded by a chlorine application point so that chloramines were not a
primary disinfectant.

Evaluation of Trihalomethane Control--

TTHM concentrations and water quality data presented in Figure 19 are
representative of the period when softering was practiced and ammonia was not
applied. Mean instantaneous TTHM data indicate formation of trihalomethane
resulting from chlorination and enhanced by an increase in pH in the softening
basins.

Significant reduction in precursor levels was not observed in-plant when
mean Cerminal TTHM concentrations were evaluated., Lvaluation of terminal
level TTHM data should be made cautiously when finished water pH is lower
than the pH of some in-plant waters. Waters stored for the determinmation of
the terminal TTHM parameter were buffered to pH 8.3 to maintain finished water
pl. Softened and filtered watetr samples collected for TTHM determinations
represented several hours of instantaneesus TTHM formation at pH 9.2. The rate
of THM formation is pH dependent.” It is, therefore, pessible for the term-
inal TTHM concentrations of softened and filtered waters to exceed the term-—
inal TTHM concentration of settled water because of the instantaneous TTHHM
formed at the accelerated rate during treatment.? This difference in reaction
rate as a function of pH was demonstrated for the utility's settled water
(Figure 20).

Water quality data and TTHM concentrations representative of the period
when softening was practiced intermittently and ammonia was applied to the
clear well are presented in Figure 21. Mean instantaneous TTHM data indicate
formation of trihalomethare resulting from chlorination and enhanced by an
increase in pH in the softening basins. Statistical comparison of means indi-
cated that softened, filtered and finished instantaneous TTHM levels could not
be differentiated. Thus, there was no significant increase in THM formation
during the one half hour through the filter and no significant increase in the

56



"LL6T 1390350 - ATnr “(aoW 5zT) ep/m no 000°ELY
¢ fuedumon I9IBM BTTTIASTINOT J® Judmieal] g1 LanSryg

(@333 wNOI1d0)
LNI0d 3dwive ()

INIAOIHD

_ (EHN)
=@ = BRI 7

3giaonng

aAN393N

d3 L

(EHN)
(%02)

§ (Hev vaos)
(N3L40S) %L 3N
31L13S M XIW b

!
(N2 1105) o
3L L3S X
* %ttt
(%02)
(2I3WNATOL)
W NV

(Ovd) aNiAOTHD

31L.L3S “ 210AYTSI Y

ANY Ov0od XIW

N3dO0O *

AIANIY OIHO

(3NIBOIHD)

57



*L46T ATnL ‘aulT-uo Sutuaijos ‘uorjeTuOmmE OU ‘ (OOW SZTI) ABP/T nd o0fcly ‘Auedmol 1a3epm

STTTASTNOT € (SanTeA UBPO@) EIRp 43tTenb xajem ¢ (sonTea uersm) uOTIEWIO] 2FUBYlsWOoTeUTxl *6T 2i1n3td
P>
whie wass [ -8
auEIYD WHL L .rmzh.“
i + n 1> - - 7w/ ads
P> 1> [> ~ ot LT 1w o0t/ a1
1o o) - - - - Wdd BN
oz +'0 LO o'e . - Wdd'%12 IvLoL
B3 £ 0 20 S'2 - - Wdd'212 333+
S 8 b b 2L Lt S°L b
20 rAle) oS "2 '8 59 ALN '93nL
b2 - - - - - Do 'dNBL
s2°o S'g S < Q S8 3H 'swWilL
[Tole)
HSY va0S FEFERR R 2
INIFOIHD IWI mz.uOJIu
a3lll3s a3k
[ . =
| Z
m
V
z
(@]
A “ £ o0
& PI1 NG
‘ ozt =4 G
i — I |
: P
2 st L L g o
T 1 T il 1 1 w_
' _ ] ~m -
7iE— (L mel 7 L bEE >
vie SS¢ .z

58



300 ]

250 -
J
S
[10]
1.
— 200.
o
!._.
4
o

150
2 =0
w REACTION CONDITIONS:
g A =SETTLED WATER
O ADDED CHLORINE = |5 mg /L
s 100 ~ TEMPERATURE = 1&°C
T . PH = 8.3
- a F’H = Q.2 e
|._-

50 _

o3 24 48 12 144

REACTION TIME , HOURS

Figure 20, Effect of pH on trihalomethane formation.
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clear well af- v ammonia had been applied.

The trend of terminal TTHM data represented by mean concentrations in
Figure 21 indicated reduction in precursor between raw and finished water.

Data representative of the period when softening was not practiced and
ammonia was applied to the softening basins are presented in Figure 22.

A problem at the contract laboratorv resulted in a considerable loss of
project samples collected during October of 1977--the time of this last phase
of ammonia application. Consequently, THM data presented in Figure 22 repre-
sent 60%-80% of the samples rollected.

Detention time in the open reservoir was longer during this period of
"softening” basin ammoniation than during previous periods (22 hours compared
to elght hours), because part of the reservoir had earlier been off-line.

The reservoirs were chlorinated intermittently during this period for
algal control resulting in 9.6 ug/L mean instantaneous TTHM. Chlorination of
settling basins increased TTHM to 65 ug/L. Sufficient ammonia was applied to
two-thirds of the "softening" basins to carry an ammonia residual to the dis-
rribution system. Because one-third of the basins were not ammoniated, the
THM reaction proceeded until these waters were mixed. Mean "softened" water
TTHM therefore reached 84 ug/lL. On the non-ammoniated side, the pH was 7.9;
on the ammoniated side, it was 9.3, No further THM formation was observed
across the filter. A statistical comparison indicated that a mean of 83 ug/L
TTHM in the filtered water and a mean of 94 ug/L TTHM in the finished water
could not be differentiated. Thus, the TTHM formation proceeded in the plant
as a result of chlorination. However, little further increase in TTHM
resulted in waters subsequently treated with ammonia.

Comparisons of mean terminal TTHM concentrations (Figure 22) indicated
that raw and gravity settled mean concentrations were different, that gravity
settled and coagulated settled mean concentrations could not be diiferentia-
ted, and that coagulated settled and finished mean concentrations could not
be differentiated. Thus, 22 hours of gravity settling reduced precursor
levels but subsequent treatment probably did not.

During the three periods of study, significant precursor level reduction
was observed only during 22-hour gravity settling. Turbidity reduction, how-
ever, occurred during coagulated settling. not during gravity settling. The
relationship between turbidity levels and precursor levels suggested by other
utility studies was not supported during this study.

Ammoniation had no significant effect on the ratio of individual THM
compounds in the {inished water. Table 12 shows individual compounds as per-—
centages of instantaneoo, TTHM.

Evaluation of Other Priority Pollutants--

For this study analyses were performed for vnlarile halocarbons other
than THMs and for hase-ncutral extractablc halocarbons. These compounds were
found infrequently at Louisville and typically at low concentrations where
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TABLE 12. RATIO OF INDIVIDUAL TRIHALOMETHANES TQ TOTAL TRIHALOMETHANES
IN THE CLEAR WELL (%), LOUISVILLE WATER COMPANY
(INSTANTANEQUS MEAN VALUES)

Treatment
Routine Modified Modified
(clear well (ammoniation of
Compound armmoniation) softening basins)

Chloroform 53% 57% 697
Bromodichloromethane 30% 28% 247,
Dibromochloromethane 17% 147 6%
Bromoform 1z 1% 1%
Dichloroiodomethane 1% 1% 1%
inst TTHM@ 129 ug/L 149 ug/L 94 ug/L

4GC/Hall detector

precision of field data was highly variable. An evaluation of the effect of
ammoniation on these compounds could not be made. These compounds will be
discussed as a part of the year-long survey for Priority Pollutants in
Section 7.

Bacteriological Evaluation--

A comparison of the bacteriological conditions during the three periods
of study was made. During each period, the application of chlorine to gravity
setrled raw water effected a complete reduction in both total coliform and
standard plate count densities. Densities remained low in all subsequent in-
plant samples. With clear well chlorination, with clear well ammoniation and
chlorination, and with ammoniation of softening basins and clear well chlori-
nation, the bacteriological quality of the finished water was satisfactory.

Findings—-
1. Trihalomethanes were formed during treatment after chlorigg was
applied.

2. When ammonia was applied to in-plant waters sufficient .to convert
free chlorine to combined chlorine, little or no further trihalomethane forma-
tion resulted.

3. Precursor levels were reduced by 22-hour gravity settling. Turbidity
levels were not reduced by gravity settling but were reduced by coagulation
and settling.

4. The bacteriological quality of the finished water was satisfactory
when ammoniation followed three-hours of free chlorine disinfection.

THE EFFECT OF CHLORINE DIOXIDE ON TRIHALOMETHANE FORMATION
General
An examination of the THM reaction

Cls, + precursor + Br + I > THMs
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indicates that if the chlorination practice were discontinued, the reaction
would not proceed. This would be an acceptable means of trihalomethane con-
trol only if an equally effective disinfectant were substituted. USEPA has
demonstrated on the pilot scale and bench scale that chlorine dioxide (€C102)
reacts with precursor to form little or no trihalomethanes and reacts to lower
precursor concentration. Chlorine dioxide was studied as a THM control at
the Western Pennsylvania Water Company.

Western Pennsylvania Water Company

Routine and Modified Treatment--

At the company's Hays Mine plant, routine treatment included chlorina-
tion of Monongahela River water. For THM control, chlorine dioxide was sub-
stituted for chlorine as the raw water disinfectant. The treatment schematic
for this utility is presented in Figure 23. Raw water flow was split inside
the plant and each stream was treated separately. For this study, only one
side of the plant was sampled and modified. Two and one-half year old
Filtrasorb 400 granular activated carbon (GAC) served as a filter/adsorber
in the plant.

The utility's raw, in-plant and finished waters were sampled two to four
times weekly during routine and modified treatment. For each sample day, the
sample collection schedule followed the time of travel of a theoretical plug
of raw water through the plant to the clear well.

During any full scale study, significant changes in raw water quality
could necessitate treatment modification and/or affect the quality of in-plant
waters. Such changes affected THM control studies at this utility when
unusually high precursor and ammonia concentrations occurred. The following
discussions address four THM study periods. While they represent routine
(raw water chlorination) and modified (raw water chlorine dioxide disinfec-
tion) treatment, they are probably not representative of typical THM forma-
tion and precursor control at the utility.

Raw Water Chlorination--

Evaluation of Trihalomethane Control--Chlorine was applied to raw water
at 2.6 mg/l. for two weeks in July 1978. Water gquality data and instantaneous
TTHM concentrations are presented in Figure 25. Raw water ammonia concentra-
tions were low (0.1 mg/L mean) during this periocd. Trihalomethane formatien
resulted from the application of chlorine to the raw water and further for-
mation resulted from chlorine application to the clear well.

Precursor levels were found to be unusually high during this July 1978
period. The utility's raw water was sampled for determination of terminal
TTHM once a month between July 1977 and May 1978. It was also sampled fre-
gquently in September and October 1978. Raw water terminal TTHM concentrations
ranging from 200 ug/L to 250 ug/L were typical. During this July 1978 period,
however, raw water terminal TTHM concentrations exceed 1,200 ug/L. These were
the highest levels detected during the project, but the reason for these
unusually high precursor levels is not known. These data are presented in
Table 13. The ratio of terminal level chloroform relative to terminal level
brominated THMs was unusually high. The concentrations of terminal level
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brominated THMs were similar to those observed at other times at the utility,
indicating that high terminal TTHM concentrations were attributable to unusu-
ally high raw water precursor levels and not to unubually high river bromide

concentrations,

TABLE 13. TERMINAL TTHM CONCENTRATION
WESTERN PENNSYLVANIA WATER COMPANY

_Concentration;2 ug/L (Mean Values)

Water July 5-7, 1978 July 10-14, 1978
Raw TTHM 450 1200
CHC1, 150 1030
.. CHBrCl, 16 19
Finished TTHM - CHBr,C1 171 -- 5.9 1060 - 5.7
CHBr 4 0.4 1.6

aGC/Hall detector

Bacteriological Evaluation--Bacteriological data, presented in Figure 25,
indicate that a significant reduction in total coliform and standard plate
count densities resulted from raw water chlorination. However, a slight
increase in both TC and SPC densities occurred through the GAC filter/
adsorber., Chlorine application at the clear well further reduced bacterial
densities. Total coliform and standard plate count densities in the finished
water complied with the 1975 USEPA Interim Drinking Water Standards.

Raw Water Application of Chlorine Dioxide--

Chlorine Dioxide Generation--Chlorine dioxide (Cl0.) was evaluated as a
modification to treatment in September 1978. Problems with the contrel of
Cl0, generation in July 1978 prevented evaluation at that time. Alterations
to the generator by the manufacturer resulted in the configuration shown in
Figure 24,

>

Chlorine dioxide was generated by reacting sodium chlorite with hydro-
chloric acid thereby allowing the utility to take raw water chlorinators off
line. An analytical procedure was employed to measure Cl0O;, chlorite, free
chlorine and total chlorine in generator effluent samples and in in-plant
waters.1l?2 The generator was found to produce chlorine dioxide and little or
no free chlorine. The generator's yield of Cl0, (mg/L ClO: produced per mg/L
chlorite consumed) was approximately 80%. The yield of free chlorine was 5%
or less. The generator may have produced no free chlorine. Dilution factors
and the sensitivity of the analytical procedure below 0.1 mg/L did not allow
accurate free chlorine determination. Unreacted chlorite was not found in the
generator's effluent. The application rate of Cl0: to raw water was 1.5 mg/L
and the accompanying free chlorine application rate was less than 0.1 mg/L.
The €10, application rate did not exceed 1.5 mg/L for economic reasons. USEPA
has proposed a 1.0 mg/L limit.l

Evaluation of Trihalomethane Control--Water quality data and TTHM concen-
trations representing this treatment period are given in Figure 26. As a
result of treating raw water with 1.5 mg/L chlorine dioxide and less than 0.1
mg/L free chlorine, low instantaneous TTHM concentrations were found in
settled water. The increase in TTHM through the filter/ddsorber was likely a
result of desorption of TTHM from the three-year-old GAC, Post-chlorination
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further increased TTHM concentration in the clear well. Thus, generated in
the manner described, chlorine dioxide formed little trihalomethanej; TTHM
found in the finished water was attributable to clear well chlorination and to
desorption from GAC,

Raw water ammonia concentrations were unusually high (1.2 mg/L mean) and
variable (0.5 mg/L to 1.9 mg/L) during this period. Chlorine dioxide does not
react with ammonia.l’ With chlorine dioxide generated as described, little or
no free chlorine was applied to the raw water. Therefore, it is assumed that
these ammonia concentrations had no effect on instantaneous TTHM formation.
High ammonia concentrations did interfere, however, in maintaining a free
chlorine residual in samples for the determination of terminal level TTHM con-
centrations., As a result, the terminal TTHM concentrations presented in
Figure 26 represent only 50%Z-75% of the samples collected for the determina-
tion of this parameter. These data suggest little, if any, precursor removal
by treatment because mean concentrations of 206 ug/L and 181 ug/L could not
be differentiated, The effect of Cl0,, and settling, and of permanganate on
precursor levels could not be separated.

Chloxro-species Evaluation--Data presented in Figure 26 indicate that 1.5
mg/L Cl0, applied to raw water was consumed in several hours. One end product
was chlorite; its concentration decreased through the plant (0.9 mg/L in clar-
ified water to less than 0.1 mg/L in finished water)}, with most of the
decrease occurring across the GAC filter/adsorber (0.6 mg/L to 0.1 mg/L). No
attempt was made to measure other chlorine dioxide end products.

Bacteriological Evaluation--Bacteriological data presented in Figure 26
indicate that 1.5 mg/L Cl10; application was not so effective a raw water dis-
infectant as 2.6 mg/L chlorine. During raw water chlorination, mean total
coliform and standard plate count densities in the GAC filter/adsorber influ-
ent were 1/100 mL and 50/mL, respectively (Figure 25). During Cl0, applica-
tion to raw water, however, mean bacterial densities in the GAC influent were
43/100 mL for total coliforms and 7,100/mL for standard plate count organisms.
With chlorine disinfection at the clear well during this period of study,
finished water bacteriagl densities were satisfactory.

Raw Water Application of Chlorine and Chlorine Dioxide with High Background
Ammonia Levels——

Because 1.5 mg/L Cl0z was not an acceptable control for filter/adsorber
bacterial densities, a treatment modification was evaluated in which the C10,
feed was reduced to 1.0 mg/L and raw water chlorinators were brought on-line
at 1.2 mg/L. Data for this period are presented in Figure 27.

Raw water ammonia concentrations during this period remained unusually
high (0.6 mg/L mean). Ammonia concentrations measured in-plant fluctuated
widely (up to 4.0 mg/L).

Evaluation of Trihalomethane Control--TTHM formation was dependent on
the concentration of ammonia present. Chlorine applied at 1.2 mg/L was rapid-
ly converted to the combined chloxrine species——which drive the THM reaction at
a very slow rate. Therefore, low instantaneous TTHM concentrations were
found in settled water. The TTHM increase through the GAC filter/adsorber was
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likely attributable to desorptiom. With post—chlorination, further formation
of TTHM varied inversely with the concentration of .ammonia in the clear well.
When clear well ammonia was less than 0.1 mg/L, free chlorine was 0,45 mg/L
and finished water TTHM reached 50 ug/L. When clear well ammonia was 1.6
ug/L, no free chlorine was detected and finished water TTHM reached only 5.2
ug/L--a level that could not be differentiated from the filter/adsorber
effluent TTHM concentration. Thus with high levels of background ammonia
present, THM formation was essentially halted. Because of the presence of
ammonia, the combined effects of Cl0, and chlorine on TTHM formation could not
be evaluated. .
High ammonia concentrations interfered with free chlorine added to sam-
ples for the determination of terminal level TTHM concentrations. Therefore,
terminal TTHM concentrations presented in Figure 27 represent 0% to 75% of the
samples collected for the determination of this parameter. Comparisons of
mean terminal TTHM concentrations indicated reduction of precursor level
between the raw water and filtered water sample points. The effect of CI02
on precursor could not be separated from the effect of coagulation and
settling.

Chloro-species Evaluation-—-Demand for Cl0, consumed the 1.0 mg/L applied
to raw water and chlorite was found as an end product. GAC filtration/
adsorption accounted for most of the removal of chlorite during treatment
(0.7 mg/L after clarifiaction, 0.5 mg/L after settling, ‘and less than 0.1 mg/L
after filtration/adsorption).

i

Bacteriological Evaluation--Bacteriological data presented in Figure 27
Indicate that pre-disinfection with chlorine and Cl10; was satisfactory for
control of bacterial demsities in the GAC influent., Chlorine applied to the
raw water was rapidly converted to combined chlorine forms because of high
ammonia levels in the raw water during this time period. A complete reduc-
tion in bacterial densities did not occur immediately upon chlorin®tion,
However, demsities in the GAC influent were satisfactory with <{1/100 mlL for
total coliform bacteria and 33/mL for standard plate count bacteria. Again,
‘bacterial densities increased through the GAC filter/adsorber. -GAC effluent
densities were 2/100 mL and 440/mL for the total coliform and standard plate
count bacteria, respectively. With application of chlorine at the clear well,
finished water bacterial densities were satisfactory.

Raw Water Chlorimation with High Background Ammonia Levels——

Chlorination of raw water was again evaluated in October 1978 when raw
water ammonia concentrations were unusually high (1.5 mg/L mean). TTHM con-
centrations and water quality data for this period are presented in Figure 28.

Evaluation of Trihalomethane Control--The applied chlorine (2.2 mg/L)
was rapidly converted to the combined chlorine species. With little or no
free chlorine present, only low concentrations of instantaneous TTHM were de-
tected in settled water. .The slight increase in TTHM through the GAC filter/
adsorber was probably attributable to desorption. Further formation of TTHM
in the clear well resulted from post~chlorination only if ammonia concentra-
tions were low., With 0.1 mg/L ammonia in the clear well, the free chlerine
concentration was 0.6 mg/L resulting in 43 ug/L TTHM. With 1.5 mg/L ammonia
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in the clear well, no free chlorine was detected and only 7.1 ug/L TTHM
resulted in the .inished water--a level that could not be differentiated from
the filter/adsorber ef{fluent, Thus, witih sufficient levels of background
ammonia present to convert free chlerine to combined chlorine, only low con-
centrations of instantaneous TTHM resulted,

Comparisons of mean terminal TTHM data indicated reduction in precursor
levels by coagulation, clarification and settling. These data are based on
677 of the samples collected for determination of this parameter. High ammo~
nia concentrations Interfered with free chlorine added to samples for the
determination of terminal TTHM.

Bacteriai Evaluation--Bacteriological data presented in Figure 28 indi-
cate that predisinfection with 2.2 mg/L chlorine was satisfactory during this
period when raw water ammonia levels were in excess of 1 mg/L. An increase
in standard plate count densities again occurred through the GAGC filter/
adsorber. However, with chlorine application at the clear well, the total
coliform and standard plate count densities were satisfactory in the [inished
water.

Ratio of THM Compounds--

Data presented in Table 14 indicate differences in the ratic of indivi-
dual THMs found in finished water during the four study periods. Relatively
higher concentrations of CHCls: were found when free chlorine residuals were
carried through the entire treatment process (raw water chlorination in July).
Relatively higher concentrations of brominated THMs were found when free
chlorine residuals were observed only in the clear well (treatment with C10;
and/or sufficient ammonia to convert pre-chlorine disinfectant to combined
species in September and October). Other than the difference in reaction time
with free chlorine, possible causative factors include the variable nature and
concentration of the precursor from July to October, the effect of unknown raw
water bromide concentrations, and the uncertain role of bromine in forming
THMs .

TABLE 14, RATIO OF INDIVIDUAL TRIHALOMETHANES TO TOTAL TRIHALOMETHANES
IN THE CLEAR WELL (%), WESTERN PENNSYLVANIA WATER COMPANY
(INSTANTANEQUS MEAN VALUES)

Pre-Treatment

Routine Modified Modified Routine
(raw water (Cl0; to {C10, and (raw water
chlorination, raw water) chlorine to chlorination,

no background raw water, background
ammonia) background ammonia)
ammonia)

Compound (July 1978) {Sep 1978) (Sep 1978) (Oct 1978)
CHC1, 1% 26% - 23% 20%
CHBrCl. 20% 28% 33% 32%
CHBrzC1 8% 36% .36% 39%
CHBrs 4 10% 8% 9%
CHICl: - 1% 1% 1% 1%
inst TTHM® - 42 ug/L 20 ug/L 17 ug/L 22 ug/L
4GC/Hall detector
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Evaluation of Other Priority Pollutants-—- .

These studies were conducted from July through October 1978 following the
year-long period of monthly sampling. Annual data "indicated infrequent and
low level occurrence of other halocarbons; therefore, analyses of these com-
pounds were not performed during these studies.

Findings--
1. Trihalomethanes were formed during treatment after chlorine was
applied. .

2. Little or no trihalomethanes were formed when only chlorine dioxide
was applied to raw water.

3. With background ammonia concentrations sufficient to convert free
chlorine to combined chlorine, little or no trihalomethane formation resulted,

4, When applied to-raw water with sufficient demand, chlorine dioxide
was consumed. An end product measured was chlorite. In three hours on a mg/L
basis, 60%-70% of the applied Cl0; went to chlorite.

5. Settling and GAC filtration/adsorption decreased chlorite concentra-
tions to less than 0.1 mg/L in the finished water.

6. When applied to raw water, 1.5 mg/L Cl0: was not so effective a dis-
infectant as 2,6 ng/L chlorine.

7. When applied to raw water, the combination of 1.0 mg/L Cl0, and 1.2
mg/L chlorine was as effective a diginfectant as 2.6 mg/L chlorine.

8. With temperatures above 22°C, total coliform and standard plate count
densities increased through GAC filtration/adsorption.

9, The bacterial quality of the finished water was satisfactory with
chlorine post-disinfection.

10, Chlorine dioxide generation by chlorite and hydrochloric¢-acid had an
80% yield (mg/L Cl0. produced per mg/L Ci0; consumed)., The yield of free
chlorine was less than 5%.

1i. Ammonia and precursor conditions on the Monongahela River varied
considerably. The effects of routine and modified treatment on precursor
levels could not be evaluated.

12, Two-and-one-half year 61d GACs receiving chlorinated and settied
water in the filtration/adsorption mode in beds designed for sand filtration
were exhausted for the removal of CHCl,, CHBxCl,, CHBr,Cl, CHBr, and instan-
taneous TTHM. With a significant decrease in influent instantaneous TTHM con-
centrations, instantaneous TTHM was likely desorbed from the GAC,
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THE EFFECT OF GRANULAR ACTIVATED CARBON ADSORPTION/FILTRATION
ON TRIHALOMETHANE CONTROL

General

An adsorber can control trihalomethanes 1n two ways. An examination of
the THM reaction

Cl, + precursor + Br + I -» THMs .

indicates that a reduction in THM formation would result if precursor levels
were reduced or if THMs were formed and subsequently removed. Granular acti-
vated carbon (GAC) has been _shown to adsorb_both precursor and trihalomethanes
in pilot scale operation, This means of control was examined full scale at
twﬁ"project'ﬁt1£1€i€§?“fEE_Huntington Water Corporation and the Beaver Falls
Authority. These two studies investigated the adsorptive capacity of virgin
GAC in the filtration/adsorption mode over time.

Y

At each utility, raw, finished, GAC infl&ent and GAC effluent waters were
sampled one or more times weekly to define exhaustion of GAC for the removal
of THMFP and instantaneous TTHM aund to evaluate GAC filtration/adsorption for
a period of time following exhaustion. For each sample day, waters were sam-—
pled following a theoretical plug from raw water through the plant to the
clear well,

GAC Evaluation

GAC evaluation for this project was based on exhaustion. Exhaustion was
group 6f‘compounds equaled of Tirst excéeded influent concentrations.
AppemdiX C indicates that variability of a reported instantaneous TTHM concen-
tration caun approach * 20%Z. This variability was considered in determining
when influent and effluent concentrations were likely equal. 1In a hypotheti-~
cal case, apparent exhaustion of a GAC for the removal of TTHM was defined at
10 weeks when the effluent concentration of 20 ug/L exceeded the influent con-
centration of 17 ug/L. If, however, at nine weeks, the influent ¢oncentration
was 31 ug/L and the effluent level was 26 ug/L, exhaustion may have occurred.
Given * 20% variability of the data, these concentrations could have been 25
ug/L and 31 ug/L, respectively, indicating earlier exhaustion, Thus, trend
should also be considered when defining exhaustion. The data following the
point of apparent exhaustion should indicate influent and effluent concentra-
tions within 20% of each other or should indicate effluent concentrztions
generally exceeding influent concentrations. The exhaustion of GAC, as dis-
cussed in this report, is consistent with such trends.

Breakthrough was determined by a point in time when a compound was first
detected in the GAC effluent.

Huntington Water Corporation

Background—--
At Huntington a virgin GAC bed was evaluated for adsorption of influent
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instantaneous :rihalomethanes and influent unreacted precursor (THMFP). West-
vaco's WVW l4xatr GAC was evaluated. The selection of GAC was based on its
history of effective taste and odor control at the utility. The virgin GAC
,replaced taste and odor exhausted GAC. It was operated in the filtration/
adsorption mode in a bed originally designed for sand filtration.—No previous
pilot scale studies had been conducted to determinie optimum selection of GAC
or bed depth for organics control.

The bed was placed with 76 cm (30 inches) of GAC on top of 30 cm (12
inches) of sand and gravel. After placement, the bed was backwashed several
times to remove fine particulates. When the bed was placed in operation, it
received chlorinated, coagulated and settled water, Treatment is.illustrated
in Figure 29, Backwashing frequency was based on head loss and effluent tur-
bidity levels. The bed was backwashed 16 times the first week and 14 times
the second week and an average of eight times per week thereafter, Hydraulic
data prov1ded by the utility demonstrated a mean loading rate of 6.1 w/hr
(2.6 gpm/ft ) and a mean empty bed contact time {(EBCT) of 7.2 minutes. Water
quality data for the utility are given in Table 135,

The virgin GAC bed represented only 8% of the plant capacity. Periodi-
cally, iafluent and effluent waters For older WVW 14x40 GAC beds were sampled
to evaluate performance after long periods of time in operatiom.

Trihaleomethane Adsorption by Virgin GAC—-

Figure 30 illustrates removal of TTHM by virgin GAC after varying lengths
of time in operation, Breakthrough of THMFP and instantaneous TTHM was obser-
ved during the first week as both were detected in the bed's effluent. By
the fourth week of operation, the percent removal of THMFP and instantaneous
TTHM by the GAC bed was decreasing with time. After 22 weeks of operation,
influent and effluent concentrations could not be differentiated, indicating

4$7<that exhiguast 1on_had ocetrred on oF bFefdre that € ime.

——— e n maen N,

Figure 31 is a plot of the removal of instantaneous TTHM by GAC adsorp-
tion for the first 45 weeks of operation of the’ virgin bed showing.that the
GAC was exhagg;gd ﬁor the removal of instantanecus TTHM at seven to elght
weeks of operation. (Prior to that time, influent concentrations exceeded
effluent concentrations by at least 20%. Following that time, effluent con-
centrations exceeded influent concentratiens, or influent and effluent concen-
trations were within 20%Z of one another, and thus could not be differentia-—
ted.,) The GAC was exhausted for the removal of THMFP at seven to ten weeks of
operation as illustrated by Figure 31.

The adsorption of individual instantaneous THMs by virgin GAC is plotted
in Figure 32, These data indicate that the GAC was exhausted for the removal
of chloroform at seven to eight weeks of operation. Exhaustion for the
removal of bromodichloromethane and dibromochloromethane occurred at 11 to 14
weeks of operation.

Data presented in Table 16 indicate that the virgin GAC was not exhausted
for bromoform removal at 12 weeks of operation. Beyond that time, influent
and effluent concentrations were low and could not be differentiated. Appen-
dix C, Figure C-9, indicates that the precision of field data for instantan-
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Figure 31, Trihalomethane removal by granular activated carbon.
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eous bromoform could be * 15% for concentrations above 1.0 ug/L, * 40% near

0.5 ug/L, and * 100% below 0.2 ug/L. .

