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5. A The peer reviewed, published studies shown in the footnotes for this section are the 

documents being offered into evidence for this section 5.A.  

 

The recognized research bias known as the “funding effect” seems especially prevalent within 

the EMF radiation research conducted to determine Geotaxis effects. 

 

To explore the potential biases at work in the study of EMF, Microwave News investigated a 

subset of health studies from peer-reviewed scientific journals and published their results in an 

article entitled Radiation Research and the Cult of Negative Results
1
 on July 21, 2006. 

 

They selected papers on microwave-induced genotoxicity; that is, microwave effects on DNA, 

the genetic blueprint inside every living cell. With the help of a professor and established expert 

on DNA, Dr. Henry Lai of the University of Washington, Seattle, they identified eighty-five 85 

radiofrequency (RF)/microwave-genotoxic papers published since 1990. Of these, forty-four (44) 

found some type of biological effect and forty-one (41) did not. [See Microwave News’s Table 1 

at: http://microwavenews.com/sites/default/files/docs/RR.Table.1.pdf, See footnote no. 1 for 

complete citations for each study]  

Of the 41 studies with negative findings, 35 were paid for by the industry. Table 2 shows the 85 

total studies with the funding source revealed for each study.  A clear —and disconcerting— 

pattern emerges: 32 of the 35 studies that were paid for by the mobile phone industry and the 

U.S. Air Force show no effect. According to Microwave News, 75% of all the negative studies 

were paid for by the industry. [See Microwave News’ Table 2 at: 

http://microwavenews.com/sites/default/files/docs/RR.Table.2.pdf]  

One of the three industry studies that did find an effect nearly failed to make it into print. It was 

carried out by Dr. Jerry Phillips under a Motorola contract. As indicated by Microwave News, 

“Motorola opposed Phillips' decision to write up his positive findings and, according to Phillips, 

the company tried to stop him.”  Phillips resisted and succeeded in publishing the study.  

As indicated by Microwave News, of the 41 studies with negative finding, 17 were from a single 

lab: Joe Roti Roti's at Washington University in St. Louis and Roti Roti's principal funding 

source is Motorola (see Dr. Cherry, 2002
2
 criticism of Motorola’s funding of Roti Roti DNA 

                                                           
1
 Microwave News, Radiation Research and The Cult of Negative Results, July, 2006 Volume XXVI No.  

http://microwavenews.com/sites/default/files/docs/mwn.7-06.RR.pdf   
2
 Cherry N. Motorola Funded Counter Research on Microwave DNA Damage, 2002 EMR Motorola Funded 

Counter Research on DNA breakage.pdf  
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research and results).  Microwave News surmised that “You don't need to be a statistician to 

infer that money, more often than not, secures the desired scientific results.” 

Many groups of scientist have noticed the prevalence of the “funding effect” and conflicts of 

interest within research on the biological effects of EMF and have actually completed peer-

reviewed, published studies describing the problems (Krimsky 2012,
3
  & 2010,

4
 Huss 2007,

5
 

Bhandari 2004,
6
 Bekelman 2003).  Krimsky, 2012 reported how the concept of a “funding 

effect” was first coined by social scientists in the mid-1980s “when it was discovered that study 

outcomes could be statistically correlated with funding sources.”  Krimsky also noted that “the 

distorting effect of vested interest science is most visible in relation to science advisory 

committees.”  

 

In 2007, the Huss et al., group of EMF scientist examined 222 studies from EMF research 

databases and “found that the studies funded exclusively by industry were indeed substantially 

less likely to report statistically significant effects on a range of end points that may be relevant 

to health” and concluded that “the interpretation of results from studies of health effects of 

radiofrequency radiation should take sponsorship into account.” 

 

Bhandari et al reported that “Industry-funded trials are more likely to be associated with 

statistically significant pro-industry findings, both in medical trials and surgical interventions.” 

 

 

 

 

 

 

 

 

                                                           
3
 Krimsky S. Do Conflicts of Interest Bias Research? An Inquiry into the Funding Effect. Science, Technology & 

Human Values September 20. 2012; DOI: 10.1177/0162243912456271; pp. 1-22. 

http://www.tufts.edu/~skrimsky/PDF/Funding%20Effect%20and%20Bias.PDF   

 
4
 Krimsky S. Combating the Funding Effect in Science: What's Beyond Transparency? Stanford Law & Policy 

Review Vol. XXI, pp. 101-123 (2010). [ 

http://www.tufts.edu/~skrimsky/PDF/Stanford%20Law%20&%20Policy%20Review.PDF 

 
5
 Huss A,  Egger M, Hug K, Huwiler-Müntener K, Röösli M. Source of funding and results of studies of health 

effects of mobile phone use: systematic review of experimental studies. Environ Health Perspect, 2007 

Jan;115(1):1-4: (at pg. 2, col. 2) http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1797826/pdf/ehp0115-

000001.pdf  

 
6
 Bhandari M. et al. Association between industry funding and statistically significant pro-industry findings in 

medical and surgical randomized trials. CMAJ, 2004 Feb 17; 170(4): 477-80:  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC332713/   
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Many other groups of scientist evaluated the sources of funding for research publications, and 

the association between reported findings and conflicts of interest (Friedman 2004,
7
 Bekelman 

2003,
8
  Hardell 2007,

9
 Mild 2003

10
 ).   

 

Friedman et al reviewed all published studies/articles during the year 2001 within the New 

England Journal of Medicine (193) and JAMA (205). They found that conflict of interest is 

widespread with one third of all studies/articles having authors with conflict of interest and that 

these authors were two times more likely to report results supporting their sponsor’s products.  

Bekelman et al concluded “financial relationships among industry, scientific investigators, and 

academic institutions are widespread and that conflicts of interest arising from these ties can 

influence biomedical research in important ways.” 

 

Hardell et al reported many conflicts of interest within research on the effects of EMF on cancer.  

In addition this group described another instance where Exponent was hired as a consultant for 

the industry and conflict of interest was pervasive: 

 

Thereafter, one of the authors of the original newspaper article, Professor Hans-Olov 

Adami, together with Jack Mandel, an epidemiologist working for the U.S. consultancy 

firm Exponent, Inc., and Dimitrios Trichopoulos, Professor Emeritus of Epidemiology at 

Harvard, went to the Dioxin 2001 conference in Korea and gave oral presentations. 

Together they presented the case for the thesis that dioxins are not associated with cancer 

in humans. The presentations each gave a clean bill of health to dioxin [Adami, 2001; 

Trichopoulos, 2001; Mandel, 2001a]. Although no new research was presented, 

statements casting doubt on the carcinogenicity were made as a challenge to the fact that 

2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) had been classified in 1997 as a human 

carcinogen of Group I by IARC [IARC, 1997]. Exponent had hired Adami and 

Trichopoulos and coordinated the presentations on behalf of an unnamed client [Mandel, 

2001b]. While Mandel appeared as an employee of Exponent, Adami and Trichopoulos 

only quoted their academic affiliations, which would infer that they were independent 

researchers rather than consultants hired by Exponent and paid for by some of 

Exponent’s clients. The aim of this re-manufacturing of doubt was the ongoing dioxin 

review process at the US Environmental Protection Agency. In another article by Adami 

et al. [2000] the authors state: ‘‘There is persuasive evidence that TCDD at low levels is 

                                                           
7
 Friedman LS, Richter ED. 2004. Relationship between conflicts of interest and research results. J Gen Int Med 

19:51–56. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1494677/  
 
8
 Bekelman JE, Li Y, Gross CP. Scope and impact of financial conflicts of interest in biomedical research: a 

systematic review. JAMA. 2003 Jan 22-29;289(4):454-65. http://www.ncbi.nlm.nih.gov/pubmed/12533125 
 
9
 Hardell L, Walker MJ,  Walhjalt B, Friedman LS, Richter ED. Secret ties to industry and conflicting interests in 

cancer research. Am J Ind Med. 2007 Mar;50(3):227-33: http://www.ncbi.nlm.nih.gov/pubmed/17086516 

 
10

 Mild KH, Hardell L, Kundi M, Mattsson  MO. Mobile Telephones And Cancer: Is There Really No Evidence of 

An Association? International Journal Of Molecular Medicine 12: 67-72, 2003  (Review) 

Www.Avaate.Org/Img/Pdf/Int_J_Mol_Med_2003_12_67.Pdf 
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not carcinogenic to human beings and that it may not be carcinogenic even at high 

levels.’’ This article was also produced for Exponent. The article, together with another 

on other endpoints, was delivered to be included in the EPA review, for which the Vice 

President of Exponent, Dennis Paustenbach, was on the Science Advisory Board.  

 

Mild et al. also described a case of conflict of interest within EMF research when the Swedish 

Radiation Protection Authority (SSI) engaged two epidemiologists from a private company to 

conduct a review of the literature regarding the link between EMF and cancer. The review by the 

two epidemiologist claimed no consistent evidence was observed for increased risk of brain 

cancer, eningioma, acoustic neuroma, ocular melanoma, or salivary gland cancer due to mobile 

phone use. However, according to Mild et al, these two epidemiologists were co-authors of three 

of the very studies that were reviewed by them (Johansen 2001 & 2002 and Inskip, 1999) and 

they did not declare their conflict of interest.  

 

The AGNIR & SCENIHR reviews extensively quoted by Exponent in our current case were 

largely funded by the industry.   

 

Out of the ninety-nine (99) studies showing positive genotoxic, chromosomal damage, and 

disturbed gene expression, shown in Chart A below, only forty seven (47), marked with an *, 

were included in AGNIR (2003 & 2012) or SCENIHR’s (2007 & 2009) reviews of genotoxic 

evidence, even though many of these studies were published during the same time frame of their 

reviews. 

