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Biological effects of electromagnetic
fields at extremely low frequencies.
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Abstract—This paper reviews studies on potential health effects of electric and
magnetic fields at extremely low frequencies(ELF). Recent studies focus on the
epidemiological investigation of cancer, reproductive outcome and neurobehavioral
effects due to residential and occupational exposure to ELF. Laboratory experiments
are also carried out to find the possible mechanism of biological effects of ELF.

Firm conclusion regarding whether ELF cause cancer are not yet conclusive but
suggestive and other health effects of exposure to ELF have also been suggested
but the evidence is even weaker than that related to cancer.
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Table 1. Terms commonly used to describe freque-
ncy ranges below 300kHz.

Term frequency range
Extremely low frequency 3 Hz— 3 kHz
Power frequency 50 Hz—1000 Hz
Very low frequency 3 kHz— 30 kHz

Low frequency 30 khz— 300 kHz
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Table 2. Typical electric and magnetic field streng-
ths at ground level under electric-power transmision
lines.(6)

Voltage, k. Current, A Electric field, kV/m Magnetic field, uT
115 20 15 5.0
230 300 25 6.1
345 400 34 6.8
500 550 6.7 84
765 750 10.0 10.0

Table 3. Electric and magnetic fields produced 30
cm in front of video display terminals(VDT).Field
produced by VDT differ greatly, so values listed be-
low are not characteristic of all units.(6)

Type of field Frequency Value
Electric® OHz =1500 V/m
Electric ELF = 70 V/m
Electric VLF* =3 V/m
Magnetic ELF¢ =07 WT
Magnetic VLF* =025 WT

a) One-half hour after turn on

b) Extremely low frequency range, procuced by changes in
data being displayed by VDT

¢) Very low frequency range, produced by fly-back transformer
and associated circuitry

d) Extremely low frequency range, procuced by vertical sweep
circuitry

e) Very low frequency range, produced by horisontal sweep
circuitry

ol9] A7, Fojzgte] T AF AT
JM= H71Fe] LAH. FMAM, VHF Jgx
UHF. 29 <43 (radiofrequency) 9} radar, 3}
A%2 93 microwave A, microwave ¥ T
dgA oz Uukgle] Z2EE AP o9 s
o2 7FEE 93l AHE-EE microwave 7]71227}
M= dFE FA drt

A7) 2 ZA A electrical worker)[17]el Tk A
7139 A7l= E 49 2t

) Olﬂ R r2a

2) A7

A= geomagnetic field&t €A Qv AX7F
(static magnetic field )& A8k ©) o] &2 A7e
30uT(0.3G) ~70uT(0.7G) ° t}&t}.

HE ol el F22-2(solar activity) 5 AT A}

189

<]} 50Hz— 1000Hz H$ 9] F=3 & 742 271385
sk o] A9 Ml71E v A solx 0.01uT(0.1
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Table 4. Occupation and residential exposures to ELF electric fields(17).

Electric field, V/m

Job class Environments N Geometric mean Range
Electricians Industrial power supply 1 4 -
Power line workers Undergroun lines 2 08 05—12
Overhead lines 2 158 120206
Home hook-ups 13 4 0-71
Welders/flame cutters TIG 1 2 -
Power station operators Transmission stations 3 290 165—621
Distribution substation 3 72 22—222
Generating station 7 04 0—4
Control rooms 4 1 03—24
Electronic assemblers Sputtering 1 6 -
Soldering 2 8 8—9
Microelectronics 2 2 08—3
Projectionists Xenon arc 4 1 0—2
Forklift operators Battery powered 1 02 -
Electronics engineers Laser lab 4 2 06—8
and technicians Calibration lab 4 05—14
Office 1 1 -
Radio and TV repairers  Repair shops 11 45 4—-110
Radio operators Dispatchers 1 1 -
Electrical workses All 67 5 0—620
Residential in homes 178 25 0—79
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Table 5. Occupation and residential exposures to ELF electric fields(17).

