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2. Abstract

This dissertation comprises three relcted papers.

The first paper reports a historieal cohort mortality study which was

carried out among 21,744 electrical utility workers in the province of

Québec. A total of 1582 deaths were observed at the end of follow-up

(1970-1988). A job exposure matrix (JEM) was used to estimate the

exposure to GO Hz electric, magnetic, and pulsed electromagnetic fields

(PEMF) from'the code of the last job held by each worker. The results

showed no evidence of exceSB of cause specifie or general mortality

relative to provincial death rates in the cohort overal1. The ratios of

Standardized Mo~tality Ratios (SMRs) ss estimates of rate ratio (RR) in

the exposed relative to the background group were also calculated.

Statistically significant RRs were found for pancreatic cancer for

electric fields (RR=2.8, 95~ Confidence intervals (CI) 1.13-7.01) and

for lung cancer for PEMF (RR=1.5G, 95~ CI 1.05-2.25). Deaths caused by

accidents and violence showed significant RRs for electric fields

(RR=2.1G, 95~ CI 1.59-2.92), magnetic fields (RR=1.7G, 95~ CI 1.29-2.39)

and for PEMF (RR=1.9G, 95~ CI, 1.40-2.71). Occupational accidents

related to power lines explain some of the excess of deaths from

accidents and violence. There was a small non-significant association

with magnetic fields for leukaemia (RR=1.52, 95 ~ CI 0.45-4.47) and

brain cancer (RR=1.59, 95 ~ CI 0.57- 4.31), but the results for these

two sites were based on small numbers.

The second paper reports a case-cohort study to investigate a previously

euggested association between exposure to electric and magnetic fields

and suicide. Forty-nine deaths from suicide between 1970 and 1988 wsre

identified in the above-mentioned cohort and a sub-cohort comprising a

one per cent random sample was selected from it. Cumulative and current
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exposures ta electric fields, magnetic fields and PEMF were estimated

for the sub-cohort and cases through the JEM. For cumulative exposure,

rate ratios (RR) for all three fields showed mostly small non­

significant increases in the medium and high exposure groups. The most

elevated risk was found in the medium exposure group for electric field­

geometric mean (RR=2.76, 95% CI 1.15-6.62). The results did not differ

after adjusting for sociocconomic status (SES), alcohol use, marital

status and mental disorders. There was little evidence for an

association of risk with exposure immediately prior to the suicide.

Small sample size (deaths from suicide) and inability to control for all

potential confounding factors were the main limitations of this study.

The third paper reports a study of validity attributing magnetic field

exposure by using a worker's last job. This was dons by comparing, in a

sample of the cohort, estimates obtained using last job with those

obtained using full work histories. The correlation between indices

based on last job and those based on all jobs varied between 0.75 and

0.78. The study showed that the last job was particularly good in

identifying the highest exposed individuals. The results are most likely

to be generalizable to other industries in which highest exposed jobs

are also skilled jobs .
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2. Résumé
Cette thèse de doctorat comprend trois articles connexes.

Le premier article rapporte une étude de mortalité de 'cype prospective

historique qui a été réalisée auprès de 21,744 travailleurs dans le

secteur électrique de la Province du Québec. L'analyse des dossiers des

membres de la cohorte a révélé 1582 décès durant la période 1970 - 1988.

L'exposition aux champs électriques de GO Hz, magnétiques et

electromagnétiques à pulsations rythmiques (CEKPR) a été esti~ée par

l'utilisation d'une matrice d'exposition au travail (MET) développée l

partir des codes de statut du dernier emploi des travailleurs. Les

résultats ont montré qu'il n'y avait aucun exces mortalité total ou

spécifique par cause dans la cohorte par rapport aux taux de mortalité

dans la population general. Nous avons aussi calculé les rapports

standardisés de mortalité (RSH) [Standardized Hortality Ratios) pour une

estimation indirecte des rapports de taux [Rate Ratios ou RR). Les RRs

pour le cancer du pancréas et l'exposition aux champs électriques

[RR=2.8; Intervalle de confiance 95' (IC) 1.13-7.01) et pour le cancer du

poumon et l'exposition aux CEKPR [RR=1.5G; IC 95' 1.05-2.25) étaient

statistiquement significatifs. Les décès dûs aux accidents et l la

violence avaient aussi une association statistiquement significative avec

les champs électriques (RR=2.1G; IC 95' 1.59-2.92), magnétiques (RR=1.7G;

IC 95' 1.29-2.39) et avec les CEKPR (RR=1.9G; IC 95' 1.40-2.71). Les

accidents de travail liés aux lignes électriques l haut voltage expliquent

une certaine proportion de la surmortalité due aux accidents et l la

violence. Nous avons aussi trouvé une faible association non-significative

entre l'exposition aux champs magnétiques et la mortalité par la leuc6mie

(RR=1.52; IC 95' 0.45-4.47) et le cancer du cerveau (RR-l.59; IC 95' 0.57­

4.31). Toutefois, ces derniere résultats proviennent d'un échantillon de

taille insuffisante.

Le deuxième article présente une étude de type cas-cohorte qui avait comme



•

•

7

but d'étudier la relation suggérée antérieurement entre l'exposition aux

champs électriques et magnétiques et le suicide. Nous avo~s pu identifier

49 décès dUs au suicide dans la cohorte ci-haut mentionnée durant la même

période d'observation. La sous-cohorte pour cette étude a été constituée

par un échantillonage aléatoire (fraction échantillonale = 1\) de la

cohorte originale. Ensuite nous avons estimé l'exposition actuelle et

cumulée aux champs électriques, magnétiques et aux CEMPR ! la fois pour le

sous-cohorte et les cas de décès en se servant de la matrice d'exposition

au travail. Pour ce qui est de l'e:.position cumulée, les RR~ pour tous les

trois champs ont révélé une légère augmentation non-significative dans les

groupes d'exposition moyenne ou forte. L~ rapport le plus élevé a été

observée dans le gro~pe à exposition moy~nne aux champs électriques

(RR=2.76, IC ~5\ 1.15-6.62). L'ajustement par le statut socioéconomique,

par l'uDage d'alcool, par le statut marital et par les troubles psychiques

n'a pas affecté les résultats. D'autre part, l'évidence pour une

association entre l'exposition immediatement précédante et le suicide

subséquent s'est averée faible. Le nombre insuffisant de décès ~us au

suicide et l'incapacité de pouvoir contrôler l'effet potentiel de tous les

facteurs de confusion étaient les faiblesses méthodologiques de la

présente étude.

Le troisième article rend compte d'une étude portant sur la validité de

l'utilisation du dernier emploi COmme une mesure indirecte de l'exposition

aux champs magnétiques. Pour ce faire, nous avons comparé les indices de

l'sxposition estimés en fonction du dsrnier emploi st d'un compte rendu

complet de l'historique de travail de l'individu dans un sous-échantillon

du cohorte des travailleurs. La corrélation entre les deux indices a été

de l'ordre de 0.75 et 0.78; le dernier emploi étant un meilleur indicateur

pour idsnti~ier ceux ayant su une forte expoRition. Nous croyons que l'on

pourrait généraliser ces résultats aux autres industries o~ il existe un

certain rapport entre l'exposition forte et le degré de compétence du

travailleur.
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3. Preface

This dissertation includes three papers (submitted for pnblication).

Each paper has it3 own abstract, introduction, methods, r"3ults and

discussion sections, liet of references and tables.

Faculty regulations concerning the option of including copiss of the

papers as part of the thesis are cited below to inform the external

reader.

"Candida~es have ~he op~ion, subjec~ ~o the approval ot ~heir

Depar~men~, ot including, as par~ ot ~heir ~hesis, copies ot ~he ~ex~ ot

a paper(s) submi~~ed tor publica~ion, or clearly-duplicated ~ext ot a

published paper(s) , provided ~ha~ ~hese copies are bound as an in~egral

part of the thesis. If this option is chosen, connecting taxts,

providing logical bridges be~ween the ditteren~ papers, are manda~ory.

The ~hesis must s~ill contorm ~o all o~her requiremen~s ot the

"Guidelines Concerning Thesis Prepara~ion· and should be in a literary

torm tha~ is more than a mere collec~ion ot manuscrip~s published or to

be published. The thesis, must include, as separate chapters or

sec~ions: (2) a Table ot Contents, (?) a general abstract in French and

in English, (3) an introduction which clearly states the rationale and

objectives ot the study, (4) a comprehensive general review ot the

background literature to the subject ot the thesis, when this review i8

appropriate, and (5) a tinal overall conclusion and/or summary.

Additional material (procedural and design data, as well as descriptions

ot equipment used) must be provided where appropriate and in 8utticient

detail (eg. in appendices) to allow a clear and precise judgment to be

m&de ot the importance and originality ot the research reported in the
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thesiSa

In the case of manuscripts co-authored by the candidate and others, the

candidate is required to make an explicit statement in the thesis who

contributed ta such work and to what extent; supervisora must attest to

the accuracy of such claims at the Ph.D oral Defense. Since the task of

the examiners is made more difficult in these cases, it is in the

candidate's interest to make perfectly clear the responsibilities of the

diE/erent authors of co-authored papers.-

An explicit statement on who contributed to this thesis work and to what

extent is given in Chapter 5: 5tatement of originality, contribution and

co-authorship.
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4. Introduction

If exposure to electric and magnetic fields are aSBociated with cancer

or other health effects there will be major consequences for public and

occupational health, because almost everybody is exposed. The recent

etudies of Cancer in human populations show some consiBtency 8u9gBsting

that there may be an elevated risk of certain types of cancer as a

result of such exposure. The data, however, are not conclusive.

Information on the relationship bet"een EMF exposure and causes of

deaths ether than cancer ie very liL;ited because nearly all

epidemiological studies have exclusively focused on cancer.

In fall 1988, to investigate possible occupational cancer risk, a

"nested" case-control study of cancer among electrical utility workers

in Québec, Ontario, and France (referred te as the "Canada-France

Study") was initiated by Dr. G. Thériault, Director of the Department of

Occupational Health, McGill University. The study was funded by the

utilities. For the Canada-France case-control study a complete cohort of

male workers from the Hydro-Quebec utility company were identified, and

was traced until death or the end of the study as one means of

identifying cancer cases, and to allow simple selection of controls. A

job exposure matrix (JEM) linking job titles to exposure to electric and

magnetic fields was established in a survey of current employes•.

The existence of this data in Québec for the Canada-France cancer etudy

allowed economical investigation of mortality more generally in the

Québec cohort. Suicide was a particular interest. The conCBrn for

suicide was based on the evidence that l)exposure to electric and

magnetic fields alters the circadian melatonin rhythms (fram animal

studies) 2)disruptions in the normal circadian rhythm of pineal
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melatonin secretion are associated with depression 3)depressive illness

is strongly related with suicide.

A study proposal (Appendix 2) was submitted to Health Canada (formerly

Health and Welfare Canada). The study was initiated following funding

and permission from the utility (Appendix 1).

The objective and rationale for each of the thre~ papers resulting from

this study are given below.

Paper 1: A mortality study of electrical utility workers in Quebec.

Objective: to investigate the mortality in electric utility

workers, and specifically in workers exposed to electric and

magnetic fields

Rationale:

1. Although nearly all cancer cases included in this study were

included in the Canada-France study also, the use of an

alternative (cohort) design allowed a partially independent

verification of the results of that study; in particular by

rnaking external cornparisons of mortality with the Quebec

reference population.

2. Although no a priori hypotheses of association between exposure to

electric and rnagnetic fields and causes of death other than cancer

were strongly sU9gested by previous work, we believed that

examining thern (if the results were negative) would allay fears

that hitherto unsuspected risks exist, or (if the results were

positive) would identify associations which should be studied

further •
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Paper 2: A case-control study of suicide in relation to exposure te

electric and magnetic fields among electrical utility workers.

Objective: to investigate, from a sample of the cohort, the

relationship between risk of suicide and more refined expoBure

indices, after accounting for potential confounders.

Rationale:

1. Suicide currently takee over 6000 lives per year in Canada.

Because of the relatively young age of euicide victims, the years

of life lost are enormous, second only te heart disease among

other causes of death (National Task Force on Suicide in Canada,

Health and Welfare Canada 1987. Knowledge on the etiology of

suicide ia a precondition for successful preventive maa.ureB.

2. Suspicions have been raised that exposure to electric and magnetic

fields may cause suicides. Certain utility workers have high

exposures. This group was thus convenient for studying the affect

of sllch an exposure and would benefit assuming preventive maa_ur••

were possible if an association was found. However, the

implications of prevention of suicide, if effects were found,

would go beyond utility workers to all persons exposed

environmentally, and in particular, domestically.

Paper 3: Using "last job held" to estimate exposure to electric and

magnetic fields: a validation study.

Objective: to investigate the validity of attributing magnetic

field exposure by using the "last job held".

The third paper was not included in the proposal •

Rationale:
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It is desirab1e to obtain the most accurate estimate of exposure

in occupational epidemiological studies. In large cohort studies,

complete work histories may not be readily available. Quite

frequently the "last job held" is the only information that

investigators can obtain as in the cohort mortality study

described above. In this and other cases, it was not feagible to

abstract the complete occupational histories for all the mambers

of the cohort. Therefore, it was important to validate the use of

the last job held for assessing exposure •
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The cohort of 21,744 workers from which the cases and controls were

selected, was constructed for the Quebec part of the "Canada-France

study". Thus, l had at my disposal a cohort of electrical utility

workers in Quebec.

Following a literature review, l identified suicide as the cause of

death other than cancer most likely to be related with EMF. l wrote,

with Dr. Armstrong, a research proposal to investigate suicide and other

causes of death and their relation to electric and magnetic fields among

Hydro Quebec workers (Appendix 2). The proposed study had two phasesl

il a historical cohort mortality study,

ii) a case-cohort study of suicide.

We submitted the proposal for funding to the National Health Research

and Development Program, Health and Welfare Canada (now Health Canada).

The funding was approved in February 1991. After obtaining the necessary

permissions, my research assistant and l began the data collection.

l was responsible for the execution and writing up of the study. In

particular, l was responsible for obtaining ethical approval from McGill

University, and permission from La Commission de l'accêss de

l'information du Quebèc. l was also responsible for the budget,

personnel, and all data processing and analysis.

For workers who were active at the study start date, the company

computer files contained the last job title of each cohort merober. For

the rest, approximately 8,000 workers, the information on the "l••t job

held" was abstracted manually from the company records under my

supervision.
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Identification of the vital status of cohort members, and abstracting

the cause of death from the provincial death registration records were

carried out for the "Canada-France" study. l participated in this work

but was not responsible for it.

For the cases of suicide and the members of the sub-cohort, the complete

job histories and the data related to the potential confounding factors

were collected from the company personnel records and medical files by

myself and my research assistant.

The job exposure matrix (JEMl was developed for the "Canada-France"

case-control study. l applied the JEM to the last job held of members of

the complete cohort and to the complete work histories of the cases and

the members of the sub-cohort, to estimate the exposures.

l carried out all statistical analysis, including

il computing 6MRs using the Person-Years Analysis Program

prepared by IARC for the mortality study,

ii) carrying out the relative risk (Cox) regression analysis

using EPICURE for the case-cohort study of suicide,

iii) carrying out the relevant analysis for the validity study.

l carried out the literature review and wrote the three papers. The

papers were co-authored by Dr. B. Armstrong (1,2, and 3), Dr. G.

Thêriault(l and 2) and Mr. J. Deadman (1 and 2) for their following

contributions:

Dr. B. Armstrong, as my thesis supervisor, continuouBly followed my

progress, reviewed the manuscripts and made many comments •

Dr. G Thêriault as the principal investigator of the "Canada France"



• 16

stud).', obtained the permission from Hydro Quèbec, and allo..ed me to

use his data. He reviewed and commented on the papers.

Kr. J. Deadman carried out the field work and prepared the job exposure

matrix (JEM) , and reviewed those parts of the papers pertaining to thiB •

•
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6. The health effects of electric and magnetic fields (EMF):

Literature Review

(the references for the literature review are listed on pages 27 to 37)

Sourca. and charactari.tic. of alactric and ..gaatic fiald.

The orderly arrangement of radiation according to wavelength or

frequency is called the electromagnetic spectrum. This spectrum ranges

from extremely low frequency (10-300 Hz) through radiofrequencies (10'-10'·

Hz), microwaves( 10'-10" Hz), infrared( 10"-10" Hz), visible light (10"

Hz), ultraviolet(lO"-lOI7 Hz), to x rays(lO"-1021 Hz) and gamma rays(lOI9­

10n Hz) (Figure l, pp.3a). The various frequency ranges have different

characteriaticB of ami.sion, transmission and absorption in matter, and

in particular interact with the biological systems differently'.

Electric fields are produced by electric charge on the surface of a

conductor, which is related to the conductor's voltage. The intensity or

"strength" of an electric field (E) is expressed in units of

volts/meter. It varies directly with the potential difference (voltage)

of the source creating it and inversely with the distance from the

source. An electric field exits near a voltage source irrespective of

whether an electrical current iB flowing through it.

A magnetic field (H) exists near a voltage source only when electrical

charge flows through the source to constitute an electrical current. The

magnetic field intensity near the source is expressed in units of

amperes/meter. The force exerted by the magnetic field on a magnet or on

a moving electric charge is proportional to the magnetic flux density

(B), which is related to the magnetic field atrength, H, through the

permeability,~, of the material:
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B=~H

The unit of measurement of the magnetic flux density is Gauss(Gl or

tesla (Tl, where lT=lOOO G, varies directly with the amount of current

and inversely with the distance from the source.

The human body is a good conductor of electricity. Electric current

enters the body and leaves it through the parts that are in contact with

the ground. Magnetic fields induce a secondary electric current which

remains within the body and travels in a circular pattern.

Everyone is exposed to the static magnetic field arising from current

flow in the Earths' core. This gives rise to a magnetic flux density of

30-70 ~T on the surface of the planet, depending on loc~tion. The

earth's static electric field strength changes with weather conditions.

In quiescent periods it is 100-200 volts/Metre, in stormy conditions it

can be 10,000 V/m.

The MOSt common man-made time varying fields to which people are

continuously exposed are those arising from the use of 50/60 Hz electric

power transmission and distribution, the use of home electrical

appliances, Medical diagnostic and therapeutic equipment and various

radio and TV transmitters. Examples of fields to which people are

exposed are given in Table 1(pp.39). High voltage power lines give rise

to the highest electric field strengths that are likely to be

encountered by people. The intensity of those fields is proportional to

the amount of electricity that circulate in the lines. Electric fields

can reach 10 kV/m for wires that transport 765 kV. Magnetic fields are

also highest under these lines and can reach 25~T.2 Although electric

and magnetic fields can occur separately they are generally correlat.d •
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Early atudiaa. KOD-apecific health affacta

The first reports of symptoms in workers occupationally exposed to EMF

came from the former Soviet Union'·'·'. They reported non-specifie

symptoms such aB fatigue, headache, nausea, cardiov&scular affects,

sleep disturbances, anxiety, change in blood cell concentrations and

blood chemistry. Although these early cross-sectional reports were

limited because of the methodological weaknesses (i.e. small number of

subjects, lack of comparison group, subjective reporting, self-selected

study subjects), they succeeded in starting considerable public and

scientific debate over the adverse effects of occupational exposure to

electric fields.

The results of these studies prompted similar investigations outside the

former Soviet Union. However, with the exception of a Spanish study of

switchyard workers', comparable health surveys on occupationally exposed

workers carried out in the USA"·, canada9.1O , swedenll , and Italy12 have

failed to confirm the health effects reported in the former Soviet

Union.

In 1985 in UK, Broadbent et al." made an attempt to measure non-specifie

health effects in electric power transmission and distribution workers.

The data were collected from the hospital questionnaires on the self­

reported health events. Unlike most other er.udiee, objective measurement

of exposures were made with personal dosimeters but only for electric

field exposure. The dosimeters were worn for 2 weeks by 287 subjects.

There were no adverse health effects found to be associated with higher

exposure levals.

Several explanations were suggested to the question of why the effects

observed in the earlier etudies were not reproduced in more recent

investigations. It was suggested that the non-specifie symptoms found in
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earlier studies might have been caused by other agents in the work

environment. The methodological problems of the earlier studies

constitute severe limitations to the interpretability of the results in

term of causal relationships.

The controversial results from these early epidemiological results

stimulated a series of carefully controlled experiments by Hauf et

a11
",

1
'. In Hauf'a experiments volunteers were exposed te 50 Hz electric

field strengths up to 20 kV/m for 5 hours. Except for a decrease in

heart rate, no effect on the patterns of electroencephalogram(EEC) and

electrocardiogram (ECG) record, blood pressure, blood chemistry and

concentrations of biochemicals in urine was found. other experimental

studies'~17 failed to show any effect of exposure to electric fields and

magnetic fields at 50-60 Hz at strsngths up to 5mT, however, following

exposure at about 60 mT at 50 Hz the aubjects complained of headache and

feeling unwell!8,19.

Experimental research on biological effects of EMF has been carried out

primarily with small rodents, but a variety of other animal species have

also been used. These experiments were undertaken to investigate the

effect of 50-60 Hz EMF exposure on development, and reproduction, as

well as endocrine, immune, mutagenic and other physiologic responaea;

Gann~ found a decrease in heart rate and cardiac output in dogs expoaed

to 15 kV/m electric fields. Hilton and Phillips21 however reported no

changes in ECGs of rats exposed to similar electric fields. Several

studies showed alterations in blood chemistry such as increased lipid

and protein levels with magnetic field exposuren • Craignand Adey~

ehowed possible cancer-promoting effecta of EMF through stimulation of

ornithine decarboxylase, an essential enzyme for cell growth and DNA

synthesis. Freen reported suppressed testosterone levels in rats exposed
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to 60 Hz electric fields. Lymangrover~ reported elevation in steroid

hormones of rat adrenal tissue exposed to 10 kV/m electric fields.

Results from these experimental studies should not be extrapolated

without great caution to humans. That there is an interaction between

EMF exposure and biological systems can however be considered

established. Furthermore, there is a generally accepted mechanism for

interaction with EMF fields and biological systems. The EMF produce

electrochemical alterations in the properties of the cell membranes,

change their transport characteristics as well as their molecular

structure and thus alter the physiological functions of the celln •

Cancer

(This section is brisE because cancer was the main subject of the
Canada-France study but not our cohort mortality study.)

A number of epidemiologic studies have suggested possible carcinogenic

effects (in particular childhood leukaemia) of residential exposure to

these fields28•29 •

Also, several analyses of occupational data from death certificates

considered occupational expoBure to EMF and cancer30·31 ,32,33,34. Savitz and

Colle" calculated a sununary estimate of the relative risk of all

leukaemia in exposed occupations across ten occupational studies of 1.2

with 95 \CI 1.1-1.3. The relative risk for acute myeloid leukaemia for

electrical workers in five studies ranged from 1.1 to 2.9 with an

average estimate 1.5 (95\ CI 1.2-1.8)~. Milham~, Lin et al.» and Spears

et al.~ showed also significantly increased risk among electrical

workers for deaths from brain tumours. However, the studies by

Juutilainen et aL", G••rhnd et al. c, Tynes et aL", and Sahl et al."

provided only weak support overall for a relationship between Cancer and

EMF exposure.
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In 1992, a Swedish study~ suggested increased risk of chronic 1ymphoid

1eukaemia, especially among workers occupationally exposed to EMF, in

the highest exposure category (OR=4.84, 95\ CI 1.69-13.84).

In a more recent study, Thériault et al.~ showed increased risk for

acute non-lymphoid leukaemia (OR=2.41, 95\ CI 1.07-5.44) and acute

myeloid leukaemia (OR=3.15 95\ CI 1.20-8.27) among electrical utility

wcrkers in Quebec.

