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Abstract

Bloons of algae tentatively identified as Asterionella and Anabaena

occurred at times when tastes and odors developed in the surface water
source of Larame's drinking water during the summer of 1984.
"Actinomycetes were found in Larame's surface water source but did not
appear to be numerous enough to be responsible for the tastes.
Filamentous algae did not become numerous enough to present a problem at
the wastewater treatnent facility during the summer of 1984. Selected
bacteria were enunerated through the surface water treatment plant
during the summer of 1984. This plant reduced numbers of bacteria from
raw to finished water by 99.99 percent. Fecal «coliforms survived for
three nmonths in material taken from the sedimentation basins. In some
cases R2A nedium was the superior nedium for determng the heterotrophic

plant count.



[ntroduction

This project was developed from an inquiry to the Pl from the Gty
of Larame \Water Departnent asking for help concerning the
identification of the cause of a taste and odor problem that recently
seemed to be occurring each sumer. Secondly, there was the potentia
for a problem of clogging the infiltration-percolation beds of the
wastewater treatment facility by filamentous algae and help was
requested with this problem

The taste and odor problem could have been due to either alga
growth or to the growh of actinonycetes. Actinomycetes are bacteria
which my produce two chemcal conpounds which have been inplicated in
taste and odor problens of water. These are geosmn and 2
net hyl -i sobor neol . These two taste conpounds are also produced by
various algae. It was possible that the actinonycetes were growing in
the treatment plant

This project was undertaken primarily to determne what caused the
tastes and odors and secondarily, to gain some information concerning

the bacteriology of Larame's drinking water



Requirements of the Project (Cbjectives)
1. To determne the cause(s) of the tastes and odors in Larame's
surface water supply.

2. To determne if filamentous algae were growing in Larame's Sewage
| agoons.

3. To enunerate actinonycetes through the wvarious stages of the
treatnment plant.

4. To enumerate sulfate reducing bacteria through the various stages
of the treatment plant.

5. To perform other prelimnary bacteriological studies on Larame's

drinking water as tinme mght allow

Met hodol ogy

Studies concerned with algal growth were done by filtering various
anounts of water through a MIlipore HA gridded filter with a pore size
of 0.45 mcrometers. The filters were placed upon a glass slide and
observed at 100X rmmgnification. The number of algal cells per square
of the grid was determined. In some cases total cells were counted
while in other cases only the predoninant organism was counted.  Studies
with the lagoons were only concerned with the enumeration of filanentous
algae. At the water plant 100 ms of raw water were routinely filtered.
(ccasional |y sanples of Lake Sodergren were filtered. Five m sanples
from the lagoons were filtered. ldentification of algae was done using
the 15th edition of Standard Methods for the Examnation of Water and

st ewat er .

Met hodol ogi es used for studying the bacteriology of Larame's

drinking water are detailed in the attached thesis



Resul ts

Presented in Table 1 are the results of approximately weekly
sanples taken to determine the presence of algae in the raw water. Very
few algae were seen until the end of July. At the time of taste
devel opment the total algae were ignored and the predomnant type
counted.  The first taste problem which lasted for a short tine,

corresponded to an increase in the nunber of Asterionella up to eight

colonies per square of filter. This organism is listed in Standard
Methods as a taste causing organism A slight taste then persisted
through the bloom of an organism tentatively identified as Ul othrix.
The real taste problem started with the appearance of an organism
tentatively identified as Anabaena. The taste was present when as few
as two filaments per square of filter were seen and got worse as the
filaments increased in size and nunber. It was finally decided by the
city to shut the plant down in early Septenber. The nunbers of this
organism in the raw water reached 40-50 filanments per square of filter
while they were as high as 80 per square in the surface water of Lake
Soder gren.

Filamentous algae did not grow in the sewage lagoons to any extent
during the summer of 1984, thus no problem was encountered and no data
iIs available. The predomnant algae in the sewage |agoons were

identified as Chlorella and Scenedesmus with Chlorella being domnant in

My and June while Scenedesmus was most numerous in July and August.

For the results of the bacteriological studies see the attached

thesis.



Table 1. Algae in Laramie's Raw Water During the Summer of 1984

Unidentified Identified Organisms

Green or blue
Date green algae Diatoms Agerionella  Ulothrix ~ Pandorina  Anabaena Taste

5-22 1* at a a a a No
6-6 a a a a a a No
6-13 a a a a a a No
6-20 2 a a a a a No
6-26 a a a a a a No
7-5 a a a a a a No
7-12 1 a a a a a No
7-19 2 a a a a a No
7-25 -Z - 8 a 1-2 a Yes
7-26 - - 14 a 1.6 a Yes
8-6 many - a 80 a a Slight
8-21 - - a 10 1 2 Slight
8-22 - - a 10 1 2 Slight
8-23 - - a 10 1 4 Yes
8-24 - - a - a 4.4 Yes
8-25 - - a Anabaena filaments 4 Yes
were longer than
previous days

8-30 - - a - - 35 Yes
9-5 Plant shut down very bad taste - 47 Yes
9-11 - - - - - 40-50 Yes
9-13 - - - - - 40-50 Yes

* - number per square of gridded membrane filter
+ - less than one per square of gridded membrane filter
# - not determined



Concl usi ons

Blooms of Asterionella and Anabaena caused tastes and odors in
Larame's surface water supply during the summer of 1984.

Actinonycetes were present in the raw water but were not
responsible for the taste and odors.

Sulfate reducing bacteria my grow in the sedinentation basin.

R2A medium is a good nedium to use to enumerate bacteria which may
have been stressed by alumnum

Escherichia coli can survive for extended time in the material in
the bhottom of the sediment basin.

Recomrendat i ons

The surface water source should be studied during the summer of
1985 to see if these organisnms grow and cause a taste and odor
again.

A nethod for early detection of the algal growh should be
devel oped.

A study should be done to determne why the algae grow
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| NTRCDUCTI ON

Domestic drinking water, whether supplied from ground water
sources such as springs and wells, or surface water sources from |akes
and rivers, is wusually treated in some manner to remove or Kkill
m croor gani sns. The presence of total coliforns, fecal coliforms and
fecal streptococci in potable water has been used wdely as an
indication of the general water quality and the efficiency of treatnent.
The heterotrophic bacterial population in drinking water however, often
exceeds that of the coliform group. Previous work has shown that
enumeration of both heterotrophic bacteria and the coliform group is
required to adequately evaluate the bacteriological quality of water
(20).

Mnitoring the heterotrophic population is necessary because high
plate counts my indicate the presence of non-fecal opportunistic
pat hogens  (20). Also, high numbers of heterotrophic bacteria in water
have been shown to interfere wth the detection of coliform bacteria
(20,34) thus resulting in the potential for coliforms in contam nated
water remaining undetected by routine analysis. Some  heterotrophic
bacterial strains have been associated with the production of tastes and
odors in water (63,64,70), and the deterioration of distribution systens
as the result of formation of encrustations or tubercles on the interior
of pipelines (1,37,40). These deposits provided habitats which protect
bacteria from residual chlorine (70), cause internal corrosion (10,53),

and reduce the water capacity of pipelines (70). Sulfate reducing



bacteria have been shown to be of particular inportance in corrosion
problens (10, 40, 53).

This study was initiated to determ ne: 1) if actinomycetes at
some point in the treatment process were responsible for a taste and
odor problem that was occurring in Laranie's drinking water. 2) isolate
and identify bacteria from the distribution system and determne if
particular organisms originated in the different water sources and were
found at specific points in the distribution system 3) determne the
numbers of sulfate reducing and other types of bacteria at various

points in the surface water treatment plant.



LI TERATURE REVI EW

Interest in the quality of domestic drinking water supplies has
grown in recent years because of the increased demands for water, the
enactnent of the Safe Drinking Water Act of 1974 and the waterborne
epidem cs which have occurred in the United States in past years. The
goal of the Safe Drinking Water Act of 1974 was to enhance the quality
of drinking water in the United States by inposing stricter water
quality regulations (39).

In the period from 1971-1978, 224 waterborne outbreaks were
reported in the United States (13,24). Contamnation of the
distribution system and treatment deficiencies were reported as the
mgjor causes of the outbreaks from nunicipalities (13). Mre outbreaks
were reported from nonnmunicipal sources than were reported from
muni ci pal i ties. However, nost of the reported causes of illness were
from nunicipal systems (14). A higher nunber of outbreaks occurred from
muni ci pal  systems with ground water sources than from systems wth
surface water sources (14). MCabe et al. (47) reported nunerous
instances of poor quality water originating from ground water sources.
The majority of these sources were unprotected or inadequately treated

Locating a domestic source of water as free from contamnation as
possible is desirable, but people do not always settle in areas where
water of this quality is available. Therefore, water nust be treated to

meke it safe for human consunption. The basic treatnent of water
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involves the removal of organisms by filtration or by killing them wth
chlorine (18). Gainey and Lord (18) stated that the inportant treatment
procedures were storage or sedimentation of water wthout coagulation,
coagulation followed by sedimentation and rapid sand filtration, and
chemcal disinfection by chlorination. They reported that coagulation
and sedinentation removed 50 to 99 percent of the bacteria in the raw
wat er. The average renoval was around 80 percent. For a coagulant to
perform adequately it nust form a water insoluble floc which traps
bacteria and removes them from the water either by sedimentation or by
filtration (18). Aumnum sulfate (alum has been used wdely for this
purpose (18). The survival and possible release of organisns,
including pathogens, fromthe floc is of recent public health concern
(9).

