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Abstract
ColiSense, an early warning system developed for Escherichia coli detection, is assessed using environmental samples. The
system relies on the detection ofβ-glucuronidase (GUS), a biomarker enzyme for E. coli. In contrast with other rapid GUS-based
methods, ColiSense is the only method that uses 6-chloro-4-methyl-umbelliferyl-β-D-glucuronide (6-CMUG) as a fluorogenic
substrate. The system measures a direct kinetic response of extracted GUS, and the detection was carried out in the absence of
particles or bacteria. It is necessary to evaluate the systemwith environmental samples to establish the relationship between faecal
indicator bacteria E. coli and the response measured by the ColiSense. This paper presents the results of tests carried out with the
ColiSense system for 2 trials, one conducted with freshwater samples collected from rivers in the Dublin area and a second
conducted with seawater samples from coastal areas collected over the bathing season. A positive linear correlation was found
between E. coli (MPN 100 mL−1) and ColiSense response (R2 = 0.85, N = 125, p < 0.01) for the seawater sample. A ColiSense
response threshold was identified as 0–1.8 pmol min−1 100 mL−1, equivalent to 0–500 E. coli 100 mL−1. Using this threshold,
96.8% of the samples were correctly classified as being above or below 500 E. coli 100 mL−1 by the ColiSense system. Results
presented demonstrate that the ColiSense system can be used as an early warning tool with potential for active management of
bathing areas by providing results in 75 min from sample collection.
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Introduction

The 2006 European Directive for the management of bathing
water quality brings a legal framework to the management of
bathing areas and increases the responsibility for monitoring
and remediation of such sites [1]. The problem is that there is a
24–72-h delay between sample collection, identifying the
presence of high levels of faecal contamination and alerting
the users not to bathe at that location. New methods and de-
vices are urgently needed for rapid quantification of faecal
indicator bacteria (FIB) [2–4].

Enzyme-based methods have shown the greatest potential
for recreational water monitoring, mainly due to simplicity in
use and equipment required, cost-effectiveness, and short
time-to-result [2, 4]. Such methods rely on biomarker en-
zymes [5] and β-glucuronidase (GUS) is widely accepted as
a biomarker for Escherichia coli detection [6], with 92.4% of
E. coli strains found to be GUS positive [7]. Methods relying
on GUS can be broadly classified in culture-based methods
(selective growth and GUS inducers [8, 9]) and rapid methods
which do not use a culturing step, but rather rely on
permeabilisation of cellular wall. The rapidity of these
methods comes at a cost in specificity. Known interferences
are the presence of viable but not culturable E. coli cells
(VBNC) [10], GUS-positive non-target bacteria [3, 11], or
the presence of GUS-positive marine biomass [12]. Despite
these known interferences, good correlations were found be-
tween log GUS activity and log culturable E. coli, with R2

values ranging from 0.76 up to 0.92 [4, 13–15]. These results
have prompted the development of commercially available
methods like the Coliplage® [3] and of autonomous systems
like the ColiMinder® or BACTcontrol®. The latter have
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shown good performance and correlations with culturable E.
coli, and proved to be excellent tools for pollution event de-
tection in near-real time [16–19]. Although the autonomous
systems offer excellent temporal resolution, the spatial resolu-
tion is limited by the relatively high capital cost and site in-
stallation requirements [19].

The ColiSense system described previously was designed
to be portable, user friendly, and rapid, providing results in
75 min [20]. The system distinguishes from the rapid GUS-
based methods and systems as it relies on cell lysis and GUS
recovery via elution in detection buffer. In terms of enzyme
kinetics, the signal is recorded as a function of extracted GUS,
in the absence of E. coli and other bacteria and particles—
although it is possible that cell debris is present [21]. Other
rapid GUS-based methods like the Coliplage® or the autono-
mous systems rely on substrate permeabilisation or uptake,
and GUS detection is carried out in the presence of E. coli
and other particles present. ColiSense relies on the use of 6-
chloro-4-methyl-umbelliferyl-β-D-glucuronide (6-CMUG) as
substrate which although has a slightly lower Kcat value than
4-methyl-umbelliferyl-β-D-glucuronide (4-MUG) has the
benefit of generating higher fluorescent signals at physiolog-
ical pHs [22].

