
Netanya, Israel (1997-1998)

New cell phone tower set up in city of Netanya, Israel, in July, 1996.
1500 watt, 850 MHz.
Power density in the whole exposed area was far below 0.53 μw/cm2.
This is 1000 times less than the FCC Guidelines of 600 μW/cm2 for 850 MHz exposure.

Comparison of cancer rates during the second year of exposure, in 677 long-term residents near the tower, compared to 1,222 
matched controls living in another area of the city.

Wolf R, Wolf D. Increased Incidence of Cancer Near a Cell-Phone Transmitter Station. International Journal of Cancer Prevention (2004); 1(2):1-19.

(p < 0.0001)

Netanya, Israel - Relative Cancer Risk
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Relative risk of cancer in residents near a new cell phone tower in Netanya, Israel, during the second year of exposure.
Overall risk of cancer in Area A was 4.15 times higher than in the town as a whole.
For men in area A, the cancer rate was 1.4 times higher.
For women in area A, the cancer rate was 10.5 times higher (p < 0.0001) 
 [the probability of this beeing a random finding is one hundredth of 1%

Wolf R, Wolf D. Increased Incidence of Cancer Near a Cell-Phone Transmitter Station. International Journal of Cancer Prevention (2004); 1(2):1-19.
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Naila, Germany (1999-2004)

Town of ~ 1100 residents.
Cell tower installed in 1993.
Medical of 1000 residents reviewed for the years 1994-2004.
Comparison of cancer incidents in residents living within 400 meters of the cell phone tower, 
 compared to residents living farther away,
 and compared to the death rates for the province as a whole.

Eger H, Hagen K, Lucas B, Vogel P, Voit H. The Influence of Being Physically Near to a Cell Phone Transmission Mast on the Incidence of 
Cancer. Umwelt·Medizin·Gesell-schaft (2004); 17(4):1-7.

Cancer Incidence in Naila (1999-2004)

*

Fig. 3 : Number of new cancer cases 1999 to 2004, adjusted for age and gender, calculated for the 5,000 patient years

Y axis:  Cancer incidence 1994 - 2004 (new cases per 5000 patient years).

 * Saarland = predicted rate based on the cancer registry for the federal state of Saarland.
 ** Naila = incidence for the town as a whole.
 Inner area = residence within 400 meters of the tower.
 Outer area = remainder of community.
In the inner area, the risk of cancer incidence was three times as high after five or more years of exposure.  
In addition, the patients that live within 400 metres tend to develop the cancers at a younger age.
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Hausmannstätten & Vasoldsberg, Austria (1984-1997)

NMT 450 cell tower, operational from 1984-1997.
Case/control study of cancer patients living within 1200 meter radius of the tower.

Oberfeld G. Environmental Epidemiological Study of Cancer Incidence in the Municipalities of Hausmannstätten & Vasoldsberg (Austria). 
Provincial Government of Styria, Department 8B, Provincial Public Health Office, Graz, Austria (2008):1-10.  http://www.emf-health.com/
PDFreports/Austrianstudy.pdf
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Odds ratio of cancer incidence — stratified by exposure levels (exterior to dwelling) in μW/m2 .
 Note:  FCC thermal safety guidelines ~ 6,000,000 μW/m2)
In the highest exposure category: 
 Breast cancer risk was 23 times higher, 
 Brain cancer risk was 121 times higher.

Oberfeld G. Environmental Epidemiological Study of Cancer Incidence in the Municipalities of Hausmannstätten & Vasoldsberg (Austria). 
Provincial Government of Styria, Department 8B, Provincial Public Health Office, Graz, Austria (2008):1-10.  http://www.emf-health.com/
PDFreports/Austrianstudy.pdf
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Belo Horizonte, Brazil (2011)

Belo Horizonte is the capital of Minas Gerais state in Brazil, population 2,258,096 in 2010.
 Rated by the U.N. in 2007 as having the best quality of life in Latin America.  
By 2006, 856 cell phone towers had been installed in the city.

Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas 
Gerais state, Brazil. Sci Total Environ (2011); 409(19):3649-3665.

incidence in the women of group A was significantly higher (pb0.0001)
than the cancer incidence of groupB and the city as awhole. A relative risk
comparison revealed that there were approximately 4.15 more cases of
cancer in group A than in the population as awhole. The results, although
still not conclusive, indicated a necessity to revise the current exposure
limits in favor ofmore protective levels. Both the estimated andmeasured
power densities in the entire exposed area in Netanya were far below
0.53 μW/cm2, that is, approximately 800 times lower than the exposure
limit of 425 μW/cm2 for the frequency of 850MHz from the ICNIRP
guidelines.

The aforementioned studies, which aimed to find evidences of an
increase in cancer incidence with proximity to mobile phone BSs,
warrant additional research, because the cellular phone technology is
relatively new and the associated total amount of environmental
radiation is far from negligible.

The inhabitants of the Belo Horizonte municipality and the
scientific community in general are also concerned about the number

of already installed BSs and the proliferation of new wireless BSs, not
only for telephony but also for television. The number of mobile
phone BSs, which equaled 474 in 2003, had reached approximately
856 in 2006.

Thus, this research to study health was conducted in a broad
environmental context, aiming to verify if there is a spatial
correlation between the cellular telephony system BS location and
the cases of death by neoplasia during the period between 1996 and
2006.

2. Materials and methods

2.1. Area of study

The Belo Horizonte municipality, with an area of approximately
300 km2 of area, has a tropical climate and is located at an average
altitude of 900 m (minimum of 800 m and maximum of 1200 m)

Fig. 3. Horizontal and vertical radiation patterns per sector of BS site BH 20 (KATHREIN MOBILCOM BRASIL LTDA. HUEMER E. and LENSIG Kl-, 1999).

3652 A.C. Dode et al. / Science of the Total Environment 409 (2011) 3649–3665

Environmental monitoring of RF power densities in the city was performed.
 In 2003, the highest recorded power density in the city was 3.06 μW/cm2.

" In 2008, the largest recorded power density was 40.78 μW/cm2, 13 times higher than in 2003.

40 μW/cm2 is 15 times less than the FCC Exposure Guidelines.

Fig. 3. Horizontal and vertical radiation patterns per sector of BS site BH 20 

From:  Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais 
state, Brazil. Sci Total Environ (2011); 409(19):3649-3665.
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determined by dividing the total number of deaths during the period
(n=7191) by the total population living in the municipality
(2,238,332), showed that there was a risk of dying of 32.12 per 10,000
inhabitants, as seen in Fig. 15. In this study, thisfigure represents thenull
hypothesis, i.e., the total number of deaths occurring in the period
divided by the population, independent of the proximity to the BSs.
Fig. 16 shows the distribution of the number of deaths by neoplasia
versus duration of exposure since the date of operation of the first
antenna in each analyzed CT.

3.6. Environmental monitoring of the electromagnetic field

The EMF results provided essential information for the assessment of
risks to the health of the exposed persons in the community. A total of

400 points were measured in the Central-Southern region in 2008,
where a major concentration of cellular telephony antennas was found.
Themean intensity of themeasured electric field was 7.32 V/m, varying
from 0.4 to 12.4 V/m. It was common to find a stronger electric field at
locations above the ground. The BS frequency bands ranged from
approximately 800 MHz to 1800 MHz. In 2003, the power density
varied from 0.898 μW/cm2 to 3.066 μW/cm2.

4. Discussion

Electric and EMFs interact with biological systems because they
penetrate into organs and tissues, and the biological systems are ruled by
delicate bioelectrochemical reactions that sustain the vital processes and
receive the influence from those fields. As demonstrated in the literature

Fig. 8. Installed BSs in the Belo Horizonte municipality until 2006. Total amount=856.

3659A.C. Dode et al. / Science of the Total Environment 409 (2011) 3649–3665

The authors used the Telecommunications National Agency database to map the locations of the 856 cell phone 
towers that existed in the city as of December 2006.

Fig. 8. Installed BSs in the Belo Horizonte municipality until 2006. Total amount = 856.

Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais state, 
Brazil. Sci Total Environ (2011); 409(19):3649-3665.

Fig. 10. Sample of geocoded deaths and BS locations in downtown Belo Horizonte City located in Central-Southern region.

3661A.C. Dode et al. / Science of the Total Environment 409 (2011) 3649–3665

They then cross-referenced health department records of death by neoplasia 
 with census and demographic city population data 
to locate the residence of all individuals who had died of cancer in the city between 1996 and 2006.

Fig. 10. Sample of geocoded deaths and BS locations in downtown Belo Horizonte City located in Central-Southern region.

From:  Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais state, Brazil. Sci 
Total Environ (2011); 409(19):3649-3665.
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Belo Horizonte, Brazil (2011)

This allowed them to calculate the distance between the deceased individuals’ residences and the closest cell phone 
tower, in meters.

Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais state, 
Brazil. Sci Total Environ (2011); 409(19):3649-3665.

Belo Horizonte, Brazil (2011)

Residential Distance from Cell Phone Base Station

Analysis of this data showed that the cancer death rate was significantly elevated at proximities closer than 
500 meters to cell phone towers.

Fig. 15. Rate of mortality by neoplasia, according to the distance from the BS in Belo Horizonte municipality, from 1996 to 2006, and the null hypothesis 
(blue line).

Dode AC, Leao MM, Tejo Fde A et al. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas 
Gerais state, Brazil. Sci Total Environ (2011); 409(19):3649-3665.
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Impaired Fertility in Fruit Flies

Insects are remarkably resistant to ionizing radiation and radioactivity.
They appear to be much more sensitive to the effects of microwave radio frequency exposures.

In a recent study, fruit flies were exposed to 10 μW/cm2 of GSM 900 MHz or 1800 MHz digital RF.
 This exposure level is 100 times lower than the FCC Guidelines of 1000 μW/cm2

Exposures were for one single exposure intervals per day for five days, ranging from 1 to 21 minutes per day.

