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Summary
ELECTROMAGNETIC IRRADIATION OF
TRANSPORT MEANS AS A HYGIENIC
PROBLEM
Yevstafiev B.N., Skiba A.B., Shein S.B.
In connection with the level of anthropogenic
electromagnetic irradiation (EMI) increase they
have carried out a trial of electromagnetic
pollution on transport objects. The main
directions of research projects for the workers
and general population health protection from
(EMI) have been determined also. The staff of
the State Enterprise “Ukrainian Research
Institute for Transport Medicine” have worked
out normative and methodical documents both
for the industrial personnel and general
population and nearly 200 sanitary passports for
radio-technical objects.
B cBA3KM C NoBbILLEHWEM B HacToslLiee
BPEMS YPOBHSI aHTPOMOrEHHOro afeKkTpomar-
HUTHOrO N3Ny4EHNS aBTOpaMu NPoOBeAEHO Ha-
YYHO-TEXHNYECKOE NCCeOBaHME 3fieKTpomar-
HUTHOrO 3arpsa3HeHns Ha o6bekTax TpaHcnop-
Ta n onpegeneHbl OCHOBHbIE HAMpPaBieHUs Ha-
YYHO-MpPaKTU4YeCKnX paboT no o6ecnevyeHnio ox-
paHbl 340p0Bbsl PaBOTHMKOB N HAceneHus ot
Bosgencteua SMUN. CotpyaHukamm M1 «Ykpa-
nHckun HUIM meamumHel TpaHcnopTa» pa3pabo-
TaHbl HOPMaTUBHO-METOANYECKNE OOKYMEHThI
O NPOV3BOACTBEHHOIO NEpPCOHana n Hacene-
HUS U OKOJI0 ABYXCOT CaHUTAPHbIX NacnopTOB Ha

EFFECTS OF ELECTROMAGNETIC RADIATION ON INTACT BOVINE
LENS EPITHELIUM IN CULTURE CONDITIONS

Elvira Bormusov and Ahuva Dovrat
Rappaport Faculty of Medicine, Technion — Israel Institute of Technology, Haifa, Israel
This study was supported in part by the Guzik Ophthalmology Research Fund.

Introduction

The detailed process which connects elec-
tromagnetic radiation and damage to cells is still
not known. Richter et al (2000) reported in-
creased risks for cancerin 20-37-year age group
with exposures to high levels of RF/MW radia-
tion for long periods. They recommended pre-
venting exposures in the range of 10-100 mi-
croW/cm?. Sandstrom et al (2001) did an epide-
miological investigation on mobile phone usein-
cluding 6379 GSM users and 5613 NMT 900
users in Sweden, and 2500 from each category

in Norway. They observed a statistically signifi-
cant association between calling time, number
of calls per day and the prevalence of warmth
around the ear, headaches and fatigue. Koivisto
et al. (2001) measured the influence of pulsed
radiofrequency (RF) electromagnetic fields of
digital GSM mobile phones (902 MHz, 217 Hz
pulse modulation) on subjective symptoms or
sensations in healthy subjects in two single-blind
experiments. The duration of the RF exposure
was about 60 min in Experiment 1 and 30 minin
Experiment 2. The symptoms rated were head-
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ache, dizziness, fatigue, itching or tingling of the
skin, redness on the skin, and sensations of
warmth on the skin. The results did not reveal any
differences between exposure and non-expo-
sure conditions, suggesting that a 30-60 min
exposure to this RF field does not produce sub-
jective symptoms in humans. Inskip etal (2001)
examined the use of cellular telephones in a
case-control study of intracranial tumours of the
nervous system conducted between 1994 and
1998. Of 782 patients in hospitals in Phoenix, AZ;
Boston CT; and Pittsburgh PA; 489 had histolog-
ically confirmed gliomas, 197 had meningiomas
and 96 had acoustic neuromas. The 799 con-
trols were patients admitted to the same hospi-
tals as the patients with brain tumors for a varie-
ty of non-malignant conditions. There was no
evidence that the risks were higher among per-
sons who used cellular telephones for 60 or more
minutes per day or regularly for five or more
years. Their conclusion was that the data do not
support the hypothesis that the recent use of
hand-held cellular telephones causes brain tu-
mors, but data are insufficient to evaluate the
risks among long-term, heavy users and for po-
tentially long induction periods. In our experi-
mental study we exposed bovine lenses in organ
culture conditions to electromagnetic radiation
of 1.1 GHz-2.2mW for 192 cycles of 50 minirra-
diation and 10 min break and followed changes
in lens epithelial enzyme activities.
Methods

Organ Culture System

Bovine lenses (1 year old) were used in this
study. Each lens was placed in a glass and sili-
con rubber chamber containing 24ml of culture
medium (M 199) with Earl’s balanced salt solu-
tion, supplemented with 5.96g/L HEPES, 3% di-
alyzed fetal calf serum and antibiotics (penicillin
100 U/ml and streptomycin 0.1 mg/ml). Lenses
were completely immersed in culture medium
both below and above. The medium was
changed daily. The lenses were incubated at
35°C. Experimental treatments started after pre-
incubation of 24 hours (Dovrat et al 1986).

