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Human Body I mpedance Calculations
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ABSTRACT

The paper deals with the problem of the averagetmtal impedance of the human body that is
essential for the analysis of electromagnetic f{@MF) exposure. Considerations are focused
upon a TEM cell. This paper reviews the problermpiit impedance of a biological object.
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INTRODUCTION

The hazard to humans created by exposure to EMISedathe necessity of leading bio-
electromagnetic studies. While such investigationbere a biological object is tested in an
exposure system, some energy is absorbed. Theyetlgagges as a result of the presence of walls
of the exposure system and other objects in théosme. It allows us to suppose that such an
object is characterized by input impedance. Thesidenations are based on the known theory of
mutual impedance of an antenna and its mirror ¢gfle in a conducting medium in its proximity.

MATERIALSAND METHODS

The Transverse Electromagnetic (TEM) cell is widabed as the exposure system (Fig. 1) in
compatibility studies, antenna’s calibrations andniedical investigations. The TEM cell was
proposed as a new way of establishing the EMF aran@IL Crawford, IEEE Transactions on
Electromagnetic Compatibility, EMC-16, 4, 189).
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COHDUCTOR
Fig. 1. A mouse as test object in the TEM cell

In each of these cases, the test object is plaetdebn two conducting plates or between four
plates in the case of a cell with side walls. lises the exposure system to have an influenceeon th
object.

There is no doubt that a conducting medium closant@ntenna (during calibration for example)
affects its input impedance. The input impedanceamfantenna placed in the proximity of a
conducting medium (between conducting plates infEM cell — Fig. 2a) is different in relation to
that in the free space. This difference resultsnfexisting mutual impedance of antenna and its
mirror reflection in the medium (Fig. 2b). As a meatof fact, the sensitivity of the antenna is
different than in the free space conditions. Thenamenon limits accuracy of the measurements.
Calculations performed for the case of an antetwgedo an infinitely large, perfectly conducting
plane shows the role of mentioned phenomenon #rabe omitted if the distance of the antenna to
the medium is larger than two lengths of the ardenirhe same phenomenon exists while the
antenna is calibrated in the TEM cell. In that ¢cabe exposure system influences the antenna
which causes changing input impedance of the e#drantenna.

a) b)
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Fig. 2. An antenna in the TEM cell: a) geometry of calilma, b) mirror reflections.

This problem is widely discussed in literature, agn@ther things in (T Dlugosz, H Trzaska.lEEE
Transactions on Instrumentation and Measureme0@9,258, 3, 626; H Trzaska.l[EEE Transactions
on Instrumentation and Measurements, 2000, IM-4), 4/112).Similar phenomena exist in
bioelectromagnetic  investigations and in  electrometig  compatibility  studies.
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RESULT AND DISSCUSION

Contrary to the antenna, the objects investigatethe studies are spatial and sometimes, semi-
conducting ones. The possibility of a free spaderpretation of investigated phenomena requires
similar analyses as in the case of antenna cabbrat

Influence of the TEM cell upon a biological objaetiay be defined as a difference of power
absorbed by the object inside the cell and thdahénfree space. If the electric field intensity and
conducting current density are known then the tdssnergy (absorbed power) may be calculated
as follows:

Pas = [ELIAV
\%

(1)

where:
Paps— absorbed power,
E — electric field intensity vector,
J — conducting current density vector,
V- volume of test object.

Formula (1) is valid for a homogeneous object. hié tcondition is not fulfilled, the power is
represented by a sum of partial powers, absorb#teiseparate elements of the object.

The primary results of the estimations of the iefloe of an exposure system upon a biological
object have already been published (T Dlugosz, #43ka. 4 International Workshop on
Biological Effects of Electromagnetic Fields, 200&rete, Greece, Volume [, 89).

Let us consider the centimeter model of a man @igT Dlugosz.Central European Journal of
Engineering, 2011, 1, 3, 253). Calculations weredenaith the use of different codes for constant
field intensity within the cell (E = 1 V/m). Theedgltric parameters of the object were assumed
uniform and equak, = 80,0= 0.84 S/m. Results of the simulations are preseint&ig. 4.

a) b)

Fig. 3. The considered case of a biological ohjesitle an exposure system: a) man and equivalent
cylindrical model, b) a cylindrical model of a mplaced between parallel plates.

It can be noticed that if dimensions of the tegedbare small (d>>h), the absorbed power in the
exposure system approaches the value in the feeges@n the other hand, while the object is large
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(d=h), the power is remarkably different. Results fritra latter case have nothing in common with
the results obtained in the free space conditionsthat means committed error increases and as a
fact, the results of such biomedical investigatiaresinaccurate.

