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EXPOSURE SYSTEMS USED IN THE ASSESSMENT OF EMF IMPACT
ON LIVING ORGANISMS

The subject of the study in the article is the processes of analysis and exposure assessment of electromagnetic field on
humans. The main goal is to optimize size of the exposure antenna systems, its electrical parameters and generated
electromagnetic field (EMF) for different frequency range. Objectives: Electromagnetic field (EMF — Electromagnetic
Fields) studies on living organisms are one of the important branches of biomedical research. Most of this type of research
is conducted using dedicated exposures system with fixed and controlled EMF exposure conditions. The purpose of
biomedical research is to determine the influence of electromagnetic fields on living organisms. For this purpose the
exposure systems are designed. The main task of the exposure antenna system, is to produce the EMF with known and
controlled parameters in a specific EMF area. Depending on the frequency and the component (E or H) of the
electromagnetic field used, different types of systems are used. For low frequencies (for instance 50 Hz common
frequency) and magnetic fields, Helmholtz solenoids or coils are used, and for electric fields - flat capacitors (E Field). For
higher frequencies field E is used for systems with linear antennas or TEM lines. There are also dedicated probes for
invasive tissue heating. Each solution has its advantages and limitations and usually there are no universal solutions for all
cases. Results: For the generation of a low frequency magnetic field up to several hundred Hz, the Helmholtz solenoid or
coil is generally used because of its relatively simple construction, the ability to obtain high intensity and good
homogeneity of the field in a relatively large area relative to the dimensions of the whole system. The homogeneous field
area can be determined analytically based on system geometry or measurement. Otherwise it looks for exposure system
above few MHZ. To create a homogeneous EMF in the field of radio frequencies, the exposure systems - usually the TEM
lines (Crawford compartment) or sometimes the GTEM are very likely to be used. In both cases there are frequency and
spatial limitations - the homogeneous field is assumed to be maximally present. At 1/3 the height between the plates of the
chamber and at the same time the maximum frequency of operation of the TEM chamber can be described by the
approximate dependence of fmax [MHz] = 50 / d [m], resulting in a chamber operating at 1 GHz. The work piece does not
exceed a height of about 1.5 cm with a diameter of about 4 cm. Larger working areas, but at the same time, a lower
homogeneity of the field can be obtained in the GTEM chamber - but at the same time the GTEM chamber has much larger
geometric dimensions. Another way is to produce PEM with the parameters in open space - in the vicinity of the antenna.
In this case, it is very important to select an antenna so that the expected homogeneous area can be obtained at an
acceptable distance from the antenna - in order to maintain high EMF intensity and to reduce the radiation of the antenna
beyond the desired area. This can be achieved by limiting the emission area by, for example, shielding or using EMF
absorbers. In addition authors simulate novel ablation antenna for ablation treatment. Conclusions: Assessing the impact of
EMF on biological objects is an interdisciplinary studies that requires the involvement of biological or medical specialists,
as well as the EMF standard field and metrology specialist. In this work we have taken the subject of correct selection and
description used in the experience of exposure systems. The authors presented the most commonly used EMF emitters in
the low frequencies and microwave bands, as well as new model of the ablation treatment antenna.
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Introduction Idea of exposure antenna

Biomedical research related to the effects of
electromagnetic fields (EMF) on organisms carried out
since many years and research methods are still
improving.

For the purpose of laboratory research is to
develop appropriate systems exhibition, enabling to
obtain stable and controlled conditions of exposure to
the objects. Depending on the anticipated effects and the
frequency range are used different solutions, eg. For low
frequency magnetic fields are wused solenoids or
Helmbholtz coils [1], for EMF within the higher
frequency range such as TEM lines or systems of linear
antennas or horn antennas.

The paper presents proposals antennas designed
specifically for the exhibition system with popular radio
systems - GSM900 / UMTS.

The main goal was to achieve a relatively
homogeneous field in the area of approx. 10 x 10 ¢cm in
the smallest possible distance from the antenna - already

about 10 cm.

