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Abstract: Assessment of faecal pollution indicators (total coliforms, Escherichia coli, Enterococcus sp., sulphite reducing clostridia
and Clostridium perfringens) was carried out in water samples collected during the XXIX Brazilian Antarctic Expedition and
sediment samples from the XXX Brazilian Antarctic Expedition. Wastewater at different stages in the sewage treatment plant
were also analyzed for ammonia, total phosphorus, phosphates, chemical oxygen demand (COD) and faecal indicators, in order
to characterize the wastewater and evaluate the system performance. Water and sediment analysis showed low populations of
faecal coliforms and the presence of the indicators in all sites, with higher frequencies and concentrations at EACF and Ullman
Point sediment, indicating that a possible human impact is of low magnitude and cannot be differentiated from interference caused
by animal faeces. Assessment of the sewage treatment plant revealed that the wastewater produced at EACF has a typical faecal
indicator composition and low contents of nutrients and COD, when compared to typical domestic sewage. Removal efficiency
of COD was estimated in 20%, coliforms and enterococci removal varied from 84 to 98,7%, and no removal of nutrients was

detected, indicating that the treatment process can be optimized.
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Introduction

Faecal pollution indicators are groups of microorganisms
used to study the impact caused by sewage discharge.
Faecal coliforms and Escherichia coli are the most common
indicators used in these assessments, but they do not
survive long periods under stress in the environment.
For that reason, other indicator groups of bacteria can be
used as an auxiliary analysis, such as sulphite reducing
clostridia (especially Clostridium perfringens), a group
of spore forming bacteria usually considered as a remote
contamination indicator due to their longer persistence
in the environment, and Enterococcus sp., which has been

more frequently used as indicator in marine environments
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due to their higher resistance to salinity when compared to
coliforms and E. coli (CETESB, 1978; Ferguson et al., 2005).
Sewage treatment plants remove pollutants, nutrients and
pathogenic microorganisms from wastewater through
different stages: (1) preliminary, in which coarse solids are
mechanically removed; (2) primary, which removes settable
solids and part of the organic matter; (3) secondary, which
consists biological removal of organic matter and eventually
nutrients; (4) tertiary, aimed at removal of specific pollutants
(toxic or non biodegradable), complementary removal
of nutrients and disinfection. Sewage treatment plants

configuration varies according to the characteristics of the




wastewater and required quality of the effluent based usually
in legislation (von Sperling, 2005). In EACF secondary
and tertiary stages are present, with the use of aerobic and
anaerobic digesters and a UV light disinfection system.

In the present work, faecal pollution indicators were
enumerated in sediment and water samples collected during
Brazilian Antarctic Expeditions XXIX and XXX (BAE
XXIX and BAR XXX). Wastewater samples at different
stages of the EACF sewage treatment plant and soil in the
effluent discharge area were also characterized for nutrients,
chemical oxygen demand and faecal indicators in order to
obtain information on sewage properties and treatment

efficiency.

Materials and Methods

Sampling and sample processing

Samples were collected between December 2010 and March
2011 (Brazilian Antarctic Expedition XXIX) and December
2011 to February 2012 (Brazilian Antarctic Expedition
XXX), and consisted of: (1) Water, collected in five stations
(Table 1) along the water column (surface, middle and

1 m from the bottom, as determined by an ecobathymeter
Vexilar mod LPS-1) and analyzed for coliforms (BAE XXIX)
and enterococci (BAE XXX); (2) Sediment, collected in
four stations (Table 1) at the 30 m isobaths (BAE XXX)
and analyzed for coliforms, enterococci and clostridia;
(3) Wastewater, sampled before treatment (affluent), after
secondary treatment and before disinfection (secondary
treatment effluent) and after disinfection with UV (effluent),
analyzed for nutrients, chemical oxygen demand (COD),
coliforms, enterococci and clostridia; and (4) Soil at the
intertidal region in wastewater discharge area, analyzed
for coliforms, enterococci and clostridia. All samples were
stored at 4 °C until analysis, which took place in a maximum

period of 24 hours after sampling.

Faecal pollution indicators enumeration

In BAE XXIX, coliforms and clostridia in water, wastewater
and soil samples were enumerated by the Most Probable
Number (MPN) technique (APHA, 2005) using Colilert*
medium (IDEXX) for total coliforms and E.coli and DRCM

(differential reinforced clostridial medium) for clostridia.

