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I am really small---
I am present in water+--
I can make you sick+**

Would you be able to get rid of
me?

Microfluidic-based hands-on activities for introducing the notion of waterborne
pathogen separation to children.
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Abstract

The purpose of this paper is to present a new approach for introducing to a non-scientific
audience a major public health issue: access to safe drinking water. Access to safe drinking
water is a privilege in developed countries and an urgent need in the third world, which
implies always more efficient and reliable engineering tools to be developed. As a major
global challenge it is important to make children aware of this problem for understanding (i)
what safe drinking water is, (i) how ingenious techniques are developed for this purpose and
(ii1) the role of microfluidics in this area. This paper focuses on different microfluidic-based
techniques to separate and detect pathogens in drinking water that have been adapted to be

performed by a young audience in a simplified, recreational and interactive way.

I. Introduction
Diarrhoea is often considered in developed countries as a classical gastrointestinal symptom,
while not enjoyable nor usually too serious. However, this illness results in 1.5 million deaths
each year, most of which involving children, and is mainly due to the ingestion of pathogens
through water, food or unclean hands. The observation in (Priiss-Ustiin et al., 2008) [1]
highlights the high privilege in developed countries to have access to specific water
treatments, resulting in the delivery of safe drinking water. However, and despite these
treatments, several outbreaks are reported every month. The Drinking Water Inspectorate [2]
reports around 60 significant events caused by pathogens in water supplies in England and
Wales in 2012 whose sources are not always clearly identified. The main difficulties when
dealing with pathogens are first to deal with the large variety of existing harmful pathogens
(viruses, bacteria and protozoa) and second to detect their presence as they are flowing at

extremely small concentrations in large volumes of water. Their separation and detection are
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thus time-consuming tasks (days are typically needed) that require an experienced staff [3].
As a consequence, only three microbiological parameters are set by the European regulation
to reflect the water quality: E. coli, Enterococci and Pseudomonas aeruginosa, all set to 0
bacteria per 100 mL of sample (per 250 mL for bottle water) [4]. Current limitations are thus
the correlation between these parameters and the concentration of all waterborne pathogens
and the delay of detection of a pathogen than can be long enough to affect a significant part
of the population. One could easily imagine how serious the situation could be in the
presence of dangerous pathogens resistant to treatment. Cryptosporidium for instance has
already been detected in water despite the absence of these indicators [3,5], and is routinely
tested for in UK waters. The development of new approaches is thus a growing and necessary
research area leading to several new national, European and international projects. For

instance, Aquavalens (http://aquavalens.org/) is a European project launched in April 2013

that “is centred on the concept of developing suitable platforms that harness the advances in
new molecular techniques to permit the routine detection of waterborne pathogens and
improve the provision of hygienically safe water for drinking and food production that is
appropriate for large and small systems throughout Europe”. Some of the techniques adapted
in this paper for the comprehension of children are funded by this project, which highlights
how the proposed public engagement is close to current laboratory techniques under
investigation. Both within this project and other research initiatives, many different detection
schemes have been proposed [3] and sample processing research is also developing.
Microfluidics has recently been applied to both sample processing and detection within
waterborne pathogen monitoring [6;7] with promising results. This paper focuses on how to
introduce the existing approach and microfluidic alternatives to children in an interactive and

recreational way.
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II. Teaching objectives and workflow

There are a lot of different techniques that can be used for pathogen separation and detection.
Detection can be based on growing cultures or highly specific biosensors for instance [3].
Presenting all the existing techniques would be a tedious task beyond the scope of this
activity, and we here focus on emerging microfluidic approaches.

Laursen et al.[8] evaluated the impact of scientists in a classroom and features that enhance
positive student outcome regarding a specific activity. These features include: (i) equipment
and materials that enable science learning experiences, (ii) interesting science topics and (iii)
style of presentation with hands-on and inquiry approaches. The proposed activity tries thus
to encompass these parameters by selecting some specific separation and detection
techniques that can be reproduced easily and handled by children in a recreational but
educational approach.