Panagopoulos DJ, Margaritis LH. The effect of exposure duration on the biological activity of mobile telephony radiation. Mutat Res (2010); 699(1-2):17-22.

20 D.J. Panagopoulos, L.H. Margaritis / Mutation Research 699 (2010) 17–22

Table 2
Effect of different exposure durations of DCS 1800 MHz radiation on the reproductive
capacity of Drosophila melanogaster.

Experiment
no.

Groups (daily
exposure duration
for five consecutive
days)

Mean number of
F1 pupae per
maternal fly

Deviation from
sham-exposed
(SE) groups

2.1 SE (0 min) 11.7
E1 (1 min) 7.8 −33.3%
E2 (6 min) 7.7 −34.2%
E3 (11 min) 6.2 −47.0%
E4 (16 min) 4.9 −58.1%
E5 (21 min) 3.9 −66.7%

2.2 SE (0 min) 12.9
E1 (1 min) 8.6 −33.3%
E2 (6 min) 8.3 −35.7%
E3 (11 min) 6.9 −46.5%
E4 (16 min) 5.9 −54.3%
E5 (21 min) 5.0 −61.2%

2.3 SE (0 min) 14
E1 (1 min) 9.0 −35.7%
E2 (6 min) 7.3 −47.9%
E3 (11 min) 7.1 −49.3%
E4 (16 min) 6.4 −54.3%
E5 (21 min) 5.7 −59.3%

2.4 SE (0 min) 14.3
E1 (1 min) 9.3 −35.0%
E2 (6 min) 8.4 −41.3%
E3 (11 min) 7.5 −47.5%
E4 (16 min) 6.7 −53.1%
E5 (21 min) 5.5 −61.5%

2.5 SE (0 min) 12.9
E1 (1 min) 8.2 −36.4%
E2 (6 min) 7.2 −44.2%
E3 (11 min) 6.3 −51.2%
E4 (16 min) 5.7 −55.8%
E5 (21 min) 4.9 −62.0%

2.6 SE (0 min) 12.5
E1 (1 min) 7.4 −40.8%
E2 (6 min) 6.7 −46.4%
E3 (11 min) 5.9 −52.8%
E4 (16 min) 5.0 −60.0%
E5 (21 min) 4.4 −64.8%

Average ± SD SE (0 min) 13.05 ± 0.96
E1 (1 min) 8.38 ± 0.72 −35.8%
E2 (6 min) 7.60 ± 0.66 −41.8%
E3 (11 min) 6.65 ± 0.61 −49.0%
E4 (16 min) 5.77 ± 0.73 −55.8%
E5 (21 min) 4.90 ± 0.67 −62.4%

Fig. 1. Reproductive capacity (mean number of F1 pupae per maternal fly) of groups
exposed to GSM 900 MHz radiation for different daily exposure durations (1, 6, 11,
16, and 21 min) for five consecutive days, and of sham-exposed groups (no expo-
sure).

Fig. 2. Reproductive capacity (mean number of F1 pupae per maternal fly) of groups
exposed to DCS 1800 MHz radiation for different daily exposure durations (1, 6,
11, 16, and 21 min) for five consecutive days, and of sham-exposed groups (no
exposure).

that differ 10 min in exposure duration between them (e.g. E1–E3,
E2–E4, etc.) is in all cases P < 10−2.

We did not detect any temperature increases within the glass
vials during the exposures, for all the different exposure durations
tested.

4. Discussion

Our results show once again that both types of mobile tele-
phony radiation decrease considerably the reproductive capacity
of the flies, for all the periods of daily exposure duration tested,
from 1 to 21 min, although the intensity of radiation was only
10 !W/cm2, which is much lower than the established ICNIRP
limits of 450 !W/cm2 and 900 !W/cm2 for 900 and 1800 MHz,
respectively [41].

The statistical analysis clearly shows that the exposed
Drosophila groups differ in offspring production between them-
selves and compared with the sham-exposed groups, and this
difference is not due to random variations but to the effect of the
GSM/DCS fields. The reason why differences between groups dif-
fering only 5 min in daily exposure duration were not as strong
(P < 0.07 for GSM 900 and P < 0.08 for DCS 1800) as between groups
differing 10 min or more in exposure duration (P < 10−2), is only
that a 5-min difference in daily exposure duration was not enough
to show a large difference in reproductive capacity, since all the
exposures (even the shortest of 1 min daily) produced a significant
effect and all the exposed groups were significantly different from
the sham-exposed groups (P < 10−5). When the difference in expo-
sure duration is increased to 10 min or more, then the difference
in reproductive capacity between exposed groups becomes highly
significant.

The effect of both types of digital mobile telephony radiation on
the reproductive capacity seems to increase almost linearly with
increasing exposure duration from 1 to 21 min, suggesting that
short-term exposures to this radiation have cumulative effects on
living organisms.

We do not know whether longer short-term exposures than
21 min would result in an even higher decrease of reproductive
capacity, or whether the effect would saturate after a certain
exposure duration. This is left for future experiments. Our results
represent a first indication that this radiation can have cumulative
effects.

It is unknown whether long-term exposures of people or
animals residing in areas exposed to radiation by base-station
antennas also have cumulative effects, but this is possible as the

Impaired Fertility in Fruit Flies

0 = control group, with no exposure.

Even at one minute of exposure per day, a significant decrease in fertility is seen.

Fig. 2. Reproductive capacity (mean number of F1 pupae per maternal fly) of groups exposed to DCS 1800MHz radiation for different daily exposure durations (1, 6, 11, 16, 
and 21min) for five consecutive days, and of sham-exposed groups (no exposure).

Panagopoulos DJ, Margaritis LH. The effect of exposure duration on the biological activity of mobile telephony radiation. Mutat Res (2010); 699(1-2):17-22.
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Impaired Fertility in Mammals

This is a Wistar rat. 

A great deal of research has been done on the effects of microwave RF on laboratory animals.

RF-Radiation-Induced Changes in Mice 457

tion i), far from the ‘‘antenna park’’ in a more or less
free-of-RF radiation environment.

It was extremely difficult to use RF-free controls
at the mountain sites, because it was almost impossible
to make ‘‘electromagnetically screened cages.’’ Such
a cage should ideally provide high (of the order of 30
dB) screening at the frequency range between 88.5 and
950MHz (Commercial Radio FM band, UHF TV band,
and Mobile Communication band), and therefore
would require a very dense and well-grounded, highly Fig. 2. Comparison of the mean values { standard deviation of

number of newborns per dam and mating from all experimentalconductive external metal grid. Obviously, mice could
groups.hardly survive in such cages for about 5 months.

The litter was considered to be the experimental
unit for the analysis of data. We measured the crown-
rump length, the body weight, the number of the poste- some thymol crystals as contamination prevention).

The stained newborns were inspected for skeletal de-rior (lumbar, sacral, and coccygeal) vertebrae, the con-
genital malformations, and the ossification of the fects as well as for the degree of ossification of their

bones. The ossification of the skeleton and particularlyskeleton.
The RF power was measured in each position, of the vertebrae is an excellent and creditable indicator

of the prenatal exposure to noxious agents and can beusing an electric field meter and a low gain (4 dB)
wide-band (80–900 MHz) log-periodic antenna and a measure of development delay.
spectrum analyser. To obtain comparable results the
‘‘IEEE std. C95.3.1991’’ was used. On the third floor RESULTSof the public school, where the mice were situated, a
360 degree integration was also performed, due to the The RF power levels measured, although below

the limits proposed by the ‘‘ENV50166-2’’ and thedirectivity of the measuring antenna together with the
close proximity of the walls and metal furniture. Wher- ‘‘IEEE C95.1.1991’’ standards, are high and well

above the power levels that are likely to be measuredever iron bars or metal screens existed in front of the
windows, two series of measurements were carried out; in other European or U.S. residential areas. In fact, on

the third floor of the public primary school (positionone on each side of the screen.
The collected newborns were killed for examina- h), an average power density of 1.053 mW/cm2 was

found, equivalent to a specific absorption rate of 1.935tion. Their crown-rump length was measured, and they
were weighed and inspected under the dissecting mi- mW/kg. In the Hypaithrios Life Refuge (position d)

the average power density in which the mice werecroscope for external congenital malformations. Then
they were fixed and subsequently cleared and stained located was of the order of 168 nW/cm2. This reduced

level was due to the screening effect of the iron barsin toto by a double staining of their skeleton [Peters,
1977]. The procedure was lightly modified as follows: in front of the windows, which gave an 8–10 dB RF-

power decrease. The average power density levels inThe newborns were fixed with alcohol 86% for
3 days; their skin, eyes, and viscera were removed; position i (Laboratory of Anatomy, School of Veteri-

nary Medicine, University of Thessaloniki), where thethen they were immersed for 3 days in alcohol 100%
and for 4 days in a mixture of alcohol 100% and ether controls were placed and the fifth experimental matings

were performed, was 40 dB weaker.1:1. They were stained for 1–2 days with blue alcyan
coloration [alcohol 86% 80 ml, acetic acid 20 ml, al- The number of the littered newborns by the exper-

imental dams of groups A and B were, compared withcyan blue 20 mg] until the nonmineralised carti-
lagenous parts of the bones became blue. They were those littered by the controls, progressively reduced

from the first to the fifth pregnancy. This reduction isimmersed in alcohol 100% for 4 days. Then they were
stained for 12–24 days with red alizarin coloration more evident in group B and is clearly shown in Table

2 and in Figure 2.[KOH 1 g, H2O 100 ml, alizarin solution (alcohol 86%
saturated with alizarin red S) 0.1 ml] until the ossified On the other hand, the rest of the four measured

parameters, i.e., the crown rump length and the weightparts of the bones became red. They were immersed
in solution Mall I (KOH 1 g, distilled water 80 ml, and the number of the lumbar, sacral, and coccygeal

vertebrae increased in the newborns from groups A andglycerine 20 ml) until the transparency of their body
was completed. Finally, they were stored in a conserva- B compared with the controls. This was more evident in

group A than in group B (Table 2 and Fig. 3). Ation solution (distilled water and glycerine 1:1, with

833D/ 8507$$833d 06-27-97 09:08:37 bema W: BEM

Impaired Fertility in Female Mice

In one study, mice were kept in cages in a VHF/UHF antenna park in Thessaloniki, Greece.
Power densities ranged between 0.168 to 1.053 μW/cm2    [reported as 168 - 1053 nanowatts/cm2]

 This is about 1000 times lower than the FCC Guidelines of 600-1000 μW/cm2

With repeated matings, litter size decreased, until by the 5th mating, all the dams were infertile.
 This infertility was irreversible. 