The objective of this study was to demonstrate the perfor-
mance of the ColiSense system with real environmental sam-
ples (not spiked) and to establish the relationship between the
ColiSense response and E. coli numbers.

Materials and methods

Materials

Sodium phosphate monobasic and dibasic and 1,4-dithiothre-
itol (DTT) were all purchased from Sigma-Aldrich, Ireland.
The fluorogenic substrate 6-chloro-4-methyl-umbelliferyl-β-
D-glucuronide (6-CMUG) (97%) was ordered from
Glycosynth Limited (UK); 6-chloro-4-methyl-umbelliferone
(6-CMU) (97%) was ordered from Carbosynth Limited
(UK). Water was passed through a Milli-Q water purification
system (18 MΩ). Stock solutions of fluorophores and sub-
strates (100 mM) were prepared in 1 mL DMSO (99.5%)
and kept at 4 °C. Further dilutions were prepared daily in
buffer or deionised water with a final DMSO concentration
in the working solution, ranging from 0.01 to 1%. Bacterial
PE LB™ (PELB) with PE LB™ lysozyme was ordered from
VWR. Corning® syringe filters with cellulose acetate
surfactant-free membrane (SFCA) with pore sizes of
0.45 μm were ordered from Sigma-Aldrich, Ireland. Syringe
filter caps and Combi-Cap male/female Luer were ordered
from VWR, Ireland. The Colilert-18®/Quanti-Tray 2000®

system (IDEXX Laboratories) was used for the enumeration
of coliforms and Escherichia coli, and the Enterolert®/Quanti-

Tray 2000® system (IDEXX Laboratories) was used for the
enumeration of enterococci (Techno-Path, Ireland). Positive
controls of E. coli ATCC 11775 and Enterococcus faecalis
ATCC 19433 were ordered from Techno-Path, Ireland.

Methods

Sample collection

Fresh water samples were collected over a 5-day period from
five rivers in the Dublin area (Liffey, Tolka, Camac, Poddle,
and Dodder); a more in-depth description is provided in [23].
Coastal water samples were collected during the 2016 Water
Bathing Season from 11 designated bathing areas and 2 non-
designated bathing areas known to experience faecal pollution
events.

Microbial analysis of water samples

Freshwater samples Water samples were collected in sterile 1-
L high-density polypropylene (HDPP) bottles. Samples were
transported to the lab on ice within 4 h and inoculated within
8 h after collection. The Colilert-18®/Quanti-Tray 2000® sys-
tem (IDEXX Laboratories) was used for the enumeration of
coliforms and Escherichia coli.

Seawater samples Water samples were collected at each site
by Fingal City Council personnel. For every official bathing
water sample taken by environmental health officers during
the 2016 season, a second, duplicate sample was taken simul-
taneously at the same location. This was to ensure that both
samples would have similar levels ofE. coli. One sample (1 L)
was delivered to DCU for analysis using the ColiSense sys-
tem, while the other sample (100 mL) was delivered to the
Central Laboratory for microbiological analysis using the
Colilert® method.

GUS activity measurement using the ColiSense system

The ColiSense system comprises a sample preparation pro-
tocol and the ColiSense detector (Fig. 1). A sample prepa-
ration protocol described elsewhere was used for E. coli
recovery and GUS extraction from environmental samples
[21]. For the detection of GUS activity in a continuous
setup, a miniaturised fluorimeter (ColiSense) was designed
and built in-house [20]. The specifications of the system
were tailored to target the requirements of the GUS-based
method described previously [22]. For both trials, samples
were analysed on the system within 24 h from sample col-
lection in the laboratory.
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Results and discussion

Relationship between GUS activity and E. coli

Methods based on rapid GUS assay are not limited by the
detection system, in this case the ColiSense, but mainly by
the E. coli populations present in the sample and by interfer-
ences—GUS-positive organisms of non-faecal origin [2, 6].
The ColiSense method shows an almost perfect linear re-
sponse (in terms of R2) when dilutions come from the same
E. coli population (Fig. 2a). However, deviations from linear-
ity are observed when samples are collected from different
water bodies due to a myriad of factors, including pollution
source (agricultural runoff, sewer overflow), E. coli strain
population and abundance, and the age of the pollution event
(Fig. 2b–d).

