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Several studies suggest that exposure to 50 Hz magnetic
fields may promote chemically induced breast cancer in
rats. Groups of 100 female Sprague—Dawley rats were
initiated with four weekly 5 mg gavage doses of 7,12-
dimethylbenz[alanthracene (DMBA) starting at 50 days of
age. After the first weekly DMBA administration, exposure
to ambient fields (sham exposed), 50 Hz magnetic fields at
either 1 or 5 G field intensity or 60 Hz fields at 1 G for
18.5 h/day, 7 days/week was initiated. Exposure continued
for 13 weeks. A vehicle control group without DMBA was
included. In a second study, using lower doses of DMBA,
groups of 100 female Sprague—Dawley rats were initiated
with four weekly doses of 2 mg of DMBA starting at
50 days of age followed, after the first weekly DMBA
administration, by exposure to ambient fields (sham
exposed) or 50 Hz magnetic fields at either 1 or 5 G field
intensity for 18.5 h/day, 7 days/week for 13 weeks. Rats
were weighed and palpated weekly for the presence of
tumors. There was no effect of magnetic field exposure on
body weight gains or on the time of appearance of mam-
mary tumors in either study. At the end of 13 weeks, the
animals were killed and the mammary tumors counted and
measured. Mammary gland masses found grossly were
examined histologically. In the first 13 week study, the
mammary gland carcinoma incidences were 92, 86, 96 and
96% for the DMBA controls, 1 G, 50 Hz, 5 G, 50 Hz and
1 G, 60 Hz groups, respectively. The total numbers of
carcinomas were 691, 528K < 0.05, decrease), 561 and 692
for the DMBA controls, 1 G, 50 Hz, 5 G, 50 Hz and 1 G,
60 Hz groups, respectively. In study 2, the mammary gland
carcinoma incidences were 43, 48 and 38% for the DMBA
controls, 1 G, 50 Hz and 5 G, 50 Hz groups, respectively.
The total numbers of carcinomas were 102, 90 and 79 for
the DMBA controls, 1 G, 50 Hz and 5 G, 50 Hz groups,
respectively. There was no effect of magnetic field exposure
on tumor size either by in-life palpation or by measurement
at necropsy in either study. There was no evidence that 50
or 60 Hz magnetic fields promoted breast cancer in these
studies in female rats. These studies do not support the
hypothesis that magnetic field exposure promotes breast
cancer in this DMBA rat model.

Abbreviation: DMBA, 7,12-dimethylbenz]anthracene; G, Gauss; T, Tesla.

© Oxford University Press

Introduction

Electric and magnetic fields associated with the production,
transmission and use of electricity are ubiquitous in industrial-
ized societies. These fields are predominantly of low frequency
(60 Hz in the USA, 50 Hz in Europe and Japan) and generally
of low intensity. Electric fields exist when there is electric
potential in a line, while magnetic fields exist only when there
is current flow (1). Since both electric and magnetic fields
often occur together and are interactive, these fields have often
been referred to as electric and magnetic fields, or EMFs.
Trees, walls and other objects shield electric fields while
magnetic fields usually penetrate non-ferrous material. Thus,
most residential exposure is to magnetic fields. Recent research
has focused on potential adverse health effects of exposure to
magnetic fields. Most homes have magnetic field intensities
of <2 mG or 0.2uT, although some areas in homes may
exceed this. In some industries, mean workplace magnetic
field exposure may exceed 10 mG (2).

The report of two cases of breast cancer in male electricians
raised concern that magnetic fields may alter the rates of breast
cancer in humans, especially since breast cancer in men is a
rare disease (3,4). Further concern was raised by a report of a
modest increase in breast cancer in women with magnetic field
exposure (5). Even a small effect of EMF on the incidence of
breast cancer in women has potential major health implications.
The suggestion that magnetic field exposure may depress
nocturnal melatonin levels (6) provided a plausible mechanism
for magnetic fields to increase breast cancer rates.