Authors of review papers which have discussed association between EMF

exposure and cancerJ5,37.47,48.49,50 have agreed that no firm conclusion can ba

drawn fram the current data and more etudies are needed. However, in

the most recent review, carpenter" pointed out the high proportion of

positive etudies ta negative cnes, and concluded that the evidence,

based on the overall pictura, was "strong" for an association between

EMF exposure and leukaemia and brain cancer.

Depression and electric and aagnetic field expoaure; experiaental

atudiea and biological plauaibility

A number of reports indicate that EMF may affect the nervous system and

neuroendocrine function in animals and humans. Observed effects include

alterations in EEG patterns52 , and alteratiens in neurornuscular

transmissionS]. Wilson et. al. 54.5,,515.57, demonstrated that expoBure of rata ta

electric fields reduces melatonin production by the pineal gland. Work

by Welker~, sammm and others has also demonstrated the pineal gland'a

sensitivity to low strength magnetic fields. A recent experiment in 42

volunteers showed that the urinary excretion of melatonin metabolitea

changed in sorne individuals with use of electric blankets». Melatonin is

known as a neuroendocrine transmitter. Its levels in the pineal gland

and circulation are low in the day time and rise during the hours of

darkness normally reaching a peak around 2 am. It thus provides the body



•

•

23

with hormonal information on external light and helps maintain a number

of circadian rhythms. One consequence of EMF exposure May thus be a

"functional pinealectomy" that causes a disruption in circadian

rhythms and leads to other physiologie and behavioral alterations.

Rogers~" found that exposure to EMF fields produces behavioral

alteration in nonhuman primates. Coelho& and Orr~ also reported

behavioral changes in baboons following exposure to 60 Hz EMF.

There is substantial evidence that disruptions in the normal circadian

rhythm of pineal melatonin secretion are aSBociated with depression.

Such disruptions May be in the phase or amplitude of melatonin signal,

or both.

Breck-Friis et al. M showed low melatonin level in clinically depreesed

patients. Wetteberg~, Lewy et al.~, Claustrat et al.~ , and Nair et

al. Y found that low melatonin (or its Metabolites) in blood and urine

are correlated with depressive illness. In addition to that, tricylic

antidepressant drugs increase the melatonin in human beingeM• Wehr et

al.~ and Lewy et al.~ ehowed that some depressive symptoms May be

relieved by inducing phase alterations in the circadian rhythm.

Mechanisms for the poesible effect of melatonin in the etiology of

depression are not well understood. Melatonin is inhibitory of Most

other endocrine glands. The night peak of melatonin maintains the

circadian rhythm in gonads, pituitary and hypothalamus for &xample. LOBe

of synchronization in these glands May lead to inappropriate release of

synthesis of mood altering steroidal hormones or neurotransmittere.

Finally there is firm evidence that depressive illness is strongly

rehted with suicide" •
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Suicide, depr•••ion and .l.c~ric and ..gn.~ic fi.ld expoaure;

epideaiologic .~udi••

Reichmanisn exarnined the association between the act of suicide with EMF

arising from 50 Hz over-head high voltage transmission lines (OH-HV

lines) at the domicile of 598 suicide victims and controls in the

Midlands, England. The addresses of cases and controls were plotted 01:

planimetrie maps together with OH-HV transmission lines. The total

electric and magnetic fields attributable to OH-HV lines were computed

from this information for each case and control. On this baei_ ca••• had

significantly higher exposure than controls (p <0.05).

Later, perryn conducted a study using the sarne 598 cases of suicide. New

controls were selected randomly from voter registration lists of the

area. Measurements of magnetic fields were made at suicide and control

addresses, 0.5 m away from the front door. More suicide than control

measurements were above the median (278 suicides 232 controls, p<0.01)

and, the mean value of measured EMF for the suicide addresses (0.087 ~T)

was significantly higher than that of the controls (0.071 ~T) (p<0.05).

The authors argued that confounding by socio-economic factors was

unlikely, since the distribution of type of residence was not

significantly different in cases and controls (p>0.20).

These two studies were criticised by Bonnell~ for not using orthodox

epidemiological approaches and inadequate control for confounding.

perryn found, in residents of high rise apartments in Wolverhampton,

England, significantly (p=0.03) more people suffering from depressive

illness than controls had been living close to electric cables and hence

exposed to EMF •

McDowell~ followed up 8000 persons in England who were living within 30
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meters of electric transmission facilities in 1971. The subjects were

traced to 1983 and death certificates were obtained from national

records. They found an 5MR of 0.75 (8 observed) (95\ CI 0.32-1.47) for

suicide (5) and "undetermined" deaths (3) combined. For those cases

resident less than 15 meters from the lines, the SMR was 1.43 (2

observed) (95\ CI 0.16-5.16). This study thus provided no support for an

association between EMF and suicide but was limited by small sample

Bize.

Later, Saris and ~rmstrongn found that men described as electrical

workers on their death certificates did not have an elevated rate. of

suicide.

Poole et al.~ conducted a telephone survey to assess the prevalence of

depressive symptoms in relation to proximity of residence to an

alternating-current transmission line in the United States. They found

greater depressive symptomatology in people who live near the

transmission lines as compared with those who live farther. The

estimated prevalence odds ratio was 2.8 (95\CI 1.6-5.1). The association

was not explained by demographic variables associated with depression or

with attitudes about power lines.

More recent1y, MacMahann investigated the depressive symptomatology in

152 female residents living close to overhead tranemission 1ines in

Orange County, California. No significant difference was found in

depressive scores in residents adjacent to overhead transmission lines

compared to residents one block away. Spot measurements taken at front

doors were used to assess the magnetic field exposure •
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Summary and conclusion

A number of epidemiologic etudies have suggested the carcinogenic

effects (in particular leukaemia and brain cancer) of residential and

occupational exposure to EKF but the data are not conclusive.

Experimental studies have shown sorne evidence of an association

between EMF exposure and decreased pineal function and between decreased

pineal function and depression. Sorne epidemiologic etudiee have

suggested an association between residential exposure to EMF and

suicide, but weaknesses in measures of exposure and control for

confounding preclude confident conclusions being drawn fram thes8

etudies.

Apart from suicide and cancer, sorne evidence from animal studies exists

for effects of EMF on endocrine and physiological functione of organ

systems, so that there is sorne plausibility for an association with

deaths due to endocrine diseases, but there is no direct evidence for

this.
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3.100 3. 103 3. taS 3. lOB 3. 1011 3. 1,016

(Hz)
1

le ELF RF MICROWAVE INFRARED 1UV X-RAYS

; 1
1

1 .
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Eor
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Source: Electromagnetic Fields and the Risk of Cancer, Report of an Advisory Group on
Non-Ionizing Radiation NRPB, Volume 3 No. l, 1992.
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• • ~able 1. aeported le"el. of ex~r..elr low elec~ric and ..gue~ic field•

....ur_.n't.

E field (Vol~.I.e~er)

'a~ural EMF field.
Earth's natural fields 50-60 Hz

Bo.. .ppli.pce.

(~. BB, 30 c. awar fra. ~he .ource)
Electric blanket 250

Broiler 130
stereo 90
Refrigerator 60

Electric iron 50
Hand mixer 50
Toaster 4D

Hair dryer 40

Colour TV 30
Coffee maker 16

Can opener
Drills
Indu.trial equipaent
Arc welder

Induction motors

Heating devices

Medical diagno.~ic equipaent

Nuclear magnetic resonance (NHR)

10" 10"

0.01-0.25
0.12-0.30
0.60-0.10

0.01-7.00

0.04-2.00
0.08-0.15

0.08-9.00
2.50-3.00

8xlO'

70xlO'

2xlO'

Bigh voltage
power lin••

(60 BB)

E field (VI.)

Max •• 30. 60.

B field (ja)

Max.. 30. 60.

115 kv

230 kV

500 kV

1500

3300

7500

70 10

200 30
1000 30

3.50

9.70

17.60

0.20

0.90

2.50

0.05

0.20

0.60

Source. WHO 1984, Lovsund 1982, Tenforde and Kaune 1987

• These fields levels are approximate. Actual field levels will
dependon deeign and operating conditions

•• Maximum on the ground level
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Ab.~rac~

A historical cohort mortality study was carried out on workers who were

employed in an electrical utility in the province of Québec, betwaen

1970 and 1988. The s~udy population consis~ed of 21,744 men and a ~otal

of 1582 deaths were observed at the end of follow up. A job exposure

matrix (JEM) was used to estimate ~he exposure ~o 60 Hz elec~ric,

magne~ic, and pulsed elec~romagne~ic fields (PEMF). There was no

evidence of excess of cause specifie or general mortality rela~ive to

provincial dea~h rates in the cohort overall. Standardized mortali~y

ratios (SMRs) were in general below one. We also calcula~ed ra~ios of

SMRs as estimates of rate ra~io (RR) in ~he exposed relative to ~he

comparison group wi~h background exposure. We found significant RR of

2.8 (95% Confidence intervals (CI) 1.13-7.01) for pancreatic cancer for

electric fields and RR of 1.56 (95\ CI 1.05-2.25) for lung cancer for

PEMF. Dea~hs caused by accidents and violence showed significant RRs for

electric fields (RR-2.16, 95\ CI 1.59-2.92), magnetic fields (RR-l.76,

95\ CI 1.29-2.39) and for PEMF (RR=1.96, 95% CI, 1.40-2.71).

Occupa~ional accidents related to power lines explain some of the excess

of deaths from accidents and violence. We observed a small non­

significant associa~ion wi~h magnetic fields for leukaemia ( RR-l.52, 95

% CI 0.45-4.47) and brain cancer (RR=1.59, 95 % CI 0.57- 4.31), bu~ the

results for ~hese ~wo si~es were based on small numbers.

Key word.: electromagnetic fields, occupa~ional expo.ure, mortality •
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Int.roduct.ion

Reports of symptoms such as headache, fatigue and disruption of sleep

patterns in high-voltage switchyard workers occupationally exposed to

extremely low frequency electric and magnetic fields (EHF) appeared in

the late 1960s'~. Although these early cross-eectional reports had

methodological weaknesses, they created considerable public and

scientific debate over the adverse health effects of occupational

exposure to EMF. Later, a number of epidemiological studies have

suggested possible carcinogenic effects of such an exposure. In

particular, increased risks of leukaemia4-IO and brain tumours ll-I] have

been reported. Several review papers have been published on the

association between exposure to electric and magnetic fields and

cancer'''''. The majority of· these studies have been questioned for t.heir

design limitations, mainly because of crudeness of exposure assessments

and small semple size. Recently, a large study with extensive exposure

assessments17 showed an increased risk for acute myeloid leukaemia. No

increase was observed for 29 other types of cancer studied. However, t.he

evidence for the association still remains inconclusive.

Information on the relationship between EkF'exposure and causes of

deaths other than cancer is very limit.ed. Nearly all epidemiological

studies have focused on cancer and no attention has been given to other

causes of deaths.

Here we report the mortality of men who worked in a electrical utility

company in Québec, Canada. This cohort was one of three cohorts in which

cancer incidence was investigated in the "Canada-France" case-control

study l7. Thus deaths from cancer in this study were included in the

earlier study but deaths from other causes have not been included in any

previous study.
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Me~hods

S~udy popula~ioD

The etudy population coneiet~ of 21,744 male electrical utili~y workere

who were employed at Hydro Québec, a etate-owned utility company

covering ~he Canadian Province of Québec. To qualify, workera muat have

been employed between January let 1970 and December 3let 1988 and have

worked at leaet one continuoue year. Name, Social Ineurance Number, date

of birth, da~e of hire and date of departure and ~he title of the laat

job were obtained for each individual. For workera who were active at

the etudy etart date, the company computer filee contained the above

information. For the reet, the information wae abstracted manually.

From the company recorde of current employees and peneionere, 16,834 of

the study subjects were known to be alive at the end of 1988. In

addition, from the company benefite records, 1539 men were known to

have died prior to 1988. The remaining 3,371 who had left the compMny

during the follow-up period were checked against Provincial aources

(Regie de Rentes du Quêbec) and vital statue was identified. Nine

subjects had unknown vital status. For thoee found to have died, the

cause of death (ICD codee) was abstracted from the provincial death

registration records. All codes from earlier revieione of the ICD were

converted to those corresponding to the ninth revieion.

Bstï.a~iDg exposure

We used a job exposure matrix (JEM) to dichotomize joba into

"background" and "above background" expos~ce groupe, and to categorize

the above-background jobs into medium, high and very high expoeure

categories. The JEM was developed for a large caee-control atudy of

cancer in utility employees". The matrix rowa conaiated of grouped job

titles with similar expected expoeure. The grouping of job titlea waa

done a priori in consultation with utility hygieniata, an occupational
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physician and health and safety committees. Exposures to 60-Hz electric

and magnetic fields and pulsed electromagnetic fields(PEMF) were

asaeaaed for the grouped job titlea from current expoaure meaaurementa

made with the POSITRON expoaure monitor (Poaitron Induatries, Montreal,

Québec Canada) worn over a work-week by a atratified random aample

(n=466) of workers. The entry in each row of the matrix category was

the arithmetic mean of the weekly arithmetic meana of all workera within

the job category.

As the full work histories were not readily available, we applied the

JEM to the laat job held. In this way, we classified workers into two

exposure groupa: background and above background. Thia was done

aeparately for magnetic, and electric fielda, and PEMF. The background

exposed group included all subjects in the two categories of jobs

identified a priori as background (blue collar background, white collar

background) and also others with mean measured exposure less than or

equal to the mean of the highest of the two background categories.

SKRs were computed using the Person-Years Analysis Program prepared by

IARC". Age-, year- and cause-specifie mortality rates of Québec men

were applied to the person years of the cohort to obtain expected

deaths.

R.su1ts

Of all 21744 men in the cohort, 1582 (7.28 ') had died by the end of

follow-up (December 31st 1988). Only 9 (0.04 ') were lost to follow-up.

Th. mean length of follow-up waa 12.9 years. The mean age at hire waa

26.2 yeara, the mean age at death or end of follow-up waa 46.1 yeara.

The mean ~~~Qaurea of each job category in the JEM and alao the
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classification of each job category to the background or above

background groups are presented in Table 1. The mean exposures for

electric and magnetic fields, and PEMF overall among workers in the

background groups were 5.42 V/m, 0.15 ~T and 3.66 ppm and overall among

the above background groups were 38.57 V/m, 0.94 ~T and 64.23 ppm

respectively.

Tables 2-4 show 5MRs for selected major causes of death overall and by

level of each of magnetic and electric fields, and PEMF (background and

above background). Overall 5MRs were generally less than one, most

likely resulting from factors related to the healthy worker effect. None

was close to being significantly elevated. The SMRs in the above

background groups were also in general less than one, and none of thsse

was significantly elevated either.

Despite the low 5MRs, in some cases those in the above background groups

were substantially higher than those in the background groups. We

calculated ratios of 5MRs as estimates of rate ratio (RR) in the exposed

relative to the background group and 95 \ confidence intervals for the

RR. The causes of death for which the 5MR in the above background group

were significantly higher (at pcO.05, two-sided) than the 5MRs in the

background group were as follows:

1) pancreatic cancer: RR =2.8 (95\ CI 1.13-7.01) for electric fields:

2) 'lung cancer: RR=1.56 (95\ CI 1.05- 2.28) for PEMF;

3) deaths due to accidents and violence: RR -2.16 (95\ CI 1.59-2.92)

for magnetic fields, RR- 1.76 (95\ CI 1.29-2.39) for electric

fields, RR=1.96 (95\ CI 1.40-2.71) for PEMF.

RRs for leukaemia (1.52, 95\ CI 0.45-4.47) and brain cancer (1.59, 95\

CI 0.57-4.31) were elevated but not significantly so. ethsr non­

significant RRs are not reported.
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Fifteen out of the 191 total deaths due to accidents and violence were

accidents caused by electrocution (ICD-9, E92s). All deaths (n=ls) in

this group held a last job classified as e~posed above background level

for magnetic fields. Nine of them were coded as E92s.1. "electrical

accidents related to power lines in electrical power generating plante

and distribution stations". The other six deaths may also have been due

to occupational electrocution even though not coded as such. For

electric fields, 13 deaths out of 15 and for PEMF , 12 out of 15

worked in the occupations with exposures above background. Thus

electrocutions explain some but not all the excess in the above

background groups from deaths due to accidents and violence.

we'examined the association with significant RRs (peO.Os), further

sub-dividing subjects into four categories by expoeure (Table 5). These

causes of deaths were the ones for which the SMRs in the above

background group were significantly higher at peO.Os (two-sided) than

the SMRs in the background. We used the median and 75th percentiles of

the above background values as eut-off points to define the exposure

groups. Leukaemia and brain cancer were also included in the analysis

with four groups of exposure because of the special interests for these

two cancer sites.

For pancreatic cancer and electric fields, we observed the highest risk

among subjects exposed to levels below the 75th percentiles but above

median (SMR-2.13, 95\ CI 0.58-5.46). There was a significant trend with

increasing level of exposure (X'=6.62, peO.Os).

For lung cancer in relation to PEMF, the highest risk was observed among

exposed subjects to levels above 75th percentiles (SMR=1.47, 95\ CI,

0.84-2.38). The analysie with four exposure groups showed a significant

trend with increasing level of expoeure (X'=s.sl, peO.OS).
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We have observed that SMRs for leukaemia was highest among workers

exposed to levels above 75th percentile for magnetic fields (2.37, 95'

CI 0.29-8.55). However, the numbers were small, and there was no

significant trend with increasing level of exposure(X'-1.15,

p>0.05) (Table 5). Brain cancer results were similar to those of

leukaemia. SMR was highest among workers exposed to levels above median

and below the 75th percentiles (2.18, 95' 0.45-&.39) but with a non­

significant trend (X'-0.20, p>0.05).

Exposure was largely limited to blue collar jobs. To, control for a

possible confounding effect by socio-economic status, we report below

RRs for blue collar workers only, for causes of deaths which showed

significant RRs for the entire cohort.

1) pancreatic cancer: RR=3.&0 (95' CI 1.0&-13.39) for electric

fields;

2) lung cancer: RR=1.37 (95' CI 0.89-2.01) for PEMF ;

3) deaths due to accidents and violence: RR=1.71 (95' CI 1.15-2.07)

for magnetic fields, RR=1.41, (95\ CI 0.97-2.08) for electric

fields, RR=1.&3 (95% CI 1.12-2.3&) for PEMF.

Discu••ion

Analysis of mortality of 21,744 electrical utility workers provided no

evidence of increased mortality overall. Death rates were BubBtantially

below the Québec male population, with an SMR of 75 \ for all caUBeB and

83% for all cancerB. SMRB for major caUBes of death and for t~= Qite

Bpecific cancers were alBo lesB than one.

TheBe low SMRs probably resulted from a " healthy worker effect"", aB

these men were all fit enough to work in 1970 and later. Similar reBultB

have been reported in other BtudieB of occupational cohortB, eBpecially

with the limited duration of follow-up.
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The low SMRs might have also resulted from the under-ascertainment of

mortality. We would expect ascertainment to be poorest in med leaving

the company without pension rights. Thus, we investigated this possible

source of bias further by calculating SKRs by three categories of

activity status: active, retired and leavers. The SKRs and 95\ CI were

0.62 (0.57-0.66), 0.92(0.67-1.00) and 0.64-(0.46-0.65) respectively. The

low SMR in active workers could be explained by healthy worker effect.

The SMR of 0.64 among leavers suggests a possible under-ascertainment

of mortality in this group, but the total number of workers was small in

this group (observed deaths-4l, expected deaths-65.65) , so that

resulting bias would have been very small.

To obtain complete job histories for the entire cohort was not feasible

in this study. Obviously, the last job does not represent the total

work experience of a worker. Non-differential misclassification, biasing

the results toward the null value, might have been produced from using

the last job only to classify workers into exposure categories. A recent

case-control study of leukaemia in telephone linemen~ demonstrated 65\

agreement between last job and longest job. We had similar findings in

our validation studyn. The results of the validation study suggested

that although not all workers starting in highly exposed jobs stayed in

them, it seemed that the workers who ended their working life in highly

exposed jobs had stayed in these jobs throughout their working life.

Last job was particularly good for identifying the highest exposed

individuals. Thus, our results for the high and very high groups are

likely to be the least affected by exposure misclassification.

Other possible sources of errors would be the errors in e.timating means

in the JEM and the misclassifications of individuals due to the inter­

worker variations in the sarne row of the JEM. Again, the effect of these

misclassifications would be to bias the risk estimates toward the null
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value. Nevertheless, the difference between mean exposure lavels of the

background and above background was substantial, so that even allowing

for Borna misclassification, the exposure contrast betwQun groupa wa.

probably quite large.

There was no prior evidence for the aesociation between pancreatic

cancer and EMF exposure in the literature. It is possible that the

observed excess may be a chance finding that must be expected to occur

when many outcomes are examined. Our findings do not allow a conclusion

for a causal association to be drawn but they justify further

investigation into the possibility that electric field exposure may be

aSBociated with pancreatic cancer.

In relation to the observed association for lung cancer, the evidence

ie too limited to conclude whether the observed association is causal.

Beside the limitations of the exposure assessment, our etudy had no

ability to control for the possible confounding effect of emoking and

other occupational exposuree. Analyeis of the sarne cases in the caee­

control etudy based on this cohort and others also showed an association

between lung cancer and PEMF". In that study, an elevated odds ratio of

3.11 (95% CI 1.60-6.04) was observed among the highest exposed workere

after controlling for smoking or other occupational exposuree.

The evidence for an elevated risk for leukaemia and brain cancer ie weak

in our study. The main limitation of the study was the small number of

observed deathe in the high exposure categories (Table 5) •
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• Tobie 1: .Iab EçoMre llatri. ; .., exposure to 60 Hz .."etfe, electric -.1 PEJlF

Magnetic fields Electric fields PEMF
l'T (Voit/Illeter) (ppn)

N' Mean Exposure Mean Exposure Melin Expoaure
gr. gr. gr.

