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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 (8.15-18 GHz,
1 Hz within, 1 uW/cm?) in vivo increases the cytotoxic activ-
ity of natural killer cells of rat spleen [59]. In mice exposed
for 24-72h, 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 animals in vivo for 3.5 and 5h, and a short exposure of
splenic cells in vitro d:d not affect the activity of natural killer
cells.

Whole body microwave sinusoidal 1rradlatmn of male
NMRI mice with 8.15-183GHz (1 Hz within) at a power
density of 1 wW/cm? caused a significant enhancement of
TNF production in peritoneal macrophages and splenic T-
lymphocytes [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 celular immunity ranged from $h to 3 days.
Chronic irradiation of mice for 7 days produced the decreas-
ing*of TNE production in:peritoneal macrophages. The
exposure of mice for.24h increased the TNF production
and immune proliferative tesponse, and these stimulatory
effects persisted over 3 days after the termination of exposure.
Microwave treatment increased the endogenously produced
TNF more effectively than did lipopolysaccharide, one of
the most potential stimuli of synthesis of this cytokine.
Microwaves, thus, indeed can’ be a factor interfering with
the process of cellular immunity!

A very intriguing investigation was carried out by Gapeev
etal. [61], who compared horn, dielectric and channel anten-
nae and their maiching with various types of loads, including
abiological object. The channel antenna in contrast to dielec-
tric and horn 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 shown, that jow-intensity
electromagnetic radiation of extremely high frequency in
near field zone of the channel radiator modifies the activ-
ity of mouse peritoneal neutrophils on a quasi-resonance
manner. The interaction of clectromagaetic radiation with
the biological object has been revealed in the narrow-band
frequencies of 41.8-42.05 GHz and consists in inhibition of
luminol-dependent chemiluminescence 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 frequency of the electromagnetic radiation in the near
field zone 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.
C57BL/6 mice were exposed 2h/day for 1, 2 or 4 weeks
in a TEM cell 10 an SAR of 1 or 2W/kg. Untreated and
sham-exposed groups were also examined. At the end of the
exposure, mice were killed and spleen cells were collected.
The number of spleen ceils, the percentages of B- and T-
cells, and the distribution of T-cell subpopulations (CD4 and
CD8) were not altered by the exposure. T- and B-cells were
also stimulated ex vivo using specific monocional antibodies
or LPS to induce cell proliferation, cytokine production and
expression of activation markers. The results did not show

" relevant differences in either T- or B-lymphocytes from mice

exposed to an SAR of I or 2 W/kg and sham-exposed mice
with few exceptions. After | week of exposure to ¥ or 2 Wkg,
an increase in [FN-gamma (Ifng) production was observed
that was not evident when the exposure was protonged to
2 or 4 weeks, This suggests that 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 Bcell compartments were not substantially
affected by exposure to RF radiation and that a clinically re}-
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
afier months and years of exposure?] .

On the other hand, Kolomytsevaet 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/cro?, 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 immunity. It was shown that
the phagocytic activity of peripheral blood neutrophils was
suppressed by about 50% (p<0.01 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 neutrophils returned to the
normal within 3 days. A significant modification of the leuko-
cyte blood profile in mice exposed 1o 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 {0 an increase 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 activity,
with subsequent increase in the intracellular cAMP level.

The modification of “indices of the humoral 'immune
response to thymus-dependent antigen (sheep erythrocytes)
afier a whole-body exposure of healthy mice to low-intensity
extremely high-frequency electromagnetic radiation was
reported by Lushnikov et al. in 2001 [64). Male NMRI mice
were expased in the far-field zone of horn antenna at a fre-
quency of 42.0 GHz and energy flux density of 0.15 mW/em?
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under different regimes: once for 20 min, for 20 min daily
during 5 and 20 successive days before immunization, and
for 20 min daily during 5 successive days after immuniza-
. ton throughout the development of the humoral immune
response. The intensity of the humoral immune response
was estimated on day 5 after immunization by the number
of antibody-forming cells of the spleen and antibody titers.
Changes in cellularity of the spleen, thymus and red bone
marrow were also assessed, The indices of humoral immunity
and 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 cellularity by 17.5% (p <0.05)
and a decrease in cellularity of the splesn by 14.5% (p <0.05)
were revealed. The results show that single low-intensity
extremely high-frequency electromagnetic radiation, at the
frequency and energy flux density used, does notinfluence the
humoral immune response intensity in healthy mice but influ-
ences immunogenesis under multiple repeated exposures.

Experiments have &lso been conducted to elucidate the
cffects of chronic Jow power-level microwave radiation on
the immunological systems of rabbits [65]. Fourteen male
Belgian wlute rabbits were exposed to microwave radiation
at S mWicm?, 2.1 GHz, 31 daily, 6 days/week for 3 months
in two batches of seven each in specially designed miniature
anechoic chambers.-Seven rabbits were subjected to sham
exposure for identical duration. The microwave energy was
provided through S band standard gain homs connected 1o a
4K38]2 Klystron power amplifier. The first batch of animals
was assessed for T-lymphocyle-mediated cellular immune
response mechanisms and the second batch of animals for
B-lymphocyte-mediated humoral immune response mech-
anisms. The peripheral blood samples collected monthly
during microwave/sham exposure and during follow-up (5/14
days after termination of exposures, in the second baich ani-
mals only) were analysed for T-lymphocyte numbers and
their mitogen responsiveness to ConA and PHA. Signifi-
cant suppression of T-lymphocyte numbers was noted in the
microwave group at 2 months (p < 0.01) and during follow-up
(p<0.0]). The first batch of animals was initially sensitised
with BCG ‘and challenged with tuberculin (0.03 ml) at the
termination of microwave irradiation/sham exposure and the
increase in foot pad thickness (delta mm), which is a measure
of T-cell-mediated immunity (delayed type hypersensitivity
response, DTH) was noted in both the groups. The microwave
group revealed a "better” response than the control group
(delta % +12.4 versus +7.54).

Nasta et al. [66] _very recently examined the effects of
in vivo exposure to a GSM-modulated 900 MHz RF field on
B-cell periphera) differentiation and antibody productioa in
mice. Their results show that exposure to a whole-body aver-
age SAR of 2 W/kg, 2h/day for 4 consecutive weeks does
not affect the frequencies of differentiating transitional 1 (T'1)
and T2 B-celis or those of mature follicular B and marginal
zone B-cells in the spleen. IgM and IgG serum levels are also

not significantly diffcrc;'u among exposed, sham-exposed and
control mice. B-cells from these mice, challenged in vitro
with LPS, produce comparable amounts of IgM and IgG.
Moreover, exposure of immunized mice o RF fields does
not change the anhgen—spcclﬁc antibody serum level. Inter-
estingly, not only the pmducuon of antigen-specific IgM
but also that of IgG (\_vhxch 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 conclusmn. the results of Nasta et al.
[66] do not indicate any effects of GSM-modutated RF radi-
ation on the B-cell pc.npheral compartment and antibody
production. !

Whole-body nncrowave sinusoidal irradiation of male
NMRI mice, exposurc of macrophages in vitro,-and pre-
liminary irradiation of culture medium with 8.15-18 GHz
(1 Hz within) a1 a pawer density of 1 wWicm? caused a
significant enhanccmem of tumour necrosis factor produc-
tion in peritoneal macrophages [67]. The role of microwaves
as a factor interfering’ with the process of cell immunity
must, thus, be seriously considered, Furthermore, the effect
of 8.15-18GHz (1Hz wnlun) microwave ractation at a
power density of llecm on the tumour necrosis fac-
tor (TNF) production and immune response was tested by
Novoselova et al. {681 A single §h whole—body exposure
induced a significant i mcreasc in TNF production in peritoneal
macrophages and splemc Tcells, The mitogenic response
in T-lymphocytes mcrcased after microwave exposure. The
activation of cellular immumty was observed within 3 days
after exposure. A diet comwung lipid-soluble nutrients (beta-
carotene, alpha-tocopherol and ubiquinone Q9) increased
the activity of macrophages end Tecells from irradiated
mice. These results demonstrate that irradiation with low-
power density microwaves stimulates the immune potential
of macrophages and T-cells, and the antioxidant treatment
enhances the effect of~microwaves, in particular when the
effect of irradiation is mduced

In the cxpcnmenml study by Cetin et al. [69] in 2006,
the hematological effects of pulsed EMFs chronic exposure
were investigated on mme Sixty, 6-weck-old male Swiss
mice, we:ghmg 40—453 were used, and were divided into
two groups: in one group, animals (n=30) were exposed
to pulsed EMFs (60Hz, intensity 3T, 12h by day) for
a 120-day period, wherens 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, lenkocyte
distribution). Whercas'no significant difference was noted
between control and cxposed animals at the 15th and the
30th days, a macrocyuc anemia characterized by decreases in
of hemoglobin conccmrauon. hematocrit values and erythro-
cyte counts and by increases in mean corpuscular volume,
occurred in the exposéd animals on day 90. Furthermore,
they have shown significant reductions of leukocyte, lym-
phocyte and ncutroph.ll counts, while monocyte counts were
increased. On day 120 lthese leukocyte alterations were still
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observed, whereas erythrocyte pamameters approached con-
trol values. These results suggest that pulsed electromagnetic
fields (60 Hz and 3 uT) affect the hematalogical parameters
of mice, probably by reducing prollferanon and differentia-
tion of marrow stem cells. - .

Obukhan [70] has performed cytologic investigations
designed to study bone marrow, peripheral blood, spleen, and
thymus of albino rats irradiated by an EMF of 2375, 2450,
and 3000 MHz. Structural and functional changes in popu-
lations of megakaryocytes, immunocompetent cells as well
as of undifferentiated cells, and of other types of cells that
are dependent on the intensity of irradiation were revealed.
The results permitted establishing the probability-threshold
levels of exposure taking account of reactions of perception
and physiologic adaptation together with compensatory and
regenerative processes and the injury sustained. It was shown
that changes in bone marrow cells differentiation and repro-
duction, mather than integral shifts in the peripheral blood,
acquired the utmost significance. The blast cell population
increased in low-intensity exposurc along with dxsmrbances
in mitosis. g

The possibility of genotox:c:ty of rad:ofrequency mdm-
tion (RFR) applied alone 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 pear the upper limit of energy absorbed by localized tissue
during the use of some cellular telephones. The purpose of the
combined exposures was to examine whether RFR might act
epigenetically by reducing the fidelity of repair of DNA dam-
age caused by & well-characterized and established mutagen.
Blood specimens from 14 donors were exposed contiguously
for 24h to a GSM basic 935 MHz signal. The signal was
applied at two SAR; ! and 2 W/Kg, alone or combined with
a 1-min exposure 10 1.0 Gy of 250kVp X-rays given imme-
diately before or after the RFR. The assays employed were
the alkaline comet technique to detect 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 of in vitro cell
cycling. By comparison with appropriate sham-exposed and
control samples, no effect of RFR alone could be found for
any 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
935 MHz GSM basic signal delivering SAR of 1 or 2 W/Kg
is genotoxic per se or whether, jt can influence the genotox-
icity of the well-established clastogenic X-radiation. Within
the experimentat parameters of the study in all instances no
cffect from the RFR signal was observed. [Of course, DNA
damage is a well characterized effect of electromagnetic irra-
diation of other cell types, including lymphoblastoid cells
{72}, fibroblasts {73], and brain cells [74].]

Despite the important role of the immune system in
defending the body against infections and cancer, only rather
few investigations on possible effects of RF radiation on
function of human immune cells have been undertaken.
One .of these is the investigation by Tuschl et al. [75] in
2006 where they assessed whether GSM modulated RF
ficlds have adverse ¢ffects on the functional competence of
buman immune cells. Within the frame of a multidisciplinary
project “Biological effects of high frequency electromag-
netic fields (EMFs)” sponsored by the National Occupation
Hazard Insurance Association (AUVA), in viro investiga-
tions were carried out on human blood cells. Exposure was
performed at GSM basic 1950 MHz, an SAR:of | mW/g
in an intermittent mode (5 min “ON", [0min “OFF") and
a maximum AT of 0.06°C for the duration of 8h. The
following immune parameters were evaluated: (1) the intra-
cellular production of .interleukin-2 (IL-2) and interferon
(INF) gamma in lymphocytes, and IL-1 and TNF-alpha
in monocytes were evaluated with monoclonal . antibod-
ies. (2) The activity of immune-relevant genes (TL. l-alpha
and beta, IL-2, [L-2-receptor, IL-4, macrophage colony
stimulating factor (MCSF)-receptor, TNF-alpha, TNF-alpha-
receptor) and housekeeping genes was analyzed.with real
time PCR. (3) The cyiotoxicity of lymphokine activated
killer cells (LAK, cells) against,a tumour cell line was
determined in a flow cytometric test. For cach parameter,
blood samples of at least 15 donors were evaluated. No
statistically significant effects of exposure were found and
there was no indication that emissions from mobile phones
are associated with adverse effects on the human immune
system.

Chagnaud and Veyret [76] in 1999 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 and their normal
mitogenic responses using flow cytometry analysis and a
colorimetric method, No alterations were found in the sur-
face phenotype of splenic lymphocytes or in their mitogenic
activity.

[N. B. One must always be very cautious when it comes to
negative findings. For cxample of | the 100 or so papers on
genotoxic cfiects of RF fields, a mnjomy ‘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
genaotoxicity, because in these cases the toxicity often occurs
due 10 the action of the repair enzymes. Repair-deficient cells
remajn intact! The mechanisms of action of EMFs 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 1o mobile telephony exposure. Since the inci-
dence data from human sudies point 10 & needed exposure
time of at leasi 5 years, and mice and rats do not live 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, 1 s pulses at
1000/5), 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-
tem of Balb/c mice [77). The mice were immunized either by
sheep red blood cells (SRBC) or by glutaric-anhydride conju-
gated bovine serum atbumin (GA-BSA), then exposed 10 the
microwaves at a low rms power density (30 uW/cm?; whole-
body averaged SAR approximately 0.015Wikg). - Sham
exposure or microwave irradiation took place during each
of 5 contiguous days, 10 h/day. The antibody response was
cvaluated by the plaque-forming cell assay (SRBC experi-
ment) or by the titration of IgM and 1gG antibodies (GA-BSA
experiment). In the absence of AM, the pulsed ficld did
nat greatly alter immune responsiveness. In contrast, expo-
sure to the ficld under the combined-modulation condition
resulted in significant, AM-frequency-dependent augmcnta—
tion or weakening of immune responses. -

To study the possible RF effects on human Iymphocyte
activation, Capri et al. [78] analyzed CD25, CD95, CD28
molecules in unstimulated and stimulated CD4+ or CD8+ T-
cells in vitro. Peripheral blood mononuclear cells (PBMCs)
from young and elderly donors were exposed or sham-
exposed to RF (1800 MHz, SAR 2 W/kg) with or without
mitogenic stimulation. ‘No significant changes in the per-
centage of these cell subsets were found between exposed
and sham-exposed lymphocyies in both young and elderly
donors. Nevertheless, after RF exposurc they observed a
slight, but significant, dowaregulation of CD95 expression in
stimulated CD4+ T-lymphocytes from elderly, but not from
young donors. This age-related result is noteworthy given the
importance of such a molecule in regulation of the immune
responsc.

In the paper by Yurekli 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)
frequency of 945MHz, and effects on oxidative stress in
rats were investigated. When EMFs at & power density of
3.67 W/m? (SAR = 11.3 mW/kg), which is 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 (superoxide dismutase) activity under EMF expo-
stre,

Since genotoxic effects of the second generation sten-
dard GSM have been reported afier exposure of human
cells in vitro, Schwarz et al. [80] decided to use human
cultured fibroblasts of three different donors and three dif-
ferent short-term human lymphocyte cultures and expose
them to 1950 MHz UMTS below the SAR safety limit of
2 W/kg. The alkaline comet assay and the micronucleus assay

were used to ascenmn dose and time-dependent genotoxic
effects. Five bundred cells per slide were visually evaluated
in the comet assay nnd comet 1ail factor (CTF) was cal-
culated. In the mlcronucleus assay 1000 binucleated cells
were evaluated per assay The origin of the micronuclei was
determined by ﬂuoresccnce labeled anticentromere antibod-
ies. All evaluations wcm performed under blinded conditions,

UMTS exposure mcrcased the CTF and induced centromere-
negative micronuclei (MN} in human cultured fibroblasts in a
dose and time-dependent way. Incubation for 24 h at an SAR
of 0.05 W/kg generated a statistically significant risc in both
CTF and MN (p=0.02). Atan SAR of 0.1 W/kg the CTF was
significantly increased after 8 b 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 sumulawd with phytohemagglutinin.

The authors conclusxon was that UMTS exposure may cause
genetic alierations in sorne but not in all human cells in
vitro.

Simké and Mansson [81] have presented a hypothesis
of a possible initial 5:cllular event affected by exposure
to ELF-EMF, an event that is compatible with the mul-
titude of effects obscrved after exposure. Based on an
extensive literature revu:w. they suggested that ELF-EMF
exposure is able to perform such activation by means of
increasing levels of free radicals. Such a gencral activa-
tion. is compatible with the diverse nature of observed
effects. Free radicals are intermediates in natural processes,
like mitochondrial metabolism, and arc also a key fea-
ture of phagocytosis. Free radical release is inducible by
ionizing radiation or phorbol ester treatment, both lead-
ing to genomic instability. EMFs might be a stimulus to
induce an “activated stale" of the cell such as phagocy-
tosis, which then cnhanccs the release of free radicals, in
turn leading to genotox:c events. Simk6 and Matisson envis-
aged that EMF cxposurc can cause both acute and chronic
effects that are mediated by increased free radical levels:
(1) Direct activation of, for example macrophages (or other
cells) by short-term exposure to EMF leads to phagocyto-
sis (or other cell-specific responses) and consequently, free
radical production. This pathway may be utilized to pos-
itively influence certain aspects of the immune response,
and could be useful for ‘specific therapentic applications. (2)
EMF-induced- macmph_age (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-term EMF
exposure Jeads to a ch.mmcally increased level of free radi-
cals, subsequently causing an inhibition of the pineal gland
hormone melatonin. Taken together, these EMF-induced
reactions could lead to a higher incidence of DNA damage
and therefore, to an increased risk of tumour development.
While the effects on melatonin and the extension of the
lifetime of radicals can 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 carre-
lation between immune cel system stimulation and EMF
exposure. .

