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ABSTRACT

The provision of high quality, clean water is of paramount importance to both human public

health and the welfare of all biodiversity. Maintaining this quality also helps to promote

sustainability of water globally through programs involving public health, watershed (ecosystem)

protection, water-resource management and water governance and regulation. These initiatives

allow for more effective risk assessment and management of the world’s usable water supply.

Pathogenic microorganisms such as bacteria, viruses and protozoa which are present in faecal-

contaminated water have always been a major threat to human health. Monitoring every single

pathogen present in water is impractical, therefore the use of microbial water-quality indicators

has been recommended. Escherichia coli (E. coli) and Enterococcus sp. are the main microbial

indicators used for assessing fresh and marine water (recreational water), respectively. E. coli

testing is conducted all over the world and there are good tests readily available, but tests for

Enterococcus are limited, even though these bacteria are often better indicators of faecal

contamination. We are developing an Enterococcus test by adapting technology that was

developed at Queen’s University for detecting E. coli and Total coliforms. Different growth

media types were used and Todd-Hewitt broth (THB) was found to be the most effective media

for the Enterococcus test and can be used at full strength or half strength. The test was optimized

for temperature; 41o C elicited the best results. In order to promote selective Enterococcus

growth, different antibiotics were administered. It was found that 6 mg / L of amikacin in half

strength THB was optimal to make the THB media selective to Enterococcus in the presence of

potentially interfering E. coli bacteria. This novel test will complement the tools already

available for global water-quality monitoring, thereby promoting sustainable water-use, and thus

enhancing the protection of the public’s health.
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CHAPTER ONE

1. INTRODUCTION/LITERATURE REVIEW

The quality of water is of paramount importance to the public health of both humans and

animals, and also helps to determine sustainability of water globally. The quality of water is

critical to promoting sustainable water objectives through: public health, watershed (ecosystem)

protection, water resource management and water governance and regulation in order to allow

for more accurate decisions and risk assessment and management.

Monitoring or sanitary inspection of water-quality is the search for, and estimation of existing

and possible microbiological dangers that could cause a huge health risk from recreational and

bathing water (Figueras, et al., 2000). There are numerous microbiological dangers associated

with waterborne pathogens, but there is a paucity of literature on these dangers and associated

health risks (Slawson, 2011).

Increasing consumption of water through household, recreational, and industrial activities, as

well as other general anthropogenic usage, has led to a rise in both global water demand and

global deterioration of water quality. It is therefore necessary for the microbiological safety of

water to be determined, by analysing for the presence of specific pathogens (George, et al.,

2002).

“Millions of people die every year in different parts of the world due to waterborne diseases”

(Tyagi, et al., 2006). In May 2000, there was a waterborne outbreak of Escherichia coli (E. coli)

in Walkerton, Ontario associated with drinking well water. This tragedy led to a significant

increase in the awareness of waterborne pathogens, including additional research in water related
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studies concerning human health and microbial water contamination (Slawson, 2011).

Wastewater and drinking-water engineers and scientists are constantly refining existing programs

or developing new testing and treatment methods to improve water quality for the protection of

both consumers and the environment. This has also become a key goal for both federal and

provincial practitioners and agencies involved in using scientific information to produce the best

possible means necessary for environmental and public health protection and sustainability

(Slawson, 2011).

1.1 SOURCES OF CONTAMINATION

Microbiological organisms are among the many types of contaminants for which testing is

important to monitor water quality, especially bathing and recreational waters. Bathing and

recreational water are prone to microbial disturbances because these sources channel different

polluted materials. For example, from water and sewage treatments plants, agricultural waste and

polluted areas (PHLS., 1995). Rainfall may also increase microbiological contamination, as it

can wash faeces from pastures or agricultural land, and also from sewage and drainage systems,

channelling them into recreational waters (EPA, 2012) (Wyler et al., 1994) (Wyler et al., 1995).

It has been shown that “sporadic malfunctioning” of sewage systems in a community can

introduce microbial contaminants into water bodies (Davis et al., 1995) (Marsalek et al., 1996).

Bathers may also be a source of microbiological contamination to water, if the water has a very

low rate of turnover (Figueras et al., 2000), and may promote person to person transmission of

pathogens.

1.2 INDICATOR MICROORGANISMS

There are many faecal microorganisms that can occur in water as a result from the

aforementioned sources. These include bacteria, viruses, protozoa, and other parasitic organisms.
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Many of these pathogens cannot be easily detected and monitored; it is difficult, time consuming

and expensive to test directly for the presence of a great diversity of pathogens (EPA, 2012).

Also, the absence of one pathogen does not necessarily mean the absence of another (Health-

Canada, 2012). For these reasons, indicator microorganisms are used. These are a group of

microorganisms that indicate the presence of faecal pathogens in water (Berg, 1978). The

USEPA also defined indicators for treated drinking water as “physical, chemical, or other

parameters whose presence at a level outside of specified limits may reflect a problem in the

treatment process or in the integrity of the distribution system” (EPA, 2012).

The use of bacteria as microbial indicators of water quality dates back to 1880 when Von Fritsch

described Klebsiella pneumonia and Klebsiella rhinoscleromatis as microorganisms typically

found in faeces (Geldreich, 1978). According to Cabelli (Cabelli, 1983) and Elliot (Elliot, 1985) ,

an ideal indicator microorganism of faecal contamination must meet certain requirements as

follows: they must be found in the intestinal tract of humans and warm blooded animals; they

must be found in greater numbers than pathogens in faecally contaminated water, when enteric

pathogens are present; they must be absent from non-contaminated waters, meaning they must be

solely associated with human and animal faeces; they must be not able to grow or reproduce in

an aquatic environment, but should survive longer than pathogenic microorganisms; they must

be applicable to all types of natural recreational waters (marine, fresh, and estuarine) used to

detect these indicator microorganisms; and testing methods should be rapid, cheap, specific,

sensitive and easy to carry out.

Up to now, no single specific microorganism satisfies all of the above criteria. However, there

are some groups of microorganisms that do. These include: total coliforms, faecal coliforms,

Escherichia coli (E. coli), faecal streptococci and Enterococcus (EPA, 2012). Escherichia coli
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and Enterococcus are considered the best indicators of faecal pollution in recreational waters

(Health-Canada, 2012). Most traditional water-quality monitoring tests utilize E. coli as the best

indicator of pathogen contamination, and rely on culture-based techniques (Baudisova, 1997).

Recent studies show that Enterococcus does not always correlate with pathogen occurrence

(Efstatiou, 2009), but it is predictive of gastrointestinal illness in recreational water (Haack et al.,

2003).

Thus, Enterococcus is certainly evocative of an association between indicators and public health

risk (Wade et at., 2003). A brief discussion of some indicator microorganisms will be given to

illustrate the applicability for testing and monitoring for waterborne pathogens.

1.3 ESCHERICHIA COLI

E. coli is a gram negative, non-spore forming, oxidase negative, rod-shaped, facultative

anaerobic bacteria that ferments lactose to produce acid and gas within 24-48 hours at 36±2oC,

and can produce indole from tryptophan, most E.coli also produce the enzyme glucoronidase

(Nicholas et al., 2001). These thermophilic coliforms are commonly found in the intestinal tract

and faeces of humans and warm-blooded animals (Nicholas et al., 2001). E. coli is classed in the

functional group of faecal coliforms. According to a recent Health Canada report, E. coli and

Enterococcus are ideal faecal indicators and both are recommended for freshwaters assessments

(Health-Canada, 2012). Most E. coli strains are harmless, but there are some strains and

serotypes that produce virulence factors, making them pathogenic to humans. However, the

concentration of faecal non-pathogenic E. coli is always greater than that of the pathogenic

strains even during outbreak (Health-Canada, 2012). Worldwide, E. coli is the most recognised

indicator for faecal pollution.
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1.4 FAECAL STREPTOCOCCUS (ENTEROCOCCUS)

Enterococcus was first named in 1903. This coccoid shaped organism reside in the intestine, is

gram positive, and catalase negative (National standard methods, 2007) (Thiercelin & Jouland,

1903). It was later discovered that this organism could form chains due to its shape, and that it

was of faecal origin, therefore the name Streptococcus faecalis was suggested (Andrews &

Horder, 1906).  The organism had the genus name Streptococcus for 78 years. As a result of

molecular approaches (Schleifer & Kilpper, 1984), in 1984 the name Enterococcus was widely

adapted and Streptococcus faecalis and S. faecium were moved to the genus Enterococcus. After

the general acceptance of the widely accepted name Enterococcus, Streptococcus avium, S.

durans and S. gallinarium were also included into this group, and only a few species in the

Lancefield group D were left in the genus Streptococcus (S. bovis and S. equines). These have all

been isolated from the faeces of warm-blooded animals.

The genus Enterococcus therefore is also classed as a non-spore forming, and facultative

anaerobe. Based on molecular and immunological evidence however, the 2 species considered of

human faecal origin are E. faecalis and E. faecium. There are at least 26 documented species of

Enterococcus (Klein & Houston, 1899). In the 1940s and 1950s several research groups

evaluated Streptococci and Enterococcus as faecal indicators of water quality. During this

period, the medium used in detecting both was improved, as more emphasis was placed on

detecting microorganisms of primarily faecal origin (Kenner, 1978). According to Ashbolt et al.,

(2001) there are some key points in support of faecal Streptococci as an indicator: they are found

in relatively high numbers in the excreta of humans and other warm blooded animals; they are

present in wastewaters and known polluted waters; they are absent from pure waters, virgin soils
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and environments having no contact with human and animal life; and they are persistent without

multiplication in the environment.

A selective medium that could be used for the enumeration of faecal Streptococci was not

available until 1957 (Slanetz & Bartley, 1957). “Since then, several media have been proposed

for faecal Streptococci to improve on the specificity” (Ashbolt et al., 2001). Faecal

Streptococcus testing is mainly used to differentiate between human faecal contamination and

that of other warm-blooded animals. As such, it is applied in conjunction with other faecal

coliform indicators. A ratio of faecal coliforms to faecal streptococcus >4, indicates human

faecal contamination; a ratio of <0.7 suggests non-human contamination. Several factors can

affect this ratio: when wastewater is disinfected, it can result in false conclusions concerning the

source of contaminants; the type of enumeration method used; faster die out of coliforms in the

environment; and different counts from various media used for bacterial isolation.

As such, the use of this ratio is not suggested unless recent faecal pollution is being observed

(Howell et al., 1995). Further to this, the membrane filter procedure has a false positive rate

ranging from 10% to 90% in marine and fresh water, and this may be as a result of different

strains and their resistance. (Charles, 1998).

