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ABSTRACT Electric train engine drivers are occupationally exposed to relatively high magnetic field flux densities,
while exposure to the other genotoxic agents is considered to be low or non-existent. The present study aimed to
analyze the Chromosomal Aberrations (CAs) and Sister Chromatid Exchange (SCE) frequencies among the railway
engine drivers occupationally exposed to ELF-EMF. Additionally, to know the synergestic/co-mutagenic effects, the
blood samples of these individuals were exposed in vitro to 6ng/ml Mitomycin—-C (MMC) and Chromosomal Aberrations
(CAs) were studied. The results of the present study do not give any support to the hypothesis that occupational
exposure to ELF-EMF can exert a genotoxic effect in these exposed individuals. In addition, it seems that ELF-EMF
exposure along with Mitomycin—C (MMC) treatments does not influence the levels of Chromosomal Aberrations
(CAs), indicating no possibility of synergestic/co-mutagenic effects.

INTRODUCTION

The study of the interaction between
electromagnetic energy and living things
involves aspects of both physical and biological
science that are less than perfectly understood.
Electromagnetic energy, one of the four basic
forcesof the universe, isneither quite particulate
nor quite wave-like in nature but displays
properties of both simultaneously. Biological
effects produced by the electromagnetic waves
may sometimes, but not always lead to adverse
health effects. A biological effect occurs when
exposure to the electromagnetic waves causes
some noticeable or detectable physiological
changes in a biological system. An adverse
health effect occurs when the biological effect
exceeds the normal range for the body to
compensate and thus leads to some detrimental
health conditions.

Whether or not electromagnetic fields have
genotoxic potential is acontroversial issue. It is
generally suggested that neither electromagnetic
fieldsnor static electric or magnetic fieldshavea
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clearly demonstrated potential to cause genotoxic
effects due to their low energy (Repacholi and
Greenbaum 1999). Till date almost four compre-
hensivereviews(McCann et al. 1993; Murphy et
al. 1993; McCann et al. 1998 and Moul der 1998)
related to the genotoxic potentials of electro-
magnetic fields have been published in the
literature. All these reviews pointed to the
unconfirmed and/or inconclusive positive results
and suggest additional research (Vijayalaxmi and
Obe 2005).

Electric train engine drivers are occupa-
tionally exposed to relatively high magnetic field
flux densities, while exposure to the other
genotoxic agentsis considered to be low or non-
existent. To find out if magnetic field exposure
has any genotoxic potentials, Nordenson et al
.(2001) first performed a pilot study on 18 non—
smoking Swedish male engine drivers. Seven
dispatchers constituted the reference group.
Since there was significant difference in the
number of cells with chromosome-type
aberrations between the two groups, the authors
extended the follow—up study on 30 engine
drivers and 30 referents (policemen). Again, as
consistent to the pilot study, results of thefollow—
up study also showed an increase in the
frequency of cells with chromosome type
aberrations (gaps excluded) among the 30 engine
driversascompared to the 30 referent policemen.
The authors concluded that exposure to the
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magnetic field at mean intensitiesof 2-151T can
induce chromosomal damages.

To investigate the relationship between
extremely low frequency magneticfield (ELF-MF)
exposure and mortality from leukaemiaand brain
tumor inacohort of Swissrailway workers, recently,
R4l et a .(2007) carried out a study on 20141
Swiss raillway employees with 464129 person-
years of follow-up between 1972 and 2002.
Mortdlity rates for leukemia and brain tumor of
highly exposedtraindrivers (21 mT average annua
exposure) were compared with medium and low
exposed occupational groups (i.e. station masters
with an average exposure of 1 mT). In addition,
individua cumulativeexposurewasca culated from
on-site measurements and modeling of past
exposures. The authors concluded that “Some
evidence of an exposure—response association
was found for myeloid leukemia and Hodgkin's
disease, but not for other haematopoietic and
lymphatic maignancies and brain tumors”.

