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Exposures to Extremely Low 
Frequency (ELF) Electromagnetic 
Fields in Occupations with 
Elevated Leukemia Rates '
Joseph D. Bowman, David H. Garabrant, Eugene Sobel and John M. Peters
Division of Occupational Health, Department of Preventive Medicine, University of Southern California School of Medicine, 
1420 San Pablo Street, Los Angeles, California 90033

Introduction
Studies published since 1979 have raised the question of whether 
high exposure to electromagnetic (EM) fields from alternating 
current (AC) electrical equipment conveys cancer risk. For a 
variety of reasons, the studies in occupational settings have not 
relied on actual measurements of EM fields but generally have 
used surrogates of EM field exposure. Thus, the purported re

lationship between EM fields and cancer risk remains vague, and 
important questions regarding the existence of dose-response 
relationships remain unanswered. For this reason, field mea
surements in occupational settings are critically important This 
paper presents the measurements of the electric and magnetic 
fields in an array of occupations that have been previously pre
sumed to have high exposures and which are thought by some 
to be at increased leukemia risk. These measurements are com
pared to similar measurements made in residential settings.

The strongest evidence linking EM fields to cancer is contained 
in four studies0-0 addressing childhood malignancy, of which 
three03,0 reported a significant association. Where significant 
associations are reported, exposures were assessed largely by 
configurations of electrical distribution wiring, which roughly 
correlate with the average residential magnetic fields at Extremely 
Low Frequencies (ELF)/5,65 defined as frequencies below 100 Hz?

For workplace exposures, seven studies0-135 have examined 
the risk of leukemia in an assembly of “electrical workers,” a set 
of occupational codes originally suggested by Milham05 These 
studies are based on populations in the United States, Great 
Britain, and New Zealand. Although the findings are not identical 
(and occupational categories, such as “welders and flame cutters," 
clearly do not have uniform exposures to EM fields), the studies 
do provide evidence that leukemia rates may be elevated in the 
"electrical worker” occupations. Although the number of leu
kemias in specific occupations was generally small, elevated risks 

■ were found with some consistency for power station operators, 
radio and telegraph operators, and electrical engineers. Seven 
other studies shed varying amounts of light on this issue 04-205 
Four studies04-175 show a positive association between electrical 
occupations and cancer; three08-205 do not

All occupational studies suffer from two major defects: lack of 
exposure measurements and no evaluation of confounding leu- 
kemogenic exposures such as ionizing radiation and benzene. 
Occupational exposures to EM fields at ELF have been measured 
in other studies, but the relevance of the data to the cancer 
hypothesis is limited. Electric field exposures have been mea-

In previous epidemiological studies, elevated leukemia rates have 
been found in a collection of occupational categories of “electrical 
workers.” In this study, spot measurements were taken of the 
Extremely Low Frequency (below 100 Hz) electric and magnetic 
field exposures of “electrical workers” at 114 work sites at an 
electric utility, an aerospace firm, a municipal government, mo
tion picture theaters, and TV repair shops. For comparison, the 
fields were measured in 18 residences and 3 offices. The resi
dential measurements had 95th percentiles at 3.4 X 10 *7 Tesla 
for magnetic fields and 33.1 volts/meter for electric fields. For 
magnetic fields, the 95th percentile of the residential measure
ments was exceeded by 59 percent of the occupational measure
ments, covering all the “electrical worker” job categories with 

, the exception of radio operators. The highest magnetic field en
countered was 1250 X 10-7 Tesla on a battery-powered fork lift 
operator, which had not been considered an “electrical worker” 
occupation previously. Only 25 percent of the occupational elec
tric fields were above the 95th percentile measured in residences, 
and these were all in the job categories for power line workers, 
power station operators, and TV repairers. This survey indicates 
that many “electrical workers” have some exposures to elevated 
fields. However, the wide variability in field exposures over time 
and between workers will necessitate better exposure measure
ments to assess more rigorously the association between leukemia - 
rates and electromagnetic fields. Bowman, J.D.; Garabrant, D.H.; Sobel, 
E.; Peters, J.Mj Exposures to Extremely Low Frequency (ELF) Electromagnetic 
ReWs in Occupations with Elevated Leukemia Rates. Appl. Ind, Hyg. 3:189— 
194; 1988.
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Methods

Instrumentation

A power frequency’ field meter (Model 113, Electric Field Mea
surement Co., W. Stockbridge, MA) was used for all EM field 
measurements. For electric fields, the sensor was the two halves 
of the meter’s metal case, which was mounted either on a fiber
glass rod or on a stand made of non-conducting polycarbonate 
plastic For magnetic fields, the sensor is a 90-mm diameter coil 
with 2000 turns.

