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observed in female mice. It is concluded that both types of 
exposure conditions induced moderate elevation of antibody 
production only in male mice. 

Irradiation with electromagnetic waves (8.15-ISGHz, 
I Hz within,lJLW/cm2) in vivo increases the cytotoxic activ­
ity of natural killer cells of rat spleen [59]. In mice exposed 
for 24--72 h, the activity of natural killer cells increased by 
130-150%, the increased level of activity persisting within 
24 h after the cessation of treatment. Microwave irradiation 
of ammhls in vivo for 3.5 and 5 h, and a short exposwe of 
splenic cells in vitro did not affect the activity of naaural killer 
cells. 

Whole body mlcrowave sinusoidal irradiation of male 
NMRI mlcc with 8.15-18 GHz (I Hz within) at a power 
density of l1J.W/cm2 caused a significant enhancement of 
TNF production in peritoneal macrophages and splenic T­
lympbocytes [60). Microwave radiation affected T-cells, 
facilitating their capacity to proliferate in response to mito­
genic stimulation. The exposure duration necessary for the 
stimulation of cellular immunity ranged from S b to 3 days. 
Chronic irradiation of mice for 7 days produced the dec~­
ing; of TNF production in • peritoneal macropbages. ··The 
exposure of mice for. 24 h increased the TNF production 
and immune proliferative tesponsc, and these· stimulatory 
effects persisted over 3 days after the tennination of exprisure. 
Microwave treatment increased the endogenously produced 
TNF more effectively than did lipopolysaccharide, one of 
the most potential stimulj of synthesis of this cytokine. 
Microwaves, thus, indeed can' be a factor interfering with 
tbe process of cellular immunity! 

A very intriguing investigation was canied out by Gapeev 
et a!. !61 ), who compared hom, dielectric nnd chiUlOel anten­
nae and their matching with various types ofloads. including 
a biological object. The channelantetula in contrast to dielec­
tric and hom provides the uniform spatial distribution of 
specific absorbed rating in the frequency range used and 
wide-band matching with the object both in near field and 
far field zones of the radiator. It is shoWD, that low-intensity 
electromagnetic radiation of extremely high frequency in 
near field zone of the channel radiator modifies the activ­
ity of mouse peritonea] neutrophils on a quasi·resonancc 
manner. The interaction of electromagnetic rudiation with 
the biologics] object has been revealed in the na.rrow·band 
frequencies of 41.8--42.05 GHz and consists in inhibition of 
luminol-dependent chemiluntinescence of neutrophils acti­
vated by opsonized zymosan. No frequency dependence has 
been found of the electromagnetic radiation effects in the far 
field zone of the radiator. The results obtained suggest, that 
the quasi-resonance dependence of the biological effect on 
the freque'ne)i"of the ele'ctroinagnetic ·radiation iii the near 
field :tone is conditioned by structure and nature of the elec­
tromagnetic radiation in this zone. 

In 2003, Gatta et al. [62] ·studied the effects of in 
vivo exposure to GSM·modulated 900 MHz radiation on 
mouse peripheral lymphocytes. The aim of this study was 
to evaluate whether daily whole-body exposure to 900 MHz 

GSM·modulated radiation could affect spleen lymphocytes. 
CS7BU6 mice were exposed 2 hlday for 1, 2 or 4 weeks 
in a TEM cell to an SAR of 1 or 2 WJkg. Untreated and 
sham-exposed groups were also examined. At the end or the 
exposure. mice were killed and spleen cells were collected. 
The number of spleen cells. the percentages of B- and T­
cells, and the distribution ofT-cell subpopulations (CD4 and 
CD8) were not altered by the exposure. T- and B-cells were 
also stimulated ex 'Pivo using specific monoclonal antibodies 
or LPS to induce ·cell proliferation, cytokine production and 
expression of activation markers. The results did not show 

· relevant differences in eitherT- orB-lymphocytes from mice 
exposed to an SAR of I or 2 Wlkg and sham-exposed mice 
with few exceptions. After 1 week of exposure to I or2Wikg, 
an increase in IFN-gamma (lfng) production was observed 
that was not evident when the exposure was prolonged to 
2 or 4 weeks. This suggests chat the' immune system might 
have adapted to RF radiation as it does with other stressing 
agents. All together, from their in vivo data, they concluded 
that the T- and B~ell compartments were not substanlia1ly 
affected by exposure to RF radiation and that a clinically rel­
evant effect of RF radiation on the immune system is unlikely 
to occur. [Another explanation could be that the cells were 
unable to deal with the exposure and the obvious follow-up 
question then will be: What happened with the immune cells 
after months and years of exposure?] . · 

On the other band, Kolomytseva et al. [ 63], in their whole­
body exposure experiment designed to study the dynamics 
of leukocyte number and functional activity of peripheral 
blood neutrophils under whole-body exposure .of healthy 
mice to low-intensity extremely high-frequency electromag­
netic radiation (EHF EMR, 42.0 GHz, 0.15 mW/cm2, 20 min 
daily), showed that such a whole-body exposure of healthy 
mice to low-intensity EHF EMR has a profound effect on 
the indices of non-specific inununity. It was shown that 
the phagocytic activity of peripheral blood neuttophils was 
suppressed by about 50% (p<O.OI as compared with the 
sham-exposed control) in 2-3 h after the single exposure to 
EHF EMR. The effect persisted for 1 day after the exposure, 
and then the phagocytic activity of neutrophiJs returned 10 the 
normal within 3 days. A significant modification of the leuko­
cyte blood profile in mice exposed to EHF EMR for 5 days 
was observed after the cessation of exposures: the number 
of leukoCytes increased by 44% (p < 0.05 as compared with 
sham-exposed animals), mostly due to an jncrease in the lym· 
phocyte content. The supposition was made that EHF EMR 
effects can be mediated via the metabolic systems of arachi­
donic acid and the stimulation of adenylate cyclase activily, 
with subsequent increase in the intracellular cAMP level. 

The. mOdification of. indices' of the. humoral . inunune 
response to thymus-dependent antigen (sheep erythrocytes) 
after a whole-body exposure of healthy mice to Jew-intensity 
extremely high-frequency electromagnetic radiation was 
reponed by Lushnikov et al. in 2001 [64). Ma1e NMRI mice 
were exposed in the far-field zone of hom antenna at a fre­
quency of 42.0 GHz and energy flux density of 0.15 m W /cm2 
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under different regimes: once for 20ntin, for 20min daily 
during 5 and 20 successive days before immunization, and 
for 20 min daily during 5 successive days after immuniza­
lion throughout the development of the humoral immune 
response. The intensity of the humoral immune response 
was estimated on day S after immunization by the number 
of antibody-forming cells of the spleen and antibody titers. 
Changes in cellularity of lhe spleen, thymus and red bone 
marrow were also assessed. The indices of humoral immunity 
an4 cellularity of lymphoid organs changed insignificantly 
after acute exposure and a series of five exposures before and 
after immunization' of the animals. However, after repeated 
exposures for 20 days before immunization, a statistically sig­
nificant reduction of thymic cellu1arity by 17.5% (p < 0.05) 
and a decrease in cellularity of the spleen by 14.5% (p < 0.05} 
were revealed. The resuiiS show that single low-intensity 
extremely high-frequency electromagnetic radiation, at the 
frequency imd cnCigy fitix density used, does not inftuence the 
humoral inunune response intensity in healthy mice but influ­
ences immunogenesis under multiple repeated exposures. 

Experiments have also been conducted to elucidate the 
effects of chronic low power-level microwave radiation on 
the immunological sys)ems of rabbits [65]. Fourteen male 
Belgian While rabbits were exposed to microwave radiation 
at S mW/cm2, 2.1 Glh, 3 h daily, 6 days/week fer 3 mun\hr. 
in two batches of seven each in specially designed riliniature 
anechoic chambers.-Seven rabbiiS were subjected to_&ham 
exposure for identical duration. The microwave energy was 
provided through S band standard gain horns connected to a 
4K3SJ2 Klystron power amplifier. The first batch of animals 
was assessed for T-lymphocyte-mediated cellular immune 
rcspon!ie mechani'mr. and the seoond batch of animals for 
8-lymphocyte-mediated humoral immi.Dle response mech­
anisms. The peripheral blood samples collected monthly 
during microwavt/sham exposure and during follow-up (S/14 
days after termination of exposures, in the second batch ani­
ma.ls only) were analysed for T-lymphocyte numbers and 
their mitogen responsiveness to ConA and PHA. Signifi­
cant suppression ofT-lymphocyte numbers was noted in the 
microwave group at 2 months (p < 0.01) and during follow-up 
(p < 0.01 ). The ~~ batch of animals was initially sensitised 
with BCG ·and'challenged with tuberculin (0.03 mJ) at !he 
~tnnination of microwave irradiarioillsham exposure and !he 
increase in foot pad thickness (delta i:nm), which is a measure 
of T-ceU-mediated immuility (delayed type hypersensitivity 
response, DTH) was noted in bolh the groups. The microwave 
group revealed a "bener" response than !he control aroup 
(della% +12.4 versus +7..54). 

Nasta et al. [66], very recently examined the effects of 
in vivo' expO"siite "to-•. GSM-mOiiulated 900 MHz RF field on 
B-een peripheral differentiation and antibody production in 
mic:c. Their results show that exposure to a whole-body aver­
age SAR of 2 Wlkg, 2hlday for 4 consecutive weeks does 
not affect the frequencies of differentiating transitional 1 (T 1) 
811d T2 B-ce!Js or those of mature follicular 8 and marginal 
zone B-cells in the spleen.lgM and lgG serum levels are also 

not significantly differe~t among exposed, sham-exposed and 
control mice. B-cells from these mice, challenged in vitro 
with LPS, produce comparable amounts ~f IgM and lgG. 
Moreover, exposure of immunized mice to RF fields does 
not change the antigenlspecific antibody serum level. Inter­
estingly, not only the 'production of antiren-specific IgM 
but also !hat of IgG (which requires T-B-cell interaction) 
is not affected by RF-field exposure. This indicates that the 
exposure does not alter an ongoing in vivo antigen-specific 
immune response. In cOnclusion, the results of Nasta ct al. 
l66) do not indicate any effects of GSM-modulatcd RF radi­
ation on the B-cell pCrlpheral compartment and antibody 
production. j 

Whole-body microwave sinusoidal i.Iradiation of male 
NMRl mic:c, exposure' of macrophages in vitro,- and pre­
liminary irradiation of, culture medium with 8.1>-IBGHz 
(I Hz within) at a po-Wer density of 1 J'Wicm2 caused a 
significant enhancement of tumour nCCTosis factor produc· 
tion in peritoneal macrophages (67]. The role of microwaves 
as a factor interfering! with !he process of cell immunity 
must, thus, be seriously cOnsidered. Fonhcrmore, the effect 
of 8.15-lSGHz (l Hi within) microwave radiation at a 
power density of I 1-1 W /cm2 on the , tumour necrosis fac­
tor (1NF) production ~d immune response ~as tested by 
Nowse1o\la c.t a). [68]. A single 5 b who\e-bady exposure 
induced a significant increase ln TNFproduction in peritoneal 
macrophages and sple_hic T-eens. The mitogenic response 
in !-lymphocytes increased after microwave exposure. The 
activation of cellular immunity was observed within 3 days 
after exposure. A diet containing lipid-soluble nutrients (beta­
carotene, alpha-tocopherol and ubiquinone Q9) increased 
the activity of ma.crophages and T-cells from irradiated 
mice. These results demonstrate that irradiation with low­
power density microwaves stimulates the inununc potential 
of macrophages and T;cells, and the antioxidant treatment 
enhances the effect of• microwaves, in particular when the 
effect of irradiation is ttduced. 

In the experimental' study by t;etin et al. (69] in 2006, 
the hematological effects of pulsed EMFs chronic exposure 
were investigated on nnce. Sixty, 6-wcck-old male Swiss 
mice, weighins 40-45'g were used, and were divided into 
two groups: in one ~up, animals (n = 30) were exposed 
to pulsed EMFs (60Hz, intensity 3 1.1-T, 12 h by day) for 
a 120-day period, whereas the second group (n=30) was 
used as control. On days 15, 30, 90 and 120. samples 
were taken by cardiac puncture for the hematological anal­
ysis (red blood cell and white blood cell counts, leukocyte 
distribution). Whereas !no significant difference was noted 

I 

between control and exposed animals at the 15th and the 
30th days; a macrocytic' anemia characterized by decreases in 
of hemoglobin concentration, hematocrit values and erythro­
cyte counts and by inc'rcases in mean corpuscular volume, 
occulTed in !he expos~ animals on day 90. Furthermore, 
they bave shown significant reductions of leukocyte, lym­
phocyte and neutrophil' counts, while monocyte couniS were 
increased. On day 120.:thcse leukocyte alterations were still 
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observed, whereas erythrocyte pammeters approached con­
trol values. These results suggest that pulsed electromagnetic 
tie1ds (6D Hz and 3 j.tT) affect rhe hematological parameters 
of mice, probably by reducing proliferation and differentia­
tion of JIUUTow stem cells. 

Obukhan f70) has perfonned cytologic investigations 
designed to study bone mamiw, peripheral blood, spleen, and 
thymus of albino rats imwated by an EMF of 2375, 2450, 
and 3000 MH:~:. Structural and functional changes in popu­
lations of mcgakaryocytes, immunocompetent cells as wclJ 
as of undifferentiated cells, and of other types of cells !hat 
are dependent on the intensity of irradiation were revealed. 
The results permitted establishing the probabiJity-threshold 
levels of exposil.re taking account of reactions of perception 
and physiologic adaptation together with compensatory and 
regenerative jmx:esse.s and theinjwy sustained. It was sbown 
that cbanges in bone marrow cells differentiation and repro­
duction, lll.ther than integral shifts in the peripheral blood, 
acquired the utmost significance. The blast cell population 
increased in low-intensity exposure, along with disturbances 
in mitosis. 

The possibility of genotoxicity of radiofrequency radia­
tion (RFR) applied ~one or in combination with X-rays was 
recently investigated in vitro using several assays on human 
lymphocytes by Stronati et al. (71]. The chosen SAR values 
are near the upper limit of energy absorbed by localized tissue 
during the use ofsome cellular telephones. The purpose of the 
combined exposures was to examine whether RFR might act 
epigenetic ally by reducing the fidelity of repair of DNA datn6 

age caused by a well-characterized and established mutagen. 
Blood specimens from 14 donors were exposed continuously 
for 24 h to a GSM basic 935 MHz signal. The signal was 
applied at two SAR; 1 lUld 2 WIK.g. alone or combined with 
a !~min ~posure to 1.0 Gy of 250 kVp X-rays given imme­
diately before or after the RFR. The assays employed were 
the alkaline comet cecltnique to derect DNA strand break· 
age, metaphase analyses to detect unstable chromosomal 
aberrations and sister chromatid exchanges, micronuclei in 
cytokinesis-blocked binucleate lymphocytes and the nuclear 
division index to detect alterations in the speed ofin vitro cell 
cycling. By comparison with appropriate sham-a-posed and 
control SIUIIples, no effect of RFR alone could be found for 
uy of the assay endpoints. In addition, RFR did not modify 
any measured effects of the X-radiation. In conclusion, this 
study has used several standard in vitro tests for chromoso­
mal and DNA damage in Go human lymphocytes exposed 
in vitro to a combination of X-rays and RFR. It has compre­
hensively examined whether a 24-h continuous exposure to a 
935MHz GSM basic .slgnal deJjvering SAR of 1 ar 2 WJKg 
is genotoxic per se or whether, it can influence the genotox.­
icity of the welJ-established clastogenic X-radiation. Within 
the experimental parameters of the study in aU instances no 
effect from the RFR signal was observed. [Of course, DNA 
damage is a well characterized effect of electromagnetic irra­
diation of other cell types, intlud.ing lymphoblastoid cells 
(72], tihroblasls f73f, and brain cells [74l.J 

Despite the important role of the immune system in 
defending the body against infections and cancer, only rathet 
few irn•estigations on possible elfects of RF radiation on 
function of human imnlune cells have been undertaken. 
One.of these is the investigation by Tuschl et aJ. [7!i) in 
2006 where they assessed whether GSM modulated RF 
fields have adverse effects on lhe functional competence of 
hunian immune cells. Within the frame of a multidisciplinary 
project "Biologica1 effects of high frequency electromag­
netic fields (EMFs)" sponsored by lhe National Occupation 
Hazan!' Insurance Association (AUVA), i~ vitro invesaiga~ 
lions were canied out on human blood cells. Exposure was 
pcrfonned at GSM basic 1950MHz, an SAR·of J mW/g 
in an intcnn.ittent mode (5-min "ON", IOmin "OFF') and 
a maximum fl. T of 0.06 ':'C for the. duration of 8 h. The 
following immune parameters were evaluated: (1) the intra­
cellular production of.interleukin-2 (ll.-2) and interferon 
(INF) gamma in lymphocytes, and n.-1 and TNF-alpha 
in rnonocytes were evaluated with monoclonal. antibod­
ies. (2) The activity of immune-relevant genes (IL l·alpha 
and beta, n.-2. IL-2-rcceptor, ll.A, macrophage colony 
stimulating factor(MCSF)-receptOr. TNF-alpha, TNF-alpha­
receptor) and housekeeping: genes _was analyzed. with real 
time PCR. (3) The cytotoxicity of lymphokine activated 
k.iller cells (LAK . cells) against . a tumour cell line was 
determined in a flow cytometric test. For each parameter. 
blood samples of at least 15 donors were evaluated. No 
statistically si&nifu:ant effects of exposure were found and 
there was no indication that emissions from mobile phones 
are associated with adverse effects on the human immune 
syslem. 

Chagnaud and Veyn:t [76] in J 999 could also not 
demonstrate an effect of low-level pulsed microwaves on 
the integrity of the immune system. They investigated 
the effects of GSM-modulated microwaves on lymphocyte 
sub-populations of Sprague-Dawley rats Bnd their normal 
mitogenic. responses using flow cytomeuy analysis and a 
colorimetric method. No alterations were found in the sut· 
face phenotype of splenic: lymphocytes or in their mitogenic 
activity. 

' 
[N.B. One must always be very cautious when it comes co 
negative findings. For eXample: or'the 100 or so papers on 
genotoxic effects of RF. fields, ~ majority 'has 'been done 
with peripheral blood lymphocytes. Except for special cases, 
these cells are highly protected from their upregulated repair 
enzymes. These cells are often used to investigate chemical 
genotoxicity, because in these cases the toxicity often occurs 
due to the action of the repair enzymes. Repair-deficient cells 
remain intact! The mecbanisms of action ofEMFs may not be 
clearly understood, but it is unlikely they mimick such chem­
ical enzyme-induced genotoxicity.- Yet another example is 
the use of mice and rats for the study increases in brain tumour 
incidence due to mobile telephony exposure. Since the inci· 
dence data from human studies point to a needed exposure 
time of at least 5 year.s, and mice and rats do 1101 1h·e longer 
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than 2 years, the rats will die long before they have had a 
chance to develop the tumours!] 

Irradiation by pulsed microwaves (9 .4 GHz, I J1S pulses at 
1000/s); both with and· without concurrent amplitude mod­
ulation (AM) by a sinusoid at discrete frequencies between 
14 and 41 MHz. was assessed for effects on the immune sys­
lem of BalbJc mice [77 ]. The mice were immunized either by 
sheep red blood cells (SRBC)orby glutaric-anhydride conju­
gated bovine serum albumin (GA-BSA), then exposed to the 
microwaves au low nns power density (30 J.L W /cm2; whole­
body averaged _SAR approximately 0.015Wikg) .. sham 
exposure or microwave irradiation took place during each 
of 5 contiguous. days, IOhlday. The antibody response was 
evaluated by the plaque-fonning cell assay (SRBC experi­
ment) or by the titration oflgM and IgG antibodies (GA-BS A 
experiment). In the absence of AM, the pulsed field did 
not greatly alter immune responsiveness. In contrast, ClCPO· 

sure to the field under the combined-modulation condition 
resulted in significant, AM-frequency-dependent augmenta­
tion or weakening of immune responses .. 

To study the possible RF effects on human lymphocyte 
activation, Capri et al. (781 analyzed CD25, CD95, CD28 
molecules in unstimulated and stimulated CD4+ or CDS+ T­
cells in vitro. Peripheral blood mononuclear cells {PBMCs) 
from young and elderly . donors were exposed or sham­
exposed to RF (1800~. SAR 2Wikg) with or without 
mitogenic stimulation. ·No significant changes in lbe per­
centage of these cell subsets were found between exposed 
aod aham-expoitd lymphocytes in both young and elderly 
donors. Nevenheless, after RF exposure they observed a 
sli&ht, but significant, downregulation ofCD95 expression in 
stimulated CD4+ T-Jymphocytes from elderly, but not from 
young donors. This age-related result is notewonhy given the 
importance of such a molecule in regulation of the immune 
n:sponse. 

In the paper by Yurek.Ji et al. [79], a GHz transverse 
electromagnetic (GTEM) cell was used as an exposure envi­
ronment for plane wave conditions of far-field free space 
EMF propagation at the GSM base transceiver station (BTS) 
f'Rquency of 945 MHz, and effects on oxidative stre~ in 
rats were investigated. When EMF's at a power density of 
3.67 W/m2 (SAR= 11.3 mWJkg), whjchis well below current 
exposure limits, were applied, MDA (malondialdehyde) level 
was found to increase and GSH (reduced glutathione) con­
centration was found to decrease significantly (p < 0.0001 ). 
Additionally, there was a less significant (p.,. 0.019) increase 
in SOD (superoxidc dismutase) activity under EMF expo­
sure. 

Since genotoxic effects af me IICC()nd genera.tiun stan­
dard GSM have been reported afttr expos~tre of human 
cells in vitro, Schwan et a!. [80] decided to use human 
cultured fibroblasts of three different donors and three dif­
ferent shon-tenn human lymphocyte cultures and expose 
them to 1950 MHz UMTS below the SAR safety limit of 
2 Wlkg. The alkaline comet assay and the micronucleus assay 

' I 

were used to ascertai~ dose and time-dependent genotoxic 
effects. Five hundred eells per slide were visually evaluated 
in the comet assay M.d comet \ail factor (CTP) was cal­
culated. In the micronucleus assay 1000 binucleated cells 
were evaluated per assay. The origin of the micronuclei was 
determined by fluoreseence labeled anticentromerc antibod­
ies. All evaluations we,e performed under blinded eo11ditions. 
UMTS exposure inc:re.a:scd the CTF and induced centromere­
negative micronuclei {MN) in human cuJrurcd fibroblasts in a 
dose and time-dependent way. Incubation for 24 hat an SAR 
of 0.0.5 W /kg generated a statistically significant rise in both 
CTF and MN (p = 0.02). At an SAR ofO.l W Jkg the CTF was 
significantly increased· after 8 h of incubation (p = 0.02), the 
number of MN after 12h (p=0.02). However, under these 
conditions, no UMTS effect was obtained with lymphocytes, 
either unstimulated or ~timuJated with phytohemagglutinin. 
The authors conclusion was lhllt UMTS exposure may cause 
genetic alterations in some but not in all human cells in 
vitro. . ! 

Simk6 and Mattsson !81] have presen1ed a hypothesis 
of a possible initial cellular event affected by exposure 
to ELF-EMF, an event that is compatible with the mul­
titude of dfects obs~tvcd after exposure. Based on an 
extensive literature miew, they suggested that ELF-~ 
exposure is able to perfonn such activation by means of 
increasing levels of f1:ee radicals. Such a general activa­
tion. is compatible with the diverse nature of . observed 
effects. Free radicals are inlennediates in natural processes, 
like mitochondrial metabolism. and are also a key fea­
ture of pbllgocytosis. Free radical release is inducible by 
ionizing ntdiation or phorb~l ester treatment, both lead­
ing to genomic instability. EMFs might be a stiJ'Ilulus to 
induce an .. activated state" of the cell such as phagocy­
tosis, which then enhances lbc release of free radicals, in 
tum leadiDS to genotoxic events. Simk6 and Mattsson envis­
aged that EMF exposure can cause both acute and chronic 
effects that are mediated by increased free radical levels: 
(I} Direct activation of, for example macrophage& (or other 
cells) by shon-tenn exposure to EMF leads to phagocyto­
sis (or other cell-specific responses) and consequently, free 
radical production. ~s pathway may be utilized to pos­
itively influence certaip aspects of the immune response, 
and ';:t~uld be usefW. ft~r' specific therape.ut\c applications. (2) 
EMF-induced· macrophage (cell) activation includes direct 
stimulation of free radical production. (3) An increase in 
the lifetime of free radicals by EMF leads to persistently 
elevated free radical concentrations. In general. reactions in 
which radicals are involved become more frequent, increas­
ing the possibility of DNA damage. (4) Long-tenn EMF 
exposure leads to a ch!Unically increased levc1 of free radi­
cals, subsequently causing an inhibition of the pineal gland 
honnone melatonin. Taken together, the5e EMF-induced 
reactions could lead to a higher incidence of DNA damage 
and lbereforc, to an ~reascd risk of tumour development. 
While the effects on melatonin and the extension of the 
lifetime of radicals elm explain the link between EMF 
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exposure and the incidence of for example leukaemia, the 
two additional mechanisms· described by them specifically 
for mouse macrophages, can explain the possible-corre­
lation between immune ceU system stimulation and EMF 
exposure. 

,P_ o: 

5.7.4. Effects of EMFs on the immune system at 
pregMncy ' · · .. 

Nakamura et al. [82] have investigated a very impor­
tant issue, namely what happens to pregnant rats exposed to 
microwaves. Earlier data had indicated that these microwaves 
produce various detrimental clwlges based on actions of beat 
or non-specific stress. although the effects of microwaves on 
pregnant organisms were not uniform. lbis study was there­
fore designed to clarify the effect of exposure to microwaves 
dutins ~cy on endocrine and immune functions. Nat­
wal killer cell activity and natural killer cell subsets in ·the 
spleen were measured, as well as some endocrine indicators 
in blood: corticosterone and adrenoconicotrophic hormone 
(ACfH) as indices of lhe hYPothalamic-pituitary-adrenal 
axis;• beta-endorphin, oestradiol, . and proge~terone in six 
female virgin rats and six pregnant rats (9-11 days gesta­
tion) exposed to microwaves at !OmWfcm.:! incident power 
density at 2450MHz for 90min. The·same•measureinents 
were perfonned in control rats (six virgin and six pregnant 
rats). Skin temperature in virgin and pregnant rats increased 
immediately after exposure to microwaves. Although splenic 
activity of naturo1 killer cells and any of the subset popu­
lations identified by the monoclonal antibodies CD16 and 
CDS1 ·did not differ in virgin rats with or. without expo­
sure to microwaves, pregnant rats exposed to microwaves 
showed a significant reduction of splenic activity of natural 
killer celJs and CD 16+ CD57 • ones. Although corticosterone 
and ACTH increased, and oe&tradiol decreased in exposed 
virgin and pregnanr rats, microwaves produced aignificant 
increases in beta-endorphin and progesterone only in preg­
nant rats. So, in summary, Nakamura et aJ. [82] showed that 
microwaves at the power of 10mW/cm2 prod~ activation 
of the hypothalamic-pituitary-adrenal axis and increased 
oestradiol. in both virgin and pregnant rats, indicating that 
microwaves are a greatstrcss in pregnancy. ·' · · .. ,_. .•. '· . 

ln·the following year, ll998;the same groups of. scien­
tists published a new study.[83] in which they examined lhe 
involvement of opioid systems in reduced natural killer cell 
activity (NKCA) in pregnant rats exposed to microwaves 
at a relatively low level (2 mW/cm2 incident power den­
sity at 2450 MHz for 90 min). They assayed beta-end01pbin 
(betaEP) in blood, pituitary lobes, and placenta as well 
as s~n.ic NKCA in virgin andlor pregnant Illls. AJthougb 
microwaves elevated colonic .. rempefat.ures- by' 0.8 °C for 
virgin and 0.9 °C for pregnant rats, and betaEP in blood 
Wld anterior pituitary lobes (AP) significantly, it did not 
change blood corticosterone as an index of hypothalamic­
pituitary adrenal axis. There were significant interactions 
between pregnancy and microwave exposure on splenic 
NKCA, betaEP in both blood and AP, and blood proges-

terone. Intra-peritoneal administration of opioid receptor 
antagonist naloxone prior to microwave exposure increased 
NKCA. bJood. and placental beraEP .in pregnant rats. Alter­
atiolls in spJenicNKCA. betaEP and proaesterone in pregnant 
rats exposed- to microwaves may be due to both thennal 
and non-thennal actions. These results suggest that NKCA 
reduced by microwaves during pregnancy is mediated by the 
pituitary opioid system. 

To further clarify the effects of microwaves on preg· 
nancy. uterine or uteroplacental blood flow and endocrine and 
biocbenucal mediatOrs, including corticosterone, estradiol, 
prostaglandin E(2) (PGE(2)), and prostaglandin F(2)alpha 
(PGF(2)alpha), Nakamura et al. published yet another 
study in ·2000 f84]. In this article they measured these 
parameters and factors in rats exposed to continuous-wave 
(CW) microwave at 2mW/cm2. incident power density 
at 2450 MHz for 90 min. Colonic temperature in vir· 
gin and pregnant rats was not significantly altered by 
microwave treatmenL Microwaves decreased uteroplacen­
tal blood flow and increased progesterone and PGF(2)alpha 
in pregnant, but n01 in virgin rats .. Intraperitoneal (i.p.) 
administration of· angiotensin n. a uteroplacental vasodila­
tor, before inicrowave exposure prevented the: reduction in 
uteroplacental bloOd ·now. and the increased progesterone 
and PGF(2)alpha in pregnant rats. Increased corticosterone 
and decreased estradiol during microwave exposure were 
observed independent of pregnancy and pretreatment with 
angiotensin II. These results suggest that microwaves (CW, 
2 m W /cm2 • 2450 MHz) produce uteroplacent.al circulatoty 
disturbances- and ovarian and ·placental dysfunction dur­
ing pregnancy, probably through non-thennal actions. The 
uteroplacental disturbances appear to be due to actions of 
PGF(2)a1pha and may pose some risk for pregnancy! [Could 
the above findings be part of tbe explanation behind the sen· 
sational findings of Magras and Xenos [85] from 19971] 

5.7.5. SynchroniUltion of cerebral rhythms. Important 
for the brain-immune syatem axis? 

.Vecchio et al. [86] have reported that EMF from mobile 
phones affects the synchronization of cerebral rhythms. Their 
findings suggest !hat prolonged exposure 10 mobile phone 
emissions. affect conical activity and the speed of neural 
synchronization· by interbemispherical functional coupling 
of EEG rhythms .. nus may be evidence that such exposure 
can affect the way in which the brain is able to ptoce!s 
infonnation, by interfering with the synchronization rhythms 
between the halves of the brain, and by deregulating the nor­
mal alpha wave 2 (about 8-lOHz) and alpha 3 (10-12Hz) 
bands.(Could such deregulation affect the brain-immune sys­
tem axis? If so, what im-pHcatimis would it hilve in the short­
as well as in the long-term?] 

5.7.6. Cltlssical contact allergy reactions 
Finally. in addition, classical contact allergy reactions, 

such as chromate allergy, have been studied by Scishima ct 
al. [87J. The background for the study was an earlier case 
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report about a patient with a11ergic contact dennatitis caused 
by hexavalent chromium plating on a cellular phone. The 
new study described the clinical characteristics and results 
of patch tests (closed patch tests and photopatch testS were 
performed using metal standard antigens) in eight patients 
with contact dermatitis possibly caused by handling a cel­
lular phone. The eight patients were four males and four 
females aged from 14 to 54 years. They each noticed skin 
eroptions after 9-2S days of using a cellular phone. All 
patients bad erythema, and seven had papules on the hemi· 
lateral auricle or in the preauricular region. lbrce of eight 
patients had a history of metal allergy. Chromate, aluminium 
and acrylnitrile-butadiene-styrenc copolymer were used as 
plating on the cellular phones used by these patients. The 
patch test was positive for 0.5%. 0.1% imd 0.05% potassium 
dichromate in all eight patients. The photopatcb test showed 
the same results: One patient was positive for 2% cobalt chlo­
ride and one fcir 5% nickel sulfate. Based on mese data, it is 
important to consider the possibility of contact dermatitis due 
Jo a cellular phone, possibly caused by chromate, when the 
patients have erythema and papules on the hemilateral auricle 
or in the preauricular region. : ( 

'. 
6. Ell'ects or electromagnetic fields on other 
biologlc:al systems ' 

Some parallel investigations. pointing to severe biologi­
cal effeclS that need to 00 mentioned are, for instance, the 
results of Roux et al. [88) in 2008. Using an especially 
designed facility, the Mode Stirred Reverberation Cham­
ber, they exposed tomato plants (Lycopers.icon esculcntum 
Mill. VFN8) to low level (900MHz, S V/m) EMF for a short 
period (10 min) nnd measured changes in abundance of three 
specific mRNA soon after exposure. Within minutes of stimu­
lation, stress-related mRNA (calmodulin, calcium-dependent 
protein kinase and proteinase inhibitor) accumulated in a 
rapid, large and 3-phase manner typical of an environmen­
tal stress response. Accumulalion of these transcripts into 
the 'polysomal RNA also took place (indicating !hat the 
encoded. proteins. were translated) but was delayed (indi­
cating that newly-synthesized mRNA was not immediately 
recruited into polysomes). Transcript accumulation was max­
imal at normal Ca(2 +) levels 1111d was depressed at higher 
Ca(2+), especially for lhose encoding calcium-binding pro­
teins. Removal of Ca(2+) (by addition of chelating agents or 
Ca(2+) channel blocker) led to tow.! suppression of mRNA 
accumulation. FinalJy, 30 min after the electromagnetic treat­
ment, ATP concentration and adenylate energy charge were 
transiently decreased:~ while .. tiwciipt accLimulation. was 
tolally prevented by application of the uncoupling reagent, 
CCCP. These responses occur very soon after exposure, 
strongly 5Uggesting that they arc the direct consequence of 
application of radiofi'C(juency fields, and their similarities to 
wound responses strongly suggests that this radiation is per· 
ceived by plantS as an injurious stimulus I [Funhennore, it is 

impossible to interpret these reactions as ''psycbologic:al or 
psychiatric personality' disturbances, cognitive malfunction, 
or likewise".) ; 

' Also, the data from Divan et al. [89] deserve 10 be men-
tioned. They examined the association between prenatal and 
postDatal exposure to eeU phones and behavioral problems 
in young children. Mothers were recruited to. the Danish 
National Birth Cohon1 early in pregnancy. When the chil· 
dren of those· pregnancies reached 7 years of age in 2005 
and 2006. mothers were asked to complete a questionnaire 
regarding the current bealtb and behavioral status of chil­
dren, as well as past exposure to cell phone use. Mothers 
evaluated lhe child's behavior problelllli using the Strength 
and Difficulties Questi~nnaire. Mothers of 13,1.59 children 
completed the follow-up questionnaire reponing their use of 
cell phones during pregnancy as wel1 as current cell phone 
use by the child. Greater odds ratios for behavioral prob­
lems were observed for children who had possible prenatal 
or posmatal exposure: to cell phone use: After adjustment 
for potential confounders, 1he odds ratio for a higher overall 
behavioral problems score was 1.80 (95% confidence inter­
val= 1.45-2.23) in children with both prenatal and postnatal 
exposure' to ceU phones. ~JmUo.~U phones prena-
~-&Da lcsliCr~dcgm:.,.postnaU!!IY.- ~-~o~ 

-with behavioral d.ifficulrles.such as emotional and hyperac-__.,.._. ' .. ··~--- . -- ~ ....... -
_!!!!ty.Jl!Oble!J!! ~'!-.!!~ ~ ~e of_school e~.•[An obv1~s 
follow-up question would be ''Wtiarabout 1mmune function 
alterations?".) Naturaliy. and bopefully, these associations 
may be non-causal and inay be due to unmeasured confound­
ing. But if reaJ, they would be of public health concern given 
the widespread use of !his technology. 