Aow côdê &Job Uroup

I!!!!:!!
..obi FCIDIfdlçed • priori to hm ....tercyd dUp''''e
Blue collar JObs~ 2225 0.15 B 5.02 B 23.70 B
White collar jobs C 10661 0.16 B 5.76 B 0.00 B

ItydIoelectric M!!Çrltian
Equtpment eleetricfana 56 0.99 AB' lB.21 AB 2.47 B
Equfpment mechanfcs 471 0.77 AB 14.46 AB 4.06 B
Foremen, operatfons&others. 377 0.50 AB 12.42 AB 22.46 B
Operetar 295 1.56 AB 6.34 AB 0.27 B

lueletr """Ition
Equfpment eLectricians 144 0.19 AB 2.B2 B 0.00 B
Operetar, nuel ..... station 1 0.13 B 2.52 B 0.00 B

pieset uueratian
Operetar, lutononous nttwork 43 0.32 AB 4.B2 B 9.3B B

IrppfBsion
Transmission splicer lBS 1.79 AB 15.79 AB 63.12 AB
Transmission linemen <=735 kV 168 0.60 AB 57.99 AB 63.22 AB

,,"'tatian
Equlpment electricion <= 735 kV 7B7 2.36 AB 52.13 AB 39.65 AB
Maintenance Norker, civil 620 1.05 AB 31.75 AB 0.01 B
, mech. eng
Operotor mobile 233 1.17 AB 12.04 AB 3.90 B
Operetar, 735kV substatfon 36 1.7B AB 36.B9 AB 3.56 B
Technicien 33B 1.60 AB B.63 AB 0.03 B

pf.trfbutian
e-rgency men 125 0.50 AB 12.71 AB 201.73 AB
Foremen, Dverh.ad lines 537 0.16 B 5.77 AB 35.44 AB
Foremen, underground lines 57 0.14 B 3.02 AB 417.95 AB
Lfnemen (contlet &hotstic) 191B 0.37 AB 83.1B AB 74.76 AB
Mltlr installer 263 0.42 AB 5.47 B 0.14 B
Meter r.ader 337 0.17 AB 10.03 AB 0.00 B
Splicer, distribution 300 1.B7 AB 9.73 AB 20.03 AB
Tree tr;mner 33 0.34 AB 37.51 AB 35.46 AB

~
Estimator 315 0.13 B 4.31 B 0.00 8
Instructor 172 0.17 AB 2.83 B 0.00 B
Licensed electricfans 50 0.B7 AB 12.52 AB 0.46 B
Operator, dispatcher 534 0.09 B 3.16 B 0.03 B
Technfci.n, telecDmU'1ication 184 0.44 AB 5.12 B 24.44 AB

I21!l 21465'

Regrouping for this study
N N NNI b!cta~ 14291 0.15 B 14554 5.42 B 17271 3.66 B

Ai_~A_ 7174 0.94 AB 6911 38.57 AB 4194 64.23 AB

N- nümbër work.rl
• • lue collar Jobs (v.chile and General .echlnics, Itoclc.lc.eeper, toolkoeper), White coller Joba (office workero),

B - Background
AB- Aboye background

Total nuar of oubJoctl in the cohort i. 21,744. The difference i. cbl to 279 worker. who hod no infol'lllltion
on the Lost Job heLd.
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Tmle 2: St....rdized ~t.lity ratios (SIIt) .... 95 X Confidence inten'llls (95 % CI) for _jar causes of death for _le electrical util ity
-en:197U-19l1l1. cwer.U _ by level of _tic fields

Exposure Levet (magnetic fieldS)

8ackground' Above backgrOlA'ld
Cause of deathll <=0.16 l'T > 0.16 l'T Totale
IID-9

Observed SMR 95 " Cl Observed SHR 95 " Cl Observed SMR 95" Cl

AU_ 1033 0.68 0.64-.0.73 429 0.81 0.73-0.89 1582 0.75 0.71-0.79

Il8jarC8USeS
Heopl..... 307 0.76 0.68-0.85 133 0.95 0.80-1.33 466 0.83 0.76-0.91

StDMch 14 ·0.56 0.30-0.93 6 0.71 0.26-1.54 23 0.66 0.42-0.99
large intestine rectum 38 0.84 0.60-1.13 Il o.n 0.36-1.28 56 0.83 0.63-1.10
llver .nd g.llblodder 6 0.66 0.24-1.43 5 1.59 0.52-3.n 11 0.87 0.43-1.56
Plncrees 13 0.60 0.32-1.02 10 1.33 0.64-2.1,5 23 0.76 0.48-1.14
Trachee bronchus/lung 124 0.80 0.67-0.96 51 0.96 0.71-1.26 183 0.85 0.74-0.99
MIlle genitaUa 10 0.50 0.24-0.92 5 0.79 0.25-1.84 15 0.54 0.30-0.89
Urinllry 19 1.06 0.64-1.65 6 0.99 0.03-6.23 26 1.04 0.68-1.53
Br.fn 12 0.95 0.49-1.67 7 1.51 0.61-3.11 20 1.13 0.69-1.75
Hon-Hodgkin'. lymphome 15 1.19 0.67-1.97 3 0.67 0.14-1.96 18 1.02 0.61-1.63
Leuk.enIia 11 0.81 0.40-1.45 6 1.22 0.45-2.66 20 1.05 0.64-1.62

Endocrine' nutritl0n81 11 0.34 0.17-0.62 7 0.65 0.26-1.33 24 0.57 0.35'0.81
Mervous syste. diselses 16 0.86 0.49-1.40 2 0.29 0.03-1.04 18 0.69 0.41-1.(18
Cfrculatory disesses 439 0.70 0.62-0.76 133 0.62 0.52-0.74 625 0.71 0.66-0.77
Respfrltory dlseases 45 0.55 0.41-0.74 13 0.49 0.26-0.83 68 0.60 0.47-0.77
Olgestive di.e••es 44 0.60 0.44-0.81 20 0.78 0.48-1.20 68 0.67 0.52-0.85
Genftourfnery diseas:. 5 0.39 0.13-0.92 5 1.20 0.39-2.80 12 0.68 0.35-1.19

De_ths due to accidents and violence 95 0.45 0.37-0.56 85 0.97 0.78-1.20 191 0.64 0.55-0.73
SUicide 29 0.48 0.32-0.69 20 0.75 0.46-1.17 49 0.56 0.41-0.71
MotOI" vehicle accidents 31 0.47 0.32-0.67 24 0.84 0.54-1.25 60 0.63 0.48-0.81

• Value of the beckgrOU"d blue or white collar whiChever fa gre.ter

• Couse of death lncluded ln the table if the total nuober of obaerved de.th. > 5

• lneludes 120 Observed de.ths with no infon-ltion on the last job held, therefore the total nu-ber of observed deeths in this colu-n are
sa-eti~ greeter then the t~,.l ~r of Observed deaths fra. the columns of the beckground end above background groups
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TlIbte 3: st_lzed _Ilty ..tl.. (SIIls) -.1 95 11 CClnficlon<:e InterYllls (95 11 CI) far _jar _ of _tll far _le eloctrl..1 ut Il ity
MDrters:197'O-19111. overatt _ a. Level of electric fields

Exposure Levet (electric fieldS)

Backgrcxn:r Above background
Cause of de.th" <= 5.76 yolts/meter >5.76 volts/meter Totale
ICO-9

Observed SMR 95 11 CI Observed SMR 95 Il CI Observed SMR 95 " CI

AII_ 1080 0.70 0.66-0.75 382 0.74 0.67-0.83 1582 0.75 0.71-0.79

llejar_
NeoplaSllll 312 0.76 0.68-0.85 128 0.95 0.80-1.14 466 0.83 0.76-0.91
StOlNlch 15 0.59 0.33-0.97 5 0.20 0.26-1.44 23 0.66 0.42-0.99
Large intestine and rectlln 38 0.83 0.59-1.12 12 0.81 0.42-1.42 56 0.90 0.63-1.10
Liver and gallbladder 7 0.76 0.30-1.56 4 1.33 0.36-3.40 11 0.87 0.43-1.56
Pancre.s 12 0.54 0.28-0.95 11 1.53 0.76-2.73 23 0.76 0.48-1.14
Trache./bronchus/lung 121 0.77 0.64-0.93 54 1.04 0.79-1.37 183 0.85 0.74-0.99
Male genl ta1ia 11 0.54 0.27-0.96 4 0.84 0.18'1.73 15 0.54 0.30-0.89
Urinary 19 1.04 0.63-1.63 6 1.03 0.38-2.25 26 1.04 0.68-1.53
Brain 15 1.18 0.66-1.95 4 0.86 0.24-2.27 20 1.13 0.69-1.75
Non-Hodgkin Iyq>haoa 14 1.10 0.60-1.85 4 0.93 0.25-2.38 18 1.02 0.61-1.63
Leulca..ia 12 0.87 0.45-1.52 5 1.06 0.34'2.47 20 1.05 0.64-1.62
Endocrine &nutrltlonal 13 0.41 0.22-0.69 5 0.98 0.16-1.13 24 0.56 0.35-0.81
Nervous system disesses 15 0.79 0.44-1.30 3 0.46 0.09-1.34 18 0.69 0.41-1.08
Circulatory dise.ses 464 0.72 0.66-0.79 108 0.53 0.43-0.64 625 0.71 0.66-0.77

Respirltory diselBes 45 0.54 0.40-0.73 13 0.51 0.27'0.88 68 0.60 0.47-0.77
Digestive diselses 47 0.64 0.47-0.85 17 0.68 0.40-1.09 68 0.67 0.52-0.85
Genitourfn8ry diselses 5 0.39 0.12-0.90 5 1.26 0.41-2.95 12 0.94 0.35-1.19
Deaths due ta .ccfdents and violence 105 0.50 0.41-0.60 75 0.88 0.70-1.11 191 0.63 0.55-0.73
SUicide 31 0.50 0.35-0.72 18 0.70 0.42-1.11 49 0.56 0.41-0.74
Motar vehicle accident. 32 0.48 0.33-0.68 23 0.84 0.53-1.25 60 0.63 0.48-0.81

• Velue of the background blue or white coller whichever i5 greater

• Cause of death included in the table If the total number of observed death. > 5

o Includes 120 Observed de.ths with no informetion on the Last job held, therefore the total number of Observed de.ths in this column are
somettnes greater tha" the total nunber of Observed deaths from the columns of the background and above beckground groups



• •
Tele 4: Stadlrdized .,.telity ratios <_8) end 95 X Confidence intervals (95 X) for _jor causes of deeth for _le electrical util ity
IIOrkers:19711-19l1l1. oweroU end by 1"",,1 PBlf

Exposure Levet (PEMF)

Background" Above background
Cause of deathb <= 23.70 ppn >23.70 ppn Tot8l~

Ico-9 --
Observed SMR 95 " Cl Observed SMR 95 " CI Observed SMR 95 " CI

AU_ 1249 0.71 0.67-0.75 213 0.74 O.64·0.~5 1582 0.75 0.71-0.79

..-jar auaes
Neoplosms 373 0.80 0.72-0.118 67 0.90 0.70-1.15 466 0.83 0.76-0.91
StCIMch 19 0.65 0.39-1.01 1 0.99 0.01-1.26 23 0.66 0.42-0.99
large intestine and rectlll 44 0.84 0.61-1.10 7 0.86 0.35-1.78 56 0.90 0.63'1.10
Liver end g.Ubllldder 11 1.04 0.52-1.86 0 0.00 0.30-9.35 11 0.87 0.43-1.56
Pancreas 17 0.67 0.39-1.07 6 1.51 0.55-3.29 23 0.76 0.48-1.14
Trach.B/bronchus/lung 140 0.78 0.66-0.92 35 1.22 0.86-1.72 183 0.85 0.74-0.99
Male genit.l ia 13 0.56 0.30-0.95 2 0.66 0.08-2.39 15 0.54 0.30-0.89
Urlnary 22 1.05 0.66-1.59 3 0.95 0.20-2.78 26 1.04 0.68-1.53
Brain 18 \.24 0.73-1.95 1 0.38 0.01-2.10 20 1.13 0.69-1.75
Non-Modgkln lynp/t_ 15 1.03 0.58-1.70 3 1.21 0.25-3.55 18 1.02 0.61-1.631"'*_1. 15 0.95 0.53-1.57 2 0.73 0.53-1.57 20 1.05 0.64-1.62
Endocrine &nutritional 16 0.44 0.25-0.71 2 0.35 0.04-1.2<. 24 0.55 0.35-0.81
Nervous system diseases 16 0.73 0.42-1.19 2 0.118 0.06-1.93 18 0.69 0.41-1.08
tfreut.tory dise.ses 507 0.69 0.63-0.75 65 0.58 0.45-0.74 625 0.71 0.66-0.n
Respiratory dise.ses 57 0.60 0.46-0.78 1 0.07 0.27-0.118 68 0.60 0.47-0.n
Olgestive dl ...... 57 0.67 0.51-0.118 7 0.48 0.20-1.01 68 0.67 0.52-0.85
Genitourfnery diseales 8 0.54 0.23-1.07 5 1.26 0.41-2.95 12 0.94 0.35-1.19

Oe8ths due to accidents and violence 126 0.51 0.43-0.62 54 1.01 0.n-l.33 191 0.63 0.55-0.73
SUicide 37 0.52 0.37-0.72 12 0.75 0.39-1.31 49 0.56 0.41-0.74
Matar vehfcle accidents 42 0.54 0.40-0.74 13 0.74 0.40-1.28 60 0.63 0.48-0.81

• Value of the beckgrcxnt blue or white collar whichever fs gre_ter

• C.use of de.th included in the teble ff the total number of Observed de.ths > 5

c lncludes 120 Observed deaths with no infonnetion on the last job held, therefore the total number of Observed death. In thl. coluan are
saletlMeS gre.ter then the total number of observed deaths fra- the col~ of the beckground and .bave background groups
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Tobie 5 : St_ized _lIty ..ti.. <-.) on! 95 li: canfidonce inteMl1lls for f.... __ g...... for electriCilI

utility --...:1970-1_ <0 1 ..oeI)

•
"agnetie HeldS (micratesle)

Background Medlun High Very hlgh
<=0.16 0.17-0.49 0.50 -1.55 >=1.56

("'an=0. '6) (...on: 0.40) (....n= 1.03) (.....,.Z.01l

0 Sl4X 95l1: Cl 0 Sl4X 95 X Cl 0 Sl4X 95X CI 0 SMR 95X CI X' ldl=1) pltwO'slded)

Leuk....l. 11 0.81(0.40·1.45) 3 1.1510.Z5-3.35) 1 0.7010.0Z-Z.85) Z Z.37(0.Z9-8.55) 1. 15 >O.ZO
Brain lZ 0.9510.49-1.611 4 1.6Z10.44-4.14) 3 Z.18(0.45-6.39) 0 0 - - O.ZO <O.ZO

Deeths due accidents and
end violence 95 0.4510.37-0.56) 63 1.3411.03-1.n) 13 0.59(0.ZZ-0.9Z) 9 0.4810.ZZ-0.9Z) 5.Z0 O.OZ
Suicide Z9 0.4810.3Z-0.69) 15 1.07(0.60-1.77) Z 0.30(0.04-1.09) 3 0.5Z(0.1,., .53) O.ZZ >O.ZO
Motor vehfcle accidents 31 0.4710.3Z-0.611 14 0.91(0.50-1.5Z) 7 1.0Z(0.41-Z.11) 3 0.4810.10-1.40) 1.93 >O.ZO

E1ectrlc fields
Background MediLIII High Very High

<=5.76 5.77 - 31.74 31.75 - 83.18 >=83.18
(....n=5.4Z) 1...an=11 .ZZ) 1....n=44.00) 1...an=S3.18)

0 Sl4X 95X Cl 0 Sl4X 95 X Cl 0 Sl4X 95X CI 0 SMX 95X CI X' ldf=') pltwo·slded)

Pancreatfc cancer lZ 0.54 (0.Z8-0.95) 5 1.Z4(0.40-Z.90) 4 Z.13(0.58-5.46) Z 1.53 (0.18-5.51) 6.6Z 0.01
Leuk.emta lZ 0.8710.45-1.5Z) 3 1.1610.Z4-3.40) 1 0.8710.0Z-4.81) 1 1.0010.03-5.59) 0.05 >O.ZO
Brain cancer 15 1.1810.66-1.95) 3 1.Z410.Z6-3.6Z) 0 - - - 1 1.0110.03-5.65) 0.41 >O.ZO

De.ths due to accidents
and Yiolence 105 0.5010.41-0.60) Z6 0.5910.39-0.87) 11 0.59(0.30-1.01) 38 1.6711.19-Z.31) 34.19 >0.001
Suicide 31 0.5010.35-0.n) 11 0.8610.4Z·1.56) Z 0.3510.04-1.ZS) 5 0.nlO.Zl·1.611 0.50 >O.ZO
Motor vehicle accidents 32 0.4810.33-0.68) 10 0.7110.34-1.30) 4 0.69(0.19-1.76) 9 1.1810.54-Z.Z5) 5.98 >0.01

PEMF
Background Mediun High Very hlgh
<s23.70 Zl.71-63.Z0 63.Z1-74.74 >=74.75

(....n=3.66) l..an: 34.46) 1....n=63.Z1) 1....11"89.51)

0 !MX 95X CI 0 Sl4X 95 X Cl 0 Sl4X 95X Cl 0 - 95X Cl X' (dl=1) pltwo-.ided)

Leul<....I. 15 0.95(0.53-1.511 1 0.6610.0Z-3.69) 0 - - - 1 0.89(0.OZ-4.95) 0.40 >O.ZO
Brefn cancer 18 I.Z4(0.73-1.95) 0 - - - 0 - . - 1 0.67(0.OZ·4.99) 1.08 >O.ZO
Lung cancer 140 0.7810.66-0.9Z) 18 1.01(0.63-1.68) 1 1.Z9(0.03-7.19) 16 1.4710.84-Z.38) 5.51 0.05

De.th. due accident.
end violence lZ6 0.51(0.43·0.6Z) 14 0.54(0.Z9-0.90) 1 0.57(0.01 -3.15) 39 1.5411.11·Z.1Z) 35.06 <0.001
Suicide 37 0.5Z(0.37-0.n) 6 0.7810.ZS-1.69) 0 0.00(0.00-3.59) 6 0.7810.Z8-1.69) 0.93 >O.ZO
Motor vehicle accident. 4Z 0.5410.40·0.74) 4 0.4810.13-1.ZZ) 0 0.0010.00-6.49) 9 1.0610.49.Z.03) Z.69 >O.ZO
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6. A case-cohort study of suicide in relation to exposure to

electric and magnetic fields among electrical utility workers

Dalau Bari. ''%, Ben Anoat:rong',

Jan Deadaan', Gillea Thiriault:'
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AH, arithmetic mean; GM, geometric mean; JEK, job expoBure matrix; PEMF,

pulsed electric and magnetic fields; RR; rate ratios, 95 , CI, 95

percent confidence interval; V/m, volts per meter; ~T, microTesla; ppb,

parts per billion.
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Abstract

This case-cohort study examines whether there ia an association between

exposure to electric and magnetic fields and suicide in a population of

21,744 male electrical utility workers from the Canadian Province of

Québec. We identified 49 deaths from suicide between 1970 and 1988 and

selected a sub-cohort comprising a one par cent random sample from this

cohort as a baBia for risk estimation. cumulative and current expo8ur••

to e1ectric fields, magnetic fields and pulsed electro magnetic fields

(PEMF) were estimated for the sub-cohort and cases through a job­

exposure matrix. Two versions of each of these six indices were

calculated, one based on the arithmetic mean (AM), and one on the

geometric mean (GM) of field strengths. For cumulative exposure, rate

ratios (RR) for all three fields showed mostly small non-significant

increases in the medium and high exposure groups. The most elevated risk

was found in the medium exposure group for electric field-GM (RR-2.76,

95' CI 1.15-6.62). The results did not differ after adjusting for

socioeconomic status (SES), alcohol use, marital status and mental

disorders. There was a little evidence for an association of risk with

exposure immediate1y prior to the suicide. Sma11 .ample size (death.

from suicide) and inability to control for all potential confounding

factors were the main limitations of this study.

Key words: EMF, occupational expoBure, suicide, case-cohort
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Introduction

An association between suicide and overhead and underground high voltage

power lines was first suggested by Reichmanis l • Estimates of residential

exposures to electric and magnetic fields of 598 euicide victims were

found significantly higher than that of controls. perry' conducted a

study using the same 598 cases of suicide. Measurements of magnetic

fields were made at suicide and control addresses. More suicide than

control measurements were above the median (pcO.Ol) and mean values of

measured EMF for suicide residences were significantly higher than that

of controls. perry' also found that among residents of high rise

apartments in England, significantly more people who were suffering from

depressive illness than controls, had been living C10SA to electric

cables. McDowell' followed up 8000 persons in England who were living

within 30 met~rs of electric transmission facilities. He found an SMR

for suicide of 0.75, providing no support for an association with EMF.

In another British survey Dowson and Lewith' demonstrated that people

who were living close to 132-kV overhead power lines more likely

suffered from headaches, migraines and depression than those in control

group. Baris and Armstrong'found that men described as electrical

workers on their death certificates did not have an elevated rate of

suicide.

The results of thsse studies are subject to question because of their

limited methodology and exposure measurements. Recently two more

sophisticated studies have been published. poole7 reported an

approximately two-fold increase in the prevalence of depr~ssive

symptoms among residsnts living in proximity to power lines. Magnetic

field exposures were not measured, but the association was not explained

by demographic variables associated with depression. Later, McMahan'

investigated the depressive symptomatology in 152 female residents

living close to overhead transmission lines in Orange County,
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California. No significant difference was found in depressive scores in

residents adjacent to overhead transmission lines compared to subjects

living one block away. spot measurements taken at front doors were used

te &ssess the magnetic field exposures.

An association between suicide and EMF exposure is made more plausible

by observations that EMF may affect the nervous system and

neuroendocrine function. Specifically, EMF has been observed te reduce

the production of melatonin hormone by the pineal gland and disturb its

circadian rhythm~". There is substantial evidence that disruption in

the normal circadian rhythm of pineal melatonin secretion lB associated

with depression'3-I8. Finally there is firm evidence that depressive

illness is strongly associated with suicide".

We ccnducted a case-cohort study to investigate the association between

suicide and occupational exposure to electric fields, magnetic fields,

and pulsed electric and magnetic fields (PEMF). The study base

comprised a cohort of 21,744 electrical utility workers followed up from

1970 to 1988.

Methods

Design and study population

The study follows the case-cohort design"'. This is similar to a "nested"

case control design in including all cases and a sample of the cohort.

However, the sampie (sub-cohort) lB a random one chosen fram all cohort

members, instead of controls matched to cases fram Burvivors te the age

of death of the case, and the methods of analysis are different. Case­

cohort design is known as valid and more efficient than "nested" ca.e­

control design"'.

As described elsewhere2l , deaths in the entire cohort were identified
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from the company records if the worker died while an active employee, or

through the retirement system if he had left the company but was

entitled to claim benefits. Those who left the company without being

qualified for pension were traced using provincial sources. We found 49

workers who had suicide as underlying cause of death (ICD-9 950.0-959.0)

on their death certificates.

The sub-cohort of 217 subjects was selected as a 1% random sample of the

entire cohort. Two were excluded because their job histories were not

avai1able, leaving 215 subjects eligible for the analysis.

EatiaatiDg expoaure

We obtained the complete job histories of the sub-cohort members and

cases from the company records. This information included job title,

start and end date of each job, and job code. A job exposure matrix

(JEK) comprising estimates of exposure to 60 Hz electric and magnetic

fields and to PEKF for each job held in the company had been previously

constructed for a case-control study of cancern • In the JEK, for each

job category, arithmetic means (AH) and geometric means (GK) of electric

fields and magnetic fields were estimated from dosimeters worn for a

week by a random sample of workers. The AH tends to reflect occasional

excursions in very high fields. The GK is less affected by such "peaks",

reflecting long periods in moderately elevated fields~. The distribution

of PEKF exposure was extremely highly skewed. To deal with this, PEKF

exposure was calculated in each job category of the JEK as the

proportion of subjects measured with weekly mean AH of PEKF greater than

100 ppb (proportion> 100 Ppb)~. This was used as a unit of exposure for

PEKF in the analysis. The GK of PEKF was not used, as it was highly

dependent on the value assumed for periods during which no PEKF were

detected. Finally, the JEK was linked to each subject's work history to

calculate their cumulative and current exposure for cases and the
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members of the sub-cohort.

We first considered long-term exposure as a risk factor for suicide. The

hypothesis behind this was that chronic exposure might cause

irreversible disruption in circadian rhythm, and this condition might

lead first to depression and then to suicide. We used AH and thsn GM of

the electric and magnetic fields to calculate two indices of cumulative

exposure. The summary indices represent cumulative exposure to

electric fields expressed in Volts per meter(V/m)-years and magnetic

fields expressed in microtesla(~T)-years, equal to the mean (or

geometric mean) over a subject's working life, times his duration of

employment. For PEMF, the unit of cumulative exposure was proportion

>100 ppb-years.