For both electric and magnetic fields, the sensor was placed 
adjacent to the worker, and readings were taken in three or
thogonal directions. From the three compounds, the vector mag
nitude was computed for the electric (E) field in V/m and the 
magnetic (B) field in Tesla (T).

(Note on units: In the literature on ELF health effects, two

conventions exist for the terminology and units applied to 
magnetic fields. In the medical and popular literature, “mag
netic field" refers to the B field, which is reported in the cgs 
unit of milliGauss (mG). In the health physics literature, "mag
netic field” refers to the H field, and the B field is called the 
“magnetic flux density," reported in the SI units of Teslas. Since 
the B and H fields are always proportional in non-ferromag- 
netic matter, the distinction between the two quantities is not 
important to this area of research. Therefore, this study uses 
only the B field, called the "magnetic field" as in the medical 
literature. For units, 1 x 10~7 T = 1 mG is used so that the 
numerical values in the SI units are the same as found in the' 
medical literature.)
The frequency' response of the field meter peaked at approx

imately 60 Hz since the meter was operated in the "Integrator” 
mode. The band width of this meter’s response curve was a 
function of the gain (Figure 1), so its response to harmonic 
frequencies above 60 Hz varied with the scale used in a mea
surement. Measurement of fields with large harmonics was fur
ther complicated because the field meter was an “average” re
sponse meter, rather than an rms meter. For the harmonics found 
in residential fields, the accuracy of this meter has been estimated 
to be ± 20 percent.16*
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HGURE 1. Sensitivity of the Power Frequency Field Meter (Model 113) to 
magnetic fields as a function of frequency and the scale on the meter. Data 
Source: Instruction pamphlet (1985).

sured among electric utility’ workers’21-23* and during farming 
operations under high voltage transmission lines.’241 In these 
studies, most workers received little detectable exposure to elec
tric fields and spent relatively short times in measureable electric 
fields. However, electrochemical dosimeters are not sensitive to 
fields below several hundred volts/meter (V/m)(25) and, there
fore, cannot detea the elearic fields in many of the "elearic 
worker" occupations. Spot measurements can use more sensitive 
electric field instruments and have also been taken near elearic 
utility workers/26-29*

Occupational and residential exposures to ELF magnetic fields 
have been reviewed recently/30* Spot measurements of 50/60 Hz 
magnetic fields have been done around electrical utility’ work
ers/31-34* elearosteel furnaces, welding machines,’35* and elec
trical office equipment/36* From these studies, the maximum 
magnetic field exposures at 50/60 IJz have been measured near 
high-voltage transmission lines/32* elearical distribution substa
tions/33* and elearical generating stations. Magnetic field ex
posures have not been measured in any of the other "elearical 
worker" occupations in the leukemia surveillance studies.

In summary, the published literature suggests that "elearical 
workers” are at increased risk of leukemia, but the exposure 
measurements in these occupations is not sufficient to conclude 
that EM fields in these occupations are actually elevated.

Measurement Sites

The occupations considered to be "elearical workers" included 
all those initially suggested by Milham/7* augmented by “elec
trical and elearonic equipment assemblers” which were added 
in subsequent investigations. However, researchers did not take 
exposure measurements of aluminum workers and conduaors 
and motormen in urban rail transit because they' are not found 
in the Los Angeles area. Instead, fork lift operators were added 
as the survey progressed. To assess field exposures in the absence 
of heavy elearical equipment, the study' measured EM fields for 
secretaries, which was not considered to be an "elearical worker” 
occupation. Tables I and II list the categories for which exposure 
measurements were obtained.

To measure EM field exposures, the authors obtained the co
operation of an elearic utility, an aerospace firm, a municipal 
government, three television repair shops, and two motion pic
ture theaters (one indoor, one drive-in). Individual workers were 
seleaed for measurement after a walk-through of the immediate 
work site. The number of measurements taken at each work site 
was dictated by the varying circumstances and did not represent 
the distribution of the work force or their work time.

