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Summary

 Background: In an earlier study on malignant melanoma incidence in Sweden, Norway, Denmark and the USA, 
we found a strong association between the introduction of FM radio broadcasting at full-body re-
sonant frequencies and increasing melanoma incidence. The purpose of the current study was to 
review mortality and incidence data for malignant melanoma of the skin in Sweden and its tempo-
ral relation to increased “sun-traveling”, and to the introduction of FM and TV broadcasting net-
works.

 Material/Methods: Offi cial, published information was collected and displayed graphically. These data included in-
cidence rates of malignant melanoma, death numbers, charter travel statistics, and data on the 
expansion of the FM broadcasting network in all counties of Sweden.

 Results: A good correlation in time was found for the rollout of FM/TV broadcasting networks while the 
increased amount of “sun travel” by air (charter) did not start until 7 years after the melanoma 
trend break in 1955. Counties that did not roll out their FM-broadcasting network until several 
years after 1955 continued to have a stable melanoma mortality during the intervening years.

 Conclusions: The increased incidence and mortality of melanoma of skin cannot solely be explained by incre-
ased exposure to UV-radiation from the sun. We conclude that continuous disturbance of cell re-
pair mechanisms by body-resonant electromagnetic fi elds seems to amplify the carcinogenic ef-
fects resulting from cell damage caused e.g. by UV-radiation.
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BACKGROUND

Melanoma of the skin is a deadly disease. It is currently the 
fastest increasing cancer in Sweden, and also in many other 
countries. The main reason for this increase has been at-
tributed to the “Western lifestyle,” including increased tra-
velling and a positive attitude to sunbathing and tanned 
skin [1]. In 1994, a consensus conference on the subject 
“Preventing the development of malignant melanoma” came 
to the conclusion that “The UV radiation from the sun is 
the only assured external cause for developing malignant 
melanoma of skin” [2].

In 2002, the present authors [3] concluded that there is an 
association between melanoma incidence and exposure to 
FM broadcasting radiation. Since increased exposure to UV 
radiation from the sun is the most commonly given expla-
nation for the increase in incidence and mortality of ma-
lignant melanoma, we decided to take a closer look at the 
statistics about “sun travel,” i.e. charter traveling to sunba-
the and swim during vacation.

MATERIAL AND METHODS

Incidence rates of malignant melanoma of the skin were col-
lected from several countries. The number of deaths caused 
by malignant melanoma during the 20th century in Sweden 
was collected from the WHO mortality database and Swedish 
death statistics. We also retrieved information on the deve-
lopment of charter traveling from Sweden and the expan-
sion of the Swedish FM radio broadcasting network during 
the same time period. Charter travel basically developed to 
make it possible for ordinary people to fl y abroad to virtual-
ly guaranteed sun and leisure in warmer countries. By com-
paring these sets of data, we intended to see if they were re-
lated in time, in a logical cause-and-effect order.

We collected all information on melanoma mortality, inci-
dence and charter travel statistics by using data bases ava-
ilable on the Internet. The data was then analyzed and 
presented in various graphs, some of which are reprodu-
ced here.

RESULTS

The incidence of malignant melanoma has increased dra-
matically in many countries during the last part of the 20th 
century. Figure 1 shows the development over time in se-
veral countries.

An even more drastic trend break can be seen in the develop-
ment of melanoma mortality over time. Figure 2 shows the 
development of the number of persons in Sweden who died 
due to malignant melanoma of the skin. A drastic increase 
in the number of annual mortalities occurred in 1955 and 
continued further on. It is interesting to note that mortali-
ty shows the fastest increase in 1955, then slows down, whi-
le the incidence slowly picks up speed, reaching the fastest 
increase around 1980, i.e. 25 years later than the strongest 
acceleration in mortality. All data in this fi gure have been 
normalized to the data for 1988.

The Swedish Civil Aviation Administration (Luftfartsverket) 
[4] provides data that give a good measure of traveling habits 

in Sweden, i.e. the number of charter fl ights from Sweden 
to foreign countries over the years. Figure 2 also shows how 
the number of charter fl ights increased from 10,000 in 1955 
to 1.4 million in 1988. The real start of this traffi c did not 
take place, however, until 1962, when there were 0.1 mil-
lion such fl ights.