PR SR " . !
5.74. Effects of EMFs on the immune system at
pregnancy :

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 mijcrowaves
produce various detrimental changes based on actions of heat
or non-specific stress, although the effects of microwaves on
pregnant organisms were not uniform. This study was there-
fore designed 1o clarify the effect of exposute to microwaves
during pregnancy on endocrine and immune functions. Nat-
ural killer cell activity and nawral killer cell subsets in the
splean were measured, as well as some endocrine indicators
in blood: corticosterone and adrenocorticotrophic hormone
(ACTH) as indices of the hypothalamic-pituitary-adrenal
axis," beta-endorphin, oestradiol, .and progesterone in six
female virgin rats and six pregnant rats (9-11 days gesta-
tion) exposed to microwaves at 10 mWrem? incident power
density at 2450MHz fer 90 min, The same measurements
were performed 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 natural killer cells and any of the subset popu-
lations identified by the monoclonal antibodies CD16 and
CD57 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 cells and CD16+ CD57- ones. Although corticosterone
and ACTH increased, and oestradiol decreased in exposed
virgin and pregnant rats, microwaves produced significant
increases in beta-endorphin and progesterone only in preg-
nant rats. So, in summary, Nakamura et al. [82] showed that
microwaves at the power of 10 mW/cm? produced activation
of the hypothalamic—pituitary-adrenal axis and increased
oestradiol .in both virgin and pregnant rats, indicating that

microwaves are a great stress in pregnancy. o L s, e

In the following year, 11998, the same groups of scien-
tists published a new study [83] in which they examined the
involvement of opioid systems in reduced natural killer cell
activity (NKCA) in pregnant rats exposed 1o microwaves
a a relatively low level (2mW/em? incident power den-
sity at 2450 MHz for 30 min). They assayed beta-endorphin
{betaEP} in blood, pituitary lobes, and placenta as well
as splenic NKCA in virgin and/or pregnant rats. Although
microwaves elevated colonic” tempefatures” by 0.8°C for
virgin and 0.9°C for pregnant rats, and betaEP in blood
and antcrior 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-peritoncal administration of apioid receptor
antagonist naloxone prior to microwave exposure increased
NKCA, blood, and placental betaEP in pregnant rats. Alter-
ations in splenic NKCA, betaEP and progesterone in pregnant
rats exposed-to microwaves may be due to both thermal
and non-thermal 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
biochemical 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 [84]. In this aricle they measured these
parameters and factors in rats exposed to continuous-wave
(CW) microwave at 2mW/cm?>. incident power density
at 2450MHz for 90 min. Colonic tempernture in vir-
gin and pregnant rats was not significantly altered by
microwave treatment. Microwaves decreased uteroplacen-
tal blood flow and increased progesterone and PGF(2)alpha
in pregnant, but not in virgin rats.. Intraperitoneal (i.p.)
administration of.angiotensin II, a uteroplacental vasodila-
tor, before microwave exposure prevented the reduction in
uteroplacental blood flow. and the increased progesterone
and PGF(2)alpha in pregnant rats. Increased corticosterone
and decreased estradiol during microwave exposure wete
observed independent of pregnancy and pretreatment with
angiotensin II, These results suggest that microwaves (CW,
2mW/cm?, 2450 MHz) produce uteroplacental circulatory
disturbances- and ovarian and-placental dysfunction dur-
ing pregnancy, probably through non-thermal actions. The
uteroplacental disturbances appear to be due to actions of
PGF(2)alpha and may pose some risk for pregnancy! [Could
the above findings be part of the explanation behind the sen-
sational findings of Magras and Xenos [85] from 19977]

3.7.5. Synchronization of cerebral rhythms. Important
Jor the brain-immune system axis?

Vecchio et al. {86] have reported that EMF from mobile
phones affects the synchronization of cerebral rhythms, Their
findings suggest that prolonged exposure 10 mobile phone
emissions. affect cortical activity and the speed of neural
synchronization by intethemispherical functional coupling
of EEG rhythms. This may be evidence that such exposure
can affect the way in which the brain is able to process
information, by interfering with the synchronization rhythms
between the halves of the brain, and by deregulating the nor-
mal alpha wave 2 (about 8—10Hz) and alpha 3 (10-12 Hz)
bands, [Could such deregulation affect the brain-immune sys-
tem axis? If so, what implications would it have in the short-
as well as in the long-term?}

3.7.6. Classical contact allergy reactions

Finally, in addition, classical contact allergy reactions,
such as chromate allergy, have been studied by Scishima et
al. (87]. The background for the study was an earlier case
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report about a patient with allergic contact dermatitis 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 patiens were four males and four
females aged from 14 to 54 years. They each noticed skin
eruptions after 9-25 days of using a ccllular phone. All
patients had erythema, and seven had papules on the hemi-
lateral auricle or in the preauricular region. Three of eight
patients had a history of metal allergy. Chromate, aluminium
and acrylnitrile—butadiene-styrene copolymer were used as
plating on the cellular phones used by these patients. The
paich test was positive for 0.5%, 0.1% and 0.05% potassium
dichromate in all eight patients. The photopatch test showed
the same results. One patient was positive for 2% cobalt chlo-
ride and one for 5% nickel sulfate. Based on these data, it is
important to consider the possibility of contact dermatitis due
1o & cellular phone, possibly caused by chromate, when the
patients have erythema and papules on the henu!aleral auncle
or in the preauncular rcgnon

6. Effects of e!ectromagnedc ﬁelds on other
biological systems °

Some paralle] investigations, pointing to severe biologi-
cal effecis that need to be mentioned are, for instance, the
results of Roux et =l. [88) in 2008. Using an especially
designeéd facility, the Mode Stirred Reverberation Cham-
ber, they exposed tomato plants (Lycopersicon esculentum
Mill. VFNS) to low level (300 MHz, 5 V/m) EMF for a short
peried (10 min) and 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 &
rapid, large and 3-phase manner typical of an environmen-
tal stress response. Accumulation of these transcripts into
the 'polysomal RNA also took place (indicating that the
encoded’ proteins ' were translated) but was delayed (indi-
cating that newly-synthesized mRNA was not immediately
recruited into palysomes), Transeript accumulation was max-
imal at normal Ca(2 +) levels and was depressed at higher
Ce(2+), especially for those encoding calcium-binding pro-
teins. Removal of Ca(2+) (by addition of chelating agents or
Ca(2+) channel blocker) ledi to totnl suppression of mRNA
accumulation. Finally, 30 min after the electromagnetic treat-
ment, ATP concentration and adenylate energy charge were
transiently decreased, while tanséript accumulation’ was
totally prevented by application of the uncoupling reagent,
CCCPF. These responses occur very soon after exposure,
strongly suggesting that they are the direct consequence of
application of radiofrequency ficlds, and their similarities 10
wound responses strongly suggests that this radiation is per.
ceived by plants as an injurious stimulus! [Furthermore, it is

impossible to interpret these reactions as “psychological or
psychiatric personality'distmbances. coguitive malfunction,
or likewise™.] | .

Also, the data from Divan et al. [89] deserve to be men-
tioned. They exammed the association between prenatal and
postnatal exposure to cell phones and behavioral problems
in young children. Mothers were recruited to.the Danish
National Birth Cohort' carly 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 lieaJth and behavioral status of chil-
dren, as well as past exposun: to cell phone use. Mothers
evaluated the child’s bekavior problems using the Strength
and Difficulties Quesuonnmre Mothers of 13,159 children

completed the follow-up questionnaire reporting their use of
cell phones during pregnancy as well as current cell phone
use by the child. Greatcr odds ratios for behavioral prob-
lems were observed for children who had possible prenatal
or poswatal exposure to cell phone use. After adjustment
for potential confouuders. the odds ratio for a higher overall
behavioral problems sqore was 1.80 (95% confidence inter-
val=1.45-2.23) in children with both prenatal and postnatal
exposurc to cell phones. Exposure to_cell phones prena-
tal 40 a-lesser-degree,.pastmatally - was associated
“with behavxoral d:fﬁculties such as cmouoml onal and hypemc-
uvxty problems a around the age of school entry. [An o obvious
follow-up Question would be “Whiat gbout itmune function
alterations?”.} Namrally and hopefully, these associstions
may be non-causal and may be due to unmeasured confound-
ing. But if real, they wo'uld be of public health concern given
the widespread use of this technology. .o

The exposure to non-themal microwave EMF gcneramd
by mobile phones affecls the expression of many proteins.
This effect on transcription and protein stability can be
mediated by the MAPK (mitogen-activated protein kinase)
cascades, which scrvc as central signaling pathways and
govem essentially all stimulated celiular processes. Indeed,
long-term exposure of cells to mobile phone irradiation
results in the activation of p38 as well as the ERK (extracel-
lular signal-regulated kmasc) MAPKs. Friedman et al. {90]
recently have studied the immediate effect of irradiation on
the MAPK cascades, and found that ERKs, but not stress-
related MAPKs, are rapidly activated in responsc to various
frequencies and intensities. Using signaling inhibitors, they
delineated the mechanism that is involved in this activa-
tion. They found that lhc first step is mediated in the plasma
membrane by NADH oxxdasc, which repidly generates ROS
(reactive oxygen species). These ROS then directly stimu-
late MMPs (matrix metalloproteinases) and allow them 1o
cleave and release Hb-EGF (heparin-binding EGF (epidermal
growth factor)). This socreted factor activates the EGF recep-
tor, which in rn further activates the 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
{abeling (TUNEL) 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
flies were exposed in vivo to either GSM 900 MHz or DCS
1800 MHz 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 10 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 10 -

degeneration of large numbers of egg chambers after DNA
fragmentation of their constituent cells, 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) and in all stages

of the early and mid-oogenesis, from germarium to stage 10,

during which programmed cell death does not physiologi-
cally occur. Germarium and stages 7-8 were found to be the
most sensitive developmental stages also in response to elec-
tromagnetic stress induced by the GSM and DCS fields and,
moreover, germarium was found to be even more sensitive
than stages 7-8. .- - o e . .

P

7. Conclusions

. Both lmman and ammal studies report large immunolog-

ical changes upon exposure to environmental levels of

modern, human-made EMFs. Some of these exposure lev-
els are equivalent to those of wireless technologies in daily
life, and often at low or very low (i.e., non-thermal) levels.

Measurable physiological changes (mast cells increases,

for example) that are bedrock indicators of aliergic

response and inflammatory conditions are stimulated by

EMF exposures.

o Chronic exposure to such factors that increase allergic
:and inflammatory responses on a continuing basis may be
harmful to health, The data presented here, as well as the
-very rapid international increase in incidence of allergies,
asthma and other oversensitivities, together form a clear
warmning signal.

s It 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, 'I'hls is an arca that
‘should be investigated immediately.

o Specific findings from studies on exposures 1o various
types of modem equipment andfor EMFs report over-
reaction of the immune system; morphological alterations
of immune cells; profound increases in mast cells in the
upper skin layers, increased degranulation of tmast 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-thermal levels;
changes in lymphocyte viability; decreased count of NK
cells; decreased count of T-lymphocytes; negative effects
on pregnancy (uieroplacental circulatory disturbances and
placental disfunction); suppressed or impaired immune
function; and inflammatory responses that can ultimately
result in cellular, tissue and organ damage.

e The functional impairment electrohypersensitivity is
reporied by individuals in the United . States, Sweden,
Switzerland, Germany, Belgium, Haly, The Netherlands,
Norway, Denmark and many other countries of the world.
Estimates range from 3% to perhaps 10% of populations,
and appear to be a growing condition of ill-health leading
to lost work and productivity.

¢ The WHO and IEEE literature surveys do not mcludc all
of the relevant papers cited here, leading 1o the conclusion
that evidence has been ignored in the current WHO ELF
Health Criteria Monograph; and the proposed new [EEE
C95.1 RF public exposure limits. 1 ,

e The current international public safety limis for EMFs do
not appear o be sufficiently protective of public health at
all, based on the studies of immune function. New, bio-
logically based public standards are warranted that take
into account low-intensity effects on immmune function
and health that are reported in the scientific literature.
Also the accessability needs of persons with the func-
tional impairment electrohypersensitivity must be fully
addressed and resolved as dictated by the UN 22 “Standard
rules on the equalization of opportunities for people with
disabilities” {about the UN 22 Standard Rules, sec website:
hrp:/iwww.hn.org; since 2007 they have been upgraded
into the UN “Convention on Human Rights for Persons
with Functional Impairments™).

The conclusion of the above must be that there are a num-
ber of very strong indications of EMFs being capable 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 when trying to
understand trend changes. .

Based on this review as well as on the recent Blmmumwc
Report [hup:/fwww.bioinitiative.org/} [1], 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 recommended to address bioeffects and potential
adverse health effects of chronic exposure. These effects
are now widely reported to occur at exposure levels signifi-
cantly below most current national and international limts.
Therefore, biologically based exposure standards are needed
to prevent disruption of normal body processes. Effects are
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reported for DNA damage (genotoxicity that is directly linked
to integrity 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, attemtion and cognitive function; slecp
disorders, cardiac effects; and — as reported here — serious
impact on the immune function {allergic and inflarmmatory
responses)., '

The cumrent recommendation must be & biologically based
exposure limit that is completely protective against e.g.
extremely low frequency and radiofrequency fields which,
with chronic exposure, can reasonably be presumed to result
in no adverse impacts on health and well-being. Today, such a
completely protective safety Limit woald, for many exposure
situations, be zero.

Fmally, attention to the above need would also mean a
great gain in future public health costs for the _entire elec-
trified world. To do the opposue could tum out to be very
expensive,

)
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Abstract

This paper reviews the literature data on the effects of clectromagnetic fields (EMF), in the reproductive organs as well as in prenatal
and postnatal development of vertebrate animals, Review articles which have been published till 2001, regarding the reproductive and
developmental effects of the entire range of frequency of clectromagnetic fields, were surveyed. Experimental studies which were published
from 2001 onwards were summarized. Special focus on the effects of radiofrequencies related to mobile communication in the above mentioned
topics has been made. According to the majority of the investigations, no strong effects resulted regarding the exposure to EMF of mobile

telephony in the animal reproduction and development. However further rescarch should be dom: in order to clanfy many unknown aspects

of the impact of EMF in the living organisms.
© 2009 Elsevier Ireland Ltd_ All nghls reserved.
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During the 20th century, the exposure to electromag-
netic fields (EMF) became an important source of concemn
about the possible effects in the living organisms. The
anificial sources of electromagnetic radiation have risen
tremendously because of the ongoing needs on electric-
ity, telecommunications, and electronic devices. In this
context,' World Health Organisation (WHO) established in
1996--the International EMF project in order to assess
health and environmental effects of exposure to EMF in
the frequency range from O to 300 GHz.- For the pur-
pose of this paper this range will be divided into static
{OHz), extremely low frequency (ELF »0-300kHz), inter-
mediate frequencies (IF > 300-10 MHz) and radiofrequency
(RF 10 MHz-300 GRHz) ficlds [J. Juutilainen, Developmen-
tal effects of electromagnetic fields, Bioclectromagnetics 7
(2005) $107-S115). The mobile phone technology is based
on radiofrequency radiation with transmission of microwaves
carrying frequencies between 880 and 1800 MHz [P.A. Val-
berg, T.E. van Deventer, M.H. Repacholi, Workgroup report:

“ Tel.: +30 24410 66013.
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0928-4680/S ~ see front matter © 2009 Elsevier Ireland Lid. Al righis reserved.
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" .
base stations and wireless networks-radiofrequency (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 high frequency emissions are incorporated in many
aspects of teleconunumcanons As a consequence, thete is a
lot of interest about the possible effects of the radiation emit-
ted from the max:hmes which are engaged in the teiephony
such as hand phones. base stations and transmifters.

The biological effects of EMF have been and arc being
investigated on different levels of organization. On the level
of human populations,-epidemiological ‘ studies are used
whereas, on the level of individuals human, animal and plant
in vivo experiments are carried out. Furthermore, on the
level of organs, tissues and cells in vitro investigations are
employed. Finally, on the sub-cellular level, biochemical and
molecular techniques are utilized.

From another point of view, many studies have been car-
ried out or are in progress about the various effects of radiation
emissions regarding the behaviour, cancer, central nervous
system, slecp, children, cardiovascular system, immune func-
tion, reproduction and development 3].
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The present paper will focus on the existing data about
the reproductive and developmental effects of EMF in verte-
brates. Reproduction is a critical function of the organisms
and involves two body systems the male and female genital
sysiem. The development comprises a series of events which
begins with fertilization, continues with implantation, embry-
onic growth and terms with sexual maturity. In the context of
systematic zoology, the vertebrates are close to the humans.
Therefore, the animal studies could provide useful informa-
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 broadly
grouped into thermal and non-thermal {4). The thermal
effects are associated with local heat production just like the
mechanism of a microwave oven. The non-thermal mecha-
aism is triggered by an amount of energy absorption, which
is not directly associated with temperature change but rather
to some other changes produced in the tissues.

The goal of this paper is to present the up to date available
data about the EMF and their potential effects on reproduction
and development, filling the gap of information from the most
recent published reviews. All the bibliographic data which
will be presented were collected exclusively from scientific
journals published in English and panially in other languages.
The survey includes studies which were published from 2001
ooward. The studies which reiate to the impact of mobile
phone electromagnetic fields will be presented thoroughly
and independently from the date of their publication.

2. Historical background

The first paper which I found in the medical litera-
ture, regarding the effects of EMF on the development
of vericbrates, was published in 1893 in an anatomi-
cel journal from- Windle [5]. The author summarized the
observations of three scientists and added his own about
the effects of eclectricity on the chicken embryos. Two
years later the seme author [6}, . published an account
on the effects of elcctncxty and magneusm on develop-
ment.

In 1980 wo papers were published about the blologzcal
effects of microwave radiation. Cook ¢t al. [7] published 2
comprehensive survey regarding the very early research on
the biological effects of electromagnetic fields. The early
work on short waves from 1885 to 1940 was presented. Fol-
lowing, the authors summarized the available data from 1940
to [960. Leach 8] provided an account on the genetic, growth
and reproductive effects of microwave radiation including
carly studies in this field that were published from 1959 10
1979. The majority of revised papers dealt with animals.
Later, Algers and Hennichs [9) summarized the biological
effects on venebrates, of electromagnetic fields where the
frequency did not exceed 100 Hz. The authors included many
studies about the impact of EMF on farm animals. The same

year, a specialized review was published on the effects of
non-ionizing radiation on birds [10].

Berman et al. [ 1], presented the results of a large mulunn-
tiona) experimental effort (Henhouse project) regarding the
low frequency EMF effects on chick embryos. Juutilainen
(12), Chernoff et al. [13), Brent et al. [14] presented detailed
reviews of the literaturc about the cffects on reproducuon
related to low frequency EMF, ™

Jeash [15] reviewed behavioral teratologic studies using
microwave radiation with special interest to continuous wave
(CW) 915, 2450, or 6000 MHz radiation.

Verschaeve and Maes [16] reviewed the genetic, carcino-
genic and teratogenic effects of RF (300 MHz~300 GHz).
Regarding the 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 2.45GHz. The same year, Huuskonen et al. [17]
reported on the teratogenic and reproductive effects of low
frequency {(0-100kHz) magnetic fields associated with the
use or transmisston of electric power or emitted from video
display terminals. The animal studics that were surveyed,
have been published from 1987 to 1997 regarding the effects
of alternating magnetic fields on prenatal development of
rats and mice. In the same paper, studies on the effects of
prenatal exposure of altemating magnetic fields on postnatal
developmeni were included. Brent [18] provided a thorough
review of in vivo and In vitro studies on the reproductive
and teratologic effects of low frequency EMF. The survey of
reproductive effects has involved studies with chick embryos,
chickens, cows, mice, and rats from 1969 to 1996. O’Connor
[19] recorded the intrauterine effects in animals exposed to
radiofrequency and microwave felds with a special feature.
The SAR of the surveyed studies was above the limit of
0.4 W/kg.

Experimental studies on the teratologic effects or develop-
mental abnormalities from exposure to RF electromagnetic
fields in the range 3 kHz-300 GHz were reviewed from Heyn-
ick and Merritt [20]. The review included investigations
with insects, birds (chicken, quails, turkeys) and mammalian
species (mice, rats) as well as non-human primates which

appeared from 1974 to 2000. A brief critical review, on the
developmental, effects of extremely low frequency (ELF)
electric and magnetic fields provided by Juutilainen [21).
Lascher [22] published a survey of the effects of radiofre-
quency electromagnetic fields on production, health and
behaviour of farm animals.

Juudlainen [[) reported 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 terafogens, and the behavioral teratology of RF.
Saunders and McCaig [23] summarized the possible effects
on prenatal development of physiologically weak clectric
fields induced in the body by exposure to extremely low fre-
quency electromagnetic fields and of elevated temperature
levels that might result from exposure to rediofrequency (RF)
radiation.
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QOverview of investigations on EMF effects on animal genital system.

Animal specics Expostre Exposure Exposure Endpoiat Results Comments Reference
frequency parameters durstion
Mouse Swiss S0Hz 25mT Continuous Effects on veproductive No effect on the 27
90 days ability fentility of male and
female mice. The
ovarian weight was
- significandy increased
Mouse CD1 (BALB/c X 60 Hz 2mT Continoous Sperm morphology No statisticaily Two groups were 28]
DBAZ2) for 2hor i differences were treated with mitomycin
8 hday for observed C. Sperm
10 days sbnormalities were
found in the group
exposed versus the
group reated with
mitomycin C alone
Mouse BALB/c 60Hz 0.1or 0.5mT 24 hiday for Germ cell apoptosis in . No significant changes 129]
8 weeks the testes in testicular weights.
Decrease of noemal
_ seminiferous tubules.
Increase of the germ
cell desth
Rat Sprague-Dawley 60H2 5.833, Continnons Spermatotoxicity and No detectable {30]
500 mT 21 hiday reproductive alterations in offspring
from day 6 dysfunction inthe Fl spermalogenesis and
of gestation offspring ferility
to day 21 of
Iactation
Rat Spraguc—Dawley S0Hz 251 1T Continuous Effects on sperm No effect on the weight 131]
for 18 weeks count, weights of of testes, Significant
tcstes, seminal reduction of the weight
vesicles, preputial of seminal vesicles and
———— o~ - et e e glands . preputial glands. .. _
Significant reduction
in sperm count
Rat Spraguc-Dawley S0Hz 1.35+ 0018 mT 2h/day, Sperm count. No significant Funding not mentionod [32)
Tdaystweek morphological changes alterations were
for 2 months of testes . observed
Rat Wistar albineqd” 50Hz I mT {mean 3h/day far Morphological Ultrastructural Ambiguous 133)
valoe) 50 or 100 cvaluation of utcrus alterations in germinal obscrvations in the
days and ovarics epithelium of ovaries nterus
in the experimental
group (50 days) as
well 2s in tunica
albuginca (100 days)
Rat Sprague-DawleyeQ 20kHz 625mT 8hiday. S Histopathological No differences were [24]
days/week examination of various seen in testis and ovary
for 90 days organs
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Table { (Continued)
Animal specics

Reference

Comments

Results

Endpoint

Expostre

Exposure

Exposure

135

Moarphological
changes in the

Testes

utern and 5

weeks

3 weeks in

50Hz

Rat Wistar 0"

seminiferous tubules

boundary tissuc of the

postnatal

[36]

No gifferences were

Histopathological

8 h/day for

120r18

months

6.25mT

20%Hz sine
waves

Rat Sprague-Dawlcygd*

examination of various

orgzus

seen in testis and ovary

137}

presentation

Scanty data

changes in

Morphological

Spermatogenesis

30 min for 63
days

0.3 mW/scm?

