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Skin changes in ''screen dermatitis" versus
classical UV- and ionizing irradiation-related
damage - similarities and differences
Two neiiroscieiitists' speculative review
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Abslracl: Ati increasing tnnnbcr of persotis sa\ thai llic\ gel cutaticous
protilctns as well as sympicims ltoni ccrtatti ititcrtial orgatis, sttch as ihe
cetitral ncr\otts s_\sleni (CNS) and llio heart, when beitig close lo cicclric
cqtiiptiicnt. A major group of Ihcsc patients arc llic users of \ ideo dis-
play Icrtiiinals (VDTs). who claitn lo ha\e subjcclixc atid objccli\c skin-
atid tnucosa-related sytnplotiis. sticli as pain. ilcb. heal sctisation. cry-
llictna, pajiules. and intslulcs. The CNS symplotns arc, e.g. di/ziticss.
tiredness, atid headache. Rrylhetna. ilcli. heal sensation, cdenia atid paiti
are also ctitiitiioti symploms of stmbttrti (LIV dcrmatilis). Alletalions ha\c
been observed iti cell iiopttlaliotis of the skin of paltetils sufferitig Itotii
so-called "screen dertnalilis" sitiiilar lo those observed iti llie skiti dam-
aucd due lo itllraviolel (L)V) lighl or ioni/itig tadialion. In "screen der-
tnalitis" patienls a tiiuch higher number of tnasl cells have bceti cibserxed.
Il is known Ihal L'VB irradiation induces tnasl cell degtanulalion and
tclease of T N F - K . The high nittiiber of tnasl cells prescnl in llic "setecti
dertnalilis" palicnls atid the possible release of specilic substances, such as
bistatnitie. may explaiti llieir elitiical sytnptonis of itch, paiti. edema and
erythema. The tnost remarkable change among ctilancous cells, afler ex-
posure wilh the above-metitiotieil itfadiatioti sources, is the disappearance
of Ihe Latigerhatis" cells. This chatige lias also beeti obscr\ed iti "sereeti
dertnalilis" patients, again pointing lo a common cellttkif atid tiiolecular
basis. The results of this liletalute study detmnistrale lliat highly sitnilar
changes exist in the skiti of "screen dertnalilis" palietils. as tegards the
clitiical tnanifestalions as well as allcraliotis iti the cell popttlaliotis. atid
in skin damaged by L'V lighl or ionizitig radialioti.
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Introduction

Todays public discussion about the heahh effects
of electromagnetic fields (LMFs) deals with certain
major issues, such as the relationship belwecn
EMF and different cancer forms, e.g. leukemia (es-
pecially children's leukemia), brain tumours, pitu-
itary tumours and male brcasl cancer, neurological
diseases, e.g. AlzhcJmcrs senile dementia, Par-
kinsons disease and multiple sclerosis, asthma and
allergy, affections of EMFs on fertility, pregnancy

and foetal development, and the phenometion
"electrosensitivity" or "screen dermatitis"".

The first public reports of skin complaints in
people exposed to VDTs came from Nor\\a\ and
LISA in the late se\'entics and in ihe beginning of
the eighties. Since then the phenomenon has in-
creased and ll has been described in sexcral coun-
tries (1). Patients claim to have subjective and ob-
jective skin- and niucosa-relaled sxmpioms. such
as pain, itch, heat sensation, erythema, papules,
pustules, etc. (2). H\cn symptoms from inlernal or-
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gan systems, such as the heart and the central ner-
vous system, have been reported (.1). Hyperscnsit-
ivily, allergy, Pavlovian-type conditioning, phobias
and •'techno-strcss" arc terms circulating in the
discussion around so-called "screen dermatitis" or
"electrosensitivity". liypersensitivity may be a
better term to explain this phenomenon, including
a large number of symptoms that cannol be ex-
plained in the same way as allergy, but which in-
creases strongly these days in our society. Clinical
dermatologists often describe these patients as suf-
fering from earlier acknowledged skin di.scases and
they have regarded the symptoms to be mostly of
a rosncea or rosacca-likc dermatitis nature (2). So
lar, however, very little is known about the cause
of these health complainls and further investi-
gations are needed.

