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ABSTRACT

The ability of an electrochemical detection method to predict viable
numbers of fecal coliforms was evaluated under laboratory conditions with
respect to seawater adjusted to various salinities and temperatures. The

viability of an Escherchia coli isolate as measured by the spread plate

technique utilizing non-selective media was unaffected after 12 wk exposure
at 2°C and 25 /00 salinity. At higher temperatures (15-30°C) both the
total decrease in cell numbers as well as the rates of die-off were greater
than at 2°C. There was little apparent difference in viability across the
temperature range 15-30°C. Viability was observed to be inversely related
t; salinity over the range 10-30 %/00. Stress was measured using the
electrochemical detection method (ECOM) and defined as the difference between
the predicted endpoint response time (ER) calculated from a standard curve
and the observed ER time. Seawater of higher salinities generally produced
greater stress. With respect to temperature, stress was greater at 20°C
than at 30°C, while at 2°C stress occurred after a prolonged period of
starvation. Delayed ER times were attributed to (1) a reduction in viable
cells upon inoculation of starved bacteria into media at 44.5°C and/or (2)
an extended lag phase prior to logarithmic growth. Medium A-1 was superior
to EC for enumeration of fecal coliforms in estuarine water samples by the
ECDM method. ER times occurred sooner and the results were more predictable

with the former medium.

In addition to salinity and temperature, other factors including isolate
source, age, growth phase, culture media, and diluent are discussed as to

their effects on viability/stress studies.
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INTRODUCTION

An electrochemical detection method (ECDM) for the enumeration of
various enteric bacteria (37) was recently described, the method is based
on the existence of a linear relationship between inoculum size and the
time of detection of an increase in potential difference in standard media.
Pure culture studies were performed using combination electrodes and sub-
sequently platinum electrodes of different surface areas (35) to detect
potential changes in carbohydrate containing media. When this test system
was evaluated as a tool for detecting and enumerating coliforms present in
estuarine and freshwater samples differences in detection times between
stock cultures and environmental coliforms were observed. Wilkins and Boykin
(36) suggested that a portion of the coliform population present in the
aquatic environment may be stressed with delayed detection times due to
exposure of sensitive cells to selective media and elevated incubation tem-
peratures. Data resulting from studies using coliforms exposed to freezing
(29, 34), chlorination (17) and freshwater environments (4, 13, 16) suggested
that injured bacterial cells may remain undetected by routine enumeration

procedures.

The following study was undertaken to evaluate the responses of pure

cultures of Escherichia coli with different cultural histories to seawater

of various salinities and temperatures. Responses were measured using
standard enumeration techniques. Furthermore, we attempted to determine if
the ECDM could be used to detect sublethal stress in cultures exposed to various

conditions of temperature and salinity.



MATERIALS AND METHODS

Organisms. Fecal coliforms employed in this study were isolated by enrich-
ment in lactose broth at 35°C for 24 h followed by inoculation into EC broth
at 44.5°C for 24 h. Isolates were obtained from tubes which produced gas

at the elevated temperature. A1l isolates were identified using API-20E
(Analytab Products, Inc., Plainview, N.Y.), a miniaturized multiple test sys-
tem for identification of enteric bacteria. API profile recognition numbers

for Escherichia coli isolates were 5 044 552, human fecal isolate; 5 044 562,

human urinary tract infection isolate; and 1 144 562, estuarine water isolate
obtained from a sample collected from the York River, Gloucester Point,
Vifginia. Stock cultures were maintained on trypticase soy agar (TSA) at
4°C. During the course of experimentation isolates were subcultured on TSA

three times or less.

Cell Preparation. Inocula for seawater survival experiments were obtained from

exponential phase cultures unless otherwise specified. Isolates were grown at
35°C in either trypticase soy broth (TSB) or M-9 minimal medium which consisted

of 6g NaphPO4, 3g KHyPO,, 0.5g NaCl, 1g NH,C1, 0.13g MgSo,°7H,0 and § m1 glycerol
in 1 liter distilled water. The latter two components were sterilized separately
and added to the remaining components of minimal medium after autoclaving. The
final pH of the minimal medium was 7.0. Bacteria were harvested by centrifugation
(1,000 x g) at room temperature for 10 min and washed three times in phosphate
buffered saline (PBS) at pH 7.2. Cells were resuspended to an optical density

of 0.2 - 0.3 (540 nm) in seawater of selected salinities and temperatures.