.a

TABLE 16. REMOVAL OF TRIHALOMETHANES BY GRANULAR ACTIVATED CARBON
HUVTINGTON WATER CORPORATION, JULY 1977-MAY 1978

Concentratlon,b ug/L

Week of Bromoform bichloroiodomet hane
Operation Influent Effluent Influent Effluent
1 1.6 ND <0.1 ND
2 4,4 <0.1 0.1 ND
3 1.2 <0.1 0.3 ND
4 0.3 ND 0.2 <0.1
5 0.2 0.1 0.2 0.1
6 0.2 ND 0.4 0.1
7 0.1 ND 0.7 <0.1
8 0.5 0.1 0.6 <0.1
9 0.6 0.1 0.4 ND
10 1.5 0.2 0.2 <0.1
11 1.6 0.2 0.2 0.1
12 1.9 0.2 0.1 0.1
15 <0.1 0.1 0.1 0.1
16 0.1 <0.1 <0.1 <0.1
17 0.1 0.1 0.1 0.1
19 0.2 0.1 <0.1 NDb
21 ND ND ND <0.1
22 ND <0.1 ND <0.1
35 ND ND ND 0.1
39 ND 0.1 0.1 {0.1
42 . ND ND <0.1 <0.1
45 0.5 0.2 0,2 <0.1

AGAC = WVW 14x40

Bed depth = 76 em (30 inches) GAC 9

Loading rate = 6.1 m/hr (2.6 gpm/ft™)

EBCT = 7.2 minutes
bGC/Hall detector, approximate lower detection level = 0.1 ug/L
ND = not detected

Data presented in Table 16 indicate that the virgin GAC was not exhausted
for the removal of dichloroiodomethane at 11 weeks of operation. Beyond that
time, influent and effluent concentrations were low and could not be differ-
entjiated, Appendix C, Table C-6 indicates that the precision of field data
for instantaneous dichloroiodomethane could be * 40% below 0.2 ug/L and * 100%
below 0.1 ug/I.,

The data in Table 16_do not show that the GAC was exhausted for the re-
moval of bromoform or dichloroiodomethane after the 11th or 12th week of oper~
ation because, after that time, influent and effluent concentrations were too
low for interpretation, During later operation, when temperatures and inf lu-
ent concentrations increased, further adsorption may have occurred. Figure 31
indicates that influent TTHM concentrations generally varied with temperature.
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Trihalomethane Adsorption by 0Older GAC--
Periodically colder WVW 14x40 GAC bed effluent,waters were sampled. These

beds were of identical geometry and similar hydraulies and received the same
water as the virgin GAC bed.

One bed was sampled during its 9th, 1lth, 13th and 14th months of opera-
tion. It was found to be exhausted for the removal of THMFP, chloroform,
bromodichloromethane and dibromochloromethane and instantaneocus TTHM, however,
it was not exhausted for the removal of bromoform after 11 months of opera-
tion. At 13~-14 months of operation, with lower temperatures, influent bromo-
form concentrations were low and could not be differentiated from effluent
concentrations. These data are presented in Table 17,

Another bed was sampled during its 27th, 28th, 29th, 31st and 32nd month
of operation. It was found to be exhausted for the removal of THMPF, chloro-—
form, bromodichloromethane, dibromochloromethane, instantaneous TTHM and,
possibly, bromoform. The precision of field data for bromoform (Appendix C,
Figure C-9) indicates that the influent and effluent bromoform concentrations
cannot be differentiated. These bromoform data are presented in Table 17.

Adsorption of Priority Pollutants and Other Compounds by Virgin GAC--
Analyses were performed for compounds other than trihalomethanes in GAC
influent and effluent waters to determine their adsorption by wvirgin GAC when
present. Purgeable halocarbons and base-neutral extractable halocarbons were
detected 1nf;€EEEEEI§, and when detected their concentrations were low and
in rangegﬂahere precision of thq fleld data indicates that 1nfluent_§5ﬁ efflu-
ent concentratlons could not be_ dlfferentlated, i.e., the compounds-werétlypl-
cally” detected at or below 0.2 ug/L. T Until more sensitive analytical proce-
dures are employed, the adsorptive capacity of GAC for these compounds at low
concentrations cannot be evaluated., There were exceptions, however.

Carbon Tetrachloride--Carbon tetrachloride occurred frequently in
Huntington's raw and GAC influent waters, Table 18 presents influent and
_effluent data for the virgin GAC. Appendix C, Figure C-8, indicates that the
precision of carbon tetrachloride data below 0.2 ug/L may be * 100%; there—
fore, influent and effluent concentrations below 0.2 ug/L were too low to be
differentiated, The data in Table 18 indicate adsorption occurred during
weeks 5, 10 and 12, for example, but influent and effluentrconcentrations
could not be differentiated during weeks 14 or 42, These data ipdicate that
virgin GAC was an effective barrier when higher influent concentrations
occurred (week 10); that in the firsf two months Of operatiom, 3t adsorbed the
inTturent—Toad (breakthrough was not observed until week 9); but that after
several months of operation, it was_not acting as a barrier to the routine
1nfluent loadlng During weeks 716 and 42 the compoundﬁﬁas detected in the
eff luent at concentrations that could not be differentiated from influent con-
centrations, This does not imply that exhaustion had occurred after several
months of operation or that the GAC would not act as an effective barrier to
a higher influent load at a later time.

Chlorobenzene~~Chlorobenzene was detected infrequently in GAC 1nf1u§gg
waters, However, when detected, , data indicate that chlorobenzene was
adsorbed. During the 6th week of operatiom, the influent concentration was
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TABLE 18. REMOVAL OF CARBON TETRACHLORIDE BY VIRGIN GRANULAR ACTIVATED CARBONZ
HUNTINGTON WATER CORPORATICN, JULY 1977-MAY 1978

Week of Concentration,b ug/L Week of Concentration, ? ug/L
Operation Influent Effluent Operation Influent Effluent
1 <0.1¢ ND 12 0.5 0.1
2 ND ND 14 0.2 <0.1
3 NFB NFB 15 0.2 0.1
4 0.4¢ ND 16 0.3 0.3
5 0.6¢ ND 18 0.2 <0.1
6 0.1¢ NFB 22 <0,1 <0.1
7 0.1 NFB 35 <0.1 0.1
8 0.1¢ NFB 39 <0.1 0.1
9 0.3 <0.1 42 .1 0.2
10 13+ 0.4% 46 0.3 0.2
11 0.4 0.1

aGAC = WVW 1l4x40

Bed depth = 76 em (30 inches) GAC

Loading rate = 6.1 m/hr (2.6 gpm/ft2)

EBCT = 7.2 minutes
bge/Hall detector, approximate lower detection level = 0,1 ug/L
CCo-elution with 1,1,1-trichloroethane

ND = not detected

NFBE = not found after blank correction

+ = GC/MS confirmed as carbon tetrachloride

1.0 ug/L and the compound was not detected .in the effluent, During the 10th
week, the influent concentration was 0.8 ug/L (GC/MS confirmed) and the
effluent concentration was 0.4 ug/L (GC/MS confirmed). During the 35th week,
the influent concentration was 0.5 ug/L and the compound was not detected in
the effluent. The precision of field data for chlorobenzene (Appendix C,
Table C-7) indicates these influent and effluent concentrations are different.

1,4-Dichlorobenzene--1,4-dichlorobenzene was found with some frequency in
the GAC influent. Evaluation of adsorption of this and other base-neutral
extractable compounds was complicated by the losses during extraction (Section
5, page 30). 1l,4-dichlorobenzene adsorption data not corrected for extraction
losses are presented in Table 19. Concentrations in the waters sampled are,
therefore, somewhat higher than those presented. Further, precision of field
data for the compound indicates that the variability for the data presented in
Table 19 may be * 70% (Appendix E, Table E-1); therefore, influent and efflu-
ent concentrations of l,4-dichlorobenzene cannot be differentiated. These
data do not imply exhaustion. They indicate, however, the GC/MS confirmed
presence of 1,4-dichlorobenzene in the GAC effluent, at concentrations that
canncot be differentiated from those influent, as early as the 5th week of
operation,

Unidentified Base-Neutral Extractable Halocarbons—-Adsorption data for an
unknown base-neutral extractable halocarbon are presented in Table 20, When
using the procedure described in Appendix D, the compound has the same elution
time as aldrin; however, the compound is not believed to be aldrin because re-
peated GC/MS confirmation attempts for aldrin proved negative. Further, the
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TABLE 19. REMOVAL OF 1,4-DICHLOROBENZENE BY VIRGIN GRANULAR ACTIVATED CARBON®
HUNTINGTON WATER CORPORATION, JULY 1977-MARCH 1978

Week of Concentration,P>¢ ug/L Week of Concentration,P>C ug/L
Operation Influent Effluent Operaticn Influent Effluent
1 ND ND 11 <0.1 <0.1
2 ND ND 12 0.6 ND
3 ND ND 13 <0.1 ND
5 0.8 1.0% 14 0.4 0.1
6 1.0 0.7 22 1.4% ND
7 0.1 ND 31 <0.1 ND
8 0.2 0.7 35 0.2 ND
10 1.2t 0,5+

AGAC = WVW 1l4x40

Bed depth = 76 cm (30 inches) GAC

Loading rate = 6.1 m/hr (2.6 gpm/ft<)

ERCT = 7.2 minutes

bgase-neutral extraction, GC/Hall detector,
approximate lower detection level = 0.1 ug/L

CNOT CORRECTED FOR EXTRACTION LOSSES.

ND = not detected

+ = GC/MS confirmed as 1,4-dichlorcbenzene

compound could not be GC/MS identified (Section 7, page 163). The extraction
recovery of the compound is not known because its identity is not kmown. The
precision of the data presented in Table 20 may be * 20% above 0.1 ug/L
(Appendix E, Table E-13). These data do indicate adsorption during the first
two months of operation (breakthrough was not observed until week 10) and
suggest adsorption beyond that time.

TABLE 20. REMOVAL OF AN UNIDENTIFIED BASE-NEUTRAL.EXTRACTABLE HALOCARBONZ
BY VIRGIN GRANULAR ACTIVATED CARBOND, HUNTINGTON WATER CORPORATION
JULY 1977-MAREH 1978

Week of Concentration,® ug/L Week of Concentration,© ug/L
Operation Influent Effluent Operation Influent Effluent
1 0.4 ND 11 0.1 0.1
2 0.2 ND 12 3,5 0.1
3 0.2 ND 13 0.7 0.1
5 ND ND 14 0.2 .3
6 0.1 ND 15 0.2 <0.1
7 6.27 ND 22 ND ND
8 <0.1 ND 31 ND ND
9 0.2 NB 35 ND ND
10 0.4 ND
4Using procedure described in Appendix D, ND = not detected
compound has same elution time as aldrin. ~ = Found not to be
BGAC = WVW 14x40 aldrin by GC/MS

Bed depth = 76 cm (30 inches) GAC
Loading rate = 6.1 m/hr (2.6 gpm/ft2)
EBCT = 7.2 minutes

CNOT CORRECTED FOR EXTRACTION LOSSES.
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At Huntington and_at other utilities, base-neutral extractable halocar-
bons were occasionally detected in finished waters, but were rarely found in
f‘w*"5f5¥§f7 As discussed in Section 7, these may be products of chlo¥iiation

/or may be contaminants %E_Egg gthIJn£ sqgg}yﬁ_ At Huntington, one such halo-
j carbon was not derscted in raw water but was detected 12 of 19 times in fin—
ished water. Another such halocarbon was not detected in raw water but was
detected 8 of 19 times in finished waters. When detected, concentrations in
GAC influent waters were lower than concentrations in finished waters (Table
21). Although the influent concentrations were low and detection was inftre-

quent, the data suggest that the halocarbons were adsorbed,

TABLE 21. REMOVAL OF UNIDENTIFIED BASE-NEUTRAL EXTRACTABLE HALOCARBONS
BY VIRGIN GRANULAR ACTIVATED CARBON,3 HUNTINGTON WATER CORPORATION
JULY 1977-MARCH 1978

Concentration,P ug/L

Week of Halocarbon®sd Halocarbonds€
Operation Influent Effluent Influent Effluent
1 <0,1 ND 0.4 ND
2 0.1 NBb ND ND
3 0.1 ND ND ND
4 <0.1 ND <0.1 ND
5 ND ND ND ND
6 ND ND 0.1 ND
7 0,2 ND 0.5 ND
8 ND ND ND ND
9 0.1 ND 0.6 ND
10 ND ND ND ND
11 0.1 ND 0,1 ND
12 <0.1 ND ND ND
13 ND ND ND ND
14 <0.1 ND . ND ND
15 ND ND ND ND
18 — ND —_ ND
20 - ND —_ ND
22 <0.1 ND ND WD
26 —_ 0.1 - ND
31 ND ND ND ND
35 ND ND 0.1 ND

8GAC = WVW 1l4x40

Bed depth = 76 cm (30 inches) GAC

Loading rate = 6.1 m/hr (2.6 gpm/ftz)

EBCT = 7.2 minutes

bNOT CORRECTED FOR EXTRACTION LOSSES

cUsing procedure described in Appendix D, compound has retention
time of approximately 0,75 relative to hexachlorobenzene,

dQuantification based on hexachlorobenzene.,

eysing procedure described in Appendix D, compound has retention
time of approximately 0.77 relative to hexachlorobenzene.

ND = not detected

Carbon Tetrachloride Desorption from Older GAC--
When effluents from the older GAC filter/adsorbers were sampled, concen—
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trations of carbon tetrachloride were found to be higher than influent con-
centrations. These data are presented in Table 22, These GAC beds were in
place in February 1977 when a large carbon tetrachloride spill (raw water
concentrations in excess of 100 ug/L) moved through the Huntington plant.
These data indicate desorption of carbon tetrachloride that had been earlier
adsorbed by the GAC. USEPA reported desorption of carbon tetrachloride from
GAC for a period of nine months following extremely high influent carbon tet-
rachloride loading.18

TABLE 22, REMOVAL OF CARBON TETRACHLORIDE BY
OLDER GRANULAR ACTIVATED CARBON,@ HUNTINGTON WATER CORPQRATION

GAC placed Qctober 1976 GAC placed April 1975
Week of Concentration,P ug/L Week of Concentration,P ug/L
Operation Influent Effluent Operation Influent Effluent
9 ND 2,2c 27 ND 1.5¢
% ND 2.3¢ 27 ND 0.7¢»7
11 0.5 1.0 28 0.1 0.6
13 0.2 0.4 29 0.2 0.7
14 0.1 0.3 31 0.2 0.3
32 0.1 0.2

AGAC = WVW 14x40

Bed depth = 76 em (30 inches) GAC

Loading rate = approximately 6.1 m/hr (2.6 gpm/ftz)

EBCT = approximately 7.2 minutes

bgc/Hall detector, approximate lower detection level = 0.1 ug/L
CCo~-elution with 1,1,1-trichloroethane
+ = GC/MS confirmed as carbon tetrachloride
ND = not detected

Bacteriological Evaluation——

Microbiological characteristics of the Ohjo River raw water and the GAC
influent and effluent waters are presented in Table 15. These data indicate
that during the 3l-week study, the mean density of total coliforms in the
Ohio River raw water was 3,400/100 mL. After the processes of chlorination,
coagulation and settling, the density of total coliforms in the GAC influent
water was always <1/100 mL. Coliform densities were apparent in the GAC
effluent and seem to be related to source water temperatures. During weeks
three through nine, when the raw water temperatures were 26-28°C (79-82°F),
the total coliform densities in the GAC effluent ranged from <1 to 8/100 nL.
During the remainder of the study period, the water temperatures declined
from 27°C to 2°C (80°F to 35°F) and the GAC effluent coliform densities were
always <1/100 mL with the exceptioh of a density of 1/100 mL during week 12.

A similar occurrence was observed in the general bacterial population
data. During the first ten weeks of the study, the data indicate that GAC
effluent standard plate count bacterial densities occasionally exceeded in-
fiuent densities. After ten weeks, GAC effluent bacterial densities were con-
sistently lower than influent densities.

The higher densities of coliforms and of the general bacterial population
in the effluent water during the first ten weeks do not seem to correlate with

either raw water turbidity or traw water total coliform densities during that
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time. These parameters had lower values during weeks one through ten than

the 31-week mean value. The raw water temperatures during the first ten weeks
were iIn a range that may have favored regrowth of bacteria on the carbon bed.

Other growth conditions may have been favorable on the GAC with the reduction

of free chlorine on the carbon, the provision of a large surface area and the

possible accumulation of nutrients,

Finished water _quality was adequately maintained durlng the study at a
total ¢6Iifofm dénsity of <1/100 mL and a standard plate count. ‘density of
<500/mL with the application of chlorine following GAC adsorption/filtration.

Findings--
1. Trihalomethane formation occurred during treatment after chlorine
- application and generally varied with water temperature.
2, Dburing summer months, virgin WVW 14x40 GAC receiving chlorinated,
gettled water and operating in the filtration/adsorption mode in a bed
designed for sand filtration was exhausted for the removal of:

\3. chloraform at seven to eight weeks of operation.

Lb. bromodichloromethane at elever te 14 weeks of operation.

/nr"

¢. dibromochloromethane at eleven to 14 weeks of eperatian.

R
L4.” instantaneous TTHM at seven to eight weeks of operation.

Le.” THMFP at seven to ten weeks of operation.

A . .
! " 3. WVW 14x40 GAC receiving chlorinated and settled water in the filtra-
tion/adsorption mode in a bed designed for sand filtration was not exhausted
v for the removal of bromoform far periods of from ome to two years.
-
4. WVW 14x40 GAC operated im the filtration/adsorption mode in beds
designed for sand filtratiem: :

vd. was an effective barrier for high- infTuent concentrations
flﬁ ung} cf carbon tecxachlerxde~

-

- VL dl&'nct'reach bre&Ethro&gh—for éarbon tetrachiaride fer ’
’ nfne.waeks» . :

vCa 'w&s passing.carbonrtetrachﬁoride at concentrations {Q.1-
¢.3 ug/L) that could nat be differentiared from influent
concentrations after four momths of operation.

i, was passing I,4~dichlorobemzene at coneentratioms that
could not be differentiated from influent comcentrations

after five weeks of operation.

5. One and two-and-one-half year old WVW 14x40 GACs receiving chlorina-
ted and settled water in the filtration/adsorption mode in a bed designed for
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sand filtration were exhausted for the removal of chloroform, bromodichloro-
methane, dibromochloromethane, instantaneous TTHM %pd THMFP.

6. One and two—and-one-half year old WVW 14x40 GACs operated in the
(/;iltration/adsorption mode in beds designed for sand filtration desorbed car-
\\Eon tetrachloride,

7. With temperatures in excess of 10°C, total coliform demsities and
j§7 standard plate count densities in GAC effluent waters occasionally exceeded

densities in GAC influent waters.

(/ 8. The bacterial quality of the finished water was satisfactory with
“clear well chlorination.

Beaver Falls Authority

Background-- .

Three virgin GAC beds wece evaluated for adsorption of influent instan—
taneous trihalomethanes and influent unreacted precursor (THMFP). The utility
had conducted pilot column studies with several GACs for taste and odor con-
trol but not to determine optimum selection of GAC or bed depth for organics
control.

The GACs replaced sand. One bed was filled with 61 cm (24 inches) of
Calgon's Filtrasorb 400 on top of 30 cm (1Z inches) of sand and gravel, back-
washed several times to remove fine particulates, and held static under fin-
ished water for six days. A second bed was filled with 61 cm of Calgon's
Filtrasorb C on top of 30 cm of sand and gravel, backwashed several times,
and then held static under finished water for one day. Filtrasorb C was a
Calgon research product designed for adsorption of trihalomethanes. A third
bed was filled with 61 cm of ICL's Hydrodarco 8x16 on top of 30 cm of sand and
backwashed several times. All three beds were placed in service
simultareously.

The same chlorinated, coagulated and settled water was applied to the
three GAC filter/adsorbers. The filters were geometrically identical except
that the Calgon filters had tile bottoms while the ICI filter had a porous
plate bottom. Altheough the beds were chosen so that their hydraulic operation
would be identical, the hydraulic data collected during the study indicated
that the bed eontaining Filtraserb C. had passed approximately 1Q percent more
volume than did the other beds. These data are presented in TaBFle 23. The
ICI carbon required less frequent backwashing than did the €algon carbons.
The ICI carbon was backwashed one to two times weekly throughout the study,
The Calgom carbons.were backwashed two to five times weekly during the first
21 weeks and one to three times weekly thereafter.

Treatment is illustrated in Figure 33, Water quality data for the util~

ity are presented in Tables 24 and 25. The virgin GAC beds represented only
30% of the plant capacity.

A problem at the contract laboratory resulted in a significant loss of
samples collected during the first several weeks of the study. Thus, THM data
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TABLE 23. HYDRAULIC DATA (MEAN VALUES), BEAVER FALLS AUTHORITY

GAC
Parameter Filtrasorb 400 Filtrasorb C Hydrodarco 8x16
Loading rate, m/hr - 3.1 3.5 3.1
(gpm/ft?) (1.3) (1.5) (1.3)
Empify bed contact time, 11.3 10.1 11.4
minutes
GAC depth, cm 61 61 61
{inches) (24) (24) {24) .
sand and gravel depth, cm 30 30 30
(inches) (12) (12) (12)
o
t; .
z . T 9-HRS
» MIXEZE»ETTLEE[MIK SETTLE
o
v COAG LIME  (pacg) T
ur (KMn04) CHLORINE {PAC)
(CHLORINE) Te 6 HRS L
SAND
LEGEND F!L'FER‘S 3
) = SAMPLE POINT
(OPTIONAL FEED) 0%
CHLORINE ! e
ECLERR].
weELL | i
T 12 HRS -

Figure 33, Water treatmemnt scheme, Beaver Falls Autharity,
Eastvale Plant, I7,000 cu m/day (4.5 MGD).
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rresented for the Beaver Falls study represent approximately 60% of the sam-
ples collected during the first six weeks the virgin beds were in operation.
Further, no GAC influent data representing the first four weeks of operatien
are presented because of a sampling problem.

Trihalomethane Adsorption by Filtrasorb 400--
Figure 34 is a plet ef the remeval of instantaneous TTHM by Filtrasorb

400 during the first 32 weeks of operation of the virgin bed. The data indi-
cate that the GAC was exhausted for the removal of instantaneous TTHM at nine

te ten weeks of eoperatien.

The GAC was exhausted for the removal of THMFP at approximately eleven
weeks of operatien as illustrated in Figure 34, The expected variability ef
an instantanecus TTHM concentratien may be within * 20%; the expected varia-
bility of a terminal TTHM concentration may be within * 16% (Appendix C,
Figure C-1l and C-12). Therefore, the expected variability of the THMFP
concentration may be greater than * 207, Beyond the eleventh week of opera-
tion, influent and effluent TIMFP concentrations were within * 20% of one
another and thus could not be differentiated.

The adsorption of individual instantaneous THMs is plotted in Figure 35,
These data indicate that the GAC was exhausted for the removal of chloroform
at nine to ten weeks of operation. In the same manner, Figure 35 indicates

that the GAC was exhausted for the removal of bromedichloromethane at eight to
ten weeks of operation, and exhausted for the removal of dibromochloromethane

at ten to 14 weeks of operatioen.

Trihalomethane Adsorptien by Hydrodarco 8xl6-——

Figure 36 indicates that HD 8x16 was exhausted for the remeval of TTHM at

eight to ten weeks of operation and exhausted for the removal of THMFP at

approximately eleven weeks of operation. Figure 37 indicates that the GAC was

exhausted for the removal of chloroform, bromodichloromethane and dibremo-
chloromethane at eight to ten weeks of operation,

Trihalomethane Adsorption by Filtrasorb C--

Data presented in Figures 38 and 39 indicate that Filtrasorb C was in
operation several weeks longer than were the other GACs before reaching
exhaustion for the removal of instantaneous trihalomethanes. As illustrated
by Figure 38, Filtrasorb C was exhausted for the removal af instantaneous
TTHM at 12 to 15 weeks of operation. Although exhaustion was not apparent
until the 15th week of operation, influent and effluent concentrations were
within 20% of one another beyond the 12th week of operation and could not be

differentiated. (Other GACs were exhausted for TTHM removal at seven to eight
weeks of operation.) Figure 39 indicates that the Filtrasorb C was exhausted

for the removal of chloroform and bromodichloromethane at 12 to 15 weeks and
dibromechleromethane at 14 to 15 weeks. As shewn in Figure 38, the GAC was
exhausted for the removal of THMFP at approximately 12 weeks of operationm.

Bromoferm and Dichloroiodomethane——

The adsorptive capacity of the three GACs for bromeform and dichleroiocdo-

methane could not be evaluated because Influent and effluent concentrations,

when found, were typically at or below 0.1 ug/L where precision of field data
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Figure 34, Trihalomethane removal by granular activated carbon.
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Figure 35, Trihalomethane removal by granular activated carbon.
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(Appendix C, Figure C-9 and Table C-6) indicates that they could not be
differentiated.

Desorption of Trihalomethanes-—-

Near the 2lst week of the study, high chlorine demand caused the utility
to stop the practice of breakpoint chlorination., Figures 34 through 39 indi-
cate that influent concentrations of individual THMs and of TTHM decreased
sharply with little or no free chlorine present. These data indicate that
effluent concentrations were significantly higher than influent concentra-
tions, i.e., expected variability of * 19% to % 26% (Appendix C, Figures C-1,
2, 4, 6 and 11) would not explain the difference, beyond the 2lst week of
operation, It is likely that the three GACs were desorbing THMs beyond the
21st week of operation. ‘

Adsorption of Priority Pollutants and Other Compounds--

Compounds other than trihalomethanes were searched for in GAC influent
and effluent waters to determine their presence or absence and, if present,
their adsorption by virgin GAC. Purgeable halocarbons and base-neutral
extractable halocarbons were detected infrequently. When detected, their
concentrations were low and in ranges where precision of the field data indi-
cates that influent and effluent concentrations could not be differentiated,
i.e., the compounds were typically detected at or below 0.2 ug/L. Until more
sensitive analytical procedures are employed, the adsorptive capacity of GAC
for these compounde at low concentrations cannot be evaluated; however, some
data at low concentration proved informative,

Carbon Tetrachloride--Carbon tetrachloride was not detected in raw water,
but was occaslonally detected in treated waters. Its presence likely resulted
from contamination of the chlorine supply. When detected, concentrations were
typically below 0.2 ug/L where precision can be * 100%. Carbon tetrachloride
data for one sample day are presented in Table 26. These data indicate intro-
duction of carbon tetrachloride during treatment and demonstrate the presence
of the compound in the GAC effluent at concentrations that could not be
differentiated from those in the GAC influent. Thus, the carbons were not
acting as a barrier to routine influent loading after seven months of opera-
tion. This does not imply that exhaustion had ocecurred or that the carbons
would not act as an effective barrier to a higher influent load.

TABLE 26. CARBON TETRACHLORIDE DATA
BEAVER FALLS AUTHORITY -~ APRIL 26, 1978

GAC GAC Effluent?®
Water Raw  Influent F400 FC ICI  Finished
Concentration,® ug/L _ND~ 0.3% <0.1 0,2+ 0.2 0.2

4GAC in operation for seven months. Hydraulic data in Table 23.
bGC/Hall detector, approximate lower detection level = 0.1 ug/L
ND = not detected

+ = GC/MS confirmed as carbon tetrachloride

- = Carbon tetrachloride not detected by GC/MS at 0.1 ug/L

1,4-Dichlorobenzene~-1,4-dichlorobenzene was found occasionally in the
GAC influent. Evaluation of adsorption of this and other base-neutral
extractable compounds was complicated by the losses during extraction {(Section
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5, page 20). l,4-dichlorobenzene adsorption data, not corrected for extrac-
tion losses, are presented in Table 27, Concentrations in the waters sampled
are somewhat higher than those presented. Further, precision of field data
for the compound indicates that the variability for the data presented in
Table 27 can be * 70% (Appendix E, Table E-1); therefore, influent and efflu—~
ent concentrations of l,4~dichlorobenzene cannot be differentiated. These
data do pot imply exhaustion but indicate the GC/MS confirmed presence of 1,4~
dichlorobenzene in GAC effluents at concentrations that cannot be differen-
tiated from those in the influent after three months of operation.

TABLE 27. REMOVAL OF 1,4-DICHLOROBENZENE BY VIRGIN GRANULAR ACTIVATED CARBONS
BEAVER FALLS AUTHORITY, SEPTEMBER 1977-MARCH 1978

Concentration,®" ug/L

Week of Effluent®
Operation Influent F400 FC ICI
1 - ND Z0.1 ND
2 - ND ND —
3 - <0.,1 — -
4 —_ ND ND ND
5 ND ND —_ ND
6 == ND 0.1 ND
7 <0.1 - ND ND
9 - <0.1 ND -
10 ND ND ND ND
11 0.3 ND 0.2" -
12 0.2 0.3 0,5% 0.2
13 0.1* ND ND+ <0.1
15 ND ND ND ND
18 <0.1 <0.1 <0.1 0.1%
21 <0.1 <0.1 <0.1 0.1%
23 <0.1 <0.1 ND <0.1
27 — - <0,1 ND

8Base-neutral extraction, GC/Hall detector,

b approximate lower detection level = 0.1 ug/L

NOT CORRECTED FOR EXTRACTION LOSSES

CHydraulic data in Table 23,

ND = not detected

+ = GC/MS confirmed as l,4~dichlorobenzene

~ = 1,4-dichlorobenzene not detected by GC/MS
at approximately 0.15 ug/L

Unidentified Base-Neutral Extractable Halocarbons--At Beaver Falls, base-
neutral extractable halocarbons were occasionally detected in finished waters
but rarely found in raw waters. They are believed to be products of chlorina-
tion or contaminants in the chlorine supply (Section 7). At Beaver Falls, one
such halocarbon was not detected in raw water but was detected 13 of 20 times
in finished water. Another such halocarbon was detected two of 18 times in
raw water but was detected 12 of 18 times in finished waters. When detected,
concentrations in GAC influent waters were lower than concentrations in
finished waters. Adsorption data for these halocarbons are presented in
Tables 28 and 29. Data presented in Table 28 suggest that the halocarbon was
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present in GAC effluents at concentrations that cannot be differentiated from
those influent after three months of operation., Data presented in Table 29
suggest that Filtrasorb 400 better adsorbed the halocarbon in the first four
months of operation than did the other GACs. However, after four months of
operation, the halocarbon was present in GAC effluents at concentrations that
could not be differentiated from GAC influent concentrations.

TABLE 28. REMOVAL OF UNIDENTIFIED BASE-NEUTRAL EXTRACTABLE HALOCARBON?
BY VIRGIN GRANULAR ACTIVATED CARBON
BEAVER FALLS AUTHORITY, SEPTEMBER 1977-MARCH 1979

Concentration,2:P ug/L

Week of EffluentC
Operation Influent F4 00 FC ICI
1 —— ND ND ND
2 - ND ND ——
3 —_ ND - -
4 —— ND ND ND
5 0.6 ND - <0.1
6 - ND 0.6 0,2
7 0.1 — {0.1 <0.1
9 - ND 0.1 -
10 0.2 0.1 0.1 0,2
11 0.37 0,2 0.87 -
12 1,2 0.9 1.77 1.0
13 0.4 0,3 0.4 0.2
15 NQ 0.4 NQ NQ
18 0.1 NQ 0.2 0.37
21 0.1 0,2 ND 0.1
23 ND ND ND ND
27 - - ND ND

aUsing procedure described in Appendix D, com~
pound has elution time of 2-chloronaphthalene.
Quantification based on Z2-chloronaphthalene.

bNOT CORRECTED FOR EXTRACTION LOSSES

ND = not detected

NQ = Present but not quantified

- = Found not to be 2-chloronaphthalene by GC/MS

Bacteriological Evaluation——

The microbiological characteristics of the raw water and the GAC influent
water during the 32-week study are presented in Table 24 and the data for the
GAC effluent waters are presented in Table 25. The Beaver River raw water was
characterized during weeks one through 32 by a mean total coliform density of
91,000 organisms/100 mL.