As presented in Figure 1, this paper focuses on the introduction to waterborne pathogen
detection through a set of different modules dedicated to the standardized Immuno-Magnetic-
Separation (IMS), two microfluidic based separation techniques (IMS and Deterministic
Lateral Displacement) and then to pathogen detection by fluorescent labelling. All or a
selection of modules could be delivered according to the age of participants, learning
objectives, time available, cost, etc. in either schools or as an outreach activity at science
festivals. Indicative costs are given for each module independently, however some materials
are common to multiple modules, thus reducing total costs. Each module employs familiar
and widely available materials. To highlight the feasibility of these modules, each activity
has been performed “in-house” without laboratory facilities. Cartoons are also proposed
throughout the paper to help understand of the different topics introduced here and to broaden

the spectrum of the audience to a non-scientific arena.
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Figure 1. Workflow of the proposed activity.

On one hand, the immuno-magnetic-separation is a well-known and efficient technique to
separate and concentrate specific biological matters. This technique is part of the standard
protocol (USEPA Method 1623) developed for recovery and detection of protozoa. To the
best of the authors’ knowledge, there is no activity relating this technique for public
engagement. On the other hand, microfluidics is an increasingly growing research area whose
applications for drinking water are quite scarce, though increasing in recent years [7]. Due to
its success in research laboratories, literature for introducing microfluidics to students is
flourishing as well [9-13]. However, most of these papers are targeting middle school, high
school or undergraduate students. The audience of the proposed activity is young children, to

enhance their interest in science, technology, engineering and mathematics (STEM) and to
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promote the next workforce generation. By coupling microfluidics to waterborne pathogen
detection, an interesting approach is proposed to children for understanding what

microfluidics is and how relevant it could be for a concrete application.

ITI.How it works in research labs...
Figure 2 shows a standardised method for separating and detecting Cryptosporidium, a well-
known and highly resistant pathogen encountered in water systems. This method incorporates
five concentration steps with two stages of filtration and elution followed by centrifugation,

to minimize the volume of liquid and thus concentrate particles.

4. Elution 2) % 6. Enrichment “ \

‘ y 2. Transport concentrate IMS to separate Z \

K el filter sent elutate using u-'-[ — oocysts from !’ \
o - back to central membraneto | e other particulate ; a ‘ \

[ %‘ k. laboratory ~50 mL matter to ~50 pL \

[ < Average FRRREEESY recovery: 90% \
o recovery: 40% 7. Detection )
(1T} 3. Elution (1) staining and microscopic /

I 1. Sampling remave i;nc‘:.?uczl:::‘::“ observation /

1000 L 24 h~! oocysts from Aeyer 9 Average recovery: 95% f
filtration filter into single oocysts can be observed /
~600 mL /

I /

|

] | | | | | y

24h <24h 15min  10-30min = ~thour = <5h 30 min—-3h ‘/
y
1000L 600 mL 50 mL 5mL 50 L ‘

Figure 2. Overview of the USEPA 1623 method for the detection of Cryptosporidium. Extracted from

Bridle et al. [6].

The filtration steps rely on the size of particles to remove them from the water sample. All
particles larger than the pore size of the filter will be trapped while the smaller particles will
remain in water. As a consequence, a mix of different particles can be present after the
concentration steps as long as they present a diameter larger than the filter pore size, only
some of which will be pathogenic. Specific techniques are therefore needed to identify which

particles are present to evaluate the water quality and if consumers can safely use this water.

6
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The next paragraph presents one of them, namely the Immuno-Magnetic Separation. The
accompanying support poster proposed for introducing in a simplified manner notions of

waterborne pathogens and their separation is shown in Figure 3.

IN THE TI OF PATHOGENS IN DRINKI [a)
NOT CLEAN ! CLEAN ?  TUST BECAUSE YOU CAN'T SEE THEM DOES'T MEAN THAT THEY ARE NOT
HERE:+

PATHOGENS
are biclogical particles potentially harmful to
hurmans (ex: bacteria E. coli)

Their size is in MICROMETER.
1 micrometer = 0.007 rm, that is at least
5000 TIMES smaller than ants!

