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Bacteria in Chlorinated and Raw Water Suppliest
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Nearly 700 standard plate count (SPC) bacteria were isolated from drinking
water and untreated surface water and identified according to a scheme developed
to permit the rapid, simple classification of microorganisms to genus, species, or

group. Actinomycetes and Aeromonas species were the two most common groups
of SPC bacteria in chlorinated distribution water. Aeromonas spp. and Entero-
bacter agglomerans were the two most common groups of SPC bacteria in raw
water. Identification of bacterial populations before and after contact with chlo-
rine (1 to 2 mg/liter) for 1 h revealed that chlorination selected for gram-positive
bacteria. Water that contained high densities of bacteria known to be antagonistic
to coliforms had low coliform isolation rates. The membrane filtration technique
for enumerating SPC bacteria recovered significantly higher numbers (P < 0.001)
than the standard pour plate technique.

Much attention is focused on the role of stan-
dard plate count (SPC) bacteria in potable wa-
ter. The SPC is considered by some to be a
better indicator of potable water quality than
the coliform index (10, 19, 21). Mood (18) indi-
cated that the 35°C agar plate count was the
best indicator of the quality of swimming pool
water. The presence of opportunistic pathogens
in the total SPC population can pose a threat to
the young, the old, and the infirm (6, 7, 9, 12).
The control of the aesthetic quality of potable
water has also been attributed to the control of
SPC bacteria in distribution lines (26). Large
densities of SPC bacteria have been reported to
interfere with the detection of coliforms (1, 10).

Despite these significant observations, little
quantitative or qualitative research has been
reported on the incidence, distribution, and
kinds of SPC bacteria present in chlorinated
drinking water. The greatest barrier to obtaining
informnation on SPC populations has been the
almost overwhelming task of identifying this
diverse group of bacteria. It is the purpose of
this report, therefore, to propose a simple
scheme to rapidly identify SPC bacteria and to
examine the incidence and distribution of these
organisms in the chlorinated drinking water and
raw surface water supplies of an Oregon coastal
community.

MATERIALS AND METHODS
Sampling area. Samples were collected from the

finished drinking water supply of an Oregon coastal
community serving 14,000 residents and from the two

t Technical paper 5659, Oregon Agricultural Experiment
Station.

coast range streams supplying the raw water to the
city. The watershed does not receive industrial or
domestic waste, but previous logging operations have
left some of the upstream slopes barren of sufficient
ground cover to prevent erosion. During precipitation
periods, runoff occasionally carried material into the
streams, leaving drinking water turbid.
The intake points of the raw water supplies are

located behind small concrete retention dams about
1.2 to 1.5 m (4 to 5 f) high. At one intake, water flows
by gravity into a 30.5-cm (12-inch) main line and, after
15-min flow time, receives gaseous chlorine injection
by a flow proportional chlorinator resulting in an
average 1.5-mg/liter (1.5-ppm) initial dose. At the
other intake, water is pumped from the diversion dam
into a settling reservoir. Reservoir effluent receives a
similar dose of gaseous chlorination before entering
the distribution system. Both water supplies receive
about a 30-min contact period in the main lines before
reaching the first service connections. On occasion,
water was experimentally chlorinated in the labora-
tory with a stock solution of calcium hypochlorite
(Fischer Scientific Co.) to simulate field chlorination
of raw water.

Collection of samples. Raw surface water and
finished drinking water samples were collected in 4-
liter sterile polypropylene containers. Sodium thiosul-
fate was added to neutralize any chlorine residual in
the drinking water samples. The temperature of all
water samples was determined upon collection with a
YSI Tele-thermometer, 400 series. The turbidity of
the samples was measured using a Hach model 2100 A
turbidimeter. Formazin turbidity standards were pre-
pared weekly according to standard methods (2). The
nitrate content of water was determined by the cad-
mium reduction method according to standard meth-
ods (2). Water samples were placed on ice and trans-
ported to the laboratory within 3 h after collection,
and analyses were completed within 7 h after collec-
tion.
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Enumeration of coliforms. Total coliforms were

enumerated by both the membrane filtration (MF)
and most-probable-number (MPN) techniques ac-

cording to standard methods (2). Typical coliform
colonies from the MF technique were verified by using

lauryl tryptose broth (Difco Laboratories). Coliforms
recovered by theMPN technique were carried through
the completed step (2). Fecal coliforms were enumer-

ated on m-FC medium (Difco) according to standard
methods (2). Aeromonas spp. were enumerated on m-