The exposure to non-thennal microwave EMF generated 
by mobile phones affeCts the expression of many proteins. 
This effect on transcription and protein stabiljty can be 
mediated by the MAPK (mitogen-activated protein kiJlase) 
cascades, which serve1 as central sipaling pathways and 
govem essentially all stimulated cellular processes. Indeed, 
long-tenn exposure of iells to mobile phone irradiation 
resul&s in the activation1ofp38 as well as the ERK (extracel­
lular signal-regulated Jdnase) MAPK.s. Friedman et al. [901 
recentJy have studied the immediate effect of irradiation on 
the MAPK cascades, and found that ERKs; but not stress­
related MAPKs, are nq)idly activated in response to vruious 
frequencies and intensities. Using signaling inhibitors, they 
delineated the mechanism that is involved in this activa­
tion. They found that uie first step is mediated in the plasma 
membrane by NADH oxidase, whicb rapidly generates ROS 
(reactive oxygen species). These ROS !hen directly stimu­
late MMPs (matrix metalloproteinases) and allow them to 
cleave and release Hb-EGf (heparin-binding EGF (epidermal 
growth factor)). This seCreted factor activates the EGF recep· 
tor, which in turn funher activates !he ERK cascade. Thus, 
their study demonstrates for the first time a detailed molec­
ular mechanism by which electromagnetic irradiation from 
mobile phones induces the activation of the ERK cascade and 
thereby induces transcription and other cellular processes. 
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The terminal deoxynucleotide transferase dUTP nick end 
labeling (fUNEL) assay, a well known technique widely used 
for detecting fragmented DNA in various types of cells, was 
used by Panagopoulos et al. [91] to detect cell death (DNA 
fragmentation) in a biological model, the early and mid stages 
of oogenesis of the insect Drosophila melanogaster. The 
Hies were e!lposed in vivo to either GSM 900 MHz or DCS 
1800MHz. radiation from a common digital mobile phone, 
for few minutes per day during the first 6 days of their adult 
life. The exposure conditions were similar to those to which a 

·mobile phone user is exposed. Previous results from the same 
group [92-94] had shown a large decrease in the oviposi­
tion 'of the same insect caused by GSM radiation. The recent 
results suggest that this decrease in oviposition,· is due to 
degeneration of large numbers of egg chambers after DNA 
fragmentation oftheirconstituentc:ells, induced by both types 
of mobile telephony radiation. Induced cell death is recorded 
for the first time, in all types of cells constituting an egg cham­
ber (follicle cells, nurse cells and the oocyte) an~ in all stages 
of the early and mid-oogenesis, from germarium to stage 10,. 
during which programmed cell death does not physiologi­
cally occur. Germariwn_and stages-7-8 were found to be the 
most sensitive developmentaJ stages also in response to elec~ 
tromagnetic stress induced by the GSM and DCS fields and. 
moreover,·gennarium was found to be even· more sensitive 
than stages 7-8.- . · 

J' • ' 

7. Coodusioos 

• Both human and animal studies report large immunolog­
ical changes upon exposure to environmental levels of 
modem, buman-made EMFs. Some of these exposure lev­
els are equivalent to those of wireless technologies in daily 
life, m:1d often at low or very low (i.e., non-thermal) levels. 

• Measurable physiological changes (mast cells increases, 
for example) that are bedrock indicators of alleQ~ic 

response and inflammatory conditions are stimulated by 
EMF e!lposures. 

• Chronic exposure to such factors that increase allergic 
:and inflammatory responses on a continuing ·basis may be 
harmful to heaJth. The data presented here, as well as the 

. very rapid international increase in ~idence of allergies, 
asthma and other oversensitivities, together fonn a clear 
warning signal. 

• lr is, thus, possible that chronic provocation by exposure 
to EMF can lead to immune dysfunction, chronic allergic 
responses, inflammatory responses and ill health if they 
occur on a continuing basis over time. This is an area that 
·should be investigated immediately.·· · ·· · --

• Specific findings from studies on exposures to various 
types of modem equipment and/or EMFs report over­
reaction of the immune system; morphological alterations 
of immune cells: profound increases in mast cells in the 
upper skin layers, increased degranuladon of masc cells 
and larger size of mast cells in electrohypersensitive indi-

viduals; presence of biological markers for inflammation 
which are sensitive to EMF exposure at non-tbCrmal levels; 
ch~ges in lymphocyte viability; decreased count of NK 
cells; decreased count ofT-lymphocytes; negative effects 
on pregnancy (uteroplac:ental circUlatory disturbances and 
placental disfunction); suppressed or impaired immune 
function; and inflammatory responses that can ultimately 
result in cellular, tissue and OJllan damage. 

• The functional impairment electrohypersensirivity is 
reported by individuals in. the United .States, Sweden, 
Switzerland, Gennany, Belgium, Italy, The Nedlerlands, 
Norway, Denmark and many other countries of the world. 
Estimates range from 3% to perhaps tO% of populations, 
and appear to be a growing condition of iJ!-health leading 
to lost work and productivity. . . 

• The WHO and IEEE literature surveys do not include all 
of dre reJewmt paPeTS cited hen:, le.ailing to the conclusion 
that evidence has been ignored in the cum:nt WHO ELF 
Health Criteria Monograph; and the proposed new IEEE 
C9S.l RF public exposure limits. , ' ·., . . . .. . 

• The c'urrent international public safety limits for EMFs do 
not appear to be sufficiently pi'OI.CCtive of public health at 
all, based on tbe studies of immune function. New, bio­
logically based public standards are warranted that take 
into account low-intensity effects on immune function 
and health that are reported in the scientific literuture. 
Also the accessability needs of persons with the func­
tional impairment electtohypersensitivity must be_ fully 
addressed and resolved u dictated by the UN 22 "Standard 
rules on the equalization of opportunities for people with 
disabilities" (about the UN 22 Standard Rules, see website: 
http://www.uo.org; since 2007 they have been upgraded 
into the UN "Convention on Humllll Rights for Persons 
with Functional Impairments"). 

The conclusion of the above must be !hat there are a num­
ber of very strong indications of EMFs being capabl~. of 
disturbing the immune system and thus increasing disease, 
including cancer, risk. It is somewhat odd that professional 

·epidemiologists for the last 50 years have not addressed the 
issue of reduced repair but only looked at increased cell dam­
ages from different agents and environments ~hen uying to 
understand trend changes. , , . 

Based on this review as well as on the recent Bioinitiative 
Report [http:/Jwww.bioinitiative.org/} [I], it must be con­
cluded that the existing public safety limits are inadequate to 
protect public health. From a public health policy standpoint, 
new public safety limits, and limits on further deployment of 
untested technologies, are warranted. 
· New biologically based public 'and occupational expo­

sure are recol.'l'lmended to address bioeffects and potential 
adverse health effects of chronic exposure. These effects 
are now widely reported to occur at exposure levels signifi­
candy below most current national and international limits. 
Therefore, biologically based exposure standards are needed 
to prevent disruption of normal body processes. Effects are 
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reponed for DNA damage (genotoxicity that is directly linked 
to integ.:ity of the human genome); cellular communication, 
cellular, metabolism and repair, cancer surveillance within 
the body; and for protection against cancer and neurologi­
cal diseases. Also reported are neurological effects including 
changes in brainwave activity during cell phone calls, impair­
ment of memory, attention and cognitive function; sleep 
disorders, cardiac effects; and- as reported here- serious 
impact on the immune function (allergic and inflammatory 
responses}. · 

The current recommendation must be a biologically based 
exposure limit that is completely protective against e.g. 
ex~emcly low frequency and radiofrequency fields which, 
with chronic eXposure, can reasonably be presumed to result 
in no adverse impacts on health and weJJ-being. Today, such a 
completely protective safety limit would, for many exposure 
situill.ions, be zero. · 

Finally, attention to the above need woulci' also mean a 
great gain in futun: public health costS for the entire elec­
trified world, To do the opposite could tum out to be very 
expensive. 

'I , ... 
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Abstract 

This paper reviews the literature data on the effects of electromagnetic fields (EMF), In the reproductive orsans as weU u in prenatal 
lUld postnalal development of vcrtebra.tc animals. Review ankles which have been published till 2001, regarding the •~prochu:tive aod 
developmental effects of the entire range of frequency of electromagnetic fields, were surveyed. Experimental studies which were published 
from 2001 onwards were summarized. Special focus on the effects of ndiofrcquencles rellltcd 1o mObile tomnWilicalion in rbC above menliozu:d 
topics has been made. Aa:ordiog lo the majority of the investigations, no strong effcciS resulled regarding the expoSID'e to EMF of mobile 
telephony in the animal reproduction and development. However further research should be done in order 10 clllrify muy uobtown uperu 
of the Impact of EMF in the living oraanisms. . . 
C 2009 Elsevier Ireland Ltd. All rights reserved • 

.. 
/rqtvotds: Elec:trom1p~ fields (EMF): Mobile pbOIIe&; Ten1oloay; Endomeaium; Talis 

l. Introduction 
··, _j 

Owing the 20th century, lhe exposure to electromag­
netic fields (EMF) became au important source of concern 
about lhe possible effects in the living organisms. The 
anilicial

1 
sources of elewomagnetic radiation have risen 

tremendously because of lhc ongoing needs on electric­
ity, teleeommunications, and electronic devices. In this 
context,' World Health Organisation (WHO) established in 
1996··the International EMF project in order to &SSC$S 

health and environmental effects of exposure to EMF in 
the frequency nmge from 0 to 300 GHz. · For the pur­
pose of this paper this range will be divided into static 
(OHz}, extrcmely.low frequency (ELF>~300kHz), inter­
mediate frequencies (IF> 300-10 MHz) IIJid iad.iofrequcncy 
(RF IOMHz-3000Hz) fields (J. Juutiluinen, DevcJopmcn­
cal effects of electromagnetic fields, Bioelectromagnetics 7 
(2005) SI07-SIJS]. The mobile phone technolo&Y is based 
on radiofrcquency radiation with transmission of microwaves 
carrying frequencies between 880 and J 800 MHz [P.A. Val­
berg; T.E. v~· De~enter, M.H. Repacholi, Workgroup repon: 

• Tel.: •302441066013. 
E-lflQil Dlldr~s:s: apourliJGhcJ.ul.b.p. 

0928-4680/S- IU fronl Dll.llel' 0 2009 Elsevier Ireland Lid. All rip11 rcac:rved. 
doi:l0.10161j.pathopllys.2009 01.010 · 

., 
base stations and wireless networks-radiofrcquency (RF) 
exposures and health consequences, Environ. Health Per­
spect 115 (2007) 416-424). 

The mobile telephony ·revolution took place in the last 
decade. There is an increasing number of cell phone users all 
over the world. Also, new technologies which use the spec­
trum of bigh frequency emissions arc incorporated in many 
aspects of teleconununications. As a consequence. there is a 
lot of iDte~t about the possible effecli of the radiation emit­
ted from the machines which are engaged in the telephony 
such as hand phone.$, base stations and transmitters. 

The biological effects of E..\W have been ond are being 
investigated on different levels of organization. On the level 
of human populations,· epidemiological · studies are used 
wherell5, on the level of individuals human, animal and plant 
in vivo experiments arc carried out. Furthermore, on the 
level of organs, tiuuc5 and cells in vitro investigations are 
employed. Finally, on the sub-cellular level, biochcmicaJ and 
molecular ~eehniqu~s arc utilized. 

From another point of view, mony swdies have been car­
ried out or are in progress about the various effects of radiation 
emissions regatding the behaviour, cancer, central nervous 
system, sleep, children, cardiovascular system, immune func­
tion, reproduction and development(3J. 

- .. 

.. -·· 

-~ .. ---
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The, present paper will focus on the existing data about 
the reproductive and developmental effects of EMF in vene· 
brates. Reproduction is a critical function of the organisms 
and involves two body systems the male and feiiUlle genital 
system. The development comprises 11 series of events wruch 
begins with fertilization. continues with implantation. cmbry· 
onic growth 1111d terms with sexual Mllturity. In the context of 
systematic zoology, the vertebrates are cloSe: to the humans. 
Therefore, the animal studies could provide useful infonna· 
tion on the comprehension of interaction of EMF with the 
living organism and on the possible commonality with the 
humans. 

The biological effects of EMF of interest can be broadJy 
grouped into lhennal and non-lhcnnal (4]. The thermal 
effects are associated with local beat production just like the 
mechanism of a microwave oven. The non-tbennal mecha­
nism is triggered by an amount of energy absorption, which 
is not directly associated with temperature change but rather 
to &ome other changes produced in the tissues. 

The goal of this paper is to p.re$cnt the up to date available 
dala about the EMF and their poiential effects on reproduction 
and development, filling the gap orinformation from the most 
~ent published reviews. AU the bibliographic data which 
will be presented were collecaed exc:lusively from scientific 
journals published in English and pmtially in olher languages. 
The survey includes studies which were published from 2001 
onward. The studies which relale to lhe impact of mobile 
phone electromagnetic fields wiU be presented thoroughly 
and indcpendendy from the date of their publication. 

2. Historical backgruuod 

The firs1 paper which I found in lhe medical litera­
tun:, regarding the effects of EMF on the developmenl 
of vc:rtc:brates, was published in 1893 in ao anatomi­
cal journal from· Windle [5). The aulhor summarized the 
observations of three scientists and added his own about 
the effects of electricity on the chicken embryos. Two 
years later the same author [6J •. published an accouut 
on the effects of electricity ll.lld magnetism on develop­
ment. · ·· 

In J 980 two papers were published about the biological 
effects of microwave radiation. Cook ct al. [7] published a 
comprehensive survey regarding the very early resean:b on 
the biological effects of electromagnetic fields. The early 
worl on short waves from 1885 to 1940 was presented. Fol­
lowing, the authors summarized the available data from 1940 
to I 960. I..each [8) provided an account on lhe genetic, growth 
and reproduCtive effects' of microwave ·radiation including 
early srudies in this field that were published from J 959 to 
1979. The majority of revised papers dealt with animals. 
Later, Algers and Hennichs [9] sulnltlliJUed the biological 
effects on venebrate.t, of electromagnetic fields where lhe 
mquenc::y did not exceed I 00 Hz. The authors included many 
studies about the impact of EMF on flliTJl animals. The same 

year, a specialized review 'llo1LS published on the effects of 
non-ionizing radiation on birds (10]. · 

Berman et al.(ll ], presented the results of a larae multina­
tional experimental effort (Henhouse project) regarding the 
low frequency EMf effeciS on chick emblyos. Juutilainen 
C I 2 ). Chernoff et al.[l3 ], Brent et al. [I 4 I presented detailed 
reviews of the litcratun: aboul the effects on reproduction 
related to low f~uency EMF. · · · · 

Jensh [151 reviewed behavioral teratologic studies using 
microwave radiation with special interest to continuous wave 
(CW) 915. 2450, or 6000MHz radiation. 

Verichaeve and Maes [I 6] reviewed the genetic, carcino­
genic and teratosenic effects of RF (300 MHz-300 GHz). 
Regarding me effects on reproduction and teratogenesis. 
studies from 1961 to 1991 were surveyed. The majority of 
these experimental studies dealt with the exposure of ani­
mals at 2.45 GHz. The same year, Huuskonen et at fl 7 J 
reported on the teratogenic and reproductive effects of low 
frequency (~lOOkHz) magnetic fields associated with the 
usc or transmission of electric power or emiaed from video 
display· terminals. The animal studies that were sUJ'Veyed, 
have been published from 1987 to ~ 997 regarding the effeciS 
of alternating magnetic fields on prenatal development of 
rats and mice. In the same paper, studies on the effects of 
prenatal exposure of alternating magnetic fields on poSinatal 
developmem were included. Brent [ 18] provided a thorough 
review of in t~ivo and in vitro studies on the reproductive 
and teratologic: effects of low frequency EMF. The survey of 
reproductive effects has involved studies with chicle embryos, 
chickens. cows, mice, and rats from 1969 to 1996. O'Connor 
[191 recorded the intrauterine effects in animals exposed to 
radiof~uency and microwave fields with a special feature. 
The SAR of me surveyed studies was above the limit of 
0.4Wikg. 

Experimental studies on lhe teratologic effects or develop­
mental abnormalities from exposure to RF electromagnetic 
lieldsintberangc3kHz-300GHzwererevicwedfromHeyn­
ick and Merritt [20). The review included investigations 
with insects, birds (chicken, quails. turkeys) and mammalian 
species (mice, raiS) as well as non-human primates _wruch 
appeared from 1974 to 2000. A brief critical revie~. on the 
developmental.effeciS of extremely low frequency (ELF) 
electric and magnetic fields provided by Juutilainen [21 ]. 
Ulscher [221 published a survey of the effects of radiofre­
qucncy electromagnetic fields on production, health and 
behaviour of farm animals. 

Juutilainen [I J rqx>rted on the effects of EMF on animal 
development. In his review, he surveyed specific topics such 
as the Henhouse project. the interaction of LF·IMF EMF 
with known teiutogens,' and 'me behavioiil teratology of RF. 
Saunders and McCaig [23] summarized the possible effects 
on prenatal development of physiologically weak electric 
fields induced in the bOOy by exposure to extremely low fre­
quency electromagnetic fields and of elcvalcd temperature 
levels that might resulr from exposure 10 radiofrequency {Rf) 
radiation. 



'lllb!e I 
(havir:w or imes~iplion:s on EMF efFeciS on animalgenitll system. 

A.llimal species Exposun: mposure Exposure Enclpoilll Resulls Comments Reference 
~ ~ d!Qtion 

Mouse Swiss SOfh 2SmT Coatinuous Effects on ~i...,: No dred on !he f27] 
90days ability fcnility of male and 

fanllle mice. The 
OYUian wei&hl wu 
sipiliam!ly in~ased 

Mouse COl (BAL.IIk X 60Hz 2mT Conlilsuous spenn morpbotoo No 51.1r:i&li&:ally ~&J'OU .. - (281 
DBA/2) rarnb 01' diJJamc:eswae treab::d with miromycin 

8hlday for obsc:noed c. Spena 
IOdays abnonnaliliea were 

found in !be ltOUP 
- eJtposed vei"IIIIS the 

group uatat with 
mitomycin C alone il> 

Mouse BALBic 60Hz 0.1 orO.!imT 24hlday for Oenn ..ell apopeosis iD No sipificant chanp:s [29) 
, 

Sweets the testes i11 teaticul.u weigbts. ;JI 
II 

Deaute of normal ;:t 
t:;· 

scminiferaua tubules. ..... 
lncRase of the aerrn iJI • cell de8th -8 

Rat Sprague-0-ley fi()Hz !i,l3.3. ConliPaous SpermUOfolticky IUid No ck:rec:r.ablc 1~01 .:t .. 
500111T 21 hlday reproducti~ abntions in offspring 5" 

fromday6 dysfullai011 inlhe Fl spemwogeaesis and ,r 
"' of gestation olf~princ fertility ... 
0. 

today 21 of -;:; 
IIICiation ~ 

Ral S~Dawlc:y 50Hz 25± lp.T Continuous FJrCCIS on spenn No drccl an the weight )31) ... 
fa.- 18 weeks C<~UDI, weipcs of or testes. StanifiA:ant 

'-.2 

'P 
lcstes, wnislal ~olthc~pt ... 
ve5iclcs, preputial or seminal vaic!es 111111 '0 

_ ...,.__-- - - . .. - --- ----- 1tanc~s _ •• ptqn~tial&l~-
Siplficanl reduc:tion 
in rperm c:ouat 

Rat Spraguc--Dawley SO Hz 1.35±0.DIBmT 2blday, Spcnn count. No aipificaat Funding noc mentioned 1n1 
7da~ morphologiQJ chan.:a allaalionawen: 
fnr 2 l1llll1lhs of~ ~ 

Rat W'ISllf albiJ1119cf 50Hz lmT(mcan 3hlday far MOI)Ihologiclll Ultrumxtunl Ambiguous ()31 

value) SOar 100 evaluation of UlcniS altetatioas in 1mniMI o!Jicn-ations in lhe 
days andovari'=S epithellwa of ovarie bll:JUs 

ia !he c:qlerimenw 
poup (50 day.) as 
weU u iD hlllia 
albqinca (100 daysl 

Rat Sprague--Dawleyc1'9 20kHz 6.2SmT lhlday,.S Hismp.thologn No dill~ were IJ4f 
day.twec:k Qunination of wnous tec:ll in leS!is 111111 OYUY 
fo.-90 days a.-pns :;;; 
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A special topic, lhe effects of EMF from power lines 
on avian reproductive biology, was reviewed by Fernie and 
Reynolds [24J • .I<nwski et 111. [251, reviewed studies refer­
ring to various disciplines regarding the effects of RR The 
included literature was published between 2001 and 2003. A 
novelty of this paper, was a discussion of the reports of various 
authorities and committees about the potmtial health risks 
associated wilh exposure to RF fields. A gap in lhc literature 
regarding the biological effects of EMF in the intermediate 
frequency range was eovered by the review of Shigemitsu et 
al.[26). 

During the last decade, many reports from authorities 
(local, national and international) aDd expert panels have been 
uploaded on the web [2). 

It is suggested that the reader refer to the above-mentioned 
review articles and electronic addresses, in order to assemble 
a more complete and detailed view of the biological effects 
of EMF. 

3. Male genltal1ystem 

The !estes arc very important organs situated externally 
to the body and enclosed by tbe scrotum. The testicular 
parenchyma is tbe silc of an inlcnse proliferation and dif­
ferentiation of the germinaJ cells that will become the sperm 
cells. The testes are very sensitive to temperature variations 
and for this reason the scrotum. which contains the testicular 
parenchyma. bas 11 specialiu:d cootrac:tile structure. 

Studies that have evaluated EMF effects (mainly LF) on 
the genital systems of the ver~cbr&les are sununarized in 
Table 1. 

Regarding mobile telephony, the first study conducted by 
Dasdag et Ill. {39] investigated whether there are adverse 
effects due to microwave exposure emitted by cellular phones 
in male Wisw albino rats. The animals (n = 18} were divided 
in 1hree groups (control, standby exposed group, spccc;h 
exposed group). Specific energy absorption rate (SAR) was 
0.141 W/kg. Rats in the experimenl.lll groups were exposed 
for 2 hi day for 1 month in standby position. whereas phones 
were turned to lhe speech position three times for I min. The 
decrease of epididymal sperm counts in the spccdl groups 
was not found to be significant. Differences in terms of 
normal and aboonnal sperm fonn& were not observed. His· 
aological changes were especially observed in the testes of 
rats in the speech group. Seminiferous tubular diameter of 
mt testes in the standby and speech groups was found to be 
lower than the sham group. Rcclal temperatures of rau in 
the speech group were found to be higher than the sham and 
standby groups. The rectal temperatures of rats before and 
after exposure were also found to be significantly higher in 
the speech group. 

The same group of authors [40], failed to reproduce the 
results of their previO\IS work. Sixteen Sprague-Dawley rats 
were separated into two groups (control, experimental). They 
were exposed to 890-915 MHz pulsed wave (PW) daily for 
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20 min/day for 1 month. For 250 mW average radiated power, 
SAR was 0.52Wikg. No differences were observed in the 
percenta.ges of epididymal normal IIIId abnormal sperms. the 
epididymal spenn count, as well as in the seminiferous tubule 
diameter between control and experimenta.l groups. Also, the 
testicular biopsy score as evaluared by Johnson's scale did not 
differ significantly. 

Aitkenetal. [41] assessed thetc:stis of mice irradiated with 
900 MHz in a waveguide, with an exposure condition SAR 
90 m W /kg for 7 days at 12 hfday. The authors did not observe 
abnormalities regarding the spenn number, morphology and 
vila.lity. However, they reported significant damage to the 
mitochondrial genome as well as to the nuclear-globin locus. 

Results similar to a previous study {39] regarding lhe 
diameter of the seminiferous tubules of mt testes .were 
obtained by Ozguner et al. [42]. During the experiment, 
20 male Sprague-Dawley rats (5 months of age) were 
either exposed to 900 MHz CW (average power densicy 
1 ± 0.4 mW/cm2) or not (control group). Rats exposed 
30 min/day, for 5 days/week for 4 weeks. The authors also 
did not obserVe significantly different values of weight of 
testes, testicular biopsy score count and the percentage of 
interstitial tissue. However, the mean height of the genninal 
epithelium was found decreased in the group of rats that had 
been imldiatcd. 

Forgdcs et al. (43] repeatedly exposed male NMRJ 
mice to 1800MHz GSM like microwave radiation at 
0.018-0.023W/kg whole body SAR. 11-12 sham exposed 
and It-12 exposed mice were used. The animals were 
exposed ten times (over 2 weeks) and the duration of 
exposure was 2 hlday. No microwave exposure-related mor­
phological alterations were found in testis, epididymis and 
prostme. 

Adult male rats were examined after exposure at sub­
abronic exposure to RF emitted from a conventional cell 
phone on their testicular function. Sixteen Wistar rats were 
used at age 30 days. The animals were exposed for I h daily 
during II weeks. The experimental group (n = 8) was exposed 
to 1835-1850MHz at 0.04-1.4mW/cm2• Total body weight 
and absolute and relative testicular and epididymal weights 
did not change significantly. Epididymal sperm tount was 
not significantly different between lbe groups. Regarding 
the histomorphological endpoints of the study, no differ­
ence was found between the aperimcnta.l and controiiiJlll 
[44). 

The effect of cellular phone emissions on sperm char­
acteristics in 16 Sprague-Dawley ruts were studied (45). 
The laboratory animals were divided in two groups (exper­
imental, control) and exposed to four cell phones which 
had a personal communications service code division mul· 
tiple access frequency band of 1.9 GHz (800 MHz digital 
and 800 MHz analog). The rats received daily (3 h-30 min 
rcst-3 h) cell phone exposure for 18 weeks. The SAR ranged 
from 0.9 to I.SOW/kg whereas the power from 0.00001 to 
0.607 W, according to the specific mode of function. The 
authors analyzed the morphology of the spenn cells from 

epididymis of rats. The percentage of deformities for the 
experimental group was 34.3111 and the percentage of defor­
mities for the control group was 32. I CJI:,. This difference in 
the occurrence of defonnit.ies between the two groups was 
not slalistically significant (p > .05) through a paired r tc:st. 
The total sperm counts from the testes were not significantly 
different between the two groups. None of the temperature 
differences between the two groups were statistically signif­
icant. 

Sixteen Sprague-Dawley rats were used to evaluate 
the bcl-2 protein (an anti-apoptotic protein) in rat testes. 
The experimental pup (n=8) was exposed to com­
mercial (GSM) cellular phones irradiation for 20minlday 
for I month. Average power densily was measured at 
0.047 mW/cm2 and SAR levels changed between 0.29 
and 0.87Wikg. The testes were investigated by means 
of immunohistochemistry. No diffCn:nc:e was observed 
between testes sections of the sham and experimental 
groups in terms of bcl-2 staining. These results indicate 
!hat the radiation e~tted from 900 MHz cellular phones 
did not alter. the anli.·apoptotic protein in the testes of mts 
[46}. 

In order to investigate the apoptosis-inducing effect 
of mobile phone exposure on spermatogonia in seminif­
erous tubules, 31 WJstar albino male rats were divided 
in three groups such as cage control (n= 10), sham 
exposed (n = 7}, and. experimental (n = 14 ). The 2 h/day (7 
dayslweek) exposure of 900MHz radiation (power den­
sity 0.012-Q.I49mW/cm2 and SAR 0.07-0.S7Wikg) over a 
period of 10 months ~as evaluated by means of immunohis­
tochemistry. The long-term radiation did not affect the active 
caspace-31evels in teitesofrats. Caspace-3 is a typical feature 
ofapoptosis [47). · 

4. Female geDJtal syslml 

Studies on the impact of RF in the female genital system 
are scarce. 1\vo studies were conducted in order to cvoluate 
the effects on endometrial apoptosis and the ameliorating 
effects of a combination of vitamin E and C against EMF 
damage. 

Oral ct al. [48), exposed sexually marure fcmole mts {16 
weeks old) to 900MHz radiation, 30min/day for 30 days. 
Twenty-four Wistar ~bino rats were divided in three groups 
(sham exposed, EMF exposed, EMF exposed treated with 
vitamin C and E). The animals were exposed Atl.04 m W /cm2 

{SAR 0.016-4 Wlkg). The effect of microwaves was exam­
ined in rat endometrium by means of immunohistochemistry, 
Endometrial apoptosis was observed. Guney et a!. [49], 
repeared the experiment wilh the addition of another group 
(control). Histological changes in endometrium, diffuse and 
severe apoptosis in ·the endometrial surface, epithelial and 
glandular cells were'reported regarding the group exposed to 
EMF. Also, eosinoP.hilic leucocyte: Qnd lymphocyte infiltra­
tion were seen in the endometrial stroma. 



Table2 : --
~rview of i~Weatiaatiom on EMF cfl'ects on 1111imAI dc:v.:loPment. ;, 

Ani"'-' species Eltpasure Eltposarc Eltposure duration Endpoint Results CommaiiS Rderenee 
frequc:ncy ~en . 

Rat Sp111pe-Oawley 501U 7, 70,JSOmT 22 hlday duti!IC Effect. 011 No differences reptdi~~g e.mbtyonie (50] 
0-7 or 8--IS day flntOgellic:ity ind ~ths. fetal wei3ht and 
or ,gestation cmlnyooic ICI'alopticity 

de\lelopment . 
MouseiCR 50Hz Sbam 9weeluo" 2 Eti'CICIS oa No dill'en:uc:ca ~embryonic [SI) 

(0.1-l.,.T), weekly prior to tcralo8Cilic:ity IJid deaths, feq] ~isht and 
O.S,SmT mating embryonic lali!O~icity 

dndopiSliCIII _ 
Mouse S'lriss ~'cbster OHz-25MHz. I week bl:cinning Morphological Pathologio;ll changes~ obtcrvcd [52) 

from the 1 Blh day cbuses In Jnjn, in the neonates 
of pregnancy thymus. Mln:nlla:latld 

. durinl embeyonic 

-~losimc:at .- )o, 

Rat Spngue-Dawlcy 110Hz O{sham 22 blday diJrina Devdapmental No diff~~ n:prding c:mbryoaic [53) 
:,., 

gmup),5, . 6-20 day of toxicity -deaths, fellll .,eigbt BDd l 
113.3, 500mT. 1atation 

.. 
~ity 

;!. 
r;· 

Cbickcn 50Hz l.33-7.32mT .24h Eft'cc:u an - S~fiamtmff~~in~ Funding no! [54[ ...... 

mtopaicity 111d ·~Dip nflbnonnal embryos mcnlioned ' · c:mbf)'onic wnus conllvlw• found in 4.19, •. ... 
develapmelll ;-5.32. 5.86, and 6.65 densilia. Some .:r ..; 

embryos with Qlnl rib!. dc=f~b in s· .... 
rihs .0 '111:f1ebne, 1111uria and ~ 

.' Effects an':-
- abnomW bcW -re obKrved (;: 

MoaseiCR 20~ 6.SmT 8 blday from 2.!1 No~th:ally aignibt (55) j to 15.5 days lcrlloPmdty and_. dilfcmx:es in the number or ' 
post-coitu.m cm~c impl811talion, embryoilic cbth. -clnclopmml ._ICSOfPCioa, powth mardecl fdUJCS, ~ 

extemal aDd skele!al almona-'ilics . -Qo 

Chicke~t l..eJ)Iorn HR7 50Hz lj~.T,!IOOI'T. Continuous for 15 Elfec!SoD At IS days of incubation body weiJhr PundilliDOI [56) 
'0 

lmT Ql'21 days embryo/fetus wa &ignificandy lower wnus mentioned 
controls. Al21 doays or incubaliooa r.be 
body wcicht lltld ~ dhancten 
we1e unallcr \'CnUS control. No 
dalferentes in brain -l&bt wen= 

. obscnoecl in Ill puups 
Mousc9 Stalk mapelic 400mT 6 tninlday from T1:111togenk eft'ects . Pol,cfacl)'lism, abdominalllssurc, IS71 

field 7.S to 14.5 day or fUsed ribs. 'IICSIIaill 13th rib, brain 

preJIWIC)' . ' hernia, curled tail 
Mouse9 50Hz 1.2mT B hlday durina .-Body ~ipl of diiiiU. . Fctllloss:malronix:d felllxs, Aniclc in (58) 

prepancy de'lelopment of ~011 of growth of lhc olflpriD& ehiftae 
· otrspriq . ia lhe lint 2 -..-ks after bi.nh 

Cltickcn \\'hitc 50Hz • l.J3-7.J2mT 4days Morphological .· Almonnal brain cavities, spina blficb, !59) 

Leahomc&J• evalulllionof monophthalmia, ~~a~lar defect.11111d 
c:mbryoslfe&uses · ,growth rctatd4tion 
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S. Developmental eft'eciS 

The critical phases in die dynamic process of development 
take place mainly in ut~ro (manunals) or in ovo (birds) i.e. 
during the embryonic period. The main bulk of investigations 
were performed regarding the possible effects on animals 
after irradiation, during ;, utero or in ovo development. The 
effects on development arc dctmnined by endpoints suc:h 
as weight gain, congenital malfonnations, resorptions, and 
number of litters. These endpoints will be considered for var­
ious exposure conditions. The effects of EMF (mainly LF) on 
animal development are summarized in Table 2. Egg pro· 
duction was reduced (8%) when young laying hens have 
been continuously exposed to CW 91.5 MHz with an incident 
power of 800mW dwing the first 2.5 weeks, OmW during 
the following week and 200m W for die rest of experiment. 
Hatching of fertile and total eggs was not significantly influ­
enced. No macroscopic malformations were observed in the 
chicks or dead embryos [60). 