A comparison of the total coliform bacterial data in Tables 24 and 25
indicates that the densities in the GAC effluent were in excess of influent
densities during weeks omne through 12. The GAC influent coliform densities
were <1/100 mL during the entire study with three exceptions of {2/100 mL.
During the first twelve weeks, mean coliform densities in the three GAC efflu-
ent waters were: 45/100 mL from Filtrasorb 400; 42/100 mL from Filtrasorb C;
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TABLL 29, «iMOVAL OF UNTUENTIFILD 3ASF- HLUTRAL EXTRACTABLE HALOCARBON?
BY VIRGIN GRAHULAR “CT1VATFD CARBON
RLAVEK FALLS SUTHORITY, ¢ ‘Hittl 1977-MARCH 1973

Concentt i io:, P ugf/l,
Week of __ Effluent® o
Operation  Influent 400 rc __IcI
1 -— KD N ND
2 - ND R4Y, -
3 — Hb - --
4 - ND ND ND
5 - <0.1 ND - ND
6 - ND <0.1 <0.1
7 0.1 - <0.1 ND
9 - ND <0.1 --
10 0.1 ND 0.1 <0.1
11 <0.1 ND ND --
12 0.1 ND ND 0.1
13 <0.1 ND <0.1 ND
15 <0.1 ND <0.1 <0.1
18 <0.1 0.1 <0.1 <0.1
21 <0.1 0.1 0.1 <0.1
23 <0.1 <0.1 <0.1 <G.1
27 - —= 0.1 ND

2Using procedure described in Appendix D, com-
pound has retention time of approximately
0.75 relative to hexachlorobenzene.
Quantification based on hexachlorobenzene.

bNOT CORRECTED FOR EXTRACTION LOSSES

CHydraulic data in Table 23,

ND = not detected

and 15/100 mL from HD 8x16, The effluent densities decreased with declining
source water temperatures, At week 13, as the temperature dropped to 4°C
(39°F), the GAC effluent coliform densities measured <1/100 mlL from all three
beds and remained at that density through week 32, During the entire study,
total coliform density was measured daily in the effluent from one of five
sand filtration beds at the utility sampled on a rotating basis. These coli-
form densities always measured <1/100 mL.

The standard plate count data for the first eleven weeks of the study
also indicate greater bacterial densities in the GAC effluent than in the
influent waters. While the mean GAC influent density was 190 bacteria/mL
during weeks four through eleven, the mean effluent densities were: 9,400/mlL
from Filtrasorb 400; 26,000/mL from Filtrasorb C; and 19,000/mlL from HD 8x16.
A significant drop in the effluent standard plate count densities from all
three beds occurred during weeks nine through eleven and beyond, as raw water
temperatures declined below 10°C (50°F). From weeks 12 to 32, the influent
and effluent densities were approximately the same,

Due to the apparent correlation in GAC effluent bacterial densities and
raw water temperatures, the same three GAC beds were sampled when the raw
water temperatures were again in excess of 10°C. Data presented in Table 30
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indicate that effluent total coliform densities from all three CAC bLueds wgain
excoeded influent densities of <1/100 wL when tempeératures were above 107°C.
As the temperatures dropped below 10°C, effluent total coliform densities
from all three GAC beds measured <1/100 mL.

Rate of reproduction of bacteria in the GAC beds was the probable cause
of higher GAC effluent bacterial densities when temperatures exceeded 10°C,
Other conditions that may have favered growth on the GAC were the reduction
of free chlorine, the large surface area, and the possible accumulation of
nutrients.

Finished water quality was adequately maintained during the study at a
total coliform density of <1/100 mL and a standard plate count density of
{500/mL with the application of chlorine following GAC adsorption/filtration.

Findings—
1. Trihaleomethane formatien occurred during treatment following chlorine
application and generally varied with water temperature.

2. Virgin GAC reeeiving ehlorinmated, settled water amd operating in the
filtrationfadserption mode in beds designed for sand filtratien during warmer
months was exhausted far the removal of:

Weeks to Exhaustion

Filtrasorb Filtrasorb Hydrodarco
400 C 8x16
Chloroform S ~ 10 12 - 15 8§ - 10
Bremodichleromethane 8 — 10 12 - 15 8§ - 10
Dibromochleromethane 1¢ - 14 14 - 15 8 - 10
Inst TTHM 9 - 10 12 - 15 8~ 10
THMFP ) 12 12 11

3, When breakpeint chlorination was discontinued, resulting in signifi—
cant reduction of GAC influent trihalomethane concentrations, five-manth-old
GACs desorbed trihalomethanes.

4. GACs operated in the filtration/adsorption mode 3n beds designed for
sand. filtration:

a. passed carbon tetrachloride at coneentrations €0.F0.3 ug/L)y
that could net be differentiated from influent concentratioms
after seven months of operation.

b. passed l,4-dichlorobenzene at concentrations that could not be
differentiated from influent concentrations after three months
of operation,

3. With temperatures in excess of 10°C, total coliform densities and

standard plate count densities in GAC effluent waters greatly exceeded den-
sities in GAC influent waters,
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6. The bacterial quality of the finished water was satisfactory with
clear well chlorination. )
CONCLUSIONS FROM TRIHALOMETHANE TREATABILITY STUDIES
fﬁ 1. A change in the chlorine application point to a better quality water
\__was a viable approach to trihalomethane control.

2. Moving the point of chlorine application resulted in lower flnlshed
water instantaneous trihalomethanes because a better quality water in terms of

reduced THMFP was chlorinated and/or because in—-plant THM reaction time was
reduced.

, 3. The use of chlorine dioxide as an alternative disinfectant to chlo—
\fiﬂf’yas a viable appreach to trihalemethane control.

P
(_4. Ammoniation was a viable approach to trihalomethane centrol.

5. Relatively higher concentrations of breminated THMs resulted i fipn—
ished water when the im-plant reaction time with free chlorine was reduced.
T
. 6. Granular activated carbon was effeetive for trihalemethane centrol
/(4%? for short periods of time but would not be effective for long periods of tim
\EEEPOUt reactivation.

7. The extent to which a a utility can lewer its tyihalomethane levels

,-w1ll depend on ltsgphg_;caL_plant, its adag;ab111“3;_9_;hgse“and_g;hgx;ggggges
* in treatment, and¢ its finanecial eqpabllltyt

L

8. Any modification to treatment should not be evaluated by instantane-
ous trihalomethane concentrations aleme, Terminal trihalomethane cencentra-—
tions and THMFP can define the changing levels of precursor im raw water and
can define the effects of treatment on precursor levels. Arm understandfng of
precursor is necessary for an evalwation of the modification.

9. Raw water precursor levels, as measured by terminal level trihalo-
methane concentrations, can vary significantly over short periads of time. A
better evaluation of changing levels of raw water precursor and of the effecte
of treatment on precursor levels will be made as the numher of instantameous
and terminal level trihalomethane samples increases.

10. Treatment modifications should not he evaluated without meomitoring
the bacterial quality of im-plant and finished waters.

11. Any modificatieon to treatment should be studied over a long period of
time. Seasenal effects im bacterial densities and trihalomethane formation
should be evaluated. Changes in raw water precurser levels should be evalua-
ted. Other changes in water quality may affect results.

12, The effect of PAC, permanganate or chlorine diexide on precursor

could not be determined because raw water precursor levels varied significant-
"1y over a shert time period, feed of these materials preceeded coagulation and
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getlVine, and setiliny neimally redueed precursor ievels,
25. Reduction in terminal TTiDM concentrati -ns generally cvincided with

reduciion in turbidity levels. ”//
S~
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SECTION 7

ORGANIC COMPOUND SURVEY

GENERAL

Project activities included sampling for analysis for selected organic
Priority Pollutants in raw and finished waters at all project utilities once
a month from July 1977 to June 1978. In-plant waters were not sampled as a
part of this survey. Raw and finished waters were sampled following theoreti—ﬁj
cal plug flow through the plant., Although the raw and finished waters at a
givenutility could be compared, similar comparisons between utilities were of
limited value.

Schemaric treatment diagrams representative of routine treatment at the
project utilities during the sample year are given in Figures 12, 14, 16, 18,
23, 29 and 33 in Section 6 and Figures 40 to 43 in this section. Although
those diagrams presented in Section 6 are representative of treatment at the
time trihalomethane control studies were conducted, they also describe treat-
ment representative of the sample year. :

All utilities treating surface waters practiced chlorination. The reac-
tion between chlorine and precursor, discussed in Section 6, resulted in tri-
halomethane formation during treatment at these utilities, The extent of
trihalomethane formation at each utility depended upon its treatment
processes, pH levels, chlorine feed rates, ammonia levels, in-plant THM reac-
tion time, etc.

SURVEY FOR PURGEABLE HALOCARBONS

Discussion of purgeable halocarbons is based on GC/Hall and GC/MS analy~
ses of project samples and on accumulated purgeable halocarbon quality assur-
ance data (Appendix C). The following discussions are based on the quality
assurance procedures and methods of iInterpretation discussed in Section 5.

Chloroform (Raw water data: Table 32, Finished water data: Taples 33 and 34,
Quality assurance data: Table C-1 and Figures C-1 and C-2.)

Chloroform was detected in 139 of 198 raw water samples and in 169 of 170 \
finished wafer samples. HMean raw water chlofoform concentration, when
detected, wWas 0.8 ug/L. Mean annual finished water chloroform concentration
was 35 ug/L for treated surface waters and 0.9 ug/L for West View's treated
ground water, :

Chloroform was found in 100% of chlorinated surface waters, Finished
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water chloroform concentrations were typically lower at utilities attempting
to minimize chlorine feed rates, i.e., Wilkinsburg, and typically higher at
utilities carrying finished water free chlorine residuals at or above 1.5
ug/L, i.e., Wheeling, Louisville or Evansville. Finished water chloroform
concentrations were typically higher where finished water pH was high, i.e.,
Wheeling. Finished water chloroform concentrations were lower in the coldest
months of the year and higher in the warmest months of the year. When West
View's ground water was chlorinated, trihalomethane formation did not exceed
1.2 ug/L and no seasonal pattern was apparent,

Chloroform levels reaching the consumer will be higher than levels pre-—
sented in Tables 33 and 34 if a free chlorine residual persists in the distri-
bution system.

Bromodichloromethane (Raw water data: Table 35. Finished water data: Tables
36 and 37. Quality assurance data: Table C-2 and Figure C-4,)

Bromodichloromethane was detected in 84 of 200 raw water samples and in_

all 170 flnlshed water samples., The mean raw water bromodichloromethane con- .
centration; when datected, was 0,3 ug/L. The mean annual finished water
bromodichloromethane concentration was 13 ug/L for treated Surfdce waters and
0.4 ug/L Tor treatéd ground water. As with chloroform, the formation of
bromodichloromethane resulted from in-plant chlorination, varied with seasonal
temperature (except for the ground water) and was different for each utility's
treatment.

P T - [

Dibromochloromethane (Raw water data: Table 38. Finished water data: Tables--- -~ ——="7"
39 and 40. Quality assurance data: Table C-3 and Figure C-6.)

Dibromochloromethane was detected in 33 of 200 raw waters and in_168 of
170 _finished waters. Mean raw water concentration, when detected, was 0,2
ug/L. Mean annual finished water concentration was 5.6 ug/L for treated e
surface waters and 0.3 ug/L for treated ground water. As with chloroform, the
formation of dibromochloromethane resulted from in-plant chlorination, varied
with seasonal temperature (except for ground water) and was different for each
utility's treatment.

Bromcform (Raw water data: Table 41. Finished water data: Tables 47 and 43.
Quality assurance data: Table C-4 and Figure C-9.)

Bromoform was detected in 8 of 200 raw waters and in 114 of 170 finished
waters, Raw water concentrations did not exceed 0.l ug/L. Finished water
concentrations, when detected, averaged 0.8 ug/L in treated surface waters and
0.1 ug/L in treated ground water. As with chloroform, the formation of bromo-
form resulted from in-plant chlorination, varied with seasonal temperature
(except for ground water) and was different for each utility'’s treatment.

Dichloroiodomethane (Raw water data: Table 44. Finished water data: Tables
45 and 46. Quality assurance data: Table C-6.)

Dichloroiosdomethane was rarely detected (frequency = 1/200) in raw water
and was detected in 81 of 170 finished water samples. Raw water concentra-
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tions did not exceed 0.1 ug/L. Finished water concentrations, when detected,
averaged 0.2 ug/L in treated surface waters and were less than 0.1 ug/L in
treated ground water. As with chloroform, the formation of dichloroicdome-
thane resulted from in-plant chlorination and generally varied with seasonal
temperature {except for ground water). Because the precision of dichloroio-
domethane data below 0,2 ug/L may be * 100%, caution is suggested in corclud-
ing that this compound was absent in Evansville's waters or that it occurred
infrequently in other utility waters.

Total Trihalomethane (Finished water data: Table 47, Quality assurance data:
Figure C-11.)

As with the individual trihalomethane compounds, finished water TTHM con-
centrations varied with seasonal temperatures and were different for each
utility's treatment, The seasonal trend was not apparent at West View where
ground water is chlorinated. TTHM levels reaching the consumer will be higher
than the levels presented in Table 46 if a free chlorine residual pexsists in
the distribution system because finished waters contain trihalomethane for-
mation potential.

Trihalomethane Formation Potential (THMFP)

Once a month, or more frequently if THM control studies were conducted,
waters were sampled for analysis of instantanecus level THMs and terminal
level THMs. Instantaneous level THM data are presented in Tables 32 through
47, As explained in Section 4, pages 11 and 12, terminal level THM data can
be used to evaluate precursor levels. Such data for raw and finished water,
then, allow the evaluation of THM formation and reduction of precursor levels
in-plant, as shown in Tables 48 through 57.

Table 48 presents these data for Huntington. In July, for example, at
Huntington, the raw water mean terminal TTHM concentration for several sample
days was 327 ug/L. Because the mean instantaneous TTHM concentration was <1
ug/T,, the mean raw water THMFP was 326 ug/L. Finished water mean concentra-
tions were 232 ug/L terminal, 112 ug/L instantaneous and 120 ug/L THMFP,
Thus, treatment affected raw water THMFP, or raw water unreacted precursor,
in several ways. Chlorine reacted to form 112 ug/L TTHM, accounting for 34%
of the raw water THMFP. Treatment, principally ceagulation and settling,
removed 29% of the raw water THMFP. Thus, 37% of the raw water THMFP remained
after treatment and had the potential to form an additional 120 ug/L TTHM in
the distribution system.

Less than 120 ug/L TTHM may have been formed in the distribution system
because system detention time was less than the seven-day storage period for
the terminal level parameter, distribution system free chlorine residuals were
less than the 15 mg/L free chlorine added to drive the THM reaction during the
storage period, and storage conditions for determination of the terminal level
parameter (headspace free in clean glassware) are unlike distribution system
conduit and storage tanks.i_ ertheless, the finished water had the potential
to form further THMs in the dist¥ibufion system.

When these Huntington data were evaluated over a one-year period, they
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indicated that 30% of the raw water precursor formed TTHM, 29% of the precur-

potential for further THM formation.

Averaging data from the ten utilities treating surface water indicated
that 23%Z of the raw water THMFP was converted to TTHM during treatment, 37% of
the raw water THMFP was removed by treatment, and 40% of the raw water THMFP
was discharged to the distribution system. Thus, trihalomethane formation
will continue in the distribution system if a free chlorine residual is
present,

Such percentages are presented in an attempt to evaluate treatment. The
significance of these percentages cannot be defined. It is known that the
expected variability of an instantaneous TTHM concentration may be * 20%
(Figure C-~11) and that the expected variability of a terminal TTHM concentra-
tion may be * 16% (Figure C-12), but the expected variability of the differ-
ence of these, i.e,, THMFP, or a ratio of these, i.e., percentage, cannot be
defined.

Comparison of these data for several utilities should be made cautiously
for several reasons: chlorine application rates can vary from month to month
within a utility and do vary among utilities; in-plant THM reaction times wvary
among utilities; coagulants and their effectiveness vary among utilities; pH
varies among utilities, etc.,; the significance of such data cannot be defined.

Raw water THMFP concentrations were evaluated to determine if precursor
varied seasonally. Because the storage temperature of samples for determina-
tion of the terminal level TTHM was at or near the finished water temperature,
it was expected that raw water THMFP concentrations would be lowest when water
temperatures were coldest, For all ten utilities, Figure 44 presents monthly
mean storage temperature data and raw water THMFP concentrations plotted
against time, Initially, terminal level samples were stored at room tempera-
ture:~ When water temperature began falling, terminal level samples were
stored at or near finished water temperature. Figure 44 presents mean storage
temperature and mean raw watex temperature for the initial months of the
study.

These data indicate that from October through June, temperature and raw
water THMFP concentrations generall; varied in the same direction. However,
from August through October, raw water THMFP concentrations increased while
storage temperatures remained constant and raw water temperature decreased.
This suggests that precursor levels were higher between August and October
than at other times of the year.

Seasonal variation in raw water THMFP data and data for the fate of raw
water THMFP are not presented for West View's ground water. These data were
highly variable both in the terminal TTHM concentrations formed and in the
amounts of chlorine consumed during storage for determination of this para-
meter. Finished water instantaneous TTHM concentrations for this utility,
however, demonstrate that the ground water precursox differed from the surface
water precursor because West View finished water total trihalomethanes never
exceeded 2 ug/L. :
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Carbon Tetractloride (Raw water data: Table 58. Finished water data: Table
59. Quality assurance data: Table C-5 and Figure C-8.)
™

With one exception, carbon tetrachloride was not detected in untreated
surface waters upstream from Huntington, The frequency of detecting carbon
tetrachloride in untreated surface waters was highest at Huntington and
decreased with increasing distance downstream, On one occasion, the compound
was GC/MS confirmed in the Allegheny River,

In another ORSANCO project utilizing the same analytical procedure and
laboratory, carbon tetrachloride was present at 83% frequency in the Kanawha

\ River at concentrations up to 1.9 ug/L.1?

Carbon tetrachloride was occasionally detected in finished waters at all
utilities except in treated ground water at West View. The presence of this
compound in finished waters may be attributed to low level carbon tetrachlor-
ide contamination of chlorine used for disinfection. Periodic chlorine con~-
tamination is suggested by one-time finished water carbon tetrachloride con-
centrations at Louigville and Evansville of 1.3 ug/L and 6 ug/L, respectively.

At Huntington, finished water carbon tetrachloride levels wetre signifi-
cantly higher than levels found in untreated surface water, i.e., the preci-
sion of the data indicates that the levels could not be the same. In addition
to the possibility of carbon tetrachloride contamination of the chlorine
supply, the increase was attributed to desorption of carbon tetrachloride from
the one to two-vear-o0ld GAC filter/adsorbers in place at the utility (Section
6, Table 22). Carbon tetrachloride was detected 47% of the time (23/49) in
Huntington's raw water but was detected 100% of the time in its finished
WALEer.

Chlorobenzene (Raw water data: Table 60, Finished water data:; Table 61.
Quality assurance data: Table C-7.)

The presence of chlorobenzene was GC/MS confirmed in untreated gurface
waters at%?"htiﬁgtd”'and in untreateqﬁg;ound watefs .at _West View, Accompany-
g Fin{shéd waters at both locations also contained chlorobenzene. The
ffEEﬁEﬁE;EEnd concentrations of the data &f HUREIngton are similar for raw
and tinished waters. At West View, however, all nine finished water samples
contained chlorcbenzene, while it was detected in only five of eleven raw
water samples. The reason for the difference in frequency of data in raw and
finished waters is not known,

In late March and early April 1978, Louisville was asked by project staff
to inctrease once-a-month sampling frequency when ORSANCO was notified of a
chlorobenzene spill. The resultant data (Table 31) indicate that chloroben-
zene concentrations reached 8,5 ug/L in the finished water and suggest that
conventional treatment at Louisville (raw water chlorination, settling, PAC,
filtration and post—-chlorination) was not effective for chlorobenzene removal.

1,1-Dichloroethane (Raw water data: Table 62. Finished water data: Table 63.
Quality assurance data: Table C-8.)
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TABLE 31. CHLOROBENZENE LEVELS, LOUISVILLE WATER COMPANY2
chlorobenzene,b ug/1,

day time raw water finished water
March 29 afternocon 0.8 —
March 30 norning 1.6 1.1
March 31 morning 5.0 2.5
March 31 afternoon 2,1 8.5
April 1 morning 0.1 5.3

2Plant detention time typically 30 hours
GC/Hall detector, approximate lower
detection level 0.1 ug/L

The presence of 1,l-dichloroethane was presumptively reported at several
utility locations in both raw and finished waters at concentrations less than
1.0 ug/t. 1Its presence was GC/MS confirmed only in raw water at Wilkinsburg

on one occasion and in raw and finished ground water at West View. There was
" no significant difference in the frequency and concentration of 1,1-dichloro-
ethane for raw and finished water at West View.

1,2-Dichloroethane (Raw water data: Table 64. Finished water data: Table 65.
Quality assurance data: Tables C-9 and C-10.)

1,2-dichloroethane was detected in the raw waters of eight project utili-
ties with the frequency of detection increasing at and downstream from
Huntington. The presence of 1,2-dichloroethane was GC/MS confirmed in raw
waters at seven of those utilities, In finished waters, 1,2-dichloroethane
was detected at four utilities only and GC/MS confirmed at two of those
locations.

Review of project data for 1,2-dichloroethane indicated that the presence
of large chloroform peaks eluting immediately ahead of this compound in pro-
ject samples interfered with both its detection and quantification. The con-
centrations of 1,2-dichloroethane when found in raw waters were typically at
or below 0.3 ug/L. Chloroform concentrations in raw water were typically at
or below 1.0 ug/L and thus did not cause interference. In chlorinated waters,
however, where chloroform concentrations were much higher and where 1,2-
dichloroethane was found in the accompanying raw water, the compound was not
detected. The chromatograms gave the visual appearance of a small deviation
in the smooth tailing edge of the chloroform peak, a deviation that had
insufficient slope change to cause integration (qualification and quantifica-
tion). The difference in frequency of detection of 1,2-dichloroethane in
project raw and finished samples is likely related to such chloroform
interferences.

1,2-Dichloropropane (Raw water data: Table 66. Finished water data: Table
67. Quality assurance data: Table C-11.)

1,2~dichloropropane was detected infrequently in raw water samples from
seven project utilities; the presence was GC/MS confirmed at two of those
locations. In finished water samples, 1,2-dichloropropane was detected infre-
quently at ten utilities and GC/MS confirmed at two of those locations., Con-
centrations in both raw and finished waters never exceeded 0.2 ug/L.
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trans-1,3-Dichloropropene (Raw water data: Table 68. Finished water data:
Table 69. Quality assurance data: Table C-12.)

Trans-1,3-dichloropropene was detected only once and was of insufficient
concentration for GC/MS confirmation. The compound was not found in project
raw or finished waters at concentrations above 0.1 ug/L.

cis~1,3-Dichloropropene and/or 1,1,2-Trichloroethane

The compounds cis-l,3-dichloropropene and 1,1,2-trichlorcethane co-elute
with dibromochloromethane. Data presented in Table 37 indicate that detection
at 0.1 ug/L of the co-eluters was infrequent in untreated surface waters and
concentrations never exceeded 0.7 ug/L. GC/MS confirmation attempts for
dibromochloromethane in untreated surface water were positive. One GC/MS
confirmation attempt for cis-1,3-dichloropropene in untreated surface water
proved negative.

The co-eluting compounds were detected in all chlorinated, finished sur-
face water samples (Table 38), lending support to the presence of the dibromo-
chloromethane. GC/MS confirmation attempts for dibromochloromethane in
finished surface waters were positive; whereas, GC/MS confirmation attempts
for cis-1,3-dichloropropene and 1,1,2~-trichloroethane in finished surface
waters were negative. It is believed that cis-1,3~dichloropropene and/or
1,1,2-trichlorcethane rarely occurred in raw and finished surface waters.

Cis~l,3-dichloropropene and/or 1,1,2-trichlorcethane were presumptively
identified on two occasions in untreated and finished ground water at West
View., GC/MS confirmation was not possible.

1,1,1~Trichloroethane, Trichloroethylene, and 1,1,2,2-Tetrachloroethane
and/or Tetrachloroethylene (Quality assurance data:- Tables C-~13 to C-15.)

Constantly occurring interferences in all system blanks and project
samples were apparent at the relative retentign times of 1,1,l1-trichloro-
ethane, trichloroethylene, and 1,1,2,2-tetrachloroethane and/or tetrachloro~
ethylene (Figure 4 and 5), and were GC/MS confirmed as being those compounds.
An extensive investigation was conducted by the laboratory to determine the
source of contamination and to eliminate or control it at acceptable concen-—
trations. It was determined that laboratory air was probably the source of
contamination. System exposure to laboratory air was minimized and the con-~
centrations of contaminants were reduced.

The concentrations of contamination in system blanks were evaluated over
a period of occurrence and statistically weighted (mean concentration plus two
standard deviations) to reflect the interference for that period. This sta-
tistical correction was then subtracted from all sample data produced during
that period, When the level of interference in a daily system blank exceeded
the statistical correction, the daily blank correction was subtracted from
all sample data produced that day.

A review of the resulting data after blank correction led to the conclu-
sion that the presence of these compounds in project samples could not be
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reported, The resulting data reflected the highly variable nature of the con-
taminants and may have falsely suggested the absence of a compound. Thus,
while the GC/Hall detection levels of these compounds were approximately 0.1
ug/L, they could not be reported below the following: 2.6 ug/L for 1,1,1-
trichloroethane, 1.9 ug/L for trichloroethylene, and 3.4 ug/L for 1,1,2,2-
tetrachloroethane and/or tetrachloroethylene. It is likely that these
conpounds were not present in project raw or finished waters above those con-
centrations. However, as mentioned in Section 6, page » high tetrachloro-
ethylene concentrations (up to 60 ug/L) were observed and GC/MS confirmed in
the Allepheny River. (Text continues on page 159.)
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CHI.OROFORM RAW WATER DATA, JULY 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

TABLE 32,
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GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Utility

Fox Chapel

{

‘Wilkinsburg

éPittsburgh

f
|

(o4

WPW/Hays Mine_b

West View

Beaver Falls

Wheeling

!Huntington

-Cincinnati

Louisville

‘Evansville

.Total or Mean
West View

d

a = see Figure 1

b = Western Pennsylvania Water Co., Hays Mine Plant

¢ = Ohio River at West View

d = Ground water supply
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TABLE 33.

CHLOROFORM FINISHED® WATER DATA, JULY 1977-JUNE 1978
CC/HALL DETECTOR, APPROXIMATE

LOWER DETECTLON LEVEL = 0.1 ug/L

GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug /L
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see Figure 1

Western Pennsylvania Water Co., Hays Mine Plant
Ground water supply
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TABLE 35. BROMODICHLOROMETHANE RAW WATER DATA, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
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o @ ¥ {g - Q o v ] ] G| U
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», E ] 1 a{ ad t B -l 1
H e e = 1= = [ (2 = = £
Fox Chapel 11 0 3 i
Wilkinsburg 12 o0l 1 1 1
Pittsburgh 11 31 7 0.9] 1.6]
WPW/Hays Mine® 8 1 0! 0.1} 0.1
—
West View' 11 0 0
Beaver Falls 29 3 12 0.1] 0.2 1 0
Wheeling 8 0 3
Huntington 49 | 14 | 11 § 0.3} 0.7 1 1 1 1
Cincinnati 17 3 4 0.21 0.2 1 0
Louisville 22 4 6 0.2] 0.4
Evansville 11 3 3 0.2 0.5 1 1 1 1
Total or Mean |[189 | 31 50 0.31 1.6 2 2 5 3
. . d
West View 11 1 2 0.2 0.2
a = see Figure 1
b = Western Pennsylvania Water Co., Hays Mine Flant
¢ = Ohio River at West View
d = Ground water supply
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TABLE 36,

GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

BROMODICHLOROMETHANE FINISHED® WATER DATA, JULY 1977-JUNE 1978

b g = g g &
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= 7] b | & bD jan o @ bh 1 th [Ty U oo [ U U o a
3] 0o J{w J| s 3 oOfWE LS 3 E o} E.ﬂ j=] E O |lE S W E W
o g a ) = TE o= Lz el Lo
« -] 341 g~ Ll — |- | I B B O o~
[:F] Q * [w} * = * 4+ w d . LY - Y+ o - U4 o fyy T Y
w O | O 00O A W [ R e oo s::fJJO goggg gg
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b E '; ﬁ ::: = 9] % 5r4 vy~ fy 5 Al vy jey 0| owoa
Utility SR - = 2 215§ Dal TelTom Te oAl = o
o | o o cSHECNS ™ o= 2= 9= °3] 2=
E 1B (& g 5 |5 E |E £ |E T EF
= | e = = = £ £ & £~ [ -
Fox Chapel 12 12 0 2.9( 12
‘Wilkinsburg 12 | 12 0| 3.6 10
Pittsburgh ’ 12 | 12| 0| 13 | 27 1 1
WPW/Hays Mine®| 11 | 11 | o | 6.2] 14
|
| Beaver Falls 27 | 27 0| 14 | 29 2 2
; .
iwheeling 11 | 11 0 {13 | 33
| i
iHuntington 24 | 24 ol 17 | 44
'Cincinnati 19 19 0 18 42 1 1
!
Louisville 21 21 0 19 | 48 1 1
iEvansviIle 12 12 Q 22 54
Total or Mean |161 [161 0o | 13 |59 5 5
West Viewd 91 9 0'tos|os
a = Clear well effluent
b = see Figure 1
¢ = Western Pennsylvania Water Co., llays Mine Plant
d

I

Ground water supply
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TABLE 38. DIBROMOCHLOROMETHANE®,D RAW WATER DATA, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

- o = =1 o =
e e ~— Q U Q
g -~ o [ = = £ = = = 0
e J||o = o 2 ) | E O
o = — | ® b — —_ | — e A = L
@ sy ~— U L | R el S I o B oo~ T~ wooou Lo IS
= o oD | & of slle © oo © 22 | © 80 O b o O O @ D
3] o 3 |wW 9 e 3 o|{E S 2 E: E{:.: E: E .o W Eu
e o = ] R IETE = Lo oW ]
[1+] = — g i o 2|~ —] e | Ll e B ol - o
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Urility — - — - |= g E £ £
o 11} [w] — o ] vy @ - vl [95] — Eﬂl—i Ly oa i EEU
x | e d V| Es|(ERra 22 oA 24 |2 W = .
: o .o | 3o wom o D@ a ot i
ul w w = E © L I = o] L2/ o} 12 e won [T I N o,
0] 1] G o — ] o 4] ] o] m| @ @
E E =] @ " E E g 5 E | & o
o o - q_j cq — et o o - ]
[ s = = [ = [ (3 = [
Fox Chapel 11 0 1
Wilkinsburg 12 1 0 0.3] 0.3
Pittsburgh 11 2 2 0.4 0.7
WPW/Hays Mined 8 0 0
West View® 11 0 0
Beaver Falls 29 1 1 0.2 0.2
Wheeling 8 0 0
Huntingtonf 49 12 3 0.21 0.6 1 1
Cincinnati 17 1 2 0.1 0.1
Louisville 22 4 1 | 0.2] 0.6 1 1 1 1
‘Evansville 11 1 0 0.3} 0.3
Total or Mean (189 [ 22 [ 10 | 0.2 0.7 2 2 1 1
. h
West View B 11 | 2" 1 {o.24 0.9

a = Tabled GC/Hall data represents dibromochloromethane and/or
cis-1,3~dichloropropene and/or 1,1,2-trichloroethane unless noted,.