Measurements were taken as close to the worker as possible 
and in the direaion of the most likely field sources (Table III). 
Since elearic fields are deformed by surrounding objects and 
vary sharply in their vicinity, two measurements were often taken 
approximately one meter apart and the arithmetic average of the 
two elearic field magnitudes was used to represent the exposure.

To measure residential EM fields, access was obtained to 18 
homes of university personnel, seleaed to cover the 5 electric 
utilities serving Los Angeles County. In all residences, a standard 
measurement protocol, adopted from a study of childhood can
cer/4* was followed. The field meter was mounted in the middle 
of the living room, bedroom, kitchen, and backyard and operated 
in the same manner as in the work settings. At each site, the 
elearic and magnetic field magnitudes were measured first with 
all appliances off, and then with a standard list of appliances 
(refrigerator, elearic stove, toaster, iron, television, lamps) aimed 
on one at a time.



TABLE I. Occupational Exposures to ELF Magnetic Helds

NEnvironmentsJob Class

103.11 100%Electricians

3 38.6 16-72 100*

Xenon arc 7 1-45 86’

11.7 0.9-1250” 67’
9

78’

0

Repair shops 11 6.3 1-26 73’

3 0.3 02-0.4 0

Residences Appliances 181 0.05-11

Results and Discussion
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Magnetic field and electric field measurements were taken at 114 
sites in 22 work environments and 181 sites in 18 residences. 
The residential measurements were taken in the spring (February 
through April), and the occupational measurements were taken 
in the fall (September through November) so that air condition
ers were not operating at most locations.

To summarize the measurements, the range of values and the 
geometric mean (GM) for each work environment, along with 
the residential measurements for comparison, are presented in 
Tables I and II. Since the distribution of residential field mea
surements is skewed towards small values, the field exposures 
are apparently distributed log-normally, and the geometric mean 
is a better measure of the central tendency than the arithmetic 
mean. Examination of the magnetic field measurements (Table 
I) indicates that in all work environments, the geometric means 
of the ‘‘electrical worker” exposures are higher than the mean 
residential exposures, with the exception of radio dispatchers 
and a few specific environments in which electronics engineers, 
technicians, and assemblers work. Examination of the electric 
field exposures (Table II) shows the geometric means in many 
work environments to be below the residential mean.

Projectionists

Fork-lift .
operators

Electronics 
engineers & 
technicians

•Significant prooortion (p < 0.05). 
"Peak measured during acceleration.

Radio and TV 
repairers

Radio operators

Secretaries

Electronics 
assemblers

Welders and 
flame cutlers

Power station 
operators

Power line 
workers

Dispatchers

VDT
Other

Sputtering
Soldering
Microelectronics

Industrial power supply 

Underground lines . 
Overhead lines 
Home hook-ups

TIG/AC
TIG/DC
Transmission station 
Distribution sub

station . .
Generating station 
Control rooms

105
114

3
12
8

3
2
14

6
3

9
4
1

2
2
3

4
4

0.6
(GSD = 2.8)

24.3
1.3
0.03

' 14.4

10.6
0.6
0.2

28.6
6.0
2.1

41.3
6.5

57.4
42.5
1.1

3.1
1.1

0.01-1250
0.01-1250

0.8-29
0.2-4

38-91
32-57

0.04-12

2-202
0.5-0.7

24-90
4-16

100’ 
0 
0

100*
67’
25

ioo-
ioo-

Battery powered

Laser lab
Calibration lab
Office

5.0
4.7

14-43
1.3-1.6

0.01-0.06

7-54 
0.1-118 

1-4

% Above 
Residential 

95th 
Percentile

‘‘Electrical workers” 
All occupations

50'
33

100’
100’
29'

60’
59’

Magnetic (B) Field (x 10~7 Tesla)

Geo. Mean Range

A significance test on these means could be misleading. The 
number of measurements taken in the various work environ
ments ranged from 1 to 14 and were measured under a wide 
variety of circumstances (a single reading taken during a brief 
walk-through, a dozen measurements taken while following a 
power line crew, etc). None of the occupational measurements 
were taken with a standardized protocol as was followed in the. 
residences.

