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17. Evidence of Biological Effects of EMF at low Power Densities 

 

The majority of the comprehensive reviews submitted by Intervenor agree that studies for 

exposure to radiofrequency radiation have not been performed at all the available power 

densities and the lowest threshold for harm for non-thermal exposures has not been identified or 

incorporated into the US government safety guidelines. Even though adverse and possible 

adverse biological effects of exposure to non-thermal, non-ionizing radiofrequency radiation are 

recognized by most world governments, the necessary biological variables and depth of studies is 

not of sufficient quantity for them to develop a safe threshold (if there is one) for non-thermal 

exposures.  At no. 27 below, the Bioinitiative 2012, Tables 1 & 2, list one hundred and thirty six 

(136) studies that found adverse biological effects from radiofrequency radiation exposures at 

low power densities ranging from 100 femtowatts/cm2  and .00034 uW/cm2 (.000,000,34 

mW/cm2) to 100 uW/cm2 (0.1 mW/cm2) and low SARs 0000064 to 2 W/kg. In addition to the 

BioInitiative studies, below are a forty five more that found effects at low power densities. 

 

 

1. Bartsch H, Küpper H, Scheurlen U, Deerberg F, Seebald E, Dietz K, Mecke D, Probst H, 

Stehle T, Bartsch C. Effect of chronic exposure to a GSM-like signal (mobile phone) on 

survival of female Sprague-Dawley rats: Modulatory effects by month of birth and 
possibly stage of the solar cycle. Neuro Endocrinol Lett. 31(4):457-473, 2010. 

http://www.ncbi.nlm.nih.gov/pubmed/20802457 Abstract: During 1997-2008 two long-

term (I and II) and two life-long (III and IV) experiments were performed analyzing the 

effect of chronic exposure to a low-intensity GSM-like signal (900 MHz pulsed with 217 

Hz, 100 microW/cm2 (0.1 mW/cm2) average power flux density, 38-80 mW/kg mean 

specific absorption rate for whole body) on health and survival of unrestrained female 

Sprague-Dawley rats kept under identical conditions. Radiofrequency (RF)-exposure was 

started at 52-70 days of age and continued for 24 (I), 17 (II) and up to 36 and 37 months, 

respectively (III/IV). In the first two experiments (1997-2000) 12 exposed and 12 sham-

exposed animals each were observed until they were maximally 770 or 580 days old. In 

experiment I no adverse health effects of chronic RF-exposure were detectable, neither 

by macroscopic nor detailed microscopic pathological examinations. Also in experiment 

II no apparent macroscopic pathological changes due to treatment were apparent. Median 

survival time could not be estimated since in none of the groups more than 50% of the 

animals had died. In the course of two complete survival experiments (2002-2005; 2005-

2008) 30 RF- and 30 sham-exposed animals each were followed up until their natural end 

or when they became moribund and had to be euthanized. A synoptical data analysis was 

performed. Survival data of all four groups could be fitted well by the Weibull 

distribution. According to this analysis median survival was significantly shortened under 

RF-exposure in both experiments by 9.06% (95% CI 2.7 to 15.0%) (p=0.0064); i.e by 72 

days in experiment III and 77 days in experiment IV as compared to the corresponding 

sham-treated animals (III: 799 days; IV: 852 days). Both groups of animals of experiment 

III showed reduced median survival times by 6.25% (95% CI -0.3 to 12.4%) (p=0.0604) 

compared to the corresponding groups of experiment IV (53 days: sham-exposed 
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animals, 48 days: RF-exposed animals) which may be due to the fact that animals of 

experiment III were born in October and animals of experiment IV in May indicating that 

the month of birth affects life span. From the results of the last two experiments it has to 

be concluded that chronic exposure to a low-intensity GSM-like signal may exert 

negative health effects and shorten survival if treatment is applied sufficiently long and 

the observational period covers the full life span of the animals concerned. The current 

data show that survival of rats kept under controlled laboratory conditions varies within 

certain limits depending on the month of birth. In view of our previous observations 

regarding an inhibitory or no effect of RF-exposure on DMBA-induced mammary cancer 

during the 1997-2000 period, an additional modulatory influence on a year-to-year basis 

should be considered which might be related to changing solar activity during the the 11-

years' sunspot cycle. These potentially complex influences of the natural environment 

modulating the effects of anthropogenic RF-signals on health and survival require a 

systematic continuation of such experiments throughout solar cycle 24 which started in 

2009. 

 

2. Belyaev IY, Koch CB, Terenius O, Roxstrom-Lindquist K, Malmgren LO, H Sommer W, 

Salford LG, Persson BR. Exposure of rat brain to 915 MHz GSM microwaves induces 

changes in gene expression but not double stranded DNA breaks or effects on 
chromatin conformation. Bioelectromagnetics. 27(4):295-306, 2006. 

http://www.ncbi.nlm.nih.gov/pubmed/16511873 Abstract: We investigated whether 

exposure of rat brain to microwaves (MWs) of global system for mobile communication 

(GSM) induces DNA breaks, changes in chromatin conformation and in gene expression. 

An exposure installation was used based on a test mobile phone employing a GSM signal 

at 915 MHz, all standard modulations included, output power level in pulses 2 W, 

specific absorption rate (SAR) 0.4 mW/g. Rats were exposed or sham exposed to MWs 

during 2 h. After exposure, cell suspensions were prepared from brain samples, as well as 

from spleen and thymus. For analysis of gene expression patterns, total RNA was 

extracted from cerebellum. Changes in chromatin conformation, which are indicative of 

stress response and genotoxic effects, were measured by the method of anomalous 

viscosity time dependencies (AVTD). DNA double strand breaks (DSBs) were analyzed 

by pulsed-field gel electrophoresis (PFGE). Effects of MW exposure were observed on 

neither conformation of chromatin nor DNA DSBs. Gene expression profiles were 

obtained by Affymetrix U34 GeneChips representing 8800 rat genes and analyzed with 

the Affymetrix Microarray Suite (MAS) 5.0 software. In cerebellum from all exposed 

animals, 11 genes were upregulated in a range of 1.34-2.74 fold and one gene was 

downregulated 0.48-fold (P < .0025). The induced genes encode proteins with diverse 

functions including neurotransmitter regulation, blood-brain barrier (BBB), and 

melatonin production. The data shows that GSM MWs at 915 MHz did not induce PFGE-

detectable DNA double stranded breaks or changes in chromatin conformation, but 

affected expression of genes in rat brain cells. 

3. Belokrinitskiĭ VS. Dystrophic and repair processes in the hippocampus after long-term 

exposure to nonionizing microwave radiation]. Biull Eksp Biol Med. 1982 

Mar;93(3):89-92. http://www.ncbi.nlm.nih.gov/pubmed/7093490  found an increase in 

the activity of the enzymes succinate dehydrogenase (SDH), malate dehydrogenase 
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(MDH), lactate dehydrogenase (LDH), and G-6-PDH, and a decrease in levels of 

glycogen and RNA in the cells of the brain and other organs of rats after chronic 

exposure to 5 .µW / cm2, and after a single 3-hour exposure to 50 µW /cm2. Two months 

of exposure to 10 µW / cm2 damaged the mitochondria, the endoplasmic reticulum, and 

the nucleus of cells. These changes did not revert to normal within one month. 1000 µW 

/cm2 produced much more drastic cell changes. 10 mW / cm2  swelled cells, altered their 

shape, damaged blood vessels, demyelinized nerve fibers, after just one hour exposure. 

The wavelength was 12.6 cm.  

