





Open navigation menu[image: Scribd Logo]



Close suggestionsSearchSearch


enChange Language

UploadLoading...


User Settings
close menuWelcome to Scribd!

	

	Upload
	Read for free
	FAQ and support
	Language (EN)
	Sign in












Skip carousel
Carousel Previous
Carousel Next
	What is Scribd?
	Academic
	Professional
	Culture
	Hobbies & Crafts
	Personal Growth
	All Documents







	


Academic Documents






	Foreign Language Studies	Chinese
	ESL


	Science & Mathematics	Astronomy & Space Sciences
	Biology


	Study Aids & Test Prep	Book Notes
	College Entrance Exams




	Teaching Methods & Materials	Early Childhood Education
	Education Philosophy & Theory



All categories





	


Professional Documents






	Business	Business Analytics
	Human Resources & Personnel Management


	Career & Growth	Careers
	Job Hunting


	Computers	Applications & Software
	CAD-CAM




	Finance & Money Management	Accounting & Bookkeeping
	Auditing


	Law	Business & Financial
	Contracts & Agreements


	Politics	American Government
	International Relations


	Technology & Engineering	Automotive
	Aviation & Aeronautics



All categories





	


Culture Documents






	Art	Antiques & Collectibles
	Architecture


	Biography & Memoir	Artists and Musicians
	Entertainers and the Rich & Famous


	Comics & Graphic Novels
	History	Ancient
	Modern


	Philosophy


	Language Arts & Discipline	Composition & Creative Writing
	Linguistics


	Literary Criticism
	Social Science	Anthropology
	Archaeology


	True Crime

All categories





	


Hobbies & Crafts Documents






	Cooking, Food & Wine	Beverages
	Courses & Dishes


	Games & Activities	Card Games
	Fantasy Sports


	Home & Garden	Crafts & Hobbies
	Gardening




	Sports & Recreation	Baseball
	Basketball



All categories





	


Personal Growth Documents






	Lifestyle	Beauty & Grooming
	Fashion


	Religion & Spirituality	Buddhism
	Christianity


	Self-Improvement	Addiction
	Mental Health




	Wellness	Body, Mind, & Spirit
	Diet & Nutrition



All categories











WIRECOM - Wireless Communication Devices and Human Health


Uploaded by
d-fbuser-1000793 
0 ratings0% found this document useful (0 votes)

0 views
53 pages
AI-enhanced title

Document Information
click to expand document informationOriginal Title
Untitled

Copyright
© © All Rights Reserved

Available Formats
PDF, TXT or read online from Scribd

Share this document
Share or Embed Document
Sharing Options
	Share on Facebook, opens a new windowFacebook

	Share on Twitter, opens a new windowTwitter

	Share on LinkedIn, opens a new windowLinkedIn

	Share with Email, opens mail clientEmail

	Copy linkCopy link





Did you find this document useful?
0%0% found this document useful, Mark this document as useful
0%0% found this document not useful, Mark this document as not useful


Is this content inappropriate?
Report this Document




Copyright:
© All Rights Reserved

Available Formats
Download as PDF, TXT or read online from Scribd

Flag for inappropriate content

Download now

SaveSave Untitled For Later
0 ratings0% found this document useful (0 votes)
0 views53 pages
WIRECOM - Wireless Communication Devices and Human Health


Uploaded by
d-fbuser-1000793 
AI-enhanced title




Copyright:
© All Rights Reserved

Available Formats
Download as PDF, TXT or read online from Scribd

Flag for inappropriate content

SaveSave Untitled For Later
0%0% found this document useful, Mark this document as useful
0%0% found this document not useful, Mark this document as not useful
EmbedShare


Print

Download now

Jump to Page 

You are on page 1of 53

Search inside document 






is the final report of the WIRECOM-project.

Finnish Institute of Occupational Health
Safe New TechnologiesTopeliuksenkatu 41 a A, 00250 Helsinkiwww.ttl.fiTietoa tyst

The joint project WIRECOM (Wireless Communication Devices and Human
Health) was a national research project into the health effects of mobile phonesRF fields. It was made up of four different projects, containing a large-scaleinternational cooperation that includes epidemiological monitoring research aswell as provocative projects focussing on possible effects on the head area. This
WIRECOM  Wireless Communication Devices and Human Health
The rapid spread of mobile phones and other wireless communication devices has increased the populations exposure to electromagnetic fields at radiofrequencies (RF). Even though the electromagnetic fields emitted by mobilephones and base stations are weak compared to safety limits, public discussionand some research findings have raised concern about possible health effects.
WIRECOM  WirelessCommunication Devicesand Human HealthNational research programme into thehealth effects of mobile phonesFINAL REPORT
ISBN 978-952-261-234-2ISBN 978-952-261-235-9 (PDF)
Tommi AlankoMaila Hietanen(eds.)

WIRECOM - Wireless Communication Devices
and Human Health
National research programme into the health effects of
mobile phonesFINAL REPORT

Tommi Alanko and Maila Hietanen (eds.)
Finnish Institute of Occupational HealthHelsinki 2012
WIRECOM

Finnish Institute of Occupational Health
Safe new technologiesTopeliuksenkatu 41 a A00250 Helsinkiwww.ttl.fi
Cover: Albert Hall Finland Oy Ltd

 2012 Finnish Institute of Occupational Health and authors

This publication has been accomplished with support by TEKES.
Even partial copying of this work without permission is prohibited (Copyright law 404/61).