In order to test for elevated occupational exposures more 
rigorously, it was estimated that the lognormal distribution for 
residential magnetic field exposures has its 95th percentile at 3.4 
x 10“7 T (3.4 mG). In other words, any occupational magnetic 
field measurement above this value is higher than 95 percent of 
the exposures occurring in a collection of residences; therefore, 
such values were defined as "elevated" exposures. Sixty percent 
of magnetic field measurements in the "electrical worker" cat
egories are above the 95th percentile of the residential exposures 
(Table I).

To test each work environment for a significant proportion of 
elevated exposures, an exact binomial test*371 was used with the 
null hypothesis: "The proponion of elevated fields measured in 
a work environment is 5 percent, the same as found in resi-



TABLE II. Occupational Exposures to ELF Electric Fields

NJob Class Environments

4.2 0%1

1

4

Repair shops 11 4-110

1 0

2-5

178 0-79

"Signifcant proportion (p < 0.05).
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4
4
1

1
3

0

0

The magnetic field exposures also varied widely both between 
and within the different "electrical worker" categories. Between 
categories, the geometric mean for the magnetic field exposures 
went from 1031 x 10'7 T for electricians to 0.3 x 10‘7 T for 
radio operators, a 343-fold ratio. Within the electronic assembler

Welders and 
flame cutters

Power station
operators.

Electronics 
assemblers

Inoustna! power supply
Underground lines 
Overhead lines 
Home hook-ups
BG

2
2

13

3
3
7
4

1
2
2

category, the geometric 
ferent environments.

Both the between- and within-category variability in the mag
netic field exposures creates the potential for misclassification 
errors in the estimates of leukemia risk by occupational category. 
The wide variation in magnetic fields between job categories, if 
known more precisely, could be used to reduce the misclassi
fication of EM field exposures and to increase the ability to test 
the association with occupational leukemia rates in the popula
tion-based cancer registries.

Although fork-lift operator was not one of the original “elec
trical worker" job categories, these workers were exposed to the 
highest magnetic field measured in this survey. Battery-driven 
fork and scissor lifts produced magnetic fields ranging from 54 
to 109 x 10"7 T while in steady motion with surges up to 1250 
x 10-7 T when accelerating. Since many other manufacturing, 
mining, and construction workers work close to large electric 
motors, exposure to elevated magnetic fields must be considered 
for these jobs.

Elevated ELF magnetic fields are also produced by power sup
plies, transformers, the magnetic disc drives on word processors, 
and wires earning heavy currents. Conversely, the small sample 
of secretaries who did not use VDTs were exposed to EM fields 
within the residential range. More homogeneous patterns of mag-

2.46
(GSD = 5.0)

0.8
157.6

3.8
2.0

1.9
1.9
1.0

452

5.5
8.4
1.6

0.6
02

0.8
3.1
4.1

4.64
4.58

0.5-12 
120-206

0-71

82-8.7
0.8-3

0-2

0.6-8
0.5-4

0-621
0-621

100’ 
67* 

0 
0

0 
0 
0

25
24

0 
0

Electricians
Power line

workers

Dispatchers
VDT 
Other

laser lab
Calibration lab 
Office

67
71

290.0
71.5

0.4
1.0

% Above 
Residential 

95th 
Percentile

0 
100’ 

15

Projectionists
Forklift 

operators
Electronics 

engineers and 
technicians

Radio and TV 
repairers

Radio operators
Secretaries

Transmission station 
Distribution sub-station 
Generating station 
Control rooms
Sputtering 
Soldering 
Microelectronics
Xenon arc
Battery powered

165-621
22-222 
0-4

0.3-24

0
0
0

73’

Electric (E) Field (V/m)

Geo. Mean Range

•'Electrical Workers"
All occupations

Residences Appliances

means varied 810-fold among the dif-dences." As shown in Table I, proportions of elevated magnetic 
fields significantly above 5 percent were found in all environ
ments for “electrical workers” with the exception of power sta
tion control rooms, the radio dispatcher room, electronics as
sembly, and the electronics calibration lab. In both secretarial 
and engineering offices, the’ proponion of elevated magnetic 
fields was not significantly different from the residences, except 
for the measurements taken around a single video display ter
minal (VDT).

For residential electric fields, the 95th percentile was estimated 
to be 33-1 V/m and was exceeded by only 24 percent of the 
measurements in the “electrical worker” categories (Table II). 
The work environments with significant proponions of elevated 
measurements were limited to overhead power lines, transmis
sion and distribution stations, and TV repair shops. None of the 
secretaries’ exposures were above residential electric fields. The 
reason for low electric fields in the presence of heavy electrical 
equipment appeared to be the effective shielding provided by 
metal.



