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Monitoring for Waterborne Pathogens

Why?

Health and economic impacts
Outbreaks

Endemic disease
Food production

What?

Equivalent diameter

Pathogen nm
Enteroviruses 20-30
4 Hepatitis E 27-34
g Rotaviruses 60-80
Adenoviruses 70-100
Campylobacter spp 310-1800
S Shigella spp 510-2100
£ E. coli 720-1000
3 Vibrio Cholera 810-1400
Samonella spp 1100-2600
o) Giardia Lamblia 2800-4600
g?ﬂ Cryptosporidium 3600-7400
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Private water supplies ‘expose
children to Third World risks’

HELEN BRIDLE

HALF of the private water sup-
plies in the UK fail to meet safe-
ty iski

new
Youngsters who drink from
these sources suffer diarrhoeal
disease to the same extent as
children in developing coun-
tries. Scotland is the region in
the UK with the most private
supplies and 150,000 people
obtain their water from sources
other than the mains supply.
Professor Paul Hunter, of the
University of East Anglia, saick
“This is a serious concern. As well
as children being more at risk,
they also suffer the most from
an episode of diarrhoea - with
greater rates of hospitalisation
and higher mortality rates”

f Hunter recommends
that parents ensure adequate,
well-maintained treatment such
as chlorination or filtration, or
provide alternate sources such as

£0Z010.d

SNJINB1OY 7 &

One in 100 people in the UK
are served by private supplies

John Cowden, of Health Pro-
tection Scotland, said: “If appro-
priately maintained and run,
then private water supplies are
fine”

However, according to the
Drinking Water Quality in Scot-
land 2010 Annual Report, many
private supplies have disinfec-
tion systems which are incor-
rectly installed or operated, or
are not adequately maintained.

spokesperson for the
Drinking Water Quality Regula-
tor for Scotland said: “In 2010,
there were 19177 registered pri-
vate water supplies in Scotland.
While some of these supplies
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are well managed, the quality of
wa%g fr.;:em many is of t;nccrn.
0 help improve the qual-
ity of these supplies, (hcmqis a
non-means-tested grant scheme
in Scotland. Owners and users
of private water supplies are
encouraged to make.use of this
grant and further _informa-
tion can be obtained from local
authorities"
Adults and older children are

“My advice to parents
would be boil the

water or treat it"
Professor Paul Hunter

less susceptible to disease caused
by bacteria in water, while those
under ten can suffer five bouts of
sickness per year.

The scientists said: "We found
a particularly high incidence of
diarthoea in children under ten
~ a risk of illness similar to that
reported in developing coun-
tries. You get people saying, ‘I
have been drinking this for 40
years and it has never done me
any harm’ But we have shown

for the first time that the risk is
mainly to young children whose
immune systems have not had
time to build up. In the past, re-
searchers have tended to look at

the general population.”

M Coviten: s that expo-
sure to contaminated water to
build lé‘pximmunity was not a
good idea: "You wouldn't use a
vactine which made many
pleill, and some fatally so*

The study followed more than
600 consumers in Norfolk, Suf-
folk and Herefordshire for 12
weeks and found drinking from
contaminated supplies increased
the risk of infection, particularly
among young children.

The rescarchers tested the
water for the presence of bac-
tc:l'iaL.‘md ll:‘c cons;ulms stud-
ied kept a diary of symptoms
including il Vomiling,
stomach pains, nausea, headache
and fever,

Around one in 100 people
in the UK - and one in ten in
Europe - is served by private
supplies such as wells and bore-
holes. And many more. drink
from them as visitors and while
on holiday.
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DETECTION SYSTEMS

4. Elution (2)
2. Transport Concentrate
Filter sent elutate using
o) back to central membrane to
% laboratory ~50mL
= Up to 1 day
< AVERAGE
o RECOVERY:
LLl 3. Elution (1) 40%
1. Sampling Remove
1000L/24hrs oocysts from
Filtration filter into
~600mL
d
24 hours <24 hours 15min 10-30 min
1000 L 600 mL 50mL
2y
Detection of Cryptosporidium in oo
. . . . q- . -
Miniaturised Fluidic Devices 5.2
Helen Bridle, Maiwenn Kersaudy-Kerhoas, L] %
Brian Miller, Despoina Gavriilidou, Frank g o
Katzer, Elisabeth A. Innes and Marc PY.
Desmulliez
b

WATER RESEARCH, 46, 6, 1641-61

~ 6. Enrichment
IMS to separate

oocysts from

SENTT other particulate
matter to ~50uL
— AVERAGE
oooanonss RECOVERY:

