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Static Field/ELF-EMF Comet Assay Studies

Of 63 total studies:

(E= 46 (73%); NE= 17 (27%)

(E = reported effect; NE = reported no significant effect)

Table 2. Static and ELF EMF studies that used the Comet assay.

Exposure conditions

Results

Ahuja et al. (1999)

Human peripheral blood
samples exposed to 50
Hz EMFat2,3,5,7, or
10 mT

Increased DNA single strand breaks (Comet
assay) in lymphocytes.(Damage levels higher
in female than in male subjects.)

*Albert et al. (2009)

Human subjects exposed

No significant effect on DNA single strand

(McNamee) to exposed to 60-Hz breaks (Comet assay) and micronucleus
magnetic field at 0.2 mT | frequency in lymphocytes.
for4 h

Al-Hugail and Maize seedlings exposed | Increased DNA single strand breaks (comet

Abdelhaliem (2015)

to 50-Hz electric field at
6 kV/m for 1, 3, or 5 days

assay)

Amara et al. (2007a)

Human monocytic
leukemia THP-1 cells
exposed to static
magnetic field at 250 mT
for1,2,or3h

Lower level of DNA single strand breaks
(Comet assay) at 3 h of exposure, no effect
on oxidative damages and enzymes and
oxidative DNA damage.

Bagheri Hosseinabadi
et al. (2019)

Blood samples from
102 thermal power
plant workers as the
exposure group and
136 subjects as the
unexposed group.

Increased DNA single strand breaks (Comet
assay) in lymphocytes of exposed subjects.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Huqail%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=26180815�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abdelhaliem%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26180815�

Bagheri Hosseinabadi
et al. (2020)

Blood samples from
thermal power plant
workers; mean levels of
exposure to ELF
magnetic and

electric fields were
.0165 mT (£6.46) and
22.5V/m

(¥5.38), respectively,

DNA single strand breaks (Comet assay) in
lymphocytes decreased by antioxidants.

Buddak et al. (2012)

Murine AT478
carcinoma cells cultured
with cisplatin exposed to
50-Hz EMF for 16 min
atl mT

Exposure to ELF-EMF alone resulted in an
increase in DNA single strand breaks (Comet
assay) compared to control cells. ELF-EMF
lessened the effects of oxidative stress and
DNA damage that were induced by cisplatin;
however, ELF-EMF alone was a mild
oxidative stressor and DNA damage inducer.
The addition of ELF-EMF exposure to
cisplatin treatment resulted in decreased ROS
levels and antioxidant enzyme activity.

*Cantoni et al.(1996)

Cultured mammalian
cells exposed to 50 Hz
electric (0.2 - 20 kV/m),
magnetic (0.0002-

0.2 mT), or combined
electric and magnetic
fields.

Repair of DNA single strand breaks (Comet
assay) induced by the carcinogens
methylmethane sulphonate (MMS),
chromate, and 254 U.V. radiation not
affected by ELF EMF exposure.

Chen WF et al. (2010)

Human myelogenous
leukemia K562 cells
exposed tostatic magnetic
field at 8.8 mT with or
without cisplatin

Static magnetic field exposure induced DNA to
become thicker than controls, and enhanced
DNA breakage (Comet assay) induced by
cisplatin.

Cho Setal. (2014)

Human lymphocytes
exposed to 60-Hz EMF at
0.8 mT for 12-72 h with or
without gadolinium.

ELF-EMF increased cell death, micronucleus
frequency, DNA single strand break (Comet
assay), and apoptosis induced by gadolinium.




Delimaris et al. (2006)

Human lymphocytes
exposed to 50-Hz pulsed
electric fields (10-Hz
carrier frequency) at 4 x
10° V/m for 120 min

Increased in DNA single strand breaks
(Comet assay).

Duan et al. (2015)

A mouse spermatocyte-
derived GC-2 cell line
intermittently (5 min on
and 10 min off) exposed
toaS50 HzEMFat 1, 2
or 3mT for 24 h

Increased DNA strand breaks (Comet assay
and gamma H2AX foci) at 3 mT exposure.

El-Bialy and Rageh
(2013)

Mice with Ehrlich
tumors exposed to a 50-
Hz magnetic field 1
h/day for 2 weks at 10
mT

Exposure cause DNA single strand breaks
(Comet assay) in tumor cells and increased
micronucleus frequency in bone marrow
cells. ELF-MF enhanced the effects of
cisplatin.