Several studies have failed to find an effect of long-term
magnetic field exposure on mammary gland tumor rates in
rodents (7-9). Other reports from a laboratory in Hannover,
Germany suggested that 50 Hz magnetic fields may promote
7,12-dimethylben#d]anthracene (DMBA)-induced mammary
gland cancer in female rats (10-16). In an attempt to confirm
whether magnetic fields could promote breast cancer in rats,
we used a DMBA initiation/promotion model in Sprague—
Dawley rats with magnetic field exposure similar to conditions
used in studies from the Hannover laboratory. We used repeated
administration of the initiating chemical with four weekly
doses of 5 mg DMBA (total 20 mg DMBA/rat) followed by 13
weeks of magnetic field promotion to test potential promoting
effects of these fields on breast cancer. When this regimen
caused>90% tumors in the exposure and control groups, a
second study using a lower dose of DMBA (8 mg total)
following the same repeated administration of the initiating
chemical was conducted. We also added the American power
line frequency (60 Hz) in addition to 50 Hz for the magnetic
field exposures.

The results of both 13 week studies are reported here. Many
studies evaluating promoting effects in carcinogenesis give a
single administration of an initiator followed by a promoter;
we also conducted a magnetic field study using this format.
The results of single administrations of DMBA followed by
26 weeks magnetic field exposure have been reported separately
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(17). In that report, there was no evidence that magnetic field
exposure promoted breast cancer in the DMBA rat model (17)Table I. Experimental design

. Grou n Initiation Promotion
Materials and methods P

First 13 week study

Animals -

Female Sprague—-Dawley rats were obtained from Charles River Laboratory \E/)?\?g /Lea 1188 '2\1002% DMBA NT,?]Z%
(Raleigh, NC). On receipt the animals were 37 days old. The animals were ; G. 50 Hz 100 20 myDMBA 1G, 50 Hz
quarantined for 13 days and were 50 days of age on the first day of the study. 5 GY 50 Hz 100 20 mMyDMBA 5 G‘ 50 Hz
Before initiation of the study, 10 rats were randomly selected for parasite 1 G’ 60 Hz 100 20 mfyDMBA 1 G’ 60 Hz
evaluation and gross observation for evidence of disease. The study anim con'd 13 week study '

were randomized by weight into treatment groups using a computer-generate 100 8 mgﬁ DMBA None
randomization scheme. At the end of the study, serological analyses were 1G. 50 Hz 100 8 miDMBA 1G. 50 Hz
performed on five rats from each of the two exposure rooms. Serological 5 G: 50 Hz 100 8 mMiDMBA 5 G: 50 Hz

evaluation for Sendai virus, pneumonia virus of mice, rat coronavirus/
S|a|0dacrqaden!t|s virus and Kilham rat virus/H-1 virus failed to reveal anYayahicle controls received 1 ml of sesame oil.
abnormalities either prior to study start or at the end of the study.

bRats not exposed to magnetic fields have ambient field intensities of

Animal room conditions <1 mG.

The animal room conditions have been described previously (17). Briefly, rat§Five milligrams DMBA given four times at weekly intervals.

were housed four (first 13 week study) or five (second 13 week study) pefTwo milligrams DMBA given four times at weekly intervals.

polycarbonate cage on hardwood bedding (cages were changed twice weekly)

