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Relationship between Occupational Electromagnetic Field Exposure and Leukemia
: A Meta-Analysis
Yong Sung Cho, Yoon Shin Kim, Hae Hiang Song", Seung Cheol Hong®
Department of Industrial Medicine, Hanyang University; Department of Biostatistics, College of Medicine, Catholic University";
Environmental Technology Center, NIER?

Objectives : This study uses meta-analysis methodology to  studies. Publication bias was assessed by the ‘fail-safe n' that may be
examine the statistical consistency and importance of random variation  not influence for all combined results exception a few categories, ie,
among results of epidemiologic studies of occupational  “power station operators” and “electric utility workers™ by job
electromagnetic field exposure and leukemia. classification on occupational study. And all combined odds ratio

Methods : Studies for this meta-analysis were identified from  results were similar for fixed-effects models and random-effects
previous reviews and by asking researcher active in this field for  models, with slightly higher risk estimates for the random-effects model
recommendations. Overall, 27 studies of occupational electromagnetic  in situations where there was significant heterogeneity, ie, Q-statistic
field exposures and leukemia were reviewed. A variety of meta-  significant (p<.05).
analysis statistical methods have been used to assess combined Conclusions : We found a small elevation in risk of leukemia, but
effects, to identify heterogeneity, and to provide a single summary risk  the ubiquitous nature of exposure to electromagnetic fields from
estimate based on a set of simiar epidemiologic studies. In this study,  workplace makes even a weak association a public health issue of
classification of exposure metircs on occupational epidemiologic  substantial power to influence the present overall conclusion about
studies are reported for (1) job classification (20 individual studies); (2) relationship between electromagnetic fields exposure and leukemia.
leukemia subtypes (13 individual studies); and (3) country (27
individual studies). Korean J Prev Med 2000;33(1):125-133

Results : Results of this study, an inverse-variance weighted pooling
of all the data leads to a small but significant elevation in risk of 11%  Key Words: Meta-analysis, Electromagnetic field, Leukemia,
(OR=1.11, 95% Cl : 1.06~1.16) among 27 occupational epidemiologic Workplace
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Table 1. Studies of leukemia and occupational exposure to electric and magnetic fields included in meta-analysis