TABLE III. Sources of ELF Electromagnetic Fields Encountered in the Survey

Sources VoltageJob Class

Welders and llame cutters

Power station operators

Electronic assemblers

Projectionists

Fork-lift operators

Secretaries

Recommendations
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Radio operators

Residences

Electrician

Power line workers

Conclusions
Epidemiological studies have raised the hypothesis that “electri-

Electronics engineers 
and technicians

Radio and TV repair

It is recommended that occupational exposures to ELF electric 
and magnetic fields be measured in a wide variety of industries. 
Reliable instruments for spot measurements are currently avail
able and are easy to use, particularly for magnetic fields. Until 
more is known about a carcinogenic mechanism for EM fields,

120 V
240 V

120 V
120 V 

?

480 V

4.2 & 17 kV
4.2 kV
220 V

480 V
21 V

480 V

220 & 34.5 kV
17 & 34.5 kV

13.5, 24 & 34.5 kV

Factory power supply

Underground primary lines 
Overhead primary line 
Overhead secondary lines

DC power supply
TIG/DC welding gun (30 amp) 
AC power supply

Transmission line station 
Distribution sub-station 
Generating station

Soldering gun (60 watt)
Sputtering chamber

Rectifiers
Xenon arc lamps
(24 and 4.5 kW)

Scissor lift (550 amp-hr)
Fork lift (600 amp-hr)

Oscilloscope and meters
He-Ne laser

Oscilloscopes, meters
and TVs

Video display terminals 
Electric typewriters

Dispatcher radios

Refrigerator, toaster, 
iron. TV. and lamps

Electric stove

36 V DC
36 VDC

120 V 
?

120 V

240 v
100 VDC

cal workers” are ar increased risk of cancer from ELF electro-' 
magnetic fields. In many sites where the "electrical workers” are 
employed, this survey found magnetic fields significantly above 
the levels encountered in residences and most offices. Such was 
not the case for electric fields, for which much less difference 
was found between “electrical workers” and residential environ
ments.

The elevated workplace exposures to magnetic fields lend sup
port to the hypothesis generated by occupational leukemia stud
ies and support the need for further studies, especially the char
acterization of exposures to EM fields and confounding carcinogens. 
This survey indicates that exposure to elevated magnetic fields 
is not limited to the “electrical worker” job categories, but can 
occur in proximity to other electrical equipment such as banery- 
driven fork lifts. Better characterization of both electric and mag
netic fields over the ELF is needed in work sites where elevated 
exposures can be expected. At the moment, the greatest need is 
full-shift personal monitoring, but data on peak exposure are 
needed as welL Such data will allow more meaningful compar
ison of the EM fields encountered in different environments and 
will provide more meaningful dose estimates for use in epide
miological studies.

netic field exposures can therefore be created by grouping work
ers according to the electrical equipment used in their jobs. For 
example, welders using AC equipment (GM = 41.3 X 10*7 T) 
probably should not be grouped with direct current (DC) weld
ers (6.5 x 10"7 T) or flame cutters (who were not surveyed).

All these sources are capable of producing magnetic fields in 
frequencies other than 60 Hz. Since the laboratory studies on 
the biological effects of ELF magnetic fields show a strong fre
quency dependence/38* there is a need for more data on the 
frequency spectra of occupational magnetic fields.

Another important dimension of EM field exposure is time. 
Although the measurements in most work environments were 
taken only at a single instance/ a power line crew and a power 
station electrician were followed for several hours, so ±eir mean 
exposures were a rough indicator of a time-weighted average. 
In these two cases, the magnetic field exposures varied widely 
in the different work sites encountered. For example, the elec
trician spent time around the control room (B = 1.5 x IO-7 T), 
the generators (118 x 10-7 T), a circuit breaker (1.0 x 10-7 T), 
the machine shop (0.3 X 10-7 T), and the distribution busses 
(54 x 10~7 T). The geometric mean of all the electrician’s ex
posures was 83-5 x IO-7 T, and the geometric standard deviation 
was 9.92, an extremely large value. With this large variability, the 
electrician's time-weighted average exposure was difficult to es
timate accurately from spot measurements alone and would re
quire a personal dosimeter, which is just now being developed.
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exposure characterizations should include measurements of both 
peak and time-weighted average fields. Since time-weighted av
erage exposures are vitally important, it is further recommended 
that the production of instrumentation for full-shift monitoring 
be expedited.