It is also possible that the effective exposure is that immediately

prior te suicide, rather than chronic expoBure. Tc examine this

hypothesis, we considered current expOBure, defined for suicide as the

mean exposure for the year in which the suicide occurred. For the sub­

cohort, current exposure was re-calculated for each suicide death, as

the mean in the year of that death (see otatistical analysis). We

excluded eight cases of suicide from the analysis by current exposure

because death occurred after the subjects left the company. This

exclusion limited the analysis for current exposure to 38 cases who were

still working prior to their suicide.

For cumulative exposure, three groups were defined:

1) low: < median;

2) medium: ~ median but < 75th percentile

3) high: ~ 75th percentile •

For current exposure indices, because of the effectively discrete nature
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of the estimated exposure, there were less than 10 subjects in the

medium exposure group. Therefore, we combined low and medium exposure

groups, and defined only two exposure groups as follows:

1) Low and medium: < 75th percentile

2) High: ~ 75th percentile

Infor8Ation on other ri.k factor. for .uicide

Socioeconomic status (SES) was assessed as a dichotomy: white collar or

blue collar based on the first job held.

By reviewing the company medical files, we obtained for each study

subject information on 1) history of mental disorders, 2) last available

marital status, and 3) alcohol consumption. Medical files were available

for all cases, but we were unable to find those of 4.2 , of the sub­

cohort. As an indication of history of mental disorders, we abstracted

all diagnoses from sickness absence records with the Ninth International

Classification codes (ICD-9) 290-310. Information on alcohol

consumption was recorded during the medical exam at the time of hire or

at periodic examination. We classified individuals into three

categories: non-users, users, and unknown. Marital statue was usually

recorded upon hiring. We also recorded any indication of change of

marital status. If no further information was found, marital status at

the time of hiring was used as the last available marital status.

statiatical analyaia

Standard methods of relative risk (rate ratio or proportional hazard)

(RR) regression analysis~ adapted for the case-cohort~ were used to

obtain suicide RR for groups defined by exposure. We used the EPICURE

computer program~ for this purpose. The analysis implicitly controls for

confounding by age. Confounding by other factors was controlled by

entering additional variables into the regression models. It is possible
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that depression might be an intermediate variable on the causal pathway

between exposure and suicide, as wall as a confounder. We did net u••

any special analytical techniques to deal with this 8ituation, but we

reported results both with and without adjustment for variable8

associated with depre8sion (8ee di8cu88ion). Cumulative and current

exp08ure were treated a8 time-dependent in the analY8i•• Thu. we

computed each sub-cohort member's cumulative and current expo8ures at

each age of death of a case. However, a fixed reference age wa8

required for the tabulations by the8e variable8 to give a general

impres8ion of frequencies in exposure groups. The date of death for

cases and the date corresponding one year before the date of ending

follow up for the members of the sub-cohort were used to compute the

fixed reference age for each subject.

Reault.

Table 1 shows the distribution of demographic and basic employment

variables. Cases had somewhat earlier years of birth and years of hire

than sub-cohort members. The job exposure matrix is presented in Table

2. The matrix consisted of rows of grouped job titles with similar

expected exposure, and columns of corresponding Mean exposures to

electric, magnetic fields and PEMF. Table 3a shows the association of

cumulative exposure to magnetic and electric fields with known ri.k

factors for suicide(t of subjects in the 8ub-cohort with expo8ure level

~ median), to assess potential for confounding. Broadly, expo8ure wa.

higher am~'.1 blue collar workers than among white collar workers.

Exposure among alcohol users was very similar to that among non-u.er••

The single workers showed greater exposure than married worker••

Exposure was also higher among workers diagn08ed with mental di80rder8

than among workers with no diagnoses of mental di80rders •

Table 3b shows the association of current expo8ure to the field. with
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known risk factors for suicide (' of subjects in the sub-cohort with

exposure level ~ 75th percentile). The pattern was similar to that for

cumulative exposure, except the married workers showed greater exposure

than single workers.

Rate ratios for suicide by these potential confounding factors (SES,

alcohol use, marital status and mental disorders) are given in Table 4.

Blue collar workers, single workers, and especially workers with

diagnosis of mental disorders had higher risk of suicide.

Table 5 shows the correlations between the indices of the exposure

calculated from the sub-cohort members at their final exposure levels.

Seventy-five per cent of the correlations reported were equal or below

0.50. Two highest correlations ware between i) the AH and GM of the

electric fields of current exposure (r=0.80), and ii) between the GM of

the electric fields of cumulative and current exposures(r=0.79).

Cuaulativs expoaure

The rate ratios for suicide by cumulative exposure to fields are

presented in Table 6. Unadjusted RRs for all three fields showed mostly

small increases in the medium and high exposure groups. Adjustment for

SES, alcohol use, marital status and mental disorders generally resulted

in reduced RRs.

The most notable increase was found in the medium exposure group for

electric field-GM (RR= 2.76,95 , CI 1.15-6.62), although the high group

showed a less elevated rate (RR=1.96, 95\ CI 0.65-5.91). This pattern

remained after adjusting for the above-mentioned potential confounding

factors. When the medium and high exposure groups were cOmbined the

adjueted RR was 2.56 (95' CI 0.87-7.58) •
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Given the possibility that mental disorders could be both a confounder

and an intermediate variable, we reported the RRs adjusted for all

confounders except mental disorders. The RRs were slightly different,

lower or higher depending on the indices, than the RRs adjusted for 811

confounders. The highest RR was again found for electric fields-GH

(RR=3.10, 95\ CI 1.18-8.21).

Current expo.ure

Table 7 shows the association of suicide with current exposure to

fields. Unadjusted RRs for all three fields showed mostly small

increases in the high exposure groups. Adjustment for SES only or

adjustment for alcohol use and marital status did not substantially

change the RR estimates. The slightly elevated risk disappeared when

additiona1 adjustment was made for mental disorders, except for PEHF

(RR=2.06, 95 \ CI 0.50-8.35).

DiscussioD

For cumulative exposure, this study showed;

1) an increased risk of suicide for the medium exposure group by

electric fields-GH, but no evidence for dose-response;

2) a slightly increased risk of suicide for electric fields-AH;

3) no association of suicide with magnetic fields or PEHF;

The increased risk of suicide for electric field-GH cou1d not be

exp1ained by confounding by SES, alcohol use, marital status or mental

disorders.

For current exposure, our results suggested;

1) a slightly increased risk of suicide with PEHF in the high expoBure

group;

2) no association with the other indices •
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Overall, the strongest evidence was for cumulative exposure fram

electric fields using the geometric Mean of exposure, but there was no

evidence for dose-response. There was not much of an association

with cumulative exposure for electric fields-AM and with current

exposure for electric fields-CM, although these two indices were highly

correlatsd with cumulative exposure for electric fields-CM. One

explanation for the difference between the RRs for cumulative and

current exposure is the possibility of a stronger effect for a

consistent exposure over a long period of time. These results May be

subject to bias, either upwards or downwards- we consider these below.

A comparison of the suicide rate in the workers with that of the general

population was possible from a cohort mortality study of HQ workers,

covering the sarne follow-up periodn • The standardized mortality ratio

(SMR) for suicide for all HQ workers relative to the Québec population

was 0.56 (49 observed deaths). The workers were classified crudely into

two exposure groups, background and above background, for electric, and

magnetic fields and PEMF using last job held at the utility. The SMas

for the above background groups for each field were higher (magnetic

field-AM 0.75, electric field-AM 0.70, PEMF 0.75), but remained below

one. Although there may be some healthy worker effect and some under­

ascertainment of deaths, these low SMRs do not support the evidence for

causal association.

Possible sourc.s of bias

Inco.pl.t. cas. asc.rtatn..nt

It is possible that we might have missed some suicide cases becaus. of

certification practice. The literature on the validity of the suicide

diagnosis focuses mainly on the sensitivity of suicide certificationn~
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estimated at 56 \ to 99 \. The specificity of the certification was

always higher than 95 \. It seems unlikely that the certification

practice will vary according to the exposure status. Thus,

misclassification is likely to be non-differential, and would therefore

bias the effect towards the null value~. This is a concern, since our

study showed BaveraI small non-significant associations.

Misclassification of .xposur.

Despite the large number of exposure measurements made to create th.

JEM, Some misclassification of exposure will have occurred. One source

is the precision of the mean exposure estimates in the JEM. The

confidence intervals of the mean expoBure estimates which were given

elsewhere~ suggested that the broad patterns of exposure were

established beyond reasonable doubt, but there remained considerabls

uncertainty. As weIl as from the error in estimating the msans,

misclassification of individuals would have occurred from the variation

in exposure levels between workers in the sarne row of the JEM. The main

effect of these misclassifications would be to bias the risk estimates

toward the null.

There was an additional uncertainty in the assessment of PEMF sxposure

due to the inadequate current knowledge on what situations triggsr ths

POSITRON PEMF channel limits. In fact, the meter apparently rasponds in

this channel to walky talky and truck radio transmissions, as weIl as to

classic PEMFs. This uncertainity was discusssed in mors detail

elswhere~.

COnfounding factors

Lack of information on BaveraI important risk factors for suicide

including stress, ethnicity and physical dis8asss, and imperfact

measurement on the others, might have resulted in inadequats control of
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confounding in our study.

SES was measured according to the first job as a simple dichotomous

variable. It is possible that misclassification of SES may have been

differential as to exposure to EMF and may have led to a bias.

Although we obtained information on alcohol consumption, our data failed

to identify alcohol abuse. Alcohol abuse is second only to depression

as a risk factor for suicide". It was reported that alcohol abuse has

been found to be associated with 50 , of suicidesn • The fact that we did

not find any association between alcohol use and suicide suggests

imperfect measurement of this variable, and consequently imperfect

control of confounding by alcohol abuse. However, it is not obvious

that alcohol abuse would be associated with exposure to electric and

magnetic fields, at least after stratifying by SES.

Our data show slightly lower risk among married individuals. This result

is compatible with the existing knowledge, as reported by Smith", that

married individuals have lower suicide rates than persons who have never

married or who have divorced. Marital statue upon hiring was usually

recorded as "single" in our study. If the worker had changed his status

and if this change had not been recorded in the files, these workers

could have been misclassified. Thus, this non-differential

misclassification would have reduced the risk of suicide among those

clas8ified as single. Our data was too limited to identify divorced or

widowed individuals. Again, there is a po88ible failure to completely

control confounding by marital status.

History of mental disorders is a difficult risk factor to interpret in

this study. Mental di80rders are considered the major determinant of

8uicidal behaviour~. Schizophrenia, anxiety, depression, alcoholism,



•

•

74

major affective and adjustment disorders are the most common conditiona

found in suicide deaths in general. Several studies have suggested that

the history of mental disorders among people who committed suicide

ranges between 50 to 90 per cent compared to only 15 per cent in

individuals who died of other causes~. This association waa confirmad in

our study, in which only 9.3 'of the sub-cohort had at least one

diagnosis of mental disorder recorded on their medical file, while 65.3

, of cases had been diagnosed with mental disorders prior to suicide.

The most common diagnoses were anxiety and depression. This very high

implied rate ratio of suicide (RR=15.17, 95 , CI 6.76-34.02) among

subjects with mental disorder is comparable with other studies of

sui.cide.

Thus, if men susceptible to mental disorders took disproportionatly

high- or low-exposure jobs, mental disorders would be a confounding

factor. However, it is also possible that depression might be a factor

in the pathway of the events leading to suicide following expoBure to

electric or magnetic fields. If this were true, controlling for

depression as a confounding factor would bias the risk estimates toward

the null. We were unable to exclude either confounding by mental

disorders, or mental disorders being an intermediate variable. There are

special and relatively complex analytical techniques developed to deal

with a situation when a variable is both confounder, which should be

controlled in the analysis, and an intermediate variable, which ahould

not be controlled in the analysis~. Pierce" noted the complexity of

these types of analysis and the requirements of the strong modelling

assumptions, and suggested that use of ouch models could cause confuaion

both in reader and investigator. A1BO, our data on hiatory of mental

dioorders was partial, in particular lacking preciaion on time of ona.t.

Therefore, we chose the simpler approach of preaenting the riak

estimates with and without adjustment for mental disorders. The
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unadjusted estimates are unbiased if there is no confounding, and the

adjusted eAtimates are unbiased if mental disorders are not in the

causal pathway (as intermediate variable). In fact, the analysis showed

that controlling for mental disorders in general had limited impact on

the risk estimates (Table 6&7), so that interpretation of results

depends little on this issue. Similar comments apply to alcohol use and

marital statua.

S••ple ai.e

Another limitation of this study was the sample size. Small numbers of

suicide deaths reaulted in wide confidence intervals, especially after

eliminating the 8 cases for the analysie of current expoBure.

A high proportion of deaths from "injuries undetermined whether

accidently or purposely inflicted"(ICD-9, E980-989) are in fact suicide

deaths". Thus including these would have maximized the sample size at

the cost of some misclassification. However, there were only 3 subjects

with such undetermined cause of death. Thus for clarity, we limited the

analysie to deaths coded only as suicide.

COncluaion

We observed some evidence for an association between suicide and

cumulative exposure to electric fields-GM. This specifie index wae Ilot

identified a priori as the most relevant index, but rather emerged

a posteriori showing the most positive association with suicide among

ten indices studied. Thus the evidence from this study for a causal

association betwsen exposure to electric fields and suicide is weak.

However, the power of the study was limited by small sample size.

Additional studies with larger sample size and more refined information

on potential confounding factors would be of interest •
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• Table 2: AritlaoUc (M) and _tric (QI) -. eJlllOlIUN'S ta 60 Hz electrlc and ~tlc flelda and PEIlF
Hagnet!c fields Electric fields PEMF

(m;croTesla) (V/m) worker-weeks >100ppb·

Nunber of
worker· AM QI AM GM AM
weeks

Job group

Jobs considered • priori ta h!lYe t.ckgl"CUld e lire

Blue collar jobs. 15 0.15 0.03 5.02 1.28 23.00
White coLler jObsb 24 0.16 0.06 5.76 1.33 0.00

Jobs comiciered • e=iori as likely ta be ~ed abcrve beckPrat!!d lml.

Hydroelectric pmeration
Equipment electrician 20 0.99 0.23 18.21 1.59 33.30
Equipment mechenics 24 0.77 0.18 14.46 1.45 33.30
Foremen, operations&others. 9 0.50 0.07 12.42 0.98 37.50
Operator Il 1.56 0.67 6.34 1.36 25.00

lIuclear 9!!1!1!ratian
Equipment electricians 6 0.19 0.05 2.82 0.81 0.00
Operetor, nucLeaf station 17 0.13 0.05 2.52 0.60 0.00

Diesel peueration
Operator, Butononous network Il 0.32 0.12 4.82 1.05 40.00

rrans-issian
Transmission spl icer 12 1.79 0.24 15.79 1.28 83.30
Tfansmi 55 ion li nemen 18 0.60 0.08 57.99 2.41 81.22
<{= 735 kV

SlJJstation
Equipment electrician 29 2.36 0.24 52.13 1.84 42.10
<{=735 kV
Equ;pment electr;c!an(735kV) 22 1.78 0.54 122.38 3.62 44.44
Maintenance work~r, civil& 23 1.05 0.09 31.75 1.92 4.80
mech. eng
Operator mobile 16 1.17 0.23 12.04 1.19 71.40
Operator, 735kV substation 12 1.78 0.76 36.89 2.06 16.6~

Technician,.utometic control 18 1.60 0.21 8.63 1.41 14.20
DiatribJtiC!!

Emergency men 8 0.50 0.07 12.71 1.84 60.00
foremen,OH lines 5 0.16 0.09 5.77 1.06 100.00
Foremen, UG lines 6 O. l' 0.06 3.02 0.90 100.00
Linemen (contact &hotstic) 39 0.37 0.06 83.18 2.36 70.50
linemen(contact) 24 0.83 0.13 123.39 2.45 70.50
Meter installer ID 0.42 0.08 5.48 1.52 37.54
Meter reBder 14 0.17 0.05 10.03 2.48 0.00
Splicer, distribution 18 1.87 0.12 9.73 1.63 92.80
Tree trimer 4 0.34 0.05 37.51 3.40 50.00

Others
Estimator ID 0.13 0.06 4.31 1.25 0.00
Instructor 6 0.17 0.06 2.83 1.00 0.00
Licensed electricians 9 0.87 0.19 12.52 1.09 20.00
Dperator, dispatcher ID 0.09 0.04 3.16 1.08 0.00
Technician, telecommunication Il 0.44 0.11 5.12 1.07 50.00

• blue collar jobs (vehicle and general mechanics, stockeeper, toolkeeper)
b white collar jobs (office Morkers)
c percent of subjects measured with weekly mean greater than 100 parts per billfon
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Tobie 1: _ ....ic descriptian of the .....cchort rd cases ..

•
Total

Yeer of birth
<1920
1920-1929
1930-1939
1940-1949

>1949

Year of hil'e
<1950

1950-1959
1960-1969
1970-1979

>1979

Yeer of death
<1975

1975-1979
1980-1984
1985-1988
alive in 1988

Total years of service
at death or end of follow·up

1-9
10-19
20-29
30-39
40+

• N=numer of s..mjects

215

9
32
34
61
79

22
31
45
80
37

o
1
3
5

?lJ6

61
69
42
39
4

SliJ~cohort

N' X

100.00

4.19
14.88
15.81
28.37
36.74

10.23
14.42
20.93
37.21
17.21

0.00
0.46
1.39
2.32

95.81

28.37
32.09
19.53
18.14
1.86

49

5
10
14
11
9

7
16
13
11
2

3
11
16
19
o

13
12
15
9
o

Cases
N X

100.00

10.20
20.21
28.57
22.45
18.37

14.29
32.65
26.53
22.45
4.08

6.12
22.45
32.65
38.78
0.00

26.53
24.49
30.61
18.37
0.00



•
Table 38: The essocietiœ of electric ... -.gnetic fields and PEIIF lIith knowI risk factors or suicide

Rist factor X of subjects in the sub-cohort with exposure Level >=median for cumulative exposure
exposure

Electric field "agnetie ffeld ----pe"F~

AM GM AM GM AM
N- X >=medien N X >=meclien N X >=media" N X >= mecHan N X >=media"

Ctallative eJtp)SUre
SES (first j"')
White coller 20 27.9 30 41.7 16 22.1 24 28.3 1 1.4
Blue coller 88 61.5 79 55.9 92 64.3 84 58.8 109 76.2

Alcahol use
No 26 50.0 26 50.0 22 43.3 22 43.3 25 47.5
Yes 69 50.7 n 50.9 74 54.4 75 55.1 76 55.9
Unknown 13 37.0 11 40.7 12 44.4 11 40.7 9 32.3

Lat kncM1 _rital st.tus
Single 68 53.5 66 51.9 69 54.3 69 54.3 63 49.6
Married 27 38.0 31 43.7 26 36.6 26 36.6 36 50.7
Unkncwn 13 n.l 12 70.6 13 76.5 13 76.5 11 64.7

Ilontal di__
No 88 47.3 88 47.1 88 47.1 87 46.7 92 49.5
Yes 12 600 14 70.0 12 60.0 13 75.0 11 55.0
Unlt.-. 8 88.9 7 n.8 B 88.9 8 88.9 7 n.8
8 N=liDberof------sllblects
b lI"tit of exposure=X workers 1le8Sured who hed weekly mes" exceeding 100 ppb

•
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'_le lb: The association of elec:tric Md -.anetic fields an:t PBlF with tncw1 risk factors for suicide

Rist factor X of subjects in the sub-cohort with exposure Levet >=75th percentile for cUrr~nt exposure
exposure

ELectric field "agnetie field -------pfMr-a-
AM GM AM GM AM

N· X >=15th perCa N X >=7Sth pere. N X >:75th perc. N X >= 75 th pere. N X >=75th pere.

SES (first job)
White coller 1 1.4 2 2.7 1 1.4 1 1.3 0 0.0
Blue coller 52 36.3 60 42.9 57 39.9 54 37.6 53 37.1

Ale"""l .....
No 12 23.1 13 25.0 13 25.0 13 25.0 14 26.9
Yes 37 27.2 46 33.8 42 30.9 38 27.9 36 26.5
Unknown 4 14.8 3 11.1 3 11.1 4 14.8 3 11.1

Lest knIan _rital stetta
Singl:! 27 21.6 31 27.4 35 27.5 29 22.8 33 26.0
Married 20 28.2 25 35.2 19 26.8 20 28.1 16 22.5
Unknown 6 35.3 6 35.3 4 23.5 6 35.3 4 23.5

IIentel disorders
No 44 23.6 51 27.4 50 26.9 45 24.2 45 24.2
Yes 5 25.0 8 40.2 6 30.0 7 35.0 4 20.0
Unknown . 4 44.4 3 33.3 2 22.2 3 33.3 4 44.4

a N=l'lUTt»er of subjects
b ...,it of exposure=% workers measured who had weekly mes" exceeding 100 ppb

•
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Tmle 4: Rate r.tios (RR) for suicide b'I SES. aLcah01 use. _rital status and Entai disorders

Sub·cohort Cases RR (95 X CI)

N X N X

Socioeconomic status
(first job)
White coller 72 335 11 22.5 1.00
Blue collar 143 66.5 38 77.5 1.88 (0.89-3.98)

Alcohol
cons....,tion
No 52 24.2 15 30.6 1.00
Ves 136 63.3 21 42.9 0.55 (0.25-1.18)
Unknown 27 12.6 13 26.5 1.43 (0.57-3.58)

Last known
marital status
Single 127 59.1 29 59.2 1.00
Married 71 33.0 16 32.7 0.86 (0.41-0.78)
Unknown 17 8.0 4 7.1 0.63 (0.17-2.32)

Mental di sorders
(ICO·9. 290·310)
No
Ves
Unknown

186
ZO
9

86.5
9.3
4.2

16
32

1

32.7
65.3
0.0

1.00
15.17 (6.76-34.02)
1.11 (0.12-10.02)



•
Tële 6 : lel.tive list Esti_tes ... 95 '& Confidence Internls for suicide in relation to ClAIlative exposure to electric. -..etie ... PBtF

N~r of sl.bjects Pete Ratios and 95 X Confidence Intervals

Stb-cohort Cases Unadjusted Adjusted for SES Adjusted for ses, Adjusted for SES,
(using first job) aleohot use, marital status alcOhol use, ~rit81 status

and mental di sorciers
Electric fiel~

(V/a) (l1li)
<136.10 107 21 1.00 1.00 1.00 1.00

>=136.10 &<308.60 54 15 1.37 (0.58-3.22 ) 1.18 (0.49-2.81) 1.08 (0.43-2.73) 1.58 (0.50-5.05)
>=308.60 54 13 1.49 (0.63-3.52 ) 1.10 (0.43-2.81) 1_25 (0.46-3.42) 1.68 (0.35-8.01)

Electric field
(V/a)(9I)

<23.10 106 16 1.00 1.00 1.00 1.00
>=23_10 &<40.30 55 20 2.76 (1.15-6.62) 2.59 (1.08-6.22) 3_10 (1_18-8_21) 2.75 (0.93-8.11)

>=40.30 54 13 1.96 (0.65-5.91) 1.61 (0_53-4.91) 2.23 (0.64-7.77) 1.77 (0.36-8.49)

~tic Fiel~

(aicroTesl.)(AR)
<4.53 107 26 1.00 1.00 1.00 1.00

>=4.53 &<10.36 54 8 0_58 (0.23-1.46) 0.43 (0.16-1.13) 0.40 (0.13-1.13) 0.28 (0.06-1.20)
>=10.36 54 15 1.34 (0.60-3.02) 0.89 (0.36-2.19) 0.79 (0.28-2.17) 0.36 (0.09-1.99)

......tic fieldo
(aicroTesl.) (91)

<1.25 107 24 1.00 1.00 1.00 1.00
>=1.25 &<2.08 53 14 1.21 (0_54-2.73) 1.16 (0_52-2.59) 1.26 (0.52-3.07) 0.81 (0.28-2.37)

>=2.08 55 11 1.21 (0.48-3.00) 0.97 (0.38-2.46) 1.85 (0.29-2.48) 0.48 (0.09-2.50)

PEIlf-1IIl"

<1.10 105 20 1.00 1.00 1.00 1.00
>=1.10 &<6.40 ;6 10 1.32 (0.58- 2.99) 0.94 (0.34-2.57) 0_96 (0.33-2.78) 1.14 (0.23-5.79)

>=6.40 54 19 1.91 (0.85- 4.32) 1_32 (0.47-3.75) 1.50 (0.50-4.53) 1.23 (0.27-5.70)

• LIlit of exposure= X-wo-rkers meaSIJred who had weaklv mesn exceeding 100 ppb

•



•
Table 7: Relative Rist EstiEtes Sld 95 1 Confidence Intervals for suicide in relstioo to eurrent exposure: to electric, ~tic fields and PEMF

•
Number of subjects Rate Ratios and 95 X Confidence Intervals

Sub·cohort Cases Unadjusted Adjusted for SES Adjusted for SES. Adjusted for SES, alcohol use
alcohol use and marital status marital status and

mental disorders
Electric field-~

(V/II)
< 10.60 162 28 1.00 1.00 1.00 1.00
>=10.60 53 10 1.14 (0.52·2.54) 0.92 (0.40·2.15) 1.23 (0.50·3.01) 1.20 <0.32-4.51)

Electric field-GR •
(V/.)