90%

5. Concentration
Centrifugation to
~5mL

~1 hour < 5 hours

5 mL

BEFORE IMS

Hydrodynamic trapping

On-chip microscopy
PEMC

-~ d

7. Detection

Staining and microscopic
observation

AVERAGE RECOVERY: 95%
Single oocysts can be observed

30 min - 3 hours

50 L

BEFORE REMOVAL FROM
BEADS
Bioimpedance

AFTER IMS
Raman spectroscopy
QCM
SPR
DEP
Molecular method's



Challenges and Solutions

Recovery rates — sample processing  Filtration systems — automated
challenge systems

Filters — new materials

Microfluidic approaches
Information obtained from Active microfluidic separations
detection

Cantilever sensors

Molecular methods

Raman spectroscopy

Rapid online testing Microfluidic early warning system



Microfluidics — Sample Processing and Detection

Bridle, H., Miller, B. and Desmulliez, M.PY. (2014) Application of microfluidics in waterborne
pathogen monitoring: A review. Water Research, 55, 265-271.



Passive Microfluidic Sample Processing

DLD

FDrag

Bubbles

Beech et al, Lab Chip, 2009,
DOI: 10.1039/B823275)

Sample inlet

Buffer inlets

Jimenez and Bridle (OUTREACH)
Lab Chip, 2014,
DOI: 10.1039/C4LC00944D

McGrath, Jimenez and Bridle (REVIEW)
Lab Chip, 2014

DOI: 10.1039/C4LCO00939H

Flow rate control

Outlet (deviated particles)

Clogging

John McGrath, Melanie Jimenez
Collaboration with Andras Laki,
PPKE, Budapest

Outlet (waste)




Passive Microfluidic Sample Processing

ALTERNATIVE SYSTEM — several scales of performance

Protozoan Concentration Device

5mL input volume

Up to ~ImL/min

Run with spiked DI water, tap water, concentrate from tap water
filtration and surface water filtration

Concentration factor equals number of outlets (2 outlets gives 2.5mL
and 4 outlets gives 1.25mL from 5mL)

Increase concentration by recirculation and device stacking: 50mL to
1mL in ~10mins with a stack of 10 4 outlet devices recirculating 3 times

Filtration Type Systems
Stack of 20 larger systems operated at 1L/min
Filtered out larger particles (above ~75um)
Single devices tested with tap and surface water Brian Miller
PATENT about to be filed




ACTIVE FORCES FOR SEPARATIONS

* Generate an acoustic
force in the channel
* Size based separations

Iﬂ- lithiurﬁfninhate
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Collins, et al, Lab Chip, 2014, DOI: 10.1039/C3LC51367)

* Trialled the system with protozoa but
encountered problems of sticking to the
electrodes so a redesign has been produced
and is awaiting testing

John McGrath
Dr Adrian Neild, Monash University



ACTIVE FORCES FOR SEPARATIONS

"4 sl ofieiie el fuehs &

A. Wide buffer inlet
enables focusing of
sample inlet stream

B. Electrodes at 45° to
allow separation in main
channel

C. Main channel separates
into two equal divisions




ACTIVE FORCES FOR SEPARATIONS
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IMPEDANCE CYTOMETRY

Holmes et al, Lab Chip 2009
DOI: 10.1039/B910053A
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Discriminate viable and non-
viable C. parvum (99% accuracy)

Discriminate between C.
parvum, C. muris and Giardia

John McGrath
Professor Hywel Morgan, University of
Southampton




Early Warning System

= ATP
ATP AT‘:TP

ATP atp Extraction of ATP ATP Luciferin/luciferase Light
ATP

ATP

* Established method of detection which is applied for monitoring within the Netherlands
* Has been tested with drinking water spiked with wastewater samples achieving
sensitivity comparable to total direct counts

 Sensitivity? 10-14 M ATP, 0.2 pg/mL

Vang O.K., C.B. Corfitzen, C. Smith & H.-J. Albrechtsen, 2014: Evaluation of ATP
measurements to detect microbial ingress in drinking water by waste water and surface
water Water Research, 64, 309-320.



Early Warning System

From lab equipment to
online testing unit

Abdelfateh Kerrouche
In collaboration with
Epigem and Claus
Barholm-Hanson (DTU
Environment)




SUMMARY L

SAMPLE PROCESSING —
automated filtration units, novel

filter materials and microfluidic " &

solutions

INFORMATION RICH DETECTION
— microfluidics, molecular
methods and Raman |
spectroscopy
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EARLY WARNING —

microfluidic online ATP =~~~ "=~

A. Wide buffer inlet

enables focusing of
sample inlet stream

B. Electrodes at 45° to
allow separation in main
channel

=> Range of easy to use high performance
monitoring technologies for safe drinking water
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