Magras IN, Xenos TD. RF radiation-induced changes in the prenatal development of mice. Bioelectromagnetics (1997); 18(6):455-461.
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Impaired Fertility in Male Rats

0.21 mW/cm2 - 2 hrs/D x 45 DSham exposure

Reduced sperm production in male Wistar rats exposed to 10 GHz microwave RF.
0.21 mW/cm2 = one fifth of the FCC Guidelines of 1 mW/cm2

OTHER EFFECTS:  Increases in reactive oxygen species, increased free radical formation, decreased activity of glutathione peroxidase and 
superoxide dismutase, DNA strand breakage, increased apoptosis (cell death) in sperm cells, distortion of sperm structure, reduced 
testosterone levels, shrinkage of seminiferous tubules and testicular size, decreased number and weight of progeny.

Kesari KK, Kumar S, Behari J. Effects of radiofrequency electromagnetic wave exposure from cellular phones on the reproductive pattern in male Wistar rats. 
Appl Biochem Biotechnol (2011); 164(4):546-559.

Kesari KK, Kumar S, Behari J. Pathophysiology of microwave radiation: effect on rat brain. Appl Biochem Biotechnol (2012); 166(2):379-388.
Kumar S, Kesari KK, Behari J. Influence of microwave exposure on fertility of male rats. Fertil Steril (2011); 95(4):1500-1502.
Kumar S, Behari J, Sisodia R. Influence of electromagnetic fields on reproductive system of male rats. Int J Radiat Biol (2012); epub Nov 13:1-8

(p = 0.008) (p = 0.021) (p = 0.036) (p = 0.009)(p = 0.003)

WiFi Exposure Damages Sperm With Oxidant Stress.
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The rats were exposed to a Standard WiFi gateway, 24 hours a day for 20 days.

HSCORE = histological staining in testes for 8-OH-20-dG 
  [8-hydroxy-20-deoxyguanosine, byproduct of DNA damage]

Serum 8-OH-20-dG (ng/ml) [byproduct of DNA damage]

TBS = testicular biopsy score
 9 = Much spermatogenesis, but germinal epithelium disorganized with marked sloughing or obliteration of lumen

GPX = glutathione peroxidase, an antioxidant (consumed by oxidative stress in exposed rats). 

Atasoy HI, Gunal MY, Atasoy P, Elgun S, Bugdayci G. Immunohistopathologic demonstration of deleterious effects on growing rat testes of 
radiofrequency waves emitted from conventional Wi-Fi devices. J Pediatr Urol (2012); March 30.
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Impaired Fertility in Birds

In Valladido, Spain, a study compared the productivity of storks nesting closer and farther from a cell phone tower 
site.
30 nests within 200 meters of the antennae, were compared with 30 nests greater than 300 meters from the 
antennae

Balmori A. Possible Effects of Electromagnetic Fields from Phone Masts on a Population of White Stork. Electromagn Biol Med (2005); 24(2):109-119.

Impaired Fertility in Birds
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(p = 0.001) (p = 0.26)

Productivity was significantly reduced in birds in the high exposure group.

Average electric field intensity on nests within 200m = 2.36±0.82V/m (~ 1.48 μW/cm2) 

 This is more than 400 times less than the FCC Guidelines of 600-1000 μW/cm2

Average electric field intensity on nests further than 300m = 0.53 ± 0.82 V/m (~ 0.07 μW/cm2). 

Balmori A. Possible Effects of Electromagnetic Fields from Phone Masts on a Population of White Stork. Electromagn Biol Med (2005); 24(2):109-119.
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Impaired Fertility in Amphibians

Eggs and tadpoles of the European common frog (Rana temporaria) were exposed to RF/EFM from several cell towers 
located at a distance of 140 meters.

Duration of exposure was 2 months (from egg phase to advanced tadpole stage).

Control groups were placed in same conditions, but contained in a faraday cage that shielded the eggs from RF 
exposure.

Balmori A. Mobile phone mast effects on common frog (Rana temporaria) tadpoles: the city turned into a laboratory. Electromagn Biol Med 
(2010a); 29(1-2):31-35.

(EF Field Strength ~ 0.8-3.2 μW/cm2)

Impaired Fertility in Amphibians
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Control (in Faraday cage) Exposed

Exposure intensity 1.8 to 3.5 V/m (~ 0.8-3.2 μW/cm2).

 This is 200 times less than the FCC Guidelines of 600-1000 μW/cm2

[In the exposed group (n = 70), low coordination of movements and asynchronous growth was observed in living specimens, resulting in both 
big and small tadpoles.  In the control group (n = 70), growth was normal.]

Balmori A. Mobile phone mast effects on common frog (Rana temporaria) tadpoles: the city turned into a laboratory. Electromagn Biol Med 
(2010a); 29(1-2):31-35.
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Figure 1. Semen volume in 975 sperm donors recruited over 20 years 
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Figure 2. Sperm concentration in 975 sperm donors recruited over 20 years 
 

 
 

Impaired Fertility in Humans

Sperm counts have been dropping worldwide for the last several decades.
 (e.g. In New Zealand, 2.5% per year for the last 20 years).

Pesticides have been implicated.

Some evidence suggests that microwave RF exposure may also play a role.

Shine R, Peek J, Birdsall M. Declining sperm quality in New Zealand over 20 years. N Z Med J (2008); 121(1287):50-56.

(p = 0.0007)(p = 0.0007) (p = 0.0003)

Cell Phone Transmissions Decrease Sperm Motility in Vitro
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Samples of human sperm received 5 minutes exposure, 10 cm from a transmitting GSM 900 MHz cell phone.  
Average power density of exposure:  20 μW/cm2

 This is 30 times less than the FCC Exposure Guideline of 600 μW/cm2

(Y axis = values in %)
Erogul O, Oztas E, Yildirim I et al. Effects of electromagnetic radiation from a cellular phone on human sperm motility: an in vitro study. Arch 

Med Res (2006); 37(7):840-843.
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(p < 0.01)(p < 0.01)

Cell Phone Use Decreases Sperm Motility in Vivo
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Semen analysis performed on 371 men at a university clinic.
Health questionnaire included query of cell phone use habits.
(Y axis = values in %)

Fejes I, Zavaczki Z, Szollosi J et al. Is there a relationship between cell phone use and semen quality? Arch Androl (2005); 51(5):385-393.

different countries and continents. Exposure of radiofre-
quency energy depends upon the frequency of the cellular
phone. Analog phones operate at 450–900 MHz, digital
phones (Global System for Mobile Communications
[GSM]) at 850–1900 MHz, and third-generation phones at
approximately 2000MHz (15). For years the cell phone com-
panies have assured people that cell phones are perfectly safe.
For assessing exposure from transmitters located near the
body, the most useful quantity is the specific absorption
rate (SAR), the amount of radiofrequency energy absorbed
from the phone into the local tissues. The SAR of cell phones
varies from 0.12 to 1.6 W/kg body weight depending upon
the model. In the United States, the upper limit of SAR al-
lowed is 1.6 W/kg (16).

We studied the sperm parameters of 361 males attending
an infertility clinic after segregating them into four different
groups based on their daily active use of cell phone.We found
that most of the comparisons of four sperm parameters:
sperm count, motility, viability, and normal morphology be-
tween all the cell phone user groups were significantly differ-
ent. This led us to suggest that the use of cell phones may
adversely affect the quality of semen by decreasing the sperm
counts, motility, viability, and morphology, which might con-
tribute to male infertility. However, these four sperm para-
meters showed significant positive correlation among each
other. Therefore, the decrease in value of one sperm parame-
ter is bound to reduce the other parameter also. Another
significant finding of our study is the decline in the quality
of semen based on the active cell phone usage time. The lab-
oratory values of the four sperm parameters were lower in the

FIGURE 1

Sperm parameter profile for cell phone use groups.
The x-axis lists eight sperm parameters: 1¼ volume;
2 ¼ liquefaction time; 3 ¼ pH; 4 ¼ viscosity;
5 ¼ sperm count; 6 ¼ motility; 7 ¼ viability; and
8 ¼ percent normal morphology. The y-axis depicts
the mean value of the corresponding sperm
parameters for each cell phone use group.

Agarwal. Cell phone usage and male infertility. Fertil Steril 2008.
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Cell Phone Use Degrades Sperm Quality in Vivo

*
* *

*

* *
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*

*

* (p < 0.05)
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pH Viscosity

Three hundred sixty-one men undergoing infertility evaluation were divided into four groups according to their active 
cell phone use: 
group A: no use; group B: <2 h/day; group C: 2–4 h/day; and group D: >4 h/day.

With greater than two hours a day of reported talk time, significant reduction in sperm count, motility, viability, and % normal 
morphology were observed.

[One can assume that with texting rather than talking, the data might be even worse . . .  as the phone antenna will be closer to the testes.]

Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J. Effect of cell phone usage on semen analysis in men attending infertility clinic: an observational study. 
Fertil Steril (2008); 89(1):124-128.
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Isothermal Exposure to 1.8 GHz RF Damages Sperm 
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Sperm exposed for 16 hours in vitro to 1.8 GHz (SAR = 27.5 W/kg) @ 21ºC (isothermal conditions).