30-300GHz

Rat Wistar
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[38]

testicular weight were
significanily lower in

exposed group.
score was threefold in

experimental group

Mean seminiferous
tubule diameter and
versus control

Histologic damage

spermatozon

Histological evaluation

of testes

8hfday for 8

months

S0Hz

Rat Wistar

A special topic, the effects of EMF from power lines
on avian reproductive biology, was reviewed by Fernie and
Reynolds (24]. Krewski et al, [25], reviewed studies refer-
ring to various disciplines regarding the effects of RF. The
included literature was published between 2001 and 2003. A
novelty of this paper, was a discussion of the reports of vartous
authorities and commiitees about the potential health risks
associaled wilh exposure to RF fields. A gap in the lilerature
regarding the bmloglcal effects of EMF in the intermediate
frequency range was covered by the review of Shigemitsu et
al. [26],

During the last decade, many reposts from authorities
(local, national and international) and expert panels have been
uploaded on the web {2].

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

3. Malc genital system

The testes are very important organs siated externally
to the body and enclosed by the scrotum. The testicular
parenchyma is the site of an intense proliferation and dif-
ferentiation of the germinal 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, has a specialized contractile structure.

Studies that have evaluated EMF effects (mainly LF) on
the genital systems of the venebrates are summarized in
Table 1.

Regarding mobile telephony, the first study conducted by
Dasdag et al, {39] investigated whether there are adverse
effects due to microwave exposure emitted by cellular phones
in male Wistar albino rats. The animals (n = 18) were divided
in three groups (control, standby exposed group, speech
exposed group). Specific energy absorption rate (SAR) was
0.141 W/kg, Rats in the experimenta] groups were exposed
for 2 h/day for 1 month in standby position, whereas phones
were turned (o the speech position three times for 1 min. The
decrease of epididymal sperm counts in the speech groups
was pot found to be significant. Differences in terms of
normal and abnormal sperm forms were not observed. His-
tological changes were especially observed in the testes of
rats in the speech group. Seminiferous tubular diameter of
rat testes in the standby and speech groups was found to be
lower than the sham group. Rectal temperatures of rats 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 1o be significantly higher in

the speech group.

The sarne group of authors [40), failed to reproduce the
results of their previous 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 | month. For 250 mW average radiated power,
SAR was 0.52W/kg. No differences were observed in the
percentages of epididymal normal and abnormal sperms, the
epididymal sperm count, as well as in the seminiferous tubule
diameter between control and experimental groups. Also, the
testicular biopsy score as evaluated by Johnson's scale did not
differ significantly.

Aitken et al. [41] assessed the testis of mice irradiated with
S00MH:z in & waveguide, with an exposure condition SAR
90 mW/kg for 7 days at 12 h/day. The authors did not observe
abnormalities regarding the sperm number, morphology and
vitality. However, they reported significant damage to the
mitochondrial genome as well as to the nuclear-globin locus.

Results similar to & previous study [39] regarding the
diameter of the seminiferous tubules of rat testes.were
obtained by Ozguner et al. [42]. During the experiment,
20 male Sprague-Dawley rats (5 months of age) were
either exposed to 900MHz CW (average power density
130.4mW/cm?) or not (control group). Rats exposed
30 min/day, for 5 days/week for 4 weeks. The authors atso
did not obscrve significantly different values of weight of
testes, testicular biopsy score count and the percentage of
interstitial tissue. However, the mean height of the germinal
epithelium was found decreased in the group of rats that had
been irradiated.

Forgdcs et al. [43) repeau:d}y exposed male NMRI
mice to 1800MHz GSM like microwave radiation at
0.018-0.023 W/kg whole body SAR. 11-12 sham exposed
and 11-12 exposed mice were used. The animals were
exposed ten times (over 2 weeks) and the duration of
exposure was 2 l/day. No microwave exposure-related mor-
phological altcrations were found in testis, epididymis and
prostate,

Adult male rats were examined after exposure at sub-
crhronic exposure to RF emitied from a conventional cell
phone on their testicular function. Sixteen Wistar rats were
used at age 30 days. The animals were exposed for 1 h daily
during 1 weeks. The experimental group (n = 8) was exposed
10 1835-1850 MHz at 0.04-1.4 mW/cm?. Total body weight
and absolute and relative testicular and epididymal weights
did not change significantly. Epididymal sperm count was
not significantly different between the groups. Regarding
the histomorphological endpoints of the study, no differ-
ence was found between the experimental and control arm
[44]).

The effect of cellular phone emissions on sperm char-
acteristics in 16 Sprague-Dawley rats were studied [45].
The laboratory animals were divided in two groups (exper-
imental, control) and exposed to four cell phones which
had & personal communications service code division mul-
tiple access frequency band of 1.9GHz (00 MHz digital
and 800 MHz analog). The rats received daily (3 h-30min
rest—3 h) cell phone exposure for 18 weeks. The SAR ranged
from 0.9 10 1.80 W/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 sperm cells from

epididymis of rats. The percentage of deformities for the
experimenta) group was 34.3% and the percentage of defor-
mities for the control group was 32.1%. This difference in
the occurrence of deformities between the two groups was
not statistically significant (p>.0S) through a paired 1 test.
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 o cvaluate
the bcl-2 protein (an anti-apoptotic protein) in rat testes.
The experimental group (n=8) was exposed to com-
mercial (GSM) cellular phones irradiation for 20 min/day
for 1 month. Average power density was mcasured at
0.047mW/cm? and SAR levels changed between 0.29
and 0.87W/kg. The testes were investigated by means
of immunchistochemistry. No difference was observed
between testes scctions of the sham and cxperimental
groups in terms of bcl-2 staining. These results indicate
that the radiation cnuned from 900 MHz cellular phones
did not alter the anu-npoptouc protein in the testes of rats
[46).

In order to investigate the apoptosis-inducing effect
of mobile phone exposure on spermatogonia in serminif-
crous tubules, 31 Wistar albino male rats were divided
in three groups such as cage control (n=10), sham
exposed (n=7), and experimental (n=14), The 2/day (7
days/weck) exposure of $00MHz radiation (power den-
sity 0.012-0.149 mW/cm? and SAR 0.07-0.57 W/kg) over a
period of 10 months was evaluated by means of immunohis-
tochemistry. The long-term radiation did not affect the active
caspace-3 levels in testes of rats, Caspace-3 is atypical feature
of apoptosis [47).

4. Female genital system

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

Oral et al. [48], exposed sexually mature female rats (16
weeks old) to 900MHz radiation, 30 min/day for 30 days.
Twenty-four Wistar albino rats were divided in three groups
(sham exposed, EMF exposed, EMF exposed treated wnh
vitamin C and E). The animals were exposed at 1.04 mW/em?
{SAR 0.016=4 W/kg). The effect of microwaves was exam-
ined in rat endometrium by means of immunohistochemistry.
Endometria) apoptosis was observed. Guney et al. [49],
repeated the experiment with the addition of another group
{control). Histologica! changes in endometrium, diffuse and
severe apoptosis in the endometria) surface, epithelial and
glandular cells were reported regarding the group exposed to
EME. Also, eosinophilic leucocyte and lymphocyte infiltra-
tion were scen in the endometrial stroma.



Table 2
Overview of investigations on EMF cffects on animal development.

Animal species

Endpoint B

Expasure Exposure ~ Exposure durstion Results Comments Reference
frequency paramerers - - .
Rat Spraguc-Dawley 50Hz 7,70, 350mT 22 W/day during Effects on No diffcrences regarding embryonic [50]
0-7 or 8-15 day wratogenicity and deaths, fetal weight and
of gestation cmbryonic teratogenicity :
‘ development
Mouse ICR ' 50Hz Sham 9 weeksd 2 Effects on No differences regarding embryonic 51
(0.1~1 & T), weeksg prior 10 teratogenicity and deaths, fetal weight and
05,5mT mating embryonic * teratogenicity
development .
Mouse Swiss Webster OHz-25MHz . 1 week beginning Morphological _Pathological changes were observed 52)
from the 18th day changes in brain, in the neonates
of pregnancy thymus, adrenal gland :
- during embryonic
- development ..
Rat Spragvne-Dawlcy 0 Hz 0 (sham 22 hday during Deveclopmental No differences regarding embryonic 53]
group), S, . 620 day of toxicity " deaths, fetal weight and
' B33, SO mT. - gestation " teratogenicity )
Chicken SOHz 1.33-7.32mT .24h Effects on- Significant diffevence in the Funding not T 541
teritogenicity and - perceatage of abnormal embryos mentioned
- embryonic _versus control was found in 4.19, .
development - 5.32, 5.86, and 6.65 densitics. Some
embryos with extra riba, defects in
ribs and veriebrae, anuria and
. b - abnormal beaks were observed
Mouse ICR 20kH2 6.5mT 8 h/day from 2.5 - Effects on - 3 No statistically significant 55]
10155 days teratogenicity and | . differences in the number of -
post-coitum embryonic ) implantation, embryonic dezth,
developmeni . resorption, growth retarded fetuscs,
. external and skeletal abnormalitics
Chicken Leghom HR? 50Hz L uT, 500 uT, Continuous for 15 Effects on At 15 days of incubarion body weight Funding not (56]
1mT or 21 days embryo/fetus ‘was significanity lower versus mentioned
controls. At 21 days of incubation the
body wright and cranial dizmeters |
_were smaller versus control. No
differences in brain weight were
. R . observed in all groups :
Mouse § Sustic magnetic 400 mT 6 minfday from Teratogenic effects _ Polydactytism, abdominal fissure, 157)
Geld 7.5 10 14.5 day of fused ribs, vesugial 13th rib, brain
pregnancy ) .. hernia, curled tail
Mouse ¢ 50Hz L2mT BWday during < Body weight of dams, _ Fetal loss. malformed fetuses, Article in (58]
pregnancy development of retardation of growth of the offspring chincse
. ° offspring . - _inthe first 2 weeks afier bisth
Chicken White SOHz . 133-7132mT 4 days Morphological - Abnormal brain cavitics, spina bifida, 1591
Leghom eggs evaluation of monophthaimis, ocular defects and

embryosfetuses growth retardation

81
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5. Developmental effects

The critical phases in the dynamic process of development
take place mainly in utero (mamumals) or in ovo (birds) i.e.
during the embryonic period. The main bulk of investigations
were performed regarding the possible effects on animals
after irrediation, during in utero or in ovo development. The
cffects on development are determined by endpoints such
as weight gain, congenital malformations, 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 915 MHz with an incident
power of 800 mW during the first 2.5 wecks, 0 mW during
the following week and 200 mW for the 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 ¢t al. [6]] irradiated pregnant Wistar albino rats
at & power density level of 10mW/cm?, at a frequency of
915 MHz and average SAR 3.57W/kg. The animals were
exposed for 6 hiday from day 1 to day 21 of gestation. No
significant teratogenic signs were observed regarding the
resorption rate, malformation rate, mean litter size, fetal
weight and number of live and dead 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 (Fy,) until
weaning at 30 days of age. Ten days later females were rebred
and teratologic evaluation was conducted on the resultant Fyp,
fetuses. At 90 days of age, reproductive capability was eval-
uated and & standard teratologic analysis performed on the
resultant F; offspring. No significant morphologic changes
were revealed.

Pregnant rats were exposed at 970 MHz for 22 h/day from
the 1st to 19th day of pregnancy {63]. The SAR values varied
from 0.07, 2.4 and 4.8 W/kg. The embryo mortality, fetal
weight, skeletal ossification, as well as maternal fertility were
evatuated. The exposure with SAR 4.8 W/kg caused reduced
(—12%) fetal body weight versus the control. All the other
examined paramelers 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
ot 215 Hz and the SAR values were calculated a1 0.2, 1 and
5 W/kg. The endpoints of the experiment were crown-rump
length, number of somites as well as embryonic malforma-
tions. No significant changes were observed on the growth
and differentiation parameters of the embryos. Magras and
Xenos [65] investigated the possible effects of radiofrequency
radiation on prenatal development in mice. The study con-
sisted of in vive experiments at several places around an

“antenna park” where the frequency emissions ranged from
88.5 to 950MHz. At these locations RF power densities
between 168 and 1053 nW/cm? were measured, Twelve pairs

of mice, divided in two groups, were placed in locations
of different power densmcs and were repeatedly mated five
times. One hundred eighteen newborns were collected. They
were measured, weighed, and examined macro- and micro-
scopically. A progressive decrease in the number of newborns
per dam was observed, which ended in irreversible infer-
tility. The prenatal development of the newboms, however,
evaluated by the crown-rump length, the body weight, and
the number of the lumbar, sacral, and coccygeal vertebra,
was improved. Wistar albino rats {15] were exposed through
pregnancy for 6h each day to CW 915 MHz radiation a1 &
power density level of 10mW/cm?. Teratologic evaluation
included the following parameters: mean litter size, mater-
nal organ weight and organ weight/body weight ratios, body
weight ratios of various organs (brain, lives, kidneys, and
ovaries), number of resorptions and resorption rate, oum-
ber of abnormalities and sbnormality rate, mean term fetal
weight. Mothers were rebred, and the second, unexposed lit-
ters were evaluated for teratogenic effects. Animals exposed
1o 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 1o a low-level (0.1 mW/cm?) 900 MHz, 217 Hz pulse
meodulated EMF. Whole body average SAR values for the
freely roaming, pregnant animals were measured in mod-
els; they ranged between 17.5 and 75 mW/kg. No differcnces
between cxposcd and sham exposed dams or offspring were
recorded in terms of liter size, evolution of body mass
and developtnental landmarks of litter mates. The effects of
microwaves emitted by cellular phones on birth weights of
rats were investigated by Dasdag et a). [67). Thirty-six Wistar
albino rats were dmded into four groups. Each experimental
or sham exposed group comprised six males or 12 females.
The rats were exposed at 890-915 MHz (SAR 0.155 W/kg).
Males were cxposed daily for 3 x 1 min during 2 h/day for 1
month. Females wcm exposed in the same way sntil they gave
birth. When the offspring became adult the experiment was
repeated on them. No significant differences were observed
between rectal tcmpemures in the sham and experimental
groups. The birth wexght of offspring in the experimental
group was sxgmﬁcamly lower than in the sham exposed
group. However in the.pext generation of rats all param-
cters investigated were normal. Pregnant Sprague-Dawicy
rats were exposed [68] to ultra wide band (UWB) 0.1-1 GHz
radiation in order to deterrm ne if teratological changcs occur
in rat pups as a rcsult of (1) daily UWB exposures during
gestation days 3+ 18 or (2) as a result of both prenatal and
postnatal (10 days),cxposu:es Dams were exposed either
to (I) UWB imadiation with average whole body specific
absorption rate 45 mW/kg (11} sham irradiation or (IIf) a pos-
itive contral. Oﬁ”spnng were examined regarding liver size.
sex-ratios, weights, coal appearance, and tooth eruption. The
pups postnatally ex.poscd were examined for hippocampal
morphology. Generally, nosignificant differences were found
between the cxposed and sham group. The medial-to-lateral
length of the hippocampus was significantly longer in the
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"Table 3
Summary of animal studies on cffects of EMF (nlned 10 mobile lel:phony) on reproduction and developrent,
Animal species Exposure fnqucncy Endpoint Effect Reference
Chicken 915 MHz Development - No [60)
Rat 915MHz Development No [61]
Rat 91SMHz Development No (621
Rat 910MHz Development No 63}
Ra 915 MHz Development No [15]
Rat 900 MHz Development No 164]
Mouse 88.5-950 MHz Fertility/development Yes/no [65]
Rat 890-915MHz Testes - Yes [39)
Rat 900 MH2 Development No (661
Ru 0.1-1GHz Development No [68]
Rat 8K-915MHz Development Yes . [671
Chicken 500 MHz Development Yes [69)
Rat 890-915MHz Testes No [40]
Chicken . ' Development Yes “170)
Rat 900 MHz Testes No (421
Mousc 900 MHz Testes No £
White stork 9001800 MHz phone muast Reproduction Yes [74)
Chicken 900 MHz ’ Kidney development Yes (71]
Mouse 1800 MHz Tesies No [43)
Ru 900 MHz Endometrium Yes (48)
Rat 900 MHz | - Brain development , No (72}
Rat . . 1835-1850MHz Testes .~ No [44]
Rat 1.9GHz Sperm | No ' 185)
™ ‘ . 12w-3000 MH:z ° Reproduction No ' " [75)
Ra ™ - 900MHz * Endometrium ‘o Yes 149] .
Chicken 900 MHz Development Yes . [73)
Rat . - . $00MHz . Testes . ‘ ' No [46}
Ru 900 MH2 , Testes No (471

UWB-exposed pups than in the sham exposed snimals but
could not correlated with neurological dysfunction. The male
offspring exposed in utero to UWR mated significantly less
frequently than sham exposed males, but when they did mate
there was no difference in fertilization and offspring numbers
{rom the sham group.

Bastide et al. [69] reported chicken cmbtyo mortality from
day 7 1o day 11 of incubation. This mortality reached 64%
compared to 11% in controls, The maximum level of embry-
onic mortality 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 mortalily rate in the incubau‘on period increased to
75% versus 16% in control group. Colw v

.Ingole and Ghosh (7}) studied by means of hghl
microscopy the developmental effects on the avian kidney
of radiation, from & cell phone handset (900 MHz frequency,
power of 2W and SAR of 0.37 W/kg). The authors reported
morphological alterations on the epithelium of the renal
tubules as well as of the renal corpuscles in E6, E8 and E10
chicken embryos.

The possible impact of ce!ll phone radiation in the develop-
ing central nervous system of male Wistar rats was examined
[72]. The animals were exposed to 900 MHz signal for 2 h/day
on Sdays/week. After 5 weeks of exposure at whole body
average SAR of 0.3 or 3 W/kg or sham exposure no degen-
erative morphological changes were found.

! - ' »

The results about the effects of exposing fertilized chicken
eggs to & mobile phone over the entire period of incuba-
tion were published recenty [73]. In this study, a serics
of 4 incubations were employed. During each incubation, 4
groups were used (control I, control I, experimental, sham).
In the experimental group, the cell phone in call position
was placed near (<25 cm) 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 higher percentage
of embryo mortality was observed in the experimental com-
pared to the sham group in 2 of the 4 incubations. The letha)
effects of embryo development in the experimental group
were mainly observed between lhc 9th and 12th day of incu-
badon. = !'» :. "

Another issue that in rectnl years has attracted the atten-
tion of scientists is the effects of radiation from RF antennas
on the biology of wild birds. : -

Balmori [74] investigated the possible effects of EMF
from phone masts on a population of White stork (Ciconia
ciconia). The total productivity in the nests located within
200 mof antennas was 0.86 - 0.16 versus 1.6 £ 0.14 for those
Jocated further than 300 m. Another interesting ‘observation,
was that, 40% of the nests within 200 m of the antennae never
had any chicks, while only 3.3% located further than 300 m
never had chicks.

The influence of a military radar station [75] emitting
pulsed modulated microwave radiation of 1200-3000 MHz
was examined in tits (Parus sp). Experimental nest-boxes



A.F. Pourlis / Pathophysiology 16 (2009) 179-189 187

were either exposcd to a mean level of 341+ 1.38 or
1.12+0.84 W/m?. For control nest-boxes the exposure
ranged from 0.001 to 0.01 W/m?. No statistically significant
differences inthe number of eggs or in the number of nestlings
were observed between the two series (exposed, control) of
tits,

6. Conclusions

The EMF were, are and will be a part of our life. The
progress of science will provide the waorld with new EMF
emitting technologies and subsequently with new problems.
The monitoring of literature on this scientific field shows a
shift of rescarch which follows exactly the new technologies.
The era of mobile telephony is beginning,

The cvaluation of the possible effects of EMF on ‘the liv-
ing organism is a complex process that needs the combined
contributions of many scientific disciplines. Due to the need
for expertise in many different sciences, together with the
technical problems of radiation studies, many mncs the pub-
lished results are considered deficient in certain aspects, This
isinevitable, and not an indication of poor quality. The mahxl-
ity to observe a biological effect ina particular study does not
necessarily mean that such effect or/and advcrsc health effect
is not present. '

The vertebrate animal studies summarized in the present

paper do not suggest strong effects of LF EMF on the male

genital system. However, some studies on the development
of animals, showed sensitivity, mainly observed in chickens.
There is no convincing evidence from studies of mammals
(Table 3), thm 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, the birds appearcd 10 be more sensitive. The effects
of EMF on the female genital system need further atten-
tion, since two experimental studies cannot lead 1o definitive
conclusions.

The positive findings of the experimental studies with ver-
tebrate animals are mainly attributed to the thermal effects of
EMF. No valid evidence was found for the occurrence of non-
thermal effects. However the non-thermal mechanisms must
be the next target of the research, '

The majority of reviewed studies were conducted in lab-
oratories. This fact cannot represent the realistic sitation of
cell phone communication. On the other hand, the in vivo and
simultaneously in situ studies are very scarce. Only Magras
and Xenos conducted an in sine experiment which took place
near an am.enna park. That is because this kind of experi-
ment is very difficult to carry out, and interaction with other
exogenous factors could change the results.

One particutar deficiency in most studies is that they
describe experiments with acute or short-term exposure of
animals on EMF. Experiments are needed to perform long-
term exposure in order to demonstrate the chronic impact of
EMF.

Another point lha: must be elucidated is that the major-
ity of experimental ammals used were small rodents {mice
and rats), as well as, 'chicken embryos. Further research is
needed with the use of bigger animals such as dog and
sheep.

The radiations emitied from masts that are situated in many
rural and sylvatic areas could be possibly pathogenic in the
wildanimals. The wild animal populations could be candidate
“experimental material” for closer observation of the possible
effects of EMF on vertebrate models.