It is well known thai exlcnsivc radiation from
ultraviolet (UV) light and ionizing irradiation, in-
cluding .X-rays, can be exlremcly harmful and in-
duce severe skin damages. The role oi' UV lighl in
skin cancer induction in humans was recognized
already in the late 1800s (4), and the role of UV
radiation in causing sunburn and premature aging
of the skin is now well estabhshed. It is also known
that ionizing irradiation at sufficiently high doses
causes skin cancers in humans. The major source
ol risk factors for Ihc induction of skin cancers
by ionizing radiation comes from the experience
of those thcrapcutically exposed to X-rays for the
treatment of tinea capitis (5, 6).

Bjorn Lagerholm, a Swedish dermatologist pre-
viously at the Karolinska Hospital in Stockholm,
early described cutaneous changes in "screen der-
matitis" patients which he indicated to be similar
to skin changes seen after UV light and/or ionizing
irradiation. However, his data have never been
lully published or acknowledged.

Ihc aim of the present lilcralure study was to
compare classical skin damages due to UV-light
and ionizing radiation, including X-rays, with the
cutaneous manifestations seen in so-called "screen
dermatitis" in order to elucidate possible similar-
ities and/or differences. Special emphasis has been
put on mast cells and dendritic cells. Our text
should be regarded as being a speculative attempt
to review a new and highly inlercsling field of the
public health panorama.

Material and methods

Lilcralure from 1953 until 1996 concerning dam-
ages due to UV-light, ionizing radiation (including
X-rays), as well as cutaneous manilcstations seen
in "screen dcrmatilis" or "cleclroscn.silivily" w;is
selected and sUidictl. All lileraturc slutlicd is found
in Ihc rclc'rciice list.
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Results & Discussion
Screen dermatitis

Berg (2) investigated whether skin diseases were
more common in people exposed lo VDTs than
among non-exposed controls. He observed that the
exposed individuals significantly more frequently
had non-spccilic skin symploms with or without
mild skin lesions than the non-exposed control
population, bul he claimed that they had nol a
higher frequency of visible skin signs. Thus, an in-
crease in subjeclivc sensations in the skin of people
working with VDTs was registered.

A descriptive investigation was done 1989 in
Sweden by Arbetsmiljiiinstitiitet (7) on a group of
patients suffering from "electroscnsilivily". Ninety-
seven percent (.̂ l/.''̂ 2) showed symptoms from the
skin such as erythema (7S",4), heat sensation (69'X,)
and itch/smarting/pain (6.̂ 7,)). Other main symp-
toms, such as tiiz/iness, could bcclassilied lo belong
to the central nervous system (CNS). The skin and
Ihe CNS were also sites of the body where the symp-
toms first appeared. Bul also other internal organs,
such as the hearl, seem lo be aflccled {?i).

In an open-field provocation (8), one "electro-
sensitive" patient responded with skin redness al-
ready after 10-15 min in front of an ordinary
househokl TV .set. This redness was further agt^ra-
vated until the patient stopped the provocation
(after 60 min). The skin was at that moment swol-
len and gave an impression of general edema. The
patient was also sweating somewhat, and reported
sensations of tingling in the body parts facing the
TV screen. At the end of the provocation, the pa-
tient complained of dizziness and gave incomplete
and inadequate answers to the interviewer's ques-
tions. Her speech was also slurred. The patient
was, alter a couple of weeks, provoked once more,
showing the same objective and subjective symp-
toms as before. At inspeetion of the same patient
24 h after the end of Ihe provocation, a large num-
ber of papules and pustles was seen in the skin of
the face. Another patient did not react with any
acute symptoms, however, both patients in the
sttidy reported feelings of subjective illness 24 h
(and onwards) after the provocatiiMi.