Bulson et al. (9) studied the renoval of bacteria from a |ake
treated with alum Application of alum to Liberty Lake in Wshington
effectively removed 95 percent of the total culturable bacterial
popul ati on. Ninety percent of the fecal colifornms and 70 percent of
the fecal streptococci were renoved from the water colum and
concentrated in the alum floc at the bottom of the |ake. Laboratory
experinments in this study showed that the concentration of Escherichia
coli was reduced in the water colum from 1.5 x 108 cells per 100 m to
1.5 x 103 cells per 100 m at 30 h after flocculation. E coli- cells
were not released from the flocculated material to the water colum and
die-off was reported at a greater rate than was observed for
unflocculated cells. The release of bacteria from the floc by use of a

bl ender has been reported (48). Blending tines from2 to 18 seconds




resulted in no significant cell injury, however, blending exceeding 18
seconds was found to cause cell damage (9).

Rapid sand filtration has been shown to renmove 60 to 90 percent of
the bacteria applied to the filter with an average around 80 percent
(18). Gainey and Lord (18) reported that sone bacteria may pass through
the filter and cautioned that all water processed by rapid sand
filtration nust be chlorinated to protect the consumer

Chlorine is an effective disinfectant in water, however, the
specific action of chlorine on bacteria remains unclear (18). Geen and
Stunf (23) reported that chlorine inhibits glucose oxidation by the
cell. Knox et al. (32) indicated that chlorine affected the sulfhydry
groups of enzymes responsible for carbohydrate netabolism Venkobachar
et al. (72) examned the effects of chlorine on dehydrogenases and
Benarde et al. (5) suggested that protein synthesis was the target upon
which chlorine acted. Canper and MFeters (12) reported that chlorine
affects the transport of extracellular nutrients across the cel
menbr ane.

The ability of bacteria to repair chlorine injury has been debated
Some authors have indicated that the viable cells enumerated after
chlorination resulted from the proliferation of the surviving
population (19,28) while others have reported that actual repair of
chlorine injured cells had occurred (12,46,50). The detection of these
injured cells in water is inportant for an accurate assessment of water
quality (46) because some might be pathogens which could recover in the

human  body.



There is much literature on detection and enuneration procedures
for various types of bacteria in water and the efficiency of these
met hods (6,7, 16, 17, 22, 27, 29, 30, 41, 43, 48, 49, 52, 55, 56, 62, 67, 68) . Rel i abl e
detection nethods are necessary because high nunbers of coliform
bacteria can indicate the presence of pathogens (34). Hgh non-coliform
counts in water supplies have been shown to suppress the detection of
coliform bacteria (20,34). Geldreich et al. (2) reported that the
frequency of total and fecal coliform detection decreased as the
heterotrophic plate count bacteria exceeded 1,000 per nl. Lanka et al
(34) reported simlar results when heterotrophic plate counts increased
above 500 per m. Medium conposition, incubation tenperature and
incubation time have a mjor influence on how successfully the bacteria
population was enumerated from nonchlorinated and chlorinated water
(17,48).

The standard plate count has been the nethod generally used to
enunerate bacteria from water (56). The standard plate count procedure
enploys the pour plate technique using either plate count agar or
tryptone glucose yeast extract agar incubated at 30°C for 48 hours (2).
Many investigators have reported that the pour plate procedure vyields
| ower counts than the streak or spread plate nethod (31,4955, 71).

Means et al. (49) studied the recovery of bacteria obtained from
unchlorinated water supplies to the city of Garden Gove and chlorinated
water obtained from Irvine, California. Results from this study showed
that the standard plate count procedure underestimted the heterotrophic
bacterial population by 53 percent in the unchlorinated water system and

40 percent in the chlorinated system when conpared to the spread plate



counts determined on R2A medium Reasoner and GCeldreich (56) have shown
that the R2A medium was superior to plate count agar in enumerating
heterotrophic bacteria from treated water. Mdified Henrici agar and
R2A agar contain diverse carbon and energy sources which may explain the
increased recovery of bacteria as conpared to standard plate count agar
(56). R2A agar was the nedium of choice to enhance the pigment
production of heterotrophic bacteria (49,56). Reasoner and Geldrich
(56) found that an incubation time of 7 days at 35°C resulted in RA
spread plate counts five-fold greater than counts obtained with plate
count agar plates from finished water. Optinum counts were obtained when
plates were incubated at 20°C for 7 days.

Studies have shown that slowgrowing pignented, water bacteria,

which include species of Cytophaga, Aeromonas, Pseudomonas, and

Fl avobacterium often survive chlorination and can be found in the

distribution system (21,25). Herman (25) found that 78 percent of 150
drinking fountains studied had been contaminated with slow grow ng
pignented water bacteria. Sink faucets, water baths and humdifying
units were also found to be contanminated by these organisns. Matsen (44)
reported that this group of organisns, with the exception of Pseudomonas
aeruginosa, is seldom considered to be mgjor pathogens and are usually
only associated with hospital acquired infections. Healthy individuals
did not appear to suffer from lowlevel contaminated water (21),
however, the hazard to debilitated or conpromised individuals is one
which should not be ignored (25).

A mjor group of organisms found in fresh water is the fluorescent

bacteria (26). Skinner et al. (65 have shown that stream systens



within a high nountain watershed in Woning contain around 1.0 x 104
fluorescent bacteria per 100 m. One menber of this group, P.
aeruginosa, was a potential pathogen (15). Drake (15) has shown that
the growh of P aeruginosa is possible over a tenperature range of 30°C
and that the organism can tolerate wde pH values. The presence of this
organism may also be -evidence of recent fecal contamination (15,26).
The consuners basis for evaluating water quality includes clarity
and the absence of any tastes and odors (42). Drinking water supplies
may periodically develop taste and odor problens from various types of
organisns (64). One group of mcroorganisns, the actinonycetes, have
been linked to taste and odor problens in drinking water (51,63).
Mrris et al. (51) reported that the nusty tastes and odors from Cedar
River, lowa, were caused by certain metabolites of actinonycetes.
Romano and Safferman (58) found that soil forms were capable of
producing nusty tastes and odors in surface waters, thus indicating the
potential for contamnation caused by surface runoff. Silvey (64) nade
the observation that taste and odor problenms in drinking water were
wi despread across the United States and suggested that problens due to
actinonmycetes could occur in any area of the nation when the average

tenperature is above 20°C for 3 months.

Mcroorganisns have not only been found to cause taste and odor
problems but also have become linked with the deterioration of
distribution pipelines (1,10,37,40,53,70). The deterioration was in the
form of encrustations or tubercles on the interior of water mains.

Diatoms, algae, actinonycetes and sulfate reducing bacteria have been



shown associated wth these deposits (1,10,70). Tuovinen et al. (70)
examned deposits from the Colunbus, Chio, distribution system and found
that the interior of the tubercle provided a suitable habitat for
anaerobic sulfate reducing bacteria. Butlin et al. (10) isolated
approximtely 1,000 sulfate reducing bacteria per gram from the interior
of tubercles. Mcroorganisms wthin the tubercle were protected from
the action of chlorine (70). Tuovinen et al. (70) reported that
tubercles can become dislodged from the pipeline during periods of high
flow ~ This indicated the possibility for very high heterotrophic plate
counts from water within the pipe system when organisns were released in
this mnner (53). OConnor et al. (53) found that the growh of sulfate
reducing bacteria could produce areas of low pH at the pipe surface.

The sloughing of groups of bacteria could allow oxygen to reach a
portion of the interior pipe surface formng an electrode system which
accelerates the corrosion process.

The use of granular activated carbon (GAC) filtration has been
shown to reduce the level of organic substances responsible for tastes
and odors in water (4,11,4559). Lin (42) reported that the use of
chemcal oxidation or aeration was usually included wth activated
carbon treatment. Problems may develop, however, when carbon particles
passed through the filters (57) or when bacteria were sloughed from the
filter due to hydraulic forces (69). Bacteria could readily colonize
carbon filters (8,35,73) and becone highly resistant to chlorination
(35). LeChevallier et al. (35 studied carbon particles by scanning
electron mcroscopy and found that bacteria grew in cracks and crevices

and becanme covered wth a slime layer. An attachment period of 20



mnutes was sufficient to protect Escherichia coli cells from the

effects of chlorine. The short attachment period did not allow for
extracellular polymer production therefore indicating that attachment
alone was adequate in protecting cells from the affects of chlorine

Coliforms may be detected by either the nost probable nunber (MPN) '
procedure or the nenbrane filter method (2). Mny investigators have
reported better coliform recovery with the MN technique than the
nembrane filter nethod (6,732 46,60, 62). These observations can be
explained by the nonselective environment the MPN procedure provides
allowing stressed or injured cells to repair themselves before comng

in contact with selective nedia (6,7,67). As an exanple, Shipe and

Cameron (62) conpared the efficiency of the nembrane filter and MPN
techniques from three sources of water. \ater from the \atauga River in
Tennessee, Nashville tap water and double distilled water were

sterilized and seeded with two concentrations of Escherichia coli. The

high concentration was approximately 6-10 x 10° cells per m and the |ow
concentration was approximtely 6-10 x 101 cells per ni. The results
showed a MPN recovery of 108.9 per cent from the 3 water sources while
the nenbrane filter method vyielded recoveries of 47.6 percent. The
average recoveries of both nethods from the river water, tap water and
distilled water were 47.8, 91.0 and 86.1 percent, respectively. The tap
water and distilled water percentages indicated that either procedure
produced adequate recovery. This lends support to the concept that the
particular water sanpled affects the efficiency of specific coliform

enuneration procedures (16).