An important and [inuriguing aspect of the rescarch is the
possible role of the combmauon of RF with other pollutants
such as chemical substa.nccs and other forms of mdiation, as
well as the interaction with drugs.

The potential health effects of EMF should be contin-
ually reassessed as new research results become available.
EMF exposure guidelines also need to be updaced or recon-
sidered as new scientific information on radiation and
health risks is pmduéed. However, additional studies might
increase our understanding of the sensitivity of organisms to
EMF, .
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Abstract |

A review on the impact of radiofrequency radiation from wireless 1elecommunications on wildlife is presented. Electromagnetic radiation
is a form of eavironmental pollution which may hunt wildlife. Phone masts located in their lmng arcas are irradiating continuously some
s.pemcs that could suffer long-term effects, like reduction of their parural defenses, deterioration of their health, problems in reproduction and
reduction of their useful territory through habitat dezcrioration. Electromagnetic radiation can exctt an aversive behavioral response in rats,
bats and birds such ‘as sparrows, Therefore microwave and radiofrequency pollution consmum n potential cause for the decline of animal
populations and deterioration of health of plants living near phone masts. To measure these eﬂ’ecls urgent spectﬂc studies are necessary.
© 2009 Else\ncr [n:land L. All rights reserved. : . .
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masts: Radiofrequencies

1. Introduction

Life has evolved under the influence of two omnipresent
forces: gravity and electromagnetism. It should be expected
that both play important roles in the functional activities
of organisms [1]. Before the 1990's radiofrequencies were
mainly from a few radio and television transmitters, located
in remote arcas and/or very high places. Since the introduc-
tion of wireless telecommunication in the 1990’s the rollout
of phone networks has caused a massive increase in electro-
magnetic pollution in cities and the countryside {2,3].

Multiple  sources of mobile communication ‘result in
chronic exposure of a significant part of the wildlife (and
man) to microwaves at non-thermal levels [4). In recent
years, wildlife has been chronically exposed to microwaves
and RFR (Radiofrequency radiation) signals from various
sources, including GSM and UMTS/3G wircless phones
and base stations, WLAN (Wireless Local Arca Networks),
WPAN (Wireless Personal Area Networks such as Blue-
tooth), and DECT (Digital Enhanced (former European)
Cordless Telecommunications) that are erected indiscrimi-
nately without studies of environmental impact measuring
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long-term efiects. Thcsc cxposurcs m chmctenzed by low
intensities, varieties of signals, and long-term durations. The
greater portion of l.lus exposure is from mobile telecommu-
nications (geometnc mean in Vienna: 73% [5]). In Germany
the GSM cellular phone tower radiation is the dominating
high frequency source in residential areas [6]. Also GSM is
the dominating hlgh frequency source in the wilderness of
Spain (personal obscrvauon) .

Numerous experimental data have pmnded strong evi-
dence of athermal 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 spec:ﬁc intensity windows, including super-
low power density cumpamblc with intensities from base
stations/masts [4,7-9]. Some studies have demonstrated dif-
ferent microwave cffects depending on wavelength in the
range of mm, cm or m [10,11]. Duration of exposure may
be as important as powcr density. Biological effects resulting
from eleciromagnetic field radiation might depend on dose,
which indicales long-tcnn ‘accumulative effects [3,9.12].
Modulated and pulsed radiofrequencies seem to be more
effective in pmducmg effects (4,9). Pulsed waves (in blasts),
as well as certain low frequency modulations exert greater
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biological activity [11,13-15]. This observation is important
because cell phone radiation is pulsed microwave radiation
modulated 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
polfution on wildlife, have scarcely been studied [22-25].

The objective of this review is to detail advances inknow]-

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 wildlife

2.1. Effects on birds

211 Efects of phone mast microwaves on white stork

In monitoring a white stork (Ciconia ciconia) populmio'nl »

in Va!]adolid {Spain) in vicinity of Cellular Phone Base Sta-
tions, the total productivity in nests located within 200 m
of antennae, was 0.86 £ (,16. For those located further than

300 m, the result was practically doubled, with an average of

1.6 £ 0.14, Very significant differences among total produc-
tivity were found (U=240; P=0.001, Mann—Whitney test).
Twelve nests (40%) located within 200 m of antennae never
had chicks, while only one (3.3%) located further than 300 m
had no chicks. The electric field intensity was higher on nests
within 200 m (2.36 = 0.82 V/m) than nests further than 300 m
(0.53 £ 0.82 V/m). In nesting sites located within 100 m of
one or several cellsite antennae with the main beam of radia-
tion impacting directly (Electric field intensity >2 V/m) many

young died from unknown causes. Couples frequently fought

over nest construction sticks and failed 1o advance the con-

structionof “the-nests.-Soffic Acsts were never compleied

and the st storks remqained passively in front of cellsite anten-
nae. These results indicate the possibility that microwaves
are interfering with 1h: reproducnon of white stork [23).

(Fig. 1) -
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Fig. 1. Average numbet of youngs and clectric ficld intensity (V/m) in 60
nesis of white storks (Ciconia cicoria) (Hallberg, O with data of Balmari,
2005 [23]).

2.1.2. Effects of phone masi microwaves on house
sparrows ’

A possible effect of long-term exposure to low-lmcnsny
clectromagnenc radiation from mobile phone (GSM) base
stations on the number of house sparrows during the breed-
ing scason was studied in Belginm, The study was carried
out sampling 150 point Jocations within six areas to examine

! small-scale geographic variation in the number of house spar-
row males and the strength of electromagnetic 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 ficlds from both the 900 and 1800 MHz
downlink frequency bands and from the sum of these bands
(Chi-square-tests and AlC-criteria, P <0.001). 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 jevels. Fewer house sparrow males were
seen at locations with relatively high electric field strength
values of GSM base stations and therefore support the notion
that long-term exposure 10 higher levels of radiation nege-
tively affects the abundance or behavior of housc sparrows in

. l.he wild [24].

In another smdy with pomt tnmsccl samplmg performed at
30 points visited 40 times in Valladoh_d (Spain) between 2002
and 2006, counting the sparrows and measuring .the mean
electric ficld strength (radiofrequencies and microwaves:
1 MHz t0 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
clectric field strength. The logarithmic regression of the
mean bird density vs. ficld strength groups (consndcnng field
strength in 0.1 V/m increments) was R=—0.87; P=0.0001
According to this calculation, no sparrows would be expected
to be found in an area with field strength >4 V/m [25]. (Fig. 2)

In the United Kingdom a decline of several species of
whan birds, especially sparrows, has recently happened
[26]. The sparrow population in England has decreased in
the last 30 years from 24 million to less than 14, The
more abrupt decline, with 75% descent has laken place
from 1994 to 2002. In 2002, the house sparrow was added
to the Red List of UK. endangered species [27]. This
coincides with the rollout of mobile telephony and the
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Fig. 2. Mcan sparrow density as a function of electric ficld strength grouped
in 0.1 V/m. (Balmori and Hallberg, 2007 [25)).
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Fig. 3. Anaual number of contacts (Mcan) for 14 species studied in**Campo
Grande™ arban park (lack the information of the years 1999-2001).

possible relationship of both circumstances should be inves-
tigated.

In Brussels, many sparrows have disappeared recently
{28]; similar declines have been reported in Dublin [29]. Van
der Poel (cited in Ref. [27]) suggested that sparrows might
be declining in Dutch urban centres also.

2,1.3. Effects on the bird commuynity ar an urban park

Microwaves may be affecting bird populations in places
with high electromagnetic pollution. Since several anten-
nas were installed in proximities of “Campe Grande” urban
park (Valladolid, Spain) the bird population has decreased
and a reduction of the species and breeding couples has
occurred. Between 1997 and 2007, of 14 specics, 3 species
have diseppeared, 4 are in decline and 7 stay stable (Balmori,
unpublished data) (Fig. 3). In this time the air pollution (SO2,
NO2, CO and Benzene) has diminished.

During the research some areas called “silence areas™ con-
tamineted with high microwave radiation (>2 V/m), where
previously different couples usually bred and later disap-
peared, have been found. Several anomalies in magpies (Pica
pica) were detected: plumage deterioration, locomotive prob-
lems (limps and deformations in the paws), partial albinism
and melanism, especially in flanks [30). Recently cities have
increased cases of partial albinism and melanism in birds
(Passer domesticus, Turdus merula and P pica) (personal
observation),

2.14. Possible physiological mechanisms of the effects
Jound in birds

Current scientific evidence indicates that prolonged expo-
sure to EMFs, at levels that can be encountered in the
environment, may affect immune system function by affect-
ing biological processes §3,31,32], A stressed immune system
may increase the susceptibility of a bird to infectious diseases,
bacteria, viruses, and parasites [33].

The plumage of the birds exposed to microwaves jooked,
in general, discolorated and lack of shine. This not only
occurred in ornamental birds; such as peacocks, but also
in wild birds; such as, tits, great tits, house sparrows, et
(personal observation). We must mention that plumage 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 effects of microwaves {4].

Microwaves used in cellphones produce an athermal
response in several types of neurons of the birds nervous
system [34]. Several studies addressed behavior and ter-
atology in young birds exposed 1o electromagnetic fields
[23,25.35-37). Most studies indicate that electromagnetic
field exposure of birds generally changes, but not elways
consistently in effect or in direction, their behavior, repro-
ductive success, growth and development, physiology and
endacrinology, and oxidative stress {37). These results can
be explained by electromagnetic fields affecting the birds’
response to the photoperiod as indicated by altered melatonin
levels [38].

Prolonged mobile phone exposure may have negative
cffects on sperm motility characteristics and male fertility
as has been demonstrated in many studies made in man and
rats [39-46). EMF and microwaves can affect reproductive
success in birds [23,25,35,36,47). EMF exposure affected
reproguctive success of kestrels (Falco sparverius), increas-
ing fertility, egg size, embryonic development and fledging
success but reducing hatching success [35.36).

The radiofrequency and microwaves from mobile tele-
phony can cause genotoxic effects [48-55]. Increases
in cytological abnormalities imply long-term detrimental
effects since chromosomal damage is & mechanism relevant
to causation of birth defects and cancer [S5].

Long-term continuous, or daily repeated EMF exposure
can induce cellular stress responses at non-thermal power
levels that lead to an accumulation of DNA ervors and to
inhibition of cell apoptosis and cause increased permeabil-
ity of blood-brain barrier due to stabilization of endothelial
cell stress fibers. Repeated occurrence of these events aver
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 10
potential dangers from prolonged and repeated exposure to
non-jonizing radiation [56,57).

Pulsed magnetic fields can have a significant influence on
the development and incidence of abnormalities in chicken
embryos. In five of six laboratories, exposed embryos exhib-
ited more structural anomalies than controls, If the data from
all 5ix laboratories are pooled, the difference for the incidence
of abnormalitics in exposed embryos and controls is highly
significant [58]. Malformations in the nervous system and
heart, and delayed embryo growth are observed. The embryo
is most sensitive to exposure in the first 24 h of incubation
[58]. An increase in the mortality [59] and sppearance of
morphological abnormalities, especially of the neural tube
[13,60,61] has been recorded in chicken embryos exposed to
pulsed magnetic fields, with different susceptibility among
individuals probably for genetic reasons. A statistically sig-
nificant high martality rate of chicken embryos subjected to
radiation from a cellphone, compared to the control group
exists {62,63]. In another study eggs exposed to a magnetic
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field intensity of 0.07 T showed embryonic mortality dur-
ing their incubation 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
responges 10 GSM Microwaves, Data analysis has highlighted
2 wide inter-individual variability in response, which was
replicated in further experiments [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 [15.35-37.61,66-68]. Different susceptibility of each
species has also been proven in wild birds exposed to elec-
tromagnetic fields from high-voltage power lines [47]).

2.2, Effects on manunals

2.2.1. Alarm and aversion behavior

Rats spent more time in the halves of shuttle boxes
that were shielded from 1.2 GHz. Microwaves irradiation.
The average power density was about 0.6 mW/cm?. Data
revealed that rats avoided the pulsed energy, but not the con-
tinuous energy, and less than 0.4 mW/cm? average power
density was needed to produce aversion {69). Navakatikian
& Tomashevskaya [ 70] described a complex series of exper-
iments in which they observed disruption of rat behavior
(active avoidance) from radiofrequency radiation. Behav-
ioral disruption was observed at 4 power density as low as
0.1 mW/em? (0.027 W/kg). 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 all animals show collective defense reac-
tion {71]. Microwave radiation at 1.5 GHz pulsing 16 ms. At
0.3 mW/cm? power density, in sessions of 30 min/day over
one month produced anxiety and alarm in rabbits [72).

Electromagnetic radiation cen exert an aversive behav-
ioral response in bats. Bat activity is significantly reduced in
habitats exposed to an electromagnetic field strength greater
than 2 V/m [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-
mels; such as, hamsters and guinea pigs, Yiving near mobile
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 amajor con-
tributorto aging, neurodegenerative discases, immune system
disorders, and cancer in mammals [33].

The effects from GSM base transceiver station (BTS)
frequency of 945MHz on oxidative stress in rats were
investigated. When EMF at a power density of 3.67 W/m2,
below current exposure limits, were applied, MDA (malon-
dialdehydc) level was found to increase and GSH (reduced
glutathione) concentration was found Lo decrease signifi-
cantly (P <0.0001). Additionally, there was a less significant
{P=0.0190) increase in SOD (superoxide dismutase) activity
under EM exposure {77].

2.2.3. Problems in reproduction

In the town of Casavieja (Avila, Spain) a telephony
antenna was installed that had been in operation for about
5 years. Then some farmers began blaming the antenna for
miscarriages in many pigs, 50-100m from the antenna (on
the outskirts of the town). Finally the topic became so bad that
the town council decided to disassemble the antenna. It was
removed in the spring 2005. From this moment onwards the
problems stopped (C. Lumbreras personal communication).

A Greek study reports a progressive drop in the number of
rodent births exposed to radiofrequencies, The mice exposed
10 0.168 wW/cm? become sterile after five generations, while
those exposed 10 1.053 uW/cm? became sterile after only
three generations §22].

In pregnant rats exposed to 27.12 MHz continuous waves
at 100 yW/cm? during different periods of pregnancy, half
the pregnancies miscarried before the twentieth day of ges-
tation, compared to only a 6% miscarriage rate in unexposed
controls, and 38% of the viable foetuses had incomplete cra-
nial ossification, compared to less than 6% of the controls.
Findings included a considerable increase in the percentage
of total reabsorptions (post-implantation losses consequent
to RF radiation 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 imadiation
time plays an important role in inducing specific effects con-
sequent to radiofrequency radiation exposure [78]. There was
also achange in the sex ratio, with more males bomn to rats that
had been irradiated from the time of conception (2], Moor-
house and Macdonald [79] find a substantial decline in female
Water Voie numbers in the radio-collared population, appar-
ently resulting from a male skew in the sex ratios of offspring
born 10 this population. Recruits to the radio-tracked popu-
Jation were skewed heavily in favour of males {43:13). This
suggests that radio-collaring of females caused male-skewed
sex ratios,
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Mobile phone exposure may have negative cffects on
sperm motility characteristics and male fertility in rats [46].
Other studies find a decrease of fertility, increase of deaths
after birth and dystrophic changes in their reproductive organs
(11]). 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 ficld 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 significanily decreased the
cardiac output {82).

2.2.4, Nervous system

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 GSM-like frequency of 970 MHz 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 an unfamiliar object, Inthe
area that received radiation directly from “Location Skrunda
Radio Station”’ (Latvia), exposed children had less devel-
oped memory and attention, their reaction time was slower
and neuromuscular apparatus endurance was decreased [85].

.Exposure to cell phones p ’eyally and, to a lesser degree,

postnatally was. “beéhavioral difficulties such
as emotional and hypcrachvxty problems _around 7. years
of age [86]. Electromagnetic radiation causea modification
of sleep and alteration of cercbral clectric response (EEG)
{87-89). Microwave radiation from phone masts may cause
aggressiveness in peoplc and ‘animals (personal observa-
tion).

2.3. Effects on amphibians

Disappearance of amphibians and other organisms is
part of the global biodiversity crisis.. An associated phe-
nomenon is the appearance of large numbers of deformed
amphibians. The problem has become more prevalent, with
deformity rates up to 25% in some populations, which is sig-
nificantly higher than previous decades [90]. Balmori [91]
proposed that eleciromagnetic pollution (in the microwave
and mdxofrcqucncy range) is & possible cause for deforma-

* tions and decline of some wild amphibian populations.

Two species of amphibians were exposed to magpetic
ficlds at various stages of development. A brief treatment of
early amphibian embryos produced several types of abnor-
malities [92]. Exposure to a pulsed electromagnetic field
produced abnormal limb regeneration in adult Newts {93).
Frog tadpoles (Rana temporaria) developed under electro-

magnetic field (50 Hz. 260 A/m) have increased mortality.
Exposed tadpoles- devclopul more slowly and less syn-
chronously than comrol tadpoles and remain at the early
stages for longer. 'lhdpoles developed allergies and EMF
caused changes in blood counts [94].

In a current sludy. exposing eggs and tadpoles (n=70)
of common frog ® temporaria) for two months, from
the phase of eggs [ until an advanced phase of tad-
pole, to four telephone base stations located 140m
away: with GSM system 948.0-959.8 MHz; DCS system:
1830.2-1854.8; 1855.2-1879.8 MHz. and UMTS system:
1905-1910; 1950-1965; 2140-2155 MHz. - (clectric field
intensity: 1.847-2.254 V/m). A low coordination of move-
ments, an asynchronous growth, with big and smali tadpoles,
and a high mortality (90%) was abserved. The 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] )

24. Eﬂects on insects |
. !

The microwgves may affect the msects Insccts are the
basis and key specu:s 'of ecosystems and they are especially
sensitive to cleclromagnchc radiation that poscs a threat to
fature [96). Cod

Carpenter and L:vstonc [97] xrradxated pupa= of Tene-
brio molitor with. 10 GHz microwaves at 80 mW for
20-30min and 20 mW for 120min obtained a rise in
the proportion of inéects with abnormalites or dead. In
another study exposing fruit flies (Drosophila melanogaster)
to. mobile phone radiation, elevated stress protein levels
(Hsp70) was obtained, which usually means that cells are
exposed to adverse envu-onmcntai conditions ('non-thermal
shock’) [98]. nnagopoulos et &, [99] exposed fruit flies (D.
melanogaster) W rachanon 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 (cmxss:on while taiking on the phone) and
15-20% with radxanon nomodulated (with the phone silent).
The results of this study indicate that this radiation affects
the gonadal development of insects in an athermal way. The
authors concluded that radio frequencies, specifically GSM,
are highly bioactive and provoke significant changes in phys-
iological functions of living organisms. Panagopoulos et al.
[100] compare the bxologucal activity between the two sys-
terns GSM 900 MHz and DCS 1800 MHz in the reproductive
capacity of fruit fties. Both types of radiation were found to
decrease significantly and non-thermally the inscct’s repro-
ductive capacity, but GSM 900 MHz seems to be even more
bioactive than DCS 1800 MHz. The difference scems to be
dependent mostly on field intensity and lcss on carricr fre-
quency.

A swdy in South Africa finds a stong comelation
between decrease in: ant and bectle diversity with the
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electromagnetic radiation exposure (D. MncFadyén; 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 DECT radiation returned
to the bechive and they needed more time. The honeycomb
welght was lower in irradiated bees [102]. In recent years

a “colony collapse disorder” is occurring that some authors
relate with’ pesticides and with mcreasmg electromagnetic
pollution [96). -

The disappearance of insects could have an inﬂucncc on
bird's weakenmg caused by a lack of food, espcc:ally at the
first stages in a young bird’s life.

2.5. Effects ontrees and plants o~

The microwaves may affect vegetables. In the area that
received radiation directly from *“Location Skrunda Radio
Station™ (Latvia), pines (Pinus sylvestris) experienced 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-
sity of electromagnetic field was found, and was confirmed
that the beginning of this growth decline coincided in time
with the start of radar emissions. Authors évaluated other
possible environmental factors which might have intervened,
but none had noticeable effects [103]. 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, which
would explain the aging and declining growth and viability
of trees subjected to pulsed microwaves, They also found a
low germination of seeds of pine trees more exposed [104].
‘The effects of Latvian radar was also felt by aquatic plants.
Spirodela polyrrhiza exposed 10 a power density between
0.1 and 1.8 wW/cm? had lower longevity, problems in repro-
duction and morphological and developmental abnormalities
compared with a control group who grew up far from thc
radar {105). - ST

"Chlorophylls were quantitatively studied in leaves of black
locust (Robinia pseudoacacia L.) seedlings exposed to high
frequency clectromagnetic 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 [106],

Exposed tomato plants (Lycopersicon esculentum) to low
level (900 MHz, SVIm) electromagnctlc ‘fields for a short
period (}0min) measured changes in abundance of three
specific mRNA after exposure, strongly suggesting that they
are the direct consequence of application of radia-frequency
fields and their similarities to wound responses suggests that
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. espet:lally of antioxidative
enzymes [108].