Results collected from environmental water samples show
a significant linear correlation between E. coli and GUS ac-
tivity in log units (R2 = 0.53, N = 45, p < 0.001, fresh water
trial) (Fig. 2b), and a significant linear correlation between
E. coli and ColiSense response (GUS activity) (R2 = 0.85,
N = 125, p < 0.01, seawater trial) (Fig. 2c, d). Similar relation-
ships were found previously between E. coli and GUS activ-
ities and are summarised in Table 1. The slope reported for this
study in the freshwater trial is found to be in the same range as
the slopes reported in the literature for river and wastewater
samples, although better R2 values were obtained in the liter-
ature. Samples analysed for the freshwater trial contained a
selection of five rivers with both freshwater and brackish wa-
ter (3 sampling points—River Liffey). Samples were collected
during both heavy rainfall and sunny conditions but also at
various locations on the river course. This accounts for differ-
ent faecal pollution sources (continuous or intermittent inputs)
and various E. coli populations. Given this complex

contamination pattern, a weaker correlation between E. coli
and GUS activities is expected.

For the seawater trial, a relationship between ColiSense re-
sponse and culturable E. coli numbers was observed (R2 = 0.85,
N = 125, p < 0.01) with a slope 0.0011 pmol min−1E. coli−1. In
log-transformed data plots, the slope of the relationship was
0.19 (Table 1).

A lower slope suggests the GUS activity is higher/
culturable cell when E. coli number in the sample is lower.
As the data set collected contains a high number of samples
within 0–500 E. coli (N = 108 out ofN = 125), the relationship
is mostly driven by the ColiSense response recorded for this
range. Further expansion of the data set to include more con-
taminated samples should increase the slope but also the R2 of
the relationship. Coastal area samples contain mixtures of E.
coli populations originating from sources within the catch-
ment while samples collected from tributaries contain specific
pollution source-driven populations. This suggests coastal wa-
ters contain a more homogenous mixture of E. coli popula-
tions and that measured GUS activities are not as strongly
impacted by the pollution source.

Application of the ColiSense for E. coli monitoring

E. coli prediction

For GUS activity to be used as a reliable E. coli surrogate, a
backgroundmodel which can accurately predictE. coli levels is
required. The current seawater trial was designed to investigate
this relationship and to determine such amodel for bathing sites
in Dublin area. A ColiSense response threshold was identified
as 0–1.8 pmol min−1 100 mL−1 for the 0–500 E. coli 100 mL−1.
The current data set offers a reliable prediction for the 0–500 E.
coli thresholds. Using this threshold, 96.8% out of the 125

Fig. 1 Overview of the ColiSense system outlining the main sample preparation and detection steps [20, 21]
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samples analysed were correctly classified as being above or
below 500 E. coli 100 mL−1 by the ColiSense. However, 4 of
the 125 samples (3.2%) were wrongly classified as being above
500 E. coli (Fig. 3). These 4 samples had 31, 368, 441, and 435
E. coli 100 mL−1. It is possible that the reason for this misclas-
sification is a high population of VBNC bacteria (which are
detected by the ColiSense but missed by the standard method),
the presence of GUS-positive non-target bacteria [3, 11], or/and
the presence of GUS-positive marine biomass [12]. A previous
study has reported that in environmental samples containing
between 102 and 103 E. coli 100 mL−1, the ratio of VBNC to
VC cells can be as high as 100:1 [10]. This ratio was found to
decrease to 10:1 in the 105–106 range.

Data collected in this trial suggests that the performance of
the ColiSense is limited by the presence of VBNC bacteria,
similar to other rapid GUS-based systems [18, 19]. The effect

is stronger in samples containing less 500 culturable E. coli
100 mL−1 which present a higher variability of VBNC popu-
lations. This variability generates a high signal noise which in
turn limits the resolution and capabilities of the system in the
lower range to ≥ or ≤ 500 E. coli 100 mL−1. While this limits
the use for drinking water quality, the system is well suited for
monitoring bathing water quality. Also, while false positive
results were noted in 4 samples, none of the studies identified
a false negative for the 500 E. coli thresholds. The 0% false
negative confirms that the sensor shows promise for risk as-
sessment and is very important in screening/alerting systems,
where such performance is critical. The system can success-
fully predict if culturable E. coli are ≥ or ≤ 500 and with an
extended data set to cover the higher range, it is estimated the
system can differentiate between the other action thresholds
presented in Table 2.