Jensh et al. [61] irradiated pregnant Wistar albino rats 
at a power density level of IOmW/cm2, at a frequency of 
91.5 MHz and average SAR 3.57W/kg. The animals were 
exposed for 6hlday from day I to day 21 of gestation. No 
significant teratogenic signs were: observed regarding the 
resorption rate, malformation ra1e, mean litter size, fetal 
weight and number of live and (Scad fetuses. The experiment 
was repeated and extended in Order to analyze the embryonic 
and postnatal development of offspring [ 62). Eleven pregnant 
rats were irradiated and 19 rats were used as control animals. 
All animals delivered and raised their offspring <Fta) until 
weaning at 30days of age. Ten days later females were rebred 
and teratologic evaluation was conducted on the resultant F lb 

fetuses. At 90 days of age, reproductive capability was eva!· 
uated and a standard teratologic analysis performed on the 
ruultant Fz offspring: No significant morphologic changes 
were revealed. , 

Pregnant rats were exposed at 970 MHz for 22 h/day from 
the I st to 19th day of pregnancy (63). The SAR values varied 
from O.D7, 2.4 and 4.8 Wlkg. The embryo mortality, fetal 
weiJht, skclcta1 ossification, as well as maternal fertility were 
evaluated. The exposure with SAR 4.8 W/kg caused reduced 
( -12%) fetal body weight versus lhe control. All the other 
e11.amined parameters were not significantly different. 

Klug et al. [64) exposed rat embryos (9.5 days old) for 
up to 36 h to 900 MHz. The modulation frequency was fixed 
at 21.5 Hz and the SAR values were calculated at 0.2, I and 
S W /kg. The endpoints of the experiment were crown-rump 
length, number of somites as well as embryonic matfonna­
tions. No significant changes were observed on the growth 
and. differentii1ii.on pimuiieters' of the embryos. Maps and 
Xenos [ 65] investigated the possible effects ofradiofrequericy 
radiation on prenatal development in mice. The study con­
sisted of in vivo experiments at several places around an 
.. antenna park" where the frequency emissions ranged from 
88.5 to 950 MHz. At these locations RF power densities 
between I68and 1053nW/cm2 weremeasured. Twelve pairs 

of mice, divided in two groups. were placed in locations 
of different power densities and were repeatedly mated five 
times. One hundred eighteen newborns were collected. They 
were measured, weighed, and examined maao- and micro­
scopically. A progressive decrease in the number of newborns 
per dam was observed, which ended in irreversible infer­
tility. The pn:nata1 development of the newborns, however, 
evalualed by the crown-rump length, the body weight, and 
the number of the lumbar, sacral, and coccygeal vertebrae, 
was improved. Wisw albino rats [I 5) were exposed through 
pregnancy for 6h eaeh day to CW 915MHz radiation at a 
power density level of 10mW/cm2• Teratologic evaluation 
included the following parameters: mean lit~er size, mater­
nal organ weight and. organ weight/body weight ratios, body 
weight ratios of various organs (brain, liver, kidneys, and 
ovaries), number of resarptions and resorption 1'1l11!, num­
ber of abnonnalities 'and abnormality rate, mean term fCIBl 
weight. Mothers we~ rebred, and the second, unexposed ~it­
tcrs were evaluated for teratogenic effects. Animals exposed 
to 915 MHz did not exhibit any consistent significant alter· 
ations in any of the above parameters. 

Wistar rats were Continuously exposed [66) during preg· 
nancy to a low-lcvel.(O.I mW/cm2) 900MHz. 217Hz pulse 
modulated EMF. Wbole body average SAR values for !he 
f.rcely roaming. preinant animals were measured in mod­
els; !hey ranged between 17 . .5 and 75 mW/kg. No differences 
between exposed and sham exposed dams or offspring ~ 
recorded in terms of litteT size, evolution of body mass 
and developmental landmarks of liuer mates. The effects of 
microwaves emitted :by cellular phones on binh weights of 
rats were investigated by Dasdag et al. [ 67]. Thiny·six Wisw 
albino ruts were divided into four groups. Each experimeutal 
or sham exposed grOUP comprised six maJes or I 2 females. 
The rats were cxposCd at 890-9 I 5 MHz (SAR 0.155 W /kg). 
Males were exposed daily for 3 x I min during 2 hlday for I 
month. Females wen: exposed in the same way until they gave 
birth. When the offspring became aduh !he experiment was 
repeated on them. No significant differences were observed 
between rectal temPeratures in lhe sham and experimen1al 
groups. The binh weight of offspring in the experimental 
group was significantly lower diu in die sham exposed 
group. However in 'lhe.next generation of ~ts all.parwn· 
etcrs inv~tigat.ed were normal. Pregnant Spraguc-Dawley 
rats were exposed (68) to ultnl wide band (UWB) 0.17-1 GHz 
radiation in order to ~etermine if teratological changes occur 
in rat pups as a result of (I) daily UWB exposures during 
gestation days 3 ± 1·8, or (2) as a result of both prenatal and 
postnatal (I 0 days); aposures. Dams were CltJMlsed ei~er 
to (J) UWB irradiation with average whole body specifiC 
absorption rate 4.5 m W /kg (D) sham irradiation or (HI) a pos­
itive conlTOL Offspring were examined regarding litter size. 
sex-ratios, weights, eoat appearance. and tooth CJUption. The 
pups postnatally exJ,osed were examined for hippocampal 
morphology. Genera1ly, no significant differences were found 
between the exposed and sham group. The mediaJ-to-lateral 
length of the hippoCampus was sienificantly longer in !he 
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'Table 3 . 
Su!IUilllr)l of llllmalsiUdi~:S on cffccu of EMF (related to mobile tclr:phony), oa.eprodut-lion and devdopmcol. 

AnUaiJ .IJICC~S ~po&llre frequency ' 

Clllckcn 91.5MHz 
Rat 9ISMHz 
Rat 91SMHz 
Ra! 970MH<t 
Rat 9UMHz 
R&l 900MHz 
Mouse 88.5-950 MHz 
Rat 890-91SMJb 
Rat 900MHz 
IW 0.1-IGHz 
Rat 890-91SMHz 
Chicken 900MHz 
Rat 890-91SMHz 
Cbidm ' 
Ru 900MHz 
Mousc 900MHz 
Wbhc stork 90G--IBOOMHz phone'!'"' 
Chicken 900MHz 
MD115C lBOOMHz 
R.u 900MHz 
R&l !IOOMHz 
Rat 18.35-IBSOMHz 
Rat 1.9GHz 
nt 1200-lOOOMHz . 
R.u 900MHz . .. 
CIIIWII 900MHz 
Rat ~ •.' 900MHz '•'•' I, 

R.u 900MHz. 

UWB-exposed pups than in lhe sham exposed animals but 
could not correlated wilh neurological dysfunction. The male 
offsprlrig exposed in utero to UWB maced significantly less 
frequently thaJI sham exposed males, but when they did mate 
there was no difference in fertilization and offspring numbers 
from the sham group. · 

Bastide et 111. £69) reponed chicken embryo mortality from 
day 7 10 day II of incubation. This mortality reached 64% 
compllled to II 9& in controls. The maximum level of embry­
onic monality was observed in the eggs placed near the 
telephone. 

· Chicken embryos were exposed to EMF from GSM 
mobile phone during the embryonic development (70). The 
embryo mortality rate in the incubation period increased to 
7S% versus 16'*' in control jroup. · · •. . ., .. . . .. 

. Ingole and Gliosh [71 ) studied by means of light 
microscopy·the developmental effects on the avian kidney 
of radiation, from a cell phone handset (900 MHz frequency, 
power of 2 W and SAR of 0.37 W /kg). The authors reported 
morphological alterations on lhe epithelium of the renal 
tubules as weJI as of the renal cOipUScles in E6, E8 and EIO chickCD embryos~~ .. . - . . .... ~· . - . 

The possible impaCt of ceJl phone radiation in the develop­
ing cenaral nervous system of male Wistar rats was examined 
[72). The animals wen: exposed to 900 MHz signal for 2 b/day 
on 5 days/week. After 5 weeks of e;~tposure al whole body 
average SAR of 0.3 or 3 Wlkg or sham exposure no degen­
erative morphologicaJ changes were found. 

End paiD! Effc.:t Rc:fcrc:ulle 

Development · No [60) 
Devdopmau No [61) 

Dnelopmcnt No {621 
Devclopmmt No [6.3} 
Development No (IS) 
Development No 1641 
Fertility/development Ycllno [65) 
Tcs!CS Yes [39) 
Development No {661 
Development No (68] 

Development Yes [671 
Development Yes [69J 
Tcues No [40) 
Devclopmem Yes '1701 
Tesces No £42] 
Tmea No [41] 

Reproduc.tion Yes [74] 
Kidney d~Miopment Yes (71) 

Testes No (43] 
Endomwtum Yes [48] 
Brain dc\'Ciopmcnt No (7:!} 

Testes .. ·No (44) 

spcmi." No ' 1-'SI 
Rcprodll(:tiOil No' '1751 
EDdomc:lrium 

,. 
YCJ [49] . 

De\'CIDpmenl Ya [73) 
Testes ·No [461 
Tcsces No [471 

The resultS about the effects of exposing fenilizcd chicken 
esas to a mobile phone over the entire period of incuba· 
lion were published recently {73). In this study, a series 
of 4 incubations were employed. During each incubation, 4 
groups were used (control I. control n. experimental, sham). 
In the experimental sroup, the cell phone in call position 
was placed near (~25 em) the eggs~ whereas in the sham 
group the cell phone in off position was placed 1.5 m away 
from the exposed group. A significantly higber percentage 
of embryo mortality was observed in the experimental com­
pared to lhe sham group in 2 of the 4 incubations. The lethal 
effects of embryo development in the experimental group 
were mainly observed between the 9th and I 2th day of incu­
bation. ·· I' • :. 

Another issue that in recent years has attracted the atteo· 
tion of scientists is the effects of radiation from RF anteiUlliS 
on the biology of wild birds: • · 

Balmori (74) investigated the possible effects of EMF 
from phone masts on a population of White stork (Ciconia 
ciconill). The total productivity in the nests located within 
200m of antennas was0.86±0.16versus 1.6±0.14 for those 
located. further' Uiaii' JOO m: Another iineresting. observation, 
was that, 40'J& of the nests within 200m of the antennae never 
bad any chicks, while only 3.39& localed further than 300m 
never had chicks. 

The influence of a military radar station [75 J emitting 
pulsed modulated microwave radiation of 1200-3000MHz 
was examined in titS (A:Irus sp). Experimental nest-boxes 
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were either exposed to a mean level of 3.41 ± 1.38 or 
1.12±0.84W/m2. For control nest-boxes the exposure 
ranged from 0.001 to 0.01 W/m2. No statistically significant 
diffen:ncesinthenumberofeggsorinlhcnumberofnestlings 
were observed between the tWo series (exposed. control) of 
tits. 

6. Conclusions 

The EMF were. Ire and will be a part of our life. The 
progress of science will provide the world with new EMF 
emitting technologies and subsequently with new problems. 
The monitoring of literature on this scientific field shows a 
shift of n:sean:h whlch follows exactly the new technologies. 
The era of mobiJe telephony is beginning. 

The evaluation of the possible effects of EMF on' the liv­
ing organism is· r:i. coinplcx process that needs the· combined 
contributions of many scientific. di~ciplincs. Due to the need 
for expertise in many different sciences, together with the 
technical problems of radiation studies. many times the pub­
lisbcd results arc considered deficient iit certain asPects. This 
is inevitable, and not an indication ·or poor quidity. The inabil­
ity to observe a biological effeCt in a particular study d~ not 
necessarily mean that such effect or/and adverse health effect 
is not priesent 

The venebrate animaJ studies summarized in the present 
paper do not suggest slrong effects of LF EMF on the male 
genitAl system. However, soine studies on the development 
of animals, showed sensitivity. mainly observed in chickens. 
There is no convincing evidence from studies of mammals 
(Table 3), that exposure to EMF' at levels associated with 
mobile telecommunications could be harmful for embryonic 
or postnatal development or for male fenility. On the other 
hand, th8 binls appeared to be more. sensitive. The effects 
of EMF on the female genital system need further atten­
tion, since two experimental studies cannot lead to definitive 
conclusions. 

The positive findings of the experimental .studies with ver­
tebrate animals a.re mainly ataibuted to the thennaJ effecli of 
EMF. No valid evidence was found forlhc occumnceof non­
thermal effects. However the non-thellBill mechanisms must 
be the next target of the reseaich. 

The majority of reviewed studies were conducted in lab­
oratories. This fact cannot represent the realistic situation of 
celt phone communication. On the other hand. the in vivo and 
simul'lmleously in situ studies arc very scarce. Only Magras 
and Xenos conducted an in situ experiment which took place 
near. II!' antenna_ park. That is because this kind of expcri· 
ment is very difficult to c4rry out, and interaction wiih'Otller 
exogenous factors could change the results. 

One particular deficiency in most studies is that they 
describe experiments with acute or short-tenn exposure of 
nnima.ls on EMF. Experiments arc needed to perform long­
term exposure in order to demonstrate the chronic impact of 
EMF. 

I 

Another point thai must be elucidated is that the major· 
ity of experimental anunals used were small rodents (mice 
and rats), as well as 1chicken embryos. Funher research is 
needed with the u'sc' of bigger animals such as dog and 
sheep. -~ 

The radiations emitted from masts that arc situated iD many 
rural and sy)vadc areas could be possibly pathogenic in the 
wild animals. The wild animaJ populations could be candidate 
"experimental materill .. for closer observation of the possible 
effects of EMF on vc:ltebrate models. 

An imponant and ·intriguing aspect of the resean:b is the 
possible role of the cOmbination of RF with other poUurants 
such as chemical substances and other forms of mdiation, as 
well as the interactioo with drugs. 

The potential health effects of EMF should be contin­
ually reassessed as new re~h results become available. 
EMF exposure guidelines also need to be updated or recon­
sidered as new scientific information on radiation and 
health risks is produced. However. additional srudies might 
inc:rcasc our undersuinding of the sensitivity of cqanisms to 
EMF. .. 
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Abstract 

I 
I 

A review on die impact of radiorrequency radiation from win: less telecommunications on wildlife is prcsenu:d. Electromagnetic radiation 
is a fD.m of environmental pollution which may hun wild!ire. Phone masts located in their living areas arc lmdiating CODtinuously some 
spcdes lhal wuld 5Uffer loog·lerm effects. like reduction of their narural defemc:s, detcriOI'Illon of their bcallh: probh:ros in tepfOduction and 
reduction or their uscru~ territory throUgh habitat delerioratioo. ElectrOmagoetic radiation can eXen ID aversive behavioral response in rats, 
bats and birds mcb 'as liParroWS. Thcn:foR: microwave and ndiofrc:quency pollution constituteS a po1e11tial cause for the decline of animal 
populations and deterioration of health of planu living near phone masts. To measure these effetiS urgent specific studies are necessary. . 
0 2009 Elsevier lrc:lUd Ltd. All nghts J"CJJervcd. ' 

~~;· Ell'eeu ~-~~e; ~ 011 birds; Elll:lrOmapdic radladoa; Mammals: Microwav~; Mobilc:'tcl~~tioOs·; N~ df~; Pboae 
awu; Radiofn:qu~:~~~;ies ! · · · ' 

1. lntrocludlou 

Life has evoh·ed under the influence of two omnipresent 
forces: gravity and electromagnetism. It should be expected 
that both play important roles in the functional activities 
of organi.srm [I]. Before the 1990's radiofrcqucncies were 
ma.inly from a few radio and ~elevision nansminers. located 
in remote aRaS and/or very high places. Since the introduc­
tion ofwin:less telecommunication in the 1990's the rollout 
of phone networks has caused a massive increase in el~· 
magnetic pollution in cities and the c'ounuyside f2,3]. 

Multiple. sources of mobile communication ·result in 
chronic exposure of a sipificanl part of the wildlife (and 
man) to microwaves at non.thermal lcvel5 (4). In recent 
years, wildlife has been chronically exposed to microwaves 
and RFR (Radiofrequcncy radiation) signals from various 
sources, including GSM and UMTS/30 wireless phones 
and base stations, WLAN (Wireless Local Area Networks), 
WPAN (Wireless Personal Area Networks sut:b as Blue­
tooth), and DECT (Digital Enhanced (fanner European) 
Cordless Telecommunications) that arc erected indiscrimi­
nately wiO\out studies of environmental impact measuring 

E·lllllil addrwurs: abalmori~o110.c:om, baiiJ\ilral@jcyl.c&. 

0928--4680/S -- front maacr C 2009 ElscYicr bel~d )..l.d. All riJbiS n:.crvcd. 
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long-term effects. These exposures are characteri:ud by low 
interu;itics, varieties of signals, and long-tenn durations. The 
greater portion of this exposure is from mobile telecommu­
nications (geometric mean in ViennA: 73% [5]). In Gcnnany 
the GSM cellular phone tower radiation is the dominating 
high frequency sourCe in residential areas [6). Also GSM is 
the dominating high frequency source in the wilderness of 
Spain (personal observation). 

Numerous experimental daUl have provided strong evi­
dence of athennll) microwave effects and have also indicated 
several regularities in these effects: dependence of frequency 
within specific frequency windows of "resonance-type"; 
dependence on modulation and polarization: dependence on 
intensity within speCific intensity windows, including super­
low power densicy :comparable with intensities from base 
stations/masts [4, 7-9]. Some studies have demonstrated dif­
ferent microwave effects depending on wavelength in the 
range of mm, em or m {10,11]. Duration of exposure may 
be as important as .,Ower density. Biological effects resulting 
£rom electromagnetic: field radiation mighl depend on dose, 
which indicAtes long-tenn 'accumulative effecu [3,9,12]. 
Modula1ed and pulSed radiofrequencies seem to be more 
effective in produciog effectsl4.9]. Pulsed waves (in blasts), 
as well as cenain lOw frequency modulations exert greater 
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biolt;>gical activity [11,13-15]. This observation is important 
because cell phone radiation is pulsed microwave radiation 
m'?dulated at low frequencies {8.9). 

Most of the attention on possible biological effects of elec­
tromagnetic radiation from phone masts has been focused 
on human health [5,16-21). The effects of electromagnetic 
pollution on wildlife, have scarcely been studied [22-25]. 

2. J .2. Effects of phone mast microwaves on house 
sparrows 

The objective of this ·review i5 to detail ~vlM:es in knowl­
edge of radiofrequencies and microwave effects on wildlife. 
Future research may help provide a better understanding of 
electromagnetic field (EMF) effects on wildlife and plants 
and their conservation. 

2. Effects on exposed wUdlife 

2.1. Effeczs on birds 

.A possible effect of long-term exposure to low-intensity 
electromagnetic radiation from mobile phooe (GSM) base 
5lations on the number of house sparrows during the breed­
ing season was studied in Belgium. The study was carried 
out sampling 150 point locations within six areas to examine 

.. '_l small-scale geogiaphic variation in the number of house spar­
row males and the strength of elecuomagnetic radiation from 
base stations. Spatial variation in the number of house spar­
row males was negative and highly significantly related to the 
strength of electric fields from both the 900 and I 800 MHz 
downlink frequency bands and from the sum of these bands 
(Chl-squ~tests and AIC-criterla, P < 0.00 I). This negative 
relationship was highly similar within each of the six study 
areas, despite differences among areas in both the number of 
birds and radiation levels. Fewer house sparrow males were 
seen at locations with relatively higb electtic field strenglh 

2.1. J. Effects of phone nuzSl microwaves on white stork 
In monitoring a white stork (Ciconio ciconia) populatio~ .. , 

in Valladolid (Spain) in vicinity of Cellular Phone Base Sta­
tions; the total productivity in nests located within 200m 
of antennae. was 0.86 ± 0.16. For those located further than 
300m, the result was practically doubled, with an average of 
1.6± 0.14. VCJY significant differences among total'produc­
tivity were found (U=240; P-=0.001, Mann-Wlritney test). 
'1\veJve nests (40%) located within 200m of anteMae never 
bad chicks, while only one (3.3'%) located further than 300m 
had no chicks. The electric field intensity was higher on nests 
within 200m (2.36 ± 0.82 V /m) than nests further than 300m 
(0.53 ± 0.82 VIm). In nesting sites located within I 00 m of 
one or several cellsite antennae with the main beam of radia­
tion impacting directly (Electric field intensity >2 V lrn) many 

"' young died from unknown causes. Co~les frequently fou_Bhl 

\ 

over nest construction sticks and failed to advance the con-~ 
siiUctio.tf""Of·the-oeots.'Some nests were never completed-

. 
and the s~~-~ILas..§ively in front of cellsite anten­
nae. These results indicate the possibility that microwaves-­

/ ~ intetfering wi\b \be reproduction of wrute stork [23]. 
I (Fig. J) . 

" ' ..... 

.. R2 0.5578: 
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~ 
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Fig. I. Averqc number of youna• and electric field inlm&ily (VIm) in 60 
ne~l5 of white a!orb (Ck-olliD clconia} {Hallbefi. 0 with data of Balmori, 
2005 (23)). 

values of GSM base stations and therefore support the notion 
that long-tenn exposure to higfier levels of radiu.tion' nega· 
tively affects the abundance or behavior o"r house sparrows til 

. the wild I24J. · · ::. • .· _· · ·: . 
. In another srudy with po.iiit UV:nsect saMpjing perfonned ·at 

30 points visited 40 ·times in Valladolid (Spain) between 2002 
artd 2006, counting the sparrows and measuring 'the mean 
electric field strenglh (radiofrequencies and microwaves: 
I MHz to 3 GHz range). Significant declines (P= 0.0037) 
were observed in mean bird density over time, and signif­
icantly low bird density was observed in areas with high 
electric field strength. The Jogarithinic regression of. the 
mean bird dcns.ity vs. field strength groups (considerlDg fi~ld 
strength in 0.1 VIm increments) was R=-0.87: P=O.OOOl 
According to this calculation, no sparrows would be expected 
to be found in an area with field strength >4 VIm [25]. (Fig. 2) 

In the. United Kingdom a decline o( several species of 
urban birds, especially sparrows, has recently happened 
126]. The.sparrow population in England-has deCreased in 
the last 30 years from 24 miiJion to Jess than 14. The 
more abrupt decline, with 75% descent bas !liken place 
from !994 to 2002. In 2002, the house sparrow was addCd 
to the. Red List of U.K. endangered species {27]. This 
coincides_ with tl).e rollout ~f mobile, telephony and the 
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ria. l. Mean spJI!TinV density as a function oC eleclric field suenglb grouped 
in 0. I V/m. CBalmari and Hallberg. 2007 [251). 
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Fig. 3. Annual ngll!bcr of COIIW:IS IMCIID.) ror 14 species studied in ''Campo 
Grande" urban park (llK:k lhe illfOl'lfllCion of the yean; 1999-200 I ). 

possible relationship of bolb circumstances should be inves­
tigated. 

In BrusseJs, many sparrows have disappeared recently 
(28]; similar declines have been reponed in Dublin [29]. Van 
der Poel (ci!ed in Ref. [27)) suggested that sparrows might 
be declining in Dutch urban centres also. 

2.1 .3. Effects on the bird community at an urban park 
Microwaves may be affcctins bird populations in places 

with high electromagnetic pollution. Since several anten­
nos WU"C installed in proximities of .. Campo Grande" urban 
park (Valladolid. Spain) tbe bird population has decreased 
and a reduction of the species and bn:eding couples has 
occurred. Between 1997lllld 2007, of 14 species, 3 species 
have disappeared, 4 are in decline and 7 stay stable (Balmori, 
unpublished data) (Fig. 3). Io this time the air pollution (S02, 
N02, CO and Benzene) has diminished. 

.JJ {\ During the resc:an::h some areas called .. silence areas" con­

./fli laminated with high microwave radiation (>2 V/m), where 
previously diffen:nt cquples u~uQ]Jy bred and later disap­
peared, have been found. Several anomalies in magpies (Pica 
pica) were derected: plumage deterioration, locomotive prob­
lems (limps and defonnations in the paws), partial albinism 
and melanism, especially in flanks 130). Recently cities have 
increased cases of panial albinism and melanism in birds 
(Pruser donwsticus, Turdus merula and P. pica) (personal 
obse....,ation). 

2.1.4. Possibl~ physiological nr~chanisms oftlu effects 
found in birds 

Current scientific evidence indicates that prolonged expo­
sure to EMFs, at levels that can be encountered in the 
environment, may affect hnmune system function by affect­
ing biological processes f3,31,32]. A stressed immune system 
may increase the susceptibility ()fa bird to infectiou~ diseases, 
bacteria, viruses, and parasites [33]. 

The plumage of the birds exposed to microwaves looked, 
in general, discolorated and Jack of shine. This not only 
occurred in ornamental birds; such as peacocks, but also 
in wild birds; such as, tits, grear tits, house sparrows, etc 
(personal observation). We must mention that plwnage dete­
rioration is the first sign of weakening or illnesses in birds 
since damaged feathers are a sure sign of stress. 

Physiological conditions during exposure minimize 
microwave effects. Radical scavengers/antioxidants might be 
involved in etfects of microwaves [4}. 

Microwaves used in cellphones produce an athennal 
response in several types of neurons of the birds nervous 
system (34]. Several studies addressed behavior and tcr· 
atoloiY in young birds exposed to elecb'Ornagnetic fields 
[23.2.5.35-37]. Most studies indicate that electromagnetic 
field exposure of birds i!eneraUy changes, but not always 
consistently in effect or in direction, their behavior, repro­
ductive success, growth and development, physiology and 
endocrinology, and oxidative stress [37]. These results can 
be explained by electromagnetic fields affecting che birds' 
response to the photoperiod as indicated by altered melatonin 
levels [38]. 

Prolonged mobile phone exposure may llave negative 
effects on M'enn motility cbmctetiltll:s and male fertility 
as has been demonstrated in many studies 1nade in man and 
rats [39-46]. EMF and microwaves can affect reproductive 
success in birds [23,25,35,36,47]. EMF exposure affected 
reproductive success of kestrels (Falco sptznlf!rius), increas­
ing fertility, egg size, tmbJyonjc development and fledging 
success but reducing hatching su~~ [35,36). 

The radiofrequency and microwaves fmm mobile tele­
phony can cause genotoxic effects [4&-SS]. Increases 
in cytological abnormalities imply long-term detrimenw 
effects since chromosomal damage is a mechanism relevant 
to causation ofbinb defects and cancer [55]. 

Long·tenn continuous, or daily repeated EMF exposure 
can induce cellular stress responses at non.thenna.J power 
levels that lead to an accumulation of DNA errors and to 
inhibition of ceU apoptosis and cause increased penneabil­
ity of blood-brain barrier due to stabilization of endothelial 
cell stress fibers. Repeated occurrence of these events over 
a long period of time (years) could become a health haz­
ard due to a possible accumulation of brain tissue damage. 
These findings have important implications with regards to 
potential dangers from prolonged and repeated exposure to 
non-ionizing radiation [56.57]. 

Pulsed magnetic fields can have a significant influence on 
the development and incidence of abnonnalities in chicken 
embryos. In five of six laboratories, exposed embryos exhib­
ited more structural anomalies than controls. If the data from 
all six laboratories arc pooled, the difference for the incidence 
of abnormalities in exposed embryos and controls is highly 
significant [58]. Malfonnations in the nervous system and 
heart, and delayed embryo growth are observed. The embryo 
is ltlOst sensitive to exposure in the first 24 h of incubation 
{58]. An increase in the mortality [59] and appearance of 
morphological abnormalities. especiaJiy of the neural tube 
I 13,60.61] has been recorded in chicken embryos exposed to 
pulsed magnetic fields. with diflen:nt susceptibility among 
individuals probably for genetic reasons. A statistically sig­
n.ilicanc high mona1ity rate of chicken embryos subjected ro 
radiation from a cellphone, compared to the control group 
exists !62,63!. In another study eggs exposed to a magnetic 



194 A. Batmorl/ ParhoplrysioltltJY 16 (2009) 191-199 

field intensity of 0.07 T shoWed embryonic mortality dur­
ing their incub:uion was higher. The negative effect of the 
magnetic field was manifested also by a lower weight of 
the hatched chicken [64]. Bioelectric fields have long been 
suspected to play a causal role in embryonic development. 
Alteration of the electrical field may disrupt the chemical 
gradient and signals received by embryo cells. It appears that 
in some manner, cells sense their position in an electrical 
field and respond appropriately. The disruption of this field 
alters their response. Endogenous current patterns are often 
correlated with specific morphogenetic events [65]. 

Available data suggests dependencies of genotype, gender, 
physiological and individual factors on athermal microwave 
effects [4,9]. Genomic differences can influence cellular 
res.pol\~s to GSM MicroW1lves. Data analysis has highlighted 
a wide inter-individual vwiability in response, which was 
replicated in funherexperiments [4]. It is possible that each 
species and each individual, show different susceptibility to 
radiation, since vulnerability depends on genetic tendency, 
and physiologic and neurological state of the irradiated organ­
ism [15,35-37.61,66-<i8). Different susceptibility of each 
species bas also been proven in wild birds exposed to elec­
tromagnetic fields from high-voltage power lines{47]. 

2.2. Effects on mammals 

2.2. J. A.lilrm and avenion behavior 
Rats spent more lime in t.be halves of shuttle boxes 

that were shielded from 1.2 GHz. Microwaves irradiation. 
The average power density was about 0.6 mW/cm2• Data 
revealed that rats avoided the pulsed energy, but not the con­
tinuous energy, and less than 0.4mW/cm2 average power 
density was needed to produce aversion [69). Navakatiltian 
&: Tomashevskaya POJ described a complex series of exper­
iments in which they observed disruption of rat behavior 
(active avoidance) from rad.iofrequency radiation. Behav­
ioral disruption was observed at a power density as low as 
0.1 mWJcm2 (0.027Wikg). Mice in an experimental group 
exposed to microwave radiation expressed visible individual 
panic reaction, disorientation and a greater degree of anxi­
ety. In the sham exposed group these deviations of behavior 
were not seen and alJ animals show collective defense reac­
tion [71]. Microwave radiation at J .S GHz pulsing 16 ms. At 
0.3 mW/cm2 power density, in sessions of 30.miJllday over 
one month produced anxiety and alarm in rabbits [72]. 

Electromagnetic radiation can exert an aversive behav­
ioral response in bats. Bat activity is significantly reduced in 
habitats exposed to an electromagnetic field strenglb greater 
than 2 VIm [73). During a study in a free-tailed bat colony 
(Tadarida teniotis) the number of bats decreased when several 
phone masts were placed 80 m from the colony [74]. 

2.2.2. Deterioration of health 
Animals exposed to electromagnetic fields can suffer a 

deterioration of health and changes in behavior [75.76). 

There was proof of frequent death in domestic ani­
mals; sueb as, banl$\CJS and guinea pigs, living near mobi\e 
telecommunication base stations (personal observation). 

The mice in an experimental group exposed tO microwave 
radiation showed less weight gain compared to control, after 
two months. The amount of food used was similar in both 
groups [71]. A link between electromagnetic field exposure 
and higher levels of oxidative stress appears to be a major con­
tributor to aging, neurodegenerative diseases, immune system 
disorders, and cancer in mammals )33]. 

The effects from GSM base transceiver station (BTS) 
frequency of 945 MHz on oxidative stress in rats were 
investigated. When EMF at a power density of 3.67W/m2, 

below current exposure limits, were applied. MDA (malon­
d.ialdebydc) level was found to incn:ase and GSH (reduced 
glutathione) concentration was found to decrease signifi­
cantly (P<O.OOOI). Additionally, there was a less significant 
(P:=:0.0190) increase in SOD {superoxide dismutase) activity 
under EM exposure f77]. 

2.2.J. Problems in reprod~«:tion 
In the town of Casavieja (Avila, SpaiD) a telephony 

antenna was installed tbat had been in operation for about 
S years. Then some farmers began blaming the antenna for 
miscarriages in many pigs, .S~JOOm from the antenna (on 
the outskirts of the town). Finally the topjc became so bad that 
the town council decided to disassemble the antenna. It was 
removed in the spring 200S. From this moment onwards the 
problems stopped (C. Lumbreras personal communication). 