In the recent years, there has been a steady
increase in the investigations examining the
genetic and epigenetic effects of electromagnetic
field exposurein prokaryotic aswell aseukaryotic
cells. Researchers have used the recently
developed experimental techniques as well as
classical cytogenetic methods in their studies.
Asfar aswe are aware, there are no such reports
onrailway enginedrivers(Loco pilots) from India,
in particular. The working schedule of these
drivers include an average of eight hours a day,
thereby constantly being under a high tension
wire carrying 25000 volts and exposed to
extremely low frequency electromagneticfield so
generated under the roof of engine. An attempt
in this study was to know whether such ‘long
time-low dose’ exposure does cause any health
problem, in particular, chromosomal damage to
these individuals. As referents the train guards
were chosen since they share the same working
schedul es, have almost the same socio economic
status and share many common features with
the engine drivers, except that they are not
exposed to the electromagnetic fields.

Therefore, the present cytogenetic study was
conducted on railway engine drivers occupa-
tionally exposed to extremely low frequency
electromagnetic fields (ELF — EMF) whereby,
Chromosomal Aberrations (CAs) and Sister
Chromatid Exchange (SCE) frequencies were
studied. The study comprised of a total of 15
railway enginedriversand 15 guardsas controls.

MATERIALSAND METHODS

Routine periphera whole blood lymphocyte
cultures were set up following the standard
protocols of Hungerford (1965) with some
modifications (Gadhia et a. 2004). The culture
vialswereincubated at 37°C with 5% CO, level.
For CAs study incubation duration was of 50
hours and for SCE study, 72 hours. Colcemid
treatment was given during the last two hours of
incubation so as to arrest mitotic division. Air -
dried dlideswere prepared with routine protocols
of hypotonic treatment and fixation in Carnoy’s
fixative. All the slides were immediately blind
coded.

Air- dried slides were stained in 2 % Giemsa
staining solution prepared in Sorenson’s buffer.
Optimum staining time varied between didesand
the stain batches, however, was generaly of the
order of about 5-7 minutes. For counting
chromosomal aberrations one hundred well-
spread metaphase plates, each containing not
lessthan 44 chromosomeswere considered. Both
chromosomes as well as chromatid type of
aberrations were considered.

The method of Perry and Wolff (1974) with
some modifications (Gadhia et al.2005) was
followed for studying Sister Chromatid
Exchanges (SCE). After 24 hours of initiation of
cultures, 5-Bromodeoxyuridine (5-BUdR) was
added inafinal concentration of 10 ugm per ml of
culture. About 30 well spread second division
(M,) metaphase plateswerescored for calculating
Sister Chromatid Exchange (SCE) frequencies.
The percentages of the first (M,) metaphases as
well asthird (M,) metaphases were also counted
so asto calculate the Replicative Index (RI).

Two tailed Student’s't’ Test wasemployedin
order to compare two means of Chromosomal
Aberrations (CAs) as well as Sister Chromatid
Exchange (SCE) frequenciesamong Driversand
Guards.

Replicative Index (RI) was calculated by
applying thefollowing formula

RI=1X%M, +2X%M,+3X %M,/ 100

Working Protocol

Peripheral venous blood was collected in
sodium heparinised vacutainers for the cytoge-
netic study. The study group comprised of 30
individuals of which 15 Electric Train Engine
Driverswereoccupationally exposed to extremely
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Table 3:
individuals exposed to ELF — EMF

Sister Chromatid Exchange (SCE) frequencies in the lymphocytes of various grouped

Subjects  Number of Mean age Number

Percentage of cells

Replicative Number of Mean Sce/

samples  (years) of cells index M, plates CellX + SEM

scored M, M, M, RI scored
Group B 15 43.6 1500 40 30 30 1.90 450 3.16 + 0.15
Group C 15 42.4 1500 39 30 31 1.92 450 3.35 + 0.17

M. -First division metaphase, M, — Second division metaphase, M, Third division metaphase

cytogenetic end points. The parameters of the
exposed railway drivers were compared with the
non exposed occupationally related controls -
the railway guards. Table 1 indicates the
particulars of each study group. Both chromo-
some as well as chromatid type of aberrations
were observed. Chromosometype of aberrations
included chromosome gap, chromosome bresk,
dicentric and ring configurations as well as
acentric fragments; while chromatid type of
aberrations included chromatid gap, chromatid
break and chromatid interchanges. Occasionally,
chromosomes with endoreduplicated configu-
rations and prematurely separated centromeres
were seen.