Within the faecal Streptococci group, the best indicators of faecal pollution are the Enterococcus

(Andrews & Horder, 1906). The Enterococcus group is a sub group of faecal Streptococcus

which includes S. faecalis, S. faecium, S. gallinarum, and S. avium. These are differentiated from

other Streptococcus by their ability to grow in 6.5% sodium chloride, on bile esculin agar, at pH

9.6, and at 10oC on brain heart infusion (BHI) agar and 45oC on BHI broth, resistance to 60oC
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and reduction of 0.1% methylene blue (Borrego & Figueras, 1997) (Borrego et al., 2002)

(Figueras et al., 2000).

The selectivity of these growth media is achieved by the elimination of non - Enterococcus and

non – Streptococcus with sodium azide, 2,3,5–triphenyltetrazolium chloride (TTC) and

cycloheximide. Enterococcus also has different proportions of the species in human and animal

faeces (Slanetz & Bartley, 1957) (Howell et al., 1995; Charles, 1998).

Despite these characteristics, in practical terms both Enterococcus and Streptococci are

determined based on the biochemical reactions evaluated in culture media that are known either

by the appearance of characteristic halo blue or pink colonies (as response to the effect in

chromogenic substrates) and/or by the production of fluorescence (Slanetz & Bartley, 1957)

(Charles, 1998) (Figueras & Borrego, 2010).

The Enterococcus is solely associated with faecal wastes and survives longer than the other

indicators in water and sediment (McFeters et al., 1974; Lessard & Sieburth, 1983).

Enterococcus is also more resistant to treatment with chlorination than other faecal indicators,

and therefore, may be more sensitive indicators of the survival of enteric pathogens and viruses

(Cohen & Shuval, 1973). Also, a strong correlation between the concentration of Enterococcus

in marine waters and the risk of gastrointestinal infection has been established (Cabelli, 1983).

For Enterococcus enumeration in marine waters, A membrane filtration method was used and

described in detail (Agency., 1985), and a 35 Enterococcus/100 ml limit was proposed by the

U.S. Environmental Protection Agency (USEPA); (U.S. EPA, 1986). A list of regulatory limits

and guidelines in some parts of the world can be found in Table 1.Table 1Table 1: Guideline values
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for faecal indicator concentrations in fresh recreational waters established by other countries or organizations.

Adapted from Health-Canada, 2012

Country/
organization

Parameter:
Freshwater / Marine
water indicator

Format and guideline
values

Reference

Canada E.coli Geometric mean
concentration ≤ 200 E.coli /
100 ml

Single sample maximum
concentration: ≤ 400 E.coli /
100 ml

Health Canada,
2012

Enterococcus Geometric mean
concentration ≤ 35
Enterococcus / 100 ml

Single sample maximum
concentration: ≤ 70
Enterococcus / 100 ml

USEPA E.coli Geometric mean
concentration:
126/100 ml

Single sample maximum
concentration:
235/100 ml

USEPA, 2002

Enterococcus Geometric mean
concentration:
33/100 ml

Single sample maximum
concentration:
62/100 ml

WHO Intestinal
Enterococcus

95th percentile/100ml:
A:≤40
B:41-200
C:201-500
D: > 500

WHO, 2003a

Australia Intestinal
Enterococcus

95th percentile/100ml:
A:≤40
B:41-200

NHMRC, 2008
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C:201-500
D: > 500

European Union Intestinal
Enterococcus

95th percentile/100ml:
Excellent:200/100ml
Good: 400/100 ml

90th percentile/100ml:
Sufficient: 330/100 ml

EU, 2006

E. coli 95th percentile/100ml:
Excellent:500/100ml
Good: 1 000/100 ml

90th percentile/100ml:
Sufficient: 900/100 ml

Note that new criteria are currently under development and may be available in 2012.

Designated beach area (75% confidence level)

Recommends guidelines for coastal waters be used until more freshwater data is available.

The Enterococci of the faecal Streptococci group are therefore important bacteria indicators for

determining the extent of faecal contamination of recreational surface waters. Studies have

shown that cases of gastroenteritis as a result of swimming or bathing in marine and fresh water

along beaches are directly related to the quality of bathing water (Health-Canada 2010). This

same Canadian Health report concludes that the Enterococcus is the most efficient bacterial

indicator of water quality.

This is summarised with the following points on the use of faecal Streptococci as a good

indicator (Health-Canada 2010): in marine waters, the Enterococcus group is the best available

indicator of faecal contamination from warm-blooded animals, and the most efficient indicator of

water quality; faecal coliforms do not survive well in marine waters and thus may not be reliable
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indicators of faecal contamination; Enterococcus survive longer than faecal coliforms in marine

waters and thus are preferred when there is considerable time or distance between the source of

faecal pollution and the bathing area; there is a positive correlation between gastrointestinal

illness and levels of Enterococcus in marine waters, but the absence of Enterococcus does not

mean there is no risk; based on USEPA epidemiological studies, a seasonal geometric mean of

35 Enterococcus/100mL corresponds to a seasonal gastrointestinal illness rate of 1 to 2 percent;

because faecal coliforms do not survive well in marine waters, the use of the fresh water

maximum limit may increase the risk of illness; and even after significant dilution, Enterococcus

is still numerous enough to be detected (Tyagi et al., 2006).

Enterococcus is not commonly found in unpolluted waters and is generally regarded to be

incapable of growth in recreational waters (Kenner, 1978). Compared with other indicator

organisms, Enterococcus has demonstrated greater resistance to certain environmental pressures

in recreational waters, such as conditions of sunlight and salinity. Enterococcus has also shown

greater resistance to water treatment procedures including chlorination. Enterococcus is

considered a good indicator for enteric bacterial pathogens, but is to some extent less effective

for pathogenic viruses and protozoa.  There is a lack of a relationship between Enterococcus

concentrations and the presence of human viruses in surface waters according to some

researchers (Griffin et al., 1999; Schvoerer et al., 2000; Schvoerer et al., 2001; Jiang et al., 2001;

Jiang & Chu, 2004).

In conclusion, Enterococcus is considered the best available indicator of water quality for marine

recreational waters (Pruss, 1998; WHO., 1999; Wade et al., 2003), and are important indicators

in fresh water as well. Enterococcus detection indicates faecal contamination of water and thus

the possible presence of faecal pathogenic bacteria, viruses and protozoa. Human enteric viral
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and protozoan pathogens of faecal origin can survive for prolonged periods in marine waters.

However, it is important to note that the absence of Enterococcus does not necessarily mean that

these pathogens are also absent.

1.5 THE USE OF INDICATORS TO ASSESS HEALTH RISK

Choosing a suitable indicator for a particular pathogenic microorganism that poses a potential

human health risk is not easy because different pathogens react differently and the source and

nature of contamination also varies (Slawson, 2011). Waters contaminated with human faeces

are usually considered a higher risk to human health because they are more likely contain

“human-specific enteric pathogens” including Salmonella enteric, Salmonella

typhi, Shigella spp., Hepatitis A virus, and Norwalk-group viruses (Troy et al.,2002). This

notwithstanding, other warm-blooded animal faeces also pose a threat to human health. Since

these pathogenic organisms are ubiquitous, it is possible to avoid situations of hazardous

exposure by routinely monitoring water-quality for faecal indicators, using reliable testing

methods.

Correlations between pathogens and indicators are probably higher when each occurs from the

same source. However, this correlation is compromised if both emerge from different sources, or

if the pathogen exhibits a dissimilar (stronger) survival capacities compared to the indicator

(Slawson, 2011). Hence, using indicators or pathogens characterized by either persistence or

source differences to assess health risk has become crucial; simple indicator monitoring is

insufficient (Slawson, 2011). The use of indicators to assess health risk from faecal

contamination is yet to be fully understood (Heaney et al., 2009). This is due in part to an

inconsistency of results, and also in part to the lack of information regarding modes of exposure

and source identification of enteric infection (Pintar et al., 2009).
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In 2005, Wilcox and Colwell noted that the human-pathogen association is complicated, as

vectors and prevalence of disease obtained from waterborne pathogens are affected by

environmental dynamics. This results in nonlinear responses that are irregular (Wilcox &

Colwell, 2005). These difficulties dictate that:

“It remains difficult to predict human health risk from the survival and persistence of indicators

and pathogens beyond point or non-point source contamination” (Slawson, 2011).

More epidemiology studies are needed, as are more validations of models and techniques used to

predict indicator and pathogen concentrations together with human health risks (Boehm et al.,

2009).

The general lack of a single indicator that reliably predicts pathogen risk in all situations

suggests that multiple indicators should be recommended.  Rather than deciding on a single

indicator as the best among a list of candidates, multiple indicators being tracked simultaneously

may provide maximum protection of public health.

1.6 BACTERIA TESTING METHODS

There are several current testing methods for indicator microorganisms (especially E. coli and

Enterococcus) in water.  Two common ones are: (i) the multiple tube method, which uses

chemical substrates and a most probable number quantification; and (ii) the membrane filtration

method, which is the traditional method that uses a selective media and a membrane filter and is

quantified as “colony forming units” (cfu), or the number of colonies present on a culture plate

after incubation. Both methods were used during this research and are reviewed below.
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1.7 REFERENCE TESTS FOR ENTEROCOCCUS AND E. COLI

The reference tests for Enterococcus and E. coli relevant to this thesis are the Idexx Enterolert

and Colilert 18 methods to obtain the most probable number, as well as the Membrane-

Enterococcus Indoxyl-D-Glucoside agar (MEI agar) plate method for Enterococcus by

membrane filtration.

1.8 IDEXX ENTEROLERT MOST PROBABLE NUMBER (MPN) METHODS

The Idexx Enterolert method is a basic microbiological test used for testing Enterococcus in

water. It involves using the Idexx bottles (Figure 20), the Enterolert pouch with media and

substrate, quanti-tray well (Figure 4), quanti-tray sealer (Figure 5) and the Idexx quanti-

tray/2000 MPN (most probable number) table.

The appropriate amount of water sample required (100 ml) for the test is poured into the Idexx

bottle and the Enterolert medium pouch is opened and added. After the medium completely

dissolves, the solution is poured into the quanti-tray wells and sealed with the quanti-tray sealer

(see Figure 5, 5 and Figure 240) prior to incubation at 41o C for 18-24 hours.

Results are then recorded after 18-24 hours by counting the fluorescent large and small wells;

fluorescence indicates the presence of Enterococcus, while the wells without fluorescence are

negatives (without Enterococcus).

1.9 IDEXX COLILERT 18 (MPN) METHOD

The Idexx Colilert 18 method is another basic microbiological test, used for detecting E. coli and

total coliforms in water. It is very similar to the Idexx Enterolert method but with a different

medium, and the only operational difference is that the incubation period is 18-22 hours at 37o C.

All fluorescent large and small wells are recorded. In this case, the number of fluorescent wells
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indicates how much E. coli is present in the test sample. The number of yellow large and small

wells indicates how many total coliforms are present in the sample; the wells without colour

change are negatives.

1.10 IDEXX QUANTI-TRAY/2000 MPN TABLE

This table helps to interpret the results from both the Enterolert and Colilert 18. It shows the

number of large wells to the number of small wells, giving a most probable number (MPN)

which indicates the amount of Enterococcus or E. coli present in the sample. The numbers

ranges from <1 to >2419.6 mpn/ 100 ml.