Acknowledgments
The authors are grateful to the firms which allowed us to conduct 
this survey and to Drs. Hassan Nuor, Robert Estrada, and Gregory 
Gastaldo for their help with the measurements. This research 
was supported by the USC Comprehensive Cancer Center with 
the American Cancer Society's Institutional Research Grant IN- 
21-Y, and the National Cancer Institute’s Program-Project Grant 
CA-17054, and by the NIOSH Educational Resource Center with 
Grant OHO-7214.

313:1476 (1985).
14. Flodin, U.; Fredriksson, M.; Axelson, O.; et al: Background Radiation, 

Electrical Work, and Some Other Exposures Associated with Acute 
Myeloid Leukemia in a Case-Referant Study., Arch. Environ. Health 
41:77 (1986).

15. Milham, S.: Silent Keys: Leukemia Mortality in Amateur Radio Oper
ators. Lancet i:812 (1985).

16. Gilman, PA.; Ames, RG.; McCawley, MA; Leukemia Risk Among ILS. 
White Male Coal Miners.}. Occup. Med. 27:669 (1985).

17. Stem, F.B.; Waxweiler, RA; Beaumont,JJ.; et al: A Case-control Study

References
1. Wertheimer, N., Leeper, E; Electrical Wiring Configurations and 

Childhood Center. Am. J. Epidemiol. 109:273 (1979).
2. Tomenius, RA.; Hellstrom, L; Enander, B.; Electrical Constructions 

and 50 Hz Magnetic Field at the Dwellings of Tumor Cases (0-18 
years of age) in the County of Stockholm. International Symposium 
on Occupational Health and Safety in Mining and Tunneling, Prague 
(1982).

3. Fulton, J.P.; Cobb, S.; Preble, L; et al: Electrical Wiring Configurations 
and Childhood Leukemia in Rhode Eland. Am. J. Epidemiol. 111:292 
(1980).

4. Savitz, DA; Wachtel, H.; Barnes, ES.: Results of Case Control Study 
of Childhood Cancer and Exposure to Electromagnetic Fields. De
partment of Energy/Electric Power Research Institute Contractors’ 
Review Meeting, Denver, CO (1986).

5- Barnes. F.S.; Wachtel, H.; Savitz, DA; et al; Magnetic Fields and Wiring 
Configuration. Bioelectromagnetic Society Meeting, Madison, WI (1986).

6. Kaune, W.T.; Stevens, RG.; Callahan, NJ.; et al; Residential Magnetic 
and Electric Fields Measured over 24-H Periods. Final report. Power 
Line Project 21082-18. Batelle Pacific Northwest Laboratories, Rich
land, WA (1987).

7. Milham, S-: Mortality from Leukemia in Workers Exposed to Electrical 
and Magnetic Fields. N. EngL}. Med. 307249 (1982).

8. Milham, S.: Mortality in Workers Exposed to Electromagnetic Fields.
Environ. Health Persp. 62:297 (1985).

9- Wright, W.E.; Peters, }M; Mack, T.M.; Leukemia in Workers Exposed 
to Electrical and Magnetic Fields. Lancet ii.-1160 (1982).

10. McDowall, M.E: Leukemia Mortality in Electrical Workers in England 
and Wales. Lancet i-246 (1983).

11. Pearce, N.E.; Sheppard, RA; Howard, J.K.; et al: Leukemia Incidence 
in Electrical Workers in New Zealand. Lancet 1:811 (1985).

12. Coleman,}.; Bell,}.; Skeet, R: Leukemia Incidence in Electrical Work
ers. Lancet L-982 (1983). '

13. Calle, EE; Savitz, DA: Leukemia in Occupational Groups with Pre-
sumed Exposure to Electrical and Magnetic Fields. New Engl. J. Med. . 35. Lovsund, P.; Oberg, PA; Nilsson, S.E.P.; ELF Magnetic Fields in Elec- 

trosteel and Welding Industries. Radio Sd. 17(S5)55S (1982).
36. Stuchly, MA; Lecuyer, D.W.; Mann, RDu Extremely Low Frequency 

Emissions from Video Display Terminals and Other Devices. Health 
Phys. 45:713 (1983).