Survival Experiments. A ten-fold dilution of the final cell suspension was

made into 90 ml seawater previously equilibrated to the test temperature in

125 m1 sterile screw-capped flasks. Seawater at specified salinities was pre-



pared by diluting ;ged filtered ocean water (35 ©/00) with reverse osmosis/
glass distilled water and sterilized by autoclaving. Samples of inoculated
seawater were removed at various time intervals for enumeration by spread
plating on TSA and determination of endpoint response (ER) in EC and TSB at
44.5°C. Colony counts were made after ca. 24 h incubation at 35°C. Total
exposure time to seawater prior to 0 h sampling ranged from 2-5 min while
exposure time to media at 44.5°C prior to dilution for plate counts was less
than 1 min. A1l dilutions were performed using PBS at room temperature

unless otherwise specified.

Endpoint Response (ER) Determination. The experimental design for detecting

ER time consisted of a test tube (25 mm X 100 mm) containing two platinum
electrodes and 18 m1 medium to which 2 m1 E. coli seeded seawater was added.
Tubes were fitted with a No. 4 rubber stopper containing electrodes of grade

A platinum alloy wire, 24 gauge (0.508 mm), Engelhard Industry, Carteret,
N.J.). Electrodes were inserted into slits made in the stopper and the stopper
bound with wire and/or epoxy to prevent electrode slippage. Electrodes were
designed such that the ratio of their lengths below the surface of the medium
was 1:4. Sterilization was by flaming over an alcohol lamp. The longer elect-
rode was connected to the negative terminal and the shorter one to the positive
terminal of a strip.chart recorder (Model 194, Honeywell Industrial Division,
Fort Washington, Pa. or Model SR-204, Heath Company, Benton Harbor, Mich.).
Recorders were set at a chart speed of 10 min/in and operated at 0.5 volts
(Honeywell) or 1.0 volts (Heath) full scale. ER times were measured as the

time elasped between challenge and the initial increase in potential difference.

Environmental Samples. Estuarine water samples were collected from the York

River at Gloucester Point or from its nearby tributaries which included Yorktown

Creek, Sarah Creek as well as the Northwest and Northeast Branches of Sarah



Creek. Sampling sites at all localities were subject to varying degrees of
pollution from domestic sewage and boats. Water samples were collected in
sterile 500 m1 erlenmeyer flasks and processed within 60 min. Simultaneous
temperature and salinity measurements were made. Parallel fecal coliform
enumerations were performed using a five-tube most probable number (MPN)
technique (1) with lactose enrichment at 35°C for 48 h with subsequent inocu-
lation of positive tubes into EC at 44.5°C for 24 h or direct inoculation
into Medium A-1 (2) at 44.5°C for 24 h. Corresponding ER determinations were
made by addition of a 100 m1 sample into each of two 250 ml erlenmeyer flasks
containing 100 ml single strength EC or Medium A-1 prewarmed to 44.5°C.
Flasks were fitted with rubber stoppers containing the appropriate sterile

platinum electrode configuration as specified above.

Standard Curves. Endpoint response times were determined in EC, TSB and

Medium A-1 at 44.5°C for various inocula. Ten-fold dilutions of an E. coli

suspension {urinary tract isolate) prepared as for survival experiments were
made in 20°C seawater (25 ©/00) and inoculated into test media. Exponential
cultures were pregrown in either TSB or M-9 media. The relationship between
inoculum size and ER time was determined by linear least-squares regression
analysis and confidence belts fdr the 1inear regression were established at

the 95 percent confidence level (28).