MATERIALS AND  METHCDS

Types of Bacteria Enumerated

Heterotrophic plate count bacteria were enunerated on Henrici
medium as modified by Stark and MCoy (66) and/or R2A agar (56) using
the spread plate technique or the nenbrane filter method (2), depending
upon the expected concentration of organisns.  Actinomycetes  were
detected using Starch Casein agar and the procedure outlined in Standard
Methods (2). Sulfate reducing bacteria were counted by the nultiple
tube procedure of Mra and WIlians (43), wusing their nodification of
lron Sulfite agar (Oxoid). Al of the above nedia were incubated at
20°C for 7 days except sulfate reducing bacteria which were incubated at
20°C for 30 days.

Clostridium perfringens were detected on Perfringens/QP.S.P.

medium (Oxoid) followng the procedure outlined in the Oxoid Mnual
(54). Plates were incubated in an anaerobic jar for 24 h at 37°C
Sem -anaerobic conditions were obtained by the use of a GasPak (BBL
Mcrobiology Systems, Cockeysville, Ml.).

Fluorescent colonies were identified on Starch Casein agar plates
by exposing plates to long-wave ultraviolet [ight.

Total coliform populations were determned by the 5-tube nost
probable nunber (MPN) technique using Lauryl Tryptose broth (Difco
Laboratories, Detroit, M.) in the presunptive test and Brilliant Geen

Bile broth (Difco) for confirmtion (2).
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Fecal coliforms and fecal streptococci were enunerated on MIlipore
HC nenbrane filters following the procedure outlined in Standard Methods
(2). The media used were MC (BBL) and KF (BBL), respectively. Fecal
coliforms were also detected by transferring positive lauryl tryptose
broth tubes to EC broth (BBL).

Water Distribution System

Drinking water to Larame, Woning is supplied by ground water and
surface water sources. The ground water sources originate from one
spring and two well fields. The Larame River serves as the surface
water source and is stored in a lake until use. A surface water
treatment plant processes water by flocculation/coagulation,
sedinentation, filtration, fluoridation, and chlorination. Gound water
receives fluoridation and chlorination only. Surface water is treated 20
mles west of Larame and transported to town via gravity flow through a
20 and 24 inch min to the distribution system and storage reservoir.
Mxing of the three water sources is achieved in the distribution
system One ground water source is treated within fifty yards of the
reservoir. The second ground water source is treated three mles south
of Larame and can be sanpled approximately 100 feet from the point of
treatment. Finished surface water can be sanpled directly at the
treatment plant. The town's distribution system is supplied primarily
from the storage reservoir or the transmssion [ines.

Vter Plant Study

Vter sanples from four points wthin the surface water treatnent
plant were collected at weekly intervals from 14 My through 11

Septenber, 1984. The sanpling sites included the followng: raw water
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entering the plant, the effluent from the sedimentation basin, filtered
water and finished water.

Sanples were collected aseptically in one-liter, sterile
pol ypropylene  bottles. Finished water sanples were dechlorinated at the
time of collection with 100 ng/L sodium thiosulfate. Sanples were
packed in ice, transported to the [aboratory, and processed within 2 to
4 h of collection.

Oganisms enumerated in this study included heterotrophic plate
count bacteria, actinonycetes and sulfate reducing bacteria. Sanples of
raw water and the effluent from the sedinentation basin were tested at

certain times for the presence of Clostridium perfringens to deternine

if this organism was a significant conponent of the sulfate reducing
bacteri al popul ati on.

Filter Study

The filters at the surface water treatment plant were studied to
determne the efficiency of filtration, and to see if any differences
existed between filters.

Six filters, at various hours after backwash, were sanpled at daily
intervals from July 17 to 19. Two filters were sanpled a second time at
2, 26, 50 and 74 hours after backwash from August 22-25, 1984. Sanples
were handled as previously described. Heterotrophic plate count and
sulfate reducing bacteria were enumerated in this study.

Sedimentation Basin  Study

The sedimentation basin was divided into two parallel chanbers,
each of which was 100 feet long. A walkway extended across the basin,

allowing access to the chambers. Ten sites, 10 feet apart, on
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alternating sides of the walkway, were marked for sanpling, with site
one being the closest to and site 10 being the nost distant from the
mxing basin.

Samples of the sedinented material were obtained with the aid of a
sanpling device which consisted of electrical conduit attached end-to-
end with conpression couplings. A casting reel, filled with braided
nylon line, was attached to one end of the device. Fishing rod guides
of decreasing size were attached in equal intervals from the reel to
about one foot from the tip. The line was threaded through the guides
and attached to a number 10 rubber stopper to seal a 500 m
pol ypropylene  hottle. A sterile bottle was attached to the tip section
with tape, the cap removed, and the stopper inserted. The bottle was
lowered into the basin until it disappeared into the sediment. The line
was then pulled to renove the stopper, thus filling the bottle with the
desired sanple. The bottle was retrieved and cap returned.  Sanples
were packed in ice, transported to the laboratory, and processed within
4 to 7 h of collection.

The sedimentation basin, which had not been cleaned since My,

1984, was sanpled a total of 3 times from mid-August through
md-Septenber, 1984, The final sanpling was taken after a trial
addition of powdered activated carbon (PAC), wused in an attempt to
renove a taste and odor from the water

The organisms enumerated in this study included heterotrohic plate
count bacteria, actinonycetes, sulfate reducing bacteria, fluorescent

bacteria, total coliforms, fecal coliforns and fecal streptococci
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Survival of Escherichia coli in Sedinment Sanples

A fecal coliform identified by neans of an Enterotube Il (Roche

Diagnostics, Division of Hoffman-LaRoche, Inc., Nutley, NJ) as

Escherichia coli, isolated from the Larame Lagoon system was used for

this and other parts of the study.

The survival of E coli was studied in tw sets of 4 sedinent
sanples from the area of maxinum deposition in the sedimentation basin.
The second set of sanples had received powdered activated carbon (PAC)
in early Septenmber, 1984, in an endeavor to renmove the aforementioned
taste and odor.

Four sterile 8 oz prescription bottles and four Waring blender jars
were used in this study. Each bottle was filled with a 100 n aliquot
of an wunsterilized sanple. The amount of sanple was increased to 200 m
in blender jars, in order to cover the mxing blades with fluid. E
coli was grown in Nutrient Broth (Difco) at 37°C for 12 h. The bottles
were inoculated with approximately 4.0 x 103 cells per ni whereas the
bl ender jars received approximately 8.0 x 103 cells per m. The
containers were incubated at 15°C wunder stationary conditions and
sanpled at wvarious intervals for approximately 3 mo. The prescription
bottles were shaken 25 times and Waring jars blended 5 s on low speed
prior to each plating.

The nunbers of viable E coli cells were determined by the nenbrane
filtration procedure for fecal coliforms (2). Injured cells would not
have been recovered by this methodology and hence would have been

considered to be dead.
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Pol ymer Effects on Escherichia col

The Nalco 8102 polynmer used in the coagulation process at the
surface water treatment plant was studied to determne if it affected
the growh of E coli. The polymer was diluted to 0.22, 0.44, 0.66,
0.88 and 1.10 nmg/L in Nephlo flasks (Bellco Gass, Inc., Vineland, N.)
Each flask was inoculated with 0.1 m of a 12-hour culture of E. coli
grown in trypticase soy broth at 37°C. The flasks were incubated under
stationary conditions. Gowh was determned using a K ett-Sumerson
Photoel ectric Colorineter fitted with a red (nunber 66) filter.

Distribution System Study

Sanples from 6 sites thought to be representative of the various
parts of the distribution system were collected. These sites were
believed to include water supplied mainly from the following: 1) ground
water, 2) the surface water source and 3) that part of the system which
received a mxture of surface and ground water. Sites 1 to 4 were
private homes. Site 1 was located in the southern part of town, site 2
in the western, and sites 3 and 4 in the northern. Sites 5 and 6 were
from Soldier Springs and Pope well field treatment facility. The
sanpling tap for this facility was located approximtely 100 feet
post-treatment. Site 5 was the designation used for those sanples that
were dechlorinated immediately while site 6 was the label for sanples
from the sanme tap that were dechlorinated 1 h after collection. A
contact period of 1 h was thought to be a reasonable estimate of the
elapsed time before the treated water from this source could be

consuned
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Hstorically, sanpling designs of distribution systens have been
based upon sanples from the line and not from sanples obtained from the
plumbing of the house (3). Sanpling in this instance was designed to
evaluate what mcrobes an individual might consume when obtaining a
drink of water. Sanples from the private homes were collected by
individuals that worked in the Department of Mcrobiology and Veterinary
Medicine at the University of Woning, Laranie, Woming. Instructions
were to let the water run awhile before collecting the sanple.

