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Abstract: Estuarine bank sediments have the potential to support the survival and growth of fecal
indicator organisms, including Escherichia coli. However, survival of fecal pathogens in estuarine
sediments is not well researched and therefore remains a significant knowledge gap regarding
public health risks in estuaries. In this study, simultaneous survival of Escherichia coli and a fecal
pathogen, Salmonella enterica serovar Typhimurium, was studied for 21 days in estuarine bank
sediment microcosms. Observed growth patterns for both organisms were comparable under four
simulated scenarios; for continuous-desiccation, extended-desiccation, periodic-inundation, and
continuous-inundation systems, logarithmic decay coefficients were 1.54/day, 1.51/day, 0.14/day,
and 0.20/day, respectively, for E. coli, and 1.72/day, 1.64/day, 0.21/day, and 0.24/day for
S. Typhimurium. Re-wetting of continuous-desiccated systems resulted in potential re-growth,
suggesting survival under moisture-limited conditions. Key findings from this study include:
(i) Bank sediments can potentially support human pathogens (S. Typhimurium), (ii) inundation
levels influence the survival of fecal bacteria in estuarine bank sediments, and (iii) comparable
survival rates of S. Typhimurium and E. coli implies the latter could be a reliable fecal indicator in
urban estuaries. The results from this study will help select suitable monitoring and management
strategies for safer recreational activities in urban estuaries.
Keywords: fecal indicator; fecal pathogen; waterborne pathogens; recreational risks; QMRA