For some'years progressive detenorauon 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 susceptibility to iflnesses
and plagues. In places we have measured higher electric field
intensity levels of radiation (>2 V/m) the trees show a more
notable deterioration {109). The tops of trees are dried up
where the main beams are directed to, and they seem to be
most vulnerable if they have their roots close to 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-
sonal communication and personal observation). White and
black poplars (Popuius sp.} and willows (Safix sp.) are more
sensitive. There may be a special sensitivity of this family
exists or it could be due to their ecological characteristics
forcing them to live near water, and thus electric conductivity.
Other species as Platanus sp. and Lygustrum japonicunt, are
more resistant (personal observation). Schorpp [110] presents
abundant pictures and explammons of what happcns to irra-
dmtcd trees. :

3. Conclusions

This literature review shows that pulsed * telephony
microwave radiation can produce effects especially on ner-
vous, cardiovascular, immune and reproductive systems
[1111:

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

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

- Changes in heart rate 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 development, hatchmg pcrcenmge and

survival of chickens.

Genetic and developmental problems: problcms of loco-

motion, partial albinism and melanism or promotion of

tumars.

In the light of custent knowledge there is enough evidence
of serious effects from 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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Abstract

For testing human sensitivity to radio frequency (RF) standing waves a movable reflecting wall was constructed. Radio waves from the
radio-TV tower reflected back and formed a standing wave near the reflector. When the reflector was moved, the position of the maximums
of the mndmg waves changed and the electromaguenc intensity changed in the body of the sundmg test subject. The computer with &n
AD-converter registered the signals of the Hand movement transducer and the RF-meter with 100 MHz dipole antennas. A total of 29 adults
of different ages were tesied. There were 9 persons whose hand movement graphs included features like the RF-meter, Six showed responses
that did not comrelate with the RF-meter. There were also I4 persons who did not rcact at all! Scnsmve persons seem [0 react 10 crossing

standing waves of the FM-radio or TV broadcasting signals.
© 2009 Elsevier Ireland Lid. All rights reserved.

Keywonds: Sensorimotor responscs; Radlo frequency standing waves
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1. Introduction

Radio frequency radiation (RFR) has been studied inten-
sively in the near GHz region. Subjective symptoms, sleeping
problems and cognitive performance have been reported in
subjects living near mobile phone base stations [1]. In the
recent past, frequencies of FM-radio and television (TV)
signals have been much less studied even though these fre-
quencies cause biological and health effects, 100, The whole
body resonance frequency of an average man and thus the
maximum absorption of RF energy occur at 70-80 MHz [2].
This 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
{3]. Greatest absorption in the head region of man occurs at a
frequency of about 375 MHz [4]. Absorption is stronger for
wave propagation from head 10 toe than it is when the elec-
tric field is parallel to the long axis. The authors (4] believed
that the enchanced absorption in the head region may make

* Comresponding suthor.
E-mail address: pagvo humunen@elisanct.fi (P. Huttunen).

0928-4680/8 - see front matter © 2009 Elscvicr Ircland Lid. Al rights reserved,

doi:10.1016/j.pathaphys.2009.01.002

. head resonance s:gmﬁcam in the stdy of behavioral effects,

blood-brain barrier penneabxlzty. cataractogenesis, and other
microwave biocffects. Even increased health risks like can-
cer, especizally melanoma incidence, near FM broadcusung

and {elevision TansMANETS Have B2en reported 5.6].

Nerve impulses untmtc muscle contraction by calmum
ion release from the smoplasrmc reticulum, which takes
place when electric nerve signals reach the plasma mem-
brane and T-tubules of musclc fibers [7]. Volage dependent
Ca-channels open. Acetylcholine esterase (AChE) breaks
down the acetylcholme, and Na-channels close [7]. It has
been reported that the number of Ca?* ions liberated from
hen's frontal brain dep'cnds on the modulation frequency of
the weak VHF radlauon, with a maximum at 2 frequency
of 16 Hz, while an unmodulaled field causes no ion release
12.8]. Multiple RF powcr-denslty windows in calcium ion
release from brain tissue have presented [9). A significant
decreasc in AChE activity has been found in rats exposed to
radio frequency radiation of 147 MHz and its sub-harmicnics
73.5 and 36.75 MHz amplitude modulated at 16 and 76 Hz.
A decrease in AChE activity was independent of carvier wave
frequencies [10].

i
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Radio waves
from the tower

Fig. 1. Testing humsn radio wave seasitivity. Radio waves from the TV
tower reflect back from the refiector and form a stending wave. When the
refector moves, the position of the maximurmns of the standing wave change,
and tbe clectromagnetic intensity changes in the body of the test subject.
‘The computer with sn AD-converter registers the signals of hand movement
trangducer and the RF-meter with the dipole antennas.

As there is pmuous evxdence from human and animal
studies that clectromagneuc m-adlanon has effects in the
brain, the aim of the present study was to find out, if the
motor responses are generated in sensitive persons, when they
meve across a set of standing waves caused by radiation of
a FM-radio and TV tower. The connection between the hand
movements and the integrated intensity of clectromagnetic
field of FM-radio broadcasting were recorded.

2. Methods

The wavclength of a 100-MHz radio wavc is 3m. For
testing human sensitivity to moving smndmg wavcs a mov-
able reflecting wall with wooden frame 3 m height and Sm
wide was constructed (Fig. 1). Steel net of 20 mm x 20 mm
mesh was used. Five horizontal net slices of 60 cm wide were
baund together with stee] wire forming a radio waves reflect-
ing surface. The test place was 5 km from the FM-radio tower,
The frame was placed in an open field perpendicular to the
incoming wave. The test subject was standing back towards
the frame, and he had the hand movement transducer in his
kands. The RF-meter with horizontal dipole antenna was
close behind him. When started, the frame was 2m from
his back and it was moved 20 m 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.
Ali topether 29 adult persons of different ages were tested.
They were participants in a seminar relating to effects of elec-
tric fields, and thus they possibly do not rcpresem a normal
population.

The broadband (30-300MHz) RF-meter and the hand

movement transducer wete constructed for this study by the
authors. The signals were digitised by Pico high resolution

mV — RF signal

Fig. 2. Hand movements near the moving RF refiector. The standing waves
ruoved slowty with the refiector. Intensity of the electric field was measured
with the broadband RF-meter with borizontal dipole antennas. Variation of
the field inteasity is presented in the upper curve and the hand movements
of the sunding Lest person are in the lower curve.

data logger (ADCiﬁ). The radio frequency’ spectrum was

" measured using a spectrum analyser (GW instek GSP-827,
+ 2.7 GHz) with 1,5 m horizontal dipole antennas, When mea-
. sured, the antenna was fastened 10 a wooden frame | m from

the ground. . .

3. Results and discussion

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 the RF-
meter and 14 persons who did not react or showed only small
noise like changes in their graphs (Table 1). Spectrum at the
test place contains mainly the FM-radio broadcasting sig-
nals and four digital TV -signals (Fig: 3). Most prominent
(85dB pV, approximately 50 mV/m}) are the 6 horizontally
polarized FM-radio signals (Fig. 4).
Resonances in body parts affects the power absorpuon
Theoretically, the optimal length of a thin antenna in radio-
frequency reception is nearly half of the wavelength of the
Table 1
Reactions (o standing waves of FM-radio signalt. Classification of resulis
of 29 lested persons. Tes! subject was standing and the radio wave reflector
was moved behind him/her. The hand movement graphs were compared to
the gruphs of the broadband radio {reguency (RF) metcr.
Hand movement

© graphs include
features like graphs of
RF-meter.
Changes in the graphs
but no correlation to
RF-meter.
Only smatl noise like
changes in the graphs.

9 persons

RSP

Reactions to standing waves

Possible reaction 6 persons

No reaction 14 persons
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Fig, 3. Spectrum 1-1000 MHz at the wst place. The highest peaks at the
left are FM-mudio broadcasting signals and the four lower peaks in the mid-
dle are the digital TV signuls. Because the measurement was made with
1.5 m dipoles, signals aear 100 MHz are more prominent because of antenna
resonance.

incoming radio wave. The experimental maximum whole
body resonance frequency is lower than the resonance fre-
quency for an ideal half wave dipole antenna [ 11). The whole
body resonance length of a human at the frequencies of
80-108 MHz applicd to FM broadcasting is about 1.1-1.5m.
Because in this experiment the test subjects were standing
and the 100 MHz FM-radio signals and TV signals at higher
frequencies are horizontally polarized, the absorption is obvi~
ously higher in the shoulder area. The distance between two
maximums of the 100 MHz standing wave is 1.5 m. The half
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Fig. 4. Spectrum of the FM-radio broadlcasting at the test place. Six channels
were sending and the maximum electric field imensity was B5 dB pV.

waves of local digital TV signals (500-700 MHz) are only
about 20-30cm. This means that 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 further away, the phases are mixed
and so the amplitude of the summed standing waves is
smaller.

With this experiment, we cannot exactly say where the
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 like 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 crn. That means that some of
muscles in arms and shoulders should react.

The spectrum contains many frequencies of electromag-
netic radigtion. The radiation is not only coming from the
nearest tower, and it is impossible 1o ciean 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 near reflecting objects, but
they became more random in very weak variations of total
field intensity. In any case, individuals are different, and in
natural situations many sources interfere with each other.
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Abstract

Many national and international exposure standards for maximum radiation exposure from the 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, thermal effects (TE). The recent elevation in
some countries of the allowable exposure, that is, averaging the exposure that occuts in & 6 min period over 10 g of tissue rather than over 1 g
allows for greater heating in small portions of the 10-g volume compared to the exposure that would be allowed averaged over 1-g volume.
There is concem that ‘bot” spots, that is, momentary higher intensities, could occur in portions of the 10-g tissue piece, might have adverse
consequences, particularly in brain tissue.

There is another concern about exposure to cell phone tadiation that has been virtually ignored except for the National Council
of Radiation Protection and Measurements (NCRP) advice given in a publication in 1986 [National Council for Radiation Protection
and Measurements, Biological Bffects and Exposure Criteria for Radiofrequency Electromaguetic Fields, National Council for Radiation
Protection and Measarements, 1986, 400 pp.]. This NCRP review and guidance eaplicitly acknowledge the existence of non-thermal
effects (NTE), and included provisions for reduced maximum-allowable limits showid certain radiation characteristics occur during the
expasure.

If we are to take most current naticnal and intemnational exposure standards as completely protective of thermal injury for acute exposure
only (6 min time period) then the recent evidence from epidemiological studies associating increases in brain and head cancers with increased

cell phone use per day and per year oyeg 812 years, raises concerns about the possible health consequences on NTE first acﬁo-;dedged inthe

NCRP 1986 report [National Council for Radiation Protection and Measurements, Biological Effects and Exposture Criteria for Radiofrequency
Electromagnetic Fields, National Council for Radiation Protection and Measurements, 1986, 400 pp.).

This paper will review some of the salient evidence that demonstrates the existence of NTE and the exposure complexities that must be
cousidered and understood to provide appropriate, more thorough evaluation and guidance for future studies and for assessment of potential
health consequences, Unfortunately, this paper is necessary because most national and international reviews of the research area since the
1986 report [National Council for Radiation Protection and Measurements, Biological Effects and Exposure Criteria for Radiofrequency
Blecuromagnetic Ficlds, National Council for Radiation Protection and Measurements, 1986, 400 pp.] have not included scientists with
expertise in NTE, or given appropriate attention to their requests to include NTE in the establishment of public-health-based radiation
exposure standards. Thus, those standards are limited because they are not comprehensive.
© 2009 Elsevier Ireland Lad. Al rights reserved.

Neywords; Non-thermal effects; Electromagnetic fields; Exposure standards

1. Introduction

1.1. The current approach to exposure limits (based on
heating and electric current flow in lissues)

* Disclaimer: The opinions expressed in this text are thase of its author, and - . . H
; : uni ep radiofrequency radia-
are not necessarily those of his employer, the U.S. Environmental Protection ' It is universally ace ted t.h.at iofr Y
Agercy. tion (RFR) can causc tissue heating (thermal effects, TE)

E-mail address: Cart.Blackmon @ gmail.com. and that extremely low-frequency (FLE) fields, e.g., 50

0928-4580/3 - scc front matter © 2009 Elsevier Ireland Lid, All rights reserved.
doi:10.1016/j.pathophys.2009.02.001
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and 60Hz, can cause clectrical current flows that shock
and even damage or destroy 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 thermal changes, that is,
non-thermal effects (NTE), have been widely reported in
the scientific literature since the 19705 mcludmg benefi-
cial applications in development and repair processes. The
current public safety limits do not take modulation into
account and thus are no longer sufﬁclcmly protective of
public health where chronjc exposure to pulsed or pulse-
modulated signal is involved, and where sub-populations of
more susceptible individuals may be at nsk from such expo-
sures.

1.2. Modulation as a critical element

Modulation signals are onc important component in the
delivery of EMF signals to which cells, tissues, organs

and individuals can respond bwlogncally At'the most basic

level, modulation can be consldered a pattern of pulses or
repeating signals which have specific meaning in defining
that signal apart from all others. Modulated signals have

a specific ‘beat’ defined by how the signal varies period-..

ically or aperiodically over time. Pulsed siguals occur in

an on~off pattern, which can be either smooth-and rhyth--

mic, or sharply’ pulsed in qmck bursts. Amplitude and
frequency modulation involves two very differet processes
where the lugh-frequency signal, called the carricr wave,
bas a lower frequency s:gna.l that is supcnmposed on of
‘rides’ on the carrer fmquency In amphlude modulation,
the lower fmqucncy signal is embedded on the carrier wave
as changes in its amplitude as s function of timoe, whereas
in frequency modulation, the lower frequency signal is
cmbedded as slight changes in the frequency of the carrier
wave, Each type of low-frequency modulation conveys spe-
cific ‘information’, and some modulation patterns are more
effective (more binactive) than 'others dcpeudmg on the bio-
logical reactivity of the exposed material.” This enhanced
interaction can be a good thing for therapeutic purposcs
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-
ton s;gnals may interfere with normal, non-lipear biological
functions. More recent studies of modulated RF signals
report changes in human cognition, reaction time, brain-
wave aclivity, sleep disruption and immune function. These
studies have tested the RF and ELF-modulated RF signals
from emerging wireless leclmologies (cell phones) that rely
on pulse-modulaiéd RF 1o transmiit signals.” Thus ‘madula-
tion can be considered as information content embedded in
the higher frequency carrier 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 CDMA
from GSM). Modulation is likely a key factor in determining
whether and when biological reactivity might be occurring,
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 will have effects, in comparison,

"“for example, to choosing some lower or higher modula-
tion frequency 1o camry the same EMF information to its
target.

This chapter will show that other 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 evolving nature of information
about modulation. It argues for great care in defining stan-
dards that are intended to be protective of public health and
well-being. This chapter will also describe some features of
exposure and physiofogical conditions that are required in

. general for non-thermal effects to be produced, and specif-
ically 10 illustrate how modulanon is a fundamental faclor
which should be taken into account in public safety stan-

‘dards s o

1

2. Labornlory evidence

Published laboratory studu:s have prov1ded evidence
for more than 40 ects 'at guch lower
intensities than_cited 'in the various "widely " publicized
guidelines for limits to prcvem harmful effects. Many
of these reponts show EMF-caused changes in processes
associated with cell growth 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. EMF effects have been reporied in gene
induction, transmembrane signaling' cascades, gap junc-
tion communication, inunune Sysiem achon, rates of cell

~irnsformation. breast cancer cell growth, regeneration of
dama i ne-fracture healing. These
Teports have cell growth contro] as a common. theme.
Other_more _recen} studies on brainwave activity. cogni-
jop and human iop time lend credence to modulation
(pulsed RF and ELF-modulated RF) as a concern for
wireless technologics, most prominently from cell
use,

In the process of studying non-thermal biological effects,
various exposure parameters have been shown to influ-
ence whether or not a specific EMF can cause a biological
cffect, 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
clectrical field, the magnetic field, or their combination,
and whether EMF is sinusoidal, pulsed or in more com-
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plex wave forms. These parameters will be discussed
below.

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

2.1, Initial studies that drew attention to NTE

Several papers in the 1960s and early 19705 reponed that
ELF ficlds could alter circadian rhythms in laboratory ani-
mals and humans. In the latter 1960s, 8 paper by Hamer {2]
reported 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 similar response time
changes and also EEG pattern changes [3.4]. The investi-
gators shifted the research subject to cats and decided they
oceded to use a radiofrequency field to camry the ELF sig-
nal into the cat brain, and observed EEG pattern changes,
ability to sense and behaviorally respond to the ELF com-
ponent of RFR, and the ability of minor electric current
to stimulate the release of an inhibitory neurotransmirter,
GABA, and simultaneous release of a surrogate measure,
calcium fons, from the cortex [5,6]. At this time Bawin, a
member of the research group, adopted newly hatch chick-
ens as sources of brain tissuc and observed changes in
the release of calcium ions from in vitro specimens as a
furction of ELF frequency directly or as amplitude modu-
lation (*am") of RFR (RFRam) [7-11). Tests of both EMF
frequency and intensity dependences demonstrated a sin-
gle sensitive region (termed ‘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 co ate measures for a neuro-
transmitter, that ELF ficlds could produce effects similar to
RFRam (pote: without the ‘am’, there was no effect although

e RFR intensity was the same), and that the dose and
frequency response consisted of a single sensitivity win-
dow.

Subsequent, independent rescarch 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 independent groups offered
confirmation of these resulis by reporting intensity and fre-
quency windows for calcium, neurotransmitter or enolase
release under EMF exposure of human and animal ner-
vous system-derived cells in vitro by Dutta et al, {26-29],
of rat pancreatic tissue slices by Albert et al. [30], and
of frog heart by Schwartz et al, [31] but not frog-heart

atrial strips in vitro [32]. This serics of papers showed
that multiple frequency and intensity windows were a com-
mon phenomenon that required the development of new
theoretical concepts to provide a mechanism of action

paradigm.
2.2. Refined laboratory studies veveal more details

Additonal aspects of the EMF experiments with the chick
brain described by Blackman and colleagues, above, also
revealed critical co-factors that influenced the action of EMF
10 cause changes in calcium release, including the influ-
ence of the local static magnetic Beld, and the influence
of physico-chemical parameters, such as pH, temperature
and the jonic strength of the bathing solution surround-
ing the brain tissue during exposure. This information
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 EMF exposure to pro-
duce NTE. These factors demonstrate that the current risk
assessment paradigms, which ignore them, are incomplete
and thus may not provide the level of protection currently
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 set 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 con-
taining 60-Hz fields, Thus tests were performed to determine
if the 60-Hz frequency of ELF fields (10 V/m in air) during
incubation, i.c., during embryogenesis and organogenesis,
would alter the subsequent calcium release responses of the
brain tissue to EMF exposure. The reports of Blackman et
al, [19] 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 60 Hz. This result is consistent
with an anecdotal report of adult humans, institutionalized
because of chemical sensitivities, who were also responsive
to the frequency of power-line EM fields that were present
in the countries where they were bom and raised [33). This
information indicates there may be animal and human expo-
sure situations where EMF imprinting during development
could be an important factor in laboratory and epidemio-
logical situations. EMF imprinting, which may only become
manifest when a human is subjected to chemical or biolog-
ical stresses, could reduce ability 1o fight disease and toxic
insult from environmental pollution, resulting in a population
in need of more medical services, with resulting lost days at
work.
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3. Fundamental exposure parameters—io be
considered when establishing a mode (or meclmnism)
of action for non-thermal EMF-induced biological
eftects . .

3.1. Intensity

There are numerous reports of biological effects that show
inteasity “windows", that is, regions of imensity that cause
changes surrounded by higher and lower intensities that show
no effects from' exposure. One very clear effect by Blackman
and colleagucs is 16-Hz, sine wave-induced changes in cal-
cium efflux from brain tissue in a test tube because it shows
two very distinct and clearly separated intensity windows of
effects surrounded by regions of intensities that caused no
effects [17). There are other reports for similar muluple win-
dows of i 1mcnsny in the radiofrequency range [22,26,29.31}.
Note that calcium ions are a secondary signal (ransduchon
agent active in many cellular pathways. These results show
that intensity windows cxxst. they display an unusual and
unanuclpawd “non-linear” (non-lmear and non-monotomc)
phenomenon that has been Jignored in all risk assessment
and standand sctting exercises, save the NCRP 1986 publi-
cation [1], Protection from multiple intensity Wmduws has
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 bioactve, or less
hanmful.

‘Multiple int windows appeared as an-unexpected
phenomenon in the late 1970s and 1980s. There has been
one limited attempt to specifically model this phenomenon
by Thompson et al, {34], which was reasonably successful.
This modeling effort should be extended because there are
publications from two independent research groups show-
ing mulitiple intensity windows for 50, 147, and 450 MHz
fields when amplitude modulated 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 carrier frequencies do not align at the same val-
ues. However, Joines et al. {23,24] and Blackman et al. [20]

noted the windows of inteasity 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-
ferent carrier frequencies. The uniqueness of this response
provides a substantial clue to theoreticians but it is inter-
esting and disappointing that no publications have appeared
attempting to address this relationship. It is obvious that th.ls
phenonienonis one that needs further study, ™ ™ "

3.2. Frequency
Frequency-dependent phenomena are common 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, which is a frequency “window”. Another
biological frequency window can be observed for planis
grown indoors. Given normal indoor lighting the plants may
grow to produce lush vegetation bul not produce Aowers
unless ifluminated 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.