Data Analysis. During the course of experiments designed to assess the effect

of seawater exposure on ER time the following data were collected: coliforms/
ml seawater, coliforms/ml medium following a ten-fold dilution from seawater

and ER time in the respective media. Standard curves of ER vs. coliforms/ml
medium were analyzed by linear regression techniques. The ER, predicted from
the Tinear regression line and based on the number of cells/m1 medium calculated

to have resulted from a ten-fold dilution from seawater, was subtracted from



the observed ER. This relationship of observed ER minus predicted ER as a
function of time in seawater was graphically presented with 95% confidence
limits for y. Stress was defined as the time delay between observed ER and
predicted ER and was considered significant when this value exceeded the 95%

confidence 1imits.



RESULTS

Linear regression analysis of standard curve results indicated that both
the previous cultural history of the inoculum and the medium used to measure
endpoint response affected ER detection times. Using TSB as the test medium
to measure ER times, cells pregrown in either TSB or M-9 gave standard curves
with similar slopes, correlation coefficients, and standard errors of the
estimate (Figs. 1 and 2). In contrast, using EC as the test medium, TSB pre-
grown cells gave a standard curve with a smaller correlation coefficient and
a higher standard error of the estimate (Fig. 3). When transferred into EC
both M-9 and TSB pregrown cells produced standard curves with steeper slopes
and‘greater ER time intervals compared with cells transferred into TSB (Figs.

3 and 4).

A series of experiments were conducted to evaluate E. coli viability in
seawater and post-starvation behavior in various test media as a function of
salinity and temperature. E. coli (urinary tract) growing exponentially in
M-9 was inoculated into seawater of various salinities. The greatest rate of
decline in viable counts occurred during the first 2 da; rates of which
increased directly with salinity (Fig. 5). Although two experiments each
were conducted at 20°C and 30°C, no clear effect of temperature with respect
to viability was evident. Average E. coli decreases after 2 da were 0.1,
0.6, 1.1, and 1.9 Tog units at 20°C and 0.3, 0.7, 1.2, and 1.7 log units at
30°C in 10, 15, 25, and 30 %/oo respectively.

When the data were analyzed with respect to ER determinations, stress as
previously defined was evident as a function of salinity, temperature, and
test media (Figs. 6 and 7). In starvation studies conducted at 20°C stress

was more pronounced in EC than TSB and increased with increasing salinity.
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Relationship between inoculum size and the time of endpoint response in TSB at
44.5°C when inocula (urinary tract isolate) were pregrown in TSB at 35°C. A
linear least-squares regression calculation gave a correlation coefficient of
-0.99 (N = 8) with an intercept of 7.39 and a slope of -0.98. The standard
error of estimate at the 95 percent confidence level was + 0.37. ;
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Figure 2. Relationship between inoculum size and the time of endpoint response in TSB at
44.5°C when inocula (urinary tract isolate) were pregrown in M-9 medium at
35°C. A Tinear least-squares regression calculation gave a correlation coeffi-

cient of -0.98 (N = 22) with an intercept of 8.07 and a slope of -1.05.
standard error of estimate at the 95 percent confidence level was + 0,54,

The
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Figure 3. Relationship between inoculum size and the time of endpoint response in EC at

44.5°C when inocula (urinary tract isolate) were pregrown in TSB at 35°C. A
linear least-squares regression calculation gave a correlation coefficient of
-0.77 (N = 12) with an intercept of 9.97 and a slope of -1.16. The standard
arror of estimate at the 95 percent confidence level was + 2.67.
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Figure 4. Relationship between inoculum size and the time of endpoint response in EC at
44.5°C when inocula (urinary tract isolate) were pregrown in M-9 medium at
35°C. A linear least-squares regression calculation gave a correlation coeffi-
cent of -0.97 (N = 20) with an intercept of 9.41 and a slope of -1.25. The
standard error of estimate at the 95 percent confidence level was + 0.73.
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Generally, maximum stress developed after 2 da of starvation and thereafter
decreased. Cells starved at 30°C showed 1ittle evidence of stress except at

30 %/00 salinity when transferred to EC.