Number
) ) Method Used for of Cases Subitems Using
Study Study Population and Location Exposure Estimate Study Type or Study Results This Meta-Analysis
’ Subjects
Milham, 1982 US: alt deaths of Washington State resident men Occupation code from PMR* 136 PMR=2.58 Country
20 years old or older from 1950 through 1979 mortality data
were coded to occupation )
Wright et al., 1982 US: cases among white males in Los Angeles Job titles from census PIR' 35 PIR=1.29(0.90-1.79) Country
County 1972-1979
McDowall, 1983 England and Wales: deaths among males 1970- Occupation code from PMR 85 PMR=0.98 Leukemia Subtype
1972 mortality data Country
England and Wales: deaths among males 1973 RR! 36 RR=2.30(1.40-3.70)
Calle and Savitz, 1985 US: deaths among white men in Wisconsin for 10 Occupation code from mor- PMR 81  PMR=1.03(0.80-1.30) Country
electrical occupations 1963-1978 tality data (used occupational
groups based on Milham data)
Milham, 1985 US: death among 1691 male licensed amateur Amateur radio operator PMR 24 PMR=191(1.22-2.83) Country
radio opertors in Washington State and California license according to FCC§
1971-1983 files
Olin et al., 1985 Sweden: deaths among 1,245 male electrical Electrical engineering from  Cohort 2 SMR [ =0.9(0.1-3.2)  Job Classification Country
engineers from Royal Institute of Technology in Royal Institute of Techno-
Stockholm 1930-1979 logy, 1930-1959
Pearce et al., 1985 New Zealand: cases among male from New Occupation code from Case-control 18 OR'=1.7(0.97-2.97) - Job Classification Country
Zealand Cancer Registry {979-1983 Registry
Tornqvist et al., 1986 Sweden: cases among 3,358 power linesmen and - Occupation code from census Cohort 10 SMR=1.30(0.60-2.30) Job Classification
6,703 power station operators classified in the SMR=1.00(0.65-1.57) Country
1960 population census in Sweden, followed
from 1961-1979
Milham, 1988 US: deaths among 67,829 male licensed amateur Amateur radio operator Cohort 36 SMR=1.24(0.87-1.72) Job Classification
radio operators in Washington State and license according to FCC files Leukemia Subtype
California 1979-1984 Country
Preston-Martin and US: cases of CML** from the Los Angeles Ever employed in one of 11 Case-control 137 ~ OR=25.40(2.78-232.5) Job Classification
Peters, 1988 County Cancer Registry April 1, 1979-June 30, specific job titles from Leukemia Subtype
) 1985 questionnaire data Country
Guberan et al., 1989 Switzerland: cases among 1,916 male painters Occupation code from census Cohort 2 SMR=143(0.25-4.50) Job Classification
and 1,948 male electricians in Geneva 1970-1984 Country
Garland et al., 1990 US: cases of cancer among white, male active Work history Cohort 102 SIR''=0.90(0.8-1.1) Job Classification
duty, enlisted naval personne] 1974-1984 Country
Loomis and Savitz, 1990 ~ US: cases among 410,651 male deaths in 16 US Occupation code from death ~ MOR'' 3324 OR=1.00(0.8-1.3) Job Classification
states 1985-1986 certificates Leukemia Subtype
Count
Tornqvist et al., 1991 Sweden: 1,905,660 men employed in 1960, Occupation code from census Cohort 344 SMR=1.18(1.04-1.34) Job Classification
followed from 1961-1979 (133,687 in selected Leukemia Subtype
electrical occupations) Country
Richardsonetal., 1992 France: cases in 2 hospitals 1984-1988 Work history and measure- Case-control 185 OR=3.99(1.06-14.69) Job Classification
ments Counf
Tynesetal., 1992 Norway: cases among cohort of 37,945 male Job titles from census (cate- Cohort 107 SIR=1.08(0.89-1.31) Job Classification
Norwegian electrical workers 1961-1985 gotized into 5 levels of exposure) Leukecmia il}llbtype
oun
Guenel et al., 1993 Denmark: cases among 2.8 miltion Danes 1970-  Occupation code from Cen-  Cohort 39 SIR=1.64(1.20-2.24) Country
1987 tral Population Register and
measurements
Matanoski et al., 1993 US: cases among white males employed at Work history and Case-control 124 OR=2.5(0.7-8.6) Job Classification
least 2 yrs identified from mortality records measurements Country
of ATT® 1975-1980
London et al., 1994 US: cases among males with known Occupation code from Case-control 121 OR=1.3(1.1-1.6) Job Classification
occupation in Los Angeles County Cancer Registry and Leukemia Subtype
Registry 1972-1990 measurements Country

(to be continued)
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(continued)
Number
) . Method Used for of Cases Subitems Using
Study Study Population and Location Exposure Estimate Study Type or Study Results This Meta-Analysis
Subjects
Theriault et al., 1994 France: cases among 170,000 active male Work history and Case-control 71 OR=1.4(0.6-3.1) Job Classification
utility workers at Electricite de France-Gas measurements Leukemia Subtype Country
de France from 1978-1989 45 OR=3.1(1.1-9.7) Job Classification
Canada: casesamong 31,543 men employed Leukemia Subtype Country
at Ontario Hydro on Jan. 1, 1973 and new 24 OR=0.3(0.04-1.8) Job Classification
employees 1973-1988 Leukemia Subtype
Canada: cases among 21,749 men employed Country
at Hydro-Quebec on Jan. 1, 1970 and new
employees 1970-1988
Tynes et al., 1994 Norway: cases among 13,030 male Work history and Case-control 52 OR=0.72(0.37-1.40) Job Classification
Norwegian railway workers 1958-1990 measurements Country
Savitz and Loomis, 1995  US: deaths among 138,905 men employed Work history and Cohort 164 RR=1.01(0.94-1.08) Job Classification
full-time at least 6 months 1950-1986 at 5 measurements Leukemia Subtype
utility companies (all members of the EPRI) Country
Baris et al., 1996 Canada: cases among 21,744 male electrical Work history and Cohort 20 SMR=1.05(0.64-1.62) Job Classification
utility workers at Hydro Quebed 1970-1988 ~ measurements by job Leukemia Subtype
exposure metrix Country
Miller et al., 1996 Canada: cases among 31,543 male Ontario Occupation code from Nested case-control26  OR=4.45(1.01-19.70) Job Classification
Hydro electric utility workers 1970-1988 Registry and Leukemia Subtype
and 1973-1988 measurements Country
Kheifets et al., 1997 US: cases among males with known Job titles from census and Case-control 2,355 OR=1.22(0.80-1.86) Leukemia Subtype
occupation in Los Angeles County Cancer measurements Country