1. Introduction
Urban estuaries deliver multiple benefits to communities, including access to aquatic recreation,
amenity, transport, and supporting cultural traditions. As a result, 22 of the largest cities in the world
are located adjacent to estuaries [1]. However, community benefits from estuaries are under increasing
threat from pollution due to progressive urbanization and population growth [2]. Fecal contamination
is one of the leading threats to public health in these systems, via exposure to harmful organisms
during aquatic recreation [3–5].
Monitoring of public health risks in estuaries has historically relied on fecal indicator organisms,
such as Escherichia coli and Enterococcus spp.—principally due to the practical limitations and costs
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associated with measuring pathogens. In many cases, significant correlations have been observed
between health outcomes (i.e., illness rates) and indicator organism concentrations in marine waters
and some freshwater systems [6,7]. However, there is a paucity of epidemiological studies for estuarine
environments [8], meaning that the link between indicator organisms and human health outcomes in
these systems is more uncertain.
There are an increasing number of studies that show that fecal indicators can survive and
grow in estuarine systems, especially in their sediments where they are protected from competition
and predation and have a rich nutrient supply [9]. For example, Solo-Gabriele et al. (2000) and
Desmarais et al. (2002) found that coastal bank sediments are a suitable habitat for the survival and
growth of E. coli. Further, Solo-Gabriele et al. (2000) found that that growth of E. coli was a function
of soil moisture content and hence, different soil moisture scenarios (as a result of tidal fluctuation)
could potentially exert various degrees of stress, leading to differential survival of fecal organisms.
At the same time, the survival potential of pathogens in these sediments may indeed be different to
that of the indicator organism, E. coli. Moreover, the survival of fecal organisms in the bank sediments
of estuaries in temperate climates is not well understood.
There are only a handful of studies that have explored the survival of pathogens in estuarine
systems, and even fewer which have focused on estuarine sediments. Indeed, there are only two
reported studies which have explored pathogen survival within the sediments of estuaries [9,10].
This lack of pathogen-survival studies in these types of systems is especially important considering
the salient features of estuarine bank sediment as opposed to other soils in terms of its particle size
distribution, organic content, composition of minerals, and organic matters [11]. With others having
demonstrated extended survival and resuspension [12,13] of fecal indicator organisms from the bank
sediments, this paucity in pathogen-survival data leaves a critical knowledge gap regarding the
reliability of these indicators for predicting public health risk in these systems.
This study aims to determine: (a) Whether different sections of tidally-influenced estuarine bank
sediments (fully inundated, periodically inundated, occasionally inundated, and fully desiccated) can
support the extended survival of a human pathogen (Salmonella enterica serovar Typhimurium), and
(b) whether the survival of a commonly used fecal contamination indicator (E. coli) is comparable
to Salmonella Typhimurium. Salmonella Typhimurium is recommended by the US EPA as a suitable
pathogen for water-based monitoring [14] and it is also responsible for the majority of Salmonella-related
infections (nearly 80% in Australia) [15].
2. Materials and Methods
2.1. Bacterial Strains and Inoculum Development
In this study, Escherichia coli K1 was used as a model indicator organism and S. Typhimurium
NVSL 6993 as the model enteric pathogen. E. coli and S. Typhimurium were subcultured from
glycerol stock (maintained at −80 ◦ C) onto Eosine-Methylene-Blue (EMB) (Oxoid, UK) agar and
Xylose-Lysine-Deoxcolate (XLD) (Oxoid, UK) agar, respectively. Plate cultures were incubated
overnight at 37 ◦ C. Single colonies were isolated and transferred to 150 mL LB broth and incubated
for 12 h at 37 ◦ C with shaking (60 rpm). The cultures were pelleted at 4000 × g for 15 min (at 10 ◦ C).
Supernatants were discarded, and the pellets resuspended in 5 mL Phosphate Buffered Saline (PBS)
(1×; pH 7.4). Pelleting was repeated, the supernatant discarded, and the final pellet resuspended in
5 mL PBS (1×; pH 7.4).
2.2. Collection and Processing of Bank Sediment
The top 8 cm layer of bank sediments (20 kg) were collected at low tide from the Yarra River
estuary at South Yarra (Victoria, Australia). The sediment was mixed to ensure homogeneity followed
by sterilization by autoclaving before cooling it to room temperature. Since the main focus of this
study was to test the influence of inundation scenarios, autoclaving of the bank sediment before
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inoculation with the two test microorganisms was done. This sterilization was essential to ensure
that the survival rates of E. coli and S. Typhimurium were not influenced by predation, competition,
or parasitism by native microorganisms present in natural sediments, which are known to have
differential effects on these two organisms in different scenarios [16–18]. The influence of autoclaving
on the nutritional properties of the sediment was tested prior to experimentation; no significant change
in concentrations of total phosphorus (TP) and total dissolved nitrogen (TN) was observed when
measured according to the Australian Laboratory Handbook of Soil and Water Chemical Methods, 1992
(see Figure A1 and Table A1). Changes in particle size distribution were also investigated using the
electro-resistance counting method [19] and no detectable change was observed between autoclaved
and non-autoclaved sediments.
The sterilized sediment was inoculated with both bacterial strains to reach a final concentration
of 107 g−1 (wet sediment) cells. After mixing, the inoculated sediment was distributed into sterilized
plastic containers by sub-sampling 10 × 100 g aliquots into 14 open plastic containers, using a
randomization approach [20], to achieve a 3 cm thick layer consisting of 1 kg of sediment.
2.3. Experimental Matrix
Four experimental configurations were investigated in triplicate to represent four typical exposed
tidally influenced bank sediment areas (Table 1): (i) continuous desiccation (CD), which received
no inundation and represented bank sediment above the high tide mark, which does not receive
any moisture from inundation; (ii) extended desiccation (ED), no inundation for the first seven days
followed by periodic inundation after this period and represented the section of bank sediment that
is only inundated during extreme conditions (including high flow periods and/environmental flow
releases); (iii) periodically inundated (PI), representing tidally influenced sediment between high and
low tide marks, which received the normal tidal of the condition of the Yarra estuary with a 12.4 h
inundation cycle; and (iv) continuously inundated (CI) systems, which were permanently inundated
with water and represent bank sediments just below the low tide mark. A non-inoculated control (NI)
was used to monitor for environmental contamination that may occur during the experiment as a
result of the open system design. Sediment containers were faced toward the sun with a slope of 7◦
(same as observed in the bank at the South Yarra site from where the sediment was collected).
Table 1. Experimental configurations tested for survival of E. coli and S. Typhimurium and
their properties.
Configuration