A similar study was conducted using an E. coli strain isolated from
estuarine water, pregrown in M-9, and starved in 10 ©/00 and 25 °/o0 seawater
at 20°C. This isolate was more refractory to starvation and salinity effects
than the preceding isolate which was obtained from a human host. After 15 da.
in seawater there was no decrease in viable cell count in 10 9/00 seawater
whereas a 0.9 log unit reduction had occurred in 25 O/00 seawater. Stress
resulting from starvation at either salinity in terms of prolonged ER time

was not observed (Fig. 8).

A study was conducted to determine if cell death in the test media contri-
buted to the increases in ER seen under different conditions. The observed log
number of E. coli in the test medium minus the predicted E. coli number cal-
culated from the viable count in seawater was plotted against time of star-
vation. With respect to the urinary tract isolate, the greatest differences
between observed and anticipated bacterial levels occurred in EC as opposed
to TSB (Figs. 9A and 9B) and were generally accompanied by prolonged ER
values (Figs. 6 and 7). In contrast, the estuarine water isolate, which
showed no evidence of starvation stress also showed little if any reduction
in ce1l number upon exposure to EC or TSB (Fig. 10). Although the data
suggested that delayed ER times were related to cell death upon exposure
primarily to the selective medium EC at the elevated temperature, all the
results could not be explained solely on this basis. For instance, cell
death in EC after exposure to 30 0/00 seawater at 20°C and 30°C was approxi-
mately the same after 5 and 8 da starvation whereas significantly prolonged

ER times were observed only at the earlier time interval. Therefore, growth

16
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in EC and TSB was examined after various exposure periods to 25 9/oo seawater
at 20°C. Figure 11 illustrates that upon inoculation into EC, starved cells

evidenced a decline in viable count for approximately 1 h with the lag

period extended an additional hour after 2 da but not after 8 da starvation.

Similar effects were not observed in TSB nor was there an apparent effect on

growth rate in either medium.

A series of experiments were initiated to evaluate the impact of pre-
starvation history of the inoculum on viability in seawater and on the post-
starvation behavior in test media at 44.5°C. The urinary tract isolate was
grown under the following set of conditions: (a) exponential phase in minimal
medfum (M-9), (b) stationéry phase in a rich medium (TSB), and (c) exponential
phase in a rich medium (TSB). Treated cultures were then inoculated into
25 0/00 seawater at different temperatures. Exponential phase cells from M-9

and stationary phase cells from TSB showed similar viability profiles (Fig. 12).

Maximum cell death occurred during the first 3 da of starvation and ranged
from 0.7 to 1.2 log units. In contrast, exponentially grown TSB cells were
more sensitive to starvation with a reduction of 2.3 log units over a 3 da

period at 20°C and 4.2 log units after 1 da at 35°C (Fig. 12C).

Similarly, cells grown exponentially in TSB, followed by starvation in
seawater, showed an aberrant post-starvation behavior in test media at 44.5°C.
After starvation in 25 9/00 seawater at 20°C, TSB grown cells evidenced
greater die-off when introducted into either TSB or EC at 44.5°C than was pre-
viously observed with M-9 grown bacteria (Figs. 9A and 9D). Use of PBS at room
temperature as diluent for serial dilution and plating may have contributed to
this apparent die-off. For the cells starved at 35°C, TSB prewarmed to 35°C
was used as diluent, and this apparent cell die-off was not observed (Fig. 9C).

Stress as measured by an increase in observed minus predicted ER time was more
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obvious in the TSB pregrown culture starved at 20°C than at 35°C (Figs. 13 and
14). This stress occurred earlier than in the M-9 pregrown cultures, as soon
as 5 h after exposure to seawater. The degree of sublethal stress at 35°C was

probably obscured by the rapid lToss of viability.