 

5. B The following are other scientific, published and peer-reviewed “reviews” of genotoxic 

evidence completed during approximately the same time period as the AGNIR & SCENIHR 

reviews, but reaching completely different findings showing genotoxic, chromosomal, and gene 

damage from exposure to radiofrequency radiation: 

 

1. Blank M, Goodman R. Electromagnetic fields may act directly on DNA. J Cell Biochem. 

1999 Dec 1;75(3):369-74. http://www.ncbi.nlm.nih.gov/pubmed/10536360  Review 

[Copy filed in Docket] Abstract: A wide variety of environmental stimuli induce the 

expression of stress response genes, including high temperatures, hypoxia, heavy metal 

ions, and amino acid analogs. Stress genes are also induced by low frequency magnetic 

fields. The cellular response to magnetic fields is activated by unusually weak stimuli, 

and involves pathways only partially associated with heat shock stress. Since magnetic 

fields interact with moving charges, as we have shown in enzymes, it is possible that 

magnetic fields stimulate the stress response by interacting directly with moving 

electrons in DNA. In this paper, we review several lines of evidence that support this 

hypothesis. 

 

2. Cherry N.  Criticism Of  The Health Assessment In The ICNIRP Guidelines For 

Radiofrequency And Microwave Radiation (100 Khz - 300 Ghz). New Zealand Ministry 

of Health/Ministry for the Environment, 2000. Review; EMR ICNIRP critique 09-02.pdf  

Abstract: Dr Cherry was invited by the Ministry of Health/ Ministry for the Environment 
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of New Zealand to carry out a peer-review of the proposal to adopt the ICNIRP 

guidelines for cell sites in New Zealand, in November 1999. The ICNIRP guidelines 

were covered by a published assessment in 1998. This review shows that the assessment 

had ignored all published studies showing chromosome damage. It was highly selective, 

biased and very dismissive of the genotoxic evidence and the epidemiological evidence 

of cancer effects and reproductive effects. The assessment gives the strong impression of 

being predetermined in the belief that the only effects were from high exposures that 

cause electric shocks and acute exposures that cause tissue heating. For, example, they 

cite two studies saying that they do not show any significant increased effects of 

Brain/CNS cancer from microwave exposures when the actual published papers, Grayson 

(1996) and Beall et al. (1996), both do show significant increases of Brain/CNS cancer  

 

3. Cherry N. Evidence in support of the a priori hypothesis that Electromagnetic 

Radiation cross the spectrum is a Ubiquitous Universal Genotoxic Carcinogen. 2002 

EMR is a Universal Genotoxic Carcinogen 11-01.pdf  Abstract: By October 2001 Dr 

Cherry had concluded that there was very strong evidence that electromagnetic radiation 

across the spectrum is a Ubiquitous Universal Genotoxic Carcinogen. The evidence is 

strong from multiple independent studies showing that from extremely low-frequency to 

microwave radiation signals and fields damage DNA. Epidemiological studies confirm 

this by showing that increased cancer in many body organs because the whole body is 

exposed, from residential studies from power ELF frequencies and radio frequencies 

causing increased cancer rates and from a large body of studies showing cardiac, 

reproductive and neurological health effects.  

 

 

4. Dizdaroglu M. Oxidatively induced DNA damage: mechanisms, repair and disease.  

Cancer Lett. 2012 Dec 31;327(1-2):26-47. Review  

http://www.ncbi.nlm.nih.gov/pubmed/22293091 Abstract:  Endogenous and exogenous 

sources cause oxidatively induced DNA damage in living organisms by a variety of 

mechanisms. The resulting DNA lesions are mutagenic and, unless repaired, lead to a 

variety of mutations and consequently to genetic instability, which is a hallmark of 

cancer. Oxidatively induced DNA damage is repaired in living cells by different 

pathways that involve a large number of proteins. Unrepaired and accumulated DNA 

lesions may lead to disease processes including carcinogenesis. Mutations also occur in 

DNA repair genes, destabilizing the DNA repair system. A majority of cancer cell lines 

have somatic mutations in their DNA repair genes. In addition, polymorphisms in these 

genes constitute a risk factor for cancer. In general, defects in DNA repair are associated 

with cancer. Numerous DNA repair enzymes exist that possess different, but sometimes 

overlapping substrate specificities for removal of oxidatively induced DNA lesions. In 

addition to the role of DNA repair in carcinogenesis, recent evidence suggests that some 

types of tumors possess increased DNA repair capacity that may lead to therapy 

resistance. DNA repair pathways are drug targets to develop DNA repair inhibitors to 

increase the efficacy of cancer therapy. Oxidatively induced DNA lesions and DNA 

repair proteins may serve as potential biomarkers for early detection, cancer risk 

assessment, prognosis and for monitoring therapy. Taken together, a large body of 

accumulated evidence suggests that oxidatively induced DNA damage and its repair are 
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important factors in the development of human cancers. Thus this field deserves more 

research to contribute to the development of cancer biomarkers, DNA repair inhibitors 

and treatment approaches to better understand and fight cancer. 

 

5. Guiliani, L, Soffritti M, ed., Non thermal effects and mechanisms of interaction 

between EMF and living matter, ICEMS Monograph, National Institute for the Study 

and Control of Cancer and Environmental Diseases, Ramazzini Institute, Eur. J. of  

Oncol.- Library, Vol. 5, 2010; Review  [Copy Filed in Docket] 

http://www.icems.eu/papers/ramazzini_library5_part1.pdf   & 

http://www.icems.eu/papers/ramazzini_library5_part2.pdf   Excerpt (Part 1, pg. 208):  

The quantum-mechanical physical model for primary interaction of MW with DNA has 

been proposed. We hypothesized that genomic DNA contain two different codes. The 

first one is the well-known genetic triplet code for coding the genes. The second one is a 

“physical code” that determine the spectrum of natural oscillations in chromosomal DNA 

including electromagnetic, mechanical and acoustic oscillations, which are hypothetically 

responsible for regulation of gene expression at different stages of ontogenesis and for 

genomic rearrangements in evolution. The physical model describing these coupled 

oscillations in chromosomal DNA has been proposed. This model helps to resolve the so-

called C-paradox that addresses the issue of a genome size, so-called C value. Only few 

percent of DNA encodes genes in almost all eukaryotic genomes. The same amount of 

DNA is involved in regulation of gene expression by known biochemical mechanisms. 

 

6. Lai H. A Rationale for a Biologically-based Public Exposure Standard for 

Electromagnetic Fields (ELF and RF) Section 6 – Genetic Effects of Non-Ionizing 
Electromagnetic Fields 2012 Supplement. BioInitiative Working Group, BioInitiative 

Report, 2012. Review [Copy filed in Docket] Excerpt (pg. 2): Analysis of these recent 

publications shows that there are more papers reporting effects than no effect. In 

summary, the new radiofrequency studies report that 63% show effects and 37% do not 

show effects. [(Effects = 54 (63%) No Effects = 32 (37%)] In summary, the new ELF-

EMF studies report that 81% show effects and 19% do not show effects [(Effects= 35 

(81%); No Effects= 8 (19%)] 
 

7.  Phillips JL, Singh NP, Lai H. Electromagnetic fields and DNA damage. 

Pathophysiology. 2009 Aug;16(2-3):79-88. Epub 2009 Mar 4. Review  

http://www.ncbi.nlm.nih.gov/pubmed/19264461 [Copy Filed in Docket] Excerpt  (pg. 

84) While weight of evidence is gaining favor with regulators, its application by scientists 

to decide matters of science is often of questionable value. One of the reasons for this is 

that there generally is no discussion or characterization of what weight of evidence 

actually means in the context in which it is used. Additionally, the distinction between 

weight of evidence and strength of evidence often is lacking or not defined, and 

differences in methodologies between investigators are not considered. Consequently, 

weight of evidence generally amounts to what Krimsky refers to as a “seat-of-the-pants 

qualitative assessment.” Krimsky points out that according to this view, weight of 

evidence is “a vague term that scientists use when they apply implicit, qualitative, and/or 

subjective criteria to evaluate a body of evidence.” Such is the case in the reviews by 

Juutilainen and Lang  and Verschaeve and Maes. There is little emphasis on a critical 
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analysis of similarities and differences in biological systems used, exposure regimens, 

data produced, and investigator’s interpretations and conclusions. Rather, there is greater 

emphasis on the number of publications either finding or not finding an effect of RFR 

exposure on some endpoint. (pg. 85, first paragraph) RFR exposure does indeed appear 

to affect DNA damage and repair, and the total body of available data contains clues as to 

conditions producing effects and methodologies to detect them. This view is in contrast to 

that of those who believe that studies unable to replicate the work of others are more 

credible than the original studies, that studies showing no effects cancel studies showing 

an effect, or that studies showing effects are not credible simply because we do not 

understand how those effects might occur. 

 

8. Ruediger  HW.  Genotoxic effects of radiofrequency electromagnetic fields. 

Pathophysiology, 2009 Aug, Vol 16: 89-102  

http://www.pathophysiologyjournal.com/article/S0928-4680(09)00016-9/abstract Review 

[Copy filed in Docket] Abstract: Taking altogether there is ample evidence that RF-EMF 

can alter the genetic material of exposed cells in vivo and in vitro and in more than one 

way. This genotoxic action may be mediated by microthermal effects in cellular 

structures, formation of free radicals, or an interaction with DNA-repair mechanisms… 

 

10. Ruiz-Gómez MJ, Martínez-Morillo M. Electromagnetic fields and the induction of DNA 

strand breaks. Electromagn Biol Med. 2009;28(2):201-14. Review 

http://www.ncbi.nlm.nih.gov/pubmed/19811402 Abstract: We found 29 studies 

(genotoxic and epigenetic) about the induction of DNA-SB by MF. 50% showed effect of 

MF and 50% showed no DNA-SB. 