In a study on persons with skin symptoms as-
sociated with VDTs, Oftedal et al. (9) demon-
slralcd that the stibjectivcly registered facial skin
symptoms were reduced by decreasing the static
and the low-frequency EMI s produced by fhe
VDTs, by mounting eleetrie-conducting screen fil-
ters in front of the VDTs. Two kind of filters were
used: active and inactive. The inactive ones had the
ground cable cut. They observed thai iiiosi of (he
subjective symptoms were less pronounced when
active fillers were tised. They also observed that at
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Skin chansjes in "screen dernnUitis"

days when ihc persons worked wilhin 2 niclers
from ihc V D T s lor a lonu |">criod of l ime, the
s y m p l o m s were more |Troinnmccd llian al days
llicy worked near llic V D T s for a sho i l pcrioti of
l ime. Oflcdal cl al. (9) suggested ihal Ihc iclalioii
belwecn ihc sxmplo ins and the a m o u n l of l ime
near the V D T may be due lo dilTcicnl physical
stress factors related lo the V D T or the conipulcr .
and Ihal electric and magne t i c fields arc possiblx
a iming these factors . They l u i l h c r suggested ihat
cicclric fields arc ihc only factors , a m o n g all the
physical or psychosocia l factors registered, that
can cxjilain why less |-)ronoimccd sympt t ims were
observed in the per iod wilh llic ac t i \ c filler than in
ihc period with Ihc inactive filter.

Mast cells

Dermal masl cells synlhcsizc and secrete an array
of substances that have a potential effect on the
immunobiology of llic skin. Numerous slndics in-
dicate thai masl cell |irodiicts arc csscnlial for cli-
ciling conlacl liypcrscnsilivil\ (C'llS) reactions (10,
11) and the iiathotzcncsis ol certain skin diseases
(12 14).

In llic opcn-licld prox'ocalion mentioned bcloic
((S), an increased number iif masl cells in ihc upper
dermis in the ".screen dcrmalilis"" patients, as com-
parctl lo normal healthy skin, was iibscixcd bcUtrc
and afler ihc provocation. In another stud\ {?•<). it
was also found ihat llic normally cmpt\ /one bc-
twccn Ihc dcrnnvcpidcrmal junction and mid-lo-
up|")cr dermis was nol present in the patient group
and, instead, Ihis /one had a high dcnsih of mast
cell inlillralion. 1-iirthcrmoic, in Ihc palicnl group,
the cytoplasmic granules were more dcnsclx dis-
iributcd and more strongly stained than in the con-
trol gixnip. Also ihc size of the infiltraling mast
cells was found lo be larger in Ihc palicnl group.
The high number of masl cells present in the pa-
licnl groups may very well, due lo liislaminc cl-
fccts, explain ihc clinical symptoms of ilch, pain,
edema and erythema.

Dendrilic cells

.lohansson cl al. (8) also lound a high-lo-\cry-high
number of somatoslalin imnumorcaclivc dendrilic
cells in skin biopsies from patients with "screen
dermatitis" before llic pro\ocalion in fixml ol an
ordinary houscliold TV set. Inlcicslingly, ihc som-
alostatin-posili\c cells had seemingly disappeared
after the provocation, .lohansson ct al. (N) siig-
ycstcd Ihal the cells still remained in ihe tissue, bill,
for some unknown reason ihcy were no longer im-
munoicaclivc towards ihc somaloslatm antibodies
tised. Bill also direct cytotoxic effects lia\e to be

taken inUi consideration as well as migralion of
the cells from the skin lo olher organs, such as the
lym|")hoid system.