and water and NIH-07 open formula pelleted diet were availabidibitum

The animal rooms were monitored for temperature, humidity and light statuslissolved in 1 ml of sesame oil by gavage. Three additional weekly doses of
every 6 min. Cages were rotated on each rack once per week. The lights wefemg DMBA were administered by gavage. Of the four groups administered
on a 12:12 light/dark cycle with 47 lux at the bottom cages and 85 lux at theDMBA, one group received no magnetic field exposure and served as a
top cages. A system of dim red lighting (Phillips 15 W lamps) provided night- DMBA control group. Three groups of rats administered DMBA were exposed
time lighting of <0.1 lux in the animal rooms. Temperature was maintainedto magnetic fields at intensities/frequencies of 1 G, 50 Hz, 5 G, 50 Hz or
between 66 and 77°F and relative humidity between 35 and 65%. The exposule G, 60 Hz for 18.5 h/day, 7 days/week for 13 weeks. An additional 100
room had a sound level of ~59 dB, with ~53 dB in the control room. The female rats were administered 1 ml of sesame oil on day 1 of the study and
heating of the field generating coils at 5 G wad°C and there was no three additional doses in succeeding weeks. These rats received no magnetic
measurable change in temperature at the cage level. The Earth’s static magnefigld exposure and served as a vehicle control group. In a second 13 week
fields were measured in the animal rooms and varied between 0.48 and 0.54 &udy, three groups of 100 female Sprague-Dawley rats were administered
2 mg DMBA dissolved in 1 ml of sesame oil by gavage. Three additional
weekly doses of 2 mg DMBA were administered by gavage in corn oil. Of
the three groups administered DMBA, one group received no magnetic field

> ; ; h . exposure, one group 1 G, 50 Hz and one group 5 G, 50 Hz magnetic field
purity determined by HPLC was 99%;' which was consistent with the g, 0q “Rats were weighed prior to study start, weekly thereafter and again
manufacturer's indicated purity of 98.6%. Sesame oil was obtained fromat necropsy. The rats were palpated weekly; masses were located by specific
Welch, _Holme and C'?Fk Co: (Ne"Yafk' NJ). The Mldwe§t Researc_h InStItlJterﬂammary gland (L1-L6 and R1-R6). Two individuals each palpated half of
determined sesame oil identity by infrared spectrometry; the peroxide contenf - rats, alternating groups of rats each week. Size was determined by
was determined to be 0.8% 0.10 meq peroxide/kg in study 1 and 6.9 meq comparing the palpated masses with wooden spheres of defined diameters.

‘T‘ StUdg. 2. DMIBA was mixed with Isesafmﬁ Og to givze theéjesireg_concen;rg%men there was a discrepancy between the previous week in number or size
tions. Five replicate gavage samples of the 5 an mg doses dispensed NP ,q masses, then both individuals palpated the animal and resolved the
test tubes were received by the Midwest Research Institute and analyzed fa

lscrepancy. At the time of necropsy, the clinical observations were available
accuracy of dosing. Three of the five samples were selected at random aqgs pancy psY,

vzed in duoli Al | ithin 29% of the . t trati the pathologist; additional masses were found at necropsy. The skin and
analyzed in duplicate. All analyses were within 2% of the target concentra Ionmammary glands were removed and placed on a light box to visualize the

Magnetic field exposure generation tumors. Masses were measured in two directions and collected in formalin.
The exposure system has been previously described (17). Briefly, the magnefile mammary glands, lung, liver, kidney and all masses were fixed in
field exposure system consisted of three identical field generating coil sets ifPrmalin, stained with hematoxylin and eosin and examined histologically in
a single room, each associated with an individual animal exposure rack. Eagudy 1. In study 2, the mammary glands and all masses were examined
coil set consisted of four pairs of vertically oriented coils connected in seriedistologically. Each gross lesion was uniquely identified and followed through
that were spaced on each system. Pairs of coils were stacked one above f@cessing; histological diagnoses were correlated with each gross lesion
other; the bottom coils produced horizontal magnetic fields in one directioridentified in the mammary gland. The measurements at necropsy were used
while the top coils produced magnetic fields opposite to that of the lowerto calculate the area of the mammary gland carcinomas for each group.
coils. This arrangement helped minimize stray fields. The wires in the coilStatistical methods

were embedded in plastic to minimize coil vibration and hum and theComparisons of tumor incidence were made by the Poly-3 test (18-20).

plastic cases of the coils could be cleaned without danger of harming thesomparison of tumor size and multiplicity were made by Dunnett's test (21).
electrical hardware.