Sperm damage correlates with increased free radical (ROS) production.
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De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species production and DNA damage in human 
spermatozoa in vitro. PLoS One (2009); 4(7):e6446 (1-9).

Discussion

While a high proportion of the male population suffers from
infertility associated with defective sperm function [17], the
etiology of this condition remains largely unresolved. Notwith-
standing the general paucity of information in this area, recent
studies have highlighted the interesting finding that male infertility
patients are frequently characterized by high levels of DNA
damage to their spermatozoa [18]. In light of these data, we have
hypothesized that the disruption of sperm fertilizing potential and
the concomitant presence of high levels of DNA damage in the
sperm nucleus involves a common causative mechanism in the
form of oxidative stress [19].
Oxidative stress has been known for some time to limit the

fertilizing potential of human spermatozoa through the induction
of peroxidative damage to the sperm plasma membrane [13,20].
Oxidative stress is also known to be associated with DNA damage
in human spermatozoa [21]. Furthermore, the source of the free
radicals responsible for generating such stress appears to be the
mitochondria [15]. However, the factors responsible for inducing
the mitochondria to leak electrons and propagate the production
of ROS have not been elucidated. The research described in this
article suggests that one of the key environmental factors involved
in the stimulation of sperm mitochondria to produce high levels of
ROS, might be excess exposure to RF-EMR from sources such as
mobile phones.
In a pilot study, human spermatozoa were found to respond to

RF-EMR (at 1.8 GHz with a SAR of 27.5 W/kg) with a range of
negative changes including dramatic declines in both sperm
vitality and motility. We also observed significant increases in both
cytoplasmic ROS levels (DHE) as well as mitochondrial ROS
levels (MSR) after RF-EMR exposure. We have previously shown
that the chemical induction of mitochondrial ROS production
with rotenone can precipitate a state of oxidative stress leading to

high levels of lipid peroxidation and a loss of sperm motility [15].
Therefore, these data highlight the particular vulnerability of
human spermatozoa to oxidative attack and the potential
significance of sperm mitochondria in the generation of free
radicals.
To assess whether similar effects could be observed at lower

power densities, closer to the SAR values associated with mobile
phones (0.5–1.5 W/kg) a dose-dependent analysis was conducted.
In addition to the conventional assessments of motility and vitality,
assays were included to assess the potential for RF-EMR to induce
sperm DNA damage and further, whether the DNA damage was
oxidative in nature. Confirmation of the detrimental effects of RF-
EMR on human sperm was again observed. Over the power
density range employed, a significant (P,0.001) dose-dependent
response for all sperm parameters was observed, including
motility, vitality, ROS generation by the whole cell, ROS
generation by the mitochondria, oxidative DNA damage and
DNA fragmentation. Furthermore, the profiles of all the observed
effects with respect to SAR were intriguingly similar, suggesting a
common underlying mechanism.
Specifically, all of the responses examined showed an extremely

rapid change at low SAR exposures that then reached a plateau at
a point where around 30% of the sperm population was affected.
This suggests that while we were careful to use only Percoll-
purified, high quality spermatozoa in this analysis, there exists
within this cell population, a cohort of spermatozoa that are
particularly vulnerable to the induction of oxidative stress by RF-
EMR. These spermatozoa may have compromised mitochondria,
poorly remodeled chromatin or a combination of such factors
[15,22]. Heterogeneity within the sperm population is a feature of
the human condition. However, this does not mean that a majority
of spermatozoa would not, ultimately, be affected by RF-EMR in
vivo; much would depend on the duration of exposure. In vitro, we
are limited by the inability of human spermatozoa to survive for

Figure 2. RF-EMR exposure reduces motility and vitality of human spermatozoa, in an SAR dependent manner. Percoll-purified
spermatozoa (56106 cells) were suspended in 1 ml BWW in a 35 mm Petri dish and placed within the waveguide while control cells (closed circles)
were placed outside the waveguide. Cells in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels of 0.4, 1.0 2.8 4.3 10.1 and 27.5 W/kg
(open circles) for 16 h at 21uC. Both vitality and motility were reduced in a dose dependent manner. A, Vitality was significantly reduced at a SAR of
1.0 W/kg from 89%63% to 65%61% (**p,0.01). B, Motility was also significantly reduced at a SAR of 1.0 W/kg from 86%62% to 68%62%
(*p,0.05). All results are based on 4 independent samples.
doi:10.1371/journal.pone.0006446.g002

RF-EMR and Sperm In Vitro
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1.8 GHz RF Degrades Sperm Quality In Vitro

1.8 GHz RF at various intensities for 16 hours @ 21ºC
This is an isothermal exposure
Sperm vitality and motility are significantly detraded at SAR = 1 W/kg and above

Figure 2. RF-EMR exposure reduces motility and vitality of human spermatozoa, in an SAR dependent manner. Percoll-purified spermatozoa (5 x 106 cells) 
were suspended in 1 ml BWW in a 35 mm Petri dish and placed within the waveguide while control cells (closed circles) were placed outside the waveguide. 
Cells in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels of 0.4, 1.0 2.8 4.3 10.1 and 27.5 W/kg (open circles) for 16 h at 21uC. Both vitality 
and motility were reduced in a dose dependent manner. 

A, Vitality was significantly reduced at a SAR of 1.0 W/kg from 89% ±3% to 65% ±1% (**p,0.01). 

B, Motility was also significantly reduced at a SAR of 1.0 W/kg from 86% ±2% to 68% ±2% (*p,0.05). All results are based on 4 independent samples.
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more than 24 hours in a simple defined culture medium. In vivo,
spermatozoa may take up to a week to move from the seminiferous
tubules in the testes to the cauda epididymis and during the whole
of this time they would be vulnerable to RF-EMR exposure [23].
We recognize that these studies were conducted using spermatozoa

suspended in a simple defined culture medium rather than the
epididymal plasma in which they would be suspended in vivo.

Nevertheless the fact that effects on sperm quality have previously
been observed in both whole animal radiation experiments [3] and in
epidemiological studies of human subjects exposed to various levels of
mobile phone radiation [5,7,24], emphasizes the biological and
clinical relevance of these findings. Moreover, another recent study
has found that exposing human spermatozoa to mobile phone
radiation for 1 hour leads to significant declines in motility and

Figure 3. RF-EMR induces ROS generation in human spermatozoa, in an SAR-dependent manner unrelated to thermal effects.
Percoll-purified spermatozoa (56106 cells) were suspended in 1 ml BWW in a 35 mm Petri dish and placed within the waveguide while control cells
placed outside the waveguide (closed circles). Cells in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels between 0.4 and 27.5 W/kg
(open circles) for 16 h at 21uC. Also, purified sperm cells were subjected to incubation temperatures ranging from 21uC–50uC for 2 h. As the power
levels were increased, the cellular generation of ROS increased in a dose-dependent manner. ROS levels were also observed to increase as a result of
incubation temperature, but such results were not significant until the temperature exceeded 40uC. A, ROS generation (DHE response) was
significantly increased from control levels after exposure to 1.0 W/kg (*p,0.05) and above (***p,0.001). B, RF-EMR induces ROS generation by the
sperm mitochondria as monitored by MSR; significant increases were observed at SAR values of 2.8 W/kg (***p,0.001) and above. All results are
based on 4 independent samples. C, In order to control for thermal effects, the impact of temperature of cellular ROS generation was monitored; a
significant increase in ROS generation was observed as temperatures rose above 40uC (p,0.001). D, Across the entire data set, the total level of ROS
generation by human spermatozoa (DHE positive cells) was highly correlated with the level of ROS generation by the mitochondria (MSR positive
cells: R2 = 0.823).
doi:10.1371/journal.pone.0006446.g003

RF-EMR and Sperm In Vitro
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A. ROS generation (DHE response) was significantly increased from control levels after exposure to 1.0 W/kg (*p,
0.05) and above (***p,0.001). 

C. In order to control for thermal effects, the impact of temperature of cellular ROS generation was monitored; a 
significant increase in ROS generation was observed as temperatures rose above 40ºC (p,0.001). 

Figure 3. RF-EMR induces ROS generation in human spermatozoa, in an SAR-dependent manner unrelated to thermal effects.

De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species production and DNA damage in human spermatozoa 
in vitro. PLoS One (2009); 4(7):e6446 (1-9).

vitality in concert with an increase in cellular reactive oxygen species
generation [25]. The levels of RFEMR exposure were not quantified
in this study nor were the sources of ROS identified. Nevertheless,
these findings reinforce the general conclusions generated in this
paper, particularly with respect to central role played by oxidative
stress. The ever-increasing prevalence of mobile communications
technology means that humans are now exposed to higher amounts
of RF-EMR than ever before. Mobile phones are commonly carried
in bags or in pockets in very close proximity to the body. In addition
to this, these devices can be stored adjacent to the same part of the
body for extended periods of time. In this context, exposure of the
male reproductive system to RF-EMR is clearly a significant issue.
The particular significance of the present study is that it not only

demonstrates a direct effect of RF-EMR on sperm motility, vitality
and DNA integrity but also identifies a potential causative
mechanism involving electron leakage from the mitochondrial
electron transport chain and the induction of oxidative DNA
damage. In part, these mechanistic insights have been achieved
because the cell type used in these studies, the human
spermatozoon, has an extremely simple cellular architecture,
lacking significant cytosol and possessing few cellular organelles
other than the sperm nucleus, flagellum and mitochondria. One
consequence of this structure is that these cells are uniquely
vulnerable to oxidative stress. Moreover, such stress is already
known to induce the functional and structural lesions observed in
this study including both a loss of motility mediated by
peroxidative damage to the sperm plasma membrane, as well as
the formation of DNA base adducts in the sperm nucleus that
ultimately lead to DNA fragmentation [26,27].
Notwithstanding the specialized nature of mammalian sperma-