 

 

11. Simkó M. Cell type specific redox status is responsible for diverse electromagnetic field 

effects. Curr Med Chem. 2007;14(10):1141-52. Review  

http://www.ncbi.nlm.nih.gov/pubmed/17456027 Abstract:: In this review, a general 

overview is given about oxidative stress, as well as experimental studies are reviewed as 

they are related to changes in oxidant and antioxidant content after ELF-EMF exposure 

inducing different biological effects. Finally, we conclude from our review that 

modulations on the oxidant and antioxidant level through ELF-EMF exposure can play a 

causal role in cancer development. 

 

12. Adlkofer A, Belyaev IY, Richter K, Shiroff VM. How susceptible are genes to mobile 

phone radiation? State of the Research—Endorsements of  Safety and Controversies—
Self-Help Recommendations. Competence Initiative for the Protection of Humanity, 

Environment and Democracy Brochure 3, St. Ingbert, 1st edition November 2008, ISBN 

978-3-9812598-1-0 English Edition March 2009 Review [Copy filed in Docket] Excerpt: 

(pg. 4) The collaboration between political power, industrial power, and exploited 

“experts” has given rise to dealing with the truth, the citizens, and the protective laws of a 

democracy in such a way that the commercial interests are accommodated whenever 

possible, yet our health, environment, and future are carelessly neglected. It now has 

become the norm that new wireless technologies are introduced prior to conducting 

research on their health effects. Only that information, which does not interfere with their 
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commercial interests, is selected from the international knowledge base. The 

government’s approach to safety is based on exposure guidelines, which do not 

acknowledge non-thermal effects, exposure duration, or the existence of special groups at 

risk. Each single act of ignorance adds up to a system of pretend safety, which gives the 

industry almost carte blanche, but at the same time disempowers and disfranchises 

affected citizens, leaving them without protection. 

 

13. Behari J, Paulraj R. A Rationale for a Biologically-based Public Exposure Standard for 

Electromagnetic Fields (ELF and RF) Section 18 – Electromagnetic Field Exposure 
Effects (ELF-EMF and RFR) on Fertility and Reproduction. BioInitiative Working 

Group, BioInitiative Report, 2012. Review [Copy filed in Docket] Excerpt (pg. 29): 

Conclusion: Though causal evidence of one or more mechanism(s) are not yet fully 

refined, it is generally accepted that oxidative stress and free radical action may be 

responsible for the recorded genotoxic effects of EMFs which may lead to impairments in 

fertility and reproduction. Free radical action and/or hydrolytic enzymes like DNAase 

induced by exposure to EMFs may constitute the biochemical actions leading to adverse 

changes in hormones essential in males and female reproduction, DNA damage, which in 

turn causes damage to sperm motility, viability, and sperm morphology. Such exposures 

are now common in men who use and who wear wireless devices on their body, or use 

wireless-mode laptop computers. It may also account for damage to ovarian cells and 

female fertility, and miscarriage in women (ELF-EMF at 16 mG intermittent exposure). 

 

14. Crumpton MJ, Collins AR.  Are environmental electromagnetic fields genotoxic? DNA 

Repair (Amst). 2004 Oct 5;3(10):1385-7. Review. 

http://www.ncbi.nlm.nih.gov/pubmed/15336633   Abstract: Long-term exposure to 

extremely-low-frequency electromagnetic fields (ELF EMFs) greater than 0.4 microT has 

been linked, by epidemiological studies, to a small elevated risk of childhood leukaemia. 

Laboratory-based experiments have been claimed to show that ELF EMFs induce a 

variety of biological responses, although these claims are controversial. Recent 

experiments by Ivancsits et al. [Mutat. Res. 519 (2002) 1; Int. Arch. Occup. Environ. 

Health 76 (2003) 431; Mech. Age. Dev. 124 (2003) 847; H.W. Rüdiger, S. Ivancsits, E. 

Diem, O. Jahn, Genotoxic effects of ELF-EMF on human cells in vitro, 

Bioelectromagnetics Society 25th Annual Meeting, Maui, USA, 2003] suggest that ELF 

EMFs are genotoxic, on the basis of observations that intermittent exposures induce 

single-strand breaks (SSB) and double-strand DNA breaks (DSB) in the DNA of cultured 

human fibroblasts. The implications of these findings are discussed. 
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5.C Charts of published, peer-reviewed, studies. Only Chart I studies are being offered into 

evidence for Docket 2011-00262. 

 
 

Chart I. Publications which report RF-EMF related genotoxic effects. 

Reference Biological system Genotoxic 
endpoint 

Results and comments 

1.Aweda et al, 
2010 [176] 

blood leucocytes, 
brain, lung, spleen of  
rats 

DALP & comet 
assay 

2.45 GHz, SAR .48 Wkg-4.3Wkg, 8 days. There was 
statistically significant difference in the Olive moment and % 
DNA in the tail of the exposed tissues compared with control 
. Observed effects were attributed to magnetic field 
interactions and production of reactive oxygen species. 
Conclude that low SAR 2.45 GHz MW radiation exposures 
can induce DNA single strand breaks and direct genome 
analysis of DNA of various tissues demonstrated potential for 
genotoxicity. Brain had the highest DNA damage observed in 
comet assay suggesting that brain cells  Confirms previous 
findings (Guy, 1987, Moustafa et al, 2001; Lai and Singh, 

1996).  

*2. Aitken et al., 
2005 [45] 

Mouse sperm QPCR and 
comet assay 

Gel electrophoresis revealed no gross evidence of increased 
single- or double-DNA strand breakage in spermatozoa. 
However, a detailed analysis of DNA integrity using QPCR 
revealed damage to both the mitochondrial genome (p <
0.05) and the nuclear-globin locus (p < 0.01). 

3.  Balode, 1996 
[46] 

Cow erythrocytes Micronuclei 
(MN) 

The counting of micronuclei in peripheral erythrocytes gave 
low average incidences, 0.6 per 1000 in the exposed group 
and 0.1 per 1000 in the control, but statistically significant (p
< 0.01) differences were found in the frequency distribution 
between the control and exposed groups. 

4. Belyaev et 
al., 2009 [169] 

Human Fibroblasts & 
mesechymal stem 
cells (DNA repair 
cells) 

Confocal 
microscopy 

905 & 915 MHz or 1.947GHz. .25 W at 37º, 37 mW/kg, 39 
mW/kg, 2 weeks. MW inhibited formation of 53BP1(DNA repair foci 
) in human fibroblasts and mesechymal . Contrary to fibroblasts, 
stem cells did not adapt to chronic exposure for two weeks. The 
strongest MW effects were always observed in stem cells. This result 
may suggest both significant misbalance in DSB repair and severe 
stress response. Our findings that stem cells are most sensitive to 
microwave exposure and react to more frequencies than do 
differentiated cells may be important for cancer risk assessment and 
indicate that stem cells are the most relevant cellular model for 
validating safe mobile communication signals. 

*5.Belyaev et 
al., 2005 [47] 

Human blood 
lymphocytes 

Chromatin 
condensation 
and 53BP1 foci 

Decrease in background levels of 53BP1 foci and may 
indicate decrease in accessibility of 53BP1 to antibodies 
because of stress-induced chromatin condensation.  915 
MHz & 50 Hz 

*6. Busljeta et 
al. , 2004 [48] 

Rat hematopoietic 
tissues 

MN Erythrocyte count, haemoglobin and haematocrit were 
increased in peripheral blood (days 8 and 15). Concurrently, 
anuclear cells and erythropoietic precursor cells were 
decreased (p < 0.05) in the bone marrow on day 15, but 
micronucleated cells’ (MNCs) frequency was increased. 2.45 
GHz continuous RF/MW fields for 2 hours daily, 7 days a week, 
at 5-10 mW/cm2. 

7. Buttiglione, 
2007 [154] 

SH-S757 
neruoblastoma cells  

 Modulated 900 MHz, short-term exposures induced 
activation of MAPK subtypes ERK1/2 and SAPK/JNK. RFR 
exposure induced anti-proliferative activity in SH-S757 cells 
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Reference Biological system Genotoxic 
endpoint 

Results and comments 

with significant effect after 24 h, impaired cell cycle 
progression, reaching significant G2-M arrest and 
appearance of sub G1 peak, a hallmark of apoptosis after 
24-h together with significant decrease in mRNA levels and 
Bcl-2 and surviving genes, both interfering with signaling 
between G2-M arrest and apoptosis 

8. Czyz J, 2004 
[155] 

Embroyonic stem 
cells in vitro 

 Pulse modulated 1.71 GHz at and below safety limits for 
general public. Significant upregulation of mRNA levels of 
hsps70 of ES cells deficient  for tumor suppressor p53 

9. Cam et al, 
2012 [152] 

Human Hair Comet Assay 900-MHz, 15 and 20 min exposure.  Significant increase in DNA 
single-strand breaks in human hair root cells. Data using the 
paired t-test also showed that significantly more damages 
resulted after 30 min than after 15 min. 

 *10. Campisi et 
al, 2010 [134] 

Astroglial rat cell Comet assay 900 MHz, 0.26 W/m², 5, 10 or 20 min, continuous wave and 
plused.  Pulsed wave exposure showed increased ROS and 
DNA damage after 20 minutes 

11. Chavdoula, 
2010 [186] 

Drosophila 
melanogaster, egg 
chamber cells 

TUNNEL Assay Intermittent exposure at 10 min intervals increased 
percentage of induced fragmented DNA in the egg chambers 
cells, altered the actincytoskeleton network of egg chambers 
and decreases reproductive capacity 

*12. d’Ambrosio 
et al., 2002 [49] 

Human blood 
lymphocytes 

MN The micronucleus frequency was not affected by CW 
exposure; however, a statistically significant micronucleus 
effect was found following exposure to phase modulated 
field. 1.748 GHz, either continuous wave (CW) or phase only 
modulated wave (GMSK), for 15 min. 