AS THEY ARE SO SM HOW TO SEPARATE AND DETECT THEM ?
STEP 1. FILTRATION AFTER FILTRATION:-+ STEP 2. CONCENTRATION

Specific FILTERS are used to retain pathogens At the end of this filtration, particles  Technigues such as CENTRIFUGATION

from large volumes of water (10OQ0 L). All are concentrated in a smaller volume  are used to further concentrate particles.
particles (pathogenic or not) larger than the of water (hundreds of milliliters). Note:  More water is removed to ease particle
"holes” of the filter are trapped. the volume of a can is 330 milliliters. detection.

Figure 3. Module 1 support poster or how to indroduce notion of safe drinking and pathogens to a

young audience.

A. Standardized Immuno-Magnetic Separation (IMS)
The principle of the Immuno-Magnetic-Separation (IMS) is schematically represented in
Figure 4. It relies on the addition of specific magnetic beads coated with antibodies [14] (e.g.
anti-Cryptosporidium if the presence of Cryptosporidium needs to be confirmed). Particles in
the sample are only captured if they correspond to the specific anti-bodies coated on the

magnetic beads and can then easily be removed using a strong magnet. Although IMS is a

7
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148  powerful technique for separating specific biological particles such as pathogens, the standard
149  protocol is usually limited to small volumes of samples and requires the intervention of
150  experienced staff. Microfluidic-based techniques are a growing topic for proposing smart
151  alternatives to water issues, and one approach that has been taken is to perform on-chip IMS
152 [15-18].

153

STEP 3. SEPARATION

After concentration, specific particles called Actudlly, the antibodies are coated on By removing the magnet,
ANTIRBCDIES are added to the sample. These magnetic beads. Using a magnet, antibodies the trapped pathogens
antibodies are attracted by one specific kind of and red pathogens can be “trapped”, allowing can then be collected.

pathogen, the red ones here. the removal of all the other particles.

DO IT YOURSELF! IMMUNO-MAGNETIC SEPARTION WITH FIMO AND MAGNETS

Fimo is used to model “good” and “bad” particles.  Small white particles (=antibodies) with Using a strong magnet, all the red
Red and brown particles are here pathogens magnets inside are added to the sarple  pathogens and their antibodies are trapped
while yellow and green ones are non harmful. and attracted to the red pathogens only. and separated from the sample.
154
155 Figure 4. Module 2 support poster. Top: Schematic representation of separation by Immuno-
156 Magnetic-Separation (IMS). Bottom: hands-on activity to reproduce standard IMS.
157
158 B. Microfluidic based separation techniques

159  Microfluidics is defined as “the science and technology of systems that process or manipulate
160  small (10 to 10™'® litres) amounts of fluids, using channels with dimensions of tens to

161  hundreds of micrometres” [19]. Figure 5 proposes a cartoon for introducing the notion of

8
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microfluidics and the manufacturing procedure of microchannels. The module related to
microfluidics (Module 3) is of prime importance for allowing children to have a better

representation of systems that are presented in the following modules (Module 4 and 5).

HOW MICROFLUIDICS CAN BE USED FOR PATHOGENS SEPARATION?
YOU SAID MICROFLUIDICS??? HOW TO MANUFACTURE SUCH SMALL PLOMBING?

=

g

MICROFLUIDICS is like plumbing adapted A specific liguid (ex: PDMS) is poured A transparent layer (ex: glass) is then used
to the micrometric world, with channels the in @ mold. After being heatead, the to “close” the channel. Holes and tubes are
width of one human hair. liquid is hardened. added for the inletfoutlet of the liquid.

I D

Fimo molded with a “Y" wooden letter. Inlet £yfter baking the bottom of the channel (Y-  Squash is injected through one hole with a
and outlets made with toothpick. shaped Fimo), silicon is used to bond it with needle-tip bottle. You can then play with the
a Plexiglas layer. shape of your channel !

Figure 5. Module 3 support poster. Top.: Schematic representation of a microfluidic system and the

manufacturing procedure. Bottom: hands-on activity to produce a “micro” channel.

B.1. Microfluidic based Immuno-Magnetic Separation
Microfluidics can offer several advantages to the standardized IMS, which explains the wide
range of publications related to this topic [15-18]. A microfluidic-based IMS is more
automated, can deal with larger volumes of sample than standard IMS and miniaturize the
procedure into one on-chip unit. One other main advantage is the possibility to integrate

several other procedures within the same device such as the detection of trapped particles.