No. of Replicates

Inoculation with E. coli
and S. Typhimurium

Continuous desiccation (CD)

3

Yes

Extended desiccation (ED)

3

Yes

Periodic inundation (PI)
Continuous inundation (CI)
Non-inoculated (NI)

3
3
2

Yes
Yes
No

Extent of Inundation
Never
Starts on Day 7; periodic
(cycles of 12.4 h)
Periodic (cycles of 12.4 h)
Continuous
Periodic (cycles of 12.4 h)

2.4. Experimental Procedure
All configurations were placed outdoor (Figure 1) under a Perspex sheet to protect the
configurations from rain and direct fecal deposition by local wildlife. ED configurations were placed
on a high platform to ensure shorter exposure to inundations compared to the PI configurations.
The remaining configurations were placed on the low platforms in a randomized manner to account
for differences related to spatial distribution. ED, PI, and NI containers were connected with silicon
hoses to sterile plastic bottles (autoclaved) containing 1 L (each) of sterile semi-synthetic river water;
representing water quality parameters of the Yarra River during a similar dry weather period at the
same location. Data from a previous project (data not shown) was used to calculate target TP, TN, and
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total suspended solid (TSS) concentrations (0.09 mgL−1 , 0.91 mgL−1 , and 23 mgL−1 , respectively).
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4 4for
2 PO
KNO3 , NH44Cl,
Cl, and
and C
C66H
H55OO2N
N
for
TN)
were
added
as
outlined
by
Bratieres
et
al.
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(2008)
2 for TN) were added as outlined by Bratieres et
target concentrations [21]. The stock water was stored in room temperature and periodically tested
to ensure sterility throughout experimentation. The
The water containers
containers (all containing
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cycle) covering
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the intended
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sediment configurations.
configurations. The inundating water was
replaced every week.

Figure 1. Outdoor experimental
experimental set
set up for the bank sediment
sediment survival
survival study,
study, which is covered by a
transparent Perspex sheet; ED configurations
configurations placed
placed on a higher platform and all the others on the
lower platforms. Bottles
Bottles containing
containing water
water for
for inundating
inundating sediments
sediments (see
(see upper
upper right corner) were
located on a vertically moving platform.

The
was conducted
over 21
The first
first three
three days
days of
The survival
survival experiment
experiment was
conducted over
21 days.
days. The
of the
the experiment
experiment
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a
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wave
experienced
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each
day,
the
maximum
coincided with a heat wave experienced in Melbourne; on each day, the maximum atmospheric
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◦ C. The average daily maximum temperature during this experiment was
temperature
temperature exceeded
exceeded 40
40 °C.
The average daily maximum temperature during this experiment was
◦
2 (BOM, Australia, 2014).
29.4
C and
and the
the average
average solar
solar radiation
radiation was
29.4 °C
was 25.6
25.6 MJ/m
MJ/m2 (BOM,
Australia, 2014).
2.5. Collection and Processing of Samples
2.5. Collection and Processing of Samples
A total of 6 g of top layer sediment was sampled (in four sub-samples) from each configuration
A total of 6 g of top layer sediment was sampled (in four sub-samples) from each configuration
on Days 0, 2, 7, 14, and 21. Further samples were collected from PI and ED on Day 1. The four
on Days 0, 2, 7, 14, and 21. Further samples were collected from PI and ED on Day 1. The four sub-samples
sub-samples were homogeneously mixed to make a uniform mixture. Moisture content measurements
were homogeneously mixed to make a uniform mixture. Moisture content measurements were
were conducted on ~1.5 g of sediment following Standards Australia, (2005) [22]. For culture-based
conducted on ~1.5 g of sediment following Standards Australia, (2005) [22]. For culture-based assays,
assays, ~1.5 g of sediment was dissolved in 25 mL sterile de-ionized water and mixed for 1 min at
~1.5 g of sediment
was dissolved in 25 mL sterile de-ionized water and mixed for 1 min at 120 shakes
120 shakes
min−1 to dislodge particle-bound bacteria. The homogenized mix was pelleted at 400× g
min−1 to dislodge particle-bound bacteria. The homogenized mix was pelleted at 400 × g for 5 min.
for 5 min. From the supernatant, a single 5 mL aliquot was diluted in 5 mL PBS (1×; pH 7.4) and
From the supernatant, a single 5 mL aliquot was diluted in 5 mL PBS (1×; pH 7.4) and vortexed for
3 s.
vortexed for 3 s. The diluted supernatants were then further diluted to a final concentration
of 10−4 in
The diluted supernatants were then further diluted to a final concentration of 10−4 in PBS (1×; pH 7.4).
PBS (1×; pH 7.4).