*13. De luliis eta 
al, 2009 [168] 

Human Sperm  1.8 GHz, 1-27.5 W/kg, 16 hours.  Motility and vitality 
reduced, mitochondrial ROS increased, DNA damage 

*14. Diem et al., 
2005 [23]  

Human cultured 
fibroblasts and rat 
granulosa cells 

Alkaline and 
neutral comet 
assay 

The intermittent exposure showed a stronger effect in the 
comet assay than continuous exposure. 1.8  GHz; SAR 1.2 or 
2 W/kg; different modulations; during 4, 16 and 24h; intermittent 
5 min on/10 min off or continuous wave 

15.Esmekaya et 
al., 2011 [180] 

Human peripheral 
blood lymphocytes 

SCE, electron 
microscopy, 
MTT reduction 
assay 

1.8GHz modulated, 6,8, 24 & 48h. Results showed RFR 
affects cell morphology, increases SCE and inhibits cell 
proliferations, induced chromosomal damage in hPBLs. 

*16. Ferreira et 
al., 2006 [50] 

Rat hematopoietic 
tissues exposed 
during 
embryogenesis 

MN The irradiated group showed a significant increase in MN 

occurrence. ( in vivo, cell phone frequency) 

17.Focke et al, 
2010 [153] 

Human Fibroblasts Comet Assay Replication study. 50 Hz, flux density 1mT. Significant increase 
in DNA fragmentation.  First evidence for this to be caused by 
the magnetic rather than the electric field and EMF-induced 
responses in the Comet assay are dependent on cell 
proliferation, suggesting that processes of DNA replication rather 
than the DNA itself may be affected. 

 *18 Franzellitte 
et al, 2010 [137] 

Human Trophoblast 
(HTR-8/SV neo) 

Comet assay 1.8 GHz, 2 w/kg, 4, 16 or 24 hr, 5 min on/10min off 
continuous wave and pulsed. Pulsed wave exposure caused 
DNA damage after 16 hrs 
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19. Fucic et al., 
1992 [15] 

Human blood 
lymphocytes 

MN X-rays and microwaves were preferentially clastogens while 
vinyl chloride monomer showed aneugenic activity as well. 
Microwaves possess some mutagenic characteristics typical 
of chemical mutagens. 

20. Gadhia et 
al., 2003 [51] 

Human blood 
lymphocytes 

Chromosomal 
aberrations and 
SCE 

There was a significant increase (p < 0.05) in dicentric 
chromosomes among mobile users who were smoker–
alcoholic as compared to nonsmoker–nonalcoholic. 
Synergistic action with MMC, SCEs showed a significant 
increase among mobile users. 

21. Gandhi and 
Singh, 2005 [7] 

Human blood 
lymphocytes and 
buccal mucosa cells 

Chromosomal 
aberrations and 
MN 

Increased number of micronucleated buccal cells and 
cytological abnormalities in cultured lymphocytes. 

22. Gandhi, 
2005 [52] 

Human blood 
lymphocytes 

Comet assay, in 
vivo capillary 
MN 

Mean comet tail length (26.76 ± 0.054 mm; 39.75% of cells 
damaged) in mobile phone users was highly significant from 
that in the control group. The in vivo capillary blood MNT 
also revealed highly significant (0.25) frequency of 
micronucleated cells. 

23. Garaj-
Vrhovac et al, 
1992 [53] 

Human blood 
lymphocytes 

Chromosomal 
aberrations and 
MN 

In all experimental conditions, the frequency of all types of 
chromosomal aberrations was significantly higher than in the 
control samples. In the irradiated samples the presence of 
dicentric and ring chromosomes was established. The 
incidence of micronuclei was also higher in the exposed 
samples. Frequency 7.7 GHz, power density 0.5, 10 and 30 
mW/cm2 for 10, 30 and 60 min. 

24. Garaj-
Vrhovac et al., 
1990 [54] 

Chinese hamster 
cells V79 

DNA synthesis 
by [3H]thymidine 
uptake, and 
chromosomal 
aberrations 

In comparison with the control samples there was a higher 
frequency of specific chromosome lesions in cells that had 
been irradiated. Frequency 7.7 GHz, power density 30 mW/cm2 
for 15, 30, and 60 min. 

25. Garaj-
Vrhovac et 
al.,1991 [55] 

Chinese hamster 
cells V79 

Chromosomal 
aberrations and 
MN 

Significantly higher frequency of specific chromosome 
aberrations such as dicentric and ring chromosomes in 
irradiated cells. The presence of micronuclei in irradiated 
cells confirmed the changes that had occurred in 

chromosome structure. Continuous radiation, frequency 
7.7 GHz, power density 0.5 mW/cm2 for 15, 30 and 60 
min. 

26. Garaj-
Vrhovac et al 
1999 [56] 

Human blood 
lymphocytes 

MN Increase in frequency of micronuclei as well as disturbances 
in the distribution of cells over the first, second and third 
mitotic division in exposed subjects compared to controls. In 

Vivo, 12 subjects occupationally exposed to microwave 
radiation 

 *27. Gajski & 
Garaj-Vrhovac, 
2009 [130] 

Rat lymphocytes Comet assay 915 MHz, -.6 W kg, 30 min. Yes genotoxic effect 

28. Guler et al., 
2012 [182] 

Liver tissues of 
female and male 
infant rabbits 

Biochemical 
analysis  

1.8 GHz, 15 min/day for 7 and 14 days. Lipid preoxidation 
levels in the liver tissues increased under RF exposure. Liver 
8-OHdG levels of female rabbits exposed to RF increased 
when compared to control. 



Page 12 of 31 

 

Reference Biological system Genotoxic 
endpoint 

Results and comments 

*29. Guler et al., 
2010 [181] 

Brain tissue of 
pregnant & 
nonpregnant rabbits 

Mann-Whitney 
test 

1.8 GHz, 14 V/m, 15 min/day for 7 days. MDA and 8-OHdG 
levels of RFR exposed animals significantly increased 
compared to controls. Concluded that RF radiation may 
induce biochemical changes by increasing free radical 
attacks to structural biomolecules  

30. Haider et al., 
1994 [57] 

Tradescantia flower 
buds 

MN The results at all exposure sites except one were statistically 
significant. Slewable curtain antenna (300/500 kW, 40-170 V/m) 
and 15 m (90 V/m) and 30 m (70 V/m) distant from a vertical 
cage antenna (100 kW) as well as at the neighbors living near 
the broadcasting station (200 m, 1-3 V/m). 

*31. Kesari et al, 
2010 [156] 

Rat brain cells Comet assay 2.45 GHz, 2 h a day for 35 days, 0.34 mW/cm(2) power density. 
SAR  estimated to be 0.11 W/Kg.  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. Antioxidant 
enzymes and histone kinase estimation was also performed.  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 

32. Kesari et al., 
2009 [157] 

Rat brain cells Comet assay 50 Hz, 2 h a day for 45 days continuously at a power level of 
0.86 microW/cm(2) with nominal specific absorption rate 8.0 x 
10(-4) w/kg.  DNA double-strand break (head and tail length, 
intensity and tail migration) and a significant decrease in GPx 
and SOD activity (p = or<0.05) in brain cells, whereas catalase 
activity shows significant increase in the exposed group of brain 
samples as compared with control (p = or<0.001). In addition to 
these, PKC decreased significantly in whole brain and 
hippocampus (p < 0.05). 

33. Kim et al., 
2010 [158] 

Human cancer cells Comet assay 60-Hz, of 6mT for 30min, every 24h period for 3 days. Single 
exposure showed no effect, repetitive exposure decreased cell 
viability.  Decrease  accompanied by phosphorylation of γ-H2AX, 
a common DNA double-strand break (DSB) marker, and 
checkpoint kinase 2 (Chk2), which is critical to the DNA damage 
checkpoint pathway. In addition, repetitive exposure to a time-
varying MF of 6mT for 30min every 24h for 3days led to p38 
activation and induction of apoptosis in cancer and normal cells.   

34. Koyama et 
al., 2003 [12] 

CHO-K1 cells MN +
kinetochore 
determination 

RF at SAR of 78 W/kg and higher form MN with a particular 
increase of kinetochore-positive MN and potentiate MN 
formation induced by bleomycine treatment. HFEMF for 18 h 
at average specific absorption rates (SARs) of 13, 39 and 50 
W/kg with input power 7.8 W, and were compared with a sham-
exposed control; (2) the cells were also exposed to a HFEMF at 
SARs of 78 and 100 W/kg with input power 13 W, and were 
compared with a sham-exposed control; 

*35. Kumar et 

al., 2010 [160] 
Wistar Rat blood cells MN 

Antioxidant 

activity & ROS 

2 h a day for 45 days continuously at 10 GHz,  power density 

0.214 mW/cm2, specific absorption rate (SAR) 0.014 W/kg] and 

50 GHz at power density 0.86 microW/cm2, SAR 8.0 x10(-4) 

W/kg. Found micronuclei formation and significant increase in 

ROS production. Significant changes in the  level of serum 

glutathione peroxidase, superoxide dismutase and catalase were 

observed in exposed group as compared with control group 

*36. Lai H-W et Leukaemia cells  41.32 GHz, SAR ?, 1 hr. decreased gene expression and 
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al., 2008 [173] (HL60) proliferation 

 *37. Lai and 
Singh, 2005 [60] 

Rat brain cells Comet assay Significantly higher levels of DNA single and double strand 
breaks. Exposure to ‘noise’ alone did not significantly affect 
the levels, however, simultaneous ‘noise’ exposure blocked 
microwave-induced increases in DNA strand breaks. 

38. Lai et al. 
1997 [58] 

Rat brain cells Comet assay RFR exposure significantly increased DNA double strand 
breaks in brain cells of the rat, and the effect was partially 
blocked by treatment with naltrexone. 