Page 10 of 25
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Techniques based on fluorescence detection are for instance proposed in the literature for
identifying on-chip the presence of pathogens [18].

In order to introduce simply the notion of “multitask™ chip, a microfluidic-based IMS is
coupled with a piezoelectric sensor (Figure 6). For pathogen detection, antibodies are usually
immobilized onto the surface of a piezoelectric sensor. When pathogens are trapped, a shift in
the resonance frequency of the sensor is detected and correlated to the mass of pathogens
blocked at the surface [20-21]. This approach is here extended to the detection of antibody-
coated magnetic beads and pathogens onto the magnet. For a simple realisation, the
piezoelectric sensor will detect the vibration due to the impact of particles onto the magnet

that will turn on a red LED.

STEP 3. SEPARATION
DO IT YOURSELF: IMMUNO-MAGNE SEPAR ON OSING MICROLFUIDIC

Qutlet for "bod"
red pathogens
separated by IMS
Batteries

Qutlet for all other

particles

1. & "Y" channel made of Plexiglas is inclined. A 2. The outlet for “bad” red pathogens is blocked.

piezoelectric sensor is placed near to the magnet to detect \Without the magnetic antibodies, dll the particles

vibrations when pathogens are attracted to the magnet. (including the red ones) flow in the right outlet.

Each impact turns on a red LED.
3. With antibodies, the red pathogens are trapped by 4, After being trapped, bad red pathogens are
the magnet. Their presence is detected by the piezo separated from the other particles by closing the right
which turns on the red LED. outlet and removing the magnet.

Figure 6. Module 4 support poster. Hands -on activity to mimic a microfluidic based IMS with
detection of trapped pathogens.

10
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Immuno-magnetic separation provides excellent recovery rates but remains specific to one
particle/antibody combination. This procedure has to be iterated if different particles have to
be detected and requires the corresponding specific antibodies, which are not always readily
available and can be very expensive. When applied to drinking water purposes, this iterative
procedure is a limiting step to the fast detection of all the potential harmful pathogens.
Moreover, smaller pathogens such as viruses are not concentrated by the centrifugation step
(Step 5 in Figure 2), they will remain in the supernatant and require further specific and

expensive steps to be separated such as ultracentrifugation.

B.2. Deterministic Lateral Displacement (DLD)
Different techniques have been developed in the literature for sorting particles using
microfluidic devices [7;22]. This paper only focuses on one of these techniques, referred to as
Deterministic Lateral Displacement (DLD), initiated by the work of Huang et al. in 2004 [23]
and easily reproducible at a macroscopic scale with LEGO® [24-26], thus highly suitable for
manipulation/visualisation by children. The basic idea of DLD is to separate particles by
changing their trajectory within a channel depending on their size. “Large” particles (i.e.,
particles larger than a critical diameter defined below) are deviated from their initial position
due to the presence of posts placed in the microchannel.
These posts are designed within a specific geometry and periodicity in order to separate

particles above a desired critical diameter D, [27]:

D.=14G&"* (D

with G the distance between two posts (see Figure 5) and ¢ defined as

11
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215

216 5=£= =tand, )
A

1
N
217
218  where d is the shift between two successive vertical posts, A is the centre-to-centre distance
219  between two successive horizontal posts (see Figure 7), N is the periodicity of the post array
220  and 0 is the angle of deviation of the posts.

221

Small Particle Large Particle

riot Watt University

222 Posts Streamlines

223 Figure 7. Example of microfluidic channel for particle separation based on DLD. Left: Schematic
224 representation of DLD principle extracted from Davis et al.[28]. Right: Magnified view of a DLD
225 device used for separating bacteria from blood — IB3 and MISEC group at Heriot Watt University.