ISBN 978-952-261-234-2 (print)
ISBN 978-952-261-235-9 (pdf)
Juvenes Print, Tampere 2012
WIRECOM
TABLE OF CONTENTSYHTEENVETO..............................................................................................1EXECUTIVE SUMMARY.................................................................................4ANNEX 1.Thermal effects of RF fields (TERFI)..............................................................7ANNEX 2.Effects of mobile phone electromagnetic field on human brain: PET-study.......23ANNEX 3.RF dosimetry for biological studies (RFDOS).................................................28ANNEX 4.Cohort study on mobile phone users and health (COSMOS)...........................44
WIRECOM
YHTEENVETOMatkapuhelinten ja muiden langattomien viestintlaitteiden yleistyminen on lisnnyt vestn altistumista radiotaajuisille (RF) shkmagneettisille kentille. Vaikka matkapuhelimienja tukiasemien lhettmien RF-kenttien aiheuttama altistus ei ylit vestlle tai tyympristlle annettuja turvallisuusrajoja, julkinen keskustelu ja muutamat tutkimustuloksetovat herttneet huolta kyttjiin kohdistuvista mahdollisista terveysvaikutuksista.Vuosina 1994 - 2007 nelj kansallista tutkimusohjelmaa toteutettiin Suomen yliopistoissaja tutkimuslaitoksissa, joissa prahoittaja oli TEKES - teknologian ja innovaatioiden kehittmiskeskus. Ohjelmat pyrkivt vastaamaan kysymyksiin matkapuhelinten mahdollisistaterveyshaitoista, ja ne olivat osa kansainvlist yhteistyt RF-kenttien terveysriskienarviomiseksi. Vaikka ohjelmat tuottivatkin paljon tietoa, avoimia kysymyksi on edelleen.Sen vuoksi tammikuussa 2009 kynnistettiin uusi kansallinen tutkimushanke WIRECOM(Langattomat laitteet ja terveys). Tavoitteena oli tydent tutkimuslaitosten ja yliopistojen laaja-alaista ja luotettavaa tutkimustietoa ja siten varmistaa tulosten julkinen hydynnettvyys.WIRECOM-yhteishanke koostui neljst osaprojektista. Hankkeet kohdistuivat radiotaajuisen shkmagneettisen steilyn mahdollisiin vaikutuksiin pn alueella sek terveysvaikutusten tutkimiseen kansainvlisen epidemiologisen kohorttitutkimuksen osana. Hankkeiden ksittelemt tutkimusongelmat sisltyivt Maailman terveysjrjestn (WHO) prioriteetteihin ja siten edistvt WHO:n tulevaa RF-kenttien terveysriskien arviointiprosessia.Tyterveyslaitoksen (TTL) osaprojektissa selvitettiin voiko koehenkiliden altistuminen RFkentille aiheuttaa sellaisia lmpvaikutuksia pn alueen kudoksissa, ett niist voisi aiheutua kyttjlle terveyshaittoja. Tutkimukseen otettiin 59 koehenkil, joista 26 oli 14 15 v. poikia ja 33 nuoria miehi. Koehenkilit altistettiin sek tavallisen ett suurempitehoisen GSM-matkapuhelimen lhettmille RF-kentille. Teini-ikisten poikien tutkimuksessakorvakytvn lmptilat eivt nousseet merkittvsti eik havaittu muutoksia aivojenverenvirtauksessa kytettess suurinta yleislle sallittua puhelimen lhetystehoa (2 W /kg) 15 minuutin altistumisen aikana. Myskn aivojen merkittvn lmmnnousuunsopivia muutoksia perifeerisess lmmnstelyjrjestelmss tai verenkierron autonomisessa stelyss ei lytynyt.Nuorille aikuisille tehdyiss altistuskokeissa kytettiin SAR-arvoa 4 W / kg. Se on korkeampi kuin vestlle sallittu GSM SAR-arvo 2 W / kg, mutta selvsti alle radiotaajuussteilyst annettujen turvallisuusrajojen. Otsalohkon verenvirtauksessa todettiin 20 min altistuksessa laskeva suuntaus. Tm havainto on yhdenmukainen Turun yliopiston PET tutkimuksen tulosten kanssa. Korvakytvn lmptila nousi noin 0,5 C 20 min altistuksenaikana. Aikuisten ryhmlt otettiin verinytteet ennen altistusta ett sen jlkeen. S100Bproteiini oli yksi tutkituista merkkiaineista ja sit tuottavat aivokudoksessa lhinn astrosyyttisolut. Sit on ehdotettu keskushermoston vaurioitumisen merkkiaineeksi. Altistuksenaikana koehenkiliden veren S100B pitoisuus pieneni merkitsevsti (p <0,01). Tasot olivatkuitenkin fysiologisen vaihtelun normaalirajoissa sek ennen altistusta ett sen jlkeen.Muissa biokemiallisia merkkiaineissa ei havaittu merkittvi muutoksia.
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Turun yliopiston (UTU) tutkimuksessa selvitettiin mahdollista yhteytt RF-altistumisen ja
aivokudoksen aineenvaihdunnan muutosten vlill. Samoin tutkittiin toiminnallisia muutoksia neurobiologisten mekanismien ja kognitiivisien toimintoja vlill. Tutkimus toteutettiin yhteistyss kansallisen PET-keskuksen kanssa. Matkapuhelimen steilyn vaikutustaaivojen glukoosiaineenvaihduntaan ja aivojen verenvirtaukseen (CBF) tutkittiin kahdellapositroniemissiotomografia (PET)-tutkimuksella, joissa kytettiin fluorodeoksiglukoosia([18F] FDG) ja radioaktiivista vett ([15O] H2O). Trkein havainto FDG-PET:ss oli, ettaivojen sokeriaineenvaihdunta vheni merkittvsti altistuneella (oikealla) aivopuoliskolla.Altistuksen aikana aivojen suurin SAR-arvo oli 0,2 W/kg ja vastaavasti pn suurin SARarvo oli 0,7 W/kg.Steilyturvakeskuksen (STUK) vastuulla oli koko yhteishankkeen altistumislaitteistot jaaltistumisen arviointi (RF dosimetria). Kytetty numeerinen malli havaittiin laadullisestiriittvn hyvksi vertaamalla mitattuja ja simuloituja SAR-arvoja homogeenisessa nestemisess phantomissa. Altistusjrjestelmien korkealaatuinen dosimetrinen arviointi onkeskeinen edellytys luotettaville ihmisen altistumista koskeville tutkimuksille.Neljs osahanke, prospektiivinen kohorttitutkimus matkapuhelimen kyttjist ja terveydest (COSMOS) tehtiin mys STUK:ssa. Tutkimuksen tavoitteena on selvitt yhteyttmatkapuhelimen kytn ja erilaisten sairauksien ja oireiden kuten neurologisten sairauksien, aivokasvainten ja pnsryn vlill. Suomalainen COSMOS tutkimus on osa laajaalaista kansainvlist COSMOS-yhteistyt, jolla on yhteinen tutkimussuunnitelma. Suomen lisksi kansallinen COSMOS tutkimus on kynnistetty Ruotsissa, Tanskassa ja IsoBritanniassa (30,000-66,000 osallistujaa kussakin maassa), ja parhaillaan kynnistmistvalmistellaan Alankomaissa ja Ranskassa. Kansainvlinen yhteisty lis aineiston kokoaja parantaa tutkimuksen tilastollista voimaa (power). Tutkimukseen pyydettiin osallistumaan aikuisia, jotka kyttvt matkapuhelimia eri mri. Heihin otettiin yhteytt puhelinoperaattoreiden kautta. Rekrytointivaiheessa osallistujat tyttivt kyselyn, joka koskiaikaisempaa puhelimen kytt, terveydentilaa ja tutkimusta sekoittavia tekijit. Yhteens 15 800 henkil on suostunut osallistumaan tutkimukseen (9,6% kutsutuista).Noin 13 000 on mys tyttnyt kyselyn (8,0% kutsutuista). Tutkimuksessa kyselyyn osallistujista useimmait kertoivat aloittaneensa matkapuhelimen kytn 1990-luvun puolivliss. Noin 15 % katsoi terveytens olevan tavanomainen tai huono. Tutkittavat ilmoittivatpuhuvansa yleens 1-3 tuntia viikossa (38%). Korkeimpaan luokkaan (> 6 h viikossa)kuului 6 % ja alimpaan luokkaan (< 5 min viikossa) kuului alle 1 % vastanneista. Pnsrky oli ainakin joskus rajoittanut tavanomaista pivittist toimintaa 12% tutkimukseenosallistuneista. Noin 24% vastaajista raportoi valoilmiist pnsryn aikana. Lhes 15%:lla vastaajista esiintyi tinnitusta ja 10%;lla osittaista kuulon heikkenemist matkapuhelimen kyttn liittyen. Harvinaisin oire oli pahoinvointi (3%) ja tavallisin polttava tunnekorvassa (49%).Kaikki kolme Suomen trkeint operaattoria (DNA, Elisa ja TeliaSonera) suostuivat antamaan tiedot osallistujien puheluista. Operaattorin tiedot on saatu vhintn kolmen kuukauden ajalta vuodessa. Tutkittavat pidetn ajan tasalla tutkimuksen etenemisest uutiskirjeen (lhetetn shkpostitse) ja internet-sivun (www.cosmostutkimus.fi) avulla.Suomalainen COSMOS-hanke on nyt siirtymss seurantavaiheeseen. SeurantalomakkeetWIRECOM