4
§ #* 10

b1 T T e Manwell- FEM
| == Fidelity- FOTD

i | === free space

Fig. 4.Power absorbed by objects placed in the TENversus distance between plates

As it is shown above (Fig. 4), the object immergeide the exposure system absorbs power and
that power is the function of the ratio dimensiexposure system (d) to the dimension of the test
object (h). The power changes may be affected lyomieflections of a biological object (Fig. 5)
which suggests that there should be an input inmpEdaf a biological object.

a tnirror

<— areal object — reflections

of a man

Fig. 5.A man inside the TEM cell and its mirrorleetions.
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Bioelectrical impedance

The biological object may be characterized by inpytedance. But what does “impedance of the
human body” mean? Is this possible to present husodg as an equivalent circuit?
The human body, as all living organisms, is maddlifferent organs, tissues, and cells. The
electrical properties of living tissues are diffsrdrom each other (Table 1) (Italian National
Research Councihtp://niremf.ifac.cnr.it/tissprop/

Table 1. Electrical parameters of selected tissuesforrguiency of 1800 MHz

Tissue Conductivity [S/m] | Relative permittivity
Bladder 0.20891 33572
Blood 0.7 5257.6
Body Fluid 15 98.984
BoneCortical 0.020223 1837.6
BoneMarrow 0.0023773 3200.4
Brain Grey Matter 0.10207 102370
Fat 0.022961 11863
Heart 0.11435 261880
Kidney 0.11717 147540
Liver 0.04277 66253
Lymph 0.5256 36638
Muscle 0.32846 194060
Nail 0.020223 1837.6
Nerve 0.029637 63583
Skin Dry 0.00020019 1135.4
Spleen 0.10484 59352
Stomach 0.5256 36143
Tooth 0.020223 1837.6

As a fact, different tissues are characterized iigrént electrical parameters so they must absorb
5
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different powers. Let’s analyze the voxel modehoht placed in the free space conditions like it i
shown in Fig. 6a. The model was simulated with EZTD (Finite Difference Time-Domain)
method with the code FDTD99. Results of simulatiarespresented in Fig. 6b.
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Fig. 6. Voxel model of a rat in the free space: a) oritsttanodel,b) simulation results.

Like it was supposed each of the considered tissibs®rbs a different power. It means that

different tissues are built from different cellsialh are described by various electrical parameters.
A cell may be represented by an electrical equitatecuit (Fig. 7) where capacitance is analogous
to intracellular volume and resistance is analsgmuextracellular volume (RJ Liedtke.Principles

of Bioelectrical Impedance Analysis, 1997, -

protein

Capaator

-" The lipid Cytoplasma

bilayer

dieleciric Cytoplasma
Protein

channel

Protein

Fig. 7.The plasma membrane of a cell and its electrigaivalent circuit.

Of course the same results (as for the rat) anel Yat the human body, where the same effects
exist. In Fig. 6, the results for the rat are pnéseé because computer simulation was faster fer thi
case than for the model of a man and it required RAM memory. If a cell may be presented by
an electrical circuit, then tissues (that are maden cells) may be represented as an electrical
equivalent circuit too.

The electrical properties of living tissues shoattbach tissue has its own dielectric parametets an
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phenomenon, known aB-dispertion. The electrical characteristics of tessgan be presented by a
multi-time-constant circuit (Fig. 8). KRs the resistance measured at low frequency gomesents
the equivalent resistance of extracellular fluid. &dd R are the membrane capacitance and
intracellular resistance of the various tissues musing the body (H Kanai, | Chatterjee,
OP Gandhi .IEEE Transactions on Microwave Theoxy Bechniques, 1984, MTT-32, 8, 763).

LLLL"L
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O

Fig. 8.Equivalent circuit of biological tissues (H KaneChatterjee, OP Gandhi.I[EEE
Transactions on Microvawe Theory and Technique84 1RITT-32, 8, 763).
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Untill now, the equivalent circuit of the cell (Fig) and biological tissues (Fig. 8) were presented

It is known that tissues are made of cells anchtireaan body is made of tissues, therefore, it can be
represented in an electrical circuit too. Thus,dineuit of the human body may be proposed like it

is shown in Fig. 9, but this one is supplementeth&RC circuit of a head. Each part of the human
body (head, torso, arms, and legs) is presentethl®fectrical capacitor in parallel with a resistor

Fig. 9.Circuit of the human body.