Fig. 2 Relationship between ColiSense response as GUS activity and
culturable E. coli counts. GUS activities recorded from dilutions of 1
freshwater sample in a, GUS activities vs E. coli in freshwater samples
(N = 45) in b, and GUS activities vs E. coli in seawater samples (N = 125)
in c and d. In d, the X-axis is set in logarithmic scale to highlight the lower

range of the data. Axis break inserted between 400 and 700 in a. Insets
showR2 and slope values (pmol min−1 E. coli−1). Experimental details are
described in “Methods.” Error bars representing the standard deviation of
three measurements were removed in b, c, and d for clarity. Prediction
bands represent 95% confidence intervals in c and d
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Implications for the use of the ColiSense system

Given the urgent requirement for rapid testing of microbiolog-
ical water quality, the ColiSense system shows real potential

for early warning. Rapid monitoring of bathing water quality
using GUS-based systems can potentially lead to a disruptive
technological advance. Systems that can provide results with-
in short time frames allow for reactive measures to be taken
within the same day to protect human health. Field portable
kits, or tests, capable of processing grab samples concomitant-
ly represent an attractive resource for bathing water manage-
ment. Data presented herein shows that the ColiSense can
successfully respond to pollution events, and it can predict if
E. coli are present at higher than 500 bacteria 100 mL−1 in
coastal bathing water samples. The main limitation of the
system arises from interferences associated with the presence
of VBNCwhich are known to interfere withmost autonomous

Table 1 Slope of the regression straight lines between log-transformed GUS activity and log-transformed concentrations ofE. coli and faecal coliforms
(FC) published in the literature. The culture-based methods used for the enumeration of culturable E. coli and FC are also mentioned

Organism detected Methods Type of water Sample size (N) R2 Slope References

FC MacConkey agar Estuarine and wastewater 24 0.88 0.68 [24]

FC Tergitol TCC agar River 163 0.83 0.61 [15]

FC Tergitol TCC agar River 132 0.56 0.55 [25]

FC m-FC-agar Seawater 34 0.34 0.31 [13]

FC m-FC-agar River 98 0.90 0.83 [14]

FC Tergitol TCC agar River and wastewater 152 0.72 0.48 [26]

E. coli m-FC-agar River 98 0.83 0.82 [27]

E. coli Chromocult coliform agar River 98 0.87 0.82 [14]

E. coli MPN microplates River and wastewater 41 0.92 0.73 [10]

E. coli MPN microplates Seawater 256 0.81 0.44 [28]

E. coli MPN microplates River and wastewater 166 0.76 0.52 [26]

E. coli MPN Colilert-18® River 45 0.53 0.66 This study

E. coli MPN Colilert-18® Seawater 125 0.57 0.19 This study

E. coli MPN Colilert-18® Seawater* 125* 0.85* 0.001* This study

*Values reported for normal plots, not log-transformed data

Fig. 3 a Relationship between ColiSense response as GUS activity and
E. coli. Highlighted region shows the 0–1.8 pmol min−1 100 mL−1

threshold corresponding to 0–500 E. coli 100 mL−1 and the 4
misclassified samples. b Classification results for the 0–1.8 pmol min−1

100 mL−1 threshold corresponding to 0–500 E. coli 100 mL−1

Table 2 Action levels in response to microbiological sample results,
Irish Health and Safety Executive (HSE)

E.
coli

Intestinal enterococci
(IE)

Recommended action

> 2000 E. coli OR > 250 IE Issue a bathing water prohibition

≥ 1000–≤ 2000 E. coli
AND > 200 IE

Issue a bathing water prohibition

≥ 1000–≤ 2000 E. coli
BUT < 200 IE

Issue an advisory notice and re-sample
immediately. If re-sample is still ≥ 1000
E. coli, issue a bathing water
prohibition

≥ 500–≤ 1000 E. coli
AND ≥ 100–≤ 250 IE

Monitor situation and re-sample.
Decision based on evidence
available/details of
pollution event

Based on Irish HSE risk assessment taking into account the beach profile,
previous sampling history, probable source of contamination, evidence of
human illness, etc.
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based systems [18, 19, 29]. Other known interferences are
GUS-positive non-target bacteria [3, 11] or the presence of
GUS-positive marine biomass [12]. As the ColiSense relies
on a cell lysis step optimised for gram-negative bacteria, the
presence of GUS-positive marine biomass should not be prob-
lematic. The goal of monitoring culturable E. coli counts is to
detect faecal pollution events which increases the likelihood
of hazardous pathogen occurrence. In this context, it can been
argued whether GUS activity could be an equivalent or better
predictor of exposure to microbial hazards [19] [2, 4] and if
GUS activity correlates better with waterborne pathogens
known to persist longer than culturable E. coli in water [30].
Such future work could provide validity to GUS-based
methods and increase confidence in GUS-based technologies.