Magnetic field, w/T

Job class Environments N Geometric mean Range
Electricians Industrial power supply 1 10 -
Power line workers Underground lines 3 5.7 3.8—9.1
Overhead lines 2 42 3.2-57
Home hook-ups 14 0.11 0.004—1.2
Welders/flame cutters AC 4 41 24—90
DC 4 0.65 04—16
Power station operators Transmission stations 3 39 1.6—7.2
Distribution substation 3 29 0.7—54
Generating station 12 0.60 0.01—12
Control rooms 8 0.21 0.1-04
Electronic assemblers Sputtering 2 24 14—43
Soldering 2 0.13 0.13—0.16
Microelectronics 3 0.003 0.001—0.006
Projectionists Xenon arc 7 14 0.1—45
Forklift operators Battery powered 9 1.2 0.09—125
Electronics engineers Laser lab 9 11 0.2—20
and technicians Calibration lab 4 0.06 0.05—0.07
Office 1 0.02 -
Radio and TV repairers Repair shops 11 0.63 01—-26
Radio operators Dispatchers 3 0.03 0.02—0.04
Electrical workses All 105 0.50 0.001—125
Residential in homes 181 0.06 0.005—1.1
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Table 6. Association of exposure to ELF with cancer

Reference Styudy design Exposure estimator Cancer type* Relative risk estimate 95% CI
CHildhood cancers
{7) Case control Wire code(birth addresses) Leukemia OR=228 197265
Nervous system 248 116236
Lymphoma 236 166—335
(8) Case control Wire code Leukemia OR=22 11-43
{9) Case control Wire code All OR=153 104226
Nervous system 204 111-376
Leukemia 154 090—263
{10 Case control Field measurement All OR=212 173-259
Nervous system 3% 163839
Leukemia 04 017-068
(14 Case control Wire code Leukemia OR=108 100-116
00 Prenatal electric blanket use Leukemia 17 08—36
Brain 25 11-55
postnatal electric blanket use Leukemia 15 0551
AdL 19 06—65
Brain 12 03—57
Adult cancers
{13 Retrospective cohort personal measurement All RR—-12 109—-137
Leukemia m 057214
Brain 229 115—456
{5 Cohort Distance Al SMR=087(men) 0.78—09%
SMR=092(women) 083—101
Leukemia SMR =061(men) 007-219
SMR=154(women) 042—394
(16) Case control Wire code ANIL OR=145 054—388
{19 Case control Distance to power lines Leukemia OR=145 054388
Distance to substation Leukemia 099 -
) Case control Wire code Al OR=139 121-158
) Cohort Job title Al RR=115 110-120
Larynx 146 105-208
Mesopharynx 2% 111-479
Lung 152 135172
Colon 120 12-143
Bladder 122 104—-126
Cervix 114 204126
Melanoma 135 206276 _
23 Case control Electric blabket use Testicular OR=10 07-14

* AML, acute myelogenous leukemia ; CML, chronic myelogenous leukemia ; ANLL, acute nonlymphoid leukemia ; AcLL, acute
lymphoid leukemia,
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1) DNA E#o]
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miced] RA7)AEL =E2AAL FAA oA L )
FAA wgNEo] JEe vAR Ferhe Hi[53]
T YA 2B A FAuESS Bu[54]% 2
F= 9lor DNA &35 uAle g3 B3
dTE A Ak

2) DNA A+ a5y aXe 9T
AA71Zol AHFH DNAd Zge 3ALAT

180kV/m

23mA/m?'

67kV/m

#2048 HE3% 19956

mRNA¢} & 3o P& £ 5 Aol Zails5]
H = AA71A] =& 9 dipterand] salivary gland
ol RNA#AIZ 37} 51T Bl $4Bel7 we
AstE He ¥ £X%e Az waite
RIE n)Zo] Eu mRNAZ RE gidz HAlEH=
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3) Calciumdl] w|A& ¥

A7 Zo] AZEW 2] Cation flowe) TFH] 9L
H ks d7t Ea[56] =it

% diatom2] +542 AU Cad] Tz &
shed 54 Fa 9 A1 AR o) d%E
dt=theE B 31[57] 2 bone healing?] plasma memb-
rane oA osteoblast ¢l hormoneo] Z¥3sl= ZAE
w84 Y membraneo] A receptor-cyclase coup-
lings WajgtozA et Hed ol Cay o]
ol #3}y] wE[s8]olet RuH gt} 136
Hze] 2713 (peak : 20T & AN HFEZT9 lym-
phoma cell line®} A 9] calcium intakeZ 2u} F7}A]
ke Ao B HYh & Ca 59} AE Cagl
X7} o NEI1F 9% Fed 53] 2XTY
gAghg F4d $83 98-S 3= proteinkinase

11mA/m?