 

4. Belokrinitskiĭ VS, Grin' AN.  [Morpho-functional changes in the kidneys after 

combined exposure to UHF-field and hypoxia]. Vrach Delo. 1983 Jan;(1):112-5. 

http://www.ncbi.nlm.nih.gov/pubmed/6868488  

 

 

5. Blackman CF, Kinney LS, House DE, Joines WT. Multiple power-density windows and 

their possible origin. Bioelectromagnetics. 1989;10(2):115-28. 

http://www.ncbi.nlm.nih.gov/pubmed/2540755  Abstract: We have previously reported 

that in vitro exposure of chick forebrain tissue to 50-MHz radiofrequency (RF) 

electromagnetic radiation, amplitude modulated (AM) at 16 Hz, would enhance the efflux 

of calcium ions within only two power-density ranges: one from 1.44 to 1.67 mW/cm2, 

and the other including 3.64 mW/cm2. No effect on efflux occurred at 0.37, 0.72, 2.17, 

and 4.32 mW/cm2. We confirmed and extended these results by testing at another set of 

power densities, which included the range of the previous study. Forebrain tissue from 1-

7-day-old chickens was labeled in vitro with radioactive calcium ions (30 min, at 37 

degrees C), rinsed, placed in a physiological salt solution, and then exposed for 20 min to 

50-MHz radiation, AM at 16 Hz, in a transverse electric and magnetic field (TEM) cell 

maintained at 37 degrees C. The solution was then assayed for radioactive calcium 

activity. A power-density series was tested. An enhanced efflux of calcium ions was 

found at 1.75, 3.85, 5.57, 6.82, 7.65, 7.77, and 8.82 mW/cm2; no change was observed at 

0.75, 2.30, 4.50, 5.85, 7.08, 8.19, 8.66, 10.6, and 14.7 mW/cm2. Power density is 

converted to specific absorption rate (SAR) by 0.36 mW/kg per mW/cm2. Even the 

highest SAR tested (0.005 W/kg) is much too low to result in generalized heating of the 

sample and thus to be the underlying cause of the enhanced response. A hypothetical 

mechanism is proposed involving dynamic systems that may account for the power-

density dependency as well as for part of the frequency dependency observed with both 

modulated RF radiation and extremely-low-frequency (ELF) fields. 

 

6. Chizhenkova RA. [Pulse flows of populations of cortical neurons under microwave 

radiation: the number of burst activity]. Radiats Biol Radioecol. 2010 Mar-

Apr;50(2):201-10. http://www.ncbi.nlm.nih.gov/pubmed/20464969 Abstract: In 

unanesthetized nonimmobilized rabbit pulse flows of populations of cortical neurons 

were investigated prior, during, and after 1-min microwave irradiation (wavelength 37.5 

cm, power density 0.2-0.3; 0.4; 0.5; and 40 mW/cm2) on the basis of the analysis of 

burst activity identified by means of time levels 5, 10, and 20 ms. Changes of the number 
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of the spike bursts resulted from these exposures. The direction of the shifts its dynamics 

was determined by as intensity of irradiation as the kind of the bursts themselves. 

 

7. Chizhenkova RA. [Pulse flows of neuronal populations of the cerebral cortex exposed 

to low intensity microwaves]. Biofizika. 2003 May-Jun;48(3):538-45. 

http://www.ncbi.nlm.nih.gov/pubmed/12815866 Abstract: Pulse flows of populations of 

cortical neurons in rabbit were investigated prior to, during, and after 1-min microwave 

irradiation (wavelength 37.5 cm, power density 0.5-1 mW/cm2). It was found that 

irradiation caused rearrangements in burst activity, which manifested themselves 

predominantly as changes in the number of spikes forming the bursts. The direction of 

shifts depended on the time threshold levels of revelation of bursts. These effects took 

place during microwave irradiation and after its cessation. 

 

8. Dutta SK, Ghosh B, Blackman CF. Radiofrequency radiation-induced calcium ion 

efflux enhancement from human and other neuroblastoma cells in culture. 

Bioelectromagnetics. 1989;10(2):197-202. 

http://www.ncbi.nlm.nih.gov/pubmed/2540756  Abstract: To test the generality of 

radiofrequency radiation-induced changes in 45Ca2+ efflux from avian and feline brain 

tissues, human neuroblastoma cells were exposed to electromagnetic radiation at 147 

MHz, amplitude-modulated (AM) at 16 Hz, at specific absorption rates (SAR) of 0.1, 

0.05, 0.01, 0.005, 0.001, and 0.0005 W/kg. Significant 45Ca2+ efflux was obtained at 

SAR values of 0.05 and 0.005 W/kg. Enhanced efflux at 0.05 W/kg peaked at the 13-16 

Hz and at the 57.5-60 Hz modulation ranges. A Chinese hamster-mouse hybrid 

neuroblastoma was also shown to exhibit enhanced radiation-induced 45Ca2+ efflux at 

an SAR of 0.05 W/kg, using 147 MHz, AM at 16 Hz. These results confirm that 

amplitude-modulated radiofrequency radiation can induce responses in cells of nervous 

tissue origin from widely different animal species, including humans. The results are also 

consistent with the reports of similar findings in avian and feline brain tissues and 

indicate the general nature of the phenomenon. 

 



Page 5 of 19 

 

9. D'Andrea JA, DeWitt JR, Gandhi OP, Stensaas S, Lords JL, Nielson HC. Behavioral and 

physiological effects of chronic 2,450-MHz microwave irradiation of the rat at 0.5 
mW/cm2. Bioelectromagnetics. 1986;7(1):45-56. 

http://www.ncbi.nlm.nih.gov/pubmed/3730001: Abstract: Adult male Long-Evans rats 

were intermittently exposed to 2450 MHz CW microwaves at an average power 

density of 0.5 mW/cm2 for 90 days. The resulting SAR was 0.14 W/kg (range 0.11 to 

0.18 W/kg). The animals were exposed 7 h/day, 7 days/wk, for a total of 630 h in a 

monopole-above-ground radiation chamber while housed in Plexiglas holding cages. 

Daily measures of body mass and food and water intake indicated no statistically 

significant effects of microwave exposure. Monthly assessment of reactivity to electric 

footshock, levels of cholinesterase and sulfhydryl groups in blood, and 17-ketosteroids in 

urine revealed no reliable differences between 14 sham-exposed and 14 microwave-

exposed rats. After the 90 days of exposure, seven rats, randomly chosen from each 

group, were assessed for open-field behavior, shuttlebox performance, and schedule-

controlled (IRT schedule) lever pressing for food pellets. Statistically significant 

differences between microwave-exposed and sham-exposed rats were observed in 

shuttlebox performances and lever pressing. Post mortem measures of mass of several 

organs and microscopic examination of adrenal tissue revealed no differences between 

the two groups of animals. 

 

10. DeWitt JR., D’Andrea JA, Emmerson RY, Gandhi OP. Behavioral effects of chronic 

exposure to 0.5 mW/cm2 of 2450-MHz microwaves. Bioelectromagnetics 1987, 8:149-

157. http://www.ncbi.nlm.nih.gov/pubmed/3619949 Abstract: Adult male, Long-Evans 

rats were exposed 7 h a day for 90 days to continuous wave (CW) 2,450-MHz 

microwaves at an average power density of 0.5 mW/cm2. Exposures were in a monopole-

above-ground radiation chamber with rats in Plexiglas cages. The resulting specific 

absorption rate (SAR) was 0.14 W/kg (+/- 0.01 SEM). Additional rats served as sham-

exposed and home-caged controls. All were evaluated daily for body mass and food and 

water intakes. Once each 30 days, throughout baseline and exposure phases of the 

experiment, rats in the sham- and microwave-exposed groups were tested for their 

sensitivity to footshock. After 90-days of exposure, the rats were evaluated an open field, 

an active avoidance task and an operant task for food reinforcement. Performance of 

sham- and microwave-irradiated rats was reliably different on only one measure, the 

lever-pressing task. The general conclusion reached was that exposure to CW 2,450-MHz 

microwave radiation at 0.5 mW/cm2 was below the threshold for behavioral effects over 

a wide range of variables, but did have an effect on a time-related operant task, although 

the direction of the effect was unpredictable. 