In a similar manner, there are examples of EMF-caused
biological effects that occur in a frequency-dependent man-
ner that cannot be explained by current flow or heattng. The
examples include reports of calcium ion efflux from brain
tissue in vitro by Blackman and Joines and colleagues at low
frequency [15,19] and at high frequency modulated at low fre-
quency [20,35,24]. An additional example of an unexpected
result is by Liboff [36].

In addition, two appmmly contmdxctory multiple-
frequency exposure results provide examples of the onigue
angd varied non-thermal interactions of EMF with biological
systems. Litovitz and colleagues showed that an ELF sinu-
soidal signal could-induce a biological response in a cell
culare preparation, and that the addition of a noise signal
of equal average intensity could block the effect caused by
the sinusoidal signal, thereby, negating the influence of the
sinusoidal signal {37]. Similar noise canceling effects were
observed using chick embryo preparations [38,39]. It was also
shown that the biological effects caused by microwave expo-
siures imitating cell phone signals could be mitigated by ELF
noise [40}, However, this observation should not be general-
ized; & noise signal is not always benign. Mitham 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-term.

- Thus, the addition of noise in this case was associated with

the appearance of a health issue. Havas {42-44] has described
other potential health problems associated with these higher
frequency transients, termed Y'dirty power.” The bioactive fre-
quency regions abscrved in these studics have never been
explicitly considered for use in any EMF risk assessmenlts,
thus demonstrating the incomplete nature of current exposun-.
guideline limits. . .. ., .« -

There are also. EMF frequency-—dependcnt altetauons 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 culre shown by
Blackman et al. [45,46] and by Trillo et al. [47]. The com-
bined effect of frequency and intensity is also a common
occurience in both the analogous 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 ct al. [15] has reported EMF responses composed
of effect “islands™ of intensity and frequency combinations,
surrounded 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 here-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 successfully or fully respond behaviorally to nat-
ural stressoss in the adult environment; research is urgently
needed to test this possibility in animal systems.
Nevertheless, this phenomenon of frequency dependence
is ignored in the development of present exposure standards,
These standards rely primarily, on biclogical 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 maguetic fieJd—a completely unexpected
complexity

The magnetic field of the carth at any given location has a -

relatively constant intensity as a function of time. However,

the intensity value, and the inclination of the field with respect -

to the gravity vector, varies considerable over the face of the
earth.*More locally, these features of the earth's magnetic
field can also vary by more than 20% inside manufactured
structures, particularly those with steel support structures.

‘At the Bioelectromagnetics Society annual meeting in
1984 [48], Blackman revealed his group's discovery that the
intensity of the static magnetic field could establish and define
those oscillatory frequencies that would cause changes in cal-
cium ion release in his chick brain preparation. This result
was further discussed at 8 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 Liboff et al. [36,49,50). Substantial additional
research onthis feature was reported by Liboff and colleagues
[51.52,50]. Blackman et al. also reported on the importance
of the reldtive orientation of the static magnetic fleld vector to
the oscillating magncuc field vector [21] and demonstrated a
reverse biological response 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], LibofT [36,54], Lednev [55], Blanchard {56],
Zhadin [57], de] Giudice {58), Binhi [ $9-62}, and Matronchik
[63].but none has been universally accepted. Nevertheless,
experimental results continued to report static and oscillat-
ing field dependencies for non-thermally induced biological
effects in studies led by Zhadin [64,65), Vorobyov [66], Bau-
reus Koch [67], Sarimov [68), Prato [69,70], Comisso [71),
and Novikov [72].

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

response depends on the static magnetic ficld intensity, and
evenitsorientation vmh respectio anoscillating field, thenthe
conditions necessary 1o reproduce the phenomenon are very
spccnﬁc and might easxly 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 beneﬁclal) to organisms, but that are insufficiently
common on a large scalc that they would not be observed in
eptdemiological smdxes. they need 1o be studied under con-
trolled laboratory conditions to determine impact on health
and wellbemg i -

S. Electrlc and magnetic components—both
biological active with different consequences
] . s .

Both the electric : and the magnetic components have
been shown 1o chmctly and independently cause biological
changes. Thereis one mpon that clearly distinguishes the dis-
tinct biological responses caused by the electric field and by
the magnetic field. Marron et al. [74] show that electric field
exposure can mcrease the negative.surface charge density
of an amocba, Physarum polycephaium, and that magnetic
field exposure of the’ same organism causes changes in the
surface of the orgamsm to reduce its hydrophobic character.
Other scientists have psed concentric growth surfaces of dif-
ferent radii and vertical magnetic fields perpendicular to the
growth surface to dctcrmme if the magnenc or the induced
electric component 1s the apent causing biological change.
Liburdy et al. [75), examining calcium influx in lymphocytes,
and Greene et al. {76], monitoring omithine decarboxylase
(ODC) activity in cell culture, showed that the induced elec-
tric component was responsablc for their results. In contrast,
Blackman et al. {77,78] monitoring neurite outgrowth from
two different clones of PC-12 cells and using the same cxpo-
sure technique used by Liburdy and by Greene showed the
magnetic component was the critical agent in their exper-
iments. ENﬂ’-mduced changes on the cell surface, where
it interacts with its envmmmem can dramatically alter the
homeostatic mechanisms in tissues, whereas changes in ODC
activity are associated with the induction of cell proliferation,
adesireble outcome 1f one is concemned about wound healing,
but undesirable if the 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.

6. Sine¢ and pulsed waves—llke different programs
on a radio broadcast station

Important characteristics of pulsed waves that have been
reported 1o influence biological processes include the follow-
ing: (1) 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. Scarft et al.
[80] showed enhanced micronuciei formatjon 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 (Scarfi et al. [81]).
Takahashi et al. [82] monitored thymidine incorporation in
Chinese hamster cells and explered the influence of pulse fre-
quency (two windows of enhancement reported), pulse width
(one window of enhancement reported) and intensity (two
windows of enhancement reported 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. Impornance for risk assessment

It is important 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 represent 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
cffects. Risk assessors and the general public are sophisti-
cated enough to recognize that it is impossible to declare all
¢hemicals safe or hazardous; consider the difference between
food and poisons, both of which are chemicals. A similar
situation occurs for EMF; it is critical to determine 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 iacreased opportunities for the production of biological
effects. Current standards were not developed with explicit
knowledge of these additional consequences for biological
responses.

7. Mechanisms

Two papers have the possibility of advancing understand-
ing in this research area. Chiabrera et al. {84) created a
theoretical model for EMF effects on an jon's interaction with
protein that includes the influence of thermal energy and of
metabolism. Before this publication, theoreticians assumed
that biological effects in living systems could aot occur if
the electric signal is below the signal 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 respoase of biological systems to
EMEF. The second paper, by Marino et al. [85], presents anew
analytical approach to examine endpoints in systems exposed
to EMF. The authors, focusing on exposure-induced lym-

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 the
mean endpoint value. They provide further evidence using
immunological endpoints from exposed and sham treated
mice [86-88). Additional research has emerged from this
laboratory on EMF-induced animal and human brain activity
changes that provides more cvidence for the value of their
research approach (Marino et al. [89-92], Kolomytkin et al.
[93) and Carrubba et al. [94-98]). Further advanced theo-
retical and experimental studies of relevance to non-thermal
biological effects are emerging; sec for example reports by
Binhi et al. [59-62), Zhadin et al, [64,99,65], and Nevikov et
al. [72]. It is apparent that much remains to be examined and
explained in EMF biological effecis research through more
creasive methods of analysis than have been used before. The
models described above need 1o be incorporated into risk
assessment determinations.

8. Problems with current risk
assessments—~observations of effects are segregated
by artificial frequency bands that ignore modulation

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

When common biological responses are observed without
regard for the panicular, engineering-defined EMF fre-
quency band in which the effects occur, this reorganization
of the results can highlight the commonalities in biolog-
ical responses caused by exposures to EMF across the
different engincering-defined frequency bands. An attemnpt
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
beczuse published papers from the early 1970s to the mid
1980s (10 be discussed below) demonstrated the need to
include amplitude modulation as a factor in setting of maxi-
mum exposure limits. The 1986 NCRP guideline [1] 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
7-year Interphone study results has made this epidemiologi-
cal approach a 10-year long effort, and the specific éxposure
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 nawrat and work environments. In 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 the NTE described above,
s0 that mechanisms or modes of action can be developed to
provide a theoretical framework to further identify, charac-
terize and unify the action of the heretofore ignored exposure
parameters shown to be important.

8.1. Potential explanation for the failure 10 optimize
research in EMF biological effects

Unfortunately, risk evaluations following the 1986 NCRP
example (1], returned to the former engineering-defined
analysis conditions, in part because scientists who reported
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 with important psychological, social, cultural, and
political factors. ., . Whoever 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 sciensts experienced with producing non-
thermal biological effects, the usually sound judgroent by the
selected committees was severely limited in its breadth-of-
expericnce, thereby causing the members to retreat to their
own limited areas of expertise when forced to make judg-
ments, as described by Slovic [100], “Public views are also
influenced by worldviews, ideologies, and values; so are sci-
€nlists’ 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 dilutes the impact
of the basic science results, thereby reducing and distorting
the weight of evidence in any evaluation process {see evalu-
ations of bias by Havas {101), referring 1o NRC 1997 [102]
compared to NIEHS 1998 [103} and NIEHS 1999 [104]).

9. Suggested research

Are there substitute approaches that would improve on the
health-effects evaluation situation? As mentioned above, it
may be useful in certain cases to develop a biologically based
clustering of the data 1o focus on and ensich 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 carth’s magnetic field
or co-incident application of chemical agents to perturb and
perhaps sensitize the biological system 1o EMF, or (3) phys-
iological state of the biological specimen, such as age or
sensitive sub-populations, including genetic predisposition

as described by Fedrowitz ct al. {105,106, and for human
populations, recently reported by Yang et al. [107].

To determine if this approach has merit, one could
combine reports of biological effects found in the ELF
(including sub-ELF) 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 uvsed: (8) human response time changes
under ELF exposure [2], (b) monkey response time
and EEG changes under ELF exposure [3.4], (c) cat
brain EEG, GABA and calcium ion changes induced by
ELF and AM-RF [8,9,7.10,6,11,108,5}, (d) calcium ion
changes in chick brain tissue under ELF and AM-RF
(8.9,7,10.13-15,21,16-18,12,19,20,22,35,23-25,11], 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 applying biological clustering in the example
given above even though AM is used, is that the resulis
may have relevance to assist in the examination of some of
the effects reportedly caused by cellular phone exposures
which include more complex types of modulation of RF.
This suggestion is reasonable because three groups later
reported human responses to cell phone emissions that
include changes in reaction times — Preece et al. [109,110],
Koivisto et al. [111.112) and Krause et al, [113,114] —orto
brain wave potentials that may be associated with reaction
time changes—Freude et al. [115,116].

Subsequently, Preece 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 Bonferroni correction to his data (alpha
for significance was requived to be less than 0.0023). It would
appear that a change in the experimental protocol might pro-
vide a more definitive test of the influence of exposure on
simple reaction time because it is known that a Bonferroni
correction is a particularly severe test of statistica) signifi-
cance, or as the author observed, “a particularly conservative
criterion,”

Krause et al. [ 118] examined cognitive activity by observ-
ing oscillatory EEG activity in children exposed to cell phone
radiation while performing an auditory memory task and
reported exposure related changes in the ~4-8 Hz EEG fre-
quencies during memory encoding, and changes in that range
and also ~15 Hz during recognition. The investigators also
examined cognitive processing, 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 EEG
activity in the ~4—8 Hz region, compared to CW exposure,
but with caveats that no behavior changes were observed,
and that the data were varying, unsystematic end inconsis-
tent with previous reports (Krause et al, [119]). Haarala and
colleagues conducted an extensive series of experiments,
examining reaction time {120], short-term memory [121},
short-term memory in children {1221, and right versus left
hemisphere exposure [123]. Although these studies did not
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supporti the positive effects from exposure reported by others,

they provided possible explananons for thc apparent lack of -

agreement. . .. !
Other research graups have a)so cxsmmed thc cﬁeczs of
cell phone radiation on the central nervous system, includ-
ing Borbely et al. (124), Huber et al, [125), Loughran et al,
[126), and D’Costa et al. [127]), who found changes in sleep
EEG patterns and other measures during or afier short-term
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 {129] served as the basis to
examining cotrelation dimensions, which is opening & poten-
tially fertile avenue for investigation. Although this approach
provides more indepth information on ongoing processes
and function, it has not yet been used to address potential
consequences associated with long-term cell phone use. -

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

changes; or associated measures; in human subjects during .

exposure to cell phone-generated radiation. It is unfortinate
that 'essentially none of the earlier studies was-acknowl-

edged in these recent reports on cognition, reaction time and,

other measures of central nervous system processes. Without

guidance from this extensive earliér work, panticularly those,

demonstrating the variety of exposure parameter spaces that
must be controlled to produce repeatable experiments, the
development of the mechanistic bases for non-thermal effects
from EMF exposures will be substantially delayed. The omis-
sion of the recognition of the sxposure conditions that affect
the biological cutcomes continues as recently as the National
Academy of Science 2009 publication [130] of future direc-
tions for research, which emphasizes the modest perspective
in the results from committee members working at the limits
of expertise, as anticipated by Slovic [100].

Let us hope that 'subsequent national and international
committees that consider future directions for EMF rescarch
include members who have performed and reported non.
thermal effects, in order to provide a broader perspective to
deveiop programs that will more expeditiously address poten-
tial health problems as well as to provide guidance to industry
on prudent procedures to establish for their technologies. : .

* At present, we are left with a reccommendation voiced in
1989 by Abelson [131] in an editorial in Science Magazine
that addressed electric power-specific 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
undersianding sbout possible risks.”

10. Conclusions

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 chronic sxposure even ptvery Jow cxposure levels.
Modulation signals may interfere with normal, non-linear
biological processes. Modulation is a fundamenta) factor
that should be taken into account in new public safety stan-
dards; at present it is not even a contributing factor. To
properly evaluate the biological and health impacts of expo-
sure to modulated RFR (carrier waves), it is also essential
to study the impact of the modulating signal (lower fre-
quency fields or ELF-modulated RF). Current standards have
ignored modulation as a factor in human health impacts, and
thus are inadequate in the protection of the public in terms
of chronic exposure to some forms of ELF-modulated RF
signals. The curvent IEEE and ICNIRP 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 recent WHQ and IEEE

_ science reviews, This body of research has been ignored
"by current standard setting bodies that rely only on tradi-

tional energy-based (thermal) concepts. More laboratory as
opposed 1o epidemiological research is needed to determine |,
which modulation factors, and combinations are bioactive
and deleterious at low intensities, and are likely to result -
in disease-related processes and/or health.risks; however
this should not delay preventative actions supposting pub-
lic health and wellness. If signals need to be modulated in
the development of new wireless technologies, for example,
it makes-sense to yse what existing scientific information
is available to avoid the most obviously deleterious expo-
sure parameters and select others that may be less likely 1o
interfere with normal 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 current
practice of segregating scicntific investigations (and resulting
public health limits) by antificial, engineering-based divisions
of frequency needs 10 be changed because this approach
dramatically dilutes, the impact of the basic science results
and eliminates consideration of modulation signals, thereby
reducing and distorting the weight of evndencc in any evalu-
ation process. .o
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Abstract

Global exposures to emerging wircless technologies from applications including mobile phon'es, cordless phones, DECT phones, W1-F,
WLAN, WiMAX, wireless internet, baby monitors, and others may present serious public health consequences. Evidence supporting a public
health risk is documented in the Biolnitiative Report. New, biologically based public exposure standards for chronic exposure 10 low-intensity
€Xposures arc warranted. E:usung safety standards are obsolete because they are based solely on  thermal effects from acute exposures. The
rapidly expanding development of new wireless technologies and the long lazency for the dcvclopmcnl of such serious d:seasea a3 brain cancers
‘means that failure Jg,tnl:z immediate action to reduce risks may result in an epidermic of potentially fatal diseasSs in the future. Regudless of
whethﬂ ornot lhc associations are causal, the strengths of the associations are sufficiently strong that in the opision of the athors, taking action
10 reduce exposutes is itperative, especially for the fetus and children, Such action is fully compatible with the precautionary principle, as
enunciated by the Rio Declaration, the European Constitution Principle on Health (Section 3. 1) and the European Union Treaties Article 174.

© 2009 Elsevner Ireland Ltd. All rights reserved.
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1. Introduction and background

Exposure to electromagnetic felds (EMF) has been linked
to a variety of adversc health outcomes that may have sig-
nificant bhbhc health consequences [1-13). The most serious
hcalth endpoints that luve been reported to be associated with

extremely low frequency include childhood
and adult leukemia, childhood and adult brain tu , and
increased risk of the| rative dis Alzheimec”
and amyotrophi rosis ). In addition, there

are reports of increased risk of breast canger in both men
and women, genotoxic effects (DNA damage and micronu-
cleation), pathological Jeakage of the hinod-brain barrier,
aliered immune fuastion-including increased allergic and
inflammatory responses, miscarriage and some cardiovascy-
lar effects [1-13]. Insomnia (slecp disruption) is reported in
studies of people living in very low-intensity RF environ-
ments with WI-FI and cell tower-level exposures [85-93].
Short-term effects on cognition, memory and leaming, behav-
ior, reaction time, attention and concentration, and altered
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brainwave activity (altered EEG) are also reported in the sci-
entific literature [94-107]. Biophysical mechanisms that may
account for such effects can be found in various articles and
reviews [136-144).

The public health lmphcanons of emerging wireless tech-
nologies are enormous because there has been a very rapid
global deployment of both old and new forms in the last 15
years. In the United States the deployment of wireless infras-
tructure has accelcmwd greatly in the last few years with
220,500 cell sites in 2008 [14216]. Elghty-four percent of
the populanon of the, US own cell phones [16]. Annnafized
wireless revenues in 2008 will reach $144 billion and US

spending on wireless commun;uggns will reach $212 bsl- cL
lion by 2008. Based on the current 15% annual grow

enjoyed by the wu'eless industry, in the next 5 years wirelcss
will become & lar, nomy than both the
agriculture and automiobile sectors. The annualized use of
cclTphones i The US 3 is estimated 10 be 2.23 trillion minutes
in 2008 [16]. There are 2 2 bxllwn users of ccll | phones world-
wide in 2008 [17) and many y million more users of cordless”
phones. i

Over 75 billion text messages were sent in the United
States, compared with 7.2 billion in June 2005, according to
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CTIA, the Wireless Association, the leading industry trade
group [16], The consamer research company Nielsen Mobile,
which tracked 50,000 individual customer accounts in the
second quarter of this year, found that Americans each sent
or received 357 text messages a month then, compared with
204 phone calls. That was the second consecutive quarter 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 [17].

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 bandwidth) is a multi-million dollar industry
for governments, and multi-billion dollar global advertising
budgets are common. Lobbying dollers from the telecom-
related industries are estimated to be $300 million annually
The medis is n

because of global advertising revenucs that compromise jour-

nalistic independence and discougage balanced coverage of

health, equity and economic issues.

2. Evidence supporting a public health risk

Even if there is only a small risk to health from chronic
use of and exposure to wireless technologies, there is the
potential for a profound public health impact. RF rudi-
ation now saturates the airwaves, resulting in exposure
to both users and non-users. The effocts are both short-
term (sleep disruption, hormone disruption, impairment of
cognitive function, concentration, attention, behavior, and
well-being) and they are almost certainly long-term (gen-
erational impacts on health secondary to DNA damage,
physiological stress, altered immune function, electrosensi-
tivity, miscarriage risks, effects on sperm quality and motility
leading to infertiility, increased rates of cancer, and neuro-
logical diseases including Alzheimer's disease and ALS—at
feast for ELF exposures). (Chapters 5-12 of the Biolnitiative
Report [1) and papers in this Supplement.)

There is credible scientific evidence that RF exposures
cause changes in cell membrane function, metabolism and
cellular signal communication, as well as activation of proto-
oncogenes and triggering of the production of stress proteins
at exposure levels below current regulatory limits. There is
also generation of reactive oxygen species, which cause DNA
damage, chromosomal aberrations and nerve cell death. A
number of different effects on the central nervous system have
also been documented, including activation of the endoge-
nous opioid systems, changes in brain function including
Jnemory Joss, slowed Jeaming, motor dysfunction and per-
formance impairment in children, and incrensed frequency of
headaches, fatigue and sleep disorders. Melatonin secretion

is reduced, resulting in altered circadian rhythms and disrup-
tion of several physiological functions. (Chapters 512 of the
Biolnitiative Report [1] and papers in this Supplement.)

These effects can reasonably be presumed to result
in adverse health effects and disease with chronic and
uncontrolled exposures, and children may be particularly
vulnerzble [1,19]. The young are gl le to
remove themselves ironments. Second-hand
non-onizing radjation, like second-hand smoke may be con-
sidered of public health concern based on the evidence at
hand.

