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Abstract
Increasing  public  concern  about  human  exposure  to 
electromagnetic  fields  led  to  the  development  of  International 
Exposure  Standards  [1,2],  which  reflect  the  actual  scientific 
knowledge  on  this  subject.  Existing  exposure  limits  (reference 
levels),  are  based  on  maximum  admissible  fields  or  induced 
currents densities inside human bodies, called basic restrictions.

Since those physical quantities can not be readily measured, they 
must be estimated using techniques of computational  dosimetry. 
These  techniques  rely  on  accurate  computational  modelling  of 
human bodies to establish the relation of external field (electric / 
magnetic) to induced current (internal field). Nowadays the models 
available  for  human body  simulation  (FEM,  FDM,  …)  are  quite 
accurate, specially when using geometric discretizations obtained 
from medical  imaging  techniques,  however  the  determination  of 
tissues characteristics (permittivity and conductivity) is still an issue 
to be dealt with.

In  current  studies  the  electrical  characteristics  (permittivity  and 
conductivity)  of  body  tissues  are  based  on  values  which  were 
obtained from measurements done on tissue simples obtained from 
dead bodies. However those values may not represent adequately 
the behaviour of living tissues. In this paper a research designed to 
characterize the permittivity of human body tissues is presented, 
consisting  of  measurements  and  simulations  designed  to 
determine, using indirect methods, the electrical behaviour of living 
tissues.

A  study  of  exposure  assessment  on  a  real  high  voltage 
transmission  line  in  Brasil,  using  measured  permittivity  values 
combined  with  a  finite  element  model  of  the  human  body  is 
presented in the painel.

Determination of Tissues Characteristics 

Historic

The  study  of  the  electric  properties  of  tissues  gives  important 
information  about  possible  mechanisms by  which external  fields 
produce  effects  in  an  organism.  They  are  also  needed  for  the 
calculation of  the internal  electric  currents  resulting from human 
exposure to electromagnetic fields. With the realistic anatomically 
models  providing  the  geometrical  structure,  the  electromagnetic 
properties of biological tissue are still needed in order to perform 
dosimetric simulations.

The dielectric properties of tissues have been extensively studied 
in the last fifty years, from 10 Hz to almost 10 GHz [3,4]. In 1971, 
Cole  [5]  proposed  a  formula  for  calculating  the  permittivity  and 
conductivity  in  a  wide  frequency  range.  In  1996,  Gabriel  et  al 
[6,7,8,9] published a large literature survey of dielectric properties, 
accompanied new measurements and by a parameter extraction 
for the Cole-Cole equation. At present this data set, has been used 
in various dosimetric computations.

Nevertheless,  recent  research  [10,11]  indicates  variability  in 
permittivity  values,  especially  in  lower  frequencies  (<  10  MHz), 
results  from  the  various  factors,  as  heterogeneous  nature  of 
biological tissues, the use of tissues from different species (as well 
as  from different  animals  of  the  same species),  the  age  of  the 
samples when used, the tissue preparation procedure, whether the 
tissue is anisotropic, the temperature of the sample, and systematic 
errors associated with the measurements technique used.

This uncertainty as regards the behavior of the human tissues at 
power frequency, has been motivated the present research, which 
was intended to estimate the permittivity of the human body, using 
indirect methods, through the analysis of the external electric field 
around the body. A brief resume these two methods are presented 
in a sequence.

In the first method, the methodology and the results from [12] were 
used,  to  satisfy  some  requirements,  as  not  to  distort  the  field 
distribution, using for this an optical field sensor.

The second method was based on the shielding effect of the body, 
which consists  in  significant  reduction of  the electric  field  in  the 
proximity of a standing person, placed away from the line source. 
This method is specially  suited when only common electric field 
meters are available.

Exact  knowledge  of  the  electric  field  around  human  body  is 
considered essential to correct characterization of the permittivity 
value  however,  in  practical  situations,  the  first  method,  as 
concluded in the previous section, is not entirely adequate.

First Method
Most practical electric field measurements are made by measuring 
the voltage between two parallel plates perpendicular to the electric 
field [13]. However, in the case of non-uniform fields, the metallic 
parts  causes  perturbation  of  the  field  around  the  point  to  be 
measured,  distorting  the  results.  Furthermore  electric  fields  are 
perturbed  by  any  conducting  objects,  including  the  instrument 
operator.  The  results  from reference  [12],  where  a  system was 
developed to visualize the spatial  distribution of  the ELF electric 
field around an object with complex shape, such as human body, 
was used as a reference.