Aeromonas medium (23). Kkbsiella spp. were enu-
merated on MacConkey-inositol-carbenicillin medium
(3).
Enumeration and identification of SPC bacte-

ria. SPC bacteria were enumerated by filtering suita-
ble volumes through a gridded 0.45-,um membrane
filter (Gelman GN-6). The filter was placed on m-SPC
agar (25) and incubated at 350C for 48 h. Colonies on

all membrane filters were counted with the aid of a

dissecting microscope at 15x magnification. The SPC
bacterial density was also determined by the pour
plate technique (2).
SPC bacteria were selected for identification by

picking colonies from a membrane filter quadrant (m-
SPC agar) until 20 isolates (where possible) were
obtained. Isolates were purified by streaking onto agar
composed of tryptic soy broth (Difco) supplemented
with 0.3% yeast extract (TSB-YE; Difco) and 1.5%
agar (Difco) and incubating at 35°C for 48 h. Pure
cultures were maintained on slants ofTSB-YE agar at
50C.

All isolates were placed into genera or groups by
noting colony and cell morphology, Gram stain, cata-
lase and oxidase reactions, motility, urease, and indole
and glucose fermentation or oxidation (Fig. 1 and 2).
Media and reagents were prepared according to stan-
dard procedures (16). Hugh Leifson O/F medium with
1% glucose or 1% mannitol, methy red-Voges-Pros-
kauer medium, Moeller decarboxylase broth, triple
sugar iron (TSI) agar slants, Simmons citrate, and
urease test agar were prepared from Difco products.
Lysine, ornithine, and arginine amino acids were ob-
tained from Sigma Chemical Co. Triple sugar iron
agar slants were incubated for 24 h. The Voges-Pros-
kauer test was performed after 48 h of incubation. The
Hugh Leifson methyl red, decarboxylase, dihydrolase,
citrate, tryptophan, and urease media were incubated
for up to 5 days at 350C. Further identification of
Pseudomonas spp. and Pseudomonas-like and Mor-
axella-like bacteria (groupM bacteria) was performed
with reference to the scheme of Shayegani et al. (24),
and enteric bacteria were identified by using the tests
listed in Fig. 2 and the Manual of Clinical Microbi-
ology (16).

Physical, chemical, and microbiological parameters
were entered in the Oregon State University CYBER
70/73 computer equipped with a statistical interactive
programing system (SIPS) for data storage and statis-
tical analyses. Statistical comparisons were made on

the basis of the paired t-test on logarithmically trans-
formed data.

RESULTS

SPC bacteria were enumerated by using two
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methods, the standard pour plate technique
(SPC-pour) and the MF technique (M-SPC). A
comparison of these two procedures indicated
that the M-SPC technique (geometric mean of
2.0 bacteria/ml) was superior (P < 0.001) to the
SPC-pour technique (geometric mean of 0.37
bacteria/ml) in recovering bacteria from chlori-
nated drinking water samples. However, no sig-
nificant difference (P > 0.5) was observed be-
tween the M-SPC (geometric mean of 49 bacte-
ria/ml) and the SPC-pour (geometric mean of
60 bacteria/ml) techniques in raw water.
The number of SPC bacteria (M-SPC tech-

nique) in drinking water ranged from <0.02 to
over 1 x 1i0 bacteria/ml. Dead-end distribution
lines in which no free residual chlorine could be
detected contained 23 times the number of SPC
bacteria (geometric mean of 17 bacteria/ml)
compared with distribution lines with a free
chlorine residual. Total coliform numbers (MF
technique) in distribution water ranged from 4
to 440 coliforms/100 ml with a geometric mean
of 1.5 coliforms/100 ml. The geometric mean
number of coliforms in dead-end lines which
contained no free chlorine was 1.9 coliforms/100
ml. SPC bacteria (M-SPC technique) in raw
water ranged from 2.5 to 5.0 x 103 bacteria/ml
with a geometric mean of 73 bacteria/ml. Coli-
forms in raw water (MF technique) ranged from
1.3 to 680/100 ml with a geometric mean of 51/
ioo ml.
Nearly 700 bacteria enumerated by the M-

