Int.J.Curr.Microbiol.App.Sci (2014) 3(10) 710-721

ISSN: 2319-7706 Volume 3 Number 10 (2014) pp. 710-721
http://www.ijcmas.com

Original Research Article

An evaluation of environmental factors affecting the survival of
Escherichia coli in coastal area, Oualidia lagoon
HENNANI Mouna1*, AAJJANE Ahmed2 and ASSOBHEI Omar1
1

Laboratory of marine biotechnology and environment, department of biology,
Faculty of Sciences, University Chouaib Doukkali, El Jadida, Morocco
2
Laboratory of Marine Geosciences and Soil Sciences, Unit associated CNRST (URAC 45)
Team of Soil Science and Heritage, department of geology, University Chouaib Doukkali,
El Jadida, Morocco
*Corresponding author
ABSTRACT

Keywords
Survival
Escherichia
coli,
Oualidia
lagoon,
Diffusion
chamber,
environmental
impact,
VBNC

Enteric Bacteria survival in aquatic environment is impacted to a great extent by
the ability of bacterial cells to survive in adverse environmental conditions. We
evaluate the impact of the environmental factors, such as a temperature, salinity,
pH and turbidity waters of coastal Moroccan area; lagoon Oualidia on survival
Escherichia coli. The six diffusion chamber inoculated by a suspended bacteria
were implanted into surface and depth of three investigated sites different
geolocation. After exposure time in lagoon condition, all experiment samples were
evaluated in terms of physicochemical and survival bacteria parameters. The viable
cells was enumerated by three different methods; conventional techniques using a
slide culture (selective media EMB and now selective medium TSA) and direct
microscopic counts (TB 0,4%). The results revolted an important decrease, in
Escherichia coli counts according time, in response to changed environmental
conditions. Significantly deference (p<0,05) indicate that the direct microscopy
counter is more efficient than the traditional method of manual counting of
bacterial colonies on petri dish. That is may be explained by a presence of cell loses
cultivability but remains viable and potentially able to regrow (VBNC).
Environment factors have a negative impact of higher salinity (R=-0.97) and pH
(R=-0,98) against a positive impact of higher turbidity (R=0.93) on survival
Escherichia coli into lagoon systems. No impact unregistered of the temperature
effect (p>0,05).

Introduction
Sewage water discharged without any
treatment and uncontrolled human activities
are the most serious threats that might
destroy coastal environment especially

lagoons. They have a negative impact on
this environment and make it less attractive
for recreation as well as for aquaculture,
which is sensitive to the presence of fecal
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bacteria and pathogenic microorganisms.
The
fate
of
this
allochthonous
microorganism and bacteria reach coastal
marine environment depends on various
processes. Indeed, when Enteric bacteria
exposed to
the marine environment
condition simultaneously encounter a variety
of an abiotic challenges including; sunlight
irradiation, salinity, temperature, pH and
nutrient availability, which can result in
bacterial stress or viral degradation
(Troussellier et al., 1998; Rozen and Belkin
2001, Byappanahalli and Fujioka, 2004),
and biotic effects, including competition
with other microorganisms and grazing
(Barcina et al., 1991; Rozen and Belkin,
2001, Feng et al., 2010, Korajkic et al.,
2013, Wanjugi and Harwood, 2013, 2014),
leading either to their disappearance or to an
alteration in their physiological state.
Consequently, considerable interest has been
shown in the survival of enteric bacteria in
natural environment and drinking waters
(McFeters and Stuart, 1972; Davenport et
al., 1976; Xu et al., 1982; Elliot and
Colwell, 1985; Grimes et al., 1986; Rhodes
and Kator, 1990; Gonzales et al., 1995).

2000). The primary concern of this research
is to examine the effects of the
environmental condition specially salinity,
pH, temperature and turbidity on E.coli
survival in Oualidia lagoon. A Second
objective was to evaluate the use of direct
enumeration in coastal area and we will
compared
with
indirect,
bacterial
enumeration methods.