Heterotrophic bacterial plate counts and total coliforms were
enunerated in this study.

Cup Sink Study

Five cup sinks in room 6035 of the Agriculture Building on the
campus of the University of Womng, Laramie, Womng, were studied to
determine the rate of repopulation by bacteria of a water line. The
addition to the building opened in August, 1982, hence a relatively new
water line was studied. The sinks had not been used for 22 days prior
to this study. In an effort to obtain a sanple from the water line as
opposed to the spout, the first 100 m of water from each tap was
di scar ded. The next 500 m of flow was collected for analysis,
hereafter referred to as the before flush sanple. After this collection
each tap was allowed to flow at full force for 30 mnutes and then
sanpled again. This wll be referred to as the time zero sanple. Flow
through the line was allowed only when sanples were obtained at 8, 24
and 48 hours post-flushing.

Chlorine residual of these sanples were determined using a Hach DPD

Chlorine Test Kit (Hach Co., Loveland, Co.). If a chlorine residual
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was detected, the sanple was dechlorinated with 100 ng/L of sterile
sodium thiosul fate.

| dentification of Organisnms

Organisms were identified from the finished water at the surface
water treatment plant, the distribution system part of this study and
cup sink study. Colonies from Mdified Henrici and R2A nedia were
purified on R2A agar plates and pure cultures were maintained on R2A
agar slants. Al isolated cultures were placed into genera or groups
following the procedure outlined by LeChevallier et al. (36). Pignmented
bacterial isolates in this study which were otherwise identified as
Moraxella or Goup M Mraxella-like organisns were called pignented
Moraxella or pigmented Goup M Mraxella-like organisms, respectively.
No further identification of these isolates was done.

Statistical  Analysis

Statistical analysis of the data was made at the University of
Womng conputer facility using the CYBER 835 computer. The statistical
tests performed included: Analysis of Variance with conpletely
random zed designs for 1 to 3 factors, Least-Squares Regression for data
with unequal subclass nunbers, and Duncan's New Miltiple Range Test

(33).



RESULTS

Surface Treatnment Plant Study

The monthly averages of weekly sanples taken at the surface water
treatnent plant are presented in Table 1. Total heterotrophic bacteria
were enunerated using two nmethods; the spread plate procedure and the
nembrane filter technique using nmodified Henrici medium and/or R2A
agar.  \Men heterotrophic plate count bacteria were enunerated on
Mdified Henrici agar the nunmber of viable cells in the raw water was
significantly lower in August than any other nonth except June (P <
0.05). The highest nunber of cells leaving the sedinentation basin was
seen in September (P < 0.05). The highest nunber of viable bacteria
in the finished water, 620 per 100 m, was seen in June (P < 0.05).
These differences were not observed when this group of bacteria was
enunerated using R2A nedium (P < 0.05). No significant differences in
the nunber of actinonmycetes on Starch Casein agar plates were seen
between nmonths within a sanple site.

The nunbers of sulfate reducing bacteria entering the plant each
nmonth were not significantly different; however, the highest number, 170
per 100 m, passed the filter in June and the |owest nunber, 73 per 100
m, were applied to the filter in August (P < 0.05. No sulfate
reducing bacteria were detected in any sanple after chlorination. To

determine if these organisns were Clostridium perfringens, sixteen raw

water and sedimentation basin effluent sanples were plated on
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Table 1. AVERAGE MONTHLY PLATE COUNTS OF SELECTED BACTERI AL POPULATI ONS AT VARI QUS SITES I N THE SURFACE
WATER TREATMENT PLANT

Het erotrophic Plate Counts Per 100 ML

Acti nonycet es Sul f at e Reduci ng

Modi fi ed Henrici Medi um R2A Medi um Per 100ML Bacteria per 100M.

Site Month Mean St andard Nunber Mean St andard Nunber Mean St andard Nunber Mean St andard Nunber
Devi ation of Devi ation of Devi ation of Devi ation of

Sanpl es Sanpl es Sanpl es Sanpl es
May 1.4x10° A##5.6x10° 3 1.9x10% A 4. 4x10° 3
June 6.7x10° AB 5.2x10° 4 1.0x10° A 7. 0x102 4 2.3x10° A 7.6x10? 4
RAW July 1.5x10° A 6.1x10° 4 1.1x10° A 0 1 1.6x10% A 9. 4x10? 4 2.4x10% A 1.3x10° 4
WATER Aug. 4.5x10° B 2.5x10° 5 7.4x10° A 3.8x10° 5 9.2x10%> A 1. 8x102 5 2.3x10° A 3.0x10° 5
Sept.1.6x10° A 9.7x10° 2 5.7x10° A 2.0x10° 2 8.5x10% A 2. 1x102 2 7.8x10%° A 5.9x10? 2
May 2.6x10° B 1.2x10* 3 4.2x10%2 A 2.6x102 3
EFFLUENT June 2.1x10* C 1.4x10* 4 1. 0x10% A 0 1 2.1x10? AB 8.3x10! 4
FROM SEDI Jul y2.9x10° B 2.5x10° 4 3.1x10° A 0 1 1.5x10% A 1.7x10? 4 3.5x10%2 A 2.5x10? 4
MENTATI ON Aug. 1. 3x10° BC 6.2x10* 5 1.8x10° A 7.7x10% 5 6.0x10* A 5.5x10" 5 7.3x10* B 5. 4x10! 5
BASI N Sept.6.1x10° A 1.3x10° 2 3.8x10° A 2.8x10° 2 * A 0 2 1.5x10% AB 7. 1x10! 2
May 4.8x10* A 2.5x10* 3 1.1x10* B 1.9x10! 3
EFFLUENT June 3.1x10* A 3.4x10* 4 * A 0 1 1.7x10®> A 1.5x10? 4
FROM July 9.6x10* A 1.6x10° 4 1.5x10° A 0 1 * A 0 4 6. 7x10* AB 4. 7x10! 4
FILTERS Aug. 2.7x10° A 2.7x10° 5 1.1x10° A 7. 4x10* 5 2.0x10' A 4.5x10! 5 6.6x10° B 1.5x10! 5
Sept.2.4x10° A 3.0x10° 2 1.1x10° A 2.5x10* 2 * A 0 2 * B 0 2
May 3.3x10%2 AB 5.8x10° 3 * A 0 3
June 6.2x10%> A 2.5x10° 4 * A 0 1 * A 0 4
FINI SHED July 4.0x10' B 5.2x10* 4 7.4x10' A 4.9x10° 1 3.3x10' A 4.7x10* 4 * A 0 4
WATER Aug. 6.1x10° B 4.0x10° 5 6.7x10° A 5.9x10° 5 * A 0 5 * A 0 5
Sept.1.6x10* B 7.8x10° 2 3.2x10° A 3.5x10°! 2 * A 0 2 * A 0 2

# Miltiple tube deternination

## ldentical letters in colums for each site are not significantly different at P<0.05
* None detected
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Perfringens agar wth only one colony found. Hence, it was concluded
that C perfringens did not make-up a very large part of the population
of the sulfate reducing bacteria enunerated in this study.

\Wen the plate counts on Mdified Henrici agar were used to assess
the efficiency of treatment it was found that coagulation and
sedinentation renoved an average of 76 percent of the inconming bacteria,
filtration removed 47 percent of the organisnms applied to the filters
and chlorination killed 99.9 percent of the viable cells which passed
the filters. Overall, 99.99 percent of the cells that entered the plant
were either removed or killed. Furt her nore, when analysis was made
between sites, there were significant reductions in the number of
actinomycetes and sulfate reducing bacteria due to coagulation and
sedinentation (P < 0.05).

Filter Efficiency

The results of studying the efficiency of the filters are presented
in Table 2. Filters 1 and 2 were not in operation and had been covered
with finished water at the end of backwash. The effluent from both of
these filters, had less heterotrophic bacteria than operating filters
(P < 0.05. In the first study, (July 17 to 19), the nunber of
heterotrophic bacteria passing the filter, as determned wth RA
medium was significantly higher as the run progressed while, in the
second experiment, there were no significant differences in nunbers at
any tinme (P<0.05). In contrast, when the enumeration was made using
Mdified Henrici agar, in only one of four cases wth active filters
from the first study was there a significant increase in nunbers of
bacteria with tinme of use and, in the second experinent, the counts

decreased with time of use (P<0.05).
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Tabl e 2. AVERAGE PLATE COUNTS OF SELECTED BACTERI AL POPULATI ONS FROM FI LTERS AT THE SURFACE WATER TREATMENT PLANT

Het erotrophic Plate Counts Per 100 ML

Modi fied Henrici Medium R2A Medi um Sul fate Reduci ng Bacteria per 100M
Filter Hours of Mean St andar d Nunmber Mean St andar d Nunber Mean St andar d Nunber
run after Devi ati on of Devi ati on of Devi ati on of
backwash Sanpl es Sanpl es Sanpl es
JULY 17-19, 1984

0 5.0x10° B# 7.1x10° 2 1.0x10! B 0 2 * A 0 3

1 0 5.0x10° B 7.1x10° 2 2.0x10' B 1.4x10! 2 * A 0 3
0 1.0x10% A 2.1x10?! 2 1.0x10% A 7.1x10° 2 * A 0 3