226

227  Due to the specific fluid motion present in devices containing posts, particles above the
228  critical diameter are deviated while small particles follow an ultimately straight path. This
229  technique is relevant for introducing the safe drinking water challenge since pathogens
230 present different characteristic sizes, depending on their kingdom (nanometres for viruses,
231 around a micrometre for bacteria and several micrometres for protozoa). Although studies
232 focusing on the separation of non-spherical biological particles are limited and need further
233 investigation before this method can be fully applied to waterborne pathogens, DLD devices

234 can be produced at a macroscopic scale with LEGO®. This offers an excellent interactive

12
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approach to introduce current research aims to children and is easy to implement in schools
or during outreach activities for example. The support poster proposed for introducing the

notion Deterministic Lateral Displacement is proposed in Figure 8.

STEP 3. SEPARATION:--
wee =

In a straight microchannel, the liquid flows In presence of posts, A small particle, as the yellow one By crossing streamlines,

slowly. This motion can be characterized by the liquid must adapt here fits in one streamline. However, large particles are

STREAMLINES. Particles will usually follow and streamlines are a larger one does not and bumps deviated and separated
these streamlines that are parallel. no more parallel. into the next streamline. form smaller ones.

LARSGE PARTICLES

DO IT YOURSELF! DLD WITH LEGO

Shampoo is poured in
the vase to reproduce
the slow motion
characteristic of
microfluidics. Depending
on their size, particles
will follow different
streamlines. Here red
pathogens are
separated from yellow
“good" particles.

LEGO board and posts are placed in a
vase to reproduce the separation by
deterministic lateral displacement.

Figure 8. Module 5 support poster. Top: Schematic representation of the DLD principle. Bottom:

hands-on activity to mimic a size-based separation using DLD.

C. Detection
The last step of the process to be introduced to children is the detection of the separated
pathogens. This process usually relies on the labelling of pathogens with specific fluorescent
antibodies. Using a fluorescent microscope, pathogens conjugated with fluorescent antibodies

can then easily be detected and counted (Figure 9).

13
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STEP 4. DETECTION

After separating the
pathogens, specific
techniques are used to
identify them.
Antibodies are used
again (see IMS). But this
tire, they are
fluorescent!

Fluorescent means that they can emit Because pathogens are really small,
light if excited with an appropriate a MICROSCOPE is used to see this
light source. fluorescence.

= IT LOOKS ACTUALLY LIKE
THIS:

An insect magnifier is placed in a
cardboard box painted in black. Red
pathogens (with magnets inside)
separated by STEP 3 are mixed with
antibodies (also with magnet inside) \
made of a fluorescent FIMO. When { Giardia \\,

placed in the dark, the fluorescent y
beads can be observed.

1

Real pathogens observed using a
microscope and fluorescent antibodies.

Figure 9. Module 6 support poster. Top: Schematic representation of the fluorescence phenomenon.
Bottom: hands-on activity to visualize fluorescent particles using a low-cost microscope. Image with

real pathogens reproduced from Bouzid et al.[29].

IV.How it works with children...
Now that the challenge of pathogen separation and detection has been introduced, this paper
presents an easy and interactive way to reproduce and illustrate these different techniques
with children. Detailed explanations to reproduce all the experiments are proposed in the

supplementary information.

A. Immuno-Magnetic Separtion with FIMO®
Pathogens and other biological particles are represented in a simplified and magnified manner

using FIMO® clay (Figure 4- Bottom). FIMO® is a soft polymer clay, available in a large

14
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range of colours, that can be easily shaped and then hardened after baking for 30 minutes in

an oven at 110°C.

In this paper and for ease of children’s understanding, two kinds of particles have been

represented:
“Bad” particles, red and brown particles in Figures 4, 6 and 8. “Bad” particles
represent waterborne pathogens, defined by the Environmental Agency as
microorganisms capable of causing disease that may be transmitted via water and
acquired through ingestion, bathing or by other means. The size of red and brown
particles is roughly the same (diameter around 1.6 cm). In order to let children
identify which are these “bad” particles, they are represented with angry faces. Note
that faces could be directly painted on baked polymer clay by children. In this paper,
angry faces are also made with the polymer clay. To reproduce the immuno-magnetic
separation, small magnetic beads are incorporated inside the red “bad” particles

(Figure 4-Bottom) before baking.