1.11 MEMBRANE FILTRATION METHOD

For full details and procedures for this kind of test, see Chapter 10 of (Bartram & Balance,

1996). The membrane filtration method is another basic microbiological testing method for water

quality. It involves using membrane-indoxyl (MI) plates for E. coli and membrane-

Enterococcus Indoxyl-D-Glucoside (MEI) plates for Enterococcus membrane filters and the

membrane filtration apparatus.

The water sample is first diluted in reference bottles see (Figure 22) and then poured onto the

membrane filters on a membrane filtration apparatus. The membrane filter is then removed from

the membrane apparatus and placed on the surface of the MI plates for E. coli and MEI plates for

Enterococcus. The plates are then kept in an incubator for 18 to 24hours at 41 oC for

Enterococcus or 35 oC to 37 oC for E. coli. Following incubation, colonies are counted on plates

(See Figure 23).



15

1.12 EVALUATION OF CURRENT BACTERIA INDICATOR TESTING

METHODS

E.coli Colilert 18 methods have been proven to be a good and acceptable method when

compared to traditional membrane filtration methods (U.S EPA, 2000). There are limited reports

comparing chemical substrate methods like Enterolert with methods such as membrane filtration

using MEI (Budnick et al., 1996; Eckner, 1998; Fricker & Fricker, 1996), the main advantage of

Enterolert is that it is easy to use, and limited technical training is required. However, some

studies indicate that the Enterolert method has some disadvantages, including: poor correlation

between methodologies, meaning that statistically, mean values for membrane filtration method

(MEI) and Enterolert can be significantly different (Kinzelman et al., 2003).  In one study, only

50% of cultures isolated aseptically from fluorescent wells of Enterolert produced satisfactory

organism identifications when a biochemical identification test was carried out (Kinzelman et al.,

2003), while the other 50% were not able to be verified as Enterococcus, indicating possible

false positives in some of the wells.  For some samples, the MEI method showed no bacteria

growth while Enterolert detected Enterococcus above the maximum level (2416.2 mpn / 100 ml).

After reviewing the issue of whether or not the Enterolert method might be a good Enterococcus

test, the aim established for this research was to develop an Enterococcus test that addresses the

need for a good testing method for Enterococcus, because lack of availability of good tests is one

reason why some recreational water-monitoring regulators don’t test for Enterococcus alongside

E.coli, even though Enterococcus might be a better indicator for faecal contamination.

1.13 SUSTAINABILITY AND WATER QUALITY

Water quality and sustainability directly affect human health and the economy, given that both

marine and fresh-water environments are used by humans for various recreational activities and
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for harvesting of seafood. Not surprisingly, contamination of these water bodies can result in

severe human health issues, significant economic loss, and socio-political unrest. This is

especially true when the impacted waterways include popular beaches or commercially

important fishing grounds (Troy et al., 2002). For these reasons, microbial indicators are an

important tool for sustainability and risk assessment, and should therefore be perpetually

enhanced by the development of good testing methods and analytical practices (Troy et al.,

2002).

Also discussed here is how the creation of an Enterococcus test can potentially help to improve

and/or sustain water-quality and public health. It is interesting that natural levels of indicator

bacteria in lake water can vary seasonally, and it is also noteworthy that increased rainfall

directly affects the levels of faecal indicators. This is confirmed by the USEPA in their study,

Monitoring and Assessment of Faecal Bacteria. They conclude that:

“Natural bacteria levels can vary significantly; bacteria conditions are strongly correlated with

rainfall, and thus comparing wet and dry weather bacteria data can be a problem; many analytical

methods have a low level of precision yet can be quite complex” (EPA, 2012).

It has also been shown from other scientific research that the number of pathogens and indicators

present at a given beach will change with seasons as a result of additional external influences

during the bathing season together with the influence of rainfall (Zhems et al, 2008).  Given

these findings, testing and monitoring the quality of bathing and recreational waters on a regular

basis is crucial for public health reasons.
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1.14 E.COLI OR ENTEROCOCCUS; BOTH SHOULD BE TESTED IN

RECREATIONAL WATER

The development of an Enterococcus test is important because of emerging emphasis on

Enterococcus testing globally, especially in recreational water.  The emphasis on Enterococcus

comes from several considerations regarding water testing (see Table 2).

Table 2: Advantages and Disadvantages of using E.coli and Enterococcus as an Indicator

Indicator Advantages Disadvantages
E. coli Tests readily available, easy to measure

reliable in a basic laboratory
Some interference by non-target
organisms, especially in salt/marine water

Historical correlation with faecal
contamination

Recent reports of accumulation and
growth in environment separate from
faecal sources

Historical correlation with health risk Survival in environment may not be over
same time/distance as faecal pathogens
Less resistant to treatment (e.g.
chlorination) than many other pathogens

Enterococcus
sp.

Better correlation with faecal
contamination in salt/marine water

Few effective tests commercially available

Can differentiate between human and
non-human faecal sources

Less well characterized as an indicator in
various sample types

more resistant to treatment (e.g.
chlorination), similar to other pathogens
Recent reports on correlation with health
risk (esp. GI illness)
Longer survival in environment better
matches some faecal pathogens (viruses,
protozoa)

A published study in Canada on the distribution of faecal Streptococci and Enterococcus in the

marine environment supports the use of Enterococcus as a suitable indicator of water quality at

marine recreational beaches (Gibson & Smith, 1988). The authors describe the circulation of

Enterococcus at 26 beaches in the Vancouver region, and argue that because Enterococcus is so

widely distributed in Canada’s recreational water, it should be implemented into the routine

testing system. E. coli identification in salt/marine water has also been known to yield false
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positive at times due to interference from other glucoronidase positive bacteria like Vibrio

(Davies et al., 1995) and as such its not usually recommended as the only indicator for marine

water.

Historically, it was believed that E. coli originates from faecal sources exclusively, and that it

lacked the ability to grow in aquatic environments. Recently, there is much debate concerning

this (Kon et al., 2007; Hartz et al., 2008; Vanden et al., 2009). Nevertheless, E.coli is considered

a good faecal indicator for recreational water given that testing methods are readily available,

and it has proven to be a useful indicator even before Enterococcus was considered, plus it has

been recommended by WHO and Health Canada (WHO., 1999; Health-Canada, 2012) based on

assessments of health risk.

Regardless, Enterococcus testing should be implemented alongside E. coli testing, given that E.

coli has been found growing in natural aquatic environments not associated with faecal

contamination (Ashbolt et al.,1997; Bermudez & Hazen, 1988). Such environments include

industrial process wastes and waste from pulp and paper manufacturing (Megraw & Farkas,

1993; Gauthier & Archibald, 2001). E. coli also thrive in mats of the green algal species

Cladophora (Whitman et al., 2003; Olapade et al., 2006). This is not the case for Enterococcus,

which does not occur naturally and is only found in faecally contaminated areas (Nicholas et al.,

2001). The implication here is that if Enterococcus is present in the environment, it is indicative

of possible contamination; this is not true for E. coli in all cases.

The World Health Organization (WHO) also recommends the use of Enterococcus as an

additional indicator of faecal pollution due to its utility (WHO, 1996). Tyagi et al. (Tyagi et al.,

2006) also stated that:
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“When Enterococcus testing is combined with measurement for E. coli, the result is increased

confidence in the absence or presence of faecal pollution”.

After considering this evidence, the use of E. coli as the sole indicator for fresh recreational

water is not fully recommended. Based on this study and other research, Enterococcus testing

should be routinely performed anywhere that E. coli is tested for. This is particularly true in

locations where E. coli is not a useful predictor of the risk of gastrointestinal illness, as supported

by Health Canada:

“Combining routine Enterococcus monitoring alongside actions, procedures and tools to

collectively reduce the risk of swimmer exposure to faecal contamination in the recreational

water environment represents the most effective approach to protecting the health of recreational

water users” (Health-Canada, 2012).

Only at locations where E. coli can sufficiently show the presence of faecal contamination in

recreational waters (especially marine waters), should this testing be used alone. The prime

objective of this dissertation is to provide a reliable and easily accessible Enterococcus test to

overcome this particular barrier to implementing this test alongside E. coli testing.



20

2. CHAPTER TWO: MATERIALS AND METHODS

2.1 MATERIALS:

Developing an Enterococcus test requires the use of different chemicals, apparatus and analytical

equipment, as well as bacteria lab strains. Additionally, Enterococcus experimentation requires

sterile conditions, precise microbiological procedures, and accurate testing and monitoring.

Together, these practices ensure robust, replicable results over the course of the experiment.

2.2 MATERIALS USED FOR DEVELOPMENT OF ENTEROCOCCUS TEST

The materials used for developing Enterococcus test include all media, chemicals, and

equipment. They are listed here.

2.3 MEDIA AND CHEMICALS

Media and chemicals used in this study include: lake water, Todd Hewitt Broth (THB) full

strength/half strength (see Table 5 for media composition), bottled drinking water, anthracene

glucoside (Ant-Gluc), kanamycin sulfate, sterile water, Idexx Enterolert, Idexx Colilert 18,

distilled water, amikacin sulfate, Mueller Hilton broth (MHB), tryptone soy broth (TSB), brain

heart infusion broth (BHIB), 10% bleach, 70% ethanol, phosphate buffered water.

2.4 EQUIPMENTS AND MATERIALS

Equipments and materials used in this study include: gamma sterilized TECTA bottles with THB

and Ant-Gluc, reference bottles, Idexx bottles, Idexx quanti-tray sealer, Idexx quanti-tray , water

jars, water bottles with loose fitting caps, test-tubes, test-tube rack, gloves, eye goggles, lab coat,

pipettes (5mls and 10mls), pipette tips (0.1ml and 1ml), gamma sterilized bottles with dried

anthracene glucoside, incubator at 41o C and 37o C, silver stickers for TECTA bottles, different

colours of markers, autoclave, glass or plastic measuring cylinders, foil paper, weighing scoop ,
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bunsen burner, bunsen burner lighter, gas, refrigerator, plastic bins, coolers, TECTA 2, 13 and 15

at Entero 41oC only mode and EC 41oC mode, stirrer, ice, tweezers, membrane filtration

apparatus, petri dishes, water bath, wire loop, autoclave tapes, detergent for cleaning glass and

plastic, laboratory balance, glass flask, test tube shaker, fluorescent or ultra violet (uv) light.

2.5 BACTERIA STRAINS

American type culture collection (ATCC) strains of E. coli (ATCC 25922) and Enterococcus (E.

faecalis, ATCC 29212) were used for this study, as well as a natural strain (L1C1) which was

isolated from a positive Enterococcus lake water sample and put through characterisation,

identification and confirmation testing.

2.6 TECTA B16 TECHNOLOGY

The basic methodology used for developing this Enterococcus test is the Endetec technology.

