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The survival of natural populations of Escherichia coli and enterococci in
sewage was measured in large-volume diffusion chambers in an estuary and a salt
marsh. The 5-liter chambers, with polycarbonate membrane sidewalls, were
found to be suitable for up to week-long experiments. Decay rates, measured
monthly from February to August 1978, ranged from 0.042 to 0.088 h-1 (time for
90% of the population to die = 25 to 55 h) for E. coli and 0.019 to 0.083 h-1 (time
for 90% of the population to die = 29 to 122 h) for enterococci and were
significantly correlated with temperature. In contrast to the diffusion culture
experiments, the decay of E. coli in batch culture did not correlate with
temperature. Enterococci survived longer than E. coli in the Narragansett Bay
(estuary) experiments, but survived less well in the more eutrophic salt marsh.
The effect of light on survival was examined with light/dark experiments and
sampling at frequent intervals over the diel cycle. Diel changes in survival were
not evident in the Narragansett Bay experiments. E. coli, however, exhibited a
diel pattern of growth during the day and death at night in the salt marsh. There
was no significant difference in decay rates between light and dark diffusion
chambers, nor were decay rates correlated with light intensity. In concurrent
batch experiments, survival was significantly greater in the dark for both
organisms. These results suggest that the effect of light is complex and that
conditions in batch culture may modify the survival of enteric bacteria. Observa-
tions made in diffusion chambers may more closely follow the in situ survival of
enteric microorganisms.

As long as the concentration of enteric bacte-
ria is used as an index of fecal pollution in
seawater, factors affecting the mortality of en-
teric bacteria will be of concern. There is consid-
erable disagreement, however, over the factors
responsible for die-off in seawater. Among the
factors that have been implicated are antibiosis
(1, 35), predation (8, 30), nutrient deficiencies (4,
25, 26), heavy metal toxicity (18, 19), solar
radiation (5, 13, 34), flocculation and sedimenta-
tion (44), and temperature (28). The lack of
consensus about the major causes of bacterial
disappearance in seawater probably arises out of
both the complexity of habitat and the artificial-
ity of the experimental methods used. Most
investigations have been laboratory studies of
pure cultures in batch containers. Little atten-
tion has been given to methods for in situ
observations.
Some attempts have been made to apply diffu-

sion (dialysis) chambers (32) to in situ observa-
tions of fecal coliform decay (22, 23, 42). With
two exceptions (9, 14), these studies have dealt
with freshwater systems or laboratory aquari-

ums. The diffusion chambers used in these stud-
ies were usually limited by one or more of the
following: small volume, unsuitable membrane
material, a lack of agitation, and slow equilibra-
tion with the outside environment. In chambers
with volumes of less than 200 ml, significant
portions of the original population may be re-
moved in a sampling regime lasting several days
(10). Dialysis chambers made with regenerated
cellulose have been shown to foul rapidly in
seawater (36, 41) and become perforated by
cellulose-digesting bacteria (D. Lavoie, M.S.
Thesis, University of Rhode Island, Kingston,
1975). Cellulosic membranes and filters are now
replaced with Nuclepore filters made of inert
polycarbonate (42; D. Lavoie, M.S. Thesis) that
pass and reject particles as a function of porosity
(33). The lack of adequate agitation in most
diffusion chambers allows for the settling of cells
and a buildup of solutes at the membrane sur-
faces and encourages fouling.

In an attempt to overcome these design prob-
lems, a 5-liter, actively stirred chamber with
Nuclepore membrane sidewalls was designed
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FIG. 1. The 5-liter diffusion chamber for environmental deployment. (A) An exploded view showing (a) outer
chamber ring, (b) filling ports with stainless steel fittings, (c) Plexiglas baffle with screened holes, (d) Nuclepore
membrane attached to Plexiglas support, (e) inner chamber ring with attachment flange, (f) sampling port with
Swage-lok fitting, (g) inner stirring blade, (h) outer stirring blade, (i) outer chamber ring with motor mount, (j) 12-
V DC motor. (B) Assembled chamber with improved Lexan motor housing. Rule, 31 cm.
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and constructed (37). The present study success-
fully applied these chambers to in situ multiple-
day experiments investigating the survival of
natural sewage populations of two types of fecal
bacteria (Escherichia coli and enterococci) in an
estuary and a salt marsh. We measured in situ
decay rates and investigated the effects of light,
temperature, dissolved organic carbon, and cul-
ture mode on the decay rates of E. coli and
enterococci.

