
OPINION

Electromagnetic pollution: another risk factor for
infertility, or a red herring?
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umans are exposed to radiofre-

quency electromagnetic fields (RF-

EMF) from various sources (e.g., mobile

and cordless phones, base stations, TV and

radio transmitters, wifi adapters). So far,

there is no evidence that would indicate that

RF-EMF exposure is causing adverse health

effects with respect to cancer, sleep dis-

order, headache, etc. Some results of in vitro
and in vivo experiments revealed negative

effects on male fertility. When looking at

those studies in detail, many problems are

identified with respect to correct dosimetry

and proper experimental design. This field

of research is notoriously difficult for vari-

ous reasons, and experiments should be

planned and performed with experts from

the respective areas.

The increasing use of devices for wireless

communication has given rise to fears that the

radiofrequency electromagnetic fields (RF-

EMFs) emitted by such devices (e.g., mobile

and wireless phones, wifi adapters) and by

their respective base stations cause various

adverse health effects.1,2 The list of such

alleged effects is virtually endless, including

sleep disturbances, headaches, tinnitus, high

blood pressure, endocrine disorders, DNA

damage, Alzheimer’s disease and cancer.

The vast majority of the many studies in cells,

animals and humans, however, have provided

no evidence whatsoever for such connections,

even when the maximum allowed exposure

levels were exceeded considerably. The dis-

cussion about possible health effects by expo-

sure to RF-EMF recently has shifted towards

infertility, mainly focusing on males.3 The

alleged decline in sperm counts—which is

addressed in other contributions in this

issue—is believed by some to be caused by

RF-EMF emitting devices. Research in this

area of research is notoriously difficult

and prone to errors. In this paper, some

common misunderstandings are addressed;

limitations and technical problems are

described as well.

ELECTROMAGNETIC FIELDS

Information exchange by wireless devices

works by sending and receiving RF-EMF.

Depending on the country, the device and

the network, the frequencies used for mobile

phones and wifi adapters are in the range of

approximately 800–2800 MHz (0.8–2.8 GHz),

and the corresponding wavelengths are in

the range of approximately 10–40 cm. The

maximum output power is 1 or 2 W for

mobile phones and strongly depends on the

distance to the nearest base station. In fact,

modern mobile phones may reduce the out-

put power by a factor of 1000 or more if the

base station is nearby. This automatic reduc-

tion is not done to deliberately reduce expo-

sure of the user, but has only a technical cause,

namely, the reduction of energy consumption

by the phones’ batteries. For the same reason,

mobile phones do not emit radiation while in

the standby mode. Only from time to time

(depending on the network, every 30 min to

8 h), do they send a short signal to the base

station (periodic location update).

EXPOSURE LIMITS

On the basis of thermal effects (see below)

which have to be prevented, maximum expo-

sure levels were defined as basic restrictions in

1998 by the International Commission on

Non-ionizing Radiation Protection4 and have

been adopted by most countries as by-laws.

These limits are different for whole-body

exposure and local exposure, and different

for the general public and those with occu-

pational exposure. The measure for exposure

is the specific absorption rate (SAR) and the

unit is watts per kilogram (W kg21).

The fact that the restrictions for occu-

pational exposure are five times higher than

those for the general public does not mean

that exposed workers are at a higher risk,

but reflects the introduction of an arbitrary

precautionary reduction factor of 5 for the

general public.

The SAR values are not directly measurable

and depend on the frequency. Therefore, so-

called reference levels have been defined that

are comparatively easy to measure as electric

field strengths with the unit volts per meter

(V m21). For the frequency range 0.8–

2.8 GHz, the reference levels are approximately

33–62 V m21 (general public) and 49–

92 V m21 (occupational).

BIOLOGICAL EFFECTS: MYTHS AND

REALITY

Thermal versus non-thermal effects

The only scientifically-assured biological

effect of exposure to RF-EMF in the fre-

quency range of mobile communication is

heating (thermal effects). Below the exposure

limits, however, potentially damaging tem-

perature increases are prevented: while for

whole-body exposure, thermal effects are

negligible, local exposure (i.e., by using a

mobile phone) leads to temperature increases

of less than 1uC only in close proximity of the

antenna, mainly in the ear pinna, the ear

canal,5 the skin and parts of the brain where

the temperature increase due to exposure is

on the order of 0.1uC.6 One of the common

misunderstandings by laymen is the warmth

perception at the ear pinna after a long tele-

phone call which is believed to be caused by

RF-EMF. Studies have clearly shown that RF-

EMF is responsible for only a small fraction of
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this temperature increase, while the major

contribution comes from the insulation

(i.e., less heat dissipation by the ear pinna)

and heating by the phone’s battery and elec-

tric circuits during operation.6

‘Radiation’

The electromagnetic fields emitted by mobile

phones and other wireless devices are often

called ‘radiation’ which is at least misleading.