Electromagnetic radiation system

A computer-controlled microwave source
was built. It consists of a voltage-controlled os-
cillator generating a constant microwave pow-
er. The output is attenuated by two attenuators:
one is fixed and the other is variable, permitting
the desired degree of freedom regarding the ex-
posure intensity. The microwave signal is direct-
ed into a 30 dB ampilifier which has a maximum
output of 1 W. Afour arm power-splitter provides
each transmission line with a microwave signal
attenuated by 7 dB relative to the output of the

amplifier. The transmission lines generate uni-
form electric fields in the region of the lens. The
lenses were exposed to 1.1GHz with power of
2.2mW for 8 days (Dovrat et al 2005)

Lens epithelium morphology and enzyme
analysis

On day 12 of the culture period, lenses
were taken for morphological analysis by Hema-
toxylin and eosin staining and enzyme analysis.
Total flat preparations of the front capsule epi-
thelium monolayer of lenses from the different
treatments were evaluated. When evaluating the
different grade of differentiation was taken into
account, i.e. topographical features of central in-
termediate and equatorial zones. We followed
the histochemical localizations of the enzymes:
aldolase and glucose-6-phosphate dehydroge-
nase (G-6-PD) and analyzed SH-SS groups. For
analysis we used the classical methods of Pearse
A.G. (1972)

Quantitative analysis of the intensity of the
reactions at epithelial central and equatorial
zones was done by Image-Pro Plus program,
Version 4.0 for Windows, by measuring optical
density in each cell, following by mathematical
processing in Microsoft Excel. A change was
defined as significant if the difference between
control and treated groups reached value of P<
0.05.

Results

Hematoxylin and eosin staining of lens ep-
ithelial cells on day 12 of the culture (Fig. 1) show
for the control lens (Fig. 1A) round cells which
contains homogenous blue staining of large nu-
clei. The cells for the electromagnetic radiation
exposed lens (Fig. 1B) demonstrate smaller cells
with condensed nuclei also damaged areasin the
nucleus and cytoplasm indicating damage to the
cells, pyknosis.

In contrast to the poor condition of the ep-
ithelial cells of lenses exposed to electromagnet-
ic radiation aldolase activity increased in these
cells (Fig. 2).

As aresult of the electromagnetic exposure
aldolase activities increased at the center and
equators of the lens epithelium. Enzyme activa-
tion is greater at the center of the lens epitheli-
um.

The effects of the electromagnetic radia-
tion on G-6-PD activity are demonstrated in Fig.
3.

For G-6-PD electromagnetic radiation ex-
posure reduced enzyme activity at the center of
the lens epithelium and increased enzyme ac-
tivity at the equators. The reduced color of the
cells (Fig. 3ab) demonstrates damage to this
area of the epithelial layer.
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Concentration of SH-SS groups in proteins
of the lens epithelial cells show reduction of SH
groups at the center and also at the equators of
the lens epithelium (Fig. 4 a).

After electromagnetic exposure thereis no
difference between SH and SS groups at the
center of the lens epithelium however at the
equatorsthereis difference between SH and SS
groups (Fig. 4 b).

Discussion

Our results show that electromagnetic ra-
diation has a clear impact on the eye lens.

Adey et al (2000) in a 2-year bioassay, ex-
posed Fischer 344 rats to a frequency-modulat-
ed signal (836.55 MHz) and tested for effects on
spontaneous tumorigenicity of central nervous

Fig. 1. H&E staining of lens epithelial center zone on day 12 of the culture (10x40)

A — Control lens

B — Lens exposed to electromagnetic radiation 192 cycles of 1.1GHz, 2.2mW

Fig. 2a. Aldolase activity at the lens epithelial cells of the center zone (10x40).