The information electromagnetic field of standard
and controlled parameters. The key is to control the
intensity of EMF, its spectral parameters and foremost
to achieve high uniformity. Fig. 1 presents a block
diagram of an exemplary exposition system. It includes:
microwave power source, antenna operating in the
selected frequency band and the system controlling the
intensity based on feedback from the EMF probe based
on EMF sensors and computer with dedicated software.
The antenna is chosen to achieve the desired s to ensure
constant, controlled conditions is used EMF control
system parameters, usually working with dedicated
control software [2]. Instead of measuring the field
strength is also possible to monitor the power supply
and the matching antenna. To ensure repeatability of
biomedical research provide stable conditions of
exposure. The most optimal solution would be to
standardize testing procedures and as far as possible -
exposure systems [3]. Example of that exposure system
is presented on Fig. 2.
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Fig. 1. Exposition block diagram
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Fig. 2. Exposure system for high freqencies

Prototype antenna

Analyzing the parameters of the antenna used in
exposure research were taken into account two main
factors: the possibility of obtaining a uniform intensity
with wide area above the antenna in order to its
geometrical dimensions. Less important was the
bandwidth of the antenna and gain. It is assumed that
the frequency band of the antenna should coincide with
the frequencies of the popular systems such as
GSM900/UMTS and advantageous is if it works as a
multiband antenna. As the best solution for proposed
purposes are microstrip antennas. Although they are
characterized by a relatively narrow bandwidth (up to
tens of MHz), but it is possible to design a multi-band
antenna with relatively small geometrical dimensions.

The primary disadvantage of conventional
microstrip antennas is their high sensitivity to coupling
with the environment and high levels of back lobe.
These disadvantages can be minimized by using a
layered antenna cavity, which is a modification of
microstrip antenna. By using resonant cavity to reduce
the back lobe, minimizes the sensitivity of the antenna
and couplings with the environment (which is very
desirable in laboratory exposure systems). In additaion
it extends the operating band of the antenna. Has been
developed several models of antennas, the final results

presents dual band cavity microstrip antenna (CMA) for
GSM 900 / UMTS band. Fig. 3 shows fabricated
antenna.

Fig. 3. Exposure system for high freqencies

Dual-band antenna CMA (Fig. 5) is designed as a
system of three radiating patches - center patch is
responsible for the GSM900 band and the side patches
for UMTS. Circuits parameters of fabricated prototype
has been tested and results are with the good agreement
with the simulated ones. The reflection cooefcient (S11)
of the antenna is shown in Fig. 4. The results translate
into a VSWR ratio of less than 1.5 for a bandwidth of
8MHz in the range for GSM900 and 64 MHz bandwidth
for UMTS. VSWR less than 1.5 provide losses less than
4 % of the reflected power.
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Fig. 4. Reflection coefficient for both, simulated
and measurement results respectively

From the perspective of biomedical research , the
most important is field distribution in selected area
above the antenna in the possible small distance. It
reduce the radiating area and achive high intensity field
at an acceptable power supply. This results from the test
object is often located in near field area or the transition
zone between the near field and far field. Analyzed
antenna for far-field distance is based on the popular
dependence and a far field for CMA GSM900 is 10cm
and 20 cm antennas CMA UMTS. Numerical analysis
showed that the field uniformity over the antenna is
better than +2dB in the area of 10x10cm and can be
obtained at a height of approx. 10cm above the
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antennas. EMF distribution experimentally measured for
two different height of 5 cm and 10 cm above each of
the proposed antennas. The measurements were made
using an isotropic probe EMF EP600. The results
obtained for the powered antenna by 23 dBm are shown
in Table 1.