Radiation is the commonly used term for ion-

izing radiation, i.e., high-energy photons (e.g.,

UV-C, X-rays, c-rays) or particles (a and b),

which can ionize atoms and molecules and

can therefore lead to mutations and cancer.

The energy of the photons in the frequency

range discussed here is approximately six

orders of magnitude lower than the energy

required for ionization (approximately

1 MeV). Therefore, from a physical point of

view, direct mutagenic effects from exposure

to RF-EMF are impossible.

That the term ‘radiation’ (instead of RF-

EMF) is used by activists and producers of

‘radiation protection chips’ for mobile phones

is understandable as a marketing device (or

ploy), since their customers associate radi-

ation with danger, while the term ‘electro-

magnetic fields’ is more neutrally perceived.

Exposure scenarios

It is also interesting to note that the fears of

the public concerning RF-EMF sources con-

centrate mainly on the base stations, while the

most relevant source, the mobile phones, are

often ignored. In fact, owing to the close

proximity of mobile phones to the user, the

relative exposure from mobile phones is

orders of magnitudes higher than that from

base stations. In this regard, the irrational

arguments often used to reduce exposure,

by placing base stations outside communities,

has had exactly the opposite effect, because

the mobile phones have to emit at higher

power output to establish communication

with the base station.

International perspectives on health effects

In 2011, the International Agency for

Research on Cancer (IARC), a subdivision

of WHO, classified RF-EMF as ‘possibly car-

cinogenic’ (group 2B),7 and this caused con-

siderable public discussion. This classification

is mainly based on one large international

study, the so-called INTERPHONE project,

which investigated the possible association

of brain cancer incidence (glioma and menin-

gioma) with the use of mobile phones.8 While

the overall results showed a significantly

lower risk for users versus non-users, a more

detailed post hoc analysis with 10 subgroups

showed that only the group of heavy users

with glioma had a significantly elevated risk;

however, this methodology introduces the

problem of multiple post hoc comparisons.

The authors themselves acknowledged pro-

blems with the acquisition of the data (e.g.,

interviews of relatives as proxies when the

patients had died; implausible data of dura-

tion of phone calls, selection bias, etc.).9,10

Whereas some use the IARC classification as

proof of their prophecy that RF-EMFs are

dangerous, others—correctly—argue that

this classification is unjustified. Drinking cof-

fee and eating certain pickled vegetables have

also been classified as ‘possibly carcinogenic’,

without any known consequences. It appears

that IARC simply wanted to avoid a clear

decision, namely, a classification into the next

higher (2A: probably carcinogenic) or next

lower (3: not classifiable) category. The

IARC monograph on this topic is expected

to be published in 2013, when readers should

be able to obtain some more insight into this

classification. At any rate, IARC excluded

base stations as relevant sources in terms of

carcinogenicity, so that at least in this respect

the situation has become somewhat clearer.

By analyzing the relevant literature, other

international agencies and expert groups have

assessed other possible adverse health effects of

RF-EMF fields, i.e., not only focusing on can-

cer, and have come to different conclusions.

In 2009, the International Commission on

Non-ionizing Radiation Protection recon-

firmed their earlier recommendations for

exposure limits.11 Another recent publication

by the British Health Protection Agency clearly

states that there is no reason to assume that

health effects are to be expected by exposure

to RF-EMF below the exposure limits.12 The

vast majority of scientists worldwide are con-

vinced that the probability for adverse health

effects as a consequence of increasing exposure

to RF-EMF is close to zero.13

IMPACTS ON MALE FERTILITY

Many have investigated the effects of expo-

sure to RF-EMF on the production and

function of spermatozoa, both in vivo and in

vitro.14 Most studies were negative. A recent

multigeneration study in mice, at different

SAR levels of up to 1.3 W kg21 (whole body),

showed no negative effects whatsoever on

male and female reproductive parameters,

including numbers of offspring, malforma-

tions, sperm counts, malformed sperm and

weights of reproductive organs.15 While the

results of this study, despite the fact that it was

the largest of this kind so far, are not directly

transferable to humans, they at least do not

indicate an immediate and severe problem.

The general and notoriously difficult prob-

lem with in vitro studies is the fact that the RF-

EMF energy absorbed by the samples will

inevitably cause a temperature increase,

depending on the field strength and the dura-

tion of exposure. In order to disentangle ther-

mal from non-thermal effects, the exposed

samples’ temperatures have to be measured

during (or at least after) exposure and cooling

must ensure negligible temperature differ-

ences between exposed and sham-exposed

samples whenever possible. Although it

sounds like a problem easy to solve in theory,

in practice, it is very difficult. To set the tem-

peratures of the incubators at defined levels is

certainly not sufficient. The other, likewise

difficult, problem is the estimation of expo-

sure as SAR levels, which requires detailed

knowledge and sophisticated computer pro-

grams in order to model the SAR distribution

and the associated temperature increases in

the samples.16 This is not only necessary for

checking SAR differences between several

samples in one exposure unit (e.g., a wave-

guide), but also for SAR distributions within

one sample (i.e., differences between the cen-

ter and the periphery of a sample in a Petri

dish). These differences easily can be in the

order of one magnitude so that thermal

effects can occur, while the overall SAR values

of the sample would indicate no thermal

effects. In order to explain in detail the pro-

blems mentioned above, one study and the

associated problems are described as an

example.

de Iuliis et al.