0 8.0x10* A 1.1x10? 2 * A 0 2 * A 0 3

2 0 5.0x10° A 7. 1x10° 2 * A 0 2 * A 0 3
0 5.0x10* A 2.8x10% 2 3.0x10' B 2.8x10% 2 A 0 3

23 3.8x10%2 A 2.3x10? 2 7.2x10° B 2.1x102 2 5.7x10° A 3.0x10° 3

3 47 6.0x10%> A  6.4x10* 2 8.4x102 B 2.3x10? 2 1.0x10° B 1.0x10° 3
71 9.8x10%2 A  3.1x10? 2 1. 7x10° A 0 2 2.3x10° A 1.5x10° 3

23 5.5x10%2 A 2.1x10? 2 4.4x10%2 B 8.5x10! 2 8.5x10° A  3.5x10° 3

4 47 7.0x10%> A 1.6x10° 2 7.8x10%> B 2.8x10! 2 3.0x10° AB 1.0x10° 3
71 1.2x10° A 7.2x102 2 1.5x10° A 2.1x102 2 2.7x10° B 1.2x10° 3

27 4.3x10%2 A 9.9x10" 2 5.8x102 B 2.8x10! 2 6. 7x10*A  5.8x10* 3

5 51 1.2x10% A 0 2 7.3x10° B 5.6x10! 2 1.0x10° A 1.7x10° 3
75 9.7x10> A 7.5x10? 2 1.4x10° A 2.8x10° 2 2.3x10° A 1.2x10° 3

27 3.0x102 B 2.8x10! 2 5.7x102 B 1.4x10! 2 2.7x10° A 5.8x10! 3

6 51 2.3x10> B 9.9x10* 2 4.0x10°2 B 4. 0x10? 2 1.3x10° A 5.8x10! 3
75 1.9x10° A 4.2x102 2 1.9x10° A 2.1x102 2 2.7x10° A 1.5x10° 3

August 22-15, 1984

2 7.4x10° B 3.0x10° 2 3.4x10° A 5.0x10? 2 6. 7x10°*A  5.8x10* 3

5 26 1.7x10* A 7.1x102 2 8.3x10%® A 9. 7x10° 2 * A 0 3
50 1.8x10° C  6.4x10° 2 1.8x10° A 3.5x102 2 * A 0 3

74 2.5x10° C 0 2 1.5x10° A 1.1x10° 2 3.3x10'A 5.8x10' 3

2 1.4x10* B 2.8x10° 2 2.2x10° A 9.2x10° 2 3.3x10°'A 5.8x10* 3

6 26 2.0x10* A 1.4x10° 2 3.1x10® A 5.0x10? 2 * A 0 3
50 4.1x10° C  1.4x10? 2 1.3x10° A 1.4x10° 2 * A 0 3

74 1.5x10° C  5.0x102 2 2.1x10%° A 7.1x10* 2 * A 0 3

# Miltiple tube deternination * None detected

## ldentical letters in colums for each filter are not significantly different at p<0.05
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Sedi nentation Basin  Study

The averages of three sanplings taken at the sedinentation basin
are given in Table 3. The bulk of the bacteria appeared to settle
within the first 30 linear feet of flow into the settling basins
(P<0.05).  The evidence for this is that the highest numbers for the
heterotrophic plate count bacteria on Mdified Henrici agar, the
actinonycetes, the fluorescent bacteria, the pigmented bacteria, the
fecal coliforms determned by the standard M procedure and the feca
streptococci were found within this distance. In contrast, the
heterotrophic plate count bacteria, as determned on R2A nedium and the
total coliforms and fecal coliforms determined by WMPN procedures, which
can be considered resuscitation nethods, showed no significant
differences in nunber throughout the settling basin (P<0.05). Sulfate
reducing bacteria appeared to settle equally throughout the sedimentation
basin.  This observation could also be explained if these organisms were
actively growing in the sediment; however, no attenpt was made to
determne this.

Escherichia coli Survival Study

The survival of E coli inoculated into sedimented material is
presented in Fig. 1. The organism survived for a longer period of tine
in the material that did not have powdered activated carbon (PAC) than
in the presence of PAC. The organism was also shown to survive [|onger
in material which was not blended than in the sedinments which were
blended.  Three percent of the cells remined viable in the unblended
material after 120 d. of storage at 15°C. This could mean that

bacterial cells, including those of pathogens, could survive for
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Survival of Escherichia coli in flocculated material. Each datum point
represents the average of duplicate platings of 4 samples. Symbols:

T bottled, + bottled with activated carbon, () blended, A blended
with activated carbon.
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TABLE 3.

AVERAGE PLATE COUNTS PER M LLILI TER OF SELECTED BACTERI AL POPULATI ONS | N SEDI MENT SAMPLES
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Het erotrophic Plate Counts

Modi fied Henrici Medium R2A Medi um Acti nonycet es Sul fate Reducing Bacteria _
Sedi nent ati on Mean St andar d Mean St andar d Mean St andar d Mean St andar d
Basi n Sanpl e Devi ati on Devi ati on Devi ati on Devi ati on
Nurmber -
1$ 1. 4x10°@B 1. 5x10%% 2. 5x10°A 1.0x10° 2.4x10°B 2.2x10° 3.2x10°B 4. 2x10%
2 2. 1x10°AB 2.5x10° 2.3x10%AB  1.2x10° 2.2x10°B 2.1x10° 6. 8x10%A 1. 1x10°
3 2. 5x10°A 2. 7x10° 1. 4x10°B 8. 4x10° 3. 9x10°A 5. 2x10° 2.8x10“B 2. 9x10*
4 1. 7x10°B 1. 0x10° 2.3x10°AB 2. 0x10° 1. 7x10°C 1. 6x10° 2.6x10"B 2. 2x10*
5 1. 5x10°B 1. 2x10° 8. 2x10°B 3. 9x10° 3. 3x10°E 1. 5x10* 1. 5x10“B 1. 9x10*
6 1. 5x10°B 1. 2x10° 1.8x10°AB  1.2x10° 1. 2x10°D 1. 6x10° 3. 7x10*AB 6. 1x10*
7 3. 6x10°C 3. 8x10° 1. 0x10°B 6. 9x10° 7.0x10*DE 4. 4x10* 1. 4x10°B 9. 5x10°
8 6. 3x10°C 7.4x10° 1. 3x10°B 9. 0x10° 5. 2x10%E 5. 9x10* 1. 3x10“B 1. 5x10*
9 3. 3x10°C 9. 6x10* 1. 4x10°B 1. 5x10° 3. 1x10%E 2. 6x10* 9. 3x10°B 7.8x10°
10 6. 0x10°C 3. 7x10° 1. 6x10°B 4. 4x10° 4. 6x10%E 4, 7x10% 6. 4x10°B 6. 5x10°
Fecal Coliforns Deternined by
Menbrane Filtration Mbst Probabl e Nunber Fecal Streptococci Total Coliform
Mean St andar d Mean St andar d Mean St andar d Mean St andar d
Devi ati on Devi ati on Devi ati on Devi ati on
1 1. 0x10'C 1. 7x10°t 3. 2x10%A 4. 1x10° 1. 5x10'B 1. 0x10? 6. 3x10%A 6. 0x10*
2 8. 5x10%A 1. 4x10? 3. 4x10%A 5. 0x102 4. 3x10'A 6. 6x10* 4. 0x10%A 4. 5x102
3 4. 0x10'B 5. 4x10* 8. 2x10%A 6. 7x10* 4. 0x10'A 6. 1x10* 7. 8x10'A 5. 6x10*
4 6. 7x10°CD 1. 2x10?t 2. 7x10'A 2. 3x10! 6. 7x10°B 5. 8x10° 7. 2x10A 8. 7x10?
5 3. 3x10°CD 5. 8x10° 2. 6x10%A 8. 6x10° 6. 7x10°B 2. 9x10° 1. 5x10%A 1. 7x10?
6 * 0 4. 0x10'A 4. 6x10! 8. 3x10°B 7. 6x10° 2. 3x10°%A 2. 4x10?
7 * 0 5. 9x10°A 4. 4x10° * 0 B 6. 4x10°A 4. 1x10°
8 5. 0x10°CD 5. 0x10° 1. 2x10'A 4. 6x10° * 0 B 5. 6x10%A 9. 0x102
9 * 0 2. 8x10°A 9.2x10* 8. 3x10°B 1. 4x10* 1. 3x10'A 7.8x10°
10 * 0 9. 6x10°A 6. 5x10° 1.0x10'B 1. 3x10! 1. 5x10A 8. 8x10°
Pi gmented Bacteria Fl ourescent Bacteria
Modi fi ed Henrici Medi um R2A Medi um
Mean St andar d Mean St andar d Mean St andar d
Devi ati on Devi ati on Devi ation
1 2. 5x10°A 3.1x10° 1. 9x10°A 1. 7x10° 8. 7x10%ABC 4.9x10%
2 1. 7x10°B 2. 2x10° 1. 4x10°B 2. 0x10° 1. 3x10°A 5. 9x10*
3 2. 0x10°B 2.6x10° 1. 2x10°B 1.8x10° 8. 3x10*ABC 9. 4x10*
4 1. 2x10°C 1. 7x10° 6. 0x10*CD 7.5%x10* 1. 0x10°AB 7. 0x10*
5 4. 7x10°DE 3. 5x10* 5. 7x10*CD 6. 0x10* 3. 0x10°D 5. 2x10°%
6 8. 7x10*CD 9. 5x10% 8. 0x10%C 7.8x10* 4. 3x10*BCD 2. 9x10*
7 7. 7xX10%E 6. 5x10° 3. 2x10*D 2.8x10* 2. 9x10%C 2. 7x10*
8 1. 8x10“E 1. 9x10* 4.3x10%D 2. 2x10* 3. 1x10*C 2. 5x10*
9 6. 0X10°E 6. 6x10° 4.3x10%D 3. 0x10* 1. 5x10*D 5. 7x10°%
10 4. 3x10°DE 5. 3x10* 6. 5x10*CD 5. 7x10* 1. 7x10°D 5.8x10°
$ Closest to Mixing Basin * None detected @V dues are the average of three samples

# Identical lettersin columns are not significantly different at P < 0.05
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extended time in flocculated material and, as Bulson et al. (9) stated,
the potential exists for disturbance and release of these organisms into
the water colum. Survival could also be affected by the type of
sedimented material.