2.1. Malignant brain tumors

At present, the most persuasive evidence for cancer result-
ing from RF exposure is that there is a significantly increased
risk of malignant plioma in individuals that have used a
mobile " wnh the risk bemg ele-

_mobile phone for 10 or more years
vated only on the side of the head op w| ¢ is used

regularly (ipsilateral use) {1,3,4,6-8,18]. While the risk for

adults after 10 or morg years gf use is reported to be more

than doubled, there is some evidence beginning to appear

that indicates that the risk is greater if the individual begins
10 use a mobile phane gl yousges-ages. Hardell et al. [18]
reported higher odds ratios in the 20-29-year-old group than
other age ranges after more than 5 years of use of either ana-
log or cordless phones. Recently in a London symposium
Hardell reported that after even just 1 or more years of use
there is a 5.2-fold elevated risk in children who begin use of
mobile phones before the age of 20 years, whereas for all
ages the odds ratio was 1.4, Studics from Isracl have found
that the risk of parotid gland tumors (a salivary gland in the
cheek) is increased with heavy cell phoge use (7). The risk
of acoustic neuroma (a benign but space-occupying tumor
on the auditory nerve) is also significantly increased on the
ipsilateral side of the head after 10 or more years of mobile
phone use [[,3). This relationship has also been documented
in some of the published reports of the WHO Interphone
Study. a decade-long 13-country international assessment of
cell phone risks and cancer {6.8].

Kundi reports that “(E)pidemiological evidence compiled
in the last 10 years starts to indicate an increased risk, in
particular for brain tumors (glioma, meningiom j¢
neuromay, from mobite phone use. Considering biases that
may have been operating in most studies the risk estimates
are rather 100 low, although recall bias could have increased
risk estimates. The net result, when considering the different
errors and their impact is still an elevated risk” [19].

The latengy for ‘nost brain tumors is 20 yca.r§ or more
when related to other environmental agents, for example, to
X-ray exposure. Yet, for cell phone use the increased risks
are occurring much_sooncr than twenty. years, as early as
10 years for brain tumors in adults and with even shorter
latencies in children. This suggests that we may currently be
significantly underestimating the impact of current levels of
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use of RF technology, since we do not know how long the
average latency petiod really is. If it is 20 years, then the
risk rate will likely be much higher than an ‘overall doubling
of risk for cell phone users if the peak comes later than 10
years. It may also signal very woubling 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 ere set in suotion by long-term cell phone use.

The preliminary . evidence that mobile phone use “at
younger ages may lead to greater risk than for older persons is
of particular concern. There is a large body of evidence that
childhood exposure to environmental sgents poses greater
risk 10 health than comparable exposure during adulthood
[20,21]. -There is reason to expect that children would be
more susceptible to the effects of EMF exposure since they
are growing, their rate of celular activity and division is more

rapid, and they may be more at risk for DNA damage and .
+ subsequent cancers. Growth and development of the central

nervous system is still occurring well into the teenage years
50 that neurojogical changes may be of great importance to
normal development, cognition, leaming, and behavior.

A preatef erability of children to developing brain
cancer from mobile phone use may be the consequence of
a combination of patterns of use, stage of development and
physical characteristics related to exposure. In addition 10 the
fact that the brain continues to develop through the teen years,
many young children and teenagers now spend very large
periods of time using mobile phones. The brain is the main
target organ of cell phones and cordless phones, with highest
exposure to the sarae side as the phone is used. Further, due
to anatomical reasons, the brain of a child is more exposed to
RF radiation than the brain of an adult {22,23]. This is caused
by the smaller brain size, a thinner pinna of the ear, thinner
skin and thinner skull' bone permitting deeper penctration
into the child's brain. A recent French study showed that
children absorb twice thc RF from oell phone use as do adults
[24]. . * . - N

In addmnn to concerns abum cancer, there is evidence for
short-term effects of RF exposure on cognition, memory and

learning, behavior, reaction time, attention and concentration,:

altered brainwave activity (altered EEG) [95-108], and all of
these effects argue for extreme caution with regard 10 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 all organ systems,

and the need for properly synchronized neursl development
until early adulthood. Chronic, cumulative RF exposures may
alter the normal growth and development of children and

- adversely affect their development and capacity for normal

leaming, nervous system development, behaviar and judg-
ment [1,97,102].

Prenatal exposure to EMF has been identified as a possible
risk factor for childhood leukemia (1). Maternal use of cell
phones has been reported to agversely affectfetat brain devel -

opment, resulting in behavioral problems.adhose children by

4
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the time they reach schoo) ag¢ [25), Their exposure is invol-

uniary in all cases. Children 3T€ largely unable to remove

themselves from exposures to harmful substances in their

environments, .

2.2, Plaus:ble bwlog:cal mechanisms for a relauonshlp
between RF expasure and cancer

2.2.1. DNA damage and oxidative siress
Damage to DNA!from ELF and from RF cell phone

frequencies at very low intensities (far bclow FCC and

ICNIRP safety limits) has been demo

iesf1.2.26-35]. Both smgle- and double-strand deamge
have been reported by various researchers in different labora-
tories. This is damage to the buman genome, and can lead 10
mutations which can be mhcnu:d or which can M, .
orboth. - - - | KR !
Non-ionizing radlanon is assumed to be of too low energy
to cause direct DNA'damage.. However both ELF and RF .
radiation induce reactive oxygen species, free radicals that.
react with cellular molacules including DNA. Free-radical
production and/or the failure to repair DNA damage (sec-.
ondary to damage to the enzymes that repair damage) created
by such exposures can 1 lead to mutations. Whether it is greater .,
frec-radical producuon. 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 {36-54). Exposures have also been linked
to decreased melatonin produgtion, which is & plaumble bio-
logical mechanism for
body, and_increased cancer.risk [34,39,44,46,47,49,50,54).
An increased risk of cancers and a decreasc in survival has
been reported in numelmus swdies of ELF and RF [55-69].

. l . . )
_2.2.2. Stress proteins (heat shock proteins or HSP) .

Another well-documented effect of exposure.to Jow-
intensity ELF and RF is the creation of stress proteins (heat
shock proteins) that slgnal a cell is being placed under phys-
iological stress) [70-80]: The HSP. response is' generally
associnted with heat shock, exposure to toxic chemicals and
heavy metals, and othcr eavironmental insults; HSPis asignal
of cells in distress. Plams. animals and bacteria all produce
stress proteins to survive environmental stressors like high
temperatures, lack of | oxygen, heavy metal poisoning, and
oxidative stress,

We can now add ELF and RF exposures to this list of
enviropments] stressors that cause s physiological swess
response. Very low-Jevel ELF and RF exposures can cause
cells to produce stress proteins, meaning that the cell
recognizzs "ELF " and iRF exposures - as hapmful: - This - is
anothes important way in which scientists have documented

that ELF and RF expasures can be harmful, and it ha
at levels far belm\uhsﬂsnna.mhmmmg%ﬂ

additional concem is that if the stress goes on 100 long, the

progective effect is diminished. The reduced response 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.

2.2.3. RF-induced gene expression changes

Many environment agents cause diseases, including can-
cer, not by direct damage to DNA but rather by up- or
down-regulation of genes that regulate cell growth and func-
tion. Usually there are many genes whose expression is
changed, and it is difficult to determine the exact changes
responsible for the disease. Both ELF and RF expasures have
been shown to result in altered gene expression. Olivares-
Banuclos et al. [81] found that ELF exposure of chromaffin
cells resulted in changed expression of 53 transcripts, Zhao
et al. [82] investigated the gene expression profile of rat neu-
rons exposed 1o 1800 MHz RF fields (2 W/kg) and found 24
up-regulated genes and 10 dgwn-regy|ated genes after a 24-h
exposure. The altered genes were involved in multiple cellular
functions including cytoskeleton, signal transduction path-
ways and metabolism. Kariene et al. [83] exposed human
skin to mobile phone radiation, and found by punch biopsy
that 8 proteins were significanty 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 discase states
[84),

DNA activation at very low ELF and RF levels, as in
the 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 gene induction, provide plausible biological mecha-
nisms linking exposure to cancer.

The biochemical pathways that are activated are the same
for ELF and for RF exposures, and are non-thermal (do not
require heating or induced electrical curreats). This is true

for the stress response, DNA damage, gencration of reactive

oxygen species as well as gene induction. Thus it is nof sur-
prising that the major cancers resu[tmg ﬁ-om €XpOSUre to ELF
and RF are the same, namely leukemia

safety standards for both ELF and RF, bnsed on protccnon
from heating, are irrelevant and not protective, ELF exposure
levels of only 5~10 mG have been shown to activate the stress
response genes (http://www.bioinitiative.org, Sections 1 and
71D

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 healing, anti-inflammatory bene-
fits, reduction in physical symptoms of such as tendonitis,
over-use syndrome, fatigue-induced lethargy, cognition and

leaming. r slowed physiological recov ]
gommon whea sle¢p is jmpaired. Circodian rhythms that

normalize stress hormone production (cortisol, for example)

depend on synchronized sleep pattens.

People who are chronically exposed to low-level wire-

less antgna cmissions tepgrt symptoms such as problems in

sleeping (jgsonia), as well as other symptoms that include
fatigue, headache, dizziness, grogginess, Jack of concen-

ration, menjory problems, nngin tus),

roblems with balance jentatioy, and difficulty in
multi-tasking [85-93,99]. In children, exposures tocell phone
radiation have resulted in changes in brain oscillatory activity
uring some memory tasks {97,102). Cognitive impatrment,
loss of mental concentration, distraction, speeded mental
function but Jowered accutacy, impaired judgment, delayed
reaction time, spatial disorientation, dizziness, fatigue,
headache, slower motor skills and reduced learning ability
in children-and-adulie 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
so they may already be symptomatic prior o 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 only after time has
passed, so is not observed during a short testing period.

3.1. Plausible biological mechanisms for
neurobehavioral effects

3.1.1. The melatonin hypothesis

While there 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 suprachiasmatic nucleus, located
in the hypothalamus. The activity of this central circadian
oscillator is, in tum, controlled by the hormone, melatonin,
which is released from the pineal gland [111]. There is con-
siderable evidence that ELF exposure reduces the release
of melatonin from the pineal gland—see Section 12 of the
Bioinitiative Report [1). There has been less study of the
effects of RF exposure on melatonin release, but investiga-
tions have demonstrated a reduced excretion of the urinary
metabolite of melatonin among persons using a mobile phone
for more than 25 min per day (112). In a smdy of wom
living near 1o radio and television transmitters, Clark et al.
[113] found no effect on urinary melatonin metabolite excre-
tion among pre-menopausal women, but a strong effect in
post-menopausal women,

The “melatonin hypothesis™ also provides & possible basis
for other reported effects of EMFs. Melatonin has important
actions on learning and memory, and inhibits electrophys-
iological components of learning in some but not all areas
of the brain [114,115]. Melatonin has properties as a free-
radical scavenger and anti-oxidant [116], and consequently,

ravspts”
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a reduction in melatonin levels would be expected to increase
susceptibility to cancer and cellular damage. Melatonin could
also be the key to understanding the relationship between
EMF expasure and Alzheimer’s diseasc. Noonan et al. [117)
reported that there was an inverse relationship between excre-
tion of the melatonin metabolitc and the 1-42 amino acid
form of amyloid beta in electric utility workers. This form of
amyloid beta has been found to be elevated in Alzheimer’s
paticnts.

3.1.2. Blood-brain barrier alterations

Central nervous system effects of EMFs may also be sec-
ondary to damage to the blood-brain barrier (BBB). The
blood-brain barrier is a critical structure that prevents tox-
ins and other large molecules that are in peripheral blood
from having access to the brain matter itself. Salford et al.
[118] have reported that a 2-h exposure of rats to GSM-900
radiation with a SAR of 2-200 mW/kg resulted in nerve cell
damage. In a follow-up study, Eberhardt et al. report that
2-h exposures to cell: phone GSM microwave RF resulted
in leakage of albumin-across the blood-brain barier and

neuronal death [119]. Neuronal albumin uptake was signif- -

icantly correlated to occurrence of damaged neurons when
measured at-28 days post-exposure. The lowest exposurc
level was 0.12 mW/kg (0.00012 W/kg) for 2h. The highest
exposure level .was 120mW/ig (0. 12W/kg) The weakest
exposure level showed the greatest effect in apening the BBB
[118]. Earlier blood-brain studies by Salford and Schirma-
cher [120,121] report similar effects, .

4. What are soume.s of wircless radiation?

There are many Mappma.snums of radiofrequency
and microwave emissions in daily life, both from industrial
sources (like cplltomers) and from personal items [qgl,Land
condless phones, monal_dwm.umts (PDAs).
less routers, etc,]. Published data on typical levels found
in some cities. and from some sources are available at
hup:/fwww.bicinitiative.org [1,122-124]. .

Cell phones n.re the smgl: most unponnnt source of
ramoﬁ-equency radxauon to whlch we are exposed because of
the relatively high exposurc that results from the phone being
held right against the head. Cell phones produce two types
of emissions that'should 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 frequency electromagnetic field (125-127).

Cordless tclephoncs have not been w;dcly recognized as
similar in emissions to cell phones, but they can and do pro-
duce significant RF exposures. Since people tend to use them
as substitutes for in-home and in-office corded or traditional
telephones, they are often used for long periods of time. As
the range of cordless phones has increased (the distance away
that you can carry on a conversation is related to the power

than do ce]] phonss becayse they usc energy from the
- battery very § ively for powering color dis laysanddur—
ing data ransmission finctions (cmail, sending shd receiving

output of the phone), the more powerful the RF signal will be.
Hence, newer cordless phones may in some cases be similar
to the power output:of cell phones.. The cumnulative emis-
sions from ccll and cordless phones taken together should
be recognized when cons:denng the relative risks of wircless
communication exposums
PDAs such as the: Blacl:Berry Treo and nPhone units are
‘souped-up® versions of the ongmzl voice communication
devices (cell phones): The often produce farhigher ELF emis-
sions. € from the

large files, photos, ¢1¢.) [125-127). ELF emissions have been
reporied from PDAs atseveral tens 10 several hundreds of mil-

ligauss. Evidence of significantly elevated ELF fields during
normal use of the PDA has public health relevance and has
beenreported in at lcast three scientific papers (125,128,129
In the context of rcpctmvc, chronic expesure to significantly
elevated ELF pulses from PDAs wom on the body, refevant
health studies point to a possible relationship berween ELF
exposure and cancer and pregnancy outcomes [130-133].
‘We include discussion of the ELF literature for two

By

ycg,w

reasons.'As menuone'd above ELF activates the same biol- .

ogy os RF, it contnbutcs to the-total EMF burden of
the body. In nddmon. PDAs and cell phones emit both
radiofrequency/microwave radiation (RF) and extremely low
frequency ELF from| the battery switching of the device
(the power source). Studies:show that some devices pro-
duce excessively lugh ELF exposures during voice and data
wansmission. ELF is ‘already classified as a 2B (Possible)
Cnrcmogcn by lARC. which means that ELF is indisputably
an jssue to consider i m the wireless technology debate. ELF
has been classified as a Group 2B carcinogen for all humans,

not just children. The strongest evidence came from epidemi-
logical gudi Dildhood leukeria, | fesi

t the jon

applie both adults and child 235 -
Wireless headsets that allow for conversations with cell
phones at a distance from the head itself reduce the emis-
sions. Depending on the type of wireless device, they may
operate (transmit sxgnal) only during conversations or they
mey be’ operational contmuously ‘The cumulative dose of
wireless headsets has not been well characterized under either
form of use. Subsla.nml cumulative RF exposure would be
expecied if the user wears a wireless headset that transmits a
signal continuously dunng the day. However a critical factor
is where the cell phonc is placed. If worn on a belt with a
headset, the exposure to the brain is reduced but the exposure

to the pelvi be significant.

Celt towers (called "guts" in Europe and Scandinavian
€s) are wnreless antenna facilitiés that transmit the
cell phone signals wuhm communities. They are ancther
major source of RF exposures for the public. They differ
from RF exposures from wircless devices like cell phones in
that they produce muqh lower RF levels (generally 0.05 10
-2 pW/em? in the first severa] hundred feet around them)
in comparison to several hundred microwatls per centimeter

x
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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. many
hours per day, and the exposure is whole body rather than
Jocalized at the head. These facilitics are the distribution sys-
tem for wireless voice communications, internet connections
and data transmission within communities. They are often
erected on free-standing towers. They may be constructed on
teiephone poles or electrical poles. They may be built into the
facade or rooftops of buildings behind wood screening. These
are called stealth installations for wireless antenna facilities.
Somc installations are camouflaged to resemble “false trees
or racks’. They emit RF 1o provide cell service to specific
“cells” or locations that receive the signal.

Other forms of wireless transmission that are common in
areas providing cell service are wireless land area networks
(WLAN), (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 connec-
tions), WIFI installations may have a signal reach for a few
hundred feet where WiMAX installations may transmit sig-
nal more than 10 miles, so produce a stronger RF emission
for those in close 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 within the arca. We do not know what the cumula-
tive exposure (dose) might be for people living, working or
going to school in continuously elevated RF fields, nor are
the possible health implications yet known. However, based
on studies of populations near cell sites in general, there is a
constellation of generally observed health symptoms that are
reported to oceur {85-107), In this regard it is impontant to
note that children living near to AM radjo transmitters have
been found to clevated risks of leukemia [134,135]. While
AM radio RF fields are Jower in frequency than that common
in mobile phones, this is a total body irradiation with RE.
The fact that leukemia, not brain cancer, is apparent in these
studies suggests that leukemia is the cancer seen at the lowest
levels of both ELF and RF fields under the circumstances of
whole-body exposure.

Commercial surveillance systems or security gates pose
an additional source of strong RF exposures, They are ubig-
uitous in department 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 paticnts. The exposure
levels may approach thermal 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 (radiofrequency identification chips) are being
widely used to track purchases and for security of pets, and in
some cases to keep track of patients with Alzheimer’s discase
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 with existing public health standards
(safety limits)

If the existing standards were adequate none of the effects
documented above should occur at levels to which people are
regularly exposed. The fact that these effects are seen with
our current ambient levels of exposure means that our exist-
ing public safety standards are obsolcte. 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 Jevels 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 technology uses we see today
is unknown,

The nature of electromagnetic field interactions with
biological systems has been well studied [ 136—144]. For pur-
poscs of standard-setting processes for both ELF and RF, the
hypothesis that tissue damage can result only from heating is
the fundamental flaw in the misguided efforts to understand
the basic biclogical 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 the
RF, and no change in temperature can even be detected. 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 1o initiate the stress response or to cause molec-
ulir damage reflect the same biology in different frequency
ranges. For this reason it should be possible to develop a scale
based on DNA biology, and use it to define EMF dose in dif-
ferent parts of the EM spectrurn. We also see a continuous
scale in DNA experiments 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 effects in both ELF and RF ranges [144].

Existing standard-setting bodies that regulate wireless
technologies, assume that there are no bioeffects of concern
atexposure levels that do not cavse measurable heating. How-
evet, it has been established beyond any reasonable doubt that
bioeffects and sorne adverse health effects occur at far Jower
levels of RF and ELF exposure where no heating (or induced
current) occurs; some effects are shown to occur a thou-
sand times or more below the existing public safety limits.
New, biologically based public exposure limits are urgently
needed. New wireless technologies for cell and cordless
phones, other wireless communication and data transmission
systems affect living organisms inp new ways that our anti-
quated safety limits have not foreseen, nor protected against.



C. Sage, D.0. Carpenter / Pushophysiology 16 (2009) 233-246 239

The expasure of children to electromagnetic fields has
not been swdied cxtcnsively; in fact, the Federal Com-
munications Commission (FCC) standards for exposure to
radiofrequency radiation are based on the height, weight and

% ture of a 6-foot tall man. not scaled to children or. adults

of smaller stature. They do not take into account the unigue

Mcepﬁbﬂity of growing children to exposures, nor are there
studics of particular relevance to children.

In addition there is a problem in the consideration of the
level of evidence taken into consideration by these bodies.
There have not been adequalc animal models shown to have
cancer as an endpoint, and a perception that no single mech-
anism is proven to explain these associations. Thus these
committees have tended to ignore or minimize the evidence
for direct hazard 10 humans, and believe there is no proof of
cause and effect. These bodies assume from the beginning
that only conclusive scientific evidence (absolute proof) will
be sufficient to warrant change, and refuse to take action on
the basis of a growing body of evidence which provxdes carly
but consequential waming of risks.

The Radiofrequency Interagency Workmg Group of the
US governmental “agencies involved in RF maters (RFI-
AWG) issued a Guidelines Statement in-June of 1999 that

concluded the present RF standard “may not adequately pro-"

tect the public” [145]. The RFIAWG identificd fourteen (14)
issues that they belicve are needed in the planned revisions
of ANSIIEEE RF exposure guidelines including “to pro-
vide a strong and credible rationale to support RF exposure
guidelines”, In particular, the RFIAWG criticized the exist-
ing standards as not taking into eccount chronic, as opposed
0 acute exposures, modulated or pulsed radiation (digital
or pulsed RF is proposed at this site), time-averaged mea-
surements that may erase the unique characteristics 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-term, low-level exposure studies,
neurological-behavioral effects and micronucleus assay stud-
ies (showing genetic damage from low-level RF) [145]. This
impartant document from relevant US agencies questions
existing standards in'the following ways: (a) sclection of an
adverse effect level for chronic exposures not based on tissue
heating and considering modulation effects; (b} recognition
of different safety critéria for acute and chronic exposures at
on-thermal or low-intensity levels: (¢) recognition of dcfi-
de'm:ies in using time-averaged measurements of RF that
does not differentiate between intensity-modulated RF and
continuous wave (CW) exposure, and rtherefore may not ade-
qualely protect the public; (d) having standards based on
adult males rather Lhan consxdcnng chxldrcn lo bc the most
vulnereble group.” ™ ’ T

6. Prudent public health responses

Emerging environmental health problems require pre-
ventative public health responses even where scientific and

t .
medical uncertainties still exist, but where policy decisions
today may greatly reduce human disease and societal costs
tomorrow.

