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ABSTRACT

These days all most all of the nations are confronting
numerous ecological problems of which water contamination
is very dangerous and a greater part of these nations are facing
tremendous difficulties to overcome this issue. Water
contamination because of Heavy Metal lons is a worldwide
issue which requires legitimate attentiveness for keeping up
the demand for water quality. A versatile framework made of
MEMS sensors equipped for sensing analytes on-site is
profoundly required. As needs be, our primary objective is to
build up a microfluidic channel that can be utilized for
detecting heavy metal ions with the help of a micro cantilever
beam. The two sections incorporated in the proposed
framework are a star-shaped microfluidic chamber which
facilitates the flow of water onto the cantilever beam and a
micro cantilever beam for sensing the heavy metal ions.

Key words : Heavy metal ions, MEMS, Micro Cantilever
beam, Star-shaped Microfluidic channel.

1. INTRODUCTION

Water is the most basic and essential need for every living
organism. The demand for water supply is increasing but
there aren’t as many water resources as needed to fulfil the
needs of the human beings. Even the available water
resources are not meeting the demand for quality. Most of the
water resources are contaminated due to various reasons like
the wastes from industries, excrement and wastewater from
sewers, household activities, some activities of mining,
marine dumping, accidental leakage of oil, pesticides, and
etc. The mentioned reasons are also responsible for the
accumulation of heavy metal ions in the water. The presence
of the heavy metal ions in the water will have ill effects on the
health of the human beings as well as the organisms that are
using the water resources as their shelter were shown in
Table-I. Detecting and removing these denser ions isn’t an
easy task. The conventional method for removing the heavy
metal ions from water is very much time consuming and also
involves spending a lot money. So, there is an urgent
requirement to find an alternate way for sensing and
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removing the denser ions from water. Many countries around
the globe are facing this problem and trying to solve this issue.

The modelling and analysis of DNA enzyme functionalized
capacitive type sensor is used for the sensing of Pb* ions is
introduced in [2] and in [3] SH-SAW sensor was presented.
Both of these approaches don’t resolve the problem with the
cost and portability. The electrodes made up of gold
nanoparticles are used for sensing the Cd*? ions in samples of
water but with a limit confined to 2.6 ppb was presented in
[4]. Pb* was sensed using MEMS chemical sensor inspired
by Shark [6] and a screen printed electrodes made up of silver
nanoparticles which are stabilized with glutathione [5] were
introduced but the devices weren’t easily portable. Varieties
of micro-cantilever sensors epitomized in fluidic channels
and fluidic wells were discussed in [7] and [8] respectively.
Some advanced topics were cited as [9-11].

Table 1: Effects of Heavy Metal lons

Heavy Metal Effects

lons

Arsenic Skin lesions, neurological problems,
internal cancers, pulmonary disease,
hypertension, diabetes mellitus , and

cardiovascular disease.

Lead Mental retardation, allergies, birth defects,
weight loss, brain damage, hyperactivity,
paralysis, muscular weakness, kidney

damage and even leads to death.

Mercury Damages the brain, alter brain functions,
damage to kidneys and the developing
fetus, irritability, changes in vision or

hearing, tremors, and memory problems.

Cadmium Highly toxic to the kidney, damage to the
skeletal system, irregularities in calcium
metabolism, extreme damage of the lungs,

stomach irritation and result in vomiting.

Chromium Irritates the skin and cause ulceration.
Long-term exposure can cause kidney and
liver damage, and damage to nerve tissue

and circulatory system.
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In this paper we are mainly concentrating on detecting the
cadmium ions present in a sample of water with the help of a
star-shaped microfluidic channel and a micro-cantilever
beam. The effects of cadmium are more adverse as compared
to that of other metal ions. Cadmium enters our body via
ingestion or inhalation. When we drink the water or swallow
the food that contains cadmium the metal ions are amassed in
our bodies. So we are sensing the presence of cadmium ions in
the water sample.

2. METHODOLOGY

In this paper, we have designed a sensor which can be
segregated into two sections of which one is the microfluidic
channel which is sin the shape of a star and the other is the
micro-cantilever beam. For designing the channel we have
opted the ‘laminar flow’ physics and for designing the
micro-cantilever beam we have opted the *solid mechanics’
physics.