Polymer Effects on Escherichia Coli

The surface water treatnent plant uses Nalco 8102 polymer to
produce a water insoluble floc. The results of this study are shown in
Fig. 2. In the laboratory, E colL was grown in polymer concentrations
that may reasonably be encountered within the treatment process. No
observed effect was seen during the first 6 hours of growh between the
control culture and those with polyner. Monitoring the growh of E
coli for up to 30 hours also yielded no observable effects.

Distribution System Study

Data from the distribution system study are given in Table 4. The
heterotrophic plate counts in water from three homes were significantly
higher than counts from water at the other home and the two differently
dechlorinated ground water sanples (P<0.01). Furthernore, two of the
three homes had significantly higher nunbers of bacteria in the drinking
water during the fall of the year than in Decenber (P<0.01). The
heterotrophic plate count at one home was significantly higher from R2A
medium than when Mdified Henrici agar was used (P<0.01). Counts from
the remaining sanples on R2A medium although not statistically
significant, were equal to or higher than those on Mdified Henric
agar. There was no apparent difference in nunbers of bacteria in any
particular part of town. Total coliforms were not detected from any

sanpling site.



66 Filter)

KLETT-SUMMERSON UNITS (No.

150
140
130
120
110
100
90
80
70
60
S50
40
30
20
10

-
—

T T T
2 4 6

Fig. 2. Growth of Escherichia coli in the presence of NALCO 8102 polymer. Each
datum point represents the average of duplicate experiments. Symbols
indicate the concentration of polymer: T 0, + 0.22 mg/l, & 0.44 mg/1,

A 0.66 mg/l, X 0.88 mg/l, V 1.10 mg/1.
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TABLE 4. AVERAGE HETEROTROPH C PLATE COUNTS PER 100 M. FROM THE
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DISTRIBUTION  SYSTEM
Modified Henrici  Medium R2A Medium
Site Mean Standard  Nunmber of Mean Standard Nunber of
Deviation  Sanpl es Devi ation Sanpl es
Sept enber
1 1.5x103a8#  1.4x103 5 2. 4x103A 1. 1x103 5
2 7.3x1028 7.7x102 6 7.7x102B 6. 8x102 6
3 1. 0x103AB 9. 5x102 3 1. 0x103B 9. 0x102 3
4 2. 1x102C 3. 3x102 6 2. 0x102C 3. 3x102 6
5 3.8x101C 5. 4x101 6 3.9x10lC 5. 0x101 6
6 7.8x103C 1. 2x101 6 8. 7x100C 9. 8x100 6
December
1 3. 7x102AB 2. 7x102 5 4. 1x102AB 3. 3x102 5
2 6. 8x102A 1. 2x102 5 7. 4x102A 1. 4x102 5
3 2. 6x1 O2AB 1. 8x102 4 2. 9x102AB 2. 0x102 4
4 7.3xI 0B 1. 2x101 5 9. 7x101B 1. 6x102 5
5 2. 2x101B 1. 2x101 3 2.2x101B ) 3
6 2. 7x1008 1. 2x100 3 3. 0x1 00B 2. 0x100 3
##l dentical letters incolums for each sanpling period are not
significantly different at P It. 0.05.
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Cup Sink Study

Data concerned with the repopulation of five cup sink taps in room
6035 of the Agriculture Building are presented in Table 5 There was a
significant difference in the results from the two experiments (P<0.01).
The first tinme taps 4 and 5 were flushed the heterotrophic plate counts
dropped from 120 to 75 and 720 to 420 cells per m, respectively from
the start until the end of flushing, and there was little change in
nunbers for the next 48 h. In contrast, there was at least a 90 percent
reduction in nunbers in the other taps and in all taps during the repeat
experi ment. The reason or this is wunclear; however, taps 4 and 5 were
rarely used before the first experinent. Generally, the flushing of the
taps reduced the bacterial numbers by 90 to 99 percent, and there was
gradual repopulation of the taps as the chlorine residual was depleted.

Bacterial ldentified from Finished Wter

The identification of the bacteria found in finished water are
given in Table 6. Al isolated cultures were placed into genera or
groups following the procedure outlined by LeChevallier et al. (36).
There did not appear to be any specific organism at any specific
location in the distribution system therefore all sites were |unped
together.  The two predoninant bacteria were identified as nonpignented
as Goup M Mraxella-like, which conprised 22 percent of the isolates,
and pignented Moraxella species which were 26 per cent of the total,
The nost frequently isolated bacterium from the finished surface water
at the treatnent plant was identified as pignmented Goup M

Mraxel la-like bacteria whereas Mcrococcus roseus/M varians and

actinonycetes were each isolated 23 percent of the tinme from the




TABLE 5. AVERAGE HETEROTROPHI C PLATE COUNTS OF SAMPLES FROM CUP SI NKS
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TIME

Before
Flush
Time Zero
8h
24h
48h

Before
Flush
Time Zero
8h
24h
48h

CHLORINE
RESIDUAL

ND

0.1
0

ND

ND

ND

0.2
0
0

ND

SINK TAP NUMBER
1 2 3 4 5
MEAN  STANDARD MEAN STANDARD MEAN STANDARD MEAN STANDARD MEAN STANDARD
DEVIATION DEVIATION DEVIATION DEVIATION DEVIATION
27 November
8.8x10%@A  2.0x10%# 8.0x10°A  9.2x10" 15x10°A  3.5x107 1.2x10°A  9.2x10* 7.2x10°A  2.1x10*
45x10'Cc  3.5x10° 6.0x10'D  1.4x10' 1.2x10°B  2.1x10' 7.5x10'°A  5.0x10% 42x10°B  1.9x10?
1.2x10°C  7.1x10° 2.9x10°C  1.4x10* 1.6x10°B  7.8x10' 1.0x10°A  5.6x10* 1.0x10°C  2.1x10'
1.3x10°C  1.4x10' 41x10°C  3.5x10t 3.2x10°B  2.1x10% 1.2x10°A  2.1x10' 8.0x10'C  2.8x10!
46x10°B  1.4x10? 19x10°B  7.1x10° 2.5x10°B  1.4x10% 5.0x10'A  1.4x10! 3.0x10'C  1.4x10t
12 December
3.8x10° 2.3x10°A 6.4x10° 2.5x10? 44x10°A  4.0x107 4.9x10°A  4.2x10? 5.6x10°A  3.2x10°
6.3x10°C  1.4x10% 1.3x10'C  1.1x10° 1.9x10'C  2.8x10° 1.4x10* 1.1x10° 2.9x10* 2.3x10°
6.5x10'C  7.1x10° 1.0x10°C  2.8x10* 1.7x10°C  1.4x10* 1.1x10? 4.2x10* 7.0x10* 1.4x10t
2.3x10°C  1.8x10° 1.7x10°C  4.2x10* 3.4x10°C  5.6x10! 4.0x10? 6.4x10* 3.9x10? 1.4x10*
6.7x10°C  9.9x10! 9.6x10°B  5.0x10* 15x10°B  7.1x10° 7.8x10? 2.1x10* 1.8x10° 3.8x10?

@ Vaues presented are the average of duplicate plates, and are on aper ml basis
## ldentical lettersin columns for each filter are not significantly different at p<0.05
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TABLE 6. IDENTIFICATION OF HETEROTROPHIC PLATE COUNT BACTERIA

Organism Finished Surface Finished Ground Distribution Water
Water Water
Total % of Total Total % of Total Total % of Total

Acinetobacter spp. 0 0 2 6.7 9 7.3
Actinomycete 0 0 7 233 2 16
Alcaligenes spp. 1 31 0 0 0 0

Arthrobacter spp. 5 15.6 1 33 11 8.9
Bacillus spp. 1 31 4 133 5 40
Corynebacterium spp. 0 0 1 33 0 0

Group M (nonpigmented) 1 31 2 6.7 27 21.8
Group M (pigmented) 9 28.1 3 10.0 13 105
Micrococcus luteus 4 125 1 33 1 0.8
Micrococcus roseus/M. varians 4 125 7 23.3 9 7.3
Moraxella sp. (nonpigmented) 0 0 1 33 12 9.7
Moraxella sp. (pigmented) 2 6.2 0 0 32 25.8
Unidentified 5 15.6 1 33 3 24
Total 32 99.8 30 99.8 124 100.1

Group M (Pigmented) Bacteria and Moraxella spp. (Pigmented) may have been Flavobacterium spp. And Pseudomonas spp. Respectively,
However inadequate tests were performed to determine this.
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finished ground water. Based upon the limted nunber of isolates in
this study there did not appear to be a seasonal effect. Members of the
Aci net obact er, Corynebacterium nonpigmented Moraxella and the

actinomycete group were not found in the finished surface water but were

isolated from finished ground water.