This technology is called the Endetec TECTA B16; it is a patented polymer partition method that

senses fluorescent indicators of the activities of enzymes of target organisms.  The water matrix

is excluded from the optical path to minimize interference from sample optical properties

including turbidity and background fluorescence. The target organisms are a broad spectrum of

glucoronidase enzyme bacteria (E. coli), galactosidase enzyme bacteria (total coliforms), and in

this case glucosidase enzyme bacteria (Enterococcus). The TECTA B16 is a presence/absence

method that tests up to 16 samples at once, and detects a dynamic range of <1 to > 106 cfu in 100

ml of undiluted sample (Endetec, 2011). A polymer element in the form of a cylinder of

polydimethylsiloxane (PDMS) is molded into a sample cartridge, and then contacted to the end

of a fibre-optic probe (see Figure 1). The product, but not the substrate, is absorbed by the

polymer from solution (Brown et al., 2010). Images of the TECTA bottle (with media pouch

inside) and TECTA instrument are shown in Figures 2 and 3 respectively. An image showing
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lake water with dissolved media can be found in Appendix B (Figure 21). For complete details of

the Endetec technology, see Brown et al., (2010).

Figure 1: Schematic of ENDECTEC test for Enterococcus bacteria. The directed substrate and culture ingredients are
pre-loaded in the single use cartridge. The fluorescent product indicating presence of bacteria partitions into the polymer
and is detected with the fibre-optic fluorescent probe. Light does not pass through the sample, making the test insensitive
to sample colour and turbidity parameters.
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Figure 2 TECTA 100 mL bottle

Figure 3 Endetec TECTA B16 instrument
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Figure 4: Quanti-tray wells with positive sample showing fluorescence, yellow wells indicating total coliforms
(TC), and no colour change indicating negative sample.
http://biology.edgewood.edu/assets/images/research/student/2008/2008_EColi/2008_EColi_Image2.jpg

Figure 5 Quanti-tray sealer: http://www.cieebonaire.org/Lab/Equipment/IDEXX-Quanti-Tray-Sealer-Model-
2X.jpg

2.7 ANTIBIOTICS: KANAMYCIN AND AMIKACIN SULFATES

Kanamycin and amikacin (see Figure 6 for chemical structures) are broad-spectrum

aminoglycoside antibiotics that are strongly correlated (Dionex Corporation, 2013). Both
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kanamycin and amikacin are used to treat different types of gram negative bacteria, including E.

coli (Nicholas et al., 2001). Both antibiotics are generally prepared as a sulfate. Research has

found that gram-negative bacteria may exhibit resistance to kanamycin and other similar

antibiotics, such as gentamicin and tobramycin; when working with these more resistant bacteria,

amikacin is the best antibiotic to use (Dionex Corporation, 2013).

Figure 6: Chemical structures of kanamycin A, B, C, D, and amikacin (Dionex Corporation 2013). Kanamycin A was
used in this work.

The kanamycin sulfate powder was stored in a dark place at room temperature, and a stock was

prepared by weighing out 0.05 g / 5 ml of Todd Hewitt broth (THB). The stock was then used for

further testing, by adding different concentrations to the lake water samples in the gamma

sterilised THB bottles.
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Amikacin sulfate powder was stored in the refrigerator, and the stock was also prepared at 0.005

g/5 ml of Todd Hewitt broth (THB).

2.8 LAKE WATER SAMPLE

Lake water was taken on different days from various sites in Lake Ontario which we named St.

Lawrence avenue pipe, Cove, Duck City, and Murney Tower. All of these sites have been

monitored over the years in the Endetec microbiology lab, and are used based on the different

sources of contamination observed around them.

2.9 SITE DESCRIPTION: This section will give a brief description of the various sites from

which lake water samples were collected for this research. All sites represent different areas of

Lake Ontario.

2.10 ST. LAWRENCE AVENUE PIPE SITE

The St. Lawrence avenue pipe site is located near Queen’s University campus (Figure 7).

Combined-sewage outflow from storm water pipes are a classic point source for contaminant

discharge (Kay, 2012), and a storm water pipe is present at this site. Elevated bacterial levels

have been seen at the site previously, especially during periods of rainfall. Research has shown

that during rainfall, water quality degrades due to the runoff and increased loading of both

human and agricultural sources of faeces into adjacent water bodies (Figueras et al., 2000;

O'Shea & Field, 1992; Armstrong et al., 1997). Whenever highly contaminated lake water was

required for an experiment, the St. Lawrence avenue pipe site usually yielded excellent samples,

as there were almost always high bacteria counts from this source of lake water.
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2.11 COVE SITE

The Cove site, so named for its sheltered and curved shoreline, is located very close to the St.

Lawrence avenue site. The Cove is an example of diffuse-source pollution (Bos, 2012). The

main source of contaminants on this site is likely the various species of ducks and other

waterfowl that periodically inhabit the area. There were usually lower counts of Enterococcus

and E. coli at this site, making the Cove an adequate natural water source to use if heavily

contaminated samples required dilution.

2.12 DUCK CITY SITE

The Duck City site is located to the east of Queen’s University. Ducks are always present here;

they congregate, feed, and play daily at the site. Hence, the faeces of these birds would be

deposited directly into the lake, making this another point source of contamination available

where samples with higher counts of Enterococcus and E. coli are normally found.

2.13 MURNEY TOWER SITE

The Murney Tower site is not too far from the Cove and St. Lawrence pipe sites, and

periodically ducks come in and out of the water on this site. As a result, the area is contaminated

at random times; therefore this site was sometimes used for these experiments.

2.14 COLLECTION OF LAKE WATER SAMPLE

To limit external sources of contamination, properly labelled and autoclaved, sterile bottles were

used for sample collection. A clean scoop, clean gloves and a cooler to transport samples were

also used for the collection of lake water samples. Using gloves, the scoop was first rinsed at

least twice; the rinsing water was discarded in a different location from where the actual sample

water was collected. The sample bottle was similarly prepared. The scoop was then used to



28

collect a sample from beneath the surface of the water, and the sample transferred to the bottle

leaving some head-space. This space enables proper mixing before lab tests are conducted

(APHA/AWWA/WPCF, 1989) (Bartram & Balance, 1996). This step is critical, as heterogeneity

of the sample can vary widely in observed bacteria counts if not properly mixed (PHLS, 1994).

Lids were secured, taking care not to contaminate the top of each sample bottle, and the samples

were then transported in a cooler with ice in it to the lab for analysis as soon as possible. See

Figure 7

Figure 7: Lake Water collection from St. Lawrence Avenue pipe site, a scoop was used to collect the lake water and
transfer it into a plastic bottle that was taken to the lab in the cooler.

2.15 SAMPLE PREPARATION

The lake water samples were prepared in the lab by mixing different concentrations depending

on the test plan. Dilution was always done to make up 100 ml of water in the test bottles. For
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heavily contaminated water, mixing of lake water sample was done with bottled drinking water

(which has been found to work well with the Endetec test) or Cove water.

The lake water sample was mixed with either liquid media (half strength) or powdered media

(full strength) to make up 100 ml of solution in the test cartridge.

2.16 MONITORING PROCESS: This section describes the different parameters used to

monitor this research. These measures ensure that all microbiological standards are met.

2.17 GROWTH MEDIA

Selection of an optimal growth medium included using different commercially available growth

media for testing water-borne Enterococcus. The media tested were Brain heart infusion broth

(BHIB), Tryptone soy broth (TSB), Mueller Hilton broth (MHB), and Todd-Hewitt broth (THB).

All protocols recommended by the commercial suppliers for preparing media broths were

followed, such as checking media pH, temperature, turbidity and colour.

2.18 MEDIA PREPARATION

Formula compositions for the various media can be found in Table 5 in appendix A.

2.19 BRAIN-HEART INFUSION BROTH (BHIB)

BHIB is typically used for growing pathogenic cocci and other aerobic and anaerobic

microorganisms (Conda, 2012). Exactly 37 g of medium in 1.00 L of distilled water was

thoroughly stirred with a stirrer and heated. The mixture then boiled for about 1minute until

completely dissolved, then the media was then poured into sterile bottles and sterilized in an

autoclave at 121o C for 15 minutes.
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The BHIB was characteristically amber in colour. Following sterilization, the broth was allowed

to cool and then used immediately, or stored at 2-8o C (in the refrigerator). If the media was not

prepared on the test date, it was boiled and cooled again to expel any dissolved oxygen before

usage (Conda, 2012).

2.20 TRYPTONE SOY BROTH (TSB)

The TSB was prepared by adding 30 g of media into 1 L of distilled water, followed by stirring

and boiling for 1 minute until it is totally dissolved. The media was poured into sterile bottles

and autoclaved at 121o C for 15 minutes. The TSB was also usually an amber colour.  It was

allowed to cool and then used immediately or stored at 2-8oC (in the refrigerator).

2.21 MUELLER-HILTON BROTH (MHB)

The MHB was prepared by adding 21 g of media into 1 L of distilled water. This mixture was

stirred and boiled for 1 minute until totally dissolved. It was poured into sterile bottles and

autoclaved at 121o C for 15 minutes. The MHB was amber in colour as well. It was cooled and

used immediately or stored at 2-8o C (in the refrigerator).

2.22 TODD-HEWITT BROTH (THB)

THB was prepared by adding 36.4 g of media into 1 L of distilled water. It was similarly stirred

and boiled for 1 min. until totally dissolved. As with the other broths, it was poured into sterile

bottles and autoclaved at 121o C for 15 minutes. The THB was also amber.  It was allowed to

cool and then used immediately or stored at 2-8o C (in the refrigerator).
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2.23 GROWTH MEDIA STRENGTH

For some of this work, full and half strength media were lake water used. Full strength media

used the exact media recipe from the supplier, while half strength was prepared by diluting full

strength medium 50:50 to make a 100 ml sample.

2.24 GROWTH SUBSTRATES

Two chemical substrates used in to detect enzyme activity in this monitoring process were

anthrancene glucoside (Ant-Gluc) and pyrene glucoronide. These substrates allow for the

detection of the enzymes glucosidase and glucoronidase, respectively.  Glucosidase enzyme

should indicate Enterococcus, but may also indicate E. coli if there is interference.

Glucoronidase will indicate mostly E. coli and possibly other non-Enterococcus organisms.