Table 1. The results obtained for the powered antenna

by 23 dBm
Antenna Frequency [MHz]| Inhomogeneity %
CMAGsmao0 888 8
CMAuymrs 2034 17
Results

In Fig.5 it can be seen that the uncertainty
generated PEM antenna CMA 5 cm above the antenna
is 1.6 dB (= 23 %), while for a 10 cm from the antenna
is only 0.6 dB (= 8 %) for the GSM 900 and 1.2 dB
(£ 17 %) for UMTS . In the case of distribution PEM
antenna CBSA obtained 1.5 dB (= 21 %) for 5 cm and
1 dB (= 12 %) for 10 cm. The obtained results provide a
satisfactory EMF distribution at 10 cm above the
antenna for the area of 10x10cm (Fig. 6).

EMF distribution S5cm - 888 MHz
775" \ BN

EMF distribution 5¢cm - 2034 MHz

Fig. 5. Measured EMF distribution above 5 cm
for both frequencies in dB

EMF distribution 10cm - 888 MHz

i /[ \ /A

EMF distribution 10cm - 2034 MHz

Fig. 6. Measured EMF distribution above 10 cm
for both frequencies in dB

Schedules PEM studied two prototypes have a
large convergence of results, so it is possible to use both
types of antenna systems while maintaining the
parameters exhibition field.

Conclusion

Fig. 7 present small microwave anechoic chamber
with the proposed novel antenna used in biomedical
research.

Fig. 7. Small microwave chamber
used in biomedical research

Has been used a dedicated software to control the
parameters of the icunbator interior. It has been made by
means EMF probe (green bulb), which is placed directly
above the antenna along the EMF absorbers. Small sizes
of the antenna with high gain (3-9dBi) provide higher
intensity round about the petri dish with small amount
of microwave source.

The paper presents optimized antennas used in
systems for bio medical research. Especially exposure
for small objects. (eg. Cell incubator showed of fig. 7)
The results are satisfactory obtained homogeneous field
area ( with deviations of less than 1.6 dB) at 10cm
above the antenna.

At the same time the system has a high energy
efficiency, which can be described as ratio of "energy
intensity".

Presented results are step to standard methods and
exposure systems used in biomedical research.
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CucreMH eKkcno3uuii,
10 BUKOPUCTOBYIOThCSI VISl OLIHKY BIUIMBY €JIEKTPOMATHITHOIO I10JISI HA KUBi OpraHismu