DI SCUSSI ON

One objective of this study was to determne if the presence and
growth of actinonycetes were responsible for the tastes and odors that
developed in Larame's drinking water during the warm sunmer nonths.
Surface water was identified as the potential source of the problem
because tastes and odors quickly subsided when the surface water
treatment plant closed for the season in September. The nunber of
actinonycetes detected from water in various stages of treatment was not
significantly different before or after the appearance of the taste and
odor problem  Athough this does not prove that actinomycetes were not
partly responsible for the aesthetic problem it does indicate that
investigations should be expanded to include other groups of aquatic
organisms, such as algae, to adequately identify the causative agent.

The nunber of heterotrophic bacteria in the raw water at the
surface water treatnent plant remined reasonably stable except during
the August enuneration with Mdified Henrici agar. No significant
decrease in counts was detected with R2A nmedium during this nonth. The
reason for this is unclear.

In general, the heterotrophic plate counts from the effluent of the
sedimentation basin as determned by Mdified Henrici agar changed

significantly wth each nonth of sanpling while counts on R2A nmedium
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showed no difference. R2A medi um enurerated a higher percentage of the
heterotrophic bacterial population in July and August than did Mdified
Henrici agar; however, counts during September indicated that Mbdified
Henrici medium was superior. The treatment plant closed for the season
in md-Septenber and a limted number of sanples were collected
Perhaps the trend noticed in July and August would have been seen during
September if nmore sanples had been available

Wien conparisons were made by lunping the counts from the effluent
of active and inactive filters it was found that Mdified Henrici agar
enumerated a significantly greater portion of the heterotrophic bacterial
popul ation than did R2A nedium however, when only active filters were
anal yzed R2A nedium produced significantly higher counts. Cell injury
during filters operation could explain this observation (8). During the
filtering process cells trapped in the filter may become injured, and
as filter study 1 indicated, the nunber of organisms passing the filter
increased with time of operation. This suggests that a portion of the
injured cells are released to the water colum. The carbon and energy
sources in R2A medium may nore closely neet the nutritional requirenments
of these stressed cells.

Significantly higher nunbers of actinonycetes, fluorescent
bacteria, pigmented bacteria and fecal streptococci were seen to settle
within the first 30 linear feet of flow into the sedimentation basin
This may suggest that bacteria did not settle equally wthin the basin
but settled in specific locations i.e. near the influent of the basin
Heterotrophic bacteria enunerated wth Mdified Henrici medium and feca

coliforms detected with the standard M procedure additionally showed
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this trend of early settling. Enumeration of total and fecal coliforms
with resuscitation procedures, and heterotrophic bacteria with R2A
medium indicated that settling in the basin was equally distributed
Resuscitation techniques have often been reported to detect higher
numbers of physiologically injured total and fecal coliforms than the
standard MF procedure (7,62,67). Flocculated material has previously

been shown to cause injury to Escherichia coli (9). This suggests that

other groups of bacteria could also be susceptible to injury from the
flocculated material. Data from the present study indicates that R2A
medium my recover a higher percentage of the injured heterotrophic
bacterial population from flocculated material than Mdified Henric
agar.

E. coli was found to remain viable for up to 5 nonths at 15°C in
flocculated material from the sedimentation basin. The addition of
powdered activated carbon (PAC) appeared to accelerate the die-off of
this organism The literature indicated that the surface of activated
carbon particles provide an ideal habitat for bacterial colonization
(4,8,11,73). LeChevallier et al. (35 have noticed that bacteria
accunulate in cracks and crevices on the carbon particle, becone covered
with a slime layer, and are well protected from the effects of chlorine.
E. coli in the present study could be expected to attach to the PAC
surface in the same manner, remain undetected and give the inpression
that rapid inactivation is occurring. Investigations by scanning
electron microscopy would reveal if colonization was actually taking

pl ace
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In addition, E coli seemed to be inactivated at a faster rate when
sanples were blended for 5 s. as opposed to shaken. In a simlar study,
Bulson et al. (9) found that blending for up to 18 seconds did not
result in significant injury to E colL. Qher than blending, the only
difference between the two sanples was the nature of the container each
was incubated in. Shaken sanples were held in glass bottles while
blended sanples were in stainless steel containers. Studies with glass
blender jars would be useful in determning if blending, the type of
container, or both were responsible for the higher die-off of E coli.

The coagulation and flocculation techniques practiced at the
surface water treatnent plant are nmuch like those used to renove
bacteria from the water colum of lakes. Bulson et al. (9) recomended
that flocculation of lakes for the renoval of bacteria be perfornmed at
times when recreational use had subsided for the season to reduce the
chance of individuals comng in contact with the floc. The survival of
indicator bacteria and pathogens wthin the flocculated material from
sedinentation basins my closely approximate the survival rates of
bacteria renoved from the water colum of lakes by the same nmethod.
Sedinentation basin survival studies my prove useful in predicting the
die-off of pathogens in the flocculated material and the potentia
health hazard before the actual treatment of lakes is initiated.

Past studies have Ilinked sulfate reducing bacteria wth accelerated
corrosion and tubercle formation on the interior of pipelines
(10, 37,53, 70). Deterioration of distribution systems in this mnner can
greatly affect the maintenance costs and longevity of water mains.

Tuovinen et al. (70) indicated that when preventive neasures are not
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practiced, extensive distribution system breakdown can result. The
number of sulfate reducing bacteria entering the surface water treatment
plant during My through Septenber were considerable; however no
bacteria from this group were ever detected in this finished water
leaving the plant. Sulfate reducing bacteria my grow once in the
distribution system and monitoring this group of organisms should be
continued to determne if the distribution network is susceptible to

t ubercul ation.

The classification scheme outlined by LeChevallier et al. (36) allowed
quick and easy identification-of waterborne bacteria to the genus or
group level. None of the species of Moraxella produce any pignent

(38). For this reason a distinction was made between pignmented and

nonpi gmented isolates identified as Moraxella species or Goup M
Mraxel la-1ike  organi sns. These organisnms were suspected of bel onging

to the Pseudomonas and Flavobacterium genera, respectively. Further

bi ochem cal tests would have had to have been included to adequately
identify these pigmented organisms if time had allowed. These tests
would have included the followng: oxidation of mltose and |actose,
hydrogen sulfide production, arginine dihydrolase synthesis, and the
absence of lysine decarboxylase for suspected Pseudononas isolates, and
ONPG for R- galactosidase production, oxidase synthesis, and the

oxidation of mannitol for isolates thought to be Flavobacterium (38, 61)

Heterotrophic plate count bacteria in drinking water may establish
themselves in niches wthin the distribution system (1,53,70). The
predomnant organisnms identified from the surface water treatnment plant
(pigmented Goup M Mraxella-like) and ground water sources

(actinonycetes and Mcrococcus roseus/M varians) differed from the
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predomnant organisnms found in distribution water (pigmented Moraxella
sp. and nonpigmented Goup M Mraxella-like). This my indicate that
the environment of the distribution system is selective for certain
types of bacteria.

LeCheval lier et al. (36) used the sanme identification scheme for
bacteria isolated from raw and finished drinking water supplied to an
Oregon coastal town. The predominant strains identified from the raw

water source included Acinetobacter spp., Aeromonas spp.  and

Enterobacter agglomerans, actinonycetes, Corynebacteriumspp. and

Aerononas spp. constituted the largest portion of organisns from
distribution water. This could be an indication of the bacterial
habitats within the distribution system selecting for certain types of
organisns (17).

Data from the distribution study show that great variations can
exist between the heterotrophic plate counts from private hones. The
differences that were seen between sanpling sites mght well be due to
differences in how various people took the sanples since the honme wth
the lowest nunber of bacteria and the treatment facility were sanpled by

the same person.
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APPENDI X |

Media  Fornul ations

Mdified Iron Sulfite Agar (Oxoid)

Iron Sulfite Agar (Oxoid) 23.0 g
FeSO . T7H0 0.5 ¢
Sodi um Lactate 60% 5.8 m
MSO . 7H)0 2.0 g
Distilled water 1.0 |

Adjust pH to 7.5 with 4 N NaOH Dispense 50 m anmounts into
prescription bottles.  Autoclave.

Suppl ement
Ascorbic Acid

Sodium  Thioglycol late
Distilled water 10

S —u—

.50
.5 g
0
Adjust pH to 7.5 Dispense 5 nl amounts into screw cap tubes.
Aut ocl ave.
To use:

Add 0.5 m of supplement to each 50 m of nelted nedium Dispense

10 m of nedium into inoculated culture tubes. Mx well. Alow to
solidify. Add 3-4 m of agar water for overlay.

Modified Henrici's Medium

Pept one

A ycerine

Sol uble  Starch
Sodi um  Casei nate
KoHPOy

WSO . THO
FeSOp . 7%0
Agar

Distilled water
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Adjust pH to 7.4 with 1 N NaCH Autoclave. Dispense into sterile petri
pl ates.