- “Good” particles defined as non-harmful for humans. These particles are the yellow
and green ones throughout the paper. These particles are smaller than the bad ones to
be then separated using DLD which, as mentioned previously, is a separation

technique considering the particle size as the sorting parameter.

Note that this representation of “good” and “bad” particles with different sizes is obviously
largely simplified in comparison to the reality. Even within a same “family” of pathogens,
some are harmful while some others are not. Challenges for researchers are still to define the
pathogenic characteristics of these particles, a problematic far too complex to be introduced

within minutes to children.

15
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Assuming this simplification, the Immuno-Magnetic separation focuses here on the removal
of red particles. The magnetic antibodies are represented in Figure 4 by small fluorescent
beads made also with FIMO® (fluorescent FIMO® no. 04). Small magnetic beads are also
incorporated in these fluorescent beads before baking to be attracted toward the red particles.
Children only have to incorporate these fluorescent beads in the sample and observe that they
are directly attracted by the red “bad” particles. A strong magnet is then used to remove all

(and only) the red “bad” particles.

B. Microfluidics

In order to understand the notion of microfluidics and its relevance to waterborne pathogen
separation, a simple procedure based again on FIMO® is proposed. Using a block of FIMO®
that is flattened with a book or a rolling pin, a channel is created by using a mould, a Y
wooden letter for example here. A Y-channel is produced to complement the Y-channel
proposed for the microfluidic-based IMS (Module 4), although this approach allows an
infinite number of designs to be created (see angry pathogen device bottom right of Figure 4).
Three smaller channels are then produced using a toothpick to allow the liquid to enter and
exit the device. To close the channel, a piece of Plexiglas is used. After baking the FIMO®
block, transparent silicon for bathrooms is finally used to bond it to the Plexiglas layer. Using
a needle-tip bottle, red liquid (e.g. squash or food dye) is incorporated through one of the
hole.

Yang et al. [8] proposed in their paper an interactive and hands-on activity for manufacturing
magnified microfluidic devices with Jell-O® dessert. This fun and simplified approach, closer

to the actual procedure of manufacturing, can directly be related to the proposed activity if

16
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time is available. However, the FIMO® approach allows children to easily touch and mould

their own device during an outreach activity for instance.

B.1. Microfluidic based Immuno-Magnetic Separation
For the microfluidic-based IMS, a Y-shaped channel (29 cm in length, 5 cm in width and 3.5
cm in height) made of Plexiglas is inclined. A similar device made with a plastic bottle is also
proposed in the supplementary information for reducing the costs of the activity. The outlets
of the channels (two branches of the Y-channel) can be let opened to allow the fluid and
particles to be collected in two different cups. A small support is fixed on the wall of the
channel to hold the magnet while being easily removable by children. A piezoelectric sensor
is then placed next to the magnet with transparent blue tack to detect the shock of trapped
particles against the magnet. For safety reasons, the magnet and piezoelectric sensor are
placed outside the channel to avoid any contact with water. A small piece of foam (see Figure
6) is placed at the bottom of the channel inlet to absorb the shock when particles are entering
the channel and to avoid false detections by the piezoelectric sensor. Each shock detected by
the sensor propagates a current through an electrical circuit (cf. supplementary information)
to finally here turn on a light (LED). Extensions of this system can easily be imagined by
placing a buzzer, several LEDs to know the force of the impact against the magnet, efc. At
the beginning of the experiment, a set of particles is poured in the device just above the foam
(Figure 6). Since the device is inclined, particles will roll down by gravity. The outlet on the
left of the channel is initially closed, here by a piece of flexible plastic from a plastic bottle.
All the particles will then flow in the right outlet of the device. A second experiment is
performed with, this time, magnetic beads incorporated inside the red bad pathogens and by
adding antibodies also with magnets (similarly to the standard IMS). Red pathogens and

antibodies are attracted to each other and, while flowing in the device, will be deviated by the
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magnet. When trapped, the piezoelectric sensor will detect the shock that will then turn on the
light to warn of pathogen presence. Once pathogens are detected, the right outlet of the
channel is closed, the left one opened and the magnet removed. All the trapped particles will

finally flow in the left outlet thus are separated from the other particles.