I1. Kana, I1. BieHKOBCBHKUit

IIpeamMeroM IOCHI/UKEHHS € MPOLECH aHalli3y Ta OLIHKK BIUIMBY EJEKTPOMAarHiTHOro Mol Ha Joxeil. Mera -
OINTHMI3yBaTH PO3Mip aHTEHHHX CHUCTEM EKCIIOHYBaHHS, 1X €NeKTPUYHHUX IapaMeTpiB 1 T€Hepai30BaHOTO €JIEKTPOMarHiTHOrO
nonst (EMII) st pisHMX 4acTOTHHX Jiala3oHiB. 3aBHAHHA: JOCITIDKEHHS Aii €IeKTPOMArHiTHOrO IOJS Ha XXHMBI OpraHi3Mu.
JlaHe IOCTIUKEHHS € OIHIEI0 3 BAXIMBUX raiy3eldl OlOMEeIMYHHX JOCHiKeHb. Belnka dacThHa IbOrO THITYy JOCIHIIKEHb
MIPOBOJUTHCS 3 BHKOPHCTAHHSAM CIIEIiabHOI CHCTEMH E€KCIO3HLIT 3 (iKCOBAaHMMHM Ta KOHTPOJIHOBAHUMH YMOBAMH EKCIIO3HIIIT
EMII. Mertoro 6ioMeIUIIMHCBKIX NOCII/KEHb € BU3HAYCHHs BIUIMBY €JIEKTPOMArHITHUX ITOJNIB Ha JKUBI opraizMu. J[is mporo
po3pobiieHi cucremu excrio3uilii. OCHOBHA 3a/1a4a CHCTEMH aHTEHHOI'0 €KCIIOHYBaHHs oJisirae B crBopeHHi EMII 3 Bimomumu Ta
KOHTPOJIbOBAaHUMH ITapaMeTpaMu B KOHKpeTHii obnacti EMIL. B 3anexHOCTi Bif 4acTOTH Ta KOMIIOHEHTY BUKOPHCTOBYBAHOI'O
€JIEKTPOMArHiTHOTO IT0JIsI BUKOPHCTOBYIOTBCS Pi3HI THIHU cucTeM. Il HU3BKHUX YacTOT 1 MarHiTHHX HOJIIB BUKOPHUCTOBYIOTHCS
cosieHoIM abo KOTymku ['enpMronbia, a Juisl eJIeKTPUYHHX IONIB — IUIOCKI KOHAeHcAaTOpH. JIJist OUIBII BHCOKHX YacTOT IO
BUKOPHUCTOBYETBCS CHUCTEMa 3 JIiHIMHMMM aHTEHaMH. ICHYIOTh TaKoX CrelialbHi NPOOHMKM Ul 1HBa3MBHOI'O HarpiBaHHA
TkaHuHU. KokHe pimeHHs Mae cBoi mepeBaru Ta oOMeXeHHs, Ta JUI BCIX BUIA/IKIB HEMa€ yHiBepcallbHUX pilleHb. Pe3yiabTarn.
Jliist reHeparnii HI3bKOYAaCTOTHOTO MArHiTHOTO TIOJISI 3BUYAHHO BHKOPHUCTOBYIOTh KOTYIIKK ['enbMroineia i3-3a IXHBOI BiTHOCHO
IPOCTOI KOHCTPYKI{, 34aTHOCTI OTPUMYBATH BHCOKY IHTEHCHBHICTb Ta XOpOIIY OJHOPIJHICTH IOJIS Y BiZAHOCHO BEJUKIiH
BiJHOCHIH InIOm 1O po3MmipiB Bciel cucremu. OOJacTh OJHOPIOHOrO IMOJNS MOXKE OYTHM BH3HA4YeHA AHAIITHYHO Ha OCHOBI
reoMeTpii a00 BUMipIOBaHHS CUCTEMH. B IpOTHIE)KHOMY BHIIAJIKY BiIOYBA€THCS IMOIIYK CHCTEMH EKCITO3MLIT BHIIE JEKLUIBKOX
Ml 1. IcHyrOTH 4acTOTHI Ta NPOCTOPOBI OOMEKEHHS — IPUIYCKAEThCS, IO OJHOPIJHE IM0JIE MAKCUMAJbHO NpPUCYTHE. Jlyxke
Ba)KJIMBO 00paTH aHTEHy TaK, 1100 O4iKyBaHA OAHOpiIHA 001acTh Moria OyTH OTpUMaHa Ha NMPUHHATHIN BiZICTaHI BiJl aHTCHU —
JUTSL T ITPUMKH BUCOKOI iHTeHcuBHOCTI EMII Ta 3MeHIIeHHs BUIIPOMiHIOBaHHS aHTEHHHUX CHTHAIIIB 32 MeXaMH Oa)kaHoi o0JiacTi.
Le Mmoxxe OyTH TOCATHYTO NIISIXOM OOME)KEHHS IUTOLTI BUKHIIB, HATIPUKIIAJ, IUISIXOM eKpaHi3alii a0 BUKOPHCTaHHS ITOTJIMHAYIB
EMII. Kpim Toro, aBTopyu MOJZIEIIIOIOTh HOBY aOJIsLiiHY aHTeHHY Juls JliKyBaHHs aOusauii. BucnoBku. Oninka sruuBy EMIT Ha
OioyoriuHi 00'eKTH € MIKIMCUMIDTIHAPHUM JIOCII/DKEHHSM, sSK€ BUMarae ydacti 0ioJoriyHmx abo MEAWYHHX CIIeIiatiCTiB, a
TaKOX CIIeIiajIicTa 3 eIeKTPOMarHiTHAX MOJIIB Ta MeTpolorii. B pooTi po3risigaeTsbesi MUTaHHS IPaBHILHOTO BUOOPY Ta OIMKUCY,
BHUKOPUCTAHOT'O NP €KCIIEPHUMEHTI CHUCTEM €KCIIOHYBaHHS. ABTOPHW IPEJCTaBIJIM HAOUIBII YaCTO BUKOPUCTOBYBAHI €MITEpH
EMII B HU3KO4aCTOTHHUX Ta MIKPOPIBHEBHX Jiala30HaxX, a TAKOXK HOBY MOJIeJIb aHTEH 00poOKH abnaii.