 

 

11. Frey, A.H. Brain stem evoked responses associated with low-intensity pulsed UHF 

energy. Journal of Applied Physiology 23(6):984-988, 1967. 

http://www.ncbi.nlm.nih.gov/pubmed/4863736  induced evoked potentials in the brain 

stem of cats with pulsed 1200-1525 MHz waves at an average power density of 30 µW / 

cm2. 
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12. Gabovich RD, Shutenko OI, Koziarin IP, Shvaĭko II. Combined experimental exposure 

to subsonics and a superhigh frequency electromagnetic field]. Gig Sanit. 1979 

Oct;(10):12-4; http://www.ncbi.nlm.nih.gov/pubmed/499821 found that 100 µW / cm2 

for 2 hours a day first increased the work capacity of rats and later decreased it. It also 

affected the latent period of unconditioned reflexes, altered sleep, and lowered 

cholinesterase activity in the blood and the brain. The frequency was 2375 MHz, 

continuous mode. 

 

13. Gapeev AB, Sirota NP, Kudriavtsev AA, Chemeris NK.  [Responses of thymocytes and 

splenocytes to low-intensity extremely high-frequency electromagnetic radiation in 
normal mice and in mice with systemic inflammation]. Biofizika. 2010 Jul-

Aug;55(4):645-51. http://www.ncbi.nlm.nih.gov/pubmed/20968076 Abstract: Changes 

in T cell subsets and expression of cytokine genes in thymocytes and splenocytes after 

exposure of BAL/c mice to low-intensity extremely high-frequency electromagnetic 

radiation (42.2 GHz, 0.1 mW/cm2, exposure duration 20 min) under normal conditions 

and in systemic inflammation were studied using flow cytometry and the methods of 

reverse transcription and real-time polymerase chain reaction. It was found that the 

number of CD4+ and CD8+ T cells statistically significantly increased in the thymus and 

considerably decreased in the spleen of exposed animals. Apparently, the exposure of 

animals leads to an intensification of the host defense, by activating the T-cellular 

immunity. As for effect or functions, the increased expression of IL-1beta and IFNgamma 

genes in thymocytes and essentially enhanced expression of IL-1beta, IL-10, and 

TNFalpha genes in splenocytes were observed in mice exposed against the background of 

a progressive inflammatory process. The experimental data obtained specify that the 

directed (anti-inflammatory) response of an organism to a specific combination of 

effective exposure parameters of electromagnetic radiation can be realized by the 

activation of particular immunocompetent cells and changes in the cytokine profile. 

 

14. Giarola, A.J., Krueger, W.F. and Woodall, H.W. The effect of a continuous UHF signal 

on animal growth. 1971 IEEE International Electromagnetic Compatibility Symposium 

Record, Phila., July 13-15, 1971, pp. 150-15.  observed a tranquilizing effect on chickens 

and rats at 24 µW / cm2 using 880 MHz waves. 

 

 

15. Grin AN. Effects of microwaves on catecholamine metabolism in the brain. 

Vrachebnoye Delo 10:129-130, 1978. JPRS 72606, pp. 14-16. 

http://www.ncbi.nlm.nih.gov/pubmed/716348  This study found that 50 µW / cm2 

increased epinephrine, norepinephrine, and dopamine in the brain of rats after 7 hours a 

day exposure for a month. The wavelength was 12.6 an. 500 µW / cm2 decreased the 

levels, and exhausted the adreno-sympathetic system. 

 

16. Grigor'ev IuG, Grigor'ev OA, Ivanov AA, Liaginskaia AM, Merkulov AV, Stepanov VS, 

Shagina NB. [Autoimmune processes after long-term low-level exposure to 

electromagnetic fields (the results of an experiment). Part 1. Mobile communications 

and changes in electromagnetic conditions for the population. Needs for additional 
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substantiation of the existing hygienic standards]. Radiats Biol Radioecol. 2010 Jan-

Feb;50(1):6-11. http://www.ncbi.nlm.nih.gov/pubmed/20297674 Abstract: Mobile 

communications provides a new source of electromagnetic exposure for almost the whole 

population of the Russian Federation. For the first time in the history of civilization the 

brain of mobile phone users was exposed to localized radiofrequency (RF) 

electromagnetic fields (EMF). Population exposure from the base stations is also 

considered to be specific. However, existing standards for limiting the exposure do not 

account for this special EMF source and may not ensure the absence of health effects. 

There was a need for reliable information that would extend databases used for 

development of new standards. As recommended by the World Health Organization an 

additional experiment was performed under the supervision of foreign experts, which 

showed changes in autoimmune status in rats after long-term low-level RF EMF exposure 

with an incident power density of  500 microW/cm2. 

 

17. Grigor'ev IuG, Mikhaĭlov VF, Ivanov AA, Mal'tsev VN, Ulanova AM, Stavrakova NM, 

Nikolaeva IA, Grigor'ev OA. [Autoimmune processes after long-term low-level 

exposure to electromagnetic fields (the results of an experiment). Part 4. Manifestation 

of oxidative intracellular stress-reaction after long-term non-thermal EMF exposure of 
rats]. Radiats Biol Radioecol. 2010 Jan-Feb;50(1):22-7. 

http://www.ncbi.nlm.nih.gov/pubmed/20297677 Abstract:  This paper presents the 

results of the study of the effects of long-term low-level exposure of rats to microwaves. 

Rats were exposed in far field to 2450 MHz continuous wave fields providing an incident 

power density at the cages of  500 microW/cm2 for 7 hours daily for a total of 30 days 

resulting in a whole-body SAR of 0.16 +/- 0.04 W/kg. Three groups ("EMF-exposure", 

"sham-exposure" and cage-control) were formed, each consisting of 16 rats. Circulating 

antibodies (IgA, IgG and IgM) directed against 16 chemical substances were evaluated in 

coded serum from each group of rats by enzyme multiplied analysis (ELISA test). An 

increased amount of compounds resulting from interaction of amino acids with nitric 

oxide (NO) or its derivatives (NO2-Tyrosine, NO-Arginine, NO-Cysteine + NO-Bovine 

Serum Albumin, NJ-Methionine + NO-Asparagine + No-Histidine, NO-BTrypnohan + 

NJ-Tyrosin), fatty acids with small chains, hydroxylated fatty acids, 

palmitic/myristic/oleic acid, AZE (product of oxidation of fatty acids) was found in blood 

serum from EMF-exposed rats. As a rule, antibodies to conjugated antigens were seen for 

IgM, rarely seen for IgG and were completely absent for IgA. The levels of antibodies 

were higher on day 7 after the exposure compared to those on day 14 after the exposure. 

 

18. Grigor'ev IuG, Mikhaĭlov VF, Ivanov AA, Mal'tsev VN, Ulanova AM, Stavrakova NM, 

Nikolaeva IA, Grigor'ev OA. [Autoimmune processes after long-term low-level 

exposure to electromagnetic fields (the results of an experiment). Part 4. Manifestation 

of oxidative intracellular stress-reaction after long-term non-thermal EMF exposure of 
rats]. Radiats Biol Radioecol. 2010 Jan-Feb;50(1):22-7. 

http://www.ncbi.nlm.nih.gov/pubmed/20297677 Abstract:  This paper presents the 

results of the study of the effects of long-term low-level exposure of rats to microwaves. 