< 1.50 153 24 1.00 1.00 1.00 1.00
>==1.50 62 14 1.45 (0.70-3.00) 1.21 (0.55-2.66) 1.63 (0.71-3.77) 0.84 (0.26-2.71)

~tic Fields-Nt
(.icroTesla)

< 0.37 157 24 1.00 1.00 1.00 1.00
>=0.37 53 14 1.58 (0.76-3.28) 1.33 (0.60-2.97) 1.62 (0.69-3.80) 0.94 (0.25·3.60)

~tic Fields-III •
(.icroTesla)

< 0.07 160 27 1.00 1.00 1.00 1.00
>=0.07 55 11 1.10 (0.50·2.37) 0.86 (0.37·1.98) 0.91 (0.38·2.17) 0.69 (0.19-2.48)

PERF·.{~

< 40 162 25 1.00 1.00 1.00 1.00
>= 4O 53 11 1.52 (0.73-3.16) 1.27 (0.57-2.82) 1.64 (0.70-3.87) 2.06 (0.50-8.35)

• because of the effectively discrete nature of estimated current exposure (one of the 32 job categories)
the .edh.. g~ (>lll!dien, <75th perc«Itile) gr~ was SEU, and cClllbined with the Law «=median) grcx:p

• 161ft of exposure= X workers Ile8SUred who had wealdy lllearl exceeding 100 ppb



•
Table 5: CorrelatiGI'B betIIeen upos&re infiœs

CUMElAIl C1~GAM CUMPEMF-AM CUMELGII CUMMGGII CURELAM CURMGAM CURPEMF·AM CURELGII CURMGGII
Cumulative exposure

Electric fields-AM (CUMElAIl) 1.00
"agnetie fields-AM (CUMMGAM) 0.20 1.00
PEMF·AM (CUMPEMF·AM) o.n 0.42 1.00
Electric fields-GM (CUMELGII) o.n 0.02 0.50 1.00
Hagnetie fields-GM (CUMMGGII) -0.05 0.74 0.09 ·0.07 1.00

Current exposure

Electric fields-AM (CURELAM) 0.55 0.07 0.34 0.73 0.05 1.00
Hagnetie fields-AM (CURMGAM) 0.06 0.41 0.11 0.15 0.52 0.32 1.00
PEMF-AM (CURPEMF·AM) 0.46 0.22 0.62 0.52 0.17 0.67 0.42 1.00
Electric fields-G11 (CURElGII) 0.43 ·0.04 0.25 0.811 -0.04 0.79 0.18 0.45 1_00
Hagnetie fields-GM (CURMGGII) ·0.03 0.43 0.06 -0.01 0.71 0.12 0.71 0.25 0.04 1.00

•
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Ab.tract

The credibility of occupational epidemiological BtudieB dependB in large

part on the validity of the aBBeBBment of the expoBure. In large cohort

BtudieB, the laBt job held iB oftBn uBed to aBBign expoBure BtatuB to

the Btudy BubjectB. ExpoBure waB aBBigned in thi8 way for a mortality

Btudy of a cohort of an electrical utility workerB in Quebec carried out

by the authors. The objective of the preBe~t Btudy waB to inveBtigate

the validity of attributing magnBtic field expoBure by u8ing "the la8t

job held". ThiB waB done by comparing in a Bample of the cohort,

eBtimates obtained using laBt job with thoBe obtained uBing full work

histories. The correlations between indiceB baBed on the laBt job and on

all jobs varied between 0.75 and 0.78. The mean was slightly lower when

only laBt job waB used. LaBt job waB particularly good in identifying

the highest expoBed individuals (for the expoBure cutpoint of 90th

percentile for last job and for all jobs; sensitivity=0.69,

specificity=0.97, kappa=0.66). The reBultB 8uggeBt that although not all

workers starting in highly exposed jobs stayed in them, it 8eemed that

the workers who ended their working life in highly exposed jobB had

stayed in these jobs throughout their working life. In conclusion, the

results indicated some but not catastrophic loss of information when

estimates of exposure were based on the last job only. These results are

most likely to be generalizable to other industries in which highly

exposed jobs are also skilled.

Key wordsl EMF, exposure assessment, validity
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Introduction

It is desirable to obtain the most accurate estimate of exposure in

occupational epidemiological studies. For occupational expoBure te

electric and magnetic fields, the bast approach wouId be ta obtain

individual exposure data on each study subject by the use of personal

dosimeters. However, this approach is not feasible for retrospective

cohart studies or case-control studies. In these studies the usual

approach ia te use a job exposure matrix (JEM) ta estimate individual

exposures. A JEM consists of a list of job titles with a list of

exposures corresponding to these job titles. The ideal situation is to

have an accurate JEM that included the variations in expoBure over time

for each job title, and alBo have complete job histories for

individuals. One can then calculate the cumulative exposures of

individuals by applying the matrix to the individual job histories.

However, in large cohort studies, complete work histories may not be

readily available. Quite frequently the "last job held" is the only

information that investig&tors can obtain, as in our cohort mortality

study of 21,744 electrical utility workers'. This cohort, henceforth

referred to as the Québec cohort, was one of three cohorte on which

cancer incidence was investigated in the "Canada-France" case-control

study'.

The objective of the present study was to investigate the validity of

attributing magnetic field exposure by using "the laet job held". This

was achieved by comparing in a sample of the Québec cohort, estimates

obtained using only last job with those obtained ueing the full work

histories .
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Methode

Study population

The Québec cohort r.onsisted of all permanent male employees who had

completed at least 1 full year of service in an electrical utility in

the Province of Québec, Canada between 1970 and 1988. The validity study

subjects were the cancer cases and the contra1s selected for the

"Canada-France" case-control study. The details of the case

identification and the selection of controls are described elsewhere'.

E.timating 8xpo.ure

The complete occupational histories of the cancer cases and the controls

had been abstracted from the company records for the "Canada-France"

case-control study. For the validity study, the cases' and controls'

expoBurea te magnetic fields were estimated using four different

approaches as described below.

1. Cumulative exposure using all jobs (All jobs-cum).

The cumulative expoBure of each case and control was assessed by

applying a JEM to the complete job histories. This approach was

used by the "Canada-France" case-control study.

2. Cumulative exposure using the last job (Last job-cum)

The "last job held" for a case means the job held at the time of

the diagnosis (if the individual was active when diagnosed) or the

last job held in the company (if the individual was retired or

left). For a control, it means the job held at the time of the

diagnosis of the corresponding case, or the last job held. The

cumulative exposure was calculated as in 1., except that it wes

assumed that each individual held the same job (his last job)

throughout his employment in the utility. Thus, the cumulative

exposure of each individual was computed by applying the JEM to
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the last job held and multiplying this value by the individual's

total years of service in the utility.

3. Mean exposure using all jobs (All joba-••an).

The Mean expOBures were calculated by dividing the cumulative

exposure from all jobs by the total years of service.

4. Mean exposure using last job (Leat jOb-••an).

This approach was used in the Québec cohort mortality atudy

involved simply assigning the value in the JEM for the last job.

Statistical analysis

The main goal of the analysis was to determine the extent of agreement

between the different approaches in estimating individual exposure and

identifying the "exposed" subjects for analysis in which subjects are

grouped by exposure. First, the correlation coefficients between the

four different approaches of exposure asseBBm~nt~ were calculated. We

then focueed more detailed analysis specifically on the loss of

information in relying only on last job, rather than in choosing

cumulative versus mean exposure. Because the mean exposure fram last job

held was used for our cohort mortality study', we compared this with the

mean exposure from all jobs, rather than comparing estimates of

cumulative exposure.

We also calculated the sensitivity and specificity of methods based on

last job in identifying "expossd" subjects on grouping by exposure.

Exposure classification based on all jobs was taken as the working "gold

standarct". Sensitivity is defined aB the proportion of thoBe who are

truly exposed and are correctly claBsified as exposed by the last job

held. Specificity is defined aB the proportion of those who truly are

not exposed and are correctly classified aB not exposed by the last job
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held. The Kappa statistic was examined as a further measure of

agreement. A Kappa value of zero indicates a degree of agreement that

would be expected by chance. The maximum value of Kappa is unity and

values of Kappa greater than 0.50 are generally considered to represent

good agreementl-5 •

Resulta

Table 1 shows descriptive information for the study subjects.

Table 2 shows the means for the estimates of exposure from the four

different approaches and the correlations between them. The means were

about 20% lower when the last job was used. The correlations between

equivalent indices based on the last job and on all jobs varied between

0.75 and 0.78. The poorest correlation was 0.62, between the cumulative

exposures from all jobs and the mean exposure from last job.

Table 3 shows the correlations between mean exposures based on last job

and on all jobs, after dividing into groups by the case status, activity

statua, age st diagnosis, and duration of employment. The maans of two

indices are also given in each group. The pattern of slightly lower

means when only last job was used was consistent across groups: cases

and the controls; active, retired workers and leavers; or workers in

each group of age at diagnosis (age <45,45-64, ~65) for duration of

employrnent (in years <10, 10-19, ~20). However, the means were very

close for the two methods in the following two groups: workers with

duration of employrnent less than 10 years and leavers.

Correlations between two approaches were high in all groups. The highest

correlation was among leavers (r=0.99) and for workers with less than 10

years of employrnent (r=0.95). This i8 not 8urpri8ing as these workers

very likely held the same job throughout their time at the utility.
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Table 4 shows, separately for groups of workers according to the JEM job

category of the last job that they had.

i) the average proportion of the subjects' total working lives at the

utility spent in that job category;

the proportion of the subjects who spent all of their working

lives in that job category;

the mean exposure calculated using all jobs;

the mean exposures calculated using last job.

In general men ending in highly exposed jobs (e.g. equipment

electricians, operators, maintenance workers, linemen) had spent a high

proportion of their lives in those jobs. The highest mean proportion of

working life opont in the last job was for those ending as equipment

electricians (hydroelectric generation) (93%). Sixty-five percent of

these workers spent all of their working life in that job.

The mean exposure from all jobs and the mean exposure from last job were

generally very close for men in highly exposed last jobs. This is

consistent with the observation that men ending in these jobs had spent

most of their lives in them. For white collar and blue collar jobs

classified a priori as unexposed, however, the mean exposure using all

jobs was considerably higher than the exposure using last job. This

indicated that some of the workers who held unexposed last jobs, had

previously held exposed jobs.

Overall, the results in Table 4 suggeet that although not all worker.

starting in high exposed jobs stayed in them, it seemed that the workers

who ended their working life in highly exposed jobs had stayed in theBe

jobs throughout their working life. Workers did not usually move to job.

with high exposure late in their working life.
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Table 5 shows the sensitivity, specificity and Kappa statistics as

quantitative indices of accuracy (validity) and agreement for assessing

the exposure status, defined now as a dichotomy, using the last job

held. The calculations were repeated for several different cutpoints

defining "exposure". For the last job held, the cutpoints of 0.16 ~T,

0.49 ~T and 1.55 ~T were chosen because they were used in the Québec

cohort mortality study to define exposure groups'. Because of the lower

mean exposure from using last job than that of using all jobs, ueing the

sarne cutpoints (0.16 ~T, 0.49 ~T and 1.55 ~T) to define groups according

to mean based on all jobs leads to very different proportions of

subjects "exposed". We therefore aise compared classifications basad on

last job using the cutpoints 0.16 ~T, 0.49 ~T and 1.55 ~T with those

using all jobs according to cutpoints that gave the sarne proportion

exposed as with last jobs. We also show agreement according to cutpoints

at the median, 75th and 90th percentiles of exposure values.

sensitivity ranged from 60 to 70 percent, specificity from 70 to 99

percent, and kappa from 36 to 66 percent. The highest accuracy was

obtained when we used the cutpoint of 90th percentile for last job and

for all jobs (sensitivity=0.69, zpecificity=0.97, kappa=0.66).

Di.cu••ioD

Accuracy and agreement between the different approaches to estimating

exposure to magnetic fields were assessed in a sarnple of a cohort of

electrical utility workers in Quebec. The main purpose of this study was

to compare a practical method of exposure assessment against a superior

but less practical method. In particular, we wished to validate the use

of the last job held in our historical cohort mortality study' because

it was not feasible to abstract the complete occupational histories for

all 21,744 members of the cohort. In this discussion, we first consider

the implications of our results for the interpretation of our cohort
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study, then the possible generalizibility of these results to other

etudies using last job.

Our results showed high specificity of the methods based on last job in

identifying "exposed" subjects: a high proportion of those workers truly

net exposed were correctly classified BS "unexposed", sc that those

classified as exposed were indeed exposed. Sensitivity of the method in

identifying "exposed" subjects on grouping by exposure WilS lower: a

significant proportion of those workers truly exposed were not

classified as such, so that sorne of those classified as unexposed were

actuallyexposed (Table 4). These results suggest that although using

last job resulted in loss of information in our cohort study, this loss

did not invalidate the study.

Alderson' discussed the possible biases from using the last occupation

recorded at death registration as an indication of occupational

exposures during a working life. He drew attention to the fact that the

onset of occupational disease can resuit in changing job. His argument

was that the worker's mobility might be related to his ill health from

his occupational exposure. If this results in removal from the exposure

by moving from heavy and exposed jobs to a lighter unexposed jobs, the

effect of exposure would be lost in the analysis when the last job was

used to assign exposure especially if the exposure of interest was

related to the health effect causing change of job. The obvious

consequence of this would be the underestimation of the risk. In the

electrical industry, the exposed jobs are highly skilled and active

ones. If exposure to EMF were associated with ill health, workers in the

highly exposed jobs which usually demand high physical activity, might

remove themselves from exposure by moving to less demanding unexposed

jobs. This would result in sorne differential misclassification wh.n

the last job was used in assessing exposure in this industry if the ill
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health led to the death. It is unlikely that this problem occurred in

our mortality study for cancer which is not usually preceded by

disabling morbidity. It remaine as a concern for the causes of death

which may be preceded by disability.

Using all jobs is clearly superior to using last job. However, this does

not make using all jobs a perfect measurement, a true "gold standard".

Wacholder et al'. use the term of "alloyed gold standard" for a superior

method of measurement but nevertheless had meaeurement error. They note

that the correlation between an approximate and alloyed gold

measurement will be different to that between an approximate and true

gold standard. The difference depends on the extent of error in the

alloyed gold standard, and magnitude of correlation of errors in the

approximate measure studied and errors in the alloyed gold standard. We

do not know how the error in the imperfect measurement (last job) and in

the alloyed gold standard (all jobs) are correlated in our cohort study.

However, it is likely that these errors were positively correlated Binee

we used the same JEM for the two measurements.

One source of error in both our "gold" sta'1dard and approximate measure

was tha~ the changes Over time in ~xposure in the sarna job were net

allowed for in either. In fact, the JEM used for the Canada-France case­

control study' allowed for the variation of exposure in the pasto

However, a preliminary analysis showed that the estimates corrected for

differences in exposure in the past were very highly correlated with

the estimates which were not so correc~ed (r>O.90). Therefore for

simplicity, we only used the uncorrected estimates, thereby focusing on

the lOBS of information in relying on only last job rather than on

correcting for changes in levels of exposure in the pasto

The last job held has been used in other occupational cohort studies of
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workers, in particular in one of telephone company workers, exposed te

electric and magnetic fields'. As a part of her study, Matanoski

evaluated the use of last job. Rer results were broadly similar to ours.

There was 85 \ agreement between the last job and the longest job held

in her study. The reason for the similar findings in the two studies

could be that in both industries the exposed jobs require skills, so

that if the workers end with the skilled jobs, they are likely to have

stayed in them. Thus we conjecture that using last job is a good method

of assessment of exposure in industries where the exposed jobs are also

skilled "trade ll jobs.

In conclusion, the results indicated sorne but nct catastrophic lOBS of

information when estimates of exposure were based on the last job only.

Last job was particularly good for identifying the highest exposed

individuals, at least in this particular industry. It is likely that the

results can be generalized only to certain other industries. A decieion

on whether using last job to assess exposure is a sensible compromise

between cost and precision requires the investigator's judgement based

on the knowledgB of job mobility, procesees and BxpoBures in the

industry considered.
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Table 1: Descriptive infolWltian on the sttdy p:JpJlation (11=1997)

Mean Mininun MaKinun

Year of bi rth 1924 190;- 1960
Year- of hire 1953 1920 1983
Year of end of employment 1983 1970 1988
Yesr of death 1981 1970 1988
Total years of employment 26 1 51
Age at diagnosis 57 22 82

•
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Table 2: Correlation _trix betMeen the esti_tes of eap:JSlIM! f~ the different 8RJr08Cbes used

(1=1991)

•
Mean(ILTesl8) Correlation coefficients (r)

cumulative eXPQsure Mean exoosure

Approach used

Cumulative exposure

All jobs
Lest job

Meen exposure

All jobs
Lest job

12.14
9.73

0.47
0.39

All jobs

1.00
0.75

0.86
0.62

Last job

1.00

0.66
0.87

All job

1.00
O.TB

Last job

1.00
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Table 3: Correlation between the.., expostres (IlTesla) ta mgnetic fields-NI br case an::I activity status ard br age at diagnosis

Mean

N" All jobs Last job r 95" CI'

All sublects 1997 0.47 0.39 0.76 (0.76-0.60)

Case status
Cases 774 0.46 0.36 0.76 (0.73-0.79)
Controls 1223 0.47 0.40 0.60 (0.76-0.62)

Actfvity stotus
Active workers 1136 0.46 0.40 0.77 (0.75·0.79)
Retired workers 606 0.47 0.40 0.76 (0.75-0.61)
Leavers 55 0.36 0.36 0.99 (0.96-0.99)

Age at dhlgnosis
<45 360 0.51 0.42 0.62 (0.76-0.65)
45·64 1034 0.46 0.37 0.76 (0.73·0.76)
>=65 603 0.47 0.41 0.79 (0.76-0.62)

Duration of e.ployment
<10 years 235 0.44 0.43 0.95 (0.94-0.96)
10-19 years 375 0.44 0.40 0.64 (0.61-0.67)
>=20 years 1367 0.49 0.36 0.74 (0.72-0.86)

• N=rll..IŒM!r
.. 951 CI=951 Confidence intervals

•
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Table 4: Proportion of worting lite spent in the Last job category S'Id the proportion of workers lita srent tOUX of their worting lite in their lest

job

Job category N"
of Last job

Mean proportion of Proportion of workers Mean exposure (~Tesl8)

working lite spent in who spent all of their
the last job l

" working life in their
last jobr: (X) All jobs Lest job

Background exposure jobs

\lhite collar jobs 824 79 52 0.26 0.16
Blue collar jobs 284 60 43 0.30 0.15

Hydroelectric generation

Equipment mechanics 40 86 62 0.80 O.TT
Equipment electrician 17 93 65 0.98 0.92
Operetar 32 76 31 1.54 1.56

Substatjon
Equipment electricien 32 81 53 2.03 2.36
Maintenance worker 104 92 70 1.00 1.05

Distribution

linemen(contact&hot stick) 152 92 70 0.38 0.37
Meter installer 35 52 17 0.38 0.42
Meter reader 32 70 44 0.19 0.17

Transmission
Linemen 22 89 59 0.59 0.60

a N=number of Markers. included ooly if N ~ 15
b proportion of working lite spent in the job category in which the workers were classified based on their last job
e proportion of workers who spent 100 X of their working lite in the job category in which they were classified based on their lest job
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Table 5: 5ensitivitv, specificity ... Kapp8 statistics

eut-point criteria ....... of ....jects Sensitivity Specifie;ty ~ X Exposed

Lest j. E" E .E .E lest j. Ail j.
Lest j. AU j. AU j. F!' .E E .E

>0.16 uTc >0.16 _, 646 46 448 857 0.59 0.95 0.52 35 55

>0.16 _T >65th pere.d 492 200 209 1096 0.70 0.84 0.55 35 35

>0.49 Ille >0.49 _, 325 26 21 1435 0.60 0.98 0.65 17 27

>0.49 _, >83rd pere.d 236 Ils 104 1542 0.70 0.93 0.58 17 17

>1.55 liTe >1.55 _, 87 26 48 1836 0.64 0.99 0.67 6 7

>1.55 _, >90th pere. d 82 31 39 1845 0.68 0.98 0.44 6 6

>Median >Median 673 327 236 671 0.67 0.67 0.36 50 50

>75th perc.>75th pere. 335 164 165 1333 0.67 0.89 0.56 25 25

>9Oth pere. >9Oth pere. 138 62 61 1736 0.69 0.97 0.66 10 10

• E=Exposed
• NE=Non-exposed
C The cutpoints of O.'~T, O.49~T and 1.55~T were used in 8 conort mortality study of electrical utility workers ta define the background, above

background-medium and âbove beckground-high categories of exposure
• For all jobs, the cutpoints were chosen ta obtain the same proportion of workers in the exposed categories for bath approaches

•
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10. Conclusions

Analysis of mortality of 21,744 electrical utility workers provided no

evidence of increased mortality overall. Death rates were substantially

below the Québec male population, with an SMR of 75 % for all causes and

83% for all cancers. 5MRs for major causes of death and for the site

specifie cancers were a1so less than one.

The results of the case-cohort atudy were alao largely negative.

For cumulative exposure te electric and magnetic fields, rate ratios

(RR) for all three fields ahowed mostly small non-significant increases

in the medium and high exposure groups. The most elevated risk was found

in the medium exposure group for electric field-GM (RR=2.76, 95% CI

1.15-6.62). There was a little evidence for an association of risk with

exposure immediately prior to the suicide. Small sample size (deaths

from suicide) and inability to control for all potential confounding

factors were the main limitations of this study.