37KV,
160uA/m? /m .
20pA/m?2:
280pA/m?} ' ‘/"A/
] ] "
% q ¢ 1.5pA/m?2
. g
N A8 .
14mA/m?

Note. Surface r.m.s. electric field measurements are shown for human and pig, and surface r.m.s. electric field estimates for
rats. Estimated axial current densities averaged over selected sections through bodies are shown. Calculated current densities
perpendicular to surface of body are shown for human and pig. Relative body sizes are not to scale.

Source : Kaune & Phillips(50).

Fig 1. Effects of a vertical electric field of 60Hz and 10kV/m on grounded human, pig and rat
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4) Ornitine decarboxylase(ODC)
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5) Immune funtion 60Hz9] HA}7)&o] Z 25w
T-FEZF9 HIEAo] 20%7t ZAHYPT= Fo)
Bul6l] FRem % 2714 2 ¢4 Aromatic
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6) Pineal Funtion

pineal gland<= neuroendocrine®] transducer$!t)
vrijile) S0 9= hormonal signal$- YERY Zu}

melatoninS ¥ pineal hormon¢l ] o] €} en-
docrine glande] thsl AA|Z-8-& I}

melatonin®] <Fo] FrAEW H3<A 2 prolactin
HEH|7} Z7hE 3 Y20 tEt estrogen 3 testoste-
rone?] ¥-4]7} Z7}E T} melatonin®] A A3 retinad
of3j) Yol 1A HH 7+4 7] W&o melatonin®] ¥-&
Frolle TAF I ofgtele FrlEh

Cohen(1979)[63] 5> melatonino] Ale] 24
=¥ estrogen W0l FVHET iz 248
a7 e fdte] BEAol &g Bt
. FAAI)AL melatonin®] AAS A EE
s Ao g Bi1[43,62]5 0] 7] Wi o
APALT 528 &N dEHe dAE 4
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5. Exposure guideline

FA7MA W A7) YESH gL He
& vpe} o] FEAFEA I JetdTo A B e}
2ol teraty] o 28302 dAAE ¢ flrh

2181} International Non-ionizing Radiation Com-
mitte of International Radiation Protection Associa-
tion(IRPA/INIRC) & 198819 100kHz ¥ 300
GHz7HA 9] nFuie o] Axp7) 4] tigh duiel R

Table 7. Occupational exposure limits to radiofrequency electromagnetic fields(63)

Unperturbed

Frequency range RMS electric

Unperturbed
RMS magnetic

Equivalent plane
wave power density

(MHz) field strength field strength
(V/m) (A/m) W/m? mW/cm?
01-1 614 1.6/f - -
>1—10 614/f 1.6/f - -
>10—400 61 0.16 10 1
»400— 2000 3/f% 0.008/f* £/40 £/400
»2000— 300000 137 0.36 5.0 5

B These value are provided for information only, and are not to be considered for determining compliance.

NoteB. Hazards of BF burns should be eliminated by limiting currents from contact with metal objects. In most situations this
may be achieved by reducing the E values from 614 to 194V/m in the rage from 0.1 to IMHz and from 614/f to 194/f* in the

range from)1 to 10MHz. f=frequency in MHz.
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Table 8. Exposure limits to radiofrequency electromagnetic fields for the general public(63)

Unperturbed

Frequency range RMS electric

Unperturbed
RMS magnetic

Equivalent plane
wave power density

(MHz) field strength field strength
(V/m) (A/m) W/m? mW/cm?
0.1-1 87 0.23/f* - -
>1—-10 87/ 0.23/f - -
>10—400 275 0.073 2 0.2
>400—2000 1.375/f* 0.0037* £/200 £/2000
»2000— 300000 61 0.16 10 1

Note. f. frequency in MHz.

A HEewd] g FAH A guideline & 43
(6518 vl U(FE 7, 8) 1991do)E 50/60HztH )
2 Fodd g A guidelines AA[66]
3ATHE 9).