Rats were exposed in far field to 2450 MHz continuous wave fields providing an incident 

power density at the cages of 500 microW/cm2 for 7 hours daily for a total of 30 days 

resulting in a whole-body SAR of 0.16 +/- 0.04 W/kg. Three groups ("EMF-exposure", 
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"sham-exposure" and cage-control) were formed, each consisting of 16 rats. Circulating 

antibodies (IgA, IgG and IgM) directed against 16 chemical substances were evaluated in 

coded serum from each group of rats by enzyme multiplied analysis (ELISA test). An 

increased amount of compounds resulting from interaction of amino acids with nitric 

oxide (NO) or its derivatives (NO2-Tyrosine, NO-Arginine, NO-Cysteine + NO-Bovine 

Serum Albumin, NJ-Methionine + NO-Asparagine + No-Histidine, NO-BTrypnohan + 

NJ-Tyrosin), fatty acids with small chains, hydroxylated fatty acids, 

palmitic/myristic/oleic acid, AZE (product of oxidation of fatty acids) was found in blood 

serum from EMF-exposed rats. As a rule, antibodies to conjugated antigens were seen for 

IgM, rarely seen for IgG and were completely absent for IgA. The levels of antibodies 

were higher on day 7 after the exposure compared to those on day 14 after the exposure. 

 

19. Hjollund NH, Bonde JP, Skotte J, Semen analysis of personnel operating military radar 

equipment. Reprod Toxicol 11(6):897, 1997.  

http://www.ncbi.nlm.nih.gov/pubmed/9407601 This is a preliminary survey of semen 

quality among Danish military personnel operating mobile ground-to-air missile units 

that use several microwave emitting radar systems. The maximal mean exposure was 

estimated to be 0.01 mW/cm2. The median sperm density of the military personnel was 

significantly low compared to the references. The difference is either due to chance, 

uncontrolled bias, or nonthermal effects of transitory microwaves. 

 

20. Ivanov AA, Grigor'ev IuG, Mal'tsev VN, Ulanova AM, Stavrakova NM, Skachkova VG, 

Grigor'ev OA. [Autoimmune processes after long-term low-level exposure to 

electromagnetic fields (the results of an experiment). Part 3. The effect of the long-

term non-thermal RF EMF exposure on complement-fixation antibodies against 
homologenous tissue]. Radiats Biol Radioecol. 2010 Jan-Feb;50(1):17-21. 

http://www.ncbi.nlm.nih.gov/pubmed/20297676  Abstract: This paper presents the 

results of the study of immunological effects of long-term low-level exposure of rats to 

microwaves. Rats were exposed in the far field to 2450 MHz continuous wave fields 

providing an incident power density at the cages of 500 microW/cm2 for 7 hours daily 

for a total of 30 days, resulting in a whole-body SAR of 0.16 +/- 0.04 W/kg. Effects of 

the exposure on immunological parameters in the brain and liver of rats were studied 

using Complement Fixation Test at low temperature (4 degrees C). Three groups ("EMF-

exposure", "sham-exposure" and cage-control) were formed, each consisting of 16 rats. 

On the 14th day after the 30-day exposure, titers of antibodies against brain tissue were 

0.69 +/- 0.08 in the cage-control group, 0.89 +/- 0.05 in the sham-exposed group and 1.19 

+/- 0.07 in the EMF-exposed group. The appearance of antibodies against liver antigens 

was less. The increase in titres of antibodies against brain homogenates in the sham-

exposed and EMF-exposed groups could be explained by the stress-reaction of the 

animals and autoimmunization of organism. 

 

21. Johnson, R.B., Spackman, D., Crowley, J., Thompson, D., Chou, C.K., Kunz, L.L., and 

Guy, A.W., 1983, Effects of long-term low-level radiofrequency radiation exposure on 

rats, vol. 4, Open field behavior and corticosterone, USAF SAM-TR83-42, Report of 

USAF School of Aerospace Medicine, Brooks AFB, San Antonio, TX. [Ref. from 
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IGEMP, 2000; Stewart Report,] Exposed rats to pulsed 2450-MHz RFR (10 ms pulses, 

800 pps) from 8 weeks to 25 months of age (22 hr/day). The average whole body SAR 

varied as the weight of the rats increased and was between 0.4-0.15 W.kg-1. They 

reported a significantly lower open field activity only at the first test session, and a rise in 

the blood corticosterone level was also observed at that time 

 

22. Jorge-Mora T, Misa-Agustiño MJ, Rodríguez-González JA, Jorge-Barreiro FJ, Ares-Pena 

FJ, López-Martín E. The effects of single and repeated exposure to 2.45 GHz 

radiofrequency fields on c-Fos protein expression in the paraventricular nucleus of rat 
hypothalamus. Neurochem Res. 2011 Dec;36(12):2322-32. 

http://www.ncbi.nlm.nih.gov/pubmed/21818659: Abstract:  This study investigated the 

effects of microwave radiation on the PVN of the hypothalamus, extracted from rat 

brains. Expression of c-Fos was used to study the pattern of cellular activation in rats 

exposed once or repeatedly (ten times in 2 weeks) to 2.45 GHz radiation in a GTEM cell. 

The power intensities used were 3 and 12 W and the Finite Difference Time Domain 

calculation was used to determine the specific absorption rate (SAR). High SAR 

triggered an increase of the c-Fos marker 90 min or 24 h after radiation, and low SAR 

resulted in c-Fos counts higher than in control rats after 24 h. Repeated irradiation at 3 W 

increased cellular activation of PVN by more than 100% compared to animals subjected 

to acute irradiation and to repeated non-radiated repeated session control animals. The 

results suggest that PVN is sensitive to 2.45 GHz microwave radiation at non-thermal 

SAR levels. 

 

23. Kesari KK, Behari J, Kumar S. Mutagenic response of 2.45 GHz radiation exposure on 

rat brain.  Int J Radiat Biol. 2010 Apr;86(4):334-43: 

http://www.ncbi.nlm.nih.gov/pubmed/20353343 Abstract: PURPOSE:  To investigate 

the effect of 2.45 GHz microwave radiation on rat brain of male wistar strain. 

MATERIAL AND METHODS:  Male rats of wistar strain (35 days old with 130 +/- 10 g 

body weight) were selected for this study. Animals were divided into two groups: Sham 

exposed and experimental. Animals were exposed for 2 h a day for 35 days to 2.45 GHz 

frequency at 0.34 mW/cm(2) power density. The whole body specific absorption rate 

(SAR) was estimated to be 0.11 W/Kg. Exposure took place in a ventilated Plexiglas cage 

and kept in anechoic chamber in a far field configuration from the horn antenna. After the 

completion of exposure period, rats were sacrificed and the whole brain tissue was 

dissected and used for study of double strand DNA (Deoxyribonucleic acid) breaks by 

micro gel electrophoresis and the statistical analysis was carried out using comet assay 

(IV-2 version software). Thereafter, antioxidant enzymes and histone kinase estimation 

was also performed. RESULTS:  A significant increase was observed in comet head (P < 

0.002), tail length (P < 0.0002) and in tail movement (P < 0.0001) in exposed brain cells. 

An analysis of antioxidant enzymes glutathione peroxidase (P < 0.005), and superoxide 

dismutase (P < 0.006) showed a decrease while an increase in catalase (P < 0.006) was 

observed. A significant decrease (P < 0.023) in histone kinase was also recorded in the 

exposed group as compared to the control (sham-exposed) ones. One-way analysis of 

variance (ANOVA) method was adopted for statistical analysis. CONCLUSION:  The 

study concludes that the chronic exposure to these radiations may cause significant 
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damage to brain, which may be an indication of possible tumour promotion (Behari and 

Paulraj 2007). 