2.6. Enumeration of E. coli and S. Typhimurium and Calculation of Die-Off Rates
2.6. Enumeration of E. coli and S. Typhimurium and Calculation of Die-Off Rates
A volume of 100 μL was plated, in triplicate, from the 10−3 and 10−4 dilutions on EMB agar for E.
A volume of 100 µL was plated, in triplicate, from the 10−3 and 10−4 dilutions on EMB agar for
coli, and on XLD agar for S. Typhimurium for culturable counts as two differential media are needed
E. coli, and on XLD agar for S. Typhimurium for culturable counts as two differential media are needed
to monitor two different organisms in the same system [23,24]. Plate counts were converted to cfu/g
to monitor two different organisms in the same system [23,24]. Plate counts were converted to cfu/g
(dry weight) based on the relevant dilution factor and corresponding moisture content. Colony
(dry weight) based on the relevant dilution factor and corresponding moisture content. Colony counts
counts were then log-transformed and used to construct a line of best fit and the gradient of this line
were then log-transformed and used to construct a line of best fit and the gradient of this line was used
was used to estimate the die-off rate [25]. In cases where no colony was observed in any of the
to estimate the die-off rate [25]. In cases where no colony was observed in any of the triplicate plates,
triplicate plates, data points were replaced with half of the detectable limit (i.e., 0.5 cfu/plate [26]).
data points were replaced with half of the detectable limit (i.e., 0.5 cfu/plate [26]). Data points that
Data points that fluctuated around the lowest detectable limit were not used to estimate die-off rates.
Colony counts of below 30 cfu/plate were considered for calculation of die-off rates, with possible
uncertainties taken into consideration during data analysis and interpretation. The overall die-off
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3. Results
3.
Results and
and Discussion
Discussion
3.1. The Impact of Experimental Design
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Moisture content [% by weight]

50%
45%
40%
35%
30%

Extended Desiccation
Continuous Inundation
Continuous Desiccation
Periodic Inundation

25%
20%
15%
10%
5%
0%
0

5

10
15
20
Days since start of experiment

25

Figure 2.
2. Levels
Levelsofof
moisture
content
in four
sediment
configurations
during
the experiment
moisture
content
in four
test test
sediment
configurations
during
the experiment
(error
(error
bars represent
standard
deviations
around
the mean
forof
each
the configurations).
bars represent
standard
deviations
around
the mean
valuesvalues
for each
theof
configurations).

3.2.
Survival of
of E.
E. coli
coli and
and S.
S. Typhimurium
Typhimurium
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The
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The results
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E. coliE.and
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though the atmospheric temperature reached 43 °C within a few hours of inoculation, E. coli counts