i I '-lii;lil irradiiition

Sunburn or UV dermalilis is a photi"isensiti\e skin
reaction, due to aeule IJV exposure, ihal causes
eiilaneous innammation. Ihc inllammalion pro-
duces symploms such as cr\llicma. puslles. jiap-
iiles. heal sensalion, pain, itch, etc.. followed b\
tanning and epidermal ihickenmg. Chronic IIV ex-
posure can lead to skin ageing and caicinogenesis
(\>). The dose of light needed lo produce erxlhema
is depcndcnl on Ihe waxelength of lighl responsible
lor erythema production (16 IS), l-or example,
bolh UVA and UVB produce er\ lhema at lower
exposure doses llian UVC\ This difference in the
intensity of llic inllammalor)' response lo various
wavelengths of light ma) he due in pai'l lo differ-
ences in Iheir penelralioii of Ihe skin. UVC^ wa\e-
lcnglhs are believed lo be absorbed ctimplclel_\ by
llie epidermis. I 'VB wavelenglhs penelrale Ihe epi-
dermis, and UVV\ penetrates lo llie deep dermis
(19). The elinieal paltern of erythema produced
afler UVB exposure nia\ be biphasic wilh a Iraiisi-
ent immctliate iiliase beginning in secoiuis and
lasling onl\' a few minutes. .\ prolonged dela\ed
phase begins afterwards, which generally has its
onset in .̂  lo .> h. is maxmial between 12 to 24 li.
and fades oxer 72 li (20). This lime eoiirsc nia\ be
diffcrenl with dilferenl exposure doses; small doses
jTroduee shorl-li\ed erylhema. whereas ku'iier
doses produce erylhema Ihal is faster in onset.
liuMe inlcnsc. and iicrsisleiil (21).

.\/(/.\7 cells

In humans, mast eells lia\e been sliiiw n lo degianii-
lale and release hisiamine aflercxposure to U\ ' lighl
(20. 22). t \ \ lokines, sueh as inlerleukin (IL)-I. IL-6
and tumour necrosis factor ( rNF)-(x. are the most
inipiiilanl inedialors of UV dermatitis (23). In a
stud\ b\ Walsh (24). it was demonstrated Ihal U\ 'B
irradiation induces masl cell degranulation and re-
lease of TNI -(X. which leads lo acti\alion of dermal
blood \essels and alleralion ol ihe iraffie of the Uan-
gerhans" cells. In siimniar\, ihc effects of 1~NF-(x on
dermal blood \essels and the know n elTccis of hisia-
mine explains the common symploms of sunburn,
i.e. erylhema. edema, ilch and pain.

Dendritic cells

Langerhans' cells (l.Cs). normalK lound in ihc su-
prabasal epidermis, are dendrilic cells that pla\ a
key \o\c in Ihe epidermal imiiuiiu)logical s\slcm.
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Gangi & Johansson

LCs constitute a morphologically well character-
ized subpopulation (3 8%) of bone marrow-de-
rived epiderinal cells that bear immunoglobulin Fc
and C3b receptors, express class II antigens, and
futiction as antigen-ptesenting cells (APCs). The
majority of the A PC capacity of normal skin is
believed to reside within the LC population (25).
Langerhans' cells recognize, process, and present
antigens to immune T lymphocytes (26).

Several studies have been done on cpiderrnal LCs
irradiated witb different radiation sources, e.g.
UVA, UVB, 8-methoxypsoralen + UVA (PUVA),
grenz rays. X-rays, etc. (27-32). Stingl et al. (26)
showed that LCs' imtnunologic functions are im-
paired by UV irradiation. A well-studied, local im-
munological effect of UV irradiation is the inhi-
bition of the CHS response, which occurs after ap-
plication of a contact scnsitizer to UV-irradiatcd
skin of certain strains of mice (33). The CHS te-
sponsc is thought to be initiated mainly by LCs (34).
Bacci et al. (35) proposed that UV radiation pre-
vents CHS induction in susceptible mice by dis-
rupting the cytoskeleton of LCs thereby preventing
them from carrying out their role as APCs.

In an ultrastructural study of human epidermal
LCs irradiated with grenz rays (ultra-soft X-rays
or Bucky rays) and UVA (36), it was found that
the number of LCs was teduccd after grenz ray
irradiation and high (erythemal) doses of UVA. It
has been reported by Toews ct al. (37) that expos-
ing the skin to suberythcmal doses of UV radi-
ation altered the appearance and decreased the
number of LCs in mouse skin. These rnorpholog-
ical changes were associated with altered immune
function with a decreased CHS response (37), and
antibody responses (38), caused by altered antigen
presentation in LCs.