A — Control lens

B — Lens exposed to electromagnetic radiation 192 cycles of 1.1GHz, 2.2mW

system tumors in the offspring of pregnant rats
and also for modified incidence of primary tu-
mors in rats treated with a single dose of the neu-
rocarcinogen ethylnitrosourea (ENU) in utero.
Intermittent field exposures began on gestation
day 19 and continued until weaning at 21 days,
resuming thereafter at 31 days and continuing
until experiment termination at 731-734 days.
Energy absorption rates (SARs) in the rats’
brains were similar to localized peak brain expo-
sures of a phone user. Of the original 540 rats,
168 died before the termination of the experi-
ment. In these rats, ENU significantly reduced
survival. There were no effects on survival attrib-
utable to FM field exposure. Spontaneous tumor
incidence in control groups was 1.1-4.4% but
sharply higher in rats re-
ceiving ENU. Chou et al
(1992) investigated the
effects of long-term (25
months), low-level (144
mW) microwave irradia-
tion on 100 male rats.
They found significant
changes in serum corti-
costerone and a near
fourfold increase of pri-
mary malignancies.

Gos et al (2000) ex-
posed yeast cells to 900-
MHz fields at specific ab-
sorption rates (SAR) of
0.13and 1.3 W/kg and ex-
amined the genotoxic po-
tential. They claim that no
mutagenic or recombino-
genic effects were detect-
ed as compared with
known mutagen. Li et al.
(2001) exposed murine
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Fig. 2b. Integration of optical density of aldolase activities at the lens epithelial cells.

ments show that these
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Fig. 3a. G-6-PD activities at the lens epithelial cells of the center zone (10x40).
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Fig. 3b. Integration of optical density of G-6-PD activities at the lens epithelial cells.

Fig. 4a.Concentration of SS-SH- groups in proteins of the lens epithelial cells (10x40).

A — Control lens
B — Lens exposed to electromagnetic radiation 192 cycles of 1.1GHz, 0.89mW
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Fig. 4b. Integration of optical density of SS-SH-groups in the lens epithelial cells.

conditions did not induce
measurable DNA dam-
age. Also there is no evi-
dence for induction of
DNA single-strand breaks
in human blood lym-
phocytes exposed for 2 h
in vitro to pulsed-wave
2450 MHz radiofrequen-
cy radiation, as compared
with cells exposed to
gamma-ray source that
were used as controls.
The cells were tested ei-
ther immediately orat4h
after exposure. (Vijayal-
axmi et al 2000.( Lai and
Singh (1996) investigated
the effects of acute (2h)
exposure to pulsed and
continuous wave 2450-
MHz radiofrequency
electromagnetic radiation
on DNA strand breaks in
brain cells of rat. The spa-
tial averaged power den-
sity of the radiation was
2mW/cm?2, which pro-
duced a whole-body av-
erage-specific absorption
rate of 1.2W/kg. They
measured single and
double-strand DNA
breaks in individual brain
cells at 4h post-exposure
using a microgel electro-
phoresis assay.

In our study we
showed that exposure to
1.1GHz, at power of
2.2mW affects lens epi-
thelium as demonstrated
by changes in cell struc-
ture and epithelial enzyme
activities. Electromagnet-
ic radiation has a clearim-
pact on the eye lens. Ex-
posure above specific en-
ergy levels affects lens
epithelium.

References

1. Adey WR. Byus
CV. Cain CD. Higgins RJ.
Jones RA. Kean CJ.
Kuster N. MacMurray A.
Stagg RB. Zimmerman G
(2000). Spontaneous
and nitrosourea-in-

ACTUAL PROBLEMS OF TRANSPORT MEDICINE + # 1, 2005




10.

11.

12.

AKTYAJTbHBIE NMPOBJIEMbl TPAHCMOPTHOW MEOVUMHBI 4 Ne 1, 2005 .

duced primary tumors of the central nerv-
ous system in Fischer 344 rats exposed to
frequency-modulated microwave fields.
Cancer Research 63:1857-60,

Chou, C.K. Guy, A. W. Kunz, L. L. Johnson,
R.B. Crowley, J.J. and Krupp J.H. (1992)
Long-Term, Low-Level Microwave Irradi-
ation of Rats. Bioelectromagnetics 13:469-
496

Dovrat A, Sivak JG, Gershon D (1986) Novel
approach to monitoring lens function dur-
ing organ culture. Lens Research 3:207-
215.

Dovrat, A. Berenson, R. Bormusov, E. Lahav,
A. Lustman, T. Sharon, N. and Schachter, L.
(2005) Localized Effects of Non-lonizing
Electromagnetic Radiation on the Eye
Lens. Bioelectromagnetics 26:398-405.
Gos P. Eicher B. Kohli J. Heyer WD. (2000).
No mutagenic or recombinogenic effects
of mobile phone fields at 900 MHz detect-
ed in the yeast Saccharomyces cerevisiae.
Bioelectromagnetics. 21:515-23,

Inskip PD. Tarone RE. Hatch EE. Wilcosky
TC. Shapiro WR Selker RG. Fine HA. Black
PM. Loeffler JS. Linet MS. (2001).Cellular-
telephone use and brain tumors. New Eng-
land Journal of Medicine. 344:79-86,
Koivisto M. Haarala C. Krause CM. Revon-
suo A. Laine M. Hamalainen H. (2001) GSM
phone signal does not produce subjective
symptoms. Bioelectromagnetics. 22:212-
215,

