COMPLEX PERMITTIVITY MEASUREMENT OF ERYTHROCYTES AT A FREQUENCY OF 9.2 GHZ BY RESONATOR METHOD
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Knowledge of the dielectric properties of biological solutions is of importance in solving electromagnetic interaction problems. This work is aimed at producing a database of dielectric data of erythrocytes in normal and at various diseases based on measurements of their complex dielectric permittivity by the microwave method dielectrometry.  The value of dielectric constant  
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 was defined by the measurements of the resonance frequency (
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) of resonator in comparison to empty resonator.  The value 
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 was determined by the damping rate of  UHF field power as a result of introduction the dielectric solution in the resonator. 
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вимірювальний комплекс проникності еритроцитів на частоті 9,2 ГГц резонансним методом
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Знання діелектричних властивостей біологічних розчинів має важливе значення при вирішенні питань електромагнітної взаємодії. Дана робота спрямована на створення бази діелектричних властивостей еритроцитів в нормі та при різних захворюваннях на основі вимірювань комплексної діелектричної проникності методом СВЧ-діелектрометрії. Значення діелектричної проникності 
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 було визначене шляхом вимірювання резонансної частоти (
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) резонатора відносно порожнього резонатора. Значення 
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 знаходили за величиною згасання потужності СВЧ поля при введені діелектричного розчину в резонатор.
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Aim of research.The dielectric properties of fluids, particularly biological samples of blood, which are characterized by a high water content in the dispersion of water molecules exhibit a dielectric response, which indicates the presence therein of an extended water phase. This allows the use of the Debye and Cole-Cole equations for the analysis of experimental data when measuring the complex permittivity of biological samples over a wide frequency spectrum. Effect of hydration of solutes in blood plasma reduces the amount of free water molecules in the system and the dielectric permeability which enables the use of the method of dielectrometry for estimating the hydration number and free water in a biological sample. The transition to the more complex multicomponent and heterogeneous objects, such as red blood cells requires incorporation of new parameters like conductive properties of cells that affect the imaginary part of the complex permittivity [1, 2]. 
Materials and methods. The microwave dielectric properties of human erythrocyte of healthy volunteers and oncology patients have been measured at the frequency of 9,2 GHz. The problem of determining the dielectric constant and loss tangent is reduced to solving the equations of the electromagnetic field of the resonator and for the account of influence on the field of the dielectric test fluid [3]. If the volume of the dielectric fluid which was entered in the resonator is considerably less than the volume of the resonator and the introduction does not substantially distort the field in the cavity, the small perturbation theory may be used to determine the complex permittivity. In this case, the dependence of the relative tuning of the resonator has a linear character. In general [4]:
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where 
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is  the change in the resonant frequency when the dielectric probe is taken; 
[image: image10.wmf]0

Q

 and 
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 are the quality factor of empty and loaded resonators; 
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, where B is a numerical coefficient that depends on the ratio of the radii of the sample (b) and the resonator (a):
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where J0, J1, J2 are the Bessel functions of the first kind  j=0,1,2-th order and 
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is the first root of the Bessel function of the first order.
Under the conditions of the theory of small perturbations, when  


[image: image15.wmf]1

10

20

1

0

-

=

n

Q

Q


(2) has the form :

                          
[image: image16.wmf],

1

10

20

0

÷

ø

ö

ç

è

æ

-

¢

=

¢

¢

n

Q

N

e

e

                  (4)

where 
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, W0 and W1 are the energies stored in an empty resonator and the resonator with a sample. It is usually used for determination of the complex permittivity that is grading the resonator substances with known values of dielectric parameters. 
The changes in dielectric permittivity and frequency of water molecules dielectric relaxation times of water molecules for the erythrocytes suspensions have observed. The permittivity and the dielectric loss have been analysed in terms of the Maxwell-Wagner equation for heterogeneous systems. The presence of a remarkable amount of interfacial water at the membrane surface and some differences in the dielectric parameters of normal and pathological cells have been observed. The values of the activation energy of dielectric relaxation have been obtained (Table 1).
Table 1 – The activation energy of dielectric relaxation time of water molecules in the suspension of red blood cells donors and cancer patients
	Donors 
	Patients with breast cancer 
	Patients with lung cancer

	Т, °С
	∆E, kJ/mol
	Т, °С
	∆E, kJ/mol
	Т, °С
	∆E, kJ/mol

	17-36
	17,3 ± 0,6
	17-36
	19,4 ± 0,7*
	17-36
	20,4 ± 0,8*


      * – reliability of differences in comparison with control (donors), р≤0,05
Conclusion. Influence of conductivity on the loss factor of the blood samples increases with increasing the temperature and decreasing frequencies. The measured dependence of the dielectric parameters of red blood cells by the microwave dielectrometry method at f=9.2 GHz resonator showed that with increasing the concentration of red blood cells the dependence of the shift of the resonant frequency of the resonator with the sample via the relatively empty resonator is linear. The absence of a clear picture of the molecular interactions of the pure components makes it difficult to explain the mechanisms of interaction in the multicomponent mixtures. As it follows from the obtained values of the activation energy of dielectric relaxation, in the water layers over the erythrocyte membranes a continuous network of hydrogen bonds is detected.
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