MATERIALS AND METHODS
Chamber design. The diffusion chamber shown in

Fig. 1 is made of three Plexiglas rings (47-cm inner
diameter) held together by stainless steel bolts. The
inner ring forms the 5-liter growth chamber which is
enclosed by 0.4-,m-porosity membranes (Nuclepore
Corp., Pleasanton, Calif.) held in a circular frame of
0.16-cm-thick Plexiglas. The inner compartment is
sealed by an 0-ring between the membrane supports
and the chamber ring. Attached to the outside cham-
ber ring is a baffle made of 0.64-cm Plexiglas with four
holes (5-cm inner diameter) covered with 1-mm nylon
screen. This baffle allows for free exchange of water
while protecting the membranes. The baffle openings
are sealed with duct tape or plugged with no. 10
stoppers to create temporary outer compartments
which are filled at the same time as the inner culture
chamber to equalize pressure and prevent breakage
during filling, deployment, and recovery. Filling ports
for both the central and external chambers are located
on the same side of the chamber rings and are fitted
with threaded stainless steel plugs. Plexiglas stirring
blades on both sides of the membrane are turned by
the motor shaft at approximately 1 rpm by a 12-V DC
motor (M-5M40; TRW Inc., Dayton, Ohio) encased in
a waterproof, pressurized Lexan housing. The motor
was connected, via underwater connectors and cables
(RMG-2-FS and 6SG-2-BCL; Vector Cable Co., Sug-
arland, Tex.), to a 12-V marine battery in a waterproof
case on the dock or shore. Sampling ports located on
top of the chamber had stainless steel Swage-lok
fittings (no. SS-200; Cambridge Valve and Fitting,
Billerica, Mass.) fitted to 0.3-cm (1/8-in.) opaque Impo-
lene tubing (no. 22-p; Imperial Eastman Corp., Chica-
go, Ill.) used to withdraw the samples. A plastic three-
way stopcock valve (no. 5851-10; Ace Glass Co.,
Vineland, N.J.) was placed on the shore end of the
sample tubing, and 20-ml sterile syringes were used to
withdraw the samples.
The chambers were designed with a large surface

area to volume ratio to minimize the time for equilibra-
tion of diffusable substances. The equilibration time
was estimated by measuring, at 0.5-h intervals, salinity
and dissolved organic carbon inside and outside of an
in situ chamber filled with a sewage-seawater mixture.
Both parameters reached equilibrium with the outside
environment within 2 h.

Stirring blades were incorporated in the chamber
design to keep cells suspended and surfaces clean of
fouling organisms and organic debris. The effective-
ness of the stirring action to retard fouling was deter-
mined by examining the Nuclepore membrane from
several experimental chambers with a scanning elec-
tron microscope. Membranes from stirred and un-

stirred chambers held in situ at several different tem-
peratures were examined. Micrographs of membranes
from unstirred chambers, exposed for 120 h at 0°C,
showed an accumulation of fouling organisms and
debris (Fig. 2A). The membranes from stirred cham-
bers, however, were relatively free of attaching orga-
nisms, even after 50 h of exposure at 24°C (Fig. 2B and
C). The stirring mechanism was also effective in
keeping cells evenly suspended, as samples drawn
from the top or bottom of the chamber showed no
significant differences in the concentration of CFU.
Batch chambers were made from 2-liter polyethyl-

ene screw-cap containers (no. 2202; Nalgene, Roches-
ter, N.Y.) with Swage-lok fittings and Impolene tub-
ing. Both batch and diffusion chambers were acid
washed with 1 N HCI and rinsed in distilled water
before use. For light-dark comparisons, the dark con-
tainers were covered with two layers of black plastic
garbage bags secured with duct tape.
Chamber deployment. A buoyed array was used in

Narragansett Bay to suspend the chambers at a depth
of 1.5 m from the pier at the U.S. Environmental
Protection Agency, Narragansett, R.I. In the Bissel
Cove salt marsh, the chambers were fitted with L-
brackets and placed on the salt marsh bottom in 1 m of
water. To study a diel cycle without tidal influence, all
tidal flow in the salt marsh was stopped by blocking a
single culvert with an inflatable rubber and wood plug
(27).
The electrical cable to the motors and the sample

tubing to the chambers were attached to the filled
chambers, which were then placed in the water. The
baffle closures were removed to permit water ex-
change with the outside environment. After rinsing the
Impolene tubing by withdrawing approximately two
tubing volumes (5 to 10 ml, depending on length of
tubing), 1 to 10 ml of sample was withdrawn into a
sterile syringe.