53] 50/60Hz o] &gl #HA7)go] ot
e FHA vEe] A dYFYARE 71FL2 10
kV/m, 05mT(5G), ©A1Z Z2YUw 30 kV/m, 5mT
(50G) el A7 AS Z2AT A7)F9 A
71& F&gkol 80°] FA] Totof g} kA glok
Udwiele) Z9 2443t E2A] 5 kV/m, 0.1mT(1G)
g2 3R FAIZAE EZAYE 10kV/M,ImT
(10G) 744 g8t ol = F =¥ HF7}2 mA/m
*g dxolo} Arku FA5T Yok .
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Abgel 79 50—60Hzo] H71FelA 1kV/m ~LE]iL
27142 A% 0.1mT o}58 dxsin glok

6. 29
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Table 9. Limits of exposure to 50/60 Hz electric and
magnatic fields(64)

Exposure Electric field strength Magnatic flux density
characteistics kVm(rms) mT(rms)

Whole workimg day 10 05
Short term 3 5
For limbs - 25
General public

Up to 2%h d* 5 01
Few hours per day* 10 1

a) The duration of expusore to fields between 10 and 30 kVm?
may be calculated from the formula t 80/E, where ¢ is
the duration in hours per work day and E is the electric
fields strength in kVm™

b) Maximum exposure duration is 2 h per work day

¢) This restriction applies to open spaces in which members
of the general public might reasonably be expected to spend
a substantial part of the day, such as recreational areas,
meeting grounds, and the like.

d) These values can be exceeds for a few minutes per day
provided precautions are taken to prevent indirect coupling
effects.

Zzz A8 ool PARTGE oY A7AHE B
dtze] A BE AUFEE WY 37
ZF S1EA) ARE 2AEI9E A7t Basi

EoEs
1. J.A Elder, P.A. Czerski, M.A. stuchly, K.H.

Mild and AR. Sheppand, Radiofrequency
radiation in “Nonionizing radiation protec-



10.

2 A%} (Extremely Low Frequency : ELF) Wl A=}713(Electromagnatic field) 2] A &823 3k

tion” Suess, M.J. and D.A. Benwell-Morison
Eds., WHO Regional Publication, European
Series, No. 25. 117—173, (1989).

R.E. Shore, “Electroamgnetic radiation and
cancer”, Cancer, 62:. 1747—1754, (19
88).

K. Sheikh, “Exposure to electromagnetic
fields and role of leukemia”, Archives of
Environmental Health, 41 . 56—63, (19
86).

. LE. Anderson and W.T. Kaune, “Electric

and magnetic fields at extremely low fre-
quencies”, in Nonionizing radiation protec-
tion - Suess, M.]. and D.A. Benwell —Mori-
son Eds., WHO Regional Publication, Euro-
pean Series, No. 25. 175—243, (1989).

. C.V.Byus, S.E. Pieper and W.R. Adey, “The

effects of low-energy 60Hz environmental
electromagnetic fields upon the growth-re-
lated enzyme decarboxylase”, Carcinoge-
nesis, 8 © 1385—1389, (1987).

. W.T. Kaune, “Introduction to power-fre-

quency electric and magnetic fields”, Envi-
ronmental Health Perspectives Suppleme-
nts 101, Supplements 4, 73—81, (1993).

. N. Wertheimer and E. Leeper, “Electrical

wiring configurations and childhood can-
cer”, Am. J. of Epidemiol., 109 | 273—284,
(1979).

S.J. London, D.C. Thomas, J.D. Bowman,
E. Sobel, T.C. Cheng and J.M. Peters, “Ex-
posure to residental electric and magnetic
fields and risk of childhood leukemia”, Am.
J. of Epidemiol, 134 : 923—937, (1991).

. D.A. Savitz, H. Wachtel, F.A Barnes, E.M.

John and J.G. Tvrdik, “Case control study

of childhood cancer and exposure to 60Hz

magnetic fields, Am. J. of Epidemiol.”, 128
21—38, (1988).

L. Tomenius, “50Hz electromagnetic envi-

ronment and the incidence of childhood tu-

mors in Stockholm county”, Bioelectromag-

netics, 7 . 191—207, (1986).

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

197

S. Milham, “Mortality from leukemia in wo-
rkers exposed to electrical and magnetic
fields”, New Eng. J. of Med,, 27 . 413—
419, (1985).

W.E. Wright, ]J.M. Peters, and T.M. Mack,
“Leukemia in workers exposed to electrical
and magnetic fields”, Lancet, 11601161,
(1982).