39. Lai and 
Singh 
1995  [59] 

Rat brain cells Alkaline comet 
assay 

2.45 GHz microwaves using an alkaline microgel electrophoresis 
method. No effects immediately after 2 h of exposure to pulsed 
microwaves, whereas a dose rate-dependent increase in DNA 
single strand breaks was found in brain cells of rats at 4 h post-
exposure with CW and pulsed waves 

*40. Lai and 
Singh, 1996 [61] 

Rat brain cells Comet assay 2.45 GHz, (2-h) exposure to pulsed (2-micros pulse width, 500 
pulses s(-1) and continuous wave 2.45 GHz radiofrequency.An 
increase in DNA strand breaks was observed after exposure 
to either the pulsed or continuous-wave radiation, no 
significant difference was observed between the effects of 
the two forms of radiation. The spatial averaged power density 
of the radiation was 2mW/cm2, which produced a whole-body 
average-specific absorption rate of 1.2W/kg. 

41. Lai and 
Singh, 
1997 [35] 

Rat brain cells Comet assay In previous research, we have found that acute (2 hours) 
exposure to pulsed (2 microseconds pulses, 500 pps) 2450-MHz 
radiofrequency electromagnetic radiation (RFR) (power density 
2 mW/cm2, average whole body specific absorption rate 1.2 
W/kg) caused an increase in DNA single- and double-strand 
breaks in brain cells of the rat when assayed 4 hours post 
exposure using a microgel electrophoresis assay. In the present 
study, we found that treatment of rats immediately before and 
after RFR exposure with either melatonin (1 mg/kg/injection, 
SC) or the spin-trap compound N-tert-butyl-alpha-
phenylnitrone (PBN) (100 mg/kg/injection, i.p.) blocks this 
effects of RFR. Since both melatonin and PBN are efficient free 
radical scavengers it is hypothesized that free radicals are 
involved in RFR-induced DNA damage in the brain cells of rats. 
Since cumulated DNA strand breaks in brain cells can lead to 
neurodegenerative diseases and cancer and an excess of free 
radicals in cells has been suggested to be the cause of various 
human diseases, data from this study could have important 
implications for the health effects of RFR exposure 

 

*42. Lee et al, 
2005 [159]  

Human Leukaemia 
(HL-60 cells) 

SAGE for gene 
expression at 
genome level 

2.45 GHz, 10 W/kg , 2-6 h pulsed.  221 genes altered their 
expression after a 2-h exposure. The number of affected genes 
increased to 759 after a 6-h exposure. Functional classification 
of the affected genes reveals that apoptosis-related genes were 
among the upregulated ones and the cell cycle genes among the 
downregulated ones. No significant increase in the expression of 
heat shock genes. Results indicate that the RF fields at 2.45 
GHz can alter gene expression in cultured human cells through 
non-thermal mechanism. 

43. Liu C, et al, 

2010 [184] 
Mouse 

Spermatocyte Cell 

Line 

Comet assay 1.8 GHz, SAR 1W/kg or 4W/kg, intermittent exposure. Through 

the use of FPG in a modified comet assay, determined 

significantly increased DNA migration at SAR of 4 W/kg. DNA 8-

oxoG were also increased concomitant with increases in ROS. 

No DNA strand breaks. RF-EMR may produce genotoxicity 
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through oxidative DNA base damage to male germ cells 

44. Lixia et al., 
2006 [62] 

Human lens 
epithelial cells 

Comet assay 
and BudR 
incorporation 

1.8 GHz. No DNA breaks at 1 and 2 W/kg but increase 0 and 
30 min after exposure to 3 W/kg. Exposure at 2 and 3 W/kg 
for 2 h significantly increased HsP 70 protein but not mRNA 
expression.  

45. Luo et al., 
2006 [162] 

Mouse embryos Gamma–H2AX Resulted in decreased cleavage rate of preimplantation mouse 
embryos. Decreasing effect was related to the DNA-damaging 
effect indicated by the induction of gammaH2AX foci formation in 
preimplantation mouse embryos. The DNA damage induced 
could be  partly repaired by the natural activation of DNA 
damage-repair mechanism or prevented by the simultaneous 
treatment of noise magentic fields. 

46. Maes et al., 
1995 [63] 

Human blood 
lymphocytes 

Chromosome 
aberrations 

Some cytogenetic damage was obtained in vitro when blood 
samples were very close to the antenna. The questionable in 
vivo results (six maintenance workers) are not considered 
here. 2.45 GHz microwaves during 30 and 120 min at a constant 
temperature of 36.1 degrees C (body temperature) 

47. Maes et al., 
1993 [64] 

Human blood 
lymphocytes 

Chromosomal 
aberrations, 
SCE, and MN 

2.45 GHz, 30 and 120 min at a constant temperature of 36.1 

degrees C (body temperature).  Marked increase in the 
frequency of chromosome aberrations (including dicentric 
chromosomes and acentric fragments) and 19 micronuclei. 
On the other hand, the microwave exposure did not influence 
the cell kinetics nor the sister-chromatid-exchange (SCE)  

*48. Mashevich 
et al., 2003 [66] 

Human blood 
lymphocytes 

Chromosomal 
aberrations 

830 MHz, continuous, SAR 1.6-8.8 W/kg, 72 hr, A linear 
increase in chromosome 17 aneuploidy was observed as a 
function of the SAR value. Parallel plate resonator used at 
temperatures ranging from 34.5-37.5 degrees C.  Genotoxic 
effect of 17 aneuploidy was observed as a function of the SAR 
value.  Losses and gains of chromosomes (aneuploidy), a major 
"somatic mutation" leading to genomic instability and thereby to 
cancer.  The SAR dependent aneuploidy was accompanied by 
an abnormal mode of replication of the chromosome 17 region 
engaged in segregation (repetitive DNA arrays associated with 
the centromere). Genetic or epigenetic alterations observed 
following RF radiation-the increased levels of aneuploidy and the 
modification in replication of the centromeric  DNA arrays. These 
findings indicate that the genotoxic effect of the electromagnetic 
radiation is elicited via a non-thermal pathway.. 

*49. Markova et 
al., 2005 [65] 

Human blood 
lymphocytes In Vivo 

p53 binding 
protein and 
γH2AX foci 

890-915 MGz 37 mW kg, 1 hr.  Affect chromatin 
conformation and 53BP1/gamma-H2AX foci similar to heat 
shock. Global System for Mobile Communication (GSM) at 
different carrier frequencies on human lymphocytes from healthy 
persons and from persons reporting hypersensitivity to 
electromagnetic fields (EMFs). 

 *50. Markova et 
al., 2009 [167] 

Human Fibroblasts 
Mesenchymal stem 
cells 

Comet assay 1.95 GHz, 905 & 915 MHz; SAR 37 & 39 mw/kg, 1,2 or 3 hr, 
or 1h/day, 5 days/week or 2 weeks. DNA double strand 
breaks at 1.947 GHz and 915 MHz 

51. Markova et 
al., 2010 [] 

Human stem cells & 
fibroblasts 

 1.95 GHz, 905 & 915 MHz; SAR 37 & 39 mw/kg, 1,2 or 3 hr, 
or 1h/day, 5 days/week or 2 weeks. Both 1.95 GHz and 915 
Mhz signal affected all cell types and lymphocytes (Belyaev, 
2009). Found that MWs inhibit formation of endogenous 
53BP1 foci in human primary fibroblasts & MSCs. In contrast 
to fibroblasts, MSCs did not adapt to MWs during chronic 
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exposure. Results indicate that stem cells are more sensitive 
to MW than are differentiated primary cells. Inhibitory effects 
of MW exposure on DSB repair in stem cells may result in 
formation of chromosomal aberrations and therefore 
origination of cancer or alternatively induce stress response. 

*52. Mazor et al 
Mazor et al., 
2008 [9] 

Human blood 
lymphocytes 

Aneuploidy rate 
of Chr. # 1, 10, 
11, 17 
determined by 
interphase FISH 

800 MHz, 2.9-4.1 W/kgm 72 hrs. Chromosomal aneuploidy.  
Increased levels of aneuploidy in chromosomes 1 and 10 at 
higher SAR, while for chromosomes 11 and 17 the increases 
were observed only for the lower SAR. 

*53. Nikolova et 
al., 2005 [67] 

Mouse nestin-
positive neural 
progenitor cells 

Transcript of 
specific genes 
and proteins, 
proliferation, 
apoptosis, DNA 
DSB 

Down-regulation of neural-specific Nurr1and up-regulation of 
bax and GADD45 mRNA levels. Short-term RF-EMF 
exposure for 6 h, but not for 48 h, resulted in a low and 
transient increase of DNA double strand breaks. 

54. Narasimhan 
et al, 1991 [162] 

Lambdaphage 

DNA 

Eco RI & Bam Hi Eco RI digests of microwaved DNA samples yielded three 
additional fragments ranging in base pair lengths between 
24,226 and 7,421 besides six expected fragments. Bam HI 
fragments were slower and the bands broader than native 
samples. Altered restriction patterns attributed to 
conformational anomalies in DNA resulting from single strand 
breaks and localized strand separations induced by radiation. 

55. Nylund, 
2006 [166] 

Human endothelial 
EA.h926 & 
EA.hy926v1 

cDNA 
Expression 
Arrays 

900 MHz, 1 h, SAR 2.3 W/kg. Gene & protein expression 
were altered in both cell lines 

56. Nylund, 
2004 [179] 

Human endothelial 
EA.h926  

2-DE & MALDI-
MS 

900 MHz, 38 various proteins statistically, significantly 
altered their expression levels following exposure. 2 were 
determined to be isoforms of cytoskeletal vimentin and 
support hypothesis that cytoskeleton and physiological 
functions regulated by cytoskeleton 

57. Pacini S, 
2002 et al [185] 
 

Human skin 
fiberblasts 

 RF, 1h, induced alterations in cell morphology and increased 
the expression of mitogentic signal transduction genes, cell 
growth inhibitors, and genes controlling apoptosis. A 
significant increase in DNA synthesis and intracellular 
mitogenic second messenger formation. 