SPC technique from raw and finished drinking
water have been identified by the application of
the protocol depicted in Fig. 1 and 2. The use of
these procedures permitted bacterial isolates to
be rapidly identified as representing 1 of 13
genera or groups. Over 80% of the isolates from
chlorinated water, 82% of the isolates from raw
water, and 97.5% of distribution system isolates
collected during a chlorination failure were iden-
tified according to the protocol. Once the organ-
ism was placed into a category, further identifi-
cation to species could be accomplished by rou-
tine identification procedures presented in Ber-
gey's Manual (5) or by the scheme of Shayegani
et al. (24).
A total of 347 bacteria have been identified

from chlorinated drinking water samples (Table
1). Data were combined from two to four sample
sites collected seven times over a 1-year period.
The actinomycete group comprised the largest
portion of the M-SPC population (10.7%),
whereasAeromonas spp. represented the second
largest group, comprising 9.5% of the total pop-
ulation. Acinetobacter was the most commonly
isolated organism, being present in every sample
except during the month of September. Bacteria
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that may be primary or opportunistic pathogens
(Pseudomonas maltophila, P. fluorescens, P.
cepacia, P. mallei, Acinetobacter spp., Klebsi-
ella pneumoniae, Staphylococcus aureus, Mor-
axella spp., Serratia liquefaciens; 5,16,20) com-
prised 30% of the total population identified.
Bacteria considered antagonistic to coliforms
(Pseudomonas, Micrococcus, Flavobacterium,
Bacillus, Actinomyces; 13, 22, 27) comprised
35% of the SPC bacteria identified.
Aeromonas spp. comprised the largest portion

of the M-SPC population (15.9%) isolated from
the raw water intake to the distribution system.
Enterobacter agglomerans was the second most
common group and comprised 11.5% of the pop-
ulation (Table 1). Bacteria that may be oppor-
tunistic pathogens and coliform antagonists
comprised 51 and 14% of the M-SPC population,
respectively.
The dominant bacterial population identified

in the distribution samples taken during a chlo-
rination failure (Table 1), as anticipated, was

similar to the population found in raw water.
Opportunistic pathogens comprised 55.0% and
coliform antagonists comprised 15.0% of the to-
tal population.
Over the entire study period, gram-positive

bacteria comprised nearly 36% of the M-SPC
bacteria isolated from chlorinated drinking wa-

ter. Gram-positive bacteria in the raw water and
distribution water during the chlorine failure
averaged only 13.5% of the SPC population.
Because of this difference in percentage ofgram-
positive organisms in the two types of water
specimens, bacteria were identified before and
after experimental chlorination of three water
samples (Table 2). Samples received 1.5 mg of
chlorine per liter for a 1-h contact period. The
average decrease in the SPC count was 200-fold
after chlorination. The average level of gram-

TABLE 1. Identification ofSPC bacteria in distribution water, raw water, and distribution water during a
chlorine failure

Distribution water Raw water Distribution water

Organism water_Raw_water during chlorine failure

Totala % of total Total % of total Total % of total

Actinomycete 37 10.7 0 0 1 1.3
Arthrobacter spp. 8 2.3 2 1.3 7 8.8
Bacillus spp. 17 4.9 1 0.6 0 0
Corynebacterium spp. 31 8.9 3 1.9 0 0
Micrococcus luteus 12 3.5 5 3.2 4 5.0
Staphylococcus aureus 2 0.6 0 0 0 0
S. epidermidis 18 5.2 8 5.1 0 0
Acinetobacter spp. 19 5.5 17 10.8 12 15.0
Alcaligenes spp. 13 3.7 1 0.6 3 3.8
F. meningosepticum 7 2.0 0 0 0 0
Group IVe 4 1.2 0 0 0 0
Group M5 9 2.6 2 1.3 0 0
Group M4 8 2.3 2 1.3 0 0
Moraxella sp. 1 0.3 1 0.6 0 0
Pseudomonas alcaligenes 24 6.9 4 2.5 0 0
P. cepacia 4 1.2 0 0 3 3.8
P. fluorescens 2 0.6 0 0 1 1.3
P. mallei 5 1.4 0 0 0 0
P. maltophilia 4 1.2 9 5.7 4 5.0
Pseudomonas spp. 10 2.9 0 0 0 0
Aeromonas spp. 33 9.5 25 15.9 17 21.3
Citrobacter freundii 6 1.7 8 5.1 1 1.3
Enterobacter agglomerans 4 1.2 18 11.5 7 8.8
Escherichia coli 1 0.3 0 0 0 0
Yersinia enterocolitica 3 0.9 10 6.4 3 3.8
Group IIK biotype I 0 0 1 0.6 8 10.0
Hafnia alvei 0 0 9 5.7 3 3.8
Enterobacter aerogenes 0 0 1 0.6 2 2.5
Enterobacter cloacae 0 0 1 0.6 0 0
Klebsiellapneumoniae 0 0 0 0 2 2.5
Serratia liquefaciens 0 0 1 0.6 0 0
Unidentified 65 18.7 28 17.8 2 2.5