Furthermore, Nordlund et al. (39) and Okamo-
to & Horio (40) demonstrated that LCs are sensi-
tive to UV light and easily loose their surface
markers. Several studies by other investigators
showed the same results (29, 37, 41). Toews et al.
(37) also suggested that the altered induction of
CHS is preceded by a decrease in the number of
LCs in UV-irradiated skin, which is thought to re-
sult from the migration of these cells to the drain-
ing lymph nodes (DLNs); when antigens are intto-
duced through UV-exposed skin depleted of LC,
there is a marked depression in the eliciting of
CHS. Ikai et al. (42) demonstrated that exposure
to UVB irradiation results in both a reduction in
tbe number of LCs and a decrease in activity of
prostaglandin D synthctasc, an enzyme localized
in tbe LCs. If sitnilar cbanges occur in LCs/den-
dritic cells in "screen dermatitis" patients due to
VDTs, tbis could confirm tbe suggestion by
.lohansson et al. (8) that the disappearance olsom-

atostatin immunoteactivc dendritic cells after
ptovocation in "screen dermatitis" patients cither
depends on the disappearance of immunoreactivity
towards the somatostatin antibodies or on a genu-
ine migration of the LCs/dendritic cells ftom the
skin. However, further investigations are needed to
fully confirm this hypothesis.

Ionizing radiotion/EMFs

An early clinical symptom of ionizing irradiation
connected directly with high irradiation doses (10
Gy) given at low dose rate (2 Gy h ') is erythema,
which seems to be associated with an injury to
blood vessels (43) or an itnmediate vasctilar dila-
tation caused by released histamine or serotonin
(44). It persists for about 2 to 3 days as the result
of a continued, but decreasing, outptit of the vaso-
active atnines. A delayed erythetna (the main ery-
thema) then develops at about the 8th to 10th day
postirradiation and continues for about 7 to 8
days. Tbis second type of erythema is due to the
release of proteolytic enzymes (lysozymes) from
damaged epithelial cells (44). It is well known that
both UV and grenz rays have a labilizing effect on
lysosomal membranes. Tbe affected skin may tben
thicken and the epidermal ridges flatten. Thete
may be loss of hair, and severe pain. Histologically
marked hyperkeratosis, a disorderly progicssion
and nuclear atopy is seen. The collagen bundles
are swollen and often show irregular staining. The
blood vessels lying most superficially in the dermis
are widely dilated. Also appendages, such as seb-
aceous glands and hair follicles, arc entirely ab.sent
(44). This type of radiodermatitis, i.e. chronic
radiodermatitis as a consequence of occupational
over-exposute, was reported early in the use of ion-
izing radiation, and has frequently been seen in
dentists, veterinarians, workers in industry, and
physicians, especially dermatologists (44).

Other sytnptoms seen after high dose irradiation
arc, e.g. nausea, fever, headache and dryness of
mouth. However, there is still a lack of knowledge
whether low irradiation doses will induce the same
symptoms, or not.

Henshaw et al. (45) have recently reported, in
their very interesting study, the attraction of radon
(^"Rn) datightcr nuclei, a known carcinogen, in
normal domestic room air to every-day sources of
power frequency EMFs. The observations showed
that EMFs could concentrate in their vicinity a
"cocktail" of radon datightcr nuclei and presum-
ably other potentially harmfttl agents. These
phenomena may be understood in terms of stan-
dard aetosol physics. They result ft"om the oscil-
lation of charged aerosols, among others radon
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daughter aerosols, and their drift due to the in-
duced polarization of all the aerosols (45). A clear
implication of the experimental results is that a
person situated near a source of EMFs would re-
ceive a higher skin dose from radon daughters
(46), and that the dose to internal organs also rises
frotn inhalation of radon daughters.