Bacterial inocula and enumeration. Raw sewage
from the South Kingstown Narragansett Sewage
Plant, Narragansett, R.I., was stored for about 2 h at
5°C in the dark before dilution. At the experimental
site, the sewage was mixed with seawater to a 1:10
dilution in all experiments (except for a 1:25 dilution in
experiment 2) in darkened carboys and poured into
culture chambers; the chambers were deployed, and
the initial samples were taken.
The population of the enteric bacteria after dilution

ranged from 0.9 x 103 to 5.3 x 103 CFU/ml for E. coli
and from 0.5 x 102 to 2.1 x 102 CFU/ml for enterococ-
ci. The ratio of enterococci to E. coli was similar
(mean = 0.05 ± 0.02) for all the experiments. Repli-
cate 1- to 5-ml samples withdrawn from each container
with darkened sterile syringes were transported to the
laboratory for immediate processing. The mTEC
membrane filtration method was used to enumerate E.
coli (6), and the mE membrane filtration method was
used to enumerate enterococci (21).

Survival studies. Experiments conducted at approxi-
mately monthly intervals from February to August
1978 consisted of five in Narragansett Bay with a
nearly constant 30 o/oo salinity and a temperature range
from 0 to 20°C, and one in the Bissel Cove salt marsh,
with an average salinity of 26 O/o. and an average
temperature of 24°C. Replicability between diffusion
chambers was tested in the February (1C) experi-
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FIG. 2. Effect of stirring on the accumulation of debris and bacteria as seen in scanning electron micrographs
of the inside face of an 0.4-p.m-porosity Nuclepore membrane held in the 5-liter diffusion chambers. (A)
Unstirred, 0°C, 120-h exposure (Narragansett Bay). (B) Stirred, 1°C, 120 h (Narragansett Bay). (C) Stirred, 24°C,
50 h (Bissel Cove). Bars, 10 p.m.
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FIG. 3. Survival of E. coli and enterococci in repli-
cate diffusion chambers held in Narragansett Bay at
1°C in February. Symbols: 0, O, E. coli, replicate
chambers; A, O, enterococci, replicate chambers; E,
light intensity in einsteins.

ment. To test the direct effect of light on survival,
three experiments (April, July, and August, at 8.5, 20,
and 24°C, respectively) included both light and dark
diffusion and batch chambers. To detect any diel
patterns in survival, frequent sampling was performed
(every 6 h in Narragansett Bay and every 3 h in Bissel
Cove). Temperature, salinity, and dissolved organic
carbon (DOC) measurements were made in all experi-
ments. DOC was measured by the method of Menzel
and Vaccaro (24) as modified by Kerr and Quinn (20).
Triplicate samples were sparged and sealed in am-
poules immediately after filtration and oxidized within
24 h. Determinations were made with a Beckman 315
Infra-red analyzer, with potassium hydrogen pthalate
as a standard and correcting for reagent carbon. In the
Bissel Cove experiment, assays for polysaccharides
(2), monosaccharides (17), and dissolved oxygen by
the Winkler method (40) were also performed. Hourly
light intensity data were obtained from Eppley Labo-
ratories (Newport, R.I.). Extinction coefficients were
determined at the experimental site with a quantum
sensor and meter (Lambda Instruments Corp., Lin-
coln, Nebr.; models LI 190S and LI 185S) and were
used to determine ambient light at the depth of the
chambers. Direct, continuous, in situ light measure-
ments were taken during the Bissel Cove experiment
with a quantum sensor and integrator (Lambda Instru-
ments Corp.; model LI 510).
Decay rates (k) per hour were determined from the

slope of the linear regression of log cell number versus
time; the time for 90% of the population to die (Tgo in
hours) was calculated from the relationship Tgo = In