The effects of cold temperature starvation on viability and sublethal
stress were determined for an E. coli isolate obtained from human feces. It
should be noted that this culture differed from the other isolates in having
been maintained on artificial media approximately six months prior to experi-
mentation while other isolates were used immediately after isolation with
laboratory maintenance not exceeding two months. Thé fecal isolate was grown
inAM-9 and inoculated in 25 9/0o0 seawater at 2°C. After 3 wk starvation, no
die-off was evident with the maximum reduction of 0.4 log units occurring by
12 wk. However, ER times increased dramatically, especially in TSB indicating
the existence of sublethal stress (Fig. 15). The increa;e in ER represented
increased lag time and/or decreased growth rate since very little cell die-off
occurred when the starved cells were introduced into test media at 44.5°C
(Fig. 16). Growth of this same fecal isolate in EC and TSB following starva-
tion in 25 ©/00 seawater at 20°C revealed a longer lag time in TSB as starva-
tion progressed (Fig. 17). In contrast, growth curves of the urinary tract
isolate following starvation revealed increased lag times in EC (Fig. 11).
These data illustrated that length of exposure to artificial media was an

important aspect to be considered in conducting seawater survival experiments.

Standard curves were developed for use in detecting stress in field
jsolates (Figs. 18 and 19). For these studies one part TSB pregrown inoculum
was added to one part single strength Medium A-1 or EC at 44.5°C. The ER
times in Medium A-1 were shorter than those in EC for similar inoculum levels

with time differences decreasing as the inoculum size increased. Introduction
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of a larger volume of inoculum, resulting in dilution of selective agents as
well as reduction in the medium temperature probably contributed to more con-
sistent results and earlier ER values as compared to previous standard curves

in EC using TSB grown inocula (Fig. 3).

Similar results were noted when field samples were diluted 1{1 into single
strength test media. The ER times occurred 2 to 11 h sooner in A-1 than in EC
with a mean difference of ca. 5 h. When compared to the standard curve, field
samples inoculated into A-1 gave ER values extended by mean values of 0.6 and
0.9 h for samples collected from waters with mean temperatures of 14°C and
29°C respectively. Since the standard error of the estimated y (SQ) at t3 o5
for the A-1 standard curve was + 0.7 h these results did not indicate that

the cells had been greatly stressed at either temperature range.

Corresponding field samples processed in EC produced ER times with mean
deviations from the predicted times of + 1.65 h for samples taken from cooler
waters (X = 14°C) and - 1.78 h for samples taken from warmer (X = 29°C) waters.
Since the standard error of the estimated y for the standard curve in EC was
+ 1.14, and since the number of sampling points was limited, the question as
to whether or not fecal coliforms in our environmental samples were stressed

remains unresolved.



DISCUSSION

Fecal coliforms introduced into the estuarine environment are exposed to
various physico-chemical and biological factors which contribute to viability
losses. For example, dilution, adsorption to particulates (9), sedimentation,
sunlight (3, 10), organics (11, 21, 23, 27, 32), salinity (6), temperature
(9, 22, 33), dissolved oxygen (9), heavy metal toxicity (14), algae (18),
bacteria (15, 19, 20, 26), bacteriophage (7), and protozoa (8, 19), have all
been discussed. In addition, researchers have suggested that a portion of
the coliform population may be sublethally stressed following exposure to the

aquatic environment (4, 36).

Our study has been limited to the effects of three variables -- salinity,
temperature, and previous cultural history on viability and stress of fecal
coliforms. Although the data showed that viability of E. coli was inversely
related to salinity, a similar relationship with respect to temperature was
not as evident. Cells at 15, 20, 30 and 35°C showed similar viability pro-
fi]eﬁ, although at 35°C there was a continued loss of viability after the
initial sharp decline in bacterial numbers. A negligible loss of viability
was demonstrated after 85 da of exposure to 2°C seawater (25 ©/00). Cryptic
growth may have occurred thus obscuring viability losses since the initial
bacterial levels in seawater in all of these experiments ranged from ca. 106

- 5 X 107 cells/ml.

The literature suggests that Enterobacter (as Aerobacter) aerogenes

exposed to either distilled water or buffer solutions at low temperatures,
displays loss of permeability control which results in leakage of cellular
constituents with a progressive and rapid loss of viability (30, 31). In

the absence of pronounced cell death in our experiment at 2°C, it could be
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hypothesized that the hyperosmotic environment provided by 25 /00 seawater

protected chilled cells by decreasing the diffusion rate of cellular constituents.