Radon, an inert gas, rapidly diiTuses across the
alveolar membtane of the lung, and is transported
by the blood to all parts of the body, where, by
diffusion, it is taken up by the organs (47). The
link between exposure lo EMFs and radon dang)i-
ter nuclei is of special interest in view of the carci-
nogenic potential of a-particles, being delivered
mainly by the radon daughter nuclides -'•'̂ Po and
'̂'*Po. Even at natural exposure levels a-particles

are unique in their efficiency in inducing DNA
double-strand breaks, and their ability to engender
genetic instability in human bone marrow stem
cells has recently been demonstrated (48). This is
of even greater interest in view of the recent find-
ings of DNA breaks in rodent CNS nerve cells seen
after radiofrcc^tiency electromagnetic microwave
irradiation (49), potentially leading to a highly
frightening panorama for humans.

Some epidemiological studies have suggested an
association between a-partiele exposure via radon
and the occurrence of leukemia, brain tumours,
and kidney cancer, especially in children (50-53).
Eatough & Henshaw (54) could show, in their
study, that in the order of 2'/n (range 1-10%) of
non-melanoma skin cancers, composed predom-
inantly of basal cell earcinotna and squamous cell
carcinoma, in the UK may be associated with ra-
don exposvire. They suggested that target cells for
radiation-induced skin cancer lie in the basal layer
of the epidermis which over most areas of the body
is situated 50 ).tm below the surface. This is well
within range of a-particles IVom radon and thoron
daughters which may plate out on the skin surface.
In this context, it may be noted that the epidermal
innervation is as close as 20 40 pm from the living
skin surface (55), which means that lhe a-pavticlcs
could interact with these nerve fibers perhaps lead-
ing to the symptoms, such as itch and stnarting,
de'scribed previously. Most recently, it has also
been proposed that there is an intimate association
between such epidermal nerve fibers and Langcr-
hans' cells (56), which may be a cellular "route"
fbr spreading of the effects of a-irradiation. Ftir-
thermore, irradiation of the dertnis may not even
be necessary fbr skin cancer induction. Their study
(54) also demonstrated that the radon-related dose
to skin covered in clothing, is much less than that
to uncovered regions, such as the skin of the lace
and neck. In addition, the dose to the hands is
negligible dtie lo the thickness of the epidermis.

Skin changes in "screen dermafitis"

Again, it may be remembered that often the
"screen dermatitis" patients eotnplain about
rashes, etc., on their face and neck region, but not
as often on their hands. Using risk factors 4rom
one study of X-ray irradiated tinea eapitis patients,
Harley et al. (57) have estimated that in the USA
20% of basal cell carcinoma may be linked to back-
ground radiation, principally due to radon-associ-
ated a-irradiation of the face and neck. It is of
great interest to mention that in a fbllow-up study
of patients who had received irradiation to the
sca)p for the treatment of tinea eapitis a greater
incidence of confbrmcd mental illness was found
compared to control subjects. The mental illness
was both of the neurotic and psychotic categories
(44).

However, further investigations are needed to
explore the ability of EMFs to afTect the move-
ment of radon daughter nuclei and other aerosol
particles and, further, the role of EMFs in carcino-
genesis.

The fact that endogenous opioids can afTeet cen-
tral cholinergic activity is well established (58 62).
A series of experiments have demonstrated that
magnetic fields have efTects on the function of the
endogenous opioid systetn (63 68). Changes in cen-
tral cholinergic activity after exposure to magnetic
fields could have important implications on the
physiology and behaviour of an animal, since cen-
tral cholinergic systems are involved in many such
functions (69). In humans, changes in cholittergic
activity of the brain can lead to various neurological
and psychiatric disorders, such as Alzheimer's dis-
ease (70, 71), anxiety, and depression (72, 73). Re-
cently, it has been reported thai pulsed-magneUc
fields ean affect spatial memory functions, cau.sed
by the effect of the field on cholinergic systems, as
measured in a radial arm maze, which is a spatial
rnernory test for rodents (74, 75).