pyritn lhetetn vuonna 2013. Tutkimuksen odotetaan jatkuvan ainakin vuoteen
2020.
Avoimia kysymyksi ja suosituksia
Sek Tyterveyslaitoksen ja Turun yliopiston tutkimukset osoittivat, ett altistuminenmatkapuhelimen RF-kentille voi vaikuttaa aivojen aineenvaihduntaan ja aivojen verenkiertoon. Vaikutuksista etenkin sokeriaineenvaihduntaan on julkaistu ristiriitaisia raporttejatuoreessa kirjallisuudessa. Tmn vuoksi on tarpeellista toistaa tutkimukset ja mrittannos-vaste-suhteet kytten erilaisia RF-altistumisen tasoja. Koska muutoksia aivoissaon hyvin vaikea mitata, tutkimuksissa tulisi kytt riippumattomia menetelmi (esim.PET ja NIRS). Suomalaisen tutkimusohjelman jatkumisen kannalta suurin uhka tulevaisuudessa on riittvn rahoituksen varmistaminen.WIRECOM-hankkeen rahoitusWIRECOM - ohjelman prahoittaja oli Tekes. Ohjelman osarahoittajia olivat Nokia, TeliaSonera ja Elisa sek hankkeeseen osallistuneet tutkimuslaitokset. Tyterveyslaitos toimihankkeen koordinaattorina.
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EXECUTIVE SUMMARYThe rapid spread of mobile phones and other wireless communication devices has increased the populations exposure to electromagnetic fields at radio frequencies (RF).Even though the electromagnetic fields emitted by mobile phones and base stations areweak compared to safety limits, public discussion and some research findings have raisedconcern about possible health effects.During the years 1994  2007, four national research programmes were carried out inFinnish universities and research institutes, funded mainly by TEKES. The programmesattempted to respond to citizens concerns about the possible adverse health effects ofmobile phones, and they were part of international cooperation to evaluate the healthrisks of electromagnetic fields at radio frequencies. Although these Finnish and foreignstudies generated a lot of information, there remain still some open questions. Therefore,in January 2009, a new national research project into the health effects of mobile phonesRF fields was started. The objective was to enable large-scale and reliable research inindependent research institute, hence ensuring public benefit from the findings.The joint project WIRECOM (Wireless Communication Devices and Human Health), wasmade up of four different projects, containing a large-scale international cooperation thatincludes epidemiological monitoring research as well as provocative projects focussing onpossible effects on the head area. The projects dealt with the research questions thatwere the highest priority for the World Health Organisation (WHO), thus supporting theWHOs planned evaluation of the health risks of RF fields.The focus of the Finnish Institute of Occupational Healths (FIOH) sub-project was to clarify whether the exposure of trial subjects to the RF fields from GSM phones produces levels of temperature change in the tissues of the head area which could be detrimental tothe health of the phone user. The results of the volunteer tests by preadolescent boys andyoung adults indicated no significant increase in local ear canal temperatures or superficialcerebral blood flow. Alterations in peripheral thermoregulatory or circulatory autonomicreflexes typically related to the increase in the temperature of brain thermostat were neither found. With the preadolescents boys the used phone transmitting power was themaximum allowed for the general public ( 2 W/kg).In the adult group, the SAR value of 4 W/kg was used in the experiments. It is higherthan the normal allowed maximum GSM SAR value of 2 W/kg, but clearly below thesafety limits for RF exposures. During the exposure time of 20 min, a slight decrease inthe blood flow indicators of the frontal area was found. This finding is in accordance withresults of Turku Universitys Centre for Cognitive Neurosciences PET study. The ear canaltemperature increased about 0.5 C during the 20 min exposure time. The blood sampleswere taken only in the adult group before and after the session. The protein S100 B ismainly produced in the brain by astrocytes. and it has been suggested to serve as ascreening tool of CNS injury. During the exposure the S100B concentration decreasedsignificantly (p<0,01). The levels, however, were within biological normal range both be-
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fore and after the exposure. Any other significant changes were not found in other biochemical markers.The primary interests of the Centre for Cognitive Neuroscience of University of Turku(UTU) were in the possible link between RF exposure and metabolic changes in brain tissue, as well as in the link between functional changes in neurobiological mechanisms andcognitive functions. The research was carried out in cooperation with the national PETCentre. Two positron emission tomography (PET) studies were conducted to investigatethe effects of mobile phone radiation on brain glucose metabolism and cerebral blood flow(CBF) using fluorodeoxyglucose ([18F]FDG) and radioactive water ([15O]H2O), respectively. The main finding of the FDG-PET study was that the brain glucose metabolism wassignificantly reduced in the temporoparietal junction and anterior temporal lobe of theexposed (right) hemisphere. The SAR value during the exposure was 0.25 W/kg.The Radiation and Nuclear Safety Authority (STUK) was responsible for the construction ofthe exposure device for the subjects and for measuring exposure (dosimetry) in the othersub-projects. The quality of the numerical source model used was found adequate bycomparing the measured and simulated SAR values in a homogeneous liquid phantom.Also the simulated return loss and center frequencies agreed well with the measured values. The high quality dosimetric assessment of the exposure systems is essential requirement for reliable human exposure studies.The fourth sub-project was also carried out by STUK, consisting of monitoring researchinto mobile phone users as part of a large-scale European project. The Finnish COSMOSstudy is a part of international collaborative COSMOS study with a common study protocol. Besides Finland, national COSMOS study components have been launched in Sweden,Denmark, and the UK (30,000-66,000 participants in each country), and are being prepared in the Netherlands and France. International collaboration increases the statisticalpower of the study considerably, which is essential particularly for rare diseases such asbrain tumours (glioma, meningioma) and Parkinson and Alzheimer disease.People who use mobile phones at different levels were invited to take part in the researchand were contacted through their service providers. In the monitoring phase, data aboutthe participants incidence rate of illness were collected, and the question as to whetherthere is a link between use of mobile phones and the risk of illness was evaluated. A totalof 15,800 persons have agreed to participate in the study (9.6% of those invited) andabout 13,000 have also filled in the study questionnaire (8.0% of those invited). In thestudy questionnaire participants reported most often having started their use of mobileuse in the mid-1990s. Study participants usually reported having called their mobilephone 1-3 hours per week (38 %); 6 % belonged to the highest category of call time (> 6h per week) and < 1 % belonged to the lowest category (<5 min per week). About 60 %had used one mobile phone and some 5 % had used at least mobile phones during thepreceding three months. Headache had at least sometimes limited usual daily activities for12 % of the study participants and about 24 % had been bothered by light when having aheadache. On average 15 % considered their health being fair or poor. In addition, participants reported any symptoms occurring in relation to mobile phone use. Almost 10%of the respondent reported headache, 15% tinnitus and 10% partial hearing loss in conjunction with mobile phone use (always, often or sometimes vs. never). Nausea was the
WIRECOM
least common (3%) and burning sensation in the ear was the most common symptom(49%).All three major Finnish operators (DNA, Elisa and TeliaSonera) agreed to deliver operatordata for the participants upon researchers request. Operator data have been receivedfrom all the operators at least for a three month period each year. Study participants arebeing kept up to date about the progress of the study through a newsletter (sent byemail) and through the study web page (www.cosmostutkimus.fi). After the recruitmentperiod, the Finnish COSMOS is now entering the follow-up phase. We aim to send the firstfollow-up questionnaires in 2013 to those recruited in 2009. The study is expected tocontinue until at least 2020 or beyond.

OPEN QUESTIONS AND RECOMMENDATIONS
Research findings of both FIOH and UTU indicated that the RF exposure from the mobilephone can affect the brain metabolism and cerebral blood flow. However, conflicting reports have been published from other research groups on the brain glucose metabolismafter the RF exposure. There is a need for replication of the present results and to determine possible dose-response relations using different RF exposure intensities. It is oneimportant way to evaluate the causality of the events. As the changes in the brain arevery difficult to measure, the research should be designed to use independent methodologies (e.g. PET and NIRS) on the same physiological function. Similar results by independent methods would give more credibility to the results.The effect of local SAR on brain glucose metabolism could be studied in the future with asetup delivering smaller and better defined and targeted exposed volume. With a dipole orplanar antenna the exposure could be targeted to a certain brain lobe. Higher SAR valuescould be used to study the dose-dependence of the changes in metabolism.A major threat for the future of the Finnish research programme is the lack of continuedfunding.FUNDINGThe main funder of the WIRECOM - programme was Tekes  the Finnish Funding Agencyfor Technology and Innovation. The programme received funding also from Nokia, TeliaSonera and Elisa as well as from the participating research institutes. The Finnish Institute of Occupational Health was the coordinator of the project.
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1 INTRODUCTIONThe electromagnetic fields produced by the cellular phone have evoked concern aboutpossible adverse health effects of the exposure. Results of the neurophysiological studiesare inconsistent (Kwon and Hmlinen, 2011). It has been suggested that heat production of mobile phones might play the most important role in the development physiologicalresponses. In a previous study, 35 min exposure to the radiofrequency (RF) field of cellular phones increased the temperature of the exposed ear canal by up to 1.5 C in adults(Tahvanainen et al., 2007). The human brain is well protected against the external heatload and the rise of the actual brain temperature quickly activates thermoregulatory reflexes. The assessment of the peripheral circulatory autonomic responses and the localcerebral blood flow reveals indirect evidence from physiological changes during the RFexposure (Barker et al., 2007, Aalto et al., 2006). The superficial cerebral blood can beestimated by near- infrared spectroscopy (NIRS) and there is a correlation between NIRSand more accurate methods, e.g. positron emission tomography (PET) (Cui et al., 2011).In some studies, biomarkers of the central nervous system (CNS) disorders have beenused to study biological responses during the EMF exposure by mobile phones (Sderqvistet al, 2009).
The aim of this study was to examine thermal and local blood flow responses in the headarea and peripheral sites of the body among preadolescent and adult populations duringexposure to radiofrequency (RF) electromagnetic fields produced by a GSM mobile phone.The study design was a double-blinded sham-controlled study. The SAR distribution wascalculated and modelled in detail.
The specific aims were to determine local temperature changes in head area, superficialcerebral blood flow and peripheral circulatory reactions, and changes in some biomarkersof adult brain CNS dysfunction during exposure to RF fields.
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2 MATERIALS AND METHODS
2.2 Ethical considerationsThe study protocols were approved by the Ethics Committees of the Hospital District ofHelsinki and Uusimaa (299/13/03/00/09). The volunteers were paid a small compensationbased on the ethical guidelines of Hospital District of Helsinki and Uusimaa.
2.2 Test environment
The measurements were carried out in a climatic chamber in controlled thermoneutralconditions. The chamber space is large enough to accommodate the experimental procedures and the control system minimizes the effects of the environmental temperaturechanges. The room temperature was 26 C and the relative humidity was 30%. The subjects were positioned semi-sitting on a bed with the head up angle of 45 (Fig 1).
Figure 1. Test subject positioning during the test.