Chemicals

DMBA was purchased by the Analytical Chemistry Laboratory, Midwest
Research Institute (Kansas City, MO) from TCI America (Portland, OR). The

Exposure monitoring and control Results

The exposure monitoring and control system has been described (17). Field . .
levels in the exposure rooms were checked every 6 min during the 13 weekknvironmental conditions and field measurements

study and an alarm was triggered when fields were 10% out of the target fielﬂ.] study 1, room temperature for the exposure rooms was
intensity. The 60 Hz stray fields did not exceed 3 mG in the 1 and 5 G, 50 H o

animal exposure areas in study 1. The stray 50 Hz fields in the 1 G, 60 H?Z'l * 0.6°F, :Nhereas the room temperature for the controls
exposure areas varied from 5 to 30 mG (mearSD 11.4= 6.4). In study ~ Was 71.6+ 1.0°F. In study 2, room temperature for the exposure
2, there was no 60 Hz exposure group. The mean stray fields for the contrsdboms was 72.5 0.6°F, whereas the room temperature for

animals were<1 mG in both studies. In the animal exposure areas, the targefhe controls was 72.72 0.5°F. In both studies all room

field intensity was within 10% of the measured field intensity. The long-term i e 0
data storage system kept summaries of the expogutéenantervals for each temperatures were within the SpeCIerd rang89% of the

day. The exposure system fields were independently measured by Dr Martiime. In study 1, mean humidity of the control and exposure
Misakian of the National Institute of Standards and Technology. rooms was 52%, whereas in study 2, the mean humidity was

Experiment protocol 45-46%, and all rooms for both studies were within the
The experimental design is shown in Table I. On day 1 of the study, fourSPecified humidity range>90°_/o of the time. The fields in the_
groups of 100 female Sprague-Dawley rats were administered 5 mg DMBAeXposure rooms are shown in Table Il. The independent field
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Table Il. Summary of exposure field measurements

Condition Start of study End of study
Mean + SD? Range Meant SD Range
Study 1
5 G, 50 Hz 50 =*0.2 46 54 51 =*=0.2 46 54
1G, 50 Hz 10 =01 09 -11 1.0 =01 09 -11
1G, 60 Hz 1.0 =00 09 -11 1.0 =*=0.0 09 -11
DMBA control 0.0005+ 0.0001 0.0003-0.0006 0.00G2 0.0001 0.0001-0.0003
Study 2
5 G, 50 Hz 50 =02 46 54 50 =*=0.2 46 53
1G,50Hz 10 =01 09 -11 1.0 =*=0.1 09 -11
DMBA control 0.0002+ 0.0001 0.0001-0.0003 0.0002 0.0001 0.0001-0.0003

Field intensity in Gauss. There were two measurements in the control room but neither value exceeded 1 mG; control values are shown for the East monitor
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Fig. 1. Growth curves for female rats receiving either vehicle control or
DMBA followed by sham or magnetic field exposure
study.

measurements by the National Institute of Standards and
Technology found values within 2% of the target values. The
fields were relatively pure sine waves with a total harmonic
distortion of 0.2%.
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Fig. 2. Cumulative proportion of female rats with palpable mammary gland
tumors during the first 13 week DMBA initiation/magnetic field promotion
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Body weights and mortality

In study 1, rats not receiving DMBA (vehicle controls) were
6—9% heavier than rats receiving DMBA (Figure 1). DMBA
controls were 1-4% lighter than rats receiving DMBA plus
magnetic field exposure, but this difference was not statistically =
significant. In study 2, the magnetic field exposure group body

weights were within 1% of the body weight of the DMBA T 2 3 4 5 6 7 8 9 10 11 12 13
controls (data not shown). In study 1, 35 rats (7%) were
removed from the study and necropsied prior to final killing.
Removal was usually because of humane considerations. Affig: 3- Mean number of mammary gland tumors per tumor-bearing rat

but nine rats had mammary gland masses at gross necropévrmg the first 13 week DMBA initiation/magnetic field promotion study.
These early death animals were included in the study evalu-

ation. The early deaths were similar among exposure group%F-

h p : ; igure 2). By 13 weeks>90% of the rats had palpable
varying from six rats in the DMBA control to 13 in the 5 G, tumors. No palpable masses were found in vehicle control
50 Hz group, with five and eight early deaths in the other o "0 ean number of tumors/tumor-bearing rat at 13
eﬁ)osglre gr:%pr'slnGStgngzz’ V\‘/’Jth t:wemlovwedr d?isﬁ O{ ?rmsAlweeks based on palpation ranged from 5.0 to 5.6 in the exposed
Ei”%o e animal (5 G, ) was removed prior to te agroups, with 6.6 tumors/tumor-bearing rat in DMBA controls