A question remains on where in the brain, and
through which neural pathways, endogenous
opioids mediate the effect of magnetic fields on
central cholinergic activity, and how magnetic
fields afTect the ftincfion of the nervous system.
The discovery of ferromagnetic tnaterials in the
special organs of some animal species, and, more
recently, in the human cerebellum and cerebral cor-
tex, suggests a possible biophysical mechanism of
interaction of magnetie fields in living organisms
(76 78). Furthermore, cells .sensitive to magnetic
fields have been reported in the pineal gland (79,
80).

Lai et al. (62) reported that microwaves, another
form of non-ionizing radiation, decreases (he
cholinergie activity in the frontal cortex and hip-
pocamptis of the raf. Apparently, magnetic fields
and microwaves alter the activity of the frontal cor-
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i tS: Johansson

tical cholinergic system via dilTcrenl neui'onal
uicchauisms ((SI). Lai el al. ((S2) also showed Ihat
a single cxpostirc lo the microwave field causes a
rapid increase in ihe coiicenlraliou of benzodia/e-
pinc receptors in Ihe cerebral cortex of the rat.
Because benzodia/epinc receptors in the brain arc
responsive to anxiety and stress, this stipports the
hypothesis ihal lovv-inlensily microwave lrradia-
lit)n can be a sotirce of stress ((S2). Most recently,
a Canadian research leam (X3) has iircscnlcd
cpidemiological data pointing lo a conncclion
beUvecn Ir^Ml's antl depression as well as suicide!

Lai & Siiigh (X4) sttidied the effect î f acule ex-
posure lo lovv-iutcnsity microwaves on DNA dam-
age in brain cells of Ihe ral and fotiud that actite
microwave cxpostire increases DNA singlc-slrand
breaks in brain cells of the rat. i^rcviotis studies
have also suggested damages of chromosomal
DNA in colls afler microwave exposure (S5, <S6).
Recently, Lai & Singh (49) measured single- and
cloublc-strand DNA breaks iu individual brain
cells after acute exposure to radiofrcquency clcc-
troinagnclic radiation (RliK). They observed an
increase in both tyiics of DNA strand breaks aflcr
exposure to R E ; R . Lai & Singh (49) spcctilaled that
these effccls cotild restill from a direct effect ol
R\.\< on DNA molecules and/or impairment of
DNA damage repair mcchaiiisms in brain cells.
DNA strand breaks could lead lo disrtiption of cell
lunclions, carcinogcncsis, and cell dcalh. Since
cumulative DNA damage in cells in the central
nervous system could be llic catisc of accelerated
ageing aiui nctirodcgcncrativc disoixlcis, it is im-
perative that the effects of RFR on DNA in brain
cells will be further studied and tmdcrstood.

Barnolhy & Silmcgi (S7) reported that magnetic
fields evoke significant changes in the organs ol
mice. 1 hey observed, among other things, changes
in the zona fascictilala of the atlrcnal cortex. They
suggested that some liormonc imbalance was
created tltiring the cxpostirc lo magnetic fields lead-
ing lo the i)bscrvcd changes. Etirthcrmorc, they ob-
served abnormalities in the spleens and livers ol the
exposed mice which cotild best be described as re-
sulting from a general stimulation of the retictil-
ocndothclial system, which, in turn, might be a
manifestation of the defense mechanism of the or-
ganism againsl Ihe stinuikis of the magnclic en-
vironment.

Biological effccls of lovv-lVcqticncy magnclic
fields on Ca- ' oscillations in human leukemic T
cells (S<S) as well as ral pituitary cells (89) have also
recently been demonstrated. These highly interest-
ing sUidics may provitic lurlhcr undcrslaiiding re-
garding the molecular mechanisms behind F'lVll'-
iiiduced cellul'ar effects.

Mas I (clls

In a sltidy on effccls of cxpostirc lo clcctromagnclic
radialiim on a masl cell analogue, Donncllan ct al.
(90) observed that Ihe rale of DNA synthesis and
cell rcplicalioii increased, thai actin dislribulion
and cell morplK)logy became altered, and Ihe
amount of (i-hexosaminidasc (a marker of giantilc
secretion) released to a calcitun lonophcuc was sig-
nificantly enhanced, in exposed ctilturcs as com-
pared to uncxposcd.