Materials and methods
Study area
Located on the Atlantic coast of Morocco
between El Jadida and Safi, the Oualidia
lagoon is approximately 7 km long and 0.5
km wide. It exchanges water with the ocean
with major inlets (Fig.1). The fresh water
supply is provided by some resurgence
distributed along the principal channel. The
poor water quality of the lagoon is directly
associated with sewage discharge through
underground
seepage
waters
and/or
uncontrolled touristic activities. To identify
the factors affecting the survival bacteria
especially E.coli along the Oualidia lagoon,
three experiments sites characterized by
different hydrodynamical and environmental
condition were investigated (Fig.2). First
site was the lower zone influenced by the
sea. Second site was the intermediary zone
of the lagoon under both marine and
continental influences. Third site was the
upper zone characterized by a continental
impact (presence of nitrogen element,
suspend and organic matter) (Rharbi et al,
2001). The series of three experiments
described in this paper were carried out in
the lagoon Oualidia for three season of the
year 2012 (winter, spring and summer) and
were followed up in situ.

Historically, the faecal indicator Bacteria
(total and faecal coliforms, enterococci and
E. coli), have been much used to diagnostics
water quality, basing on a selective culturing
methods. However, since more the 30 years,
direct enumeration technique has shown that
the traditional count methods do not give a
good estimates of the number of enteric
bacteria present in water analyzed. Due to
the environmental factors, several bacteria
which are readily cultivable may enter a
state in which they retain viability but fail to
grow in conventional strikes culture. The
viable but non culturable (VBNC) state
concept was introduced to describe cells that
remain metabolically active but are unable
to divide in or on nutritional media that
normally support their growth (Oliver,
711
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Figure.1 Map of Oualidia lagoon

Figure.2 Experimental dispositive
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Hours on EMB for selective test and TSA
for now-selective method. Results are
expressed as the mean numbers of CFU mL1. The direct microscopic counting methods
using a trypan blue (0.4%). Blue stained
cells were counted non-viable and now
stained cell as viable.

Inoculum preparation and Diffusion
chamber test
E.coli spaces isolated from the local
wastewater were used in this study.
Inoculate of the test microorganism were
prepared by growing isolates E.coli in 250
ml sterile nutritive bouillon (NB) for 24H at
37°C. After incubation, the cells were
harvested by centrifugation at 3000 rpm for
15 min and washed twice with sterile
isotonic saline. After the final wash the cells
were suspended in 10mL sterile ringer
solution at a concentration of 4.108 CFU per
ml. 1 ml from this suspension was
inoculated into diffusion chamber with a
sterile syringe. For survival studies,
Plexiglas diffusion chambers (250 ml of
capacity) were used with a membrane filter
(0.47 µm).

Statistical analysis
Data were presented and analyzed using
Matlab software 6.1. Bacterial numbers are
expressed as mean Log UFC per ml. The
environmental effect on survival bacteria
and the methods comparisons were analyzed
using the student test. Differences were
considered statistically significant when
p<0.05.
Results and discussion

The bacterial suspensions (1 ml) were
placed into sterile chambers (sterilized by
Ethanol 95% 24 hours before being used)
just before placing them at the studies sites.
Six chambers of E.coli survival test were
implanted into lagoon Oualidia by
descriptive experiments points. That were
been exposed in the environment conditions
for various lengths of time. For all
experiments samples, we evaluate the
physicochemical parameter of water lagoon,
such as temperature, pH, salinity, and
turbidity (Table 2).

Kinetic of Escherichia coli in Oualidia
lagoon
The kinetic curves of E.coli population
implanted into lagoon Oualidia by three
experiments sites, in three different seasons,
are presented in Figures 5, 6 and 7.
In response to a changing environmental
conditions; for a rich environment (sewage
water) to an impoverished environment
(lagoon), the bacterial concentration
(N0=4.108 CFU/ml) declined rapidly under
time. Several aspect of the environmental
conditions effects were consider, including
water temperature, salinity, turbidity, solar
radiations ..etc. This result is in arguments
with several researches demonstrating the
negative impacts of natural environmental
conditions
on
allochtonnus
bacteria
(Chraibi, 1996, Chedad and Assobhei 2007,
Chandran et al., 2010).

Enumeration methods
The bacteria enumeration was done after the
exposed times (4H, 8H
.48H), in the
lagoon using three compared techniques.
Two microcolony methods employing a
slide culture; i) selective media; Eosinmethylene blue (EMB) and ii) now selective
nutritive media; trypto caseine soya agar
(TSA). Colony forming units (CFU) were
determined by cultivation at 37 °C for 24
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Fig.3 Shape of the survival curves of Escherichia coli in lower site (Inlet) of the Oualidia Lagoon
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Fig.4 Shape of the survival curves of Escherichia coli in intermediary zone (Ostrea) of the Oualidia Lagoon