*Fairbairn and
O’Neill (1994)

Human cells exposed to
ELF-EMF

No significant effect on DNA single strand
breaks (Comet assay)

Focke et al. (2010)

Human fibroblasts
exposed to intermittent
(5 min ON/10 min OFF)
50-Hz EMF at 1 mT for
15h

Increased DNA single strand breaks (Comet
assay) caused by magnetic and not electric
field, No oxidative DNA damage. Could be
caused by minor disturbances in S-phase
processes and occasional triggering of
apoptosis rather than by the generation of
DNA damage.

*Frazier et al. (1990)

Human lymphocytes
induced with DNA
damage with ionizing
radiation were exposed
to 60-Hz magnetic field
at 1 mT, electric field at
1 or 20V/m, or
combinations of
magnetic and electric
fields (0.2 V/m and 0.05
mT, 6 V/m and 0.6 mT,
or 20 V/m and 1 mT) up

EMF exposure did not affect repair of DNA
single strand breaks (Comet assay).




to 180 min.

Hong et al. (2005)

Mice exposed to a 50-Hz

EMF induced DNA single strand breaks

EMF at 0.2 or 6.4 mT for | (Comet assay) in testicular cells and
4 weeks chromatin condensation in spermatozoa.
Ivancsits et al. (2002) | Human diploid Intermittent exposure induced DNA single

fibroblasts exposed to
continuous or
intermittent (5 mon
ON/10 min OFF) 50-Hz
EMFat1 mT for 24 h

and double strand breaks (Comet assay).

Ivancsits et al. (2003a)

Human diploid fibroblasts

exposed to intermittent (5
min ON/10 min OFF)50-Hz
EMF at 0.02- 1 mT for 1-24
h

DNA Single and double strand breaks
(Comet assay) observed at 0.035 mT at 15 h;
recovered within 9 h.

Ivancsits et al.(2003b)

Fibroblasts from human
subjects of different ages
exposed to intermittent
(5 min ON/10 min OFF)
50-Hz EMF at 1 mT for 1-
24 h

Increased DNA Single and double strand
breaks (Comet assay) at 15 h; more
pronounced in cells from older donors

Ivancsits et al. (2005)

Various cell types
exposed to intermittent
(5 min ON/10 min OFF)
50-Hz EMF at 1 mT for 1-
24 h

Effects on DNA Single and double strand
breaks (Comet assay) showed three
responder (human fibroblasts, human
melanocytes, rat granulosa cells) and three
non-responder cell types (human
lymphocytes, human monocytes, human
skeletal muscle cells).

Jajte et al. (2001)

Rat peripheral blood
lymphocytes exposed to
a 50-Hz magnetic field at
7mTfor3h

Increased DNA single strand breaks (Comet
assay) in cells treated with ferrous chloride;
melatonin attenuated the effect.

*Jin et al, (2014)

NIH3T3 mouse
fibroblast cells, W1-38
human lung fibroblast

No significant effect on DMA single strand
breaks (Comet assay), and interaction with
ionizing radiation, H,O,, or c-Myc




cells, L132 human lung
epithelial cells, and
MCF10A human
mammary gland
epithelial cells exposed
to a 60-Hz magnetic field
at1mT for4or16h

activation.

Kim J. et al. (2012)

Human primary
fibroblast and cervical
cancer cells exposed to a
time-varying 60-Hz
magnetic field at 7 mT
for 10-60 min,

DNA double strand breaks (gamma-H2AX
foci and Comet assay) detected (intracellular
reactive oxygen species not affected).

Kindzelskii and Petty
(2000)

Human neutrophils
exposed to pulsed
square-wave (20 msec)
DC electric field at 0.2
V/m for 30, 45, 60 min

Increased DNA single strand breaks (Comet
assay).

Kubinyi et al. (2010)

Human lymphocytes
exposed to an
inhomogeneous static
magnetic field with a
lateral magnetic flux
density gradient of 47.7,
1.2,0r 0.3 T/m by 10
mm lateral periodicity, or
a homogeneous SMF of
159.2 mT magnetic flux
density for a time period
of 0.5min, 1, 2, 4, 6, 18,
20, or 24 h.

Increased DNA single strand breaks (Comet
assay); affected DNA repair induced by
gamma ray when exposure occurred after
ionizing radiation treatment.

Lai and Singh (1997a)

Male Sprague-Dawley
rats exposed to a 60-Hz
magnetic field at 0.1,
0.25,0r 0.5mT for 2 h

Increased DNA single and double strand
break (Comet assay) in brain cells.