tozoa, the mechanisms suggested by this study may also apply to

RF-EMR-mediated damage in other cell types. The RF-EMR
used for communications, including mobile phone networks, is not
of high enough power to be classed as ionizing radiation. The
latter has sufficient energy to pull away electrons, dramatically
altering the properties of affected molecules and typically creating
extremely reactive radical species. RF-EMR does not contain
sufficient energy for these processes. Nevertheless, this form of
radiation may have other effects on larger scale systems such as
cells and organelles, which stem from the perturbation of charged
molecules and the disruption of electron flow [28,29]. Mitochon-
dria have one of the largest standing membrane potentials in the
body and their energetic functions are entirely dependent on the
regulated movement of electrons and protons within the inner
mitochondrion membrane. Theoretically, such fluxes might be
susceptible to disruptions in local electric fields induced by RF-
EMR, offering a potential link between this form of radiation and
the non-thermal biological effects observed in this study.
This study clearly demonstrates that RF-EMR can damage

sperm function via mechanisms that involve the leakage of electrons
from the mitochondria and the creation of oxidative stress. These
findings have immediate implications for the high rates of male
infertility seen in our species, a majority of which is idiopathic.
Furthermore, the fact that sperm DNA is damaged by this form of
radiation has additional implications for the health and wellbeing of
children born to fathers who have experienced high levels of
occupational or environmental exposure to RF-EMR around the
time of conception. Overall, these finding raise a number of related
health policy and patient management issues that deserve our
immediate attention. Specifically we recommend that men of
reproductive age who engage in high levels of mobile phone use, do
not keep their phones in receiving mode below waist level.

Figure 4. RF-EMR induces oxidative DNA damage in human spermatozoa. Following Percoll fractionation, 56106 high density, spermatozoa
were suspended in 1 ml BWW. The cells were placed in 35 mm Petri dishes and placed inside a waveguide. 56106 cells in 1 ml BWW were placed
outside the waveguide as a control (closed circle). The cells in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels between 0.4 and 27.5 W/
kg (open circles) and all samples were incubated for 16 h at 21uC. Following incubation, Fe2+ and H2O2 was added to cells to act as a positive control,
incubated for 1 h, then 100 ml 2 mM DTT/BWW solution was added and incubated for 45 min at 37uC. Cells were fixed and labeled with 100 ml
charcoal purified anti-8-OH-dG, FITC tagged antibody at a dilution of 1:50, incubated at 21uC for 1 h, washed and then assessed by flow cytometry. A,
As the power levels were increased, the amount of oxidative DNA damage expressed also increased. A significant amount of oxidative DNA damage
was observed in cells exposed to 2.8 W/kg (*p,0.05) RF-EMR and above (**p,0.01; ***p,0.001). Results are based on 4 independent samples. B, The
levels of 8-OH-dG expression were positively correlated with the levels of ROS generation by the mitochondria (R2 = 0.727).
doi:10.1371/journal.pone.0006446.g004
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Oxidative Damage To Sperm DNA From 1.8 GHz RF Exposure

1.8 GHz RF x 16 hours @ 21ºC isothermal.
A) As the power levels were increased, the amount of oxidative DNA damage expressed also increased. 
A significant amount of oxidative DNA damage was observed in cells exposed to 2.8 W/kg (*p,0.05) RF-EMR and above (**p,0.01; ***p,0.001). 

B) The levels of 8-OH-dG expression were positively correlated with the levels of ROS generation by the mitochondria 
(R2 = 0.727).

Figure 4. RF-EMR induces oxidative DNA damage in human spermatozoa.

De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species production and DNA damage in human spermatozoa 
in vitro. PLoS One (2009); 4(7):e6446 (1-9).
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Methods

Ethics Statement
This study was conducted according to the principles expressed

in the Declaration of Helsinki. The study was approved by the
University of Newcastle (H-712-0799). All patients provided
written informed consent for the collection of samples and
subsequent analysis.

Reagents and Solutions
All chemicals and reagents used in this research were obtained

from Sigma Aldrich (Sigma Chemical Co., St. Louis, MO) unless
stated otherwise. All reagents used were of research grade. All
fluorescent probes were purchased from Molecular Probes Inc.
(Eugene, OR). Biggers, Whitten and Whittingham (BWW) media
supplemented with 1 mg/ml polyvinyl alcohol (PVA) was used in
all experiments [30]. It was prepared fresh as required and kept at
37uC with an osmolarity in the range of 290–310 mOsm/kg.

Human spermatozoa
Institutional and State Government ethical approval was

secured for the use of human semen samples for this research.
The donors were students from the University of Newcastle donor
program who had no known prior male reproductive pathologies
including varicocele and infection. From this pool, 22 normo-
zoospermic donors were used in this study. The average (6SEM)
age of these donors was 24.161.1 y. After allowing at least 30 min
for liquefaction to occur, spermatozoa were separated from
seminal plasma on a discontinuous two-step Percoll gradient, as
described [16]. The isolated spermatozoa were washed with 10 ml
BWW, centrifuged at 6006 g for 15 min and finally resuspended
in HEPES-buffered BWW at a concentration of 206 106/ml
supplemented with 1 mg/ml PVA. After acquiring each sperm
fraction, the vitality, motility and cell density of the spermatozoa
were evaluated. Vitality was determined by transferring 5 ml of
each cell fraction onto a microscope slide followed by the addition
of 5 ml of 0.5% eosin; the percentage of non-viable cells staining
pink was then assessed by light microscopy. Motility was assessed
by transferring 6 ml of the same sample onto a slide which was
then covered with a coverslip and examined by phase contrast
microscopy. For both the vitality and motility assessments, 100
cells were counted and the results expressed as a percentage.

Radio Frequency Electromagnetic Radiation and
Waveguide
In this study, a cylindrical waveguide copied from the design by

Gajda et al [31] was constructed such that 1.8 GHz radiation could

Figure 5. RF-EMR induces DNA fragmentation in human
spermatozoa. Following Percoll fractionation, 56106 high density
spermatozoa were resuspended in 1 ml BWW, pipetted into 35 mm
Petri dishes and placed inside a waveguide. 56106 cells in 1 ml BWW
were placed outside the waveguide as a control (closed circle). The cells
in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels
between 0.4 and 27.5 W/kg (open circles) and all samples were
incubated for 16 h at 21uC. Following incubation, cells were fixed;
DNase-I was used as a positive control. After 1 h incubation at 37uC,
50 ml of label and enzyme master mixes were added to the cells and
incubated for 1 h at 37uC. Cells were then washed and assessed by flow
cytometry. A, Significant levels of DNA fragmentation was observed in
exposed spermatozoa at 2.8 W/kg (*p,0.05) and above (***p,0.001).
B, DNA fragmentation was positively correlated with ROS production
by the mitochondria as monitored by MSR (R2 = 0.861). C, 8-OH-dG was
also positively correlated with DNA fragmentation (R2 = 0.725). Results
are based on 4 independent samples.
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Ethics Statement
This study was conducted according to the principles expressed

in the Declaration of Helsinki. The study was approved by the
University of Newcastle (H-712-0799). All patients provided
written informed consent for the collection of samples and
subsequent analysis.

Reagents and Solutions
All chemicals and reagents used in this research were obtained

from Sigma Aldrich (Sigma Chemical Co., St. Louis, MO) unless
stated otherwise. All reagents used were of research grade. All
fluorescent probes were purchased from Molecular Probes Inc.
(Eugene, OR). Biggers, Whitten and Whittingham (BWW) media
supplemented with 1 mg/ml polyvinyl alcohol (PVA) was used in
all experiments [30]. It was prepared fresh as required and kept at
37uC with an osmolarity in the range of 290–310 mOsm/kg.

Human spermatozoa
Institutional and State Government ethical approval was

secured for the use of human semen samples for this research.
The donors were students from the University of Newcastle donor
program who had no known prior male reproductive pathologies
including varicocele and infection. From this pool, 22 normo-
zoospermic donors were used in this study. The average (6SEM)
age of these donors was 24.161.1 y. After allowing at least 30 min
for liquefaction to occur, spermatozoa were separated from
seminal plasma on a discontinuous two-step Percoll gradient, as
described [16]. The isolated spermatozoa were washed with 10 ml
BWW, centrifuged at 6006 g for 15 min and finally resuspended
in HEPES-buffered BWW at a concentration of 206 106/ml
supplemented with 1 mg/ml PVA. After acquiring each sperm
fraction, the vitality, motility and cell density of the spermatozoa
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each cell fraction onto a microscope slide followed by the addition
of 5 ml of 0.5% eosin; the percentage of non-viable cells staining
pink was then assessed by light microscopy. Motility was assessed
by transferring 6 ml of the same sample onto a slide which was
then covered with a coverslip and examined by phase contrast
microscopy. For both the vitality and motility assessments, 100
cells were counted and the results expressed as a percentage.

Radio Frequency Electromagnetic Radiation and
Waveguide
In this study, a cylindrical waveguide copied from the design by

Gajda et al [31] was constructed such that 1.8 GHz radiation could

Figure 5. RF-EMR induces DNA fragmentation in human
spermatozoa. Following Percoll fractionation, 56106 high density
spermatozoa were resuspended in 1 ml BWW, pipetted into 35 mm
Petri dishes and placed inside a waveguide. 56106 cells in 1 ml BWW
were placed outside the waveguide as a control (closed circle). The cells
in the waveguide were exposed to 1.8 GHz RF-EMR at SAR levels
between 0.4 and 27.5 W/kg (open circles) and all samples were
incubated for 16 h at 21uC. Following incubation, cells were fixed;
DNase-I was used as a positive control. After 1 h incubation at 37uC,
50 ml of label and enzyme master mixes were added to the cells and
incubated for 1 h at 37uC. Cells were then washed and assessed by flow
cytometry. A, Significant levels of DNA fragmentation was observed in
exposed spermatozoa at 2.8 W/kg (*p,0.05) and above (***p,0.001).
B, DNA fragmentation was positively correlated with ROS production
by the mitochondria as monitored by MSR (R2 = 0.861). C, 8-OH-dG was
also positively correlated with DNA fragmentation (R2 = 0.725). Results
are based on 4 independent samples.
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A) Significant levels of DNA fragmentation was observed in exposed spermatozoa at 2.8 W/kg (*p,0.05) and above 
  (***p,0.001). 