715

Int.J.Curr.Microbiol.App.Sci (2014) 3(10) 710-721

Fig.5 Shape of the survival curves of Escherichia coli in upper site (agricultural area) of the Oualidia Lagoon
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Table.1 Physicochemical parameter of water lagoon measured at all experiments samples
Period
Inlet

Winter
Spring
Summer

Oyster farm

Winter
Spring
Summer

Agricultural
Area

Winter
Spring
Summer

Surface water
Depth
Surface water
Depth
Surface water
Depth
Surface water
Depth
Surface water
Depth
Surface water
Depth
Surface water
Depth
Surface water
Depth
Surface water
Depth

pH

Salinité

Turbidité

Température

7,95
8,22
8,1
8,2
8,34
8,4
7,46
7,59
7,76
7,8
7,89
7,92
7,32
7,5
7,48
7,6
7,71
7,9

29,3
32
31,46
31
32,49
32,8
24,5
24,94
28
28,8
29
29,8
23,56
23,89
27
27,2
27,3
29

0,55
2,5
0,15
1,05
0,04
0,09
3,41
9
2,34
3,6
1,67
3
19
22
6,5
9,8
11,58
14

15,3
16,4
22,3
16,6
17,9
25
17
19,7
26,6

Table.2 Correlation coefficient R between survival Escherichia coli and physicochemical
parameters (p<0,05)
Parameter Survival
pH
Salinity
Turbidity
E. Coli
Parameter Survival
E. Coli

1

pH
Salinity
Turbidity

-0,98
-0.97
0,93

1
0,95
-0,76

Generaly, for survival study in naturel
systems, diffusion culture may be a more
useful tool for establishing factors-survival
relationships (Chraibi, 1996; Chedad and
Assobhei, 2007; Chandran et al., 2010 and
Hennani et al., 2014). In membrane
diffusion,
inoculate
bacteria
under
investigation come in contact with
continuous exchanges of solute. At this time,
the membrane filters prevent the entry of
autochthonous bacteria and pathogens into
experiment culture.

1
-0,74

1

conditions increase from winter to summer,
from upstream to downstream and from
surface water to depth. Significant
difference (p<005) showed an impact of
season and space on survival bacteria. Well,
the bactericidal action of lagoon water was
most pronounced during the summer and
less important in the winter. According to
the study results of Vandonsel et al. (1967)
and Majdoub et al. (2003), solar radiation
plays an important role in the inactivation of
bacteria in water environments. Indeed, the
best elimination of microorganisms occurred
on the water surface and that reduction of

The incident of unfavorably environmental
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microorganisms decreased with increasing
depth of the aquatic environment. Thus, the
inactivation of microorganisms can be
expected only at the surface. Others parts,
downstream lagoon characterized by low
filtered water turbidity can be correlated
with low bacterial counts. Turbidity reduces
solar radiation intensity and protects
microorganisms from being irradiated (being
either under floating solids) (Pfammatte and
Wegelin, 1993). This has been observed in
the study of Bell and Albright (1981) and
Albright (1983) realized on the Elorn
estuary, showed that about 60% of the
bacterial biomass is associated with
suspended particle in turbid environments,
thus protecting them from adverse
environmental conditions.

(Gourmelon et al., 1994) and chlorination of
wastewater (Oliver, 2005; Oliver et al.,
2005). In such a state, bacteria lose the
ability to grow on solid media.
Environmental impact on survival
Escherichia coli
The environmental results of such
experiments samples are presented in Table
1. Our experiments indicate that the number
of living cells of E. coli decreased rapidly
after exposed to the environmental factors of
the lagoon. Indeed, analysis data showed
that the survival of Escherichia coli in
lagoon Oualidia was influenced by
environmental factors (p<0.05), such a
negative impact of salinity (R= - 0,97) and
pH (R= -0,98), against a positive impact of
turbidity (R= 0,93). This confirmed some
research suggested that the higher
temperature and pH defavorate a survival of
entero-bacteria in sea water (Carlucci and
Pramer, 1960; Ayres, 1977; Anderson et al.,
1979; Solic and Krstulovic, 1992; Chedad
and Assobhei, 2007).

Total cell counts as shown by direct
enumeration staining generally were
significantly higher (p<0.01) than the
conventional methods using a culture media
EMB and TSA counts. In summer period,
after exposing time (48 hours), to
unfavorable conditions, any survival cells
were observed in surface inlet water (site1),
by selective media. While, 100 cells were
counted by TSA nutritive media against
100000 living cells identified by direct
microscopic counts. A similar result has
been observed by Chedad and Assobhei
2007, Chraibi, 1996.