= Tabled GG/MS data represents dibromochloromethane only.

See Figure 1.

Western Pennsylvania Water Co., Hays Mine Plant.

Ohio River at West View,

One time GC/MS confirmation for cis-1,3-dichloropropene proved negative.

Ground water supply.

= cis-1,3-dichloropropene and/or 1,1,2-trichloroethane.

1

S0 Fh D LD O
I
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TABLE 39. DIBROMOCHLOROMETHANE

a,b FINISHED WATER DATA, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/ L

GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/ 1.
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w Y O | 4 D 80 .—iﬁ gBO SO gﬁo go ggg gaé
S A AlG el a™ ARV SY |0ag] o¢
- —~ — s Q] E E B
. L} a o — L) Q o~ ot ) U A ! e @l [ |
UtiticycC pa vt e pa vt w el E o % PURE SR I W) e o =
- s it o4 j= -] 3 m E I ] [av] oo —{
) w w = EU w o I 1) e wm M [Tz o] 0 @ A4 o~
at Qo Q = . o Q Q W 7] w 0o
15 |5 |8 |5 |5 £ |5 | & |g =57
= e B = = B = = e e &
‘Fox Chapel 12 {10 2 {0.9{ 3.0
Wilkinsburg 12 | 12 01} 1.0 2.7FL
[
lPittsburgh 12 | 12 0| 6.5] 16 1 1
L
d,e, f
'WPW/Hays Miné | 11 { 11 0 | 4.0} 15
Beaver Falls 27 27 0 4.61 13 2 2
Wheeling 11 11 0 4.6 ] 19
;Huntingtonf 24 24 0 9.4 25
ICincinnati 19 |19 0 11 | 26 1 1
L
‘Louisville 21 | 21 0 | 7.2] 33 1 1
[Evansville 12 12 0 6.7 |24
Total or Mean 161 150 d 5.6 33 5 5
h I: h
west Vlewg 9 7 0 0.3‘1 0.4
a = Tabled GC/Hall data represents dibromochloromethane and/or

=0 Fh D oo

cis-1,3-dichloropropene and/or 1,1,2-trichloroethane unless noted.
Tabled GC/MS data represents dibromochloromethane only.

= See Figure 1.

Western Pennsylvania Water Co., Hays Mine Plant.

Cne time GC/MS confirmation for eis-1,3-dichloropropene proved negative.

One time GC/MS confirmation for 1,1,2-trichloroethane proved negative.

Ground water supply.
Does not represent one time GC/Hall report of cis-1,3-dichloropropene

and/or 1,1,2-trichloroethane at 0.5 ug/l.
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TABLE 41. BROMOFORM RAW WATER DATA, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/T,
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/lL
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QL —— T~ H ™~ alld g~ g~ g~ T | g ol ©w o
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P | i -—'lA\ =—IV A\ ©oo Ul:uA\ UA\ 81:1.v UV Vogl UR
Utility - = — — oo E =] E
) ) ] — o Oy V] 13— U U A = Jva U ] »va il
fam paw et g U] Eg|{= 0] 4 |2 A %-ﬂ = e =
mC j=RN e o (o] + (o] = o~ —
0] 0 u) |l em o |VOoE v |v ©WAdl v
Q Q w = N U W © ] ) | o
£ B = 2] ] =1 = E ﬁ g8 ol B om
=] Pt o] 1] o p= t -~ -
S [ = E = = [ = e~ £
Fox Chapel 11 0 1
L
[Wilkinsburg 12| o} o
—
Pittsburgh 11 1 1 0.1{ 0.1
. b
WPW/llays Mine 8 0 0
) e
West View 11 0 0
Beaver Falls 29 0 0
Wheeling 8 0] 0
Huntington 49 0 0
‘Cincinnati 17 0 4
Louisville 22 0 0 2
?Evansville 11 0 0
;
‘Total or Mean 189 1 6 0.1] 0.1 2
. d
iWest View 11 0 1
a = see Figure 1
b = Western Pennsylvania Water Co., Hays Mine Plant
¢ = Ohio River at West View
d = Ground water supply
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TABLE 42,

BROMOFORM FINISHED® WATER DATA, JULY 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXTMATE LOWER DETECTION LEVEL = 0.1 ug/L
- o = £ = &
o -O o s rg = o ..?:J"U
* = 56 e 5 5 |6 d| 3@
o ~ B e — e — =1 e o o
aQ -~ Rl S VR LR Rl O™ & ™~ U~ jw CcJu} T 0
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3] w oSl 3 e s c{lECc o En £C 0 Eo|ELC N E N
1 e c QG -~ Loz [ o] [ PR 1) @
© o - = ] O e [N ] — el B o L I B ) o|
a C |0 B - © [|vr o - Ea IR TR - B B PR (P o Y
U O O C Qi W g v Q oo [l B ) goggg EJE
i -—|A\.-4V UA\F:;E BEA\ 8,\\ 8‘;-?;-V Uv LRI P ] LI =
b o ﬁ = ~ = = 8 2] E | v | 5 e B i |77 % np ov.on

Ueility o = o L3 gg 2574“ = zﬁ.:a“ z-(—a“ zﬁ'_' =,
w w w = E U uomom {3 e o LI T i o {3 s oo~ 0 -
Q [ U o - Q QU U U U ° GJ:(CU

| E1E |& |§ V15 |5 5 |E E g T E

L |3l |5 = = = [ B = £ B 3l

iFox Chapel 12 1 ¢ | 0.2] 0.2

Wilkinsburg 12 0 1

i

Pittsburgh 12 7 2 1.0 3.8 1 0

WPW/Hays Mine“| 11 | 7 { 2 | 1.0] 3.1

Beaver Falls 27 8 9 0.3] 0.6 2 2 1 #]

'Wheeling 11 7 1 [ 0.4]0.9

Huntington 24 | 21 1 [ 1.1} 4.4

'Cincinnati 19 f18 | o }1.0]2.7( 1 1

iLouisville 21 | 18 1 [ o0.5]2.1 1 1

‘Evansville 12 3 4 0.3[0.8

|

‘Total or Mean |161 | 90 | 21 | 0.8] 4.4 5 4 1 0

West Viewd 9 1} 2 {o.1lo0.1

see Figure

=T i o
1

1

= Clear well effluent

Western Pennsylvania Water Co.,
Ground water supply

Hays Mine Plant
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TABLE 44, DICHLOROIDOMETHANE RAW WATER DATA%X JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
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o ] ] — 0 o || —~| v |l —l oy (3@ | vl
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0 BT R - | B R O B BC
o R o @ ol B} et o 5 E T Em
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Fox Chapel 11 0 0
Wilkinsburg 12 0 0
L——
—
Pittsburgh 11 0 0

WPW/Hays Mineb 8 0 0

West View" 11 0 0
H

iBeaver Falls 29 o 0
|

LWheeling 8 0 1
iyuntington 49 0 0
T

‘Cincinnati 17 0 0
rLouisville 29 0 0
Evansville 11 0 0

Total or Mean 189 0 1

b

West Viewd 11 0 0

a = see Figure 1

b = Western Pennsylvania Water Co., Hays Mine Plant
¢ = Ohic River at West View

d = Ground waterssupply

*Quantification relative to 1,4-dichlorcbutane.
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TABLE 45. DICHLOROIDOMETHANE FINISHED® WATER DATA% JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
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Fox Chapel 12 1 2 0.2 0.2

Wilkinsburg 12 1 1 0.1] 0.1

Pittsburgh 12 2 31 0.3] 0.6 1 1

c

WPW/Hays Mine | 11 2 6 | 0.2] 0.5

Beaver Falls 27 1 5 0.2{ 0.2

JWheeling 11 7 3 0.31 1.0 2 2

Huntington 24 i1 9 0.2 0.4 1 1

|

Cincinnaci 19 3 2 0.1§ 0.1 1 1 1 0

Louisville 21 4 13 0.4 1.0

Evansville 12 0 0 .

Total or Mean [161 32 44 0.2} 1.0 4 4 2 1

West Viewd 9l o 5| o 1 1

a = Clear well effluent

b = see Figure 1

¢ = Western Pennsylvania Water Co., Hays Mine Plant

d = Ground water supply

*#Quantification relative to 1l,4—dichlorobutane.
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TABLE 58.

CARBON TETRACHLORIDE RAW WATER DATA, JULY 1877-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL
LOWER DETECTION LEVEE = 0.1 ug/L

= 0.1 ug/L

GC/MS, APPROXIMATE

B e | M £ - 1 c_W‘
o o ~ |l L @ ] a ] F a
& S FlE ELiE JELE 3y
o w3 W11 gt — =3 1 femt ) [ B Bt = an
a ~ ~ | =~} cfla g~ g~ [ 8~] o~ | g Of ©
S 1o2l-229 flgidiieziyigaleiie
- o =t o - e = E E 3 E = W E [
o S]] 2] O~ e —f o —f e = ol A o
o FO 10 | g o flut T e 44 s B T e Wt e O b B
A R E R AR R
.. a — '—;A\ -V A\ w oo o pMN oA UCLVLUV O S U
Utility ~ ! — T E E E
o @ o — o G fla — v | B~  |ta @ | 3
o=y = o=y d | Ec|lE A = |2 o~ :'@"* = & =
m Ll 30 FER | o R s ] 5 .—c‘
w 5] 1] sleEuollo ozt oxc ol oo o 0l O
) U a o] par} o @ ) a T} | ¢ w
EIE |5 15 |5 |2 (£ 18 |§ [5 =&=.
= —~ = = g = = ] = £~ £~
Fox Chapel 11 0 0
Wilkinsburg 12 0 0
Pittsburgh 11 0 1 1 1
WPW/Hays Mineb 7 0 0
West View; 11 0 0
Beaver Falls 29 0 0 2 0
Wheeling 8 0 0
Huntington 49} 17 6 | 0.2} 0.6 3 3
Cincinnati 17{ 4 2 }ox]o2|l 3 3 1 0
Louisville 22 3 3 ¢ 0.,1{ 0,1 2 2 ] /
Evansville 11 1 0 0.1) 0.1 1 1
Total or Mean 188 25 1z 0.2} 0.6 9 9 1 1 3 0
, d
West View 1 0 0

[a VN o I v ol 1}
|

= see Figure 1
= Western Pennsylvania Water Co., Hays Mine Plant
Ohio River at West View
Ground water supply
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TABLE 59, CARBON TETRACHLORIDE FINISHED® WATER DATA, JULY 1977-JUNE 1978
6C/HALL DETECTOR, APPROXIMATE LOWER. DETECTION LEVEL = (.1 ug/tb
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

3 b 3 L 9 3
B - s | & & g | '3}
ot "t ol o = e z c wofow
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Wilkinsburg 12 0 1 1 1
1]
EPittsburgh 12 0 1
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Wheeling 11 |1 1 j0.170.1
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- -~ e il
Cincinnat{ 19 '3 | s |o0.2 0.3 1 0
Louisville 21 | 4 | 2 |o.4f1.3 1 I
Evansville 12 4 o] 0.2d 6.0 1 1
‘Total or Mean 159 |39 16 10.&4 [6.0 2 2 5 4 -
=
West View® 3 o lo i
a = Clear well effluent
b = see Figure 1
¢ = Western Pennsylvania Water €o., Hays Mine Plant
4 = Excluding the maximum concemtration of 6 ug/L
e = Ground water supply
f=

Excluding the maximum concentration of 1.3 ug/L
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TABLE 60,

CHLOROBENZENE RAW WATER DATA, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 6.1 ug/
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. b
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. e
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Beaver Falls 29
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1
Huntington 49 0.3 1.0
Cincinnati 17
. d
Louisville 22 0.11 0.1
‘Evansville 11
Total or Mean 187 0.21 1.0
e
West View 11 1.7} 3.9

a = see Figure 1

b = Western Pennsylvania Water Co., Hays Mine Plant
¢ = Ohioc River at West View
d
e

Not including chlorobenzene spill data.
= Ground water supply
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" TABLE 61. CHLOROBENZENE FINISHED® WATER DATA, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

- *iGCYMS,” APPROXTMATE LOWER DETECTION LEVEL = 0.1 ug/L
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: i - '
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i " el
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~ } T
iHuntipgton 24 341 1 {5.3 0.4 1 1
' Cincihnati 19 1 11 0.2]0.2 1 11
. Louiswvilled 21 0 1
. BEvansville 12 0 0
/Total or Mean [160 4 3 10.3|0.4 1 1 1 1
! e ! .
!West yiew ! 9 9 0 | 1.9} 2.9 4 3 lf 0

:b = see Figure 1

a =lciéar w?llréffluent

c="Westeri Peniisylvania Water Co., Hays Mine Plant
d = Not including chlorobenzene spill data.

e = Ground water supply
f = Field replicates: 2.8 ug/L and MS confirmed;

not detected by GC/Hall and MS negative.
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GC/HALL DETECTCR
GC/MS

TABLE 62.
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West View
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Wheeling
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Total ar Mean

= Western Peunsylvania Water Co., Hays Mine Plant

= gee Figure 1

West Viewd

a
b

e = Ohio River at West View

Ground water supply

d =
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1,2-DICHLOROETHANE RAW WATER DATA, JULY 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
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GC/MS, APPROXIMATE LOWER DETECTION LEVEL

‘Utility

Fox Chapel

Wilkinsburg

Pittsburgh

WPW /Hays Mineb

C

West View

Beaver Falls

Wheeling

Huntington

Cincinnati

Louisville

Evansville

Total or Mean

d

West View

a = gee Figure 1

b = Western Pennsylvania Water Co., Hays Mine Plant

¢ = Ohic River at West View

Ground water supply

d =
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TABLE 65. 1,2-DICHLOROETHANE FINISHED® WATER DATA, JULY 1977-JUNE 1978
LOWER DETECTION LEVEL = 0.1 ug/L

GC/HALL DETECTOR, APPROXIMATE
GC/MS, APPROXIMATE LOWER

DETECTION LEVEL = 0.1 ug/L
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nnu

Clear well effluent
see Figure 1
Western Pennsylvania Water Co., Hays Mine Plant
Ground water supply
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TABLE 66.

1,2-DICHLOROPROPANE RAW WATER DATA, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = (0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
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a = see Figure 1
b = Western Pennsylvania Water Co., Hays Mine Plant
¢ = Ohio River at West View
d = Ground water supply
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TABLE 67. 1,2-DICHLOROPROPANE FINISHED® WATER DATA, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
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= Clear well effluent

= gee Figure 1

Western Pennsylvania Water Co., Hays Mine Plant
Ground water supply

1]

=P o T o a1}

156



TRANS-1, 3-DICHLOROPROPENE RAW WATER DATA, JULY 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL

TABLE 68,
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TABLE 69. TRANS-1,3-PICHLOROPROFENE FINISHED® WATER DATA, JULY 1977-JUNE 1978

GE/HALL DPETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.} ug/L
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a = Clear well effluent

b
c

see Figure 1
Western Pennsylvania Water Co., Hays Mine Plant

d¢ = Ground water supply
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SURVEY FOR BASE-NEUTRAL EXTRACTABLE HALOCARBONS

Discussions of extractable halocarbons are based on GC/Hall and GC/MS
analyses of project samples and on accumulated extractable halocarbon quality
assurance data (Appendix E). The application of quality assurance data for
extraction recovery, analyses of replicate samples, and replicate analyses of

sample extracts to the interpretation of project sample data was discussed in
Section 5.

l,4-Dichlorobenzene (Raw water data: Table 70. Finished water data: Table
71. Quality assurance data: Table E-1.)

1,4-dichlorobenzene (p-dichlorobenzene) was detected in 55 of 150 raw
water extracts and 62 of 154 finished water extracts. GC/MS confirmation
attempts for 1,4-dichlorobenzene were positive 85% of the time. Therefore,
1,4-dichlorobenzene was present in project raw and finished waters.

1,4-dichlorcbenzene was detected more frequently at and downstream from
Hqu%EEEQQ_;hanhupstream:frompﬁuntlngtonk, ‘Further support for the presencé”
of "the compound in this section of the Ohjo River occurred in March 1978 when
a dichlorobenzene spill was reported on the Kanawha River. 1,4-dichloroben—
zene was GC/Hall detected and GC/MS confirmed im Louisville waters when flow
forecasts predicted the spill would pass.

Application of extraction recovery data suggests the following: when
detected in project extracts, 1,4-dichlorobenzene was present in project raw
and finished waters at concentrations not exceeding 3.1 ug/L (maximum concen-
tration in extract = 1.9 ug/L, extraction recovery approximately 62%, there-
fore, 1.9/0.62.= 3.1 ug/L in water); following a reported 1,4-dichlorobenzene
spill on the Kanawha River, 1,4-dichlorobenzene was present in Louisville
waters at approximately 11 ug/L; when not detected in project extracts, 1,4~
dichlorobenzene was not present in project raw and finished waters above 0.2
ug/L.

l,4-dichlorobenzene was found in the extracts of raw and finished waters
from all project utilities. The precision of project field data for 1,4-
dichlorobenzene indicates that raw and finished water concentrations could
not. be differentiated.

In another ORSANCO project utilizing the same analytical procedure and
laboratery, 1l,4-dichlorobenzene was present in 807 of the samples from the
Kanawha River. 119

1,3-Dichlorobenzene (Raw water data: Table 72. Finished water data: Table
73. Quality assurance data: Table E-2.)

1,3-dichlorobenzene (m~dichlorobenzene) is a coproduct iﬂ the productien
of l,4-dichlorobenzene,20 1,3-dichlorobenzene was presumptively identified
in 12 of 146 raw water extracts and 14 of 151 finished water extracts.

Using the analytical procedure described in Appendix D, 1,3-dichloroben-
zene and 1,4-dichlorobenzene elute closely together and were sometimes not
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well resolved. GC/MS confirmation attempts for I,3-dichlorobenzene were made
on four of the 12 presumptive raw water GG identifications; two of the four
canfirmed. However, GC/MS confirmation attempts were also made on six raw
water extracts when_ the compound was not GC detected; 1,3-dichforebenzene was
identified in three of the six samples. ’

},3dichlorobenzene was detected more frequently at and downstream from
‘Huntington than upstream from Huntington. . Application of extracrtiom recovery
data” agd-GC/MS data suggest the following: whem presumptively detected im
Huntington extracts, 1,3-dichlorobenzene may have been present in Huntingten
waters at concentrations not exceeding 6.9 ug/L; when presumptively detected
in samples from other utilities, 1,3-dichlorobenzene may have been present in
those utilities' waters at concentrations not exceeding 1.2 ug/IL: when not
detected in sample extracts, 1,3-dichlorobenzene was not present in raw and
finished waters above 0.2 ug/L; the frequency in which 1,3-dichlorobenzene was
identified may be other than that deseribed by Tables 72 and 73.

In another ORSANCC project utilizing the same analytical procedure and
laboratory, l,}gdichlorobenzene was detected in 407 of the samples from the
Kanawha River.

1,2-Dichlorobenzene and/or Hexachloroethane (Raw water data: Table 74, Fin-
ished water data: Table 75. Quality assurance data: Table E-3,)

1,2-dichlorobenzene (o-dichlorobenzene) is a coproduct in the production
of 1,4-dichlorobenzene.20 1,2-dichlorobenzene and/or hexachloroethane were
detected in 29 of 149 raw water extracts and 39 of 148 finished water
extracts. GC/MS confirmation attempts of presumptive identifications of 1,2-
dichlorobenzene were positive 677 of the time and GC/MS confirmation attempts
for hexachloroethane were positive 20%Z of the time.

Because of the GC/MS confirmation frequency and because this compound
was detected more frequently at and downstream from Huntington (similar to the
frequency of detection of 1,3-dichlorobenzene and 1,4-dichlorobenzene), it is
believed that 1,2-dichlorobenzene was more likely to have been present than
hexachloroethane, Further support for the presence of 1,2-dichlorobenzene in
this section of the Ohio River occurred in March 1978 when a dichlorohenzene
spill was reported on the Kanawha River. 1,2-dichlorobenzene was GC/Hall

detected in Louisville waters when flow forecasts predicted the spill would
pass.

Applieation of extraction recovery data suggests that: when detected in
project extracts, 1,2-dichlorobenzene was present in project raw and finished
waters at concentrations not exceeding 1.5 ug/L; when not detected in project
extracts, l,2-dichlorobenzene was not present in project raw or finished
waters. above 0.7 ug/L.

- The precision of projeet field data indicates that raw and finished
water concentrations ar and downstream from Huntingtom could not be
differentiated. ’

In another ORSANCO project uwtilizing the same analytical procedure and
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laboratory, l,2-dichlorobenzene and/or hexachloroethane were detected in all
samples from the Kanawha River. Both 1,2-dichlorobenzene and hexachloroethane
were GC/MS confirmed in that river.l

GC/MS confirmation of hexachloroethane in finished waters of the Western
Pennsylvania Water Company (Monongahela River) and in the Kanawha River demon-
strates the presence of this compound.

1,2,4-Trichlorobenzene and/or Hexachlorobutadiene (Raw water data: Table 76.
Finished water data: Table 77. Quality assurance data: Table E-4.)

1,2,4-trichlorobenzene and/or hexachlorobutadiene were detected in 23 of
150 raw water extracts and in 20 of 120 finished water extracts. GC/MS con-
firmations of 1,2,4~trichlorobenzene were positive 89% of the time. GCC/MS
confirmations of hexachlorobutadiene proved negative. Based on GC/MS fre-
quency, the compound detected was 1,2,4-trichlorobenzene.

The compound was rarely detected upstream from Cincinnati. The presence
of project field data indicates that raw and finished water concentrations at
and downstream from Cincinnati could not be differentiated.

Application of extraction recovery data suggests that: when detected in
project extracts at Cincinnati, Louisville and Evansville, 1,2,4-trichloro-
benzene was present in the raw and finished waters of those utilities at con-
centrations ranging from 0.2 ug/L to 1,0 ug/L; when not detected in project
extracts, 1,2,4-trichlorobenzene was not present in project raw and finished
waters above 0.2 ug/L.

Other Halocarbons

Information on the following base-neutral extractable halocarbons is
less definitive. The compounds were not detected or were detected in only a
few samples at low concentrations. GC/MS confirmation attempts on a limited
number of samples for a given compound were always negative. Extraction
efficiencies were highly variable.

Following the project data evaluation procedures, limiting concentra-
tions are suggested. These upper limit values apply to the specific analyti-
cal procedures used during this study. Data for the following compounds
should be used only after reference to the tabulated information.

bis(2-Chloroethyl) Ether and/or bis{(2-Chloroisopropyl) Ether——
(Raw water data: Table 78. Finished water data: Table 79, Quality
assurance data: Table E-5.)

Detection of these compounds was complicated by interference from
dichlorocyeclohexane as described in Appendix G. After statistical blank cor-
rection of sample chromatograms, the co-eluting compounds were presumptively
present in 4 of 267 project extracts; however, the concentrations were too low
for GC/MS analyses. Application of extraction recovery data suggests that
bis(2-chloroethyl) ether and bis(2-chloroisopropyl) ether were not found in
project raw or finished water at concentrations abeve 0.4 ug/L. |
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bis{2-Chloroethoxy) Methane--—
(Raw water data: Table 80, Finished water data: Table 8l. Quality
assurance data: Table E-6.)

This compound was infrequently presumptively identified in project
extracts (frequency = 27/243), Most of these presumptive data were of insuf-
ficient concentration to attempt GC/MS confirmation. The presumptive GC
report of highest concentration proved negative by GC/MS.

Extraction recovery data for bis(2-chloroethoxy) methane at low levels
were extremely variable, The variability prohibits suggestion of a concentra-—
tion at which bis(2-chloroethoxy) methane could be reported in project raw and
finished waters.

Hexachloroeyclopentadiene—- )
(Raw water data: Table 82, TFinished water data: Table 83. Quality
assurance data: Table E-7.)

Hexachlorocyclopentadiene was infrequently presumptively identified in
project extracts {frequency = 17/260). When detected by GC/Hall, concentra-
tions were too low for GC/MS confirmation. Extraction recovery data for
hexachlorceyclopentadiene at low levels were wvariable. This variability pro-
hibits suggestion of a concentration at which hexachlorocyclopentadiene could
be reported in project raw and finished waters.

2-Chloronaphthalene——
(Raw water data: Table 84, Finished water data: Table 85. Quality
assurance data: Table E-8.)

2—-chloronaphthalene was presumptively identified in 4 eof 150 raw water
extracts and in 30 of 120 finished water extracts. GC/MS confirmation proved
negative in four of these finished water extracts, GC/MS confirmation '
attempts of several chlorinated, in-plant waters also proved negative., The
compound is not believed tc be 2-chloronraphthalene. The compound could not be
GC/MS identified. Because of difference in detection frequency and in concen-
tration between raw and finished water extracts, the unidentified compound may
be a chlorination product or may be a contaminant in chlorine used for
disinfection.

Application of extraction recovery data suggests that when not detected
in project extracts, 2-chloronaphthalene was not present  in project raw and
finished waters above 0.2 ug/L.

4-=Chlorophenyl Phenyl Ether——

(Raw water data: Table 86, Finished water data: Table 87, Quality
assurance data: Table E-9,)

4-chlorophenyl phenyl ether was rarely presumptively identified in pro-
ject extracts (4 of 150 raw water extracts and 8 of 155 finished water
extracts). Presumptive GC/Hall reports of higher concentrations proved GC/MS
negative. Application of extraction recovery data suggests the following:
when the corpound was not detected in project extracts, 4-chlorophenyl phenyl
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ether was not present in project raw and finished waters above 0,2 ug/L; when
the compound was presumptively identified in prdject extracts at higher con-
centrations and GC/MS confirmation was not attempted (frequency = 2/305), the
compound may have been present in project waters at approximately 1.0 ug/L.

4~Bromophenyl Phenyl Ether and/or a-BHC--
(Raw water data: Table 88. Finished water data: Table 89. Quality
assurance data: Table E-10.)

4-bromophenyl phenyl ether and/or «~BHC were rarely presumptively iden-—
tified in project extracts (frequency = 4/304). These detections were of
insufficient concentration to attempt GC/MS confirmation. Application of
extraction recovery data suggests that these compounds were not present in
project raw and finished waters above 0,2 ug/L.

¥-BHC (Lindane) and/or S-BHC--
(Raw Water data: Table 90. Finished water data: Table 91. Quality
assurance data: Table E-11),

Lindane and &S-BHC were presumptively identified in 4 of 149 raw water
extracts and in 20 of 155 finished water extracts, Concentrations of these
presumptively identified compounds were too low for GC/MS confirmatiomn.
Application of extraction recovery data suggests the following: when not
detected in project extracts, these compounds were not present in project raw
or finished waters above 0.2 ug/L; when presumptively identified in project
extracts, the compounds may have been present in project finished waters at
0.4 u§éL. The USEPA interim standard for lindane in finished water is 4
ug/L.

Heptachlor and/or B—BHC--
(Raw water data: Table 92. Finished water data: Table 93. Quality_
assurance data: Table E-12.)

Heptachlor and/or B-BHC were presumptively identified in 42 of 149 raw
water extracts and in 43 of 155 finished water extracts. When concentrations
were sufficient for GC/MS analysis, the presence of neither compound could be
confirmed. Other GC/Hall reports remain presumptive.

The compounds were detected more frequently at’ Beaver Falls and at and
downstream from Huntington than -at other utilities., The precision of field
data indicates that the concentrations in raw and finished water extracts
could not be differentiated.

Application recovery data suggests the following: when not detected in
project extracts, heptachlor and B-BHC were not present in project raw or fin-
ished waters above 0.2 ug/L; when presumptively identified in project
extracts, heptachlor and/or B-BHC may have been present in project raw and
finished waters at 0.2-1.5 ug/L.

Aldrin--

(Raw water data: Table 94, Finished water data: Table 95, Quality
agssurance data: Table E-13.)
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Aldrin was presumptively identified in 32 of 149 raw water extracts and
in 45 of 155 finished water extracts. GC/MS confirmation proved negative in
five of these extracts. GC/MS confirmation attempts of several in-plant
waters also proved negative, The compound is not helieved to be aldrin. The
compound could not be GC/MS identified.

The unidentified compound appeared with greatest frequency at and down-
stream from Huntington. The precision of field data indicates that the con-
centrations of the unidentified halocarbon in raw and finished waters could
not be differentiated.

Application of extraction recovery data suggests that when not detected
in project extracts, aldrin was not present in project raw and finished waters
above 0.2 ug/L.

Heptachlor Epoxide--
(Raw water data: Table 96. TFinished water data: Table 97. Quality
assurance data: Table E-14.)

Heptachlor epoxide appears in the environment as a metabolite of hepta-
chlor.20 Heptachlor epoxide was rarely detected (frequency = 7/303) in pro-
ject extracts. Application of extraction recovery data suggests the follow-
ing: heptachlor epoxide was not present, with one exception, in project raw
and finished waters at 0.2 ug/L; on one occasion, the compound may have been
present at 0.3 ug/L.

a~Endosulfan——
{Raw water data: Table 98. Finished water data: Table 99, Quality
assurance data: Table E-15.)

a¢~Endosulfan was presumptively identified in 35 of 149 raw water
extracts and in 24 of 154 finished water extracts. Presumptive GC/Hall
reports at higher concentrations proved GC/MS negative. It is not known
whether other GC/Hall reports of lower concentration (extract concentrations
of 0.3 ug/l, or lower) were a—endosulfan.

Extraction recovery data indicate low recovery of a-endosulfan and sug-
gest the following: a—endosulfan was not present in project raw or finished
waters above 3.0 ug/L; when not detected in project extracts, a—endosulfan
was not present in project raw and finished waters above 1.0 ug/L.