D.A. Savitz and D.P. Loomis, “MAgnetic
fields exposure in relation to leukemia and
brain cancer mortality among electric utility
workers”, Am. J. of Epidemiol, 141 . 2
123134, (1995).

J.P. Fulton, S. Cobb, L. Preble, L. Leone,
and E. Fomman, “Electrical wiring configu-
rations and childhood leukemia in Rhode
Island”, Am. J. of Epidemiol, 111 . 292-
296, (1980).

M.E. McDowall, “Mortality of persons resi-
dent in the vicinity of electricity transmis-
sion facilities”, Br. J. of Cancer, 53 : 271—
279, (1986).

RK. Severson, RG. Stevens, and W.T.
Kaime, “Acute nonlymphocytic leukemia
and residental exposure to power freque-
ncy magnetic field”, Am. J. of Epidemiol,
128 10—20, (1988).

J.D. Bowman, D.W. Garabrant, E. Sobel and
JM. Peters, “Exposures to extremely low
frequency(ELF) electromagnetic fields in
occupations with electrical leukemia rates”,
Appl. Ind. Hyg, 3: 189—194, (1988).
W.T. Kaune, “Assessment Human exposure
to power-frequency electric and magnetic
fields”, Environmental Health Perspectives
Supplement 101, Supplement 4, 121—133,
(1993).

M.P. Coleman, C.M.]. Bell and M. Primic-
Zakelj, “Leukemia and residence near elec-
tricity transmission equipment : a case-co-
ntrol study”, Br. J. Cancer, 60 . 793—798,
(1989).

D.A. Savitz, EM. Hone and R.C. Klecknen,



198

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

BOHRE SR &

“Magnetic field exposure from electrical
applcations and childhood cancer”, Am. ]J.
Epidemiol., 131 : 763—773, (1990).

N. Wertheimer and E. Leeper, “Adult can-
cer related to electric wire near the home”,
Int. J. Epidemiol,, 11 : 345—2355, (1982).
D. Vagero and R. Olm, “Incidence of cancer
in the electronic industry using the new
Swedish Cancer Environment Registry as
a screening instrument”, Br. J. Ind. Med.,,
40 . 188—192, (1983).

R. Vererault, N.S. Weiss, K.A. Hollenbach,
C.H. Strader, and J.R. Daling, “Use of elect-
ric blanket and risk of testicular cancer”,
Am. J. Epidemiol., 131 : 759—762, (1990).
M.R. Spitz and C.C. Johnson, “Neuroblas-
toma and paternal occupation”, Am. J. Epi-
demiol., 121 : 924929, (1985).

D.W. Sawyer, T.A. Sullivan, G.L. Mandel,
“Intracellular free calcium licalization in
neutrophils during phagocytosis”, Science,
230 . 663—666, (1985).

D.A. Savitz and E.E. Calle, “Leukemia and
occupational exposure to electromagnetic
field . review of epideimology”, J. Occup.
Med,, 29 : 43—51, (1987).

R.G. Stevens and D.R. Kalkarf, “Iron, radia-
tion, and cancer”, Environmental ahealth
Perspect, 87 © 291—300, (1990).

L. Tamarkin, CJ. Baird and O.F. Almeida,
“Melatonin : a coordinating signal for ma-
mmalian reproduction ? ”, Science, 227 :
714—720, (1985).

R.G. Stevens, “Electric power and breast
cancer . a hyphthesis”, Am. J. of Epide-
miol., 125 . 556—561, (1987).

AlLerchl, K.O. Nonaka, K.A. Stokkan and
R.J. Reiter, “Marked rapid alterations in
nocturnal pineal serotonin metabolism in
mice and rats exposed to weak intermittent
magnetic field”, Biochem. Biophys. Res..
Comm., 129 : 102108, (1990).

#2044 355 19954

3L

32.

33.

34.

35.

36.

37.

38.

N. Werthermer and E. Leeper, “Possible
effects of electric blanket and heated wate-
rbeds on fetal development”, Bioelectroma-
gnetics, 7 © 13—22, (1989).

N. Werthermer and E. Leeper, “Fetal losses
associated with two seasonal sources of ele-
ctromagnetic field exposure”, Am. J. Epide-
miol,, 129 © 220—224, (1989).