RESULTS
A representative decay curve for the enteric

bacteria held in replicate diffusion chambers in
Narragansett Bay is shown in Fig. 3 (experiment
2; 1C). The slopes of the lines (decay rates)
between replicate experiments do not differ sig-
nificantly (a = 0.05). A summary of decay rates
and T90 survival times for E. coli and enterococ-
ci is presented in Table 1. Also included in Table
1 are environmental parameters (temperature,
light intensity, and DOC) measured during each
experiment.
The relationship between survival times (Tgo)

in all the light experiments and temperature is
illustrated in Fig. 4. There was a significant
inverse relationship between Tgo and tempera-
ture in the diffusion chamber experiments (Fig.
4a). For E. coli in light diffusion chambers, this
relationship is Tgo = 54.2 - 1.06T (°C) (r =
0.94), and that for enterococci in light diffusion
chambers is Tgo = 104.3 - 3.16T (°C) (r = 0.94).
The survival of E. coli in batch containers did
not show a strong relationship to temperature
(the slope of the regression line was not signifi-
cantly different from zero; a = 0.05), whereas
the survival of enterococci in batch culture was
significantly inversely related to temperature
(Fig. 4b): T9o = 155.5 - 5.4T (°C) (r = 0.96).

Enterococci survived significantly longer than
E. coli in both culture modes in the light, except
in the Bissel Cove (24°C) experiment, in which
enterococci survived somewhat less well (Fig.
4a). This also held true in the dark diffusion
chambers, but no consistent relationship was
seen in the dark batch containers (Fig. 5).

Several aspects of the effects of solar radiation
on survival were considered, including (i) the
relationship between the average hourly light
intensity over the first 2 h and the first day of
exposure and survival time, (ii) survival in light
versus dark control containers, and (iii) day/
night differences in survival.
Although incident solar radiation increases

from February to August, no such trend was
seen in the in situ light intensities due to changes
in the extinction coefficient and cloud cover
(Table 1). There was no significant (a = 0.05)
relationship between the average hourly light
intensity during the first 2 h of exposure and
survival times of the enteric bacteria in either
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SURVIVAL OF ENTERIC BACTERIA IN MARINE WATERS 955

TABLE 1. Decay-rates (k) and Tgo for sewage populations of E. coli and enterococci in both diffusion and
batch chambers held in natural sunlight and in the dark in Narragansett Bay and Bissel Cove

E. coli Enterococci
Expt" Temp Description' kk)(Id DOC (mg

(OC) (hk1) Tgo (h) (hk1) T90 (h) liter-1)

1 0 Diffusion-It 0.042 55.2 0.019 122 25 24
Batch-lt 0.036 63.8 0.014 167

2 1 Diffusion-lt 0.043 53.0 0.027 83.1 11 8 1.65
Diffusion-It 0.044 52.3 0.027 83.1

3 8 Diffusion-It 0.049 46.9 0.029 79.4 tie 15e 2.32
Diffusion-dk 0.044 52.3 0.024 95.9
Batch-It 0.044 52.3 0.025 100.0
Batch-dk 0.027 80.0 0.016 140.0

4 16 Diffusion-It 0.063 36.7 0.044 52.5 23 16 2.05
Diffusion-lt 0.060 38.2 0.044 52.5
Batch-It 0.050 46.0 0.049 47.4
Batch-It 0.047 48.6 0.044 52.3

5 20 Diffusion-It 0.088 26.2 0.054 42.6 29 15 2.09
Diffusion-It 0.075 30.8 0.050 45.3
Batch-It 0.043 53.9 0.036 63.6
Batch-dk 0.023 99.3 0.026 87.9

6 24 Diffusion-It 33.0 29.0 7e 4e 5.06
Diffusion-dk 33.0 39.0
Batch-It 34.0 25.0
Batch-dk 124.0 120.0

a Experiments 1 to 5, Narragansett Bay; experiment 6, Bissel Cove.
b It, Light; dk, dark.
c I, Average light intensity (ly h-1) at the depth of the chambers over the first 2 h.
d Average light intensity at the depth of the chambers over the first day of exposure.
' I, determined by converting the in situ light measurements (E m 2 h-') to langleys (g-cal cm-2) per hour,

using the conversion 1 einstein = 52 x 103 g-cal (29). All other light intensity measures were determined with
hourly records from Eppley Laboratories, Newport, R.I.

culture mode. If the average light intensity over
the first day of exposure is considered, there
was a positive relationship between light intensi-
ty and survival times in the batch culture mode
but not in diffusion culture. No relationship was
found between ambient in situ DOC and survival
in the diffusion chambers.