24. Kolodynski AA, Kolodynska VV. Motor and psycho-logical functions of school 

children living in the area of the Skrunda Radio Location Station in Latvia. The 

Science of the Total Environment 180:87-93, 1996. 

http://www.ncbi.nlm.nih.gov/pubmed/8717320 Abstract: This paper presents the results 

of experiments on school children living in the area of the Skrunda Radio Location 

Station (RLS) in Latvia. Motor function, memory and attention significantly differed 

between the exposed and control groups. Children living in front of the RLS had less 

developed memory and attention, their reaction time was slower and their neuromuscular 

apparatus endurance was decreased. [found impaired motor function, reaction time, 

memory and attention among school children who live in exposed areas as compared 

with those who live in unexposed areas. 966 children have been tested. Levels of 

exposure are generally below 0.1 µW / cm2 and at no homes does the power density 

exceed 10 µW/ cm2] 

25. Kunjilwar KK, Behari J. Effect of amplitude-modulated radio frequency radiation on 

cholinergic system of developing rats. Brain Res. 1993 Jan 22;601(1-2):321-4. 

http://www.ncbi.nlm.nih.gov/pubmed/8431780 Abstract: We examined the effect of 

long-term exposure to radio frequency radiation 147 MHz and its sub-harmonics 73.5 and 

36.75 MHz amplitude modulated at 16 and 76 Hz (30-35 days, 3 h per day) on 

cholinergic systems in developing rat brain. A significant decrease in acetylcholine 

esterase activity was found in exposed rats as compared to the control. Decrease in 

acetylcholine esterase (AChE) activity was independent of carrier wave frequencies. A 

short-term exposure did not have any significant effect on AChE activity. [at 250 µW / 

cm2] 

26. Lai H, Singh NP. Acute Low-Intensity Microwave Exposure Increases DNA Single-

strand Breaks in Rat Brain Cells. Bioelectromagnetics, 16:207-210 (1995).  

http://www.ncbi.nlm.nih.gov/pubmed/7677797  Abstract: A dose rate-dependent [0.6 

and 1.2 W/kg whole body specific absorption rate (SAR)] increase in DNA single-strand 

breaks was found in brain cells of rats at 4 h postexposure. Furthermore, in rats exposed 

for 2 h to continuous-wave 2450 MHz microwaves (SAR 1.2 W/kg), increases in brain 

cell DNA single-strand breaks were observed immediately as well as at 4 h post 

exposure. 

 

27. BioIntiative Report. A Rationale for a Biologically-based Public Exposure Standard for 

Electromagnetic Fields (ELF and RF)-  Table 1-2 Reported Biological Effects from 
Radiofrequency Radiation at Low-Intensity Exposure BioInitiative Working Group, 

BioInitiative Report, 2012. http://www.bioinitiative.org/report/wp-

content/uploads/pdfs/BioInitiativeReport-RF-Color-Charts.pdf  Tables of studies finding 

adverse biological effects from exposure to RFR at low power densities  

 

28. Liaginskaia AM, Grigor'ev IuG, Osipov VA, Grigor'ev OA, Shafirkin AV.[Autoimmune 

processes after long-term low-level exposure to electromagnetic fields (the results of an 

experiment). Part 5. Impact of the blood serum from rats exposed to low-level 
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electromagnetic fields on pregnancy, foetus and offspring development of intact female 
rats]. Radiats Biol Radioecol. 2010 Jan-Feb;50(1):28-36. 

http://www.ncbi.nlm.nih.gov/pubmed/20297678  Abstract: This study evaluated possible 

adverse effects of injection of blood serum from rats exposed to microwaves at a power 

density of 500 microW/cm2 on pregnancy and foetal and offspring development in intact 

female rats. The study was performed with 59 pregnant Wistar rats. In utero mortality, 

embryo and foetal body weights and placenta weight were used for the evaluation of 

embryo and foetal development. Generally accepted integral and specific parameters 

were used for the evaluation of postnatal development of offspring during the first 30 

days of life. It was shown that intra peritoneal injection of blood serum from IMF 

exposed rats (chronic 30-day RF exposure at 500 microW/cm2) to intact rats on the 10th 

day of pregnancy resulted in adverse effects on foetal and offspring development. Total 

mortality (in utero + postnatal) as well as delay in offspring development was higher in 

this group. 

 

29. Matikka Virtanen H, Keshvari J, Lappalainen R. Temperature changes associated with 

radiofrequency exposure near authentic metallic implants in the head phantom--a near 
field simulation study with 900, 1800 and 2450 MHz dipole. Phys Med Biol. 2010 Oct 

7;55(19):5867-81. doi: 10.1088/0031-9155/55/19/016. Epub 2010 Sep 16. 

http://www.ncbi.nlm.nih.gov/pubmed/20844329 Abstract: The effect of the head 

implant metal material on electromagnetic field induced temperature change was 

evaluated using clinically used metals with the highest and the lowest thermal 

conductivities. In some cases, remarkable increases in maximum temperatures of tissues 

(as much as 8 °C) were seen in the near field with 1 W power level whereas at lower 

power levels significant temperature increases were not observed. 

 
30. McRee DI. Review of Soviet/Eastern European research on health aspects of 

microwave radiation. Bull N Y Acad Med. 1979 December; 55(11): 1133–1151. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1807746/pdf/bullnyacadmed00125-

0169.pdf Excerpt (pg 1135): In 1971 the United States and the Soviet Union agreed to 

cooperate in health-related research areas. In March 1972 an agreement was signed 

between the U.S. Department of Health, Education and Welfare and the U.S.S.R. Minstry 

of Health to cooperate in the area of cancer, heart and lung disease, and environmental 

health. The directors of the National Cancer Institute, National Institute of Heart and 

Lung Diseases, and the National Institute of EnvironmeIntal Health Sciences were 

appointed to work with Soviet counterparts to develop cooperative plans for research in 

each of the specified areas. The formal agreement to cooperate in the area of the 

biological effects of microwave radiation was signed in October 1975. Since 1975 there 

have been yearly exchange visits by scientists from both countries. Excerpt (pg 1139): 

Most Soviet research is performed, therefore, at low levels of exposure  for long exposure 

duration. They consider that power densities above 1mW/cm2 are high enough to 

produce harmful effects, and see no reason to perform research above this level. When 

we respond that in some of our experiments we see no significant changes at exposure 

levels above 1mW/cm., their answer is that we did not expose long enough. Most of their 
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low level experiments are for six months to a year, while American experiments are 

usually in terms of a few weeks. Long-term experiments using low levels of microwaves 

must be performed in the United States before the Soviet results can be verified or 
refuted… American research consisted primarily of acute experiments with exposure 

levels generally of 5 mW/cm2 and above, while Soviet experiments were long-term, low-

level experiments at 500,gW/cm2 and below. At the end of the first year of the 

cooperation, the Soviets reported changes in bioelectric brain activity at 10, 50, and 

500,uW/cm.2 in rats and rabbits exposed for 7 hours/day for 30 days to 2,375 MHz. 
radiation. Levels of 10 and 50 ,uW/cm.2 stimulated brain activity, while 500 ,uW/cm.2 

suppressed activity as seen from an increase of slow, high amplitude A-wave in rabbits. 