Lai and Singh (1997b)

Male Sprague-Dawley
rats exposed to a 60-Hz

Increased DNA single and double strand
break (Comet assay) in brain cells. Effects




magnetic field at 0.5 mT
for2 h

blocked by melatonin and a spin-trap
compound.

Lai and Singh (2004)

Male Sprague-Dawley
rats exposed to a 60-Hz
magnetic field at 0.01
mT for 24 or 48 h

Increased DNA single and double strand
break (Comet assay) in brain cells. More
effect with 48-h than 24-h exposure. Effects
blocked by Trolox (a vitamin E analog) and 7-
nitroindazole (a nitric oxide synthase
inhibitor).

Lee et al. (2011)

Human lymphocytes
exposed to EMF generated
during MRI scanning
(clinical routine brain
examination protocols:
three-channel head coil)
for 22, 45, 67, and 89 min.

Significant increases in DNA single-strand
breaks (Comet assay), and frequencies of
both chromosome aberrations and micronuclei
in a time-dependent manner.

*Luceri et al. (2005)

Human peripheral blood
lymphocytes and
DBY747 Saccharomyces

Cerevisiae exposed to
a50-Hz magnetic field

at 0.001, 0.01or 0.1 mT
for 18 h.

No significant effects on DNA single strand
breaks (Comet assay), oxidated DNA base,
and gene expression.

Luukkonen et al.
(2017)

Human SH-SY5Y
neuroblastoma cells.
Exposed to a 50-Hz
magnetic field at 0.1 mT
for 24 hours, followed by
menadione exposure for
1 or 3 hours.

Decreased p21 protein (a DNA damage
response-related proteins) level after 1-h
menadione treatment, as well as increased
proportion of cells in the G1 phase and
decreased proportion of S phase cells after
3-h menadione treatment. Magnetic field
exposure decreased DNA single strand
breaks (Comet assay) caused by | h
treatment with menadione.

Mariucci et al. (2010)

CD1 mice exposed to a
50-Hz magnetic field at 1
mT for 1 or 7 days (15
h/day)

Increased DNA single strand breaks (Comet
assay) in brain areas detected immediately
after 7-day exposure. No effect on HSP-70
expression.




*McNamee et al.
(2002)

10-day-old mice exposed
to a 60-Hz magnetic field
at 1 mT for 2 h,
cerebellum assayed at 0.
2, 4, and 24 h after
exposure

DNA sungle strand breaks (Comet assay):
“While increased DNA damage was detected
by tail ratio at 2h after MF exposure, no
supporting evidence of increased DNA
damage was detected by

the other parameters.” “Taken

together, these results do not support the
hypothesis that acute MF exposure causes
DNA damage in the cerebellums of
immature mice.” No change in apoptosis.

*McNamee et al.
(2005)

Rodents (adult rats,
adult mice, and
immature mice) exposed
to a 60-Hz magnetic field
at0.1,1 or 2 mT for 2

h. Assayed at 0, 2 and 4
h after exposure.

This study provided no evidence of
magnetic-field-induced DNA single strand
breaks (Comet assay) in the brain.

Miyakoshi et al.
(2000)

Human glioma MO54
cells exposed to a 50-Hz
magnetic field at 55, 50,
or 400 mT at 4°C or on
ice. For 30 min.

Exposure to magnetic field at more than 50
mT potentiated X-ray-induced DNA single
strand breaks (Comet assay).

Moretti et al. (2005)

Jurkat cells exposed to a
50-Hz magnetic field at 1
mT for 1 h with added
xenobiotics

Magnetic field exposure enhanced genotoxic
effects (DNA single strand breaks (Comet
assay)) of xenobiotics.

Nakayama et al.
(2016)

Macrophages stimulated
with the bacterial
endotoxin,
lipopolysaccharide and
posed to a 50-Hz
magnetic field at 0.5 mT
for24 h

Increased DNA single strand breaks (Comet
assay) and decreased viability.




Nikolova et al. (2005)

Mouse embryonic stem
(ES) cells exposed to an
intermittent (5 min
ON/30 min OFF) 50-Hz
EMF at 2 mT for 6 or 48
h

Significantly affected transcript levels of the
apoptosis-related bcl-2, bax, and cell cycle
regulatory "growth arrest DNA damage
inducible” GADDA45 genes, No effect on
DNA single and double strand breaks (Comet
assay).

Pilger et al. (2004)

Human fibroblasts
exposed to an
intermittent (5 min
ON/10 min OFF) 50-Hz
EMF at 1 mT for 15 h

Exposure resulted in an increase in DNA
single strand breaks (Comet assay) unlikely
to be caused by intracellular changes that
affect intracellular [Ca2+] or mitochondrial
membrane potential.