IAUiiierhans' cells

Grenz rays have been used for moi'c than 60 yea is
in the trcalment of ctitaneotis di.seases, sticli as al-
lergic contact dcrmatilis (ACD), psoriasis and
chronic lichenilicd eczema. X-rays of various qtuil-
ities arc known lo rcdtice the ntiinbcr of c|Tidermal
LCs, including htiman skm (27, 28, 31, 32), and
thus may reduce their iinnnmological funclion.
Such an alteration may partly explain why the
ACD is so well suppressed by grenz rays. Further-
more, Lindclof el al. (32) suggested that Ihc redtic-
tion ol the LCs probably was dtie to bcUh a physi-
cal absence of L( s and a modtilation of stirlacc
markers. 'Ihe reduction of LCs dtie to loss of sur-
lacc markers may be seen a short time altci" ir-
radiation, whereas the reduction may be dtic to the
physical absence of LCs later on (32). Lindelof &
I'brslind (91) also sttidied the effects of grenz rays
on LCs at electron microscopic resoltition in
luimans and reiiorlcd that the redtiction in the
number of LCs after grenz ray therapy, seen in
their previotis sttidy, was not due to a depletion of
the surface markers, but to an acttial loss of the
LCs themselves. However, the fate ol' the disap-
pearing LCs persists as an enigma and so far lu")
answers have been obtained as to what ha|Tpens to
LCs after cxpostire to grenz rays.

Conclusion

Ihe results of this literature sltidy demonstrate
thai highly sinnlar changes exists in the skin oi'
"screen dermalitis" patienls, as regards the clinical
manifestations as well as altcralions in the cell
populations, and skin damaged by UV light or
ionizing radiation.

One very intriguing issue Ihat needs to be clari-
lictl is il, e.g. ordinary TV screens and computer
terminal screens leak liigh-lreciuency eleclric or
magnetic fields that affect otir cells in stich a way
thai Ihe effects mimic the effects seen alter, e.u.
UV light or weak X-ray irradiation. Also a poss-
ible UV leakage cannot be rtiled otit, and so can-
not the attraction of radon (''-^Rn) datitiliter luicici

2S8
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Skill chanjios in "screen dermatitis"

wilh a secondary a-particlc radiation damage to
the stiperlicial skin (and maybe even the deeper
lissties).

At ihc cellular level it is very important to itwes-
tigate the exact fate ol' mast cells, LCs and other
cell lyi^cs afler microwave irradiation, radiolrc-
qticncy electric and/or magnetic fields, radar, etc.
Special crnphasis must also be put otA non-lhcvmal
effects, since the knowledge there seems \er>
scarce. Perhaps again we will learn that the effects
seen after, e.g. grenz rays on LC s will be mimicked
by these diffcrcnl kinds of fields, and also at le\els
commonly used in the society, both in otir homes
as well as in our occtipational nnlieti.

So, in conclusion, it is evidenl ihal biological
changes are present in Ihc patients claiming to stif-
fcr Irom "sci'ecn dcrmalilis" and EME expostuc.
In view of Ihc recent cpidemiological studies point-
inii ti.* a correlation bctw^een long-term exposures
from magnetic fields and cancer (92, 93), the ob-
tained restilts from the presently re\ iewcd sttidies
have lo be taken most seriously.

It may be that our cells, ha\ing dewloped over
3.5 billions of years, arc not capable of withstand-
ing today's nKKlcrn low- aixi high-ficqtienc\
EME's. 'I'he (issues in otir body lia\c dcxclopcd
protections against the harmful effects ol heat,
liuht and UV-ligh(; however, since most of the
other EMFs commonly now around, arc the iinen-
tions of Ihe very last decades, perhaps we eiitirclv
lack cellular and molecular prolcctiw strategies,
other than the simple ""alarm" set ol'l': cr_\tliema,
itch and pain. It will be a ver\ fascinating inws-
tiiialivc (ask for ftittu'c scientists to throw lighl
onto these c\uestions!
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