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Abstract

The review addresses the concerns related to extremely low frequency electromagnetic fields
(ELF/EMF) in workplaces. The exposure levels and epidemiological studies on cancer, the health effects
of working with VDTs (visual display terminals), and the malfunction of cardiac pacemakers are de-
scribed. The association of EMF exposure and cancer or disorders from VDT work cannot be con-
sidered conclusive. The information on the exposure level and effect of EMF on cardiac pacemakers
should be disseminated in workplaces. Risk communication program on EMF is urgent for countermea-

sures against worker anxiety.
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Table 1 Typical application of equipment generating electromagnetic fields. From [5] and additional information by the author.
Frequency | Wavelength Classification Typical application
30~300 GHz | 10~1 mm Extremely high | Radar, satellite communications, microwave relay, radio navigation, amateur
frequency (EHF) | radio
3~30 GHz 10~1 cm Super high Radar, satellite communications, amateur, fire, taxi, airborne weather radar,
frequency (SHF) | police, microwave relay, anti-intruder alarm , plasma heating, thermonuclear
. fusion experiments
0.3~3 GHz 100~10 cm Ultra high Microwave point to point, amateur, taxi, police, fire, radar citizen band, radio
frequency navigation, UHF-TV, microwave ovens, medical diathermy, food processing,
(UHF) material manufacture, insecticide, plasma heating, particle acceleration
30~300 MHz | 10~1m Very high Police, fire, amateur, FM, VHF-TV, diathermy, emergency medical radio, air
frequency (VHF) | traffic control, magnetic resonance imaging, dielectric heating, plastic welding,
food processing, plasma heating, particle separation
3~30 MHz 100~10 m High frequency | Citizen band, amateur radio broadcasting, international communications,
(HF) medical diathermy, magnetic resonance imaging, dielectric heating, wood drying
and gluing, plasma heating
0.3~3 MHz 103%~10 m Medium Communications, radio navigation, marine radiophone, amateur radio,
frequency (MF) | industrial RF equipment, AM broadcasting, RF excited arc welders, sealing for
packaging, production of semiconductor material, medical applications
30~300kHz | 10~1 km Low frequency | Radio navigation, marine and aeronautical communications, long-range
LF) communications, radiolocation, VDTs, electro-erosion treatment, induction
heating and melting of metals, power inverters
3~30 kHz 100~10 km Very low Very long range communications, radio navigation, broadcast modulation,
frequency (VLF) | medical applications, induction heating, hardening, soldering, melting, refining,
VDTs
0.3~3 kHz 10%~10% km Voice frequency | Broadcast modulation, medical applications, electric furnaces, induction heating,
VF) hardening, soldering, melting, refining
30~300 Hz 104~10°km | Extremely low Power lines, submarine communications, VDTs
frequency (ELF)
0~30 Hz 0 ~10*km | Sub-ELF Magnetic resonance imaging, bubble chamber, DC power line
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Fig. 1 Exposure level of RF/MW in working sites [1,6].
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Fig. 2 Exposure level of ELF in working sites [1,6].
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Table 2 Epidemiological studies on cancer by electromagnetic fields.
Reference  {Study Study type  lOutcome [EMF [Exposure estimates {Number of [Results (RR and
opulation frequency cases 95% CI)
(Garland, et [US Navy Standardized [Leukemia [60 Hz, RF [Job titles Leukemia: |eSIR for electrician:
lal., 1990  |personnel: fincidence EMF 102 24,1.0-5.0
USA)[9] W,072,587 [Rate (SIR) eOverall age-adj’d
person- IR: 6.0 vs. 6.5 per
vears at risk, 100,000 person-yrs
1974-1988 in gen. pop.
Robinson et (426,705 Eroportion - |Leukemia 60 Hz Job titles Leukemia: [Total leukemia:
lal., 1991 iwhite men te mortality IEMF 183 IPMR=119, 102-137
(USA) [10] |from 14 US [ratio
tates with
potential
lexposure to
[EMF, 1979-
1985
Tornqvist, |All Swedish [Cohort ILeukemia, [50 Hz, e Job titles ILeukemia: |eLeukemia:
et al.,, 1991 imen brain 16.6 Hz e Median magnetic 334 v Elect’l/ electronic
Sweden)  |working in tumors railway) Iflux densities from engrs and tech.:
[11] ralectrical IEMF dosimetry: Brain SMR=1.3, 1.0-1.7
loccupations, (<0.04-16.54 uT) [tumors: tf Telephone/
133,687 o Highest exposure: [250 elegraph:
workers, Power station SMR=2.1, 1.1-3.6
1961-1979 operators and ' Machine industry
linemen: >5 uT SMR=2.6, 1.0-5.8
Railroad workers: *Brain tumors:
0.73-3.29 uT v Assemblers,_
o Others: <0.35 uT Fepairmen (radio/TV
industry)
SMR=2.9, 1.2-5.9
v Welders:
SMR=1.3, 1.0-1.7
Matanoski, [All active [SIR Male Mainly 60 [eJob titles Male SIR=6.5, 0.79-23.5
et al., 1991 imale breast Hz EMF  leMean daily breast