The results of the validation study indicated some but not catastrophic

loss of information when estimates of exposure were based on the last

job only. Last job was particularly good for identifying the highest

exposed individuals, at least in this particular industry. It is likely

that the results can be generalized only to other industries in which

the highest exposed jobs are skilled jobs.
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•,
le 18 janvier 1990

Docteur Gilles Thériault
École de santé au travail
Université McGill
1130, avenue des Pins
Montréal, Québec
H3A 1A3

Cher Dr Thériault,

J'ai pri s connai ssance de votre demande concernant le projet du.
Dr Dalsu 8aris intitulé "Suicide and other non-mali9nant causes of
death in electrical utility workers; their association to electric and
magnetic field exposure 'l dans laquelle vous m'expliquez que le Dr Dalsu
Bari s est une étudi ante au PhD à l' ~col e de santé au travai l et que
vous désirez lui permettre de poursuivre cette recherche comme un
second volet à l'étude que nous vous finançons sur les champs électro­
magnétiques et la santé.

Après avoir considéré le projet du Dr Dalsu Baris, nous sommes
heureux d'y apporter notre appui.

Il est entendu que le Dr Bari s entreprendra les démarches néces­
saires pour obtenir l'autorisation de la Commission d'accès à l'infor­
mation et qu'Hydro-Québec ne s'impliquera pas financièrement dans ce
projet. Par ailleurs, nous comprenons que le Dr Baris devra avoir
accès aux mêmes sources d'information que celles utilisées dans le pro­
jet original et nous accordons l'autorisation d'accès en autant que
vous assumiez la direction de cette étudiante. Nous considérons qu'il
s'agit là d'une activité différente du projet de recherche pour lequel
nous avons signé une entente.

Il est aussi entendu qu'Hydro-Québec sera informée des résultats
de cette recherche avant diffusion publique ou publication. Le
Dr Baris s'engage aussi à se rendre disponible, si besoin était, pour
fournir des explications supplémentaires sur les résultats de ses tra­
vaux. Enfin, nous souhaitons que le Dr Baris mentionne la collabora­
tion d'Hydro-Québec à cette étude.

••• /2

Hydro·Québec. 75. boulevard René·LévesQue ouest. Montréal (Québec) H2Z lA4

l ,. '"



2.

J'espère que vous pourrez donner suite à ces demandes. Je suis
certain que les resultats des travaux du Dr Saris contribueront à
l'avancement des connaissances et qu'ils seront un ajout valable aux
travaux que vous conduisez.

Je vous prie d'agreer, cher Dr Theriault, mes salutations distin­
guees.

Le du service Sante,

~R~

i Iii

(
'~

GPIl de ,.
Gilles Pineau, m.d.
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SlJJC!DE AND OTI!ER NON'MALIGNANT CAUSES OF DEATH IN ELEÇTRIÇA," YTILITY WORKERS; THEIR
M;<;QÇlAnON W1TH EXl'QSURE TQ ELEÇTRIC AND MAGNETIC FIELDS
I.LITERATIJRE REYIEW
1,1 t &pn!Uœ 19 eX!œmelv JO!' frequcocv eleçtric Ind JD!gnetic field. ŒLPEMf)

lbe ordetly .mnacmcat of ndiltioD .ccordina' to w.velength or &equcoc)' ÎI called the o1cc:t.romaanctic IpCCtrum. Thil IpCCtnlm
ranae. !rom oXItCmcly low &equcocy (ELF)(lo.300 Hz) tbtouJb ndio&cqucncici (1C1-10'o Hz), microwavu (10'.1011 Hz),
inf'rarcd (lOu·toU Hz). vÎliblc liJbl (lOIS Hz), ultraviolet (l0". 10" Hz), la X ra)'. (10"-1()11 Hz) and pmma raya (lOIt.lO= Hz).
The v.rioua frcqUCDCY noae. bave ditrercm cbaraclCriltic. of cmiuion.lrUImiuion and .blOlbtion in matter, and in puticutar
ialcract wilb Ibe biolOjÏcallYJtemJ difl'crcD1ly (WEST Auociatel-Eocfl)' Tut Foree 1886). Wc Il'e coocemcd bcrc with onty
ELFEMF. ELFEMF bave ullCoupled compone.... _ (El 1lId....,..de (8) fiolda. The E lieId appll... fo",o ID any
characd partielc and i, measurcd in valu pet meter 0I/m). B field appUc•• force an)' cbaracd movm, partiels: and i. mellUred

in Toala en.
Hawrall)" occurrina acomapoûc field., home appliaocc., hiab lcnaiOD traDlmi..ion and diltribution wïre., inchutri.! oquipmcot,
mediçal dil,noltic and thenpculic oquipmcnt are the IOUrce. of ELFEMF expolUre to humant. Example. of E and B fieldl
mca....remePll reported in the titenture from tbelO IOUrce. arc aiven iD ADnex 1.

Allhouah ELP cleclric and maJDCtic fieldl ean occur lICparately lbey are .enerally correlated. A recemltUdy wbich monitorr.d
36 electric womrsand a camparilOn IfOUP (bacqrouod expotUre poup) UliDaa pocket·1izc dolimeter for their occupational
.nd domelÛc o"POlUre ID ELFEMF. found lhal E llIUI B fields wore çomlaled al r~O.63 (Dcadman 1988). Tbe lime IlUdy
Ihowed that expoRire to E.ncl B fieldl iD expolCd utility worken wa. about 10 time. than that ÎD DOn expolCd occupatioDi
(Anne. 1)

1.2.Health effecu of ŒLFEMFl
1.2.1. Gmerai bealth elfecll (experimeatallllUlepidomioloaic Iludiea) Experimenlal re...",h on biolOjicalefrccll of
ELFEMF ha. been carried out primarily with .mall rodenu, but a variety of OIher animallpcCie. have allO bccn ulCd. ThelO
experimcnu were undel1lken to ÎnveltiJate the effect of 50-60 Hz EMF expOlUre on development, and reproduction, a. weil a.
endocrine, immuDC, mutaJenic and other phy.i(llogic rcIpODIe"

Oaon (1976) found a dcere..e ÎD hean rate and cardiac output iD dOl' expoacd 10 15 kV/m electric field•• Hilton and PbiIIip.
(1980) however repon.cd no ehanae. in ECO. of nU expoaed to limilar electrie field•• SevcnlltUdie. Ibowed alteratioDl in
blood chemiltr)' lUeh a. inc:rulOd Iipid and protcin lovel. wilh ELF maJDCtic field expolUre (ADdeflOn and PblUip. 1983). CmJ
(1987) and Adoy (1988) ahowed pouiblo C1IlCO'1'romotl1J& olfecll of ELFEMF throuah IÛmulalina ornithinc dcc.dloxy..... an
eucntial enzyme for ccII arowth Ind DNA .ynlhe.la. Fm (1981) rcponcd aupprcued tellOllCrolliC level. iD rata expoled 10 60
Hz electric field•. Lymanarover (1983) rcported elevation in IlCroid honnoDC' of nt adrcDlI tillUe expoaed to 10 kV/m electric
field•• RclUlta from thelO experimcntllltUdiel Ihould DOl he exuapolated without rrat "ulion 10 hUmant. That there i. an
intcraeûon betwecn ELFEMF expOlUre and bioloaïcii lyltel1ll cln bowever he cODiidercd eltab1iJhed. Furthennorc, tbere i. a
.enerally accepted mcchlrû.m for ÎDlcracûon with ELF field. and biolo.icalI)'JtcI1ll. 'Ibe ELFEMF produce electrocbemicat
al&cralioDl in Ibe propertie. oC the ccII membnne., chaDp Ibeir tnDlpOrt cbaraeteriJticl al woU u their molcc:ular atructuftl and
thu. al&cr the phYliolo.ical funcÛODl oC the cell (TonCorde aad KaUDC 1987).

The fim. reportl of .ymptomJ in worken occup.lionally expolCd to ELFEMF CIIDlC from Soviet Union (VYllov 1967, AIaooYI
1966, Suanov11967. KorobkovaI972). ThelO IltUdie. repon ICUte .ymptonu Rich u lircd.œll. bcadache, DlUICI,.ad
iocrCIlOd irritability in power tnnaDÜmOD Une worken. One Splnilh ltudy aupP0necl thelC fiadÙII' (Foie 1972). Althou,ah
thelO carly crou-acclional reportl were limited duc ta IOme melbodoloaical weaknellC' (i.e amaU numbcr of Rlbjectl, tact of
complrilOn IfOUP" aubjeetivc reportina) they IUccecded in IlIrtina conaiderable public and lCientifio deblte QVor Ibe adverIC
boallh effect of occupllional expolUftI to electric 6elda. SubacquealltUdie. of .imilar aymptoma in awitcbyard werken and
liac.men Ihowod DC'llive rcRilu (MIlbo)'IIOD 1976. Robcra:e 1976, Stopp, 1979, Knave 1979).

More recentJy, 1 numbcr of epidemioloaic a&udiel have IUIJCItCd peuible CIil'CÎDOIenic effeetl (10 particutar cbilclhooclleubmia)
of ftIlÎdential expOlUftI 10 thelC field. (Wertheimer and Lccper 1979, Savitz 1987). AllO, &Cvenl analylC' of occupltion dala from
doalh certi6cIICI couidered OCCUPltïOnal expolUftI 10 ELFEMF lDd cancer (Milhlm 1982, Wript 1982, McDawaU 1983, PeIrce
1985, Pea",e 1989). SavilZ llId CoUo (1987) caloul.1ed a IUmmary ellimale of the relative riait of aU leukemia in expoacd
OCCuplûoDlacrou ten occuplûonalltUdie. of 1.2 with 95 " Cl 1.1 - 1.3. Tho relative riJk for &CUte myeloid leukcmia for
elcctriClI worten in five IlUdie. n.,ed l'rom 1.1 ID 2.9 wilh.n .von,o _le 1.5 (95 "CI, 1.2 - 1.8) (Shore 1988).
Milham (1985), Lin ll.!I (1985) llId Spcon !i!.!!,(1988) ohowed a110 oiInificanl1y increued rial: lIIIO., elcctrical worten for
death. from brain tumeun.

Authon of review p.pen which bave diacullCd luocillion bctwecn ELFEMF oxpolUre aDd cancer (Sheikh 1986, Savilz and
Colle 1987, Aldrich 1987. Alhbom 1988, Coleman 1988,) aarec that DO firm conclulion cln he drawn from the eurrcal dala
Ind more ItUdie. Ire necded•

1.2.2. De........ aad ELFEMF; experimeatalllUdieIIllIUI b!o!oP'a1 p1aUlillilily
A aumbcr of reportl indiclte that ELFEMF mlY affect Ibe Dervou'I)'Jtcm lI'd DeurocDdocriDc function in animal. and bumana.
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Obacrved cffcçtl includc altcr'lltiODJ iD EEG pau.ema (LoU 1973), aod ahcn.tiona in neuromulÇulartnnlmiliioD (lItre 1980).
WlllOD SU! (1981, 1983, 1986, 1988&), dcmoDltratcd lbat cxpolUtC ofntllo clcctric 6c1d1 rcduc:e. mc1atoain production by the
pincalaland. Wort. by Welter (1983), Samm (1983) and othon ha. allO dcmoDllrl.tcd the piDeal.land',.naitivily to low
Itrcqth mapctic field•. A. rcccnt cxpcrimcnl in 42 volunlccn Ihowed tbr.l the urinary excreûon of molatonin motlbolil"
chaaacd in IOme individuala \Vith UIC of clcctric blawtl (W"l11OD 1990). Melatonin. i, bowD al • ocuroendocriDo traDlducet.ltI'
lovet. in the pincal,1and and circulation arc low in da)' lime lDll riIc duriDa the houn of darkncu DOrma11y relchiDa • peak
around 2 am. Il tbu. pl'OVide. the body \Vith hormonal information oa cxtcma1liabt and bclpa mainlainal DUmbu of circadian
Ib)'lhma. One COnICQUCDCC of El.FE'MF cxpoaIrc ml)' tbu. ho. ·~tioaalpiDcalcctomy- lbat "UIU' diaruptiOD iD CÛ'Rdian
rbythma and lcadl ta Olhcr phy.iolojic and bebavionl altcratioDi. Ropn (1988&, 1988b) fouocIlbat expa.u"" tG BLF field.
producea behavioralaltcralion in oonhuman primate•• Coelbo (1981) and arr (1987) alto rcported bcbavioral çhanlu in blboona
followina CxpOlllrc ta 60 Hz ELFEMF.

There il IlUbltantial evidence that dilNptiODl in the normal ciœadian Ibythm of pineal melatonin ICCretion are auoeialod wilb
dcpreuion. 5uch dilruptioDl ma)' he in the ph'le or ampliblde of melatonin lipal, or bath.

Brcd:-Friil~ (1985) Ihowed low melatomn level in clinicall)' dcprcucd palieotl. Wetlcbcl'l (1978), Lewy !!.!L (1982),
CI,ulUat ct al.(1984), and Nair S!.!L. (1985) fouOO Ibat low melatonin (or ita metabolitel) in blood 100 urine are comlalod with
depreuive illncu. In addition to that, U)'c)'lic .ntideprelllm dru'l increlle the melatonin in hUmln heinal (1bomplOn!1.Jl.
1985). Wchr~ (1979) .nd Lcwy S!.!h (1982) ahowcd lhat ao... dep",uive .ymplllma may he ",livcd by induci., pu..
alteratioDJ in the circ.dian Ibythm.

Mechamlma for the pouible effcct of melatonin in Ibe etioloi)' of depreuion.re not weil uOOentood. Melltonin Il lnhibitol')' of
molt oIher endocrine ,Iandl. The ni,ht peak of melatonin maintainlihc cin:.dian Ibythm in ,onadl, pituital')' aOO hypothalamul
for example. Loii of I)'ochronization in thelC ,landl ma)' lcad 10 inapprapriate relcalC of I)'nthelil of mood l1terinalteroidal
hormonel or ncurot.raDimitlcn.

FiDlII)' there il firm evidence that depreuivc illncu il Itronal)' relltcd with lUicide (Monk 1987).

1.2.3. Suicide, depnuioa ID ELFEMF ; epidtmio\oP: _
Reichmanil (1979) examincd the luociatioa betwccn the act of lUicide with ELFEMF arilm, from 50 Hz over- hetd hi.h
voltale traDlmiuion line. (OH-HV linc.) It the domicile of 598 lUicide victima and control. in the Midland., Eqllnd. Tho
Iddreue. of ClIC' Ind control. were ploued on planimetric map' to,elber with OH-HV tnDlmiuion lino•• Tho tolIl electric and
mlloctic field. Ittributable to OH-HV lino. were computed from thi. information for Clch C'IC .nd control. On Ihi. ba.i. calC'
had .ienificlntl)' hieher expolUre than control. (p <0.05).

Later, Perry (1981) conducted a atud)' u.ina the ume 598 caIO. of lUicide. New control. were aelccLed nndoml)' from voler
reiilUation liltl of the arca. Melluremcnta of mI.netic field. were made It lUicide Ind control addreue., 0.5 m l'NI)' from the
&ont door. More lUicide than control mcIlUremcnti were above the mcdiln (278 lUicidc. 232 control., P <0.01) Ind, the mun
v.lue of mcalUred EMF for the lUicide Iddreue. (0.087 uT) WII .ipiticantl)' hi,her th.n that of the control. (0.071 uT)
(p <0.05). Thc luthon llJUcd th.t confoundin. b)' aocio-cconomic f.cton ..... unlikely, .inee the diJtribution of type of
re.idence w•• no!: aignificantl)' differcm in ClIO' Ind control. (p >0.20).

Thele two awdie. were criticiaed b)' BoMCII (1981) for DOt u.ina orthodoxepidemioloeical'PPrD'lche'lnd iDldtquate
controtline for confoundina.

Perry (1988) found. in re.identl ofhi.h rilC apartmcDtl in Wolverhampton, En,land, .ipiticantl)' (p-0.03) morc people
IUfferina from dcpreuive iIlneu than controJ. had bccn Iivin, clolO to elcctric cable. '00 heœe expoacd to ELFEMF.

McDoweli (1986) foUowed up 8000 penoDl in &gland who were livina wilhin 30 meten of elcctric tnnamiuion flcilitic. in
1971. The IUbjcctl werc tnced to 19831nd duth certificate. Werc obtaincd from national record.. They found ln SMR of 75
(8 ob..rvcd) (95% CI 32,147) for ouicide (5) .nd "uode"'fllÙncd" dcath. (3) combincd. For tho.. c.... ",.ideml.u thaa 15
mcten from the line., the 5MR w•• 143 (2 oblOl'Yed) (95 ~ CI 16 ,SI6).Thi'llUd)' tbu. providcd DO IUpport for ID UIOCiation
hetwccn ELFEMF and lUicide but w•• limiLed b)' .mall umple Jizc.

1.%.4. Aade ....... chroaic elfecll.f ELFEMF ea_ GD .... tuioa ud _
'lbe relevlnt ImmalltUdie. have bccn of relltivel)' acute effccta (i.e Crom lOVeraI wcclta to lOVeraI moDlh.) of BLFEMP
expolUrc.The epidemiololÎc itUdie. bave conaiiered expOlUre immcdiately prior tG ..icidc. but 1hiJ pre..mabl)' eamllte. ta
IOlDe ox&cnt to loaaer 1.erm expOlUre. Thu. plluaibUit)' il pomp. lUOaao. for the b)'pOlbe.il1bat curre" or ne." llpOIUn
ofl'ectllUicide rilt, but it il a110 pouible that a chrome expolUl'e 011)' eluae • irrevenible cbronic dÎlftlptÎOD in cireadian
mytbnu and thil preexiatina' condition may lcad to chromc dcpreuioD and the let of ..icide.
U.5Summary
Experimental atudie. have lbo'Nn lIOme evidenco of ln llIOCiation betwCCln ELFEMF cxpoIUre and _l'UNd pÎ.Del1 function
and betwcen dccrcaaed pineal function and deprcuion. Some cpidomioloaic atudie. have "lIoJtcd ID luoç1aLion bctwecn
re.idential expolUrc to ELFEMF Ind lUicide, but weakneue. in mcalUrc. of expolUre and conarol for eonfoundlnc prcclude
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confident cooçluaioDA beina drawD from mOle JtUdiCI.

A numbcr of cpidemiolOlic llUdiCi bave IUUCIlCd Ibe e&rCÎDOJcoic cffecta Cm particular twtcmia and bnin ~cr)of rcaidcntial
and ~up.liontl cxpotUrc 10 ELPEMF but Ibe data arc DOl yct coocluaivc. Apart!rom. alÎcide and cancer, tome cvideoce from.
animalltUdic. cxilb for cffcetl of ELFEMF OD endocrine and pbyaioloiÏca1 NncLiona of oraan I)'llcrDI, 10 thlt lbcrc il IOme
plaulibililY for an 'IIOCÎltioa wilb dealhJ duc ta cDl10çrinc dilCl.lCl.

2. mE JOINT EPIDEMIOLOGIC mJDY OF CANCER AND ELFEMF QESl
A -œated- cuo-eonll'Ol ltUdy, witb ELFEMF Il the oxpolUI'C of imc:rea. ia currcftl1y beina: carricd out of iDcidcDl. "ICI of
cancer of.U lite. amoDi utilicy womn in Qucbcc, Ontario, and Fraocc(tho JES). For Ibe lES, • complete cobart of male utllity
worken bal boea ideldified, and ({or 22,000 Qucbec worten) will he tnc:ed lO dcath, and CIIUIC of dcalh will he leeortaiDed (a.
one InCani of idcntifyina cancer eue" and 10 allow aimplc aclCCtiOD of coatrot.). Ajob cxpoIUtc IDItrix (lEM) lîntiDI job lide.
to CxpolUrc ta ELFPMF wiD aIJo he aucmbled uaina pcl'lOnaI cIoaimeten.

Wc propoac to makc UIC orthe dlta c:oUec:ted in Qucbcc for the ms ta llUdy caUle. of deatb otbcr than caDCcr, and in panic:u1ar
lUieilie. (Comparable data ûom Ontario 100 Franc:c arc DOt IvaiIablc).
3. OBJECUVES
~lIryobjective:
To invellÏ.ale the mortality due ta lUicidc in electric utility worken. and lIpCÇifically in worten eJq)OICd to BLFEMF.
Main hypoche.i.:
Electrici. utility worken who are expoled to ELFEMF arc at arcatcr ri.t: ofcommitting lUicide than the ,encrai population, and
than non expolCd worken.
3.2. Second.ry objective:
To inveltÎ,ale the other caule. of mortality amona elcctrical utililY worken, a,ain with Ipccific foc:uI on worken expolCd la

ELFEMF.
3.3. Specifie objeclive.
1. To compUIe Itlndardizcd martalily ratio. (SMRa) for suicide in a cobolt of electric utility worken, catc,orizccl by exposu.re to
ELFEMF.
2. To compute SMRa for ocher caulC' of dcath in thi. cobolt.
3. To inveltÎ,lte, from a Ilmple of the cobolt, the relationahip betwun ri.t: of Illicide, any of other cauac. of death with railCd
SMR.a, and morc refincd expolUte indexe., aftcr accountina for polCntial confouDden.

3.4. lultjficatioD (or IltUdyjng tht:1C objective.
1. Suicide currently taUI Over 6000 livel in Canada. BecaulC of

the relatively YOUDJ a8~ of lUicide victima. the remitting
)'ean of life lolt are enonnou., lCConcl ooly ta healt dilClle
amona otber caule. of dcath (National Ta.t: forçe on Suicide in Canada, Hcalth and Welfarc Canada 1981).
Kno....lcd.e on the etioloJ)' of lUicide il a prccondition for IUCceuful preventive mellUrel.

2. SUlpiciona have bun raiacd that ELFEMF ma)' cluae lUicide•• Certain utilit)' worken bave hi'" expolUre to
ELFEMF (Dcadman 1988). Thi. group i. thu. convenienl for IlUd)'m, the eff'eel of IUch an cxpolUre and would
bcncfit DlUIIÛnI preventive mellure.....ere pouible if an luociation wa. found. However, the implicatioDi of
prevention of lUicide, if effcc:ta are round. '0 be)'ond utility worken ta ail pcnona expolCd cnvironmcntally. and
in particular, domcllÏcally.

3. Althou,h ncarly all clncer calC' inc:ludcd in thi. ItUdy will be includcd in the JES allO, our Ule of an alternative
(cobolt) de.i,n will aUow a partially independent verification of Ibe relUlta of tbat ItUdy; ÙI plrticular by makina:
extcrnal comparilODI of mortaUty with the Quebec rcference population.

4. Althou,ah no 1 priori h)'J.'Otheae. of allOCiation betwccn ELFEMF and other caule' of dcath are ItrODlly auagcJted,
the maraia colt of inveJtilatina tbele i••naU. Examlnina them (if the rclUltI are oclltive) wiD aIlay fCUI
that hitherto uRlUlpectcd ri.b exilt, or (if the relUits are politive) identify allOCiatioDi whicb Ibould be
Ib.Idicd fUnher.

5. The exillCnce of the JES mate. thi'lbIdy a very economical way addrcum,thelO qucltioDl.
1·MEIHODS
4,1. De'iln
The delian IClccted ta mect the objective. of thia propolll ila billOrica. cobolt mortalit)' Ib.Idy wm, a cNde expolUre
clauifiçation œb!!Ln foUowed by a cl~obort IlUdy witb Idjullmenl for confoundina and more rcfiocd expoaure mcuurcl
<PhIlO m.
4.2, Study population
The Ib.Idy cobort will conailt of ail male eiectrlcii utility worken wbo were employcd by Hydro Qucbcç an)' lime in bctwccn
JaQUlry ht 1970 and December 3ht in 1988 and who worted al leu. one CODlinuoul ycar (22.000 ...orbn). The exiJlia&
computer file IUpplicd by Hydro Quebcc for the lES includel the followina infonnation on each cobolt mcmber: Dame, lOCiaI
inaurance numbor, date of birth. dale of enlt)' ta the company, date of dcpanure (if left).
4,3, "'.., J
1.3.1. TI'ICÏDI
For tho hillOrical cobolt moftllity ItUdy, vitllûw. up to 31. Decembcr 1988, and caulO of dcath for th" complete cobort will
he avaUlble (rom Ibe JES. The caule. of death will bc identificd (allO for the lES) tJ1n?uab the dcath certificatea obtliDcd from
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the Regillrc de rcfcrcncc 1 t'ctat civil du Miniltcl'C de 1& Jumet du Qucbcc. 'I1ùJ wart will he eomplcted by Fobruary 1990.