2.3 Exposure setup and dosimetric calculations
Two modified GSM phones were placed with 4 mm distance to the ear canal on both sidesof the head. Only the phone on the right side was transmitting. Before the human studiesdosimetric calculations were performed especially to model the SAR values of a preadolescent head. The phone transmitter was deactivated, the battery removed, and the antennainput replaced by an external coaxial cable. The signal was taken from an identical phone10
TERFI
controlled by the service software. The power was adjusted with an amplifier to producemaximum specific absorption rate (SAR) of 2 W/kg for preadolescents and 4 W/kg foradults averaged over a 10 g tissue (SAR10g). The corresponding maximum SAR10g inbrain tissue was 0.66 W/kg for preadolescents and 1.32 W/kg for adults. SAR distributionwas computed with a FDTD software (SEMCAD X). In the calculations, the European adultmale Duke (Virtual family) was used. The head sizes of preadolescent subjects were closeto the model head size. In addition to the head, the numerical model included the exposing and dummy phones, and temperature probes. Results were validated with measurements (SAM head model) and the achieved SAR values agreed well. The system is presented in detail in the RFDOS-report by STUK.

Figure 2. Used voxel model and calculated SAR-distribution.

2.4 Physiological measurements
2.4.1 Temperature measurementsThe local temperatures of the head were measured bilaterally from thermally insulated earcanal in the depths of 7 and 17 mm (YSI 555, YSI Inc, USA). The facial skin temperatures(YSI 427, YSI Inc, USA) were recorded on several sites of the face. The changes in theskin temperatures of the trunk and extremities were recorded continuously with ninethermistors (Veriteq Instruments Type 1400, Canada). The gradients of facial skin temperatures were also monitored by infrared camera (ThermaCAM PM695 PAL, FLIR Systems AB Sweden), which enables detection of superficial temperature gradients of 0.03C.11
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Figure 3. Thermal camera measurement points.

2.4.2 Near-infrared spectroscopy
The cerebral total blood flow (TBF) was measured non-invasively by near infrared spectroscopy (NIRS). The NIRS device emits light beams with wavelengths of about 760 nmand 860 nm (Oxymon MkIII, Artinis BV, the Netherlands). The penetration depth is about2,2 cm, and the light beam thus reaches the superficial brain circulation. The oxy- anddeoxyhemoglobin have distinct absorption spectra, and it is therefore possible to quantifythe changes of the blood hemoglobin contents which are closely related to the TBF of themonitored area. The optodes were placed on the right side of the skull at frontal and parietal areas. The parietal placement of NIRS detector was as near as technically possible tothe temporal area of the brain above the right ear. The changes of NIRS variables werecalculated during the sham, exposure and recovery period separately.
2.4.3 The peripheral blood circulation and autonomic nervous
system function testingThe peripheral blood circulation was continuously monitored by the electrocardiogram(ECG, WinAcq, Absolute Aliens, Finland) and digital blood pressure (Portapres, FinapresMedical Systems, the Netherlands) recordings. The circulatory parameters were calculatedwith special software of neurocardiological analyses (WinCPRS, Absolute Aliens, Finland).12
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2.4.4 Biochemical analyses
The blood samples were taken only in the adult group before and after the session. Theprotein S100 B is mainly produced in the brain by astrocytes. There are also other peripheral sources of this protein. S100B has however been suggested to serve as a screeningtool of CNS injury (Sen and Belli, 2007). Also neuronspecific enolase, the marker of vascular cerebral injury, was analysed. Both biochemical analyses based on chemiluminescencetechnique were performed in the laboratory of Helsinki University Hospital.
2.4.5 Medical examination
A general medical examination was performed before the study session to exclude diseases, medications and other potential medical factors affecting the measurements (Fig.4).
Figure 4. The flow chart of the study protocol.
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2.5 Study cohorts
2.5.1 Cohort 1: Preadolescent boys, age 14-15The study population was recruited from two primary schools in Helsinki. Detailed information package was sent to the volunteered pupils and to their parents. A written consentof the volunteers and their parents was required before the study session. The study population was restricted to 14 -15 years old, healthy boys to avoid age- and gender relateddifferences in adolescents' physiology. A total of 26 boys were studied. The mean age ofthe study group was 14.7 years (SD 0.5), and the mean body mass index (BMI) (kgm-2)was 20.7 (SD 2.4).The duration of the sham periods and exposures with GSM 900 phone was 15 min each.The maximal antenna energy was 2 W.
2.5.2 Cohort 2: Adults
The 33 male subjects were recruited among the students of a local university and othercontacts of FIOH. The recruited university students and other subjects, including firemenand police officers, were given detailed information packages prior to the study dates. Awritten consent of each volunteer was required before the study session. The mean ageof the study population was 27.6 years (21- 38 years). Their health condition was assessed in the physical medical examination by a senior physician. Only healthy subjectswith no continuous medication were chosen. The health examination included also themeasurement of vascular stiffness (VasEra, Fukuda Inc, Japan). The mean BMI was 24.6(SD 2.6).14
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3 RESULTS3.1 The adult group3.1.1 Ear canal temperatures of the adult groupThe ear canal temperature increased about 0.5 C both in the thermistor near the tympanic membrane and in the thermistor 1 cm apart from the deeper thermistor (Figure 5)during the 20 min exposure with SAR value of 4 W/kg.0,6
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Figure 5. The ear canal temperature near the tympanic membrane (above) and at thelevel 1 cm from the deep thermistor (below) during the RF field exposure in the adultgroup
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3.1.2 The autonomic nervous system in the adult group
The square root of the mean of sum of the squares of differences between adjacent RRintervals (RMSSD) reflects mainly the parasympathetic (relaxing) component of cardiovascular autonomic control in the time domain analyses of heart rate variability (HRV).RMSSD of the adult group was normal before the exposure and no signficant changeswere found during the exposure (Fig 6). The interplay between blood pressure and heartrate was also normal indicated by baroreflex sensitivity in cardiac autonomic analyses.Figure 6. The square root of the mean of sum of the squares of differences between adjacent RR intervals (RMSSD) before the session and after sham and exposure periods.
16
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3.2.3 NIRS in adult group
A decreasing trend was found in the calculation of total Hb content in the frontal area (Fig7). The difference, however, was not significant due to the great individual variation. Nosignificant changes were found in the parietal/temporal areas.0,001
M u u t o s tH b
-0,20-0,40-0,60-0,80-1,00
Figure 7. The change in the total Hb in NIRS of the frontal area in the adult population (1=before and after exposure, 2= before and after the sham).

3.2.4 Biochemical analyses
S100B concentration decreased significantly during the exposure (p<0,01). The levels,however, were within biological normal range both before and after the exposure. Anysignificant changes were neither found in other biochemical markers.17
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Figure 8. The brain specific protein (S100B) during the exposure to RF field among adultsubjects. Normal value is below 0.11 ug/l.