Registry 19721990

*PMR : proportional mortality ratio. 'PIR : proportional incidence ratio. *RR : relative risk. *FCC : federal communications commission. 'SMR : standardized mortality ratio.
OR : odds ratio. **CML : chronic lymphoid leukemia. ' 'SIR : standard incidence ratio.

t*MOR : case-control analysis of death certificate data. $ATT : american telephone and telegraph company.
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Table 2. Summary of meta-analysis of occupational epidemiologic studies by job classification
No. of Vote Counting Combined ORFixed effects Combined ORRrandom effects
Exposure Metrics o No.  No. Statistically All Studies All Studies Fail-Safen  PlotID
Studies ' : y . %
Positive(%) Significant%) OR 0% Cl  PrQnetr "% ap™™  05%Cl

Radio Repairmen 6 6 (100) 00 1.36* 1.06-1.75 0.16 1.44* 1.03-2.02 212 n

Electrical Engineers 6 4(67) 1(17) 1.37* 1.13-1.65 0.67 1.37* 1.13-1.65 213 12

Electricians 6 5(83) 0 1.09 0.93-1.29 0.19 1.11 0.90-1.37 49 13

Electronic Technicians 5 5(100) 0 1.27* 1.05-1.52 0.98 1.27* 1.05-1.52 128 J4
Welders 3 2(67) 1(33) 1.16 0.89-1.49 0.01 1.37 0.80-2.35 43 I5

Power Station Operators 4 2 (50) 0(0) 1.01 0.67-1.54 045 1.01 0.67-1.54 2 J6

Electric Utility Workers 6 3 (60) 1(20) 1.02 0.95-1.09 0.07 1.06 091-1.23 5 17
Linemen 7 5(71) 0 1.35* 1.04-1.75 0.19 1.37 0.99-1.89 239 I8

All Combined 20 14 (70) 3(15) 1.10* 1.05-1.16 0.01 1.18* 1.07-1.29 73 -
Note. OR=0dds ratio; Cl=confidence interval. * Statistically significant.
* Probability of homogeneous study results, based on the ¥* heterogeneity test statistic Q.
Table 3. Summary of meta-analysis of occupational epidemiologic studies by leukemia subtypes

No. of Vote Counting Combined ORFixed effects Combined ORRrandom effects
Exposure Metrics " No.  No.Statistically All Studies All Studies Fai-Safen  PlotID
Studies ' : y ] o
Positive(®) Signfficant(®s) ~ OR %%Cl PdGhety " op  95%C

Acute Myeloid Leukemia 9 6(67) 1(11) 1.17* 1.07-1.27 0.00 1.36* 1.10-1.69 142 L1

Chronic Myeloid Leukemia 6 3(50) 117 1.14 0.98-1.33 0.08 121 0.95-1.53 80 L2

Acute Lymphoid Leukemia 4 4 (100) 00 1.40 0.85-2.30 0.99 140 0.85-2.30 153 L3

Chronic Lymphoid Lewkemia 11 5(45) 1(9) 1.07 0.98-1.18 0.16 1.08 0.95-1.23 71 14

All Combined 13 7(54) 3(23) 1.13* 1.07-1.20 0.44 1.13* 1.07-1.20 47 -

Note. OR=0d(ds ratio; Cl=confidence interval. * Statistically significant.
* Probability of homogeneous study results, based on the * heterogeneity test statistic Q.
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Figure 1. Results of meta-analyses of data from individual studies of the
association between occupational exposure to electric and magnetic
fields and leukemia by job classification.
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Figure 2. Results of meta-analyses of data from individual studies of the
association between occupationat exposure to electric and magnetic
fields and leukemia by leukemia subtypes.
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Figure 3. Results of meta-analyses of data from individual studies of the
association between occupational exposure to electric and magnetic
fields and leukemia by country.
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Table 4. Summary of meta-analysis of occupational epidemiologic studies by country

No. of Vote Counting Combined ORFixed effects Combined ORRandom effects
Exposure Metrics o No.  No. Statistically All Studies All Studies Fail-Safen  PlotID

Studies : : Y .

Positive(%) Significant%) ~ OR 9%%Cl  PQnetr " 5p " 95%Cl

USA. 12 9(75) 3(25) 107*  1.02-1.13 0.01 L17* 1.04-131 76 Cl
Scandinavia 7 5(71) 2(29) 1.19*  1.08-131 0.18 121*  1.06-1.39 128 2
Other 8 6(25) 2(25) 165% 125218 0.06 175% 115267 514 C3
All Combined 27 20 (74) 7(26) 1.11*  1.06-1.16 0.01 1.17%  1.05-130 29 -

Note. OR=0dds ratio; Cl=confidence interval. * Statistically significant.
* Probability of homogeneous study results, based on the ? heterogeneity test statistic Q.