Total 347 100.2 157 99.7 80 100.5
a Number of strains identified for the entire sampling period of 1 year.
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TABLE 2. Changes in SPC populations after exposure to chlorinea

No. before No. after con-
Organism chlorine addi- % of isolates tact with 1.5 % of isolates

tion mgof chlo-
rine/liter

Actinomycete 0 2 4.6
Arthrobacter spp. 4 7.5 2 4.6
Bacillus spp. 0 11 25.6
Corynebacterium spp. 0 6 14.0
Micrococcus spp. 3 5.7 2 4.6
Staphylococcus epidermidis 1 1.9 0
Group M5 1 1.9 0
Group M4 6 11.3 0
Group IVc 0 4 9.3
Group IIK biotype I 1 1.9 0
Acinetobacter 6 11.3 6 14.0
Alcaligenes 0 1 2.3
Pseudomonas spp. 20 37.8 6 13.9
Enterobacter agglomerans 1 1.9 0
Aeromonas spp. 2 3.8 0
Hafnia alvei 2 3.8 0
Yeast 0 1 2.3
Unidentified 6 11.3 2 4.6

Total 53 100.1 43 99.9
a Data represent the combined results from three water samples. Chlorine contact was at 100C, pH 7, for 1 h;

the average SPC before chlorination was 1,030 bacteria/ml; the average SPC after chlorination was 5 bacteria/
ml.

positive bacteria in the water before chlorination
was 15.0%, and this increased to 54% after chlo-
rination. The percentages of coliform antago-
nists in the water before and after chlorination
changed very little. Opportunistic pathogens
comprised 53.3% of the population before chlo-
rination and were reduced to 27.5% of the pop-
ulation after chlorination.
On 23 occasions, the investigators identified

and compiled the percentage of coliform antag-
onists in chlorinated drinking water samples and
on 11 occasions determined their percentage in
raw water samples (Table 3). The results illus-
trated that 16 of 23 drinking water samples
contained SPC populations with over 20% of the
isolates considered coliform antagonists, and
only 3 (19%) of the 16 samples contained detect-
able coliforms. When the coliform antagonists
were fewer than 20% of the population, the in-
cidence of coliform occurrences increased to 57%
(Table 3). In raw water samples, coliforms were
always detected and the percentage of the SPC
population considered coliform antagonists was
always below 20%.
Table 4 summarizes those significant correla-

tions observed between the numbers of SPC
organisms and one or more of the additional 13
parameters measured in each water sample. All
raw water samples were removed from the point
of intake to the distribution system, whereas the
distribution water represented only chlorinated
samples removed from over 40 locations
throughout the water supply system. The num-

TABLE 3. Relationship between percentage of
coliform antagonists and the presence of coliforms

No.

Sample No. with Occurrence (%)coil-
forms

Distribution
>20%a 16 3 3/16 (19)
<20% 7 4 4/7 (57)

Raw water
>20% 0 0 0/0
<20% 11 11 11/11 (100)

a Percentage of coliform antagonists in sample.

ber of SPC bacteria was found to correlate very
well with the number of Aeromonas and Kleb-
siella in both raw and distribution water. How-
ever, numbers of SPC bacteria correlated with
coliform density (both MPN and MF) in only
the raw water. Turbidity ranged from less than
1 to 28 nephelometric turbidity units (NTU)
with a geometric mean of 1.2 NTU and was
significantly correlated with SPC numbers in
distribution water. Increases in the range of 1 to
3 logs of SPC bacteria were common when tur-
bidities exceeded 5 NTU. Temperature also cor-
related positively with numbers ofSPC bacteria,
and highest cell densities coincided with late
summer water temperatures, which approached
200C. Nitrate correlated inversely with SPC
numbers, suggesting that nitrate plays a nutri-
tional role in influencing the extent of bacterial
regrowth in distribution systems.