Kaw4oBi caoBa: aHTeHa, CHCTEMH €KCIO3HIIi1, 4aCTOTa, SJICKTPOMArHiTHE IOJIE.

CucTeMbl IKCNO3ULINH,
HCNOJIb3yeMble 151 OeHKH BO3AeiCTBHUS YIeKTPOMATHUTHOTO MOJISI HA )KHBbIE OPraHN3MBbI

I1. Kana, I1. buenkoBckuit

IIpenmeroM wncciieOBaHUs SBISIOTCA NPOLIECCHl AaHAIN3a W OLIGHKH BO3JEHCTBHS 3JIEKTPOMarHUTHOTO IOJS Ha
moneil. Heap - oNTHMHU3MPOBATh pa3MEpP AHTEHHBIX CHUCTEM OSKCIOHUPOBAHHS, €ro 3JIEKTPUYECKHX IapaMeTpoB M
regepupyeMoro asekrpomarautoro mnois (OMII) s pasHBIX YaCTOTHBIX [MANa3oHOB. 3aJauM: HCCIEIOBAHUS
JNEKTPOMAarHUTHOIO MOJS Ha JKHMBBIX OpraHu3Max. JlaHHele HCCIEeNOBaHUS SBIAIOTCA OZHOM M3 BaKHBIX OTpaciei
OMOMEIULIMHCKUX HUccieoBaHUH. bonblmas d9acTh 3TOro THNA HCCIENOBAHMH TNPOBOAUTCA C HCIOJIB30BaHHEM
CIELUAIBHON CHUCTEMBI DKCNO3ULUHN C (UKCHPOBAHHBIMH M KOHTPOIUPYEMBIMH ycioBuAMH 3kcnozunuu OMIL Ilensto
OMOMEIUIIMHCKUX UCCIIEOBAaHUN SBIISETCS ONpPE/eNICHUE BIUSIHHS 3JICKTPOMArHUTHBIX IOJICH Ha JKUBBIC OpraHu3Mbl. [l
9TOH 1Henu pa3paboraHbl cHCTeMbl 3Kcro3uluu. OCHOBHAs 3aja4a CUCTEMbl AHTCHH SKCIIOHMPOBAHMA 3aKI0YaeTcs B
cozganuu OMII ¢ U3BECTHBIMH M KOHTPOJIMPYEMBIMU IIapaMeTpaMu B KOHKpeTHOH oGmacru OMII. B 3aBucumoctu ot
4acTOTBI M1 KOMIIOHEHTA HCIIOJIb3YEMOI0 3JEKTPOMArHUTHOIO TOJISl MCIIOJIB3YIOTCSl pa3IuYHbIE THIBI CUCTEM. [T HU3KUX
YacTOT M MAarHUTHBIX TONEH MCIOJB3YIOTCS COJIEHOMABI MIM KaTyIIKW ['ensMronena, a Iis JIEKTPHUYECKHX MOJeH -
IUIOCKHE KoHAeHcaTopbl. [l Oosiee BBICOKMX YacTOT nosne E HCroiab3yeTcs CHCTEMbl C JIMHCHHBIMH aHTEHHAMU.
CyIecTBYIOT TaKKe CIelMaNbHble 30H/bI U1 HHBa3MBHOIO Harpesa TKaHH. Kaxioe pelnieHne MMeeT CBOM NPENMYILECTBA
U OrpaHMYeHHs, M OOBIYHO JUIs BCEX ClIydyaeB HET YHHMBEpCalbHbIX pemeHuil. Pesyabrarsl. Jns reHepanuu