9. ) (Figure 3). The numbers of tumors/tumor-bearing rat in the
Mammary tumor palpations 1 G, 50 Hz and 5 G, 50 Hz groups were significantly reduced
The first tumors were found at ~6 weeks in study 1 and ther¢P < 0.05) relative to controls (Table Ill). Mammary tumor
was an increase in the proportion of tumor-bearing ratsize by palpation was similar between the exposure and DMBA
throughout the study. There was no difference between expaontrol groups (Figure 4). In study 2, the first tumors were
sure groups and DMBA controls in the time of appearance ofound at 5-6 weeks (with the exception of one, perhaps
palpable tumors or in the proportion of tumor-bearing ratsspontaneous, tumor at week 2; control) with an increase

Ipabl in th i f beari k 2; DMBA I) withan i
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Table Ill. Evaluation of tumor size and multiplicity (meah SD)

Diagnosis DMBA plus magnetic field exposure group
Control 1G, 50 Hz 5 G, 50 Hz 1G, 60Hz
Palpation data
Study 1
Tumors/tumor-bearing rat 6.6 3.7 5.0 + 3.3 52+ 36 5.6+ 3.3
Mean tumor size (cR) 15+ 0.8 1.5+x1.0 1.4+0.9 1.5+ 09
Study 2
Tumors/tumor-bearing rat 2614 1.7+1.0 1.8+1.0 NDP
Mean tumor size (cR) 1.2+ 0.9 1.4+0.8 14x1.1 ND
Histology data
Study 1
Carcinoma/rat 6.9+ 4.8 53+ 44 6.5+ 4.9 6.9+ 4.8
Carcinoma area/rat (ch 15.0+ 13.9 129+ 125 129+ 125 14.4+ 10.7
Ratio of area per carcinoma (én 2.2 2.4 2.0 2.1
Study 2
Carcinoma/rat 1.0-1.9 09 =13 08 =13 ND
Carcinoma area/rat (ctn 1.9+ 47 1.8+ 46 1.7+ 48 ND
Ratio of area per carcinoma (€n 1.9 2.0 2.2 ND
8 < 0.05 compared with controls (Dunnett’s test).
5ND, not done.
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Fig. 4. Mean mammary tumor size estimated by palpation during the first
13 week DMBA initiation/magnetic field promotion study.
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Fig. 5. Cumulative proportion of female rats with palpable mammary gland

tumors during the second 13 week DMBA initiation/magnetic field

promotion study.
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Fig. 6. Mean number of mammary gland tumors per tumor-bearing rat
during the second 13 week DMBA initiation/magnetic field promotion

study.

were 2.0, 1.7 and 1.8 in the control, 1 G, 50 Hz and 5 G,
50 Hz groups, respectively (Figure 6 and Table ).
Histological evaluation of mammary tumors

Necropsy and histological examination confirmed that nearly
all of the masses palpated during the in-life phase of the study
were adenocarcinomas histologically similar to adeno-
carcinomas found in the 26 week study (17). A few mammary
gland adenomas (two in controls and one in the 1 G, 50 Hz
and 1 G, 60 Hz groups) were found in study 1, whereas only
one adenoma was found in study 2 using a lower dose of
DMBA (Table 1V). In contrast to the 26 week study, where
mammary gland fiboroadenomas were quite common (17), only
seven fibroadenomas were found in study 1, with three of the
seven tumors occurring in the control group. Fibroadenomas
were not diagnosed in study 2. Lung, liver and kidney were

in the proportion of tumor-bearing rats throughout the studyexamined for the presence of neoplastic disease, especially for
There was no difference between exposure groups and DMB#he presence of metastatic mammary gland carcinomas in study
controls in the time of appearance of palpable tumors or irl. One DMBA control rat and one DMBA/1 G, 60 Hz rat,
the proportion of tumor-bearing rats (Figure 5). By 13 weekshad liver metastases. Three rats had pulmonary metastases,
30-38% of the rats had palpable tumors. The mean numbefene DMBA control, one DMBA/1 G, 50 and one DMBA/

of tumors/tumor-bearing rat at 13 weeks based on palpatioBb G, 50 Hz). In study 2, distant metastases were not found in
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120