In the study published by de Iuliis et al.17 in

2009, isolated and purified human sperm

samples were exposed to RF-EMF at various

SAR values up to 27.5 W kg21, well above the

Table 1 Basic restrictions for exposure to RF-EMF (frequency range 10 MHz–10 GHz)4

Exposure characteristic Whole body average SAR (W kg21) Localized SAR (head and trunk) (W kg21) Localized SAR (limbs) (W kg21)

Occupational 0.4 10 20

General public 0.08 2 4
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allowed exposure limits and clearly in the

thermal range. However, some effects (low-

ered viability and motility, increased levels of

reactive oxygen species and DNA fragmenta-

tion) occurred at levels of 1 W kg21, below

the limits for localized exposure (Table 1).

Thanks to the detailed, albeit difficult-to-

extract information given in the paper, it is

clear that the exposure conditions and the

SAR estimations were far from state-of-the-

art. The exposed and the sham-exposed sam-

ples were handled differently by putting them

inside or outside the exposure unit, respect-

ively. It is standard procedure today to have

identical exposure units and sham-exposure

units, in order to ensure identical conditions

(except for RF-EMF exposure) and a blind

design. The most significant problem was

the way the SAR values were calculated.

Instead of doing state-of-the-art dosimetry

with established methods,16 the temperature

increase of a saline sample before and after

exposure was measured and an SAR value

was somehow obtained and served as ref-

erence for the others. The temperature rises

were measured after exposure for a maximum

of 120 s, while the exposure of the samples

lasted for 16 h. Finally, the samples for tem-

perature increase measurements were made

in saline, while the real samples with sper-

matozoa were suspended in a buffer with

polyvinyl alcohol, which is very different

in conductivity and permittivity, leading to

considerable differences in SAR values at

identical field strengths. Therefore, the SAR

values in the sperm samples were very likely

considerably higher than in the saline sample.

Taken together, the lack of appropriate dosi-

metry and temperature control during expo-

sure makes it very difficult to accept the

reported effects as not being caused by ther-

mal effects, even at the lower SAR levels.

The three retracted papers by Salama et al.
Three studies by Nader Salama on cata-

strophic effects of RF-EMF of male rabbits’

reproductive functions were published in

three renowned journals in 2009 and

2010.18–20 According to the authors, who

allegedly performed their studies in a

Japanese laboratory, the animals were kept

squeezed in small cages for 8 h per day for

12 weeks during their ‘exposure’ from a

mobile phone glued to the outside of the cage,

under the rabbits’ scrota. The mobile phones

were set to the stand-by mode and thus did

not produce any RF-EMF—there was no

exposure! Still, the ‘exposed’ animals reacted

with dramatic and sudden drops in sperm

counts, sperm motility, seminal fructose

levels, etc. and those levels were very stable

after the drop, i.e., they looked like a math-

ematical function rather than a curve of a

biological effect—too good to be true.21

The author of this paper thought that these

effects looked really strange and had a look at

the other two papers by Salama on rabbits. It

turned out that they also contained such

strange figures. Moreover, two Figures and

parts of Tables were identical in the papers,

despite the fact that they were, according to

the authors, collected in different experi-

ments. A concerted investigation by the jour-

nals revealed that the Japanese authors had

not been informed about the publication

and that no lab books could be found in the

laboratory. Consequently, all three papers

were retracted in 2012.

CONCLUSIONS

The possible impact of cell phone ‘radiation’

on male fertility is a hot topic, mainly because

some scientists, politicians and certainly large

parts of the public are fascinated by horror

scenarios such as this one. As long as

poorly-controlled studies on the effects of

RF-EMF exposure on sperm function and

fertility continue to be conducted and pub-

lished, this will not change. The correct dosi-

metric assessment of exposure, i.e., the

estimation of the real SAR values, is a notor-

iously difficult area of research, both in vivo

and in vitro, and it requires detailed know-

ledge in biophysics, physics and electromag-

netic theory. Only when scientists from all

relevant disciplines work together, can reli-

able exposure conditions be achieved and

proper risk analyses be performed. So far,

there are no indications for adverse effects

of RF-EMF on male and female fertility para-

meters, either in vivo or in vitro.12
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