Conclusions

ColiSense, an early warning sensor system, was assessed for
the rapid detection of FIB, E. coli in environmental samples. A
positive linear correlation was found between E. coli (MPN
100 mL−1) and ColiSense response (R2 = 0.85, N = 125,
p < 0.01) for seawater samples collected during the bathing
season. Furthermore, a ColiSense response threshold was iden-
tified as 0–1.8 pmol min−1 100 mL−1 equivalent to 0–500 E.
coli 100 mL−1.Using this threshold, 96.8% out of the 125 sam-
ples analysed were correctly classified as being above or below
500 E. coli 100 mL−1 by the ColiSense while 4 of the 125
samples (3.2%) were wrongly classified as being above 500
E. coli. For the freshwater trial, the system successfully detected
E. coli in all of the 45 grab samples tested and a positive cor-
relation was found between the log-transformed GUS activities
and the log-transformed E. coli counts (R2 = 0.53).

The data presented demonstrates that the ColiSense system
shows potential as a solution for active management of coastal
bathing areas. It can successfully detect pollution events con-
taining more than 500 E. coli 100 mL−1 in 75 min and allows
for reactive measures to be taken within the same day. Future
work should extend the predictive capabilities of the system to
the ≥ 1000 E. coli 100 mL−1 and ≥ 2000 E. coli 100 mL−1

thresholds, by building on the current data set. This would
allow managers to react in a timely fashion by issuing imme-
diate bathing prohibition notices where contamination events
are found breach these thresholds.

Acknowledgments The authors wish to thank Fingal City Council team
(George Sharpson, Martin A. Daly, Orla P. Haldon, Louise McIntyre, and
Sinead Clarke) for facilitating the testing during a busy bathing season,
for providing the bathing water samples, and for sharing the microbio-
logical laboratory results.

Funding information This work was performed as part of a Feasibility
Study for an Innovation Partnership Programme IP/2016/0437/Yand was
funded by Enterprise Ireland and Fingal City Council.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. EU. Directive 2006/7/EC of The European Parliament and of The
Council of 15th February 2006 concerning the management of
bathing water quality. Off J Eur Union. 2006;64:37–51.

2. Fiksdal L, Tryland I. Application of rapid enzyme assay techniques
for monitoring of microbial water quality. Curr Opin Biotechnol.
2008;19(3):289–94.

3. Baudart J, Servais P, De Paoli H, Henry A, Lebaron P. Rapid enu-
meration of Escherichia coli in marine bathing waters: potential
interference of nontarget bacteria. J Appl Microbiol. 2009;107(6):
2054–62.

4. Henry A, Scherpereel G, Brown RS, Baudart J, Servais P, Ben
TNC. Comparison of rapidmethods for active bathing water quality
monitoring. 2012

5. Noble RT, Weisberg R, Weisberg SB. A review of technologies for
rapid detection of bacteria in recreational waters. J Water Heal.
2005;3(4):381–92.

6. Rompré A, Servais P, Baudart J, De-Roubin M-RR, Laurent P.
Detection and enumeration of coliforms in drinking water: current
methods and emerging approaches. J Microbiol Methods.
2002;49(1):31–54.

7. Martins MT, Rivera IG, Clark DL, Stewart MH, Wolfe RL, Olson
BH. Distribution of uidA gene sequences in Escherichia coli iso-
lates in water sources and comparison with the expression of beta-
glucuronidase activity in 4-methylumbelliferyl-beta-D-glucuronide
media. Appl Environ Microbiol. 1993;59(7):2271–6.

8. Wu J, Stewart JR, Sobsey MD, Cormency C, Fisher MB, Bartram
JK. Rapid detection of Escherichia coli in water using sample con-
centration and optimized enzymatic hydrolysis of chromogenic
substrates. Curr Microbiol. 2018;75(7):827–34. https://doi.org/10.
1007/s00284-018-1454-8.