3.3 The preadolescent group
3.3.1 The autonomic nervous system in the preadolescent groupAn increase was found in the sympathetic indices of the cardiac autonomic control in thegroup of preadolescents boys. It was not correlated to the RF field. The main explanationwas the enhanced discomfort due to the the prolonged immobilization.
3.3.2 The ear
preadolescentscanal
and
facial
temperatures
in
the
The ear canal temperatures of preadolescent group did not change significantly during thetest sessions (Fig. 9). The facial superficial temperatures slightly decreased during the testsessions.
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Figure 9. The ear canal temperatures in the depth of 7 mm and 7 mm+ 10 mm (R=right, L= left) during the 15 min sham period (above= sham first, below= exposure first)and 15 min RF exposure produced by the GSM mobile phone.
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3.3.3 NIRS in preadolescent group
The changes in the oxyhemoglobin and deoxyhemoglobin contents during the sham andexposure periods did not differ significantly in the frontal area (p = 0.488) and in the parietal area (p=0.629).20
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4 DISCUSSION AND CONCLUSIONS
Among the preadolescent boys local cerebral blood flow did not change, the ear canaltemperature did not increase and autonomic nervous system was not interfered duringthe short-term RF exposure. These unique results have been reported recently by thestudy group (Lindholm et al, 2011).In the adult group, the SAR value of 4 W/kg was used in the experiments. It is higherthan the normal maximum allowed GSM SAR value of 2 W/kg, but clearly below thesafety limits for RF exposures. During the exposure time of 20 min, a slight decrease inthe blood flow indicators of the frontal area was found. This finding is in accordance withthe recent finding reported by Kwon (Kwon et al, 2011 b).
The strengths of this study were the young subpopulation, multifactorial physiologicalmonitoring and strictly controlled thermal environment. The limitations of the study werelarge inter-individual variation in the physiological responses, and short duration of theexposure. Longer provocation protocols, however, might cause in children distress relatedconfounding physiological responses.
21
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Effects of mobile phone electromagnetic field on human
brain: PET-studyWe have conducted two positron emission tomography (PET) studies to investigate theeffects of mobile phone radiation on brain glucose metabolism and cerebral blood flow(CBF) using fluorodeoxyglucose ([18F]FDG) and radioactive water ([15O]H2O), respectively.Sixteen healthy right-handed males aged 18-30 years participated in each study.The studies were conducted at Turku PET Centre involving many physicians (blood sampling, tracer injection), radiographers (scanner operation), medical laboratory technologists (tracer production), and other scientists (data processing). In addition, Steilyturvakeskus (STUK) supported us with the exposure setup and dosimetry (SAR measurement, numerical simulations), and Tyterveyslaitos (TTL) provided us with the equipmentfor temperature measurement in the head region during exposure.FDG-PET studyThe experiment was scheduled for September-December 2009, but it could not be completed in 2009 because the PET center reserved our scanning times for only four subjectsstarting from October. Then, the equipment for exposure and temperature measurementwas handed over to TTL for two months and then we continued the experiment in February 2010 until May 2010.We had two responsible physicians in 2009 but they suddenly left the PET center for theirown clinical work and study in 2010, and we had trouble in finding new physicians whilecatching up with the schedule. Eight physicians were (temporarily) involved in the FDGstudy and we have completed data collection in May 2010.We processed and analyzed the data in June 2010 and found promising results: Brainglucose metabolism was significantly reduced in the temporoparietal junction and anteriortemporal lobe of the exposed (right) hemisphere. The results were published in Journal ofCerebral Blood Flow and Metabolism in September 2011. These results were also presented at the 33rd Annual Meeting of the Bioelectromagnetics Society held in Halifax, Canada in June 2011. These results were also reported in national news-media.There is a need for replicability of the present results and to determine possible doseresponse relations using different radiation intensities. It is one important way to evaluatethe causality of the events.There is only one previous FDG-PET study (Volkow et al, 2011), which reported increasedbrain glucose metabolism after a 50-min mobile phone exposure. However, the methodology of the study and the reporting of the results have evoked considerable criticism(Kosowsky et al, 2011; Davis and Balzano, 2011; Nordstrm, 2011). Our study has several methodological advantages, especially accurate SAR assessment, well-controlledexposure setup, measurement of temperature in the head region, and objective monitoring of the subjects alertness state. Proper dosimetry (Kuster et al, 2004) is crucial in thiskind of bioelectromagnetic studies.
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Fig. 1. Decreased brain glucose metabolism (left column) and SAR distribution (right column) in the presence of mobile phone exposure. The top row shows the lateral view ofthe projections of decreased brain glucose metabolism and superficial SAR distribution inrelation to the phone position on the right hemisphere. Horizontal lines indicate the coordinates for the three brain slices below. Arrows A and B depict peaks of significant decreases of brain glucose metabolism (P < 0.05, n = 13).
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CBF-PET studyThe experiment was scheduled for January-June 2010, but it actually started in April 2010because the FDG study was delayed due to the aforementioned reasons. We could findtwo reliable physicians for this study and reserve enough scanning times to complete datacollection in time, in June 2010.We processed and analyzed the data in August 2010, but found no significant changes inCBF. The results of no effects could be due to the short, intermittent exposure. This studyemployed three different phone locations at the expense of exposure duration, allowingthree repetitions of 5 min exposures for each of the four conditions. Indeed, the previousstudies that revealed effects of phone radiation on CBF (Huber et al., 2002, 2005; Haaralaet al., 2003; Aalto et al., 2006) or glucose metabolism (Volkow et al., 2011), as well asour FDG study used longer exposure periods. These results were published in Bioelectromagnetics in September 2011.The results of the two studies were also presented at the WIRECOM seminar, which wasopen to the public and held at the University of Turku in March 2012. In addition, we shared our participants of both studies with TTL for a near-infrared spectroscopy (NIRS) study. The NIRS data were analyzed in January-April 2012, and a joint publication is currently in preparation. Finally, we published a review article on human behavioral and neurophysiological studies on the effects of mobile phone electromagnetic fields in Bioelectromagnetics in December 2010.
List of publications
Kwon MS, Hmlinen H (2011) Effects of mobile phone electromagnetic fields: Criticalevaluation of behavioral and neurophysiological studies. Bioelectromagnetics 32:253-272.Kwon MS, Vorobyev V, Knnl S, Laine M, Rinne JO, Toivonen T, Johansson J, Ters M,Lindholm H, Alanko T, Hmlinen H (2011) GSM mobile phone radiation suppressesbrain glucose metabolism. Journal of Cerebral Blood Flow and Metabolism 31:2293-2301.Kwon MS, Vorobyev V, Knnl S, Laine M, Rinne JO, Toivonen T, Johansson J, Ters M,Joutsa J, Tuominen L, Lindholm H, Alanko T, Hmlinen H (2012) No effects of shortterm GSM mobile phone radiation on cerebral blood flow as measured by positron emission tomography. Bioelectromagnetics 33:247-256.
26
PET-study
ReferencesAalto S, Haarala C, Brck A, Sipil H, Hmlinen H, Rinne JO (2006) Mobile phone affectscerebral blood flow in humans. J Cereb Blood Flow Metab 26:885-890.Davis CC, Balzano Q (2011) Cell phone activation and brain glucose metabolism. JAMA305:2066-2067.Haarala C, Aalto S, Hautzel H, Julkunen L, Rinne JO, Laine M, Krause B, Hmlinen H(2003) Effects of a 902MHz mobile phone on cerebral blood flow in humans: a PET study.Neuroreport 14:2019-2023.Huber R, Treyer V, Borbely AA, Schuderer J, Gottselig JM, Landolt HP, Werth E, BertholdT, Kuster N, Buck A, Achermann P (2002) Electromagnetic fields, such as those from mobile phones, alter regional cerebral blood flow and sleep and waking EEG. J Sleep Res11:289-295.Huber R, Treyer V, Schuderer J, Berthold T, Buck A, Kuster N, Landolt HP, Achermann P(2005) Exposure to pulsemodulated radio frequency electromagnetic fields affects regionalcerebral blood flow. Eur J Neurosci 21:1000-1006.Kosowsky A, Swanson E, Gerjuoy E (2011) Cell phone activation and brain glucose metabolism. JAMA 305:2066.Kuster N, Schuderer J, Christ A, Futter P, Ebert S (2004) Guidance for exposure design ofhuman studies addressing health risk evaluations of mobile phones. Bioelectromagnetics25:524-529.Nordstrm CH (2011) Cell phone activation and brain glucose metabolism. JAMA305:2067.
27
RFDOS

WIRECOM - National research programme into the
health effects of mobile phonesFinal reportDnro 2255/31/08