Tao values for survival in experiments with
dark controls are compared in Fig. 5. For E. coli
in diffusion chambers, survival was slightly bet-
ter in the dark at 8 and 20°C and the same in the
light or dark at 24°C (Fig. 5a). Enterococci
survival was somewhat greater in the dark in all
three experiments (Fig. 5b). None of the differ-
ences, however, were significant (a = 0.05).
Survival in the dark in batch culture for both
organisms was always significantly greater than
survival in the light (Fig. 5). Survival in dark
batch culture was also significantly greater than
in either light or dark diffusion culture in all
experiments.

Diel periodicity in survival was not observed
for either organism in the Narragansett Bay
experiments (see, e.g., Fig. 3). However, a diel
pattern in survival was apparent for E. coli in the
Bissel Cove salt marsh experiment (Fig. 6). E.
coli survival was nearly identical in the light and

dark diffusion chambers as well as the light
batch container, in which there appeared to be
growth during the day followed by a decline at
night. Diel patterns were also seen in tempera-
ture, total DOC, and carbohydrate concentra-
tions. Temperature and E. coli cell number in all
but the dark batch container were positively
correlated (a = 0.05; r = 0.95) over the experi-
mental period. After the first 10 h, there was a
correlation between cell numbers and both DOC
and carbohydrates (r = 0.88 and 0.91 for DOC
and polysaccharides, respectively; significant at
a = 0.05). A reverse diel response may be
indicated for enterococci, with an increased
decay rate during the daylight hours (Fig. 6).

DISCUSSION
There was a marked decrease in the survival

of enteric bacteria during the period from Febru-
ary to August in Narragansett Bay. Such a trend
could be the result of seasonal changes in physi-
cal parameters, such as temperature and solar
radiation, as well as changes in biological param-
eters, such as DOC concentrations, populations
of predators, or the production of inhibitory
substances.

VOL. 45, 1983
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FIG. 4. Tgo of E. coli and enterococci as a function
of temperature in light diffusion experiments (a) and
batch experiments (b).

In laboratory studies (4, 15, 28, 43), the sur-

vival time ofpure cultures of coliform bacteria in
seawater or freshwater has been shown to de-
crease with increasing temperature. Two studies
(9, 42) have also reported this temperature effect
on pure cultures of E. coli when held in small-
volume diffusion chambers suspended in out-
door incubators. The present study confirms and
extends these studies with pure cultures to natu-
ral sewage populations of both E. coli and en-
terococci under in situ conditions. Our results
suggest that temperature may exert a major
control on the magnitude of decay rates of wild
coliform populations in relatively low-nutrient
estuarine waters.
The effect of temperature on decay rate may

be related to its effect on metabolism. At low
nutrient levels and low temperatures, toxic ma-

terials may be metabolized at slower rates and
survival prolonged. Graham and Sieburth (14)
found that increasing the incubation temperature
from 15 to 25°C without added nutrients led to
the decline of Salmonella typhimurium and E.
coli in artificial seawater. However, with the
addition of Trypticase (BBL Microbiology Sys-
tems) both organisms grew. Thus, with adequate
nutrients, increasing temperature results in the
growth of enteric bacteria rather than decay (see
also reference 28). This phenomenon may have
occurred in our experiment in the eutrophic

Bissel Cove salt marsh, in which periods of E.
coli growth were also seen which roughly corre-
sponded to increases in temperature, DOC, and
polysaccharides (Fig. 6).
That temperature may have a predictable ef-

fect on survival in estuarine environments is
important, as this information could be used for
estimating survival rates of enteric bacteria at
different times of the year. Note that the survival
of E. coli in the batch culture experiments
reported here did not show a predictable rela-
tionship to temperature. At least for E. coli,
diffusion culture may be a more useful tool for
establishing temperature-survival relationships.
One desirable attribute of an indicator orga-

nism is persistence (3). The results of this study
indicate that natural sewage populations of en-
terococci survive longer than E. coli in an estua-
rine environment, suggesting that enterococci
may be a better indicator than the more com-
monly used E. coli. In contrast to the Narragan-
sett Bay experiments, E. coli survived some-
what longer than enterococci in the salt marsh
(Fig. 4a and 6). This latter result may have been
due to the richer nutrient regime in the salt
marsh. Although no comparable study with nat-
ural populations of enteric bacteria from sewage
has been made, other studies have reported that
fecal streptococci are hardier than coliforms (22,
42). In contrast, Slanetz and Bartley (38) found
that fecal streptococci survived less well than
fecal coliforms in dialysis bags suspended in
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FIG. 6. Diel pattern in temperature, DOC, polysac-
charides (PCHO), total carbohydrates (TCHO), light
intensity (E [einsteins]) and E. coli and enterococci
cell numbers in the light (open symbols) and in the
dark (closed symbols) in both batch and diffusion
chambers in the Bissel Cove salt marsh, August 1978.