KUSA) [12] telephone cancer exposure to MF icancers:
workers in monitored by 2 under 65
jone state, EMDEX-C: years old
50,582 v Cable splicers:
workers, 0.43 puT
1976-1980 v Central office
technicians:
0.25 uT
v Other jobs:
0.15-0.17 uT
London, et [Male iCase-control |Leukemia (60 Hz MF [(eJob titles Leukemia [#OR=1.3, 1.1-1.6
al., 1994  workers in e Historical electrical |eTWA (uT):
]UJSA) [13] lelectrical measures based on [workers): (<0.17; 0.18-0.8;
joccupations present day 121 0.81)
in Los exposure: OR per 10 unit
|Angeles eCurrent average increase: 1.2, 1.0-1.5
County, MF exposure of eCategories of % of
2,335 cases electrical workers: time spent at >2.5
and 67,212 0.27-2.36 uT WT: for >7.9%,
5(9)230113’90 v Power station OR=1.4, 1.0-2.1
: (highest):
1.71 uT
v Electric power
wire and cable:
39
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Reference  [Study Study type  [Outcome [EMF" Exposure estimates [Number of [Results (RR and
opulation frequency cases 95% CD)
231 puT
v Non-electrical:
0.17 uT
Tynes, et 5,088 males {Cohort All types [ELF EMF [eJob titles and Al eOverall SIR
lal., 1994 who worked of cancer measurements cancers:  |v' Brain tumor SIR:
(Norway)  [for any of 8 e Historical 486 0.88 (0.47-1.50)
[14] hydro - measures based on v Leukemia SIR:
electric . job titles Leukemia: 0.9 (0.45-1.60)
companies eMF exposure: 11 eFor duration of
in Norway, v Min. levels: employment >30
1920-1991 0.1-1 uT [Brain years:
v Max. levels:  [fumors: 13 |/ Kidney SIR: 1.60
0.5-200 uT v Nonmelanoma
v TWA levels; ~ [Malignant | SIR:2.03
0.2-10 uT melanoma |eFor cumulative MF
e Cumulative 19 exposure >35uT-
exposure to EMF years:
computed v Malignant
melanoma SIR: 2.24
Savitzand {138,085 Historical ILeukemia [Power e Job titles and Total eBrain cancer:
ILoomis, imale icohort fand brain  [frequency jmeasurements cancers:  [RR = 1.94 per pT-yr
1995 (USA) workers in 5 icancer MF e Historical 4,833 lof MF exposure in
[15] electric measures based on the previous 2-10
power present exposure  |[Leukemia: |years
?;’ﬁpaag‘i eMean MF 164 eFor cumulative
N > exposure: exposure >0.7 puT-
1950-1986 0.12-1.27 uT Malignant yel;rs in the pa:: 2-
e Cumulative brain 10 yrs (highest
exposure computed [UMOrS:  ategory)
as uT-years 151 e Mortality rate
ratio(MRR) = 2.6,
1.35-4.86
Miller, et 31,543 male Nested case- [Leukemia [60 Hz e Job titles and Total eFor the highest
al., 1996 workers of  icontrol and brain |[EMF Imeasurement cancers:  cumulative EF
Canada)  |Ontario icancer e Measures based  |1,484 exposure group
[16] Hydro, on archived data >345 V/m-yrs):
1970-1988 fand present day Leukemia: |v Leukemia
exposures 50 IOR=4.45, 1.01-19.7
e Cumulative v Brain cancer
exposure to EMF  [Brain OR =0.99, 0.16-
computed tumors: 35 .24
eFor the highest
cumulative MF
exposure group
27.1 puT-yrs):
v Leukemia
IOR=1.56, 0.47-5.14
v Brain cancer OR
= 2.36,0.52-10.8
Geunel, et {170,000 INested case- [Leukemia, {50 HzEF |eJob titles and Total eFor the highest
El., 1996 workers at  [control brain measurements cancers:  [cumulative EF
(France) Electricite tumors 1,915 exposure group
[17] de France- and other eCumulative EF >387 V/m-years):
Gaz de cancers exposure computed [Leukemia: |v Ieukemia
IFrance, 72 OR=0.37, 0.11-1.28
1978-1989 IBrain v Brain tumor
tumors: 69 JOR=3.08, 1.08-8.74
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Reference  [Study Study type  |[Outcome [EMF IExposure estimates [Number of [Results (RR and
opulation frequency cases 95% CI)
Johansen  [32,006 ICohort [Total 50 Hz eJob titles and [Total Total cancer:
land Olsen, |workers in lcancer [EMF Imeasurements cancers;  [SIR=1.06, 1.03-1.10
1998 99 Danish eHistorical 3,008
Denmark) |utility exposure estimated
[18] companies, by current exposure ILeukemia:
1968-1993 eMF exposure 60
srouped into 5 .
categories: Brain
Background (<0.09 [tumors:57
uT); low (0.1-0.29
uT); medium (0.3-
0.99uT); high
(1.0 uT);
unknown
Grayson, 880,000 US |Nested case- [Brain IELF, RF, [Job titles and Total eAdjusted OR for
1996 IAir Force  icontrol tumor MW EMF |qualitative cancers:  [ELF EMF exposure:
(USA) [19] femployees, exposure 230 1.28,0.95-1.74
1970-1989 classification e Adjusted OR for
RF/MW EMF: 1.39,
1.01-1.90
Milham, 410 office  |Cohort ALl IPower Total SIR=389, 156-801
1996 workers, cancers frequency cancers: 8
USA) [20] |1980-1994
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DOFEAER % HERBRE LR, BREREETIE
1042 520% < S WAHM FEBREEASHE N3 % LR RT W B
[21]. SO IZERSBRECEFADI A2 BHo2
LThH, ZNIINEVDDTHAH T EE2REBLTNVS,
—IRIZ, IBFEMAETER L R OREEGRT D 2 BEH
W7 2 DIFHNEREN S B EEvbhTwns, Ba
W & A3 A B B SR TN R R 12202
530CHVTH D, SHITIRBICBITLERSE LA
B B EFRETIE, (LEYEL EORKETOFEL
BMYBL IR TELRVIE, T-MBRD LD ICTFMER
BHSBEETMFRETH L L Eh s, BBICBIT
L BRHBEBRDIVPADRAEREML LIFTwbin) 2