While, the fine materials suspended in
aquatic systems may reduce the capacity for
waters to naturally degrade contaminants
including Enteric-bacteria in natural
environment (Dunlop et al., 2005).
As for the temperature factors, our results
showed a no-significant effect on survival of
bacteria implanted into lagoon (p>0.05).
However, numerous researches have shown
the contradictory results concerning the
temperature impact on survival of bacteria in
natural environment. Some shown that
culturable bacteria were not particularly
sensitive to a higher temperature as 60°C
(Stroes-Gascoyne and Hamou, 2010).On the
contrary, other research suggest that low
temperatures favorites destruction of
bacterial cells (Chedad and Assobhei, 2007,

Nonetheless, one of the most intriguing
findings on stressed bacteria in natural
environments was the so-called viable but
non culturable (VBNC) state (Xu et al.,
1982). The VBNC state is defined as a state
of dormancy triggered by environmental
harsh conditions, such as nutrient starvation
(Cook and Bolster, 2007), temperature
(Besnard et al., 2002), osmotic stress
(Asakura et al., 2008), oxygen availability
(Kana et al., 2008), heavy metals (Ghezzi
and Steck, 1999), exposure to white light
718
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Sakyi and Asare, 2012). That is important to
introduce the effect of temperature factors
on survival bacteria in future research.

would like to gratefully
thank all the
collaborators that have made this study
possible. First and foremost, we would like.
to thanks the REMER (the National of
Marines Sciences Network in Morocco),
Ministry of scientific research, faculty of
science of Chouaib Doukkali university,
BIOMAR and Geosciences Marine and Soil
Sciences laboratories.

In conclusion, our experiments showed that
exposure to an intense environmental
aquatic condition were the major factors
responsible for the disappearance of
Escherichia coli in the studied ecosystem.
Generally we have demonstrated by this
study, a negative impact of higher pH and
salinity against a positive impact of the
higher turbidity on survival bacteria in the
coastal lagoon Oualidia. However, any
impact of the temperature factor on survival
of Escherichia coli has been detected. We
recommended introducing effect of this
parameter on survival bacteria in future
research. Clearly, more environmental
models are necessary in future study (current
study) to explicate the survival of enteric
bacteria into coastal area especially lagoon
and the effect correlation between all
environmental factors on bacterial survives.
In comparison with colony counts, the direct
microscopic methods resulted in higher
bacterial counts after exposure time in
natural condition of lagoon for all
experiments samples. Slides were clear and
dead and viable cells easy to distinguish.
Adverse environmental conditions induce
many situations of bacteria, where a cell
loses cultivability but remains viable and
potentially able to regrow. So some bacteria
can not be detected by cultivation, but they
still present a public health danger. While
the importance to introduce the new
advanced counting techniques in the
supervision and quality control of aquatic
environments.

The author would like to thank the reviewers
of the journal for their invaluable
contributions to product this research.

References
Albright, L.J. 1983. Influence of river-ocean
plumes
upon
bacterio
plankton
production of the Strait of Georgia. B.C.
Mar. Ecol. Prog.Ser., 12: 107 113.
Anderson, I.C., Rhodes, M., Kator, H. 1979.
Sublethal stress in Escherichia coli a
function of salinity. Appl. Environ.
Microbiol., 38: 1147 1157.
Asakura, H., Kawamoto, K., Haishima, Y.,
Igimi, S., Yamamoto, S., Makino, S.I.
2008. Differential expression of the outer
membrane protein W (OmpW) stress
response
in
entero
hemorrhagic
Escherichia coli O157:H7 corresponds to
the viable but non-culturable state. Res.
Microbiol., 159: 709 717.
Ayres, P.A. 1977. Coliphages in sewage and
the marine environment. Dans Aquatic
microbiology, édité par Skinner F.A. et
Shewan J.M., Academie Press, New
York, Pp. 275 298.
Barcina, I., Gonzalez, J.M., lriberri, J., Egea,
L. 1991. Rote of protozoa in the
regulation populations in seawater. Mar.
Microbial Food Webs., 5: 179 187.
Bell, C.R., Albright, L.J. 1981. Attached and
free-floating bacteria in the Fraser River
estuary, British Columbia, Canada. Mar.
Ecol. Prog. Ser., 6: 317 327.
Besnard, V., Federighi, M., Declerq, E.,
Jugiau,
F.,
Cappelier,
J.M.
2002. Environmental and physico-