58. 
Panagopoulos 
DJ,  2012 [174] 

Ovaries of 
Drosophila 
melanogaster fly 

Acridine orange 
assay 

 900 MHz at 0.354 ± 0.063 mW/cm2.. Showed the ovarian 

size of exposed insects  significantly (P\5.5 9 

10-4, smaller than sham due to destruction of egg chambers 

by GSM radiation, after DNA damage and consequent cell 
death induction in the egg chambers cells of the virgin 
females. Ovarian size difference becomes most evident 39-
45 h after eclosion when the first eggs within the ovaries are 

at the late vitellogenic and post-vitellogenic stages.  

59. 
Panagopoulos 
DJ,  2007 [163] 

Follicle, nurse & 
oocyte cells of  
Drosophila 
melanogaster fly 

TUNEL assay 1.8 GHz and 900 MHz for 2 min day for 6 days, induced cell 
death in follicle, nurse, and oocyte cells in all stages of early 
& mid oogenesis. Decrease in oviposition is due to 
degeneration of large number of egg chambers after DNA 
fragmentation of cells induced by both frequencies 

*60. Paulraj and  Rat brain cells Comet assay Statistically significant (p < 0.001) increase in DNA single 
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Behari, 2006 
[68] 

strand breaks in brain cells of rat. 2.4 GHz 

*61. Pavicic and 
Trosic, 2008 
[13] 

V79 cells Alteration of 
microtubule 
proteins 

The microtubule structure altered after 3 h of irritation. 

62. Phillips et 
al., 1998 [69] 

Molt-4 T-
lymphoblastoid cells 

Comet assay DNA damage decreased by (1) exposure to the iDEN signal 
(2.4 µW/g for 2 h or 21 h), (2) exposure to the TDMA signal 
(2.6 µW/g for 2 h and 21 h), (3) exposure to the TDMA 
signal (26 µW/g for 2 h), exposure to the iDEN signal (24
µW/g for 2 h) and 21 h significantly increased DNA damage. 

63. Remondini 
et al., 2006 
[178] 

Neuroblastoma  
(NB69), Microglial , 
endotyhelial , 
endothelial 
(EA.hy926), 
lymphoblastoma 
cells (U(37), 
leukemia  (HL-60), 
cells 

Transcriptome 
analysis on 
cDNA arrays,  

900 and 1.8 GHz. The results were evaluated statistically using 
bioinformatics techniques and examined for biological relevance 
with the help of different databases. NB69 neuroblastoma cells, 
T lymphocytes, and CHME5 microglial cells did not show 
significant changes in gene expression. In EA.hy926 endothelial 
cells, U937 lymphoblastoma cells, and HL-60 leukemia cells we 
found between 12 and 34 up- or down-regulated genes. Analysis 
of the affected gene families does not point towards a stress 
response. However, RNA analysis following microwave 
exposure, showed some but not all human cells might react with 
an increase in expression of genes encoding ribosomal proteins 
and therefore up-regulating the cellular metabolism. 

*64. Sanning et 
al. 2009b [131] 

Human lymphocytes MW 900 MHz, peak 10 W/kg.  Micronucleus decreased in 
responders (n=4, total n=5) after  

*65. Sarimov et 
al., 2004 [70] 

Human blood 
lymphocytes 

Chromatin 
condensation by 
anomalous 
viscosity 

900 MHz, 5.4 mW/kg, 30 min. Analysis of pooled data from 
all donors showed statistically significant chromosomal 
conformation effect of 1-h exposure to MW.. 

66. Sarkar et al., 
1994 [71] 

Mouse testis and 
brain cells 

Restriction 
pattern after 
Hinfl treatment 

As compared to control animals, band patterns in exposed 
animals were found to be distinctly altered in the range of 7–
8 kb which was also substantiated by densitometric analysis. 
Exposed to microwave at a power density of 1 mW/cm2 for 2 
h/day at a frequency of 2.45 GHz over a period of 120, 150 and 
200 days. 

*67. 
Schckorbatov 
et. al., 2009 
[136] 

Human epithelial 
cells 

Comet essay Chromosomal aberration at 35 GHz, 30 µW/cm², 10 seconds 

*68. Schwarz et 
al., 2008 [33] 
**NOTE: 
Criticized but 
not  Retracted 

Human cultured 
fibroblasts  

Alkaline comet 
assay and MN 

1.95 GHz, 1-2 W/kg. UMTS exposure increased the CTF and 
induced centromere-negative micronuclei in human cultured 
fibroblasts.   

69. Semin et al, 
1995 [165] 

DNA  1.05, 2.12 & 2.39 GHz; 60 microW/cm2;  modulated pulses 
at 4 Hz. Betaalanine & formaldehyde DNA solution exposed 
to EMR activated the process of DNA despiralization.  

*70. Sykes et 
al., 2001 [22] 

pKZ1 mice lacZ transgene 
inversion 

No difference between the control and treated groups in the 
1- and 5-day exposure groups, but a reduction in inversions 
below the spontaneous frequency in the 25-day exposure 
group. This suggests that RF radiation can lead to a 
perturbation in recombination frequency. 
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*71.  Sun et al, 
2006 [135] 

Human epithelial 
cells 

Comet assay 1.8 GHz 1-3 W/kg, 2 hrs. Comet at 3 W/kg 

*72. Tice et al., 
2002  [72] 

Human blood 
lymphocytes 

Alkaline comet 
assay and MN 

Exposure for either 3 or 24 h with the unmodulated signal did 
not induce a significant increase in DNA DSB or MN in 
lymphocytes. However, with the modulated signal there was 
a significant and reproducible increase in the frequency of 
micronucleated lymphocytes. The signals were voice 
modulated 837 MHz produced by an analog signal generator or 
by a time division multiple access (TDMA) cellular telephone, 
837 MHz generated by a code division multiple access (CDMA) 
cellular telephone (not voice modulated), and voice modulated 
1909.8 MHz generated by a global system of mobile 
communication (GSM)-type personal communication systems 
(PCS) cellular telephone. Cells were exposed at 37+/-1 degrees 
C, for 3 or 24 h at average specific absorption rates (SARs) of 
1.0-10.0 W/kg. 

*73. Tiwari et 
al., 2008 [133] 

Human Whole Blood Comet Assay 835 MHz, 1.17 W kg, 1 or 2 hr. No Comet but Increase in 
number of DNA breaks implying that RF field exposure was 
causing repairable DNA damage in normal cells 

74. Tkalec et al., 
2008 [14] 

Allium cepa seeds Germination, 
mitotic index, 
mitotic 
abnormalities 

Increased mitotic aberrations in root meristematic cells of A. 
cepa. Effects were markedly dependent on the field 
frequencies applied as well as on field strength and 
modulation. Findings also indicate that mitotic effects of RF-
EMF could be due to impairment of the mitotic spindle. 

75. Trosic et al., 
2002 [73] 

Rat hematopoietic 
tissues 

MN and 
polychromatic 
erythrocytes 
(PCEs) 

2.4 GHz, 2h/day for 7 days, continuous MW, 5-10 mW/cm² 
The incidence of micronuclei/1000 PCEs in peripheral blood 
was significantly increased (p < 0.05) in the subgroup 
exposed to fro/MW radiation after eight irradiation treatments 
of 2 h each in comparison with the sham-exposed control 
group. 

*76. Trosic et 
al., 2004 [74] 

Rat hematopoietic 
tissues 

MN and 
polychromatic 
erythrocytes 

2.4 GHz. In polychromatic erythrocytes significant 
differences (p < 0.05) for experimental days 8 and 15. The 
frequency of micronucleated PCEs was also significantly 
increased on experimental day 15 (p < 0.05). 

*77. Trosic and 
Busljeta, 2006  
[75] 

Rat hematopoietic 
tissues and 
peripheral blood 

MN and 
polychromatic 
erythrocytes 

2.4 Ghz. BMPCEs were increased on days 8 and 15, and 
PBPCEs were elevated on days 2 and 8 (p < 0.05). 

78. Vijayalaxmi 
et al., 1997 [76] 

C3H/HeJ cancer 
prone mice, 
peripheral blood and 
bone marrow 

MN 2.45 GHz. A correction was published, stating that there was 
actually a significant MN increase in peripheral blood and 
bone marrow cells after chronic exposure to RF [Vijayalaxmi, 
M.R. Frei, S.J. Dusch, V. Guel, M.L. Meltz, J.R. Jauchem, 
Radiat. Res. 149 (3) (1998) 308]. 

79. Wu et al., 
2008  [39] 

Human epithelial 
lens cells 

Comet assay 
and intracellular 
ROS 

RF at 4 W/kg for 24 h significantly increased intracellular 
ROS and DNA damage. Both can be blocked completely by 
electromagnetic noise. 

80. Yadav and 
Sharma, 2008  
[8] 

Exfoliated buccal 
cells 

MN in buccal 
cells 

In exposed subjects 9.84 ± 0.745 micronucleated cells and 
10.72 ± 0.889 total micronuclei (TMN) as compared to zero 
duration of exposure along with average 3.75 ± 0.774 MNC 
and 4.00 ± 0.808 TMN in controls. Correlation between 0–1, 
1–2, 2–3 and 3–4 years of exposure and the frequency of 
MNC and TMN. 
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*81. Yao et al. 
2008b [40]  
 

Human lens 
epithelial cells 

Alkaline comet 
assay, gamma-
H2AX foci, ROS 
level 

1.8 GHz, 1-4 W/kg, 24 hrs.  SAR of 3 and 4 W/kg induced 
significant DNA damage in the comet assay, while no 
statistical difference in double strand breaks was found by 
γH2AX foci. Electromagnetic noise could block RF-induced 
ROS formation and DNA damage. 