increased marginally, and S. Typhimurium counts increased nearly 10 times of the initial number.
This initial growth could reflect the fact that fecal microorganisms are adapted to animal gut
environments (37 °C for mammals and 42 °C for birds). Sediment properties that are widely known
to influence bacterial survival include available nutrients [28], organic matter [29], particle size [30],
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restoration
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increasing moisture
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been shown for both E. coli and S. Typhimurium to significantly enhance resistance towards
environmental stressors, including high temperature [41,42]. This could perhaps partly explain the
recurrence of these two organisms in the ED systems. Therefore, it is possible that bank sediments,
which only receive moisture very intermittently (i.e., bank sediments above the usual high-tide mark,
which are inundated only during king tides or high flows) could support the growth of viable fecal
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including high temperature [41,42]. This could perhaps partly explain the recurrence of these two
organisms in the ED systems. Therefore, it is possible that bank sediments, which only receive
moisture very intermittently (i.e., bank sediments above the usual high-tide mark, which are inundated
only during king tides or high flows) could support the growth of viable fecal pathogens that, if
washed, could get resuspended back into the water column [43]. Resuspension could also occur due to
other natural and anthropogenic activities, like storms, floods, recreational activities, and commercial
dredging, which have all been known to cause resuspension of sediment borne bacteria and causing
elevated levels of fecal organisms [44,45]. Therefore, extended survival of potential fecal pathogens,
like S. Typhimurium, in estuarine bank sediment could comprise a potential human health risk.
PI systems had higher levels of survival for both E. coli and S. Typhimurium compared to the
desiccated CD and ED systems (Figure 3). For PI, the decay rate of E. coli was 0.14/day, while a slightly
higher decay rate was observed for S. Typhimurium (0.21/day). The decrease in cell counts after Day 1
may be associated with very high air temperatures and solar radiation, which also resulted in a very low
moisture content (close to 5%; Figure 2). It has previously been reported that Gram-negative bacteria
require a moisture content of 93% or more for optimal growth [46]. However, despite some variation
among the three biological replicates for the PI configurations, it was evident that the scenario still
supported the survival of both test organisms for up to three weeks. Therefore, under more favorable
conditions (lower atmospheric temperature, lower solar radiation, and higher moisture), it is likely
that survival of these fecal organisms (including potential pathogens) would be higher.
Survival rates of E. coli and S. Typhimurium in the PI configuration were found to be comparable.
This contradicts the notion that fecal pathogens cannot survive in estuarine sediments, and suggests
that E. coli could be a reliable indicator of this pathogen in this scenario. Furthermore, the extended
survival of a potential fecal pathogen in the tidally influenced zone of an estuarine bank could
have human health implications. This is especially the case for bank sediments, where natural and
anthropogenic activities (including tide, storm, flood, recreation, dredging, etc.) can readily cause
resuspension into the water column [10,45,47].
The CI systems showed slightly higher die-off rates when compared to PI (0.20/day for E. coli
and 0.24/day for S. Typhimurium). It was interesting to see higher die-off rates compared to those
of PI, especially since the organisms in the CI systems were exposed to higher moisture levels and
reduced solar irradiation. However, the water used for inundating the experimental containers was
stagnant in the CI configurations, which led to some interference due to the formation of algae after
the first week, and this may have resulted in a faster die-off. The algal growth resulted in lower TP
and TN concentrations in the inundating water in the CI systems compared to the other configurations
(Table A2).
In the estuarine context, better survival of E. coli in areas of coastal bank sediment with
intermittent drying effect compared to continuously moist sediment has previously been reported by
Solo-Gabriele et al. (2000). They argued that this better survival was due to having a better competitive
advantage over the predators existing in natural sediment. Although our study attempted to exclude
the biotic factors by sterilizing the soil beforehand, the CI systems with algal interference supports the
idea that algal bloom (which could occur in estuarine systems) could potentially reduce the survival
of fecal organisms in estuarine bank sediments. In this scenario, even under these algae-influenced
conditions, the survival rates of both organisms were again comparable, reinforcing the ability of
E. coli to represent S. Typhimurium in complex systems, including those with algae blooms. It is
also important to note that apart from the CI systems, no other configurations showed any sign of
algal interference.
This study was conducted under open atmospheric conditions, which led to some challenges,
including changing TP and TN concentrations. However, other studies have demonstrated that
increases in TP does not necessarily impact the survival of fecal organisms, like E. coli [48,49]. Likewise,
increased levels of organic or inorganic nitrogen do not necessarily impact the survival of fecal bacteria
in ambient waters [48]. Therefore, it can be assumed that the changes in TP and TN concentrations
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did not significantly influence the die-off rates of the test organisms. In fact, conducting the study in
an ambient environment allowed a unique opportunity to explore the comparative survival of these
organisms under highly unfavorable conditions.
In combination, the survival data suggests, for the first time, that both E. coli and S. Typhimurium
were able to withstand severe environmental conditions in estuarine bank sediments. Overall, the
die-off rates observed in this study ranged from 0.14/day to 1.54/day for E. coli and 0.21/day to
1.72/day for S. Typhimurium. In three of the four configurations (i.e., CD, PI, CI), die-off rates for
the two organisms were similar. A wide range of die-off rates has been reported in soil sediment
systems for these organisms [27,40,50,51], and differences have been attributed to both biotic and
abiotic factors [11,38,49,52–54] that are also encountered in bank sediments.
This study investigated the influence of different bank sediment scenarios on the survival of
two fecal microorganisms in potentially extreme weather conditions with respect to temperature,
radiation, and desiccation. Our underlying hypothesis is that if the test organisms survive in this
study’s extreme climatic conditions, then they can also survive in the less extreme conditions that
exist in many systems year-round. With an absence of previous studies focusing on bank sediments
under similar experimental conditions, the results of this study significantly enhance our knowledge
of the survival of fecal organisms in estuarine bank sediments. Further, this study demonstrates that,
without studying fecal pathogen survival in all environments (estuarine bank sediment in this case),
perhaps it could be premature to conclude that E. coli is not a good indicator organism.
4. Conclusions
This study presented data on the survival of the faecal indicator organism, E. coli, and the human
fecal pathogen, S. Typhimurium, in estuarine bank sediments. Different degrees of tidal inundation
were observed to influence the survival for both test organisms, with periodic inundation, mimicking
natural tidal cycles, being the most conducive to persistence. While the simultaneous survival rates
for these two organisms were found to be comparable, for the first time, this experiment presents
evidence that S. Typhimurium may survive for over three weeks in estuarine bank sediments, which
could be of critical importance. This, in turn, highlights the potential of bank sediments as a source of
viable pathogens to the water column, especially when natural processes and anthropogenic activities
cause resuspension. Considering the comparable survival patterns of E. coli and S. Typhimurium in
the contrasting experimental conditions, E. coli cannot be excluded from being a reliable indicator of
public health risks associated with S. Typhimurium in estuarine bank sediments.
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Appendix A
Effect of Autoclaving
Autoclaving was done in this experiment to exclude the interference from predation and
competition by native organisms present in natural sediments. However, a combination of very high
temperature and pressure kills the naturally occurring microbes in the sediment and releases nutrients
into the sediment. Also, some other reports suggest that autoclaving can change sediment’s own
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nutritional properties [42–44]. Therefore, it was essential to check if autoclaving was introducing any
bias towards higher or lower survival. Therefore, along with the experimental configurations (Table 1),
another set (triplicate) of sediments was augmented with a mixture of E. coli and S. Typhimurium
culture (each at a concentration of 109 g−1 wet sediment and hereby named as Nutritionally
Augmented) before autoclaving. These sediments were eventually inoculated with both test organisms
and
were tested
along
the2018,
test15,configurations
as mentioned above (Figure A1).
Int.
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Changes
in Sediments
Table
A1. Mean (and relative standard deviations in %) of total phosphorus (TP) and total nitrogen
(TN) concentrations of sediment samples.
Table A1. Mean (and relative standard deviations in %) of total phosphorus (TP) and total nitrogen (TN)
Time during Experiment
E. coli (cfu/g dw)
S. Typhimurium (cfu/g dw)
TP (mg/g dw)
TN (mg/g dw)
concentrations of sediment samples.
Original bank conditions—not inoculated, not autoclaved