A Greek scudy reports a progressive drop in the number of 
rodent births exposed to radiofrequencies. The mice expos«! 
to 0.168 IL W /cm2 become sterile after five generations, while 
those exposed to 1.053 ~W/cm1 became sterile after only 
three generations (ll). 

In pregnant rats exposed to 27.12 MHz continuous waves 
at 100 ~ W /cm1 during different periods of pregnancy, half 
the pregnancies miscarried before the twentieth cbly of ges­
tation. compared to only a 6% miscarriage rate in unexposed 
controls, and 38% of the viable foetuses bad incomplete cra­
nial ossification, compared to less than 6% of the controls. 
Findings included a considerable increase in the percentage 
of total rea.bsorptions (post-implantation losses consequent 
to RF radjation exposure in the first post-implantation stage). 
Reduced body weight in the exposed dams reflected a neg­
ative influence on their health. It seems that the irradiation 
time plays an important role in inducing specific effects con­
sequent to radiofrequcncy radiation exposure [78]. There was 
also a change in the sex ratio, with more males bom to rats that 
had been irradiated from the time of conception (2]. Moor­
house and Macdonald [79) find a substantial decline in female 
Water Vole numbers in the radio-collared population. appar­
ently resulting from a male skew in the sex ratios of offspring 
born to this population. Recruits to the rad.io·tracked popu­
lation were skewed heavily in favour of males (43:13). This 
suggests that rad.io-coUaring of females caused male-skewed 
sex ratios. 
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Mobile phone exposure may have negative effects on 
sperm motility characteristics and male fenility bl rats [46). 
Other studies find a decrease of fertility, increase of deaths 
after birth and dystrophic changes in their reproductive organs 
[II]. Intermittent exposure showed a stronger effect than 
continuous exposure [ 4]. Brief, intermittent exposure to low­
frequency EM fields during the critical prenatal period for 
neurobebavioral sex differentiation can demasculinize male 
scent marking behavior and increase accessory sex organ 
weights in adulthood [80]. 

In humans, magnetic field exposures above 2.0mG were 
positively associated with miscarriage risk (81]: Exposure 
of pregnant women to mobile phone significantly increased 
foetal and neonatal heart rate, and significantly decreased the 
cardiac output [82). 

2.2.4. Nervous ~stem 
Microwaves may affect the blood brain barrier which lets 

toxic· substances pass through from the blood to the brain 
[83}: Adang et al. (84] examined the effect of microwave 
exposure to a OSM-Jike frequency of970MHz pulsed waves 
on the memory in rats by means of an object recognition task. 
The rats that have been exposed for 2 months show normal 
exploratory behavior. The animals that have been exposed for 
15 months show derogatory behavior. They do not make the 
distinction between a familiar and liD unfwniliarobject. In the 
area that received radiation directly from .. Location Skrunda 
Radio Station': (Latvia); exposed children ~ad less devel­
oped memory and attention, their reaction time was slow~ 

~ 
and neuromuscular apparatus endurance was d~reased [85]. 

~ 1. ,J;lspo~urc to cell phones_p~lly and, to a Jesser degree, 
~ ~pos~atally_ wa.s.assocJmiif:-wiilfbehlivtoral difficulties such 

as emotional and hyperactivity problems .. ~und 7. years 
of age [86]. Electromagnetic radiation causedm~dification 
of sleep and alteration of cerebral electric response (EEG) 
{87-89). Microwave radiation from phone masts may cause 
aggressiveness in people and · animals (personal observa­
tion). 

2.3. Effects on amphibians 

Disappearance of amphibians and other organisms is 
part of the gl(_lbal biodiversity crisis.: An associated phe­
nomenon is the appearance of large numbers of defonned 
amphibians. The problem bas become more prevalent, wilh 
deformity rates up to 25% in some populations, which is sig­
nificantly higher than previous decades [90]. Balmori [91] 
proposed that electromagnetic pollution (in the microwave 
~ f!i!':liC?fr~~ncy range) is a possible cause for defonna­
tions and decline of some wild-amphibian populations. 

Two species of amphibians were exposed to magnetic 
fields at various Slages of development. A brief treatment of 
early amphibian embryos produced several types of abnor­
malities (92). Exposure to a pulsed electromagnetic field 
produced abnonnal limb regeneration in adult Newts [93). 
Frog tadpoles (Rana tempomria) developed under electro-

magnetic field (50Hz, 260A/m) have increased mortality. 
Exposed tadpoles· W:veloped . more slowly and less syn­
chronously than conirol tadpoles and remain at the early 
stages for longer. Tadpoles developed allergies and EMF 
caused changes in blood counts (94]. . • 

In a current studY, exposing eggs and tadpoles (n = 70) 
of common frog (R.! temporariD) for two months, from 
the phase of eggs I until an advanced pbase of tad­
pole, to four telephone base stations located 140m 
away: witb GSM system 948.0-959.8 MHz; DCS system: 
1830.2-1854.8: 1855.2-1879.8MHz. and UMTS system: 
1905-1910; 1950-1965; 2140-2155 MHt.. (electric field 
intensity: 1.847-2.254 V/m). A low coonUnation of move­
ments, an asynchronohs growth, wilh big and small, tadpoles, 
and a high mortality (?Q%) was observed. Tbe control group 
(n = 70), under the same conditions but inside a Faraday cage 
(metallic shielding component: EMC-reinforcement fabrics 
97442 Marburg Technic), the coordination of movements was 
normal, the development was synchronously and the mortal· 
ity rate was only 4.2% [95). 

~ 
I 'I' '•: 

2.4. Effects on insects , · . -. 
.. . ! . . . . 

The microws.vcs may affect lhe insects. Insects ace the 
basis IUld key species 'of ecosystems and they are especially 
sensitive to electro~gnetic radiation that poses a lhreat to 
nature [96). : ... . ·. 

Carpenter and Liv~one [97) irradiated pupae 'of Tene­
brio molitor with · 10 GHz microwaves at 80 m W for 
20-30min and- 20 ~W for 120min obtained a rise in 
the proportion of insects with abnonnalities or dead. ln 
another study exposing froit flies (Drosophila melanogaster) 
to, mobile phone radiation, elevated stresS protein levels 
(Hsp70) was obtained, which usually means that cells are 
exposed to adverse environmental conditions ('non·thermal 
shock') [98]. PanagopOulos et al. [99] exposed froit flies (D. 
meleu~ogaster) to radiation from a mobile phone (900 MHz) 
during the 2-5 first days of adulthood. The reproductive 
capacity of the species 'reduced by 50-60% in modulated radi­
ation conditions (emission while talking on the pbone) and 
15-20% with radiation nomodulated (with the phone silent) .. 
The results of this stUdy indicate that this radiation affects 
the gonadal clevelopm~nt o~ insects in an athennal way. The 
uuthors concluded that radio frequencies, specifically GSM, 
are highly bioactivc and provoke significant changes in ph~s­
iological functions of Jiving organisms. Panagopoulos et al. 
( I 00) compare the biological activity between lhe two sys­
tems GSM 900 MHz and OCS 1800 MHz in the reproductive 
capacity of fruit flies. Both types of radiation were found to 
decrease significantly ~and non·lhermally lhe insect's repro­
ductive capacity, but GSM 900 MHz seems to be even more 
bioactive than OCS 1800MHz. The difference seems to be 
dependent mostly on ~eld intensity and less on carrier fre· 
quency. 

A study in South Africa finds a strong correlation 
between decrease ini ant and beetle diversity with the 
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electromagnetic radiation exposure (0. MacFadye"n; per­
sonal communication.). A decrease of insects and arachnids 
near base stations was detected and corroborated by engi- · 
neers and antenna's maintenance staff [101 ). In houses 
near antennas an absence of flies. even in summer. was 
found. 

In a _recent study carried out with bees in Germany, 
only a few beeS irradiated with OECT radiation returned • 
to the beehive and they needed more time. The honeycomb 
weight was lower in irradiated bees ( 102). In rtcent years 
a "colony collapse disorder" is occurring that some authors 
relate with'pesticides and with increasing electromagnetic 
pollution (96]. ' 

The disappearance of insects could have an influence on 
bird's weakening cauSed by a lack of food, especially at the 
first stages in a young bird'slife. · · 

2,5. Effects on trees and plimts 

The microwaves naay affect vegetables. In the area that 
received radiation directly from "Location Skrunda Radio 
Station" (Latvia), pines (Pinus syl11estris) ell.perienced a 
lower growth radio. This did not occur beyond the area of 
impact of electromagnetic waves; A statistically significant 
negative correlation between increase tree growth and inten· 
siry"of elcctromagnettc field was found, and was confirmed 
that the beginning of this growth decline coincided in time 
with the start of radar emissions. Authors evaluated other 
possible environmental factors which might have intervened, 
but none had noticeable effects [ 1 03}. In another study inves­
tigating cell ultrastructure of pine needles irradiated by the 
same radar, there was an increase of resin production, and was 
interpreted as an effect of stress caused by radiation; whk:h 
would explain the aging and declining growth and viability 
of trees subjected to pulsed microwaves. They also found a 
low gcnnination of seeds of pine trees more exposed [104]. 
The effects of Latvian radar was also felt by aquatic plants. 
Spirride/JJ polyrrhiza exposed to a power density between 
0.1 and 1.8 JLW/cm2 had lawer longevity, problems in repro­
duction and morphological and developmental abnormalities 
compared with a control group who grew up far from the 
radar (105]. · .· 1 -1 , .. ·.:·- . .. , , 

'Chloropftylls were quantitatively studied in leavesofblack 
locust ·(Robinia pseudoacDCio. L.) seedlings exposed to high 
frequency electromagnetic fields of 400 MHz. It was revealed 
that the ratio of the two main types of chlorophyll was 
decreasing logarithmically to the increase of daily exposure 
time[l06). 

Exposed tomato plants (Lycopersicon esculelllum) to low 
levei <966 Miii:-5 vir:n) . electromag~etic .. fieldS. for a short 
period (!Omin) measured changes in abundance of three 
specific mRNA after exposure, strongly suggeslillg that they 
are the direct consequence of application of radio-frequency 
fields and their similarities to wound responses suggests tbat 
this radiation is perceived by plants as an injurious stim­
ulus [ 107). Non-thermal exposure to radiofrequency fields 

induced oxidative stress in duckweed (Lemna minor) as well 
as unespecific stress responses, especially of antioll.idative 
enzymes [ 108]. 

For some· years progressive deterioration of trees near 
phone masts have been observed in Valladolid (Spain). Trees 
located inside the main lobe (beam), look sad and feeble, 
possibly slow growth and a high SliSceptibiJity to illnesses 
and plagues. In places we have meBSured higher electric field 
intensity levels of radiation (>2 V/m) tbe trees show a more 
notable deterioration II 09). The tops of lrees are dried up 
where the main beams are directed to, and they seem to be 
most vulnerable· if they have their roots close 10 water. The 
trees don't grow above the height of the other ones and, those 
that stand out far above. have dried tops (Hargreaves, per­
somd conununication and personal observation). White and 
black poplars (Populus sp.} and willow& (Salix sp.) are man: 
sensitive. There may be a special sensitivity of this family 
ell.ists or it could be due to their ecological characteristics 
forcing them to live near water, and thus electric conductivity. 
Other species as Plaranu..r sp. and Lygustrumjaponicum. are 
more resistant(personal observation). Schoepp (II OJ presents 
abundant pictures aod explanations of what happens to irra· 
dialed trees. 

.. ' 

3. Conclusions · : . ' 
' r 

This literature review Shows that pulsed. telephony 
microwave radiation can produce effects especially on ner­
vous-, cardiovascular, immune and reproductive systems 
(111]: 

• Damage to the nervous system by altering electroen­
cephalogram, changes in neural response or changes of the 
blood-brain barrier. 

• Disruption of circadian rhythms (sleep-wake) by interfer­
ing with the pineal gland and hormonal imbalances. 

- Changes in heart ra.te and blood pressure. 
• Impairment of health and immunity towards pathogens, 

weakness, exhaustion, deterioration of plumage and growth 
problems. 

- Problems in building the nest or impaired fertility, number 
of eggs, embryonic develop men!, ha.lching percentage and 
survival of chickens. 

- Genetic and developmental problems: problems of loco­
motion, partial albinism and melanism or promotion of 
tumors. 

In the light of current knowledge there is enough evidence 
of seriOUs effects rroni this technology to wildlife. For this 
reason precautionary measures should be developed, along­
side environmental impact assessments prior to installation, 
and a ban on installation of phone masts in protected natural 
areas and in places where endangered species are present. 
Surveys should take place to objectively assess the severity 
of effects. 
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Abstrad 

Por testing human sensitivity to radio frequency (RF) standing waves a movable reflecting wall was consuuctcd. Radio waves from !he 
radi~ TV !OWer rcftccu:d back and fanned a .standinJ wave ncar lht: reflector. When lbe reflector was moved, lhe position or rhe maximums 
of !he Slaillling waves'cb3ngai ud the electrOmagnetic intensity changed in 1he body of the wnding test mbjec:t. The computer with Ill 
Alkonvertcr regiSten:d the signals of the haod movement tnulsducer and the R.F·metcr with I 00 MHz dipole auncnou. A 10tal of 29 adults 
of diffcreill ases were testCd. There 'were 9 persons whose hand movement graphs included reawrei like the RF-metn. Sii showed responses 
thai did not conelatc with the RF-inerer. There were alSo 14 persons who did not r~ ~~all' sCnsitive persons seem to react to crossing 
standing waves of lhe FM-ndio or TV broadcastin& sipals. · . · 1 

• • • • • •! .. · . · . 
C 2009 Elsevier Ireland Led. All rights rcscrvcd. . .. · . • 

P::eywollh: Sensorimotor re&poniCI; Rac11o fnlquem:y IWidlnJ wa~1 

1. lntrodud!on 

Radio fmquency radiation (RFR) has been studied inten­
sively in the nearGHz region. Subjective symptoms, sleeping 
problems and cognitive petfonnance have been reponed in 
subjects living near mobile phone base stations 1 IJ. In the 
recent past. frequencies of FM-radio and 1elevision (TV) 
signals have been much Jess studied even tbougb these fre. 
quencies cause biological and beallh effects, too. The whole 
body resonance frequency of an average man and thus the 
maximum absorption of RF energy oceur a.t 70-80 MHz [2]. 
nus is near the frequencies used in very high frequency 
(VHF) broadcasting. The head and limbs absorb much more 
energy than the torso at frequencies above body resonance 
I 3 J. Greatest absorption in the head region of man occurs at a 
frequency of about 375 MHz; (4). Absorption is stronger for 
wave propagation from bead to toe than it is when the elec­
tric field is parallel to the long axis. The authors (4 I believed 
that the enchanced absorption in the head region may make 

• CorrcspondinJIIIIbor. 
£·mail add"n: paavo.huiiU1lellllcllsiJICt.fi (P. Hutblncn). 
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bead resonance sipifiJant in the study of behavioral effects, 
blood-brain bmier pcmbility, cataractogenesis. and other 
microwave bioeffcc15. Even increased health risks like can­
cer, especially melanoma incidence. ~ FM broadcasting 
and teleVJslon transmmen have 6len reported [.5,6J. .· 

' Nerve impulses initiate muscle contra.ction by calcium 
ion release from the sarcoplasmic reticulum. which takes 
place when i::la:uic nerve signals reach the plasma mem­
brane and T-tubules or'muscle fibers [7J. Voltage dependent 
Ca·cbannels open. ~cecylcholine esterase CAChE) breaks 
down the acetylcholine, and Na-channels close [7]. It has 
been reported that the 'number of Ca2+ ions liberated from 
hen's ftontal brain depends on the modulation frequency of 
the weak VHF radiation; with a maximum at a frequency 
of 16 Hz, while an unmodulatcd field causes no ion release 
I2.8J. Multiple RF po~er-density windows in calcium ion 
release from brain tissue have presented [9}. A si,anilicant 
decrease in AChE activity has been found in rats exposed to 
rudi~ frequency rSdiation 'of 147 MHz and itS sub-haim:ionic£ 
73.5 and 36.7S MHz amplitude modulated at 16 and 76Hz. 
A decrea..t;c in AChE activity was independent of carrier wave 
frequencies [10). 
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Fig. 1. Tcsliq hUIIIQI ndio wa•e 1CIIliilivity. R.ld.io WIVC$ from lhc TV 
mwer ~dec:t boclt from tile: rellector 1111d fonn • stalldilll wave. When the 
rc:l!ec:tor moves, the positi011 of the maximums of !he &tanding WIIYC c:hange, 
and lhc c:lcaromqnetic ial=sity c:lwlscs ID the body of the lest aubjccL 
Tbe compul.l!r with 111 AD-ccmw::rtu rc:Jis~e~lhc liaaals of lwld monlllad 
IPII5duc:er llldlhc RF-mda" will! the dipole: llllt'llliU. 

As there is previous ev~denc~ from .human and anim~l , 
studies that electromagnetic irradiation has effects in the , 
brain, the aim of the present sludy wa5 to fiDd oui, if the 
motor responses are genemtcd in sensitive persons, when they 
move across a set of standing waves caused by rAdiation of 
a FM-radio and TV tower. The connection between lhe hand 
movements and the integrated intensity of electromagnetic 
field of FM-radio broadcasting were recorded. 

2. Methods 

The wavelength of a 100-MHz radio wave is 3m. For 
te~ting human &ensitivity to moving standing -:wa.~~- a ~ov.­
able reflecting wall with wooden frame 3 m hciglu and S m 
wide was constnlctcd (Fig. 1). Steel net of20~ x 20mm 
mesh was used. Five borizoutal net slices of 60 em wide were 
bound together with steel wire forming a radio 'Yaves re~ect­
ing surface. The test place was S km froll! the ~-radio tower. 
The frame was placed in an open ·field perpendjcular ~o tbe 
incoming wave. The test subject was staDding back_towards 
the frame, and he had the hand movement tnansducer in his 
hands. The RF-meter with horizontal dipole antenna was 
close behind him. When started, the frame was 2m from 
his back and it was moved 20m forth and back. The com­
puter registered both signals. The method and the aim of 
the test were at first presented, in brief, to the test persons. 
AU together 29 adult ·persons of-different" ages were te's'ted. 
They were participants in a seminar relating to effects of elec­
tric fields. and thus they possibly do noc represent a nonnal 
population. · · 

The broadband (30-300MHz) RF-mcter and the hand 
movement transducer were constructed for this study by the 
authors. The signals were digitised by Pico high resolution 

1110 .... -····· . 

114 .. .. 1'0 7~ 74 

FiJ.l. Hand mO\Iemcnll oar the moving Rf rcllcaor. The: sLIIIIIills "'•ves 
moved slowly with lhc rellector.llltauity of the electric field was a:asured 
wilh lho: broadband Rf-1111:tcr with borWmlll dipole lllteanu. Variation of 
the field inleDSily l• presented in \be upper c:urve and the lwld movemcniJ 
of lbe aWJdiag ~' ~ ue in~ ,tower c~. 

data ioggcr (AOC16). The radio. frequcncy)pecuum was 
. measured using a Spectrum analyser (GW instek GSP-827, 
2. 7OHz) with 1 .S m horizontal dipole ante Mas. :when mea: 
sured, the Mtenna was fastened to a wooden frume I m from 
the ground. 

3. Results aad IUscussioo 

Results on the movable frame showed different hand 
movement reactions of the test subjects. There were 9 per­
sons who reacted like the RF-meter (Fig. 2), 6 persons whose 
graphs; though obvious. showed no correlation to lhc RF­
metcr and J 4 persons who did not react orshowed only small 
noi&e like changes in their graphs (Table 1}. Spectrum at the 
test place contains mainly the FM-radio broadcasting sig­
nals and four digital 1V·signals (Fig; 3). Most prominent 
(8.5dB JLV, approximately SOmV/m) are the 6 horizontally 
polarized FM-radio signals (Fig. 4). . 

Resonances in body parts affects the power absorption. 
Theoretically, lhc optimal length of a thin anteMa in radio­
frequency reception is nearly half of the wavelength of the 

Table I 
Rc~tiOIIS to standin1 waves of FM·radio &ipalt. ClusUication of resulu 
ol29!aled pcnons. Teal subject was &Widing and the r..Uo WIVe renec1or 
wu IIIOVM bcbind bimlbcr. lbe lwld move~~~en' anphs wen: compucd lo 
lhe p.phs of lbe bi'OJdband radio f~a,~uenqo lRF) meter. 

Reactions to 5tandin& waves 9 pcr&lllls 
' . 

Posaible ru.::lion 6pcnons 

No .ruction 14 pcrwm 

Hand movemenl 
· graphs include: 
feature~ like Jf&plu of 
RF-nx:tcr. 
CbanJa in !he pphs 
but no co~rclation to 
RF-mctcr. 
Only &mall noise like 
changes in the pphs. 
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incoming radio wave. The experimental maximum whole 
body resonance frequency is lower than the resonance fre­
quency for an ideal haJfwave dipole antenna [I J ). The whole 
body resonance lengtb of a human at the frequencies of 
80-1 08 MHz applied to FM broadcasting is about 1. I -1.5 m. 
Because in this experiment the test subjects were standing 
and the I 00 MHz FM-radio signals and TV signals at higher 
frequencies are borizonwly polarized, the absorption is obvi· 
ously higher in the shoulder area. The distance between two 
maximums of the 1 00 MHz standing wave is 1.5 m. The half 
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waves of local digital TV signals (500-700MHz) arc only 
about l0-30<:m. This means \hat there can be many max­
imums of standing waves of TV signals in the body at the 
same time, even near the reflector. 

The biggest variation in the local field intensity was 
caused by the FM broadcasting. There were 6 channels in 
the tower. Because of different wave lengths. the standing 
waves near the reflector are at the same phase and they 
amplify each other, but funher away, the phases are mixed 
and so the amplitude of the summed standing waves is 
smaller. 

With 1his experiment, we cannot exaCtly say where che 
reaction occurs, in limbs, muscles or in the head. It is possi­
ble that a change of intensity in standing radiowaves causes 
a small change in the nerve-muscle permeability of the nerve 
signal. The person feels It Jlke a spontaneous muscle con· 
traction. His hands are moving away and closer when the 
standing waves are passing. By some persons, the distance 
from hand to hand varied 0-60 em. That means that some of 
muscles in anns and shoulders should react. 

The spectrum contains many frequencies of electromag­
netic radi11tion. The radiation is not only coming from the 
nearest tower, and it is impossible to clean the test area from 
other waves. This experiment was made at rural area, but 
even there, the private hand held telephone signals cause 
interferences to RF-instruments. 

4. Conclusions 

Sensitive persons seem to react to crossing standing waves 
of the FM-radio or TV broadcasting signals. The reactions 
were apparently initiated by RFR ncar reflecting objeciS, but 
they became more random in very weak variations of tocal 
field intensity. In any case, iudividuals are different. and in 
natural situations many sources interfere with each other. 
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Ab&tnu:t 

Many national and international exposure standards for maximum rlldiation exposure Crom me use of cell phone and other similar portable 
devices are ultimately based on the production of heat particularly in regions of the head, that is, thennal effects (TE). The recent elevation In 
some countries of me allowable expo&ure, that is, averaging the exposure that occurs In a 6 min period over 10 g of tissue rather !han over 1 g 
allows for greater beating in small ponions of the 10-g volume compared to the exposure that would be allowed averaged over J-g volume. 
There is c:onc:em that 'bot' spots, that is, momentary higher intensities, could oc:cur in portions of the l~g tissue piece, might have adverse 
consequences, particularly In brain tissue. 

There is another concern about exposure to cell phone radiation that has been virtually ignored eltcept for the National Council 
of Radiation Protection and Measuremellt$ (NCRP) advice given in a publication in 1986 [National Council for Radiation Protc:ction 
uuf Measurements, Biological Effects and Exposure Criteria for Radiofrequency Electromagnetic Fields, National Council for Radiation 
Protection and Measurements, 1986, 400 pp.). This NCRP review and guidance ellplicitly acknowledge the ellislellce of non-tbennal 
effects (NTE), and included provisions for reduced maximum-allowable limits should certain radiation characteristics occur durin& the 
exposure. 

H we are to take most current national and international exposure standards as completely protective of thcnnal injury for acute exposure 
only (6 min time period) then tbD recent evidence from epidcnrlological studies associating increases in brain IUld head cancers with inaeased 
cell phone Ulie per day and per year oys:r S...J 7 xcps, raises concerns about the possible health consequences on NTE first aduwwledged In lhe 
NCRP 1986 report (Natioual Council for Radiation Protection and Measurements, Biolo&ical Effects and Exposure Criteria for Radiofrcquency 
Electromagnetic Fields, National Council for Radiation Pro1eetion and Measuremems, 1986, 400 pp.). 

This paper will review some of the salienl evidence that demonstrates the exisleJU:e of NTE and the CJ!.posure c;omplexitics thai must be 
considered and undentood to provide appropriale, more chorougb evaluation and guidance for future studies and for assessment of potential 
health consequences. Unfort1111ately, this paper is necessary because most nationAl and international reviews of the research area since the 
1986 Rport [National Council for Radiation Protection and Measurements, Biological Effects and &posurc Criteria for Radiofrequency 
Blcctromagnetic Fields, National Council for Radiation Protection and Measu.remcnts, 1986, 400 pp.] have not included scientists with 
apertise in NTE, or given appropriale attention to their requests to iDclude NTB in the establishment of public-he&lth-based radiation 
aposure standards. Thus, those standards are limited because IIley are not comprehensive. 
C 2009 Elsevier Ireland Led. All rights reserved. 
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1. Introduction 

1.1. Tht current approach to exposurt limits (based on 
heating and electric current flow in tissues) • • 

It is universally accepted that radioftequency radia­
tion (RFR) can cause tissue heating (thennal effects, TE) 
and that extremely jgw·fregnency (EI f) fieldsL e.g., SO 
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and 60Hz, can cause electrical current flows that shock 
and even damage or deslroy tissues. These factors alone 
are the underlying bases for present exposure standards. 
EMF exposures that cause . biological effects at intensi­
ties that do not cause obvious lhennaJ changes, that is, 
non-thennal effects (NTE), have been widely reported in 
the scientific literature since the I 970s iJlcluding benefi­
cial applications in development and rePair pfix:esses~ The 
current public safety limits do not take modulation into 
account and thus are no longer sufficierldy protective of 
public health where chronic exposure to pulsed or pulse­
modulated signal is involved, and where sub-populations of 
more susceptible individuals may be at risk ~rom such expo­
sures. 

/.2. Modulalion as a critical element 

Modulation signals are one important component in the 
delivery of. EMF sigDaJs to·. which .cells, tissues, o,.gins 
and individuals can respond biologically." At 'the mosi basic ' 
level; modulation can be co~sidered a pattern ~f pulses· or 
repeating signals which have specific meiUling in defining 
that signal apart from all others. Modulated signals have 
a specific 'beat' defined by how the signal varies period-. · 
icaHy or aperiodically over time. Pulsed signals oceut in 
an on-off pattern, which can &e either smooth· and rhyth- · 
mic, or sharply' pulsed in'. quick· bursts. Amplitude and 
fre"quency modulation involves rwci w:sy different processes 
where the J?igh-frequency signal, called the carrier wave, 
bas a lowe~ frequency 'sig~al.that'is su.PCI"4npOSed on or 
'rides' on the canier fiequ~nc}t ~ mnplitude moduiation, 
the lower frequen~y signal is embedded on the calrler wave 
as changes in its amplitude as a function of time, whereas 
in frequency modulation, the lower frequency signal is 
embedded as sligbt changes in the frequency of the canier 
wave. Each lype of low-frequency modulation conveys spe­
cific 'infonnation' ,'and some modulation patterns are more 
effective (more bioactive) than 'others dependin& on the bio­
logical reactivity of the ·exposed malerial." This enhanced 
interaction can be a good thing for therapeutic pWJoses 
in medicine, but can be deleterious to health where such 
signals could stimulate disease-related processes, such as 
increased cell proliferation in precancerous lesions. Modula­
tion Signal~ may interfere with DOmlaJ, non-linear biological 
functions. More recent studies of modulated RF signals 
repon changes in human cognition, reaction time. brain­
wave activity, sJeep disruption and immune function. These 
studies have tested the RF and ELF-modulated RF signals 
from emerging wireless technologies (cell phones) that rely 
on pulse-modulated· RF to li'arunut sjgnals:· Thus" mOdUla­
tion can be considered as information content embedded in 
1he higher frequency earner wave that may have biologi­
cal consequences beyond any effect from the carrier wave 
directly. 

In mobile telephony, for example, modulation is one of 
the underlying ways to categorize the radiofrequency signal 

of one telecom carrier from another (TDMA from COMA 
from GSM). Modulation is likely a key factor in detennining 
wheth~r and when biological reactivity might be occwting, 
for example in the new technologies which make use of mod­
ulated signals, some modulation (the packaging for delivery 
for an EMF 'message') may be bioactive, for example, when 
frequencies are similar to those found in brain wave patterns. 
If a new technology happens to Use brain wave frequencies, 
the chances are higher that it wiiJ have effects, in comparison, 

.. for example, tO cho~sing Some lower OI higher modula­
tion frequency to carry lhe same EMF information to its 
target. 

This chapter will show that Olher EMF factors may also 
be involved in determining if a given low-frequency sig­
nal directly, or as a modulation of a radiofrequency wave, 
can be bioactive. Such is the cvolvin,g nature of information 
about modulation. It argues for great care in defining sum­
~ards that are intended to be protective of public health and 
well·being. This chapter will also describe some features of 
eXposure and physiologiC:aJ ·conditions that are required in 

' general for non-the_nnal effects to be pioducc:<( and specif­
ically to illuttrate how modultJiion is a funda.TrJ!nta/ foetor 
which slwuld be taken into accouni in public safety stan­

. clards. · 

2. Laboratory evidence · 

~ublisbed laboratory studies have provided evidence 
for more than 40 YCBl'li gn bioef{ects .'at ill!ch lower 
intensities thaiFcited 'in the various ·widely · publicized 
guidelines for· iinuts tO 'Prevent harmful effects. · Many 
of these repons show EMF-caused changes in processes 
associated with cell srpwth control, differentiation and 
proliferation, that are biological processes of considerable 
interest to physicians for potential therapeutic applications 
and for scientists who study the molecular and cellular 
basis .of cancer.~ effcs=ts have been reponed in 1.ene 
~~n. transmembrane signaling· cascades, gap j!!!lc­
tioo commurucafion, unmune s stem action rates of cell 

· n b ast cancer cell wth, re eneraiion f 
damaged nerves and recalcitnJpt bone-fracture healing. These 

reports have 'cell growth control as a common th~me. 
Other more recent studies on brainwave actiyey, cogni­
tiap and human rgctjon time lend credence to modulation 
(pulsed RF and ELF-modulated RF) as a concern for 
wireless technologies, most prominently from cell phone 
use. 

In the process of studying non-tbennal biological effects. 
various exposure parameters have been shown to influ­
ence whether or not a specific EMF can cause a biological 
effect, including intensity, frequency, the co-incidence of 
the static magnetic field (both the natural earth's mag­
netic field and anthropogenic fields), the presence of the 
electrical field, the magnetic field, or their combination, 
and whether EMF is sinusoidal, pulsed or in more com-
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plex wave fonns. These parameters will be discussed 
below. 

Experimental results will he used to illustrate the influence 
of each EMF parameter, while also demonstrating that ia is 
highly unlikely the effects are due to EMF-caused current 
flow or heating. 

2.1. Initial studies tluzt drew attention to NI'E 

Several papers in the 1960s and early 1970ueported that 
ELF fields could alter circadian rhythms in laboratory ani­
mals and humans. In the latter 1960s, a paper by Hamer (2] 
reponed that the EMF environment in planned space cap­
sules could cause human response time changes, i.e., the 
interval between a signal and the human response. Subse· 
quent experiments by a research group led by Adey were 
conducted with monkeys, and showed simi\ar response time 
changes and also EEG pattern changes [3,4]. The investi­
gators shifted the research subject to cats and decided they 
needed to use a radiofrequency field to carry the ELF sig· 
naJ into the cat brain, and observed BBO pattern changes, 
ability to sense and behaviorally respond to the ELF com­
ponent of RFR, and the ability of minor electric current 
\0 stimulate the release of 811 inhibitory neurotransmitter, 
GADA, and si.nlultancous release of a surrogate measure, 
calcium ions, from the cortex (5,6]. At this time Bawin, a 
member of the research group, adopted newly hatch chick­
ens as sources of brain tissue and observed changes in 
the release of calcium ions from in vitro specimens as a 
function of BLF frequency directly or as amplitude modu­
lauon ('am') of RFR (llFRam) 1'7-ll]. Tests of both EMF 
frequency and intensity dependences demonstrated a sin· 
gle sensitive region (tenned 'window') over the range of 
frequency and intensity examined. This series of papers 
showed that EMF-induced changes could occur in several 
species (human, monkey, cat and chicken), that calcium 
ions could be ugd as surrogate measures for Lneuro-_ 
transmitter, that 'ELF fields could produce effects similar_.lo 
RFR.am.1J1ote: without the 'am', there was no effect although 
'ihe RFR intensity was the same), and that the dose and 
frequency response consisted of a single sensitivity win­
dow. 

Subsequent, independent research groups published a 
series of papers replicating and extending this earlier work. 
Initial studies by Blackman. Joines and colleagues (12-25] 
used the same chick brain assay system as Bawin and 
colleagues. These papers reported multiple windows in inten­
sity and in frequency within which calcium changes were 
observed in the chick brain experimental systems under 
EMF exposure. Three other indepcndem groups offered 
confirmation of these results by reponing intensity and fre· 
qucncy windows for calcium, neurotransmitter or enolase 
release under EMF exposure of human and animal ncr· 
vous system-derived cells in vitrl> by Dutta et al. {26-29], 
of rat pancreatic tissue slices by Alben et al. J30J, and 
of frog bean by Schwartz et al. (31} but not frog-heatl 

atrial strips in vitro [321. This series of papers showed 
that multiple frequency and intensity windows were a com­
mon phenomenon that required \he development of new 
theoretical concepts to provide a mechanism of action 
paradigm. 