B) DNA fragmentation was positively correlated with ROS production by the mitochondria as monitored by MSR. 
  (R2 = 0.861). 

Figure 5. RF-EMR induces DNA fragmentation in human spermatozoa.

De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species production and DNA damage in human spermatozoa 
in vitro. PLoS One (2009); 4(7):e6446 (1-9).
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Sperm Damage From Laptop WiFi

Motile spermatozoa in semen were incubated at room temperature, 
 3 cm below laptop computer (e.g. lap distance)
 4 hours of exposure.

Control incubated in similar conditions, without presence of the computer.

Avendano C, Mata A, Sanchez Sarmiento CA, Doncel GF. Use of laptop computers connected to internet through Wi-Fi decreases human 
sperm motility and increases sperm DNA fragmentation. Fertil Steril (2012); 97(1):39-45.

(p < 0.01) (p < 0.01) (p < 0.01)

Sperm Damage From Laptop WiFi

0

22.5

45

67.5

90

Dead Progressive Nonprogressive Immobile Fragmented DNA

Unexposed Exposed for 4 hours

*

*

*

Power density ranged 0.45 to 1.05 μW/cm2

[This is roughly 1000 times less than the FCC exposure limit of 1000 μW/cm2]

Avendano C, Mata A, Sanchez Sarmiento CA, Doncel GF. Use of laptop computers connected to internet through Wi-Fi decreases human 
sperm motility and increases sperm DNA fragmentation. Fertil Steril (2012); 97(1):39-45.
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Background The rapid increase in mobile telephone use has generated concern
about possible health risks related to radiofrequency electromagnet-
ic fields from this technology.

Methods An interview-based case–control study with 2708 glioma and 2409
meningioma cases and matched controls was conducted in 13 coun-
tries using a common protocol.

Results A reduced odds ratio (OR) related to ever having been a regular
mobile phone user was seen for glioma [OR 0.81; 95% confidence
interval (CI) 0.70–0.94] and meningioma (OR 0.79; 95%
CI 0.68–0.91), possibly reflecting participation bias or other meth-
odological limitations. No elevated OR was observed 510 years
after first phone use (glioma: OR 0.98; 95% CI 0.76–1.26; meningi-
oma: OR 0.83; 95% CI 0.61–1.14). ORs were <1.0 for all deciles of
lifetime number of phone calls and nine deciles of cumulative call
time. In the 10th decile of recalled cumulative call time, 51640 h,
the OR was 1.40 (95% CI 1.03–1.89) for glioma, and 1.15 (95% CI
0.81–1.62) for meningioma; but there are implausible values of re-
ported use in this group. ORs for glioma tended to be greater in the
temporal lobe than in other lobes of the brain, but the CIs around
the lobe-specific estimates were wide. ORs for glioma tended to be
greater in subjects who reported usual phone use on the same side
of the head as their tumour than on the opposite side.

Conclusions Overall, no increase in risk of glioma or meningioma was observed
with use of mobile phones. There were suggestions of an increased
risk of glioma at the highest exposure levels, but biases and error
prevent a causal interpretation. The possible effects of long-term
heavy use of mobile phones require further investigation.

Keywords Brain tumours, mobile phones, radiofrequency fields

Introduction
Mobile phone use has increased dramatically in many
countries since its introduction in the early-to-mid
1980s. The expanding use of this technology has

been accompanied by concerns about health and
safety. In the late 1990s, several expert groups critic-
ally reviewed the evidence on health effects
of low-level exposure to radiofrequency (RF)
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Large case-control study at multiple centers.
 Funded in significant part by the telecommunications industry.
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INTERPHONE Study 2010

From the authors’ published conclusions.
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In the 2010 Interphone Study combined analysis of data for all levels of exposure found that “regular cell phone 
users” were less likely to have brain tumors than non-users.
This is what was reported in the media about this study.

A reduced odds ratio (OR) related to ever having been a regular mobile phone user was seen for glioma [OR 0.81; 95% confidence interval (CI) 0.70–0.94] 
and meningioma (OR 0.79; 95% CI 0.68–0.91)

INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Int J 
Epidemiol (2010); 39(3):675-694.
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INTERPHONE Study 2010 – Definition of “Risk”

However, “regular use” was defined as a minimum of one call for week for at least 6 months.
In otherwords, anyone who had made at least 26 cell phone calls in their lifetime was categorized as a “regular user” 
and placed in the risk group.
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8

Never 5-12.9 31–60.9 115–199.9 360–734.9 ≥ 1640 hrs Untitled 2

Odds Ratio for Meningioma and Glioma with Cell Phone Use

OR for Meningioma OR for Glioma

*

Cumulative call time without hands-free devices, divided into deciles.
 Blue line is Odds Ratio of 1.0 (equal to control group).

Half of the subjects in the study had less than 115 hours of lifetime exposure.

Note that a significantly higher risk for glioma was seen with more than 1640 hours of exposure.
 OR for glioma = 1.40 [95% CI = (1.03-1.89)]

From Table 2:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international 
case-control study. Int J Epidemiol (2010); 39(3):675-694.
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Odds Ratio for Meningioma with Cell Phone Use

< 5 hr 5 – 114.9 115 – 359.9 360 – 1639.9 ≥ 1640 hrs

*

Charted data from the Interphone study for risk of meningioma.
With ≥1640 hrs exposure in 1 – 4 years, OR = 4.80 [95% CI = (1.49-15.4)]

1640 hours in 4 years = 7.9 hrs/wk  (range in cohort was 8 – 30 hrs/wk)
1640 hours in 10+ years ~ > 3 hrs/wk

(range in 1-4 years cohort was 8 – 30 hrs/wk, which the authors discounted as “implausable values of use” in their summary of results)  
From Table 3:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control 

study. Int J Epidemiol (2010); 39(3):675-694.
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Odds Ratio for Glioma with Cell Phone Use

< 5 hr 5 – 114.9 115 – 359.9 360 – 1639.9 ≥ 1640 hrs

*

Charted data from INTERPHONE study group, glioma risk.
Stratified by cumulative call time (without hands/free devices).
 Also stratified by years of use.
With ≥1640 hrs exposure in 1 – 4 years, OR for Glioma = 3.77 [95% CI = (1.25-11.4)]
1640 hours in 4 years = 7.9 hrs/wk  (range in cohort was 8 – 30 hrs/wk)

The authors rejected their own findings on glioma, stating that this level of reported cell phone use (8 to 30 
hours per week) was “implausable”.

From Table 3:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control 
study. Int J Epidemiol (2010); 39(3):675-694.
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*

Odds Ratio for Glioma with Cell Phone Use

Glioma risk by location in the brain.
 Also stratified by cumulative call time.
Temporal lobe (With ≥1640 hrs exposure, OR = 1.87 [95% CI = (1.09-3.22)]

From Table 4:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control 
study. Int J Epidemiol (2010); 39(3):675-694.

Interestingly, the study did report its statistics stratified by total time of reported use, and the top decile (greater than 1640 hours use over a ten year interval, 
averaging out as greater than 3 hours a week) had an increased risk of certain tumors. Individuals who accrued that greater than 1650 hours of use over a 1 to 4 
year interval (ranging from 8 to over 30 hours a week) had a markedly higher odds ratio of meningioma (OR 4.80) or glioma (OR 3.27).

0

2

4

6

8

Ipsilateral (same side) Contralateral (opposite side) Blank

Odds Ratio for Glioma with Cell Phone Use
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*

Glioma risk by side of head they habitually held the phone.
 Also stratified by cumulative call time.

(With ≥1640 hrs exposure, Ipsilateral OR = 1.96 [95% CI = (1.22-3.22)]

From Table 5:  INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control 
study. Int J Epidemiol (2010); 39(3):675-694.
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Odds Ratio for Glioma (by Years of Use)
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Stratified by years of exposure.

INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Int J 
Epidemiol (2010); 39(3):675-694.
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Glioma risk by side of head they habitually held the phone.
 Also stratified by years of exposure.

INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Int J 
Epidemiol (2010); 39(3):675-694.
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INTERPHONE Study 2011

2011 INTERPHONE study of acoustic neuroma
 Funded in significant part by the telecommunications industry.

Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Cancer Epidemiol 
(2011); 35(5):453-464.
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*

From 2011 INTERPHONE study of acoustic neuroma, Table 2.
This study was also funded in major part by the telecommunications industry.
In their conclusion, the authors stated that this data showed “no trend of increasing risk with increasing 
cumulative call time”
They discounted their findings for the highest decile of exposure.

But with ≥1640 hrs exposure in 1 – 5 years of exposure, OR = 2.79 [95% CI = (1.51-5.16)]

From Table 2:  Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. 
Cancer Epidemiol (2011); 35(5):453-464.
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Acoustic Neuroma Risk (< 1 year of cell phone use)

*

In the high use group, risk of acoustic neuroma was significantly higher on the side of the head where the subject 
habitually held the cell phone.

1640 hours in 1 year = 4.5 hours a day = 31.5 hours/week

With ≥1640 hrs exposure, ipsilateral tumor Odds Ratio = 2.33 [95% CI = (1.23-4.40)]

From Table 3:  Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. 
Cancer Epidemiol (2011); 35(5):453-464.
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*

Risk increased with increased years of exposure.

1640 hours in 5 years = 0.9 hours a day = 6.3 hours/week

With ≥1640 hrs exposure, ipsilateral tumor Odds Ratio = 3.53 [95% CI = (1.59-7.82)]

From Table 3:  Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. 
Cancer Epidemiol (2011); 35(5):453-464.
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*

Acoustic Neuroma Risk (! 10 years of cell phone use)

Higher risk with ten or more years of exposure.

