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BackgroundBackground

�� Are Are MFsMFs / / EMFsEMFs associatedassociated withwith the the 

initiationinitiation oror promotionpromotion of of malignanciesmalignancies??

�� EpidemiologicalEpidemiological datadata suggestsuggest a a higherhigher

incidenceincidence of of childhoodchildhood leukemialeukemia at at fluxflux

densitiesdensities > 0.4 > 0.4 µµT (IARC, 2002), T (IARC, 2002), oror at at closeclose

proximityproximity to high to high voltagevoltage power power lineslines

((DraperDraper et al., 2005), et al., 2005), supportingsupporting an an earlierearlier

assessmentassessment publishedpublished byby NIEHS (1998). NIEHS (1998). 



AKR/J AKR/J micemice as an as an animalanimal modelmodel

•• ViremicViremic ((retrovirusretrovirus AKV) AKV) fromfrom birthbirth

•• High High incidenceincidence to to developdevelop leukaemialeukaemia

(60 (60 –– 100 %) 100 %) afterafter a a symptomsymptom--freefree time time 

of of approximatelyapproximately 4 4 monthsmonths

•• TendencyTendency forfor obesityobesity

•• WidelyWidely usedused modelmodel in in cancercancer researchresearch



StudiesStudies

�� In In ourour laboratorylaboratory, a , a seriesseries of of experimentsexperiments

has has beenbeen performedperformed investigatinginvestigating the the effectseffects

of MF / RFof MF / RF--EMF on the development of EMF on the development of 

leukemialeukemia in AKR/J in AKR/J micemice::

�� 50 Hz, 1 50 Hz, 1 µµT and 100 T and 100 µµT, and 1000 T, and 1000 µµTT

��For 1000 For 1000 µµT, T, animalsanimals werewere exposedexposed forfor 12 12 oror

forfor 24 24 hrshrs / / dayday..

�� 900 MHz, GSM, and 900 MHz, GSM, and approxapprox. 1966 MHz . 1966 MHz 

(UMTS) at 0.4 W/kg SAR(UMTS) at 0.4 W/kg SAR



Questions:Questions:

Does exposure affectDoes exposure affect

•• survivalsurvival

•• body weightbody weight

•• bloodblood cellscells

in AKR/J in AKR/J micemice ?



General Methods:

�� Power Power analysisanalysis to to verifyverify animalanimal numbersnumbers

�� At n=160 At n=160 animalsanimals per per groupgroup, a , a shiftshift byby approxapprox. 1 . 1 monthmonth
wouldwould havehave beenbeen detecteddetected ((survivalsurvival sensitivitysensitivity))

�� BlindedBlinded design design 

�� For For eacheach groupgroup: 160 : 160 femalefemale AKR/J AKR/J micemice (Jackson (Jackson 
Laboratories, Bar Laboratories, Bar HarborHarbor, ME), age 4 , ME), age 4 –– 5 5 weeksweeks

�� TemperatureTemperature = 20= 20°°C C ±± 22°°C C PhotoperiodPhotoperiod: 12:12: 12:12

�� InspectionsInspections dailydaily; ; weighedweighed and and palpatedpalpated weeklyweekly

�� AnimalsAnimals werewere sacrificedsacrificed byby COCO22 as as soonsoon as as firstfirst signssigns of of 
diseasedisease werewere evident, evident, oror whenwhen animalsanimals werewere olderolder thanthan 42 42 
weeksweeks..



Exposure to Magnetic Fields

nn MerrittMerritt design (4 design (4 coilscoils, 27, 11, 11, 27 , 27, 11, 11, 27 turnsturns))

nn 16 mm16 mm²² coilscoils

nn For 1 and 100 For 1 and 100 µµT: sine T: sine wavewave generatorsgenerators

nn For 1000 For 1000 µµT: T: stepstep--downdown transformertransformer

nn MeasurementsMeasurements withwith fluxmetersfluxmeters

nn DeviationsDeviations insideinside the the coilscoils < 2%< 2%



Exposure Units for MF

Aluminum foil

for elimination

of electric fields

(bridged)



Exposure to RF-EMF

nn Design: Radial Design: Radial waveguideswaveguides; ; diameterdiameter 4 m, 4 m, 
verticalvertical plateplate distance 14 cm (900 MHz) and 8 cm distance 14 cm (900 MHz) and 8 cm 
(1966 MHz).(1966 MHz).

nn SAR = 0.40 W/kg (SAR = 0.40 W/kg (averageaverage) at 35 W (900 MHz) ) at 35 W (900 MHz) 
and 15 W (1966 MHz) RF and 15 W (1966 MHz) RF inputinput. Modulation: . Modulation: 
GSM (900 MHz) and GSM (900 MHz) and genericgeneric UMTS UMTS signalsignal
((NdoumbNdoumbèè MbonjoMbonjo MbonjoMbonjo et al., et al., 
Bioelectromagnetics 25: 415Bioelectromagnetics 25: 415--425 (2004)).425 (2004)).

nn ExposureExposure forfor 24 24 hrshrs//dayday exceptexcept periodsperiods of of 
inspectionsinspections, , cleaningcleaning..