B A3 23 o}‘— o 9ol E 7K A F4A WiEH(acute myeloid leuke-
% ming 4% 034 24 2HQu=0
1
[¢]

2 fo

2 Yepyit ojefd ool tigj 7t
HMeze & A4 534 4
£ 9 A9 ditne =29

ER

&
L [¢]
4 9 2 90 1 BE BAS 1 00,2 999 0 A2 5440 9 97
A oA AZIHNeH, B4 £ A A &5E AEgled 2 ovEe d FAEREH ¢ ARE Edlg £
2!

£ AFAE B3| Theriault 5(1994)
FEA(influence 7} Miller 5(1996)9] A7-7F of 204) ©]
analysis)o tj&t ool AZIHE 49 2 HHEE U] HEL

2
i
=
=
ok
Y,
=1
it
o
S0
1%
ol
it
i)
o

2R bogy de Bl N @ off

AN L & ¥o) 3 /X9 A7E £ 2 AFHY, 28 A3 E AYAZ 24 , =2 xEol HiEA] dBHA o =&
Aate Ao] oflel o AFEd dd  Are FAAY AE YERSIT o7t AEHA B wE-8hs HA
Qe AFE ZH?#WOP Aolth o] A (Qre=0.20). =3 4 HEZTA WY AAEt ) olejdt Aute FAEG
& ugd 2ok BAE Bl 4749 A 9 A =085 el nAERRY 37t WiEd o, wheF a8
T F/AE ‘%EMM oj’l ApEo] A I FEAILY g3t e HE 94 AnH ERoM o Aelnz 2
ol e dge YeExg 54 =& Jehiglth a2egn S7pE E7l A YAEE HFAg7L sk A #
& & glth Me 1289 A7) FE vF9] Be 7} gtk AlZ E T

3, 5% 2080 g AQ £FE o]ZA AA ZATHQre=001), HTH & £ dA7dAM AA" 27989 ATES
webEA 23 HEErt 10% 571 A So] M2 FAHYo)A F&E AL BT WHE 23 FAHLE fostA
(OR=1.10,95% CT: 105-1-16)9_E el god, I oJfRE WS e 9478 F7 M BEHHHEE YERASlE,
vt 53] 8479 A$ o2 H#H A ej(PMR, PIR, cohort, 1811 case- 0|3 Ay H|E 27 F7HE 9Jd=
ZH(Qne=0.01), e 339 04?7} M contol study)Z 23] A7 Hzle] U A HE APFIA Y A =52 &
AN goked 2 olfre UE T 2F APy R AR A LEHEE FFH
He AtAne| vlF) Preston-MarunJJr 37, Preston-Martin?} Peters(1988), 782l @A Argsl @] it
PetersQ] o1 (1988)7F ok 25u] o]Abe]  Theriault $(1994) 2 Miller 5(1996)¢] o] & Aoz AlgHch
2 JAEE UYES7] dEeR AF AFES td 3 dFEHE Y
859, Preston-Martin3} Peters®] 97 W 02 ALRHY] o, & 972 Q9 R AE
E AYAZ B Ald e F2AY o dFE vAALR BYEY oE
ANE Ul thQre=0.24). k23 A8 =F 5% A9r71a RS A, 3 2 A7 A 3 22Ae) 9
2 e AHpower station operators)¢} ¥ 47¥(1.10219-1.10016), WA o}y  ®izke] FAE RS AYAY AR
Az 2249 A9 fail-safen' o] 27 F(1.12869-1.12262), 1|1 =7bE W A &3 0¥y #d & 2799 qod
29} 52 U} SAA) AR S E 7l B8 E(1.10690—1.10680)7F 2F & T =ES giAoE WeRAE sds)
AL ARSI 38 =02 Yehllel Wizt Adje] dgs uAAE & Ak 2 AfelA FdE e
AR FEFHEYY g ¥ 2 o2 ey ozE AF, 23379 B 4
g Asest 2A Y AYe A71ee T, dubd oz Axg =& @ #F AMA, o]FA A, 181 fail-safe n
AL, A7)7)&ANelectric technicians), 18] # AAT F 7MY 2 S F(welders)Z & EAstgon, 1 AHE 20w
T ARA BYAE Ve A71HH A EEZ 2K electric utility work- &3} 2t