FM broadcasting to the general population started in 1955, 
and the coverage was expanded over time, so that a major 
part of the country was covered during the 1970s. Figure 2 
also shows the development of the total number of people 
who came to be exposed to electromagnetic fi elds with half-
wavelengths of 1.5 m, or a frequency around 100 MHz.

Figure 2 shows that melanoma deaths increased sharply in 
1955, while “sun travel” did not start in earnest until some 
7 years later. This makes it quite unlikely that the melano-
ma deaths were caused by the increasing number of fl ights. 
Also, skin melanoma incidence starts a steady increase rather 
too early to support the hypothesis of a correlation. Thus 
the data do not support the “sun travel” theory.

Skin melanoma deaths increased by 22% (from 63 to 77 ca-
ses) in 1955, the same year the rollout of the FM and TV1 
broadcasting networks began (see Figure 2). The death toll 
then increased steadily up until today.
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Figure 1. Melanoma incidence is accelerating in several countries.
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Figure 2.  This graph gives the annual number of persons in Sweden 
who died due to melanoma of the skin, the annual number 
of new cases (incidence; inc), the annual number of charter 
fl ights made, and the accumulated number of persons 
covered by FM broadcasting; all data are normalized 
to the measured values from 1988.
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It took over 10 years to reach full coverage of FM broad-
casting in Sweden. This gradual introduction could make 
it diffi cult to notice trend breaks in the health status of 
the population caused by exposure to the new electro-
magnetic environment. It was possible, however, to get 
information about when different counties in Sweden 
had their fi rst FM transmitting towers up and running. 
It was also possible to calculate the mortality in each co-
unty over time, and also to plot the total mortality relati-
ve to the time before or after the introduction of FM bro-
adcasting in each county. The results of this analysis are 
shown in Figure 3.

The total number of new cases and deaths per year in Sweden 
due to malignant melanoma is shown in Figure 4, and the 
increase from the data for 1954 is shown in Figure 5.

A look at international statistics on melanoma mortality re-
veals a common pattent: melanoma mortality starts to in-
crease drastically in the second half of the 20th century. An 
example is shown in Figure 6.

DISCUSSION

Our fi ndings may seem somewhat revolutionary to those 
who think that the sun is the only radiation source to be bla-
med for the contemporary plague of skin cancer. Here we 

shall fi rst discuss our own fi ndings, and then refer to other 
published work, in order to reach a better understanding 
of the possible mechanisms involved.

Malignant melanoma and electromagnetic fi elds

There can be no doubt that a relation exists between UV 
radiation and melanoma of the skin. Also, there is no do-
ubt that UV radiation is a form of electromagnetic radia-
tion that is capable of damaging cells in different ways. The 
depletion of the ozone layer over the last decades has be-
come a cause for concern regarding skin and eye melano-
ma. But no strong increase in UV radiation due to ozone 
depletion was noticed as early as 1955. Consequently, there 
must be something else that suddenly accelerated the trans-
formation of damaged cells into skin cancer.

Figure 3 shows mortality due to malignant melanoma in 
Sweden. The left side shows mortality in all counties before 
the implementation of FM broadcasting. Some counties had 
to wait for 11 years before they could enjoy FM radio bro-
adcasting. The right side shows mortality vs. the time since 
the start of FM broadcasting. It is obvious that the mortali-
ty took a sharp upward trend break, from a fl at, stable level 
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Figure 3.  Mortality from malignant melanoma in the Swedish 
population relative to the time since or before the start 
of FM broadcasting in the diff erent counties.
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Figure 4.  This plot shows that the melanoma mortality outbreak 
came about 5 years before an increase in melanoma 
incidence became obvious.
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Figure 5.  This plot shows the increase in annual deaths and new cases 
of melanoma reported in Sweden, as compared with the 
data from 1954. The ratio between deaths and reported 
new cases is added.

0

200

400

600

800

1000

1200

1400

1900 1920 1940 1960 1980 2000 2020

De
at

hs
 pe

r y
ea

r
Spain France

Figure 6.  This plot gives the annual number of people who have died 
from melanoma of the skin in France and Spain since 1955.
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to continuously increasing numbers, beginning the same 
year FM broadcasting was introduced.