Li L. Bisht KS. LaGroye |. Zhang P. Straube
WL. Moros EG. Roti Roti JL (2001). Meas-
urement of DNA damage in mammalian
cells exposed in vitro to radiofrequency
fields at SARs of 3-5 W/kg. Radiation Re-
search.156:328-32,

Lai H and Singh NP (1996) Single and dou-
ble-strand DNA breaks in rat brain cells af-
ter acute exposure to radiofrequency
electromag-netic radiation. International
Journal of Radiation Biology. 69:513-21,
Pearse A.G. Everson. (1972)
Histochemistry.Theoretical and Applied.3
editon.Ediburgh ahd London,

Richter E. Berman T. Ben-Michael E. Laster
R. Westin JB. (2000).Cancer in radar tech-
nicians exposed to radiofrequency/micro-
wave radiation: sentinel episodes. Interna-
tional Journal of Occupational & Environ-
mental Health. 6:187-93,

Sandstrom M. Wilen J. Oftedal G. Hansson
Mild K (2001) Mobile phone use and sub-
jective symptoms. Comparison of symp-
toms experienced by users of analogue
and digital mobile phones. Occupational

Medicine (Oxford).51:25-35,

13. Vijayalaxmi. Leal BZ. Szilagyi M. Prihoda TJ.
Meltz ML. (2000). Primary DNA damage in
human blood lymphocytes exposed in vit-
ro to 2450 MHz radiofrequency radiation.
Radiation Research. 153:479-86,

Summary

Purpose: To investigate the effects of non-
ionizing electromagnetic radiation on the eye
lens using a lens organ culture system.

Methods: Bovine lenses were incubated in
organ culture conditions for 10 days. 59 lenses
were used in this study. Treated lenses were ex-
posed to 1.1GHz, 2.22mW for 192 cycles of 50
minutes irradiation followed by 10 minutes
pause. At the end of the culture period control
and treated lenses were taken for enzyme anal-
ySis.

Results: Exposure to 2.22mW at 1.1GHz
caused damage to the lens. The radiation dam-
age appeared at the lens epithelial layer accom-
panied by activity changes of lens epithelial en-
zZymes.

Conclusions: Electromagnetic radiation
has a clear impact on the eye lens. Exposure
above specific energy levels affects lens epithe-
lium as demonstrated by changes in epithelial
enzyme activities.

BJIMAHVE SMU HA SMNUTENNN
XPYCTAJTIMKA 'MA3A BblKA B KYJIBTYPE
TKAHEW
OnbBupa bopmycosa, Axysa [Jobpart

Llenb: nccnenoBatb BAVSHME
HEMOH3NPYIOLLETO 9/1EKTPOMArHUTHOr O
N3Ny4eHUs Ha XpycTanuk rnasa, C
NCMOJIb30BAHMEM KYNbTYpbl TKAHWU XpycTanunka
rnasa.

MeToabl: XpycTtanukn Obldbero rnasa
Oblnn KynbTUBMPOBaAHblI B TedeHne 10 gHen.
M3ydyeHo 59 xpycTtanukoB. O6paboTaHHbIe
XpycTanukm obinv obnyyersl 1.1 GHz, 2.22mW
B TedeHume 192 ymknos no 50 mmHyT ¢ nay3omn 10
MWHYT. 3aTeM B KOHTPOJIbHbIX 1 0O6paboTaHHbIX
KynbTypanbHbIX KneTkax xpycTanuka
onpeaensnn akTMBHOCTb GEPMEHTOB.

PesynbTathl: dkcnosnumnsa 2.22mW n
1.1GHz noBpegmna xpyctanuk rnasa. Jlyyuersoe
noBpexXaeHne NPosSBUIOCH B aNUTENNanbHOM
crioe xpycTtanuka rnasa, u ConpoBOXAanochb
N3MEHEHNSAMUN aKTUBHOCTU 3NUTENNANbHbIX
depMEeHTOB.

BblBOAbI: DEKTPOMArHNTHOE U3MyYeHune
VIMEET BblpaXXeHHOe BO34EeNCTBME Ha XpyCTannk
rnaza O3OKCMo3uuus onuMcaHHbIMW Bbllle
YPOBHSMM yOENBHOW 3HEPTM BO3OENCTBYET HA
aANUTENnN XpycTanmka rnasa, 4to BblipaxaeTcs
B M3MEHEHUU aKTUBHOCTU 3NUTENNaNbHbIX
depMEeHTOB.
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