»
Table IV. Evaluation of tumor incidence g
o
Diagnosis DMBA plus magnetic field exposure group E
S
Control 1G,50Hz 5G,50Hz 1G,60Hz 8
-
Study 1 2
Adenoma 2 1 0 1 8
Carcinoma 92 86 96 96 1S3
Fibroadenoma 3 2 1 1 é’
Study 2
Adenoma 0 0 1 ND Control 1G 50Hz 5G 50Hz
Carcinoma 43 48 38 ND

Exposure

8Number of rats with diagnosis (100 animals/group examined).

b Fig. 8. Total number of carcinomas found on histological examination in
ND, not done.

female rats receiving DMBA followed by sham or magnetic field exposure
during the second 13 week study. The number of tumors per tumor-bearing
rat is given above each bar. One rat in the 5 G, 50 Hz exposure group had
an adenoma. This data is not included in the figure.

Discussion

These two studies do not support the hypothesis that magnetic
field exposure enhances breast cancer growth in the DMBA
rat breast cancer model. In fact, there were significantly fewer
total numbers of carcinomas in the 1 G, 50 Hz exposure group
in study 1 and a tendency for fewer tumors in the exposure
Contol  1G50Hz 5G50Hz 1G 60Hz groups in study 2. There was also a tendency for fewer tumors/
rat in the exposed groups. Our data are consistent with the
findings of Ekstrom (22), who also observed fewer tumors in
Fig. 7. Total number of carcinomas found on histological examination in  the magnetic field-exposed animals compared with the DMBA

female rats receiving DMBA followed by sham or magnetic field exposure controls. This is also similar to a 26 week study that we
during the first 13 week study. The number of tumors per tumor-bearing rat reported previously (17)

is given above each bar. Three DMBA control rats had fibroadenomas and .
two had adenomas, whereas the exposure groups had 0-2 fibroadenomas The data from the two 13 week studies reported here are

and or adenomas per group. These data are not included in the figure. ~ NOt consistent with studies from one laboratory suggesting that
magnetic field exposure may promote chemically induced
breast cancer in rats (10-15). In some studies reporting effects
of masses found grossly at necropsy i magnetic field exposure, there was no difference in the
; . " o . . _number of mammary tumors/tumor-bearing rat (11,13,16,23).
Using the trace gross lesions identifiers, histological

diagnoses were correlated with each gross lesion identified iSome studies also reported no difference in the incidence of

Number of Carcinomas

Exposure

any exposure or control group, as evidenced by the presen

flimors with magnetic field exposure (10), but one of the studies
, (iapvolved small numbers of animals at low field intensities (13).
DMBA controls (Figure 7 and Table I11). In study 2, there are he positive effects reported were often an earlier onset of

also fewer carcinomas in the exposure groups (Figure 8 anﬁjmors (11,16,23) or an increase in tumor size (10,11,14).
W : : Xposure group 'gu owever, in some studies there was no increase in tumor size

Table 1lI). Based on both in-life palpations and histological (16,23). We found no indication for earlier onset of tumors,

:xaren;r::r?gg ,tJ&egfinvcvi?j:aencr;oordrzﬁzigel}gcii; ;En;[gn:? (()afbgjtvrcgébm in the second 13 week study there was a small but
Pp ’ . 9 yPe bEWEER nificant increase in tumor size (controls, 1.9%cth G,
DMBA controls and the various exposure groups in either,

study. There was limited evidence for fewer tumors/tumor-50 Hz, 2.0 crit 5 G, 50 Hz, 2.2 crf). However, when the
Y. ; . data are expressed as carcinoma area/animal there is a small
bearing rat and fewer total carcinomas in some exposur