£ Aol zgiHolof & Alg  ers)E WY B Yt didbE= 1 AQEFEE FA¢ 29, W38
o2 Mgy olye] wE BN F  =EF-9E SolduE Tt ¥ AE ddeE & 6HY Ayl dig |



132 =84 - RAed - % 554

gk o=} 1.37(95% CI : 1.13~1.65)
2 7 EA Jesten, HA4E 8719
AYTE 25 W AelnE 10% %
7}t A(OR=1.10, 95% CI : 1.05~1.16)
o2 Vgt

2. W3y olguly BXE A, FA
T4 Ay Yy mst 1.17
(95% CIL: 1.07~127)2 EAHCZ
st Frksigon, MEy oy =
£ 9 dejes 13% F718 A
(OR=1.13,95% CI : 1.07~120)2.2 1}
Ehgth.

3. Z7pE 18 A3, vF(1238 9
AP A% 931=7} 7% %7HOR=
1.07, 95% CI : 1.02~1.13)3}9j 0.1, &
8 27Me0HEY 9 AE 19%
z7}3 7A(OR=1.19, 95% CI : 1.08~
13De2 Uehdth 97) 27t BE B
AAs o Y=g Wi 23,
1.11(95% CI : 1.06~1.16)2 Yept} =
T ATH A=E 24

6.2 Aol A A

el A4 A =57 WY
170 EAOZ o8 FHHY 7

HE HeEr i

2 A7 458 HgslaEs 4

A4 A G =T FHolEhs F
2532 93 dzolg AT T4
o qF W AAF #H 93 AFE
Fsaated ol I=9 ATFET o
3k AR 2 A]FE AR AlRdnh ¥
3 35 Azt dEg Ag F gy
Wt opg} o, Feh 2l AEA
Z4%5ol i3 HelRA S FPFozHN
F3H0 AxY wEa AY 2Tl
BAZ pHsted o3 Bl 7]
ZARE AT 2ol A7
Skt

A&, 284, A5 A AR =30
ey Bol] vlXe dgd BE AL
AT FREHAFIA 1997; 23(3):130-
135

A&, 284 AR A9 =297 2 2
BEY EolEe] #d dF gt E
3] 4] 1998; 8(2):264-271

&, 284, 293 458, A58 FUE
AFg-0.2 Q13 59| BEGSE BAEP HAtd] %
@ 2 A7, BIRAAALEA 1998,
24(4):58-65

$al . derEA . Aozt T, 1992

Salak el AT, A8, 1998

Baris D, Armstrong BG, Deadman J, Theriault
G. A mortality study of electrical utility
workers in Quebec. Occu Environ Med
1996; 53:25-31

Calle EE, Savitz DA. Leukemia in occupational
groups with presumed exposure to electrical
and magnetic fields. New Engl J Med 1985,
313:1476-1477

Colditz GA, Burdick E, Mosteller F. Hetero-
geneity in meta-analysis of data from epi-
demiologic studies: A commentary. Am J
Epidemiol 1995; 142:371-382

Dickersin K, Berlin J. Meta-analysis : state-of-
the-science. Epidemiol Rev 1992; 14:154-
176

Egger M, Davey S, Schneider M, Minder C.
Bias in meta-analysis detected by a simple,
graphical test. BMJ 1997; 315:629-634

Garland FC, Shaw E, Gorham ED, Garland CF,
White MR et al. Incidence of leukemia in
occupations with potential electromagnetic
field exposure in United States Navy
personnel. Am J Epidemiol 1990; 132:293-
303

Greenland S. Invited commentary : A critical
look at some popular meta-analytic methods.
Am J Epidemiol 1994; 140:290-296

Greenland S. Can meta-analysis be salvaged?
Am J Epidemiol 1994; 140:783-787

Guberan E, Usel M, Raymond L, Tissot R,
Sweetnam PM. Disability, mortality, and
incidence of cancer among Geneva painters
and electricians: a historical prospective
study. Br J Ind Med 1989; 46:16-23

Guenel P, Raskmark P, Andersen JB, Lynge E.
Incidence of cancer in persons with
occupational exposure to electromagnetic
fields in Denmark. Br J Ind Med 1993;
50:758-764

Kheifets L, Afifi A, Buffler P, Zhang Z.
Occupational electric and magnetic field
exposure and brain cancer : a meta-analysis.
J Occup Environ Med 1995; 37:1327-1341

Kheifets L, London S, Peters J. Leukemia risk
and occupational electric exposure in Los
Angeles county, California. Am J Epidemiol
1997; 146:87-90

Kheifets L, Afifi A, Buffler P, Zhang Z, and
Matkin C. Occupational electric and mag-
netic field exposure and leukemia : a meta-
analysis. J Occup Environ Med 1997,
39:1074-1091

Lau J, Ioannidis JPA, Schmid CH. Quantitative
synthesis in systematic reviews. Ann Intern
Med 1997; 127:820-826.