The chromosomal aberration frequencies
observed in the lymphocytes of drivers and
guards without and with in vitro treatments of
their lymphocyteswith 6 ng/mL of Mitomycin—-C
(MMC) arerepresented intable 2. Itisclear from
the table that the total chromosomal aberrations,
either including chromatid gaps or excluding
chromatid gaps, do not differ significantly among
the control and the exposed drivers, under both
conditions of without and with treatments of
MMC.

Table 3 indicates mean Sister Chromatid
Exchange (SCE) frequenciesin the lymphocytes
of the control guards and the exposed drivers.
There was no statistically significant difference
in the mean Sister Chromatid Exchange (SCE)
frequencies of thedriversas compared to guards.
The results are consistent with the findings of
the Chromosomal Aberration (CA) frequencies.
Further, the cell cycle Replicative index also
remained unaltered.

DISCUSSION

The present study aimed to analyze the
Chromosomal Aberrations (CAs) and Sister
Chromatid Exchange (SCE) frequencies among
the railway engine drivers occupationally
exposed to EL F-EMF. Additionally, to know the

synergestic/co—-mutagenic effects, the blood
samples of these individuals were exposed in
vitro to 6ng/ml Mitomycin—-C (MMC) and
Chromosomal Aberrations (CAs) were studied.

The results of the present study do not give
any support to the hypothesis that occupational
exposure to ELF-EMF can exert a genotoxic
effect in the exposed individuals. In addition it
was seen that ELF—EMF exposure along with
Mitomycin—C (MMC) treatments did not
influencethelevelsof Chromosomal Aberrations
(CAs9), indicating no possibility of synergestic/
co—mutagenic effects.

The present results arein lieu to the findings
of Bauchinger et al. (1981), Husgafvel-Pursianen
Kalliomaki and Sorsa (1982), Eliaset a. (1989),
Nagayaet al. (1989), Popp et a. (1991), Ciccone
etal. (1993), Skyberget al. (1993), (2001), Gobba
et a.(2003), Stronati et a. (2004). However, there
are reports with contrary results as well, viz.
Biglievetal. (1977), Sarto et al. (1982), Valjuset
al. (1993), and Nordenson et al. (1984, 1988, 2001)

From the data currently available on various
human cell types, studied under a variety of
experimental conditions and assessing different
biological parameters, no apparent cytogenetic
effects of electromagnetic field (EMF) are
discernible. The present study results also
suggest no significant effect of electromagnetic
field (EMF) exposure on Chromosomal
Aberrations (CAs) or Sister Chromatid Exchange
(SCE) frequenciesin peripheral lymphocytes of
railway drivers. Further, the electromagnetic field
(EMF) exposures had no obvious effects on the
traverse through the cell cycle, since the
distribution of the first (M,); second (M,) and
third (M,) divisonswassimi farin exposed drivers
and the referent guards.

It is generally suggested that extremely low
frequency electromagnetic fields (ELF-EMF)
alone does not produce enough energy to induce
DNA or chromosomal damage (Lagroye and
Poncy 1997). Any rel ationship between increased
incidencesof cancer and extremely low frequency
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electromagnetic fields (ELF-EMF) should
therefore be explained by a promoting effect on
cellular transformation together with the effect
of known carcinogens/mutagens (L oescher and
Mevissen 1994; Baum et a. 1995; McLaenet d.
1997). The present study therefore, considered
synergestic/co-mutagenic effects of electro-
magnetic fields (EMF) exposure on Chromosomal
Aberrations (CAs) frequency with a known
mutagen Mitomycin—C (MMC). The results
suggested that electromagnetic fields (EMF)
exposure do not enhance the effect of Mitomy-
cin—C (MMC) at least for the studied exposure.