2.2. Refined ltzboratory studies 11!Veal more delllils 

Additional aspects of the EMF experiments with the chick 
brain described by Blacltman and colleagues, above, also 
revealed critical co-factors that influenced the action of EMF 
to cause changes in calcium release, including the inftu· 
ence of lhe local static magnetic field, and the influence 
of physico-chemical parameters, such as pH, temperature 
and the ionic suength of the bathing solution surround­
ing lhe brain tissue during exposure. This infomuu.ion 
provides clues for and constraints on any theoretical mech­
anism that is to be developed to explain the phenomenon. 
Most current theories ignore these parameters that need 
to be monitored and controlled for BMF exposure to pro­
duce NTE. These factors demonstrate thai the current risk 
assessment paradigms, which ignore them, are incomplete 
and thus may not provide the level of protection cumntly 
assumed. 

2.3. Sensitivity of developing organisms 

An additional study was also conducted to determine if 
EMF exposure of chicken eggs while the embryo was devel­
oping could influence the response of brain tissue from the 
newly hatched chickens. The detailed ser of frequency and 
intensity combinations under which effects were observed, 
were all obtained from hatched chickens whose eggs were 
incubated for 21 days in an electrically heated chamber CXJn­
taining 6()..Hz fields. 11aus tests were perfonned to derermine 
iflhe 6Q.Hz frequency of ELF fields (IOV/m in air) during 
incubation, i.e., during embryogenesis and organogenesis, 
would alter the subsequent calcium release responses of the 
brain tissue to EMF exposure. The reports of Blackman et 
al. ( 191 and Joines et al. [25) showed that the brain tissue 
response was changed when the field during the incubation 
period was 50 Hz rather than 60Hz. This result is consistent 
with an anecdotal report of adult humans, institutionalized 
because of chemical sensitivities, who were also responsive 
to the l'requency of power-line EM fields that were present 
in the countries where they were born and raised [33J. This 
information indicates there may be animal and human expo­
sure situations where EMF il!JI!!'!!!tiqs during development 
could be an important factor in laboratory and epidentio· 
logical situations. BMF imprinting, which may only become 
manifest when a human is subjected to chemical or biolog­
ical stresses, could reduce ability to fight disease and toxic 
insult from environmentaJ pollution, resulting in a population 
in need of more medjcaJ services, with resulting lost days at 
work. 
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3. Fundamental u:posure parameters-to be 
eoosldered when establishibg a mode (or mechanism) 
of action for Don-thermal EMF ·induced biological 
efTeds 

3.1. Intensity 

There are numerous reports of bioiogical effects that show 
intensity "windows", thar is, regions of intensity lhat cause 
changes suJTOunded by higher and lower intensities that show 
no eff~ts from 'eltpoSUre. One very clear effect by Blacknuin 
and coll~agues is 16-Hz, sine wave-induced changes in cal­
cium efflux rrOm brain tissue: in a test tube because it shows 
two very distinct and clearly separated intensity windows of 
eff~ts surrounded by regiOJls of intensities that caused no 
effects (17) .. There. ire other.reports for sirrulai multlpie win­
dows of intensitY iri the radiofrequency range (22,26,29,31 ). 
Note' tbat' calcium ions are. a secondary signal transduction 
agent active in many cellular pathways. These results show 
that uitensity windows exist, the'y display an' unusUal and 
unanticipated .. non-linear" (non-linear' and non-monotOnic)'. 
phenomenon that has ~eri ignored'in all risk 'assessment'" 
and sumdard setting excrcis~s. save the NCRP.I986 publi­
cation r I). ProteCtion from multiple intensity ~dows hu 
never been incorporated into any risk assessment~ to' do' so 
would call for a major change in thinking. These results mean 
that lower intensity is not necessarily less bioactive, or less 
barmful 

~¥y)tip]e intensity windows appeared as an·unexpcctod 
phenomenon in the late 1970s and 1980s .. There bas been 
one limited attempt to specifically model this phenomenon 
by Thompson et al. [34), which was reasonably successful. 
This modeling effon should be extended because there are 
publications from two independent research groups show­
ing multiple intensity windows for 50, 147, and 4SOMHz 
fields when amplitude modwated at 16Hz using the cal­
cium ion release endpoint in chicken brains, in vitro. The 
incident intensities (measured in air) for the windows at the 
different earner frequencies do not align at tbe same val­
ues. However, Joines et al.(23,24] and Blackman et al. [20) 
noted the windows of intensity align across different carrier. 
frequencies if one converts the incident intensity to the inten­
sity expected within the sample at the brain· surface. This 
conversion was accomplished by correcting for the different 
dielectric constants of the sample materials due to the dif­
ferern carrier frequencies. The uniqueness of this response 
provides a substantial clue to theoreticians but it is inrer­
esting and disappointing that no publications have appeared 
attempting to address this relationship. It is obvious that this 
phenoirienon"is one that needs further study.' .. 

3.2 Fr~qu~ncy 

F~uency-dependent phenonoena are conunon occur­
rences in nature. For example, the human ear only hears a 
portion of the sound that is in the environment. typically from 

20 to 20,000 Hz.. whieh' is a frequency "window". Another 
biological frequency window can be observed for plants 
grown indoors. Given normal indoor lighting the plants may 
grow to produce lush vegetation but not produce ftowers 
unless illuminated with a lamp that emits a different spec· 
trum of light partially mimicking the light from the sun. Thus, 
frequency windows of response to various agents exist in 
biological systems from plants to homo sapiens. 

1n a similar manner, there are examples of EMF-caused 
biological effects that occur in a frequency-dependenl man­
ner that cannot be explained by current flow or heating. The 
examples include reports of calcium ion efflux from bmn 
tissue in vitro by Blackman and Joines and colleagues at low 
frequency (15. 19] and at high f~uency modulated at low fre­
quency [20,35,24]. An additional example of an une1.pected 
result is by Liboff [36]. · , 

In addition, two apparently , contradictory multiple­
frequency exposun= n:sults provide examples of tbe unique 
and varied non-thennal interactions of EMF with biological 
systems. Litovitz and colleagues &bowed that an ELF sinu­
soidal signal could·induce a biological response in a cell 
culture preparation. and rbar the adctition of a noise signal 
of equal average intensity could block the effect caused by 
the sinusoidal &ignal, thereby, negating the influence of the 
sinusoidal signal[37). Similar noise canceling effects were 
observed using chicle embryo preparations {38.39].1twasalso 
shown that the biological effects caused by microwave expo­
sures imitating cell phone signals could be mitigated by ELF 
noise [40]. However, this observation should not be general­
ized; a noise signal is not always benign. Milham and Morgan 
[41] showed that a sinusoidal ELF (60-Hz) signal was not 
associated with the induction of cancer in humans, but when 
that sinusoidal signal was augmented by a noise signal, basi­
cally transients that added higher frequencies, an increase 
in cancer was noted in humans exposed over the long-tenn. 

- Thus, the addition of noise in this case WIIS associated with 
the appearance of a health issue. H,ayu [ 42-44] has described 
other pOtential health problems IISSociated with these higher 
frequency transients,lermed i'dirty power." The bioactive fre­
quency regions observed in these studies have never been 
exp1icirly considered for use in. any EMF risk .assessmtaiS, 
thus demonstrating the incomplete nature of current exposure 
guideline limirs. . . , : , · ·• . ; ·., 

There are also. EMF frequency~dependent alterations in 
the action of nerve. growth factor (NGF) to stimulate neu­
rite outgrowth (growth of primitive axons or dendrites) from 
a peripheral-nerve-derived cell (PC-12) in culture shown by 
Blackmon et al. [45.46] and by Trillo et al. 147]. The com­
bined effect of frequency and intensity is also a common 
OCCI,itrence·in both the ariaJogous SOUnd and the light exam­
ples given above. Too much or too little of either frequency 
or intensity show either no or undesirable effects. Similarly, 
Blackman et al. [I 5] has reponed EMF responses composed 
of effect "islands" of intensity lllld frequerrcy combinations, 
suJTOunded by a "sea" of intensity and frequency combina­
tions of null effects. Although the mechanisms responsible 
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for these effects have not been established. the effects rep­
resent a bere-to-fore unknown phenomenon that may have 
complex raMifications for risk "assessment and standard set­
ting. Nerve growth and neurotransmitter release that can be 
altered by different combinations of EMF frequencies and 
intensities, especially in developing organisms like children, 
could· conceivably produce over time a subsequent altered 
ability to sOOc:cssfully or fully respond behaviorally to nat­
ural s~ssors in the adult environment; research is urgently 
needf:d to test lhis possibility in animal systems. . 

Nevertheless, this phenomenon of frequency dependence 
is ignored in the development of present exposure stan~ds. 
These standards rely primarily, on biological responses to 
intensities within an arbitrarily defined engineering-based 
frequency bands, not biologically based response bands, and 
are solely based on. an energy deposition determinations. 

4. Static magnetic lleld-a completely unexpected 
complexity 

The magnetic field of the earth at any given location has n · 
relatively constant intensity as a function of time. However, 
the intensity valu_e, arid the inclination of lhe field with respect' 
to the gravity vector, varies considerable over the face of the 
eanh:·More locally, lhese features of the· earth's magnetic 
field can also"var)r by more than 20~ inside manufactured 
structures, partiCularly those with steel support structures. 

'Af the BioelectrOmagnetics Society annual meeting in 
1984 [48}, Blackman revealed his group's discovery that the 
intensity oflhe suuic magnetic field could establish and define 
those oscillatory frequencies that would cause changes in cal­
cium ion release in bis chick brain preparation. This result 
was further discussed at a NATO Advanced Research work· 
shop in Erice, Italy in the fall of 1984 and by publications 
from that meeting and subsequent research: Blackman et al. 
[14.18] and Liboft' et al. [36.49,50]. Substantial additional 
research on this fenture was reported by Liboff and colleagues 
(51.52,!10]. Blackman et al. also Iq)OnCd on the importance 
of lhe relative orientation of lhe static magnetic field vector to 
the oscillating magnetic field vector [21] and demonstrated a 
reverse biological resp(,nse could occur depending on paral­
lel or perpendicular orientations of the static and oscillating 
magnetic fields [53].· 

There have' been many attempts to explain this phe­
nomenon by a number of research teams led by Smith [ 49], 
Blackman [ 15],Liboff[36,54],Lednev (.55].Blancbard [56], 
Zhadio [57], del Giudice [58], Binhi [59-62], and Matronchik 
(63l.but none has been llnivcrsally accepted. Nevertheless, 
experimental results contin~ed t~ i~ort itatic and "oscillat­
ing field dependencies for non-thennally induced biological 
effects in studies led by Zhadin [64,65), Vorobyov [66), Bau· 
reus Koch [67), Sarimov [68], Prato [69,70], Comisso [71), 
and Novi.kov [72]. 

With this accumulation of reports from independent, inter­
national researchers, it is now clear that if a biological 

response depends on the static magnetic field intensity, and 
even its orientation wiih respect to an oscillating field, then the 
conditions necessary io reproduce the phenomenon are very 
specific and might e.Sily escape detection (see for example, 
Blackman and Most {73]. The consequences of these results 
are that there may be exposure situations that are truly detri­
mental (or beneficial)'to organisms. but that are insufficiently 
common on a large sCale tba.t they would not be observed in 
epidemiological studies; lhey need to be litudied under con­
trolled laboratory ccmditions to dctennine impact on health 
and wellbeing. 

~ ' . 
S. Electric: and mapetic components-both 
biological active witb cliff"erent consequences 

I 
I 

Both the electric , and the magnetic components have 
been shown to directly and independently cause biological 
changes. There is one report that clearly distinguishes lbe dis­
tinct biological responses caused by the electric field and by 
the magnetic field. Mirron et al. (74] show !hat electric field 
exposure can increas'e the negative. surface charge density 
of an amoeba. Physarum polycephalum, and that magnetic 
field exposure of the'same organism causes changes in the 
surface of the organism to reduce its hydrophobic character. 
Other scientists have used concentric growth surfaces of dif­
ferent radii and vertic'al magnetic fields perpendicular to the 
growth surface to detmmne if the magnetic or the induced 
electric component is the agent causing biological change. 
Liburdy et a1.(7 ~). e~timi.ning calcium influx in lympbocytes, 
and Greene et al. 176], monitoring ornithine decarboxylase 
(ODC) activity in cell culture, showed that the induced elec­
tric component was responsible for their results. In contrast. 
Blackman et al. [ 77,78 J monitoring neurite outgrowth from 
two different clones ofPC-12 cells and using the same expo­
sure technique used by Liburdy and by Greene showed the 
magnetic component' was the critical agent in their exper­
iments. EMF-induced changes on the cell surface, .where 
i1 interacts with its environment, can dramatically alter the 
homeostatic mechanisms in tissues, whereas changes in one 
activity are associated with the induction of cell proliferation, 
a desiiUble outcome if one is concerned about wound healing, 
but undesirable iflhe concern is tumor cell growth. This infor­
mation demonstrates the multiple; different ways that EMF 
can affect biological systems. Present analyses for risk assess­
ment and standard setting have ignored this information, thus 
making their conclusions of limited value. 

I 

I 
6. Sine and pulsed waves-like different programs 
on a radio broadcasi sladon 

Important characteristics of pulsed waves that bave been 
reported to influence biological processes include the follow­
ing: (I) frequency, (2) pulse width, (3) intensity, (4) rise and 
fall time, and (:5) the frequency, if any, within the pulse ON 
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time. Chiabrera et al. [79) showed that pulsed fields caused 
de-differentiation of amphibian red blood cells. Scarfi et al. 
[80] showed enhanced micronuclei formation in lymphocytes 
of patients with Turner's syndrome (only one X chromo­
some) but no change in micronuclei formation when the 
lymphocytes were exposed to sine waves (Scarli et al. [81 ]). 
Thkahashl et al. [82] monitored thymidine incorporation in 
Chinese hamster cells and explored the influence of pulse fre­
quency (two windows of enhancement reported), puJse width 
(one window of enhancement reported) and intensity (two 
windows of enhancement reponed followed by a reduction 
in incorporation). Ubeda et al. [83] showed the influence of 
difference rise and fall times of pulsed waves on chick embryo 
development. 

6.1. Importance for risk assessmeru 

It is imponant to note that the frequency spectrum of 
pulsed waves can be represented by a sum of sine waves 
which. to borrow a chemical analogy, would reptacnt a 
mixture of chemicals, anyone of which could be biologi­
cally active. Risk assessment and exposure limits have been 
established for specific chemicals or chemical classes of com­
pounds that have been shown to cause undesirable biological 
effects. Risk assessors and tbe general public are sophisti­
cated enough to recognize that it is impossible to declare all 
chemicals safe or hazardous; consider lhe difference between 
food and poisons, both of which are chemicals. A similar 
situation occurs for EMF; it is critical to detcnnine which 
combinations of EMF conditions have the potential to cause 
biological harm and which do not. 

Obviously, pulse wave exposures represent an entire genre 
of exposure conditions, with additional difficulty for exact 
independent replication of exposures, and thus of results, but 
with increased opponunities for the production of biological 
effects. Current standards were not developed with explicit 
knowledge of these additional consequences for biological 
responses. 

7. Mechanisms 

'IWo papers have the possibility of advancing understand­
ing in thls research area. Chiabrera et al. (84] created a 
tbeoreUc:al model for EMF effects on an ion's interaction with 
protein that includes !be influence of thermal energy and of 
metabolism. Before this publication, theoreticians assumed 
that biological effects in living systems could not occur if 
tbe electric signal is below the r;ignal caused by thermal 
noise, in spite of experimental evidence to the contrary. In this 
paper. the authors show that this limitation is not absolute, 
and that different amounts of metabolic energy can influence 
the amount and parametric response of biological syr;tems to 
EMF. The second paper,byMarinoetal. [8SJ,presentsanew 
analytical approach to examine endpoints in systems exposed 
to EMF. The authors, focusing on exposure-induced Iym-

phoid phenotypes, report that EMF may not cause changes 
in the mean values of endpoints, but by using recurrence anal­
ysis, they capture exposure-induced, statistically significant, 
non-linear movements of the endpoints to either side of !he 
mean endpoint value. They provide fUnher evidence usin& 
immunological endpoints from exposed and sham !Rated 
mice [86-88]. Additiono.l research bas emerged from this 
laboratory on EMF-induced animal and human brain activity 
changes that provides more evidence for the value of their 
research approach (Marino et al. (89-92], Kolomytkin et al. 
[93) and Carrubba et al. (94-981). Further advanced theo­
retical and experimental studies of relevance to non-thermal 
biological effects are emerging~ sec for example reports by 
Binhi et al. (59-{)2), Zhadinet al. [64,99,65], and Novikov et 
al. [72]./t is apporenlthlll much remains to be UJJmined and 
explo.ined in EMF biological effects research throllgh nwre 
creative methods of analysis than have been used befo~. The 
models tkscribed above IU!ed to be incorporated into risk 
assessmem determinations. 

8. Problems with current risk 
assessmeots-abservations of effects are segregated 
by artificial frequency bands that Ignore modulation 

One fundamental Limitation of most reviews of EMF bio­
logical effects is lhat exposures are segregated by the physical 
(engineering/technical) concept of frequency bands favored 
by the engineering community. This is a default approach thai 
follows the historical context established by the incremen­
tal addition of newer teChnologies that generate increasingly 
higher frequencies. However, thls approach fails to consider 
unique responses from biological systems that are widely 
reponed at various combinations of frequencies, modulations 
and intensities. 

When common biological responses are observed without 
regard for the particular, engineering-defined EMF fre­
quency band in which the effects occur, this rcoiJanization 
of the results can highlight the commonalities in biolog­
ical responses caused by exposures to EMF across the 
different engineering-defined frequency bands. An aUempt 
to introduce this concept to escape the limitations of the 
engineering-defined structure occurred with the develop­
ment of the 1986 NCRP radiofrequency exposure guidelines 
because published papers from the early 1970s to the mid 
1980s (to be discussed below) demonstrated the need to 
include amplitude modulation as a factor in setting of mu:i­
mum exposure limits. The 1986 NCRP guideline [I I was the 
one and only risk evaluation that included an exception for 
modulated fields. 

The current research and risk assessment anempts are no 
longer tenable. The 3-year delay in the expected report of the 
7wyear lntCIJlhone study results bas made this epidemiologi­
cal approach a I 0-year long effort, and the specific exposure 
conditions, due to improved technology, have changed so 
that the results may no longer be applicable to the current 
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exposure situation. It is unproductive to continue to fund epi­
demiological studies of people who are exposed to a wide 
variety of diversified, uncontrolled, and poorly characterized 
EMF in their natural and work environments. ln place of the 
funding of more epidemiological studies should be funding to 
support controlled laboratory studies to focus on the under~ 
lying processes responsible for dle NTE described above, 
so that mechanislliS or modes of action can be developed to 
provide a theoretical framework to funher identify, charac­
terize and unify the action of the heretofore ignored exposure 
parameter& shown to be important. 

8.1. Potential explanation for thefailurr! to optimize 
fY!Search in EMF biological effects 

Unfortunately, risk evaluations following the 1986 NCRP 
example I I], returned to the fonner engineering-defined 
anaJysis conditions, in part because scientists who reponed 
non-thermal effects were not placed on the review commit­
tees, and in the terms of Slovic [100) .. Risk assessment is 
inherently subjective and represent a blend of science and 
judgment widl imponant psychological, social, cultural, and 
political factors ..•• Wboever controls the definition of risk 
controls the rational solution to the problem at hand. . .. 
Defining risk is thus an exercise in power." It appears that 
by excluding scientists experienced wilh producing non­
thermal biological effects, tbe usually sound judgment by the 
selected collUltiuees was severely limited in its breadth-of­
experience, thereby causing the members to retreat to their 
own limited areas of expertise when forced to make judg­
ments, as described by Slovlc [100], .. Public views are also 
inftuenced by world views, ideologies, and values; so are sci­
entists' views, particularly when they are working at limits of 
their expertise." The current practice of segregating scientific 
investigations (and resulting public health limits) by artifi­
cial divisions of frequency dramatically dilu1Cs the impact 
of the basic science results, thereby reducing and distorting 
the weight of evidence in any evaJuation process (see evalu~ 
ations of bias by Havas [101], referring to NRC 1997 [102] 
compared to NlEHS 1998 [103] and NIEHS 1999 [1041). 

9. Suaested research 

Are then: substitute approaches that would improve on tbe 
health-effects evaluation situation? As mentioned above, it 
may be useful in certain cases to develop a biologically based 
dustcring of the data to focus on and enrich understanding 
of certain aspects of biological responses. Some examples 
to consider for biological clustering include: ( 1) EMF fea­
tures, such as frequency and intensity inter-dependencies, 
(2) common co-factors, such as the earth's magnetic field 
or co-incident application of chemical agents to penurb and 
perhaps sensitize the biological system to EMF, or (3) phys­
iological state or the biological specimen, such as age or 
sensitive sub-populations, including genetic predisposition 

as described by Fedrowitz et al. [105.106], and for human 
populations, recently reported by Yang et at. [ J 07 J. 

To determine if this approach bas merit, one could 
combine reports of biological effects found in the ELF 
(including sub-El...F) band with effects found in the RF 
band when the RF exposures are amplitude modulated 
(AM) using frequencies in the ELF band. The following 
data should be used: (a) human response time changes 
under ELF exposure [2], (b) monkey response time 
and EEG changes under ELF exposure [3.41. (c) cat 
brain EEG, GABA and calc\um ion changes induced by 
ELF and AM-RF [8,9,7,10,6,11,108,S], (d) calcium ion 
changes in chick brain tissue under ELF and AM-RF 
[8,9,7,10.13-JS,21,16-J8,12.19,20,22,3S.23-2!1, I IJ, and 
(e) calcium changes under AM-RF in brain cells in culture 
[26-28] and in frog heart under AM-RF [31]. The potential 
usefulness of applyins biological clustering in the example 
gi'Ven above even though AM is used, is that the results 
may have relevance to assist in the examination of some of 
the effects reportedly caused by c:ellular pbooe exposures 
which include more c:omp!ex typeS of modulation of RF. 
This suggestion is reasonable because three groups later 
reponed human responses to cell phone emissions that 
include chB.Dges in reaction times- Pn:ece et al. [109,1 10], 
Koivisto et al. [11J.Il2] and Krause et al. [113,114]- or to 
brain wave potentillls lhat may be associated witb reaction 
time changes-Freude et al. [I 1!1,1 16). 

Subsequently, Prtece et al. [117] tested cognitive function 
in children and found a trend, but not a statistically signifi­
cant change in simple reaction time under exposure, perhaps 
because he applied a BonfCZTOni correction to his data (alpha 
for significarn:e was required to be less than 0.0023).1t would 
appear that a change in the experimental protocol might pto­
vide a more definitive test of the influence of exposw-e on 
simple reaction time because it is known that a Bonferroni 
correction is a panicularly severe test of statistical sipifi­
cance, or as the author observed, "a particularly conseTVative 
criterion." 

Krause et al. [I I 8] aamined cognitive activity by observ­
ing oscillatory EEG llctivity in children exposed to cell phone 
radiation while perfonning an auditory memory task and 
reponed aposure related changes in die -4-8 Hz EEG fre­
quencies during me!1lory encoding, and changes in that range 
and also -15Hz during recognition. The jnvestigatoiS also 
examined cognitive proa:ssing, an auditory memory task or 
a visual working memory task, in adults exposed to CW or 
pulsed cell phone radiation on either the right or left side 
of the head, and reponed modest changes in brain EBG 
activity in the -4-8Hz region, compared to CW exposure, 
but with caveats tbat no behavior changes were observed, 
and tbat the data were Vlll)'ing, unsystematic and inconsis­
tent with previous repons (Krause ct al. [I 1 9]). Haarala and 
colleagues conducted an extensive series of experiments, 
examining reaction time [120], shon-term memory [121}, 
shon-te.rm memory in children (1221. and right versus left 
hemisphere exposure (123]. Although these studies did not 
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support the positive effects from exposure reported by others, 
they provided possible explanations for the apparent lack or . 
agreement. • · . . · · · . -:. ... · 

Other rcs~h groups have also examined the effects of 
cell phone radiation on the central nervous system, incl~d­
ing Borbely et al. [124], Huber .ct al. [125]: Loughran et al. 
(126), and D'Costa et al. (127], who found changes in sleep 
EEG patterns and other measures during or after short-tcnn 
exposures, while others, such as Fritzer et al. { 128) expoSed 
for longer time periods found no changes in sleep parame­
ters, BEG power spectra, correlation dimension nor cognitive 
function. The work of Pritchard (1291 served as the basis to 
examining correlation dimensions, which is opening a poten­
tially fertile avenue for investigation. Although this approach 
provides more indep&h information on ongoing processes 
and function,·it has not yet been Wled to address potentia.! 
consequences associated with long-term cell phone use." i 

The papers published in the 1960s through 1991, described. 
in earlier sections of this paper, foreshadowed the more recent 
publications in 1999 through 2008 showing response time 
clwiges; or associated measures; in human subjects during .. 
exposure to cell phonO..generated radiation. It is unfortUnate 
!hat' essentially none of the' earJ!er studies was. acknowl­
edged in these recent reports on cognition, ~action lime and. 
other measures of central ner\o~us system prOcesses.· Without 
guidance from Ibis extensive ear Her wod:: particularly lhose. 
demonstrating the variety of exposure p8mmeter spaces that 
must be controlled to produce repeatable experiments, the 
development of the mechanistic bases for non-thermal effects 
from EMF exposures wiU be substantially delayed. ~ omis­
sion of tbe recognition of the exposure conditions that affect 
the biological outcomes continues as recently as the National 
Academy of Science 2009 publication [ 130] of future direc­
tions for research, which empha!ii.zes the modest perspective 
in the results from committee members working at the limits 
of expertise, as anticipated by Slovic [IOOJ. 

Let us hope that ·subsequent national and international 
committees tbat consider future directions for EMF research 
include membelli who have performed and reported non­
thermal effects. in Older to provide a broader perspective to 
develop programs that will more expeditiously address rroten· 
tial health-problems as well as to provide guidance to industry 
on prudent procedures to establish for their technologies.·: .. 

· At present, we ale left with a recommendation voiced in 
1989 by Abelson [131] in an editorial in Science Magazine 
that addressed electric power.r;pecific EMF, but is applicable 
to higher frequency EMF as well, to "adopt a prudent avoid­
ance strategy" by .. adopting those which look to be 'prudent' 
investments given their cost and our current level of scientific 
undersi&iiding~abOut possible risks." .. . . .. . . ...... --

10. ConclusiUbS 

There is substantial scientific evidence that some modu­
lated fields (pulsed or repeated signals) are bioactive, which 

increases the likelihood that they could have health impacts 
with ctmmic goosure even al'·very low.. exposure levels .• 
Modulation signals may interfere with normal, non-linear 
bioJogicaJ processes. MoouJation js a fundamental factor 
that should be talcen into account in ntw public safety stan­
dards; at present it is not·even.·a contributing factor. To 
properly evaluate lhe biological and health. impacts of expo­
sure to modulated RFR (carrier waves), it is also essential 
to study the impact of the moduJating signal (lower fre­
quency fields or ELF~ulated RF). Current standards have 
ignored modulation as a factor in human health impacts, and 
thus ~ inadequate in the protection of the public in terms 
of chronic exposure to some forms of ELF-modulated RF 
signals. The current IEEE and ICNlRP stAndards are not suf­
ficiently protective of public health with respect to chronic 
exposure to modulated fields (particularly new technologies 
that are pulse-modulated and heavily used in· cellular tele· 
phony) .. The collective papers on modulation' appear to be 
omitted from consideration in. the rceenc WHO and IEEE 

. science reviews. TJljs body of research has been ignored 

.. by current standard setting bodies that rely only . on tnldi­
tiona) energy-baSed (thermal) conceptS. More laboratory as 
opposed to. epidemiological research js needed tO determine . 
which modulation factors; and combinations are. bioactive 
and deleterious at low intensities, and ale likely to' result. 
in diseasc-TcJated processes and/or health . risks: however 
this should-not delay preventative actions supporting pub­
lic health and wellness. If signals need to be modulated in 
the development of new wireless technologies. for example, 
it makes· sense to usc what existing scientific. information 
is available to avoid· the most obviously deleterious expo­
sure parameters and select others that may be less likely to 

interfere wilh norinaJ biological processes in life. The cur· 
rent membership on Risk Assessment committees needs to 
be made more inclusive, by adding scientists experienced 
with producing non-thermal biological effects. The cwrcnt 
practice of segregating scientific investigations (and resulting 
public health limits) by artificial. engineering-based divisions 
of ~uency needs to. bC chqed ~cause this approach 
dramatically dilutes,the impact of the basic science results 
and eliminates c:oosi<kmtion of modulation signals, then:oy 
reducing and di~;torting the weight of evidence in any evalu-
ation process. ' 

References 

[I J National Countil for Radiation Pro!ec:tion and MeasunmcniS, 
.. Biologiw Elfc~IS IIIII Expos~~~e Crilai• for Radiofrequcncy Elcc· 

crom•snc:W: Fields, N•uooal COUDa! for RadiAtion Proleclion and 
Me.uuremeots, 1986,400 pp. 

(2] J. Hamer, Effecrs of low level, low mquency clcc:lric fields 011 human 
reactioa time, CommunicatiOIIJ iD Bcbaviorai Biology 2 {5 part A) 
(11168) 217-22l. . . • . 

Ill RJ, G1v.tN, D.O. Wallet, J. Hamer, W.R. Adey, Effect of low-level, 
)OW•freqiiCDcy C)CctriC liclds 0D eeg.llld behavior in IIIICICI IICIIICSI· 

rial. Bl'lin Raean:h II C3) £!970) 491-SOI. 



C. BIDcl:mM I Patlwpllysiolov 16 (2009! 20J-216 lll 

[4) R. Gavalu-Medici, S.R. Day-Maadabo, Exu-emely low frequellCy, 
weak eler;Uic lields aft'ecl Khcdulc-eoalrOiled behaviour or monkeys, 

' Nlllft 261 (.5557) (1976) 256-259. 
l~l L.K. KacZIIJIIrd. W.R. Adey, The efllUll of 4Xa2+ and (3 h)pmma­

lllllinoouryric tad from C&IC ccn:bral C011el, Brain R111earch 63 (1973) 
'JJI-342. 

[6) L.K.Kiczmarek, W.R. Adey, Weak det:aic pdlenm cbancc ioni~ 
111111 1riDSmlaer ftlllleS In eona. Brain Raeuch 66 Cl) (1974) 
537-540. . 

[7] S.M. Bawin, L.K. Kac:rmarek, W.R. Adey, cffcc:IS of modulalt.d vhf 
fields on the central Rct\IOUI system, Aanals of !he New York Academy 
ofkicaa:a247 (197.5)74-81. 

[8] S.M. Bawi11, W.R. Adcy, Sa!Silivil)' of calci11111 bindina inccn:bral U.. 
sue 10 ..eat. environmental electric fields oscilllllina:" low tiequency, 

· l'rocecclinas oldie National Academy of Sciences of lhc United Slltcs 
of AmeriCI 73 (6) (1976) 1999-200]. 

[91 S.M. Bawill, W . .R. A.t#y, LM. Sabbol. Ionic fiCIOn iii release of 
45~+ from «:bidten ccn:brallilsue by clccttomaguede fields, Pro­

. eecdlnp of the Nadooal Academy of Scicn~;ea of !he United Stale& 
of America 7.5 (12)(1978) 631W31B. 

(!OJ S.M. Bawin,A,R. Sbqlpard. W.R. Adey,Possiblcmeclwli.lmofweak 
eii!Cimlllqlldic 6elc1 eouplina in brain lissue, Bioelecb'Odlemislr)' a: 
Bi0CIIellelics5 (1978) 67-76. · 

[ 11] A.R. Shcppll'd, S.M. Btwin, W.R. Adcy, Modell oflona-ranae orcb 
· in cerebral l~Ycromoleculcs: effcc~ of •ub-clf and or modu!&lt.d vhf 

and uhfllclds. Radio Science 14 (6S)(1979)141-14S. • 
{12) C.F. Bll.:lcman,J.A. Elclet, C.M. Wcil, S.G. BCDIDC:.. D.C. Eichinger, 

D.E. House, IDdnc:lion of calcium ion cftlux from brain !issue by 
Rdio-frequencyrualioa: effects ofmodlllation-rtequcncy and field 

· s.~m~Jih, Radlo Scicnl:e 14 (6S) (1979) 93-98. ' 
(13) C.F. Bl&clmwl, S.G. Bcnane, J.A. Elder. D.E. Houac. J.A. Lampe, 

J.M. Faulk, 1Dc!U£1ioa of calcium-ion dllux from bnlin liss~~~: by 
rwdioftcqucacy radiali011: effect of 11111ple number llld modulltion 
frequency on the powcr-dcn&ily window, Bioela:trom~~~J~cci~a 1 (I) 

· (19110) JS-43. 
)14) C.F. Bl~~:lr.man,lbc bioloaical inlluenCCII or low·Ctcqucnc:Y sinusoidal 

dc:dromqnecic: llpa.b alone 1111d mpcrimposal on rf arTier wa-.; 
in: A. Cbi•brem. C. Nicolini, H.P. Sdlwan rEds.), lntulcdon between 
Elcaromapclic Fields 1111d Cells. Etic:e, lilly, Plenum, New York. 
1!184, NATO ASI Series A97, pp. 52H3S. 

(IS] C.F. Blacklaa S.G. Bcnane. DJ. Ellion. D.E. House, M.M. Pol­
loek,lnlluenc:c of electromaplic: liclds on lhe eJIIwt of c:alc:ium lollS 
from brain li11ue in vitro; a lhree·modellllal)'sis COilailtent with lhe 
l'lequency rcsJIOIUC liP 10 510 hz. Bioelec:tromagnet.ics 9 (3) ( 1988) 
21S-227 .. 