2.25 ANTHRANCENE GLUCOSIDE

This substrate was synthesized by Dr. Ray Bowers in the Brown group.  A stock solution was

prepared as follows: about 104 mg of Ant-Gluc was weighed into a 20 ml scintillation vial, and

the contents then transferred into a clear 120 ml bottle with a screw cap lid. The scintillation vial

was rinsed several times with a total 20 ml of acetone and transferred into the same 120 ml

bottle. Another 32 ml of acetone was added directly to the 120 ml bottle making up a total of 52

ml of acetone. After this, 8 ml of dimethylsulfoxide (DMSO) was added to the 120 ml bottle, and

the solution was swirled gently to mix while avoiding spills. The mixtures were sonicated for 5-

7min or until the contents were completely clear.  Ant-Gluc stock solution was then stored in the

refrigerator until used.
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2.26 ANTHRANCENE GLUCOSIDE SUBSTRATE DELIVERY

Exactly 300 ul of purified water was added to a TECTA bottle, and 289 ul of sonicated Ant-Gluc

stock solution was then added to the water to deliver 0.5 mg per bottle. Bottles are allowed to sit

open for 3-7 days until both the water and DMSO evaporated. The lids of the bottles were then

closed and the bottles sent for gamma sterilization. In some cases, powdered growth media, like

THB, was added before closing the bottle and sterilizing.

2.27 PYRENE GLUCORONIDE

Pyrene glucoronide substrate was provided by the Endetec group.

An amount of 100 mg of Pyrene glucoronide was weighed into a 20 ml scintillation vial. The

substrate was transferred from this vial into an amber 120 ml bottle. Following this, 20 ml of

sterile water was used to rinse the 20 ml vial (in separate steps), and the rinse subsequently

poured into the 120 ml vial.  Then another 80 ml of sterile water is added to top up the sterile

water to 100 ml. The mixture was swirled gently to avoid spills, and then sonicated for 5-7

minutes or until completely clear. The Pyrene glucoronide stock solution was then stored in the

refrigerator until used.

2.28 PYRENE GLUCORONIDE SUBSTRATE DELIVERY

In TECTA bottles, 500 ul of sonicated Pyrene glucoronide stock solution was added to provide

0.5 mg in each bottle. The bottles were allowed to sit for 3-7 days until dry. The lids of the

bottles are then closed and the bottles sent for gamma sterilization.  In some cases, powdered

growth media, like THB, was added before closing the bottle and sterilizing.
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2.29 ANALYTICAL METHOD

For experiments using liquid medium, the appropriate broth solution (depending on the

experiment involved) was prepared, autoclaved, cooled, and poured into a sterilized TECTA

bottle that already contained either dried Ant-Gluc only, or both Ant-Gluc and Pyrene

glucoronide substrates. Samples were prepared by either inoculating with a small volume of

bacteria from a culture solution or by addition of lake water.  For bottles with sterilized medium

already present, samples were prepared by adding 100 ml of bottled water or lake water,

followed by inoculation if needed. Different concentrations of kanamycin or amikacin were

tested by addition of an appropriate volume of stock solution before closing the bottle.  All

samples were mixed thoroughly by shaking or swirling before inserting into the TECTA

instrument.  Most samples were prepared in replicates of 3 or 4.

2.30 STERILIZATION/ SAFETY PRECUTIONS

All liquid growth media prepared for this experiment were autoclaved for 15 min at 121o C. All

glassware and plastics were also sterilised at appropriate temperatures so that the experimental

materials would always remain devoid of external contaminants. All bacteria and incubated

samples were managed in the level 2 Biohazard University approved lab, and necessary work,

health and safety training like WHMIS were completed before worked commenced in the lab.

Samples were disposed according to Biohazard protocols.
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3 CHAPTER THREE: RESULTS/DISCUSSION

3.1 INTRODUCTION

The goal of the experimental part of this work was to develop an Enterococcus test by adapting

the TECTA technology for E. coli and total coliform testing.  This chapter discusses the

development and optimization of a prototype test where a number of parameters were examined,

including media, optimal temperature, and concentrations of antibiotics.

3.2 RESULTS

Developing a good Enterococcus test requires extensive knowledge about the ideal media to use,

optimal temperature for growth of Enterococcus, and the most appropriate methodology to

ensure that the test is effective and will be competitive in the global market.

3.3 SELECTION OF OPTIMAL GROWTH MEDIA

Various media types (BHIB, TSB, THB and MHB) were tested to determine the one that would

give the fastest detection of Enterococcus.  Multiple samples were prepared and tested by

inoculating with 100 cfu of either E. faecalis 29212 (reference organism) or L1C1 (lake water

isolate).  TTDs for all samples for both organisms were considered as a group.  The growth

curves and TTD values for individual samples are given in Figures 28-36 in Appendix B.

To compare across temperatures, the difference in TTD value for each medium type relative to

TSB was considered, with the results shown in Figure 8.  Reproducibility of TTDs and raw

signal in the TECTA instrument were also considered. A statistical t-test indicated that BHIB

and MHB were significantly faster than TSB, at the 95% confidence level (n=8). MHB and

BHIB were not statistically different from each other based on the t-test calculation.  Separate
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tests with THB (data not shown) gave the same results as BHIB and MHB. After considering all

factors from signal and reproducibility to cost, THB was chosen as the test medium for further

analysis.

Figure 8: Normalized detection times for all media types TSB, BHIB, MHB relative to TSB. Error bars indicated
standard deviation. A t-test indicated that BHIB and MHB were significantly faster than TSB (95% confidence level,
n=8).

3.4 OPTIMIZATION OF TEMPERATURE

Three different temperatures were tested with the same E. faecalis and L1C1 Enterococcus

strains, 35oC, 37oC and 41oC. MHB and TSB data were used to compare all three temperatures

(35oC, 37oC, 41oC), with the summary TTD results given in Figure 9. Statistical comparisons

(paired t-test, 95% confidence level, nt = 6 or 8) indicated that 41oC and 37oC were significantly

faster than 35oC, but both 41oC and 37oC were not significantly different from each other.
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mimic marine (ocean water) samples.  Data are shown along with the inoculated samples in

Figures 25-27 and Figures 28-36 in Appendix B.  The lake water results paralleled the inoculated

samples, but the high NaCl samples were detected only at 41oC.  Thus 41oC was chosen for

further testing because it was more likely to give reliable results for a wider range of future

samples.

Figure 9: Bar-chart showing all three temperatures tested in this study (35o C, 37o C and 41o C) plotted against time to
detection (TTD) in hours. Error bars indicate standard deviation.  Statistical comparisons (paired t-test, 95% confidence
level, nt = 6 or 8) indicated that 41oC and 37oC were significantly faster than 35oC, but both 41oC and 37oC were not
significantly different from each other.

3.5 QUANTITATIVE TESTING ANALYSIS

Quantitative testing in optimum test conditions was carried out and the time to detection (TTD)

plotted against the reference test log (cfu) for Enterococcus (Figure 10). This shows that

quantitation is possible directly through growth kinetics for these samples where E.coli are

present at levels close to or below the Enterococcus levels.

0

2

4

6

8

10

12

14

16

18

35 °C 37 °C 41 °C

T
im

e-
to

-D
et

ec
ti

on
 (

hr
)

Test temperature



37

Figure 10: Calibration of Endetec system for Lake Ontario samples with EC/Ent ratio <3 by plotting the TTD
value (individual samples) against the log (base 10) of average CFU value (reference test of replicate samples).

On the other hand, when samples with excess E. coli (when EC/Ent ratio is >3) TTD values are

significantly lower than expected as seen in Figure 11, indicating interference with quantitation

that is probably caused by E. coli growing and expressing the same glucosidase enzyme.

Figure 11: Calibration of Endetec system for Lake Ontario samples with EC/Ent ratio <3 and >3 by plotting
the TTD value (individual samples) against the log (base 10) of average CFU value (second set of individual
sample). It was observed that when there was high E.coli level in the water sample quantitation may be
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difficult because of interference from E.coli present in the water sample. This observation calls for the use of
antibiotic to make the test selective enough.

Therefore, we needed to make the test more selective to Enterococcus in the presence of

interferents such as E. coli.

3.6 KANAMYCIN ANTIBIOTIC IN THE ENTEROCOCCUS TEST

Bacteria tests can be made selective through the use of antibiotics that selectivity inhibits growth

of interfering organisms. From (Susan, 2012), two candidate antibiotics for eliminating E. coli

response are kanamycin and amikacin, so these were tested to determine how much of each to

put in 100 ml of sample. These are from the aminoglycoside group of antibiotics, generally

considered to be effective against gram negative organisms though they are also used to treat

some gram positive infections (Susan, 2012).

To test the efficacy of kanamycin, three Lake Ontario samples were collected and enumerated

for both E. coli and Enterococcus. The growth curves for these samples, based on glucosidase

activity, are shown in Figures 12-14, glucoronidase substrate was added to these samples to

indicate growth of E. coli separately, and the TTD values for E. coli are indicated in Table 3 .

The relationship between substrates and kanamycin are illustrated in Figure 12, Figure 13, and

Figure 14. The pyrene glucoronidase for E. coli and Ant-Gluc for Enterococcus were both used

at EC 41o C mode (E. coli testing mode) on the Endetec TECTA B16. Two substrates were used

in order to observe survival of both test organisms without interference from one another; since

the addition of kanamycin inhibits (or kills) other gram negatives (particularly E. coli). The

results, based on the detected signal, only showed delayed E. coli growth. This was not ideal, as

it was expected that the kanamycin, even at different concentrations, would completely

neutralize all growth, thus eliminating the E. coli.
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The first Lake Ontario water sample had 563.3 cfu / 100 ml Enterococcus and >2419.6 cfu/100

ml E. coli. The growth curves for glucosidase (Figure 12) gave the expected result, with earliest

TTD for the control without kanamycin (~8 hr, both E. coli and Enterococcus detected), then

TTDs getting longer but leveling off at ~12-13 hr at higher kanamycin levels.  The E. coli

detection times (Table 3) were similar to or longer than the Enterococcus times, showing delayed

but not completely inhibited growth.

The second Lake Ontario sample had higher Enterococcus (1986.4cfu / 100 ml) than E. coli

(75.9cfu / 100 ml) and gave dramatically different results (Figure 13). E. coli growth was quite

effectively inhibited in these samples, as shown by “absent” results in Table 3, but the

Enterococcus detection was significantly delayed and irreproducible at all kanamycin levels. For

this sample, kanamycin made the results unreliable and estimating the concentration of

Enterococcus would not be possible.

A third Lake Ontario sample had an E. coli concentration of 154.55 cfu/100 ml and an

Enterococcus concentration of 266.8 cfu/100 ml. Results for this sample (Figure 14) showed

TTD values that continually gradually increased as kanamycin levels increased, reaching 14-15

hr, and results in Table 3 suggested that influence of E. coli on the TTD was probably never fully

eliminated. The effect of kanamycin on Enterococcus growth was also shown by plotting the

TTD vs log (cfu) data (see Figure 37, Figure 38, Figure 39, and Figure 40 in the appendix

section), which showed both longer TTDs and poorer linearity as kanamycin increased.  It should

also be noted that these experiments were done with the THB medium at full strength.  Attempts

to use THB at half strength gave even greater inhibition of Enterococcus, with many samples

giving “absent” results at higher kanamycin levels. Thus the objective of using kanamycin to

inhibit the interference of E. coli and other gram negatives on TTD without affecting with the
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growth of Enterococcus in the sample was not achieved. Consequently, the use of kanamycin in

our experiments was abandoned.