RF dosimetry for biological studies
(RFDOS)
Sami Knnl, Tommi Toivonen and Lauri Puranen
28
RFDOS
Contents
1 INTRODUCTION .........................................................................................................................302 MATERIALS AND METHODS..................................................................................................312.1 EXPOSURE INSTRUMENTATION ...................................................................................................312.2 NUMERICAL SIMULATIONS .........................................................................................................322.3 VALIDATION OF COMPUTATIONAL MODEL ..................................................................................332.4 FIOH STUDY ..............................................................................................................................352.5 UNIVERSITY OF TURKU STUDIES .................................................................................................352.5.1 FDG study...........................................................................................................................352.5.2 CBF study ...........................................................................................................................352.6 UNCERTAINTY ANALYSIS ...........................................................................................................363 DISCUSSION AND CONCLUSIONS.........................................................................................374 REFERENCES ..............................................................................................................................37APPENDIX 1. TISSUE SPECIFIC SAR VALUES .......................................................................38APPENDIX 2. SELECTED SAR FIGURES..................................................................................40APPENDIX 3. DIELECTRIC PROPERTIES OF TISSUES........................................................43
29
RFDOS
1 INTRODUCTIONThe RFDOS project belonged to WIRECOM (Wireless Communication Devices and HumanHealth) which is a national research programme into the health effects of mobile phones.The main tasks of the project were to provide exposure set-ups and radiofrequency (RF)dosimetry for human studies and to participate in designing of the epidemiological cohortstudy to improve the exposure assessment of different groups. The main objective was toprovide reliable and accurate exposure assessment in human and epidemiological studies.The work supporting the epidemiological study was carried out in the designing phasewhere the most important factors affecting the exposure were analyzed. This helped inselecting the information which is needed from the mobile phone network operators.However, the main focus of the RFDOS project was on the RF dosimetry for human exposure studies and therefore, it is addressed in this final report.The utilization of the results of an exposure study is possible only if the distribution andintensity of the exposure is reliably known. In case an effect is found, the question will bethe threshold of it. In case of no effect is found, the question will be what effects do theresults exclude or what intensity should be used in the next experiment. These questionscan only be answered based on a thorough dosimetric analysis of the setup. Moreover,the significance of any study alone is very limited. The risk assessment as a whole isbased on reviews of all studies. In these reviews, the classification of the studies is oftenbased on exposure parameters. If the parameters are insufficiently assessed or reported,the study might be discarded or misclassified.A good dosimetric analysis includes the assessment of detailed exposure distribution andintensity, validation of the assessment methods and comprehensive analysis of the limitations and uncertainties related on the given data. A well established method exists fordetailed dosimetry, i.e. FDTD-based numerical simulations. Also suitable numerical modelsof humans are presently available. The exposure source is, however, often difficult tomodel and the simulation results are very sensitive to flaws in this part of the model.Hence, for adequate reliability, the models have to be validated by comparing the simulation results to measurements. A specific experimental setup is often necessary due to thefact that the exposure in human head is impossible to measure directly.The uncertainty assessment of dosimetry is very challenging. The conventional errorsources, for example positioning and measurement accuracies are naturally present in theactual experiment. Moreover, the accuracy of dosimetry is limited by the fact that numerical human models are based on single individuals who anatomically differ from the exposed volunteers, as well as the volunteers differ from each other. The effect of thesedifferences on the exposure has to be studied by modifying the numerical model manuallyto cover the anatomies of all volunteers.Three experiments were conducted in WIRECOM project in order to study the effect ofmobile phone use on the metabolism of brain. All experiments were based on exposuresetup which irradiated the heads of the volunteers with GSM-type microwaves while theywere under medical observation. The biological hypotheses and observation methodsvaried, yet the exposure setup was similar in all three experiments, excluding some minor
30
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modifications. Therefore, the dosimetric analyses, related to these experiments, are described together in this report.

2 MATERIALS AND METHODS
Three different dosimetric assessments were carried out for Finnish Institute of Occupational Health (FIOH) and University of Turku. Identical exposure instrumentation was usedin all of the studies but the exposing mobile phones were in slightly different positions.In the FIOH study the subjects were exposed to GSM phone radiation and the temperature and blood circulation were monitored during the exposures. The study was carriedout for adult and adolescent subjects.University of Turku made two separate exposure studies for adult subjects. In the firststudy 18F-deoxyglucose (FDG) tracer was injected into subjects blood circulation and theywere exposed to GSM phone radiation. During the exposure the subjects carried out cognitive tasks. After the exposure the distribution of FDG was imaged with a Positron Emission Tomography (PET) scanner. The long half-life of the tracer allowed separation of theexposure and imaging. In the second study the exposure and PET imaging were carriedout simultaneously. Cerebral blood flow (CBF) in the brain was examined with the PETscanner during the exposures.
2.1 Exposure instrumentation
The exposing mobile phones were Nokia 6110 GSM phones in all of the studies. Thephones were modified so that their transmitters were deactivated and antenna inputsreplaced by external coaxial cables. GSM signal was taken from an identical phone whichwas controlled by a service software (WinTesla v. 6.03., Nokia Group, Espoo, Finland) tocontinuously transmit a typical GSM voice-call signal. The signal consisted of 0.577 msbursts of 902.4 MHz carrier frequency (GSM channel # 62) repeated every 4.615 ms. Thepower level was adjusted with an amplifier (RF Power Labs R720F) and signal was fed tothe antenna of the exposing phone with a coaxial cable. The transmitted and reflectedpower levels were monitored during the exposures with an RF power meter (NAS Z7,Rohde & Schwarz, Munich, Germany). The block diagram of the exposure setup is presented in Fig. X. The temperature changes were monitored by placing temperature probesinside ear canals and on facial skin.31
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Figure 1. Block diagram of the exposure setup for all of the studies.
The return loss for each exposing phone was measured with a network analyzer (HP8752C, Hewlett-Packard, Santa Clara, CA) prior to the exposures to ensure that the external antenna feeding was properly attached. The phones were measured at both sides ofa homogeneous phantom (Specific Anthropomorphic Mannequin; SAM) and the returnloss varied from 15.9 to 24.7 dB at 902.4 MHz frequency (Fig. X). Hence, the feeding wasoperating as intended and the antenna matching was adequate. The phone with the bestmatching was used as an exposing phone in the FIOH and FDG studies. In the CBF studyall three phones were used as exposure sources.

2.2 Numerical simulations
Numerical simulations were carried out to evaluate the specific absorption rate (SAR)distributions in subjects heads. The radio frequency (RF) exposure of the subjects wasassessed at 902.4 MHz frequency by calculating the SAR distribution with commercialFinite-Difference Time-Domain (FDTD) software (SEMCAD X v. 14.2. Schmid and PartnerEngineering AG, Zurich, Switzerland). The results were visualized with open-source soft-32
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ware (ParaView v. 3.8.). The calculations were carried out in a Dell Precision 490 workstation with Intel Xeon 5160 processor, 32 GB RAM and Windows XP 64 bit operatingsystem.The numerical head model used in the calculations was an MRI-based model Duke (34year old European male) from the Virtual Family [Christ et al. 2010]. The model was cutat the shoulder level. The phones were modeled from CAD (computer-aided design) dataprovided by the manufacturer. The numerical source model was validated with experimental methods (chapter 2.5).The basic resolution of the head model was 1 mm for the FIOH and FDG studies and 2mm for the CBF study. The graded rectilinear grid was reduced to 0.2 mm for the antennaof the transmitting mobile phone in all of the studies. The phones that were not transmitting were modeled with a coarser grid. The dielectric properties for the head tissues weretaken from the data in [Gabriel 1996]. The dielectric properties of the phone parts weresame as in [Boutry et al. 2008].The temperature probes were modelled as 2 mm thick metallic wires in all of the studies.The probes inside the ear canals were coated with an insulator. All the metallic parts in thenumerical model were treated as perfect electric conductors (PEC).
a)
b)
c)
Figure 2. The voxel models used in the dosimetric computation for a) the FIOH, b) FDGand c) CBF studies. The PET device is excluded from the CBF figure. The phone on theright ear is transmitting in all of the figures and therefore the grid is finest near it.

2.3 Validation of computational model
The numerical source model was validated by comparing the measured and simulatedSAR values in a homogeneous SAM phantom. The SAR distribution was measured withDosimetric Assessment System 4 (DASY4, Schmid and Partner Engineering AG, Zurich,Switzerland) for right and left cheek positions. Measurements were conducted accordingto the standard IEC 62209-1 [IEC 2005] and the SAM phantom was filled with head tissuesimulating liquid ( = 1.023 S/m, r = 42.01, = 1000 kg/m3). The validations were car-33
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ried out with the power level used in the FDG and CBF studies. Similar setups and dielectric parameters were used in the simulations.The simulated SAR1g and SAR10g values varied less than 7.7 % from the measured values(Table 1). Moreover, the simulated return loss and center frequencies agreed well with themeasured values (Fig. 3). The quality of the source model was therefore considered adequate.