The  approximate  dielectric  constant  of  the  human  body,  was 
estimated  through the  ratio  between perturbed  and unperturbed 
external electric field (E/E0 ), adjusting the results of the simulation 
using a FEM Program [14]  with  the measured values [12].  This 
adjust was realized for a range of the permittivity values.

● In first stage, called test case, an object with simple shape, a 
cylinder, was modeled and then, the accuracy of the numerical 
calculation,  using  finite  element  method  modeling  and  axial 
symmetry,  was confirmed by comparison of  the results from 
[12].

● In second stage, after checking the validity this method, it was 
applied to the human model, using element finite modeling and 
axial symmetry.

Fig. 2 - Electric Field Distribution around the human model.

Using this method a rough estimate of permittivity was obtained, 
comparing simulations to measurements in laboratory. Yet it clearly 
stood that measurements were not sufficiently accurate, since the 
field meter available was not adequate to use in non-uniform field 
patterns.  Still  the  most  adherent  value  of  relative  permittivity 
obtained  was  in  the  range  of  30-50,  which  was  considerably 
different from literature to justify a second phase of the research.

Second Method
So  a  second  method  was  proposed,  designed  to  use  with 
conventional  electric  field  meters,  although  also  using 
measurements of the electrical field around the human body.
The second method is based on shielding effect, which consists in 
significant  reduction  of  the  electric  field  in  the  proximity  of  a 
standing person, placed far away of the line source. In this way a 
good  agreement  was  obtained  when  comparing  field 
measurements  with  computational  simulations.  In  the  sequence 
some details of this experiment are described

The  measurement  was  done  at  High  Voltage  laboratory  from 
CEPEL, using a real line arrangement. It is a 500kV transmission 
line, and the conductors are at 10 m above ground.

The person was placed at a distance of 8 m from line center, and 
three transversal profiles,at heights of 0.5, 1.0 and 1.4 meters were 
measured. These results are shown in Fig. 3. These experimental 
data  were  compared  with  the  simulation  data  obtained  with 
TRICAMP (3D charge simulation) Program. In the simulation, the 
human was approximated by a cylinder.  Some variations of  the 
cylinder  radius  were  calculated  in  order  to  define  the  best 
representation. These results are shown in Fig. 4.
Finally, the contour conditions obtained from this simulation on the 
TRICAMP Program were used as input boundary condition to the 
MEF (finite element) Program. The person was then represented 
by a cylinder, according to Fig. 5, with a radius of 0.4 m, and then 
simulations  were  executed  using  a  range  of  relative  permittivity 
values between 30 and 100. These results are shown in Fig. 6.

Fig. 3 - Adjust Measurements / Simulation.

Fig. 4 - Variations of the human representation – cylinder radius.

Fig. 5 - Electric field distribution around the cylinder/Person.

Fig. 6 - Comparison of measured and calculated field values along 
longitudinal profiles.

This investigation indicated that a permittivity value of 30 was the 
most adherent to the measured values, using a real person on a 
transmission line field. Thus this value was subsequently used in 
the sequence of the simulations.

Application to a real Transmission Line
The whole methodology was then applied to a real case, consisting 
in calculating the field distribution (electric and magnetic) near the 
transmission line, modeling (using finite elements) a human body in 
different locations around the line, and then calculating maximum 
the  induced currents  generated  by  the  components  of  both  the 
electric  and  magnetic  fields,  and  finally  combining  those 
contributions  with  respective  magnitudes  and  phase  angles,  to 
obtain  the  total  maximum  induced  current  at  each  point.  Then 
those results were combined in a visualization, Fig. 7, representing 
currents  induced  in  a  person  in  different  situations  near  a 
transmission line.

Fig. 7 - Map of induced currents around a 500 kV transmission line. 

Conclusions

The  proposed  methodology,  consisting  of  several  computational 
models,  used in sequence, is  a valuable tool  to  the design and 
operation of transmission lines, allowing the establishment of safety 
regions  near  the  line,  in  order  to  assure  compliance  to  safety 
standards, considering different situations (circulations, agricultural 
activities, live line work, sensitive areas, etc.).

The  ongoing  research,  designed  to  determine  electric 
characteristics of human bodies, will provide more accurate data in 
order to guarantee the sound application of the modeling.
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