AT 5 OEBRCIIIER ICHEETH 5 £ ) IBbh b,

5.3 VDT % & ERIS BRI
VDT & £ 1Z CRT (Cathode Ray Tube) 7 &R T 5
BRI E LT, BOMR, RO, ~ A 7ok, EEE,

41
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VLIFBHIE 794Ny 2 v5 v 255, ELF BiBi3E
BEATMRIRI2 4 Va5, ELF B R ERBEHEOEL
Z4t, BEREFETFE—ANEBIEICL > TEL 5.
Abdollahdazeh & it VDT EEIC BT 2 BEBEICOW
THRE L, REMEFSRIGBERME L, VDT feEe
%> VDT #8320 5 OEEMETIZ R T, & LARMGBRE
DR L X BT 5 EBRTWAB[22]. £LT67
%0 VDT e O WM MEFYREREREZHNE L
72225 009uT-061puT THo’. CRT 25 D&M
IR BRI BIE® IRPA (International Radiation Pro-
tection Association) 3 & OV ICNIRP M 3L # L <5 &
FEITERNL XNV THSBE T L5 (Table 3) [23].
Table 3 TR L7 4 BHIBOEEEZ, CRT2F ) VDT
BEITF L TRICED SN DDOTRZWY, chas il
LR BRBEOERBEBIIOVTREZHLELVE
JICEbNL, VDT B0 5 0BME L VI KT,
ERBRL LTORXBRD L2000, HHFORERE
ZERL-EEDLZVERABIZIEZEAE RV, ZhiiE
COMED hb 5§, VDT i o 5ET 2 Lk
BOREES % MRS I X B AR E I W PR E Ly
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Table 3 IRPA/ICNIRP occupational non-ionizing radiation (NIR) limits versus levels of TIRs measured from VDTs.