VOL. 40, 1980



928 LECHEVALLIER, SEIDLER, AND EVANS

TABLE 4. Correlation coefficients for numbers ofSPC bacteria (MF and pour) in raw and distribution
water

Raw water Distribution water

Variable M-SPC SPC-pour M-SPC SPC-pour

r df P r df P r df P r df P

Temp 0.698 29 <0.01 0.422 29 <0.05 0.188 161 <0.05 0.164 161 <0.05
Turbidity -0.130 28 >0.05 0.394 28 <0.01 0.380 161 <0.01 0.567 161 <0.01
Nitrate -0.680 19 <0.01 -0.742 19 <0.01 -0.308 86 <0.01 -0.238 86 <0.05
SPC-pour 0.570 31 <0.01 1.000 31 0.988 159 <0.01 1.000 159
Aeromonasa 0.689 23 <0.01 0.042 23 >0.05 0.720 128 <0.01 0.604 128 <0.01
Klebsiella 0.651 20 <0.01 0.311 20 >0.05 0.544 119 <0.01 0.204 119 <0.05
TC-MFb 0.654 29 <0.01 0.500 29 <0.01 0.003 61 >0.05 -0.002 61 >0.05
MPNc 0.455 31 <0.01 0.867 31 <0.01 0.040 165 >0.05 0.046 165 >0.05
Precpd -0.099 31 >0.05 0.473 31 <0.01 -0.069 165 >0.05 -0.051 165 >0.05
a Enumerated by MF technique.
bVerified total coliforms enumerated by the MF technique.
c Total coliforms enumerated by MPN technique through completed step, using lauryl tryptose broth as

presumptive medium.
d Precipitation recorded on sampling day.

DISCUSSION

In chlorinated drinking water supplies, signif-
icantly more SPC organisms were detected by
the M-SPC technique than by the SPC-pour
method. The M-SPC technique permitted
greater flexibility in drinking water supplies
since volumes greater than 1 ml could be proc-
essed. Counting colonies by the M-SPC tech-
nique also proved easier with a dissecting micro-
scope at 15x magnification than counting SPC-
pour plates with a colony counter. These obser-
vations are consistent with those of Taylor and
Geldreich (25).
The schema presented in Fig. 1 and 2 sum-

marize rapid and convenient procedures needed
to document the SPC diversity in a water sam-
ple. It is possible by performing only the initial
tests (colony morphology, Gram stain, motility
by wet mount, O/F Hugh Leifson, catalase test,
and oxidase test) to place many of the bacteria
into a genus or group. Identification of 100 iso-
lates can be conveniently completed by exam-
ining some 20 characteristics. Because the bac-
teria can be identified so rapidly with little sub-
culturing, culture maintenance and loss of via-
bility was not a major problem. Overall, some
84% of the SPC isolates were identified by use
of these schema.
Many of the bacterial groups identified in

chlorinated municipal water in this study were
already shown to exist in unchlorinated rural
drinking water (15).

Identification of SPC bacteria in potable
drinking water permitted an assessment of the
bacterial diversity present, whereas enumera-
tion of SPC bacteria provided a threefold eval-
uation of the water quality in a distribution

system: (i) elevated SPC levels indicated a po-
tential health risk posed by opportunistic path-
ogens; (ii) high SPC levels could increase the
potential for coliform suppression by coliform
antagonists and; (iii) increased SPC levels indi-
cated deterioration of general water quality and
inadequate disinfection.

Several trends were apparent in the seasonal
distribution and species diversity of the SPC
population present in distribution water. For
example, there was greater species diversity in
the warmer summer period and in the fall after
the first major precipitation than during the cold
winter months. Of the 25 identifiable bacterial
groups, an average of 8 were detected in drinking
water during November, December, January,
and March compared with an average of 14
groups detected in July and October. Gram-pos-
itive bacteria predominated the SPC population
during the cooler months (November through
January).
Raw water at the intake contained an average

of nine different groups throughout the year,
with a range of only 7 to 11 species for all
reporting periods. The changes in the SPC pop-
ulation in the distribution system were therefore
not a simple function of bacterial quality in the
raw water. It can be hypothesized that interac-
tions of water temperature, fall precipitation,
and disinfection efficiency all influenced the spe-
cies diversity in drinking water derived from
surface sources which are only chlorinated and
not filtered.