R2A  Medium
Yeast  Extract 0.5¢
Prot eose Peptone no. 3 (difco) 0.5 ¢
Casamino Acids 0.5 ¢
@ ucose 0.5 ¢
Soluble Starch 0.5 ¢
Sodium Pyruvate 0.3 ¢
KoHPO4 0.3 ¢
MS04 . 7HO 0.05 ¢
Agar 15.0 ¢
Distilled 1.0 1

46

Adjust pH to 7.2 with crystalline KoHPO4 or KHZPO prior to adding agar.

Add agar. Heat to dissolve agar. Autocl ave. “DiSpense into sterile
petri  plates.

Starch-Casein Agar

Soluble Starch
Casein

KNO3

NaCl

KoHPO4

MS04 . 7THO
CaQ03

FeS04 . 7HO
Agar

Distilled water

-
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Dispense 50 m amounts into prescription bottles and 17.0 anounts into
screw cap tubes. Autoclave.

To use:

Melt 50 m amounts and dispense about 15.0 mM to sterile petri
plates. Alow to solidify. Mt 17.0 m anmounts and add 1 nm of
sterile Cycloheximde* (1 ng/m) at the time of inoculation. Add 2 ni
of the appropriate dilution. Mx. Layer the previously poured plates
with 5 m of this mxture. [Incubate at 20°C for 7 days.

*Actidione, Upjohn Co. or equivalent



Legend for Appendix |

+ = positive reaction or utilization
- = negative reaction or no utilization

N = not done

Mor phol ogy 1 rod |
2 cocci or coccobacillus
3 branching filanmentous hyphae
Pi gment 1 colorless, white to cream
2 yellow
3 red, orange
Qucose  fermentation 1 no change
Flagel | a 1 peritrichous
Cel | Norphol ogy 1 rod to coccus transformation

2 snapping division
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Gram OF
Reaction  Morphol ogy Gl ucose Pi gnent xidase Indole Flagella

Actinomycete + 3 M N N N N
Arthrobacter  spp. + 1 M N N N N
BaciTTus spp. + 1 M N N N N
Corynebacterium  spp. + 1 M N N N N
Mcrococcus Tuteus + 2 1 2 N N N
M croccus roseus/varians + 2 1 3 N N N
Aci net obacter  spp. - 2 1 N . N N
Al caligenes spp. - 1 1 N N N 1
Goup M (nonpignmented) - 1 1 1 N N
Goup M (pignented) - 1 1 3 N N
Moraxella sp. (nonpi gmented) - 1 1 1 + N N
MoraxelTa sp.  (pigmented - 1 1 2 + N N

Cel |

Nor phol ogy Motility Endospor es

Actinomycete
Arthrobacter  spp. N N N
Bacillus Spp. 1 N
Corynebacterium  spp. N N +
Mcrococcus Tuteus 2 N
M crococcus roseus/varians N N N
Aci net obacter  spp. N N N
Al cal I genes  spp. N + N
Goup M (nonpigment ed) N - N
Goup M (pignented) N - N
Mraxella sp.  (nonpignmented) N N N
MoraxelTa sp.  (pigmented) N N N

N N



WRDS J Water Res Dat Sys



APPENDI X 111

Average Wekly Plate Counts of Sel ected Bacterial Populations at Various Sites
in the Surface Water Treatnent Pl ant

Site Dat e Het er ot rophi ¢ Pl ate Counts Act i nonycet es Sulfate #
per 100 m per 100 m Reduci ng

Modi fi ed R2A agar Bacteria

Henri ci per 100 m

Agar

Raw 14 May 7.8 x 10°%@ 1.4 x 103
\at er 22 May 1.7 x 10° 2.1 x 10°
31 May 1.8 x 10° 2.2 x 10°

6 June 1.0 x 10° 2.0 x 102 3.3 x 108

13 June 3.8 x 10° 1.8 x 103 1.5 x 10°

20 June 8.2 x 10* 8.0 x 102 2.0 x 10°%

26 June 1.2 x 10° 1.4 x 10° 2.4 x 10°

5 July 2.0 x 10° 2.2 x 103 1.4 x 10°

12 July 5.9 x 10° 8.0 x 102 1.1 x 10°

19 July 1.7 x 10° 8.0 x 102 3.3 x 103

25 July 1.6 x 10° 1.1 x 10° 2.6 x 10° 3.6 x 10°

6 August 7.6 x 10° 6.8 x 10° 1.0 x 10° 7.6 x 10°

9 August 4.0 x 10° 1.3 x 10° 8.0 x 102 1.0 x 10°

14 August 3.9 x 10° 3.4 x 10° 8.0 x 102 1.2 x 103

21 August 6.0 x 10° 9.8 x 10° 1.2 x 10°% 1.0 x 10°

30 August 9.8 x 10* 4.7 x 10° 8.0 x 102 6.6 x 102

5 Sept enber 2.3 x 10° 4.3 x 10° 1.0 x 10° 1.2 x 10°

11 Septenber 9.3 x 10° 7.1 x 10° 7.0 x 102 3.6 x 102




APPENDI X 11l - continued

Site Dat e Het erotrophic Pl ate Counts Acti nonycet es Sulfate #
per 100 m per 100 m Reduci ng
Modi fi ed R2A agar Bacteri a
Henri ci per 100 m
Agar

Ef f | uent 14 May 2.8 x 10° 1.0 x 102
From 22 May 2.6 x 10° 5.7 x 102
Sedi ment a- 31 May 2.6 x 10° 5.3 x 102
tion 6 June 1.6 x 10* * 1.0 x 10?
Basi n 13 June 4.5 x 103 * 3.0 x 102
20 June 2.7 x 10* * 2.3 x 102
26 June 3.8 x 10* 1.0 x 102 2.0 x 102
5 July 1.4 x 10° 1.0 x 102 1.7 x 10?
12 July 6.4 x 10* * 6.7 x 102
19 July 3.4 x 10° 1.0 x 102 1.3 x 10?
25 July 6.2 x 10° 3.1 x 10° 4.0 x 10?2 4.3 x 102
6 August 1.4 x 10° 1.5 x 10° * 1.3 x 107
9 August 1.1 x 10° 3.0 x 10° 1.0 x 10? 1.0 x 102

14 August 2.2 x 10° 1.0 x 10° 1.0 x 10? *
21 August 1.2 x 10° 2.1 x 10° 1.0 x 10? 3.3 x 10t
30 August 4.8 x 10* 1.5 x 10° * 1.0 x 107
5 Sept enber 7.1 x 10° 5.7 x 10° * 2.0 x 102
11 Sept enber 5.2 x 10° 1.8 x 10° * 1.0 x 10?
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conti nued

Site Dat e Het erotrophic Pl ate Counts Acti nonycet es Sulfate #
100 m per 100 m Reduci ng
Modi fi ed R2A agar Bacteri a
Henri ci per 100 m
Agar
Ef f | uent 14 May 7.3 x 10* *
From 22 May 4.7 x 10* 3.3 x 10¢
Filters 31 May 2.3 x 10* *
6 June 8.1 x 10* * 3.7 x 102
13 June 4.5 x 103 * 1.3 x 10?
20 June 2.0 x 10* * *
26 June 1.8 x 10* * 1.7 x 10?
5 July 2.8 x 10* * 1.0 x 10?
12 July 2.0 x 10° * 1.0 x 10?
19 July 5.0 x 10° * *
25 July 5.0 x 103 1.5 x 10° * 6.7 x 10°
6 August 3.4 x 10° 1.9 x 10° * *
9 August 7.3 x 10° 1.9 x 10° 1.0 x 10? *
14 August 2.0 x 10° 4.8 x 10* * *
21 August 2.0 x 10° 6.8 x 10* * *
30 August 2.1 x 10* 5.1 x 10* * 3.3 x 10?
5 Sept enber 2.6 x 10* 1.3 x 10° * *
11 Sept enber 4.5 x 10° 9.4 x 10* * *




APPENDI X 11l - continued

Site Dat e Het erotrophic Pl ate Counts Acti nonycet es Sulfate #

per 100 m per 100 m Reduci ng

Modi fi ed R2A agar Bacteri a

Henri ci per 100 m

Agar

Fi ni shed 14 May * *
Wat er 22 May 1.0 x 103 *
31 May * *
6 June 5.0 x 102 * *
13 June 1.0 x 10° 1.0 x 102 *
20 June 5.0 x 102 * *
26 June 5.0 x 101 3.2 x 10? *
5 July 5.0 x 10 * *
12 July 2.0 x 10° * *
19 July 1.1 x 102 7.8 x 10° * *
25 July 4.8 x 10! 7.1 x 10t * *
6 August 2.0 x 10° 4.5 x 10° * *
9 August 1.2 x 10t 1.6 x 10° * *
14 August 1.0 x 10% 9.0 x 10° * *
21 August 3.0 x 10° 2.0 x 10° * *
30 August 4.0 x 10° 2.0 x 10° * *
5 Sept enber 2.2 x 10t 3.0 x 10° * *
11 Sept enber 1.1 x 10t 3.5 x 10° * *

# Multiple tube determ nation
@ Val ues are the average of duplicate plate
* None detected
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