*82. Yao et al. 
2008a [41] 
(paper 
retracted) 

Human lens 
epithelial cells 

Alkaline comet 
assay, γH2AX 
foci, ROS level 

1.8 GHz, 1-4 W/kg, 2 hrs. DNA damage was significantly 
increased by comet assay at 3 and 4 W/kg, whereas double 
strand breaks by γH2AX foci were significantly increased 
only at 4 W/kg. Significantly increased ROS levels were 
detected in the 3 and 4 W/kg groups. 

*83. Xu et al., 
2009 
[171] 

Human cortical 
neurons 

 Pulsed 1.8 GHz, 2 W/kg, 24 h. After 24 h, found significant 
increase in the levels of 8-hydroxyuanine (8-OHdG), a 
common biomarker of DNA oxidative damage, in the 
mitochondria of neurons. Concomitant with this finding, the 
copy of mtDNA and the levels of mitochondrial RNA 
transcripts showed an obvious reduction. Results suggest 
RF could cause oxidative damage to mtDNA in primary 
cultured neurons and may account for neurotoxicity of RFR 
in the brain. 

*84.Zhao TY et 
al, 2007 [170] 

Human brain  neuron 
& astrocytes 

Array Analysis 1.9 GHz cell phone, 2h exposure.  Up-regulation of gene 
expression occurred in both on and stand-by modes in 
neurons and “on”   mode in astrocytes. Astrocytes also 
showed up-reulation of the Bax gene. Results show that 
short term exposure to RF can up-regulate elements of 
apoptotic pathways I cells derived from brain, and that 
neurons appear to be more sensitive to this effect than 
astrocytes 

*85.Zhao R et 
al, 2007 [172] 

Rat neuron Array & RT PCR Pulsed 1.8 GHz cell phone, 2 W/kg, 24 h exposure. 24 up-
regulated genes and 10 down-regulated genes that are 
associated with multiple cellular functions (cytoskeleton, 
signal transduction pathway, metabolism, etc.) Results 
indicate gene expression of rat neuron could be altered by 
RF 

86. Zhang et al., 
2006  [77] 

Chinese hamster 
lung cells (CHL) 

γH2AX foci Increased percentage of γH2AX foci positive cell of 1.8 GHz 
RF EMF exposure for 24 h (37.9 ± 8.6%) or 2-
acetylaminofluorene exposure (50.9 ± 9.4%). However, 
there was no significant difference between the sham-
exposure and RF EMF exposure for 1 h (31.8 ± 8.7%). 

*87. Zotti-
Martelli et al., 
2005 [78] 

Human blood 
lymphocytes 

MN 1.8 GHz, 5-20 mW/cm.
2
  A statistically significant increase of 

MN, although rather low, was observed dependent on 
exposure time (p = 0.0004) and applied power density (p =
0.0166). 

*88. Zotti-
Martelli et al., 
2000 [79] 

Human blood 
lymphocytes 

MN The results showed for both radiation frequencies an 
induction of micronuclei as compared to the control cultures 

at a power density of 30 mW/cm
2
 and after an exposure of 

30 and 60 min. 

*  Included In the AGNIR (2003 to 2012) and SCENIHR (2007 & 2009) reviews 
of evidence 
Abbreviations: Mitomycin C (MMC), bleomycin (BLM), methylmethansulfonate 
(MMS), 4-nitroquinoline-1-oxide (4-NQ1O), ethylmethansulfonate (EMS), 
chromosomal aberration analysis (CA), micronucleus assay (MN), reactive 
oxygen species (ROS), and fluorescence in vitro hybridization (FISH). 
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Chart I. Publications which report synergistic RF-EMF effects in combination with other genotoxicants. 

Reference Genotoxic agents Biological system Genotoxic 
endpoint 

Genotoxic effect and measure 

89. Baohong 
et al., 2005 
[122] 

MMC, BLM, MMS, 4-
NQ1O 

Human blood 
lymphocytes 

Alkaline 
comet assay 

1.8 GHz RFR (SAR, 3 W/kg) for 2 h did 
not induce DSB, but could enhance the 
human lymphocyte DNA damage effects 
induced by MMC and 4-NQ1O. The 
synergistic DNA damage effects with BLM 
or MMS were not obvious. 

90. Baohong 
et al., 2007 
[123] 

254 nm UVC Human blood 
lymphocytes 

Alkaline 
comet assay 

RF exposure for 1.5 and 4 h did not 
enhance significantly human lymphocyte 
DNA damage, but could reduce and 
increase DNA damage of human 
lymphocytes induced by UVC at 1.5 and 4
h incubation respectively. 

*91. Chen et 
al, 2010 
[132] 

doxorubin Human B-cell 
Lymphoblastoid cells 

Comet assay No comet 
Synergistic effect on DNA repair 

*23. Kim et 
al., 2008 
[124] 

Cyclophosphamide, 
4-NQ1O, EMS 
 

L5178Y mouse 
lymphoma cells 
(comet assay) and 
CHL cells (CA) 

Alkaline 
comet assay 
and CA 

No direct cytogenetic effect of RF alone or 
in combination with cyclophosphamide or 
4-NQ1O was found in the CA test and in 
the comet assay. However, RF had a 
potentiating effect in combination with 
cyclophosphamide or 4-NQ1O (chemical 
carcinogens). 

93. Koyama  

et al., 2005 
[177] 

 X-ray  Gene mutations in 
Escherichia coli 

 No mutant colonies in sham irradiated alone 
but exposure to ELFMFs immediately before 
or after X-ray irradiation may enhance the 
mutations. Results indicate that ELFMF 
increases mutation and alters the spectrum of 
mutations.  

94. Maes et 
al., 1996 
[125] 

MMC Human blood 
lymphocytes 

SCE Synergistic effect was observed with MMC. 

95. Maes et 
al., 1997 
[126] 

MMC Human blood 
lymphocytes 

CA, SCE, 
comet assay 

The combined exposure of the cells to the 
radiofrequency fields followed by their 
cultivation in the presence of mitomycin C 
revealed a very weak effect when 
compared to cells exposed to mitomycin C 
alone. 

*96. Manti et 
al., 2008 [11] 

Previous 4 Gy X-ray 
radiation 

Human blood 
lymphocytes 

Chromosome 
aberration by 
FISH 

1.9 GHz. No significant variations due to 
the UMTS exposure in the fraction of 
aberrant cells, but frequency of exchanges 
per cell in X-ray irradiated cells was 
significantly increased by UMTS at 2 W/kg. 

*97. Wang et 
al., 2007 
[127] 

254 nm UVC Human blood 
lymphocytes 

Comet assay RF did not induce DNA damage but 
reduced or enhanced DNA damage by 
UVC at 1.5 or 4.0 h respectively. 

*98.Wang et MMC, BLM, MMS, 4- Human blood Comet assay 1.8 GHz, 3 W kg. RF did not induce DNA 
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Reference Genotoxic agents Biological system Genotoxic 
endpoint 

Genotoxic effect and measure 

al., 2005 
[128] 

NQ1O lymphocytes damage but enhanced DNA damage 
induced by MMC and 4-NQ1O. 

*99. Zhang 
et al., 2002 
[129] 

MMC Human blood 
lymphocytes 

Comet 
assay, 
micronucleus 
assay 

No RF-induced DNA and chromosome 
damage, but increased MMC DNA damage 
by RF in comet assay. 

100. Zhang 
et al., 2003 
]183] 

MMC Human blood 
lymphocytes 

Comet 
assay, 
micronucleus 
assay 

2 .4 GHz, MW (5 mW/cm(2)) did not 

induce DNA damage directly, but could 

enhance the DNA damage effects 

induced by MMC [mitomycin C, DNA 

crosslinker].  

 

 

 

Chart II. Studies not to be included in Intervenors filed submissions of evidence for Docket 2011-00262 
are listed in Chart II. These publications  do not report RF-EMF related genotoxic effects. While many 
positive studies were not included in AGNIR (2003 to 2012) and SCENIHR (2007 & 2009) reviews of 
evidence,  a majority of the negative studies were included. 
 

Reference Biological system Genotoxic 
endpoint 

Results and comments 

Antonopouloset 
al., 1997 [80] 

Human blood 
lymphocytes 

SCE No increase in SCE or cell cycle progression found. 

*Belyaev et al., 
2006  [81] 

Rat brain, spleen, and 
thymus 

Comet assay 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. 

*Bisht et al., 2002 
[82] 

Mouse C3H 10T cells MN CDMA (3.2 or 4.8 W/kg) or FDMA (3.2 or 5.1 W/kg) 
RF-EMF radiation for 3, 8, 16 or 24 h did not result in 
a significant increase either in the percentage of 
binucleated cells with micronuclei or in the number of 
micronuclei per 100 binucleated cells. 

* Bourthoumieu et 
al, 2010 [151] 

Human amniotic cells MN  900 MHz, 025. W/kg, 24 h, pulsed. No effect. 

*Chang et al, 
2005 [83] 

Escherichia coli tester 
strain 

Bacterial 
mutagenicity (Ames 
test) 

835 MHz, 4 W/kg, 48 h. No mutagenic or co-
mutagenic effect with 4-NQ1O. 

* Chen et al, 2009 
[139] 

Human Leukocytes Comet assay 1.8 GHz, 2 W/kg, 24 h, 5 min on/10 min off 
No comet 

Ciaravino et al., 
1991 [84] 

CHO cells SCE Radiofrequency electromagnetic radiation (RF-EMF) 
did not change the number of SCEs that were 
induced by adriamycin. 

* Falzone et al, 
2010, [150] 

Human Sperm   90 MHz, 2 and 5.7 W/kg, 60 min. pulsed. No effect. 
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Reference Biological system Genotoxic 
endpoint 

Results and comments 

Garson et al., 
1991 [85] 

Human blood 
lymphocytes 

CA No RF-EMF effect observed. 

*Gorlitz et al., 
2005 [86] 

B6C3F1 mice 
lymphocytes, 
erythrocytes, and 
keratinocytes 

MN No visible effect. 