DDT~-

(Raw Water data: Table 100. Finished water data: Table 10l. Quality
assurance data: Table E-16.)

DDT was presumptively identified in 6 of 303 extracts of project samples.
The GC/Hall report of highest concentration proved negative by GC/MS. Appli-
catioen of extraction recovery data suggests that DDT was not present in pro—
ject raw or finished waters above 0.2 ug/L.

Dieldrin and/or DDE-~
(Raw water data: Table 102, Finished water data: Table 103. Quality
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assurance data: Table E-17.)

Dieldrin appears in the environment as a metabolite of aldrinzo and DDE
as a metabolite of DPT.20 Dieldrin and/or DDE were rarely presumptively
identified (frequency = 6/303) in the extracts of project samples, Applica-
tion of extraction recovery data suggests that dieldrin and DDE were not
present in project raw or finished waters above 0.2 ug/L.

Endr in——

(Raw water data: Table 104. TFinished water data: Table 105. Quality
assurance data: Table E-18.)

Endrin was presumptively identified in 1 of 303 extracts of project sam—
ples. Application of extraction recovery data suggests that endrin was not
present in project raw or finished waters above 0.2 ug/L. The USEPA interim
standard for endrin in finished water is 0.2 ug/L.13

DPDD=--
(Raw water data: Table 106, Finished water data: Table 107. Quality
assurance data: Table E-19.)

DDD appears in the environment as a metabolite of PbT.20 Tt was not
detected in the extracts of project samples. Application of extraction recov-
ery data suggests that DDD was not present in project raw or finished waters
above 0.3 ug/L. .

B-Endosulfan--
(Raw water data: Table 106, Finished water data: Table 107. GQuality
assurance data: TFable E-19.)

B-endosulfan was not detected in the extracts of project samples. Appli-
cation of extraction recovery data suggests that B-endosulfan was not present
in project raw and finished waters above 0.3 ug/L.

Methoxychlor--— .
(Raw water data: Table 108, Finished water data: Table 109. Quality
assurance data: Table E~20.)

Methoxychlor was not detected in the extracts of project samples. Appli-
cation of extraction recovery data suggests that methoxychlor was not present
in project raw or finished waters above 0.2 ug/L. The USEPA interim standard
for methoxychlor in finished water is 100 ug/L.l> (Text continues on page
206,)

165



.

TABLE 70. 1,4-DICHLOROBENZENE RAW WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ugll
GE/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 12 0 1

Wilkinsburg 9 1 1 1.9 1.9 1 1

Pittsburgh 11 1 2 0.6 0.6

WPW/Hays Mine® 12 2 0 0.3 0.6 1

West View® 11 0 3

Beaver Falls 18 0 5

Wheeling 12 0 4 1

Huntington 21 7 & 0.6 1.5 . 2 2 1

Cincinnati 11 4 4 0.5 1.7

Louisville 11 3 4 0.8 1.9 1 1

Evansville 11 1A 2 0.6 1.5 3 2

Total or Mean | 139 22 30 0.6 1.9 7 6 3

West View® 11 1 2 1.6 1.6 1 1

a = see Figure 1

Western Pennsylvania Water Co,, Hays Mine Plant
Ohio River at West View
7.0 ug/l. during dichlorobenzene spill
= Ground water supply
CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.

o a0 o
1l
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TABLE 71. 1,4-DICHLOROBERZENE FINISHED? WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug /L
GC/MS, APPROXIMATE LOWER DETECTION IEVEL = 0.15 ug/k
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Fox Chapel 11 1.4 1.4

Wilkinsburg 10

Pittsburgh 11

WPW/Hays Mine®| 13 1.2,

Beaver Falls 20 0.2

Wheeling 12

Huntington 23 0.5

Cincinnati . 16 0.4

Louisville i5 0.6

Evansville 11 0.2

Total or Mean 142 0.5

West View'd 12 0.6

a = Clear well effluent

b = see Figure 1

¢ = Western Pennsylvania Water Co., Hays Mine Plant

d = Ground water supply

#CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 72, 1,3-DICHLOROBENZENE RAW WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 12 0 e

Wilkinsburg 8 0 0 1

Pittsburgh 11 0 0

WPW/Hays MineP| 11 0 0 1

West View® 11 1 1 0.2 0.2

Beaver Falls 18 1 0 0.2 0.2

Wheeling 10 0 t] 1

Huntington 21 3 0 1.4 3.8 3

Cincinnati 11 0 1

Louisville 11 0 1 1

Evansville 11 1 2 6.1 6.1 1 1 1

Total or Mean | 135 5 6 0.9 3.8 1 1 3

West Viewd 11 1 0 0.3 0.3 1

a = see Figure 1

b = Western Pennsylvania Water Co., Hays Mine Plant

¢ = Qhio River at West View

d = Ground water supply

*

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 73. 1,3-DICHLOROBENZENE FINISHED® WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GG/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 11 0 1 1 0
Wilkinsburg 10 0 0
Pittsburgh 10 0 0
WPW/Hays Mine®| 12 0 1
Beaver Falls 20 1 0 3.6 0.6
Wheeling 11 0 0
Huntington 23 4 1 0.9 2.5
Cincinnati 16 2 0 0.5 0.7
Louisville 15 1 2 0.2 0.2 1 1
Evansville 11 0 1 2 0
Total or Mean 139 8 6 0.7 2.5 4 1
West Viewd 12 0 0 1 0
a = Clear well effluent
b = see Figure 1}
¢ = Western Pennsylvania Water Co., Hays Mine Plant
d = Ground water supply

#CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 74.

RAW WATER DATA* FOR 1,2-DICHLOROBENZENE AND/OR

HEXACHLOROETHANE JULY 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 12 0 0
Wilkinsburg 9 0 1
Pittsburgh 11 0 2
b 1 0
WPW/Hays MineP| 12 1 0 0.9 0.9
West View® 11 0 1
Beaver Falls i8 0 0
Wheeling 12 0 0
. 2 2 1 0
Huntington 21 & 5 0.3 0.8 2 0
1 1
Cincinnati 10 1 4 0.2 0.2
Louisville 11 0d 4 d d
1 1 2 1
Evansville 11 1 4 1 0.2 0.2 1 0 /
Total or Mean |138 7 21 0.4 0.9 4 3 4 0 4 L
West View® 11 1 0o | 0.2 0.2
= see Figure 1
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3

Western Pennsylvania Water Co., Hays Mine Plant
Ohio River at West View

= 0.7 ug/L during dichlorobenzene spill

Ground water supply

confirmation of 1,2-dichlorobenzene

g = confirmation of hexachloroethane

*CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 75. FINISHED® WATER DATA FOR 1,2-DICHLOROBENZENE AND/OR
HEXACHLOROETHANE, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L

v o 1 c o
B A W e 2 g £
o R o | =T I - R R
a d e o Bt -~ g~ T~ I e T~
£ <] o0 & 8o o o o od U oo o @ oo a bo
3] o 3 o 3 [~ 3= © E.C::! E 3 E.ﬂ::ﬁ £ 3
G =) o (] - 3 - = i
s 1821 32|82 |.8 [EgdeEn Eezlan
0 - O w O oo HE 830 oo C.SO gO
=t .--1A\ -—4V C A rc-u'ﬂ UQA\ SA\ Sﬂ.v UV
o=t - — — oo =4 5
1ieyb L IO N ¢ jlefoen lwdnlen

Utility = = = Lo 5§ v @ L ow ©
0 7 ) = g U wﬂig w o wom o Wz
QU Q Q = o [} LU [l] o
E E E © » & E E E
e o | Q o o of .t o
2] 2] B = = B B e &

Tox Chapel 11 0 1

Wilkinsburg g 0 2

Pittsburgh 11 0 2

. ¢ 1 1

WPW/Hays Mine 13 1 2 1.1 1.1 1 1

Beaver Falls 20 1 3 0.1 0.1

Wheeling 12 0 1

Huntington 22 3 4 0.2 0.4

1
Cincinnati 14 1 7 0.1 0.1
Lo d 1
Louisville 14 0 3 d d 1
. 2 1

Evansville 10 2 5 0.4 0.9 1 0

Total or Mean | 136 | 8 | 30 | 0.3 | 1.1 || 25 |27 |2

West View® 12 0 1

a = Clear well effluent

b = see PFigure 1

c = Western Pennsylvania Water Co., Hays Mine Plant

d = 0.5 ug/L during dichlorobenzene spill

e = Ground water supply

f f = confirmation of 1,2-dichlorobenzene
gl g = confirmation of hexachloroethane
*CONCENTRATIONS NOT CORRECTEP FOR EXTRACTION LOSSES.
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GC/HALL DETECTOR, APPROXIMATE

TABLE 76. RAW WATER DATA* FOR 1,2,4-TRICHLOROBENZENE AND/OR

HEXACHLOROBUTADIENE, JULY 1977-JUNE 1978

LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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a O - Q [=J] IN] Yg g e W e e T . [T R
w o o =) - © c o] £O g a0 g o
- | N LV A s o8 anN oA 18RV |8V
Utility® = = e T o Eg Zf:'c_u' =d ‘zLJ-:iu Z't_u'
v w w w - ﬁ E o) vom owim I =] w
@ ] a o - O @ g g g
£ | B g % s 5 5 5 b
[ [ (3 = = £~ [ [ B
Fox Chapel 11 G 0
Wilkinsburg 9 it 0
Pittsburgh 11 0 0
WPW/Hays MineP| 12 0 0
West View® 11 0 0
Beaver Falls 18 0 0
Wheeling 12 0 0
Huntington 21 0 0
1 1
Cincinnati 11 3 2 0.1 0.1
2 2
Louisville 11 7 2 0.3 0.5 2 0
2 2
Evansville 11 4 4 0.3 0.4 1
5 5
Total or Mean |139 14 8 0.3 0.5 3 0
., d
West View 11 0 1
a = see Figure 1
b = Western Pennsylvania Water Co., Hays Mine Plant
¢ = Ohio River at West View
d = Ground water supply
e e = confirmation for 1,2,4-trichlorobenzene
f f = confirmation for hexachlorobutadiene
*CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 77. TFINTSHED® WATER DATA* FOR 1,2,4~TRICHLOROBENZENE

AND/OR HEXACHLOROBUTADIENE, JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

GC/MS, APPROXIMATE LOWER DEIECTION LEVEL = 0.15 ug/L
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T'U T'U T‘U :G mg U]El—l vy — U)%-—l oo
veiliey? SO A NI 05N -0 (L3 Rle B i B Rl
w w ! = B oo w oo T n o w @
11} [11] 1Y) [a] o~ [11] U o!] @
e |5 | & |3 SR | =T - |- £
= Ee B~ = = = B [ =
Fox Chapel 11 0 0
Wilkinsburg 9 0 0
Pitctsburgh 8 0 1
WPW/Hays Mine®| 10 0 0
Beaver Falls 18 0 0
Wheeling 10 0 1
Huntington 11 0 0
Cincinnati 12 1 4 0.3 0.3
s 2 2 1
Louisville 13 4 3 0.3 0.3 2 o
] : 1 1
Evansville 8 . 3 2 0.3 0.6 1 0
- — =
Total or Mean | 108 8 11 .| 0.3 0.6 3 3 '3//6’ ,}’”
West Viewd 12 | o4 1
a =’Clear well effluent
b = see Figure .l y .
¢ = Western Pennsylvanla Water Co., Hays Mine Plant
d = Ground watér supply

a e = confirmation for 1,2,4-trichlorcbenzene
L f f = confirmation for hexachlorobutadiene
*CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.-
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TABLE 78, BIS(2-CHLOROIOSOPROPYL)ETHER AND/OR BIS(2- CHLOROETHYL) ETHER
RAW WATER DATA, * JULY 19771-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = g, 2 ug/L
GC/MS APPBOXIMATE LOWER DETECTION LEVEL = 0.2 ugfL

5 g T Ts | 5
“‘ta - o Sl £ = O
- o g b % 3 = | AT SEC R S 3&
R zi . o~ o ot o~ B e~ | o
L o of 6 TR - J of ¢ &0 |m @60 @ oD
v |m= o3 £ o & E.g SLES |[ESP L ES
S gN,gN [T ot et TN AN - T o | N
© o . [a - 2 - N | Y I
0 wo |wo .t 8o e fle ot 8‘{ gvo leo
- |V A o |[oaM AN [SeV SV
~ — | — = E (=}
Ll ] L1 [ o o [T m: %3: czn:
Utiliey? = = == T 2 gg Eﬁ-—a}:m v m <
0 0 o] 3 8 © 0 ool vm w o X o
- o U a o - O @ ¢ ] @
5 | & = 3 e 5 k] & £
£ Bt B = S B b Eet e
Fox Chapel 12 0 0
Wilkinsburg 9 0 0
Pittsburgh 11 0 0 f
WPW/Hays Mind | 12 0 0
West View 11 0 0
Beaver Falls 18 0 0
Wheeling 12 0 0
Huntington 21 0 2
Cincinnatci 10 0 0
Louisville 11 0 1 7 3 i ok
Evansville 11 0 0 ) { { E 1
L Total or Mean | 138 g 1- 3 . [ - 1
3 F 3 4 3 = 3
 West Viewd | 1 ¢ | -0 | . i » ] h
a = gee Figure 1
b = Western Penasylvania Water Co.z Hays Mine Plant .
e = Ohio River at West Vlew
d = Ground water supply
*

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES BUE
ARE BLANK CORRECTED. SEE APPERDIX 6

s
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TABLE 79,

BIS (2-CHLOROIOSOPROPYL)ETHER AND/OR BIS (2-CHLOROETHYL)ETHER
FINISHED® WATER DATA,* JULY 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.2 ug/L
GC/MS, APPROXIMATE LOWER DE'I‘ECTIO’\I LEVEL =

*CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES BUT
ARE BLANK CORRECTED.

S - 5 g S 5
uw ~~l b0 [=] = =] =
T 3 s 3 S 3
T iy 2.1 pd - bet ol (Del |l
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.} g~ M I NTa I et o3 o N et ol PEEN o
Q- O . o - =2 2 Y T s Y e i T e Yi .
Bl wg 8k |28 [[58R15R [EL9 |59
N - Y °A o c o a/N u'* o 3]
' - '; = O T3 v % — ~ e B | v
. b F)
Utility 2 | = o 99 g |[Fed %Té oo | E0
)] w ] <3 B v w o m 0 m w o [0+
v | o D o b ) ) U W
g8 |8 5 P o = g p= £
= = B~ - § = = = b=
Fox Chapel 11
Wilkinsburg 9
Pittsburgh 8
WPW/Hays Mine®| 10
Beaver Falls 17
Wheeling 10
Huntington 11
Cincinnati 11
‘Louisville 11
Evansville 8
Total or Mean 106
o d
West View 12
a = Clear well effluent
b = see Figure 1
¢ = Western Pennsylvania Water Co., Hays Mine Plant
d = Ground water supply

SEE APPENDIX G.
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TABLE 8Q. BIS (Z—C}HJOROETHO"Y)ME'BHANE.R&W WATER IlATA * JULY 1977-JUNE 1978

*CONEENTRATIONS NOT CORRECTED FOR FXTRACTEON LOSSES.

76

t'C"/HALL DEIECTOR APPROYIMATE LOWFR PETECPION LEVEL = 0.1-0.2 ug/L
e -nGCII;*}Sa,w&PPRGXIEMATP -HOWE; ,BETECTIQN “ZEVEL = 0.25 ug/L
! 1 o N e : I = [
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S S S WL B O A A oI~ I | I = =
e L ENENE Es L edlgsn]en i ex
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S - - - O T | < - < B £
Fox Chépel 12 0! 0 .
Wilkinsburg 9 0 0
Pittsburgh 11 0. 0
WPW/Hays MineP 12 0 0 '
c }
West View 1 11 0 0 :
Beaver Falls ! 11 0 1 :
Wheeling o1z 0 1 7 . |
Huntington ) 20 [. .0 o .|’ f
) l i ". ] -
Cincinnati . 1t 0 l+.0 .{- . Lo -
¢ > . L
'Louisvﬂ.le AR A 5 O . 6 0.8 _ 0.8 1 0
-Evansville 10.L | .3 b, . [+ -1k 1 0
I g SPSE SRS IR IO L | R e
ifotal or Mean {129 |/ 1 | (i1 (0.8 {' 0.8 || "1 ) 1 0
* i L PP—— S R e [ |
3 a ] 1
Hest View 1} L 0 F O |
a = see Figure ¥ N -
b = Western Pennsylvanl. Vater Co,. Ha—ys:r Mine- Plant
¢ = Ohio River at West View S ST
& = Ground water supply



TABLE 81.

BIS (2~CHLOROETHOXY ) METHANE FINISHED® WATER DATA,*
JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL

e |

0.1-0.2 ug/L

GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0,25 ug/L
5 : = g ] 5
ey o~ o0 o = I =
5 | R
.8 d 'lﬂ 2"‘5 - -I-JC‘:E 'U""._'--:t LI =R e Bl
S [oF | w¥ el & |IR2HEY |ReB]ET
- o = e - EB - E3 15
1M & -t 9 [T iu ] L=l — o P — et~
W o - o - o . o Y O o] U e YR » ) [T
— __,A\ .-4V U A g UQ.A\ UA\ uo.v UV
— — — — o s JNT} = E
. b L] @ 24 — O 9 vy U~ gnﬂ _!U_)'m-—n v, o
Hrility s o] oS Y] g5 o —~ E e [ E A
s sl = o o owm o Lo w
W w w = E o w © o nE W o n o
Li] ] a o - Q Q QU @
E |E E o 5 5 g £ g
= = £ -3 = = = p e~
Fox Chapel 11 0 0
Wilkinsburg 9 o o
Pittsburgh 8 0 1
WPW/Hays Mine® 10 0 0
Beaver Falls 12 1 0 0.1 0.1
Wheeling 10 1 2 0.1 0.1
Huntington 9 1 t] 0.2 0.2
Cincinnati 11 0 2
Louisville 11 0 3
Evansville 8 1 3 0.2 0.2
Total or Mean 99 4 11 0.2 0.2
d
West View 12 0 0
a = Clear well effluent
b = see Figure 1
¢ = Western Pennsylvania Water Ca., Hays Mine Plant
d = Ground water supply
*CONCENTRATINNS NOT CORRECTED FOR EXTRACTIOM T.O0SSES.
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TABLE 82. ﬁEXACHLOROCYCLOPENTADIENE RAW WATER DATA,* JULY 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE
GC/MS, APPROXIMATE LOWER

LOWER DETECTION LEVEL = 0.1-0.2 ug/L
DETECTION LEVEL = 0.35 ug/L

b o o o
) o) 1 a w
(et e ~ c N ad o L
] ] Q 3> o] 3

o ti 3 L g = A P TR = A
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Fox Chapel 12 0 0

Wilkinsburg 9 0 0

Pittsburgh 11 0 1

b
WPW/Hays Mine 12 0 0
c

West View 11 0 0

Beaver Falls 18 0 1

Wheeling 12 1 0 0.1 0.1

Huntington 21 0 2

Cincinnati 11 0 0

Louisville 11 0 2

Evansville 11 0 1

Total or Mean | 139 1 7 0.1 0.1

West Viewd 11 0 0

a = see Figure 1

b = Western Pennsylvania Water Co., Hays Mine Plant

c = Ohio River at West View

d = Ground water supply

CONCENTRATIONS NOT CORRECTED FOR EXTRACITON LNSSES.
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*
TABLE 83, HEXACHLOROCYCLOPENTADIENE FINISHED® WATER DATA, JULY 1977-JUNE 1978
GC/HALL DETECIOR, APPROXIMATE LOWER DETECTION LEVEL = (.1-0.2 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.35 ug/L
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et a S 3 z =
?J """--1- "-'_:l. Ed -~ 4+ c:'e 'Ud E. ) i::‘:‘l —o-ﬂ
= be o0 | = ob o w oo @ o0 W O ey | D Lo
7] < D - D & D 5] E£? E o E< 2 E D
! £ b ! o s = W
o D o 3 et [T ] EY ot =gl ot A —t o —
[} O . o . [ o] [TEE T B Yy 3 [T S
o w O — O oo — g 0o go c oo £ o
o faAN ] SV oA I gE ISaN A (8aVv SV
b TU '?u T‘u S f=) = 8 vy %ﬁ §-i W) 5-—: U, —
Urility = == o] g e § 5 T i A T
n ) w vz 5 3] [7 R = = R o = = n Mo o m
w @ a o . U o @ o
g E [ @ ¢ E g 8 E
] B U] o -t =
B~ E= = = :(g. e | = | =
Fox Chapel 11 0 0
Wilkinsburg 9 0 0
Pittsburgh 8 0 1
¢ ]
WPW/Hays Mine 10 0 0
Beaver Falls 18 0 2
Wheeling 10 a 1l
Huntington 11 0 1l
Cincinnati 12 1. 0 0.1 0-1
Louisville 11 1 1 0.2 0.2
Evansville 8 0 1
Total or Mean 108 2 7 0.2 0.2
d i
West View 12 0 0 §

Clear well effluent

see Figure 1

Western Pennsylvania Water Co., Hays Mine Plant
= Ground water supply

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.

w AN R
[ |
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TABLE 84, 2-CHLORONAPHTHALENE RAW WATER DATA,* JULY 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE

GC/MS, APPROXIMATE LOWER

LOWER DETECTION LEVEL = ¢.1 ug/L
DETECTION LEVEL = 0,15 ug/L

I
j

5 ; 5 §
g 5 alte & | g
fr] [%] _S 9 3 4 ‘2 P 2 3
b o g N THNe e o8 [l | o2
.c o0 &0 oD ~a o o w o 0 @@ el | D ow
o g o 3 5 2 o 8L 2 E 2 £ .C 2 E =
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w ] 12 ] H © N O Tl wI n o T W om
@ @ L] = Q) Q QU [+ 1] €L
£E & |E S 5 |8 I8 i
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1
Fox Chapel 12 0 0
Wilkinsburg g 0 0 J
Pictsburgh 11 0 0 t
WPW/llays MineP| 12 0 0
West View© 11 0 0
Beaver Falls 18 2 0 0.2 0.2 |
!
Wheeling 12 0 0 ‘
Huntington 21 0 0 J
Cincinnati 11 0 0 1
<
Louisville 11 0 1
Evansville 11 0 1
Total or Mean | 139 2 2 0.2 0.2
West Viewd 11 0 0
a = see Figure 1
b = Western Pennsylvania Water Co., Hays Mine Plant
¢ = Ohioc River ar West View
d = Ground water supply
%

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES:
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TABLE 85. 2-CHLORONAPHTHALENE FINISHED® WATER DATA,* JULY 1977-JUNE 1978
GCﬁHALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 11 0 0

Wilkinsburg 9 0 0

Pittsburgh 8 1 1 0.3 0.3

WPW/Hays Mine® 10 0 0

Beaver Falls 18 12 0 0.5 1.0 1 1]

Wheeling 10 2 1 0.3 0.3 1 0

Huntington 11 1 1 0.5 0.5

Cincinnati 12 5 0 0.2 0.3

Loulsville 11 3 0 0.3 0.5 1 0

Evansville 8 2 1 0.3 0.3 1 0

Total or Mean 108 26 4 0.4 1.0 4 0

West Viewd 12 0 0

a = Clear well effluent

b = see Figure 1

¢ = Western Pennsylvania Water Co., Hays Mine Plant

d = Ground water supply

*

CONCENTRATIONS NOT CORRLCTED FOR EXTRACTION LOSSES,
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TABLE 86. 4—CHLOROPHENYL PHENYL ETHER RAW WATER DATA,* JULY 1977-JUNE 1978
*GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = Q0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug!L
~ - . [ [ o o
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Fox Chapel 12 0 0

Wilkinsburg 9 0 0

Pittsburgh 11 1] 1

WPW/Hays MineP| 12 0 0

West View® 11 1 1 0.2 0.2 1 0

Beaver Falls 18 0 0

Wheeling i2 0 0

Huntington 21 0 1

Cincinnati 11 0 0

Louisville 11 0 0

Evansville 11 0 0

Total or Mean | 139 1 3 0.2 0.2 1 0

West Viewd L 11 0 0 1

[N = A T ol 1]
1t

see Figure 1
Western Pennsylvania Water Co., Hays Mine Plant
Ohie River at West View

Ground water supply

CONCENTRATIONS NOT CORRECTED FNR EXTRACTION LOSSES.

182




TABLE 87. 4-CHLOROPHENYL PHENYL ETHER FINISHED® WATER DATA, *
JULY 1977~-JUNE 1978
6C/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = (.15 ugfl
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Fox Chapel 11 0 o
Wilkinsburg 10 0 0
Pittsburgh 11 0 0
WPW/Hays Mine®| 13 1 0 0.4 0.4 1 0
Beaver Falls 20 0 2
Wheeling 12 o | ©
Huntington 24 c | 0O
Cincinnati 16 1 0 0.3 0.3
Louisville 15 1 1 0.5 0.5
Evansville 11 1 1 0.4 0.4 1 0 1
Total or Mean | 143 4 4 0.4 0.5 2 1 0 1
d
West View 12 0 O

= (lear well effluent

see Figure 1

Western Pennsylvania Water Co., Hays Mine Plant
Ground water supply

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LASSES,

»On0 o
n
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TABLE 88.

4-BROMOPHENYL PHENYL ETHER AND/OR o-BHC
RAW WATER DATAT JULY' 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = O.1 ug/L

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.

184

GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/l
R g - 5 g
- oy 2 g < 1= L
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Fox Chapel 12 0 )
Wilkinsburg 9 0 0
Pittsburgh 11 0 0
WPW/Hays Mine 11 0 0
West View® 11 0 o
Beaver Falls 18 0 0
Wheeling 12 0 o
Hunt ington 21 1 1 0.1 0.1
Cincinnati 11 0 1
Louisville 11 0 0
Evansville . 11 0 0
Total or Mean {138 1 2 0.1 0.1
' d
| West View 11 0 0
a = see Figure 1
b = Western Pennsylvania Water Co., Hays Mine Plant
c = Ohio River at West View
d = Ground water supply
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TABLE 89. A—BEOMOPHENYL PHENYL ETHER AND/OR o—RHC
FINISHED™ WATER DATAY JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWFR DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/f,

b o — = =
[ o = v @
. i s 5.8 4|3
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Fox Chapel 11 0 0

Wilkinsburg 10 0 0

Pittsburgh 11 0 0

WPW/Hays Mine®| 13 0 0

Beaver Falls 20 o 0

Wheeling 12 0 0

Huntington 24 0 0

Cincinnati 16 o 1

Louisville 15 0 0

Evansville 11 0 0

Total or Mean 143 0 1

d

West View 12 0 0

a = Clear well effluent

b = see Figure 1

¢ = Western Pennylvania Water Co., Hays Mine Plant

d = Ground water supply

*CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 90.

LOWER DETECTTON LEVEL = 0.1 ug/L

DETECTION LEVEL = 0.15 ug/L

x~BHC (LINDANE) AND/OR &-~BHC RAW WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE
GC/MS, APPROXIMATE LOWER
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Fox Chapel 12 0 0
Wilkinsburg 9 0 0
Pictsburgh 11 0 0
WPW/Hays Mine®| 11 0 0
. c
West View 11 0 0
Beaver Falls 18 0 1
Wheeling 12 0 0
Huntington 21 0 2
Cincinnati 11 0 0
Louisville 11 0 0
Evansville 11 0 1
Total or Mean | 138 1] 4
West Viewd 11 0 0

O oW

= gsee Figure 1 :
Western Pennsylvania Water Co., Hays Mine Plant
= QOhio River at West View

= Ground water supply
CONCENTRATIONS NOT CORRECTEDR FOR EXTRACTION LNSSES.
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TABLE 91. & -BHC (LINDANE) AND/OR &-BHC FINISHED® WATER DATA%*
JULY 1977-JUNE 1978
LOWER DETECTION LFVEL = 0.1 ug/L

GC/HALL DETECTOR, APPROXIMATE
CC/MS, APPROXIMATE TOVER

PETECTION LEVEL = 0.15 ug/L

- o w1 o =t
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Utilityb g o st o T Q gc = o0~ %3.—; = o0 T e
/ oo o v owm o o om ot
o} w0 w0 b 3 EU w @ w o w @ O w o
at Q Q o " Q Q ak Q
B 8 a8 o ] & a g 5
i - " Q Py pran) ) -
= = e = § [ = [ =
Fox Chapel 11 0 0
Wilkinsburg 10 0 0
Pittsburgh 11 0 0
WPW/Hays Mine®| 13 0 0
d d
Beaver Falls 20 3 5 0.1 0.2 1 0
Wheeling 12 0 1
Huntington 24 1 4 0.1 0.2
Cincinnati 16 0 2
Louisville 15 0 1
Evansville 11 1 2 0.1 0.1
Total or Mean | 143 5 | 15 0.1 | 0.2 1d od
West View® 12 0 0
a = (lear well effluent
b = see Figure 1
¢ = Western Pennsylvania Water Co., Hays Mine Plant
d = Both compounds
e = Ground water supply
*
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TABLE 92. HEPTACHLOR AND/OR B—~BHC RAW WATER DATA,* JULY 1977-JUNE 1978

GC/HALL DETECTOR, APPROXIMATE
GC/MS, APPROXIMATE LOWER

LOWER DETECTION LEVEL = 0.1 ug/L
DETECTION LEVEL = 0.15 ug/L
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- HA\ '—IV UA\ '!—‘Ut: 8‘5-& UA\ UQ-V UV
- — — — ja =l =] E E
: 2 12 (3§ slledzlen |gin¢x

Utilityad = = = T 2 g & o om [ “om T m
« “ 0 = g o w omml W v @ o
a u Q = - QO 1] QU 1] QO
E =] E o " E E g =
] ot ad O o fhar; o ard
2 2l |2 = }(".! = |20l = =

Fox Chapel 12 0 0

Wilkinsburg 9 0 0

Pittsburgh 11 0 I

WPW/Hays MineP| 11 0 0

West View® 11 0 2

Beaver Falls 18 1 9 0.2 0.2

Wheeling 12 0 1

Huntington 21 6 7 0.1 0.9

Cincinnati 11 2 3 0.2 0.4

Louisville 11 1 3 0.2 0.2 14 od

Evansville 11 2 3 0.1 0.2 14 od

Total or Mean | 138 | 12 [ 29 0.1 0.9 2d od

West view® 11 0 1

a = see Figure 1

b = Western Pennsylvania Water Co., Hays Mine Plant

¢ = Ohio River at West View

d = Both compounds

e = Ground water supply

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 93, HEPTACHLOR AND/OR B-BHC FINISHED? WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L

h c 3 o £
o Q ~ @ o
4 - ol o £ c <
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o - A | @4 - g R =
v ~ ~ b » u gl o~ o e— | 9~
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a ] ol | oo~ -t .l —| Kal — o
v o . o . o . [u] Ut D o] U e U g Ut
w O - o QO - g 8 O\ g o I(:) 3 (\:} g <o
~ HA\ Lo | v UA\ ﬁ g 4] D-A UA\ o Q. o v
, T W 5 (g3 |78 llafdun [0fs g
Utility® = | = = o 8 g & EodEo Eod |
0 0 w z E I} I R~ B I o] 0 o [/
] @ u = - v U u o
g/ | & |5 |% |8 |8 |8 £
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Fox Chapel 11 0 0
Wilkinsburg 10 0 1
Pittsburgh 11 0 1
WPW/Hays Mine®| 13 0 2
d d
Beaver Falls 20 3 8 0.2 0.4 1 0
Wheeling 12 0 2
Huntington 24 5 7 0.1 0.2
Cincinnati 16 3 4 6.2 0.3
Louisville 15 0 4 1d Od
Evansville 11 2 3 0.1 0.2
Total or Mean (143 |11 32 0.2 | 0.4 19 | od 1d ol
West View® 12 0 0
a = Clear well effluent
b = see Figure 1
c = Western Pennsylvania Water Co., Hays Mine Plant
d = Both compounds
e = Ground water supply
#*#CONCENTRATIONS NOT CORRECTEDP FOR EXTRACTION LOSSES.
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TABLE 94.