1640 hours in 10 years = less than half an hour a day. = 3.2 hours/week = 0.45 hours a day 

With ≥1640 hrs exposure, ipsilateral tumor Odds Ratio = 3.74 [95% CI = (1.58-8.83)]

From Table 4:  Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. 
Cancer Epidemiol (2011); 35(5):453-464.

0

2

4

6

8

Overall Ipsilateral use Contralateral use Blank

< 5 hr 5 – 114.9 115 – 359.9 360 – 1639.9 ≥ 1640 hrs

Acoustic Neuroma Risk with 1 to 4 Years of Cell Phone Use

2011 INTERPHONE study of acoustic neuroma

From Table 4:  Short, medium, long-term accumulation of >1640 hours.

Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Cancer Epidemiol 
(2011); 35(5):453-464.
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From Table 4:  Short, medium, long-term accumulation of >1640 hours.

Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Cancer Epidemiol 
(2011); 35(5):453-464.
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2011 INTERPHONE study of acoustic neuroma

From Table 4:  Short, medium, long-term accumulation of ≥1640 hours.

Cardis E, Schüz J. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Cancer Epidemiol 
(2011); 35(5):453-464.
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Risk of brain tumours in relation to estimated RF dose
from mobile phones: results from five
Interphone countries
E Cardis,1 B K Armstrong,2 J D Bowman,3 G G Giles,4,5 M Hours,6 D Krewski,7

M McBride,8 M E Parent,9 S Sadetzki,10,11 A Woodward,12 J Brown,2 A Chetrit,10

J Figuerola,1 C Hoffmann,11,13 A Jarus-Hakak,10 L Montestruq,6 L Nadon,9

L Richardson,14 R Villegas,1 M Vrijheid1

ABSTRACT
Objectives The objective of this study was to examine
the associations of brain tumours with radio frequency
(RF) fields from mobile phones.
Methods Patients with brain tumour from the
Australian, Canadian, French, Israeli and New Zealand
components of the Interphone Study, whose tumours
were localised by neuroradiologists, were analysed.
Controls were matched on age, sex and region and
allocated the ‘tumour location’ of their matched case.
Analyses included 553 glioma and 676 meningioma
cases and 1762 and 1911 controls, respectively. RF dose
was estimated as total cumulative specific energy
(TCSE; J/kg) absorbed at the tumour’s estimated centre
taking into account multiple RF exposure determinants.
Results ORs with ever having been a regular mobile
phone user were 0.93 (95% CI 0.73 to 1.18) for glioma
and 0.80 (95% CI 0.66 to 0.96) for meningioma. ORs for
glioma were below 1 in the first four quintiles of TCSE
but above 1 in the highest quintile, 1.35 (95% CI 0.96 to
1.90). The OR increased with increasing TCSE 7+ years
before diagnosis (p-trend 0.01; OR 1.91, 95% CI 1.05 to
3.47 in the highest quintile). A complementary analysis in
which 44 glioma and 135 meningioma cases in the most
exposed area of the brain were compared with gliomas
and meningiomas located elsewhere in the brain showed
increased ORs for tumours in the most exposed part of
the brain in those with 10+ years of mobile phone use
(OR 2.80, 95% CI 1.13 to 6.94 for glioma). Patterns for
meningioma were similar, but ORs were lower, many
below 1.0.
Conclusions There were suggestions of an increased
risk of glioma in long-term mobile phone users with high
RF exposure and of similar, but apparently much smaller,
increases in meningioma risk. The uncertainty of these
results requires that they be replicated before a causal
interpretation can be made.

INTRODUCTION
Rapid increases in mobile phone use have generated
concerns about possible health effects of exposure
to radio frequency (RF) electromagnetic fields. A
multinational caseecontrol study, Interphone,1

aimed to evaluate the association of brain, acoustic
nerve and parotid gland tumours with RF exposure
from mobile phone use. Most epidemiological
studies, including Interphone, have only reported
risk in relation to mobile phone use history.2e20
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What this paper adds

< Previous epidemiological studies of mobile
phone use and brain cancer risk have used
information on mobile phone use as a proxy
measure of exposure to radio frequency fields
from mobile phones.

< Most studies have not observed increased ORs
in relation to ever having been a mobile phone
user. There were suggestions, however, of an
increased risk of glioma in long-term and heavy
users, though biases and errors prevent a causal
interpretation.

< The relationship between radio frequency
energy absorbed at the tumour location and
mobile phone use history is complex. In addition
to amount of use, it depends on phone type,
network properties, conditions of use and
tumour location. The present paper is the first
to use estimates of radio frequency energy
deposition at the centre of tumours in the brain
as a measure of radio frequency dose.

< An increased risk of glioma was seen in
individuals at the highest quintile of radio
frequency dose, though reduced risks were
seen in the four lower quintiles. When risk was
examined as a function of dose received in
different time windows before diagnosis, an
increasing trend was observed with increasing
radio frequency dose (p¼0.01) for exposures
7 years or more in the past.

< Caseecase analyses, made possible by tumour
localisation, indicated an increased risk in the
most exposed region of the brain compared with
other areas among long-term users.

< Patterns of risk for meningioma in relation to
radio frequency dose were similar, although
increases in risk were much smaller than for
glioma, and not statistically significant.

< Our results suggest that there may be an
increase in risk of glioma in the most exposed
area of the brain among long-term and heavy
users of mobile phones. These results are
uncertain (in light of the uncertainties associated
with tumour centre localisation, radio frequency
dose estimation and sample size) and require
replication before they can be taken to indicate
a causeeeffect relationship.

Occup Environ Med 2011;68:631e640. doi:10.1136/oemed-2011-100155 631

Original article

 group.bmj.com on February 12, 2012 - Published by oem.bmj.comDownloaded from 

INTERPHONE Study 2011

Interphone latest study 2011

Cardis E, Armstrong BK, Bowman JD et al. Risk of brain tumours in relation to estimated RF dose from mobile phones: results from five Interphone countries. 
Occup Environ Med (2011); 68(9):631-640.
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INTERPHONE Study 2011

Our results suggest that there may be an 
increase in risk of glioma in the most 
exposed area of the brain among long-
term and heavy users of mobile phones. 
These results are uncertain (in light of the 
uncertainties associated with tumour 
centre localisation, radio frequency dose 
estimation and sample size) and require 
replication before they can be taken to 
indicate a cause effect relationship.

From the conclusions of the 2001 INTERPHONE study (industry-financed).
Study authors finally admitted that their data showed increase risk of glioma, but said that this finding required 
replication before being taken as a cause and effect relationship.
This despite the fact that this finding was already a replication of their previously published data, and had 
also been confirmed several times in the published data of the Hardell group in Sweden.
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Mobile phone brain cancer link rejected

Further research has been published suggesting there is no link between mobile
phones and brain cancer.

The risk mobiles present has been much debated over the past 20 years as use of the phones
has soared.

The latest study led by the Institute of Cancer Epidemiology in Denmark looked at more than
350,000 people with mobile phones over an 18-year period.

Researchers concluded users were at no greater risk than anyone else of developing brain
cancer.

The findings, published on the British Medical Journal website, come after a series of studies
have come to similar conclusions.

'Reassuring'
But there has also been some research casting doubt on mobile phone safety, prompting the

By Nick Triggle
Health correspondent, BBC News

Danish Study 2011

Danish study:  Proclaimed as evidence that cell phones are safe.
420,095 subscribers in the cohort — who had subcriptions by 1994/95.  
 Exposure is judged by presence of a cell phone contract, no record of actual usage.
200,507 corporate users excluded — and placed in the control group.
2550 juveniles excluded — and placed in the control group.

Frei P, Poulsen AH, Johansen C, Olsen JH, Steding-Jessen M, Schuz J. Use of mobile phones and risk of brain tumours: update of Danish cohort study. BMJ 
(2011); 343(d6387).

Danish Study 2011

Danish study:  Proclaimed as evidence that cell phones are safe.

420, 095 subscribers in the cohort — who had subcriptions by 1994/95.  Exposure is judged by 
presence of a cell phone contract, no record of actual usage.
200,507 corporate users excluded — and placed in the control group.
2550 juveniles excluded — and placed in the control group.
Half the subjects in the 2009 Johansen et al study had less than two years of cell phone use.

Second publication:  Schuz 2006
Only 61% of subscribers reported making or receiving at least 1 call a week in prior six months
All users who began subscription after 1995 were put in the “unexposed” reference population.

Third publication  Shuz et al 2011
Same study group
Control group 2.9 million Danes

Fourth publication:  Frei et all 2011 BMJ
~ 42% of initial cohort excluded (and placed in control group).
Also in the control group — the 85% of Danes that got a cell phone contract between 1995 and 
2004.

“Number of subscription years” is used as a surrogate for actual hours of usage. 
18-29 year old excluded

Cohort established by grants from Danish telcom companies.  Sources of funding of the 
International Epidemiology Institute (Rockville, MD, USA) have never been declared.

In this study, the control group was contaminated with so many cell phone users that the results of the study were 
essentially meaningless.  Two reviews stating this fact were published in the same issue of BMJ, along with the Frie 
study.

Frei P, Poulsen AH, Johansen C, Olsen JH, Steding-Jessen M, Schuz J. Use of mobile phones and risk of brain tumours: update of Danish cohort study. BMJ 
(2011); 343(d6387.

Philips A, Lamburn G. Updated study contains poor science and should be disregarded. BMJ (2011); 343(d7899; author reply d7912).