The most dramatic differences between viability profiles were observed to
be a function of cultural history. Cells harvested during exponential phase
from a rich medium (TSB) were more sensitive to seawater than either exponential
cells from minimal media M-9, or stationary phase cells from TSB. Although it
is tenuous to extrapolate laboratory results to the estuarine environment, our
findings are of value to those concerned with estuarine modeling studies involv-
ing the determination of coliform die-off coefficients. The previous history
of coliforms introduced to the estuary could effect survival. For example, the
physio1ogica1 fate of E. coli derived from untreated sewage or other rich
organic milieux as opposed to immediate storm wéter run-off may differ when

discharged into the estuarine environment.

Little actually is known about the physiological changes that occur in
E. coli in the estuarine environment. There is no doubt that the organisms
develop different levels of sublethal stress depending upon the conditions
encountered. Reports in the literature suggest that difficulties in analyzing
water samples using membrane filter techniques may be due to the fragility of
sublethally stressed organisms. These organisms may undergo mechanical
destruction during the filtration process or be killed by selective media
used in the enumeration procedure (12). New techniques have been devised to
deal with sublethally stressed organisms -- some involved a period of resuscita-
tion in a non-selective media (4, 34); others use a sandwich technique involving

non-selective and selective media (25, 29).

The electrochemical detection method (ECDM) assays the time required for

the inoculum to become metabolically active and reach a critical cell density.



Wilkins and Boykin (36) suggested that ECDM might provide a rapid and inex-
pensive method for monitoring coliform levels in the estuarine environment.
However, it was not clear how the presence of stressed cells would affect
the reliability of the ECDM results. Our study was concerned with what
conditions of salinity, temperature, or previous cultural history would pro-
duce the highest levels of sublethal stress as determined by ECDM. In
addition estuarine water samples were collected for analysis by ECDM and by
standard MPN techniques to determine if stress in environmental coliforms

could be detected.

It was obvious from the data collected that ECDM could detect stress
induced in laboratory coliform populations. Stress was particularly evident
in cells exposed to 25 and 30 O/00 seawater at 20°C. At 30°C stress was
detected only in those cells exposed to the highest salinity (30 9/00). When
kept in seawater at 2°C (25 9/00), cells developed significant stress only
after a long exposure even though there was little loss in viability. Pro-
nounced stress was also observed in samples of E. coli pregrown in a rich
medium. The data suggested that prolonged ER times may be due to immediate
cell die-off as the starved cells encounter the test media at 44.5°C and/or

an increase in lag time.

When a Timited number of environmental samples were analyzed by the ECDM
method, stress was not apparent. A1l of our samples were collected in the
immediate vicinity of a known point pollution source. The ofganisms sampled
were 1ikely to have had a short residence time in the estuarine environment

and this could explain the absence of pronounced stress.

Analysis of our data suggested two possible applications for the ECDM.
Firstly, the ECDM might be useful as a monitoring device in those areas where

there is not likely to be a heavy load of highly stressed cells introduced
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into the enVironment, for example, in areas free of industrial pollution or
treated sewage. In order for ECDM to predict coliform levels accurately it
would be advisable to perform additional experiments to determine selective
media and temperatures most effective for the recovery of injured coliforms.
Our data indicated that Medium A-1 would be preferential to EC at 44.5°C.
Moreover, it is essential to have accurate standard curves developed using
test media at the same nutrient and selective agent concentrations and tem-
peratures as would be used in obtaining ER data from field samples. It is
also imperative that low cell concentrations in the range 10-1 to 102 cells/ml
be used in developing these standard curves. Standard curves developed during
this study varied depending upon the media used, previous cultural history of
the organisms, and nutrient and/or selective agent concentration in the media.
In addition, there were suggestions that inocula of different volumes, although

diluted to the same cell density could affect ECDM results.

A second application for the ECDM is as a research tool to determine fhe
physiological condition of E. coli (or other bacteria) exposed to the environ-
ment under a variety of conditions. The sensitivity of this method for
monitoring stress should be examined. A comparison could be made with other
techniques capable of detecting sublethal stress, i.e. adenylate charge, enzyme

analyses, or growth on selective vs. non-selective media.