[16) C.F. Bl&ctmu, 5.0. Bcnane, W.T. Joines, M.A. Hollis. D.E. HoU$C, 
CaJgum-ion emu from brain lillue: poweM!cnsity venus internal 
llcJ4.in~enai!y dcpcndencie~ at 50.. rf radiuion. Bioelecnomag­
DCtici 1 (3) (1980) 217-283.' 

117] C.F. Bllcknwl, S.O. Ben111c, LS. Ki~~~~ey, W.T. JoW:a, D.E. Hcmse, 
• Eft' CCII ot elf 6clds on c:aldum-ion efl!WI from' brain tisiue ia vitto, 
· · Rwtauoo Rcsearell 92 (3) (1982) 51 0..520. 

(18) C.F. Blaclr.mu, S.G. Benane, I.R. Rabinowilz, D.E. House, W.T. 
JoiDes, A rot~ for abe IUIJICUc field ill lhe rldlauo~inclllccd emu~ 
of calcium iou froal brain tiu\le ill viuo, Bioelcc:lmlllapelics 6 (4) 
(1985) 327-337. 

[l9) C.F. Bladlman, D.E. Houae. S.G. Bcnanc, W.T. Joines, RJ. Spiegel, 
Eftect of am bien\ h:vels of powt:r-line-frequcnc:y ele~tri1: ftelch on a 

···dcvclopina vcru:br.k, Bioelc:cttomapelica 9 (2)(1988)129-140. 
(20) C.F. BlliCkman, W.T. Joina,1.A. Elder, C.Jcium-ion cfflllll ill brain 

1i1sue by ndiofrcq11cncy rldlallDII;, in: K.H. Willa= (Ed.), Biologi­
c:ILI Effects ofNOIIiollizin& Radiation, vul. IS7, American Chemical 
Soeiery, WuhlaiiOn. DC, 1981, pp. 299-314. 

[2ll CF. B~kman:s.G. Be1111nc, D.E. House, OJ. Eilllon,lmponanceof 
aliam=nt bclwccalocal de mqnetic: field and an oscillalin& m:~pclic 
fteld ill rcsponsc1 of bnin tissue In viuo 1111d in vioro, Bioe.lec:uomll­
actics II (2) (1990) 159-167. 

{221 C.F. Bladtman, L.S. Kl.aory, D.B. House,. W.T. JoiD~:~, Mllltiplc 
power-density windawsand lbcir possible oriain· Bioelearomqnct­
ics 10(1) (1989)115-1211 .. 

(23] W.T. Joiaes, C.F. 81~. EqualiziDJ lhc eleclric field intensity 
wilhin chidt bndn lmmened In bllffer ~~Jlueion 11 diffetenl wrier 

. · frcq11enc:ia. Bioe~c:a2 (4) (1981) 411-413. 
[24) W.T. Joinea, C.F. BIICkmm, M.A. Hollil, Braadeai.IIJ of lhe rf 

power-cfcnsity windciw for c:aldum-icm eftlux froiD lniD lisluc, IEEE 
TrlllsactiODS (lll Bio-Mcdic.t En&i~rins 28 (B) (1981) S68-57l. 

(2S] W.T. Joines. C.P. BJiclanan. RJ. Sptcacl. Spcdllc ab&orptioa rate in 
eleclrically coupled :biolopcaJ 111mpks bc:lwccn metal plau:a, Bio­
clcclromagncda; 7 C2) {1986) 163-176. 

[26) S.K. Duua. K. Dis, B. Gbosb, C.F. BliCtman. Dolll dcpcndcnec or 
acely lcbolineSICJasc iclivil)' in neuroblastoma cclll capoled to modll­
lalcd radio-fmq~ clcccromapcdc r~~diallon, Biocleclromqnccica 
13 (4)(1992)317-322. 

(27] S.K. Duua, B. Ghoib, C.F. BJ.,;kman, RadiofrtqueDC)' ndlalio~ 
induced calcium lou emu enbaacc111ent from human and other 
neuroblastoma cella In cu1111111, Bioclec110111qnelic• 10 (2) (1989) 

197-202. 1 ,. . 
[28] S.K. Duaa. A. SUbramcmiam, B. Obosh. R. Panhad. Microwave 

radlalion-iDduc:cdcalc:ium ion emux from bumDD acuroltlasiDma ccUs 
in ~:~~lturc. Bioclec:aUm.,ocdus (1)(1984) 71-78. • · 

[29) S.K. Dun&, M. Vrmla, C.F. Bl~~:kman, Frequency-dependent liter· 
IUOIII In c:noiiSC KiiYlcy in cldlcricbi• coli eauiCd by exposure 
10 electric: and maaneu~ 6clds, BioclecaolllJIIIdlct I.S (S) ( 19941 
377-383. I . . 

[30] E. Albert, C. 81.::..:0., F. Slaby, C&ldum lkpendcal seactD~Y 
protein release 111d Caldum efllux during rf imdialiM of till paa­
etellic lis5w: DCCII, in: AJ. Bcrtalld, B. Servanllc (Eels.), Ondcs 
ElcclrolftiiiiCtiquea cl Biolopc. URSI IDrcm&lioaal Symposium on 
FJearomapecic waW:. Uld BioiOBY. Jtme JG...Jul1 4. Jovy-CD-Jow. 
PC'IIIc:e, Cclllre NllioDaJ de Ia Recbercbc Saenlifiquc, 2 nae Mcnry 
Dua11111, 94320 Tbi&li, France: A.J. Bertcwd, l !180, pp. 325-129. 

[31] J.l .. Schwmz, D.E Houac. G.A. MealiDa. &posun: of fros hcaru 
to tw or IIDpliiUdo-mOdulll£d vhf lldds: ~electiw: dllu~ of calcium 
i011111 16 bz, BioeleclrOIDIIJICbCI II (4) { 1990) 349-3~8. 

(32] J.L. SchWIIItt, O.A.I Mealin&. C&lcium-loo mU¥cment md con­
lraclilil)' in lllrill lalps or fros hear! 1111 not alfecsed by 
low-fmqllCIIC)'-modulated. 1 1hz elecaomapetic radiation, Bioclcc· 
trom~~~Dclie~ 14 (6) (1993) 521-533. 

(33) C.F. Blackman, Call EMF exposure durina devclopmc.nt leave 111 

lmprinll&ter in llte1 Elec:uomapclic Biology ~nd Med.icinc 25 (4) 
{2006) 217-225. : 

(34] CJ. Tbompaon. Y.S. Y111g, V. Aruknw, A.W. Wood, A~ 
erali~e model for c:a{ +t) cfllux windowina from cell IDCIIIbnnea 
a)XIKd 10 clccllulnqllelic p.dialion, Bioelectromapetics 21 (6) 
(2000) 4SS-464. ! . I • 

]35) W.T. Joina. C.F. Blackman, Power dcnsicy, field intenlily, and curier 
fnxj11c11cy delmllin11111 of rf-t=~JY-illduecd cakium-ioa em wt ftom 
brain tissue, Bioelcc:lrOIDIJ~D~:Iits 1 (3) (1980) 271-275. · 

(36] A.R. Liboff, CyciOCI'Oil resoJU~ncc in membnllle IJIIDSpOrt, m: A. 
Clliabrcn.. C. Nicolini, H.P. Schwan (Eds.),lnluarliDIIBctween Elcc· 
lrOIDapetic Fidds md Cells, Ericc,lllly, Pleaum, New York, 1984, 
NATO ASI Series A97, pp. 281-296. 

(37] T.A. LiiOvilz, D. Krause, CJ. MonUOK, J.M. Mullins, Temporall1 
lncohcn:nt magnetit fteldl mitigace lhe re~pon.e of bioloaicllaystems 
to I.Cmporally cohcrcni mapelic fields, Blodec:trcnnagnctie& IS (5) 

• ·- (1994) 399-<t09 .... - .• L ..... -... . . ··-· ........ ·---·· 
(38) J.M.Famii.M. Bubct, D . .Kraux, T.A. LiiDVitz,lbuupetposilionof 

a ttmporllly im1ohettft1 mapelic fteld inhibi1160 bz-induud ch1111ges 
in the ode IICiivily of developina chic: II: embryos, Bioelccttomqnctics 
19(1)(1998)53-56. : 

[39] T.A. Utovitz, C.J. MonUOIIC, P. Doinov, K.M. B10WD. M. Bar· 
bel, SuperimposiD&api.tially coherent clccll'DIDq11Ctic noise inhibit• 
ficld-illduc:cd aboonnalitics m dcvclopin& dlick cmbry111, Biocl~uo­
mapelic~o 15 (2) (1994) 105-113. 

i 



214 C. Blacim.tull Ptullop/lysioforY 16 (2009) 205-Z 16 

[40) T .A. U10vilz, L.M. Penafiel, J.M. Farrel, D. Kcawe. R. Mdster, J.M. 
Mullins, Biodl'ccll indlleed by QPOSUre .0 miaowava 1re mili· 
ptcd by IUperpcllltion oC elfnoiJe. Biodrclnlmapelics I I (6) (1997) 
422-430. . 

[41] S. Milha111, LL Mor1an. A new electromagnetic exp111ure melric:: 
hish frequency vol!aJC trus~n!S auOc:iated wilh increased c111ccr 
inc'idenec: in tcacben In a califomia school, AmeriWJ lollfDal of 

· hlduarill Medid~~e 51 (8) (2008) 579-516. 
(42] M. Hatru, EkctromaJRelic tiypc:ncasilitrily: hioloaiw efr«IS of 

ditty elcc:lridty witb emphasis on diabetes and multiple ~elero&is, 
EleetJOmJII!Idic BioloJy 111d Medicine :ZS (4} {2006) 259-268. 

[43) M. Havu, Diny elcc:lridty clcvlltl blood Iugar aDOIIJ elet:Uiellly 
RIISiliYe dlabclics111d may ~&in britllc c!Wletes, Eleclrvlnagnclic 

'Diolon IIIII Medicine 27 (2) (2008) 13.5-146. · . 
[44] M. Havu, A. OlstAd, Power qullity affects tc:ubcr wdlbcinallld 

student beh.t.trior in lhrec Mi!IIX:SOta achools, The Sc:iace of lhc Total 
Envitonmcnt402 (2-3) (2008) 1.57-162. 

{4.51 C. F. Blackman, $.0. · BcolllC, D.E. House, Frequeney-dependent 
inlerfcrcncc by maanelic fields of nerve growdt faciOI"-induCcdDCwitt 
outarowlb in pc-12 cells, Bioelcctromqncticsl6 (6) ( 1995) 387-395. 

(46) C. F. Bt&Uman, J.P. BJ111clwd, S.G. Bmme, D.E. House, Elpcri­
. ma~lll dclcnaiDalion of hydmJCD b111dwidlb for lhc icm paramelric 
~111CC model. Bioelcctromqaelics 20 (I) (1999) .5-12. 

(47) M.A. Trillo, A. Ubc:dll, J.P. B1111chard, O.E. HouJC, C.F. Blackman, 
MIIIICtic field& at raonant c:mu!Jtlons for lhe bydroJcll illll .alfcct 

• ueurie osrilfll'"h In pc·l2 "11.: a test of tile ioa puuleUic t:a011111(:e 
llllldcl, BioelCC'IJOmlpda 17 (I)( 1996) IQ-20. 

[48) L.Sieaili. HisJilighll: Elfbiocffectncudicaat bcms, Miaowa-veNcw• 
IV(7,Scpt.)(l984)2. • , , • • , 

[49) S.D. Smith. B.R. McLeod,· A.R. Libolf. K. Coobey, Cak:iu111 
• c-yclOCrOal'tiODII1cc 111d dialoiiiiDobility. Bioclcctrol!l~ 8 (3) 

(1987) 215-227. ' • • 
[50) J.R. Tbomu, J, Schrol, A.R. LiboiT, Low-iote~~Jity lbaFJdic: fidd.i 

allet · operm bcb~trior in rats, Biocleclromaanctic• 7 (4) (1986) 
349-357. 

(51) A.R. Libofl', B.R. Mcleod. Xinelica of dwmcliz.cd IDCIIIIInm! ions 
in mapc1ic fidcb, Bi~lcctromapclics 9 (l) {1918) 39-51. 

(52) A.R. Libolf, W.C. Pukinson, Search for ion-eyclotron n:aonance in 
11t n•( + )-lranipOlt l)'&tem, Blocl.:euomapctics U (2)( 1991) 77-83, 

[53] C.P. Blackman, J.P. Blanclwd. S.G. Bc:aane, D.E. Howe. Effect of 
ac 111d de IDIFlCiit licld oricmallon on llCr\IC c:cU1, Biodlcrnic.alllld 
Biopbylicll Rcsc:arch CoiDIIJullil:alionJ 220 (3) (1996) 807-811. 

(54) A.R. Libof!. Elcctric:-field ion cyclotron resonance, Sioelecttomag­
ncl.ics IB {I) (1997) H-37. 

[SS] V. V. Lcdnev. fuclible meclwrlsm ror lhe inftueace of weak mas· 
nclic fields on bioloJictl S)'stems, Bioelearomqnclics 12 (2) ( 1991) 
71-75. 

[56) 1 .P. Blanchard, C.F. Blackman, Clarilk:ation Uld tpplicalion of 111 

ion ,-.metric rcson111c:e model for ll!lpctic llc:ld i~~~.~:JU:t.ions with 
biolopcll l)'lamr., BioelecttollliJIIelica 1.5 (ll (1994)217-238. 

[.57) M.N. Zhadin.' 2.E. Fcsenko, • Tonic qclauon reson~~~tc in 
biomolecules, Bi0111cdit~l Scicnc:c I (3) (1990) l-45-:ZSO. 

f.S8] E. Del Giudice, M." Fkiscbmaun. O. Prcparata, a: 'lalpo, On llle 
"UIIl'Cuonlblen Elfecll of elf mapelic: lidd& upon a 1 )'IILID of iOtU. 
Bioelec1i'CJalqnetica 2.3 (7) (2002) S22-S30. ' 

[S9] V.N. Binhi, Stoclwcic d)'Damics of mqnemo.ncs and IIIICC!wlism 
of bioJoaicll orien1atiou in !be aeomiiJIIelic field, Blocleetromagnel­
in Z7 (1){2006} .58-63. 

160} V.N. Binhi,A few remubon 'combined actionofduadac11111pli~ 
fields on ion motio11 in 1 nw:romoi«We', BioelCCIIOmapelics 28 CS) 
(2007) 4()9-4)2, diiiCUIIion412--i04. 

[61) V.N. Binbi. A.B. Rubin, MqnetobiolOJ)': the kl paraclol111d poul­
blc: 1olutions, Electromqnctic; Bioloay ud Mc41cine 26 (I) (2007) 
4H2. 

[62f V.N. Binhi. A. V. Snin, Molecular JYIOICopcs ll1d bioloaiell effect. 
of weak Clllrclllely low-frequency ID&&J!Cdt: fields, Pllysil;al Review 
65 (5 PI I) (2002} 0.51912. . 

[63) A. Y. Mattonchik, I. Y. Bclyaetr, Mcx:blllism for combined action of 
. microwutra and 11atic m~~pctic.fidd: alow noa uniform rocalion 
or dWzed nucleoid. Ekclloma&tletic Biola,y and Medicine 27 (4) 
(2008) 340-3.54. . . . . . 

[64) M.N. Zbadin, Combined action of llatic alld. altemalinJIIIIJnellc 
fields on ion motion in 1 maaomolccule; tbcorclical upcc:IS, Bio-

• clcelrolllqnctia 19 (5)(1998) 279-292. 
[65) M.N. Zhldin, V.V. Novikov, F.S. Barnes, N.F. PaJola, Combined 

ICiiOD of lillie: llld al1~11lllinl JN&IIcdC 1\eld~ 011 lollic; CIIITenl in 
aqueous slutamic aci4 solutioo, Bioclc:clromaanelics 19 (I) (1998) 
41-4.5. 

[66) V.V. Vorobyov, 6.A. SoiUIIOV, N~ Kulu.sb.kin, V.V. Lednetr, Wed: 
combined IJ\I&liCiic field afTcc:ll basic and morpllinc-incluccd rat's 
CtJ, Brain ReiC&l'cb 711 (1-2) (1998) 182-137. 

!67} C.L. Bawe111 Koch, M. Sommarirl, B.R. Persson, L.O. Salford, J.L. 
Eberltardt, Interaction betwea~ weu low l'mjuency magnetic fields 
llld a:IIIIICIIIbrsa, Biaeledromap!1lcs 24 (6) (2003) 395-«)2. 

[68] R. SariniOv, B. MlrtO\'I, F. JollanssoP. D. Jcn~Stn, L Belyaev. &po­
surc 10 elfmqnccic fic:ld Nned to zn flllliblts p-owih of cancer cells, 
BioelccU'OIIIqaetia 26 (8) (2~) 631~8. 

(69) F.S. Pra!o, M. Ka\-alien., JJ. Cmou. Bdlaviollral etridc:llcc IIW 1111&­
netic field elf eelS in tbc l.111d soail, czp~~e~~aemon!is. mia:bt not dcpmd. 
on ~~~&gnelite IX' indllc:ed cleclric curmJU, Bioelcctronupclia J 7 (2) 
(1996) 123-130. •. 

1701 F.S.I'nlto, M. Kavalim., A.P. Callen, A.W. Thomas, U&bt-depcndenl 
and -independCnt bcllarioral cfl'CC:U or ~uemely !OW frequency Jlla&· 

. netic fields !D a land snail are consilleat wilh a pmmccric resonaocc 
mcc:haoi£m, BioelcclromiJRclics 18 (3) ( 1997) 284-291. 

(71] N. Comlsso, B. Del Giudice, A. De Nillno. M. Fleiscbmaan, L. Giu­
liani, G. Menaoli,F. Merlo, G.1\lpo. Dynunicsof lhc io1) cydouuo 

• mooanat dfec1 on amiuo Kids adiOibed u lbe intriea, Biodec· 
cmmqnelic:a 27 ( 1) (2006) 16-2S. · 

[72) V. V. Navikov,I.M. Sbchnan, E.E. FcKDkD, l!lfec:l of weak sialic aod 
low-frequcnc:y ahemaling maJnedc fields on die t1s1ion and reamer­
Ilion of the plaMrian duaesil (Jinnlia) lipina. Bioclrccmmapctics 
29(.5)(2001)387-393. 

[73] C.F. Bl.clmwl. B." Most, A scbcme for incorpo11tin& de maguetic 
fields into epidemiological studies of EMF exposure, Biadcctru~J~q­
nctics 14(5)U993)41l-431. 

f74) M.T. Man-all. E.M. Goodmll1, P.T. Sblrpc, B. (henebaum, Low~­
QIICIIC)' elcctrir 111d lliiJilCiic lields ha~c dill'cmu dfcccs on tbc "U 
surface. FEB$ Letters 230 (l-2) (19118) 13-16. 

[75) R.P, Liburdy, Cllkium •ianalinaln lymphocytes 111d elr fields. Etri­
dence for 111 electric field ~tric and a site of interactioo in110lving 
lbc calcium iao clmmlrl, FEBS J...enus 301 (l) (1992) .5~5\l. 

[76J JJ. <mcne. WJ. SkCIWI'CIIIW. J.M. Mullins, R.M. Nardone. M. 
Pcna/iel, R. Meiser, Delineation of c:lcctric ud mapcli~ field cffecu 

. of ~"tmndy law frcq._:ncy elcctmiD.IIfDC:tie radllli011 on uanscrip­
lion, Blodlelllical and BiophyaiCIII R=-cll C'<mllllllllicuioaa 174 
(2)(1991) 742-749.. • 

[77) C.F. Blackman, S.G. Jknane, D.B. Hoo1c, Evidence f~ dilcc:t di'CC1 
ofmagnclic'llddl 011 neurite ouCJVOWrh, FASEB J 7 (9) (1993)801-
806. 

[7BJ C.F. Blxkmm, S.Ci. BCOUie, D.E. House, M.M. PoU~k. Action of 
50 hz. mqnecic lidds m PMile outgrowdl ill plleoduomocy10m3 
cell•. Bioelcctromagnetia 14 {3) (1993} 273-286. 

[79] A. Clliabrera, M. Hi111c:nbmp, A.A. Pilla, J. Ryaby, D. Ponta. A. 
Belmoat.. F. BcluiUDe, M. Grauarola. C. Nicolioi. Cytotluoromctry of 

. dearaiJIIIPCCically c;oottoUcd cc.ll dediJYucoclalion. Tbe lournal of 
Hiltoc:bcmisuy 111d Cytocbemislly 27 (l) (197\IJ 37.5-381. 

(80) M.R. Scarli, F. Prisco, M.B. Lioi, 0. bni, M. DeUa N~e. R. Di 
Pietro, C. FUICCIIchi, D. lafuseo, M. Molll. B. F., C)'IOJCnctic effects 
induced b)' atmnely low frequency pul~ed mqnetic ftelds in lym· 
phoc)'ICS from 'I'IIma's I)'Ddrome &ubjecu, Bioclrctrocbcmisuy ol 

BlOCQCJleUal 4l (1997) 221-226. 
[811 M.R. Scarfi, M.B. Lioi, 0. Zeni. G. Frmcc5tllctti, C. FrancesclU. F. 

Benani, Lad ol chromom~QJ lbcrration and micronucleus indU~;Iion 



C. BIIJc..,_, ll'alltopllysioiDo 16 (2009 J 20J-216 215 

ill human lymphocy1e1 cx.poaed 10 pul~ mapclic fidd.s, Mu!.ldon 
R~h 306 (2) (1994) 12g._JJ3. 

(82] K. lld:aJwhi,l. x.aeto, M. Dllc, E. Fubda. Effect of pulaing elcc­
tromagnelk fields 011 DNA 1)'111brais in mND!Dalian ceDs in culture, 
Expcricntia 42 (2) (1986) ISS-186. 

[831 A. Ubeda. 1. LW. M.A. Trillo. M.A. Jimenez, J.M. Delpdo, Pube 
abap~~ of maprk &etds inllueuc:a ddclc embf)'o&eneals. Joumal of 

1 Anacomy 137 CPt 3)(1983) 513-536. 
{841 A. Chiabrcra, B. B~. E. Mouia. J.J. IUufman, Zee~Nn-ltark 

· modeliDJ of lhe rf EMF intmclion witb liaand bindlna. Bioelcctto-
mapellc• 21 (4)(2000) 312-324. . 

(85) A.A. Muino, R.M. Wolcott, R. Cbcnmak, F. Jourd"Hcuil, E. NilsCD, 
C. Fr:ilor 2Pd, Noollncar reapoose of the immune sy•lem 10 power­
frequency mapelic field&, American Journal ofPhysioloJiy 279 (3) 

aooo> R76J-768. . 
(86) A.A. Mrrrillo. R.M. Wolcott. R. CbcJveaak. F. Jounfhcuil. E. NiiiCII, 

C. Frilol 2nd, Noaliow- dctc.rminian in r.be immune .&ySICm. In 
vi'lltl inftuencc of dectrolllqMtic llekls on difl'erent runclioos of 
murine lymphocyte wbpopulaliont.lmmunoloJicallnvaliCations 30 
(4)(2001} 313-334. . 

[87) A.A. MariDO, R.M. Wolcoa. R. Clren.:nlk, F. Jollfd'hcuil, E. Nilsen, 
C. Frilol 2nd, NooliDcar dynamical llrw sovcras magnrtic field 

· iadLICed changes ill lymphoid pbenolype, Bioelcctrom&gnctics 22 (8) 
(2001) 529-546. 

[118] A.A. Mui110, R.M. Wolcoct, R. Cbcrm11t. F. Jolud'bcvil. B. Nil&en, 
c. Frilot 2nd, s .B. Prudl, Coim:idcnl IIOIIIiDcu cbanceJ m ltlc 
endocrirre and immlme l)'ltcms due to low-frequa:~cy mapell~ fields, 
Ncuroimmunomodulatioo 9 {2) (2001) 6.5-77. 

[89] A.A. Marino, E. Nilsen, A.L. Cheuon Jr .. C. Frilot. Elf eel of low­
fl1:qlleucy magnDtic fields on brain dectrical ~~:~ivity ill human 
lllbjteu, Clinical Ncuropllyslology 1" (5) (2004) 119.5-1201. 

[90) A.A. Marino, E. Nilsen, C. Frilo1. Lc!caliz.tion of elcc:tro.recep­
live fun~lion in rabbill, Pby&iology &, Behavior 7!1 (4-5) (2003) 
803-810. 

[91) A.A. Muioo, E. Hillen, C. Frilot, Nonlinear changes in brain elec­
lriealaaivily due 1o ~.:CII phone radlati011, BioelecttvmiiJieli.cs 24 (.5) 
(2003) 339-3-46. 

[92] A.A. Marino, E. Nillc11, C. Frilor, Consistent magnetic-field induced 
dynamil:al c:hanp iD rabbit brain ICiivity detcc:led by recurrence 
qumlilicalioo analysis, Bn.in Researdl 964 (2) (2003) 317-326. 

(93) O.V. Kolomytki11, S. Dunn. F.X. Han. C. Prilot 2nd, D. Kolomytkin, 
A.A. Maino, Glycopro~cim bound to ion ~hanneb mcdia&e cleccclion 
of electric llr:lds: 1 propoaed mechanism and supponin.J evideoce, 
Bioclc:ctromaszrctica28 (') (200'7) 379-38S. 

[94) S. Canvbba, C. Fril01, A. Chcuou, A.A. Marino, Detcclioa of non­
linEar e'ICIII·relafed potenUals, JoumaJ of Neuroscience Mclhods 1S7 
(I) (2006) 39-47. 

[9S) S. Cun~bba. C. Frilot, A.L. Chesson, A.A. Marino, Nonlinear eeg 
acrivalion evoked by low,..IJ'Cn,ph law-frcquaq magnet:i~ fields, 
Neuroscience ~n; 417 (2) (2007) 212·216. 

[!16) S. C~rm~bba. C. f'rilO( 2nd, A.L. Chason Jr., A.A. Muino, Evidence 
of a nonlinear lluman mqnelic sense:, Ncumsclen'e 144 (I) (2007) 
3.56--367. 

[97) S. Carrubba, C. Frilot, A.L. Chesson Jr., A.A. Marino, Method for 
dera:lion of c:lwJges in !be cq ioduced by the pracnce of ICDSOJ)' 
stimuli. Joumal oCNMoscicnce M~thocb 17) (l) (2008) 41-46. 

[98] S. Camlbbl, C. Frilol, A.L. Clleason Jr., C.L. Webber 1r.,1.P. Zbilul, 
A.A. Marino, M~piCIDICDJOr)' evoked poltntiala: corraistent nonlin­
ear pbcnomczla, NCU~G~Cicncc Rc:KIIfdr 60 (I) (2008) 9.5-105. 

[99) M.N. Zhld.in. O.N. DcryuJina, T.M. Prs~~ebenko, Influence or alm­
bined de llllll ac mapelic fields on rat bebavior, Biodectromagnetics 
20 (6) (I 999) 378-386. 

(1001 P. Slovit, l'nlsl. Clllotion, lei., poliliCI, and science; Sllrvc}'iliJ the 
rillr.-~Wtsamenl b&nlc5eld, Rill Analysb 19 (4l (1999) 689-701. 

I I 01) M. Ha\'U, Biological effcctli of noa-ionizing clectmmagnccic: energy: 
a critical review of !he reporu by the US national reseuch council 
11nd lhc wr national iiiSiiNie or environmcnral heallh scieaces as IIIey 

rei.- to !he brotrd. Jum of EMF biocffecu, Envlloomcntal Reviews 
8 (2000) 173--2.53. ! 

(102) National Rcscmb Couacil (U.S.). Commiltee oolbc Possible Etfccll 
of El«<romapelk F'.ldds on Biolosic Syatc:ms. Nari011al AAIIdPy 
~'teas, Was~oa~ DC, 1997, 3.56 pp. 

(I 031 Narional Instiaute ol Envin:mmCDLtl Heallll Sci= Worlcina Group 
Repon. A~~e~~mc:n1 or bealr.b ctrccu from cx.posure ro puwu-liDe 
frequcntyclcaric 81!" mapetic lldds, 1!198, NIH Pub 98-391J, 508 
pp. I 

( J 04 I Nationallnsti111te of Envitonmcncal Health Science, Rtpon on health 
cfl'cc:ll from ~poa~ 10 power-tiDe ftequency dccuic ancl~~~~.pr:fic: 
fidds, NIH Pub No 99-4493, 1999, 67 pp. 

I 10'1 M. Fedrowlrz, K.' Karnino, W. Loacbu, SignifiCIIII differ­
ences in lhe clfecta or maperic: field , CllpciiiiJ'II on 7, 12-
di.mdhylbcnz(a)lllrhraccDc-induced IJWIIDW)' carc:inoJCDesilln IWO 
subsuains of sprquc-Gawky 1'11.1, Cm:a- ReiCII'Ch 64 (1) (2004} 
243-2.51. r 

[1061 M. Fedrowiu, W. Losdler. Power freqoeocy mapeli~ fiddairlcnue 
cdJ prolifcral!on in ihe mammary &land ol female liiCber l44 rats 
bul not vuious o!ber'm Sll'ailll or substtains, OncoloiJ 69 (6) (200S) 

.416-498 .. 
(107] Y. YanJ, X. lin, C. Yan, Y. nm, J. 'Jio&. X. Shcn, ~y llllldy 

of inrcnclions bdween DNA repair genes (bmlbl, apal, mpl, 
mel and xpd) and low-frequenc:y dccttvmapelic fields in c:hild­
bood 1oC11t1: lcutanl_.: Lclolbmia &. Lymphoma 49 (12) (2008} 2~ 
2330. ' 

[108) S.M. Blnllin, R.J. Gavalu-Mcdici. W.R. Alley. Eft'cc:rs of modularcd 
YCI}' hilfl frequer~cy fields en specilic braiD rhydlma ID c:w, Brain 
Research SB a> (1973) 365-384. 

[109] A.W. Peec:c. 0. !wi, A. Dlvics·Sariltl, K. Wcanca, S. Bmler, E. Urn. 
A. Varey, Etfec:t or a 91~mhz simulalcd mobile phone signal on COJ­
nitivc l'lma.ion in mao, Jrucmational JoiUDal of R.tiatioa BioiOI)' 7S 
(4) (1999) 447-456. i 

[llO] A.W. Pn;cu, K.A. Weme~, O.R. lwi, The effCCI of a .SO hz 11111· 
nc:li~ field oa copilivc ~on in b111112ns,lntem:Uional Joumll of 
Radiation Biology 74 (4) (1998) 463-470. 

[11 I) M. Koivisto, C.M. KRuse, A. RCVQI!Suo, M. Laine, H. Hamalainen, 
The effects or clcctromagaelic lleld emiued by pm phones on work­
in~ mcmocy, Nt:ururcPort I I (8) (2000) 1641-1643. 

[ 112] M. KoiviJro, A. RC'iOIIJDO, C. Krause, C. Haarala, L. Sillanmaki, M. 
L&ine.H. Hamalai!lell. Effects of902 mhzdcc:tromA~~~eticficldc:mit­
led by cellular tdeph~ on respomc times iD bum1111, Neurorepon 
II (2)(2000) 413-415. 

(I 13) C.M. Krlale, L. SillllllllUi. M. Koivilto, A. Hqsqvile. C. Sun:la. 
A. Rmmsuo. M. Laine. H. Hamalaint:D, Elfccu of clc:aromqneti~ 
field emitrm by cellular phones on tile etB d11riR8 a memory Wlc., 
Nc:uroreport 11(4) (2000) 761-764. 

[114] C.M. Krii.ISC, L. Sillanmaki. M. Koivisto, A. Haasqvist, C. S~~ttla, 
A. RevOIIIiliO. M. Lai.ne, H. Hamalai~~C~J. Effecu of elcctromqnetic: 
lldds cmiUcd by cellular phones 011 the electroencepbalosnm durinJ 
• visual workins memory task, lnlemarioull JOIIlllal of Radillion 
BiolosY 76 (12) {2000) l65g._l667. 

[ II.S) G. freude, P. Ullspellcr, S. qgat. I. Ruppe, Effects of microwiVes 
~milled by ccUulu pi!DIIes oo human slow brain polenlials, Bioclcoe­
tromaptics 19 {6) ( 1998) 384-387. 

(I Hi] G. Frc:udc, P. Ulh;pcraer, S. Et~ert, I. Ruppe, Mici0'4'1YCS emillaf 
by cellular u:lcphone~ alfect human &low brain potentials. E11ropean 
journal of Appllrxl Phylliolol)' 81 (1-2) (2000) 18-27. 

[117] A.W. Preece,S. Goodfc:Uow, M.G. Wript, S.R. Buller, EJ. Du1111. Y. 
Johllsoa. T.C. Mw~tlow, K. Wesne~. Etfcc:t of902 mhz mobile phone 
tmllamilsion on cognitive function in chi\drc:n, Bioelecll'oma&netia 
{Suppl. 7) (2003) 5138-143. 

[ 1181 C.M. Kralue, C.H. BjOmbcrs. M. Pesoncn, A. Hultell, T. Llaiwori, 
M. Koivisto, A. Rcvonsuo, M. Laine, H. Hamalainen, Mobilr pllonc 
elfecl5 oo c;hildren'& cw:nt-~lllcd oscillatory ecs durinJ an audltory 
mrmory tuk.lntemalional Journal of Radiation BioJosy 82 (6)(2006) 
443-450. I/ 

,,..-



216 C. Blilcbun lltltlwphysi"IOJY /6 (20091 20.S-216 

[ 119] C..M. Krause; M. Paonen, C. Hurala Bjombera. H. Hamallincn. 
Effects of puiJcd and COIIUniiOdl wave 902 mbz mobile pbOIII! 
upoalitc un loin ote:illalory .Wvit:r dllriDI copiti~ pnx:culns. 
Bioelccii'OIII&gJICiiCII 28 (4) (2007) 296-308. 