HU3KOYaCTOTHOIO MAarHUTHOTO II0JI OOBIYHO HCIOJB3YIOT KAaTYIIKH [ebMroiblia M3-3a €ro OTHOCHTENBHO HPOCTOH
KOHCTPYKLIUH, CIIOCOOHOCTH II0Jy4aTh BBICOKYIO MHTEHCHBHOCTb M XOpPOIIYIO OJHOPOXHOCTb IOJS B OTHOCHTEJIBHO
GoIbIIOH OTHOCUTENBLHOM MIOmaAM K pasMepaM Bcell cucTembl. O0JacTh OJAHOPOJAHOIO MHOJIS MOXKET OBITh ONpeEjeNieHa
AQHAJINTUYECKH HAa OCHOBE TEOMETPUHU MM HM3MEPEHHsS CHCTEMBI. B NPOTHBHOM cilydae MpPOMCXOOUT IOHMCK CHCTEMBI
9KCHO3HMIHMHU BbIIe HECKONBKUX MI'I. CymecTBYIOT YaCTOTHBIE M IPOCTPAHCTBEHHBIE OTPAHMYEHHS - IIPEATIONAraeTcs, 4To
OJHOPOJHOE II0JIé MaKCHMAaJIbHO NPHUCYTCTBYeT. O4eHb Ba)KHO BBIOpATh aHTCHHY TaK, 4TOObI OXHAaeMasl OJHOPOIHAs
o0JiacTb MorJia ObITh IOJIydeHa Ha MPUEMIIEMOM PAcCTOSHHM OT aHTEHHBI - JJIS MOJAEp)KaHUsS BbICOKOW MHTEHCHUBHOCTH
OMII u yMeHbIIEHHMS H3JIY4YEHUs AHTEHHbl 3a MpeJeNnbl KeJlaeMoi o0nacTH. OTO MOXET ObIThb JOCTUTHYTO HyTEM
OrpaHUYCHM IUIOLAJN BBIOPOCOB, HApUMEp, IyT€M SKPaHMPOBAaHHUSA WM HcHoib30BaHuA norioruteneid DMIL Kpome
TOr0, aBTOPbl MOJCIHUPYIOT HOBYIO aOJSLIMOHHYIO aHTCHHY s JieueHus abnsauuu. BeiBoabl. Ouenka BiausnHus OMII Ha
6uosIOrHuecKre OOBEKThl SIBISETCS MEKAUCUUIUIMHAPHBIM HCCIEIOBAHUEM, KOTOpoe TpedyeT ydacTus OMOJIOrMYECKHX
WIA MEAMIMHCKUX CIELMAIUCTOB, a TAKXKe CIEIHMAJINCTa 10 JIeKTPOMArHUTHBIM IOJIIM M MeTponoruu. B srtoit pabore
paccMaTpuBaeTCs BONPOC IPABUIBHOTO BbIOOpAa M ONUCAHMA, HCIIONB30BAHHOIO IIPU OSKCIEPHUMEHTE CUCTEM
9KCIIOHUPOBAaHMA. ABTOpBI INPEJICTaBMINM Hauboyee Yacro ucnoiabdyemble 3MuTrepel OMII B HHM3KOYAacTOTHBIX U
MHUKDPOBOJIHOBBIX JIMaNa30HaX, a TAKXKe HOBYIO MOJEIb aHTEHHbI 00paboTKH abisauu.

KamoueBblie cioBa: AHTCHHA, CUCTEMBI SKCIIO3UINN, YaCTOTa, JJIECKTPOMAarHuTHOE I10JI€.
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