Policy decisions in pubhc health must address some amount
of uncertainty when balancmg likely benefits and estimated
costs. Although new: ms:ght will allow betier appreciation
of difficult issues, such as those occurring in environinental
and occupational health, an expanded perspective may also
enlarge the list of problems that need to be managed. Igror-
ing the problems carries its own costs (as deferring a decision
is a decision in |tscIf) With environmental and other public
health problems becoming increasingly complex and interna-
tienal in scope, scientific documentation alone rarcly justifics
simple solutions [l46|

.

+Social issues regan:lmg the conu-oversy over pubhc and
occupational exposures to ELF and RF center an the resolute
adherence to existing [CNIRP and FCC/IEEE standards by
many countrices, in the face of growing scientific evidence
of health risks at far Iower levels [10). The composmon of
these committces, usually with excessive representation of
the physics and cngm_eermg communities rather than public
health professionals, results in a refusal to adopt biologically
based exposure standards Furthermore, there is widespread
belief that governments are ignoring this evidence and there is
widespread distrust of and lack of confidence in governments
and their health agcncws The basis on which most review
bodies and standard-setting agencies have avoided the con-
clusion that the science is strong enough to warrant new safety
limits for ELF and RF is to require a demonstration of ebso-
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 sc»cnce. although this runs counter to good
public health l:rmlecuan policies, -

There is no qucsuon that global implementation of the
safety standards pmposed in the Bioinitiative Report, if
implemented abruptly and without careful planning, have the
potential to not only bc 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,
especially in young people, as well as neurobehavioral prob-
lems at incmasing frequencies. The benefits of the status quo
are expansion and oonunued development of communica-
tion technologies. But we suspect that the true costs of even
existing technologies will only become much more apparent
with time. Whether the costs of remedial action are worth the
societal benefits is a formula that should reward precaution-
ary behavior. Prudent corporate policies should be expectedio
address and avoid future risks and liabilities, otherwise, there -
is no market incentive to produce safe (and safer) products.

The deployment of ncw technologies is running ahead of
any reasonable estimation of possible health impacts and esti-
mates of probabilities, Jet alone a solid assessment of risk.

owever, what has been missing with regard 10 EMF has
bean an acknowledgement of the risk that is demonstrated by
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the scientific studics. There is clear evidence of risk, although
the magnitude of the risk is uncentain, and the magnitude of
doing nothing on the health effects cost to society is simi-
larly uncertain. This situation is very similar to our history of
dealing with the hazards of smoking decades ‘ago, where the
power of the industry to influence governments and even con-
ficts of interest within the public health community delayed
action for more than a gen:muon. with consequent loss of life
and enormous extra health care costs to society. New stan-
dards are warranted now, based on the totality of scientific
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 Iuss of
public trust by ignoring the problem.

Direct medical and rehabilitative health costs' assocmted
with treatment for diseases that are reasonably related to
wireless technclogies may be very large.- Although there

is uncertainty involved in how much disease is related to .

wireless exposures, the mere scale of the problem with sev-
eral billion users of cell phones and even larger impacts
on- bystander populations (from cell site exposures, from
other WI-FI and wireless exposures in-home and commer-
cial use, etc.) the associated public health costs will likely
be monumental. Furthermore the costs to families with can-
cers, neurological discases or learning disabilities in children
related in pant or in.whole to wireless technologies extend

beyond medical costs. They may reasanably extend to fam-.

ily disruption and family psychological problems, losses in
job productivity and income loss. ‘-, ‘

- The history of governments and their ofﬁcxal hcnllh agen-
cies to deal with emerging and newly identified risks to health
isnot good [147-149]. This is particularly true where industry
investments in new products and technologies occur without
full recognition, disclosure or even knowledge of possible
health-consequences. Large economic investments in pol-
luting industries often make for perilously slow regulatory
action, and the public health consequences may be very great
as a result [150,151).

Free markets do not internalize the costs to soclety of
“guessing wrong". Unexpected or hidden health costs of new
technologies may not be seen for many years; when the ability
to recall or to identify.the precise exposures related to'dis-
case outcomes is difficult or impossible: The penalty nearly
always falls to the individual, the family or the taxpayer and
not to the industry that benefits economically—at Jeast in
free-market economies. Thus, the profits go to industry but
the costs may go to the individual who can suffer both dimin-
ished quality of life and health and economic disadvamage.
I all disease endpoints that may be reasonably related to
chronic-exposure to"electromagnetic fields: are’ considered
even a smell atributable fraction for one or more indus-
tries, #t will have enormous global impact on public health,
The public health implications are immense. But they can
be reduced by strong government and public health inter-
ventions providing information on aliernatives to wireless
technologies, public education campaigns, health advisories,

-
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Table |
Public health impllcanons of wurlm lechnolopa argue for dnngc in
govemmental and health agency sctions.

Secure US and EU legislative mandates for safer technologies for
communication and data tansmission, for sccurity and sucveillance
needs. .

Promote wired -ltcmauves for voice md data communication (able.
fiber-optic)

Discourage or ban use of cell phonea by children lnd youn; tzzn-agers

Provide permanent {unremovable) labels on cell phones “Not for use by
chikiren under the age of 16"

Implement national public education umpugns on health issoes (cell
phones, cordleas phones, FDAs, wirelcss interney, city-wide WI-FI.
WLAN and WIMAX exposures . -

Promote industry redesign for safer products: suppon innovation for
alematives and solutions

Slow or stop deployment of wireless technologies to ducounge reliance
on wircless technologies for communication and security needs

Put the burdext of proof on Mumy(oshw“ncwmlnss tech" is safe
befote deployment ', .

Adopt and enforce restricted use areas for smslmve or more vulnerablc .
segments of socicty including Jow-EMF environmeats in public arcas
and “No Cell” zones in aitports, hospitals. schools

Acknowledge FCC and ICNIRP lhcnml uf:ty sundards [ obsoleu: for
wireless technologies *+'' ' °

Appoint new standard-sening bodies nnulm w:th bmlogml efrecu [
develop new guidelines for public safety limits, -+« |

Develop new biologically based sunduds that addzen low-mtensny
chronic exposures

Require standard of evideace md lcvel of proof= public health

Reject “causal” standard of evidence for taking action on science -

Make industry ﬁmnmlly luble for“ guessm; wmng" and ignoting health
risks . ,

ot

requirements for redesign of wireless devices, proscription of
use of wircless devices by children and tecnagers; strong and
independent research programs on causes and prevention of
EMF-related diseases, and consultation with all stakehold-
ers on issues relating to involuntary exposures (bystander or
second-hand radiation exposures from wireless technologies)
(Table 1).

The scientific mformatmn conlamed in this Supplement
argues for thresholds or guidelines that are substantially
below current FCC and ICNIRP standards for, localized
exposures to wireless devices and for whole-body exposure.
Uncertainty about how Jow such standards might have to,
go to be prudent from a public bealth standpoint should .
not prevent reasonable cffors to respond to the informa-
tion at hand. No lower limit for bioeffects and adverse health
effects from RF has been established, so the possible health
risks of wircless WLAN and WI-FI systems, for example,
will require further research. No assertion of safety at any
level of wireless exposure (chronic exposure) can be made
nt this time. The lower limit for reported human health
effects has dropped 100-fold below the safety standard (for
mobile phones and PDAs); 1000-10,000-fold for ather wire-
less (cell towers at distance; WI-FI and WLAN devices), The
entire basis for safery standards is called into question, and
it is not unreasonable to question the safety of RF at any
level.



C. Sage. D.O. Carpenter / Pathophysivlogy 16 (2009) 233-246 241

It is likely that for both ELF and RF, as for other carcino-
gens, there is no threshold of exposure that is without risk,
but the magnitude of the risk increascs linearly with the level
of exposure, Qur society will not go back to the pre-electric
and pre-wireless age, but the clear evidence of health haz-
ards to the human population from exposure mandates that
we develop ways in which to reduce exposure through educa-
tion, new technologies and the establishment of biomedically
based standards.

7. Conclnslons and mommended actlons

New ELF limits are wammed based on a puhhc health
analysis of the overall existing scientific evidence. These lim-
its should reflect environmental levels of ELF that have been
demonstrated to increase risk for childhood leukemia, and
possibly other cancers and neurological diseases. ELF lim-
its should be set below those exposure levels that have been
linked in childhood Jeukemia studies to increased risk of djs-
case, plus an additional safety factor. Itis no longer acceptable
to build new power lines and electrical facilities that place

people in ELF environments that have been determined to -

be risky. These levels are in the 24 milligauss (mG) range
{0.2-0.4 uT), notin the 10 s of mG or 100 5 of mG. The exist-
ing ICNIRP limit is 1000 mG (100 wT)and 904 mG (90.4 uT)
in the US for ELF is outdated and based on faulty assump-
tions. Thesc limits are can no Jonger be said to be protective
of public health and they should be replaced. A safety buffer
or safety factor should also be applied to a new, biologically
based ELF limit, and the coaventional approach is to add a
safety factor lower than the risk level.

While new ELF limits are being developed and imple-
mented, a reasonable approach would be a 1 mG (0.1 uT)
planning limit for hebitable space adjacent to all new or
upgraded power lines and a 2mG (0.2 oT) limit for all
other new construction. It is also recommended that a | mG
{0.1 kT) limit be established for existing habitble space
for children and/or women who are pregnant (because of
the possible link between childhood leukemia and in utero
expasure to ELF). This' recommendation is -based on the
assumption that a higher burden of protection is required for
children who cannot protect themselves, and who are at risk
for childhood leukemia at rates that are traditionally high
enough o trigger regulatory action. This situation in partic-
ular warrants extending the 1 mG (0.1 1 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 reconstruct all existing electrical distsi-
bution systems, in the short-term; steps o réduce exposure
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 are commonly
associated with increased risk of childhood leukemis (in the
2-5mG (0.2-0.5 uT) range for all children, and over 1.4 mG
(0.14 pT) for children age 6 and younger). Nearly all of

the occupational studies for adult cancers and neurologi-
cal diseases report their highest exposure category is 4mG
(04 uT) and above, so that new ELF limits should target
the exposure ranges of mterest and not neoessanly higher
ranges,

Avoiding chronic ELF exposure in schools. homes and the
workplace above levels associated with increased risk of dis-
ease will also avoid most of the possible bioactive parameters
of ELF discussed in the 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 exposures that are commonly- associ-
ated with increased risk of childhood leukemia (in the
2-5mG (0. Z-OSuDrange for all children, and over 1.4 mG
(0.14T) for chlldren age 6 and younger). Avoiding chronic
ELFexposure in schools homes and the workplace above lev-
els associated with increased 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 technologms that
chronically expose people to pulsed RF at levels reported to
causebioeffects, which in turn, could reasonably be presumed
to lead to serious health'impacts, is & public health concem.
There is suggestive to strongly suggestive evidence that RF
exposures may cause changes in ¢ell membrane function, cell
communication, reetabolism, activation of proto-oncogenes
and can trigger the productxon of stress proteins at expo-
sure levels below cumt regulatory limits. Resulting effects
can include DNA breaks and chromosome aberrations, cell
death including death ot' brain neurons, increased free-radical
production, activation of the endogenous opioid system, cell
stress and premature aging, changes in brain function includ-
ing memory loss, remrded learning, performance impairment
in children, headaches and fatigue, slecp disorders, neurode-
generative conditjons, reducuon in melatonin secretion and
cancers (Biolnitiative Repon Chapters 510, 12) [1].

This information now argues for thresholds or guidelines
that are substantially b_elow current FCC and ICNIPR stan-
dards for whole-body exposure. Uncertainty about how low
such standards might have to go to be prudent from a pub-
lic health standpoint should not'prevent reasonable efforts
to respond to the information at hand. No lower. limit for
bioeffects and adverse health effects from RF has been estab-
lished, so the possible health risks of wireless WLAN and
WI-FI systems, for example, will require further research
and no assertion of safery at any level of wireless expo-
sure (chronic exposure) can be made at this time. The lower
limit for reported human health effects has dropped 100-fold
below the safety standard (for mobile phones and PDAs);
1000-10,000-fold for other wireless (cell towers at distance;
WI-FI and WLAN devices). The entire basis for safety stan-
dards is called into question, and it is not unreasonable to
question the safety of RF at any level.

A cautionary target level for pulsed RF exposures for
ambient wireless that could be applied to RF sources from cell
tower antennas, WI-FI, WI-MAX and other similar sources
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is proposed. The recommended cautionary wgei levelis Q.1 .

microwatts per centimeter squared (uW/cm?) (or 0.614 V per
meter or V/m) for pulsed RF where these exposures affect the
general public; this advisory is proportionate to the evidence
and in accord with prudent public health policy. A precau-
tionary limit of 0.1 WW/cm? should be adopted for outdoor,
cumulative RF exposure. This 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 experienced 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 uW/cm? would mean an even lower exposure level inside
buildings, perhaps as low as 0.01 wW/cm?, Some studies and
many anecdotal reporis on ill health have been reported at
lower levels than this; hawever, 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 further rollout of WI-FI tech-
nologies, we also recommend that wired altemmatives to WI-FI
- be implemented, particularly in schools and libraries so that

children are not subjected to elevated RF levels until more is.
understood about possible health impacts. This fecommen- .

dation should be seen as an interim precautionary limit that is
intended to guide preventative actions; and more conservauve
limits may be needed in the future. © -, .-

Broadcast facilities that chronically expase nca:by res-
idents to elevated RF levels from AM, FM and television
antenna transmission are also of public health concem given
the potential for very high RF exposures near these facilities
(antenna farms). RF levels can be in the 105 t0 several 100s
of puW/cm? in residential areas within haif a mile of some
broadcast sites (for example, Lookout Mountain, Colorado
and Awbrey Butte, Bend, Oregon). Like wireless communica-
tion facilities, RF emissions from broadcast facilities that are
located in, or expose residential populations and schools to
elevated levels of RF will very likely need to be re-cvalualed
for safety.

.For.emissions.from wireless devices (cell phones. per-
sonal digital assistant or PDA devices, etc.) there is enough

.o R
P LN PR

evidence for increased risk of brain tumors and acoustic neu- -

romas now 1o warrant intervention with respect to their use.
Redesign of cell phones and PDAs could prevent direct head
and eye exposure, for cxample, by designing new units so
that they work only with a wired headset or on speakerphone
mode.

These effects can reasonably be presumed to result

in adverse “health effects and “disease” with "chronic and -

uncontrolled exposures, and children may be particularly
vulnerable. The young are also largely unsble to remove
themselves from such environments, Second-hand radiation,
like second-hand smoke is an issue of public health concern
bascd on the evidence at hand.

In summary, the following recommendations are made:

o ELF limits should be set-below those exposure levels
that have been linked in childhood levkemia studies to
increased risk of disease, plus an additional safety factor.
It is no longer acceptable to build new power lines and
electrical facilities that place people in ELF eavironments
that have been determined to be risky (at levels generally
at 2mG (0.2 uT) and above). .

e While new ELF limits are being devcloped and unple-
mented, a reasonable approach would be a 1 mG (0.1 uT)
planning limit for habitable space adjacent to all new or
upgraded power lines and a 2mG (0.2 uT) limit for all
other new construction, It is also recommended for that
a 1mG (0.1 pT) limit be established for existing habit-
able space for children and/or women who are pregnant.
This recommendation is based on the assumption that a
higher burden of protection is required for children who
cannot protect themselves, and who are at sisk for child-
hood leukemia at rates that are traditionally high enough
10 trigger regulatory action. This situation in particular
warrants extending the 1 mG (0.1 wT) limit to exxsung
occupied space. “Establish” in this case probably | means
formal public advisories from relevant health agencies.

¢ While it is not realistic to reconstruct all existing clectrical
distributions systems,:in the-short-term; steps .to reduce
exposure from .these existing. systems need to be.initi-
ated and should be encouraged, espccm.lly in pinces where
children spend time, -

¢ A precautionary limit.of 0. 1 p.chm (whlch is also
0.614 V per meter) should be adopted for outdoor, cumula-
tive RF exposure, This 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 10 school. This level of RF is experienced
as whole-body exposure, and can be a chronic exposure
where there is wireless coverage present for voice and
data transmission for cell phones, pagers and PDAs and
other sources of radiofrequency radiation. Some studies
and many anccdotal 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 bur-
dens placed on the public nearest to such installations.
Although this RF target level does not preclude further
roliout of WI-FI technologies, we aiso recommend that
.wired alternatives to WI-FI be implemented, particularly
in schools and libearies so that children are not subjected
to elevated RF levels unti! 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 conscrvauve lumts may be
needed in the future. ot
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The London Resolution

Olle Johansson *

l The Experimental Dermaiology Unit, Karolinska Institute. Depariment of Neuroxrcience, Stockhotm, Sweden

\

At a scientific conference on 27th November 2007
entitled—"Are Present ICNIRP EMF Exposure Recommen-
dations Adequate?”, hosted by Roger Coghill and Robert
Verkerk, at the Royal Society, London, scientists endorsed
the Biolnitiative Report, extended the 2006 Benevento Res-
olution and resolved that:

*“We, the undersigned, do call on the UK Health Protection
Agency (HPA), UK Government and all the health protec-
tion agencies and governments world-wide, to take note of
the findings and recommendations in the Bioinitiative Repon
(2007) [1] and its predecessors the Benevento Resalution
(2006) [2], the Catania Resolution (2002) [ 3] and the Salzburg
Resolution (2000) [4] 1o immediately reduce the guidelines
for exposure to radiofrequency radiation (RF) and extremely
low-frequency electromagnetic' ficlds (ELF-EMF) for the
following reasons:

o Theoverwhelming evidence of adverse non-thermal health
effects at exposures many times below the current guide-
lines.

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

o The vast proliferation of wircless networks and devices
beyond those envisaged at the time the current guidelines
were set.

We call for the ICNIRP to reconvenc as a mat-
ter of urgency to reassess the exposure guidelines and
to develop and implement biologically based public
safety limits reflecting the overall scientific evidence that
existing ICNIRP guidelines are not sufficiently protec-
tive against health cffects from chronic exposures to
the rapidly increasing environmental-leve] ELF-EMF and

* Tel.: +46 8 52487073; fax: +46 B 303904.
E-mail address: olle johansson@Ki.sc.
! Magnetic fields at 50-60 Hz.

0928-4680/3 — set fromt matter
dui:10.10] 64 pathophys. 2009.03.005

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, for ELF-EMF and RF, that address
reported biological effects, which, with prolonged expo-
sure, can reasonably be presumed to result in adverse
health consequcncm's.

o In the absence of such recommendations we suggest as

an intermediate step that the HPA and UK Government

immediately implerhent the ELF-EMF and RF recommen-

dations of the Biolnitiative Report 2007 and strive for the
recommendations of the Public Health Department of the
Government of Salzburg (2002) of 0.06 V/m for outdoor
and 0.02 V/m for ingoor RF exposure,

Based on the preca'utionary principle, children and vul-

nerable groups (such‘las people with epilepsy and heart
conditions) should not be exposed to a risk of harm, thus
we propose that

Children under 16 should use mobile phones and cordless
phones for emergency calls only.

No Wi-fi, WiMax of other forms of wireless networking
are placed in homes,) schools or public areas or promoted
for use thereof,

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 cither singly or by accumulation. Such gudits
should be widely publicised and made available for public

scrutiny. l

The precautionary principle needs to be implemented.”
Signed: |

Prof. Christopher Busby, School of Biomedical Sciences,
Faculty of Life and Health Sciences, University of Ulsters

Coleraine, UK 5
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Mr. Roger Coghill, MA (Cantab) C Biol Mi Biol MA
(Environ Mgt), Coghill Rescarch Laboratories, Pontypool,
Wales, UK

Dr. Andrew Goldsworthy, Honorary Lecturer, Imperial
College, London, UK

Dr. Lennart Hardell, University Hospital, Orebro University,
Orebro, Sweden

Prof. Olle Johansson, Experimental Dermatology Unit,
Department of Neuroscience, Karolinska Institute, and The
Rayal Institute of Technology, Stockholm, Sweden

Dr. Gerd Oberfeld, Public Health Department, Salzburg
Government, Salzburg, Austria

Mr. Alasdair Philips, B.Sc. (Eng), Director, Powerwatch,
Sutton in the Isle, UK

Mr. Graham Philips, MBCS, Technical Manager,
Powerwatch, Ely, UK

Ms Cindy Sage, Co-Editar, Biolniliative Report, Santa
Barbara CA, USA
Dr. John Walker, Chartered Physicist, Suiton Coldficld, UK
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