Table 1. Results from the validation measurements and simulations.
SAR1g (W/kg)Measured SimulatedRight1.511.52Left1.581.70
Difference(%)0.77.6
SAR10g (W/kg)Measured Simulated1.071.041.121.17
Difference(%)-2.94.5
Figure 3. Measured and simulated return loss for the mobile phones when the phones areplaced against the right side of the SAM phantom.
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2.4 FIOH study
Two modified GSM phones were placed within a small distance from each ear in the FIOHstudy (Figure X). The distance from the phone surface to the mouth of the ear canal was4 mm. Only the phone on the right side was transmitting. The simulation model consistedof two phones, head and temperature probes.The power level for the adult subjects was adjusted to be equal to the level which produces the maximum numerically simulated 10 g averaged SAR value (SAR10g) of 4 W/kg.The SAR level for the adolescent subjects was 2 W/kg. The head size of adolescent subjects was assessed to be equal to adult head size. Therefore, separate dosimetry wasunnecessary and the power level for adolescent subjects was half of the power for adultsubjects.The maximum SAR10g value was 1.32 W/kg in the brain for the adult subjects and 0.66W/kg for the adolescent subjects. Tissue specific SAR values are presented in Appendix 1and selected SAR slices in Appendix 2.
2.5 University of Turku studies
2.5.1 FDG studyTwo modified GSM phones were placed against each ear in the FDG study (Figure X). Onlythe phone on the right ear was transmitting. The simulation model consisted of twophones, head and temperature probes.The SAR10g value used in the experiments was adjusted to the level which corresponds tothe SAR of the used phone model, measured as specified in Chapter 2.3. The measuredSAR10g was 1.07 W/kg. The maximum SAR10g value simulated with a heterogeneous headmodel was 0.74 W/kg while SAR10g in the brain was 0.22 W/kg. Tissue specific SAR values are presented in Appendix 1 and selected SAR slices in Appendix 2.
2.5.2 CBF study
Three modified GSM phones were placed against right and left ear and forehead in theCBF study (Figure X). One phone was transmitting at a time. During the exposures thesubjects brain activation was scanned with a PET device. The power level used in the CBFstudy was same as in the FDG study. The simulation model consisted of two phones,head, temperature probes and PET scanner.A simplified model of the PET scanner was generated by connecting two concentric hollowmetallic cylinders consecutively with a flange. The diameter of the cylinder surroundingthe head was 345 mm and it was 315 mm long whereas the corresponding dimensions forthe cylinder above it were 265 and 500 mm.35
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The SAR values varied slightly in different exposure scenarios which is due to the nonsymmetric structure of the phone and head anatomy. Although the maximum SAR valuesin the head varied considerably the variation in brain tissues was less. The simulatedSAR10g values were 0.72 W/kg (right), 1.00 W/kg (left) and 0.67 W/kg (front). The corresponding SAR10g values in the brain were 0.24, 0.21 and 0.23 W/kg. Tissue specific SARvalues are presented in Appendix 1 and selected SAR slices in Appendix 2.

2.6 Uncertainty analysis
The main factors influencing the uncertainty of the dosimetric calculations are (Kuster etal. 2004):postural changes during exposuredifference in head anatomyuncertainty in incident field powernumerical uncertainties (e.g. dielectric parameters, resolution)In the FIOH study the distance between the surface of the exposing phone and the mouthof the ear canal was 4 mm. This produces a higher uncertainty than in the FDG and CBFstudy where the phones were positioned against the ear and facial skin. The uncertainty inthe FIOH study was assessed by calculating the SAR10g with the phone at distances of 2,3, 4, 5, 6 and 8 mm from the ear canal. The phone was also moved 4 mm from the center point to other Cartesian coordinate directions and simulations with 5 rotations of theexposing phone were also carried out. Based on the simulations the postural changescreate an uncertainty of  9 % in the FIOH study. The uncertainty from phone positioningwas assessed to be  6 % in the FDG and CBF studies.The subjects in the FDG and CBF studies were adults. In the FIOH study also adolescentsubjects were used. The head dimensions of an adolescent subject were assessed to beequal to an adult subjects dimensions. The variation in SAR because of different headsizes was assessed by scaling the head model  10 %. The uncertainty from variation inhead anatomy was  9 % based on the simulations.The power fed to the antenna of the exposing phone was continuously monitored duringthe exposures. The uncertainty in incident power was estimated to be  10 %.The numerical uncertainties result from e.g. uncertainty in dielectric properties and staircasing error. The order of magnitude of these errors was estimated to be  10 %.The PET scanner in the CBF study creates an estimated uncertainty of 10 %.The expanded uncertainties (95 % confidence level) for SAR10g were:FIOH study  19 %FDG study  18 %CBF study  20 %36
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3 DISCUSSION AND CONCLUSIONS
Reliable dosimetric assessments were successfully made for three different studies. Thequality of the numerical source model used was found adequate by comparing the measured and simulated SAR values in a homogeneous liquid phantom. Also the simulatedreturn loss and center frequencies agreed well with the measured values.The effect of local SAR on brain glucose metabolism could be studied in the future with asetup delivering smaller and better defined and targeted exposed volume. With a dipole orplanar antenna the exposure could be targeted to a certain brain lobe. Higher SAR valuescould be used to study the dose-dependence of the changes in metabolism.4 REFERENCESBoutry CM, Kuehn S, Achermann P, Romann A, Keshvari J, Kuster N. 2008. Dosimetricevaluation and comparison of different RF exposure apparatuses used in human volunteerstudies. Bioelectromagnetics 29:11-19.Christ A, Kainz W, Hahn EG, Honegger K, Zefferer M, Neufeld E, Rascher W, Janka R,Bautz W, Chen J, Kiefer B, Scmitt P, Hollenbach H-P, Shen J, Oberle M, Szczerba D, KamA, Guag JW, Kuster N. 2010. The Virtual Family  development of surface-based anatomical models of two adults and two children for dosimetric simulations. Physics in Medicineand Biology 55:N23-N38.Gabriel C. 1996. Compilation of the dielectric properties of body tissues at RF and microwave frequencies. Technical report AL/OE-TR-1996-0037, Brooks Air Force Base, TX, USA.International Electrotechnical Commission (IEC). 2005. Human exposure to radio frequency fields from hand-held and bodymounted wireless communication devicesHumanmodels, instrumentation, and proceduresPart 1: Procedure to determine the specificabsorption rate (SAR) for hand-held devices used in close proximity to the ear (frequencyrange of 300 MHz to 3 GHz). Geneva, Switzerland: International standard IEC 62209-1(2005-02).Kuster N, Schuderer J, Christ A, Futter P, Ebert S. 2004. Guidance for exposure design ofhuman studies addressing health risk evaluations of mobile phones. Bioelectromagnetics25:524-529.
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APPENDIX 1. TISSUE SPECIFIC SAR VALUES
Table A1-1. Tissue specific SAR values for the FIOH study for adult and adolescent subjects.AdultsAdolescents
SAR1g
SAR10g
SARavg
SAR1g
SAR10g
SARavg
(mW/kg)
(mW/kg)
(mW/kg)
(mW/kg)
(mW/kg)
(mW/kg)
Grey matter
1736.8
1476.3
104.3
868.4
738.1
52.1
White matter
1667.3
1226.9
44.4
833.6
613.4
22.2
Cerebellum
373.9
440.1
51.7
186.9
220.1
25.8
Midbrain
122.4
68.9
55.8
61.2
34.5
27.9
Thalamus
104.6
47.8
52.3
23.9
Brain avg.**
1981.7
1317.5
73.2
990.9
658.7
36.6
Total head
8580.8
4000.0
134.3
4290.4
2000.0
67.1

* Mass of thalamus is less than 10g.
** Brain avg. includes grey matter, white matter, cerebellum, midbrain and thalamus.Table A1-2. Tissue specific SAR values for the FDG study of University of Turku.SAR1g
SAR10g
SARavg
(mW/kg)
(mW/kg)
(mW/kg)
Grey matter
375.1
250.99
18.9
White matter
173.5
98.0
8.3
Cerebellum
98.3
61.5
12.2
Midbrain
18.4
10.6
8.9
Thalamus
9.9
8.7
Brain avg.**
352.8
220.9
13.7
Total head
1954.8
744.8
22.3

* Mass of thalamus is less than 10g.
** Brain avg. includes grey matter, white matter, cerebellum, midbrain and thalamus.38
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Table A1-3. Tissue specific SAR values for the CBF study of University of Turku.SAR1g (mW/kg)
SAR10g (mW/kg)
SARavg (mW/kg)
Right
Left
Front
Right
Left
Front
Right
Left
Front
400.3
337.5
359.4
270.2
222.1
263.3
24.4
17.7
34.8
183.8
157.5
182.3
107.3
74.6
128.2
11.4
6.8
22.5
Cerebellum
77.1
153.2
63.1
51.6
87.6
33.8
10.9
14.3
13.2
Midbrain
23.9
21.4
17.6
16.5
12.2
10.7
13.9
10.4
9.6
Thalamus
14.9
9.5
13.5
13.1
8.2
12.1
392.6
334.4
340.4
244.9
212.0
234.2
17.4
12.8
27.0
1884.9
2786.7
1046.8
715.5
1007.8
666.7
29.1
27.7
24.5
Grey matterWhite
mat-
ter
Brain avg.**Total head