If we have a circuit of a man, then the questiasear where to define input terminals of such an
object? There are a lot of combinations: betweam$ahand-foot, and head-foot. Each of these
schemes seems to be proper. So if it is true, i@t impedance will be different in each of these
cases. How would it be in computer simulations, nvfoe example, the centimeter model of a man
is considered (Fig. 10a)?
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Fig. 10. Cylindrical model of a man: a) input terminals pbpposal of calculating input
impedance, &n-n — input impedance between handsgye£— input impedances between head and
foot, U,1 — the way of calculating complex voltage and auirre

For the model presented in Fig. 10b, input impedanay be calculated in the simplest way — by
current through the body and the voltage drop:

Results of calculations are presented in Fig. Hria#ion of resistance with the dimension of the
human body can be sorted in three phases (Fig: 11a)

1) for the range&l/h = 1~1.1, resistance drops down sharply;

2) for the range 1.1d¢th<1.7, reduction of resistance becomes quite slow;

3) ifd/h>1.7 resistance starts to keeps a constant.

Calculation for equivalent capacitance ( Fig. 1Bbsimilar variation trend also appears here.
1) for the range/h = 1~1.1, capacitance drops down sharply;

2) for the range 1.1dth <1.4 the speed of capacitance reduction becomegislo

3) for d/h> capacitance has a more slow reductieed.
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Fig. 11. Results of calculations with the centimeter made¢he TEM cell: a) resistance varied
with object size, b) capacitance varied with obfaze

Are the presented considerations above correca? iSha difficult question because the subject of
input impedance of a biological object is difficaltd it is not recognized until now.

Biomedical applications
Let us try to answer the question: why is so imguatrto find impedance of a human being? The
answer may be the following: because when diseaséf@sts, the functional changes of tissues
and organs appear earlier than organic or anotimcat symptoms. The human body is composed
of charged or polar molecules dissolved in waterdfore, it is a good conductor and its
impedance can be measured and calculated. Ebgtrimperties of tissues and the organs of the
human body contain information when each of thehealthy or not.
The Bioelectrical Impedance Analysis (BIA) methodaymconstitute an example of such
examination (J Vedru, OMakarova, VTina. ™Minternational Conference on Electrical Bio-
Impedance. Oslo, Norway, 2001, 631). The compasitd an organism tested using the BIA
method provides us with information of key sigrgince, including eg. the proportion of muscle to
fat or the fluctuation of intracellular water volerequivalent to the body cell mass. Both of thd sai
parameters are crucial as lean body mass is a totabbody water volume, body cell mass and a
slim fraction of bone mineralization, while the tre$ a total body mass is attributable to fat tessu
Sample human body composition test (male, 29 yelabsis presented in fig. 12 together with
explanation of abbreviations referring to indivilbady mass ingredients as well as reference for
individual age groups. The test result constit@eso called biagram, a square shaped graph with
reactance values on one of its sides and phadeasigie between the current and voltage vectors
on a capacitive item, here a human body, on a pdipalar side. Inside the square there are two
triangles of differing sizes with disjunctive hypatises separated by a certain space. If the test
results in a point on the graph with appropriatkies for reactance and phase shift angle between
the current and voltage vectors, the result cordithat all the body mass components are normal.
If, however, the resulting point falls inside orfelee triangles like in the example shown in fig, 1
the body mass composition result is abnormal witohld result in a medical condition that
necessitates a consult
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CONCLUSION

The human body is characterized by electrical ptagse of body tissues (and/or organs). Its
changes allow for the extraction of biomedical mfation about the physiology and pathology of a
test object. Measurements, calculations or compsitaulations will make it possible to find
changes in our body and allow to detect them very uickdy.

Considerations presented in this paper show tleatita of input impedance of a biological
object exists, but still remains unsolved. Theelkarown measurement methods of man’s
impedance (Body composition assessment. Obesiygiqdi activity. Organic foods tasting, Xl
Lower Silesia Science Festival 2010), but it isdd@cult to build a detailed model of man that
would be an ideal reflection of the complicated lannbody. The electrical circuit which would
represent the human body is complex and it wilbpidy not give a synonymous solution. Such
simulations or measurements that are based on g@moey model are far from the real situation
observed in a healthy lifestyle and the complex &uimody.
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| Shmif | Weight 79 kg
| ® pgtyal test Resistance 516 ohm
| XC = 76 ohm Reactance 76 ohm
A= BA° - Phase Angle 84°
Results
Ma/K Exchangeable Rate =08 Muscle Mass = 43,0 kg ( 54,4%)
Body Cell Mass =356 kg ( 57,1%) Basal Matabolic Rate = 17795 keal

Total Body Water
Extracellular Water
Intracellular VWater
Fat Mass

Fat Free Mass

57,8%) BMI =23
BCMI =10

Fig. 12. BIA test result with individual human body massnponents and impedance
(Body composition assessment.Obesity, physicaliictioOrganic foods tasting, XIII Lower Silesia
Science Festival 2010)
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