NIR IRPA/ICNIRP limits Levels at VDTs (CRT) References
ELF 50/60Hz E: 10/8.3kV/m, B: 0.5/0.4mT E: 2kV/m, B:04,T Schnorr et al.(1991)
VLF 3-30kHz E:610kV/m, B:30.7uT E: 4kV/m, B:0.1uT Schnorr et al.(1991)
Microwaves 10-50W/m? Undetected Cox (1984)
IR 100W/m? < 10W/m? Cox (1984)
UVA 10*'J/m?, 8h 300J/m?, 8h Paulsson,et al.(1984)
UVB and C 1mW/m? Undetected 8Cox (1984)
Electrostatic fields — up to 15kV/m Knave et al. (1985)

Table 4 TCO requirements for displays, system units and keyboards [24,25] .
Parameter Relevant for Requirément Comrhent

Electrostatic potential CRT displays M: <500 V
Electrostatic discharge possibility Keyboards R:10-500 M Q
Electric fields in band I Displays (CRT and flat), 10 V/m At 30 cm in front of unit (keyboards: 10 cm
(5 Hz-2 kHz) system units and keyboards distance
Electric fields inband I Displays (CRT and flat), 1.0V/m At 30 cm in front, and at 50 cm around unit
(2-400 kHz) system units and keyboards (keyboards: 10 cm distance)
Magnetic fields in band I Displays (CRT and flat), 0.20 uT At 30 om in front, and at 50 cm around unit
(5 Hz-2 kHz) system units and keyboards (keyboards: 10 cm distance)
Magnetic fields inband II Displays (CRT and flat), 0.025 uT At 50 cm around unit
(2-400 kHz) system units and keyboards (keyboards: 10 cm distance)

S5 bhwv. 20X RRATCAT=—F D
TCO (The Swedish Confederation of Professional Em-
ployees) 25 VDT #%% (CRT 2 Wiy a3y OHhix
LWL ET Iy bR NVORV AV HEDR) OO
RMBEBB T 285 ME ML T 5 (Table 4)
[24-25]. ZOBEEIE, BRREORRHE LN E &
THDTHY, TOMEZFLRTTRERENET 2
Lo Zzd OTIE RV, BREGEOBRBEREL L) BL
F 50D DODFETH L EMEIT TS,

2T, VDT B840 5 OBREN & 20 EAREIZOW
TRTTIZE L OREMESD DM, TDELD DA,
RIS A BB LR BREEICNTHEETHS.
X TREBNREEOBERGBERELNED 5 \VIiTHE
FLTWAREMEIZOWT E & 7z (Table 5)
[26-32]. HEAMRE 09 pT OBEER: Tl BB A
WINT 2L VIBEIMESRTWELOD, ZOBREL
NVIERECTHETH Y, BEROLEEITEINLTY
5. FRREHERCEARRBECIFELEZIHD
LbhTwi., VDT ERICEE L - REBER W
bwd TEREBBE) ELTES26N, TOEFIE
FRAT 2 —=FUoMESNTWL. BRE L REE
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AR =T —DEEEF T HBREREEIT ACCIH 0
fEIZ X % &, B T05mT, 30kHz DT 0% 0.1
mT, 30kHz LTOBELT1kV/m & 2o TWwb. 72
BLTE, 2R (800 MHz, 15 GHz), % PHS ¥ K
(19 GHz) 5 > D BRI N— A A —H —IZRITT B
DVWTHEEENTWS, LI L, ThHORBRTRER
BHEBRBEL ANV ERELCHBERET S L3
L, BHWEFWMELEL LML DR—ZAA—=F—L DM
BEERATEZLS LR, AEBEMESEH#RSOM
HEICL D E, HORARRLLER— A X — % — 22881
DWTERLER, 132 ALOBEIEFEFIRRS
5 15cm DEMCTTEEZ T b o, ZOERERZ
STFRES—VUVEEZELT, 2m 2HH LORE
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Table 5 Summary of studies on the effects of electromagnetic fields from visual display terminals.