Figure 12: Signal from TECTA B16 instrument during incubation of Positive Enterococcus samples. 16
chambers (CH 1-16) with different concentration of kanamycin antibiotics ranging from 0 mg / L to 5 mg / L ,
Signal was plotted against time to detection (TTD) in hours. With E.coli concentration >2419.6 cfu / 100 mls
and Enterococcus concentration 563.5 cfu / 100 mls. Showing a sample with much more E.coli than
Enterococcus
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Figure 13: Signal from TECTA B16 instrument during incubation of Positive Enterococcus samples. 16
chambers (CH 1-16) with different concentration of kanamycin antibiotics ranging from 0 mg / L to 5 mg / L.
Signal was plotted against time to detection (TTD) in hours. With E.coli concentration 75.9 cfu / 100 mls and
Enterococcus concentration 1986.4 cfu / 100 mls. Showing a sample with much more Enterococcus than E.coli

Figure 14: Signal from TECTA B16 instrument during incubation of Positive Enterococcus samples. 16
chambers (CH 1-16) with different concentration of kanamycin antibiotics ranging from 0 mg / L to 50 mg /
L. Signal was plotted against time to detection (TTD) in hours. With E.coli concentration 154.55 cfu / 100 mls
and Enterococcus concentration 266.8 cfu / 100 mls. Showing a sample with almost the same amount of
Enterococcus and E.coli

Table 3: E. coli TTD's matching the Enterococcus signals from figures 12, 13, and 14 (units is in hours) with
different concentrations of kanamycin ranging from 0 mg / L to 5 mg / L.

kanamycin
concentration

E. coli TTD for trial 1
(hrs)

E. coli TTD for trial 2
(hrs)

E. coli TTD for trial 3
(hrs)

50 mg/L 14.1 Absent 13.1

50 mg/L 13.6 Absent 14.0

50 mg/L 13.7 Absent 14.3

40 mg/L 12.8 Absent 12.8

40 mg/L 13.7 Absent 12.8

40 mg/L 12.4 Absent 13.3

30 mg/L 12.0 18.3 12.5
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30 mg/L 12.1 Absent 13.0

30 mg/L 12.1 Absent 13.3

20 mg/L 12.6 Absent 12.0

20 mg/L 12.0 Absent 12.5

20 mg/L 12.0 17.0 12.2

10 mg/L 11.4 Absent 12.2

10 mg/L 10.4 Absent 11.6

10 mg/L 10.6 Absent 11.6

No kanamycin 8.3 10.0 9.8

3.7AMIKACIN ANTIBIOTIC IN THE ENTEROCOCCUS TEST

Further testing was carried out with a new antibiotic, amikacin, in combination with both full

strength and half strength THB. Amikacin was assessed against the same objectives of inhibiting

E. coli (and other gram negative organisms) without affecting growth and detection of

Enterococcus.

Amikacin was tested on five different Lake Ontario water samples, and gave approximately the

same results for every sample.  TTD values increased when 2 mg/L amikacin was added,

suggesting inhibition of E. coli, but were then constant to 6 mg/L (see Figure 15).  At 8 mg/L and

10 mg/L, TTDs increased significantly and some “absent” results were obtained, indicating that

Enterococcus growth was inhibited at these levels.
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Figure 15: Signal from TECTA B16 instrument during incubation of Positive Enterococcus samples. 16 chambers (CH 1-
16) with different concentration of amikacin antibiotics ranging from 0mg/L to 10mg/L. Signal was plotted against time to
detection (TTD) in hours. With E.coli concentration 1050.15 cfu / 100 mls and Enterococcus concentration
413.25 cfu / 100 mls. Showing a sample with much more E.coli than Enterococcus

To assess impact on TTDs and estimated Enterococcus levels, a plot of TTD vs. log (cfu) was

done for 2 mg/L amikacin compared with 0 mg/L, with both half strength and full strength THB.

The half strength THB tests produced a plot with good linearity, and TTDs were similar to those

with 0 mg/L, indicating little effect of amikacin on Enterococcus growth (see Figure 16). TTD

values for samples with higher EC/ENT ratios were still earlier than expected, suggesting some

E. coli interference was still present in these samples.  Future testing with higher amikacin levels

is therefore recommended.
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Figure 16: Comparison of Half THB amikacin data (0mg/L and 2mg/L) results. Data points indicates the
colony forming unit (cfu) ratio of E.coli / Enterococcus >3 and <3 against time to detection (TTD) in hours.
Coefficient of determination (r2) was 0.7715 with a better linearity when compared to full THB.

Tests with Lake Ontario water samples were repeated with full strength THB and 0 mg/L vs. 2

mg/L amikacin (see Figure 17). Linearity of these plots was not as good as for half strength

THB, suggesting that the half strength THB medium is better for Enterococcus testing with 0

mg/L or 2 mg/L amikacin concentrations.  This difference suggests that a more comprehensive

optimization of medium strength and antibiotic concentration should be done, including medium

strengths between half and full strength.
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Figure 17: Comparison of Full THB amikacin data (0mg/L and 2mg/L) results. Data points indicates the
colony forming unit (cfu) ratio of E.coli / Enterococcus >3 and <3 against time to detection (TTD) in hours.
Poor correlation was observed, resulting in a low coefficient of determination r2.

The performance with different amikacin concentrations was further examined by plotting TTD

vs. amikacin level for five trial Lake Ontario samples with different E. coli and Enterococcus

levels (see Figure 18).  The Enterococcus levels are given in Figure 18, while the E. coli levels in

these samples can be found in Table 4. These experiments were done in half strength THB.
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Figure 18: TTD values for samples with amikacin at different concentrations (0 mg/L to 10 mg/L) in the
Enterococcus test, shown in comparison with Ref-TTD derived from Figure 17 for the given Enterococcus
level. Trials 1-5 contained 3.7, 2640, 113, 206, and 2.1 CFU of Enterococcus respectively.

Table 4: E. coli CFU values for the trials (1-5) testing amikacin added to the Enterococcus test (see Figures 25
and 26).

TRIALS E. coli (CFU)
1 262
2 654
3 43
4 525
5 1.25

To account for differences in Enterococcus levels across these samples, TTD values were

normalized to the “expected” TTD (calculated using the reference Enterococcus value and the

linear relationship derived in Figure 10).  Samples with significant E. coli interference would

give a normalized TTD well below 1, while samples with amikacin inhibition of Enterococcus

growth would give a normalized TTD well above 1. The normalized TTD results are shown in

Figure 19.

0

5

10

15

20

TT
D 

(h
r)

Amikacin (mg/L)

TTD for Enterococcus test using different concentrations of Amikacin with the Endetec
testing method

Trial 1-3.7

Trial 2-2640

Trial 3-113

Trial 4-206

Trial 5-2.1



47

Figure 19: Normalized TTD values for samples with amikacin at different concentrations (0 mg/L to 10 mg/L)
in the Enterococcus test.  TTD values (see Figure 25) were normalized relative to Ref-TTD derived from
Figure 10 for the given Enterococcus level. Trials 1-5 contained 3.7, 2640, 113, 206, and 2.1 CFU of
Enterococcus respectively.

The results in Figure 19 are consistent with earlier observations of amikacin effects on TTD

values, and show that the effect is reliable for these five trial samples.  Normalized TTDs for 0

mg/L amikacin are below 1 for 4 of 5 trials, with some as low as ~0.65, showing interference

from E. coli.  TTDs for 8 mg/L and 10 mg/L amikacin are greater than 1 for 4 of 5 trials, with

some samples for trial 5 giving “absent” results, indicating inhibition of Enterococcus growth.

TTD values for 4 and 6 mg/L amikacin are grouped above and below 1, with all values in the

range of 0.8 to 1.3, suggesting that the best amikacin concentration is likely in this range.
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3.8 CONCLUSIONS

The use of indicator microorganisms as a water quality monitoring and sanitary control has been

in existence since 1880 (Geldreich, 1978), and they have played a significant role in shaping

guidelines, regulations and national standards. However, using one type or different ranges of a

single indicator for all situations, as E. coli is being used in some parts of the world, is not

advisable. Different beaches or lakes affected by diverse conditions exhibit unique ranges of

pathogenic organisms. It is therefore, limiting and possibly dangerous to ignore some indicators

such as Enterococcus and test only for E. coli.

It is advisable that the use and choice of indicators should be customized to local circumstances

especially when translating international guidelines into national standards (Ashbolt et al.,2001).

This could mean changing regulations to require testing for more than one indicator at a time to

ensure that the water is safe to use. Here it is recommended that testing for both Enterococcus

and E. coli bacteria provides better information regarding water quality of recreational waters.

A significant barrier to addition of new indicators is availability of effective tests. Some recently

developed technologies, like the Polymerase Chain Reaction-based detection of bacteria, are far

too expensive for regular public use, whereas an existing technology for the detection of bacteria,

as can be adapted to provide monitoring of new indicator microorganisms such as Enterococcus.

By reducing this one barrier (test availability), significant progress has been made towards

adopting this additional indicator for assessing health risk from recreational water use.

Based on these studies, a prototype test has been developed that can provide quantitative

Enterococcus testing using the TECTA instrument. The antibiotic amikacin was added to reduce

interference that might be present in samples with high levels of E. coli or other glucosidase-
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expressing organisms.  While further optimization is needed to commercialize this test, it has

been demonstrated that a new test meeting the requirements for global implementation is

possible.  In the future, regulators and water managers, especially in the bathing and recreational

water sectors, should consider adding Enterococcus testing to the routine water quality

monitoring regime used to protect public health.
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3.9 FUTURE RESEARCH

For this experiment, more tests should be done to improve on the existing method.  Initially,

higher levels (e.g. 6 mg/L) of amikacin and a THB concentration between half strength and full

strength should be tested.  Later, extensive testing to determine the interferences in this test for a

wide variety of samples and locations is still needed. An example could involve the testing of

more antibiotics to see if they can eliminate interferences that are not removed by amikacin.

Stability and shelf-life of antibiotics should also be tested for to check for the effectiveness of the

test.

Additional Endetec TECTA B16 operating temperatures should be tested.  Increasing the

temperature (e.g. to 44oC) might help improve the test, as Enterococcus seem to do better with

higher temperatures based on the temperature comparison.

The use of additional reference methods (such as MEI membrane filtration) is also encouraged to

characterize the test. MEI was used some of my experiments, but could be used alongside the

Idexx Enterolert reference tests for calibration samples. The reliability of all methods should be

correlated, by comparing to different reference methods.

Monitoring of indicator organisms over different seasons would aid in understanding how

bacteria populations change. It would help to know what season the Enterococcus level is

usually higher, as this will help in regulation policy towards sustainable water. Monitoring could

be adapted for specific seasons or conditions in order to better understand behavioural shifts

among pathogens and indicators.