B.2. Separation of all the “bad” particles using DLD and LEGO®
After this first separation and detection step, children should notice that other “bad” particles
(brown particles in Figures 4 and 6) remain in the water sample and cannot be separated by
IMS since they don’t have the corresponding antibodies in this activity. The last step of this
experience thus consists of trying to remove all the “bad” particles with another technique,
the Deterministic Lateral Displacement (DLD) presented previously. Microchannels and
posts used in our laboratory are here represented by a rectangular vase (IKEA®, Rektangel)
and LEGO® board with cylindrical LEGO® posts of diameter D = 7.8 mm to shape the

obstacles (Figure 11).

The positions of the posts are crucial to separate “good” from “bad” particles. In this paper,
the following configuration is proposed:
- Gap between two posts G=1.7 cm
- &=0.37. This parameter can easily be determined by measuring the angle 6 between
the first blue line with the vertical axis. € can be deduced given 6 and based on
Equation (2).
Based on Equation (1), the critical diameter of this system is thus 1.47 cm. As presented
in Figure 8, red and brown particles with a diameter around 1.6 cm are larger than the

critical diameter and are thus deviated in the device to follow the blue path. Yellow (1.1
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cm in diameter) and green (0.8 cm in diameter) particles are smaller than the critical

diameter and follow a straight path within the LEGO® device.

It can be noted that such macroscopic experiments cannot be performed in water.
Microfluidics is characterized by laminar flow and thus slow fluid motion. To reproduce
this phenomenon, viscous media have to be considered. While glycerol is considered in
some studies [24-26], in the present paper and for safety reasons, diluted shower gel is
used. Depending on the product used and especially its viscosity, it can be used pure,
without dilution, but if the viscosity is too high, particles will need a very long time to
pass through the LEGO®™ device. If so, a slight dilution with tap water can solve the
problem. The shower gel should be carefully introduced in the vase to avoid air bubbles
to be trapped in the liquid. Due to the high viscosity of the solution, air bubbles require a
long time to rise and hinder any visualization in the vase. The liquid should be carefully
introduced by using for instance the LEGO® board to pour the liquid against and avoid
bubble formation. Finally, it is important to mention the higher the device, the larger the

displacement between large and small particles.

C. Detection with insect magnifier
After separation, the number of “bad” particles trapped by IMS are counted by fluorescence.
All the trapped particles are placed within a fake fluorescent microscope composed of an
insect magnifier for children placed in a black-painted cardboard box to see the fluorescence

of the fluorescent magnetic beads (the fluorescence of beads is hardly visible with daylight)

(Figure 9).

19

Page 20 of 25



Page 21 of 25

384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407

408

Lab on a Chip

Even though simplified in comparison with the real process for labelling pathogens, this
approach allows children to be introduced to complex notions such as antibodies,

fluorescence, microscopy while being able to run the whole experiment on their own.

V. Conclusion
This paper presents a new and original approach to introduce children major scientific
challenges. A recreational and interactive procedure is proposed to define notions of safe
drinking water, pathogens, separation, detection and microfluidics. By simplifying and
magnifying laboratories procedures, the next work-force generation can enjoy being part of
the research world by visualizing, testing, running experiments and analysing results related
to this water problem. The procedure has been developed as a story, starting from the
presence of particles in water that require magnifying techniques to be visualized, then a first
separation procedure (Immuno-Magnetic-Separation) specific to one particle/antibody
combination. The several advantages offered by microfluidics are then introduced in the
context of waterborne pathogen separation. Once all the components containing in this
activity are completed (FIMO® beads, LEGO™ board, etc.), the duration of this “story” is
about 30 minutes. The activity can easily be shortened by not presenting all the modules
proposed in the paper. The total cost of each module is kept as low as possible (around £15
for the vase, £20 for the LEGO®, £10 for FIMO®, £20 for the magnetic beads, £20 for the
shower gel, £10 for the cardboard box and the insect magnifier, £25 for the piezoelectric
sensor). The activity presented in this paper is easy to run and can involve children from the
beginning (particle modelling, etc.) to introduce complex notions in a fun and interactive
manner. Such activities are of prime interest to master children with the science world,
interesting and increasingly growing research topics and perhaps promote scientific

vocations.
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