It has been argued [5] that mortality statistics are uncer-
tain for several reasons, and it is recommended to use in-
cidence data for exposure-response analysis. Our view is 
that a sudden change in environmental conditions might 
give a fast response in mortality (among all cancer pa-
tients who are still alive), while it may take several years 
before completely new cancer cases are caused by a new 
source of environmental stress. This is especially true if 
the environmental stress in question weakens the immu-
ne system, rather than directly causing the formation of 
new cancer cells.

We noticed that melanoma mortality increased suddenly 
from 1955 and onwards, while melanoma incidence initial-
ly increased more gradually over time, about 3 years later. 
This is shown in Figure 4. Normally it is expected that inci-
dence should begin to increase fi rst, and that mortality re-
sponse would follow later on.

In Figure 5 we show the increase of annual deaths and re-
ported new cases compared to the corresponding numbers 
in 1954. The death/incidence ratio exceeds 100% at the 
beginning, and goes down towards 20% in the year 2000. 
This is a clear indication that mortality among melanoma 
patients suddenly increased in 1955.

Our detailed study of cancer mortality in different co-
untries shows that melanoma mortality started to incre-
ase drastically during the last part of the 20th century in 
many countries. Examples from France and Spain are gi-
ven in Figure 6. Note that in the turbulent year of 1968 an 
additional 550 people died from melanoma of the skin in 
France. This extraordinary outbreak still lacks an explana-
tion from the authorities.

Our hypothesis (ref. [3]) is simply that full body resonan-
ce effects, which easily occur in the 100 MHz frequency 
range, cause electric currents to pass through the body, so-
metimes for prolonged periods, e.g. during sleep at night. 
These currents may interfere with cell repair mechanisms 
that normally are supposed to clean up the body and repa-
ir damaged cells.

If such an impairment of the cell repair mechanisms was 
suddenly imposed on a given population, then it would 
be logical to expect that patients with advanced skin can-
cer would also show increased mortality from the same po-
int in time. Such an increased mortality has been demon-
strated not only in Sweden, as shown above, but also in 
Queensland [6].

There have been only a few reports on the infl uence of low-
level radiation on skin cancer and malignant melanoma. A 
classic report is that of Dolk et al. [7], who found that “A 
signifi cant decline in risk with distance was also found for 
skin cancer, possibly related to residual socio-economic con-
founding, as for bladder cancer.” Recently, Tynes et al. [8] 
reported an association between calculated residential ma-
gnetic fi elds and cutaneous malignant melanoma: “Magnetic 
fi elds over 0.2 uT gave an OR around 2.5 compared with 
fi elds below 0.05 uT.”

The effect of electromagnetic fi elds on cells in vitro and 
experimental animals

Today, a great deal of research has been done on the effects 
of EMFs on both cell structures and experimental animals, 
mostly rats. If the impact of low-level EMF exposure on skin 
cancer in rats were to be evaluated, one would have to use a 
corresponding wave-length. For example, GSM 1800 MHz 
would be useful for rats 7 cm in length. So far, however, no 
such experiment has been reported to specifi cally promote 
skin cancer in rats by low level resonant EMF exposure.

Haider et al. [9] investigated the effects of radio frequency 
(RF) EMF on chromosomes, and found that “Radiofrequency 
radiation in the immediate vicinity of broadcasting anten-
nae yields moderate but statistically signifi cant clastogenici-
ty.” Microwave exposure also affect sperm count, as stated by 
Weyandt et al. [10]: “The microwave exposed soldiers sho-
wed a signifi cant decline in sperm count (p=0.0085).”

High-power radio stations may also increase leukemia ac-
cording to a study by Michelozzi et al. [11], who found that 
“The risk of childhood leukemia was higher than expected 
for the distance up to 6 km from the radio station (standar-
dized incidence rate=2.2) and there was a signifi cant decli-
ne in risk with increasing distance both for male mortality 
and childhood leukaemia.” A comparison of cows pastu-
red close to and far from radio transmitters regarding the 
formation of micronuclei in bovine peripheral erythrocy-
tes was done by Boscolo et al. [12]. They found that “cows 
in the vicinity of the transmitters had 0.6 micronuclei/
1000 cells, while cows in the control group had 0.1/1000 
cells; p<0.01.”