Tests for additional indicators should be developed. To further safeguard human public,

environmental, and animal health, further research should be carried out to identify the most
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suitable indicators for all types of water, especially locations where pathogenic viruses are

present or suspected. Some potential indicators for recreational water have been suggested but

effective tests are not yet available (Health- Canada, 2010) See Appendix C for a table showing

these potential indicators.
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APPENDIX A: FIGURES PERTAINING TO CHAPTER 2 (MATERIALS AND

METHODS)

Figure 20: Idexx reference test bottles with Idexx test reagent dissolved in 100 mL lake water.

Figure 21: Endetec TECTA bottles with test media dissolved in 100 mL lake water.
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Figure 22: Membrane filtration reference bottles, with growth media and water sample poured inside

Figure 23: MEI agar plates using membrane filtration technique, showing characteristic haloblue colonies for
Enterococcus
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Figure 24: Floxy working with the Idexx quanti-tray sealer

65

Figure 24: Floxy working with the Idexx quanti-tray sealer
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Figure 24: Floxy working with the Idexx quanti-tray sealer
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Table 5 MEDIA COMPOSITION AND FINAL pH IN GRAMS PER 1 LITER

FORMULA MEDIA COMPOSITION (g / L) FINAL pH

Brain-Heart infusion broth
(BHIB)

Gelatin Peptone 10.00;
Sodium Chloride 5.00;
Beef Heart Infusion 10.00;
Disodium Phosphate 2.50;

Calf Brain Infusion 7.50;
Dextrose 2.00.

7.4 ± 0.2 at 25ºC

Todd-Hewwett broth (THB)

Bacteriological Peptone           20.00;
Dextrose 2.00;
Heart Infusion 3.10;
Sodium Chloride 2.00;
Sodium Carbonate 2.50;
Disodium Phosphate 0.40.

7.8 ± 0.2 at 25ºC

Mueller-Hilton broth (MHB)
Acid Casein Peptone (H) 17.50;
Corn Starch 1.50;
Beef Infusion 2.00.

7.4 ± 0.2 at 25 ºC

Tryptone soy broth (TSB)

Sodium Chloride 5.00;
Dipotassium Phosphate 2.50;
Papaic Digest of Soy Bean         3.00;
Pancreatic Digest of Casein     17.00;
Glucose Monohydrate               2.50.

7.3 ± 0.2 at 25ºC
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APPENDIX B: FIGURES PERTAINING CHAPTER THREE (RESULTS AND

DISCUSSION)

Table 6: Table showing Reference test using MEI agar for membrane filtration test

35o C 37oC 41oC
Number
In Cfu

Physical
Character
istics Of
Bacteria

Water
Sample
Concentra
tion In Ml

Number
In Cfu

Physical
Characte
ristics  Of
Bacteria

Water
Sample
Concentra
tion In Ml

Numbe
r In
Cfu

Physical
Characte
ristics Of
Bacteria

Water
Sample
Concentr
ation In
Ml

1 77 Halo Blue
Pink
Center
Pink
Center

99ml
Nestle
Water+1ml
St.
Lawrence
Pipe Lake
Water

Too
Numero
us To
Count
(Tnc)

Halo Blue
Colonies

90ml
Nestle
Water +
10ml St.
Lawrence
Pipe Lake
Water

25 Pink Halo
Colonies

99ml
Nestle
Water+1m
l St.
Lawrence
Pipe Lake
Water

2 13 Halo Blue
Pink
Center

99ml
Nestle
Water+1ml
St.
Lawrence
Pipe  Lake
Water

Too
Numero
us To
Count
(Tnc)

Halo Blue
Colonies

90ml
Nestle
Water+
10ml St.
Lawrence
Pipe Lake
Water

20 Pink Halo
Colonies

99ml
Nestle
Water+1m
l St.
Lawrence
Pipe Lake
Water

3 0 - 100ml
Nestle
Water+0.1
ml St.
Lawrence
Pipe Lake
Water

44 Halo Blue
Colonies

100ml
Nestle
Water+
100cfu
E.faecalis
29212

1 Pink Halo
Colonies

100ml
Nestle
Water+0.1
ml  St.
Lawrence
Pipe Lake
Water

4 0 - 100ml
Nestle
Water+0.1
ml St.
Lawrence
Pipe Lake
Water

27 Halo Blue
Colonies

100ml
Nestle
Water+
100cfu
E.faecalis
29212

3 Pink Halo
Colonies

100ml
Nestle
Water+0.1
ml  St.
Lawrence
Pipe Lake
Water

5 34 Halo Blue
Pink
Center

100ml
Nestle+
100cfu
E.faecalis
29212

Halo Blue
Colonies

48 Halo Blue
Colonies

100ml
Nestle+
100cfu
E.faecalis
29212

6 35 Halo Blue
Pink
Center

100ml
Nestle+
100cfu
E.faecalis

51 Halo Blue
Colonies

100ml
Nestle+
100cfu
E.faecalis
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Table 7: Showing different growth media types and different Enterococcus samples at different temperatures

29212 29212
7 71 Halo Blue

Pink
Center

100ml
Nestle+
100cfu
L1c1
Isolate

70 Halo Blue
Colonies

100ml
Nestle+
100cfu
L1c1
Isolate

8 50 Haloblue
Pink
Center

100ml
Nestle+
100cfu
L1c1
Isolate

53 Halo Blue
Colonies

100ml
Nestle+
100cfu
L1c1
Isolate

35oC 37oC 41oC
Time To
Detection
(TTD)
Hours

Media And Water
Concentration In Ml

Time To
Detection
(TTD)
Hours

Media And Water
Concentration In Ml

Time To
Detection
(TTD)
Hours

Media And Water
Concentration In Ml

1 14:30 90ml  Bhib +10ml
Lake water

11:39 90ML Bhib+10ML
Lake water

16:15 90ML Bhib+10ML Lake
water

2 14:46 Bhib+100cfu E.faecalis
29212

12:48 Bhib+100cfu
E.faecalis 29212

13:41 Bhib+100cfu E.faecalis
29212

3 17:16 Bhib+100cfu L1c1
Isolate

12:53 Bhib+100cfu L1c1
Isolate

4 Absent Bhib  Blank Absent Bhib Blank Absent Bhib Blank
5 Absent 90ml  Bhib +10ml

Lake water +6.0g NaCl
Absent 90ml Bhib+10ml Lake

water +6.0g NaCl
20:33 90ml Bhib+10ml Lake

water +6.0g NaCl
6 16:18 90ML Tsb+ 10ML

Lake water
13:49 90ML Tsb+ 10ML

Lake water
20:33 90ML Tsb+ 10ML Lake

water
7 22:54 Tsb+ 100cfu

E.faecalis 29212
15:12 Tsb+ 100cfu

E.faecalis 29212
19:30 Tsb+ 100cfu E.faecalis

29212
8 22:26 Tsb+100cfu L1c1

Isolate
- - 15:40 Tsb+100cfu L1c1 Isolate

9 Absent Tsb Blank Absent Tsb Blank Absent Tsb Blank
10 Absent 90ml Tsb+ 10ml Lake

water +6.0g NaCl
Absent 90ml Tsb+ 10ml Lake

water +6.0g NaCl
19:09 90ml Tsb+ 10ml Lake

water +6.0g NaCl
11 14:19 90ML Mhb+10ml

Lake water
10:47 90ML Mhb+10ml

Lake water
13:17 90ML Mhb+10ml Lake

water
12 15:49 Mhb+100cfu

E.faecalis 29212
12:40 Mhb+100cfu

E.faecalis 29212
12:11 Mhb+100cfu E.faecalis

29212
13 14:17 Mhb+100cfu L1c1

Isolate
- - 11:43 Mhb+100cfu L1c1

Isolate
14 Absent Mhb Blank Absent Mhb Blank Absent Mhb Blank
15 Absent 90ml Mhb+10ml Lake

water + 6.5g NaCl
Absent 90ml Mhb+10ml Lake

water + 6.5g NaCl
22:32 90ml Mhb+10ml Lake

water + 6.5g NaCl
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BAR-CHARTS FOR DIFFERENT TEMPERATURE EXPERIMENTS

Figure 25: Charts showing different sample types (E.faecalis 29212, L1C1 lab strain isolate, lake water
sample and lake water sample with salt (NaCl) added to it) and their time to detection (TTD) with brain-
heart infusion (BHIB), tryptone soy Broth (TSB) and Mueller-Hilton (MHB) at 35oC. It was observed that at
low temperature, all lake water samples wit salt wouldn’t grow, and MHB, was always the fastest growth
media for Enterococcus followed by BHIB and the TSB.
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Figure 26: Charts showing different sample types (E.faecalis 29212, lake water sample and lake water sample
with salt (NaCl) added to it) and their time to detection (TTD) with brain-heart infusion (BHIB), tryptone-soy
broth (TSB) and Mueller-Hilton broth (MHB) at 37oC. It was observed that at 37oC temperature, all lake
water samples with salt still wouldn’t grow, and MHB, was always the fastest growth media for Enterococcus
followed by BHIB and the TSB.

Figure 27: Charts showing different sample types (E.faecalis 29212, L1C1 lab strain isolate, lake water sample and
lake water sample with salt (NaCl) added to it) and their time to detection (TTD) with Brain-heart infusion broth
(BHIB), Tryptone-soy broth (TSB) and Mueller-Hilton broth (MHB) at 41oC. It was observed that at high
temperature, all salt samples grew, and MHB, was always the fastest growth media for Enterococcus followed
by BHIB and the TSB.
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CURVES SHOWING COMPARISONS OF DIFFERENT TEMPERATURES

AND DIFFERENT MEDIA TYPES

Figure 28:  Signal from TECTA instrument during incubation at 35oC of Enterococcus samples in TSB
growth media plotted against time to detection (TTD). TSB was used as growth media for different samples of
Enterococcus 833.5 cfu / 100 ml Lake Water (LW), 100 cfu / 100 ml E.F 29212, 100 cfu / 100 ml lab strain
L1C1 and an 833.5 cfu / 100 ml LW sample with certain percentage of salt (NaCl). Signals were not
encouraging especially with salt sample showing no growth at all.
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Figure 29: Signal from TECTA instrument during incubation at 35oC of Enterococcus samples in BHIB
growth media plotted against time to detection (TTD). BHIB was used as growth media for different samples
of Enterococcus 833.5 cfu / 100 ml Lake Water (LW), 100 cfu / 100 ml E.F 29212, 100 cfu / 100 ml lab strain
L1C1 and a 833.5 cfu / 100 ml LW sample with certain percentage of salt (NaCl). Signals were not
encouraging especially with salt sample showing no growth at all, but BHIB signal was better that TSB signal.