GC/HALL DETECTOR, APPROXIMATE

ALDRIN RAW WATER DATA,* JULY 1977-JUNE 1978
LOWER DETECTION LEVEL = 0.1 ug/L

GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L e
5 | g a 5 5
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1% (T |35 | ed|escen jgiofes
Utility® = = = = L E g T uowm a U w
B - 0 w @ ] 3 g o w @ @mi 0T w M [{1=
S8 1L s ol Ec T e
L fe | & = 2 fIE S s )
Fox Chapel 12 ] 1
Wilkinsburg 9 4 0
Pittsburgh 11 0 1
b
WPW/Hays Mine | 11 0 0
West View® il 0 1
Beaver Falls 18 0 1
Wheeling 12 0 1
Huntington 21 10 2 0.4 2.0
Cincinnati 11 6 0 0.5 1.3
Louisville T 11 1 3 0.5 0.5 1 0
Evansville 11 2 1 0.4 0.5 1 0
Total or Mean | 138 19 11 0.4 2.0 2 Q
West Viewd 11 1 1 0.2 0.2
a = gee Figure 1
b = Western Pennsylvania Water Co., Hays Mine Plant
¢ = (Qhio River at West View
i = Ground water supply

1%0

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.




TABLE 95, ALDRIN FINISHED® WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug A,
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 11 0 0

Wilkinsburg 10 0 o)

Pittsburgh 11 0 0

WPW/Hays Mine¢| 13 0 1

Beaver Falls 20 0 1 1

Wheeling 12 0 2

Huntington 24 8 g 0.4 1.2

Cincinnati 16 7 4 0.4 0.9 2 0

Louisville 15 3 2 0.4 0.8 1 o]

Evansville 11 2 1 2 0.3 0.3

Total or Mean | 143 21 21 0.4 1.2 3 0 1

West Viewd 12 1 2 0.1 | 0.1

a = (lear well effluent

b = see Figure 1

¢ = Western Pemnsylvania Water Co., Hays Mine Plant

d = Ground water supply

*CONCENTRATICNS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 96. HEPTACHLOR EPOXIDE RAW WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = g, 1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L

b g rg g
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o g - [= I | =3 b JEUd T el B e e I . Y o
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— —t —t [ — wmoa e g
P2 |2 |35 | efllelinien gioleg
Ueility® = = = = o g g [ B oa o o ow ©
w 0 ) 3 =] (7R B =3 S Wom o= (73 o}
@ ) ® £ - o Ho bt a 2 .
E 15 g o 5 B g = 8
B B Bt = o i3 = = e
' Fox Chapel 12 o 0
Wilkinsburg 9 0 0 -
Pittsburgh 11 0 1
. b
WPW/Hays Mine 11 0 0
West View® 11 0 0
Beaver Falls 18 0 0 ) i
Wheeling 12 0 0
Huntington 21 0 0
Cincimnati 11 0 a
Louisville 11 I s} 0.2 0.2 g
| Evansville 11 ) 0
Total or Mean | 138 1 1 0.2 0.2
West Viewd 11 0 0 :

a = see Figure 1 - .

b = Western Pennsylvania Water Co., Hays Mine Plant
e = Ohio River at West View
d¢ = Ground water supply

#*CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 97. HEPTACHLOR EPOXIDE FINISHED® WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L

. e 3 = o
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B2 “g 8% |98 53R 5R 589 |59
— - A — v A L= o N oM oaY ']
b Q 'g ? - = o 8 1 Erﬂ — [ g — & -
Utility ] o o ¢ o g & o4 8o gL A
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Fox Cbapel 11 0 0
Wilkinsburg 10 0 0
Pittsburgh 11 0 0
c
WPW/Hays Mine | 13 o | 0
Beaver Falls 20 0 0
Wheeling 12 0 1
Huntington 23 0 0
Cincinnati 16 0 1l
Louisville 15 0 2
Evansville 11 0 1
Total or Mean |l42 0 5
West View! 12 0 0
a = (Jlear well effluent
b = see Figure 1
¢ = Western Pennsylvania Water Co., Hays Mine Plant
d = Ground water supply

*CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 98. o-ENDOSULFAN RAW WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXTMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 12 0 2

Wilkinsburg 9 0 0

Pittsburgh 11 0 2

b

WPW/Hays Mine 11 0 2

West Viewt 11 1 0] 0.2 0.2 1 0

Beaver TFalls 18 2 6 0.6 0.9 1 0

Wheeling 12 1 2 2 0.1

Huntington 21 1 8 0.2 0.2

Cincinnati 11 0 3

Louisville 11 0 2

Evansville 11 0 2

Total or Mean [138 5 29 0.4 0.9 2 0

West Viewd 11 0 1

a = see Figure 1

b = Western Pennsylvania Water Co., Hays Mine Plant

¢ = Ohio River at West View

d = Ground water supply

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 99. o«~ENDOSULFAN FINISHED® WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 11 4] 0

Wilkinsburg 10 0 0

Pittsburgh 11 0 2

WPW/Hays Mine®| 13 0 1

Beaver Falls 20 0 4

Wheeling 12 0 3

Huntington 23 1 6 0.2 | 0.2

Cincinnati 16 0 2

Louisviile 15 1 3 0.2 0.2 1 0

Evansgviile 11 1 0 0.1 0.1

Total or Mean 142 3 21 0.2 0.2 1 0

d
West View 12 0 0

= Clear well effluent
= see Figure 1
= Western Pennsylvania Water Co., Hays Mine Plant

= Ground water supply
CONCENTRATIONS NOT CORRECTED FCR EXTRACTION LOSSES.
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TABLE 100. DDT RAW WATER DATA,* .JULY 1977-JUNE 1978 .
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 12 0 0

Wilkinsburg 9 0 0

Pittshurgh 11 0 0

i . b ]

WPW/Hays Mine”| 11 0 0

West View® 11 0 0

Beaver Falls 18 0 0

Wheeling 12 0 0

Huntington 21 0 2 - )

Cincinnati i1 0 0

Louisville 11 0 0

Evansville 11 0 0

Total or Mean | 138 0 2

West Viewd 11 0 0

a = see Figure 1

b = Western Pennsylvania Water Co., Hays Mihe Plant

¢ = Ohio River at West View

d = Ground water supply

%

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 101. DDT FINISHED® WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L

u c 1 £ £
o o = o v
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Fox Chapel 11 0 0
Wilkinsburg 10 0 0
Pittsburgh 11 0 0
WPW/Hays Mine®| 13 0 1 .
Beaver Falls 20 0 0
Wheeling 12 0 0
Huntington 23 0 0
Cincinnati 16 1 0 0.2 0.2 1 0
Louisville 15 0 1
Evansville 11 0 1
Total or Mean |142 1 3 0.2 0.2 || 1 0
West Viewd 12 0 0
a = Clear well effluent
b = see Figure 1
¢ = Western Pennsylvania Water Co., Hays Mine Plant
d = Ground water supply
*

CONCENTRATIONS NOT CORRECTED FOR EXTRACTTON LOSSES.
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TABLE 102.

GC/HALL DETECTOR, APPROXIMATE
GC/MS, APPROXIMATE LOWER

DIELDRIN AND/OR DDE RAW WATER DATA,* JULY 1977-JUNE 1978

LOWER DETECTION LEVEL = 0.1 ug/L
DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 12 0 0
o
Wilkinsburg 9 0 0 :
|
Pittsburgh 1l 0 0
]
WPW/Hays Mine” 11 0 0 |
West View® 11 0 0 i
Beaver Falls 18 0 4] ,
=
Wheeling 12 0 0 '
_JI
Huntington 21 0 1
Cincinnati 11 0 0
Louisville il 0 0
Evansville 11 0 0
Total or Mean | 138 0 1
1
West Viewd 11 0 0 i

~0 To

= see Figure 1
= Westernu Pennsylvania Water Co., Hays Mine Plant
= Ohio River at West View

Ground water supply

*CONCENTRATIONS NOT CORRECTED FOR EXTRACTIOH LOSSES.
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TABLE 103. DIELDRIN AND/OR DDE FINISHED® WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ugh,
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 11 0 0

Wilkinsburg 10 0 0

Pittsburgh 11 0 1

WPW/Hays Mine®| 13 0 0

Beaver Falls 20 0 0

Wheeling 12 0 0

Huntington 23 0 1

Cincinnati 16 0 0

Loulsville 15 0 1 1

Evansville 11 0 0

Total or Mean {142 0 3

West Viewd 12 0 2

a = Clear well effluent

b = see Figure 1

¢ = Western Pennsylvania Water Co., Hays Mine Plant

d = Ground water supply

*CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 104.

GC/HALL DETECTOR, APPROXIMATE
GC/MS, APPROXIMATE LOWER

ENDRIN RAW WATER DATA,* JULY 1977-JUNE 1978
LOWER DETECTION LEVEL = 0.1 ug/L

DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 12 0 0

Wilkinsburg 9 0 0

Pittsburgh 11 0 0

WPW/Hays Mineb{ 11 0 0

West ViewC 11 0 0

Beaver Falls 18 0 0

Wheeling 12 . 0 0

Huntington 21 0 1

Cincinnati 11 h) 0

Louisville 11 0 ) 1

Evansville 11 0 0

Total or Mean |} 138 0 1

West Viewd 11 0 o

Lo oo
r 1

il

see Figure 1
Western Penusylvania Water Co., Hays Mine Plant
= Qhio River at West View

Ground water supply

*CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 105.
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Fox Chapel 11 0

Wilkinsburg 10 0

Pittsburgh 11

WPW/Hays Mine®| 13

Beaver Falls 20

Wheeling 12

Huntington 23

Cincinnati 16

Louisville 15

Evansville 11

Total or Mean |1l42

West Viewd 12

0 TR
o

Clear well effluent
see Figure 1
Western Pennsylvania Water Co., Hays Mine Plant
Ground water supply

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.

ENDRIN FINISHED? WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/h
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L




TABLE .106. ©DDD AND/OR 8~ENDOSULFAN RAW WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVFL = 0.15 ug/L
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Fox Chapel 12 0 0
Wilkinsburg 9 0 0
Pittsburgh 11 0 0
WPW/Hays MineP] 11 0 0
o 1
West View 11 0 0 i
Beaver Falls | 18 0 0
Wheeling 12 0 0
Huntington 21 0 0
Cincinnati 11 0 0
Louisville 11 0 o
Evansville 11 o 0
Total or Mean [138 0 19
d
West View 11 ¢ 0

a = gee Figure 1

b = Western Pemnsylvania Water €o., Hays Mine Plant
¢ = Ohio River at West View
d = Ground water supply

*CONCENTRATIONS NOT C€ORRECTED FOR EXTRACTION LOSSES.

202




TABLE 107. DDD AND/OR B-ENDOSULFAN FINISHED® WATER DATA,* JULY 1977-JUNE 1978

GC/HALI, DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 11 0 0
Wilkinsburg 10 0 0
Pittsburgh 11 0 0
WPW/Hays Mine®| 13 0 0
Beaver Falls 20 0 0
Wheeling 12 0 0
Huntington 23 0 0
Cincinnati 16 0 0
Louisville 15 0 0
Evansville 11 0 0
Total or Mean |142 0 0
West Viewd 12 0 4]

Clear well effluent

see Figure 1

Western Pennsylvania Water Co., Hays Mine Plant
Ground water supply

CONCENTRATIONS NOT CORRECTED FOR EXTRACTION LOSSES.
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TABLE 108,

METHOXYCHLOR RAW WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1-0.2 ug/L

GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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Fox Chapel 11 0 0

Wilkinsburg g 0 0

Pittsburgh 11 0 0

WPW/Hays MineP?| 11 0 0

West View® 11 0 0

Beaver Falls 18 0 0

Wheeling 12 0 0

Huntington 21 0 0

Cincinnati 11 0 0

Louisville 11 0 3]

Evansville 11 0 0

Total or Mean |137 0 #]

West Viewd 11 0 0 i |

a = see Figure 1

b = Western Pennsylvania Water Co., Hays Mine Plant

¢ = Qhio River at West View

d = Ground water supply

*

CONCENTRATIONS NOT CORRECTED FOR EXTRACFION LOSSES.
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TABLE 109, METHOXYCHLOR FINISHED® WATER DATA,* JULY 1977-JUNE 1978
GC/HALL DETECTOR, APPROXIMATE LOWER DETECTION LEVEL = 0.1-0.2 ug/L
GC/MS, APPROXIMATE LOWER DETECTION LEVEL = 0.15 ug/L
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g |5 g 3 5 g 8 5 L
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Fox Chapel 10 0 0
Wilkinsburg 10 0 0
Pittsburgh 11 0 0
WPW/Hays Mine®| 13 0 0
Beaver Falls 20 0 0
Wheeling 11 0 0
Huntington 23 0 0
Cincinnati 15 0 0
Louisville 14 0 0
Evansville 11 0 0
Total or Mean | 138 0 0
West Viewd 12 0 0
a = Clear well effluent
b = gee Figure 1
¢ = Western Pemnsylvania Water Co., Hays Mine Plant
d = Ground water supply

*CONCENTRATLONS NOT CORRECTED FOR EXTRACTION LOSSES.
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SURVEY FOR BASE-NEUTRAL EXTRACTABLE NON-HALOGENATED HYDROCARBONS

Analyses were conducted on raw and finished sample extracts by GC/flame
ionization detector (GC/FID) and by GC/MS for the non-halogenated extractable
hydrocarbons listed in Table 6. These compounds can be generally grouped as
phthalate esters and polyaromatic hydrocarbons (PAH). Approximate lower de-—
tection levels by GC/FID varied for these compounds from 0.5 ug/L to 10 ug/L;
lower detection levels by GC/MS-SIM were 0.1 ug/L.

Implementation of a rigorous quality assurance program, as detailed in
Section 5 was necessary after interferences were noted in data produced for
these compounds from the first four months of sampling and analysis (July
through October 1977). The quality control program included a solvent group
concept whereby two solvent blanks were extracted, concentrated and analyzed
with each group of four project samples. Interferences were controlled and
all data from November 1977 through June 1978 were statistically corrected.
Pata from the earlier period were discarded.

Phthalates (Quality assurance data: Tables F-1 to F-3.)

GC/FID chromatograms of solvent blanks and sample extracts gemerally con-
tained responses presumptively identified as phthalate compounds at concentra-
tions at and below the approximate lower detection levels (routine lower guan-—
tification levels of 0.5 ug/L to 5.0 ug/L depending on the compound), GC/MS-
SIM confirmed the presumptive identifications of these interferences in sol-
vent blanks as phthalates. Concentrations of these contaminants reported in
solvent blanks by GC/FID were statistically handled and used in the correction
of all sample data. A single compound, bis(2-ethylhexyl) phthalate, that co-
eluted with 1,2-benzanthracene and/or chrysene, was found in solvent blanks
and field extracts well in excess of the approxzimate lower detection level of
1 vug/L., Statistical corrections at a 95% confidence level of 1,4 ug/L to 4.4
ug/L were applied to sample data for this compound. A few sample extracts
contained bis(2-ethylhexyl) phthalate in excess of the statistical correction
but these reports were questioned because of the random nature of the contam—
ination. The other phthalate compounds were not detected in sample extracts
at concentrations exceeding statistical corrections.

Field extracts did not contain dimethyl phthalate above 5.0 ug/L, diethyl
phthalate above 2.0 ug/L, di-n-butyl phthalate above 0.5 ug/L, or butyl benzyl
phthalate above 2.0 ug/L. Extreme variability of extraction recovery data
prevented their application to fleld extracts to suggest concentrations above
which these phthalates were not likely present in field waters, Because of
the random nature of bis{Z-ethylhexyl) phthalate contamination and the
extreme variability of its extraction recovery data, this phthalate could not
be evaluated in field waters.

Polyaromatic Hydrocarbons (Field data: Tables 110 to 114. Quality assurance
data: Tables F-1 to F-3.)

PAH compounds were generally not found in samples collected from November
1977 through June 1978 at concentrations exceeding approximate GC/FiD lower
detection levels (0.5 ug/L to 10 ug/L depending on the compound). However,
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numerous low level responses were apparent at PAH retention times in GC/FID
chromatograms from most utility locatioms, particularly in the winter months
of 1977-78. 1Initial GC/MS-SIM analyses of a few such selected raw and fin-
ished extracts confirmed the presence of some of the PAH compounds at 0.1
ug/L or greater. Further GC/MS-SIM evaluations were then undertaken to quali-
tatively define PAH compounds at levels »0.1 ug/L in extracts of raw and fin-
ished water samples from each utility. These evaluations were generally done
on a one-time basis for each utility. Extracts from several GAC influent and
effluent sequences were also evaluated.

The GC/MS-SIM qualitative results of those evaluations for PAH compounds
are presented in Tables 110 through 114. Paositive confirmations of the com—
pounds were based on théir presence at 0.1 ug/L or greater in sample extracts.
Solvent blanks were also analyzed by GC/MS-SIM and did not contain responses
for any of the PAH compounds, nor did chromatograms produced by GC/FID analy-
gis af solvent blanks.,

Tables 110 and 111 present data for utilities located on the Ohio,
Allegheny, Monongahela and Beaver Rivers and for West View's ground water,
The importance of these data is that they indicate the confirmed presence aof
some of the PAH compounds' in raw and finished waters of the utilities at con—
centrations equal to and in excess of 0.1 ug/L. It is important to note that
the effect of treatment cannot be evaluated on the basis of a single sample
sequence, particularly for a single compound, because the data are qualita-
tive, quality assurance data suggest highly variable extraction recoveries,
and identifications are just above the lower detection level for these com-
pounds by GC/MS-SIM.

The data also indicate the absence of eight other PAH compounds in ex-
tracts from several utility finished waters. Additional GC/MS-SIM analysis of
these seven compounds was not undertaken because positive confirmations were
not indicated in initial attempts.

Two sample sequences from the Wheeling Water Department were GC/MS-SIM
analyzed, the first sequence collected im the winter season, the second col-
lected in early summer. GC/FID analyses of those sequences had produced
visually different chromatograms. Low level responses were apparent in the
chromatograms of February raw and finished extracts but were not observed in
the chromatograms from samples collected in June. A difference in the number
of PAH compounds present in winter and early summer was also supported by the
MS data as presented in Table 1l1l.

A significant qualitative difference in raw and finished waters was
suggested by GC/MS-SIM analysis of extracts from utjlities where treatment
included GAC filtration/adsorption. These data are presented in Tables 112 to
114. At the Western Pennsylvania Water Company, seven or eight PAH compounds
were present in raw water extracts at or above 0.1 ug/L in two sequences eval-
uated, With the exception of naphthalene, the compounds were not present at
0.1 ug/L in the associated finished water extracts. The finished water was
representative of treatment including GAC filtration/adsorption (Table 112.)
PAH compounds present in the extracts of raw waters and of GAC influent
waters at or above 0.1 ug/L appeared ta be removed by GAC filtration/adsorp-
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tion at the Huntington Water Corporation and at the Beaver Falls Authority
(Tables 113 and 114, respectively). Removal appeared to be more effective
with some GACs than with others. 1In addition to the qualitative nature of the
MS data and the variability of extraction recoveries, the GAC type, age and
hydraulics should be considered in interpretation of the data.

In research done by others in January 1977,21 raw and finished water
samples from the Western Pennsylvania Water Company Hays Mine Plant (WPW) and
the Huntington Water Corporation were analyzed for six PAH compounds. At WPW,
a total concentration of 0.6 ug/L for the compounds evaluated was reported for
the raw water, including the reported presence of 0.4 ug/L of fluoranthene.
The total concentration of PAH compounds reported in the finished water was
0.003 ug/L, a concentration well below the 0.1 ug/L for GC/MS lower detection
levels of PAHs reported in Table 112. At the Huntington Water Corporation,
however, the total concentration reported for the raw water was 0.06 ug/L;
that reported for the finished water was 0.007 ug/L. Both concentrations were
below the detection level at which PAH compounds were confirmed by project
data in 1978.

All qualitative data presented for project utilities are based on the
presence at 30.1 ug/L of some or all of a group of seven to eight PAH com-
pounds in the extract of a field sample. An extract containing six PAH com-
pounds at a concentration of 20.1 ug/L (Table 111) would contain a total con-
centration for those compounds of 20.6 ug/L. While the relationship of the
concentration in the extract to that present in the field sample is not
defined because of variable extraction recoveries (Table F-1), it is very
likely that concentrations were higher in the field samples. The World
Health Qrganization has recommended?2 that the concentration of six represen-
tative PAH compounds be limited to 0.2 ug/L in treated surface waters. One of
the six representative compounds was fluoranthene, a PAH confirmed in project
extracts.

Because these GC/MS-SIM data are generally based on a single sequence at
each project utility, they should be considered as initial findings. It is
apparent, however, that some PAH compounds were present during the winter
months of 1977-78 in raw and finished waters. Some GAC filter/adsorbers
appeared to be effective in their removal. Research into the presence and
significance of polynuclear aromatic hydrocarbons in drinking water is
required. (Text comtinues on page 214.)
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ORGANIC COMPQUNDS NOT DESIGNATED AS PRIORITY POLLUTANTS

GC/MS identification of recurring unknowns was attempted when the GC/
Hall, GC/FI or GC/alkali detector responses indicated sufficient concentra-
tion (1 ug/L) for GC/MS analysis. Some recurring unknowns were identified,
others were not.

trans-1,2-Dichloroethylene

This compound was confirmed by GG/MS-SIM at concentrations at or above
0.1 ug/L once in finished water at Wheeling, once in raw, Filtrasorb 400 GAC
effluent and finished water at Beaver Falls, and once in finished ground water
at West View. GC/Hall analyses of these utilities' waters presumptively indi-
cate the occasional presence of this compound.

Squalene

Squalene was identified by GC/MS in an untreated surface water at
Wheeling at a concentration exceeding 1 ug/L. The compound had a retention
time of 1.65 relative to hexachlorobenzene when using the procedure detailed
in Appendix D.

1,2,3,4-Tetrahydronaphthalene (Tetralin)

Tetralin was identified by GC/MS in an untreated surface water at
Louisville at a concentration exceeding 1 ug/L. The compound had a retention
time of 0.41 relative to hexachlorobenzene when using the procedure detailed
in Appendix D.

6-Tertiary butyl meta cresol and 2,6-Tertiary dibutyl meta cresol

These cresols were identified once by GC/MS in untreated surface water at
Wilkinsburg and in untreated ground water at West View. The é6-tertiary butyl
meta cresol was identified by GC/MS in an untreated surface water at Fox
Chapel. Concentrations were at or above 1 ug/L in each sample. Retention
times relative to hexachlorobenzene were 0.67 for the butyl cresol and (.93
for the dibutyl cresol when using the procedure detailed in Appendix D.

Unidentified Compounds Resulting from Chlorination—-

At several utilities, compounds were detected in chlorinated waters that
were rarely detected in raw waters. These compounds may be products of chlor-
ination or may be contaminants in chlorine used for disinfection. Wnen de-
tected, concentrations in in-plant waters were typically lower than concen-
trations in finished waters possibly because chlorine contact time in in-plant
waters was less than in finished waters or because finished waters had been
chlorinated twice. Concentrations of these compounds were insufficient for
GC/MS identification.

Raw and finished water data for three unidentified base-neutral extract-
able halocarbons are presented in Tables 115 through 117. These data demon-
strate the presence of these unidentified halocarbons in finished waters at
greater frequency and at higher concentrations than in raw water. Data pre-
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sented in Tables 84 and 85 demonstrate the same for a compound which was pre-
sumptively identified as 2-chlorcnaphthalene but which could not be GC/MS
confirmed as Z-chloronaphthalene and could not be identified. It may have
been a halocarbon resulting from the application of chlorine.

These unidentified halocarbons were detected less frequently and at lower
concentration at utilities (West View, Fox Chapel, Wilkinsburg, Western
Pennsylvania Water Company) that demonstrated lower formation of trihalo-
methanes than other utilities (see Table 46), suggesting that these halocar-
bons, like the trihalomethanes, may be chlorination products.

At the Western Pennsylvania Water Company in July, a purgeable halocarbon
was detected in chlorinated waters that was not detected in raw water. The
compound could not be GC/MS identified. These data are presented in Table
115, This compound was not detected at other times at the utility. A
purgeable halocarbon with a similar relative retention time was frequently
found in Beaver Falls® finished water but rarely in its raw water. It could
not be GC/MS identified.

TABLE 115. UNIDENTIFIED PURGEABLE HALOCARBON- DATA
WESTERN PENNSYLVANIA WATER COMPANY, JULY 5-14, 1978
GC/HALL DETECTOR, (MEAN VALUES)

Water Concentration,® ug/L
raw ND
chlorinated raw 0.3
clarified 0.6
settled 0.7
GAC filtered 0.6
finished 0.3

Using procedure described in Appendix B,
compound has retention time of approxi-
mately 0.70 relative to 1,4-dichlorobutane.

bQuantification based on 1,4-dichlorobutane.
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TABLE 116. UNIDENTIFIED BASE-NEUTRAL EXTRACTABLE HALOCARBON® paTA”?®
JULY 1977-JUNE 1978, GC/HALL DETECTGCR

Raw Water Finished Water
=2 g 1 e2 | § 2142 (2 §
aD P ¢ 60 - &b &b v e wrd
- 3 ) L + Y} =] =5 § =) Ie]
(o] = Q =] w
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! o o o g9 5 -8 o o go 5
g A v 0N bt & A\ v ™A u
4] o o o T o J =l 'g E 'g g
5 5 § | 851 8 B 5 § | o8| &
@ o a, £ 0 a 5] o =0
) £ t, a0 I O v [ = R &)
Q 3] &) g © &) %) &) g ©
Utility S O S |8 g © © © 18 5
)] ) 1) a 0 w n =]
: | | Es | F &1 £|2 |8 |3
& & e |2 > o o I 2
Fox Chapel 12 0 0 11 0 0
Wilkinshurg 9 0 0 10 0 1
Pittsburgh 11 0 0 11 0 5
WPW/Hays Mined | 12 0 0 13 0 1
West View® 11 0 0 — - --
Beaver Falls 18 o 1 20 2 11 0.2
Wheeling 12 0 1 12 0 5
Huntington 21 0 0 24 1 3 0.1
Cincinnati 11 0 0 16 0 7
Louisville 11 0 0 15 1 5 0.1
Evansville i1 0 0 11 4 2 0.2
Total or Mean 139 0 2 143 8 40 0.2
West Viewf 11 0 0 12 0 0
a = Using procedure described in Appendix B, compound has retention
time of approximately 0.75 relative to hexachlorcbenzene.
b = Quantification based on hexachlorobenzene.
¢ = NOT CORRECTED FOR EXTRACTION LOSSES.
d = Western Pennsylvania Water Co., Hays Mine Plant.
e = Ohio River at West View.
f = Ground water supply.
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b,c

time of approximately 0.77 relative to hexachlorobenzene.
= Quantification based on hexachlorobenzene.
NOT CORRECTED FOR EXTRACTION LOSSES.
Western Pennsylvania Water Co., Hays Mine Planr.
Dhic River at West View.
Ground water supply.
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TABLE 117, UNLDENTIFIED BASE-NEUTRAL EXTRACTABLE HALOCARBON? DATA
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a = Using procednré described in Appendix D, compound has retention




TABLE 118, UNIDENTIFIED BASE-NEUTRAL EXTRACTABLE HALOCARBON® DATAb’c

_JULY_1977-JUNE 1978, GC/HALL DETECTOR __

T LT T T L L e e e e e ]
E'" Raw Water ‘ Finished Watuer - #
) - Tyt T T Ty T YT Tt TTTTTCTTTI T T - T ~yT - -
! . ! i
f f 2 b2 laal g 22 | 21§

ap a0 T it ob &8 a &0 -
= = -~ £ 3 bt ol 2, 2 §'5 [
[=} = © < ! T
. — i — = 28 —t —— ~- | |
- - = . - . t - [ | i) ]
o <o o o o o o } o c o c o
4 A VoA 5 g A\ v oTOA | oo
G o eo! i i o 3 o Rl el e
o & £ I m & < - P & e we | 3z
= a =) ] 4] 2} ] g ?: E [
o 2 < §8 ] o by © = o | o
) ) o ' Q et
O % U = 0 oW o
Utitity - < < | % 18 g © R B 5
w v. | ow g i w @n i, g
@ 2 a | e e qr o iy £ o
=] g ] O b H 15 E E < -
o o o @ }_tg l fhar] — - o o
) = b F- = 3 !*:4 g _i—_*_ = - f;_
Fox Chapel 32 0 0 ] 1r- ‘0 0
L - R ]
Wilkinsburg 9 0 0 10 o 0
- -t
Pittsburgh 11 0 g 11 g o
WPW/Hays Mined 12 1 0 0.1 0.1 13 0 1
West View® 11 9] 0 - - -
Beaver Falls 18 0 O . 20 1 1 0.9 6.9
Wheeling - 12 0 I3 12 2 & 0.2
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Total or Mean | 139 1 2 0.1 g.1 143 21 8 0.4 | 0.9
e - S S =
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a = Using procedure described in A;;;ndix b, compound has retention

time of approximately (.81 relative to hexachlorobenzene.
= Quantification buased on hexachlorebenzene.
NOT CORRECTED VOR EXTRACTION LOSSES.
Western Pennsylvania Water Co., Hays Mine Plant,
Ohic River at West View.
Ground water supply.
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APPENDIX A

GENERAL ORGANIC LABORATORY PROCEDURES

GLASSWARE CLEANING AND HANDLING

Sample Bottles

Three sizes of sample containers were used for project organic sampling.
Forty mL Flint glass vials with Teflon-~-lined screw caps were used for collec-
tion of purgeable samples. Two hundred and seventy ml standard laboratory
Pyrex glass bottles with Teflcn-lined screw caps were used for collection and
storage of terminal level purgeable samples. Gallon Pyrex glass bottles with
Teflon~lined screw caps were used for collection of extractable samples. In
the laboratory at the time of analysis, 12 mL Flint glass vials with Teflon-
lined screw caps were used to contain a transferred portion of the 40 mlL
samples,

Forty mL and 12 mL vials were cleaned with detergent and tap water,
rinsed with deionized tap water and oven treated at 250-300°C for two hours.
After cooling, sodium thiosulfate powder was added to each 40 ml vial to eli-
minate residual chlorine at the sample site; these vials were tightly capped
and stored or packed for shipment to the sample site,

Two hundred and seventy mL bottles were washed in the same manner as the
vials. After rinsing, they were kiln heated for two hours at 250°C. Sodium
thiosulfate was not added. Thirty mL of concentrated buffer solution was
added in order to maintain the utility's finished water pH during storage.
The bottles were tightly capped and stored or packed for shipment.