This investigation has posed additional questions. For example, what role
does cryptic growth play in maintaining the apparent viability of starved
cultures? Postgate and Hunter (24), demonstrated that denser populations of
E. aerogenes survived longer than sparser ones. Greater stress and viability
losses might be observed if starvation experiments were conducted using cell

inocula in the range 103 to 105 cells/ml. Such information would be valuable .
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in further assessing the ECDM as a method of monitoring stress. Viability and
stress levels should be compared using cells starved under hypoosmotic vs.
hyperosmotic conditions to evaluate whether or not the hyperosmotic environments
encountered in these studies provided protection to the exposed cells. The
degree of leakage of cell constituents under various conditions of salinity

should be determined.



10.

n.

12.

13.

14.

37
LITERATURE CITED

American Public Health Association. 1975. Standard methods for the examf-
nation of water and wastewaters, 14th Edition. American Public Health
Association, Inc., New York, New York.

Andrews, W. H., and M. W. Presnell. 1972. Rapid recovery of Escherichia .
coli from estuarine water. Appl. Microbiol. 23:521-523.

Anson, A. E., and G. C. Ware. 1975. Laboratory studies on the effect of,
ghe container on the mortality of E. coli in sea water. Water Res. 9:-
95-899.

Bissonnefte, G. K., J. J. Jezeski, G. A. McFeters, and D. G. Stuart. 1975,
Influence of environmental stress on enumeration of indicator bacteria
from natural water. Appl. Microbiol. 29:186-194.

Braswell, J. R., and A. W. Hoadley. 1974. Recovery of Escherichia coli
from chlorinated secondary sewage. Appl. Microbiol. 28:328-329.

Carlucci, A. F., and D. Pramer. 1960a. An evaluation of factors affect-
ing the survival of Escherichia coli in sea water. II. Salinity, pH,
and nutrients. Appl. Microbiol. 8:247-250.

1960b. An evaluation of factors affecting
the survival of Escherichia coli in sea water. IV. Bacteriophages..
Appl. Microbiol. 8:254-256.

Enzinger, R. M., and R. C. Cooper. 1976. Role of bacteria and protozoa
in the removal of Escherichia coli from estuarine waters. Appl.
Environ. Microbiol. 31:758-763.

Faust, Maria A., A. E. Aotaky, and M. L. Hargadon. 1975. Effect of
phys1ca1 parameters on the in situ survival of Escherichia coli MC-6
in an estuarine environment. Appl. Microbiol. 30: 800-806.

Gameson, A. L. H., and J. R. Saxon. 1967. Field studies on effect of
daylight on mortality of coliform bacteria. Water Res. 1:279-295, .

Gerba, C. P., and J. S. McLeod. 1976. Effect of sediments on the survival
of Escherichia coli in marine waters. Appl. Environ. Microbiol. 32:
114-120.

Hoadley, A. W. 1977. Effect of injury on the recovery of indicator

bacteria on membrane filters, p. 34-40. In Symposium on the Recovery of

of Indicator Organisms employing membrane filters, R. Bordner, C.
Frith, and J. Winter, eds., Environmental Protection Agency, Cincinnati,
Ohio.

Hoadley, A. W., and C. M. Cheng. 1974. The recovery of indicator bacteria
on selective media. J. Appl. Bacteriol. 37:45-57.

Jones, G. E. 1964. Effect of chelating agents on the growth of Escherichia
coli in sea water. J. Bacteriol. 3:483-499.



3

15,

16.

17.
18.

19.
20,
21.

22.
23.
24.

25,

26.
27.

28,
29.

30.

Ketchum, B. H., C. L. Carey, and M. Briggs. 1949. Preliminary studies
on the viability and dispersal of coliform bacteria in the sea, p.
64-73. In Limnological aspects of water supply and waste disposal.
Publ. Amer. Assoc. Adv. Sci.

Klein, D. A., and S. Wu. 1974. Stress: A factor to be considered in
heterotrophic microorganism enumeration from aquatic environments.
Appl. Microbiol. 27:429-431.