seawater. It is possible that their results were
due to leakage of organic matter from the dialy-
sis bags (C. M. Burney, M.S. Thesis, University
of Rhode Island, Kingston, 1976).
Numerous laboratory studies have demon-

strated that near-UV light can be lethal or
growth inhibitory to a great variety of bacteria
and that exogenous or endogenous photosensi-
tizers (e.g., fluorescent dyes, chlorophylls, cyto-
chromes, and NADH) may be involved (7, 16).
The ecological implications of the harmful action
of sunlight on enteric bacteria in seawater has
largely been ignored until recently due to the
prevalent assumption that the turbidity of coast-
al waters would preclude a strong effect of light.
Several workers, however, present evidence
that visible light can decrease the survival of
enteric bacteria in seawater (12, 13, 34). Based
on tracer studies (11, 12), it has been proposed
that light is the major mechanism of coliform
decay in seawater, and a decay model based on

light intensity has been developed (5; C. Cham-
berlain, Ph.D. Thesis, Harvard University,
Cambridge, Mass., 1977). No inverse relation-
ship between light intensity and survival was
found in the present in situ study. In fact, a
positive relationship between hourly light inten-
sity over the first day of exposure and Tgo can be
found in the batch culture experiments (Table 1).
This was also seen in the salt marsh experiment,
in which E. coli numbers increased during the
daylight hours (Fig. 6). Such a positive effect
could be the result of organic matter release
during photosynthesis.

Light also has some detrimental effect, as can
be seen by the prolonged survival in many of the
dark control containers. This prolonged survival
was slight in the diffusion chambers (8 to 30%o
higher Tgo in the dark for enterococci and 0 to
18% higher Tgo for E. colt) and was not signifi-
cant in any single experiment. In the batch
culture experiments, however, survival was sig-
nificantly longer in the dark (54 to 265% higher
Tgo for E. coli and 40 to 380%o higher for entero-
cocci). These results suggest that light inhibi-
tion, when it occurs, is indirect and dependent
on diffusable exogenous materials in the envi-
ronment, which would affect both light and dark
diffusion chambers, but not the dark batch con-
tainers. If there was a direct inhibiting effect of
light (via endogenous photosensitizers), in-
creased survival would be expected in both dark
batch and dark diffusion chambers. The lack of
evidence for direct light inhibition in the diffu-
sion chambers could be due to the selective
exclusion of wavelengths below 340 nm by the
Plexiglas chambers (the polyethylene batch bot-
tles transmit 1 to 10%6 of light from 300 to 340
nm). However, if the batch containers were
selectively passing more lethal wavelengths of
light, one might expect a decreased survival time
in the light batch chambers relative to the light
diffusion chambers. In general, however, surviv-
al in the light batch containers was greater than
in the light diffusion chambers. There is, possi-
bly, an ameliorating effect of increased nutrient
concentrations in the batch containers. Further
experiments are needed to determine light and
nutrient interactions.

Inhibitory effects of light might also be mani-
fested in diel changes in survival. Increased
decay rates during the day were not noted for
enterococci or E. coli in Narragansett Bay. A
reverse trend occurred in the salt marsh experi-
ment, in which E. coli cell numbers increased
during daylight hours and decreased at night and
were closely correlated with DOC and polysac-
charides after the first 10 h of incubation. This
supports the idea that increasing nutrients may
overcome the bactericidal effect of seawater in
situ, a phenomenon often seen in laboratory

VOL. 45, 1983
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studies (25, 26, 31, 34). It would have been
interesting to see whether this diel trend contin-
ued past the 33-h study period. A single sample
taken at 50 h showed that the population may
again have recovered on day 3. These results
suggest that the survival response of E. coli is
quite different in a high-nutrient salt marsh than
in a low-nutrient estuary. This phenomenon
deserves further study, as wastewater contami-
nation of coastal marshes is not uncommon.
The goal of many investigations of the decay

of fecal bacteria is to relate some easily mea-
sured environmental parameter with survival so
that a general predictive model can be devel-
oped. The results of this study, as well as others,
suggest that the decay phenomenon is probably
due to complex interactions among factors pecu-
liar to each environment, season, and part of the
diel cycle, which may be better studied with in
situ diffusion chambers.
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