Identification of bacteria in distribution water
indicated that over 30% of the total bacterial
populations were opportunistic pathogens. Aero-
monas spp. was the second most prevalent bac-
terial species in chlorinated distribution water

APPL. ENVIRON. MICROBIOL.



BACTERIA IN POTABLE WATER 929

(9.5%) and the most common species in raw
water (15.9%). A. hydrophilia is known to have
a widespread distribution, being able to inhabit
a variety of aquatic habitats (11). Aeromonas
spp. have also been associated with a wide range
ofhuman infections, indicating that these organ-
isms may act as primary pathogens (14). Oppor-
tunistic pathogens such as Flavobacterium,
Pseudomonas spp., and Acinetobacter com-
prised some 25% of the bacterial population in
distribution water. Populations ofPseudomonas
and Flavobacterium have been recognized as
health risks to patients in hospitals, clinics, nur-
series, and rest homes (9, 12). Nosocomial infec-
tions caused by P. cepacia have resulted from
contamination of materials thawed in a water
bath (6). Acinetobacter spp., which comprised
up to 15% of the SPC bacteria in drinking water
collected during a chlorination failure, have been
reported as causing nosocomial infections in
stressed individuals at a rate of 3.54 per 10,000
patients discharged (7). Since the present drink-
ing water quality is based on the absence of
coliforms, the opportunistic pathogens and sec-
ondary invaders comprising the SPC go unrec-
ognized even though their numbers often greatly
exceed those of the coliform group (21).
Some species and strains of Pseudomonas,

Sarcina, Micrococcus, Flavobacterium, Pro-
teus, Bacillus, actinomycetes, and yeasts have
been shown to suppress coliform detection (13,
22, 27). The significance of coliform suppression
in municipal and rural water supplies has been
previously presented (1, 4, 10, 15), and it has
been speculated that suppression can at least
partly be attributed to elevated SPC numbers.
For example, increased SPC densities have been
noted before, or have been associated with, wa-
terborne outbreaks (1, 10, 17, 19). Pathogen oc-
currences have also been noted to occur in the
absence of detectable coliforms in samples with
high SPC numbers (1). Previous studies, how-
ever, did not identify the kinds ofSPC organisms
present, so the potential role and significance of
genera representing coliform antagonists could
not be assessed.

Identification of the SPC population in this
study indicated, on an average, that nearly three
times more bacteria that are potential coliform
antagonists were present in distribution water
compared with raw surface water (35 versus
14%). Observations consistent with a possible
role of antagonists in coliform suppression were
provided by the lack of coliforms in 81% of the
drinking water specimens which contained 20%
or more antagonists in the SPC population. Con-
versely, when the antagonist population was less
than 20% of the SPC, a greater coliform inci-
dence (57%) was recorded. Since SPC levels

varied greatly in samples containing and not
containing coliforms (less than 1 to over 500/ml
in both types of samples), the species compo-
nents ofSPC populations as well as cell densities
(10) may be important in assessing the propen-
sity for interference with coliform detection. In
addition, experimental chlorination of the raw
water did not significantly alter the relative per-
centage of coliform antagonists over the level
found in untreated water. Therefore, one can
assume that factors other than disinfection will
determine the relative abundance of these gen-
era in the distribution system.

Gram-positive bacteria in chlorinated drink-
ing water comprised nearly three times the num-
ber found in the raw water. It is presumed that
the thicker peptidoglycan layer of the wall ena-
bles gram-positive bacteria to be more chlorine
resistant. It has already been suggested that the
outer wall components of Mycobacterium spe-
cies enable these organisms to resist chlorination
(8).

Increasing densities of SPC bacteria corre-
lated significantly with increasing levels of tur-
bidity, Aeromonas, Klebsiella, and water tem-
perature. Runoff after storm events will there-
fore carry turbidity and increased numbers of
bacteria into the distribution system, and some
detectable increment will survive chlorination.
These observations collectively indicate the po-
tential consequences in a distribution system
which uses surface water as a source water and
does not have filtration facilities. The SPC
method was a sensitive indicator of the factors
which contribute to the deterioration of water
quality.

In summary, enumeration of SPC bacteria
was a useful tool to indicate the presence of
opportunistic pathogens, the potential for coli-
form suppression, and drinking water quality
deterioration in a distribution system.
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