*Gos et al., 2000 
[87] 

Saccharomyces 
cerevisiae 

Mutation rates 900 MHz. No effects in fluctuation tests on forward 
mutation rates at CAN1, on the frequency of petite 
formation, on rates of intra-chromosomal deletion 
formation, or on rates of intra-genic recombination in 
the absence or presence of MMS. 

*Hansteen et al, 
2009 [145] 

Human Lymphocytes  2.3 GHz 2.13 W/kg, 2h (continuous and pulsed wave) 
No chromosomal aberrations 

*Hirose et al, 
2006 [144] 

Human Fibroblasts  2.14 GHz, ˂800 mW/kg, 2-24h. No affect 

*Hirose et al, 
2008 [146] 

Mouse Fibroblasts  2.14 GHz, 80-800 mW/kg, 6 weeks. No cell 
transformations???? (genotoxic?) 

*Hook et al., 2004 
[88] 

Molt-4 T 
lymphoblastoid cells 

Comet assay No RF-EMF effects observed. 

*Huang et al, 
2008 [149] 

Mouse Auditory hair 
cells 

Comet assay No effect 

*Juutilainen et al., 
2007 [89] 

Female CBA/S mice 
and K2 female 
transgenic mice 

MN in erythrocytes No effect on MN frequency. 

Kerbacher et al., 
1990 [90] 

CHO cells CA No alteration was observed in the extent of 
chromosome aberrations induced by either 
simultaneous fro radiation exposure or convection 
heating to equivalent temperatures. 

*Komatsubara et 
al., 2005 [91] 

Mouse m5S cells CA No effect on CA; temperature increase up to 41 °C at 
100 W/kg. 

*Koyama et al., 
2004 [92] 

Chinese hamster 
(CHO-K1 cells) 

MN 2.45 GHz, 5-200 W/kg, 2 h. No MN increase in cells 
exposed to HFEMF at a SAR of lower than 50 W/kg, 
while those at SARs of 100 and 200 W/kg were 
significantly higher when compared with the sham-
exposed controls (temperature effect). 

*Lagroye et al., 
2004  [93] 

Rat brain cells Alkaline comet 
assay 

2.45 GHz. No observed effect. 

*Lagroye et al., 
2004 [94] 

C3H 10T1/2 cells Comet assay, DNA–
protein crosslinks 

2.45 GHz. No observed effect. 

*Li et al., 2001 
[95] 

Murine C3H 10T cells Comet assay SAR 305 W/kg. No observed effect. 

* Luukkonen et al, 
2010 [142] 

Neuroblastoma (SH-
ST5Y cells) 

Comet assay 872 MHz, 5 W/kg, 1 or 3 hr, continuous and pulsed. 
No effect 

*Maes et al., 2001 Human blood CA, SCE 900 MHz. Combined exposure of RF-EMF and to 
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Reference Biological system Genotoxic 
endpoint 

Results and comments 

[96] lymphocytes MMC and X-rays. Overall, no indication was found of 
a mutagenic, and/or co-mutagenic/synergistic effect. 

*Maes et al., 2000 
[97] 

Human blood 
lymphocytes 

CA, SCE 455.7 MHz. Combined treatments with X-rays or 
MMC did not provide any indication of a synergistic 
action between the RF-EMF fields and X-rays or 
MMC. 

*Maes et al., 2006 
[98] 

Human blood 
lymphocytes 

CA, SCE, Comet 
assay 

The alkaline comet assay, SCE, and CA tests 
revealed no evidence of RF-EMF-induced genetic 
effects. No cooperative action was found between the 
electromagnetic field exposure and MMC using either 
the comet assay or SCE test. 

Malyapa et al., 
1998 [99] 

Rat brain cells Comet assay 2.45 GHz. No significant differences observed. 

Malyapa et al., 
1997[100] 

U87MG and C3H 
10T1/2 cells 

Comet assay 2.45 GHz. No significant differences observed. 

Malyapa et al., 
1997 [101] 

U87MG and C3H 
10T1/2 cells 

Comet assay 835.62 and 847.74 MHz. No significant differences 
observed. 

*McNamee et al., 
2003 [102] 

Human blood 
lymphocytes 

MN 1.9 GHz, 0-10 W/kg, 24h. No significant differences 
observed. 

*McNamee et 
al.,2002  [103] 

Human blood 
lymphocytes 

Comet assay and 
MN 

Pulsed 1.9 GHz. No significant differences observed. 

*McNamee et al., 
2002 [104] 

Human blood 
lymphocytes 

Comet assay CW 1.9 GHz. No significant differences observed. 

*Meltz et al., 1990 
[105] 

L5178Y mouse 
leukemic cells 

Mutation in TK locus No effect of RF-EMF alone or in the induced mutant 
frequency due to the simultaneous exposure to RF-
EMF and proclaim, as compared with the proflavin 
exposures alone. 

* Miyakoshi et al, 
2002, [141] 

Human Glioma (Mo54 
cells) 

 2.45 GHz, up to 100 W/kg, 2h. no DNA damage or 
breaks 

*Ono et al., 2004 
[106] 

lacZ-transgenic mice Mutations at the lac 
gene in spleen, liver, 
brain and testis 

Mutation frequencies at the lacZ gene in spleen, liver, 
brain, and testis were similar to those observed in 
non-exposed mice. 

*Port et al, 2003 
[140] 

Leukaemia cells 
(HL50) 

MW 
 

400 MHz 500 b/cm, 6 minutes. No effect 

*Roti Roti et al., 
2001 [107] 

C3H 10T1/2 cells Transformed foci No statistically significant differences observed. 

* Sannino et al., 
2006 [138] 

Human Leukocytes Comet assay No comet 

*Sannino et al, 
2009 [143] 

Human Epithelial cells Comet assay 900 MHz, 1 W/kg, 24 h. No affect. 

*Sakuma et al. , 
2006 [108] 

Human glioblastoma 
A172 cells and fetal 

DNA strand breaks 
(comet assay?) 

No statistically significant differences. 
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lung fibroblasts 

*Scarfi et al. 2006 
[109] 

Human blood 
lymphocytes 

MN 900 MHz, 0-10 W/kg, 24h. No statistically significant 
differences observed. 

* Sekijima et al., 
2010 [164] 

Human glioblastoma, 
&neuroglioma & 
fibroblasts 

Affymetrix Human 
Genome Array 

Continuous wave  2.14 GHz, 80, 250, or 800 mW/kg, 
96 h. 1% of available genes exhibited altered 
expression at all mW/kg but no changes in cell growth 
or viability 

*Speit et al., 2007 
[24] 

Human cultured 
fibroblasts 

Comet assay and 
MN 

1.8 gHz, 2 W/kg, 24 h. No statistically significant 
differences observed. 

*Stronati et al., 
2006 [110] 

Human blood 
lymphocytes 

Comet assay, CA, 
SCE, MN 

By comparison with appropriate sham-exposed and 
control samples, no effect of RF-EMF alone could be 
found for any of the assay endpoints. In addition RF-
EMF did not modify any measured effects of the X-
radiation. 

*Takahashi et al., 
2002 [111] 

Big Blue mice brain 
tissues 

lacZ transgene 
inversion 

No statistically significant differences observed. 

*Verschaeve et 
al., 2006  [112] 

Rat brain and liver 
tissues, erythrocytes 

MN (erythrocytes) 
and comet assay 

2.4 GHz, 2.13 W/kg, 2h. No genotoxic effect of RF-
EMF alone. Co-exposures to MX and RF-EMF 
radiation did not significantly increase the response of 
blood, liver and brain cells compared to MX exposure 
only. 

* Valbonesi et al, 
2008 [148] 

Human Trophoblast 
(HTR-8/SV neo) 

Comet Assay 1.817 GHz, 2W/kg, 1 h, pulsed. No effects 

*Vijayalaxmi et 
al., 2001 [113] 

Human blood 
lymphocytes 

CA and MN No observed RF-EMF effects. 

*Vijayalaxmi et 
al., 2001 [114] 

Human blood 
lymphocytes 

CA and MN 847.74 MHz. No observed RF-EMF effects. 

*Vijayalaxmi et 
al., 2000 [115] 

Human blood 
lymphocytes 

Comet assay 2.45 GHz. No observed RF-EMF effects. 

*Vijayalaxmi et 
al., 1997 [116] 

Human blood 
lymphocytes 

CA, MN 2.45 GHz. No observed RF-EMF effects. 

*Vijayalaxmi et 
al., 2001 [117] 

Rat hematopoietic 
tissues and 
erythrocytes 

MN 2.45 GHz. No observed RF-EMF effects. 

*Vijayalaxmi et 
al., 2003 [118] 

Rat whole body and 
head only exposures. 
BM erythrocytes 

MN 1.6 GHz. No observed RF-EMF effects. 

* Wang J et al, 
2005 [147] 

Mouse Fibroblasts 
(C3HToT ½) 

???? 2.45 GHz, 5-200 W/kg, 2 h. No effects 

*Vijayalaxmi et 
al., 1999 [119] 

CF-1 male mice, 
peripheral blood and 
bone marrow 

MN No observed RF-EMF effects. 

*Zeni et al, 2005 
[120] 

Human blood 
lymphocytes 

Comet assay, CA, 
SCE 

900 MHz, 0.3-1 W/kg, 2 h. No observed RF-EMF 
effects. 
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*Zeni et al., 2003 
[121] 

Human blood 
lymphocytes 

MN 1.9 GHz, 1.6 W/kg, 1h/day, 3 days.  No observed RF- 
EMF effects. 

Abbreviations: Chromosomal aberration analysis (CA), methotrexat (MX), mitomycin 
C (MMC), 4-nitroqinoline-1-oxide (4-NQ1O), methylmethansulfonate (MMS), code 
division multiple access (CDMA), frequency division multiple access (FDMA), and 
time division multiple access (TDMA). 
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