Table 1. Water and sediment sampling sites. e —

Water samples (Brazilian Antarctic Expedition XXIX) -

Botany Point Machu Picchu Point Thomas Arctowski
(BP) (MP) (PT) AR)
62°05.217" S 62° 05.767" S 62° 05.367" S 62°09.200" S 62°09.383" S
58°23.017" W 58°19.967" W 58°28.183" W 58°29.100" W 58°27.933" W

Sediment samples (Brazilian Antarctic Expedition XXX)

EACF Botany Point Uliman Point Refuge 2
CF1 BP1 PU1 RF1
1 62°05.131" S 62°05.701” S 62°05.015" S 62°04.21" S
58°23.369" W 58° 19.849" W 58°23.987" W 58°25.335" W
62°05.142" S 62°05.713" S 62°05.015" S 62°04.373" S
58°23. 370" W 58° 19.844" W 58°23.987" W 58°25.335" W
62°05.130" S 62°05.734" S 62°05.015" S 62°04.373" S
58°23.370" W 58°19.919" W 58°23.987" W 58°25.335" W
CF2 BP2 PU2 RF2
62°05.050" S 62°05.181" S 62° 05.038" S 62°04.1" S
58°23.195" W 58°20.182" W 58° 23.055" W 58°25.19" W
62°05.049" S 62°05.48" S 62°05.133" S 62°04.18" S
58°23.195" W 58°20.10" W 58°23.317" W 58°25.19" W
62°05.130" S 62°05.48" S 62°05.133" S 62°04.1" S
58°23.356" W 58°20.10" W 58°23.317" W 58°25.19" W

y
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Presence of C. perfringens in DCRM cultures was confirmed
by growth in Litmus Milk.
In BAE XXX, the membrane filtration technique

(CETESB, 1978) was chosen to enumerate coliforms,

enterococci and clostridia in water, sediment, wastewater

P PP —

and soil samples. The change was made in order to enhance
sensitivity and precision, as larger volumes of samples can be
analyzed by this method. Media and incubation conditions
used for enumeration of coliforms and E.coli, enterococci
and clostridia were, respectively: modified membrane-
thermotolerant Escherichia coli Agar (Modified mTEC),
incubated at 35 °C for 2 hours, followed by incubation at
44.5 °C waterbath for 22-24 hours; membrane-Enterococcus
: Indoxyl-B-D-Glucoside Agar (mEI), incubated at 41 °C for
24 hours; and mCP agar, incubated at 45 °C for 24 hours.

Nutrients and COD

Analysis of ammonia, total phosphorus, phosphates and

chemical oxygen demand in wastewater samples were

carried out using reagent kits and photometer from Hanna

Instruments, Inc. from aliquots of wastewater affluent and
e effluent before and after disinfection with UV, diluted to

- factors of 1:10 and 1:20 when necessary.

Results

Water, sediment and soil samples
Water samples were analyzed for coliforms in BAE XXIX
and for enterococci in BAE XXX (Figure 1). Analysis of

coliforms, enterococci and clostridia in sediment at the 30 m
isobaths were carried out in BAE XXX (Figure 2). Results
of soil samples analysis in BAE XXIX showed E.coli and
C. perfringens counts of 1.6 x 10°and 7.0 x 10° NMP/100 mL,
respectively. In BAE XXX counts of E.coli, E. faecalis and C.
perfringens were 1.0 x 10, 1.0 x 10°, and 3.2 x 10* UFC/mL,

respectively.

Wastewater samples

During BAE XXIX, analysis of sewage before treatment was
carried out once (January 2011) and showed total coliforms
and E.coli counts of 1.7 x 107 and 7.9 x 10° NMP/100 mL
and sulphite reducing clostridia and C. perfringens counts of
1.7 x 10°and 1.1 x 10° NMP/100 mL, respectively. Analyses
of wastewater at outfall pipe were carried out four times and
results can be seen in Figure 3. During BAE XXX, faecal
indicators and physical chemical analysis of wastewater
were performed at different stages at the treatment system
(Table 2 and Figure 3), and removal efficiencies calculated
for microbial indicators and COD (Table 2).

Discussion

As observed in previous work, low concentrations and
widespread distribution of faecal indicators were detected
in Admiralty Bay (Figures 1 and 2). In sediment samples,
higher values were found in EACF and Ullman Point sites, a
pattern also observed in previous analysis (Nakayama ef al.,

2010). In water samples, EACF site was the only one to

Table 2. Wastewater characterization at different treatment stages (data obtained from December 2011 to February 2012).

Affluent

Parameter

Ammonia (mg/L) 4.91
Total phosphorus (mg/L) 0.7
Phosphate (mg/L) 2.1
DQO (mg/L) 114

Total coliforms (CFU/mL)

E. coli (CFU/mL)
Enterococcus sp. (CFU/mL)
Sulphite reducing clostridia (CFU/mL)
Clostridium perfringens (CFU/mL)

3.0 x 10%-1.0 x 107
1.0 x 108-2.7 x 10"
2.5 x 108-2.9 x 107
1.5 x 10°%-2.4 x 10°
3.7 x 10*2.4 x 10°