37. Rosner, B.: Fundamentals of Biostatistics, pp 214-219. Duxbury Press, 
Boston, MA (1982).

38. Chibrera, A; Nicolini, C; Schwan, H.P. (Eds.): Interactions Between 
Electromagnetic Fields and Cells, Plenum Press, London (1985).

of Leukemia at a Naval Nuclear Shipyard. Am.}. Epidemiol. 123=980 
(1986).

18. McDowall. M E.: Mortality of Persons Resident in the Vicinity of Elec
tricity Transmission Facilities. Br.}. Cancer 53=2712'( 1986).

19. Torqvist. S.; Norell, S.; Ahlbom, A; Knave, B.: Cancer in the Electric 
Power Industry. Br.}. Ind. Med. 43:212 (1986).

20. Olin, R; Vagero, D.; Ahlbom, A: Mortality Experience of Electrical 
Engineers. Br,}. Ind. Med. 42:211 (1985).

21. Knave, B.; Gamberole, F., Bergstrom, S.-, et al: Long-term Exposure to 
Electric Fields. Scand.}. Work Environ. Health 5=115 (1979).

22. Male, }.G; Norris, W.T.; Watts, M.W.: Exposure of People to Power- 
Frequency Electric and Magnetic Fields. Hanford Life Sciences Sym
posium; Interaction of Biological Systems with Static and ELF Electric 
and Magnetic Fields, Richland, WA (1984).

23- Chartier, V.L; Bracken, T.D.; Capon, AS.: BPA Study of Occupational 
Exposure to 60-Hz Electric Fields. IEEE/PAS Meeting. Seattle, WA (1984).

24. Silva, M.; Huber, D.: Exposure to Transmission Line Electric Fields 
during Farming Operations. IEEE Trans. PAS-104:2632 (1985).

25. Bracken, T.D.: Comparison of Electric Field Exposure Monitoring 
Instrumentation. Report EA-4085- Electric Power Research Institute, 
Palo Alto, CA (1985).

26. Stopps, G.}.; }anischewskyj,}.; }ansichewskyj, W.: Epidemiological Study 
of Workers Maintaining HV Equipment and Transmission Lines in 
Ontario. Research Report. Canadian Electrical Association, Montreal, 
Quebec (1979).

27. Battisti, S.; Grandolfo, M.; Onori, S.; et al: Occupational Exposure to 
Power-frequency Electric and Magnetic Fields: Results of a Survey. In: 
Radiation Risk Protection, Proc 6th Inc Congr., Berlin (1984).

28. Checcucci, A; An Epidemiological Investigation of HV Substation 
Workers: Study Design and Preliminary Results, Iru Biological Effects 
and Dosimetry of Static and ELF Electromagnetic Fields. Plenum Press, 
London (1985).

29. Barovcelli, P.; Battisti, S.; Checcuchi, A; et al: A Health Examination 
of Railway High-voltage Substation Workers Exposed to ELF Electro
magnetic Fields. Am.}. Ind. Med. 10:45 (1986).

30. Stuchly, MA: Human Exposure to Static and Time-varying Magnetic 
Fields. Health Phys. 51=215 (1986).

31. Hassenzahl, N.; Mahaffy, M.W.; Weinhafen, O-: Evaluation of Environ
mental Control Technologies for Magnetic Fields. Report No. DOE/ 
EV-0029- U.S. Dept of Energy, Washington, DC (1978).

32. Lambdin, Din A Comparison of Measurement Techniques to Deter
mine Electric Fields and Magnetic Flux under EHV Overhead Power 
Transmission Lines. Report ORP/EAD 78-1. Office of Radiation Pro
tection, U.S. Environmental Protection Agency, Las Vegas, NV (1978).

• 33. Anderson, FJ.; Phillips, B.G.: Electric Field Strengths and Magnetic 
Flux Densities around Electric Power Generating and Distribution " 
Facilities in Alberta. Report, Alberta Workers’ Health, Safety and Com
pensation, Edmunton, Alberta (1984).

34, Krause, N.: Exposure of People to Static and Time Variable Magnetic 
Fields tn Technology, Medicine, Research and Public Life: Dosimetric 
Aspects. Symp. on Biological Effects of Static and Extremely Low 
Frequency Magnetic Fields, Neuherberg, Federal Republic of Ger
many (1985).