However, Cho and Chung (2003) inasimilar
study analyzed the possible carcinogenic or co—
carcinogenic potency of a 60 Hz extremely low
frequency electromagnetic fields (ELFEMF),
(flux density of 0.8 mT) on human lymphocytes
along with a genotoxic agent Benzo—a—pyrene
using frequenciesof Micronuclei (MN) and Sister
Chromatic Exchange (SCE) as cytogenetic end
points. Their results showed that, cells co—
exposed to Benzo—a—pyrene and 0.8 mT
extremely low frequency electromagnetic fields
(ELFEMF) for 24 hours, followed by Benzo—a—
pyrene exposure for 48 hours enhanced the
frequency of Micronuclei (MN) and Sister
Chromatic Exchange (SCE) compared to Benzo—
a—pyrene treatment alone. This suggested that
extremely low frequency electromagnetic fields
(ELF—EMPF) interacted with the cellular systems
by an indirect mechanism, probably as an
enhancer of initiation or as a co—carcinogen,
leading to an increased Micronuclel (MN) and
Sister Chromatic Exchange (SCE) formationsin
vitro.

Sofar thereisonly one published cytogenetic
study (Nordenson et al. 2001) on railway
employees of Sweden. Both the pilot as well as
the follow—up study of these authors showed a
significant increase in the number of cells with
Chromosomal Aberrations (CAs) among the
enginedriversin comparison with the respective
reference groups. The pilot study had only seven
concurrently sampled non—exposed referents
(dispatchers), which made the interpretations
uncertain. The follow—up study however
supported the hypothesis that exposure to
electromagnetic fields (EMF) may induce
chromosomal damage. Based on their resultsthe
authors concluded that it is possible that train
engine drivers and other train attendants
experience arisk of future tumor devel opment.

The results of the present study are however
contrary to theresultsof Nordenson et a. (2001).
In the present study the Chromosomal
Aberrations (CAs) and Sister Chromatid
Exchange (SCE) frequenciesof 151oco pilotswere
compared with the occupationally related
controls (train guards) who matched the age/
habit/socio—economic conditions of the former.
In the either case ,no statistically significant
differences were observed. Even, in vitro
treatment of lymphocytesfromtrain driverswith
aknown mutagen Mitomycin—-C (MMC) did not
increase the frequency of chromosomal
aberrations. The results suggest no increased
sengitivity of lymphocytesof railway train engine
drivers to the mutagen than the controls.

To the best of our knowledge, so far in India
there are no published cytogenetic studies on
railway employees. Several in vitro studies
(Khalil et al.1991; Livingston et al. 1991,
Nordenson et al.1994; Scarfi et al. 1994; Paile et
al.1995; Galt et al.1995; Scarfi et a. 19973, b, ¢;
Simko et al. 1998; Zeni et a. 2002; and Ivancsits
et al. 2002) have addressed apossible association
between exposureto 50 Hz—60 Hz magneticfields
and induction of genetic damage. Accumulating
evidences suggest that this type of exposure is
not able to induce mutations and initiate
malignant transformation. Moreover, most
studies(McCannet al. 1993; Murphy et al. 1993;
McCann et al. 1998; Loberg et al.2000) that
reported the induction of genotoxic effects have
not been independently confirmed or havefailed
to replicate positive results. Nevertheless, the
sporadic positiveresults could not be overl ooked,
for they stimulate further in depth laboratory
investigations.

The results of the present study do not give
any support to the hypothesis that occupational
exposure to ELF-EMF can exert a genotoxic
effect in these exposed individuals. In addition it
seems that ELF-EMF exposure along with
Mitomycin—-C (MMC) treatments does not
influencethelevelsof Chromosomal Aberrations
(CAs9), indicating no possibility of synergestic/
co—mutagenic effects.

REFERENCES

Andrews MJ, Mcclure JA, Malinin Gl 1980. Induction of
Chromosome Alignment by High Frequency Electric
Fields. FEBS Lett, 118: 233-236.

Bauchinger M, Hauf R, Schmid E, Dresp J 1981. Analysis
of Structural Chromosome Changes and SCE After



268 PANKAJ GADHIA, SUMITRA CHAKRABORTY AND MEONIS PITHAWALA

Occupational Long-Term Exposure to Electric and
Magnetic Fields from 380 Kv-Systems. Radiat
Environ Biophys, 19(4): 235-238.