At 500 gW/cm.2 a decrease in capacity for work, in investigative activity, and sensitivity 

to electric shock threshold in rats were reported. Research by American investigators on 

rats exposed to 5 mW/cm.2 for shorter durations of exposure to 2,450 MHz. radiation 

showed no statistical difference in electroencephalogram, no change in locomotive 

activity in a residential maze, and no change in performance on a fixed ratio schedule 

of reinforcement below 5 mW/cm.2 (0.5 and 1.0 mW/cm.2) but a trend toward decrease 

in performance at 5 mW/cm.2 and a large decrease in performance at 10 and 20 
mW/Cm.2. It became obvious that, except for our being more familiar with their 

experimental design, we were no closer to understanding differences between American 

and Soviet results. It was then decided to perform a duplicate experiment to determine 

whether similar effects could be observed. Rats were exposed from above for seven 

hours/day, seven days/week for three months to 500 ,uW/cm.2. Dr. Richard Lovely of 

the University of Washington, project leader on the duplicate project, spent four weeks 

in the Soviet Union to observe the behavioral and biochemical tests performed on the 

animals. The American study found a drop insulfhydryl activity and blood 

cholinesterase as reported in the Soviet study. Blood chemical analyses at the 

termination of three months exposure indicated that exposed animals, relative to 

controls, suffered from aldosteronism. The latter interpretation of the high sodium-low 

potassiumlevels found in the blood was confirmed by necropsy and histopathologic 

study of the adrenal glands, revealing that the zona glomerulosa was vacuolated and 

hypertrophied. In addition, all behavioral parameters assessed at the end of three-

month exposures revealed significant differences between groups in the same direction 

as those reported in the Soviet study, i.e., increased threshold to footshock detection, 

decreased activity in an open field, and poorer retention of an avoidance response 

when reassessedfollowing conditioning. This replication of the Soviet results at 500 

puW/cm.2 emphasizes the need for additional long-term, low-level microwave 
bioeffects research. Excerpt (pg 1148): Because of my direct involvement with the 

U.S.-U.S.S.R. cooperative program, this paper has concentrated on Soviet research. 

These institutes stress human clinical studies and long-term, low-level effects on whole 

animal systems. They report an "asthenic syndrome" in occupationally exposed workers, 

characterized by headaches, irritability, fatigue, sleep disturbances, pains in the chest, and 

a general feeling of ill-being. Polish and Czechoslovakian investigators report the same 

human effects as the Soviet investigators. Reports of animal studies by Soviet and Polish 

investigators at exposure power densities of 10 mW/cm.2 and below include effects on 

central nervous system, behavior, cardiovascular system, hematology and blood 

biochemistry, immunology, endocrinology and metabolism, and reproductive function. 
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Excerpt (pg 1149):DR. McREE: The PO-1 meter that they used is a reliable device for 

measuring incident power density. If they were exposing the animal at 1 or 10 mW/cm2 

and one had a 10 to 100 amplification factor or error factor in the measurement, 

obviously it could be a high level thermal effect. But they report biological changes at 10 

µW/cm2 and I just cannot see that much error. I would estimate a factor of 10 in that 

particular exposure. Dr. William Guy and I had some meters over there but we, 

unfortunately, were not allowed to take some measurements that we wanted, but one can 

look at the reflectivity and so forth at 10 ttW incident and see no greater increase than 

about 100 µW to 1 mW. They do not report specific absorption rates. In fact, I have never 

seen them measure or attempt to measure these. Because they say that at their levels they 

have no heating. I could not measure a specific absorption rate at 10 /,W/cm.2 So they 

don't really feel there is a need. They have improved their exposure systems. The plaster 

walled room shown in the slide with the animal in front of the diathermy unit has now 

been replaced by a standard gain horn irradiator, animals in the far field, and microwave 

absorbers on the walls. We have done a duplicate project with them. At exposure to 500 

/1W/cm. 2 for seven hours per day, seven days a week, for three months, we examined 

blood chemical and behavioral changes. Behavioral changes measured were almost 

identical to those measured by Shandala's group. This work at the University of 

Washington by Dr. Lovely, I think, amplifies the problem, or rather the realities, of the 

situation. We must do some chronic low level work, and we might be surprised. I think 

that Lovely and Guy were probably more surprised than anyone else that they found 

those results at a half mW/cm.2 

 

31. Misa Agustiño MJ, Leiro JM, Jorge Mora MT, Rodríguez-González JA, Jorge Barreiro 

FJ, Ares-Pena FJ, López-Martín E.  Electromagnetic fields at 2.45 GHz trigger changes 

in heat shock proteins 90 and 70 without altering apoptotic activity in rat thyroid gland. 

Biol Open. 2012 Sep 15;1(9):831-8. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3507243/pdf/bio-01-09-831.pdf  

Excerpt: The rats were divided into 4 subgroups (n56); each rat was exposed to 30 min 

of microwave radiation at different levels: 0 (control), 1.5, 3.0 and 12 W. The rats were 

kept alive for 24 h, then slaughtered and perfused with fixative. Summary: Non-ionizing 

radiation at 2.45 GHz may modify the expression of genes that codify heat shock proteins 

(HSP) in the thyroid gland. Using the enzyme-linked immunosorbent assay (ELISA) 

technique, we studied levels of HSP-90 and HSP-70. We also used hematoxilin eosin to 

look for evidence of lesions in the gland and applied the DAPI technique of fluorescence 

to search for evidence of chromatin condensation and nuclear fragmentation in the 

thyroid cells of adult female Sprague-Dawley rats. Fiftyfour rats were individually 

exposed for 30 min to 2.45 GHz radiation in a Gigahertz transverse electromagnetic 

(GTEM) cell at different levels of non-thermal specific absorption rate (SAR), which was 

calculated using the finite difference time domain (FDTD) technique. Ninetyminutes 

after radiation,HSP- 90 and HSP-70 had decreased significantly (P,0.01) after applying a 

SAR of 0.04661.10 W/Kg or 0.10465.1023 W/Kg. Twenty-four hours after radiation, 

HSP-90 had partially recovered and HSP-70 had recovered completely. There were few 

indications of lesions in the glandular structure and signs of apoptosis were negative in all 

radiated animals. The results suggest that acute sub-thermal radiation at 2.45 GHz may 
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alter levels of cellular stress in rat thyroid gland without initially altering their anti-

apoptotic capacity. 

 

32. Navakatikian MA, Nikitina NG, Zotov SV. [Behavioral effects of the combined chronic 

action of 9375 and 1765 MHz microwaves]. Gig Sanit. 1991 Aug;(8):52 

http://www.ncbi.nlm.nih.gov/pubmed/1937100 Abstract: Combined pulse-discrete 

microwave irradiation (9375 and 1765 MHz, irradiance flux density to 375 microW/cm2, 

by 12 h/day for 4 months) caused faint inhibition of CNS in locomotion activity and 

defensive reflex parameters. 

 

33. Noor NA, Mohammed HS, Ahmed NA, Radwan NM. Variations in amino acid 

neurotransmitters in some brain areas of adult and young male albino rats due to 
exposure to mobile phone radiation. Eur Rev Med Pharmacol Sci. 15(7):729-742, 2011. 

http://www.ncbi.nlm.nih.gov/pubmed/21780540 Abstract: BACKGROUND AND 

OBJECTIVES: Mobile phone radiation and health concerns have been raised, especially 

following the enormous increase in the use of wireless mobile telephony throughout the 

world. The present study aims to investigate the effect of one hour daily exposure to 

electromagnetic radiation (EMR) with frequency of 900 Mz (SAR 1.165 w/kg, power 

density 0.02 mW/cm2) on the levels of amino acid neurotransmitters in the midbrain, 

cerebellum and medulla of adult and young male albino rats. MATERIALS AND 

METHODS: Adult and young rats were divided into two main groups (treated and 

control). The treated group of both adult and young rats was exposed to EMR for 1 hour 

daily. The other group of both adult and young animals was served as control. The 

determination of amino acid levels was carried out after 1 hour, 1 month, 2 months and 4 

months of EMR exposure as well as after stopping radiation. RESULTS: Data of the 

present study showed a significant increase in both excitatory and inhibitory amino acids 

in the cerebellum of adult and young rats and midbrain of adult animals after 1 hour of 

EMR exposure. In the midbrain of adult animals, there was a significant increase in 

glycine level after 1 month followed by significant increase in GABA after 4 months. 