Experiments have shown a clear impact of EMF at the cel-
lular level. The effects of 50 Hz EMF exposure on apoptosis 
and differentiation in a neuroblastoma cell line was investi-
gated by Pirozzoli et al. [13], whose data suggest “a possible 
role of 50 Hz and 1mT ELF-MF in interfering with regula-
tion of the onset of differentiative and apoptopic proces-
ses of actively proliferating cells.”

Cellular immunity was examined by looking into microwave 
irradiation and its effect on tumor necrosis factor produc-
tion in mouse cells by Fesenko et al. [14]. They stated that 
“A signifi cant enhancement of TNF production was found at 
1 uW/cm2. Further study is needed to elucidate the mecha-
nism of the immunomodulating effects of microwaves.”

Electromagnetic fi elds, the immune system, and well-being

Much of the research on EMF and health is today focused on 
mobile phone systems and handsets. Navarro et al. [15] de-
monstrated that “loss of appetite is the most relevant symp-
tom that increases with exposure intensity from cellular pho-
ne base stations. Irritability, discomfort, fainting, diffi culty 
in concentrating and fatigue also show a signifi cant incre-
ment with exposure intensity (p<0.05).”

Stress hormones are affected by low-level RF EMF. According 
to Vangleova et al. [16], “Low-level exposures with specifi c 
absorption of 0.1127 J/kg caused signifi cant increase in the 
24-hour excretion of 11-OCS and disorders in its circadian 
rhythm were found in the exposed operators.”
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A good review of the biological effects of high- and extreme-
ly high-frequency electromagnetic fi elds was done by Mileva 
et al. [17], who found evidence that “non-thermal microwa-
ve effects do exist and may play a signifi cant role.”

Boscolo et al. [18] demonstrated that the immune system 
of women is affected by radio/television broadcasting to-
wers. “The study demonstrates that high-frequency electro-
magnetic fi elds (ELMFs) reduce cytotoxic activity in the pe-
ripheral blood of women without a dose-response effect. 
Exposure to ELMFs induces a modifi cation of immune pa-
rameters in humans.”

Workers exposed to EMF and polychlorinated bisphenyls 
were compared in terms of prostate cancer mortality by 
Charles et al. [19], who stated that “The odds ratio (OR) 
for EMF exposed workers was 2 and for PCB 1.47. Non-whi-
te had EMF OR=3.67. There is an association between EMF 
and prostate cancer.”

Ray and Behari [20] also measured the effect of low level 
EMF exposure on rats after 60 days, 600 uW, 7.5 GHz. They 
found that the exposed rats “tended to eat and drink less. It 
is proposed that a nonspecifi c stress response due to micro-
wave exposure and mediated through the central nervous sys-
tem is responsible for the observed physiological changes.” 
It is interesting that both men and rodents seem to lose ap-
petite when exposed to low-level radiation [15,20].

CONCLUSIONS

This brief study gives no evidence that increased travel is 
the main cause of increased mortality in malignant mela-
noma since 1955. We found, however, a strong connection 
between the start of FM broadcasting and increased morta-
lity from malignant melanoma of the skin in all investigated 
countries. The fact that melanoma mortality starts to incre-
ase earlier than the incidence implies that an environmen-
tal factor other than sunshine affects the survival probabi-
lity of melanoma patients. This is further underscored by 
the fact that melanoma deaths can show peaks of the kind 
noticed in France during 1968.

We believe this environmental factor to be radio frequen-
cy electromagnetic radiation, which is capable of (RF) af-
fecting the proper function of cell repair and auto-immu-
ne system mechanisms in the human body. This conclusion 
is supported by other studies pointing at the effects that RF 
EMF may have on the immune defense system, cell repair, 
and apoptosis mechanisms.

The most important task now is to start action based on the 
knowledge already possessed, without waiting for another 
20 years for more basic research. We need healthy ways of 
distributing high bit-rate communication to all homes, and 
new forms of mobile handsets, communicating without any 
hazardous effects on living cells.
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