Baum A, MevissenM, Kamino K, Mohr U, Léscher W
1995. A Histopathological Study on Alterations in
DMBA-Induced Mammary Carcinogenesis in Rats
With 50 Hz, 100 pt Magnetic Field Exposure.
Carcinogenesis, 16(1): 119-125.

Bigliev AB, Turechaev MN, Bigaliova RK, Elemesove MS
1977. Cytogenetic Examination of Workers Engaged
in Chrome Production. Genetika, 13: 545-547.

Cho YH, Chung HW 2003. The effect of extremely low
frequency electromagnetic fields (ELF-EMF) on
the frequency of micronuclei and sister chromatid
exchange in human lymphocytes induced by
benzo(a)pyrene. Toxicol Lett, 143: 37-44.

Cohen MM, Kunska A, Astemborski JA, McCulloch D,
Paskewitz DA 1986. Effect of low-level, 60-Hz
electromagnetic fields on human lymphoid cells: 1.
Mitotic rate and chromosome breakage in human
peripheral lymphocytes. Bioelectromagnetics, 7(4):
415-423.

Elias Z, Mur M, Pierr F, Gilgenkvantz S, Schneider O,
Baruthio F, Daniere MC Fontana JM 1989. Chromo-
some aberrations in peripheral blood lymphocytes
of welders and characterization of their exposure
by biological samples analysis. J Occup Med, 35:
447-483.

Gadhia PK, Shah N, Nahata S, Patel S, Patel K, Pithawala
M, Tamakuwala D 2004. Cytogenetic analysis of
radiotherapeutic and diagnostic workers occupa-
tionally exposed to radiations. Int J Hum Genet, 4
(1): 65-69.

Gadhia PK, Vaniawala S, Pithawala M 2005. Some
observations on spontaneous sister chromatid
exchange frequencies and cell cycle progression in
stimulated lymphocytes of patients with different
malignancies. Int J Hum Genet, 5(3): 187-191.

Galt S, Wahlstrom J, Hamnerius D, Holmqgvist D,
Johannesson T 1995. Study of effects of 50 Hz
magnetic fields on chromosome aberrations and the
growth-related enzyme ODC in human amniotic
cells. Bioelectochem Bioenerg, 36: 1-8.

Gobba F, Roccatto L, Sinigaglia B, Temperani P 2003.
Sister chromatid exchange (SCE) and high frequency
cells in workers professionally exposed to extremely
low-frequency magnetic fields (ELF). Med Lav,
94(5): 450-458.

Greenbaum B 1979. Effects of extremely low frequency
fields on slime mold: Studies of electric, magnetic
and combined fields, chromosome numbers and
other tests. In: RD Phillips (Ed.), 18" Annual
Hanford Life Sciences Symposium, Biological
Effects of Extremely Low Frequency Electromagnetic
Fields. Technical Information Centre, U. S. Dept.
Energy (Conf. 781019). pp. 117 — 131.

Heller JH, Teixeira-Pinto AA 1959. A New Physical
Method of creating Chromosomal Aberrations.
Nature, 183: 905 — 906.

Hungerford DA 1965. Leukocytes cultured from small
inocula of whole blood and preparation of metaphase
chromosomes by treatment with hypotonic KCI.
Stain Technol, 40: 333.

Husgafvel-Pursianen Kalliomaki PL, Sorsa M 1982.
Chromosome studies among stainless steel welders.
J Occu Med, 24: 762-766.

Ivancsits S, Diem E, Pilger A, Rudiger HW, Jahn O 2002.
Induction of DNA strand breaks by intermittent
exposure to extremely low-frequency electromag-
netic fields in human diploid fibroblasts. Mutat Res,
519: 1-13.

Khalil AM, Quasem W, Amoura F 1991. Cytogentic
effects of pulsating electromagnetic field on human
lymphocytes in vitro: Chromosome aberrations,
sister-chromatid exchange and cell kinetics. Mutat
Res, 247: 141-146.