Soderqvist F, Carlberg M, Hardell L. Review of four publications on the Danish cohort study on mobile phone subscribers and risk of brain tumors. Rev Environ 
Health (2012); 27(1):51-58.
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Abstract. We studied the association between use of mobile 
and cordless phones and malignant brain tumours. Pooled 
analysis was performed of two case-control studies on patients 
with malignant brain tumours diagnosed during 1997-2003 
and matched controls alive at the time of study inclusion and 
one case-control study on deceased patients and controls 
diagnosed during the same time period. Cases and controls 
or relatives to deceased subjects were interviewed using a 
structured questionnaire. Replies were obtained for 1,251 
(85%) cases and 2,438 (84%) controls. The risk increased with 
latency period and cumulative use in hours for both mobile 
and cordless phones. Highest risk was found for the most 
common type of glioma, astrocytoma, yielding in the >10 year 
latency group for mobile phone use odds ratio (OR) = 2.7, 95% 

= 1.8, 95% CI = 1.2-2.9. In a separate analysis, these phone 
types were independent risk factors for glioma. The risk for 

phone before the age of 20; mobile phone use OR = 4.9, 95% 
CI = 2.2-11, cordless phone use OR = 3.9, 95% CI = 1.7-8.7. In 
conclusion, an increased risk was found for glioma and use 
of mobile or cordless phone. The risk increased with latency 
time and cumulative use in hours and was highest in subjects 

Introduction

There has been a rapid development of wireless technology 
since the 1990s and nowadays most persons use mobile 
phones and cordless phones. Additionally, most populations 
are exposed to radiofrequency/microwave (RF) radiation 

emissions from wireless devices such as mobile phone base 
stations, broadcast transmission towers, pagers and personal 
digital assistants, wireless networks and other sources of RF 
radiation (1).

The brain is the target organ of the body with highest near 

phone. Thus, fear of an increased risk for brain tumours from 
RF fields emitted from mobile phones has dominated the 
debate the last decade. Of equal importance is use of the 
desktop cordless phones. 

Especially the ipsilateral brain (same side as the mobile 
phone has been used) is exposed, whereas the contralateral 
side (opposite side to the mobile phone) is much less exposed 
(2). Thus, for risk analysis it is of vital importance to have 
information on the localisation of the tumour in the brain and 
the side of the head that has been predominantly used during 
phone calls.

In studies of the risk of brain tumours related to use of 
wireless communication it is of outermost importance to have 
many cases with long latency time. The use of mobile phone 
has a long history in Sweden and therefore studies performed 
here offer good possibilities to study this question. 

Analogue phones (Nordic Mobile Telephone System; 
NMT) were introduced on the market in the early 1980s using 
both 450 and 900 Megahertz (MHz) carrier waves. NMT 450 
was used in Sweden since 1981 but closed down in December 
31, 2007, whereas NMT 900 operated during 1986-2000. 

The digital  system (Global  System for Mobile 
Communication; GSM) using dual band, 900 and 1,800 MHz, 
started to operate in 1991 and dominates the market now. The 
third generation of mobile phones, 3G or UMTS (Universal 
Mobile Telecommunication System), using 1,900-2,200 MHz 
RF broad band transmission was introduced worldwide during 
more recent years, in Sweden in 2003.

However, of equal importance for the exposure assessment 
as mobile phones is the use of the desktop cordless phones. 

800-900 MHz RF fields, but since early 1990s the digital 
1,900 MHz DECT (Digital Enhanced Cordless Telecommu-
nications) system is used. The frequency used and output 
power from these devices are of the same order of magnitude 
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Studies from the Hardell Group in Sweden

The most reliable research on the tumor risks of cell phones has been performed by the Hardell group in Sweden.
This group does not receive funding from the cell phone industry.
This is the only group that has controlled for use of in–home cordless phones as well as cell phones [which 
makes their data more reliable].
 

Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless phones 
including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table IV:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
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From Table 3:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of two case-control studies on use of cellular and cordless telephones and the risk for 
malignant brain tumours diagnosed in 1997-2003. Int Arch Occup Environ Health (2006b); 79(8):630-639.
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From Table 3:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of two case-control studies on use of cellular and cordless telephones and the risk for 
malignant brain tumours diagnosed in 1997-2003. Int Arch Occup Environ Health (2006b); 79(8):630-639.
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From Table III:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table III:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
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From Table V:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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From Table V:  Hardell L, Carlberg M, Hansson Mild K. Pooled analysis of case-control studies on malignant brain tumours and the use of mobile and cordless 
phones including living and deceased subjects. Int J Oncol (2011b); 38(5):1465-1474.
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RECOMMENDATIONS r.e. SMART METERS:

EWEB should adopt a policy 
of minimizing their RF 

footprint in the residential 
community.

I’m through describing the problem now.  If you’d like, I can briefly review our group’s recommendations to the 
Board.
If EWEB chooses to go ahead with RF smart meters, the solution is to use these tools in a safer way.
Design the system to truly minimize the amount of RF signal that is being produced.
Most engineering choices in AMI have not been designed with these goals in mind.
The industry has devoted more energy to denying risk than it has to designing systems that are “smart” enough to 
minimize that risk.
But our group thinks that it could be possible to take a prudent approach and still get the job done.

What can EWEB do to actually “work the problem”?  Let’s summarize the situation:

The Problem:

Excessive RF exposure can 
cause acute symptoms in 

many people.

As we’ve shown, some people get acute symptoms from excessive RF exposures (headaches, insomnia, fatigue, 
vertigo, tinnitus, other symptoms of EHS).
People like this exist in Eugene.  
How many people might this be in our town?  
Based on existing research, a conservative guess might be 3 to 5% of the population.
3% of 150,000 people is 4,500 people.
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Excessive RF exposure can 
also cause severe chronic 

problems.

The Problem:

Chronic RF exposure increases oxidative stress in living systems.
Increased cancer and male infertility are only two of many problems potentially caused by chronic elevation of 
oxidative stress.

Allowing an  
“opt out” is not 

a practical 
solution.

Customers should certainly have the option of “opting out” of having a meter on their house.  
But we do not feel that an “opt out” policy is a solution to the public health problem.
You can’t “opt out” of all the meters on the wall of your rental apartment complex. Or the ones on the wall of the 
complex right across the alley from your apartment.
You can’t “opt out” of exposure to your neighbor’s meter, that is ten feet away from your bedroom window.
You can’t “opt out” of exposure to the meter on the other side of your bedroom wall if you are a baby in a crib.
You can’t “opt out” of exposure to transmissions from the radio tower 100 meters from your house.
An “opt out” doesn’t protect people who DON’T opt out, if a health hazard is being produced.

94



Strategies for 
solving the 
problem:

Residential exposures to 
constant RF transmissions 
are harmful, even at low 

levels, and should be 
avoided.

A better solution is to recognize the potential problem, and design a system to truly minimize risk, 
by reducing transmissions to a functional minimum.

Constant transmissions can and should be avoided.

Frequent and repetitive 
intermittent transmissions 
are also probably harmful, 

and should be avoided.

Strategies for 
solving the 
problem:

MESH network meters like the ones EWEB was testing a year ago are a case in point, as they transmit multiple times a 
minute.  EWEB staff should be applauded for steering away from that technology.
Our group thinks that the MESH technology in the in-home “Zigbee” network is also likely to be harmful to the public.  
It is lower powered, but contemporary research shows that chronic low power RF exposures can have serious 
consequences.
It would be a mistake for EWEB to get married to this technology, and invest many millions of dollars in an 
infrastructure that will become less and less acceptable to the public down the line.
The solution here (for the smaller percentage of your customers who may want to share this functionality in the 
future) might be to explore a broadband communication option that allows them to remotely adjust their 
thermostat over the internet, rather than via the smart meter network.
80% of the households in our area have broadband at the present time.
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Nocturnal exposures are 
more problematic than 

daytime exposures.

Strategies for 
solving the 
problem:

RF’s potential to suppress nocturnal melatonin secretion and disturb sleep is a serious problem. 
Chronic suppression of melatonin can increase incidence of breast cancer and some other cancers.

The best solution is to avoid nocturnal RF transmissions.

Fortunately, EWEB doesn’t need real-time access to billing data.  So it shouldn’t be necessary to upload usage data 
at night.

A broadband remote control option would eliminate the need for tower -> meter communications at night.

Occasional and infrequent 
daytime exposures are much 

less likely to cause an 
increase in chronic problems 
for the population at large.

Strategies for 
solving the 
problem:

Industry routines are to upload usage data every four hours.  But EWEB is only billing once a month.
The solution here is to upload usage data much less frequently.
If you can fit all the Beatles albums plus Bach’s Mass in B Minor on an iPod, it should be possible to design a smart 
meter protocol that only requires an upload once every two weeks, or less frequently. 
This is the direction the industry needs to go in.
EWEB should explore this issue with their vendors, and push for this sort of functionality in any system that they 
purchase.
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Occasional and infrequent 
daytime exposures may still 
provoke acute symptoms in 
a portion of the population.

Strategies for 
solving the 
problem:

People with EHS will be likely to react acutely to intermittent exposures in their residential neighborhoods, even if 
these exposures are infrequent.
Part of addressing this problem is to upload data as infrequently as possible.  
A data upload by the system once every two weeks might not be a significant release in exposure burden to this part 
of the population, where a data upload every four hours could be expected to have significant adverse consequences 
on their quality of life. 
Infrequent transmissions at predictable times might be much easier for these people to deal with.
They will certainly want to opt out of having a meter on their house.
Other steps might also be found to mitigate residential exposures for these members of the population, if RF 
communications are to be used by EWEB.

Finding a “smart” way to move forward:

We’re all trying to work towards the benefit of our community and our environment.
The AMI program is an attempt to reduce EWEB’s carbon footprint, aid in energy conservation, and enable more 
effective utilization of renewable energy sources down the line.
These are laudable goals.
The key thing here is to avoid solving one problem with tools that create a new one.
If EWEB is really “smart” about how we use “smart meters”, the advisory group thinks that it should be possible to find 
a way to make it work without harming the community.
This will require a progressive approach that looks at some new ways to approach the engineering problem.
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