Milbauer, R., and N. Grossowicz. 1959. Reactivation of chlorine-inacti-
vated Escherichia coli. Appl. Microbiol. 7:67-70.

Mitchell, R. 1968. Factors affecting the decline of non-marine micro-
organisms in sea water. Water Res. 2:535-543,

Mitchell, R. 1971. Destruction of bacteria and viruses in sea water.
J. Sanitary Engineering Division. Proceedings of the Am. Soc. Civil
Engineers. 425-432.

Mitchell, R., and J. C. Morris. 1969. The fate of intestinal bacterial
in the sea, p. 811-821. In S. H. Jenkins (ed.), Advances in water
poliution research. Pergamon Press, London.

Moebus, K. 1972, Factors affecting survival of test bacteria in sea

38

water: marine bacteria, test bacteria and solid surfaces. Helgolander

wiss. Meeresunters. 23:271-285.

Nusbaum, I., and R. M. Garver. 1955. Survival of coliform organisms in
Pacific Ocean coastal waters. Sewage Ind. Wastes. 27:1383-1390.

Orlob, G. T. 1956. Viability of sewage bacteria in sea water. Sewage
Ind. Wastes. 28:1147-1167.

Postgate, J. R., and J. R. Hunter. 1962. The survival of starved bacteria.

J. Gen. Microbiol. 29:233-263.

Rose, R. E., E. E. Geldreich, and W. Litsky. 1975. Improved membrane
filter method for fecal coliform analysis. Appl. Microbiol. 29:532-
536.

Rosenfeld, W. D., and C. E. ZoBell. 1947. Antibiotic product{on by
marine organisms. J. Bacteriol. 54:393-398.

Savage, H. P., and N. B. Hanes. 1971. Toxicity of sea water to coliform
bacteria. J. Water Pollut. Control. 43:854-861.

Simpson, G., A. Roe, and R. C. Lewontin. 1960. Quantitative Zoology.
Chapter 11. Correlation and Regression. Harcourt, Brace, and World,
Inc., New York, New York.

Speck, M. L., B. Ray, and R. B. Read, Jr. 1975. Repair and enumeration
of injured coliforms by a plating procedure. Appl. Microbiol. 29:549-
550.

Strange, R. E., and F. A. Dark. 1962. Effect of chilling on Aerobacter
aerogenes in aqueous suspension. J. Gen. Microbiol. 29:719-730.



-,

31.

32.

33.

34.

35..

36.

37.

Tempest, D. W., and R. E. Strange. 1966. Variation in content and dis-
tribution of magnesium, and its influence on survival, in Aerobacter
aerogenes grown in a chemostat. J. Gen. Microbiol. 44:273-279.

Vaccaro, R. F., M. P, Briggs, C. L. Carey, and B. H. Ketchum. 1950,
Viability of Escherichia coli in sea water. Am. J. Publ. Hl1th., 40:
1257-1266.

Vasconcelos, G. J., and R. G. Swartz. 1976. Survival of bacteria in sea
water using a diffusion chamber apparatus in situ. Appl. Environ.
Microbiol. 31:913-920.

Warseck, M., B. Ray, and M. L. Speck. 1973. Repair and enumeration of
injured coliforms in frozen foods. Appl. Microbiol. 26:919-924.

Wilkins, J. R. 1978. Use of platinum electrodes for the electrochemical
detection of bacteria. Appl. Environ. Microbiol. 36:(in press).

Wilkins, J. R., and E. H. Boykin. 1976. Electrochemical method for
early detection and monitoring of coliforms. Amer. Water Works.
68:257-263.

Wilkins, J. R., G. E. Stoner, and E. H. Boykin. 1974. Microbiol detec-
tion method based on sensing molecular hydrogen. Appl. Microbiol.
27:949-952,

39



	Evaluation of salinity and temperature as stress factors affecting the enumeration of fecal coliforms by the electrochemical detection method
	Recommended Citation

	Evaluation of salinity and temperature as stress factors affecting the enumeration of fecal coliforms by the electrochemical detection method 