Lagroye I, Poncy JL 1997. The effect of 50 Hz
electromagnetic fields on the formation of
micronuclei in rodent cell lines exposed to gamma
radiation. Int J Radiat Biol, 72(2): 249-254.

Loberg LI, Engdah W, Gauger JR, McCormick DL 2000.
Expression of Cancer - Related Genes in Human
Cells Exposed to 60 Hz Magnetic Field. Radiat Res,
153: 79-84.

Loscher W, Mevissen M 1994. Animal studies on the
role of 50/60 Hertz magnetic fields in carcinogenesis.
Life Sci, 54: 1531-1543.

Marino AA, Cullen JM, Reichmanis M, Becker RO 1979.
Power frequency electric fields and biologica stress: a
cause effect relationship. In: RD Phillips, MF Gillis,
WT Kaune, DD Mahlum (Eds.): Biological Effects of
Extremely Low Frequency Electromagnetic Fields
Proceedings of the 18th Annual Hanford Life Sciences
Symposium, Richland, Washington, pp. 258-276.

McCann J, Dietrich F, Rafferty C 1998. The genotoxic
potential of electric and magnetic fields: An update.
Mutat Res, 411: 45-86.

McCann J, Dietrich F, Rafferty C, Martin AO 1993. A
critical review of the genotoxic potential of electric
and magnetic fields. Mutat Res, 297: 61-95.

McClanaham BJ 1979. Cytogenetic effects in rat exposed
to 60 Hz electric fields. An update, ITTC Research
Institute, EPRI, E-1123, Vol-I.

McLean JR, Thansandote A, Lecuyer D, Goddard M
1997. The effect of 60-Hz magnetic fields on co-
promotion of chemically induced skin tumors on
SENCAR mice: A discussion of three studies. Environ
Health Perspect, 105: 94-96.

Moulder JE 1998. Power frequency fields and cancer.
Crit Rev Biomed Eng, 26: 1-116.

Murphy JC, Kaden DA, Warren J, Sivak A 1993 Power
frequency electric and magnetic fields: A review of
genetic toxicology. Mutat Res, 296: 221-240.

Nagaya T, Ishikawa N, Hata H 1989. Sister chromatid
exchange analysis in lymphocytes of workers
exposed to hexavalent chromium. Br J Ind Med,
46: 48-51.

Nordenson I, Mild KH, Andersson G, Sandstrom M, 1994.
Chromosomal aberrations in human amniotic cells
after intermittent exposure to fifty-hertz magnetic
fields. Bioelectromagnetics, 15: 293-301.

Nordenson |, Mild KH, Jarventaus H, Hirvonen A,
Sandstrém M, Wilén J, Blix N Norppa H 2001.
Chromosome aberrations in peripheral lymphocytes
of train engine drivers. Bioelectromagnetics, 22:
306-315.

Nordenson I, Mild KH, Nordstron S, Sweins A, Birke E
1984. Clastogenic effects in human lymphocytes
of power frequency electric fields. Radiat Environ
Biophys, 23(3): 191-201.

Nordenson I, Mild KH, Ostman U, Ljungberg H 1988.



CYTOGENETIC STUDIES ON RAILWAY ENGINE DRIVERS 269

Chromosome effects in lymphocytes of 400 kV-
substation workers. Radiat Envir Biophys, 27(1):
39-47.

Paile W, Jokela K, Koivistonen A, Saloma S 1995. Effects
of sinusoidal magnetic fields and spark charges on
human lymphocytes in vitro. Bioelectochem
Bioenerg, 36: 15-22.

Payne-Scott R, Love WH 1936. Tissue cultures exposed
to the influence of a magnetic field. Nature
(London), 137: 277.

Perry P, Wolff S 1974. New Giemsa method for
differential staining of sister chromatids. Nature
(London), 251: 156-158.

Popp W, Vahrenholz C, Schmieding W, Krewat E,
Norpoth K 1991.Investigations on the frequency
of DNA strand breakage and cross linking and of
sister chromatid exchange in the lymphocytes of
electric welders exposed to chromium and nickel-
containing fumes. Int Arch Occup Environ Health,
63: 115-120.