L. Dlugosz, J. Vena, M. Zielezny, T. Byers,
G. Roth and E. Marshall, “Congenital mal-
formation and periconceptional use of elec-
tric blankets and heated waterbed . a regi-
ster based case-control study”, Am. J. Epi-
demiol,, 132, 763, (1990).

B. Knave, F. Gamberale, S. Bergstrom, B.
Birke, A. Iregren, B. Kolmodinhledman, and
A. wennberg, “Long-term exposure to elec-
tric field . a cross sectional epidemiological
inmvestigation of occupationally exposed
workers in high voltage substation”, Scan.
J. Work Envirn. Health, 5. 115—125,
(1979).

S. Nordstrom, E. Birke and L. Gustavssm,
“Reproductive hazards among workers at
high voltage substations”, Bioelectromag-
netics, 4 © 91—101, (1983).

G.C. windham, L. Fenster, S.H. Swan and
R.R. Neutra, “Use of video display termi-
nals during pregnancy and the risk of spon-
taneous abotion, low bith weight, or intrau-
terine growth retardation”, Am. J. Ind.
Med.,, 18 © 675—688, (1990).

M.K. Goldhaber, M.R. Polen and R.A. Hialt,
“The risk of miscarriage and birth defects
among women who use visual display ter-
minals during pregnancy”, Am. J. Ind. Med,
13 695—706, (1988).

T.M. Schnorr, B.A. Grajewski, RW. Hor-
nung, M.J. Thun, G.M. Egeland, W.E. Mur-
ray, D.L. Conover and W.E. Halperin, “Vi-
deo display terminals and the risk of spon-
taneous abortion”, New Engl. J. Med., 324



39.

40.

41.

42,

43.

44.

45.

46.

=53} (Extremely Low Frequency : ELF) W AA7)4(Electromagnatic field)¢] 423t o3

727733, (199D).
B.T. Stollery, “Effect of 50Hz electric cur-
rents on mood and verval reasoning skills”,
Rr J. Ind. Med.,, 43, 339-349, (1986).
M. Reichmanis, F.S. Perry, A.A. MArlno and
R.O. Berker, “Relation between suicide and
the electromagnetic field of overhead power
lines”, Biol. Chem. Phys, 111 395—403,
(1979).
F.S. Perry, M. Reichmanis, A.A. Marino and
R.O. Becker, “Environmental power fre-
quency magnetic field and suicide”, Health
Physics, 41 © 267—277, (1981).
F.M. Sulzman, “Effects of electromagnetic
fields on circadian rhythems” in : Assess-
ments and viewpoints on the biological and
human health effects of extremely low fre-
quency electromagnetic field, Arlington,
VA. American Institute of Biological Scie-
nce, 337—350, (1985).
H.A. Welker, P. Semm, R.P. Willig, J.C. Co-
mmentz, W. Wiltschko and L. Vollrath, “Ef-
fects of an artificial magnetic field on sero-
tonin N-acetyltransferase activity and me-
latonin content of the rate pineal gland”,
Exp. Brain Res., 50 : 426—432, (1983).
L.E. Anderson, “Interaction of ELF electric
and magnetic field with neural and neuroe-
ndocrine system”, in Biological and human
health effects of extremely low frequency
electromagnetic fields, Arlington, VA. Ame-
rican Institute of Biological Science, (1985).
T.S. Tenforde, “Biological effects of ELF
magnetic field” in : Biological and human
health effects of extremely low frequency
electromagnetic field ©  Arlington, VA.
American Institute of Biological Science, 79
—128, (1985).
W.F. Krueger, “Influence of lower-level
electric and magnetic fields on the growth
of young children”, Biomedical scientific
instrument, 9 . 183—186, (1972).

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

199

JM.R. Delgado, “Embryological changes in-
duced by weak, extremely low frequency
electromagnmetic fields”, J. of Anatomy,
174 . 533—551, (1982).

R.T. Portet and J. Cabanes, “Development
of young rats and rabbits exposed to strong
electric field”, Electromagnetics, 9 © 95—
104, (1988).

D.I Hilton and R.D. Phillips, “Cardiovascu-
lar response of rats exposed to 60Hz elect-
ric field”, Electromagnetics i, 55—64, (19
80).