4.3.2. Work Iùstory a.'CertalDmmt
In phase l, bccaulC of the "rac .izc of the ItUdy population, wc willlCek onIy • crudc rcadily availablc work hiltOr)'. 1111. job
bcld bcforc lcavina. retirement. or 31 Dcecmbcr 1988. whicbcvcr come. tint. The job code. for lait job bcld aro bold by Hydro
Quebcc on one central maaoetic tape for the mcmbcrs orthe cobalt who "'oro active in Doccmbcr 31,1988. A maaua1lO&fÇh
will bc DCCOllary in order to obtain the lait job code. for the worten who rptired (.UOO IUbjoc:lI), tbOlO whokil for l'NIODI
othcr thaa. retirement (2000). and \bOte who dicd in aervice (650). Thil informalion ia Ivailablo bolb in the poaaion aad
penonnel fiJel on 1 copy of llaDdard fonn of departute • ·CclIItion d'emploi-. l'eOlion filel, whicb are conln1ized and
tbcrcforc ellY to leeeu, will be ulCd for \hOIe who have Rich file•. For the l'Cil, the pcnormel filel will ho UICd.1be petlOonel
.fi!g ma)' he kcpt for ICVcral yean in the l'CeiODl ...here the cmployce bcld the la. job, belote the)' an tnm(orrod ta the ceDlral
archive. For thil re&IOD, the information must be obtaincd .from the reaioDl in lbe Proviac:e for mcmbcn of the collan woro lel\
employment rccently.
'Ibe followina table IUmmarizcllbe sourcel which will he ullCd ta obtain I..t job held for worbn who ftItited, loft or diod in
service.

A1ive (31.12.1988)
R.ctircd Dicd (8cncficiary alive)

Dicd (No beneficiary)
Lcn. without pcnsion
Died in servicc Bcneficiary alive

Without beneficiary

Pension filel
Pension filel
Pcnonocl filel
Personnel filel
Pension filel
Personnel filel

•

4.3.3 Expoaure ............t
5ub-cohortt will be d'fincd on the b..il of I..t job held, clauificd by levol of expolUro .. idontificd in Ibe Job-expolUfO matrix
beiDi constructcd for the JES. 'Ibe precite nablrc of IUmmary mcllUrc. (arithmetic, .comctric, or other mcan, peak, li timo
above thrcthold ete.) will be decided following the conclulion of a ttudy aimcd at identifyina the dift'ercncel betwcen theac
mcalURl, cumntly being carried out at the 5chool of Occupational Health.

4.3.4 AnaJysis
We will calcul.te oblCrvcd and expected numben (i.e 5Mb) of lUicide. and other cauacl of dcath for the complete cohort, and
fol' aub"'Cobortl defincd by expolUrc a. above. The expectcd numbel' of deathl will be c.lcul.tcd from Quebec death nlel
(penon yean at riak anllYlil).

For analyacl dircctcd at evaluating a hypotbelil of an ac:utc effect, ooly yean It riak durina: employmcnt wiD be conaidered. For
yean at rilt after (caving. the expolUrc e:ould ooly be e:lauified a. beiDl unknown 01' zero oce:upatiol\ll ~xpOtuN 10 that hl
inc:lulion would add liuJe information and pOllibly introduce bi.. bcc:aulC of the known DCaative IIIOCÎltion betwCCln active
employmcnt and suicide rilt.

M .eDCrally wilb analYlil of cohortt expoaed 10 chromcaUy actïna e:onlamiDlnta, wc will include aU penon-ycan in analYlC1
dircctcd at evatuating a hypothelil of chrome: effect, includiRl lhoac after lcavina employmentIl a elec:tric utility worbr. POl'
lhelC analyacl penon-yeln will be divided by duntion Il weil .. level of expoturc.

4.4. Phase n
4.4.1 G...eraI description
FoUowlna 11Ie e:omputation of SMRt in phallC l, a CIIlC-cobort ltudy will be carricd out fol' tuicide Ind Any DOter CIUtel of
dcath. fol' whie:h ln excell riak i. IUUeltCd in Phtac 1(P<O.OS for sm in hiah expolUl'e JTOUP or for trend). Thil wiD .Uow
u. ta obtain more detailed information on expolUre aUCAment from 1 .mall fraction of 11Ie complete cobort, and thUI maximile

ltudy efficieDCY. 'lbil method il known ta he vaUd, and il more efficient tban calC control within a cohort ('.IIed-) cMlian
(Prcntice 1987). AllO 11Ie nndom ..mple of the entifO cobort (tub-cobort) can he lUCd 10 makc oxtcmal comparilOM and CID
CoPtÎbltc a -control- IfOUP fol' ItUdYina ICverai dilCllCll limultancoualy ewlcholdel' and Boivin 1986).
Canc:en will DOl he irK:ludcd in phaac n of thil r.tudy.

4.4.2. SeIe<tioa or .....
Cltel will he identifjcd by ICD code on 11Ie deallt certifje:atcl. M auicide ClICI, in addition ta dcallt. codod U laIicido (E9SD­
E9S9), lIloae eode<! al "iojul)' undelennined whelller aecidenlly or pUlpOocly oclr ioOicled" (E980-E919) wU! he COllIidered. (Ile
ICCtioD 4.2 Validity of IllÏcide mortality data for furlhel' diacuuion).
4.4.3. SeIe<tioa or ouJ>.cobort
A IIntifiod nndom IImple of lite complete cobon. will he ICI"ted to obtIin a etle ta IUb cahort ntio of 1:4 (01' c.... of lalieido.
(70 calCl Irc expccted, thUi the IldKohon. will iDClude Ibout 1.5 " (280) of the complete cohon). The tlnta will he dltinod by
ycar of binh Incl a,e It entry, and the tub-cobon. will he .Iocled from IInta propodionaUy ta the tIlmben ofCI.' la 1bat
Itnblm. 'lbil Itntificltion will IRlximize eftie:iency ewacholdel' and Boivin 1986). If othel' caUlC1 of dcath are irK:luded in phue
D, the tub cobort will he IClocled proportionally ta the bilJeat oumbel' of dealbl in cae:h IInblm, 10 Il to pre.,rve the 1:4 euI~

control ntio (tee Annex 3 for example). If a very e:ommon CIUac of dcallt il IlUdicd, the 1:4 ntio may be nduc:ed.
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4.4.4. Worl< bisto.,.__
Complete oççupatïoaal hilllOricl will he IOUpt (or the mcmben orthe mb<ohort and eue. (auÎcidc and Olhcr caUle of dcalh 10
he ltUdicd iD phaae D). nu. data (job tiLle, rcJÏon, and datu of ûrtina and finilhina: in cacb job bcld ....hile employcd by the
utilil)') will he rceordcd blindly with f'Clpcet la case "bU. ODIy pel!Onnel file. CODlain the complete occupatïoPll hiâory of the
employcc.They will he IOUJbt eithcr'l the ecntralizcd archive or at the rcaiOPl. Data Da the acûve (31.Dcecmbcr 1988)
subjecu, IUbjecta who rctircd or dicd in ICrvicc oDJ)' • CC\\' yean beforc the Nrt of our data collection will he IDOlllikcly round
in the reJÏons. nOie who rctired or Icft will he llIUmed 10 bave bad DO IUblCquenl oecupatioMl cxpolUrc to EMF. (Ibi.1 ma)'
diJulc the effett but i. unlikcty introduc:c. bila).

4.4.5Ex~__

l'wo IUmmanc. of 0XPOlUtc, currcnt and cumulltivo CXPOlUfC' (cllimatcd from the complete wort: hittoriCI), will he ulOd to

ovalualo the bypolbclC' of eculo and chrome effccta tep,rcd)'.
1. CurreDt cxpoa&ra lIIeAmen!: For eacb da)' uoder oblCrvatioD, cxpolUrc for cale. and the IUKohort. will he labo u die
JUmmlr)' mellure. of CxpOlUrc auiJDCd in the lEM 10 the job bcld. .\ tbat lime •
2. Cumulative expowre (CE) will be calculatcd for cach ycar of oblCrv.tion, for aU eue. and w.lH::ohort Il the w.mmed producta
of the IUmmary mcaaure. of expolUre (from the lEM) and lime (monlb.) IpCDt in cach of lbe job. held up ta thal year. Thi.
mcaaure i. analoaou, to cumulative expoaul'C ta .irbomc contalIÙnaDll (e,. fibre per cc X YClf'l of ubcalo.).

4.4.6. Coollllllllliq ..riables
Control for confoundina: facton will be impouibl: for phalC 1duo ta the prohibitive coll of obtainina: tho information on
additional f.cton for the entirc cohort. In phaac D. potenlial confoundil1l facton will be meaaurcd and adjuated for whcre
pouible.

Major etioloaic rilk facton for auicide include social lllcton [a) familial· divorce, childlcuneu; b)job·rel.tcd· uncmployment;
c) lOCial dilOraanization· criminality; d) ethnicity - immi,rant ItltuI l; and medico-Jl5)'chiatric factors
[ a) phYlical ilIne.. - cancer patienta; b) mental dilOrden· schizophrcnil; deprc..:on; c) dN,1J!d alcobol.bule; e) IttCU; 1)
biolo,ical correlate•• DCurochemic.i, biochcmical facton)
ne followina information, coverina IDme but not ail of the facton, will he obtaincd and uled to control confoundina.
1. Marital llltu. It the lime of hirc will he obtaincd from the persoMCI filel.
Latellavail.ble maritalltltul will be obtained:
i) if dcccaNd (1tIb1' at the time of duth ) !rom the death certificate.,
ii) if active, !rom personnel rue.,
iii) if rclircd, from peRlion file.,(if left DO further data will be av.ilable)
2. Hi,holt. educ.tion completcd It hirc will be obtlincd from thc ponoonel file.
3. Mental dilOrden (lCD-9 2~298.3~312).lnformalioD will be exuactcd from -.ickncu abacncc- record•• DepreuioD
will bo tteatcd c.refully ln the analYli. Il it may be in tho c.u..1Plthw.y betwcen ELFEMF and lUicide.
4. Cancer (lCD 140-239) incidence caac. durina the ltudy period will be idenûficd for the JES.
S. Alcohol conaumption: Self report of number of boule., amount iD ounce. per wcek from mcdic.l file.
Information on confoundina facton for cauac. of dcath other than lUicide IlUdied in PhIIC n will be .blttlctcd if it exiltl in
comp.ny penonncl or mcdic.1 file. (lee Annex 2 for description of av.ilable infonnation).

4.4.7. ADaIyùs
Relative riak reareuioQ .naly.i. for cale cobolt atudie. (Pr:cntice 1986) win he uNd to obtlin relative riak eltimatc. for the
different cxpo.ure arou". aRer accounting for confoundina vlri.ble•. &polUre indexe. will 1110 be uNd to divide the IUbjcctl in
to ,roup. _00 will bo cODlidercd a. numerical variable•• BecaulC the aub-eoholt i. a atntificd nndom IImple of the complete
cobolt, extemal comparilDDI will 1110 be pouible (Wacholdcr and Boivin 1986). U.ing thi. mcthod. eatimated -SMRJ- will be
obtaincd for expoaure JfOUp. uaina the Quebec popul.tion Il a reference ,roup.

$, VAUD/Tf OF MEAstIRES
S.I Validjty of auicide mortality data
'lbe litenture on thc validity of the auicide dia,DO.i. focuie' maioly OD the ICDlitivity of lUicide certification (Litman 1963,
Wlnhluer Ind Monk 1978, MeC.l1hy Ind Wei'" 1975, O'Clm>11989) ellimated Il 561' 10 991'. The opecifieity of!he
certific.tion wa••lway. hi,her than 9S ~. In theae ltudie. tho cUnicaJ judament of two p.ychiatri.. or dcath lnvoatiptina tcam
WII uaed Il • -,old ItIndard-.

ICJ>.9 c.tcJorie. E98~E9891tC uacd for -injurie. undetcrmined wbether Iccidendy or purpolCly iDflicted-. 'lbore i. a
conaidcrable evidcnco that a hiJb proportion Irc in flct auicide. (HoldÙlland BarnchlouJb 1975). We will maximiu effective
IImplc IÏZC by inc1udina iD our main analyaiJ thelC death•. 'lbi. may bowever CIUIC milClauification. A ICCOnd IOIlyail, wUt
!hUI he came<! out includÛllon1y dcalhl eode<! Il llIieide (E95~58).

It IUma uolitely that the certification practice. will v.ry accordina 10 expolUre ..tu•• Thui ooly aorMiift'erenûa1
milClauification i. probable. Sucb a milClauification will bil. Ibo offect lawardl Ibo null valuo (Copc1aDcl !UL,1977) and it will
thu. he of ,reatcr concem if the IlUdy ahow. no auocÎltion bctwccn expolUro and DUteOmc (Cbcekoway 1989), in whicb ClIC
more emphllil will he put on the analy.i. reltrictecS to auÎcide. codcd al JUch.
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5.2. V.lidity of expolUre aueuments
In phalc l, wc will Ule onl1 the lait job bcld to cltimatc CXPOlUrc of the complete cobolt. The worlcon ma)' have beon omplo)'od
in diffcrcot job. in prcviou. )'can. Uac of 1ast job ma)' IhUi remit in milCluaification (under or ovcr cllimltc of oxpoaaro),
probably non-diffcrcntial bccau.ac l&1tjob ma)' DOt rcOcçt the truc relCYao! CXPOlUrc.

The cxtent of thi. miac1auificltion will he luclICd in • Valldlty IbIdy uaina the caac. and mcmbcn of Ibo IUlKobol1. from phalC
n. AmollltbclC current and cumulative CxpOlUrc indexel computed batcd on full occ:upational billonc. (a ao1d ItIDdlrd) wiU he
eomparcd 10 the etude CxpolUrc claui6catioD by lait job boldo UJCd in phalO 1.
S.3. Validity and complctenen of information OR potenti.1 conf'oundcn
Although tbcrc arc more data avail.blc on pOlenlial confouodcn in 1hi.1ban moIt occup.tiooal cobort audiol, information i.
lackina on ICVcral important riat: facton for lUicidc (mcludina lOCial dilOrJUÜUtiOD, llteu and olhnicity) and imperfccl1y
mcaRlrcd on oUten. Howcvcr :i;:cn that molt cxpolCd and uncxpoeed utility job. hAve a limilar IOCW"IUI, the poleDti11 for
thelC riat factors to confound comparilODi between thele ialinüted. Ifa poaiûvc luociation il found, the indirecl evidenco (for
cxample, from other IUrveya) on the distribution of riat: flcton in expolCd and uncxpolCdjobl will he IOUlhl, Ind if ooceaury,
pennillion to collccl further daLa will be rcquelltCl.!.

6. ADEOUACY OF SAMPLE SlZE AND POWER OF THE S'TUDy
6.1. Phale 1
Baacd on information on the currcntly IvailabJe dcath. (839) in the cabort wc expcct 10 dcath. from lUicide. For tho PUrpolC of
thia diacuuion, wc conaider a dichotomou. clluiflcaûon into -DOrH:xpolCd- and -cxpolCd Aboye bacqround-. Deadman (1989)
eltimate. th.l aboullS % ofworkera in thi. ItUdy will be -cxpolCd-. Thu. in the absence of ln exceu rilk, we expeclaboulll
dcath. amoDJ ·expoaed- worken, enouah ta detecl 1 ri.k of Iboul2.0.

More aenenlly if alphl=O.OS, (aBC aided), the deteclible reJative ri.b for proportions expolCd (Po) &om 0.05 to 0.25 and
power 80 ~ are given in the labie below (Amutton, 1987).

Po .OS 0.10 O.IS 0.20 0.25
RR 2.77 2.16 1.91 1.73 1.68

6.2. Phase n
A aimilar labie of delccLable relative ri.b in a cale cohort atudy cln be approximatcd uaina the formula for an unmlu:hcd calCl­
control JWdy (Wacholder and Boivin 1986).

Po .OS 0.10 O.IS 0.20 0.25
RR 3.43 2.63 2.34 2.19 2.10

7. ETHICAL CONSIDERATIONS
The datalOurçe. to be uacd for \hi. ItUdy arc the ..me a. thOIC bcina ulCel for the lES, which could he consideree! tho -parent­
of thi. JWdy. The nccelUry pennillion for conductina the lES have of counc been obtaincd, and confirmation thal the lnclu.lon
of thi. additional componenl i. acceptable i. beina IOUlhl.1n the hilllOrical cobort moItalit)' ICUdy and ca. -cohort IlUdy, thore
arc no procedure. thal would imply a ri.t to (or indccd contact wilh) the IWdy population. Confidcnlialily of data will be
carefully preacrved accordina to the UIUIJ proccdure. for epidemioloaic IlUdie•• The wriucn dOCUrnClllli, computer filo. and
identifyina information will be IlOrcd in locked cabinell Ind ooly authorizcd pcnona will hlve the Iccell ta tho infonnation. The
relUlll will bc ICnt to the relevanl commincc. of the company Ind work forcc bcfore publicalion•



TINE-TABLE AND JUSTIFICATION OF BUDGET• Phaee 1

Time stage Expenses ($)

1 -,, ,..,
~-

Monthe 1-5 Data collection (16 weeka of clerical work)= 5580

* Travel te the ragions for data

collection = 1500

Data entry (4 weeka of clerical work ) = 1470

TOTAL 18 montha

Montha 15-18 Report Suppliea

Presentation of the results at an

international conference

Data collection (10 weeka of clerical work)=

* Travel to the regiona for data collection =

Data entry (2 weeka of clerical work) =

•

Montha 6-7 ** Analyaia

Phaae II

Montha 8-11

Montha 12-14 ** Analyaia

3 weeka programmer

Suppliea

1 week programmer

Suppliea

= 3207

= 200

3675

1500

735

= 1069

= 200

= 150

= 700

TOTAL = 19,986

•

* ie. Regiona Matapedia, La Grande, Manicouagan,

(with the moat ecouomica1 tranaportation available)

** pleaae aee attached memorandum for computing expenaea
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stereo

Refrigera~or

Elec~ric iron

Hand mixer

Toaster
Hair dryer

Colour TV

Coffee maker

Can opener

Drills

IDdu.~ri.l .quipmeD~

Arc welder

Induction motora

Heating devices

Medical di.gno.~ic equipment

Nuclear magne~ic resonance (NMR)

Higb voltage

power lin••

Source, WHO 1984, Lovsund

(GO
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500

•

Table 2, Geoae~ric .eana of average weekly e~?Oaurea of elec~ric u~ili~y

workera

Domes~ic

White collar work

utility work

Source' Deadman 1988

These fields levels are approximate. Actual field levels will
depend on design and operating conditions
Maximum on the ground level•
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E field V/m
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B field uT
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0.1-0.2
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Examen médical d'embauchage

• Les buts poursuivis par cet examen sont:

1. Identifier les caractéristiques de santé nécessaires à l'exécution du travail postulé.

2. Evaluer les caractéristiques de santé du/de la candidat(e) en relation avec les tâches de
l'emploi postulé afin de prévenir toute atteinte à sa santé, sa sécurité ou son intégrité
physique.

3. Identifier toute atteinte à la santé pouvant être aggravée par le travail.

4. Constituer un dossier dans lequel seront consignées toutes les données subséquentes recueil­
lies pendant la vie active de l'employé(e) dans l'entreprise.

nO d' ssurance·maladle heu de travail
:,

, , 1 1
: ,

nO d'assurance SOCiale nom, prénomtsl o homme
date de nOlssance

,

~ 1 ~ 1

J
: , o femme

1 , , , , : , :
adresse code postal nO de téléphone

, , l , ,

9~:: .• 0' 1:. ~':" '.' ~~'•--

titre de remploI postuie o permanent
unité administratIve

1o temporaire

C;a conduITe ia deja eté au servICe du au endroit
vehicule d'H .Q , d'Hydre·Québec

~
a m J a m J

~· non 0 OUI i 0 non 0 OUI
• 1 l ' , 1 , 1 •

preposete} il l'embauchage titre téléphone • m 1

1 1..-- - . -- .



Antécadents familiaux
'~ ]

Vivant décédé
autres maladiesparents (âg.) âge causes·

pere

merl':'

frefcls)
c

soeurfsl

.. , . cancer 5· surdité 9 • maladie psychiatrique
2 . dIabète 6 . épilepsie 10 . accident
3 . maladies cardlo·vascula.res 7· glaucome 11 • autres
4 • hyperlenslon artérielle 8 • tuberculose

remarques

-

)

Antécédents personnels ),. antécédents professionnels
A expositions antérieures.

Dt'f10d~ i1!I.:tn\ 1 exposition
nuf Ik rTl -, "

employeur poste occupé â •
"

,
" ",! 1

1
! !, , ,

1
,,

2 1 1
,, 1 1

3 1 ,

4 1 1

5;
1 ! , 1 ,

1 • br ~111 6 . prodUits chimiques 9 • vibrattons
2 . POU~S't"f(' 7· radiations lonisantes , 0 • écrans cathodiques

3· go> 8 . effort al 0 Important 11 • radiations non ionisantes
.: . c"<fleur physIque. b) 0 faible (I.A., U.V.. M.O.I
5 . frOid ciD aucun

B eccident. du treveil et meledie. professionnell••.
1 d"I'~~

nO! lT,
employeur limitations• 1 , 1

1
1 :1,

!, ,
,

1
2; 1 1 ,\-L:-J. 1

3i !
11 , ,



Antécédents personnels (suite)

2 antécédents médicaux personnels
r maladies antérieures remarques

0 TB.

0 rhumatisme artIculaire aIgu

0 angane, mfarctus myocarde

0 hypertensIon artérielle

0 épilepsIe

0 troubles mentaux (dépression. psychose, etc.)