Acknowledgments
This work was produced by Laboratory of
marine biotechnology and environment, in
Chouaib Doukkali university, and funded by
the international network REMER. We
719

Int.J.Curr.Microbiol.App.Sci (2014) 3(10) 710-721

chemical factors induce VBNC state
in Listeria monocytogenes. Vet. Res., 33:
359 370.
Byappanahalli, M., Fujioka, R. 2004.
Indigenous soil bacteria and low
moisture may limit but allow faecal
bacteria to multiply and become a minor
population in tropical soils. Water Sci.
Technol., 50: 27 32.
Carlucci, A.F., Pramer, D. 1960. An
evaluation of factors affecting the
survival of Escherichia coli in seawater.
II salinity, pH and nutrients. Appl.
Microbiol., 8: 247 250.
Chandran, A., Varghese, R., Jyothi, S., Hatha,
A.A.M. 2010. In Situ Survival of
Indicator Bacteria and Enteric Pathogens
in A Tropical Estuary. Bioscan., 1: 51
56.
Chedad, Kh., Assobhei, O. 2007. Etude de la
survie des bactéries de contamination
fécale (coliformes fécaux) dans les eaux
de la zone ostréicole de la lagune de
Oualidia (Maroc). Bulletin de l Institut
Scientifique, Rabat, section Sciences de
la Vie. 29: 71 79.
Chraibi, F. 1996. Etude de la survie des
bactéries
allochtones
(Clostridium
perfringens and Escherichia Coli) en
milieu marin et optimisation du
dénombrement de (C. perfringens à
partir de ce milieu. Thèse 3ème cycle,
Faculté des Sciences El Jadida. 122,
Cook, K.L., Bolster, C.H. 2007. Survival
of Campylobacter jejuni and Escherichia
coli in ground water during prolonged
starvation at low temperatures. J. Appl.
Microbiol., 103: 573 583.
Davenport, C.V., Sparrow, E.B., Gordon, R.C.
1976.
Fecal
indicator
bacteria
persistence under natural conditions in
an icecovered river. Appl. Environ.
Microbiol., 32: 527 536.
Dunlop, J., McGregor, G., Horrigan, N. 2005.
Potential impacts of salinity and
turbidity
in
riverine
ecosystems
Characterisation of impacts and a
discussion of regional target setting for
riverine ecosystems in Queensland. The

State of Queensland. ISBN 1 74172 078
8, QNRM 05523, 64.
Elliot, E.L., Colwell, R.R. 1985. Indicator
organisms for estuarine and marine
waters. FEMS Microbiol. Rev., 32: 61
79.
Feng, F., Goto, D., Yan, T. 2010. Effects of
autochthonous microbial community on
the die-off of fecal indicators in tropical
beach sand. FEMS Microbial Ecol., 74:
214 225.
Ghezzi, J.I., Steck, T.R. 1999. Induction of
the Viable but Nonculturable Conditions
in
Xanthomonas
campestris
pv.
campestris in liquid microcosms and
sterile soil. FEMS Microbiol. Ecol.,
30(3): 203 208.
Gonzales, J.M.
1995. Modelling enteric
bacteria survival in aquatic systems.
Hydrobiologia, 316:109 116.
Gourmelon, M., Cillard, J., Pommepuy, M.
1994. Visible light damage to
Escherichia coli in seawater: oxidative
stress hypothesis. J. Appl. Bacteriol., 77:
105 112.
Grimes, D.J, Atwell, R.W., Brayton, P.R.,
Palmer, L.M., Rollins, D.M., Roszak,
D.B., Singleton F.L., Tamplin, M.L.,
Colwell, R.R. 1986. The fate of enteric
pathogenic bacteria in estuarine and
marine environments. Microbiol. Sci., 3:
324 329.
Hennani, M., Hassou, N., Aajjane, A.,
Assobhei, O. 2014. Adjusting a primary
survival model of Enteric Bacteria "E.
Coli" in coastal environment : Oualidia
lagoon. Int. J. Curr. Microbiol. App.
Sci., 3(1): 127 139.
Kana, B.D., Gordhan, B.G., Downing, K.J.,
Sung,
N.,
Vostroktunova,
G.,
Machowski, E.E., Tsenova, L., Young,
M., Kaprelyants, A., Kaplan, G.,
Mizrahi, V.L. 2008. The resuscitationpromoting factors of Mycobacterium
tuberculosis are required for virulence
and resuscitation from dormancy but are
collectively dispensable for growth in
vitro. Mol. Microbiol., 67(3): 672 684.
Korajkic, A., Wanjugi, P., Harwood, V.J.