W.T. Kaune and R.D. Phillips, “Comparison
of the coupling of grounded humans, swine
and rate to vertical 60Hz electrical fields”,
Bioelectromagnetics 1, 117—129, (1980).
H.P. Schwan, “Field interaction with biolo-
gical matter”, Ann. NY Acad. Sci, 103, 178
—~213, (1977).

M.E. Frazier, J.A. Reese, J.E. Morris, R.F.
Jostes and D.L. Miller, “Exposure of mam-
malian cells to 60Hz magnetic field . anal-
ysis for DNA repair of induced, single-stra-
nded breaks”, Electromagnetics 11, 227—
234, (1990).

H.W. Chung and Y.J. Kim, “The cytogenetic
effect of extremely low frequency electro-
magnetic field on mammalian cells”, J. Ins-
titute Health Envirn. Sci., 2(2), 231—238,
(1992).

S.M. Nahas and H.A. Oraby, “Micronuclei
formation in somatic cells of mice exposed
to 50Hz electric field”, Envirn. Mol. Mu-
tatn., 13 © 107—111, (1989).

R. Goodman, C.A.L Bassett and A.S. Hen-
derson, “Pulsing electromagnetic fields in-
duce cellular transcription”, Science, 220 :
1283—1285, (1983).

S.M. Bawin, W.R. Adey, “Sensitivity of cal-
cium binding in cerebral tissue to weak ele-
ctric fields oscillating at low frequency”,
Proc. Natl. Acad. Sci. USA., 73, 1999—2003,



200

57.

58.

59.

60.

61.

62.

BAHRET BB EEE | 8208 H35E 19956

(1976).
S.D. Smith, RR. McLeod, AR. Liboff and
K. Cooksey, “Calcium cyclotron response
and diatom mobility”, Electromagnetics, 8
215—227, (1987).
R.A. Luben, C.D. Cain, M. Chen, D.M Rosen
and W.R. Adey, “Effects of electromagnetic
stimuli on bone and bone cells in vitro :
inhibition of response to parathyroid hor-
mone by low-energy”, low frequency fields,
Proc. Natl. Acad. Sci(USA), 79 4180—
4184, (1982).
WR. Adey, “Joint actions of environmental
nonionizing electromagnetic fields and che-
mical pollution in cancer promotion”, Envi-
ronmental Health Perspectives, 86 . 297—
305, (1990).
C.V. Byus, K. Kartun, S. Pieper and WR.
Adey, “Increased ornithine decarboxylase
activity in cultured cells exposed to low
energy modulated microwave fields and
phorbol estertumor promoters”, Cancer
Res. 48 | 42224226, (1988).
D.B. Lyle, P.Schechter, W.R. Adey and R.L.
Lundak, “Suppression of T-lymphocyte cy-
totoxicity following exposure to sinusoidally
amplitude modulated field”, Bioelectroma-
gnetics, 4 © 281—292, (1983).
R.L. Davis, and S. Milham, “Altered im-
mune ststus in aluminum reduction plant

63.

64.

65.

66.

67.

workers”, Am. J. Ind. Med., 18 : 79—85,
(1990).

M. Cohen, M. Lippmann, B. Chabner, “Role
of the pineal gland in the aetiology and
treatment of breast cancer”, Lancet, 2 :

814—816, (1978).

RJ. Reiter, L.E. Anderson, R.L. Buschbom
and B.W. Wilson, “Reduction of the noctur-
nal rise in pineal melatonin levels in rats
exposed to 60Hz electic fields in utero and
for 23 days alter birth”, Life Sci., 42 | 2203
—2206, (1988).

International Non-ionizing Radiation Com-
mittee of the Inaternational Radiation As-
sociation, “Interim guideline on limits of
exposure to radiofrequency electromagne-
tic fields in the frequency range from 100
kHz to 300 GHz”, Health Pysics, 54, 115—
128,(1988).

International Non-ionizing Radiation Com-
mittee of the Inaternational Radiation As-
sociation, “Interim guideline on limits of
exposure to 50-60 Hz electric and magnetic
field”, Health Physics 58, 1, 113—122,(19
90).

American conference of Environmental In-
dustrial Hygienists, “1995—1996, Thre-
shold limit value for chemical substances
and physical agents and biological expoure
indices”, ACGIH, (1995).