Figure 30: Signal from TECTA instrument during incubation at 35OC of Enterococcus samples in MHB
growth media plotted against time to detection (TTD). MHB was used as growth media for different samples
of Enterococcus 833.5 cfu / 100 ml Lake Water (LW), 100 cfu / 100 ml E.F 29212, 100 cfu / 100 ml lab strain
L1C1 and an 833.5 cfu / 100 ml LW sample with certain percentage of salt (NaCl). Signals was also not
encouraging especially with salt sample showing no growth at all, but MHB signal was better than TSB and
BHIB signals.
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Figure 31: Signal from TECTA instrument during incubation at 37OC of Enterococcus samples in TSB
growth media plotted against time to detection (TTD). TSB was used as growth media for different samples of
Enterococcus 84 cfu / 100 ml Lake Water (LW), 100 cfu / 100 ml E.F 29212, and an 84 cfu / 100 ml LW
sample with certain percentage of salt (NaCl). Signals was also not encouraging especially with salt sample
showing no growth at all, but TSB signal was better at this temperature than a lower temperature.

Figure 32: Signal from TECTA instrument during incubation at 37OC of Enterococcus samples in BHIB
growth media plotted against time to detection (TTD). BHIB was used as growth media for different samples
of Enterococcus 84 cfu / 100 ml Lake Water (LW), 100 cfu / 100 ml E.F 29212, and an 84 cfu / 100 ml LW
sample with certain percentage of salt (NaCl). Signals was also not encouraging especially with salt sample,
even though there is a little bit of growth signal, but BHIB signal was better at this temperature than a lower
temperature.

0
0.5

1
1.5

2
2.5

3
3.5

0 2 4 6 8 10 12 14 16 18 20 22 24 26En
tr

er
oc

oc
cu

s
Si

gn
al

 R
at

io

Time (hours)

Enterococcus in  TSB at 37 oC TSB+84cfu
LW Ent

TSB+100CFU
E.F 29212

TSB BLANK

TSB+84cfu
LW Ent+6.0g
NACL

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

0 2 4 6 8 10 12 14 16 18 20 22 24 26

En
te

ro
co

cc
us

Si
gn

al
 R

at
io

Time (hours)

Enterococcus in BHIB at 37 o C
BHIB+84cfu
LW Ent

BHIB+100CF
U E.F29212

BHIB BLANK

BHIB+84cfu
LW Ent+6.0g
NACL



74

Figure 33: Signal from TECTA instrument during incubation at 37OC of Enterococcus samples in MHB
growth media plotted against time to detection (TTD). MHB was used as growth media for different samples
of Enterococcus 84 cfu / 100 ml Lake Water (LW), 100 cfu / 100 ml E.F 29212, and an 84 cfu / 100 ml LW
sample with certain percentage of salt (NaCl). Signals was also not encouraging especially with salt sample,
even though there is a little bit of growth signal, but MHB signal surpasses other media at this temperature.

Figure 34: Signal from TECTA instrument during incubation at 41OC of Enterococcus samples in TSB
growth media plotted against time to detection (TTD). TSB was used as growth media for different samples of
Enterococcus 568.5 cfu / 100 ml Lake Water (LW), 100 cfu / 100 ml E.F 29212, and a 568.5 cfu / 100 ml LW
sample with certain percentage of salt (NaCl). Signals was encouraging even with salt sample showing some
growth activities at this temperature, but TSB signals wasn’t as good as the other media types at this
temperature.
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Figure 35: Signal from TECTA instrument during incubation at 41OC of Enterococcus samples in BHIB
growth media plotted against time to detection (TTD). BHIB was used as growth media for different samples
of Enterococcus 568.5 cfu / 100 ml Lake Water (LW), 100 cfu / 100 ml E.F 29212, and a 568.5 cfu / 100 ml LW
sample with certain percentage of salt (NaCl). Signals were encouraging even with salt sample showing some
growth activities at this temperature, but BHIB signals weren’t as good as MHB signals at this temperature.
With indication that this temperature would be better for all types of samples, a right media is just the only
necessity for continuation of this research.

Figure 36: Signal from TECTA instrument during incubation at 41OC of Enterococcus samples in MHB
growth media plotted against time to detection (TTD). MHB was used as growth media for different samples
of Enterococcus 568.5 cfu / 100 ml Lake Water (LW), 100 cfu / 100 ml E.F 29212, and a 568.5 cfu / 100 ml LW
sample with certain percentage of salt (NaCl). Signals were far more encouraging for all samples using this
media and temperature when compared to other media types and temperatures, which makes this media and
temperature suitable for further testing.
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COMPARISON OF TESTS WITH DIFFERENT CONCETRATIONS OF

KANAMYCIN

Figure 37: Lake Water samples with Enterococcus using 10mg/l kanamycin, with data points signifying
EC/Ent ratio greater than or less than 3. Linearity was difficult
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Figure 38: lake water samples with Enterococcus using 20mg/l kanamycin, with data points signifying EC/Ent
ratio greater than or less than 3. Linearity was difficult

Figure 39: lake water samples with Enterococcus using 30mg/l kanamycin, with data points signifying EC/Ent
ratio greater than or less than 3. Linearity was also difficult
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Figure 40: lake water samples with Enterococcus using 40mg/l kanamycin, with data points signifying EC/Ent
ratio greater than or less than 3. Even with possibility of Linearity, it resulted in a low correlation coefficient
of 0.3224. Indicating that kanamycin was not doing enough growth inhibition of E.coli and other gram
negative microorganisms present in the sample.
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APPENDIX C: TABLE PERTAINING TO FUTURE DIRECTION OF STUDY

Characteristics of recommended and potential indicator organisms can be seen in table below

Table 8: A table showing Characteristics of recommended and potential indicator organisms for future study, adapted
from (pages 42 to 51 of the Guidelines for Canadian recreational water Quality: Third Edition (Health-Canada, 2010)

Indicator organisms
Criteria E.coli Enterococcus C.perfringes Bacteriodes spp. (genetic

markers)
F|+ RNA
coliphages

B.fragilis
phages

Found within
intestinal tract
of humans and
warm-blooded
animals

Present in high
numbers in
human and
intestinal faeces

Present in high
numbers in human
and intestinal
faeces

Low numbers in
human and animal
faeces (high in
certain animal
species). Higher in
sewage

Very high numbers in
human faeces. Low to
high numbers in animal
faeces (species
dependent).

Low numbers and
variable isolation
among human and
animal faeces,
Higher in sewage

Low numbers
and variable
isolation
among human
and animal
faeces, Higher
in sewage

Present in
faeces
contaminated
water when
enteric
pathogens, and
in greater
numbers.

Good indicator
of all sources of
faecal
contamination.
Typically
present in faecal
material in
higher
concentrations
than pathogens.

Good indicator of
all sources of
faecal
contamination.
Typically present
in faecal material
in higher
concentrations
than pathogens.

Dependent upon
source. Recovery
difficult at low
levels of
contamination.

Dependent upon source.
Insufficient data on
correlation with
pathogens.

Dependent upon
source. Recovery
difficult at low
levels of
contamination.

Dependent
upon source.
Recovery
difficult at
low levels of
contamination
.

Incapable of
growth in the
aquatic
environment

Generally
regarded as true.
Evidence to
suggest select
strains may be
capable of
growth in soil
environment if
proper
conditions are
met.

Generally
regarded as true.
Evidence to
suggest select
strains may be
capable of growth
in soil
environment if
proper conditions
are met.

Anaerobic bacteria.
Unable to replicate
in aquatic
environment

Anaerobic bacteria.
Unable to replicate in
aquatic environment

Thought not to be
capable of
replication in
aquatic
environment.
Possibility for
replication in
sewage.

Host bacteria
are anaerobic.
Thought not
to be capable
of replication
in aquatic
environment

Capable of
surviving longer
than pathogens.

Considered a
good indicator
of survival of
pathogenic
enteric bacteria,
but not enteric
viruses or
protozoa.

Considered a
good indicator of
survival of
pathogenic enteric
bacteria, but not
enteric viruses or
protozoa.

Spores show
extreme
environmental
persistence. Capable
of surviving longer
than waterborne
pathogens.

Insufficient data of
survival compared with
pathogens. DNA markers
show long environmental
persistence.

Thought to be a
good model for
the survival of
enteric viruses.
Phage types show
variable
environmental
persistence.

Thought to be
a good model
for the
survival of
enteric
viruses.

Applicable to all
types of water;
Fresh, marine
and estuarine.

Yes, shorter
survival time
demonstrated in
marine waters.

Yes, Demonstrate
similar survival
rates in fresh and
marine waters.

Yes, Detection
demonstrated in
fresh and marine
waters.

Yes, Detection
demonstrated in fresh and
marine waters.

Yes, Detection
demonstrated in
fresh and marine
waters.

Yes,
Detection
demonstrated
in fresh and
marine waters.

Absent from
non-polluted
waters and
exclusively
associated with
animal and
human faeces.

Generally
regarded as true.
Some evidence
of survival in
organic- rich
environment not
associated with
faecal

Generally
regarded as true.
Some evidence of
survival in
organic- rich
environment not
associated with
faecal

No. Spores capable
of persisting in soils
and aquatic
sediments.

Insufficient data. DNA
markers show long
persistence and may not
be indicative of recent
faecal contamination

Yes. No
significant non-
faecal sources
recognized.

Yes. No
significant
non-faecal
sources
recognized.
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contamination contamination
Density directly
correlated with
the degree of
faecal
contamination

Generally
regarded as true

Generally
regarded as true

No. Dependent
upon source

No. Dependent upon
source

No. Dependent
upon source

No.
Dependent
upon source

Density
quantitavely
related to
swimmer-
associated
illness.

Yes. Body of
epidemiological
evidence
demonstrating
indicator shows
best correlation
with health out
come for fresh
waters.

Yes. Body of
epidemiological
evidence
demonstrating
indicator shows
best correlation
with health out
come for marine
waters and good
correlation for
fresh waters.

No. Strong
correlation with
illness not
demonstrated in
epidemiological
investigation

Insufficient data No. Strong
correlation with
illness not
demonstrated in
epidemiological
investigation

Insufficient
data

Detection and
enumeration
method rapid,
easy to perform,
inexpensive,
specific and
sensitive.

Yes. Culture-
based methods
inexpensive,
easy to perform,
relatively rapid
(24 hours)
specific and
sensitive

Yes. Culture-
based methods
inexpensive, easy
to perform,
relatively rapid
(24 hours)
specific and
sensitive

Yes. Culture-based
methods
inexpensive, easy to
perform, relatively
rapid (24 hours)
specific and
sensitive

No. Molecular methods of
detection rapid, but
technically challenging
and expensive. Sensitivity
also an issue.

No. expensive and
labour-intensive
recovery methods.

No. Complex
methodology

Currently
suggested role:

Primary
indicator of
faecal
contamination

Primary indicator
of faecal
contamination

Pathogenic
indicator, secondary
indicator of faecal
contamination.

Secondary indicator of
faecal contamination

Pathogenic
indicator,
secondary
indicator of faecal
contamination.

Pathogenic
indicator,
secondary
indicator of
faecal
contamination
.


