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Introduction. The prospect of widely using THz 

radiation in medical diagnosis and therapy raises the 

question of interaction of human tissues with THz 

radiation. Blood is a fluid connective tissue. Blood 

consists of plasma, and cellular elements. There are 

three main types of cellular blood cells: red blood 

cells (RBC), white blood cells (leukocytes) and blood 

platelets (platelets). Blood plasma contains 90% of 

water, about 6.6 - 8.5% of proteins and other organic 

and mineral compounds, which are intermediate or 

final products of metabolism, transferred from some 

organs in others. Capillaries with blood are in the skin 

and can be exposed to THz radiation. Therefore it is 

important to know the dielectric properties of blood 

and its components in THz range. The report will 

provide a review of the known data and our own stud-

ies on THz time domain spectroscopy (THz-TDS) of 

blood and its components at normal states and some 

pathology. 

Experimental. The study of blood and its com-

ponents is performed both in transmission and reflec-

tion configurations. Blood is poured into a special 

cuvette with a thickness (d) of 50-500 μm. For d<100 

µm thickness variation can introduce noticeable er-

rors, especially in refraction index. In reflection spec-

troscopy, data variation is related to the time delay 

between the solution signal and the reference signal 

producing different slopes of the reflection spectrum 

phase. The results obtained by transmission spectros-

copy are more reliable at lower frequencies (0.05–0.8 

THz), whereas reflection spectroscopy is preferable 

for higher THz frequencies (1.0–2.5 THz) [1].  

Results. THz absorption and reflection spectra of 

blood and its components have not any sharp spectral 

features (fig.1.) [1-3]. 

0.5 1.0 1.5

50

75

100

125

150
 water

 blood plasma

 4

 3

 2

 1



c
m

-1

f, THz

 
Fig. 1. Absorption coefficient of water, human blood plas-

ma and RBC at different concentrations from 5.7·106 (1) to 

7.32·106 (4) (cells/ml).  

     The shape of the spectra corresponds to the form 

of water spectrum, and for analysis, it is possible to 

use the two-component Debye model [1-3]. It was 

shown that there are some distinction in the Debye 

relaxation coefficients for the whole blood and its 

components [2]. A significant difference can observe 

in both the absorption and refractive index spectra of 

the whole blood and its thrombus: the coagulation and 

the formation of a thrombus have affected the absorp-

tion coefficient as well as the Debye coefficients [2, 

4]. It was demonstrated the capability to distinguish 

thrombus formation at its early stage from uncoagu-

lated blood by the change in the absorption coefficient 

at 200–270 GHz [4].   

      It has been shown that the absorption coefficient 

decrease linearly with increasing RBC concentration 

in whole blood [3, 5, 6]. The excellent linearity be-

tween the THz signal and the RBC concentration was 

also confirmed in a polyurethane resin tube using a 

THz imaging method. These results demonstrate that 

THz-TDS imaging can facilitate the quantitative anal-

ysis of blood [5].  

     It has been demonstrated that various biological 

substances of blood have a significant effect on its 

optical properties. A clinical study of ex-vivo fresh 

human whole blood showed that triglycerides and the 

number of RBC were two dominant factors to have 

significant negative correlation to the sub-THz ab-

sorption coefficients. This circumstance should be 

taken into account for future THz investigation in 

human whole blood [6]. The effect of blood glucose 

concentration on the optical properties of whole hu-

man blood was shown [7]. By investigating the THz 

spectra of different human blood, it was found out 

THz absorption coefficients reflect a high sensitivity 

to the glucose level in blood. With a quantitative 

analysis of 70 patients, it was demonstrated that the 

THz absorption coefficients and the blood glucose 

levels have a linear relationship [8].  

The reduction of the absorption of blood plasma 

from mice with experimental oncology (Ehrlich car-

cinoma) relatively that of healthy mice have been 

shown in paper [9]. The authors concluded that such 

components of whole blood as blood red cells and 

platelets make the major contribution to the blood 

absorption in the THz range and the changes in the 

composition of other components cannot be reliably 

detected using the methods of THz spectroscopy. 

It has been shown that the absorption coefficient 

and the refractive index of diabetic rat blood plasma 

are small compared to those of water and plasma of 

healthy rats [1, 10]. The diabetic rats have a higher 
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level of glucose in blood and low protein concentra-

tion in comparison with healthy rats [10]. Assuming 

that the observed spectral changes are due to changes 

in the state of water in blood plasma, we have selected 

one of the parameters of the Debye model, ∆ε1/τ1, 

leading to the spectral features observed in the exper-

iment. This change in the response of bound water 

can be the reason of the observed changes at increas-

ing glucose concentration in blood plasma. We have 

demonstrated that when the concentration of glucose 

in blood rises to 24 mM (in rats with diabetes), ∆ε1/τ1 

ratio decreases in 1.2 times [1]. 

We carried out a detailed study of the influence of 

glucose and protein concentrations on THz response 
of water solutions at 0.05-3.2 THz [11-13]. Different 

sensitivity to protein concentration in three spectral 

subregions, around 0.1, 1 and 3 THz was shown, 

which can influence the quantitative analysis of blood 

components. We proposed a simple method for ana-

lyzing experimental data [1, 11-13] 

Conclusions. Whole blood and its components 

were studied by the THz-TDS method by a number of 

authors. The change of composition caused by patho-

logical processes in the organism can considerably 

affect the optical properties of blood components in 

the THz frequency range. This can be used to create 

new rapid diagnostic methods. The cause of the de-

tected differences was discussed with respect to varia-

tion in the terahertz response of water.  
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