0 allergie

0 asthme

0 maladIe du sang

0 alcoolisme. dépendance médicamenteuse

0 bronchite

0 syphilis. gonorrhée. chlamydia. sida

0 maux de dos

0 ulcères d'estomac ou duodénum

0 glaucome

0 maladie de peau

0 autres

3 accidents hors travail ou personnels

1

nO dates employeur limitations
a m

J

!1 l , 1, 1

2 l , l ,

3i ,
, 1 i, 1

4 1

1 , 1, ,

4 chirurgies et hospitalisations
nO dates nom de l'hôpital

a m J
1 l , l ,1

2 , l ,1 1 1

3\
l , l ,! 1,

4 1 , 1, 1

5 radiographies antérieures
nol dates examen

1 a m J

'i ! , 1 1

1

2: ! 1 1 1

1

3:
J , l ,1

41 , 1 1 1

. 8vez·yOus consulté depuis cinq (G) 8n. ?

o un médeCin

o un psycnolo9,Je

o un psychIatre

o un chlroprattcien



Habitudes de vie

, bo.sson ."oo"s•• remarques

c:msommaiion 0 réguh~re o occasionnelle

breu' ____ 'Jour ____ 'sem mOlS

VIt: --- /CiUT ____ /sem /mols

SpHlluPuJl ____ /Iour ,-sem 'mOIS

2 . labac

o fumeur o non fumeur

___ "bre dann~e5 _ nbre de cI9.1Jour (movenne)

3 . bOisson non acloollséé

café. thé. cola Ijeur

4 . drogues

aClUellement. consommez·vous des drogues'

Onan 0 ou. lesquelles 0 hâShich

0 marijuana

0 cocaln~

o héra'me

o autres

5 . medlCdments

nofT' du médicament posologie

1

12

3

14

6 . aCllvlles spor\lV2S

Onan 0 ou' heures/sem

aC1I\llléS

---

À signer après avoir complété le questionnaire

Je, soussigné(el, certifie avoir bien compris les questions et avoir donné les réponses au
meilleur de ma connaissance, Je consens à subir un examen médical et les analyses
nécessaires, J'autorise le médecin examinateur à transmettre les résultats de l'examen au
Centre de santé d'Hydro·Québec,

Ces rense(gnements sont strictement confidentiels,

5lgna:ure du CandlOJI • m J slgnalUre du lémOln

1 1

•

•



Examen physique

~o
~ !taille m\la IpOUIS

kg

N A N A N A
DO oreIlle D, DO nez OD

0.5 DO oreille G. DO gorge DO
FUNOI DO dents DO
thyroide
o masse 0 souffle

carotideso pouls 0 souffle

jugulaires

o normales 0 distendues

thorax et poumons
o normaux 0 matité

o MV. 0 bruits anormaux

seinso normaux 0 nodules

0 écoulement

adénopathieso cervicales 0 5us-claviculaires

o axillarres 0 inguinales

coeur
rythme' 0 régulier 0 irrégulier· décrire

souffle: 0 non 0 oui· localisBtion

bruits. 0 normaux 0 anormaux

galop,

abdomeno normal 0 masses

1. D vlscê!omégalie 0 hernie

o sensibilité 0 cicatrices

hernieso ingUInale 0 fémorale

vaisseaux drOit gauche souffle

pouls huméral

pouls radial

pouls fémoral

pouls tibial poslér

pouls pédleull

examen neurologique N A

11- XII 0 0
Romberg 0 0
épreuves cérébelleuses 0 0
senSibilite profonde el superficielle 0 0
force musculaire 0 0
R.O.T. N A N A
bicipitaux • drOit 0 0 & gauche 0 0
tricipitaux • drOit 0 0 - gauche 0 0
rotuléens • drOil 0 0 - gauche 0 0
achitleens • drOit 0 0 - gal:'.r.he 0 0
.ppareillocomoteur N A
membres supérIeurs • mouvements 0 0

- difformités 0 0
embres Inferieurs & mouvements 0 0

& difformités 0 0
colonne vertébrale & mouvements 0 0

• difformités 0 0
attitude

o normale 0 anormale

1 l'.
(à l'usage du m~dec;nJ· ".
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(il l'usage du médecin)

numero d assuranre socialE: nom de remploye(e)

Crev.87-071

diagnosilc principal

dlagnosllc associé

;

reslrlcllons médicales suggérées

dale de la permanence la 1 m 1
J 1 remarques

am du médecin signaiure .no de permiS a m J

,-, , 1 1 1
.messe

-



Revue des systèmes

" -;'
. ;; .,

(. l'u••ge du m4decin)

1 • état général remarques

0 1. asthénie

0 2. pâleur

0 3. irritabilité

0 4. somnolence

2 - ophtalmologie

0 1. infection

0 2. acuné

0 3. diplopie

0 4. couleurs

3·0.R.L.

0 1. infection

0 2. surdité

0 3. bourdonnements

0 4. vertiges

4· se.ins

5 - système endocrimen
(thyroïde)

0 1. frilosité

0 2. perte poids

0 3. obésité

(
6 • systeme respiratoire

0 1. toux

0 2. expectorations

0 3.dvspnéo

0 4. douleurs thoraciques

0 5. hémoptysies

7 • système cardio-vasculaire

0 1.0.R.S.

0 2. dyspnée paroxystique nocturne

0 3. onhopnée

0 4. claudication

0 5. oedème

0 6. varices

0 7. palpitations

0 8. dyspnée d'effort

8 - système gastro-intestinal

0 1. appétit

0 2. poids

0 3. nausées

0 4. vomissements

0 5. ictère

0 6. selles

0 7. méléna

0 8. flatulence

0 9. reclorragie

0 10. hématémèse

0 11. h6morroïdes

0 12. diarrhée

0 13. constipation



Revue des systèmes (suite)

•

" 5Vst~megenll(J·Urlna.,~

o 'G' P 'A cycle

o 2 d~rnler ex gynécologique

o 3 hématurie

o 4 pollakiurie

o 5 brûlemems mlcllonnels

o 6 Inconllnence

o 7 Impotence

o 8 date des dernières menstruations

o 9 dysménorrhée

o 10 leucorrhée

o 11. saignement dysfonctlonnel

10· systeme locomoteur

0 1. arthralgie

0 2 gonflements

0 3 raideur

0 4 dorsalgie

0 5 lombalgie

0 6. cervlcalgle

11 • systeme neurologique

o 1 céphalées

o 2 perte de conscience

o 3 engourdissements

D' 4 étourdissements

o S paralysIe. parésie

o 6 troubles de la parole

o 7 troubles il la démarche

o 8 Iremblemenls

12 . troubles mentault

o ,. suess

o 2 modification de l'humeur el du comportement

o 3 difficulté de concenlratlOn et de jugement

o 4 difficulté de relatIon Interpersonnelle

o 5 anxléle

o 6 angoisse

o 7 phob,e

o 8 obseSSIon

o g. dépression

o 10 Inappétence. insomnie

o 11 euphorie. eKubérance

o 12 hvperactlvlté

o ,3 halluCinations

o '4 depersonnahsation

o 15 8gresslvlte

remarques

(a l'usage du médecin)
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autre~

malad,t n'r"l";E' .". tt l, 't':)~h'
i
~

la peau ~~ dl=pTt~ss. '\i;>fVIè'.:St'1

__ . ma 1. de:; ;'~'lJIWJ'1$\

mal. d~$ ~.••-, ; ,:..; ,

-'-_ scDtlatl!1('

. n',JiaJie des .,.e .....

hepatit~'lJaunisse 1

rrlaladii' d~

~_- dlabèiE'

fièvre tyohcHde

mononucléose

-- tuberculose­

=-_ épilepSie

maladiE> des reins

aller;J;E'S

arthrite

. malad,e dll nez

-= maladIes vén~riennes=

! .~'=-'

---------'---
'". r,'···.'fo. '~';

rnCtladl'~S

Ou
affections

f3"T'lili3 •• •.

.~eIS

consul·
tations ".:: psychiatre ~ psychologU2 ~''': chiropraticien =autres

examens
~ ~~;tro-enc~phalogramme

a.,al\'ses de laboratoire

~ électrocardiogramme

-:-~: épreuve de la thyroide

:J radiographie

-1 autres

, autres
! renseigne·

ments

al.'~Z~\'OUS déjà: été hospilaliséjel =subi une intervention =: été victin-e d'accident

, ~té victim~ d'acc. du travail souffert d'une incapacité =_1 reçu des rentes ou indemnités

ét~ e~noséle l aux rayons ionisants
: aVez·....Olls déjà fait usage de:

- thé café ~~: alcool -:' tabac -~drogue (mari. etc.)

ETAT DE SANTE ACTUEL
, .... 1 H,,:stah,lité émotive

tr/?:Tlble-ments

COI"".:'::i i :,l'S

anxiété

inSOn1r'\t.ç

:- dépression

:-:-: fat igue
~..:.- agressivité

maux de tête
=--~ phobies (peursl

:perte de
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de la soif
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-~.::: ~--

sang da!"ls les unnes
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n, ,1

d~''1ière rYlenstr ...ation _

. llP.lH:5
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' .. expectoration de sang
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d:;~Jle.I'5 .,,~~,str,I(,lle:>

Irr~?~ll ,v jlé~ '~;':'~str"J';;·' iC$

dvspepSlo'! (mallvaise digestion)

dO.lleurs ab:lor:'lnales :=-' nausées
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U";'1ô:: cC'mble~ dE' fois le Jour'
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Hydra-Québec I"iche d'examen mQdlcal penodlqu l!.r,

•
nom

genre d'occupation

nom du médeCin traitant

adresse il domici le

lieu de travail

adresse

Age

apparence Itei Ile 1 poids 1température

analyses et 8_f1menS dont les résultats ont été portés au dossier

urine Hb MULTI-12 VDRL Rx pulm. ECG O.R. AUDIO SPIRD

~ yeux réflexes oculaires

TETE ~ nez oreilles

~ bouche 1dents 1gorge

COU
~ thyro',de ganglions

~-"
poumons

THORAX
1 rythme T.A.:coeur (brUits):

~ aspect masses anormales

~ foie r8te

ABDOMEN
~ anus prostate

~ canaux ingu inaux organes génitaux

MEMBRES ~
supérieurs inférieurs

REFLEXES ~
osté~tendineux cutanés plantaires

COLONNE

~
aspect 1 mouvements

VERTEBRALE

PEAU ~
diagnostic provisoire

•
recommandations

1imitations

signature du médecin ou de l'infirmière m •

"3-3738 (6 '73) M
":.. '



oui non

1. Avez...vous à vous plaindre de votre état de santé actuel?

1 .••, 'il

2. Avez...vous consulté un médecin pOUr un accident ou une maladie depuis deux (2) ans?

.Fumez-Vous? Combien de cigares: de cigarettes: de pipes: par jour?

4. Avez-vous remarqué un changement dans votre appétit (faim ou soif)?

5. Votre poids a-t-il augmenté ou diminué de plus de 10 livres depuis un an?

6. Négligez-vous de manger des fruits ou des légumes tous les jours?

7. Mangez-vous beaucoup d'aliments gras?

8. Mangez-vous beaucoup de sucreries?

9. Buvez-vous des boissons alcooliques? Combien d'onces d'alcool:
de boutei Iles de bière: par semaine?

10. Faites-vous usage de mlk1icaments, de drogues?

11. Né9.1 igez-vous le sport ou les exercices physiques réguliers?

Souffrez-vous des maux suivants (soulignez s'il y a lieu):

12, Insomnie, fatigue anormale, dépression, anxiété?

13, Maux de tête, vertiges. étourdissements?

14. Evanouissements, faiblesse. tremblements?

15. Allergie?

16. Essoufflement. gonflement des chevilles, douleurs dans la poitrine?

17. Engourdissements ou crampes dans les mollets?

18. Toux, expectorations? (", a-t-il du sang?

19, Brûlures d'estomac, vomissements? (y a-t-i 1du sang?

20. Constipation. diarrhée. sang dans les selles. selles noires?

21. Douleurs dans les membres ou dans la cotonne vertébrale?

22, Avez·vous remarqué un changement dans l'état de votre peau?

(dans ,'affirmative, soulignez)

de vin:

•

J

23. Avez..vous remarqué une diminution de votre acuité visuelle ou auditive dernièrement?

24, Avez-vous négligé de suivre les consei Is reçus lors de VOtre dernier examen?

remarques:

.~--------------

signature de "employé m •
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ADDex 3

Bypo~he~ic.1 ~.b1ee for ~he ee1ec~ion of eub-coho~ in Ph.ee II

1 of cas•• 1 of .ubjec~e

S~r.~ua Caua. A Cause B Cause e in .ub-coho~

1 10 13 12 13 x 4 = 62

2 13 17 20 20 x 4 = 80
3 22 15 19 22 x 4 = 88

4 7 15 19 19 x 4 = 96
5 10 11 12 12 x 4 = 48

To~.l 62 71 82 344

. ~
. " .. ". "" .,
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BririJh JOImI4I of lruùurri<JI M,diciru !990ô47:788-7?2

Tobit 2 Suicid,t mortality for mm aged 20-64 in eleClrical OCCilptUiDfU:
England and Wa/.. 1979-80 and 1982-3

Ob.....d &,..ud PMR 195" CI}

factor of about three. IO The 1970-72
PMR for this group wu 68 (0 = 5,
95"" CI 22-159), and thalfor 1979-ll3
(oc<upation code 122·2) ..... 132
(0 = ID, 95°" CI 63-243) giving a
low combine<! PMR of 101 (0 ~ 15,
95"" Cf 57-167).

The PMRs are aiso subjea ta con·
foundinl bias in that cxposed occupa·
tians may he more or less IUbjea ta
other risk faaon for suicide than
employed. persans aeneraUy, who
serve as a comparison group. Age has
bcen accounted for in anIlysis. Wc
have also information on social dlSS,
most exposed occupations beina: in the
skilled manual cal<gory (IIIM).' The
PMR for cal<gory IIIM wu 89 for the
1970-2 data and 86 for the 1979-ll3

Occvpotionstt

021:1,027.2,121.3: Electric:aland clec:uonic 70 76·9 92 (72-115)
en.......
120.2,120.2,121.1,121.2: Eltctricians, fincn. 148 132'1 1I2 (95-131)
plant opc:ntors
048••, O4S'.,05I·2,05I.3: Telephone and radio, 17 17-7 96(56-154)
tdcanph opcraton
120••• 120.5,120.6.120.7,122.1,122.2,123.1, 83 83'8 99(79-121)
123.2: ~elcphonc fincrs,lincsmen, radio and 1V
Olcdw>ics
129.5,1~.6.131.6,131.7, 134.1,135.6: 12 13'6 88 (45-154)
E1ccuonlc wircmen. ccii windm.lSscmblcn
108.6, 110.3: Elccuopllters 3 3'B 78(16-228)
022.2: Sound, vision equipment opttIlor 7 6-7 IlM (42-214)
Tout 341 334·3 102 (91-113)

.p oC 0·05 one sidcd.
tBastd on ICD 9th revi.ion ECJ5G..959
~ce or population cmsus and .~rvC)'s, classificauon or OCCUpitioDt: 1980, HMSO

Note: produced from microfiche tables 4S-'2.

ticularly high exposure, the results are
broadly negative. Imperfect informa­
tian on outcome (suicide) or on
cxposure, however1 may have diluted
an cxcess risk if one existed. ID par­
ticu1ar, many worken in OCC'Upational
groups selecte<! as polentia1ly aposcd
may not have had signifiant exposure.
As more becomes Itnown about
cxposure in these occupations, the
extent of dilution Will bccome cleu.
The linesmen and cable jointen
lfOuP, including power and telcphone
lincsmen, c:urrently bas the best
documented cxposure. Relative ta
background levels, occupational
cxposwes were raised on average in
power linesmen by a factor of about
la,· and in telephone Iinesmen by a

.p < O'OS one sidee!i 1IItIp < 0·01 ODe sidee!.
tBascd on Intemati~na1 Oassification ofOisClses (ICD) Sth revision E950-959.
ttOffice of population cmsus and survC)'s, cllssification of occupatioos 1970, HMSO
1970.
Note: produccd from microfiche tables 1and 2.

Tobit 1 Suicidtt morlah"tyfor mt1'I agtd 15-64 in tltclrical ocCilpalioru:
Eng/and and Wal.. 1970-2

OctupGtionstt Obmwd Expctrld PMR (95" CI)

024: Radio and radar mechani" 19 12·. 153" (92-239)
025: Innillm and repairmcn (telephones) 16 28'1 57 (3H3)
026: Lineunen. cable iointers 5 7-3 68 (22-!59)
027: Elce:tridans 58 72-5 80 (61-102)

"028: Electrical and clccuonic finen 6 10·3 58 (21-126)
029: Aucmblers (elcetrical cquipmeol) 2 3-2 63<;;'226)
030: Elcetrical enKincers (10 dcscribcd) 16 19·3 83 (47-135)
128: Tclegraph radio opcntors 10 3-9 256·· (123-471)
197: Elcctrlcal enKincers (professional) 6 6·1 98(36-213)
198: Elcetronic cnKinC'Cn (professional) 16 10'2 156 (89-253)
Toul 154 173-0 89 (75-llM)
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Suicide .moD, cleelric utlllty
worllen ln EDalud ud WaJes

CORRESPONDENCE

Sir,-There is concem that exposure
10 e!ectric and magnctic fields of the
type .ssoc:iated with electrical power
Unes and equipmcnt could give rise to
hcalth effeets. Most of the
epidemiologicaI studies have foc:used
on cancerl ' but sorne have suggested
an association wiili deprcssion1 and
suicide.) 4 Recent experimental sNdics
suppen a plausible biological mechan­
ism for these exposures causing
deprcssion through an effect on the
pineal gland and hence melatonin con­
centrations.'

Wc examined monalitY from
suicide in men with occupations likely
(0 have resultcd in exposure to cleetric
and magnetic fields, usine the British
occupational monaHty data frorn [wo
independcnt decenniaJ supplements
(1970-2 and 1979-ll3)." Oc<upational
tides selceted as potentiaIJy exposed
werc thole uscd by McDowall" in his
similar examination of rislt of leuk·
emia. In the same way a! McDowaU'
we used proportional mortality ratios
(PMRs) tO summarise suicide rislt to
avoid the numeratorfdenominator bias
in standardised monality ratios
(SMRs) for these occupational
groups.

The 1970-2 data (table 1) showed no
acess proportion of deaths due ta
suicide in ail potentially exposed
occupations combined, although
PMRs were signifiantly raised in
radio and radar mechanics, and in
telegra~h and radio operaton. The
1979-8) data (table 2) showed suicide
monaliry in cath exposed occupation
sirnilar to that expeaed. In 19;9-83,
telqraph and radio operaton (occupa­
tion code 051-3) had a PMR of 74
(0 = 5, 95 % confidence mterval (CI)
24-173), alving a PMR for the IWO
supplements combined of 141
(0 ~ 15,95% CI 79-233).

ln 1979-ll3 the group radio and
radar mechanies was called radio and
TV mechanics (occupation code
123-1) bUI with the same definition. Il
had a PMR of 144 (0 = 23, 95% CI
91-216) giving a combined PMR of
148 (0 ~ 42,95% CI 107-196).

With the exception ofexcess suicide
in radio and TV mechanics, who were
not identified a priori as havinl par-

1
1
1
1
;

•

•
1



Standardisld morralilY ratio and ohsI",Id mlmbtr ofdtatlu (in parlflrhtlls) for
Irtart diutut accordi", rD porlflrial ECH txporurt and litM si,," "art ofUporurl
{darafrom Enltrlinl" id}

Folloœ IIp /Hriod

ECHUpolll" <20>"a,s "20~'a'l A//

NiI,lilhl 56(6) 39 (5) 47(11)
ModenIC. hnvy 73(7) 105 (17) 9';; t'l:4)
AIl 64 (13) 76 (22) 71 •• ;".

188-792

The 1970-72
.68(0=5,
II for 1979-83
2) was 132
!43) giving a
101 (0 = 15,

Jbject to con·
:!Osed occupa­
ess subjeet to
suicide man

nerally, who
roup. Age has
analysis. Wc:

n social class,
:tS bcing in the
(lIIM).' The
was 89 for the
r the 1979-<13

Ilions:

fR (95% Cl)

,. (92-239)
1(33-93)
1(22-159)
1(61-102)
1(21-126)
1(S-226)
1(47-135)
J•• (I2J-471)
1(36-213)
; (89-253)
1(75-104)

~59.

lS 1970, HMSO

tarions:

PMR (95% CI)

92 (72-115)

ll2 (95-131)

96(5~154)

99 (79-121)

88 (45-154)

78 (J~228)

104 (42-214)
102 (91-113)

,n_HMSO

data 5uggesting that adjusting for
social cllSS would inctease risk
estimates s1ighlly.
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Mortality .moD' worken potCD­
t1aUy nposed lO eplchiorobydriD

Sir,-ln a reccut study, Enterline Il al
(1990;47:269-76) reponed the mor­
talit)' experienee of worken at rwo
Shell Oil Company ehemical pianu.
These men had had potenùal exposure
la cpicblorohydrin (ECH). Thal work
was supponed by Shen, and the Com­
pany recopises mat the invesùption
was thorough and weil donc. We do
nol sbare, however t the interpretation

WI ECH alone or in combination
with aUyl c:hloride is .ssociatcd with
deaths due to hein discase.

Our table rcproduccs the essential
findings. The sNdy group as 1 whole
had. monalit}' from hean disease that
is 32°0 below mat of the aeneral
populltion. FurthennofC, Ebere is no
consistent pancm of exccss deaths.
Amangmen with nil or light exposurc,
the SMR i••ignificanlly (p _ 0'03)
10w even aCter 20 yean or more of
Collow up. Amona the men with
moderale ~r hcavy exposure, mere is
but • slight (Jess than onc obscrved
death in acess) and non·significant
(p = 0'89) acess only 20 yean or
morè arter exposurc was initiated. ln
omer words, even for this group, there
is no nue cxc:ess of he.n disease.
Curiously, for ail deaths, the avenac
agc It death for the moderate to heavy
cxposure sroup is 10 years older man
th,t for the nU to low exposure eroup,
and about five yean older for deaths
due to hean disease-the reVene of
that cxpectcd for an exposure induced
outcomc. Important confounden IUch
as smokinS and dietary habits werc not
examined. It should also he pointed
OUt that ufollow up" in this sNdy is
not neassarily a good surroaau: for
atent of exposure. That is, the dura­
tian of exposure is not the same as the:
period of follow up.

In the: Absuae:t, the authon state
that uThe re:lation ofhean disease and
exposure does not appear to he an
anifaet, although the: faet lhat many
other causes ofdeath were: liso re:lated
ta exposure argues against a casual
relation." Finally, we point out that
the: suggestion that a possible: interae·
tion between ECH and Illyi chloride is
responsible: for the: "excess" of disease
upon hcan deaths is • speculation.
Enterline ~t al point out thlt men who
had worked in ECH production were
more likely to have been exposed ta
Illyi chloride than were other ECH
worken. ln flet, this INdy has made
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no effon ta cüstinauish the dl'ee:u (if
any) ofECH alone from :boseofECH
in combination with IIlyl dùoride.
The luthon Itlte on pqe 216 or the
article thatllThere as linle inhumanor
animal expcrience to suant 1 relation
between allyl ehloride and can\io....
cular discale:." This IlItemeDt, wc
bclie:ve, places thcir interpretlbon in.
more conect pc:npc:ctive:.

CBROSS
Slullo;/e-,

Otu SW Iwo,
PO&s246J,

HotUt""' r,... 71252.
USA

Author',s rtply:
1 would Igree that the findinp we
tepOne:d with realrd tO hc:an di,"1C

among men with poeentill exposure to
epichlorohydrin are: curious. ROSI

points 10 the flet thae the poup of
worken we: Itudie:d had • monality
from he:an diseasc: 320

0 helow thlt of
the aeneral population. Wherc:al this
is true:, the: SMR for these: worken WIS

higher chan the SMR for hc:an diKlJe
for the: ehc:mial plane Il • whole:. '
Moreover, IS we pointed out in our
anide:, the SMR of 54,4 in the niJ to
ligbe exposure group 20 yean from
fint exposure WIS not mueh dift'erent
than an SMR of 51'1 for the mlire
chc:mial plant. Thus it appeared to us
th.. the SMR of 101-6 for the hiaher
exposure IrouP WIS the one that WlI
unusua1. This points tO • problem in
usina rates for the general population
ta calculate expc:C1c:d deaths in an
induserial cohan.

Ross .lso points out the ale It death
in the higbe:r exposure IrouP WlS

rougbly five ye.n older than the Ile Il
dcath in the lowc:r e:xposurc: poup. Wc:
did not make: this calculationi the
difl'erc:nce, however, il problbly
bc:cause the: worken in, the hiabcr
c:xposure sroup werc: oldet:thIn thosc:
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