720

Int.J.Curr.Microbiol.App.Sci (2014) 3(10) 710-721

2013. Indigenous microbiota and habitat
influence Escherichia coli survival more
than sunlight in simulated aquatic
environments.
Appl.
Environ.
Microbiol., 79: 5329 5337.
Majdoub, R., Cote, C., Labidi, M., Guay, K.,
Genereux, M. 2003. Impact de
l utilisation des engrais de ferme sur la
qualité microbiologique de l eau
souterraine (Revue de littérature). Irda
(Institut
de
recherche
et
de
développement en agroenvironnement).
Canada. 125.
McFeters, G.A., Stuart, D.G. 1972. Survival of
coliforms bacteriain natural waters field
and laboratory studies with membranefilter chambers. Appl. Microbiol., 24:
805 811.
Oliver, J.D. 2000. The public health
significance of viable but non cultirable
bacteria. In: Colwell, R.R., Grimes, D.J.
(eds.), Non culturable Microorganisms in
the Environment. American Society for
Microbiology Press, Washington, D.C.
Pp. 277 299.
Oliver, J.D. 2005. The Viable but Non
culturable State in Bacteria. J.
Microbiol., 43: 93 100.
Oliver, K.M., Moran, N.A., Hunter, M.S.
2005. Variation in resistance to
parasitism in aphids is due to symbionts
not host genotype. Proc. Natl. Acad. Sci.
USA. 102: 12 795 12 800.
Pfammatter, R., Wegelin, M. 1993. Solar
water disinfection: evaluation of field
tests carried out in Cali, Colombia.
Dübendorf EAWAG; Cali: CINARA;
Internal Report.
Rharbi, N., Ramdani, M., Berraho, Ab.,
Lakhdar,
J.I.
2001.Caractéristiques
hydrologiques et écologiques de la
lagune de Oualidia : milieu paralique de
la côte atlantique marocaine. Mar. Life,
11(1-2): 3 9.
Rhodes, M.W., Kator, H.I. 1990. Effects of
sunlight and autochthonous microbiota
on Escherichia coli survival in an
estuarine environment. Curr. Microbiol.,
21: 65 73.

Rozen, Y., Belkin, S. 2001. Survival of enteric
bacteria in seawater. FEMS Microbiol.
Rev., 25: 513 529.
Sakyi, P.A., Asare, R. 2012. Impact of
temperature on bacterial growth and
survival in drinking-water pipes. Res. J.
Environ. Earth Sci., 4(8): 807 817.
Solic, M., Krstulovic, N. 1992. Separate and
combined effects of solar radiation,
temperature, salinity and pH on the
survival of faecal coliforms in seawater.
Mar. Pollut. Bull., 24: 411 416.
Stroes-Gascoyne, S., Hamon, C.J. 2010. The
effects of elevated temperatures on the
viability and culturability of bacteria
indigenous
to
wyoming
MX-80
Bentonite. Atomic Energy of Canada
Limited. NWMO TR-2010-08, 37p.
Troussellier, M., Bonnefont, J.L., Courties, C.,
Derrien, A., Dupray, E., Gauthier,
M.,Gourmelon, M., Joux, F., Lebaron,
P., Martin, Y., Pommepuy, M. 1998.
Responses of enteric bacteria to
environmental stresses in seawater.
Oceanol. Acta., 21: 965 981.
VanDonsel, D.J., Geldreich, E.E., Clarke,
N.A. 1967. Seasonal variations in
survival of indicator bacteria in soil and
their contribution to storm water
pollution. Appl. Microbial., 15: 1362
1370.
Wanjugi, P., Harwood, V.J. 2013. The
influence of predation and competition
on the survival of commensal and
pathogenic fecal bacteria in aquatic
habitats. Environ Microbiol., 15: 517
526.
Wanjugi, P., Harwood, V.J. 2014. Protozoan
predation is differentially affected by
motility of enteric pathogens in water vs.
sediments. Microbiol. Ecol., doi:
10.1007/s00248-014-0444-z.
Xu, H.S., Roberts, N., Singleton, F.L.,
Attwell, R.W., Grimes, D.J., Colwell
R.R. 1982. Survival and viability of non
culturable Escherichia coli and Vibrio
cholerae in the estuarine and marine
environment. Microb. Ecol., 8: 313 323.

721