9. Liang W-J, Wilson KJ, Xie H, Knol J, Suzuki S, Rutherford NG,
et al. The gusBC genes of Escherichia coli encode a glucuronide
transport system. J Bacteriol. 2005;187(7):2377–85.

10. Garcia-Armisen T, Lebaron P, Servais P. β-D-glucuronidase activ-
ity assay to assess viable Escherichia coli abundance in freshwaters.
Lett Appl Microbiol. 2005;40(4):278–82.

11. Pisciotta JM, Rath DF, Stanek PA, Flanery DM, Harwood VJ.
Marine bacteria cause false-positive results in the Colilert-18 rapid
identification test for Escherichia coli in Florida waters. Appl
Environ Microbiol. 2003 Feb;68(2):539–44.

12. Davies CM, Apte SC, Peterson SM, Stauber JL. Plant and algal
interference in bacterial 3-D-galactosidase and, 3-D-glucuronidase
assays. 1994;60(11):3959–64.

13. Caruso G, Crisafi E, MancusoM. Development of an enzyme assay
for rapid assessment of Escherichia coli in seawaters. J Appl
Microbiol. 2002;93(4):548–56.

14. Farnleitner AH, Hocke L, Beiwl C, Kavka GC, Zechmeister T,
Kirschner AKT, et al. Rapid enzymatic detection of Escherichia
coli contamination in polluted river water. Lett Appl Microbiol.
2001;33(3):246–50.

15. George I, Petit M, Servais P. Use of enzymatic methods for rapid
enumeration of coliforms in freshwaters. J Appl Microbiol.
2001;88(3):404–13.

16. Ryzinska-Paier G, Lendenfeld T, Correa K, Stadler P, Blaschke AP,
Mach RL, Stadler H, Kirschner, AK, Farnleitner AH. A sensitive
and robust method for automated on-line monitoring of enzymatic

Briciu-Burghina C. et al.

https://doi.org/10.1007/s00284-018-1454-8
https://doi.org/10.1007/s00284-018-1454-8


activities in water and water resources. Water Sci Technol. 2014
[cited 2019 Mar 30];69(6):1349–58. Available from: https://
iwaponline.com/wst/article-pdf/69/6/1349/472402/1349.pdf.

17. Stadler P, Blöschl G, Nemeth L, Oismüller M, KumpanM, Krampe
J, Farnleitner AH, Zessner, M. Event-transport of beta-d-
glucuronidase in an agricultural headwater stream: assessment of
seasonal patterns by on-line enzymatic activity measurements and
environmental isotopes. Sci Total Environ. 2019 [cited 2019 Mar
30];662:236–45. Available from: https://www.sciencedirect.com/
science/article/pii/S0048969719301603.

18. Stadler P, Blöschl G, Vogl W, Koschelnik J, Epp M, Lackner M,
Oismüller M, Kumpan M, Nemeth L, Strauss P, Sommer R,
Ryzinska-Paier G, Farnleitner AH, Zessner M. Real-time monitor-
ing of beta-d-glucuronidase activity in sediment laden streams: a
comparison of prototypes. Water Res. 2016 [cited 2019 Mar
28];101:252–61. Available from: https://linkinghub.elsevier.com/
retrieve/pii/S0043135416303980.

19. Burnet J-BB, Dinh QT, Imbeault S, Servais P, Dorner S, Prévost M.
Autonomous online measurement of Β-D-glucuronidase activity in
surface water: is it suitable for rapid E. coli monitoring? Water Res.
2019 [cited 2019 Mar 28];152:241–50. Available from: https://
linkinghub.elsevier.com/retrieve/pii/S0043135419300211.

20. Heery B, Briciu-Burghina C, Zhang D, Duffy G, Brabazon D,
O’Connor N, Regan F. ColiSense, today’s sample today: a rapid
on-site detection ofβ-d-Glucuronidase activity in surface water as a
surrogate for E. coli. Talanta. 2016 [cited 2019Mar 26];148:75–83.
Available from: https://linkinghub.elsevier.com/retrieve/pii/
S0039914015304008.