[Electromagnetic Hypersensitivity|

Doul ind | Chang No differences in off”
etal, 1996 | provocation | subjective symptoms | parameters between | Electric field (V/m) | Not
(Sweden) study and hormonal levels | VDT “off” and VDT detectable
[30] 17 patients (prolactin, cortisol, “on” Magnetic field (nT) | <2 245
cholesterol, 2 .
dehydroepiandro- Electric field ND 10
sterone) Magnetic field <2 19
Armetz, et Cross- Differences in skin No correlation 5Hz-2kHz VDT “off” | VDT “on” | ¢ MPR2 method
al., 1997 sectional symptoms perceived | between symptoms  ["Electric field (V/m) | 11.8 141
(Sweden) Total : 133 to from “elect.ricity and VDT use Magnetic field (nT) 100 123 o Distance from
[31] Case: 13 hypersensitivity” 2 kHz — 400 kHz source: 65 cm
Electric field <0.1 0.5
Magnetic field 1.7 3.6
Oftedal, et | Electric field | Changes in skin e Significant Static EF | ELFEF | VLFEF |e MPR2 method
al., 1995 reduction symptoms decrease with use (kV/m) (V/m) (Vim)
(Sweden) intervention of active filters No filter |~2 ~5 ~2.5 e Distance from
[32] study v tingling, Tnactive | <1 ~45 ~2 source: 30 cm
20 cases pricking or filter
itching Active 0 ~ <
®=0008) | ey ’ 1
v sensation of
dryness Magnetic field (nT)
(p=0.05) Background (VDT off): <5nT
¥ pain(p = 0.03) ELF:40-400nT, VLF:5-18nT
® Significant
decrease with use
of inactive filter
v tingling,
pricking or
itching (p =
0.04)
[Reproductive Toxicity]
Lindbohm et | Retrospective | Spontaneous abortion o For exposure | Background: 0.04 MPR2 method
al., 1992, cohort >0.9 uT: OR: | For VDT workstations (n=43) ® Peak-to-peak
1995 Case: 191 34(C195% | ELF: 0.09-0.6 uT magnetic flux
(Finland) Control: 394 1.4-8.6) VLF: 0.04-0.08 uT © Magnetic flux time
[26], [27] e No increase in | dB/dT: 5 — 30 mT/sec derivative in mT
OR for levels per second
of magnetic e Distance to source:
field time 50 cm
derivative
(dB/dT)
Shnorr et al., | Retrospective | o Spontaneous ® No excess risk Non-VDT VDT * Geometric mean
1991 (USA) | cohort abortion for VDT (n=48) (n=48) | e dB/dT
28] 882 ‘Workers Electric field (V/m) 04 0.4-0.8 » Distance to source:
pregnancies Magnetic field 324-624 | 57.7-62.3 30 cm and at the
mA/m) level of operator’s
Grajewski Retrospective | e Preterm birth  No excess risk MLEEME abdomen
etal., 1997 | cohort  Reduced birthweight for VDT Electric field 0.1-0.2 0.1-0.5
(USA) [29] | 713 births Workers Magpetic field 1.6-2.0 4.0-17.4

MR L DT B [33]. RE WTR (Wireless Technolo-
gy Research) TiXZ &4z 6 1 »FUEELTw

5.

ZOBEREET 57-0100%, EEFEHTERSL

MoORF v MIZ AN, EHFEFIIR—RA XA~ —

ERAHMMOETHAT 2,

[34].
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5.5 &8
BHESOEAZETH o L HELEFELNTVED
&, BERETORFACETLZLOTHA). HET
TOMBD S BWHHEN AN DL L ZHHT LD
BHREEO XS ICBbh s, BEEE LT, EBRICHARE
BREREML EERTHEEFZ LV L, RIZY RS
WHholz LTHMEWEEbNEZ b IhdESE
BHZEERR T 2 OFHETH L Z L R EBHITFoLN D, L
LB BAREZZNE VI L TELNWDT
HbH. T2, FEEPHRCTVULIREOREZIZH D
b5 T, VDT IERICh b 5 EELD 5\ TR B
FIZLTHHLNCERBOEETH S L\ ) HRELRE
iz, ESICEBBIR—ZA X - — I RITTH
ZOVWTHOERIIALATED T VITEESTBLT,
DHRITBNTWAS, ThooRREFIEFTREICE
5TH») BMLHBRELEZ L&, BRI LAKEE
WCHT2VA7 - a3a=r—vay - VAFLRRBE
L, U A7l AERICEDO BRI T 5
EEZREBICHERT ILENDHB EHICE).
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