A. Laminar Flow

Laminar flow is a field of fluid mechanics in which the
fluid that is either gas or liquid travels smoothly following
regular patterns unlike the turbulent flow in which liquid
flows in irregular patterns. Laminar flow is also called
streamline flow. Generally, we use laminar flow when the
length of the channel where the fluid flows is moderately
small, or when fluid is travelling with low velocity, and when
there is high viscosity.

laminar flow

Figure 1: Laminar Flow Of a Fluid

B. Solid Mechanics

Solid mechanics, a branch of continuum mechanics, is a
study of the nature of the materials in solid form. The study
includes the motion of the material, deflections or the
deformations in the material when subjected to external force,
pressure or some changes in temperature and phase.

In our paper, we are going to study the deflections in the
micro-cantilever beam (solid) caused due to the force exerted
by the denser ions which are held on the surface of the Au
protein layer.

Figure 2: Deflections in cantilever beam (solid)
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In COMSOL Multiphysics the structural mechanics is an
extra element which helps in modelling the sensor, actuators,
and etc. The interfaces provided by the solid mechanics which
are available in 3D, 2D pivotal symmetry give the broadest
way to deal with dissecting strong structures. Investigating
circumstances with subjectively huge turns and strains is I11.
3. DESIGN

We have utilized COMSOL Multiphysics for designing our
framework. We have other different platforms like Ansys for
designing the framework however we can’t stimulate and
investigate the obtained outcomes. So as to perform
stimulations on the structured model we utilize the COMSOL
Multiphysics.

The designed star-shaped channel has 5 inlets or bays and 1
outlet for the water to flow through the channel.

Figure 3: Model geometry of star-shaped channel

At the end of the outlet we model a cantilever beam so that
the water flows onto the beam via the channel. Cantilever
beam is fabricated using silicon material. Gold protein layer is
coated on top of the beam so as to bind the cadmium ions.
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Figure 4: Cantilever beam modelled at the end of the
channel outlet

4. SIMULATION AND RESULTS

A. Plots of Star-Shaped Microchannel

Figure 5 and figure 6 shows the velocity field and pressure
through the centre of the geometry at t = 1 s. Setting up and

watching this plot gives an instructive and subjective
depiction of the procedure [1].
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Time=1s Slice: Velocity magnitude (mmys) Arrow Volume: Velocity field

Figure 5: Velocity field in microchannel

Time=1 s Contour: Pressure (Pa)
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Figure 6: Pressure field in microchannel
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Figure 7: Velocity in the direction of x-axis in microchannel
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Point Graph: Pressure (Pa)
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Figure 8: Pressure (Pa) at a point close to the outlet

B.Plots of Star-Shaped Microchannel with Cantilever Beam
In Fig.9, when a force of 8.4827e™ is applied on the beam
then the deflection is 1.293¢™*. This is the point where we
consider that just one cadmium ion is available in 1 cubic pm.

Figure 9: Deflection of beam at force = 8.4827¢™* N

In Fig.10, when a force of 8.4827e™ is applied on the beam
then the deflection is 1.293e™®. This is the point where we
consider that ten cadmium ions are available t in 1 cubic pm.

Figure 10: Deflection of beam at force = 8.4827¢™*N

In Fig.11, when a force of 1.6965e™2 is applied on the beam
then the deflection is 2.5859¢8, This is the point where we
consider that twenty cadmium ions are available in 1 cubic
pm.
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Figure 11: Deflection of beam at force = 1.6965¢™ N

In Fig.12, when a force of 4.24137¢™? is applied on the
beam then the deflection is 6.4650e™8, This is the point where
we consider that fifty cadmium ions are available in 1 cubic
pm. The overall force vs displacement was shown in Table-11.

Figure 12: Deflection of beam at force = 4.24137¢™* N.

Table 2: Force Vs Displacement

Mass(ug) Force(N) Displacement(um)
8.65¢™ 8.4827¢™ 1.2930e™
8.65¢> 8.4827¢™ 1.2930e™
1.73¢* 1.6965¢e ™ 2.5859¢™°
4.325¢™* 4.24137¢" 6.4650e™

5. CONCLUSION

Consequently the deflections along the beam increments as
the force increases that is the force exerted on the beam is
directly proportional to the amount of deflections along the
beam. As the quantity of cadmium ions in the samples
increases, the force exerted by the ions on the beam also
increases.

Accordingly, from the deflections of the beam we can
conclude that cadmium ions are available in the sample that is
used for testing. The structured system can be further
improvised for efficient sensing and exclusion of heavy
metals from water. Utilizing this framework we can even
model a structure which can sense multiple heavy metals
apart from cadmium. This is conceivable by utilizing distinct
protein layers as coating on the cantilever beam.
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