Exposure Units for RF-EMF (n = 2)



Exposure Units (detail)



Results: Gross Pathology

Enlarged Thymus Enlarged Spleen

Most of the mortality was related to the development of

Lymphoblastic Lymphomas



Results: Survival; Magnetic Fields
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Results: Survival; Magnetic Fields
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Results Lymphoma Development; 

Magnetic Fields (all results)
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Results: Survival; 900 MHz

Sommer et al., 2004, BMC Cancer
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Results: Survival; 1996 MHz
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Other Results

nn No No effectseffects of of exposureexposure on on bloodblood cellcell countscounts and and 
hematocrithematocrit valuesvalues. No . No effectseffects on on bodybody weightweight
((exceptexcept 900 MHz)900 MHz)

nn All All resultsresults areare publishedpublished::

uu RadiationRadiation Research 2004 (1 and 100 Research 2004 (1 and 100 µµT MF)T MF)

uu RadiationRadiation Research 2006 (1000 Research 2006 (1000 µµT MF)T MF)

uu BMC BMC CancerCancer 2004 (900 MHz EMF)2004 (900 MHz EMF)

uu RadiationRadiation Research 2007 (1966 MHZ EMF) Research 2007 (1966 MHZ EMF) 



Body Weight Increase in 900 MHz 

Exposed Mice

Sommer et al., 2004



Conclusions

�� MagneticMagnetic and and electromagneticelectromagnetic fieldsfields diddid
notnot affectaffect survivalsurvival oror the development the development 
of of lymphomaslymphomas in AKR/J in AKR/J micemice at at 
relevant relevant exposureexposure levelslevels..

�� The The datadata do do notnot supportsupport the the hypothesishypothesis
thatthat magneticmagnetic oror electromagneticelectromagnetic fieldsfields
promotepromote leukemialeukemia..



Limitations

nn SAR = SAR = SARSAR??

uu BMR in mice approx. 7 W kgBMR in mice approx. 7 W kg--11

uu BMR in humans approx. 1 W kgBMR in humans approx. 1 W kg--11

nn µµT = T = µµTT??

uu Induced currents depend on body dimensionsInduced currents depend on body dimensions

nn Life long = life long?Life long = life long?

uu Mice were exposed for approx. 1 yearMice were exposed for approx. 1 year

uu Humans live much longerHumans live much longer
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Background

nn Increases of body weight were observed in some Increases of body weight were observed in some 

studies in mice and hamsters:studies in mice and hamsters:



Body Weight Increase in 900 MHz 

Exposed Mice at 0.4 W kg-1

Sommer et al., 2004, BMC Cancer



Therefore,

nn Body weight may be affected by Body weight may be affected by 

electromagnetic fieldselectromagnetic fields

nn This effect seems to be frequencyThis effect seems to be frequency--dependentdependent



Question

nn How can How can nonnon--thermalthermal EMFsEMFs affect the body affect the body 

weight?weight?

nn Possible explanationsPossible explanations

uu RMF energy is used for heat production, less energy RMF energy is used for heat production, less energy 

from food is therefore needed for heat production. from food is therefore needed for heat production. 

Food energy may be stored as fat or muscle tissueFood energy may be stored as fat or muscle tissue

uu Other explanations? Hormones?Other explanations? Hormones?



Hypothesis: Schematic View
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Some more Hints

nn Basal metabolic rates (BMR) in hamsters and Basal metabolic rates (BMR) in hamsters and 

mice are on the order of 5mice are on the order of 5--7 W kg7 W kg--11. . 

nn Roughly 30% of BMR is used for heat production Roughly 30% of BMR is used for heat production 

(approx. 2 W kg(approx. 2 W kg--11).).

nn At 80 At 80 mWmW kgkg--11 SAR, this corresponds to 4% of SAR, this corresponds to 4% of 

BMR, interestingly in the range of body mass BMR, interestingly in the range of body mass 

increase. increase. 



Aims of the Study

nn Investigating the effects of subInvestigating the effects of sub--chronic effects of EMF on chronic effects of EMF on 

COCO22 production and Oproduction and O22 consumption in hamsters at SAR consumption in hamsters at SAR 

levels of 0, 0.08, 0.4 and 4 Wkglevels of 0, 0.08, 0.4 and 4 Wkg--11 for 1 week (random).for 1 week (random).

nn Establishment of exposure setup.Establishment of exposure setup.

nn Validation of experimental procedure for future Validation of experimental procedure for future 

experiments.experiments.



Experimental Setup
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Experimental Setup
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Experimental Setup



Thermography



Thank you!


