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Rapid Methods for the Detection of Bacteria via Giant Magnetoresistance

Sensor and Biomagnetic Marker
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In recent years, research and development of new sensors have
experienced very strong growth in some scientific disciplines,
particularly in the biomedical field.

The giant magnetoresistance effect has been described
independently in 1988 by Professors Albert Fert and Professor Peter
Grunberg and they received the Nobel Prize for Physics in 2007 for
their work in this area.

The nature of the magnetoresistive effect is a significant change
in resistance (10-20%) of multilayer structures of magnetic and non-
magnetic metals, under the effect of an external magnetic field. The
basis for this phenomenon is due to the property of quantum electron
intrinsic angular momentum or spin [1].

The GMR phenomenon of the basic effect is to significantly reduce
the resistance of the alternating in the multilayer structure of the sample
layers, when they are exposed to an external magnetic field.

Since its description in 1988, due to their small size, low power
consumption, robustness in harsh conditions and relatively low cost,
many sensors are developed or designed on the basis of the GMR effect
are increasingly used in industrial electronics, IT, automotive industry,
as well as equipment medical diagnosis. Additionally, GMR sensors
have a high sensitivity and detection capability for measuring weak
fields.

The development of components for nanoscale manufacturing
methods have created devices successfully using this property of the
electron. This was the beginning of a new scientific field; spintronics.
The emergence of sensors based on the GMR effect has especially
enabled a strong increase in the recording density of computer hard
disks. But nowadays, it is no longer the sole domain of application.

The GMR effect is generated by the quantum properties of electrons,
which have characteristics such as electron spin. Electrons can have
only two possible directions: up or down. The conduction electrons of
spin whose direction of spin is the same as the direction of the magnetic
field inside the GMR encounter less resistance to their motion and
have more freedom of movement than the electrons with spin oriented
against the internal magnetic fields, which encounter greater resistance
to their motion, and often collide with atoms in their environment. In
the first case, the electrical resistance of the environment will be less
than in the second one. The magnetoresistance is observed when an
electric current flows in a ferromagnetic material at low temperatures.
This can be explained by the fact that, under certain conditions, there
is a strong difference between the resistivity p 1 for electrons whose
spins are parallel to the direction of magnetization and resistivity p | for
electrons with spins pointing in the antiparallel direction.

The giant magnetoresistance effect is observed in multilayer
materials with alternating thin layers of ferromagnetic and non-
magnetic metals.

The thickness of a single ultra-thin layer may be only a few
nanometers. The resistance of a sample reaches its maximum when

local magnetic fields in ferromagnetic materials are in antiparallel and
a minimum when they are in parallel. This phenomenon was named
giant magnetoresistance, as resistance value was much greater than
known magnetoresistance.

Magnetic fluids are colloidal solutions of magnetic materials in
minute sizes. Magnetic fluids are unique because they combine mobility
and a higher magnetization than ordinary liquids. Each particle is
coated with a thin protective layer that prevents the adhesion of other
particles. These particles spread throughout the entire volume of the
liquid can absorb a positive charge and produce repulsive electrostatic
forces.

When a magnetic field is applied to a ferrofluid, the particles of
the magnetic moments align with the field almost instantaneously. The
magnetization of a magnetic fluid responds instantaneously to changes
in the applied magnetic field, and when the latter is removed, the
magnetic dipole of each particle reorients randomly.

Today, magnetic fluids are used in various technological applications
such as the chemical industry (as lubricants in magnetic cooling
systems), medicine (magnetic separation of cells, cancer treatment,
magnetic drug delivery and immunoassay), in mechanical engineering
(NASA research projects on the use of a ferromagnetic fluid in a closed
ring, as the basis for a spacecraft stabilization system in space and in
the printing industry and the industry oil), electronics, mining and
military industry (sealing and insulation gaps between them in pieces
movement, friction reduction) [2].

As mentioned before, the most important use of ferrofluids is in
medicine. As we know, anti-cancer drugs are harmful to healthy cells.
However, by mixing with a magnetic fluid before injecting them into
the blood, it is possible inter to a tumor without damaging surrounding
tissues. The magnetite particles are used to treat cancer by hyperthermia
method. This method of treatment is based on the fact that, under the
influence of a magnetic field, alternating magnetite particles causes
their heating and inhibits growth of cancer cells [3].

A magnetic fluid can also be used as a contrast agent for X-ray
fluoroscopy. The usual diagnostics of the gastrointestinal tract are based
on the use of barium sulfate (baryta slurry). Another major application
of ferrofluids is in surgery. A magnetic fluid can be injected into a vein
or artery and then positioned using a magnet to produce a cap for
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closing a vein after ablation. Another vital role of magnetic fluids, that
its use in orthopaedics and traumatology where it is used to lubricate
the joints (for lower limb prostheses) [4].

As a new application in medicine, it is recommended to use the
GMR sensor and a specific smart bio magnetic marker to decrease the
detection time of bacterial pathogens like Escherichia coli O157:H7.
This method also permits us to improve accuracy detection of bacteria
comparing other ordinary laboratory methods [5-7].

At the end, it should be noted that the proposed method by GMR
sensors and magnetic marker increased the speed, accuracy and
measurement comfort compared other similar equipment, as SQUID
or VSM. This is explained because of the microscopic size of the sensor,
the appropriate sensitivity and the ability to measure in a weak magnetic
field [7].

This research permits to consider development of biosensors or
measuring devices further magnetic properties of existing with essential
features like the ability to work on a microscopic scale and broadband
frequencies in magneto-spectroscopy.
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