Repacholi, M H., and Greenebaum, B. 1999 Interaction
of static and extremely low frequency electric and
magnetic fields with living systems: Health effects
and research needs. Bioelectromagnetics, 20: 133-
160.

Roodli M, Lortscher M, Egger M, Pfluger D, Schreier N,
Lortscher E, Locher P, Spoerri A, Minder C 2007.
Lukaemia, brain tumours and exposure to extremely
low frequency magnetic fields: cohort study of Swiss
rallway employees. Occup. Environ Med, 64: 553-
559.

Sarto F, Cominato I, Bianchi V, Levis AG 1982. Increased
incidence of chromosomal aberrations and sister
chromatid exchanges in workers to chromic acid in
electroplating factories. Carcinogenesis, 3: 1011-
1016.

Scarfi MR, Lioi M, Noci M, Zeni O, Franceschi C, Monti
D, Castellani G, Bersani F 1997a. Exposure to 100
Hz pulsed magnetic fields increase micronucleus
frequency and cell proliferation in human
lymphocytes. Bioelectrochem Bioenerg, 43: 77-
81.

Scarfi MR, Lioi MB, Zeni O, Franceschetti C, Franceschi
F, Bersani F 1994. Lack of chromosomal aberration
and micronucleus induction in human lymphocytes
exposed to pulsed magnetic fields. Mutat Res, 306:
129-133.

Scarfi MR, Prisco F, Lioi MB, Noci MD, Zeni O,

Franceschi C, Monti D, Castellani G, Bersani F
1997b. Extremely low frequency pulsed magnetic
field cytogenetic effects on lymphocytes from
Turner’s syndrome subjects. Bioelectrochem
Bioenerg, 43: 221-226.

Scarfi MR, Prisco F, Lioi MB, Zeno O, Della Noce M,
Di-Pietro R, Franceschi C Bersani F 1997c. 50-Hz,
1-mT sinusoidal magnetic fields do not affect
micronucleus frequency and cell proliferation from
normal and Turner’s syndrome subjects. Electro
Magnetobiol, 16: 301-307.

Seabright M, 1971. A rapid banding technique for human
chromosomes. Lancet, 2: 971-972

Simko M, Kriehuber R, Lange S 1998. Micronucleus
formation in human amnion cells after exposure to
50 Hz MF applied horizontally and vertically. Mutat
Res, 418: 101-111.

Skyberg K, Hansteen IL, Vistnes Al 1993. Chromosome
aberrations in lymphocytes of high-voltage
laboratory cable splicers exposed to electromagnetic
fields. Scand J Work Env Health, 19: 29-34.

Skyberg K, Hansteen IL, Vistnes Al 2001. Chromosomal
aberrations in lymphocytes of employees in
transformer and generator production exposed to
electromagnetic fields and mineral oil. Bioelectro-
magnetics, 22: 150-160.

Stronati L, Testa A, Villani B, Marino C, Lovisolo GA,
Conti D, Russo F, Fresegna AM, Cordelli E 2004.
Absence of genotoxicity in human blood cells
exposed to 50 Hz magnetic fields as assessed by
comet assay, chromosomal aberration, micronucleus
and sister chromatid exchange analyses. Bioelectro-
magnetics, 25: 41-48.

Valjus J, Norppa H, Jarventaus H, Sorsa M, Nykyri E,
Salomaa S, Jarvinen P, Kajander J 1993. Analysis of
chromosomal aberrations, sister chromatid ex-
changes and micronuclei among power linesmen
with long-term exposure to 50-Hz electromagnetic
fields. Radiat Env Biophy, 32: 325-336.

Vijayalaxmi, Obe G 2005. Controversial cytogenetic
observations in mammalian somatic cells exposed
to extremely low frequency electromagnetic
radiation: a review and future research
recommendations. Bioelectromagnetics, 26(5):
412-430.

Zeni O, Bersani F, Scarfi MR 2002. Radiological workers
sengtivity to 50 Hz pulsed magnetic fields: Preliminary
results. Radiat Env Biophy, 41: 275-279.