Rageh et al. (2012)

Newborn rats (10 days
after delivery) exposed
continuously to a 50 Hz
magnetic field at 0.5 mT
for 30 days

Increased DNA single strand breaks (Comet
assay) in brain cells and micronucleus
frequency in bone cells. Changes in anti-
oxidative enzymes and increased lipid
peroxidation.

*Reese et al. (1998)

Chinese hamster ovary
(CHO) cells exposed to
60-Hz magnetic fields
(0.1 or 2 mT), electric
fields (1 or 38 V/m), or
combined magnetic and
electric fields (2 mT

and 38 V/m,
respectively) for 1 h.

No significant effect on DNA single strand
breaks (Comet assay) from exposures.

Robison et al. (2002)

HL-60, HL-60R, and Raji
cell lines exposed to a
60-Hz EMG at 0.15 mT
for24 h

EMF exposure offers significant protection
from apoptosis (DNA double strand breaks
(Comet assay)) and significantly decreased
DNA repair rates in HL-60 and HL-60R cell
lines but not in the Raji cell line.

*Scarfi et al (2005)

Human diploid
fibroblasts exposed to an
intermittent (5 min
ON/10 min OFF) 50-Hz
EMF or a 50-Hz field
plus its harmonics for 24

No significant effects on DNA single strand
breaks (Comet assay) and micronucleus
frequency.




h (1,2,4-BT) also studied.

Scassellati Sforzolini
et al. (2004)

Cells exposed to a 50-Hz
magnetic field at 5 mT;

co-genotoxic effects with

N-methyl-N'-nitro-N-
nitrosoguanidine
(MNNG), 4-
nitroquinoline N-oxide
(4NQO), benzene, 1,4-
benzenediol (1,4-BD), or
1,2,4-benzenetriol

Magnetic field showed genotoxic
(micronucleus test) and co-genotoxic (comet
assay) capabilities.

Singh and Lai (1998)

Rats exposed to a 60-Hz
magnetic field at 0.5 mT
for 2 h.

Data suggested that both DNA-protein and
DNA-DNA crosslinks (Comet assay) were
formed in brain cells.

*Stronati et al. (2004)

Human whole blood
exposed to a 50-Hz
magnetic field at 1 mT
for 2 h.

No significant effects on DNA single strand
breaks (Comet assay), sister chromatid
exchanges, chromosome aberrations, and
micronucleus frequency in lymphocytes. A
slight decrease in cell proliferation observed.

Sun RG et al.(2012)

K562 human leukemia
cells exposed to
paclitaxel in the
presence or absence of
8.8 mT static magnetic
field for 24 h

The potency of the combination of SMF and
paclitaxel was greater than that of SMF or
paclitaxel alone on K562 cells, and these
effects were correlated with DNA single
strand breaks (Comet assay).

Svedenstal et al.
(1999)

Brain cells of CBA mice
exposed to a 50 Hz
magnetic field at 0.5 mT
2 h, 5 days or 14 days.

DNA single strand breaks (Comet assay)
increased after 14 days of exposure,

*Szerencsi et al.
(2013)

Peripheral blood samples

from men exposed to
EMF produced by 3T
magnetic resonance

imaging equipment for 0,

22,45, 67, and 89 min

No significant effect on DNA single strand
breaks (Comet assay) and DNA integrity in
lymphocytes.




during the scanning
procedure.

Teodori et al. (2014)

Human glioblastoma
cells exposed to static
magnetic field at 80 mT
for 6,12, or 24 h, alsoin
combination with X-ray

Increased in DNA single strand breaks
(Comet assay) after 24 h of exposure; x-ray
induced DNA strand breaks significantly
reduced by post-irradiation exposure to static
magnetic field. Further data suggested that
static magnetic field modulated DNA
damage and/or repair, possibly through a
mechanism that affects mitochondria.

*Tiwari et al. (2015)

Blood samples of human
subjects occupationally
exposed to 132 kV high-
voltage substations
(mean duration on job
9.27 years, range 2-30
years).

No significant effect on DNA single strand
breaks (Comet assay) in lymphocytes,
increased oxidative stress observed.

Udroiu et al. (2015)

Mice exposed to 50-Hz,
0.065 mT magnetic field,
24 hours/day, for a total
of 30 days, starting from
12 days post-conception.