Gallon bottles were washed with detergent- and tap water, rinsed with
deionized tap water, rinsed with acetone, and given a final rinse with methy-
lene chloride. The gallon bottles were drained and air dried., After approx-
imately one gram of sodium thiosulfate was added, each bottle was tightly
capped and stored or packed for shipment.

The Teflon caps were washed with detergent and tap water, rinsed with
deionized tap water.and air dried.

Laboratory Glassware

All laboratory glassware used in handling project samples was cleaned by
washing with detergent and tap water, rinsing with deionized tap water and
air drying. This included such extraction glassware as Kuderna-Danish (K-D)
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evaporation apparatus, funnels, separatory fumnels, graduated cylinders, one-
liter amber bottles for storage of extracts prior to concentration, and 2 mL
ampules for storage of concentrated extracts. Additionally, separatory fun-
nels were chromic acid washed. KX-D apparatus was methylene chloride rinsed,
washed with detergent, rinsed with deionized tap water and oven dried at 110°C
for 30 minutes. To minimize interference from phthalate esters, these proce-
dures were revised for all extraction glassware to include distilled water
rinsing, acetone rinsing and kiln firing at 400°C for 30 minutes,

Materials

Detergent used in washing was RSB-35, a surface active agent from the
Pierce Chemical Company. Austin, Texas, tap water was used for washing and
deionized Austin tap water for rinsing. Solvents for rinsing were Burdick and
Jackson distilled-in-glass quality, Anhydrous sodium thiosulfate (Baker
Analyzed Reagent) was used in the designated sample containers for residual
chlorine reduction.

Buffers used during storage of terminal level purgeable samples were pre-
pared with halide-free (Baker Analyzed Reagent) chemicals and low organic dis-
tilled water.

PREPARATION OF LOW ORGANIC WATER

Water used for purgeable blank analyses, preparation of purgeable stan-
dards and rinsing of purging apparatus was prepared from deionized tap water.
The water was sparged for 30 minutes with zero grade nitrogen at 100-200 cc/
minute and then sparged continuously at a reduced rate until used,

Distilled water used for recovery tests for extractable compounds, for
rinsing laboratory glassware and for preparation of buffers was prepared in
the following manner. Deionized tap water was distilled over a solution of
potassium permanganate and sodium hydroxide, During the distillation, a
stream of zero grade nitrogen was passed through the aqueous solution at 50-
100 ec/minute. The distilled water was used from the receiver on the still or
stored in a 20 liter glass bottle with a Teflon-lined screw cap. (The storage
bottle was cleaned with chromic acid, washed with detergent and tap water and
rinsed sequentially with deionized tap water, acetone, methylene chloride and
low organic distilled water.)

OTHER CONTROLS

General

Only high purity laboratory products were employed in the analytical pro-
cedures. Solvents used were Burdick and Jackson distilled-in-glass quality,
Standard solutions of the Priority Pollutants of interest were prepared from
99+% pure reference standard compounds. Gases were zero grade purity and were
cleaned using a 5A molecular sieve placed after the regulators. Further
cleaning of purge and carrier gases for purgeable analyses was achieved with
the use of a 6.4 wm (%-inch) OD by 28 cm stainless steel trap packed with
Tenax and Chromosorb 102 placed in the gas line after the molecular sieve.
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These traps were cleaned periodically by disconnecting them and heating at
200°C. System transfer lines were stainless steel. For purgeable analyses,
short transfer lines from the desorption unit to the GC columns were used to
eliminate "memory" problems in the system. Teflon parts were eliminated from
the system where temperatures were in excess of 150°C,

Interference from Laboratory Air

Possible sources of laboratory air contamination include laboratory sol-
vents, cleaning compounds, refrigerants and building materials. Contamination
from the air cannot easily be eliminated. Therefore, the laboratory insured
that system parts which came into contact with the project samples, carrier
gasses or purge gasses Were not exposed to laboratory air. A Luer-Lok Valve
was used on the purging vessel to introduce the sample and then close out
laboratory air. Project samples were rapidly introduced to the purging vessel
after uncapping in order to minimize exposure to laboratory air.

SAMPLE STORAGE

Upon receipt at the laboratory, samples were numbered and recorded. Both
purgeable and extractable samples were refrigerated at 2-10°C.

At the time of analysis, a portion of the 40 mL purgeable sample was
transferred headspace free to a 12 ml vial sealed with a Teflon—lined screw
cap. The 12 ml vials were stored at 2-10°C for reanalysis, if desired.

When possible, purgeable samples were analyzed within two weeks of
receipt at the laboratory. During a long period, however, when instrumenta-
tion was revised, these samples were held refrigerated for four to six months
before analysis.

Extractable samples were extracted as soon as laboratory time permitted.
The extract was either concentrated the same day or was stored in one liter
amber glass bottles sealed with Teflon-lined screw caps at 2-10°C overnight
for concentration the next day. All concentrates were stored at 2-10°C in 2
mL ampules sealed with Teflon-lined septa.

Extractable samples were typically extracted and concentrated within
three days of receipt at the laboratory. During one period, however, when
procedures were revised to minimize interferences, these samples were held
refrigerated for three to six weeks before extraction and concentration.
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APPENDIX B

EQUIPMENT AND ANALYTICAL PROCEDURES
FOR PURGEABLE HALOCARBON PRIORITY POLLUTANTS

STANDARDS

Primary standard solutiomns at one part per thousand were prepared as a
group from 99+% pure halocarbon standard compounds in Burdick and Jackson dis—
tilled-in-glass quality methanol in a volumetric flask as follows. The flask
was partially filled with methanol. Because the halocarbons are volatile,
these liquids were weighed in a tared microsyringe to prevent evaporation dur-
ing measurement., A 10 ul syringe was rinsed twice with a standard compound
and then brought to a predetermined volume of the standard by weight. This
volume was introduced into the methanol along with several methanol rinsings
nf the syringe. The process was repeated for each purgeable standard compound
and the final solution was brought to volume in the flask with methanol. This
stock solution was transferred to vials sealed with Teflon-lined septa for
freezer storage for up to six months.

A secondary standard in methanol at twenty parts per million was prepared
from the primary standard and similarly sealed in vials for freezer storage
for up to six months. The secondary standard solution was used for daily pre-
paration of calibration standards at ten parts per billion (ug/L) by dilution
in low organic water. A single vial of secondary standard was used daily for
up to three weeks, with the Teflon septum being replaced with each use,

Primary and secondary standard solutions of internal standavd 1,4-dichlo-
rcbutane were prepared in the same manner.

EQUIPMENT

A purge, trap and desorption device was interfaced to a Tracor model 560
gas chromatograph equipped with a digital temperature programmer. The GC was
interfaced to a Tracor model 700 Hall electrolytic conductivity detector.
OQutput from the system was integrated and recorded by a Hewlett Packard model
33804 integrator,

Initially, purge, trap and desorption was performed by a Tekmar model

L5C=1. This unit was replaced by purge, trap and desorption units made by
Radian Corporation.

PROCEDURE

Forty mlL sample vials were opened and a portion of the sample was rapidly
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transferred to a 5 mL syringe for introduction to a purging vessel. The
remaining portion was transferred headspace free into a 12 mL storage vial
and sealed with a Teflon~lined screw cap.

The internal standard, 1,4-dichlorobutane, was introduced by syringe to
the purging vessel. The sample was purged with nitrogen at 40 cc/minute for
twelve mwinutes, The volatile compounds were trapped on a resin bed of 10 em
of Tenax GC followed by 5 cm of Chromosorb 102 in a glass—lined 3.5 mm 0D
stainless steel trap.

When the purging was complete, the trapped compounds were desorbed for
three minutes with the Radian Corporation made unit. A desorption temperature
of 180°C was reached in approximately 40 seconds. Desorption was onto the
head of a GC column at room temperature,

The GC was equipped with a 3.7 m by 0.35 cm glass column packed with
0.27% Carbowax 1500 on 60/80 mesh Carbopack C. The 0.3 m pre-column contained
3% Carbowax 1500 on 60/80 mesh Chromosorb W~HP., The GC column oven was
rapidly heated to 60°C, held at 60°C for four minutes, then programmed to
170°C at 8°C/minute. When only the trihalomethane compounds were being ana-
lyzed (terminal level samples), the column oven was rapidly heated to 60°C
after desorption, the initial four minute hold was deleted, and the tempera-
ture was programmed from 60° to 170°C at 10°C/minute. The carrier gas was
nitrogen at 40 cc/minute.

The electrolytic conductivity detector was operated in the halogen speci-
fic mode. The HP 3380A integrator was operated in the internal standard mode.
Quantification by internal standard was based on the formula:

Cy
where
Cy = concentration, ug/L, of compound y in sample

(Ay x Ry x Ci)/(Ai x Ri)

I

Ay = chromatographed area cf compound y in sample

Ry = response factor for compound y in calibration

Ai = chromatographed area for internal standard in sample
Ri = response factor for internal standard in calibration

Ci = concentration, ug/L, of internal standard in sample
concentration, ug/l.,, in calibration
chromatographed area in calibration

response factor =

Between sample analyses, the sample syringe and the purging apparatus
were rinsed three times with low organic blank water. At the end of each
day's operation or after a samwple analysis with high organic concentrations,
the syringe and purging apparatus were rinsed with acetone and blank water.
Between sample analyses, the trap was baked out at 180°C for three minutes and
cooled to room temperature and the GC column was cooled to room temperature,

This procedure applied to the handling of calibration standards, USEPA
reference samples, system blanks and project samples,
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APPENDIX C

QUALITY ASSURANCE DATA FOR
PURGEABLE HAT.OCARBONS

The data presented here were generated as part of the quality assurance
program discussed in Section 5. The analytical procedure employed for purge-
able halocarbons is detailed in Appendix B. Interpretation of project purge-
able halocarbon data presented in Sections 6 and 7 was, in part, based on this
quality assurance data,
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TABLE C-1. SIGNIFICANCE OF CHLOROFORM DATA

PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of USEPA Standards
True value, ug/l. 9.13(10.1 |68.5 |74.6
Blank corrected mean of standard 10.0 110.9 |70.9 l81.7
run as unknown, ug/L
Mean blank, ug/L 0.15
Relative error from true value, % +10 |+ 7 4 + 10
{accuracy)
Standard deviati9n.about mean, % + 14 |+ 1 + 14 |21
{precision)
Number of tests 8 2 83 2
Reproducibility of Laboratory Standards
True value, ug/L 0.1 {0.25 0.5 0.1 - 0.5 1.0 |10 100 200
] Blank corrected mean
of standard rum as {0.11 j0.21 |0.42 0.94 9.4 | 102 196
unknown, ug/L
Mean blank, ug/L 0.04 10.04 <0.1 |<0.1
Relative error from
true value, % + 10 |- 16 |- 16 -9 -~ b -6 |+ 2 -2
{accuracy)
Standard deviation
about mean, % * 55 |+ 10 | 8 22 9 * 2013 * 8
(precision)
Number of tests 5 5 8 18 8 57 3 3
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Figure C-1. Precision of instantaneous chloroform data.
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TABLE C-2.

SIGNIFICANKCE OF BROMODICHLOROMETHANE DATA
PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of USEPA Standards
True value, ug/L 0.8 |1.19 | 9.2 |11.6
Blank corrected mean of standard
run as unknown, ug/L 0.64 |1.97 9.3 i16.2
Mean blank, ug/L ND
Relatjve error from true value, %
(accuracy) - 20 |+ 65 |+ 1 |+ 36
Standard deviation about mean, %
(precision) + 2 + 11 1+ 0 + 19
Number of tests 2 8 2 83
Reproducibility of Laboratory Standards
True value, ug/L 0.1 10.25 lo.5 0.1 - 0.5 |1.0 10 50
Blank corrected mean
of standard run as |0.08 }0.21 |0.42 0.98 9.4 1 53.5
unknown, ug/L
Mean blank, ug/L ND ND ND ND ND
Relative error from
true value, ¥ - 20 |- 16 |- 16 - 13 -2 -6 |+ 7
{accuracy)
Standard deviation
about mean, % 13 i+ 10 |*x 7 + 10 6 + 19 % 8
(precision)
Number of tests 5 5 8 18 8 57 6

ND = not detected
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TABLE C-3. SIGNIFICANCE OF DATA FOR DIBROMOCHLOROMETHANE AND/OR
CIS-1,3~DICHLOROPROPENE AND/OR 1,1, 2-TRICHLOROETHANE
PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of USEPA Standards?

True value, ug/L 1.0 274} 7.1 17.2

Blank corrected mean of standard

run as unknown, ug/L 0.80 |1.87 | 6.7 |14.4

Mean blank, ug/L ND
Relative error from true value, 7 | 20 |- 32 -6 |- 16
(accuracy)
Standard deviation about mean, %
(precision) +1 [+ 9 + 1 |+ 25
Number of tests 2 8 2 83

b
Reproducibility of Laboratory Standards

True value, ug/L 0.38 10.96 1.5 [1.92 {3.0 [3.85 | 208 | 38.5

Blank corrected mean
of standard rum as 0.30 ]0.84 |1.47 |1.74 13.23 {3.52 21.0! 36.8

unknown, ug/L

Mean blank, ug/L ND ND ND ND ND ND ND
Relative error from
true value, 7% -21|-13 -2 |-9 |[+8 |-9 +5 ] -4
(accuracy)

Standard deviation

about mean, % + 7 + 8 + 2 * 7 + 4 + 5 6 + 13
{precision)
Number of tests 5 5 3 5 3 5 6 55

ND = not detected
for dibromochloromethane but based on co-eluting standards
three compounds unless noted
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TABLE C-4.

SIGNIFICANCE OF BROMOFORM DATA

PURGEABLE HALOCARBONS, GC/HALL DETECTOR

APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of USEPA Standards
True value, ug/L 2.85 |4.8 9.2 | 14.2
Blank corrected mean of standard 2.35 la.76 |10.2 14.8
run as unknown, ug/L
Mean blank, ug/L ND
Relative error from true value, %) ;o | ; + 11|+ 4
{accuracy)
Standard deviation about mean, 7% + 11 [+ 1 + 9 + 20
(precision)
Number of tests 8 2 83
Reproducibility of Laboratory Standards
True value, ug/L 0.1 }0.25 |0.5 1.0 { 5.0 }10
Blank corrected mean
of standard run as |<0.1 |0.17 10.33 0.77 | 4.73 9.8
unknown, ug/L
Mean blank, ug/L ND { ND ND ND ND ND
Relative error from
true value, % - 32 | - 34 - 231~ 5 -2
{accuracy)
Standard deviation
about mean, % £ 12 + 36 + 7 £ 5 + 13
(precision)
Number of tests 5 5 8 8 6 57

ND = not detected
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TABLE C-5.

SIGNIFICANCE OF CARBON TETRACHLORIDE DATA
PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

—
Reproducibility of USEPA Standards
True value, ug/L 1.68 11.9 3.9 |12.6
Blank corrected mean of standard
run as unknown, ug/L 1.32 11.83 [3.85 (11.8
Mean blank, ug/L | ND
Relative error from true value, % - 21 |- 4 _ 3 -6
(accuracy)
Standard deviation about mean, %
(precision) 35 (1 1 * 33
Number of tests 8 2 2 83

Reproducibility of Laboratory Standards

- True value, ug/L 0.1 10.25 }0.5 0.1 - 0.5 { 1.0 |10
Blank corrected mean
of standard run as | 0.08(0.20 ]0.38 0.871 10.1
unknown, ug/L
Mean blank, ug/L ND | ND ND ND
Relative error from
true value, 7% - 20{- 20 - 24 + 22 -1314+1
(accuracy)
Standard deviation
about mean, % * 50|x 10 |* 6 19 + 14| % 23
(precision)
Number of tests 5 5 8 18 8 56

ND = not detected
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TABLE C-6. SIGNIFICANCE OF DICHLOROIODOMETHANE DATA
PURGEABLE HALOCARBONS, GC/HALI, DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Precision Indicated by Field Replicate Data Sets

Range, ug/L <0.1 0.1 - 0.2 1.0
Number of sets where
mean lies in range 44 12 1
Standard deviation
+ 81 + 40 + 10

about mean, %

Precision Indicated by Replicate Analyses of
Single Field Sample

Range, ug/L <0.1 0.15 >0.15

Number of sets where

mean lies in range 13 1 0

Standard deviation

about mean, % t 101 + 100
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TABLE C-7.

SIGNIFICANCE OF CHLOROBENZENE DATA

PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of Laboratory Standards

True Value, ug/L 0.1 | 0.25}) 0.5 | 1.0 10 B
Blank corrected mean
of standard run as KO0.1 0.201{ 0.44 ] 0.86 9.7
unknown, ug/L
Mean blank, ug/L ND ND ND ND
Relative error from
true value, % - 20 - 12| -14 -3
(accuracy)
Standard deviation
about mean, % + 10 £ 11|+ 5 * 37
(precision)
Number of tests 5 5 5 5 57

ND = not detected

Precision Indicated by Field Replicate Data Sets

Range, ug/L <0.1 0.1 - 0.8 1.4 - 2.9

Number of sets where 7 6 6
mean lies in range

Standard deviation + 100 + 59 + 29
about mean, % B - -

Precision Indicated by Replicate Analyses of

Single Field Sample

about mean,

Z

Range, ug/L 0.1 >0.1
Number of sets where 2 0
mean lies in range
Standard deviation
+ 100
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TABLE C-8.

SIGNIFICANCE OF 1,1-DICHLOROETHANE DATA
PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0,1 ug/L

Reproducibility of Laboratory Standards

True Value, ug/L

0.1

0.25] 0.5

0.1 - 0.5

1.0

10

Blank corrected mean
of standard run as
unknown, ug/L

0.10

0.22 ) 0.51

0.99

10.1

Mean blank, ug/L

ND

ND ND

ND

ND

Relative error from
true value, 7%
(accuracy)

-12)+ 2

+1

Standard deviation
about mean, %
{precision)

* 20

* 12

+ 20

Number of tests

14

55

ND = not detected

Precision Indicated by Field Replicate Data Sets

Range, ug/L <0.1 0.1 - 0.4 >0.4
Number of sets where

mean lies in range 1 11 g
Standard deviation

about mean, % t 181 t 8l

Single Field Sample

Precision Indicated by Replicate Analyses of

Range, ug/L £0.1 >0.1
Number of sets where 5 0
mean lies in range
Standard deviation £ 60
about mean, %
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TABLE C-9. SIGNIFICANCE OF 1,2-DICHLOROETHANE DATA
PURGEABLE HALGCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of USEPA Standards

True value, ug/L 1.0 { 1.39} 3.1 | 27.2
Blank corrected mean of standard
run as unknown, ug/L 0.87} 1.80} 3.2 34.1
Mean blank, ug/L ND
Relative error from true value, %
(accuracy) - 131 4+ 291+ 3 + 25
Standard deviation about mean, * . R N N
(precision) t1 t16} +2 t 16
Number of tests 2 8 83
Reproducibility of Laboratory Standards
True value, ug/L 0.1 10.25 0.5 0.1 - 0.5}1.0 10
Blank corrected mean
of standard run as |0.15 10.32 0.41 0.97 9.7
unknown, ug/L
Mean blank, ug/L ND ND ND ND
Relative error from
true value, % + 50 {+ 28 - 18 + 14 -3 -3
(accuracy)
Standard deviation
about mean, % 7 + 9 + 45 * 24 + 5 + 14
(precision)
Number of tests 5 5 8 18 8 56

ND = not detected
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TABLE C-10, SIGNIFICANCE OF 1,2-DICHLOROETHANE DATA

PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Precision Indicated by Field Replicate Data Sets

Range, ug/L <0.1 0.1 - 0.3 >0.3
Number of sets where 2

mean lies in range 0 5 0
Standard deviati

andard deviation + 105 + 53

about mean, 7

Precision Indicated by Replicate Analyses of
Single Field Sample

Range, ug/L £0.1 >0.1
Number of sets where 7

mean lies in range 0
Standard deviation + 100

about mean, %
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TABLE C-11,

APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

SIGNIFICANCE OF 1,2-DICHLOROPROPANE DATA
PURGEABLE HALOCARBONS, GC/HALL DETECTOR

Reproducibility of Laboratory Standards

True Value, ug/L 0.1 | 0.25{ 0.5 0.1 - 0.5)|1.0 |10
Blank corrected mean
of standard run as 0.071 0.21} 0.44 0.89 9.3
unknown, ug/L
Mean blank, ug/L ND ND ND ND
Relative error from
true value, % -30]-16|- 12 - 19 - 11) -7
{accuracy)
Standard deviation
about mean, % 29 10|+ 7 * 15 7 + 19
(precision)
Number of tests 5 5 5 15 5 56

ND = not detected

Precision Indicated by Field Replicate Data Sets

Range, ug/L £0.2 >0.2
Number of sets where
. . 12 0
mean lies in range
Standard deviation + 89
about mean, 7% -

Single Field Sample

Precision Indicated by Replicate Analyses of

Range, ug/L £0.25 >0.25
Number cf sets where 2 0
mean lies in range
Standard dev1a510n + 100
about mean, %
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TABLE C-12. SIGNIFICANCE OF TRANS-1,3-DICHLOROPROPENE DATA
PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of Laboratory Standards

True Value, ug/l 0.11]0.2510.5 1.010

Blank corrected mean
of standard run as | <0.1{ 0.19]| 0.40 0.83] 9.4
unknown, ug/L

Mean blank, ug/L ND| ND ND ND
Relative error from
true value, % - 241 - 20 - 171 - 6
(accuracy)

Standard deviation

about mean, 7% + 111 £ 10 * 8 * 16
(precision)
Number of tests 5 5 5 5 44

ND = not detected

Precision Indicated by Field Replicate Data Sets

Range, ug/L <0.1 20.1
Number of sets where

mean lies in range 2 0
Standard deviation

about mean, % + 100

Precision Indicated by Replicate Analyses of
Single Field Sample

Range, ug/L <0.1 20.1

Number of sets where
mean lies in range

Standard deviation
about mean, %
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TABLE C-13. SIGNIFICANCE OF 1,1,I1-TRICHLOROETHANE DATA
PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of USEPA Standards

True value, ug/L 11.2

Blank corrected mean of standard

run as unknown, ug/L 11.4

Mean blank, ug/L

Relative error from true value, Z | + 2
(accuracy)

Standard deviation about mean, ¥

(precision) * 29

Number of tests 83

Reproducibility of Laboratory Standards

True value, ug/L 0.1 0.25 0.5 0.1 - 0.5 1.0 10
Blank corrected mean
of standard run as 0.60 [0.65 0.73 1.08 1 10.1
unknown, ug/L
Mean blank, ug/L 0.04 10.04
Relative error from
o + 500(+ 160 + 46 + 200 + 8 |+ 1
true value, %
{(accuracy)
Standard deviation
about mean, ¥% + 25 |+ 34 + 10 + 21 + 3121+ 23
(precision)
Number of tests 5 5 8 18 8 56
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TABLE C-14. SIGNIFICANCE OF TRICHLOROETHYLENE DATA
PURGEABLE HALOCARBONS, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of USEPA Standards
True value, ug/L 19.0
Blank corrected mean of standard
run as unknown, ug/L 19.9

Mean blank, ug/L
Relative error from true value, ¥%

(accuracy) + 5
Standard deviation about mean, ¥

{precision) t 30
Number of tests 83

Reproducibility of Laboratory Standards

True value, ug/L 0.17 |0.43 }10.82 |0.86 {0.17 - 0.86 | 1.64| 1.74 1] 17.4

Blank corrected mean
of standard run as |0.29 [0.52 0.65 11.18 1.44] 2.16 | 16.5
unknown, ug/L

Mean blank, ug/L 0.14 10.14 Ju.59 |0.14 0.59 ] 0.14
Relative error from
true value, % + 71 (+ 21 |- 21 M+ 37 + 32 - 1214+ 24]-5
(accuracy)

Standard deviation

about mean, % * 38 {+ 15 |+ 18 |+ 13 + 21 t 4 |5 * 24
(precision)
Number of tests 5 5 3 5 18 3 5 43
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TABLE C-15. SIGNIFICANCE OF DATA FOR
1,1,2,2-TETRACHLOROETHANE AND/OR TETRACHLOROETHYLENE
PURGEABLE HALOCARBONS, GC/HALL DETECTOR

APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Reproducibility of USEPA Standards®
True value, ug/L 8.8
Blank corrected mean of standard 12.0
run as unknown, ug/L .
Mean blank, ug/L
Relative error from true value, %
+ 36
{accuracy)
Standard deviation about mean, % + 32
{precision) -
Number of tests 83

Reproducibility of Laboratory Standardsb

True value, ug/L 0.1410.35 1 0.42 10.70 [0.84 |0.14 - 0.84] 1.41| 14.1

Blank corrected mean

of standard run as | 6.13 (0.27 {0.19 l0.61 |0.54 1.23] 13.8
unknown, ug/L

Mean blank, ug/L 0.12 {0.12 {0.16 10.12 0.16 0.12
Relative erygr from
true value, % - 7 - 23 [- 55|~ 13 |~ 36 - 23 -13] -2
{accuracy) )

Standard deviation .
31 |+ 15

about mean, % + +5 + 11 [+ 13 + 17 + 11 + 25
(precision)
Number of tests 5 5 3 5 3 21 5 53

afor tetrachloroethylene but based on co-eluting standards
boeth compounds
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APPENDIX D

EQUIPMENT AND ANALYTICAL PROCEDURES FOR
BASE-NEUTRAL EXTRACTABLE HYDROCARBONS

STANDARDS

Calibration standards were prepared gravimetrically according to the
nature of the particular compound. Volatile liquids were weighed in a tared
microsyringe to prevent evaporation during measurement. Solids were weighed
in a tared beaker. Standard compounds of 99+4% purity were used. Primary
standard solutions at one part per thousand were made up in Burdick and
Jackson distilled-in-glass quality solvents. Methylene chloride was used to
solubilize the halogenated compounds. Methylene chloride was then exchanged
for hexane in a Kuderna-Danish apparatus. The solvent exchange was carried
out in three steps to insure that all methylene chloride was removed. Primary
standard solutions of non-halogenated compounds were prepared in hexane with
benzene occasionally being used to aid solubility. A secondary dilution from
the primary stock was made in hexane to a ug/L working level and was stored in
hypovials sealed with Teflon-lined septa for up to six months in a freezer.
Internal standard hexachlorobenzene for the calibration standard was prepared
in the same manner.

Prepared working level calibration standards of the base~neutral extract—
able compounds were examined by GC/MS. The presence and elution order of the
project priority pollutants listed in Tables 5 and 6 were confirmed.

EQUIPMENT

The USEPA Priority Pollutant Protocol® for analysis of base-neutral
extractable compounds by gas chromatography/mass spectrometry (GC/MS) was
revised as necessary by the laboratory to enable routine analysis of concen-
trated sample extracts by GC/Hall detector (GC/Hall) and GC/flame ionization
detector (GC/FID).9

A Tracor model 560 gas chromatograph equipped with a digital temperature
programmexr was interfaced to a Tracor model 700 Hall electrolytic conductivity
detector and to a Tracor FI detector. Output from the system was integrated
and recorded by a Hewlett Packard 3380A integrator.

PROCEDURE

The basic extraction and analysis procedures that were used are described
in the USEPA's Protoeol.® Several modifications were made by the laboratory
as listed below:
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1., Three liters of samples were extracted.

2. After adjusting the pH to greater than eleven, a methanol
golution of hexachlorcobenzene was added as an internal
standard to each sample and solvent blank to be extracted.

3. The sample was serially extracted with one 250 mlL portiocn
and two 150 mL portions of distilled-in-glass methylene
chloride.

4, After concentrating the volume of the combined methylene
chloride extracts to one milliliter, 10 mlL of distilled-in-
glass hexane was added and the volume was again concentrated
to 1,0 mL * 0.05 mlL.

Modifications made in the analysis of the halogenated base-neutral
extractable Priority Pollutants were:

1. A Hall electrolytic conductivity detector operated in the
halogen specific mode was used for detection of all halogen
compounds in this fraction including the pesticides.

2. Nitrogen was the carrier gas at 40 cc/minute.
3. The GC column temperature was programmed, after an initial
four minute hold at 50°C, from 50°C to 280°C at 8°C/minute,

with a final fifteen minute hold.

Quantification by the HP 3380A integrator for both halogenated and non-—
halogeanted compounds was calculated as follows:

Cy = Ay = Ry
where

Cy = concentration, ug/L, of compound y in sample

Ay chromatographed area for compound y in sample

Ry response factor for compound y in calibration
concentration, ug/L, in calibration
chromatographed area in calibration

Response factor =

It should be noted that C is the concentration of the compound in the
sample assuming 100% extraction efficiency.
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APPENDIX E

QUALITY ASSURANCE DATA' FOR
EXTRACTABLE HATOCARBONS

The data presented here were generated as part of the quality assurance
program discussed in Section 5. The analytical procedure employed for extrac-
table halocarbons is detailed in Appendix D. Interpretation of project
extractable halocarbon data presented in Sections 6 and 7 was based, in part,
on this quality assurance data.
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TABLE E-1.

SIGNIFICANCE OF 1,4-DICHLOROBENZENE DATA
BASE-NEUTRAL, EXTRACTABLE HALOCARBON, GC/HALL DETECTOR?
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Standar&s from Distilled Water
Concentration, ug/L 0.17 1.67 B
Mean recovery, % 85 62
Standard deviation about mean, % L 4
Number of tests 2 1

Standard Reproducibility by Direct Injection

True value, ug/L 0.42 1.67

Mean of standard run as unknown, 0.36 1.72
ug /1.,

Relative error from true value, % - 13 + 3
(accuracy)

Standard deviation about mean, % + 29 + 10
(precision)

Number of tests 3 37

Precision of Field Data

Field Replicate

Replicate Analysis

Data Sets of Single Field Sample
Range, ug/L <0.1 0.1-0.4 1.7 <0.1 0.1-0.9 1.3
Number of sets where
mean lies in range Y 1 18 11 1
Standard deviation
about mean, % * 75 78 14 * 68 t 19 100

=i
| N

= 3000 concentration factor
= Each test performed in triplicate
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TABLE E-2.