21. Briciu-Burghina C, Heery B, Regan F. Protocol for the recovery and
detection of Escherichia coli in environmental water samples. Anal
Chim Acta. 2017;964:178–86. https://doi.org/10.1016/j.aca.2017.
02.035.

22. Briciu-Burghina C, Heery B, Regan F. Continuous fluorometric
method for measuring β-glucuronidase activity: comparative

analysis of three fluorogenic substrates. Analyst. 2015;140(17):
5953–64.

23. Ciprian Briciu-Burghina. Development and deployment of a faecal
matter sensor for marine and freshwater environments. Dublin City
University; 2016 [cited 2019 Jul 1]. Available from: http://doras.
dcu.ie/21032/1/Ciprian_Briciu-Burghina_PhD_Thesis.pdf.

24. Fiksdal L, Pommepuy M, Caprais M-PP, Midttun I. Monitoring of
fecal pollution in coastal waters by use of rapid enzymatic tech-
niques. Appl Environ Microbiol. 1994;60(5):1581–4.

25. George I, Anzil A, Servais P. Quantification of fecal coliform inputs
to aquatic systems through soil leaching. Water Res. 2004;38(3):
611–8.

26. Servais P, Garcia-Armisen T, Lepeuple AS, Lebaron P. An early
warning method to detect faecal contamination of river waters. Ann
Microbiol. 2005;55(2):151–6.

27. Farnleitner AH, Hocke L, Beiwl C, Kavka GG, Mach RL.
Hydrolysis of 4-methylumbelliferyl- β-d-glucuronide in differing
sample fractions of river waters and its implication for the detection
of fecal pollution. Water Res. 2002;36(4):975–81.

28. Lebaron P, Henry A, Lepeuple A-S, Pena G, Servais P. An opera-
tional method for the real-time monitoring of E. coli numbers in
bathing waters. Mar Pollut Bull. 2005;50(6):652–9.

29. Ender A, Goeppert N, Grimmeisen F, Goldscheider N. Evaluation
of β-D-glucuronidase and particle-size distribution for microbio-
logical water quality monitoring in Northern Vietnam. Sci Total
Environ. 2017 [cited 2019Mar 28];580:996–1006. Available from:
https://doi.org/10.1016/j.scitotenv.2016.12.054.

30. JenkinsMB, Fisher DS, Endale DM, Adams P. Comparative die-off
of Escherichia coli 0157:H7 and fecal indicator bacteria in pond
water. Environ Sci Technol. 2011 [cited 2019 Mar 28];45(5):1853–
8. Available from: https://doi.org/10.1021/es1032019.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Demonstration of an optical biosensor for the detection of faecal indicator bacteria in freshwater and...

https://iwaponline.com/wst/article-pdf/69/6/1349/472402/1349.pdf
https://iwaponline.com/wst/article-pdf/69/6/1349/472402/1349.pdf
https://www.sciencedirect.com/science/article/pii/S0048969719301603
https://www.sciencedirect.com/science/article/pii/S0048969719301603
https://linkinghub.elsevier.com/retrieve/pii/S0043135416303980
https://linkinghub.elsevier.com/retrieve/pii/S0043135416303980
https://linkinghub.elsevier.com/retrieve/pii/S0043135419300211
https://linkinghub.elsevier.com/retrieve/pii/S0043135419300211
https://linkinghub.elsevier.com/retrieve/pii/S0039914015304008
https://linkinghub.elsevier.com/retrieve/pii/S0039914015304008
https://doi.org/10.1016/j.aca.2017.02.035
https://doi.org/10.1016/j.aca.2017.02.035
http://doras.dcu.ie/21032/1/Ciprian_Briciu-Burghina_PhD_Thesis.pdf
http://doras.dcu.ie/21032/1/Ciprian_Briciu-Burghina_PhD_Thesis.pdf
https://doi.org/10.1016/j.scitotenv.2016.12.054
https://doi.org/10.1021/es1032019

	Demonstration of an optical biosensor for the detection of faecal indicator bacteria in freshwater and coastal bathing areas
	Abstract
	Introduction
	Materials and methods
	Materials
	Methods
	Sample collection
	Microbial analysis of water samples
	GUS activity measurement using the ColiSense system


	Results and discussion
	Relationship between GUS activity and E. coli
	Application of the ColiSense for E. coli monitoring
	E. coli prediction
	Implications for the use of the ColiSense system


	Conclusions
	References