E. coli540
(cfu/g
S. Typhimurium
(cfu/g
TN0.77
(mg/g
Nil
0.21 * dw)
*
TP (mg/g
dw)
dw)
dw)
Autoclaved, not inoculated
Original bank conditions—not inoculated, not autoclaved
Day = 0
Nil
Nil
0.18 *
0.78 *
Day = 0
540
Nil
0.21 *
0.77 *
Day = 21 (PI)
Nil
Nil
0.4 (12)
1.4 (5)
Autoclaved, not inoculated
Autoclaved, spiked with E. coli, S. Typhimurim and mixed culture
Day = 0
Nil
Nil
0.18 *
0.78 *
0
**
**
0.20 *
0.77 *
DayDay
= 21=(PI)
Nil
Nil
0.4
(12)
1.4
(5)
Day = 21 (PI)
**
**
0.4 (2)
1.3 (1)
Autoclaved, spiked with E. coli, S. Typhimurim and mixed culture
Autoclaved, spiked with E. coli, S. Typhimurim
Day = 0
**
**
0.20 *
0.77 *
0
***
***
0.21
0.81
DayDay
= 21=(PI)
**
**
0.4
(2)*
1.3
(1)*
Day = 21 (ED)
***
***
0.4 (7)
1.4 (3)
Autoclaved,
spiked with E. coli,
Day = 21 (CI)
***
***S. Typhimurim
0.4 (12)
1.3 (8)
Day
= 0(CD)
***
***
0.21
*
0.81
*
Day
= 21
***
***
0.4 (4)
1.4 (0)
Day
(PI)
***
***
0.4 (7)
(3)
1.4 (3)
(3)
Day
==
2121(ED)
***
***
0.4
1.4
Day = 21
(CI)one sample analysed,
*** ** data presented in Appendix
*** A, *** data presented
0.4 (12)
* only
in Section 3.2. 1.3 (8)
Day = 21 (CD)
***
***
0.4 (4)
1.4 (0)
Day = 21 (PI)
***
***
0.4 (3)
1.4 (3)