. Hecrease (controls, 1.9 &l G, 50 Hz, 1.8 ¢ 5 G, 50 Hz,
groups Fompared _W'th cor.1trols. 1.7 cn?). Further, there was no tendency for an increase in
Evaluation of carcinoma size tumor size in the first 13 week study (2.2, 2.4, 2.0 and 2.3 cm
The masses were also measured at necropsy and comparidon the control, 5 G, 50 Hz, 5 G, 50 Hz and 1 G, 60 Hz
with histological diagnosis allowed for calculation of the meangroups, respectively). Thus, our interpretation is that these
carcinoma area per tumor and per rat for the DMBA controlstudies do not provide evidence that magnetic field exposure
and exposure groups. The carcinoma area per carcinoma wamreases tumor size. Finally, the palpation data do not suggest
slightly increased (not significant) in some exposure groupshat there is an earlier onset of tumors.

(Table 1I). This may have been due to the fewer number of While having similar protocols to previously reported studies
tumors in the exposed animals; the carcinoma area/animal wg$0-15), there are also several important differences. We and
decreased (not significant) in all exposed groups compareprevious studies used Sprague—Dawley rats, but the sources
with the control animals. Based on both in-life palpations andbf the strain of rats were quite different (Exertal, Germany
measurements at necropsy, there were no significant differencaad Raleigh, NC), rodent feed varied and our study also had
in size of tumor between DMBA controls and the variousa shorter daily exposure duration (18.5 h/day, 7 days/week),
exposure groups in either study. whereas exposures in the Hannover studies were for 24 h/day.
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The reported promotional effects of magnetic fields on breastl.Loscher,W., Mevissen,M., Lehmacher,W. and Stamm,A. (1993) Tumor

cancer in the rat are subtle and not always consistent (10-15). promoti_on ‘in a breast cancer model by exposure to a weak alternating
Furth Linfl DMBA-ind db magnetic field Cancer Lett. 71, 75-81.

Further, a seasonal influence on -induced breast Canc@b | gscher,w. and Mevissen,M. (1994) Animal studies on the role of 50/60-
in their model (24) has been reported. Thus, it may not be Hertz magnetic fields in carcinogenedisfe Sci, 54, 1531-1543.

easy to replicate subtle changes that have some seasoriélLoscher,W., Wahnschaffe,U., Mevissen,M., Lerchl,A. and Stamm,A. (1994)
variation. Effects of weak alternating magnetic fields on nocturnal melatonin

. . . . . . production and mammary carcinogenesis in rétscology 51, 288—295.
Several recent ep|dem|0|09lcal studies prowde less e\”den%. Mevissen,M., Stamm,A., Buntenkotter,S., Zwingelberg,R., Wahnschaffe,U.

for an effect of magnetic fields on breast cancer (25-28). and Loscher,W. (1993) Effects of magnetic fields on mammary tumor
Several long-term studies have also failed to find an increase development induced by 7,12-dimethylbeyapthracene in rats.
in mammary gland cancer in rats or mice with magnetic field _ Bioelectromagneticsl4, 131-143. _
exposure (7—9) 15.Mevissen,M., Kietzmann,M. and Loscher,W. (199%)vivo exposure of
’ s . . rats to a weak alternating magnetic field increases ornithine decarboxylase

In summary, the DMBA initiation/promotion studies  aciivity in the mammary gland by a similar extent as the carcinogen
reported here and other long-term carcinogenicity studies DMBA. Cancer Lett. 90, 207-214.
provide little or no support that magnetic fields at 50 and16. Mevissen,M., Haubler,M., Lerchl,A. and Loscher,W. (1998) Acceleration of

60 Hz frequency at field intensities of 1-5 G promote the Mammary tumorigenesis by exposure to 7,12-dimethyltzaathracene-
. . . . treated female rats in a 50-Hz 1@d- magnetic field: replication study.
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