Young rats showed significant decreases in the midbrain excitatory amino acids. In the 

medulla, the equilibrium ratio percent (ER%) calculations showed a state of 

neurochemical inhibition after 4 months in case of adult animals, whereas in young 

animals, the neurochemical inhibitory state was observed after 1 month of exposure due 

to significant decrease in glutamate and aspartate levels. This state was converted to 

excitation after 4 months due to the increase in glutamate level. CONCLUSION: The 

present changes in amino acid concentrations may underlie the reported adverse effects 

of using mobile phones.  
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34. Paulraj R, Behari J. Single strand DNA breaks in rat brain cells exposed to microwave 

radiation. Mutat Res. 2006 Apr 11;596(1-2):76-80. Epub 2006 Feb 2: 

http://www.ncbi.nlm.nih.gov/pubmed/16458332 Abstract: This investigation concerns 

with the effect of low intensity microwave (2.45 and 16.5 GHz, SAR 1.0 and 2.01 W/kg, 

respectively) radiation on developing rat brain. Wistar rats (35 days old, male, six rats in 

each group) were selected for this study. These animals were exposed for 35 days at the 

above mentioned frequencies separately in two different exposure systems. After the 

exposure period, the rats were sacrificed and the whole brain tissue was dissected and 

used for study of single strand DNA breaks by micro gel electrophoresis (comet assay). 

Single strand DNA breaks were measured as tail length of comet. Fifty cells from each 

slide and two slides per animal were observed. One-way ANOVA method was adopted 

for statistical analysis. This study shows that the chronic exposure to these radiations 

cause statistically significant (p<0.001) increase in DNA single strand breaks in brain 

cells of rat. 

 

35. Paulraj R, Behari J. Protein kinase C activity in developing rat brain cells exposed to 

2.45 GHz radiation. Electromagn Biol Med. 2006;25(1):61-70. 

http://www.ncbi.nlm.nih.gov/pubmed/16595335 Abstract: There is growing concern by 

the public regarding the potential human health hazard due to exposure to microwave 

frequencies. 2.45 GHz radiation widespread use in industry, research, and medicine, and 

leakage into the environment is possible. In order to quantitate this, experiments were 

performed on developing rat brain. Male Wistar 35-day-old rats (n = 6) were used for this 

study. Animals were exposed to 2.45 GHz radiation for 2 h/day for a period of 35 days 

at a power density of 0.344 mW/cm(2) (SAR 0.11 W/kg). The control group was sham 

irradiated. After 35 days these rats were sacrificed and whole brain tissue was isolated for 

protein kinase C (PKC) assay. For morphological study the forebrain was isolated from 

the whole brain and PKC activity was measured using P(32) labeled ATP. Our study 

reveals a statistically significant (p < 0.05) decrease in PKC activity in hippocampus as 

compared to the remaining portion of the whole brain and the control group. A similar 

experiment conducted on hippocampus and the whole brain gave a similar result. 

Electron microscopic study shows an increase in the glial cell population in the exposed 

group as compared to the control group. This present study is indicative of a significant 

change after exposure to the above-mentioned field intensity. This suggests that chronic 

exposures may affect brain growth and development. 

 

36. Rudnev MI, Gonchar IM. [Nature of the changes in the morphofunctional and 

cytochemical indices of blood leukocytes as affected by low-intensity microwaves]. 
Radiobiologiia. 1985 Sep-Oct;25(5):645-9. 

http://www.ncbi.nlm.nih.gov/pubmed/4070571 Abstract: A study was made of 

morphological composition of blood leukocytes, phagocytic activity, glycogen and 

alkaline phosphatase content of neutrophils of animals exposed to microwaves of low 

intensity (1-500 mu W/cm2)* generated continuously (2375 MHz) and by impulses 

(9400 MHz). The direction of the change in these indices and rate of the post irradiation 

recovery was shown to depend upon intensity and duration (30-120 days) of exposure. 

The response of albino rats and guinea pigs to the effect of microwaves was different. 

The effect of microwaves of the intensities under study on the mammalian organism was 
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assessed. *Note:  1-500 mW/cm2 = .001 mW/cm2 to .5 mW/cm2 Rudnev M, Bokina A, 

Eksler N, and Navakatikyan M, 1978, The use of evoked potential and behavioral 

measures in the assessment of environmental insult. In: "Multidisciplinary 
Perspectives in Event-Related Brain Potential Research," D.A. Otto, ed., EPA-600/9-

77-043, U.S. Environmental Protection Agency, Research Triangle Park, NC.  Studied 

the behavior of rats exposed to CW 2375-MHz RFR at 0.5 mW.cm-2 (SAR 0.1 W.kg-1), 

7 h/day for 1 month. They reported a decrease in balancing time in a treadmill and 

inclined rod and motor activity in an open-field after 20 days of exposure. The open-field 

motor activity was found to be increased at 3 months post-exposure.  

 

37. Semin IuA, Shvartsburg LK, Dubovik BV. Changes in the secondary structure of DNA 

under the influence of external low-intensity electromagnetic field]. Radiats Biol 

Radioecol. 1995 Jan-Feb;35(1):36-41 http://www.ncbi.nlm.nih.gov/pubmed/12004616  

Abstract: The effect of ultralow power pulse-modulated electromagnetic radiation 

(average power density 60 microW/cm2 (.06 mW/cm2) carrying frequency 1.05; 2.12; 

or 2.39 GHz; modulating pulses with frequency 4 Hz) on the secondary structure of DNA 

was investigated. It was established that the exposure of beta-alanine and formaldehyde 

containing aqueous DNA solution to electromagnetic radiation had activated the process 

of DNA despiralization under the action of beta-alanine--formaldehyde reaction product. 

The effect of electromagnetic radiation on the secondary structure of DNA can be 

removed by lowering of molecular weight of DNA to 0.46 x 10(6) (at carrying frequency 

1.05 GHz), or to 0.25 x 10(3) (at carrying frequency 2.39 GHz).  

 

38. Shahin S,  Singh VP,  Shukla RK, Dhawan A, Gangwar RK, Singh SP, Chaturvedi CM. 

2.45 GHz Microwave Irradiation-Induced Oxidative Stress Affects Implantation or 
Pregnancy in Mice. Mus musculus. Appl Biochem Biotechnol 2013 

http://www.ncbi.nlm.nih.gov/pubmed/23334843 [Copy filed in Docket] Abstract: The 

present experiment was designed to study the 2.45 GHz low-level microwave (MW) 

irradiation-induced stress response and its effect on implantation or pregnancy in female 

mice. Twelve-week-old mice were exposed to MW radiation (continuous wave for 2 

h/day for 45 days, frequency 2.45 GHz, power density = 0.033549 mW/cm(2), and 

specific absorption rate = 0.023023 W/kg). At the end of a total of 45 days of exposure, 

mice were sacrificed, implantation sites were monitored, blood was processed to study 

stress parameters (hemoglobin, RBC and WBC count, and neutrophil/lymphocyte (N/L) 

ratio), the brain was processed for comet assay, and plasma was used for nitric oxide 

(NO), progesterone and estradiol estimation. Reactive oxygen species (ROS) and the 

activities of ROS-scavenging enzymes- superoxide dismutase, catalase, and glutathione 

peroxidase-were determined in the liver, kidney and ovary. We observed that 

implantation sites were affected significantly in MW-irradiated mice as compared to 

control. Further, in addition to a significant increase in ROS, hemoglobin (p < 0.001), 

RBC and WBC counts (p < 0.001), N/L ratio (p < 0.01), DNA damage (p < 0.001) in 

brain cells, and plasma estradiol concentration (p < 0.05), a significant decrease was 

observed in NO level (p < 0.05) and antioxidant enzyme activities of MW-exposed mice. 

Our findings led us to conclude that a low level of MW irradiation-induced oxidative 

stress not only suppresses implantation, but it may also lead to deformity of the embryo 

in case pregnancy continues. We also suggest that MW radiation-induced oxidative stress 
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by increasing ROS production in the body may lead to DNA strand breakage in the brain 

cells and implantation failure/resorption or abnormal pregnancy in mice. 