SIGNIFICANCE OF 1,3-DICHLOROBENZENE DATA

BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR2
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Standards from Distilled Water
Concentration, ug/L 0.17 1.67
Mean recovery, 7 63 55
Standard deviation about mean, % + 11 t 4
Number of testsb 2 1
Standard Reproducibility by DPirect Injection
True value, ug/L 0.42 1.67
Mean of standard run as unknown,
ug/ L 0.35 1.72
Relative error from true value, % - 17 + 3
{accuracy)
Standarq qeviation about mean, % + 28 £ 9
{precision)
Number of tests 3 37

Precision of Field Data

Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ugfl <0.1}{ 0.1-0.3} 1.3-3.3| <0.1 0.5 >0.5
Number of sets where
mean lies in range 4 3 3 7 2 0
Standard devialion £107 | £ 100 | + 72 £111 | =58
about mean, %

a = 3000 concentration factor
Each test performed in triplicate

o
]
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TABLE E-3. SIGNIFICANCE OF 1,2-DICHLOROBENZENE AND/OR HEXACHLOROETHANE DATA
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR?
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Both Standards from Distilled Water

Concentration, ug/L 0.33 0.33

Mean recovery, % 57 71

Standard deviation about mean, % + 6 + 1
b

Number of tests 2 1

Reproducibility of Both Standards by Direct Injection
True value, ug/L 0.83 3.33
Mean of standard run as unknown, 0.88 3.42
ug/L . *
Relative error from true value, % + 6 + 3
{accuracy)
Standard deviation about mean, % + 93 + 8
(precision) - -
Number of tests 3 37
Precision of Field Data
Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/]’_, <0.1 0.1“0.6 1.1 <0.1 0.1-0.5 >0.5
Number of sets where 9 4 1 13 7 0
mean lies in range
Standard deviation + 82 + 93 + 5 + 53 + 3
about mean, % - B - - B

3000 concentration factor
Each test performed in triplicate

1}
ol
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TABLE E-4.

HEXACHLOROBUTADIENE DATA
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR®
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

SIGNIFICANCE OF 1,2,4-TRICHLORCBENZENE AND/OR

Extraction of Both Standards from Distilled Water
Concentration, ug/L 0.33 3.33
Mean recovery, % 61 31
Standard deviation about mean, % + 15 + 5
Number of testsb 2 1

Reproducibility cof Both Standards by Direct Injection

True value, ug/L 0.83 3.33
Mean of standard run as unknown,
ug/L 0.84 3.52
Relative error from true value, % + 1 L6
(accuracy)
Standaré qev1at10n about mean, % + 16 + 10
(precision)
Number of tests 3 37

Precision of Field Data

Field Replicate

Replicate Analysis

Data Sets of Single Field Sample
Range, ug/L <0.1 | 0.1-0.3} >0.3 <0.1 0.1-0.6| >0.6
Number of sets where . . o . 5 o
mean lies in range
Stiggjidmizzla§i°" 77 +54 £ 68 | +13
3

(=]
L]

= 3000 concentration factor
= Each test performed in triplicate
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TABLE E-5. SIGNIFICANCE OF BIS(2-CHLOROILSOPROPYL) ETHER AND/OR
BIS (2-CHLOROETHEYL) ETHER DATA
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR?2
APPROXIMATE LOWER DETECTION LEVEL = 0.2 ug/L

Extraction of Both Standards from Distilled Waterb
Concentration, ug/lL 0.33 3.33
Mean recovery, % 56 84
Standard deviation about mean, % * 24 * 8
Number of tests® 2 1

Reproducibility of Both Standards by Direct Injection
True value, ug/L 0.83 3.33
Mean of standard run as unknownm,

ug/L 0.28 3.59
Relative error from true value, 66 + 8
% (accuracy)

Standard deviation about mean, % + 26 £ 10
{precision) - -
Number of tests 3 37

a = 3000 concentration factor
b = Blank corrected. See Appendix G.
¢ = Each test performed in triplicate

There were no field replicate data sets or replicate
analyses data sets in which these compounds were detected.
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TABLE E-6.

APPROXTMATE LOWER DETECTION LEVEL = 0.1-0.2 ug/L

Extraction of Standards from Distilled Water
Concentration, ug/L 0.17 1.67
Mean recovery, 7% 49 63
Standard deviation about mean, % + 51 + 6

b
Number of tests 2 1

SIGNIFICANCE QF BIS(2-CHLOROETHQOXY) METHANE DATA
BASE~NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR?

Standard Reproducibility by Direct Injection

True value, ug/L 0.42 1.67
Mean of standard run as unknown, 0.39 1.80
ug/L
Relative error from true value, %
-6 + 8
{accuracy)
Standarq ?eviation about mean, % + 3 + 10
{precision)
Number of tests 3 37
Precision of Field Data
Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/L <0.1 20.1 <0.1 0.1~0.2| >0.2
Number of sets where 5 0 9 3 0
mean lies in range
Standard deviation + 71 + 98 + 20
about mean, %

o
|

= 3000 concentration factor
= Each test performed in triplicate
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TABLE E-7.

SIGNIFICANCE OF HEXACHLOROCYCLOPENTADIENE DéTA
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR

APPROXIMATE LOWER DETECTION LEVEL = 0.1-0.2 ug/L

Extraction of Standards from Distilled Water

Concentration, ug/L 0.17 1.67
Mean recovery, 7% 56 26
Standard deviation about mean, % + 36 5
Number of testsb 2 1

Standard Reproducibility by Direct Injectien

True value, ug/L 0.42 1.67
Mean of standard run as unknown, 0 1.74
ug/L .33 .7
Relative error from true value, % - 21 + 5
(accuracy) ]
Standard deviation about mean, % + 16 + 13
(precision)
Number of tests 3 37
Precision of Field Data
Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/L <0.1} 20.1 £0.1 | >0.1
Number of sets where 1
mean lies in range 0 6 0
Standard deviation .1
about mean, % * 150 * 100

il

3000 concentration factor
Each test performed in triplicate
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TABLE E-8.

SIGNIFICANCE OF 2-CHLORONAPHTHALENE DATA

BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR?
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Standards from Distilled Water N
Concentration, ug/L 0.17 1.67
Mean recovery, Z 50 53
Standard deviation about mean, % + 22 + 3
Number of testsb 2 1

Standard Reproducibility by

Direct Injection

True value, ug/L 0.42 1.67
Mean of standard run as unknown,
ug/L 0.37 1.73
Relative error from true value, % - 12 + 4
{(accuracy)
Standard Qeviation about mean, % .+ 3 + 16
{precision)
Number of tests 3 37

Precision of Field Data

Field Replicate

Replicate Analysis

Data Sets of Single Field Sample
Range, ug/L 0.1-0.4] >0.4 <0.1 0.1-1.3
Number of sets where
mean lies in range 5 0 2 12
Standard deviation
about mean, % * 21 + 100 + 27

o
]

3000 concentration factor
Each test performed in triplicate
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TABLE E-9.

SIGNIFICANCE OF 4—CHLOROPHENYL PHENYL ETHER DQTA
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR

APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extract ion of Standards from Distilled Water ]
Concentration, ug/L 0.17 1.67
Mean recovery, #% 55 63 R
Standard deviation about mean, % +* 17 * 3 N
Number of testsb 2 1

Standard Reproducibility by Direct Injection

True value, ug/L 0.42 1.67
Mean of standard run as unknown,
ug /L 0.39 1.72
Relative error from true value, %
-6 + 3
(accuracy)
Standarq éeviation about mean, % s 11 + 14
{precision)
Number of tests 3 37
Precision of Field Data
Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/L <0.1 20.1 <0.1 0.2 >0.2
Number of sets where
mean lies in range 2 0 4 1 0
Standard deviation
about mean, % * 67 + 100 * 100

Y
|

= 3000 concentration factor
= Each test performed in triplicate
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TABLE E-10., SIGNIFICANCE OF 4~BROMOPHENYL PHENYL ETHER AND/OR o-BHC DATA
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR®
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Both Standards from Distilled Water
Concentration, ug/L 0.33 3.33
Mean recovery, % 83 68
Standard deviation about mean, % + 8 + 2
Number of testsb 2 1

Reproducibility of Both Standards by Direet Injectiom
True value, ug/L 0.83 3.33
Mean of standard run as unknown, 0.63 3.50
ug /L
Relative error from true value, ¥ - 24 + 5
(accuracy)
Standarq deviation about mean, % + 10 + 11
(precision)
Number of tests 3 37
Precision of Field Data
Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/L <0.1 20.1 <0.1 20.1
Number of sets where 1 0 1 0
mean lies in range
Standard deviafion + 0 + 100
about mean, %

a = 3000 concentration factor
Each test performed in triplicate

o
I
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TABLE E-11. SIGNIFICANCE OF &-BHC (LINDANE) AND/ORCg—BEC DATA
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Standards from Distilled Water
Concentration, ug/L 0.33 3.33
Mean recovery, % 55 61
Standard deviation about mean, % + 6 + 4
Number of testsb 2 1

Standard Reproducibility by Direct Injection
True value, ug/L 0.83 3.33
Mean of standard run as unknown, 0.71 3.49
ug/L
Relative error from true value, % - 14 + 5
(accuracy)
Standarq Qeviation about mean, % + 10 + 10
(precision)
Number of tests 3 37
Precision of Field Data
Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/L <0.1 20.1 <0.1 20.1
Number of sets where
mean lies in range 4 0 3 0
Standard deviation
about mean, % t 60 * 40

a = 3000 concentration factor
= Each test performed in triplicate

o
|
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TABLE E-12.

SIGNIFICANCE OF HEPTACHLOR AND/OR B-BHC DATA

BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR?
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Both Standards from Distilled Water
Concentration, ug/L 0.33 3.33
Mean recovery, % 57 61
Standard deviation about mean, % + 4 + 4
Number of testsb 2 1

Reproducibility of Both Standards by Direct Injection

True value, ug/L 0.83 3.33

Mean of standard run as unknown, 0.74 3.46
ug/L

Relative error from true wvalue, ¥ - 11 + 4
(accuracy)

Standard deviation about mean, % £ 3 + 11
(precision) - B

Number of tests 3 37

Precision of Field Data

Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/L <0.1 | 0.1-0.4 >0.4 <0.1 0.1-0.4 | >0.4
Number of se?s where g 5 0 13 2 0
mean lies in range
Standard deviation + 61 £ 45 + 73 £ 57
about mean, % N - - -

-
b

= 3000 concentration factor
= Each test performed in triplicate

267




TABLE E-13.

SIGNIFICANCE OF ALDRIN DATA

a
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Standards from Distilled Water
Concentration, ug/L 0.17 1.67
Mean recovery, 1 535 63
Standard deviation about mean, 7% 17 + 3

b
Number of tests 2 1

Standard Reproducibility by Direct Injection

True value, ug/L 0.42 1.67
Mean of standard run as unknown, 0.35 1.77
ug/L ) )
Relative error from true value, ¥% - 17 + 6

(accuracy)
Standard deviation about mean, % + 6 s 11
(precision) - -
Number of tests 3 37

Precision of Field Data

Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/L <0.1 }0.1-0.9 | >0.9 <0.1 0.1-0.3 | >0.3
Number of sets where
mean lies in range 10 6 3 4 0
Standard deviation .
about mean, % * 60 + 21 + 79 * 18

i}
1

o
i

3000 concentration factor
Each test performed in triplicate
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TABLE E-14, SIGNIFICANCE OF HEPTACHLOR EPOXIDE DATAa
BASE~NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Standards from Distilled Water
Concentration, ug/L 0.17 1.67
Mean recovery, % 75 57
Standard deviation about mean, % + 16 + 2

b
Number of tests 2 1

Standard Reproducibility by Direct Injection
True value, ug/L 0.42 1.67
Mean of standard run as unknown, 0.39 1.73 '
ug/L
Relative error from true value, % -7 + 4
(accuracy)
Standard deviation about mean, % + g + 9
{(precision)
Number of tests 3 37

Precision of Field Data

Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/L <0.1 20,1 . <0.1 20.1
Number of ser where 1 0 ) 0
mean lies in range
Standard deviafion + 61 + 155
about mean, 2

]
IO

3000 concentration factor
Each test performed im triplicate

269




TABLE E-15.

SIGNIFICANCE OF o~ENDOSULFAN DATA

BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR®
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Standards from Distilled Water
Concentration, ug/L C.17 1.67
Mean recovery, % 7 10
Standard deviation about mean, % + 11 + 4
Number of testsb 2 i

Standard Reproducibility by Direct Injection

True value, ug/L 0.17 0.42 1,67

Mean of standard run as unknown, 0.11 0. 42 1.73
ug/L

Relative error from true value, % - 35 +1 £ 4
(accuracy)

Standar? qeviation about mean, % .1 v 91 £ 10
(precision)

Number of tests 3 3 37

Precision of Field Data

Field Replicate

Replicate Analysis

Data Sets of Single Field Sample
Range, ug/L <0.1 0.2 >0.2 <0.1 0.1 >0.1
Number of sets where
mean lies in range 7 1 0 18 1 0
Standard deviation
about mean, % * 82 * 35 * 80 + 0

3000 councentration factor
Each test performed in triplicate
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TABLE E~16. SIGNIFICANCE COF DDT DATA a
BASE~NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR

APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L
Extraction of Standards from Distilled Water ]
Concentration, ug/l, 0.17 1.67
Mean recovery, 7% 49 52
Standard deviation about mean, % + 11 + 13
Number of testsb 2 1

Standard Reproducibility by Direct Injection
True value, ug/L 0.42 1.67
Mean of standard run as unknown, 0.33 1.73
ug/1,
Relative error from t%ue value, % - 21 + 4
(accuracy)
Standard deviation about mean, % + 12 + 20
(precision) -
Number of tests 3 37
Precision of Field Data
Field Replicate Replicate Analysis
Data Sets of Single Field Sample
Range, ug/L <0.1 0.1 >0.1 <0.1 20.1
Number of se?s where 1 1 0 1 0
mean lies in range
about mean, % -

a = 3000 concentration factor
Each test performed in triplicate

o
"
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TABLE E-17.

SIGNIFICANCE OF DIELDRIN AND DDE DATA

BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTORa
APPROXIMATE LOWER DETECTIION LEVEL = 0.1 ug/L

Extraction of Both Standards from Distilled Water

Concentration, ug/L 0.17 1.67
Mean recovery, % 62 58
Standard deviation about mean, % t 12 * 4
Number of testsP 2 1

Reproducibility of Both Standards by Direct Injection

True value, ug/L 0.83 3.33
Mean of standard run as unknown,

ug/L 0.77 3.45
Relative error from true value, 7 4

%Z (accuracy) + .
Standard deviation about mean, 7% .8 .

(precision) = 9
Number of tests 3 37

= 3000 concentration factor
Each test performed in triplicate

There were no field replicate data sets or replicate

analyses data sets in which these compounds were detected,
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TABLE E-18. SIGNIFICANCE OF ENDRIN DATA
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR?
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Standards from Distilled Water
Concentration, ug/L 0.17 1.67
Mean recovery, % 67 70
Standard deviation about mean, % + 18 + 10
Number of testsb 2 i

Standard Reproducibility by Direct Injection

True value, ug/L 0.42 1.67
Mean of standard run as unknown,
ue/L 0.34 1.81
Relative error from true wvalue, _ 19 + 8
% (accuracy)
Standard deviation about mean, % + 6 + 15
(precision)
Number of tests 3 37
a = 3000 concentration factor
b = Each test performed in triplicate

There were no field replicate data sets or replicate
analyses data sets in which this compound was detected.
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TABLE E-19.

SIGNIFICANCE OF DDD AND B-ENDOSULFAN DATA

BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Both Standards from Distilled Water

Concentration, ug/L 0.33 3.33
Mean recovery, % 30 27
Standard deviation about mean, % + 12 + 7
Number of testsb 2 1

Reproducibility of Both Standards by Direct Injection

True value, ug/L 0.33 0.83 3.33
Meig/if standard run as unknown, 0.22 0.73 344
Re%aE:ZEU::E;§ from true value, - 33 - 12 + 3
Stigizzisizziation about mean, Z + 22 + 11 £ 10
Number of tests 3 3 37

[

a
b

3000 concentration factor
Each test performed in triplicate

There were no field replicate data sets or replicate

analyses data sets in which these compounds were detected.
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TABLE E-20. SIGNIFICANCE OF METHOXYCHLOR DATA a
BASE-NEUTRAL EXTRACTABLE HALOCARBON, GC/HALL DETECTOR
APPROXIMATE LOWER DETECTION LEVEL = 0.1 ug/L

Extraction of Standards from Distilled Water

Concentration, ug/L 0.17 1.67
Mean recovery, % 62 56
Standard deviation about mean, % + 12 + 19
Number of testsP 2 1

Standard Reproducibility by Direct Injection

True value, ug/L 0.42 1.67
Mean of standard run as unknown, 0.23 1.84
ug/L ' )
Relative error from true value, — 45 + 11

% (accuracy)

Standard deviation about mean, 7% £ 51 £ 42
(precision) - -
Number of tests 3 37

a = 3000 concentration factor

b

Each test performed in triplicate

There were no field replicate data sets or replicate
analyses data sets in which this compound was detected.
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APPENDIX F

QUALITY ASSURANCE DATA FOR
NON-HALOGENATED EXTRACTABLE HYDROCARBONS

The data presented here were generated as part of the quality assurance
program discussed in Section 5., The analytical procedure employed for extrac-
table halocarbong is detailed in Appendix D. Interpretation of project

extractable halocarbon data presented in Section 7 was based, in part, on this
quality assurance data,
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APPENDIX G

SOLVENT IMPURITIES AND HALOGENATED BY-PRODUCTS
OF SOLVENT IMPURITIES

Burdick and Jackson distilled-in-glass methylene chloride contains a
small amount of cyclohexene as a preservative, In the extraction laboratory,
this compound reacts with any free chlorine present in project field samples
to produce dichlorocyclohexane as a reaction product. Dichlorocyclohexane
has the same retention time under the procedures described in Appendix D as
bis(2~-chloroethyl) ether and bis(2-chloroisopropyl) ether. It was necessary,
then, to add thiosulfate to the sample bottle to quench free chlorine at the
sample site.

This phenomenon was demonstrated in the laboratory when free chlorine
spiked distilled water was extracted under the procedures described in
Appendix D to produce 50 ug/L false positive reports of bis-chloro ethers,-

Even with thiosulfate present in all sample bottles, a 0.04 to 0.3 ug/L
false positive bis~chloro ether peak was present in all field samples chroma-
tograms, The peak was alsoc present in all solvent blank chromatograms. It
was hypothesized that prior to extraction, a small amount of free chlorine
resulted from methylene chloride degradation and reacted with the preservative
to produce dichlorocyclohexane.
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APPENDIX H

ATTEMPTED ANALYSIS OF BASE-NEUTRAL EXTRACTABLE
ORGANO-NITROGEN COMPOUNDS

The compounds listed in Table H~1 are the nitrogen containing base-
neutral extractable Priority Pollutants. Analysis for these compounds in pro-
ject concentrated sample extracts was attempted. A Tracor model 702 nitrogen-
phosphorous alkali flame ionization detector (sensitized to nitrogen) was
interfaced to a Tracor model 560 gas chromatograph. The detector output was
integrated and recorded by a Hewlett Packard 3380A programmable integrator,
The GC/alkali detector lower levels of detection are also listed in Table H-1.
A typical chromatogram resulting from direct injection of calibration stand-
ards at 6.66 ug/L is shown in Figure H-1. Extraction recoveries for calibra-
tion standards in distilled water were evaluated at three concentrations: 1.66
ug/L, 3.33 ug/L and 6,66 ug/L. These data are included in Table H-1, System
blank evaluations (including extraction solvents) indicated occasional inter-
ference in areas of the chromatogram unrelated to Priority Pollutant retention
times,

TABLE H-1. EXTRACTION RECOVERIES AND DETECTION LEVELS OF
NLITROGEN CONTAINING BASE-NEUTRAL COMPOUNDS

Average Extraction Recovery
1.66 ug/L  3.33 ug/L 6.66 ug/L

Lower Detection Standard Standard Standard

Compound Level (ug/L) 3] (%) (%)
Nitrobenzene 4.0 320 58P -
2,6-Dinitrotoluene 0.4 61 80 87
2,4-Dinitrotoluene 0.1 50 73 87
N~nitrosodiphenylamine 0.4 72 84 91
Benzidine 4.0 61D 63 103
3,3"-Dichlorobenzidine 0.5 89 79 87

8With a GC/alkali flame ionization detector and 3,000 concentration factor.
Only ome determination.

Sample chromatograms produced under a thorough fuality control program
contained numerous peaks, some being presumptively identified as Priority
Pollutants. See Figure H-2, GC/MS confirmation of the identifications, how-
ever, was not possible. For example, benzidine was frequently reported in
project samples at concentrations ranging from 1.0 to 15 ug/L. For confirma-
tion to oceur by GC/MS, samples would have had to contain 20 to 50 ug/L of
benzidine in order to elicit a sufficient scanning mode response, A compar-—
able concentration was needed for scanning mode confirmation of the other
nitrogen compounds. Problems were also involved in GC/MS confirmation by
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selected ion monitoring., According to the USEPA Protocol,8 GC column condi-
tioning with benzidine is necessary to chromatograph adequately the nitrogen-
containing Priority Pollutants. Benzidine used in column conditioning
resulted in an interference in confirmation attempts by selected ion monitor-
ing. Other analytical methods likely available for characterization of this
group of compounds were beyond the scope of the project,

An evaluation of the largest GC/alkali detector response presumptively
identified as benzidine in a sample at 15 ug/L was attempted by GC/MS. A
likely identification of the compound eliciting the response was squaline, a
naturally occurring nitrogen compound ubiquitous in the environment. Because
of the lack of GC/MS support for presumptive GC/alkali detector data, this
analytical task was abandoned.
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/-2 ,6-dinitrotoluene

\2, 4-dinitrotoluene
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-nitrosodiphenylamine

-—-benzidine

-——-3,3~dichlorobenzidine

Figure H-1. Typical gas chromatogram of base-neutral extractable Priority
Pollutants calibration standard using alkali flame ionization detector,
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-—-~ 3 3-dichlorobenzidine

i R

note: other peaks are unknowns

Figure H-2, Typical gas chromatogram of base-neutral
extractable sample using alkali flame ionization detector.
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APPENDIX I

MASS SPECTROMETRY EQUIPMENT AND ANALYTICAL PROCEDURES

The USEPA Protocol for analgsis of Priority Pollutants by gas chromato-
graphy/mass spectrometry (GC/MS)® was closely followed by the GC/MS labora-
tory., Hewlett-Packard 5982A and 5985 combined gas chromatographs/mass spec-
trometers (GC/MS) and a Hewlett-Packard 5944A dedicated data system were used.
The MS systems utilized jet separators for the GC effluents. The system per-
formance was optimized daily for the analysis of 20 nanograms of decafluoro-
triphenylphosphine.

For analysis of purgeable halocarbons, a Tekmar model LSC-1 Liquid Sample
Concentrator was interfaced to the GC/MS system. While a sample was purged,
the GC oven was cooled to a subambient temperature of -50°C. Desorption from
the Takmar was achieved in 8 minutes at 180°C onto the head of the GC column.
At the end of the 8 minute period, the GC oven temperature had reached appro-—
ximately -20°C. The temperature was then rapidly raised to 60°C and program—
med according to protecol. MS scanning was started immediately.
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APPENDIX J

ORGANIC SAMPLING PROCEDURES

INSTANTANEOUS LEVEL PURGEABLE SAMPLING PROCEDURE

The 40 mL bottles for the sampling of purgeable compounds contain powder—
ed sodium thiosulfate. This substance must not be lost during sampling.
Therefore, it is extremely important that the sample water gently flow into
the bottle such that the bottle will be filled with little or no spillover.

If the water to be sampled is not tapped, use a beaker to introduce the
sample water to the 40 mL bottle. This beaker should have been thoroughly
washed, rinsed with distilled water and air dried. At the sample site, rinse
the beaker several times with the sample water prior to collection.

Remove the cap from the bottle to be filled, being careful not to spill
any of the thiosulfate out of the bottle. Avoid fingering the lip of the
bottle. TFill the bottle carefully with gently running water from the tap or
from the beaker until a convex meniscus forms above the lip of the bottle,
Carefully place the cap on the bottle and screw it securely in place. The
displaced meniscus will run down the sides of the bottle. Invert the bottle
several times, There should be no air space in the bottle larger than this
letter "0". Dry the bottle off, label it properly and secure it with trans-
parent tape, Refrigerate it in the dark until sample shipping time.

TERMINAL LEVEL PURGEABLE SAMPLING PROCEDURE

Two bottles are required for this procedure. A 270 mL bottle is used for
sample storage during which time available trihalomethane precursor will react
with chlorine to form trihalomethanes. The sample will be collected in this
bottle. A 40 mlL bottle contains powdered thiosulfate to stop the trihalo-
methane reaction and is used to ship the sample for analysis. The 270 mL
bottle will be shipped back empty to the laboratory for cleaning.

The 270 mL bottles contain a buffer with a pH at or near the utility's
finished water pH. This buffer must not be lost during sampling. Therefore,
it is extremely important that the sample water gently flow into the bottle
such that the bottle will be filled with little or no spillover.

To ensure the reaction reaching its formation potential, the sample is
usually chlorinated. Therefore, prior to sample collection, a stock chlorine
solution must be prepared.

A chlorine stock solution bottle and a 10 mL pipette should be readied

~
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prior to preparing the solution. Wash them and thoroughly rinse them with
distilled water. Allow them to dry. Weigh out 800 mg of reagent grade
Ca(0Cl), and add it to 1.0 liter of distilled water. This should give a stock
strength of approximately 400 mg/L free chlorine. This solution should be
stored in a dark or aluminum foil wrapped glass stoppered bottle in a refri-
gerator that is free of organic chemicals, glues, solvents, etc. If is has
been stored for longer than a week prior to use, discard it and prepare a new
solution.

After chlorinating this sample, storing it for the designated time and
transferring to the 40 mL bottle containing thiosulfate, it will be necessary
to determine the free chlorine residual of the sample remaining in the 270 mL
bottle. The buffer in that bottle, however, may interfere with the chlorine
measurement. It will be necessary, therefore, to prepare an acid solution so
that the pH can be adjusted prior to making the chlorine measurement. Forx
this purpose dilute one part reagent grade H.S0. into 40 parts distilled
water.,

Immediately before sampling, pipette 10 mL of the stock chlorine solution
into the 270 mL bottle, being careful not to lose any of the buffer, Cap the
bottle. Go to the sample location,

Remove the cap from the 270 mL bottle being filled, being careful not to
spill any of the chlorine and buffer solutions in the bottle, Avoid fingering
the lip of the bottle, Fill the bottle carefully with gently running water
from the tap or from the beaker until a convex meniscus forms above the lip of
the bottle. Carefully place the cap on the bottle and screw it securely in
place, The displaced liquid will run down the sides of the bottle., Gently
invert the bottle several times to mix the sample and buffer and chlorine
solutions. There should be no airspace in the bottle larger than this letter
"0." Dry the bottle off, label it properly, and secure it with transparent
tape. Store it in the dark at a temperature approximating that of the
finished water until it is time to transfer it to the 40 mL bottle.

Ar the specified transfer time, remove the cap from the. 40 mL bottle to
be filled, being careful not to spill any of the thiosulfate. Avoid fingering
the lip of the bottle., Remove the cap from the 270 mL bottle. ZPour the
sample carefully from the 270 mL storage bottle into the 40 mL bottle until a
convex meniscus forms above the lip of the bottle, Carefully place the cap
on the bottle and screw it securely in place., The displaced liquid will rum
down the sides of the bottle. Invert the bottle gently several times and
check for air bubbles. DBry the bottle off, label it properly, and secure the
label with transparent tape. Refrigerate the 40 mlL bottle in the dark until
sample shipping time,

There should be approximately 230 mL of sample remaining in the 270 mL
bottle. Use this 230 mL to determine the remaining free chlorine residual by
whatever means you normally use for determination of free chlorine residual.
Measure out the volume required. Add the acid solution drop by drop until the
solution is very near pH 7. Then continue with the routine procedure for the
utility's free chlorine residual determination. Record this residual.
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EXTRACTABLE SAMPLING PROCEDURE

The gallon bottles for the sampling of extractable compounds will arrive
at the utility containing granular thiosulfate.

Remove the cap from the bottle. Fill the gallon bottle carefully with
gently running water from a tap or from a beaker, Fill the bottle to very
near the top, being careful not to lose any of the thiosulfate. This bottle
does not have to be filled airspace free. Fill it to very near the top. Cap
the bottle. If the outside of the bottle was wetted, dry it off. Label it
properly and secure it with transparent tape. Refrigerate it in the dark
until sample shipping time,
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APPENDIX K

PROCEDURE AND MEDIUM FORMULA FOR A
MEMBRANE FILTER ~ STANDARD PLATE COUNT

The laboratory apparatus needed is basically identical to that required
for the total coliform procedure as written under 909A, pages 928 to 931, a
through k, Standard Methods for the Examination of Water and Wastewater, 14th
Edition, 1976 (SM). The exception is that the medium is to be used as an agar
only; therefore, the description of absorbent pads is not applicable.

Medium and Preparation

Peptone 2 grams
Gelatin 2.5 grams
Glycerol 1.0 mL
Agar 1.5 grams
Distilled Water 100. mL

Adjust to pH 7.1 with NaOH (N) and autoclave for five minutes at 121°C.
Sterile medium is dispensed in 4-6 mlL volumes into 60 by 15 mm petri dishes.,
If possible medium should be prepared daily; however, prepared plates of
sterile medium can be stored at 4°C for one week.

The procedure for sample filtration is identical to sample filtration for
determination of total and fecal coliforms by the membrane filter technique.
The same precautions should be taken when rolling the membrane onto the agar
surface to avoid air bubble entrapment.

The selection of sample size should be determined as if the standard
pour plate procedure were to be utilized, particularly if raw water is
examined., When finished, potable water is examined, it is suggested that 100,
50, 25, 10 or l-mL volumes be filtered.

The exact volume must instantly be determined by the analyst. It is
recommended that three different volumes for each sample be routinely filtered
due to normal variations in total bacterial density regardless of the source
of the sample,

Culture plates are incubated for 48 hours in an inverted position in an
incubator which maintains a 35° # 0,5 °C temperature. All colonies regardless
of size and cocloxr are counted.

Report the total bacterial density in terms of total bacteria/l mL.
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Compute the count by the following equation:

total colonies
ml. of sample filtered

Total bacteria colonies/1 mL = = density/1l mL

Membrane filters showing confluent growth, over 200 colonies, or colon-—
ies which cannot be individually discerned should not be used for calculating
total bacterial density.
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