[120] C. Hunla, L. Bjombcrg, M. Ek, M. Lal11a, A. RaVIIIUoiiO, M. Kolvilto, 
H. Hamalai~~a~, Effm o( a 902 mhz dectromqnetic field cmitled 
by mobile phones on hwnaD i:osailivc timction: a tcpliution study. 

· · Biocleccromapclica 24 (4) (2003) :ZBl-288. 
[121] C. HIIU'ala, M. Ek. L. Bjombcrs, M. L&ine, A. Rcvonsuo, M. 

Koivisto, H. Hamalainen, 902 mhz mobile phone doel not aft'cct 
" sbon 1enn memory in humans, BioclcclrO!IIIp!Cii~• 2S (6) (2004) 

452-456. '· -
(122] C. HWala. M. 8CIJIIIBII, M. Laine, A. Revonsuo, M. Koivialo, 

H. Hamalaincn, Electromagnetic field emimd by 902 111hz mobile 
phones &h-s no elfecu on chiklren'a cognili\'C funcllou, Bioc1accro­
mqnctica S~~ppl. 7 (2005) 5144-,0. 

{1231 C. Hwa.la. F.TIWo, T. Rintee, M. Lai~~e, M. Koivisto, A. Rcwomuo, 
H. Hamalainm, Pulsed and continuou5 w~ve mobile phone e~posure 
over len vcn;us rigbl bcmisphe111: dfccuon human copilive function, 
BioelectrOmagnetica 28 (4) (2007) 289-295. 

{124) A.A. Borbely, R. H11ber, T. Graf, B. FIICIII, E GallmaDi.. P. Ather· 
- mann, Pulsed bi&h-fra)uciiC)' el«tnxDapcti.c field aft'ccts bWJWJ 

· alecp and Bleep elaclrOc:m:cpbalopm.. NCIIlOscience Leners 2.75 (3) 
., (1999) 207-210. . ...• 

. 1 • ... ... 

(125) R. Hubc[, J. Scbudaer, T. Oral, K. Jutz, A.A. Bmbcly, N. Kuster, 
P. Achamam, Radio fm!uency cleccromap.elic field tr.poiWI! in 
huiiiiUIS: £1limal1011 of sar dilbibation in the bi-ain, e!JeciS on lle£P 
and bcart rate, Biocla:ll'Dtnllllclics 24 (4) (2003) 262-276. 

[1261 S.P. Louslnn, A.W. Wood, J.M. Baton, R.J. Croft, B. Thompmn, 
C. Stough, The effect of electromapelic lldds cmiued by mobile 
phoaca on human sleq!.NellrOI'qiOit 16(17) (21105) 1973-1976. 

[1271 H. D'Cosra, G. TruCIIWlll, L. 1ias. U. Abdd-rahmm. W. Abckl­
rahman. K. Dna, L COlic, Human bRill wave activity durinJ Clpc$UI'C 

to radiofrcqiiCJic:y field emissions from mobile pboncs. A.us1Diasim 
Phyllicaltl. Engloecriag Scic:na:s in Medicine 26 (2003} 162-167. 

[ 121) G. Fritu.r, R. Godcr, L. Friese, J. Wachfa, V. Hanset~, D. Hmze-Sdcb, 
J.B .. Aldcnboff, B«a:u of &boct- and Ions -~em~ pulsed radiofre­
quenc:y dcctromaanctic fields on nigbttletp and cognitive f~~nctions 
in halthy subje~;ta, Bioclccll'Omagnctica2& (4) (2007) 316-J:Z.S. 

(129) W.S. Pritchard, D.W. DIW:, Measurinl dilo& in tbe brain: a tutorial 
review of oOIIlinuzdy!lamicll ec1 Ullllysis. 'l'helnlcmalioul Journal 
of Neuroscience 67 (1-4) (1992) 31-f!O. 

[130) National Academy of Science, Identificalion of Rcaean:h Needs 
RdatiDJ lo Pote11tial Biolosical or Advcnc Health Efl'acll of Wile­
Jess Commllllication, WashiQIIOII. DC, 2009, btcplf\VWW.oap.cd.u/ 
cablog/12036.hlml. 

[131 I P.H. Abcl.Jon. ElrcctS of electric 1111d maptic fields. Sticnce (New 
York,N.Y.)245(491S)(l989)241. ,. 

'· 



• I9P 
PATHOPHYSIOLOGY 

ELSEVIER Palhophy1ioloJY 16 (2009) 233-246 . . 

Public health implications of wireless technologies 
_.a= ... ~. . . ~ 

Cindy Sage 11·*, David 0. Carpenterb I 
• Sdgt AnocU!br1, JJPIS {}(m/tlson ROGd. Stmto BrubGra. CA 91108. US4 

- lurinur for Htolrh and tht EnviiWIIflml, U11/~~tf'lll1 at Albtu!JI, Rttu~tfllt~; NY. US4 

Received 18 llllvaty 2008: aa:cpted 3D Jauuy 2009 I 
I 

'. 

Global exposJRS to emerging wireless technologies from applications including mobile phones, conilt:lli pbones, OECT phones, WJ-A, 
WLAN, WiMAX, wireless intcmct, baby monitors. and others may present serious public health consequeiiCCS. Evidence 1upportiag a public 
health risk .is doc:ume~~~ in the: Biolnitiative Report. New, biologically based public exposure swidanb fc:r chronic exposure to low-illtcnsity 
exposures arc warranted. Exist.inJ safety standards are obsoleU\ because !hey ~ based solely on' thermal dfecu fi:om ac~tc ~swc:s. 'lbe 
rapidly expuding development ofnew wirelessledmologjea and lbc.kmg 1aleacy for~ develoP.m'eot of such serious disease& u brain Cl!l~ 
means that failure to tab imnlcdiatc action to reduce risks may result in llll epidemic ofpcitentially"r~iaTinseaiCs iD tliC rUiiiii Rei~lei's of 
wtietliu or IIOIIh-;u;ociations are causal, the srrengths of the associations are suflicienll.y strong thit in the opinion of the authors. takinalcuon 
w i-educc c:xpoiuies· is ilitpeiadve, especially ror·lhc rerus and children. Such action is fully oomPanblc wirh lhe Pr-ecautioiWy principle:. as 
enwtiatcd by lbe Rio Declaration, rhe European Coii.Stitulion Principle on Health (Seclion 3.1) tllld lhc: European Uoion Treaties Anidc J 74. 
0 2009 Elsevier Ireland Ltd." All rights reserved. · ' 
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J, lntroductloD ud baCkgrOund 

Expos w-e to clccuomaanetic lields (EMF) has been linked 
to a 'variety of adverse health outcomes thai may have sig­
Dilicant public health consequences [ 1-13]. The most serious 
health endpoints lhat h&ve been rePorted to be associated with 
exiremely 1~. frequenCy ~Lfiandtor RF include childhOod 

.e and adult Jeukcinjp. childhood and adult brain tumors; and 
r 'increasedriskofthe·neuiiiiieue[ativediseags Alzbejmcr'i 

and amyotrophic Jarc;ral §clcrosis (ALS). ln addition; there 
arc reports Of UaCJeBSed risk of breast CM§iCt in ~n 
and wotpen., genotollic effects @NA d3magc and micronu­
c!eation). patholOJical_.Jeaknge · pf the bl?od-brain barrier, 
altered immune fitp;u,Qfl including increased allergic and 
iml!mmatory rcsprmses, miscania,ge and some cardiovasllp­
lar effects [1-13). J{lsomnia (sleep disruption) is reponed in 
studies of people living in very low-intensity RF environ-
ments with..lYI·FI and cell tower-level exposures 185-93). 
Shon-tenn effects on cognition. memoiY, ~nd learning, ~~a.v­
ior, reoction lime, attention and concenlnltion. and alte~ 

' COJtesponding aulhor. Td.: +I 80j 969 OSS7; f11: ... 1 805 969 .S003. 
E·mt~il addtru: r.aaclihilcom.com (C. Sa,gc). 

0928-4680i$ - sec fronl INil1r:r Cl 200'1 Elsevier lfct.nd Lid. All ri~~:bu R:Sel'Ved. 
doi: I 0.101 61j.pa!hophys.2009.0l.OI I 

brainwave activity (altered EEG) an: also reported in the sc:i­
entific literarure (94-1 07 ). Biophysical mechanisms tllat may 
account for such effects can be found in various articles and 
reviews (136-144). 

The public health implications of emerging wireless tech­
nologies are enonnou's bc:c:ause lherc has been a very rapid 
global deployment or'bom old and new forms ia the last 1!! 
years. In the United Stites, the deployment of wireless infras­
tructure has aecelenuecJ greatly in the last few years with 
220,500 cell sites in Wo8 [1~16]. Eightj-four percent of 
the population of the US own ~II phones I 16).' Annualized 
wireless ~venues in ·200s·wm reach $144 bilJion and Y§ 
!Pending on wift:less COniinunications will riacb $212 bil­
lion by 2008. Based on the current l!i% annuiil growth rate 
enjoyed by the wireleSs induslly, in the next S yean wireless 
will become a larger ggor of the US econom~ than both the_ 
agriculture and automobile ·Sec:tors. The annualized usc of 

'Ci:u phones m tfiC US is estimated to be 2.23 trillion minutes 
in 2oos I 16]. There are 2. 2 billion users of cell phones world­
wide iJi ioos (I 7] iuid' maiiyirl.i!Jion.iriore "uriciSof coidless-
phones. : 

Over 75 billion text messages were sent in the United 
States, compared wilh 7.2 billion in June 2005, according to 
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criA, the Wireless Association, the leading industry lnlde 
group ( 16). Th~ consumer research company Nielsen Mobile. 
which tracked 50.000 individual custom~r acmunts in the 
second q11811er of this year, found that Americans eacb sent 
or received 357text messages a month then, compan:d with 
204 phone calls. That was the second consecutive quaner in 
which mobile texting significantly surpassed the number of 
voice calls (17]. 

The Electronics Industries Alliance (EIA) represents 80% 
of the $.550 billion US electronics industry ''that provides 
two million jobs for American workers.'' Its members include 
companies from the consumer electronics and telecommuni· 
cations industries, among others [I 7}. 

There is intense industry competition for market share. 
Telecom taxes form an immense revenue generator for the 
government sector. Sale of the airwaves (auctions selling 
off wireless b4ndwidth) is a multi-million dollar industty 
for governments, and multi-biiUon doUar global advertisins 
budgets are common. Lobbying dollars from the teiecom­
related industries are estimated to be $300 million annually. 
The media is nearly silent on br_altb issttcs perftap$ i1 pan 
because of global advenising revcnyes !hat compromise: jour­
nalistic iQdepcndcnr:t: and ~ge balanced coverage of 
health, ~ and economic issues. 

l. Evldeace supporting a public heallh risk 

Even if there is only a small risk to health from chronic 
usc of aod exposure to wireless technologies, there is the 
potential for a profound public heallh impact. RF radi­
ation now saturates the airwaves, resulting in c~eposure 

to bolh usen~ and non-users. The effects are both &bon­
term bleep disruption, honnone disruption, impainnent of 
cognitive function, concentration, attention, behavior, and 
well-being) and they are almost certainly long-tenn (gen­
erational impac1S on health secondary to DNA damage, 
physiological stress, altered immune function, electrosensi­
tivity, miscaniage risks, effects on sperm quality aDd motility 
leading to infertiility, increased rates of caoc:er, and neuro­
logical diseases including Allhcimer's disease and ALS-at 
least for ELF exposures). (Chapters S-1:2 of the Biolnitiative 
Repon (I ) and papers in this Supplement.) 

There is credible scientific evidence that RF exposures 
cause changes in cell membrane function. met!!zs!lism and 
cellular signal communication, as well as activation of proto­
oncogcues and triggering of the production of stress proteins 
at exposure levels below cum:nt regulatory limits. There is 
also generation of relU:tive oxygen species, which cause DNA 
damage, chromosomal aberratioos and nerve cell death. A 
number of different effects on the central nervous system have 
also been documented, including ;u;tivation of the endoge­
nous opioid systems, changes in brain function including 
memorv Joss, sjowed lcamill8, motor dysfunction and per· 
foimance impairment in children, and increased frequency of 
headaches, fatigue and sleep disorders. Melatonin sccret!gp 

!s reduced, resulting in aJ.tcn:d an:adian rhythms and disrup­
tion of several physiological fun£tions. (Chapters .5-12 orlhe 
Biolnitiative Report [I] and papers in this Supplement.) 

These effects can reasonably be presumed to result 
in adverse heallh effects and disease with chronic and 
uncontrolled exposures, and children may be particularly 
vulnerable 11.19). The young are also IIUJ!,ely unable tp ~ 
remove themselves {rom sycb coviroll.Dlents . .S.~ond-h8Jld 
non·•omzing rpdi&tion, like second-hand sm.oke may be con­
sidered or public healtb concern based on the cvidc:nce at 
hand. 

2./. Malig11Q11t brain tlliMrs 

At present, the most persuasive evidence for cancer result-
ing from RF exposure is that rhere is a signiticanlly increased 
risk of malignant g]ioma in individuals that have used 8 '#( 
mobile phone for 10 or mon; years, with !he risk being ele- > t/J~ 
valed only on the side of the head on which Jhc pbnnc is used 
regularly (ipsilaleral use) (1,3,4.6-8,18). While the risk for 
adults after 10 or more years ot: usc is reponed to be more 
lhan doubled. there is some evidence beginning to appear 
that indicates that the risk is greater if the individual heiiD$ 
to use 8 mobile pb<mc O' vmmset ages. Hardell ct al. (18} 
reponed higher odds ratios in the 20-2j-year-old group than 
other age ranges after more than,lniu of use of either ana­
log or cordless phones. Recently in 8 London symposium 
Hardell n:ported that after even just I or more years of usc 
!here is 8 5.2-fold elevated risk in children who begin use of 
mobile phones before lhe age of 20 years, whereas for all 
ages the odds ratio was 1.4. Studies from JsraeJ have found 
that the risk of parotid gland tumors (a salivary gland in the 
cheek) is increaSed with heavy cell phone use (7). The risk 
of acoustic neuroma (a benign but spac:e-occupying rumor 
on the auditory DerVe) is also signi6canlly increased on the 
ipsilateral side of the head after 10 or more years of mobile 
phone use [1,3}. This relationship has also been documented 
in some of the published reports of the WHO Intaphone 
Study. a decade-long 13-country international assessment of 
cell phone risks and cancer (6,8}. 

Km reports that "(B)pidemiological evidence compiled 

( zo r 
7f}'fY 

in the last 10 years starts to indicate an increased risk, in ~ 
particular for brain tumors (glioma. meningioma. psonstit 
jleuroma), from mobile phone use. Considering biases that 
may have been operating in most studies the risk estimates 
are rather too low, although recall bias c:ould have increased 
risk estimates. The net resuh, when considering the different 
errors and lheir impact is still an elevated risk" [19]. 

The latenQ~ for ~ost brain tumors is 20 year~ or more 
when related to other envirorunental agents, for example, to ~ 
X-ray exposure. Yet, for cell phone use die increased risks 
are occurring much sogger than rwcooo JMt'$, as early as 
10 years for brii"n tumors in adults and with even shoner 
latencies in children. This sugge&ts that we may currently be 
sipific:antly underestimalins the impact of current levels of 
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usc of RF ~eehnology, since we do not know bow long the 
average latency period really is. If it is 20 years, then the 
risk rate will likely be much higher ·tban an·overall doubling 
of risk for cell phone users if the peak comes later than 10 
years. It may aJso signal very trOUbling risks for those who 
start using cell phones. and perhaps all wireless devices, in \ 
early childhood. We may not have proof of effect for decades 
until many hundreds of thousands of new cases of malignant 
gliomas m. set in mO\ioo by ltm!-~rm cell pbone usc. 

The preJiininiU)'. evidence that mobile phone use ·at 
younger ages may lead to greater risk than for older persons is 
of particular c:onceni. There is a large body of evidence that 
childhood exposure to environmental agents poses greater 
risk to health than comparable exposure durl}lg _adulthood 
[20,21]. ·There is teason to expect that children would be 
more susceptible to the effects of EMF exposure since they 
are growing, th~r rate of cellular activil)' and division is more 
rapid. and they may be more at risk for DNA damage and . 

. subsequent cancers. Growth and development of the central 
n~rvous system is still occurring well into the teenage years 

~ ·'· so that neurological changCs may be of great imponance to 
' nolmal development. cognition, !Caming; and behavior. 

A greater xu.lnembility of children to developing brain 
cancer from mobile phone use may be the consequence of 
a combination of pa~ms of use. stage of development and 
physical characteristics related to exposure. In addition to the 
fact that the brain continues 10 develop through the teen years, 
many young children and teenag,m now spend veey lar&e 
periods of time using mobile phones. The brain is the main 
tuget organ of cell phones and cotdless phones, with highest 
exposure to the same side as the phone is used. Further, due 
to anatomical reasons, the btain of a child is more exposed to 
RF radiation than tbe brain of an adult (22,23 I. This is caused 
by the smaller brain size, a thinner pinna of the ear. thinner 
skin. and thinner skUII·bone pennitting deeper penetration 
into the chil'dis brain: A recent French study showed that 
children absarb twice tlie RF from cell phone use as do adults 
(24]. I :• . • ., • _.:; , ' :, 

In addition to coni:eins abOut cancer, there is evidence for 
short-term effec:~ ofRF exposure on cognition, memory and 
learD.ing, behavior, reaction time, attention and concentration.' 
wtered brainwave activil)' (altered EEO) [95-1081, and all of 
these effects argue for extreme caution with regard to expo­
sure of children. The development of children into adults is· 
charaCteriZed by faster cell division during growth, the long 

, period needed to fUlly develop and mature aU organ systems, 
and the need for properly synchronized neural development 
until early adulthood. Chronic, cumulative RF exposures may 
alter the nonnal growth and development of children and 

·advirsel{affect llieir' development arid capacity' for nonnal 
learning, nervous system development, behavior and judg­
ment [1,97,102]. 

Pre~atal exposure to EMF has been identified as a possible 
risk factor for childhood leukemia (1 ). Materna] use gf cell 
phones has been reponed to a,dyc;rs.r;J~ affect fetq\ brain devrJ­
opment. resulting in behayjpral problems i"".hosc children by 
• 

I / '"'""" th~ time they reach scho«!,J ag' [251.-'i_beir exposure is invol-
untary in all cases. Children 'ir!'largc)y unable to remove 
thcm5Civcs from exJ)osures to harmful substances in their 
cnvironmentti. · 

' 2.2. PltJwible biological mechanisms for a relatioMhip 
between RF exposure. and CQIICer 

2.2.1. DNA dtlrruzge cuu:l oKidtltive stress 
Damage to DNA l from ELF and from RF cell phone 

frequencies at very low intensities (far below FCC and 
ICNIRP safety limits) has been demonsmur4 in maD¥ stu~. 

js:l [ 1.2.26-35]. Both single· and double·strand QNA dama,s.e 
have been reported by various researchers in different Jabora. 
tories. This is damagC to the human genome, and can lead to 
mutations which can be inherited, or which can cause cancg, . 
orboch. · · · , . · · .·, .; '· ( 

Non-ionizing radiation is assumed to be of too low energy 
to cause direct DNA'daniage .. However both ELF and RF . 
radiation induce reactive oxygen species,· free radicals that. 
react with cellular molecules including DNA. Frce-~cal 
production and/or th~ failure· to repair DNA damage (sec-. 
ondary to damage to the enzymes that repair damage) created 
by such exposures~ lead to mutations. Whether it is greater .. 
free-radical production, reduction in anti-oxidant protection 
or reduced repair capacity, the result will be altered DNA. 
increased risk of cancer •. impaired or delayed healing, and 
premature aging 136-54}. 'Exposures bavc a)so been linked . 
to decreased melatonin proow:tion, which is a plausible bio­
logical mechanism for"decrea,sed c:anrer §J'ryeiiJance in th£. ~It: 
!!gs!y, .!"~ increased cmm risk [34.39,44,46,47,49,50,54]. 
An increased risk of cancers and a decrease in survival has 
been n:portcd in numerous studies of ELF and RF [55-69]. 

I 
! ' 

2 2.2. Stress proteins (heot shock proteiru or HSP) . 
· Another well-docwnentcd effect of exposure . to low-
intensity ELF and RF is_the creation of stress proteins (heat 
shock proteins) daat sigw a cell is bCms placed under phys­
iolopcal stress) [7<y0]; The'·HSP. response.is·~n~ly 
associated with'heat shock, exposure to toxic chemicals and 
heavy mclals. and other environmental insults.' HSP is a signal 
of cells in distress. Plants. animals and bacteria all produce 
stress proteins to surVive environmental strcssors like high 
temperatures. lack o(oxygen, heavy metal poisoning, and 
oxidative stress. · 

We can now add ELF and RF exposures to this list of 
environmcntl!.l s~5&<n Ul,a\ cau~ r. physiological ~otm.s 
response. Very low-level ELF and RF exposures can cause 
cells to produce stress proteins. meaning that the ceU 
recognizes ·ap ·and ·RF exposures· as .. hannful: ·This· is l 
another important wa~ in which scientists have documented 
that ELF and RF expcisures can be hannful, and i~.JIS 
at levels far below me q:jsting pnhUc snfety stan~An 
;,dditional concem is that if the stress goes on too long, the 
[J!PtecJiyc effect is t!jmjnjsbed.. The reduced n:sponse with 
prolonged exposure means the cell is less protected against 

•, 
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damage, and this is why prolonged or chronic exposures 
may be harmful, even at very low intensities. 

2.2.1. RF·induced gene expression changes 
Many environment agents cause diseases, including can- A 

cer. not by direct damage to DNA but rather by up- or 
down-regulation of genes that ~guJate cell growth and func­
tion. Usually there are many genes whose expression is 
changed, and it is difficult to detennine the exact changes 
re5ponsible fortbe disease. Born ELF and RF exposures have 
been shown to result in altered gene expression. Olivares­
Banuelos et al. [81) found that ELF exposure of chromaffin 
cells resulted in changed expression of S3 transcripts. Zhao 
el al. [821 investigated the gene expression profile of rat neu­
rons exposed to 1800 MHz RF fields (2 WJki) and found 24 
up-regulated genes and 10 dgwn-rcgulated gene.~ after a 24-h. 
exposure. The altered genes were involved in multiple cellular 
functions including cytoskeleton, liignalttansduction path­
ways and metabolism. Karieoe et al. [83] exposed human 
skin to mobile phone radiation, and found by punch biopsy 
that 8 proteins were significanlly altered in expression, con-
istent with gene induction. Several other studies have found 

altered gene expression following RF exposure, although 
none have been found that explain specific disease states 
[84). 

DNA activation at very low ELF a.od RF levels, as in 
lbe stress response, and DNA damage (strand breaks and 
micronuclei) at higher levels, are molecular precursors to 
changes that are believed to lead to cancer. These, along 
with gtne induction, provide pJausibJe bioJogical mecha­
nisms linking exposure to cancer. 

The biochemical pathways that arc activated are the same 
for ELF and for RF exposures, and are non-thermal (do not 
require beating or induced electrical currents). This is true 
for the stress response DNA 4amu;, genemtjgn of rc;actiyc 

oxygen species as weJI as gene induction. Thus it is ~ 
p[isia& that tJJe major cancers resulting from expo~ to ELF 
and RF are tbe same, namely leukemia and brain canc;c;r. The 
safety standards for both ELF and RF, based on protection 
from heating, are irrelevant and not protective. ELF exposure 
levels of only 5-10 mOhave been shown to activate the stress 
response genes (http://www.bioinitiative.org, Sections J and 
7 [J )). 

3. Sleep, cognitive function and performance 

The relationship of good sleep to cognition, perfor­
mance and healing is well recognized. Sleep is a profoundly 
important factor in proper healiog, anti-infiammatory bene­
tits, reduction in physical symptoms of such as tendonitis, 
over-use syndrome, fatigue-induced lethargy, cognition and 
leanrlng. IQ.cgmpJct; or slowed physiological recovery is 
fOmmon when sleeP is impaired. Circadian rhythms that 
normalize &tress hormone production (cortisol, for example) 
depend on synchronized sleep pa.ttep1s.--

~ ' 