* Mass of thalamus is less than 10g.
** Brain avg. includes grey matter, white matter, cerebellum, midbrain and thalamus.39
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APPENDIX 2. SELECTED SAR FIGURES
a)
b)
Figure A2-1. Selected SAR slices and the corresponding voxel slices for the a) FIOH(adults) and b) FDG study. The uppermost figure presents the superficial SAR distributionin brain.
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Figure A2-2. The superficial SAR distributions in brain for the CBF study.a) and b) present the distribution for the front exposure and c) for the rightexposure and d) for the left exposure.
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Front
Right
Left
Figure A2-3. Selected SAR slices from the CBF study for front, right and left exposure.
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APPENDIX 3. DIELECTRIC PROPERTIES OF TISSUES
Relative permittivityrArteryBlood vesselBoneBrain grey matterBrain white matterCartilageCerebellumCSFCommissura anteriorCommissura posteriorConnective tissueCorneaEar cartilageEar skinEsophagusEye scleraEye lensEye vitreous humorFatHippocampusHypophysisHypothalamusIntervertebral discLarynxMandibleMarrow redMedulla oblongataMidbrainMucosaMuscleNervePineal bodyPonsSAT**SkinSkullSpinal cordTeethTendon ligamentThalamusTongueTracheaVeinVertebrae
61.3561.3512.4552.7138.8842.6449.4368.6338.8838.8828.5855.2342.6441.3965.0655.2646.5768.9011.3352.7159.6859.6842.6442.6412.4511.2745.8045.8046.0755.0332.5259.6845.80,11.3341.3912.4532.5212.4545.8252.7155.2642.0061.3512.45

* CSF = cerebrospinal fluid
** SAT = subcutaneous adipose tissue43
Conductivity(S/m)1.541.540.140.940.590.781.262.410.590.590.411.400.780.871.191.170.791.640.110.941.041.040.780.780.140.230.770.770.850.940.571.040.770.110.870.140.570.140.720.940.940.771.540.14
Density(kg/m3)106010601990103910431100104010071043104310001032110011001040103210901009916103910001000110011001990102710391039105010411038100010399161100199010382160111010391040110010601990
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COHORT STUDY ON MOBILE PHONE USERS AND HEALTH
(COSMOS)A prospective cohort study was launched to investigate the potential health effects of radiofrequency electromagnetic fields from mobile phone use. The approach was chosen toavoid the sources of error inherent for the previous studies including selection bias andinformation bias, which make it difficult to interpret the findings of the earlier case-controlstudies. Conducting a prospective cohort study was recommended in several expert reports and endorsed by the WHO as the next step forward in advancing the understandingof the possible health effects related to mobile phone use. The health outcomes coveredinclude head and neck area cancers, neurological disease (multiple sclerosis, Parkinsonsand Alzheimers disease, neurodegenerative disease) and cerebrovascular disease. Inaddition changes in symptoms will be analysed. The rationale is to use within cohort comparisons by contrasting subjects with different amount of use.Study cohort for the prospective cohort study on mobile phone users and health was established in Finland during the funding period 20092012. Private customers of networkoperators Elisa and TeliaSonera were recruited by mailed information leaflets and informed consent forms. Those who agreed to participate in the study gave written permissions to researchers to obtain a) mobile phone use data from network operators and b)health-related data from health care registries and medical records. Study participantsfilled in a questionnaire either in the internet or on paper.The study started with an EU-level competitive biding for a study management contract inthe spring 2009. The study management included mailing of study invitations, questionnaires and reminders; making and maintenance of internet questionnaire; data entry ofinformed consent forms and paper questionnaires; as well the establishment and maintaining of a registry of study procedures (dates of sending and receiving mailings for eachperson etc.). A contract for the overall study management was made with MC-Info Oy inautumn 2009.Study invitations were sent to altogether to 164,000 mobile phone users (stratified by theamount of usage into three categories) aged 18-69 years annually at the end of the years20092011. Press releases about the study were made at the same time.45
COSMOS
A total of 15,800 persons have agreed to participate in the study (9.6 % of those invited)and about 13,000 have also filled in the study questionnaire (8.0 % of those invited).About 56 % of the study participants were women and the mean age of the participantswas 48 years. The participation proportion was low and it decreased during the recruitment period. It is unclear if this reflects e.g. low perceived importance of the topic or longterm commitment to allow access of the researchers to phone use data and health records. However, the low participation does not threaten the validity of the study (whichdepends on comparability of the participants across levels of mobile phone use), even if itincreases the costs of setting up the study. The feasibility and the chosen recruitmentmethod used in the Finnish study were reported based on a pilot study (Heinvaara et al.,2011).The study questionnaire has been designed in collaboration with the COSMOS researchers. It covers details of mobile phone use (past amount of usage and current modes ofuse), risk factors for the diseases chosen as end-points for the study (potential confounders), previous diagnoses of the diseases of interest, as well as occurrence of certain specific symptoms (headache, well-being and sleep disorders) based on validated questionnaires (HIT-6 for headache, SF-12 v2 for health-related quality of life and MOS sleepscale).In the study questionnaire participants reported most often having started their use ofmobile use in the mid-1990s. About 1 % never had used a mobile phone at least once aweek and yet another 1 % had not used a mobile phone this much during the precedingthree months. Of those who did, study participants usually reported having called theirmobile phone 1-3 hours per week (38 %); 6 % belonged to the highest category of calltime (> 6 h per week) and < 1 % belonged to the lowest category (<5 min per week).About 60 % had used one mobile phone and about 5 % had used at least three mobilephones during the preceding three months.Headache had at least sometimes limited usual daily activities for 12 % of the study participants and about 24 % had been bothered by light when having a headache. On average 15 % considered their health being fair or poor. Almost 13 % had been feeling sleepyat least a good bit of the time during the day time.In addition, participants reported any symptoms occurring in relation to mobile phone use.Almost 10% of the respondent reported headache, 15% tinnitus and 10% partial hearing
46
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loss in conjunction with mobile phone use (always, often or sometimes vs. never). Nauseawas the least common (3%) and burning sensation in the ear was the most commonsymptom (49%).All three major Finnish operators (DNA, Elisa and TeliaSonera) agreed to deliver operatordata for the participants upon researchers request. Operator data have been receivedfrom all the operators at least for a three month period each year.Study participants are being kept up to date about the progress of the study through anewsletter (sent by email) and through the study web page (www.cosmostutkimus.fi).The Finnish COSMOS study is a part of international collaborative COSMOS study with acommon study protocol. Besides Finland, national COSMOS study components have beenlaunched in Sweden, Denmark, and the UK (30,000-66,000 participants in each country),and are being prepared in the Netherlands and France. The international COSMOS hasmeetings at least twice a year with additional working group meetings and telephoneconferences. The target size of the international COSMOS cohort is 200,000250,000mobile phone users. The implementation and objectives of the study have been describedin detail in a joint paper (Schz el al., 2011). International collaboration increases thestatistical power of the study considerably, which is essential particularly for rare diseasessuch as brain tumours (glioma, meningioma) and Parkinson and Alzheimer disease.After the recruitment period, the Finnish COSMOS is now entering the follow-up phase.We aim to send the first follow-up questionnaires in 2013 to those recruited in 2009. Anoption to extend the recruitment by one more round of study invitations in 2012 is beingconsidered. A major threat for the future of the Finnish study is the lack of continuedfunding, but an application to an EU call for research is planned in late 2012. Collection ofend-point data from the hospital discharge registry (National Institute for Health and Welfare), cancer registry (Cancer Society), medication purchases and reimbursement entitlements (Social Insurance Institution) will start in 2014. A joint analysis of disease incidencewithin the international COSMOS consortium is anticipated around 2015-16 and the studyis expected to continue until at least 2020 or beyond.
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Heinvaara S, Tokola K, Kurttio P, Auvinen A. Validation of exposure assessment and
assessment of recruitment methods for a prospective cohort study of mobile phone users(COSMOS) in Finland: a pilot study. Environmental Health 2011, 10:14.Schz J, Elliott P, Auvinen A, Kromhaut H, Harbo Poulsen A, Johansen C, Olsen JH, HillertL, Toledano M, Heinvaara S, Slottje P, Vermeulen R CH, Ahlbom A. An international prospective cohort study of mobile phone users (Cosmos): design considerations and enrolment of cohort members. Cancer Epidemiology 2011 Feb; 35(1):37-43.
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