Magnetic field induced a slight genotoxic
damage (micronucleus formaton) and no
interaction with x ray in erythrocytes, but
modulate the response of male germ cells to
X-rays with an impact on
proliferation/differentiation processes.
Magnetic field exposure decreased DNA
single and double strand breaks (Comet
assay) in germ cells at 42 days after birth.

Villarini et al. (2006)

Human leukocytes
exposed to a 50-Hz
magnetic field at 3 mT
for 30, 60, or 120 min
and treated with
mutagens.

Magnetic field exposure increased N-methyl-
N'-nitro-N-nitrosoguanidine- and decreased
4-nitroquinoline N-oxide-induced DNA single
strand breaks (Comet assay).

Villarini et al. (2013)

Male CD1 mice exposed
to a 50-Hz magnetic field
at0.1, 0.2, 1 or 2 mT for
7 days (15 hours/day)
and sacrificed either at

Magnetic field exposure induced DNA single
strand breaks (Comet assay) and did not
affect hsp70 expression in the brain.




the end of exposure or
after 24 h.

Villarini et al. (2015)

Blood leukocytes from
electric arc welders
presumably exposed to
50-Hz EMF(mean 0.0078
mT; range: 0.00003-
0.171 mT)

Decreased DNA single strand beaks (Comet
assay), may be caused by DNA-protein
crosslinks by metal exposure.

*Villarini et al. (2017)

SH-SY5Y and SK-N-
BE-2 human
neuroblastoma cells
exposed to a 50-Hz
magnetic field at 0.01.
0.1,orimTforlh
continuously or 5 h
intermittently (15 min
ON/15 min OFF), and
also aluminum

or AICI; alone induced DNA single strand
breaks (Comet assay), changes in
GSH/GSSG ratio or variations in Hsp70
expression. Co-exposure to ELF-MF and
AICl3 did not have any synergic toxic effects.

*Wang Y et al. (2019)

Human ventricular
cardiomyocytes exposed
to a 50-Hz magnetic field
at0.1mT for1h
continuously or 75 min
intermittently (15 min
ON/15 min OFF).
Sprague-Dawley rats
exposed to 50 Hz
magnetic field at 0.1 mT
for 15 h/day for 7 days.

Magnetic field exposure did not cause DNA
single strand breaks (Comet assay) in heart
cells in both in vitro and in vivo experiments.

Wolf et sl. (2005)

HL-60 leukemia cells,
Rat-1 fibroblasts, and
WI-38 diploid fibroblasts
exposed to a 50-Hz EMF
at 0.5-1 mT for 24-72 h

Dose-dependent increases in DNA single
strand breaks (Comet assay) and formation of
8-hydroxy-2'-deoxyguanosine adducts were
observed in all cell lines. There were
increases in cell proliferation and reactive
0Xygen species.

Yin et al. (2016)

Primary cultured rat
hippocampal neurons

Increase in DNA single strand breaks (Comet




exposed to a 50-HZ EMF
at mT for 90 min

assay); free radicals involved.

Yuan et al. (2020)

Tumor cell lines including
lung cancer, gastric cancer,
pancreatic cancer and
nephroblastoma exposed
to a 50-Hz EMF modulated
by static MF with time-
average intensity of 5.1
mT, for 2 h/day for 3 days.

Induced DNA single strand breaks (Comet
assay), gamma-H2AX and activation of DNA
repair pathways, increased reactive oxygen
species and ferroptosis, and decreased
proliferation.

Zendehdel et al.
(2019)

Peripheral blood cells of
male power line workers
in a power plant. The
median value of the
magnetic field at the
working sites was
0.00085 mT.

Increased in DNA single strand breaks
(Comet assay).

*Zhu et al. (2016)

Human lens epithelial
cells exposed to a 50-Hz
magnetic field at 0.4 mT
for2,6,12,24,0r48h

No effect on DNA single strand breaks
(Comet assay) and gamma-H2AX foci.

Zmyslony et al.
(2000)

Rat lymphocytes
exposed to a static or50-
Hz magnetic field at 7
mT for 3 h

In combination with FeCl,, increases in DNA
single strand breaks (Comet assay) observed
for both static and 50-Hz field exposure.

Zmyslony et al.
(2004)

Rat lymphocytes
exposed first to
ultraviolet radiation and
then to a 50-Hz magnetic
field at 0.04 mT for 5 or
60 min

60-min magnetic field exposure (plus UVA)
caused an increase in DNA single strand
breaks (Comet assay). MF may affect the
radical pairs generated during the oxidative
or enzymatic processes of DNA repair.
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