Effluent
Removal efficiency
Before UV After UV (%)
disinfection disinfection
5.32 8.26 -
0.9 1.8 -
2.8 9.6 =
97 91 20.18
53 x 10%-1.2 x 107 3.9 x 10*-3.5 x 10° 84.00-92.64
5.3 x 10%-2.0 x 107 3.9 x 10*2.8 x 10° 85.00-92.64
4.0 x 10%-1.7 x 10° 1.7 x 10*-2.3 x 10° 92.61-98.72
1.0 x 10%-2.4 x 10° <2.2-1.0 x 10° 33.33->99.78
1.0 x 10%-2.3 x 10° <2.2-3.6 x 10 80.00->99.78
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Figure 1. Membrane filtration counts of Enterococcus sp. (a) and Most Probable Number counts of total coliforms (b) in water samples from Admiralty Bay. 3

S: surface; M: middle; B: bottom. The arrow indicates the only occurrence of £.coli in the analysed water samples
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Figure 2. Membrane filtration counts of faecal pollution indicators in sediment samples from Admiralty Bay.

show total coliforms detection in three out of four analysis,
but E.coli was detected only at Machu Picchu site. Similar
results were found by Lisle ef al. (2004) who also found
low concentrations of faecal indicators in sites considered
as control areas near McMurdo Station. Detection of

microbial indicators in bottom water samples may be

related to regional hydrodynamics but can also suggest some
resuspension of cells from the sediment. Although survival
for long time of indicators as coliforms and enterococci
are not expected under adverse environmental conditions,
Pote et al. (2009) observed that these groups of bacteria were

able to maintain viability for at least 60 days in microcosms

-
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Figure 3. Most probable number and membrane filtering counts of faecal pollution indicators in wastewater samples at outfall pipe. BAE: Brazilian Antarctic

Expedition.

containing sediment, water and sewage treatment plant
effluent incubated at 10 °C. However the presence of
indicators in the water and sediment samples studied can be
derived not only from human but also from animal faeces.
For instance, Lisle et al. (2004) confirmed the presence
of C. perfringens in Weddel Sea scats and Wright et al.
(2009) detected an average of 3.3 x 10° CFU/g enterococci
in birds of a study recreational beach in Florida, USA. All
this considered, the adaptation of molecular techniques for
the detection of faecal contamination in Antarctic samples
seems to be an alternative to be considered for future studies.
Some examples include the use of PCR and qPCR techniques
with genes related to coliform and enterococci groups as
described by Bej et al. (1990) and Colford et al. (2012).
Even though the change in enumeration methods
between BAEs XXIX and XXX may affect data comparisons,
results of the analysis of the affluent wastewater did not show
great differences during and between expeditions (Table 2).
The populations of faecal indicators reflect the composition

of the sewage produced in EACE which is coherent to
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composition of domestic wastewater in general, with higher
counts of coliforms and enterococci followed by clostridia
(Leclerc et al., 1977). Counts at the effluent of the sewage
treatment plant were more variable (Table 2 and Figure 3),
as expected, once they are related to the flow of sewage
produced in the station. The highest counts of coliforms
(1,6 x 10° and 9,2 x 10°* NMP/100 mL) were actually
observed on 9 January 2011, when there were 150 people
in the station, about twice the regular population at EACE.

Sewage secondary treatment is usually responsible for 60
to 99% coliforms removal (von Sperling, 2005). However,
removal efficiencies calculated for the EACF plant (Table 2)
showed that although the secondary treatment led to
reduction of Enterococcus sp. populations (61,05 to 91,50%),
no coliform removal occurred. Clostridia is a spore forming
group of bacteria, which may explain the low removal values
of about 30% observed in some analysis. The introduction
of a tertiary treatment, represented by UV disinfection
was determinant for removal of microorganisms from

the effluent, especially the coliforms, but high amounts of




microorganisms are still discharged and can be detected
in the soil near the sewage treatment plant outfall in
concentrations in the order of 10* to 10° CFU/100 g. For
that reason, improvements in the system should be made
to enhance removal of microorganisms from the effluent.
Determination of nutrients and COD in effluent wastewater
(Table 2) showed lower ammonia, total phosphorus and
COD values than expected for regular domestic wastes
(von Sperling, 2005). However, nutrient concentrations
increased along wastewater treatment stages and COD
removal efficiency was only 20.17%. Despite being
preliminary data (determinations were carried out in only
one sample), values obtained indicate that the process
could be optimized to perform more efficiently. Enhancing
treatment performance would also contribute to increase
inactivation rates of microbial contaminants by the UV
disinfection system, since the presence of suspended solids,
chemical oxygen demand, color and organic compounds
protect microorganisms by absorbing / scattering the UV
light (Bitton, 1994).

Conclusions

Enumeration of faecal indicators in sediment and water
samples revealed low populations with widespread
distribution, as observed in previous work, indicating that
influence of animal faeces cannot be discarded and for that
reason impact of human activities in the studied area is not

unequivocally detected. A first assessment of the EACF
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