Dayexperiment
=0
Time during

* only one sample analysed, ** data presented in Appendix A, *** data presented in Section 3.2.
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Table A2. Changes of nutrients in inundating water; means (and relative standard deviations in %) of
TP and TN concentration of weekly inflow samples.
Time during Experiment

TP (mg/L)

TN (mg/L)

pH

EC (mS/cm)

Turbidity (NTU)

6.6 (4)

0 (17)

2.14 *

0.5 (8)
1.7 (6)
1 (38)

8.1 (62)

2.5 (20)
0.3 (6)
2.7 (46)

4.4 (37)

2.4 (10)
0.7 (1)
0.4 (4)

12.3 (44)

1.9 (23)
0.7 (1)
1.7 (36)

4.4 (30)

1.8 (46)
0.9 (23)
1.9 (7)

3.7 (27)

Fresh Inflow
0.13 (37)

0.9 (4)

Extended Desiccation
Day = 7
Day = 14
Day = 21

0.25 (48)

6.4 (48)

7.4 (2)
5.8 (6)
5.7 (7)

Non-Inoculated
Day = 7
Day = 14
Day = 21

0.27 (45)
0.17 (42)

13 (22)
4.2 (67)

7.2 (1)
6.1 (1)
5.8 (10)

Continuously Inundated
Day = 7
Day = 14
Day = 21

0.37 (25)

3.6 (19)

7.5 (0)
6.7 (2)
7.1 (0)

Periodically Inundated
Day = 7
Day = 14
Day = 21

0.27 (19)
0.2 (12)
0.25 (13)

10.83 (19)
5.8 (9)
12.2 (43)

6.7 (3)
6 (9)
5.8 (11)

Nutritionally Augmented
Day = 7
Day = 14
Day = 21

0.25 (43)
0.23 (11)

10.33 (49)
7.27 (12)

0.1 (1)
6.4 (9)
6.3 (14)

* Only one sample was tested against three for the others.
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