 

39. Shandala MG, Dumanskiĭ UD, Rudnev MI, Ershova LK, Los IP. Study of nonionizing 

microwave radiation effects upon the central nervous system and behavior reactions. 
Environ Health Perspect. 1979 Jun;30:115-21. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637696/pdf/envhper00475-0111.pdf  

Abstract: The biologic effect of an electromagnetic field of a frequency of 2375 +/- 50 

MHz was studied in rats and rabbits in specially constructed absorbant chambers. The 

results of the investigations have shown that microwave radiation of 10, 50, 500 mu 

W/cm2 for 30 days, 7 hr/day, causes a number of changes in bioelectric brain activity and 

also in behavioral immunological, and cytochemical reactions. It was found that levels of 

10 and 50 mu W/cm2 [.01 to .05 mW/cm2] stimulate the electric brain activity at the 

initial stage of irradiation, while a level of 500 mu W/cm2 causes its suppression, as seen 

from the increase of slow, high amplitude delta-waves. At 500 mu W/cm2 a decrease in 

capacity of work, in value of unconditioned feeding stimulus, in investigating activity, 

electronic irradiation threshold, and in inhibition of cellular and humoral immunity were 

also observed. [500 mu/Wcm2 = .5 mW/cm2] 

 

40. Shandala MG, Vinogradov GI.  [Immunological effects of the action of microwaves]. 

Gig Sanit. 1978 Oct;(10):34-8. http://www.ncbi.nlm.nih.gov/pubmed/700374  

 

41. Shutenko OI Kozyarin, I.P. and Shvayko, I.I. Effects of superhigh frequency 

electromagnetic fields on animals of different ages. Gigiyena i Sanitariya 10:35-38, 

1981. JPRS 84221, pp. 85-90. http://www.ncbi.nlm.nih.gov/pubmed/7308758 exposed 

rats to 2375 MHz waves for 2 hours a day for 10 weeks. 10 µW / cm2 inhibited 

unconditioned reflexes, and lowered cholinesterase in blood and brain tissue.did a 

detailed study of the effect of radio waves on metals in the body, using 90 young and 

mature white rats and a generator of 2375 MHz (12.6 cm) waves. Intensities of 100 µW / 

cm2 and 10 µW / cm2 were both effective in redistributing metals. The animals were 

exposed for 2 hours a day over a period of 10 weeks. There was an increase in copper 

content of the lungs, brain  

 

42. Tian F, Nakahara T, Wake K. Exposure to 2.45 GHz electromagnetic fields induces 

hsp70 at a high SAR of more than 20 W/kg but not at 5W/kg in human glioma MO54 
cells. Int J Radiat Biol. 2002 May;78(5):433-40. 

http://www.ncbi.nlm.nih.gov/pubmed/12020433  Abstract: Purpose: to determine 

potential hazards from exposure to a high-frequency electromagnetic field (HFEMF) at 

2.45 GHz by studies of the expression of heat-shock protein 70 (hsp70) in MO54 cells. 

Methods: MO54 cells were exposed to a HFEMF at average specific absorption rates 

(SAR) of 5, 20, 50 and 100 W/kg, using input powers of 0.8, 3.2, 7.8 and 13 W, at a 

temperature of up to 39 degrees C. An annular culture dish provided three levels of 

exposure for a given input power, designated inner, middle and outer rings. Two control 

groups were used: the first was subjected to sham exposure and the second was a 
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temperature control, used to determine the effect of high temperature using incubation in 

a conventional incubator at 39 degrees C. Cell survival was determined in intervals up to 

24 h. Protein was extracted from MO54 cells in both groups after 2, 4, 8 and 16 h 

exposure times. Changes in the hsp70 protein levels were analysed by Western blots. 

Results: Cell survival decreased to about 30% after exposure to HFEMF for 24 h at an 

average SAR of 100 W/kg. With increasing exposure time, heat-shock protein hsp70 

expression increased in M054 cells, except for an SAR of 5 W/kg. 

 

43. Virtanen H, Keshvari J, Lappalainen R. The effect of authentic metallic implants on the 

SAR distribution of the head exposed to 900, 1800 and 2450 MHz dipole near 
field.Phys Med Biol. 2007 Mar 7;52(5):1221-36. Epub 2007 Jan 31. 

http://www.ncbi.nlm.nih.gov/pubmed/17301450 Abstract: The implants studied were 

skull plates, fixtures, bone plates and ear rings. The results indicate that some of the 

implants, under very rare exposure conditions, may cause a notable enhancement in peak 

mass averaged SAR 

 

44. Wang KJ, Yao K, Lu DQ, Jiang H, Tan J, Xu W. [Effect of low-intensity microwave 

radiation on proliferation of cultured epithelial cells of rabbit lens]. Zhonghua Lao 

Dong Wei Sheng Zhi Ye Bing Za Zhi. 2003 Oct;21(5):346-9. 

http://www.ncbi.nlm.nih.gov/pubmed/14761396  Abstract: OBJECTIVE:  To compare 

the effects of different doses of microwave on the proliferative activity and cell cycle of 

cultured epithelial cells of rabbit lens, and to investigate the limit tolerant of microwave 

exposure. METHODS:  Cultured epithelial cells of rabbit lens were exposed to 

microwave radiation with frequency of 2,450 MHz and power density of 0.10, 0.25, 0.50, 

1.00, 2.00 mW/cm(2) for 8 h in vitro. HE staining was used to observe the morphological 

changes of lens epithelial cells, the proliferative activity and cell cycle were measured by 

MTT assay and PI fluorescent staining. RESULTS: 8 h after radiation, 0.50, 1.00 and 

2.00 mW/cm(2) microwave could decrease the proliferation of lens epithelial cells, make 

the cells disordered arrangement, shrinkage, detachment, and inhibit the synthesis of cell 

DNA. CONCLUSION: Microwave exceeding 0.50 mW/cm(2) may make injury to lens 

epithelial cells after 8 hour radiation, which may be related to the effect of microwave 

radiation on cell cycle cerebral cortex after 2 weeks of exposure, suggesting a suppressive 

effect on EEG activity. 
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http://www.molvis.org/molvis/v10/a18/  http://www.molvis.org/molvis/v10/a18/v10a18-

yao.pdf  Abstract: Purpose: The goal of this study was to examine the effects of low 

power microwave radiation (<10 mW/cm2) on the proliferation of cultured rabbit lens 

epithelial cells (RLEC) Methods: Cultured RLEC were exposed to continuous 

microwave radiation at a frequency of 2,450 MHz and powerdensities of 0.10, 0.25, 

0.50, 1.00, and 2.00 mW/cm2 for 8 h. Cell morphologic changes were observed under a 

phasecontrast microscope. Cell viability was measured using the MTT assay and cell 

cycle analysis was measured using flow cytometry. After exposure to 2.00 mW/cm2 

microwave radiation for 4, 6, and 8 h, the expression of cell cycle-regulatory proteins, 
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P21WAF1 and P27Kip1, was examined using western blot analysis. Finally, the levels of 

P21WAF1 and P27Kip1 mRNA were analyzed by reverse transcription-polymerase chain 

reaction (RT-PCR).Results: After 8 h of radiation treatment, cells treated with 0.50, 

1.00, and 2.00 mW/cm2 microwave radiation exhibited decreased cell viability, 

increased cell condensation and an inhibition of DNA synthesis. RLEC showed 

significant G0/G1 arrest. No obvious changes could be detected in the 0.10 and 0.25 

mW/cm2 microwave treatment groups. Protein expression of P27Kip1 was markedly 

increased after microwave radiation. However, the mRNA levels were unchanged. On the 

other hand, there were no detectable differences in P21WAF1 protein  xpression and 

mRNA levels between microwave treatment and control groups.levels  

 

 