People who are chronically exposed to low-level wire­
less an\;IW! emiWoas repgp symptgms such as problems in 
sleeping <w&omnia), as well as other symptoms that include 
fatigue, headache, dizziness, grogginess, Jack of con~&:_n: 

~~~~~~~~~~~~~~~~~~·tus), 
ro ems wa llJlCC • entatio and difficulty in 

lll!llti-tasking [85-93,99). m children, exposures to cell phone 
radiation have resulted in changes in brain oscillatory activity 
uring some mC111QrY tasks [97,102). Cognitive impainnent, 

oss of mental concenrration, distraction, spe~ded mental 
functi.Qn.mn lowered accuracy, impariea judgment, delayed 
reaction time, spatial di&orientation, diiz[ness, fatigue, 
headache. slower DlQtor skills and reduced learning ability 
in cbUdren smlallulta have all been reported [85-108). 

These symptoms are more common among "electrosen­
sitive" individuals, although electrosensitivity has not been 
documented in double-blind tests of individual identifying 
themselves as being electrosensitive as compared to controls 
[109,110]. However people traveling to laboratories for test-
ing are pre-exposed to a multitude of RF and ELF exposures l/.£t._ 
5o they may already be symptomatic prior to actual testing. ~ 
There is also evidence that RF exposures testing behavioral ~ 
changes show delayed results; effects arc observed after ter- ~ 
mination of RF exposure. This suggests a persistent change 
in the nervous system that may be evident on1y after time has 
passed, so is not observed during a. short testing period. 

.3.1. Pillusible biological meclulnismsfor 
neurobelulvioral effects 

3.1.1. The melo.tonin IJ)pothesls 
While thcle remains controversy as to the degree that 

RF and ELF fields alter neurobehavioral function, emerg-
ing evidence provides a plausible mechanism for both effects 
on sleep and cognition. Sleep is controlled by the central 
circadian oscillator in the supracbiasmatic nucleus, located 
in the hypothalamus. The activity of this central citcadian 
oscillator is, in turn, contro!Jcd by the honnone, melatonin, 
which is released from the pineal gland [ 111]. There is con-
siderable evidence that EI.P exposure reduces the release 
of melatonin from the pineal gland-sec Section 12 of the 
Bioinitiative Report [1]. There has been less study of the 
effects of RF expos~ on melatonin release. but investiga-
tions have demonstrated a reduced excretion of the urinary 
metabolite of melatonin among persons using a mcbile phone 

. ,, 

Jiving near to radio and television tra.rismitters, Oark et al. ~ 
[ 113] found no effect on urinary melatonin metaboLite cxcre· a 
for more than 2S min per day [ 112]. In a study of womn 

tion among pre-menopausal women, but a strong effect in "f" 
post-menopausal women. 

The "melatonin bypolht.~is" also provides a possible basis 
for other reported effects of BMFs. Melatonin has important 
actions on learning and memory, and inhibits electrophys­
iological componCJJts of learning in some but not all areas 
of the brain [1 14,115]. Melatonin has properties as a free­
radical scavenger and anti-oxidant 1116], and consequently, 



a reduction in melatonin levels would be expected to increase: 
susceptibility to cancer and cellular damage. Melatonin could 
also be lhe key to undersumding the n:lalionsbip between 
EMF exposure and Alzheimer's disease. Noonan e1 al. [I I 7) 
~ported that there was 1111 inveiK relationship between excre­
tion of the melatoniri metabolite and the 1-42 amino acid 
form of amyloid beta in elecuic utility worken. Th.is fonn of 
amyloid beta has been found 1o be elevated in Alzheimer's 
patients. ·. · 

J./.2. · Blood-brain barrier alterations ' 
Central nervous sy5tem effects ofEMFs may also be sec­

ondary 10 damage to the blood-bnlin banier (BBB). The 
blood.:..lJrain banier is a critical saucturc: that prevents tox­
ins and other large molecules that are in peripheral blood 
from having ac«S5 to the biain ma~er itself. Salford et al. 
(118 I have reported that a 2-h exposure' of rats 1o GSM-900 . 
radiation with a SAR of2-200 mWikg resulted in nerve cell 
damage. In a follow-up study, Eberhardt cl al. report lhat 
2-h exposures to cell· phone GSM microwave RF resulted 
in leakage of albumin· across the blood-brain burier and 
neuronal death [119]. Neuronal albumin uptake wa.S sigrur- · 
icandy correlated to. occurren~ of damaged neurons when 
measured at·28 days_post-cxposure. The lowest exposure 
level was'O.J2mWikg (0.00012WJkg) for lb. The highest 
exposure level.was 120mW/kg (0.12 Wlkg). The weakest 
exposure level showed the greatest effeet in opening th~ BBB 
[118]. Earlicr.blood-brain studies by Salford and Schirma­
chcr [120:1211 report similar effects .. · 

4. Wllat are sources of wireless radiation? 

There are many orlappins '9\IJGCS of radiofrcquency 
and microwave emissions in daily_ life, both from injl!.mi,al 
sources (like ern towers) and from personal items [c.&ll.and 
cordless phones, ~onal .diai'nl nssis•eru cPDAs),. q­
l~_.rgmcrs," etc_.]. ~blisbed daia on typical levels 'round 
in 110me cities .and from some soui'CC$ are available at 
http:llwww.bioinitiative.org [1,122..:124] ... · .. 

,Cell phones.'are tbC .liinglc. mOSt important source of 
radiorrequency radiation to which 'we arc eXposed because of 
the relatively high exposure that results frOm ule phone being 
held right against the head. Cell phones produce two. types 
of emissions that'sbould be considered. First, the radiofre­
quency radiation (typically microwave frequency radiation) 
is present However, there is also the contribution of the 
switching battery pack that produces very high levels of 
extremely low ~uency electromagnetic field [125-127]. 

·c~i:dlw ieiepboncs ~~ 'ilot"bec:ii";fdely ieeogntzCd as 
similar in emissions 10 cell phones, but they can and do pro· 
duce significant RF exposures. Since people tend to use lhem 
as substitutes for in-home and in-office corded or tradilional 
telephones, they are often used for long periods of lime. As 
the range of cordJcss phones has increased (the distance away 
that you cm carry on a conversation is related to the power 
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output of the phone), the more powerful the RF signal will be. 
Hence, newer cordlci& phones may in some cases be similar 
to lhc power output:of.cell phones .. The cumulative emis­
sions from cell and Cordless phones taken together &hould 
be recognized when considering the relative risks of wireless . . ' commurucatton expo~un:s. 

PDAs such as the·BlackJ!.my, Treo and ~one units are 
'souped-up' versionS of the original voice communication 
devices (cell phones); The often produce far hiW!ELF eroi!: 
.§i.lm1 than do cell phones because Jbcy use energy from ~~ 
2,anery ve[y intensively for ~erin: color display~ II:!!! dur- iJ" 
.Wi data transmission functinnstemllii s;nding aid ~ving · 
Jm;c: files pboros, cti.)[l25-127]. ELF emissions have been ~ 
reported from PDAs at several tem to several hundreds of mil· ~~ · 
liaauss. Evidence of sianificantly elevated ELF fields during ~ 
normal use of the PDA lw public health relevance and bas 
been reported in at le~t three scientific papers [ 125,128.1291. 1J 
In the context of repetitive, chronic exposure to significantly 
elevated ELF pulses from PDAs worn on the body, relevant 
heallh studies point to a possible relationship between ELF 
exposure and cancer ind pregnancy outcomes [ 130-133). 

·We include discussion of the ELF literature for two 
reasons. 'As mentionCd above ELF activates the same bioi- . 
ogy ·as RF, it · contributes 10 the ·total BMF, burden of 
the body. In addition, PDAs and cell phones emit both 
radiofrequency/microwavc radiation (RF) and extremely low 
frequency ELF from\ the battery switching of the device 
{the power source). Snidiea:sbow that some devices pro­
duce excessively high' ELF exposurea during voice and data 
transmission. ELF is ~already classified as a 28 (Possible) 
Carcinogen by IARC,: which means that~ is indisputably 
an issue to consider in the wireless technology debate. ELF 
has been classified as i Group 2B carcinogen for all humans. 
not just children. ]]le Strongest eyjdcncc came fmm epidcmi· )C. ,f 
ologjcal studies on childhood Jcukc;mja. but the dcsjrnation 
applies to all hurnpps. both adults and cbildn;a U,25]. ·· 

Wireless headsets that allow for conversations. with c:ell 
phones at a distance from the bead itself reduce the emis­
sions. Dependin& on the type of wireless device, they may 
operate (transmit signal) only during conversations or they 
may be· operational c:Ontinuously:. Tbe climulativc dose of 
wireless headsets has not been well characterized under either 
form of usc: Substantial cumulative RF exposure would be 
expected if the user wears a wireless headset !hat uansmits a 
signal continuously during the day. However a critical factor 
is where lhe cell phorlc is placed. If worn on a belt with a 
headset, tbe exposure totbe brain is reduced but the exposure 
to ~· be significant. 
. Cell towers Ued ~--tJ" in Europe and Scandinavian 

- cs are wueless' antenna~ faeilities .. that triiDSmit the 
cell phone signals wiihin communities. They are another 
major source of RF eXposures for the public. They differ 
from RF expgsures from wireless devices like cell phones in 
that they produce much lower RF levels (generally O.OS to 
k2 iJ..Wicml in the firSt several hundred feet around th~) 
in companson 10 sever~ hundred microwatts per centimeter 
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squared for a cell phone held at the head. However they create 
a constant zone of elevated RF for up to 24 h per day. m1111y 
hours per day, Wid the exposute is whole body rather than 
localized at the head. These facilities are the distribution sys­
lem for wireless voice communications. internet connections 
and data transmission within communities. They are often 
erected on free-standing towers. They may be consuuc~ on 
telephone poles or electrical poles. They may be built into the 
f~adc or rooftops of buildings behind wood screening. These 
are called stealth installations for wireless antenna facilities. 
Some installations ore camouflaged to resemble 'false uecs 
or rocks'. They emit RP to provide cdl service to specific 
"cells" or locations that rec:cive the signal. 

Other fonns of wireless transmission that are common in 
areas providing cell service are wireless land area networks 
(Wl.AN), (WiMAX) and WIFI networks. Some cities arc 
installing city-wide WIFI service to allow any user on the 
street to log into the internet (without cables or wire coMec­
tions), WIFI installations may have a signal reach for a few 
hundred feet where WiMAX inslaJlations may transmit sig­
nal more than lO miles, so produce a stronger RF emission 
for those in dose proximity. Each type has its particular sig­
nal strength and intended coverage area, but what they have 
in common is the production of continuous RF exposure for 
those wilhin che area. We do n01 know what the cumula­
tive exposure (dose) might be for people Jiving, working or 
going to school in continuously elevated RF fields, nor are 
the possible heaJth implications yet known. However, based 
on studies of populations ncar cell sites in general, there is a 
constellation of generally observed health sympcoms chat are 
reported to occur [85-107). In this regard it is important to 
note that children li'ling ncar to AM radio IJ'al1Sminers have 
been round to elevated risks of leukemia [134,135]. Wbile 
AM radio RF fields arc lower in frequency than that common 
in mobile phones, this is a tolaJ body lttadiation with RF. 
The fact that leukemia, not brain cancer, is apparent in chesc 
studies suggests that leukeiiUa is the cancer seen at the lowest 
levels of both ELF and RF fields under the circumstance5 of 
whole-body CJ~posure. 

Commercial surveillance systems or security gates pose 
an additional &ource of srrong RF exposures. They are ubiq­
uitous in depanment stores, markets and shops at the entry 
and exit points to discourage shoplifting and theft of goods. 
Security gates can produce excessively high RF exposures 
(although transitory) and have been associated with inter­
ference with pacemakers in heart patients. The exposure 
levels may approach thennal public safety limits in inten­
sity, although no one expects a person to stand between 
the security gate bars for more than 6 min (safety limits for 
uncontrolled public access are variable depending on the fre­
quency, but are all averaged over a 6-min exposure period). 

RFID chips (radiofrequcncy identification chips) arc being 
widely used to track purchases and for security of pets, and in 
some cases to keep track of p11.tients with Alzheimer's disease 
and of children. RFID chips are implanted in fabrics. inserted 
in many types of commercial goods, and can be implanted 

under the skin. They create a detectable signal to track the 
location of people and goods. 

5. Problems wilh existiJ1R pubUc health standards 
(safety Umits) 

If the existing standards were adequate none or the effects 
cb:umentcd above should occur at levels to which people an: 
regularly exposed. The fact that these effects arc seen with 
our current ambient levels or exposure means that our exist· 
ing public safety standards are obsolete. It also means that 
new, biologically based public exposure standards for wire­
less technologies are urgently needed. Whether it is feasible 
to achieve low enough levels that still work and also protect 
health against effects of chronic RF exposure - for all age 
groups - is uncertain. Whether we can protect the public and 
still allow the kinds of wireless tecbnology uses we see today 
is unknown. 

The nature of elecb'Omagnetic field interactions with 
biologic:al systems has been wellstudicd (136-144]. For pur­
poses of standard-setting processes for both ELF and RF, the 
hypothesis that tissue damage can ICSUit only from heating is 
the fundamentaJ flaw in the misguided efforts to WJderstand 
the basic biological mechanisms leading to health effects. 

The thermal standard is clearly untenable as a measure of 
dose when EMF stimuli that differ by many orders of magni­
tude in energy can stimulate the same biological response. In 
the ELF range, the same biological changes occur as in lhe 
RF, and no change io temperature can even be detecled. With 
DNA interactions the same biological responses are stimu­
lated in ELF and RF ranges even though the frequencies of 
the stimuli differ by many orders of magnitude. The effects of 
EMF on DNA to initiate the stress response or to cause molec­
ular damage rcftcct the same biology in different frequency 
ranges. For Ibis reason it should be possible to develop a seal c 
based on DNA biology, and use it to define EMF dose in dif­
ferent parts of the EM spectrum. We also see a continuous 
scale in DNA cxperiments that focus on molecular damage 
where single and double strand breaks have long been known 
to occur in the ionizing range, and recent .studies have shown 
similar effeciS in both ELF and RF ranges ( 144 ]. 

Existing standard-setting bodies that regulate wireless 
technologies, assume that there arc no bioefTects of concern 
at exposure levels that do not cause measurable heating. How­
ever. it bas been established beyond any reasonable doubt that 
bioefTects and some adverse health effects occur at far lower 
levels of RF and ELF exposure: where no heating (or induced 
current) oc.curs; some effects are shown to occur a thou­
sand times or more below the existing public safety limits. 
New, biolog.ically based public exposure limits arc urgently 
needed. New wireless technologies for cell and cordless 
phones, other wireless communication and data ttansmission 
systems affect living organisms in new ways that our anti­
quated safety limits have not foreseen, nor protected against. 
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The exposure of children to electromagnetic fields has 
not been studied extensively; in fact, the Fedcnl Com­
munications Commission (FCC) standards for exposure to 
radiofrequency radiation~ based o~ the height, weight and 

ture of a 6-foot taU man.· oot scal~.d. to children or.lidwu 
smaller stature. They do not take into account the unique 
sceptibility of growing children to exposures, nor are lhcre 

studies of particular relevance to children. 
In addition there is a problem in the consideration of the 

level of evidence taken .into consideration by ihese bodies. 
There have not been adequare animal models shown to have 
cancer as an endpoint, and a perception that no single mech­
anism is proven to explain lhese associations. Thus these 
committees ha\o""C: tended to ignore or minimize lhe evidence 
for direct hazard to humans, and belieVe ·there is no proof of 
cause and effect. These bodies assume from the beginning 
that only conclusille scientific Cllidence (absolute prooO will 
be sufficient. 10 warrant change, and refuse to take action on 
the basis of a growing body of evidence which provides early 
but consequential warning of risks. · ' · · 

The Radiofrequenc)r InteragencY W~rki.ng Group _of the 
US govmunental 'agencies involved in ·RF maners (RFI· 
AWG) issued a Guidelines Statement in ·June of 1999 that 
concluded the PresCDt RF stm:idard .. may not adequately pro~·· 
teet the public" [145]. The RAAWG identified fourteen (1.4) 
issues that they believe are needed in tbe planned revisions 
of ANSI/IEEE RF exposure guidelines including .. to pro­
vide a strong and credible rationale to support RF exposure 
guidelines". In panicular, the RFIAWO criticized the exist­
ing 5tandards as not taking into account chronic. as opposed 
to acute exposures,· modulated or pulsed radiation {digital 
or' pulsed RF is proposed at this site), time-averaged mea­
surements that may erase lhe unique clwacteristics of an 
intensity-modulated RF radiation that may be responsible 
for reported biologic effects, and stated the need for a com­
prehensive review of long-tenn, low-level exposure studies, 
neurological-behavioral effcc:u and micronucleus assay 5tud­
ies (showing genetic damage from low-level RF) [145]. This 
important document from relevant US agencies questions 
existing SlaDdatd!i in' the following ways: (a) selection of ID 

adverse effect level for chronic exposures not based on tissue 
heating and conSidering modulation ·effec:u; (b) recognition 
of different safety criteria for acute and chronic exposures at 
non-thermal or loW-intensity levels; (c) recognition of defi­
ciencies in using time-averaged measurements· of RF tbat 
does not differentiate between intensity-modulated RF and 
continuous wave (CW) exposure, and therefore may not ade­
qllOI~Iy protect the public; (d) having standards based on 
adult males rather than considering children to be the most 
vulnerab!e"group:· .......... ... · ....... ·-· ·· · ··· · · ··· - .. · 

fi, ~dent public ~ealth respouses 

Emerging envirorunental health problems ~uire pre­
ventative public health responses even where sc:icntific and 

medical uncertaintie~ still exist, but where policy decisions 
today may greatJy reduce human disease and socie1al costs 
tomorrow. 

Policy decisions in 'public health must address some amount 
of uncertainty when balancing likely benefits and estimated 
costs. Although new:insight will allow bctter.appreciation 
of difficult issues, su~h as those occurring io environineuw 
and occupational hea!tJi, 8n expanded perspective may also 
enJargc the list of pro~lems that need robe manag~; Ignor­
ing the problems carries its own costs (as defetiing a decision 
is a decision in itsciO. With environmental and other public 
health problems becorlring Increasingly complex and interna­
tional in scope, scientific documentation alone lliR:Iy justific.s 
simple solutions (146i. · ' · · 

• ,. t ,. • ' 

·Social issues regaiding the controversy over public and 
occupational exposu~s to ELF and RF center on the resolute 
adherence ro existing ICNIRP and FCC/IEEE standards by 
many countries, in the face of growing 5cicntific evidence 
of heallh risb at far iower levels (10). The composition of 
these committees, usually with excessive representation of 
the physics and engineering communities rather thaD public: 
health prof~ssionals, ~ults in a ldiisal to adopt biologica!Jy 
based exposure &tandalds. Furthenuore, there is widespread 
bclieflhal govenunents are ignoring this eviden~ and there is 
widespread distnast of and lack of confidence in governments 
and their health agencie.. The basis on whicb most review 
bodies and standard-sCtting agencies have avoided the con~ 
elusion that the science is strong enough towammtnewsafety 
limits for ELF and RF is to require a dcmonslration of ab5o­
lute proof before taking action. A causal level of evidence, or 
scientific certainty standard is implicit in nearly all reviews of 
the ELF and RF scienCe, although this runs counter ro good 
public health protection policies. ·· 

There is no question that global implementation of lhe 
safety standards ~ in the Bioinitiative Report, if 
implemented abruptly and without careful planning~ have the 
potential to not only ~e very expensive but also disruptive 
of life and the economy as we know it. Action must be a 
balance of risk to cost to benefit The major risk from main­
taining the status quo is :an increasing number of cancer cases, 
e~>pccially in young pe<iple, as weiJ as neurobehavioral prob­
lems at increasing freq~eccics. The benefits oflhe status quo 
arc expansion and coutinued development of communica­
tion lechnologics. But We suspect that lhe oue costs of even 
existing cechnologies will only become much moze apparent 
with lime. Whether the costs of remedial action are wonb the 
societal benefits is a fomula lhat should reward precaution­
ary behavior. Prudent corporate policies should be eJtpected to 
address and avoid futu~ risks and liabilities, otherwise, there · 
is no market incentive ro produce safe (and safer) products. 

The deployment of new tecbnolo ·cs is running ahead of 
any reasonable estimauon o possible heallh im acts and esti­
mates o pro a 11 , et one a solid assessment of risk. 

• However, whit lw ~ missing with regard to EMF has 
been an acknowledgement of the risk that is demonslnlled by 
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the scientific studies. There is clear evidence of risk. although 
the magnitude of the risk is uncertain, and the magnitude of 
doing nothing on the heallh effects cost to society is t>imi­
larly uncenain. This situation is very _similar to our history of 
dealing with the hazards of smokiDg decades ·ago, where the 
power of the indusUy 10 influence governments ana even c:onA 
8icts of interest within the public bealth commUnity delayed 
action f~ more thin a "gc~cllltlon, with coosequentloSs of life 
and enonnous exlrll health care costs to society. New stan· 
dards art warranted now, based i:m the totality Or sdentific: 
evidence: the risks of taking no-action, the large population 
at risk. costs associated with ignoring the "problem in new 
and upgraded site selection and construction, and the loss of 
public trusi by ignoring the problem. .. . , . · ' 

Direct medical and rehabilitative health 'costs' assOciated 
with treatment for diseases that are reasonably n:Jated 10 

wireless techooJogies may be very large.· Although there 
is uncertainty involved in bow much disease is related to . 
wireless exposures. the mere scale of lhe problem with sevA 
eral billion ·users of cc:U phones and even larger impacts 
on- bystander populations (from cell site exposures, from 
other WIAFI and wireJess ·exposures in-home and commerA 
cia! use, etc.) the associated public health costs wiU·.IikeJy 
be monumental. Funhennore the costs to families with can·, 
cers, neurological diseases or learning disabilities in children 
related in pari or in. whole 10 Wwless teclmologies ex rend 
beyond medical costs. They may reasonably extend to fam-, 
ily disruption and family psychological problems, losses in 
job productivity and income loss. , • ·. , ' ·. · ·;. · 

· The history of governments and their official beallh agen­
cies 10 deal with emerging and newly idcotified ris1s to health 
is not good£ 147-149]. ThisispanicuJar)ytrue WhtR industry 
illvcsunents in new products and technologies occur without 
full rcc:ognilion, disclosure or even lmowlc:dse of possible 
health ·consequences. Large economic investments in pol­
luting industries often make for perilously slow regulatory 
action. arid the public health consequences may be very great 

a5 a result £I 50.1 S lJ. 
Free markets do not internalize the costs to society of 

.. guessing wrong"; Unexpected or lUdden health costs of new 
II:Chnologies may not be seen for many years; when the ability 
to recall or to identify. the precise exposures n:Jatcd to'disA 
ease o~tcomes is difficult or impossible.- The penalty nearly 
always falls to the individual, the family or lhe taxpayer and 
not to the industry that benefits economic:ally-;-at least in 
free-market economies. Thus, the profits go to indusuy but 
the costs may go to the individual who can suffer both dimin­
ished qual.iry of life and health and economic disadvantage. 
If all disease Clldpoints that may be reasonably related to 
chronic· exposure to· electromagnetic fields· are· considered 
even a small attributable fraction for one or more indus­
tries, il will have enonnous global impu;t on public health. 
The public health implications .arc immense. But ~y can 
be reduced by sarong government and public health inte!­
\'cotions providing information on alternatives to wireless 
technologies. public education campaigns, health advisories, 

Table I . . 
Public buldl implications of wirdiCIS &ecbm;lloJics ur;uc: for dwJ&c In 
sovemmenlal and bc&llh •CCUCY atlioai. 

Secure US and EU Jesislaliwllll.ndates for safer lcellllolosies for 
am~~~~unic:ation and data IDnsmission, for ucurii)IIDd l&lr'Veillanc:e 
llted5. . 

Promote wimd lllerDIUVU for 110i~ IIIII dall cammunicacioa {cable. • 
liber-opdc) • 

Disc:OIIlliJC or b1111 use of cell phones by cbilcbcn and youns u:c.n-agas 
Proride pcrm~~~e~~c (unrcmoVIblc) Jabds 1m cell pbo~~es "N01lDr ll$t! by 

childralllllder llu: ap: of 16" . 
lmplemczu national pllblic education c8111paigns on health issues (<:ell 

phones. cordless phones, PDAa, wilclca _interact. dty·wide WI-A. 
WLAN and W'LMAX cxpos~~m . · 

Promote induslly reduip fot Wtr products: IUpport ilmavaioa for 
&IC£m1CiVCI UJdtoluliOIIS . 

Slow or stop ck:plo:rmcnt of ITI'ireb& tcclllloloaiea to di&eou!lsc Jdianec 
ua win:lea &ecbllologic& for c:oiJIInllllicalion and secwit)' aced~ 

Put lhe burdat ·of proof on iada&Uy ro show "11ew win:lcss &ecbM is safe 
before deployment ·•. . ' 

Adopt and enf~ re~lriclcd UiC areas for ~e~~slti11e or more vulnerable . 
ICIJnCIIII of IOtiet)' IDcllldin&loW·EMf c:nviJonma~IS in public ll'I:IS 

llld MNo ecu-- in aitporU, hospimls.xhoals 
Acknowledge FCC and ICNIRP lhcrmal aaftl)lllllldards an: ob&olcli: for 

wireleas kocbnoloJics : •'' ' : · J 

Appoiar new Sllndard·seniD& bodiCII familill with biolo&ic:&l effedl co 
develop new &uidcliJia for public Wei)' Umlts. '· • • , 

l)evelop new biolosk&lly hued slllldllds rbllldmu Jow-iDfc:nsity, 
cllronlc fllpDiwrJ •. · · , : .• ,. . , . . . , 

Require IWld.ud of evideDce:ud lewd of proof .. public heakh 
Rejec:r ucalllll" iCIDdlrd of I:Yideoce for lllcinsldion oa JciezKz '.' ' 
Make induslry fillanci&lly !Wtle for "pessiDJ Vti'OIIJ"III!d i&lloria& bealth 

rilh . ." 
' ., 

requirements for redesign of wireless devices, proscription of 
use of wireless devices by children and teenagers; strong and 
indcpcndem rucarclJ programs on causes and p~vention of 
EMF-related diseases, and consultation with all stakeholdA 
er& on issues relating to involuntary eJtposurcs (bystander or 
second-hand radiation exposures from wireless technologjes) 
(Table 1). 

The scientific infannation contained in this Supplement 
argues for thresholds or guidelines that are substantially 
below CW'I'ent FCC and ICNIRP standards for , localized 
exposun:s 10 wireless devius and for whole-body exposure. 
Uncertainty about how low, such standards might have Ia. 
go to be prudent from a public health standpoint should . 
not prevent reasonable efforts to respond to the infonna· 
tion at hand. No lower limit for bioeffects and adverse health 
effects from RF has been established, so the possible health 
risks of wireless WLAN and WI-FI systems, for exanlple, 
wiU require funher rtsearcb. No assertion of safety at any 
level of wireless exposure (chronic e"posure) can be made 
nt'l.his time.· The lower ·limit for reponed human 'health 
effects hns dropped JQO..fold below the safety standard (for 
mobile phones andPDAs); 1000-IO,O()()..fold for other Wile· 
less (cell towers at distance; WI-FI and WLAN devices). The 
entire basis for safety standards is called into question, and 
it is not unreasonable to qlJCstion the safety of RF at any 
level. 
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It is likely lhat for both ELF and RF, as for Olbcr carcino­
gens, theM is no threshold of exposure !hat is without risk, 
but the magnitude oflhe risk increUes linearly with the level 
of exposure. Our society wiJI not go back to the pre-electric 
and pre-wireless age, but the clear evidence of health haz­
an!s to the human population from exposure mandates that 
we develop ways in which to re6uce expos w-e through educa­
tion, new technologies and 'lhc establishment of biomedicaJly 
based st.wlards. 

7. Colldusloas and recommended atdons 

New ELF limrts ate wammiCd based on a public health 
analysis of the overall existing scientific: evidence. These lim· 
its should reftect environmental levels of ELF that have been 
demonstrated tO increase risk for childhood leukemia, and 
possibly other canc:CI'I and neurological diseases. ELF lim· 
its should be set below tho5e exposure levels that have been 
linked in childhood leukemia studies to iDcreased risk of dis­
cue, plus an additional safety factor. It is no longer aCcc:ptablc 
to build new power lines and eleetrical facilities that place 
pc:Oplc in' ELF eaviroruncnr.s 1hat bavc. been determined to 
be risky. These levels are in the 2-4 miJiigauss (mG) range 
(0.2-0.4 J.LT),notin the JOsofmGor IOOs of mG. The exist­
ing ICNIRP limit is 1000 mO (100 ,.T)and904mG (90.4p.T) 
in the US for ELF i_s outdated and based on faulty assump­
tions. These limits ~ can no longer be Uld to be protective 
of public health and they &hould be repJaccd. A safety buffer 
or safety factor 'should also be applied to a new, biologically 
based ELF limit, and the conventional approach is to add a 
safety faetor lower lhan lhe risk level. · 

While new ELF limits are being developed and imple­
mented, a rasonable approach would be a I mG (O.J p.T) 
planning limit for habitable space adjacent to all new or 
upgraded power Jines and a 2 mG (0.2 .,a.T) limit for all 
other new c:onsuuction: It is also recommended thai a I mG 
(O.lJA.T} limit be estabUsbcd for existing habiUlble space 
for <:hildren and/or women who are pregnant (because of 
the possible link between childhood leukemia and in utl!ro 
exposure to ELF)." This· recommendation is . based on the 
assumptiOB that a higher burden of protection is Rquired for 
childzal who cannot protect themselves. and who are at risk 
for childhood leukemia at rates thai are traditionally hi&h 
enougb to trigger regulatory action. Tbis 1ituation in pan.ic­
ular warrants clttcnding the I mG (O.J Ji,T) limit to existing 
occupied space. "Establish" in this case probably means for­
mal public advisories from relevant health agencies. While 
it is not realistic to re<:onslnlct all existing electrical distri­
bution systems; iri thc'shon-tcim: steps·to'i'tduee ·expcisurc 
from these existing systems need to be initiated, especially in 
places where children spend time, and should be encouraged. 
These limits should reflect the exposures that arc commonly 
associated with increased risk of childhood leukemia (in the 
2-5 mG (0.2-0.5 1.1. T) range for all children, and over 1.4 mG 
(O.l4J.1.T) for children age 6 and younger). Nearly ail of 

the occupational studies for adult cancers and neurologi­
cal diseases report tbeir highest exposure category is 4 mG 
(0.4 j.LT} and above; so dw new ELF limits should target 
the e.tposure l'lllliCS of intmat, and not necessarily higher 
ranges. . , :· 

Avoiding chronic ELF exposure in ~hools. homes and the 
workplace above levels associated with increased risk of dis­
ease will also avoid most of the possible bioactivc parameters 
of ELF discussed in ihe relevant literature. 

It is not prudent public health policy to wait any longer 
to adopt new public safety limits for ELF. These limits 
should reflect the c;x_posures that ate commonly· associ­
ated with increased risk of childhood leukemia (in the 
2-5 mG (0.2-0.5 p. Tj range for all children. and over 1.4 mG 
(0.14 .,a.T) for children age 6 and younger). Avoicfing chronic 
ELF exposure in schoOls. homes and the workplace above lev­
els associated with uicrcased risk of disease will also avoid 
most of the possible bioactive parameters of ELF discussed 
in the relevant literature. . 

The rapid deployment of new wireless technologies that 
c:hronic:ally expose people to pulsed RF at levels reported to 
causebiocffecu. which in nun. could reasonably be presumed 
to lead to serious heahb' imp:u:ts, is a public health concern. 
There is suggestive td strongly suggestive evidence lhat RF 
exposures may cause changes in cell membrane function. cell 
conununication,· metabolism, activation of proto-oncogenes 
and can trigger the pi-oduction of sttess proteins at· expo­
sure levels below current regulatory limits. Resulting effects 
can include DNA bre8ks and chromosome aberrations. cell 
death including death of brain neurons, increased frce.racJica} 
production, activation bf the endogenous opioid system. cell 
stress and premature aging, changes in brain function includ­
ing memory loss, retarded teaming, perfonnance impairment 
in children, headaches 'and fatigue, sleep disorders, neurodc­
gencrativc conditions, 'reduction in melatonin secretion and 
cancccs (Biolnitiative Report Otaptcrs 5-10, 12) [1 ]. · · 

This infonnation nOw argues for thre$holds or guidelines 
that are substantially bCJOw cumnt FCC and ICNIPR stan­
dards for whole-body exposure. Uncertainty about bow low 
such standards might have to go to be prudent from a pub­
lic health standpoint sbould not' prevent reasonable efforts 
to respond to the infoimalion a1 hand. No lower .limit for 
biocffccts and adverse health effects from RF has been estab­
lished. so the possible health risks of. wireless WLAN and 
WI-A systems, for eximpJe; will require funher research 
and no assertion of safety at any level of wireless expo­
sure (chronic expoaure) can be made at this time. The lower 
limit for reponed human heallh effects has dropped 100-fold 
below the safety standBnt (for mobile phones and PDAs); 
1000-10,000-fold for other wireless (cell towers at disumce; 
WI-FI and WLAN devices). The entire basis for safety stan­
dards is called into quc:stion, and it is not unreasonable to 
question the safety of RF at any level. 

A cautionary rarget .level for pulsed RF exposures for 
ambient wireJess that could be applied to RF sources from ce!l 
tower antennas. WI-FI. WI-MAX and OCber similar sources 
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is proposed. The recommended cautionary target level is 0.1 . 
microwanspercentimetcrsquared (!'W/cm2)(or0.614 V per 
meter or VIm) for pulsed RF when: these exposures affect lhe 
general public:: this advisory is proponionate to lhe evidence 
and in accord with prudent public: heo.lth policy. A jneca.u­
tioruuy limit ofO.l j.~.W/cm2 ibould be adopced for outdoor, 
cumulative RF exposure~ Thls reflects the current RF science 
and prudent public health response that would reasonably 
be set for pulsed RF (ambient) exposures where people live. 
work and go to school. This level of RF is'experienc:ed as 
whole-body exposure, and can be a chronic exposure where 
there is wireless coverage present for voice and data transmis­
sion for cell phones, pagers and PDAs and other sources of 
radiofrequency radiation. An outdoor precautionary limit of · 
0.1 JL W /em~ wouJd mean an even lower exposure level inside 
buildings, perhaps as low as 0.01 JL W /cm2• Some studies and 
many anecdotal reports on ill health have been reported at 
lower levels than this; however, for the present time; it could 
prevent some of the most disproportionate burdens placed 
on the public: nearest.to such installations. Although this RF 
target level does not preclude funher rollout ofWI-Fl tech­
nologies, we also recommend that wired alternatives to WI-FI 

-be implemen~ particularly in sc:bools and libraries so that 
ehildten ani not subjected to elevated RF levels until more is. 
understood alxiut possible health impacts. 'This i'ccoiDJI1Cil-. 
dation should be seen as an interim precautionary limit tbat is 
intended to guide preventative actions; and more co'nservative 
limits may be needed in the future. : ·•. . · . . . . · J 

Broadcast facilities that chronically expose nearoy res­
idents to elevared RF levels from AM, FM and television 
antenna transmission arc also of public bealrh concern given 
the potential for very high RF exposures near these facilities 
(antenna farms). RF levels can be in the lOs toscvcra1100s 
of JLW/cm2 in residential areas within balf a mile of some 
broadcast sites (for example. Lookout Mountain, Colorado 
11nd Awbrey Butte, Bend. Oregon). Like wireless communica­
tion facilities, RF emissions from broadcast facilities tbat arc 
located in, or expose residential populations and schools to 
elevated levels of RF will very likely need to be re-evaluated 
for safety. ,· · ·· , • ·, ·· · ·, 

. For. emissions. from wireless devices (cell· phones; per­
sonal di&ita.l assistant or'PDA devices, etc.) there is enough 
evidence for increased risk of brain tumors and acoustic neu- . 
romas now to warrant intervention with respect to their use. 
Redesign of cell phones and PDAs could prevent direct head 
and eye exposure,· for example, by designing new units so 
that they work only with a wired headset or on &peakerphone 
mode. 

These effects can reasonably be presumed 10 result 
in adverse ·health effects and-disease· with-chronic:· and · 
uru:ontrolled exposures, and children may be particularly 
vulnerable. The young are also largely unable 10 remove 
themselves from such environments. Second-hand radiation, 
like SeCond-hand smoke is an issue of public health concern 
based on the evidence at hand. 

In summary, the following recommendations are made: 

• ELF limits should be .set . below those exposure levels 
that ·have been linked in childhood leukemia studies to 

increased risk of disease,' plus an additional safety flictor. 
It is no longer acceptable to bu!ld new power I~ and 
electrical facilities that place people in ELF environmentli 
that have been determined 10 be risky (at levels generally 
at 2mG (0.2J.LT) and above). · . 

• While new ELF limits are being developed and imple· 
mented, a teaSonable approach would be a I mG (0.1 JLT) 
planning limit for habitable space adjacent to all new or 
upgraded power lines and a 2mG (0.2J.LT) limit for all 
other new consbuction, It is also recommended for that 
a I mG (0. I I'T) limit be established for existing habit· 
able space for.childrcn and/or.women who arc pregnant. 
This recommendation is based on the assumption chat a 
higher burden of protection is requi.rtd for children who 
cannot protect themselves, and who are at risk for child­
hoOd leu.Jccmia at rates that arc traditionally high enough 
to trigger regulatory action. This situation in particular 
warrants extending the I mG (0.1 1'11 limit to existing 
occupied space. ''Establish ... in !his case probably ·m.cans 
formal public advisories from relevant health agencies. 

• While it is not realistic to m:Diislnlct all existing electrical 
distributions systems, .in the·&bort-tenn; steps ,to reduce 
exposure from . tbese existing. systems need to be. initi­
ated and should be encouraged, especially iJl places wbe~ 
children spend time. 1 • • : ' . • ·' 

• A precautionary limit·.of O.IJ.LW/cm2 (which is also 
0.614 V permeaer)shouldbcadopted for outdoor, cumula­
tive RF exposure. This n:8ects the current RF, science and 
prudent public health response that would reasonably be 
set for pulsed RF (ambient) exposures where people live, 
work and go to school. This level of RF is experienced 
as whole-body exposure. and can. be a chronic upc)sure 
where there is wireless coverage. present for voice and 
daca transmission for cell phones, pagers and POAs and 
other sources of radiofrequency radiation. Some studies 
and many anecdotal reports on ill health have been reported 
at lower levels than thls; however, for the present time, 
it could prevent some of the most disproportionate bur­
dens placed on the public nearest to such installations . 
Although this RF target level does not preclude further 
rollout of WI-Fl technologies, .we also recomm~nd that 
.wired alternatives to WJ-Fl be implemented, part.ic1.1larly 
in 'schools and libraries so that children are not subjected 
to elevated RF levels until more is understood about pos­
sible health impacts. This recommendation should be seen 
as an interim precautionary limit that is intended to guide 
preventative actions: and more conservative limits may be 
needed in the future.· 
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The London Resolution 
, P I l' 

Olle Johansson • 

At a scientific conference on 27th November 2007 
entitled-''Are Present ICNIRP EMF Exposure Recommen­
dations AdequateT', hosted by Roger Coghill and Robert 
Verkerk, at the Royal Society, London, scientists endorsed 
the Biolnitialive Report. extended dte 2006 Benevento Res­
olution and resolved that: 

.. We, the undersigned, do call on the UK Health Protection 
Agency (HPA), UK Oovcmmc~t and all the health protec­
tion agencies and governments world-wide, to take note of 
tbe findings and rec:o~ndations in the Bioinitiative Repon 
(2007) [1] and lts predecessors the Benevento Resolution 
(2006) [2], the Catania Resolution (2002) (3 I and the Salzburg 
Resolution (2000) [4) to immediately reduce the guidelines 
for exposure to radiofrequency radiation (RF) and exuemely 
low-frequency electromagnetic 1 fields (ELF-EMF) for the 
following reasons: 

• The overwhelming evidence of adverse non-thermal health 
effects at exposures many times below the current guide­
lines. 

• The near 100% penetration of the market in Europe, the 
USA and many other markets by mobile phones BIJd 
increasing peneuation elsewhere. 

• The vast prolifcnruon of wRicss networks and devices 
beyond those envisaged at the time the currenc guidelines 
were set. 

We call for 1he ICNIRP to reconvene as a mat· 
ter of urgency to reassess the exposure guidelines and 
to develop and implement biologically based public 
safety limiiS reflecting the overall scienlific evidence that 
e.xisting ICNIRP suidelincs arc not sufficiently protec­
tive against health effects from chronic exposures to 
the rapidly increasing environmental-level ELF-EMF and 
RF .... 

• Tel: +46 8 51487073: fu: +46 8 303904. 
E-lfiiJillJIIJrcu: oil~ .johannon@ki.~e. 

1 Mqnetic fields II~ Hz. 

D928-468M -ICC: ftvnt maaer 
dcJi: I 0.10 161j.pathapby•.2009.03.CXI5 

-' 
' 

Failing that: 

• We call for the setting up of an independent body to define 
new biologically bAsed public exposure limits and/or pre­
ventative actions, 'ror ELF-EMF and RF, that address 
reported biological- effects, which. with prolonged expo­
sure, can reasonably be presumed to result in advme 
health consequence's. 

• In the absence of sucb recommendations we suggest as 
an Intermediate step that the HPA and UK Government 
immediately implement the ELF-EMF and RF reconunen­
dations of the Bioh'iitiative Report2007 and strive for the -
recommendations of the Public Health Department of the 
Govenunent of SalZburg (2002) of 0.06 V/m for outdoor 
and 0.02 V/m for indoor RF exposure. 

' I 
Based on the prec~ulionary principle, children and vul­

nerable groups (such\ as people with epilepsy and heart 
conditions) should not be exposed to a risk of harm, thus 
we propose that I 
• Children under 16 should usc mobile phones and cordless 

phones for emergency calls only. 
• No Wi-fi, W!Max or other forms of wireless networkin& 

are placed in homes} schools or public areas or promoted 
for usc lhcn:of. J 

• That regular and frequent independent audits are under­
taken of emissions to ensure that base stations ("masts") 
do not exceed the new biologically based guidelines at 
any locality either singly or by accumulation. Such audiiS 
should be widely publidsed and made available for public 
scrutiny. ' 

The prccautiornuy principle needs to be implemented." 
Signed: ~ 

Prof. ChriSiopbcr Busby, School of Biomed.ical Sciences • 
Faculty of Ufc and Health Sciences, Univmity of Ulsters 
Coleraine, UK I 
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Ms Cindy Sage, Co-Editor, Biolnitiative Repon. Santa 
Barbara CA, USA 
Dr. John Walker, Chartered Physicist, Sutton Coldfield, UK 

Rerereoce.s 

[I) BiolruliltM Report. bnp:/lwww.bioillitialiw.DrJircpanldocslrcpon.pdr. 
[2) Bcncw:nlo Re.ollllion, Elcctromapclic Bioloay and Medicim:. 25. 

2006, pp. 197-200. hllp:l/www.iCCDU.euldoc:a/Bcnc~cnloR~Iution. 
)Jilf. 

[3] Catania Re$OIUiiOD, hUp:Jiwww.plaltform-mobilrunk·initiati•·cn.at/ 
ttnrJisc:h/CATANIA.znJ.pdf. 

[ 4) Salzbur& Rcsolulion, hnp:/lwww.salzburg.&v.at/salzburs..rc!IOiuUoll. 
e.pdr. 