Li Y, Powers TE, Roth HD. Random-effects
linear regression meta-analysis models with
application to the nitrogen dioxide health
effects studies. J Air & Waste Manage Assoc
1994; 44:261-270

London S, Bowman J, Sobel E, Thomas D,
Garabrant D et al. Exposure to magnetic
fields among electrical workers in relation to
leukemia risk in Los Angeles county. Am J
Ind Med 1994; 26:47-60

Loomis DP, Savitz DA. Mortality from brain
cancer and leukaemia among electrical
workers. BrJ Ind Med 1990; 47:633-638

Matanoski GM, Elliott EA, Breysse PN,
Lynberg MC. Leukemia in telephone
linemen. Am J Epidemiol 1993; 137:609-619

McDowall ME. Leukaemia mortality in
electrical workers in England and Wales.
The Lancet 1983; 246

Milham S Jr. Mortality from leukemia in
workers exposed to electrical and magnetic
fields(letter). New Engl J Med 1982; 307:249

Milham § Jr. Leukaemia mortality in amateur
radio operators. The Lancet 1985; 812

Milham S Jr. Increased mortality in amateur
radio operators due to lymphatic and
hematopoietic malignancies. Am J Epidemiol
1988; 127:50-54

Miller AB, To T, Agnew DA, Wall C, Green
LM. Leukemia following occupational



exposure to 60Hz electric and magnetic
fields among Ontario electricity utility
workers. Am J Epidemiol 1996, 144:150-160

Olin R, Vagero D, Ahlbom A. Mortality
experience of electrical engineers. Br J Ind
Med 1985; 42:211-212

Olkin 1. Invited commentary : re : “a critical
look at some popular meta-analytic meth-
ods’. Am J Epidemiol 1994; 140:297-299

Pearce NE, Sheppard RA, Howard JK, Fraser I,
Lilley BM. Leukaemia in electrical workers
in New Zealand. The Lancet 1985; 811-812

Preston-Martin S, Peters JM. Prior employment
as a welder associated with the development
of chronic myeloid leukaemia. Br J Cancer
1988; 58:105-108

Richardson S, Zittoun R, Bastuji-Garin S.
Occupational risk factors for acute leukemia :
a case-control study. Int J Epidemiol 1992;

A4 A w33 w4 ol

21:1063-1073

Savitz D, Loomis DP. Magnetic field exposure

. in relation to leukemia and brain cancer

mortality among electric utility workers. Am
J Epidemiol 1995; 141:123-134

Shapiro S. Meta-analysis/shmeta-analysis. Am J
Epidemiol 1994; 140:771-778

Theriault G, Goldberg M, Miller AB, Arm-
strong B, Guenel P et al. Cancer risks
associated with occupational exposure to
magnetic fields among electric utility
workers in Ontario and Quebec, Canada, and
France : 1970-1989. Am J Epidemiol 1994;
139:550-572

Tornqvist S, Norell S, Ahlbom A, Knave B.
Cancer in the electric power industry. Br J
Ind Med 1986; 43:212-213

Tornqvist S, Knave B, Ahlbom A, Persson T:
Incidence of leukemia and brain tumors in

133

- some “electrical occupations . Br J Ind Med
1991; 48:597-603

Tynes T, Andersen A, Langmark F. Incidence
of cancer in Norwegian workers potentially
exposed to electromagnetic fields. Am J
Epidemiol 1992; 136:81-88

Tynes T, Jynge H, Vistnes Al. Lekemia and
brain tumors in Norwegian railway workers,
a nested case-control study. Am J Epidemiol
1994; 139:645-653

Wartenberg D. Residential magnetic fields and
childhood leukemia : a meta-analysis. Am J
Public Health. 1998; 88:1787-1794

Wright WE, Peters JM, Mack TM. Leukaemia
in workers exposed to electrical and
magnetic fields. The Lancer 1982; 20:1160-
1161



